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Propolis is a honeybee product known for its biological
and pharmacological properties for centuries. It has been
extensively used in traditional medicine and also, because of
its antibacterial, antiseptic, anti-inflammatory, and anesthetic
activities, in complementary medicine. Propolis became subject of numerous studies developed and carried out all over
the world in order to analyze its chemical composition as well
as medicinal properties.
The inspiration for this special issue was the tenth
anniversary of death of Professor Stan Scheller, a precursor of
propolis research in Poland. For this special issue we invited
investigators and scholars to submit original research reports
and review articles as well as short communications on the
topic of propolis: its history, the history of the research on
propolis, chemical composition of propolis, activity of propolis, and application of propolis in medicine, dentistry and
veterinary medicine. More than 50 papers were submitted
from which we have selected 41 which represent the rich and
multifaceted knowledge. They cover a wide range of topics
and are divided into review and research articles.
The research articles provide background and are the
starting point for discussion of research trends in general
terms. They deal with historical aspects of propolis research
and focus on Professor Scheller’s pioneer studies on propolis
that commenced in Poland in the early 1960s. It was Scheller
and his team who developed a method of introducing ethanol
extracts of propolis into aqueous solutions. They showed
that propolis acts as antioxidant and radioprotector, stimulates regeneration of tissue, and has immunomodulatory

properties. Another paper describes Scheller’s achievements
in applying propolis in the treatment of burns, venous
ulcerations, suppurative osteitis, and arthritis as well as
postoperative wound complications.
Some authors describe advances in the studies on chemical composition of propolis as well as botanical sources
resulting in its geographically conditioned diversity. In
another paper the authors present developments in the
analysis and pharmacological properties of propolis which
are the starting point for preparation standardization using
as an example Romanian propolis. Practical applications
of propolis in medicinal therapy and cosmetics are also
reviewed. A separate group of papers deals with prophylactic
and medicinal properties of propolis preparations in the
treatment of cardiovascular diseases, cancer, oral diseases,
and wound healing.
Most of the articles in this special issue are of research
character. They present the results of a variety of studies
comprising different propolis extracts and their fractions as
well as chemical compounds isolated from them. The articles
describe experimental studies, both in vitro and in vivo, and
clinical studies.
One group of articles deals with anticancer properties of
propolis. The effect of caffeic acid phenethyl ester (CAPE) on
epithelial-mesenchymal transition (EMT) of human pancreatic cancer cells was investigated. The authors conclude that
CAPE could inhibit the orthotopic growth and EMT of pancreatic cancer cells. The assessment of cytotoxic action of geopropolis produced by stingless bees on canine osteosarcoma

2
cells showed that it was efficient against OSA cells in a doseand time-dependent way. Bioactive fraction of geopropolis
was also shown to decrease neutrophils migration in inflammatory process. Other authors showed that nymphaeol-A, the
major component of Okinawan propolis, suppresses angiogenesis and that is why it may be a useful agent for preventing
tumor-induced angiogenesis. In other studies, anticancer
activity of the ethanol extract of Indian stingless bee propolis
was explored by testing the cytotoxic and apoptotic effects
in four different cancer cell lines at different concentrations.
It was demonstrated that antioxidant potential of Indian
stingless bee propolis substantiates its anticancer activity.
Another group of articles deals with anti-inflammatory
and immunomodulatory activity of propolis. Some researchers showed that Brazilian green propolis and Chinese
(poplar type) propolis demonstrate anti-inflammatory property. Brazilian green propolis extract proved to be effective in
regulating inflammasomes which are formed in the cell cystol
in response to stress signals, toxins, and microbial infections.
It also showed a direct action against parasite and displayed
immunomodulatory effects on murine macrophages.
A separate group of articles deals with wound healing. Propolis proved effective in decreasing the amount
of free radicals in burn wounds. Propolis burn treatment
led to enhanced collagens and its components expression.
Application of propolis ointment for topical treatment of
nonhealing venous leg ulceration accelerated the healing
process. Other studies demonstrated the ability of propolis
phenolic acids and vanillin to penetrate into skin epidermis
and dermis and thus to contribute to skin protection from
free radicals formed under UV and premature skin aging.
Also Brazilian green propolis which contains biocellulose
membranes demonstrates antimicrobial activity and wound
healing properties and as such is a promising biomaterial
for skin wound healing. From another paper it is clear that
propolis accelerates chondroitin/dermatan sulfates structure
modification responsible for binding growth factors which
play a crucial role in the tissue repair.
Use of propolis in dentistry is the topic of another
group of articles. The exposure of Streptococcus mutans
and Lactobacilli isolated from saliva to ethanol extract of
Polish propolis showed its antibacterial effect. Brazilian green
propolis demonstrated a similar effect to miconazole in
the treatment of Candida-associated denture stomatitis. A
toothpaste containing propolis was found to be effective in
improving oral health and treatment of gingivitis caused by
dental plaque. A good effect on the health of oral cavity
was also demonstrated when studying the application of
toothpaste containing ethanol extract of Brazilian propolis.
EEP had a positive influence on hygiene, gingival condition,
and oral microflora in patients with cleft lip and palate treated
with fixed orthodontic appliances.
Propolis was shown to have antidepressant-like properties, antimicrobial activity, cytotoxic activity, and protective
effect against liver damage with cholestasis. Polyphenols
that are contained in propolis possess immunomodulatory,
chemopreventive, and antitumor effects. They exert their
chemopreventive effect by multiple molecular mechanisms
on apoptosis signaling pathways in cancer cells. EEP and
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polyphenols isolated from propolis have been shown to
sensitize cancer cells to TRAIL-induced apoptosis.
We envision that this special issue will arise more interest
in propolis and more interesting investigations will be conducted.
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Vulvovaginal candidiasis is the second cause of vaginal infection in the USA. Clinical treatment of C. albicans infections is
routinely performed with polyenes and azole derivatives. However, these drugs are responsible for undesirable side effects and
toxicity. In addition, C. albicans azole and echinocandin resistance has been described. Propolis is a bee product traditionally
used due to its antimicrobial, anti-inflammatory, and other properties. Therefore, the present work aimed to evaluate different
propolis presentations in order to evaluate their in vitro and in vivo efficacy. The methodologies involved antifungal evaluation,
chemical analysis, and the effects of the rheological and mucoadhesive properties of propolis based gels. The obtained results
demonstrated the fungicide action of propolis extracts against all three morphotypes (yeast, pseudohyphae, and hyphae) studied.
The highest level of fungal cytotoxicity was reached at 6–8 hours of propolis cell incubation. Among the based gel formulations
developed, the rheological and mucoadhesive results suggest that propolis based carbopol (CP1%) and chitosan gels were the most
pseudoplastic ones. CP1% was the most mucoadhesive preparation, and all of them presented low thixotropy. Results of in vivo
efficacy demonstrated that propolis based gels present antifungal action similar to clotrimazole cream, suggesting that future clinical
studies should be performed.

1. Introduction
Vulvovaginal candidiasis is the second cause of vaginal infection followed by bacterial vaginosis in the United States of
America. The costs involved with treatment, diagnosis, and
the loss of labor productivity are around $ 1 billion per year.
About 13 million prescriptions for treating fungal infections
were made in 1990, and these numbers were about double
those from 1980 [1]. Candida albicans is a fungal pathogen
that is found as a commensal in humans and is the most

common cause of mucosa and invasive fungal infections in
humans. C. albicans is a pleomorphic microorganism that
lives in the reproductive and gastrointestinal tracts in approximately half of the human population [2]. The balance
between normal microflora is essential for health since when
this status is interrupted or immunological defenses are compromised, C. albicans can be pathogenic due a transition in
morphological state from yeast to hyphae. As a result, C. albicans infections are recognized as a serious challenge of public
health with high social-economic and medical relevance [3].
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Clinical treatment of C. albicans infections is routinely performed with polyenes, azole derivatives, allylamines, thiocarbamates, fluoropyrimidines, and echinocandins. However,
these drugs are responsible for undesirable side effects and
toxicity. In addition, C. albicans azole and echinocandin resistance has already been described [4–7]. Thus, considering
the limited number of antifungal drugs and the continuous
increase of C. albicans infection incidence, it is important to
work continuously in the development of new drugs to treat
this recurrent pathology, especially new drugs with high effectiveness and low adverse effects and costs.
Propolis is a complex mixture produced by honey bees,
Apis mellifera, from the plant exudates, consisting of resinous
and balsamic materials. The chemical composition includes
flavonoids, terpenoids, phenylpropanoids, and many other
compounds [8]. It has been reported that the flavonoids and
the phenolic compounds are the main components responsible for the antibacterial, antiviral, and antifungal activities
attributed to propolis extracts [9]. Many different extraction
processes have been reported for propolis extracts, (e.g., alcoholic and aqueous) and currently, the pharmaceutical technology is focused on improving this field. Many extracts that
function in different pharmaceutical applications, such as
matrix microparticles and dry extracts, have been reported
[10]. Therefore, the characterization of chemical and antifungal properties of these new options of propolis extracts can be
valuable to the pharmacists who work with new products.
Recent reports have suggested that the market for
mucoadhesive drug delivery systems is expanding rapidly
[11]. Various administration routes, such as ocular, nasal, vaginal, rectal, and others, make mucoadhesive drug delivery
systems attractive and flexible in dosage form development.
The advantages associated with the use of mucoadhesives in
drug delivery systems include increased dosage form, residence time, improved drug bioavailability, reduced administration frequency, simplified administration of a dosage form,
and termination of a therapy as well as the possibility of targeting particular body sites and tissues [11]. In the present
work, we investigated different pharmaceutical forms of
propolis extracts (alcoholic, aqueous, microparticles, and dry
extract) in order to choose one to compose mucoadhesive gels
to treat vaginal candidiasis. These semisolid pharmaceutical
presentations were assessed both in vitro and in vivo, and
their efficacy as antifungal formulations against vulvovaginal
candidiasis was demonstrated.

2. Materials and Methods
2.1. Chemicals. Purified water (Milli-Q); methanol HPLC
grade (J. T. Baker, L.9093-68); formic acid (Vetec, L.0804789);
caffeic acid (Fluka, L. 43706045); 𝜌-coumaric acid (Fluka,
L.3250759); trans-cinnamic acid (Fluka, L.21907066); isosakuranetin (ChromaDex); artepillin C (Wako, L. 016.19131);
3,4-dicaffeoylquinic acid (3,4-DCQ) (Phytolab, L.13672938);
3,5-dicaffeoylquinic acid (3,5-DCQ) (Phytolab, L. 13672946);
4,5-dicaffeoylquinic acid (4,5-DCQ) (Phytolab, L. 13672903),
trans-nerolidol (Sigma-Aldrich) gallic acid (Synth, L.109250);
sodium bicarbonate (Vetec, L.0906112); and finally, aromadendrin-4 O-metil ether (previously isolated, identified and
donated by Sousa et al. [12]) were employed.
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2.2. Propolis Extracts. Propolis ethanolic extract (PEE), propolis water extract (PWE), propolis matricial microparticles
(PMM), and propolis soluble dry extract (PSDE), were supplied by Apis Flora Indl. Coml. Ltda. (Ribeirão Preto, SP, Brazil). The extracts were obtained from a standardized propolis
raw material (patent number PI0405483-0, Revista de Propriedade Industrial, n 1778, 2005). Since propolis is variable
considering the plant vegetation of the area visited by honey
bees, propolis standardized raw material was prepared in
order to guarantee chemical reproducible composition of the
propolis in study. For this, the company employed a mixture
of propolis from different areas of Brazil, for example, Minas
Gerais, São Paulo, Paraná, and Santa Catarina states, after
the quality control of each one, considering several microbiological and physicochemical parameters and mainly the
HPLC analysis, according to what was previously published
by Berretta et al. [13]. Propolis blend of standardized raw
material was previously cooled for 12 hours and pulverized.
To obtain PEE, propolis raw material was macerated and
percolated with hydroalcoholic solution (7 : 3) and finally
filtrated.
PEE showed 11% w/v of extractable matter. PWE, PMM,
and PSDE were obtained from the same PEE batch.
PMM was obtained by spray dryer employing PEE and
excipients, such as modified corn starch (CapsulⓇ) and colloidal silicon dioxide (1 : 1). The dryness condition involved
temperature of 80∘ C for sample exit, sample flow of 12.0
mL/minute, and system air output of 3.0 m3 /min. The spray
dryer equipment used possessed a pneumatic atomizer with
1.2 mm of diameter. The ratio of dry matter and each excipient
was 1 : 0.5 : 0.5, resulting in approximately 50% of propolis dry
matter in PMM.
PSDE was produced after the dryness of PWE obtained
according to de Andrade et al. [14] with modifications. PEE
was submitted to complete evaporation of the solvent and
to alkaline hydrolysis, followed by purified water addition
(PWE). Subsequently, PWE was submitted to dryness with
the presence of maltodextrin (7 : 3, propolis : excipient) by
spray dryer process under the same condition used to PMM.
2.3. HPLC Analysis. Propolis extracts were evaluated for
high pressure liquid chromatography (HPLC) with Shimadzu
equipment with CBM-20A controller, LC-20AT quaternary
pump, diode array detector SPD-M 20A, and Shimadzu LC
version 1.21 SP1 software. For analytical running, Shimadzu
Shim-Pack CLC-ODS (M) column was used (4.6 mm × 250
mm, with particle diameter of 5 𝜇m with porous diameter of
100 Å). To evaluate phenolic derivatives, the eluent solution
consisted of methanol and acidic water with formic acid
(0.1% w/w), 20–95%, 77 minutes of running, and 0.8 mL/min
of flow [15]. The detection was at 275 nm. PEE, PWE, PMM,
and PSDE (𝑛 = 3) were individually diluted with methanol/water and homogenized with ultrasound bath. After that,
the volume was acidified with formic acid to pH 2.70. After
the filtration (0.45 𝜇m), 20 𝜇L was injected in HPLC system.
2.4. Strains, Media, and Culture Methods. C. albicans strains
used were SC5314 (wild type) [16], CAI4 (ura3::imm434/ura3
::imm434 iro1/iro1::imm434) [17], 3153A (wild type) (generously donated by Paul Fidel Jr., Department of Microbiology,
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Immunology and Parasitology, Louisiana State University
Medical Center, New Orleans, LA, USA), Candida parapsilosis ATCC 22019, and C. glabrata ATCC 90030. Saccharomyces
cerevisiae BY 4742 was also used. The media used were the
complete media YPD agar (2% w/v glucose, 1% w/v yeast
extract, 2% w/v peptone, and 2% w/v agar) and YPD liquid
medium with the same composition (but without agar).
2.5. Viability Determination and Kinetics. Saccharomyces cerevisiae BY 4742, Candida albicans SC5314, C. albicans 3153A,
C. parapsilosis ATCC 22019, C. albicans CAI4, and C. glabrata
ATCC 90030 were incubated in YPD liquid medium for 16
hours (stationary phase growth) at 30∘ C. After this period,
1 × 106 cells/mL were inoculated into 30 mL of YPD liquid
in 125 mL erlenmeyer flasks. Cells were treated with 0.125,
0.250, 0.500, 0.75, and 1.00% of propolis dry matter from
PEE, PWE, PMM, and PSDE. For negative controls, it was
employed ethanol at the same amount present in each propolis concentration (PEE possess 55% w/w of ethanol) or phosphate buffer solution (pH 7.4). The samples were maintained
in the medium for 1, 2, 4, 6, 8, 12, and 24 hours. The erlenmeyer flasks were kept in agitation of 180 rpm at 30∘ C for
24 hours. After these periods of treatment, in order to verify
their viability, tenfold serial dilution of these cells was plated
on Petri dishes containing solid YPD medium. They were
incubated at 30∘ C for 24 hours. Besides this procedure, a
sample of treatments with 1% of propolis, with 12 and 24 hs
of incubation (𝑛 = 3), was dispersed in YPD medium, incubated at 30∘ C for 24 hours, in order to plate and verify the
viability of the strains in comparison with the viability of the
strains treated with the controls (alcoholic solution or PBS).
All the colonies found in each plate were counted. Controls
correspond to 100% of viability, and then, the number of
colonies found in the treatment groups was compared with
the controls in order to determine the percentage of viability
in the presence of propolis extracts.
In order to investigate the role of some phenolic compounds, caffeoyl derivatives and the terpenoid transnerolidol present in propolis extracts in the antifungal action,
the isolated substances: caffeic, 𝑝-coumaric, and cinnamic
acids, aromadendrin, isossakuranetin, Artepillin C and 3,4;
4,5; 3,5 and 3,4,5 caffeoylquinic acids and finally, trans-nerolidol were studied in C. albicans SC5314. For this purpose,
YPD liquid medium was used in 96 vessel plaque containing
104 cells/vessel of C. albicans, and each standard was diluted
in DMSO and was evaluated at 1, 2, 3, 4, 5, 12.5, 50, 75,
100, 200, and 300 𝜇g/vessel. To control the experiment, it
was also used (i) the inoculum group, (ii) DMSO and (iii)
fluconazole treatment. The plaque was incubated at 30∘ C for
24 hours. The evaluation involved visual inspection of “pellet” formation and the evaluation of viability. For viability
assessment, 5 uL of each vessel content was put in YPD complete medium at 30∘ C for 24 hs.
2.6. Minimum Fungicidal Concentration (MFC). The broth
dilution method recommended by the Clinical and Laboratory Standards Institute (document M27-A3, CLSI, 2008)
[18] was used in this study, with some modifications, in
order to determine minimum fungicidal concentration of the
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samples. In this study, the following microorganisms were
used: C. albicans SC5314, C. parapsilosis ATCC 22019, and C.
glabrata ATCC 90030.
Because of the turbidity that occurred in test broth
when propolis extracts were diluted in the culture medium,
it was not possible to determine the minimum inhibitory
concentration (MIC). Therefore, the antifungal activity of the
samples was assessed by means of the minimum fungicidal
concentration (MFC), which was determined by subculturing
20 𝜇L aliquots from each tube of the broth dilution series
onto Potato Dextrose Agar (Difco, Detroit, MI, USA). The
plates were incubated at 35∘ C aerobically for 48 h. After the
incubation period, the MFC was determined. It was defined
as the lowest concentration of the sample required to kill the
microorganism being tested.
2.7. Propolis Effects during Morphologic Transition. Aiming
to evaluate C. albicans sensitivity to propolis (PMM) (0.5%
subinhibitory concentration) in different morphologic types,
SC5314 strain was inoculated in YPD medium for 16 hours
at 30∘ C under agitation. After that, cells were counted, and
2 × 107 cells/mL were incubated for 4 hours under the same
previous conditions (yeast), in YPD at 37∘ C (to induce
pseudo-hyphae), and in YPD liquid with bovine fetal serum
(20%) at 37∘ C. To control the experiment, phosphate buffer
was used in substitution of PMM for the same time, 6 hours.
To evaluate the efficiency of morphologic conditions, the
sample was evaluated by microscopy. After treatments, a tenfold dilution was done from 106 cells/mL and “drop out”
under YPD complete medium. Plates were incubated for 24
hours at 30∘ C.
2.8. Gel Preparation
2.8.1. Propolis Based Carbopol 940 Gel (CP1%). Carbopol
(1% w/w) was dispersed in water previously conserved (potassium sorbate 0.1% and EDTA 0.01%), and the polymer was
maintained under hydration for 24 hs. Then, the mixture
of propolis extract (1%), Melaleuca (Melaleuca alternifolia),
sweet birch (Betula lenta), Mentha (Mentha spicata) and rosemary (Rosmarinus officinalis) essential oils, and propylene
glycol was added into the dispersion previously obtained with
stirring. Under stirring, triethanolamine was used to adjust
pH of the preparation.
2.8.2. Propolis Based Poloxamer 407 Gel with Carbopol 940
(PP1%). Initially, the co-polymer Poloxamer 407 (Lutrol
F127) (13% w/w) was dispersed in water and the polymer was
maintained under hydration for 24 hours at 5∘ C. Meanwhile,
Carbopol (1% w/w) was dispersed in water previously conserved (potassium sorbate 0.1% and EDTA 0.01%) and was
maintained under hydration for 24 hours (phase B). Then,
under stirring, the mixture of propolis extract (1%), Melaleuca (M. alternifolia), sweet birch (B. lenta), M. spicata and
rosemary (R. officinalis) essential oils, and propylene glycol
was added gradually into the poloxamer dispersion previous
obtained (phase A). Afterwards, carbopol 940 dispersion was
mixed in phase A. Under stirring, triethanolamine was used
to adjust pH and confer the jellification of the preparation
around pH 6.0.
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2.8.3. Propolis Alginate with Pectin (AlP1%). Sodium alginate
(4%) was dispersed in water and maintained under hydration
for 2 hours. Then, the mixture of pectin (2%), propolis extract
(1%), Melaleuca (M. alternifolia), sweet birch (B. lenta), M.
spicata and rosemary (R. officinalis) essential oils, and propylene glycol was added gradually into the dispersion previously
obtained with stirring to complete homogenization.
2.8.4. Propolis Based Chitosan Gel with Natrosol (ChP1%). To
dissolve and jellify natrosol (4.0%), the sample was dispersed
in water under warming at about 70∘ C. After that, the preparation was cooled (A). Meanwhile, chitosan (1.5%), propolis
extract (1%), propylene glycol, potassium sorbate, EDTA,
Melaleuca (M. alternifolia), sweet birch (B. lenta), and M. spicata and rosemary (R. officinalis) essential oils were weighted
and blended (B). Phase B was included in phase A under stirring. Acetic acid was dripped, and gel formation could be
observed.
For all previous preparations, controls were prepared
using alcoholic solution (55% w/w) in substitution of propolis
and were identified as the controls: CC-(carbopol), PC(poloxamer), AlC-(alginate) and ChC- (chitosan). Moreover,
none of the controls possess essential oils.
2.9. Flow Rheology. For this study, a R/S Plus Rheometer
Brookfield v.9.0 was used, coupled with a Peltier system with
Software Brookfield, RHEO 2000, version 2.8. The condition
of study was 37.5∘ C to resemble body temperature, and plate
P25 was used (P25 module), because it is the analysis system
for semisolids. As parameter of analysis, a race of 120 seconds
was done, with upward curve from 𝑡0 to 𝑡60 s and descendant
from 𝑡60 s to 𝑡120 s, obtaining values of shear stress, shear rate,
and viscosity every 2 seconds. Assays were done in triplicate,
and statistical analysis using software Brookfield, based on
calculations by Ostwald Law and Prism 5.0 software.
2.10. Mucoadhesion Tests. To mucoadhesion studies, the
reproductive system of the cow was removed immediately
after sacrificing the animal in the slaughterhouse Olhos D’
água (Ribeirão Preto, SP, Brazil) and vaginal mucosa removed
with scalpel and surgical scissors and immediately frozen
at −10∘ C. On the day of the experiment, the mucosa was
thawed and cleaned using 0.9% NaCl solution at 25∘ C, cut
into disks of 1 cm diameter, and glued with cyanoacrylate glue
(SuperBonder) in a holder made of Plexiglass holder. The test
was done by lowering the load cell to contact with the mucosa
for a time of 30 seconds and tensile strength of 0.5 N at a
rate of 0.5 mm/min. Triplicates were performed for each gel
evaluated and statistical analysis with Prism 5.0 software. In
this study, the machine Emic DL 2000 was used with a load
cell 19 Trd, with the program Tesc, version 3.01.
2.11. Candidiasis Vaginal “In Vivo” Model. This experiment
was approved by the Animal Experimentation Ethics Committee of the Faculty of Pharmaceutical Sciences, University
of São Paulo (FCFRP/USP), Ribeirão Preto, SP, Brazil. To this
study, female Balb/c mice with 7-8 weeks of age, weighing
approximately from 20 to 22 g, were used in this study.
This protocol was performed as described by Yano and
Fidel Jr. [19] with some modifications. Thus, to induce
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vaginal candidiasis in mice Balb/c animals, it was necessary
to simulate pseudoestrus condition for optimal Candida
colonization. For that, 0.3 mg of estradiol valerate (17 𝛽-estradiol valerate) previously dissolved in 100 uL of castor oil
(Sigma-Aldrich) was injected in dorsal area of each animal,
followed by a massage to disperse the suspension, 72 hours
before infection. Pseudoestrus condition was maintained
weekly with the application of the hormone, a condition necessary to guarantee the results of the protocol. For the infection, 20 𝜇L of the C. albicans strain suspension was inoculated
by inserting the pipette tip about 5 mm deep into the vaginal
lumen.
2.11.1. Candida albicans Suspension. C. albicans strain was
incubated for 24 hours in YPD complete medium at 30∘ C.
Then, one colony was dispersed in liquid YPD medium,
under agitation, at 30∘ C for 16 hours. The suspension was
washed with PBS until a cleaner suspension was obtained;
then, after centrifugation, the pellet was suspended in PBS,
counted with Neubauer chamber and diluted to 2.5 × 106
cell/mL. The suspension of Candida albicans was intravaginally inoculated (20 𝜇L) [19].
2.11.2. Standardization of the Protocol. In order to define the
best strain and time after inoculation of C. albicans to start
treatments, the fungal burden and histological slices of the
animals after 48 and 72 hours after inoculation of C. albicans
was investigated. After that, the protocol with the time predefined in the last protocol was used to compare between C.
albicans SC5314 and 3153A.
2.11.3. Treatments Protocol. The groups of animals were
divided into six (𝑛 = 10): (i) control (animals infected without
treatment), (ii) treated with CPb (carbopol gel base), (iii)
treated with PPb (poloxamer gel base), (iv) treated with CP1%
(propolis 1% carbopol gel), (v) treated with PP1% (propolis
1% poloxamer gel), and finally (vi) treated with clotrimazol
cream (Neo Quı́mica). Each group was treated every 12
hours with 60 uL of each product (except for group one—
without treatment), during 7 (seven) and 10 (ten) days. After
treatments, the evaluation of the animals was done with the
culture of intravaginal lavage (100 uL of PBS) in each time
and with the histological evaluation of vaginal mucosa of one
animal of each group. Then, the animals were supervised during the 10 days after stopping of the treatment and reevaluated with the culture of intravaginal lavage and the histological slices of the vaginal mucosa.
One or two animals per group was euthanized (cervical
dislocation) with 7 and 10 days of treatment and in the conclusion of the protocol (10 days after the last treatment) for
vaginal mucous removal and histological slices preparation.
The specimens were removed and fixed for 24 hours in 3.7%
formaldehyde—PBS. Samples were washed several times in
70% alcohol before dehydration in a series of alcohol solutions of increasing concentrations. Finally, the samples were
diaphonized in xylol and embedded in paraffin. For each
sample, sequential 5 𝜇m thick sections were collected on glass
slides and stained with Gomori methenamine silver (GMS)
or hematoxylin and eosin (H&E) stain. Briefly, sections were

2.12. Statistical Analysis. The analysis of variance ANOVA
(one way) and Bonferroni multiple comparison test was performed with a level of significance of 5% or by Student’s 𝑡-test
(𝛼 = 0.05) according to the protocol used. Statistical analysis
was done using Prism 4 (Graph Pad).
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deparaffinized, oxidized with 4% chromic acid, stained with
methenamine silver solution, and counterstained with picric
acid. For H&E staining, sections were deparaffinized and
stained first with hematoxylin and then with eosin. All
stained slides were immediately washed, preserved with
mounting medium, and sealed with a coverslip. Next, they
were analyzed and photographed under a microscope (Jenaval-Zeiss) coupled to a digital camera (Leica DFC425). The
parameters analyzed were descriptive and examined by a
single researcher who was blinded to the analysis of the
groups. The parameters analyzed were inflammatory reaction
and C. albicans infection.
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3. Results

3.2. Antifungal Comparison of Propolis Extracts in “In Vitro”
Models. In order to compare the antifungal activities of each
extract, PWE, PEE, PMM and PSDE (0.125, 0.25, and 0.50% of
propolis) were evaluated against Saccharomyces cerevisiae and
C. albicans (data not shown). The experimental conditions,
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3.1. Chemical Characterization. Although the standardization of propolis extract (EPP-AF) was previously shown by
Berretta et al. [13], the HPLC fingerprints of PMM and PSDE
extracts were also performed (Figure 1) since these extraction processes involve several steps, such as temperature,
filtration/purification, dryness, and others. These steps could
provide different chemical composition for each extract differing from the same EEP standardized propolis batch. The
results of each extract are presented in Table 1, and the results
normalized to the same propolis concentration (1%) are
shown in Figure 2. It is possible to detect that the preparation
process led to the absence of cinnamic acid and aromadendrin in PSDE and the absence of caffeic acid in PMM
(lower than quantification limit). It was observed that PEE
and PMM presented few differences considering most of
the standards evaluated (normalized by propolis dry matter); however, artepillin C presented a reduction of about
25% of the content present in PEE. Interestingly, PSDE
showed expressive values to artepillin C, 0.816 mg/g. Caffeoyl
quinic acid derivatives were also evaluated since a recent
work attributed antiviral activity to these compounds [20].
Results are presented in Figure 1 and Table 1. It is possible
to observe similarities in PEE and PMM, corroborating the
results obtained with phenolic derivatives. It is known that
propolis aqueous extract usually presents caffeoyl quinic acid
derivatives in their composition [20–22]; however, this is not
the case in the present work since PWE was obtained from
PEE and the extraction solvent was not water.
Taken together, the chemical characterization results
showed that PEE and PMM are similar (𝑃 > 0.05) considering the standards investigated, while PSDE is different from
PEE and PMM (𝑃 < 0.05).
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Figure 1: Chemical fingerprint of (a) standards used: (1) internal
standard : gallic acid, (2) caffeic acid, (3) p-coumaric acid, (4)
3,4-dicaffeoylquinic acid, (5) 3,5-dicaffeoylquinic acid, (6) 4,5dicaffeoylquinic acid, (7) cinnamic acid, (8) aromadendrin, (9)
isosakuranetin, and (10) Artepillin C, and of the extracts evaluated,
PEE (b), PMM (c), and PSDE (d) (𝑛 = 3). The chromatograms were
plotted at 275 nm, using the RP-HPLC, C18 (Shim-pack, CLC-ODS
(M), 25 cm × 4.6) column, and gradient elution with methanol and
acidic water (formic acid pH = 2.7).
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Table 1: Fingerprint of chemical compounds of different propolis extracts evaluated (𝑛 = 3) (mg/g).

Samples
Standards
Caffeic acid
𝑝-Coumaric acid
3,4-DCQ acid
3,5-DCQ acid
4,5-DCQ acid
Cinnamic acid
Aromadendrin
Artepillin C

PEE

PMM

Mean
0.345
1.712
0.488
1.614
3.442
0.167
0.808
6.621

SD
0.011
0.069
0.006
0.012
0.023
0.006
0.024
0.306

PSDE

Mean
ND
6.312
1.138
6.147
13.308
0.494
2.628
6.593

SD
—
0.061
0.014
0.129
0.203
0.006
0.024
0.348

Mean
2.699
5.979
5.842
2.667
7.430
ND
ND
51.384

SD
0.398
0.686
0.132
0.092
0.045
—
—
6.036

ND: not detected.
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Figure 2: Chemical results obtained for PEE, PMM, and PSDE after normalization of the extracts to 1% of propolis dry matter (mg/g). The
results originated from the medium previously presented in Table 1; however, in order to pollute the figure less, the standard deviations were
suppressed. (1) Caffeic acid; (2) p-coumaric acid; (3) 3,4-DCQ acid; (4) 3,5-DCQ acid; (5) 4,5-DCQ acid, (6) cinnamic acid; (7) aromadendrin,
and (8) artepillin C.

such as propolis subinhibitory concentration, appropriate
growth phase of microorganism, and others, were previously
defined by de Castro et al. [23]. S. cerevisiae was the less
tolerant strain to all tested extracts. The results showed that
PEE was the most potent for both microorganisms followed
by PWE, PMM, and PSDE. The MFC was determined since
it was not possible to establish the MIC determination due
to propolis turbidity. The MFC value found was 7.0 mg/mL
for PEE, considering the microorganisms C. albicans and C.
parapsilosis, and 14.0 mg/mL for C. glabrata. The other results
can be seen in Table 2, where it is evident the better efficacy
of PEE compared to the other extracts. In this assay, the MFC
value of PWE was very low, and consequently, this extract was
not investigated in other steps, including chemical characterization. After the first trial, extracts were evaluated in propolis
concentrations from 0.25 to 1.0% against S. cerevisiae, C.
albicans SC5314 and CAI4 strains, C. parapsilosis, and C.
glabrata (Figure 3). The results demonstrated that PEE was
more effective than PMM and PSDE considering all strains
tested (Figure 3). S. cerevisiae followed by C. albicans were

more sensitive than the other strains, while C. parapsilosis was
the most resistant strain studied (Figure 3). These results were
corroborated with the MFC values presented in Table 2, for
PEE, PMM, and PSDE.
To evaluate C. albicans cell viability upon propolis exposure, PMM was incubated for 1, 2, 4, 6, 8, 12, and 24 hours
with 106 cells/mL. The results showed that the best growth
inhibition occurred at 6 and 8 hours of propolis exposure
(Figure 4(a)). Unexpectedly, at 24 hs incubation with PMM,
C. albicans grew at the same density as the control
(Figure 4(a)). Thus, C. albicans viability was assessed for all
different propolis extracts incubated for 12 and 24 hs, and
accordingly, fungicide and fungistatic actions of the extracts
were evaluated, considering the results of samples plated
and incubated for 24 hs at 30∘ C. Viability results with 1% of
propolis showed that PEE has fungicide effects, while PMM
and PSDE have fungistatic action at this concentration, that
is, 10 mg/mL, and also considering the incubation time of
12 and 24 hs (Figure 4(b)). Taken into consideration the
results observed, the chemical changes among the extracts
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Figure 3: Antimicrobial activity of different propolis extracts evaluated, PEE, PMM, and PSDE, using C. albicans SC5314 (A), CAI4 (B), S.
cerevisiae (C), C. parapsilosis (D), and C. glabrata (E) strains, with 0.125%, 0.250%, 0.50%, 0.75%, and 1.0%. The controls of the experiment
were the strain in YPD medium, alcoholic solution in the same concentration of propolis extract, and phosphate buffer. The strains were
evaluated in YPD complete medium with propolis, at 30∘ C, 24 hs.

emerge as the possible responsible for these growth differences. Thus, volatile substances were researched by Gas Chromatography (GC) since both PMM and PSDE were obtained
with high pressure and relatively high temperatures (spray
drying process), and consequently, volatile substances could
be different. The results demonstrated that PEE presented
innumerous volatile compounds, specially trans-nerolidol
and spathulenol (J. P. De Sousa & J. K. Bastos, data not published), while PMM and PSDE did not show any volatile
substances in the analytical running used (data not shown).
Although these volatile substances were different, these isolated compounds were investigated and the results showed
that none of them demonstrated inhibitory action up to
100 𝜇g/vessel, except for fluconazole that exhibited this effect
upon 10 𝜇g/vessel.
The dimorphic transition is an important step for C. albicans pathogenicity, and the growth inhibition of different
morphological forms like hyphae, pseudohyphae, and yeast
(Figures 5(a) and 5(c)) was studied in the presence of propolis

Table 2: Minimum fungicidal concentration (MFC) of PEE, PWE,
PMM, and PSDE for distinct Candida strains (𝑛 = 3).
Sample
PEE
PWE
PMM
PSDE

MFC ± SD (mg/mL)
C. albicans SC5314
C. parapsilosis
7.0 ± 0.0
7.0 ± 0.0
24.5 ± 0.0
24.5 ± 0.0
13.7 ± 0.0
27.5 ± 0.0
11.73 ± 0.0
11.73 ± 0.0

C. glabrata
14.0 ± 0.0
24.5 ± 0.0
13.7 ± 0.0
5.86 ± 0.0

(PMM). Figure 5(a) shows that the treatment of C. albicans
during 6 hours with PMM (0.5% propolis) is effective for all
transition stages, and this fact is dependent on PMM concentrations (Figure 5(b)).
3.3. Propolis Gels Evaluation: Antifungal, Rheology and
Mucoadhesion in In Vitro Models. Among all available polymers, we have chosen for the present study chitosan, sodium
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Figure 4: (a) Antimicrobial activity of PMM using C. albicans SC5314 with 0.250%, 0.50%, 0.75%, and 1.0% of propolis with 1, 2, 4, 6, 8, 12,
and 24 hours of treatments (30∘ C, 24 hs under agitation). The controls of the experiment were the strain in YPD medium and PBS. After
the treatments, 5 𝜇L and subsequently tenfold dilutions were applied in YPD complete medium with propolis, at 30∘ C, 24 hs; (b) graphic
presentation of cellular viability of C. albicans treated during 12 and 24 hours with PEE, PMM, and PSDE 1% (𝑛 = 3).

alginate, carbopol 940, and poloxamer 407 Scheme 1. Chitosan, a cationic chain known to be an excellent material for
drug preparation, is a plentiful natural biopolymer, nontoxic,
biocompatible, and biodegradable [24]. Alginic acids or the
salt forms, sodium alginate, are food ingredients and they
have been used as additives for drug preparation due to their
safety to oral administration and for controlling drug
release and biocompatibility [25]. Poloxamer 407, a nonionic copolymer of poly(oxyethylene)-poly(oxypropylene)poly(oxyethylene), has been studied as a potential base for
thermosensitive hydrogels. It can carry sufficient drug and
shows good water solubility, tolerability, biodegradability,
nontoxicity, and controlled release [26]. Carbopol 940 is a
cross-linked polyacrylate polymer of anionic character. It is
an extremely efficient rheology modifier able to provide high
viscosity and forms sparkling clear water or hydroalcoholic

gels and creams. All formulations were evaluated for in vitro
effectiveness dissolving each one in YPD top agar medium
with propolis at 0.125%, 0.25%, 0.50%, 0.75%, and 1.0%. Subsequently, tenfold serial dilution from S. cerevisiae, C. albicans, C. parapsilosis, and C. glabrata cells was plated in each
propolis concentration. It was observed that all formulations
at concentrations higher than 0.5% propolis demonstrated
similar results to every tested strain (data not shown). At concentrations lower than 0.5% of propolis, S. cerevisiae was the
least propolis-tolerant microorganism. After demonstrating
the in vitro effectiveness, formulations were physicochemically characterized aiming to perform the in vivo evaluation.
Rheological studies are important to develop semisolid
preparations, especially when certain characteristics should
be present, such as easiness in product removal from packaging and application, adequate spreading, and smooth texture
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Figure 5: (a) Antimicrobial activity of PMM using C. albicans SC5314 (yeast, pseudohyphae, and hyphae) with 0.50% of propolis with 6 hours
of treatments (30∘ C, 24 hs under agitation). The controls of the experiment were the strain in YPD medium and PBS. After the treatments,
5 𝜇L and subsequently tenfold dilutions were applied in YPD complete medium with propolis, at 30∘ C, 24 hs; (b) graphic presentation of
cellular viability of C. albicans treated during 12 and 24 hours with 0.25, 0.50, 0.75, and 1.0% of propolis (PMM) (𝑛 = 3); (c) microscopy of
the strains used during protocol, yeasts, pseudohyphae, and hyphae.

on the application site [27]. Some important features as
spreadability and retention characteristics are essential to
clinical outcome of vaginal semisolids, particularly those with
contraceptives and microbicidal activity [28].
Flow properties of vaginal formulations determine the
ease of product administration into the mucosa membrane
and the (time-dependent) recovery of the product following administration. In this context, Newtonian and nonNewtonian behaviors can be seen. In continuous shear rheometry study, all formulations exhibited shear-thinning
behavior (pseudoplastic flow) with low degrees of thixotropy
(Figure 6(a)). The decreases in the non-Newtonian viscosity
as a function of increasing shear rate were most appropriately
mathematically modelled using the Power law (Oswald-de
Waele) model where the flow behavior index (𝑛) was determined [29]. Although Figure 6(a) clearly shows that all preparations presented pseudoplastic behavior, its magnitude can
only be clearly observed by the results shown in Table 3. It is
known that the Newtonian characteristics are as higher as the
value found for the material is closer to 1 and, consequently,
as the value is lower than 1, the more pseudoplastic the material will be [28]. Pseudoplasticity of poloxamer and chitosan
based gels was modified by propolis presence (Table 3), while

no changes were observed to sodium alginate and carbopol
gels (𝑃 > 0.05). The flow indexes values were 0.4455 ± 0.0017,
0.2554 ± 0.0095, 0.2607 ± 0.0073, and 0.3674 ± 0.007 for
PP1%, AlP1%, CP1%, and ChP1%, respectively (Table 3). As
the flow index values were all below 1, graphic representation was confirmed showing that all formulations presented
pseudoplastic behavior [30], which is typical of the polymeric
system [28]. There were significant differences (𝑃 < 0.05)
among all formulations, except when comparing alginate and
carbopol (𝑃 > 0.05).
Considering viscosity results, Figure 6(b) shows that carbopol and chitosan hydrogels are less viscous preparations,
while poloxamer is the most viscous one. This is an interesting
property that can help to retain the preparation into vaginal
mucosa. Although poloxamer presented the worst pseudoplastic results, it is important to consider that this gel base has
properties, such as thermoreversible behavior with increased
viscosity in corporeal temperature [31, 32], and usually this
composition offers a delivery system, information that can be
interesting in the pathology in study.
An essential property that governs the clinical performance of mucosal gels is the ability to adhere to the host epithelium and provide residency during the therapeutic period.
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Hence, mucoadhesive formulations of limited viscosity have
been employed for this purpose [33]. The mucoadhesive bond
strength was examined using a previously reported test in
which cow vaginal mucosa was employed, and the force
required to partially separate the mucosa disc from the surface of the formulation is determined. The ability of a vaginally applied formulation to adhere to the vaginal epithelium
is essential to maximize its residency and thereby clinical
performance [34]. It has been reported that the establishment
of a mucoadhesive bond between polymeric components and
a biological substrate may be influenced by the surface of
the biological substrate, surface of the bioadhesive layer and
interfacial layer between the two [35]. Assuming that the surface of the mucosa in each experiment is similar, slight differences occurring in the mucoadhesive ability of the gel
formulations may be attributed to the formulation surface
effects. The results showed that propolis inclusion increased
mucoadhesion of CP1% and PP1%, a fact not observed in alginate and chitosan vehicles (data not shown). It was observed
that the CP1% based gel demonstrated higher strength
(0.24 N), followed by ChP1% (0.18 N) and PP1% (0.17 N). The
difference that favors poloxamer is the little time to reach the
mucoadhesion stabilization in comparison to chitosan based
gel. This could be related to the differences in the polymer
chain flexibility, ability to form hydrogen bonds and/or the
extent of swelling of polymers.
3.4. Propolis Gels: Preclinical Efficacy Evaluation. The in vivo
vulvovaginal candidiasis model was established 48 hours after
inoculation (Figure 7(a)). In this model, C. albicans 3153A
strain was more virulent than SC5314 (Figure 7(b)), a fact

corroborated by Figures 8(a)–8(d). The histological analysis
demonstrated that the control group (Figure 8(a)) displayed
normal tissue, while vaginal mucous infected with SC5314
strain showed keratin deposition and decreased thickness, a
behavior more characteristic of chronic infection and common in less virulent strains (Figure 8(b)). Finally, Figures 8(c)
and 8(d) showed superficial erosion and neutrophil influx,
respectively, features characteristic of acute infection.
To evaluate efficacy, two formulations were chosen considering rheology and mucoadhesion results, carbopol and
poloxamer gel with propolis extract, the CP1% and PP1%,
respectively. Either preparation was applied every 12 hours
for 7 and 10 days. As a control, a group did not receive any
treatment, and two other groups were treated with carbopol
and poloxamer gel base. To compare propolis effects, clotrimazole (10 mg/g) cream (Neo Quı́mica, Brazil), a conventional medicine used in this kind of pathology, was used like
a positive control.
Our results showed that 7 days treatments reduced fungal
burden in 60.2, 84.8, and 97.2%, for CP1%, PP1%, and clotrimazole, respectively, while with 10 days treatment, fungal
burden reduction was 84.2, 89.4, and 97.9%, respectively.
Statistical analysis did not show any difference between 7 and
10 days treatment (𝑃 > 0.05) either using ANOVA one-way
or Student’s 𝑡-test with 95 and 99% of confidence interval.
All treatments used demonstrated difference with negative
control groups (𝑃 < 0.05), while CP1% and PP1% were similar
to clotrimazole cream (𝑃 > 0.05), for 7 and 10 days of treatment, respectively Figures 9(a) and 9(b).
The results presented are corroborated by histological
analysis upon 10 days treatment (Figures 10(a) and 10(b), the
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Figure 6: Rheograms of formulations were (a) presents shear stress, (b) viscosity, and (c) mucoadhesive results.

Table 3: Yield exponent values to gel base and propolis gel (𝑛 = 3).
Samples
Polymers
Poloxamer 407 (Pluronic)
Sodium alginate
Carbopol 940
Chitosan

Gel base
Mean ± SD
0.3845 ± 0.0098
0.2425 ± 0.0041
0.2750 ± 0.0060
0.3326 ± 0.0193

Propolis gel
Mean ± SD
0.4455 ± 0.0049
0.2554 ± 0.0126
0.2608 ± 0.0143
0.3674 ± 0.0212

control without any treatment) and Figures 10(c) and 10(d)
(clotrimazole group). The results showed that estradiol ministration maintained the pseudoestrus condition and consequent tissue infection considering that C. albicans
(Figure 10(b)) and inflammation (Figure 10(a)) persisted. In
contrast, the clotrimazole treatment presented normal epithelium (Figures 10(c) and 10(d)). The histological analyses
of these experiments corroborate fungal burden analysis
and in addition demonstrate the absence of irritation or

inflammation induced by CP1% and PP1% (Figures 11(a) and
11(c)). Figures 11(a) and 11(c) show the morphological aspects
of tissue after 10 days of treatment with CP1% and PP1% where
both groups displayed normal architecture and thickness in
pseudoestrus phase, with keratin deposition indicating the
absence of C. albicans infection (Figures 11(b) and 11(d)).

4. Discussion
C. albicans is a common vaginal inhabitant in humans and is
present in their vaginal mucosa during their lives normally
not displaying any symptoms or signs of vaginitis and usually
with little concentration of yeasts. C. albicans can be a commensal or a pathogen into the vagina depending on changes
in the host vaginal environment that induce the pathogenic
state [1]. Vaginal candidiasis incidence caused by Candida
non-albicans strains has increased in function of unique antifungal dosage forms, low dosage maintenance of the azole
posology, and by indiscriminate use of antimicotics [1].
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Figure 7: (a) Fungal burden of vaginal mucosa lavage after 48 and 72 hours of inoculation of C. albicans SC5314 (20 𝜇L, 2.5 × 106 cells/mL)
(YPD complete medium, 30∘ C, 24 hs); (b) fungal burden of vaginal mucosa lavage after inoculation of C. albicans SC5314 and 3153A with 48
hours after inoculation (YPD complete medium, 30∘ C, 24 hs); (∗ 𝑃 < 0.05—Student’s 𝑡-test).

C. albicans species represent 85–95% of yeasts isolated from
vagina, and considering non-albicans strains, the most common is C. glabrata, present in 10–20% of the infected women,
followed by C. parapsilosis. Azoles do not present good results
with C. glabrata strain [1].
Propolis ethanolic extracts, alone or incorporated in
pharmaceutical presentations, are commonly used therapeutically [36]. Considering some disadvantages of this presentation, the present work tried to study other options to use
propolis in medicine, such as aqueous, microparticles, and
soluble dry extract. Rocha et al. [37] have demonstrated that
it is possible to achieve aqueous propolis extract similar in
chemical composition to the alcoholic ones, and Bruschi et al.
[38, 39] obtained gelatin microparticles with propolis, without taste, strong odour, and without the presence of alcohol.
Here, we evaluated PWE, PMM, and PSDE that were developed with higher concentrations of propolis dry matter, that
is, around 11%, 50%, and 70% of genuine propolis extract.
The antifungal results obtained for PWE were different when
compared with the antibacterial results obtained by Rocha et
al. [37], and since undesirable results were found, PWE was
not considered in the mucoadhesive preparations.
Antifungal effects of propolis in vitro have been demonstrated to C. albicans by Fernandes Jr. et al. [40], results corroborated by Longhini et al. [41], and the present work.
Sawaya et al. [42] who also studied the inhibition of C. albicans, C. tropicalis, C. krusei, C. parapsilosis, and others found
20 mg/mL as the MFC for propolis alcoholic extract. This
concentration is higher than the values found for PEE, which
was 14.0 mg/mL for C. glabrata, the most PEE resistant strain,
and for PSDE, which was 11.73 mg/mL to C. albicans and
C. parapsilosis. Berretta et al. [13] have shown that different
batches of propolis extracts were chemically reproducible,
considering phenolic derivatives and also presented antiinflammatory effects [13, 15, 21, 31]. However, the extracts
proposed in this study (PWE, PMM, and PSDE) can show

different chemical fingerprints since these kinds of preparations involve several other steps, including high pressure and
temperature. This fact was confirmed once a few compounds
are absent in some extracts, especially cinnamic acid and
aromadendrin in PSDE, and caffeic acid in PMM. This possibly occurred due to the temperature or pressure for PMM
and PSDE, necessary steps for the preparation of the pharmaceutics presentations.
Propolis, like other natural products, exert a biologic
action through synergic effect between numerous constituents, and the results presented corroborate this information
since none of the constituents studied presented anti-Candida action up to 100 𝜇g/vessel. Based on the results obtained
here for PEE (fungicide), PMM, and PSDE (fungistatic), it
is important to consider the volatile compounds of propolis
for the better action of propolis extracts, since the difference
in PEE and the other extracts by GC analysis was so outstanding. Considering the inherent lipophilic characteristic
of terpenoids, they show affinity and partition with biological
membranes, where its presence can substantially modify their
structural and functional properties [43]. trans-Nerolidol is
a known compound that increases bacterial plasmatic membrane permeability (S. aureus and E. coli) [44] and acts
in inhibiting the dimorphic transition of C. albicans [45].
Brehm-Stecher and Johnson [44] showed that sesquiterpenoids can break the normal barrier of cellular membranes
of bacteria increasing the uptake of exogenous compounds to
intracellular medium, such as ethidium bromide and antibiotics. This effect was more pronounced in Gram-positive
bacteria possibly because they lack additional barriers to the
external membrane, for example, Gram-negative bacteria.
Brehm-Stecher and Johnson [44] evaluated the ability of
nerolidol, farnesol, bisabolol, and apritone sesquiterpenoids
to increase the bacterial permeability and the susceptibility of
exogenous antimicrobial compounds uptake. These authors
demonstrated that sesquiterpenoids promoted intracellular
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Figure 8: (a) Control group (without infection): vaginal mucosa with normal architecture and normal thickness showing discrete keratin
deposition (H&E-40x); (b) C. albicans SC5314 infection group: normal architecture with decreased thickness with signs of epithelial
regeneration (mitosis) and increased of keratin deposition (H&E-40x); (c) C. albicans 3153A infection: normal thickness with precursor
cells increase, superficial erosion, and neutrophils influx, without keratin (H&E-40x); (d) neutrophils presence in lavage microscopy (ASDNaphtol-20x).
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Figure 9: Fungal burden of vaginal mucosa lavage after 7 (a) and 10 days (b) of treatment with CP1%, PP1%, and clotrimazol cream (Neo
Quı́mica) after infection of C. albicans 3153A (20 𝜇L, 2.5 × 106 cells/mL) (YPD complete medium, 30∘ C, 24 hs). (∗ 𝑃 < 0.05—ANOVA one-way
with Bonferroni’s posttest).

accumulation of ethidium bromide, a nucleic acid marker
impermeable to cellular membrane, in Lactobacillus fermentum living cells, suggesting that the increase of permeability
was a result of cytoplasmatic membrane disorder. Hornby et
al. [45] showed that nerolidol and farnesol prevented dimorphic transition of C. albicans from yeast to mycelial form.

Considering that hyphae are associated with a pathogenic
situation, the inhibition of transition can be a nonlethal way
to control this pathogen.
Due to their low cost, ease of manufacture, and precedence of use in the topical administration of drugs, conventional gel systems are commonly employed to administer
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Figure 10: Histological slices of vaginal mucosa with 10 days of infection, showing ((a)-(b)) negative control group and ((c)-(d)) clotrimazole
cream treatment (10 days of treatment). Tissular inflammation can be seen in “a” and “c,” with the presence of neutrophils influx (H&E
coloration). GMS coloration (b and d) shows C. albicans presence in Control group (b), showing the efficacy of the model implementation
and absence of C. albicans in clotrimazole at this time (d). (×40 magnification).

drugs via the vaginal route, mainly for the treatment of vaginal infection, contraception, and hormone replacement therapy. More recently, gel-based formulations are being widely
developed for sustained delivery of HIV microbicides and
mucosal vaccines. The retention of vaginal gel formulations
is fundamental to the improvement of clinical performance.
Poor vaginal retention of conventional gel formulations represents a significant challenge for those clinical indications
where sustained delivery would enhance efficacy [11]. Flow
rheological characterization offered important information
considering stability and spreadability, Newtonian and nonNewtonian behavior, thixotropy and viscosity, and important
points to consider when developing a topical medicine. It
is known that a pseudoplastic material can break down for
easy spreading, and the applied film can gain viscosity instantaneously to resist running, a fact not observed with Newtonian fluids independent of the time. Pseudoplasticity is commonly observed in polymeric semisolid preparations, such
as skin moisturizing, vaginal microbicides, sunscreens, for
example, [28, 29]. Moreover, Newtonian fluids, that is, those
whose viscosity is similar independently of shear rate where
viscosity is measured, are interesting in developing spermicides [28] or massage fluids, such as mineral oil. Besides
therapeutical application, rheological information possibly
predicts flowing easiness of the package, intravaginal application, and retention therein, and associated with the viscosity

and mucoadhesion results, it is possible to suggest in situ
behavior. Considering rheological data, our results indicate
that CP1% and PP1% were the most promising formulations
because of their pseudoplasticity and the viscosity, respectively. The nonlinear responses to shear stresses exhibited by
the formulations under study were probably a result of structural changes caused by shearing. The formulations consisted
primarily of high-molecular weight components, organized
in micelles with the water. Following exposure to shear stress,
the dispersion could flow and the chains of the polymers
could align along the direction of shear, releasing water, or
water and propolis. As a result, subsequent shearing occurred
more readily, and the apparent viscosity was decreased, favoring the flow, a fact that was reversed with the absence of shear
stress. Furthermore, the low degree of thixotropy indicates
that the restoration of the original configuration would require only a short time after removal of the shear stress (after
the administration), therefore, enhancing retention therein.
Mucoadhesive polymers have been exploited for several
decades by pharmaceutical scientists to formulate novel dosage forms for various routes of drug administration (buccal,
oral, nasal, ocular, and vaginal). The research in this area continues to develop very quickly with more than a hundred
new papers being published each year (for revision see [46]).
The current efforts in this area are focused on the design
of mucoadhesive polymers since the characteristic of most
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Figure 11: Histological slices of vaginal mucosa after 10 days of infection, showing CP1% group ((a)-(b)) and PP1% ((c)-(d)) treatment
during 10 days. Normal tissue can be seen in all pictures (H&E and GMS coloration) and the absence of inflammation and C. albicans.
(×40 magnification).

mucins is carrying a negative charge net due to the presence
of carboxylic groups (sialic acid) and ester sulfates at the terminus of some sugar units. Additionally, the approximate
p𝐾𝑎 of these acidic groups is 1.0–2.6 resulting in their complete ionization under physiological conditions [46], which is
an interesting interface to the adherence of some polymers.
Regarding the mucoadhesive strengths presented here,
it is possible to observe that the results obtained, that is,
mucoadhesion for carbopol, poloxamer, sodium alginate, and
chitosan polymers, are in accordance with other authors [10,
27, 47]. Although in some cases mucoadhesive strength was
larger than 0.30 N, such as nonsteroidal anti-inflammatory
gels evaluated by Barry [48], Perioli et al. [49] evaluated chitosan gels to vaginal application (0.5 and 2.0%) with 0.043
and 0.093 N of mucoadhesion. Moreover, Cid et al. [27]
found values of 0.09–0.20 N for chitosan gels (1 and 3%).
Considering that ChC- and ChP1% offered 0.33 and 0.37 N,
respectively, the results obtained were very interesting and
coherent since although ChC- and ChP1% possess 1.5% of
chitosan, the effect was complemented with the presence of
natrosol (cellulose derivate).
The results showed that carbopol was the most effective
mucoadhesive polymer. Initially, it was expected that chitosan, due to its positive charges, from amino groups, could
be the most interesting formulation to electrically adhere to
vaginal mucous and epithelium (negatively charged); however, it was not successful. Moreover, concerning the long
polymeric chain of carbopol, rich in carboxyl and hydroxyl

groups, it was possible to foresee the numerous hydrogen
bonds and Van der Waals forces that can be done between
polymeric chain and charges of mucous and epithelium.
This observation justifies the results obtained, in which the
number of interactions of carbopol is higher than the interactions done by amino groups of chitosan; therefore, the
effect observed is coherent.
Results of physicochemical and in vitro biological characterization showed that all formulations were effective against
all Candida strains. The rheological and mucoadhesive results
suggest that CP1% and ChP1% were the most pseudoplastic
formulations. CP1% and ChP1% were less viscous preparations while poloxamer was the most viscous gel. CP1% was
the most mucoadhesive preparation, followed by both PP1%
and ChP1%. All preparations possess low thixotropy. Taken
together it is possible to suggest that all formulations can flow
under shear stress, a fact that can be restored after the stopping of strength application (pseudoplastic behavior with little thixotropy). Considering this data, it is interesting to use
a deformable packing to all preparations obtained. The viscosity and mucoadhesion can suggest that carbopol and
poloxamer are interesting preparations to proceed biological
efficacy tests.
Vaginally applied imidazoles are the first line treatment
of vulvovaginal candidiasis. The need to develop a less inconvenient and more patient acceptable regimen led to the development of a treatment schedule from the original 3 weeks to
7 days protocols [50]. Currently, some topical preparations
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like clotrimazole 500 mg vaginal tablet, 2%, 6.5% tioconazole
(Vagistat-1), and 2% miconazole ovule (Monistat1), among
others, are currently available in USA. This class of compounds is fungicidal only at high concentrations and after
prolonged incubation [51]. González et al. [52] evaluated voriconazole and fluconazole therapies by oral or topical route
(0.5, 1, and 5 mg/kg once daily), where results showed that
all therapy regimens administered topically for the treatment
of vaginal infection significantly reduced the fungal load
with respect to the negative control group (excipient). Considering topical treatments at analogous doses, voriconazole
was as effective as fluconazole; nevertheless, neither drug
administered orally nor topically was able to eradicate this
microorganism from the vagina [52]. These results were corroborated by Stevens et al. [53] in topical treatments with
clotrimazole and zeamantine treatments. Scott et al. [51]
evaluated in systemically and topical murine models, a new
class of antifungal agents, jasplakinolide, a structure derived
from marine sponge. The topical administration of jasplakinolide 2% was very effective in reducing infection, with results showing 53% of negative cultures in this group, 47% with
miconazole nitrate and 7% of the control (4 days after infection); however, the toxicity of this structure compromised its
utilization.
The analysis of the results presented here can suggest that
some improvements in propolis formulations possibly can
increase the response in animal treatments. Besides propolis
concentration, maybe some changes in the thixotropy of the
formulations or the presence of an oil phase can improve the
delivery from propolis extracts of more lipophilic compounds
from pharmaceutical systems. Actually, this was the way
Bachhav and Patravale [54] improved fluconazole vaginal
effects, offering completely eradication of the microorganism.
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Propolis studies in Poland were initiated by Professor Stan Scheller in the 1960s. It was a team of Polish researchers who
developed a method of introducing hydrophobic ethanol extracts of propolis (EEP) into aqueous solutions, which enabled the
study of their biological properties. The studies performed in Poland showed that EEP possesses antioxidant, radioprotective, and
immunostimulating properties. It was possible to demonstrate antibacterial activity of propolis on Gram-positive bacteria, virulent
Mycobacterium tuberculosis, and protozoa as well as stimulating activity of aqueous extracts of propolis on proliferation of cells in
vitro. Polish investigators showed that propolis stimulates regeneration of tissue, acts as antioxidant and radioprotector, has strong
immunostimulative properties, affects animals’ life span by extending it, and improves intellectual and life functions of the elderly.

In Poland propolis studies have a long, over a 50-year-old
tradition. They were initiated in the early 1960s in the Chair
of Microbiology and Immunology of the Medical School
in Zabrze, which is one of the two medical schools of the
present Medical University of Silesia in Katowice. Propolis
studies were a brainchild of the late Professor Jerzy Szaflarski,
then Head of Chair of Microbiology in Zabrze, a veterinary
doctor by profession. Prof. Szaflarski passed his interest in
propolis on to his young assistants, Dr. Stanisław Scheller (see
Figure 1), who suspended his own studies on tuberculosis and
got involved in propolis studies, and Dr. Leszek Ilewicz, a
dentist, who as a visiting researcher had spent some time in
the former Soviet Union. Dr. Ilewicz brought the results of
Soviet studies on propolis to Poland.
Stanisław Scheller (1928–2002) was born in Lvov (then
Poland) where he lived and completed his school education.
In 1947 he took up veterinary studies at Wroclaw University.
In 1950, as a student, he began working as a junior assistant
of Prof. Ludwik Hirszfeld in the Department of Medical
Microbiology at the Medical Academy of Wrocław. In that
time he focused his interests on blood groups in dogs [1] and
then on leptospirae and leptospirosis in man and animals.
The results of his studies were presented in his doctoral
dissertation prepared under the supervision of Prof. Józef

Zwierz in 1961 [2]. Ten years later, Scheller joined the Department of Microbiology at the Silesian Medical Academy in
Zabrze as a senior assistant. His many years of research
on tuberculosis resulted in a postdoctoral dissertation on
tuberculosis resistance using in vitro cell culture [3–6]. In
1966, inspired by Prof. Szaflarski (Head of the department), he
dedicated himself to studies of propolis, the effects of which
he experimented many times on himself. In 1997 Stanisław
Scheller changed his first name to Stan.
Prof. Scheller’s interest lay in unconventional methods
of treatment. He strongly believed in alternative medicine
and its potential in supporting conventional methods of
treatment. In his opinion, natural products, natural healing
processes, and complementary therapies assist a physician
in his conventional management of disease. Scheller endeavored to apply natural products in cases where conventional
medicine was shown to be ineffective.
In 1967, under his supervision, a series of experiments
were performed in which propolis as a raw material was
extracted with ethanol and after evaporation of alcohol the
extract obtained was dispersed in Tween 20 saline solution.
This method of introducing hydrophobic ethanol extracts
of propolis (EEP) into aqueous solutions enabled the study
of their biological properties and medical use. It must be
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Figure 1: Professor Scheller in laboratory.

emphasized that it was Scheller who popularized EEP. He
proved bactericidal activity of EEP against Gram-positive,
virulent Mycobacterium tuberculosis, and some protozoa. A
group of Polish scientists under his guidance confirmed the
activation of metabolic processes of cells cultured in vitro
and regeneration of experimentally damaged tissue (bone,
cartilage, and tooth pulp) or diseased tissues. They showed
antioxidant activity of EEP as well as its immune-stimulating
and radioprotective properties [7].
The interests of Polish scientists of Silesian Medical
Academy in propolis resulted in a series of articles published
in Poland and abroad. In 1964 the data on the studies and laboratory evaluation of alcohol extract of propolis together with
some observations concerning its therapeutic properties were
published [8–10]. Four years later antibacterial properties of
propolis were presented [11] and then in 1971 preliminary
evaluation of clinical usefulness of propolis preparations [12].
Further investigations provided topic for the next series of
scientific articles, which were published in eleven parts in
Arzneimittelforschung/Drug Research under the common title
“Biological properties and clinical application of propolis”
[13–23].
In early studies 19 fractions of EEP were isolated and
main attention was directed to their antibacterial properties
[13]. Further research dealt with the antiprotozoal activity
of propolis. It was shown that ethanolic extract of propolis
acts effectively against Trichomonas vaginalis and Toxoplasma
gondii [14]. Other studies which focused on Staphylococcus
strain bacteria showed that EEP breaks the resistance of
bacteria [15]. In studies on cells cultured in vitro it was
observed that EEP when added to culture medium with
grown cells caused intense activation of mitoses. What is
more, EEP triggered activation of NADH2 reductase in cell
culture [16]. Experimenting on laboratory animals Scheller’s
team showed activation of glucose-6-phosphatase, NADPH2,
and tetrazolium reductase in rats after application of EEP [17].
Positive results of EEP activity upon cells in vitro were
insufficient to prove its regenerative activity. The proof lay
in experiments conducted on animals. In order to obtain
possibly high credibility, tissues hard to regenerate were
chosen, namely, bone, articular cartilage, and dental pulp.
Application of EEP accelerated the healing processes in
damaged cartilage as well as enhanced ossification in an
artificially induced bone defects. Furthermore, it was proved
that EEP inserted into the joint was well tolerated [18, 19].

It was shown that EEP supported regeneration of dental
pulp and reduced inflammatory and degenerative processes
[20, 24, 25].
The studies conducted for several years (unfortunately,
the results have never been published) showed that biological properties of EEP greatly depend on several ecological
factors, including geographical region, plant source, season,
and a method of harvesting. In that time Scheller established a
permanent cooperation with a reputable beekeeper Jan Batko
whose apiary was located in a green corner of South Poland
(the Carpathian Mountains) near the village of Kamianna.
The samples of propolis obtained from Batko were used to
study antibacterial activity of EEP against reference strain
Staphylococcus aureus Oxford P209. It was found out that
antibacterial activities of EEP samples collected in various
years were different which led to conclusion that the samples differed in their chemical composition. Dr. Wiesława
Maciejewicz from Medical Academy in Lublin, Poland, took
up studies on chemical composition of EEP. In a sample of
defined bacteriostatic activity a number of sesquiterpenes
were found [26]. Unfortunately, the cooperation was soon
ceased and did not result in chemical standardization of
Polish propolis.
Basic studies which confirmed EEP activity were conducted simultaneously with clinical studies on humans at
university hospitals. EEP having various vinculums was used
in 150 cases of postsurgical complications and burns. It was
noted that, when using EEP, significantly better results were
obtained in comparison to conventional methods. The fact
was reflected in better physiological healing and shortening
of the treatment time by about 50–80% [27]. The observed
anti-inflammatory effect in the treatment of wounds was confirmed in studies on patients with chronic bronchitis [28, 29].
Use of EEP as well as crude propolis improved biochemical
and immunological indicators in geriatric patients [30, 31].
In cooperation with orthopedic surgeons a study was
conducted on osteonecrosis of thigh bone. The study involved
54 cases of hip joint with aseptic necrosis of thigh bone.
EEP was administered intra-articularly into 22 hips, and
no typical conservative treatment was conducted. In the
remaining 32 cases, various forms of treatment were used.
The obtained results confirmed the purpose of enriching
conservative treatment with intra-articular injections of EEP,
especially in advanced stages of necrosis (III-IV period of
illness) and also in those patients whose parents did not give
their consent to surgery in an early stage of the illness [32].
In Zabrze, preliminary pharmacological investigations of
propolis were initiated. The effects of EEP on respiration
and blood pressure in rats were studied. The animals, male
BALB/c mice and male rats of the Wistar strain, were
premedicated with amphetamine and then EEP was injected
intraperitoneally. The extract of propolis was shown to have
a low impact on the overall condition of the experimental
animals [22]. Ethanolic extract of propolis was also shown to
be capable of increasing the number of plaque-forming cells
in spleens of immunized male BALB/c mice, demonstrating
their ability to produce antibodies. It was found out that
the single EEP dose exerting the maximal plaque formation
(a three-fold increase over control) was 500 𝜇g/mouse. When
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this dose was repeated within 24 hours, the plaque-producing
effect was even stronger; however, further increases of the
propolis dose or the number of its administrations had
an inhibitory effect on the plaque formation. The authors
concluded that the time interval between EEP administration
and the immunization process should not exceed 48 hours
[33].
In other experiments EEP was administered parenterally
to rabbits. It was shown that EEP did not induce the synthesis
of antibodies, what was confirmed by immunoassay tests
such as complement fixation test or double diffusion gel
precipitation [19].
Scheller’s team cooperated with other university departments and research institutes. In collaboration with nuclear
physicists they performed neutron analysis which allowed
for the determination of 30 trace elements in propolis
[34], whereas chromatographic analysis made it possible
to determine several free amino acids, beside arginine and
proline. Scheller knew that propolis stimulates mammalian
tissue regeneration and suggested that proline and arginine
must play a key role in this process. He also suggested
that arginine enhances protein biosynthesis and ability to
stimulate mitosis. Proline promotes the formation of elastin
and collagen, which are constituents of the connective tissue.
The results were published in 1986 [35].
In 1982 a laboratory for photon emission measurements
was founded in the department. Granulocytes engaged in the
phagocytosis of opsonized zymosan emit light by a process
that is inhibited by superoxide dismutase and catalase. Luminous animals have been known since ancient times; however,
“artificial” chemiluminescence (CL) was first described in
1877 by Radziszewski, a Professor of Chemistry at Lemberg
in Galicia. Radziszewski observed the yellow light emission
when oxygen was bubbled into an alkaline ethanolic solution of 2,4,5-triphenylimidazole (lophine). Fifty years later,
Albrecht reported the luminescent properties of 5-amino2,3,-dihydrophthalazine-1,4-dione (luminol). Luminol is a
very lipid-soluble substance that can penetrate cells and
tissue easily, and it is used in various ways to measure
luminescence in single phagocytic cells, groups of cells, and
cells bound to or located with tissue. The use of luminoldependent CL may prove valuable as a method to measure
the earliest events in the inflammatory process and may facilitate studying the mechanisms that produce inflammation.
Luminol-dependent CL predominantly reflects the production of H2 O2 together with nitric oxide (NO) peroxynitrite
formation [36].
In 1986 during the 5th meeting of Polish Immunological
Society the first results of inhibition by EEP of luminoldependent CL human neutrophils stimulated by opsonized
zymosan were presented [37]. These studies initiated a series
of in vitro studies on antioxidant and anti-inflammatory
properties of propolis and its components that were carried
out by Scheller’s team [38–42]. The paper “Effects of ethanol
extract of propolis (EEP) and its flavones on inducible gene
expression in J774A.1 macrophages” published in the Journal
of Ethnopharmacology in 2004 was the very last publication
of Prof. Scheller [42].
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In another study, Scheller’s team tested 19 phenolic compounds present in propolis for their anti-inflammatory activity. The luminol-enhanced chemiluminescence generated by
neutrophils that had been stimulated by phorbol myristate acetate was evaluated. It was found that caffeic-acidphenylethyl-ester abolished the chemiluminescence completely at a concentration of 10 𝜇M, while three flavone
derivatives and three flavonols (galangin, kaempferol, and
kaempferide) diminished this chemiluminescence by 73–93%
at the same concentration. These results indicate that some
of the phenolic components of the ethanol extract of propolis
are active in exerting its renowned anti-inflammatory activity
[41].
Other studies conducted in Zabrze were to provide an
answer to the question whether propolis extracts or its
isolated compounds can act directly upon tumour cells. To
do this, cytotoxic cells were stimulated in vivo, and then
their ability to destroy target cells, in this case tumour cells,
was examined. In several trials an increase of lytic abilities
of so stimulated cells was obtained. Within studies of EEP
effect on tumour cells, mice infected intraperitoneally with
Ehrlich cancer were subjected to experiments in three groups.
Mice in the first group were injected with EEP, in the second
group with bleomycin, and in the third with bleomycin
together with EEP. The survival rate of the mice was 55%
after EEP, 40% after bleomycin, and the mice in the third
group demonstrated the shortest survival. In conclusion the
authors say that the antitumor effect of propolis was due
to the flavonoids inhibiting the incorporation of thymidine,
uridine, and leucine into the carcinoma cells, thus leading to
an inhibition of DNA synthesis [43].
Interesting studies were conducted in 1989 prior to
Chernobyl disaster. In these studies EEP was tested as a
protective agent against gamma irradiation in mice. The mice
were exposed to sublethal doses of gamma irradiation from
a 60 Co source and treated intraperitoneally with EEP which
was administered before and after irradiation. It was observed
that approximately 90% of experimental animals survived
without showing any changes in their appearance or behavior
nor any signs of immunosuppression. Their leukocyte count
as well as their spleens’ plaque-forming activity returned
to normal. It was suggested that an antioxidant and a free
radical scavenger in the EEP are responsible for the radiation
protective effect of the extract of this natural product [44].
A series of experiments performed in Zabrze have proven
that EEP administered orally to animals extends their lives
statistically significantly [45].
Other research confirmed the antioxidant properties of
EEP. The free radical scavenging ability of EEP was demonstrated by electron spin resonance spectroscopy, when DPPH
(2,2-diphenyl-1-picrylhydrazyl) was treated with increasing
concentrations of EEP [46]. Also antibacterial properties of
EEP were confirmed. Ethanolic extract of propolis was incubated with 8 different antibiotics: penicillin G, doxycycline,
streptomycin, cloxacillin, chloramphenicol, cefradine, ampicillin, and polymyxin B. Culture medium contained additionally a strain of Staphylococcus aureus. It was demonstrated
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that EEP had a synergistic effect on the antibacterial activity
of cloxacillin and streptomycin [47].
A correlation between virulence of various strains of
mycobacteria and their susceptibility to ethanolic extract of
propolis was the subject of study conducted on 17 different
strains of mycobacteria. The studies showed that out of
the 13 virulent strains seven were susceptible and six were
resistant to EEP. The remaining 4 nonvirulent strains were
not susceptible to EEP. The results showed that although there
was no full correlation between virulence of the mycobacteria
and their susceptibility to EEP, a few strains that were resistant
to EEP were nonvirulent [48, 49].
Scheller’s team cooperated with a number of research
centers in Poland and in the world. In 1995 Polish scientists from Zabrze established cooperation with Dr. Tetsuya
Matsuno of the National Institute of Infectious Diseases
and Rindai Yamamoto (Nihon Natural Therapy Co., Ltd) in
Japan. The following year Scheller visited Japan where he
presented the results of his research. This gave rise to further
meetings of Polish researchers who participated in JapanPoland international seminars on propolis in 2006, 2008 and
2010.
At present Prof. Król’s team focuses on cytotoxic effect of
propolis in combination with tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL), which is a naturally
occurring anticancer agent that preferentially induces apoptosis in cancer cells. The cytotoxic and apoptotic effect of
EEP and phenolic compounds identified in propolis were
studied in combination with TRAIL using HeLa cancer cells.
The study demonstrated that EEP and its components significantly sensitize to TRAIL-induced death in cancer cells. The
percentage of the apoptotic cells after exposure to 50 𝜇g/mL
EEP and 100 ng/mL TRAIL increased to 71.10 ± 1.16%.
Apigenin and CAPE at the concentrations of 50 𝜇M (58.87 ±
0.75% and 49.59 ± 0.39%, resp.) exhibited the strongest
cytotoxic effect in combination with TRAIL on HeLa cells. It
was shown that EEP markedly augmented TRAIL mediated
apoptosis in cancer cells, and the importance of propolis in
chemoprevention of malignant tumors was confirmed [50].
In another work, it was demonstrated that EEP markedly
augmented TRAIL-mediated apoptosis in prostate cancer
cells [51]. The results of these studies together with data
obtained by other researchers have been summarized in a
review [52].
Summing up, the studies conducted in the Chair of
Microbiology and Immunology in Zabrze made it possible to
determine for the first time and in adequate way
(1) antibacterial activity of propolis on Gram-positive
bacteria, virulent Mycobacterium tuberculosis, and
protozoa,
(2) stimulating activity of aqueous extracts of propolis on
proliferation of cells in vitro, without signs of pathologic stimulation, such as chromosomal aberration.
It was shown without any doubt that propolis
(1) stimulates regeneration of experimentally damaged
tissue as well as tissue in pathological processes,
(2) acts as antioxidant,

(3) acts radioprotectively,
(4) has strong immunostimulative properties,
(5) has extracts that have cytolytic activity on anticancer
cells in animal studies,
(6) affects animals’ life span by extending it,
(7) improves intellectual and life functions of the elderly,
(8) speeds up recovery in patients with prostatitis [53].
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properties of propolis,” Polskie Archiwum Weterynarii, vol. 11,
no. 3, pp. 391–398, 1968.

Evidence-Based Complementary and Alternative Medicine
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[29] S. Scheller, W. Król, G. Żydowicz et al., “Ethanol extract of
propolis (EEP) and Dolomite potentiates the immunstimulatory effect of Biostymine and Levamisole in chronic bronchitis,”
Pharmacology Life Sciences, vol. 14, pp. 5–10, 1995.
[30] S. Scheller, F. Pawlak, J. Kokoszka et al., “Die Anwendung von
Propolisethanolextraktes (EEP) in der Geriatrie,” Die Heilkunst,
vol. 97, no. 5, pp. 204–209, 1984.
[31] L. Frankiewicz and S. Scheller, “Bienen-Kittharz stimuliert das
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Propolis is a natural product made by honeybees that has been widely used in folk medicine with a broad spectrum of biological
activities. To investigate the antidepressant-like activity of propolis extract, CD-1 mice were administered an ethanol extract of
propolis (50, 100, or 200 mg/kg, p.o.) prior to the behavioral test. The propolis extract-treated group showed a dose-dependent
decrease in immobility time in the FST and tail suspension test without altering locomotor activity. Propolis extract decreased
the limbic hypothalamic-pituitary-adrenal axis response to the FST as indicated by an attenuated corticosterone response and
decreased in c-fos immunoreactive neurons in the hippocampal dentate gyrus. Western blot analysis revealed a reduction in
hippocampal glucocorticoid receptor (GR) expression following the FST, which was reversed by propolis extract. Propolis extract
also increased pGR(S220)/(S234) ratio by a differential phosphorylation in S220 and S234. FST-induced downregulation of cAMPresponsive element binding protein phosphorylation at S133 (pCREB) was restored by propolis extract, showing a strong and
positive relationship between pCREB and pGR(S220)/(S234) ratio. These findings suggest that the propolis extract potentiates
antidepressant-like activity by enhancing GR function which is one of the therapeutic mechanisms of antidepressant; thus, propolis
extract may provide a novel therapy for depression.

1. Introduction
Propolis is a resinous substance collected by honeybees from
various plants. It contains more than 200 natural constituents
including polyphenols, phenolic aldehydes, sequiterpenequinones, coumarins, amino acids, fatty acids, steroids, and
inorganic compounds [1]. Propolis has been extensively used
in health care products and pharmaceutical preparations [2].
The pharmacological properties of propolis exhibit antimicrobial, antioxidant, anti-inflammatory, antitumor, and neuroprotective activities in vitro and in vivo [3–7]. Moreover,
recent studies have shown that propolis essential oil has
an anxiolytic effect on an acutely stressed mouse model

through modulation of the hypothalamic-pituitary-adrenal
(HPA) axis [8, 9]. This finding suggests that propolis has
antidepressant-like effect, but this role of the substance has
not been investigated.
Chronically high glucocorticoid levels in patients with
depression are commonly attributed to impaired feedback
regulation of the HPA axis [10, 11], possibly caused by
impaired glucocorticoid receptor (GR) function in the hippocampus, hypothalamus, and pituitary gland [12]. Human
postmortem studies have shown that GR expression (mRNA
and protein) is downregulated in suicide victims with a
history of childhood abuse [11, 13, 14]. Furthermore, several
studies have shown that antidepressants restored GR function
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by increasing GR expression and thereby alleviate depressive
symptoms [15–17]. These findings indicate that restoration of
GR function is an important component of the antidepressant
therapeutic action for depression.
GR function is affected by the posttranslational GR
modification, including phosphorylation [18, 19]. The most
highly phosphorylated residues in the human GR N-terminus
are S203, S211, and S226 (corresponding to S212, S220, and
S234 in mice) [18]. In particular, ligand-dependent phosphorylation at S211 (pGR(S211)) enhances the GR transcriptional
response, whereas phosphorylation at S226 (pGR(S226))
reduces nuclear retention of GR, leading to attenuation of
GR transcriptional activity [20, 21]. Thus, the level and/or
ratio of pGR(S211) and pGR(S226) may reflect GR activity
with respect to stress-related disorders. In line with this,
we previously reported that Cortex Mori Radicis extract
increased the pGR(S211)/(S226) ratio in the hippocampus
of rats, which enhances GR function, and thereby facilitates
inhibition of limbic HPA feedback [22].
In the present study, we report an antidepressant-like
activity of ethanol extract of Korean propolis in the forced
swim test (FST) and tail suspension test (TST). To gain
further insight into the neurobiological effects of propolis extract on antidepressant-like activity, the effect of the
extract on corticosterone response and c-fos immunoreactivity was evaluated in mice exposed to the FST. Furthermore,
we investigated the molecular mechanism underlying the
antidepressant-like activity of propolis by assessing changes
in phosphorylation status of GR and CREB, both of which
play key roles in stress-related modulation of glucocorticoids
in the HPA axis [23, 24].

2. Materials and Methods
2.1. Animals. Four-week-old male CD-1 mice (Orient Co.,
Seoul, Korea) were housed five per cage in a temperaturecontrolled (22–24∘ C) room with a 12 h light/dark cycle. The
lights were on from 8:00 to 20:00. The mice were allowed at
least one week to acclimate to the environment before the
experiments commenced. The Institutional Animal Care and
Use Committee at the Korea Basic Science Institute (KBSI)
reviewed and approved the present study (KBSI-AEC 1202).
All animal procedures were conducted in accordance with the
“Guide for the Care and Use of Laboratory Animals” issued
by the Laboratory Animal Resources Commission of KBSI.
2.2. Compound Administration and Experimental Procedure.
Ethanol extract (95%, w/v) prepared from Korean propolis
was purchased from Milseong Bee Farm (Yeoju, Korea)
where propolis was collected by honeybees between June
and October in the Kangwon region of Korea. Fluoxetine,
kindly provided by Daewoo Pharmaceuticals (Busan, Korea),
was dissolved in saline and used as a positive control for
antidepressant activity.
The experimental conditions included three doses of
propolis extract (50, 100, or 200 mg/kg, p.o., 𝑛 = 10 per
group), fluoxetine (10 mg/kg, p.o., 𝑛 = 10), and a vehicle

Evidence-Based Complementary and Alternative Medicine
group (saline, 1 mL/kg, p.o., 𝑛 = 10). The animals were pretreated with compound or saline three times at 24, 12, and
1 h prior to the FST. Thirty minutes after the FST procedure,
the animals were scarified for hormone assay, western blot
analysis and immunohistochemistry in which a group of 10
mice not exposed to FST served as controls (naive).
2.3. Forced Swim Test. The modified FST described by Porsolt
and colleagues [25] was used in the present study. Briefly,
mice were forced to swim for 5 min in a glass beaker
(diameter, 13 cm; height, 19 cm) filled to a depth of 14 cm
with 23–25∘ C water. Behavioral responses (i.e., immobility,
climbing, and swimming) were videotaped during the 5 min
test session and analyzed by two trained observers who were
blind to the treatment.
2.4. Tail Suspension Test. An independent subset of 10 mice
was used for the TST following administration of propolis
extract or fluoxetine [26]. In brief, each mouse was suspended
on the edge of a lever 58 cm above a tabletop using adhesive
tape placed approximately 1 cm from the tip of the tail. A
mouse was considered immobile when it hung passively and
was completely motionless. The total duration of immobility
was measured over a 6 min period by blinded observers.
2.5. Open-Field Test. After the TST, ambulatory behavior was
examined in an open-field test as described previously [27].
The apparatus consisted of a black Plexiglas square (45 × 45 ×
40 cm) with visible lines dividing the floor into nine 15 × 15 cm
squares drawn using a marker. Mice were individually placed
into the center of the apparatus and allowed to explore freely.
A blinded observer scored the number of times a mouse
crossed one of the grid lines with all four paws during a 10 min
observation period.
2.6. Corticosterone Assay. The corticosterone assay has been
described previously [22]. Briefly, trunk blood was rapidly
collected 30 min after onset of the FST. Corticosterone serum
levels were measured using a commercially available enzyme
immunoassay (EIA) kit (R&D Systems, Inc., Minneapolis,
MN, USA), according the manufacturer’s instructions. Trunk
blood from animals not subjected to the FST was obtained
and analyzed using the same procedure.
2.7. Immunohistochemical Analysis. Mice (𝑛 = 10 per group)
were sacrificed following the FST, and the brains were
collected and fixed overnight in freshly prepared 4% paraformaldehyde in phosphate-buffered saline (PBS). Immunofluorescent staining was performed on 20 𝜇m sections using
antibodies specific for c-fos (1 : 500; Santa Cruz Biotechnology, Santa Cruz, CA, USA), phospho-CREB (S133) (1 : 500;
Cell Signaling Technology, Danvers, MA, USA), or NeuN
(1 : 500; EMD Millipore Corporation, Billerica, MA, USA)
and subsequently exposed to Alexa 488-labelled goat antirabbit antibody (1 : 500; Invitrogen, Paisley, UK) or Alexa 546labelled goat anti-mouse antibody (1 : 500; Invitrogen). Sections were counterstained with DRAQ-5 (1 : 3,000; Biostatus
Limited, Shepshed, Leicestershire, UK). Fluorescence signals
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Figure 1: Effects of propolis extract on depressive-like behaviors during the FST. Vehicle (1 mL/kg saline), propolis extract (50, 100, or
200 mg/kg), or fluoxetine (10 mg/kg) was orally administered 24, 12, and 1 h prior to FST procedure. Immobility (a), swimming (b), and
climbing time (c) were recorded during a 5 min test session. The columns and error bars represent means ± SEM (𝑛 = 10 per group). Data
were analyzed using a one-way ANOVA followed by Tukey’s post hoc test. P50: propolis extract (50 mg/kg); P100: propolis extract (100 mg/kg);
P200: propolis extract (200 mg/kg). ∗ 𝑃 < 0.05, ∗∗ 𝑃 < 0.01 versus vehicle.

were visualized using a confocal laser scanning microscope
(LSM 780 NLO; Carl Zeiss, Oberkochen, Germany), and a
serial z-stack (1 𝜇m step size) of 4–6 confocal images was
flattened into a single two-dimensional image using LSM
image analysis software (ver. 4.2; Carl Zeiss). The number
of c-fos immunoreactive neurons in the entire dentate gyrus
(DG) granule cell layer was counted by a blinded observer.
We analyzed all granule cells in four consecutive sections of
the DG of each animal between 1.46 and 2.18 mm anterior
to Bregma according to the Paxinos and Watson atlas [28].
The average cell count was expressed as the number of c-fospositive neurons per area (mm2 ).
2.8. Western Blot Analysis. The western blot analysis of
extracts of frozen hippocampal tissue was carried out as
described previously [29]. Protein concentrations were determined using a bicinchoninic acid (BCA) protein assay
(Pierce Biotechnology, Rockford, IL, USA). The primary
antibodies were specific for GR (1 : 1,000; Santa Cruz Biotechnology), phospho-GR (S220) (1 : 500; Cell Signaling Technology), phospho-GR (S234) (1 : 500; Abcam, Cambridge,
UK), CREB (1 : 500; Cell Signaling Technology), phosphoCREB (S133) (1 : 500; Cell Signaling Technology), and 𝛽actin (1 : 10,000; Sigma, St. Louis, MO, USA). Detection was

carried out using horseradish peroxidase-conjugated IgG
(1 : 5,000; Santa Cruz Biotechnology) and visualized using
an electrochemiluminescence (ECL) assay kit (Amersham,
Little Chalfont, Buckinghamshire, UK). The band intensities
obtained by western blot analysis were determined using the
ImageJ program (open source ImageJ software available at
http://rsb.info.nih.gov/ij/).
2.9. Statistical Analysis. Data were analyzed using a one-way
analysis of variance (ANOVA), followed by the Tukey post
hoc test using Prism 4 (GraphPad Software, Inc., San Diego,
CA, USA) for multigroup comparisons. Pearson’s correlation
coefficients were calculated for each pGR(S220)/(S234) ratio
and pCREB/CREB to detect statistical correlations. The level
of statistical significance was deemed to be 𝑃 < 0.05. Results
are expressed as mean ± standard errors of the mean (SEM).

3. Results
3.1. Antidepressant-Like Behavioral Effect of Propolis Extract.
A significant effect of treatment was found for the FSTinduced behaviors of immobility time (Figure 1(a), 𝐹4,45 =
5.15, 𝑃 < 0.01) and swimming (Figure 1(b), 𝐹4,45 = 2.96,
𝑃 < 0.05). However, no significant difference among groups
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Figure 2: Effects of propolis extract on depressive-like behaviors
during the TST. Vehicle (1 mL/kg saline), propolis extract (50, 100,
or 200 mg/kg), or fluoxetine (10 mg/kg) was orally administered
24, 12, and 1 h prior to TST procedure. Immobility time was
recorded during a 6 min test session. The columns and error bars
represent means ± SEM (𝑛 = 10 per group). Data were analyzed
using one-way ANOVA followed by Tukey’s post hoc test. P50:
propolis extract (50 mg/kg); P100: propolis extract (100 mg/kg);
P200: propolis extract (200 mg/kg). ∗ 𝑃 < 0.05, ∗∗ 𝑃 < 0.01 versus
vehicle.

was found for climbing behavior (Figure 1(c), 𝐹4,45 = 0.38,
𝑃 = 0.82). The post hoc test revealed that propolis extract
(100 and 200 mg/kg) decreased immobility time during the
FST in a dose-dependent manner compared with vehicle
treatment (𝑃 < 0.05; 𝑃 < 0.01, resp.). Furthermore, propolis
(200 mg/kg) significantly increased swimming time (𝑃 <
0.05 versus vehicle). Fluoxetine (10 mg/kg), used as a positive
control, markedly decreased immobility time and increased
swimming time compared with vehicle treatment during the
FST (𝑃 < 0.01; 𝑃 < 0.05, resp.).
A significant effect of treatment was found for immobility
time during the TST (Figure 2, 𝐹4,45 = 4.68, 𝑃 < 0.01). The
post hoc test revealed that the propolis extract (200 mg/kg)
and fluoxetine treatments significantly reduced immobility
time compared with the vehicle treatment (𝑃 < 0.05; 𝑃 <
0.01, resp.). However, neither propolis extract nor fluoxetine
had a significant effect on the number of grid lines crossed
in the open-field test (Figure 3, 𝐹4,45 = 0.02, 𝑃 = 0.99),
indicating that locomotor activity was not altered by propolis
extract or fluoxetine treatment.
3.2. c-fos Response to Propolis Extract in the DG. The effect
of propolis extract on the neuronal response to the FST was
assessed by counting c-fos-positive neurons in the hippocampal DG (Figure 4(a)). The results revealed a significant effect
of propolis extract treatment on c-fos expression 30 min after
the FST (Figure 4(b), 𝐹4,45 = 3.72, 𝑃 < 0.05) such that the
FST-induced increase in c-fos expression (𝑃 < 0.05 versus
naive) was significantly reduced by propolis extract treatment
(200 mg/kg, 𝑃 < 0.05 versus vehicle) in a dose-dependent
manner. The number of c-fos-positive neurons was low in the
hippocampal CA1 and CA2/CA3 subfields (1-2 cells/section,
data not shown).
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P50
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Figure 3: Effects of propolis extract on locomotor activity in the
open-field test. After the TST, the spontaneous motor activity of
mice was measured by the open-field test. The number of times
a gridline was crossed with all four paws was scored during the
10 min test period. The error bars represent the means ± SEM
(𝑛 = 10 per group). Data were analyzed using one-way ANOVA
followed by Tukey’s post hoc tests. The columns and error bars
represent means ± SEM (𝑛 = 10 per group). Data were analyzed
using a one-way ANOVA followed by Tukey’s post hoc test. P50:
propolis extract (50 mg/kg); P100: propolis extract (100 mg/kg);
P200: propolis extract (200 mg/kg).

3.3. Propolis Extract-Induced Downregulation of Corticosterone. As shown in Figure 5, serum corticosterone levels
were significantly different among the treatment groups
(𝐹4,45 = 22.46, 𝑃 < 0.01). Elevated serum corticosterone
levels in vehicle-treated mice exposed to the FST (𝑃 < 0.01
versus naive) were attenuated by propolis extract treatment
(100 and 200 mg/kg, both 𝑃 < 0.01 versus vehicle).
3.4. Modulatory Effect of Propolis Extract on GR Expression and Phosphorylation in the Hippocampus. The effect of
propolis extract (200 mg/kg) on GR function was assessed
by changes of GR protein in whole hippocampal lysates.
As shown in Figure 6, a significant effect of treatment on
hippocampal GR expression was found (Figure 6(b), 𝐹2,27 =
19.31, 𝑃 < 0.01). Exposure to the FST significantly decreased
hippocampal GR expression in the vehicle-treated group
(𝑃 < 0.01 versus naive), which was restored by propolis
extract treatment (𝑃 < 0.01 versus vehicle). We then
investigated the phosphorylation status of GR at S220 and
S234, sites known to play a key role in the regulation of GR
transcriptional activity [30]. Two bands of phosphorylated
forms were detected in all samples, perhaps towing to
different patterns of expression of phosphorylated isoforms
carrying other posttranslational modifications. A significant
effect of propolis extract treatment was found for both
phosphorylation sites in the hippocampal GR (Figure 6(c),
𝐹2,27 = 18.61, 𝑃 < 0.01 for pGR(S220); Figure 6(d), 𝐹2,27 =
7.56, 𝑃 < 0.01 for pGR(S234)). pGR(S220) levels, which were
significantly increased in vehicle-treated mice exposed to the
FST (𝑃 < 0.01 versus naive), were significantly attenuated
by propolis extract treatment (𝑃 < 0.05 versus vehicle);
however, pGR(S220) levels in the propolis extract treatment group remained higher than those of the naive group
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Figure 4: Effect of propolis extract on FST-induced c-fos expression in the hippocampal DG. (a) Representative confocal images of c-fospositive neurons in the granular cell layer of the DG in mice administered vehicle (1 mL/kg saline), propolis extract (50, 100, or 200 mg/kg).
The no FST (naive) group served as the control group. Frozen hippocampal sections were double immunostained with anti-c-fos (white) and
anti-NeuN (red). Scale bar = 50 𝜇m. (b) The average number of c-fos-positive neurons in the granular cell layer of the DG. The columns and
error bars represent means ± SEM (𝑛 = 10 per group). Data were analyzed using a one-way ANOVA followed by Tukey’s post hoc test. GCL:
granular cell layer; P50: propolis extract (50 mg/kg); P100: propolis extract (100 mg/kg); P200: propolis extract (200 mg/kg). # 𝑃 < 0.05 versus
naive; ∗ 𝑃 < 0.05 versus vehicle.

(𝑃 < 0.05 versus naive). In contrast, propolis extract significantly decreased pGR(S234) levels compared with those of
the vehicle group (𝑃 < 0.01), suggesting a differential phosphorylation between these two sites. The pGR(S220)/(S234)
ratio was calculated to quantitatively compare GR phosphorylation at S220 and S234. A significant effect of treatment
was found for pGR(S220)/(S234) ratio (Figure 6(e), 𝐹2,27 =
10.19, 𝑃 < 0.01) such that the ratio of the propolis extracttreated group was significantly higher than those of the

naive and vehicle groups (𝑃 < 0.01 versus naive; 𝑃 <
0.01 versus vehicle), indicating increased GR function. These
results suggest that propolis extract enhanced GR function
via the additive actions of increased GR expression and
pGR(S220)/(S234) ratio.
3.5. Enhanced CREB Phosphorylation and the Relationship between pCREB and pGR(S220)/(S234) Ratio. cAMP
response element-binding protein (CREB) is thought to be
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a convergence point for antidepressant drugs [31]; thus, we
used western blot analysis to examine the expression of CREB
and its phosphorylation status at S133 (Figure 7(a)). CREB
expression in hippocampal lysates did not differ among the
groups (Figure 7(b), 𝐹2,27 = 1.39, 𝑃 = 0.27); however, a significant treatment effect was found for pCREB (Figure 7(c),
𝐹2,27 = 6.14, 𝑃 < 0.01). Exposure to the FST significantly
reduced pCREB in vehicle-treated animals (𝑃 < 0.05 versus
naive), which was restored by propolis extract treatment (𝑃 <
0.01 versus vehicle). CREB activation by phosphorylation
was confirmed using immunofluorescence in which pCREB
immunoreactivity was elevated in propolis extract-treated
slices compared with vehicle-treated slices of hippocampal
DG (Figure 7(e)). Moreover, a strong positive linear correlation was found between pCREB and the pGR(S220)/(S234)
ratio (Figure 7(d), 𝑟 = 0.72, 𝑃 < 0.01). These data suggest that
CREB activation via phosphorylation at S133 is significantly
correlated with GR function in response to propolis extract.

4. Discussion
The results of the present paper indicate that propolis extract
has antidepressant-like activity in mice exposed to the FST
mediated by an increase in GR function as a result of additive
modulation of increased GR expression and phosphorylation. Furthermore, our findings indicate that increased GR
function is functionally linked to CREB signaling.
We found an antidepressant-like activity in CD-1 mice
administered fluoxetine three times at 24, 12, and 1 h prior
to the FST. This finding is consistent with that of previous
studies [32, 33] and confirms that our animal model was
suitable for the investigation of an antidepressant effect
of propolis extract. Using the same experimental protocol,
we showed that propolis extract had a dose-dependent
antidepressant-like effect on the FST-induced depressivelike behavior, as demonstrated by reduced immobility time

at 100 and 200 mg/kg and increased swimming time at
200 mg/kg. Although the FST is frequently used to screen
for antidepressant drugs, the predictive validity of the test
alone is not sufficient; thus, we used the TST to confirm
the antidepressant-like activity of propolis extract. We found
that propolis extract produced a dose-dependent decrease
in immobility time during the TST. Antidepressants such as
imipramine have been shown to affect locomotor activity,
which could lead to false-positive results [34]. We used an
open-field test to ensure the positive responses observed
that were due to the propolis extract’s antidepressant-like
effect and not from the extract-induced increase in activity.
Our findings of a decrease in immobility time and an
increase in active behavior suggest that the propolis extract
has antidepressant-like activity without affecting locomotor
activity.
A marked suppression of c-fos was found in the hippocampal DG of the propolis extract-treated group. The
results of the current study show that exposure to the FST
elicited c-fos induction in the hippocampal DG of mice,
which was reversed by the administration of propolis extract
in a dose-dependent manner. This finding is in agreement
with our previous observations using a rat model where cfos immunoreactivity was decreased by Cortex Mori Radicis
extract, exhibiting antidepressant-like activity [22]. Furthermore, downregulated c-fos expressions were also found in
the study of antioxidant and anti-inflammatory activities by
caffeic acid phenethyl ester (CAPE), an active biomaterial
component of propolis [35]. Thus, it is tempting to speculate
that CAPE may show antidepressant-like activity. Propolis
extract-induced suppression of c-fos is clearly indicative of
the complex behavioral responses elicited by the FST and may
provide insight into the neural circuits potentially involved in
mediating the HPA response to the FST, particularly when
compared with neurochemical data. As expected, the HPA
axis response to the FST was significantly blunted by propolis
extract, resulting in decreased levels of corticosterone. This
finding is consistent with previous studies demonstrating
that high levels of corticosterone in response to stress are
closely correlated with a change in c-fos expression [36]
and that antidepressants compensate for impaired feedback
inhibition by decreasing neural activity, thereby normalizing
HPA activity [37].
The present study sought to demonstrate a molecular link
between the antidepressant-like activity of propolis extract
and hippocampal GR function in mice subjected to the
FST. Previous studies have demonstrated that decreased GR
expression associated with major depression was restored
by antidepressant treatment [17]. The western blot analysis
in our study revealed a similar finding, suggesting that the
antidepressant-like activity of propolis extract may be related
to GR function in the hippocampus. Evidence for propolis
extract enhancement of GR function was further supported
by the results of GR phosphorylation status described in
previous studies [22]. Although propolis extract significantly
decreased pGR(S220) and pGR(S234) levels, the decrease in
pGR(S234) was greater than that of pGR(S220), resulting in
a high pGR(S220)/(S234) ratio, and thereby enhanced GR
function. Differential phosphorylation between these two
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Figure 6: Differential regulation of GR phosphorylation by propolis extract. Following the FST procedure, the hippocampus was dissected
and frozen on dry ice. The no FST (naive) group was used as a control group. (a) Representative western blot images showing the expression
of pGR(S220), pGR(S234), GR, and 𝛽-actin from hippocampal lysates. Average band intensity of (b) GR, (c) pGR(S232), (d) pGR(S234), and
(e) pGR(S220)/(S234) ratio. GR protein was normalized by 𝛽-actin. pGR(S220) and pGR(S234) were normalized by total GR protein. The
columns and error bars represent means ± SEM (𝑛 = 10 per group). Data were analyzed using a one-way ANOVA followed by Tukey’s post
hoc test. P200: propolis extract (200 mg/kg). # 𝑃 < 0.05, ## 𝑃 < 0.01 versus naive; ∗ 𝑃 < 0.05, ∗∗ 𝑃 < 0.01 versus vehicle.

sites has been reported in patients with major depression
in whom peripheral blood mononuclear cells showed an
increase in pGR(S226) and to a lesser extent in pGR(S211)
compared with control patients [38, 39]. Thus, the increased
GR expression and pGR(S220)/(S234) ratio we report here
may explain the antidepressant-like activity via enhanced GR
function in response to propolis extract treatment.
Studies using rodent models and postmortem tissue have
shown that all major classes of antidepressants increase CREB
expression and function in several brain regions including
hippocampus [40, 41]. Thus, to investigate whether propolis
extract affect the CREB expression and/or function, we
performed a western blot analysis using antibodies against
CREB and pCREB (S133), which is necessary for activation
of CREB signaling. Although no changes in CREB expression
were found, the FST-induced downregulation of CREB phosphorylation was reversed by treatment with propolis extract.
These results were confirmed by pCREB immunostaining,
which revealed dense labeling in the hippocampal DG of
the propolis extract-treated group, indicating a propolis
extract-induced increase in CREB function. Furthermore,
the correlation analysis revealed a strong positive linear
correlation between pCREB/CREB and pGR(S220)/(S234)
ratio (𝑟 = 0.72). These results suggest that cross talk between

GR and CREB signaling may control the gene transcription
that underlies the antidepressant-like activity of propolis
extract.
It is interesting to note that the propolis extract-induced
pCREB-labeled cells were not colocalized with mature neuron, but were detected primarily in the subgranular zone
(SGZ), located between the hilus and granule cell layer,
in which newborn neurons typically exist [42]. Increased
pCREB expression in the cells around the SGZ suggests that
propolis extract may play a role in neurogenesis. This hypothesis is supported by previous studies showing that activation
of cAMP-CREB signaling is a critical aspect of neurogenesis
under physiological conditions [43]. Moreover, recent studies
have reported that CAPE exhibited a neuroprotective effect
via brain-derived neurotrophic factor (BDNF), a target gene
of CREB signaling and required neurotrophic factor to
enhance hippocampal neurogenesis [44, 45]. Thus, further
study of propolis extract- or CAPE-induced neurogenesis is
warranted.

5. Conclusion
The present study is the first published report to demonstrate
an antidepressant-like activity of an ethanol extract of Korean

8

Evidence-Based Complementary and Alternative Medicine
1.6
Vehicle

P200
pCREB(S133)
CREB

CREB/β-actin

Naive

1.2
0.8
0.4

β-actin
0.0
Vehicle

Naive
(a)

(b)
r = 0.72, P < 0.05

∗∗

3.0

1.5

pCREB/CREB

pCREB/CREB

2.0

#

1.0
0.5
0.0

Naive

Vehicle

2.0

1.0

0.0
0.0

p200

(c)

pCREB

p200

2.0
4.0
pGR(S220)/(S234)

6.0

(d)

NeuN

DraQ

Merge

GCL
SGZ
Naive

Vehicle

P 200
Scale bar = 10 𝜇m

(e)

Figure 7: Effect of propolis extract on CREB phosphorylation in the hippocampus. The no FST (naive) group served as the control group.
(a) Representative western blot images showing the expression of pCREB, CREB, and 𝛽-actin in hippocampal lysates. Average band intensity
of (b) CREB and (c) pCREB/CREB ratio. CREB and pCREB protein were normalized by 𝛽-actin and CREB, respectively. The columns and
error bars represent means ± SEM (𝑛 = 10 per group). Data were analyzed using a one-way ANOVA followed by Tukey’s post hoc test.
P200, propolis extract (200 mg/kg). # 𝑃 < 0.05 versus naive; ∗∗ 𝑃 < 0.01 versus vehicle. (d) Correlation between the pCREB/CREB and
pGR(S220)/(S234) ratio. The lines represent the linear data fit. Pearson’s correlation coefficient (𝑟) is shown above the plot (𝑛 = 10). (e)
Representative immunofluorescence images of pCREB in the hippocampal DG. Frozen hippocampal sections were triple-immunostained
with anti-pCREB (green) and anti-NeuN (red) followed by DraQ (blue) nuclear counterstaining. It is apparent that pCREB protein is enriched
in the nucleus of cells in the DG region. Scale bar = 10 𝜇m. GCL: granular cell layer; SGZ: subgranular zone.
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propolis. The antidepressant-like property of the propolis extract may be mediated by the regulation of HPA axis activity
via GR signaling correlated with CREB activity. Although further study to identify the active antidepressant components
of propolis, including CAPE, is necessary, our findings may
provide a novel complementary and alternative treatment
for patients with neuropsychiatric disorders, including major
depression.
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The aim of this study was to evaluate the influence of the bioactive nonpolar fraction of geopropolis on Streptococcus mutans biofilm.
The ethanolic extract of Melipona scutellaris geopropolis was subjected to a liquid-liquid partition, thus obtaining the bioactive
hexane fraction (HF) possessing antimicrobial activity. The effects of HF on S. mutans UA159 biofilms generated on saliva-coated
hydroxyapatite discs were analyzed by inhibition of formation, killing assay, and glycolytic pH-drop assays. Furthermore, biofilms
treated with vehicle control and HF were analyzed by scanning electron microscopy (SEM). HF at 250 𝜇g/mL and 400 𝜇g/mL caused
38% and 53% reduction in the biomass of biofilm, respectively, when compared to vehicle control (𝑃 < 0.05) subsequently observed
at SEM images, and this reduction was noticed in the amounts of extracellular alkali-soluble glucans, intracellular iodophilic
polysaccharides, and proteins. In addition, the S. mutans viability (killing assay) and acid production by glycolytic pH drop were
not affected (𝑃 > 0.05). In conclusion, the bioactive HF of geopropolis was promising to control the S. mutans biofilm formation,
without affecting the microbial population but interfering with its structure by reducing the biochemical content of biofilm matrix.

1. Introduction
Dental caries is a biofilm-related infectious disease and is
still the most prevalent oral disease [1]. Dental decay results
mainly from the interaction between microorganisms in
the mouth, tooth surface, and dietary components of the
host, especially fermentable carbohydrates [2]. Among the
microorganisms present in the complex oral microbiota,
Streptococcus mutans has generally been regarded as the
major etiologic agent of dental caries due to its ability to
initiate the pathogenic biofilm formation [3].
The key role of S. mutans in the origin and installation of
decay is due to its physiological characteristics that allow it
to metabolize fermentable substrates, leading to pathological
conditions observed in the disease. One of the important

virulence factors of this microorganism is the glucan production from sucrose by enzymes known as glucosyltransferases
(GTFs). These polysaccharides, particularly the insoluble
ones, are responsible for the extracellular adhesion of bacteria
to the tooth surface in the initial stages of the onset of the
disease. Furthermore, these polysaccharides are responsible
for forming a complex biofilm matrix, providing stability to
this microbial community, and providing resistance to certain
antimicrobial agents, as they can be used as energy storage
[4–6]. Another important virulence factor is the ability of S.
mutans to produce acid from fermentable substrates and also
to survive in a low pH environment [7]. Environmental lowpH is responsible for enamel demineralization by dissolving
the hydroxyapatite crystals present on tooth surface, thus
initiating the pathological process of caries [8].
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Although some strategies have been used in dental caries
control, like fluoride and chlorhexidine digluconate, many
compounds have shown promising activity on the virulence
factors of this microorganism, providing new alternatives in
the treatment and prevention of this disease [9]. Among these
new alternatives, natural products have great merit, since
approximately 70% of new antimicrobials available between
1981 and 2002 derived from natural sources [10].
Propolis is a natural plant resin collected by bees, and
many studies have described its wide range of pharmacological effects, including activity against virulence factors
of S. mutans [11–15]. Furthermore, some bioactive compounds isolated from Brazilian honeybee propolis have
shown inhibitory capabilities in the development of caries in
in vivo models [16]. Most studies on the biological activity
and chemical composition provide added economic value
to various types of propolis produced by the Apis mellifera
bee, while others remain without a detailed description of
their chemical composition and pharmacological activity.
Among the several kinds of propolis, geopropolis is a different
type collected by native and threatened stingless bees, such
as Melipona scutellaris. Geopropolis is a kind of propolis
composed by resin, wax, and soil collected by bee and
deposited inside the beehive. It is widely used in the Northeast
Region of Brazil although it has no added value [17]. However,
there are few studies on this type of propolis, regarding
its biological and chemical properties, describing its antiinflammatory, antinociceptive, and antimicrobial activities,
and also presenting polyprenylated benzophenones as major
compounds instead of flavonoids, commonly found in other
types of propolis [18–20]. Therefore, further studies on its
biological activity are needed to add value to this product
and elucidate its potential as a source of new bioactive
compounds. The interesting potential of geopropolis has been
reported by our research group, especially its hexane fraction,
against oral bacteria [20]. Thus, the aim of this study was to
investigate the influence of the hexane fraction of ethanolic
extract of geopropolis on in vitro S. mutans biofilm.

2. Material and Methods
2.1. Propolis Samples and Fractionation. Crude samples of
geopropolis from M. scutellaris (native stingless bee) were
obtained from the city of Entre Rios (11∘ 57 S, 38∘ 05 W), in
the state of Bahia, Northeast Brazil. Samples were extracted
using ethanol (1 : 7, w/v) and dried according to Franchin
et al. [18]. The ethanolic extract of geopropolis (EEGP)
was subjected to chemical fractionation by a liquid-liquid
extraction, based on a polarity gradient [18]. The liquidliquid fractionation of the EEGP was carried out using three
organic solvents, following the sequence: hexane (1 : 1, v/v) →
chloroform (1 : 1, v/v) → ethyl acetate (1 : 1, v/v). After
concentration, each fraction was tested against S. mutans, and
hexane fraction (HF) was selected for presenting the highest
antimicrobial activity required to proceed with the bioguided
fractionation [20, 21]. Before using it, the HF was reconstituted with absolute ethanol at 3.2% (w/v) concentrations
based on minimal inhibitory concentration for S. mutans.
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2.2. Biofilm Assays. Biofilms of S. mutans UA159 (ATCC
700610, serotype c) were formed on saliva-coated hydroxyapatite (sHA) disks (Clarkson Chromatography Products,
Inc., South Williamsport, PA; surface area 1.47 cm2 ). Human
whole saliva was collected from one donor (Research Ethics
Committee of the School of Dentistry of Piracicaba—
University of Campinas—Protocol no. 047/2011), clarified by
centrifugation (10000 g, 4∘ C, 10 min), sterilized and diluted
(1 : 1) in adsorption buffer (AB—50 mM KCl, 1 mM KPO4 ,
1 mM CaCl2 , 0.1 mM MgCl2 , pH 6.5), and supplemented
with the protease inhibitor phenylmethylsulfonyl-fluoride
(PMSF) at a final concentration of 1 mmol/L. The sHA disks
were placed in a vertical position, in 24-well plates, and
inoculated with approximately 2 × 106 CFU/mL in buffered
ultrafiltered (10 kDa cutoff membrane; Prep/Scale; Millipore,
MA) tryptone yeast extract (UFTYE, pH 7.0), with the
addition of 1% (w/v) sucrose, at 37∘ C, 5% CO2 . The biofilms
were initially grown undisturbed during 24 hours, and then
the culture medium was replaced daily during the 5 days of
each experiment (total 115 h), according to Koo et al. [22].
The influence of the treatments with HF or vehicle control
(ethanol 12.5%) on biofilm was analyzed according to the
experimental scheme shown in Figure 1.
2.3. Inhibition of Biofilm Formation. To assess the effect of
hexane fraction of geopropolis on the S. mutans biofilm
formation, 24 h-old biofilms were treated twice daily (10 a.m.
and 4 p.m., total of eight treatments, 1 min exposure each)
with hexane fraction of geopropolis (250 and 400 𝜇g/mL) or
vehicle control (ethanol 12.5%, v/v); both diluted in sterile AB
(Figure 1(a)). The biofilms were washed five times in sterile
saline 0.9% NaCl (to remove nonadhered cells), exposed during one minute to the agents, double washed in sterile saline
0.9% (to eliminate carry over effect), and finally returned to
the culture medium. At the end of the experimental period
(115 h) for biochemical collection data, the biofilms were
removed and were subjected to ultrasound bath, sonication
(30 s pulse; output 7 W), to provide the maximum recoverable
viable counts. The homogenized suspension was analyzed
for biomass (dry weight), bacterial viability (colony forming
units CFU/mL), polysaccharide, and protein content. The
extracellular water soluble polysaccharides (WSP), alkalisoluble polysaccharides (IP), and intracellular iodophilic
polysaccharides (IPS) were extracted and quantified by colorimetric assays as detailed by Koo et al. [22] and Duarte et
al. [23]; the exopolysaccharides were quantified by the phenolsulfuric method using glucose as standard [24], whereas
IPS was quantified using 0.2% I2/2% KI solution and glycogen
as standard, as described by DiPersio et al. [25]. The total
protein was determined by colorimetric assays as detailed by
Smith et al. [26].
2.4. Scanning Electron Microscopy (SEM). For SEM analysis,
the 115 h-old biofilm (treated as described in the inhibition
of biofilm formation, Figure 1(a)) were washed in sterile
NaCl 0.9% and then fixed with a 4% glutaraldehyde (v/v, in
(phosphate buffered saline PBS, pH 7.4)) solution for 24 h.
After that, biofilms were dehydrated in graded ethanol series
(50, 70, 90, and 100%), dried for 24 h, and sputter coated with
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Table 1: Effect of geopropolis fraction on the biochemical composition and viability of biofilm of 𝑆. 𝑚𝑢𝑡𝑎𝑛𝑠.

Vehicle (Ethanol 12.5%)
HF 250 𝜇g/mL

DW
(mg)
4.63 (±0.59)
2.83 (±0.88)∗

ASP
(𝜇g)
820.0 (±82.4)
403.3 (±70.0)∗

Mean (±SD)
IPS
WSP
(𝜇g)
(𝜇g)
289.9 (±44.9)
94.9 (±31.2)
73.6 (±19.6)∗
75.3 (±25.2)

Protein
(mg)
1.14 (±0.20)
0.50 (±0.12)∗

BV
(log CFU/mL)
7.44 (±0.20)
7.56 (±0.16)

HF 400 𝜇g/mL

2.18 (±0.28)∗

352.2 (±62.1)∗

52.4 (±05.7)∗

0.48 (±0.06)∗

7.62 (±0.27)

Treatment

72.2 (±31.3)

∗

P < 0.05 when compared to vehicle control (ANOVA, Tukey-Kramer). DW: dry weight; ASP: alkali-soluble polysaccharide; IPS: intracellular iodophilic
polysaccharide; WSP: water soluble polysaccharide; BV: bacterial viability.

S. mutans
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4 p.m. treatment

- Inhibition of formation
- SEM
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- Time kill
- pH drop

Day 1–4
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Figure 1: Experimental scheme of biofilm treatments. (a) Biofilms were treated with HF or vehicle control (ethanol 12.5%) twice daily after the
initial 24 h, and then at the 5th day, the biofilms were analyzed by inhibition of formation experiment and by scanning electron microscopy
(SEM). (b) Biofilms were grown with no treatment until the 5th day, and then the biofilms were exposed to HF or vehicle according to the
experimental protocols of time kill and pH drop assays.

gold-palladium. The samples were then analyzed by SEM
(JSM 5600LV, JEOL Tokyo, Japan) at 7000x [27].
2.5. Killing Assay. For the killing assay, 115 h-old biofilms
(without treatment, Figure 1(b)) were exposed to HF at 250
and 400 𝜇g/mL, vehicle (ethanol 12.5%), and positive control
(chlorhexidine digluconate 0.12%, Sigma-Adrich). At specific
times (30, 60, 90, and 120 min) after exposure, biofilms were
removed by ultrasound bath, sonication (30 s pulse; output
7 W), and then the homogenized suspension was serially
diluted and plated on Brain Heart Agar. Plates were incubated
in 5% CO2 , at 37∘ C, for 48 h, and the number of colonies was
determined (CFU/mL). Killing curves were constructed by
plotting log 10 CFU/mL versus time over 120 min [16].
2.6. Glycolytic pH Drop. The effect of test agents on the acid
production by S. mutans biofilms was evaluated using a technique described by Belli et al. [28] with some modifications.
The 115 h-old biofilms grown in sHA disks (without daily
treatments, Figure 1(b)) were washed in salt solution (50 mM
KCl, 1 mM MgCl2 ⋅6H2 O, pH 7.0) and exposed to HF (250 and
400 𝜇g/mL) or vehicle control (12.5% ethanol) for 90 min. The
pHs of these solutions were adjusted to 7.2 with 0.1 M KOH
solution, and then glucose was added (final concentration 1%,
w/v). The decrease in pH was monitored with an Orion pH
glass electrode attached to an Orion 290 A+ pHmeter.
2.7. Statistical Analysis. All assays were performed in duplicate of three independent experiments (𝑛 = 6). The data were

subjected to the Shapiro-Wilk test followed by ANOVA and
the Tukey-Kramer test to adjust for multiple comparisons,
using the Biostat software version 5.0 for statistical visualization. The significance level was set at 5%.

3. Results
Table 1 shows the influence of bioactive HF of geopropolis on
S. mutans biofilm formation on saliva-coated hydroxyapatite
surface. The HF was not able to reduce the recoverable
viable cells when compared to the vehicle control (𝑃 >
0.05). However, it significantly reduced the formation and
accumulation of S. mutans biomass (𝑃 < 0.05) when
compared with the ones treated with vehicle. Treatment
with HF at 250 𝜇g/mL reduced 38% of biomass (dry weight)
when compared to vehicle treatment, whereas the treatment
with HF at 400 𝜇g/mL promoted a reduction of 53%. The
biofilms treated with HF exhibited approximately 50–80%
less polysaccharide than those treated with the vehicle control
(𝑃 < 0.05). Except for the water soluble polysaccharide
(WSP), the other kinds of glucans analyzed in this study had
a significantly lower value than the vehicle control in biofilms
treated with HF at both concentrations. Furthermore, the
treatments also reduced significantly the total amount of
protein in the biofilm, when compared to the vehicle control
(𝑃 < 0.05).
SEM images (Figure 2) show the effect of HF at 250
and 400 𝜇g/mL on the biofilm accumulation. The images
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(a)

(b)

(c)

Figure 2: Effect of hexane fraction of geopropolis on the biofilm of S. mutans. (a) Vehicle control, (b) 250 𝜇g/mL, and (c) 400 𝜇g/mL.

means that after the addition of glucose the HF did not
prevent the drop in the curve of pH/acid production of the
biofilm (Figure 4).
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Figure 3: Time-kill curves of the hexane fraction on S. mutans
biofilm.
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Figure 4: Influence of the hexane fraction and vehicle on glycolytic
pH-drop in S. mutans biofilm.

indicate a reduction of biomass accumulation by reducing the
extracellular matrix without affecting the S. mutans growth.
Figure 3 shows that HF, at 250 𝜇g/mL and 400 𝜇g/mL,
was able to reduce the cell viability of S. mutans on 115 h-old
biofilm, but not significantly (𝑃 > 0.05). Furthermore, the
acid production of S. mutans was not affected by HF at both
concentrations (𝑃 > 0.05) (Figure 4), in the same condition
(Figure 1(b)) once the treatments showed no difference from
vehicle control. Thus, the HF was unable to interfere in the
glycolytic production of acid by S. mutans biofilm which

Dental caries is a multifactorial disease, and its origin is
associated to certain bacteria, especially S. mutans, which
is responsible for initiating the cariogenic biofilm [1]. Thus,
some alternative strategies to combat decay are focused
on the control of the biofilm formed by this organism,
acting on its virulence factors such as acidogenicity and
polysaccharide formation [9]. Natural products have proved
to be an important source of compounds that can act on these
targets. Among these products, propolis has been noted for
its known action on S. mutans, but geopropolis, a different
kind of propolis, had not been studied yet on its ability
to control the virulence factors of this microorganism. The
aim of this study was to evaluate the activity of the hexane
fraction from the ethanolic extract of M. scutellaris (stingless
bee) geopropolis on in vitro S. mutans UA159 biofilm (ATCC
700610) and some of its virulence factors. Liberio et al. [29]
recently studied the Melipona fasciculata geopropolis of the
State of Maranhão (Northeast Brazil) from different biomes;
however, their study differs from ours because its focus is on
the viability of S. mutans ATCC 25175.
Geopropolis from M. scutellaris is active against S. mutans
UA159 grown in planktonic state, and the nonpolar fraction
(hexane) was selected because it has the highest activity
among all fractions tested. In addition, the ethanolic extract
of geopropolis and its HF significantly reduced cell adherence
on in vitro biofilm [20]. In this study, HF of ethanolic extract
of geopropolis was able to reduce the biomass (dry weight)
compared to vehicle control (𝑃 < 0.05) when treated twice
daily (total of eight treatments). We observed no decrease in
the number of viable cells of S. mutans, suggesting a possible
action on the biofilm matrix produced by this microorganism. However, the analyses of the biochemical composition of
the biofilm indicated a significant reduction in the amounts of
polysaccharides and protein. The interference on the matrix
formation by HF led to a structural shift in the matrix, as
these biochemical compounds are responsible for a threedimensional conformation of the biofilm [30]. Confirming
the action on the matrix, SEM images (Figure 2) showed
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a qualitative change in the structure and organization of the
biofilm, as well as a loss of surface homogeneity. The apparent
loss of homogeneity could be due to a simple superficial
rearrangement, but the biochemical content data corroborate
the hypothesis that HF promoted a lower accumulation of
glucans and proteins in the matrix, when compared to the
vehicle control.
As HF was able to significantly reduce the amounts of
proteins and extracellular polysaccharides, this agent showed
an important impact on the accumulation and development
of cariogenic biofilm. These polysaccharides, particularly
insoluble extracellular (alkali-soluble) ones, may represent
more than 40% of the biofilm dry weight, and they are considered responsible for promoting the binding and accumulation
of microorganisms on the apatitic surface and to each other
[30, 31]. Interfering in the synthesis of these compounds, HF
would be useful in attenuating the mechanically stable structure formation of the biofilm, which protects the bacteria
from environmental influences [32], including antimicrobial
agents [4]. With these protections affected, the bacteria
would be more susceptible to the host’s defenses, making the
attachment to tooth surface difficult and consequently the
establishment of pathogenic biofilms. Furthermore, a change
in extracellular glucan content of the biofilm caused by HF
could influence the bacteria surface adherence, which would
explain the findings of da Cunha et al. [20] on bacterial cell
adhesion.
Furthermore, a reduction in the amount of IPS was
observed in biofilms treated with HF. These glucans are
glycogen-like storage polymers with 𝛼 1–4 and 𝛼 1–6 linkages
that can be fermented by bacteria under conditions in
which exogenous carbohydrates are absent. The use of these
polysaccharides by S. mutans leads to acid production that
contributes to tooth demineralization [6]. This way, the long
time exposure to HF could attenuate, in part, the pathogenic
effects caused by the cariogenic biofilm.
This reduction on polysaccharide accumulation can be
mainly due to a specific inhibitory activity on bacterial GTF
or by affecting the expression of gtf genes. Among all polysaccharides analyzed, only the insoluble ones, ASP and IPS, were
significantly inhibited, meanwhile the production WSP was
not affected. The reduction of insoluble polysaccharides can
be explained by a specific enzymatic inhibition of GTF B and
C that produces glucans rich in 𝛼 1–3 and 𝛼 1–6 linkages,
respectively. There was probably no effect on GTF D, which
produces mainly soluble glucans, like WSP.
Besides the analysis of action on biofilm matrix, HF
was evaluated on cellular viability and acid production of S.
mutans. At the concentrations tested in this study, HF was not
able to affect the S. mutans viability and also had no interference on glycolytic acid production by the microorganism
since this organism is acidogenic. Both results support the
hypothesis of a selective activity of HF on the production
of glucans by S. mutans, since HFs at these concentrations
were not lethal to the microorganism and had no action
over acid production, other important virulence factor of S.
mutans that leads to superficial demineralization of the dental
enamel by the dissolution of hydroxyapatite. Duarte et al. [16]
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showed a similar result for Brazilian propolis type 6, collected
by A. mellifera bee. Although this type (6) of propolis has
affected the acid production of bacteria, it did not affect the
S. mutans UA159 viability, as well as HF in the present study.
Moreover, in another report, Brazilian propolis type 6 was
able to inhibit the S. mutans growth and adherence besides
reducing the GTF activity in solution and adsorbed on sHA
surface. Thereby, it would lead to a decrease in extracellular
polysaccharide production and probably to a reduction on
cell adherence and biofilm biomass, as observed for HF [12].
Such similar results between M. scutellaris geopropolis
and Brazilian propolis type 6 could be explained in part by the
same region of collection of these two varieties of propolis, as
the biome of the collection determines the chemical content
of propolis [33]. Even if collected by different bees, both
products are obtained from the same region of the Atlantic
Forest of the state of Bahia, Northeast Brazil, and according
to preliminary studies from our research group they appear
to have similar chemical profile, as geopropolis essentially has
nonpolar compounds, like polyprenylated benzophenones,
with the absence of flavonoids, as well as described for the
Brazilian propolis type 6, that has hyperibone A as the main
bioactive compound [14, 20].
Liberio et al. [29] evaluated the activity of the hydroalcoholic extract of geopropolis from M. fasciculata on
oral pathogens. Their results indicated that this extract at
25 mg/mL is capable of reducing the viability of S. mutans
(ATCC 25175) on biofilm formed in cell-culture plates. The
different results observed when compared to the present
study can be due to the distinct bacterial strains tested, once S.
mutans ATCC 25175 is recognized as more resistant to antimicrobials, probably due to a differentiated and accelerated
polysaccharide production in the extracellular matrix [34,
35]. Besides this, the active concentration used (greater than
60 times our highest concentration), the biofilm model (24well polystyrene cell-culture plates), and mainly the biome
where these geopropolis were collected (lakes, and babassu
palm forests) can explain such different results. Our study
reports the activity of M. scutellaris geopropolis, collected
in the Atlantic forest, while M. fasciculata geopropolis originated from an ecosystem composed of mangroves, wetlands,
lakes and babassu palm forests, which probably provides a
different source of plant resins that can alter the geopropolis
chemical composition. Furthermore, previous analyses have
shown that M. scutellaris geopropolis has no flavonoids, while
the activity of M. fasciculata geopropolis has been assigned to
the presence of these compounds [20].
Finally, concerning new approaches in antimicrobial
agents, Koo and Jeon [9] describe that natural products that
act on the virulence factors of S. mutans without necessarily
killing the bacteria have attracted attention as important
sources of new effective drugs against dental caries. In the
light of this view, our data show that geopropolis, especially its
nonpolar fraction (hexane fraction), is a promising source of
new compounds like polyprenylated benzophenones, capable to act on dental caries. Further studies are necessary
to confirm such activity and to isolate/identify the active
compounds.
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5. Conclusion
In summary, the hexane fraction of M. scutellaris (stingless
bee) geopropolis from the Atlantic forest of the state of Bahia
(Northeast Brazil) affected the biofilm formation by reducing
the biomass, the polysaccharides, and protein content of
biofilm matrix. However, it had no effect on the viability and
acid production of S. mutans. This fraction is a natural source
of promising bioactive substances to control the formation
of S. mutans oral biofilm, without affecting the microbial
population but interfering with its structure by reducing the
biochemical content of biofilm matrix.
Although further studies are required to identify the
active compounds and their molecular mechanism of action,
these compounds in HF may also be comprised in new
formulations for clinical trials for oral plaque control, in order
to prevent dental caries and oral biofilm related disease.
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Laboratório de Pesquisa, Desenvolvimento e Inovação (P, D and I)-Apis Flora Industrial e Comercial Ltda. Rua Triunfo 945,
14020-670 Ribeirão Preto, SP, Brazil
4
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and Andresa Aparecida Berretta; andresaberretta@hotmail.com
Received 11 January 2013; Revised 30 April 2013; Accepted 13 May 2013
Academic Editor: Zenon Czuba
Copyright © 2013 Hernane da Silva Barud et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.
Among remarkable discoveries concerning propolis, such as antifungal, antiviral, and antioxidant activities, its anti-inflammatory,
and mainly its antibacterial, properties deserve special attention when skin wound healing is concerned. Based on this and knowing
the distinctive performance of bacterial (BC) membranes on wound healing, in this work it is proposed to demonstrate the potent
antimicrobial activity and wound healing properties of a novel propolis containing biocellulose membrane. The obtained propolis/BC membrane was able to adsorb propolis not only on the surface, but also in its interstices demonstrated by scanning electron
microscopy, X-ray diffraction, Fourier transform infrared (FT-IR) spectroscopy, and thermogravidimetric assays. Additionally, the
polyphenolic compounds determination and the prominent antibacterial activity in the membrane are demonstrated to be dose
dependent, supporting the possibility of obtaining propolis/BC membranes at the desired concentrations, taking into consideration
its application and its skin residence time. Finally, it could be suggested that propolis/BC membrane may favor tissue repair in less
time and more effectively in contaminated wounds.

1. Introduction
The comprehensive therapeutic applicability of propolis has
been demonstrated for centuries, if not for millennia, and
nowadays there are innumerous scientific reports elucidating
the action mechanism claimed for the compounds of this balsamic resin. Among remarkable discoveries, such as antifungal [1, 2], antiviral [3] and antioxidant activities [4–6], its

anti-inflammatory [7], and mainly its antibacterial [8–10],
properties deserve special attention when skin wound healing
is concerned.
The worldwide occurrence of skin wounds, such as burn
injuries, remains high despite efforts to reduce injury incidence through public awareness campaigns and improvements in living conditions. Severe burn injuries, as well as
other forms of stress and trauma, trigger a hypermetabolic
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response requiring aggressive resuscitation, nutrition, excision, grafting, and pharmacotherapeutic regimen [11]. On the
other hand, infection is still one major problem that may lead
to death. It has been estimated that 75% of deaths following
burn injuries are related to infection [12, 13].
Additionally, it has been reported that a challenge faced
in the treatment of skin wounds and in burn injuries is the
dressing. Some properties for dressing have been addressed:
(i) low cost, (ii) safe, (iii) relatively painless, (iv) prevention
of infection, (v) promotion of fast wound healing, (vi) low
number of dressing changes during healing, and so forth [13].
In this regard, the last decades have witnessed an
increased interest in the use of biomaterials, for example, biopolymers, in healthcare products, especially in dressing for
wounds, a fact that is predominantly associated to the renewable nature, biocompatibility and biodegradability of these
materials [14]. Among several biopolymers of interest, biocellulose or bacterial cellulose (BC) produced by the Gluconacetobacter genus is extremely pure and allows obtaining highly
swollen membranes, with around 99% water on the culture
medium surface [15]. In addition, distinctive tridimensional
and branched nano- and microfibrillar structure is formed
leading to considerable interest not only as dressing for
wound healing, but also as substitutes of natural skin [16] and
as drug delivery systems [14, 17]. Moreover, it has been
demonstrated that BC present mechanical properties, such as
tensile strength and extensibility, similar to human skin and
it allows the growth, spreading, and migration of human
keratinocytes [18].
Meanwhile, BC membrane itself has no antimicrobial
activity to prevent wound infection [19]. In the last years,
antimicrobial silver nanoparticles containing BC membranes
have been developed using different routes and reducing
agents [19–21].
Based on the exposed advantages provided using biocellulose and following our interest in the elucidation of propolis
activity, especially regarding its properties on skin [5, 6, 8],
in this work we reported preparation, comprehensive characterization, and efficacy of novel Brazilian propolis containing
biocellulose membrane. Therefore, the main purpose was to
demonstrate the antimicrobial activity and the wound healing
properties of this new device material.

2. Material and Methods
2.1. Materials. Green propolis standardized extract (EPP-AF)
was kindly provided by Apis Flora Co. (Ribeirão Preto, São
Paulo, Brazil) (patent PI 0405483-0, Revista de Propriedade
Industrial No. 1778 of 01/02/2005). For quantitative analysis caffeic, p-coumaric and trans-cinnamic acids (SigmaAldrich, São Paulo, Brazil), artepillin C (Wako Pure Chemical
Industries Co., Osaka, Japan), and aromaden-drin-4 -Omethyl ether (previously isolated and identified as described
by Souza et al. [4] and kindly donated by the authors) were
used. Methanol HPLC-grade was obtained from J. T. Baker
and water was treated in a Milli-Q water purification system.
All other chemicals were of reagent grade and were used
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without further purification. Mueller Hinton agar (Difco,
Detroit, MI, USA) was used for the antibacterial assay.
2.2. Methods
2.2.1. Bacterial Cellulose/Propolis Membranes Preparation.
BC membranes were obtained from cultivation of the Gluconacetobacter hansenii ATCC 23769. Culture media were
established for 120 h at 28∘ C in trays of 30 × 50 cm, containing
the sterile media composed of glucose 50 g⋅L−1 , yeast extract
4 g⋅L−1 , anhydrous disodium phosphate 2 g⋅L−1 , heptahydrated magnesium sulphate 0.8 g⋅L−1 , and ethanol 20 g⋅L−1 .
After 120 h, hydrated BC pellicles (5 mm thick) were obtained. These membranes were several times washed in water, 2%
aqueous NaOH at 70∘ C in order to remove bacteria, and water
until neutral pH. Next, the BC membranes were immersed
in ethanol for 24 h with continuous exchanges performed in
order to ensure substitution of water for ethanol. Ethanol
swollen BC membrane was used to prepare the BC/propolis
samples.
In the preparation of BC/propolis membranes, firstly
alcoholic propolis solutions were prepared at 1.2%, 2.4%, and
3.6% (w/v considering the dried matter in the propolis
extract) employing 11% of Green Propolis Standardized
Extract EPP-AF (w/v). Ethanol swollen BC membranes were
immersed for 24 h in these solutions. BC/propolis membranes were dried at 40∘ C for 24 h and were set in nylon
molds. Samples were named BC/propolis A, BC/propolis B,
and BC/propolis C, respectively.
2.2.2. Physical-Chemical Characterization
Scanning Electron Microscopy (SEM). Scanning electron
microscopy FEG-SEM (JEOL JMF-6700F—Field Emission,
Scanning Electron Microscopy) was used to observe the
surface topography of all samples. All specimens were placed
in copper supports, covered with a tick carbon layer.
X-Ray Diffraction. The X-ray diffractograms were obtained
using a Siemens Kristalloflex diffractometer (Siemens, Knoxville, TN, USA) with a nickel filter and radiation CuK𝛼
between 2𝜃 angle from 4 to 70∘ , counting time of 2 s, and glass
sample holder.
Fourier Transform Infrared (FT-IR) Spectroscopy. FT-IR spectra were obtained with a Perkin-Elmer spectrometer, model
2000. Samples were milled and mixed with dried KBr in
known proportions and pressed into pellets.
Thermal Analysis.The thermogravimetric assays (TGAs) were
carried out using a SDT 2960 equipment from TA Instruments. Samples were heated at a constant rate of 10∘ C min−1
from 25∘ C to 450∘ C, under a nitrogen flow of 70 mmL min−1 .
Chemical Characterization. Analyses were conducted using
a Shimadzu (Kyoto, Japan) liquid chromatograph equipped
with a CBM-20A controller, a LC-20AT quaternary pump,
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a SPD-M 20A diode-array detector, and Shimadzu LC solution software, version 1.21 SP1. A Shimadzu Shim-Pack CLCODS column (4.6 mm × 250 mm, particle diameter of 5 𝜇m,
and pore diameter of 100 Å) was used. The mobile phase
consisted of methanol (B), and of a solution of water-formic
acid (0.1% v/v), pH 2.7 (A). The method consisted of a linear
gradient of 20–95% of B over a period of 77 min at a flow rate
of 0.8 g mL−1 . The injection volume was 10 𝜇L. The column
oven was set at 40∘ C. Detection was set at 275 nm [8, 22].
Working solutions were prepared daily in methanol
in the following concentration ranges: caffeic acid 1.06–
16.96 𝜇g mL−1 ; p-coumaric acid 5.04–80.64 𝜇g mL−1 ; transcinnamic acid 0.40–6.40 𝜇g mL−1 ; aromadendrin-4 -Omethyl ether 2.0–32.0 𝜇g mL−1 and artepillin C 10.06–
160.96 𝜇g mL−1 .
The samples of BC/propolis were weighed (25 mg) on
an analytical balance and transferred into 10 mL volumetric
flasks. Next, the volume was completed with methanol and it
was sonicated for 30 min for maximum release of propolis.
The samples were filtered through a 0.45 𝜇m filter before
analysis.
2.2.3. Antibacterial Assay. The disk diffusion method (Clinical and Laboratory Standards Institute (CLSI)) [23] was
employed in this study, with some modifications, to evaluate
the antibacterial activity of the BC/propolis against Staphylococcus aureus ATCC 25923, Staphylococcus aureus ATCC
43300, and Staphylococcus epidermidis ATCC 14990.
The bacterial suspension was prepared in a sterile 0.85%
physiological solution, with turbidity equivalent to a 0.5
McFarland standard (approximately 108 CFU mL−1 ). A sterile
cotton swab was used to seed the suspension on the surface
of Mueller Hinton agar contained in a plate (90 × 15 mm).
Membranes were cut in disks (diameter 5.5 mm) and
applied to the agar surface. Next, 5 𝜇L of sterile 0.85% physiological solution were put on the surface of each biomembrane. Biomembranes without propolis submitted to the
same procedure of the BC/propolis were used to control the
experiment. The plates were incubated at 35∘ C aerobically for
18 h. After the incubation period, the diameters of the zones
of inhibition were measured using a ruler. The experiments
were replicated three times for each microorganism.
2.2.4. In Vivo Experiment. This experiment was approved
by the Animal Experimentation Ethics Committee of Araraquara University (UNIARA), Araraquara, SP, Brazil. Twentyfour male rats (Rattus Norvegicus Holtzman), weighing
approximately 250 g, were used in this study. General anesthesia was induced using intramuscular injections of ketamine hydrochloride (25 mg kg−1 ) and xylazine hydrochloride (5 mg kg−1 ). All surgical procedures were performed
under strict aseptic protocol. After shaving and preparation of
the dorsal region, on each animal were made three incisions
of 6 mm in diameter with a circular scalpel and a distance of
approximately 2 cm among them (Figure 1) [8].
On the left side, group I (G1), propolis-free membrane
was put on the wound (positive control) and on the right side,
group II (G2), BC/propolis membrane (B) was put on the
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Group I

Group II
Group III

Figure 1: Identification of the wounds created surgically for the
respective treatment groups.

wound. In group III (G3), median region, the wound was
untreated (negative control). Subsequently, the animals were
accommodated in cages properly isolated and were monitored daily, with appropriate conditions of food, water, and
hygiene. In the immediate postoperative period, all animals
received an oral administration of salicylic acid (120–
300 mg kg−1 , single dose), as recommended by the Canadian
Council on Animal Care (CCAC).
The animals (𝑛 = 6, per group) were euthanized after 3,
7, 15, and 30 days postoperatively. Firstly, the animals were
anesthetized again following the protocol described previously, and after the specimens were removed, the animals
received deepening anesthetic. The specimens were fixed in
10% buffered formaldehyde solution and processed according
to, histological routine for light microscopy. The specimens
were then cut in 6 𝜇m sections in the longitudinal direction
of the skin and stained with hematoxylin-eosin (H&E). Next,
they were analyzed and photographed under a microscope
(Jenaval-Zeiss) coupled to a digital camera (Leica DFC425).
The parameters analyzed were descriptive and examined by a
single researcher who was blinded to analysis of the groups.
The parameters analyzed were, (1) inflammatory reaction, (2)
angiogenesis process, and (3) quality of tissue repair.
Macroscopic Assessment. The wounds were analyzed macroscopically after periods of 3, 7, and 15 days postoperatively.
The 30-day period was excluded from the analysis because
all the wounds of the three study groups had already been
fully repaired. Evaluation of the wounds was performed by
measuring lesion in the longitudinal and transverse direction
(mm) using a caliper rule, during the preeuthanasia procedure. For statistical analysis, the measurements, longitudinal
and transverse, of each wound were added and divided by two
for obtaining a repair average value.
2.2.5. Statistical Analysis. The data of antibacterial assay
were submitted to the nonparametric Kruskal-Wallis test.
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Statistical significance was established at 𝑃 < 0.01. Statistical
analysis of data was performed using the software Graph
Pad Prism 4. For the in vivo study, statistical analysis was
performed using SPSS 20.0 software. Sphericity and normality tests were performed previously. A two-way ANOVA
was applied to macroscopic assessment. Statistical analysis in
relation to intensity of inflammatory reaction was measured
by score (score 0 to 4: no reaction = 0, very slight reaction = 1,
mild reaction = 2, and moderate reaction = 3; marked
reaction = 4), following the standards of ASTM F981-04 [24].
In this analysis, twenty histological cuts were analyzed for
each specimen in the respective periods. The ANOVA test
was carried out to evaluate measured scores to intensity of
inflammatory reaction, and Tukey’s test was used as posttest
for statistical significance. Statistical significance was established at 𝑃 < 0.05.

3. Results and Discussion
3.1. Physical-Chemical Characterization
3.1.1. Scanning Electron Microscopy (SEM). BC is a semitransparent paper-like material, and the final BC/propolis
was obtained as a flexible and macroscopic homogeneous
membrane. BC/propolis membranes presented amber colorations in a dose-dependent way. SEM measurements were
performed for some representative samples, including BC
membrane and BC/propolis B, Figure 2.
BC membrane (Figure 2(a)) clearly presents a compact
structure composed of long fibers of hundreds of microns
with nanometer thickness [16]. Figure 2(b) reveals that BC
microfibril is swollen and homogeneously covered by propolis extract solution. Cross-section images, Figures 2(c) and
2(d), confirm that propolis is present not only in the surface
of BC membrane but also inside the cellulose chains.
3.1.2. X-Ray Diffraction. Figure 3 shows the results of X-ray
diffraction for all samples. The BC membrane presented two
diffraction angles, 15 and 22.5∘ degrees (Figure 3(a)). Each
peak has a contribution of diffractions corresponding to I𝛼
and I𝛽 phases, characteristics of native cellulose type I [25].
Dried propolis extract also showed an amorphous structure, and three broad peaks in 15∘ , 17∘ , and 23∘ could be
marked, corroborating with previous results for propolis [22].
All BC/propolis membranes showed considerable change
on X-ray profile when compared to BC membrane. A gradual
decrease in crystallinity is observed with increasing of propolis contents, inferring that the propolis extract solutions is
not only on BC surface, but it is found in the interstices and
between the crystal planes of the polymer, making it more
amorphous.
3.1.3. Fourier Transforms Infrared (FT-IR) Spectroscopy.
Figure 4 shows the results of FT-IR spectroscopy for BC,
propolis, and all BC/propolis membranes.
BC (Figure 4(a)) shows bands in the 400–700 cm−1 range
characteristic of the OH bending, 𝛽-glucosidic linkages
between the glucose units at ∼896 cm−1, and C–O symmetric
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stretching of primary alcohol and C–O–C antisymmetric
bridge stretching at 1040 and 1168 cm−1 , respectively. The C–
H deformation (CH3 or O–H in plane bending) is seen at
1340 cm−1 , and the band centered at 1400 cm−1 is related to
CH2 bending and OH in plane bending. Other bands are
related to H–O–H bending of adsorbed water (at 1650 cm−1 ),
CH stretching of CH2 and CH3 groups (at 2900 cm−1 ), and
OH stretching (broad band at 3500 cm−1 ) [26].
Some bands that characterize propolis in the IR spectrum
are absorptions related to the presence of C=C double
bond (]max 1641 cm−1 ), carboxyl (]max 1703 cm−1 ), and
hydroxyl (]max 3487 cm−1 ) groups, with concern to organic
compounds.
Spectra concerning BC/propolis-based membranes can
be considered as the sum of the bands present in BC membrane and in propolis; in other words, there are observed contributions relating to characteristic vibrations both of the BC
membrane [27] and propolis [22], showing, therefore, the
formation a composite material. Some peaks were slightly
shifted due to the formation of intermolecular interactions,
like hydrogen bonding, between propolis component and
cellulose.
Broadening was observed for the band around 3500 cm−1
with the increase in the propolis relative content, suggesting
the formation of hydrogen bonds between cellulose and
propolis components such as flavonoids.
3.1.4. Thermogravidimetric Assay. Thermogravimetry (TG)
curves for BC membrane and BC/propolis membranes are
shown in Figure 5. BC membrane displayed a typical weightloss degradation profile (Figure 5(a)) with two main separate
degradation steps: the first step (45–150∘ C) can be attributed
to the cellulose dehydration while the second step, with large
mass loss, (250–350∘ C) is related to processes of cellulose
degradation as depolymerization and subsequent decomposition of the glycosidic units followed by the formation of
carbonaceous residues [27, 28].
Propolis presented a single weight loss profile with large
mass loss (65%) in the temperature range of 150–450∘ C,
which can be attributed to simultaneous events, including
condensation of groups (OH–), carbonic bond breaks, and
subsequent degradation of organic compounds [22].
BC-propolis samples showed a thermal profile similar to
the one obtained for dried propolis. BC/propolis membranes
presented a dehydration process starting around 50∘ C suggesting that after being topically applied they are able to keep
the wound surface hydrated, avoiding loss of electrolytes [29].
A continuous weight loss in the temperature range of 90–
450∘ C is observed for all BC-propolis samples, Figures 5(c)
and 5(d). These events include condensation of groups
(OH–), carbonic bond breaks, and subsequent degradation of
propolis organic compounds, and they also include BC membrane degradation [22, 27, 29].
An increase in the final residue content with the increase
in the relative propolis content was observed confirming that
the propolis mass is dose-dependent on the initial propolis
solutions (1.2, 2.4, and 3.6% w/v) used in BC/propolis membrane preparation.
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Figure 2: Representative SEM images of (a) BC membrane and (b) BC/propolis B surface images and (c) pristine BC membrane and (d)
BC/propolis B cross-sections images.

Determination of dry matter of propolis in the samples
of BC/propolis A, B, or C was performed by an indirect way
using HPLC results and comparing with the standard values
found in propolis standardized extract used. The results
showed that BC/propolis A, B, and C possess, respectively,
43.67 ± 10.62%, 56.78 ± 15.22%, and 66.59 ± 13.45% w/w of
propolis, fact observed because of the large superficial area
of never-dried BC membrane in contact for a long time with
propolis solutions (large ability to adsorb large mass) and the
open porous present during this kind of manufacture process
[30].
3.1.5. Chemical Characterization. The quantification of some
standards present in BC/propolis membranes was performed
by HPLC. The employed method was fully validated as
reported by Rocha et al. [31]. The results for BC/propolis biomembranes A, B, and C, and the propolis standardized
extract (EPP-AF) used, may be observed in Table 1. As
expected, the quantified compounds were dose dependent,
therefore, assuming that there is a greater amount of active
compounds inserted in biomembrane C, followed by biomembrane B and biomembrane A.
Analysis of BC/propolis composition comparing with
propolis extract used, after dry matter normalization, shows
that the flavonoid aromadendrin was the component better
adsorbed in BC, probably because of intermediary polarity of
this component. On the other hand, artepillin C, the major

constituent of EPP-AF propolis extract [8], showed relatively low adsorption in BC (75.34%, 72.59%, and 84.69%,
BC/propolis A, B, and C, resp.) probably due to lower polarity
of this structure when compared with caffeic acid derivatives
and because of intrinsic properties of BC. Caffeic acid, pcoumaric and cinnamic acids were well adsorbed.
3.2. Antibacterial Assay. Propolis-free membranes (negative
control) showed no antibacterial activity. On the other hand,
the different membranes presented antibacterial activity
(Table 2) with the BC/propolis membrane C being the most
effective (𝑃 < 0.01).
The results presented in Table 2 are lower than the results
presented by de Rezende et al. [32] for propolis ethanolic
extract, especially for S. aureus ATCC 25.923 (15 mm), S.
aureus ATCC 6538 (17 mm), and S. aureus ATCC 29213
(11 mm), using the same methodology. However, it is important to consider that the diffusion of the substances in this
type of methodology completely affects the results found. It is
possible that the strong interaction previously demonstrated
for propolis and BC decreases the liberation and diffusion
of the propolis compounds in the medium, and, therefore, a
lower inhibition zone is observed.
The samples were effective against all staphylococci
tested, including S. aureus ATCC 43300, a methicillinresistant S. aureus (MRSA). These strains are responsible
for difficult-to-treat infections in humans, as they exhibit
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Table 1: Chemical composition of propolis standardized extract (EPP-AF) and bacterial cellulose/propolis A, B, and C (mg/g). Values are
mean ± SD obtained from analyses in triplicate.
Average ± SD

Standards Researched

EPP-AF
0.345 ± 0.011
1.712 ± 0.069
0.167 ± 0.006
0.808 ± 0.024
6.621 ± 0.306

Caffeic acid
𝑝-coumaric acid
Trans-cinnamic acid
Aromadendrin
Artepillin C

A
1.30 ± 0.074
6.10 ± 0.389
0.66 ± 0.075
4.50 ± 0.274
19.78 ± 3.70

B
1.65 ± 0.113
7.86 ± 0.195
0.88 ± 0.031
6.01 ± 0.089
24.81 ± 5.04

C
1.95 ± 0.130
9.25 ± 0.266
0.99 ± 0.060
6.61 ± 0.306
33.95 ± 2.24

SD: standard deviation.
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Figure 5: TG curves of (a) BC membrane, (b) dried propolis, (c)
BC/propolis A, (d) BC/propolis B, and (e) BC/propolis C.
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Figure 3: XRD diffractogram of (a) BC membrane, (b) dried propolis, (c) BC/propolis A, (d) BC/propolis B, and (e) BC/propolis C.

Table 2: Mean diameter (in mm) of the zones of inhibition provided
by biomembranes A, B, and C. Values are mean ± SD (𝑛 = 3).
Bacterium
BC without propolis
Staphylococcus aureus
ATCC 25923
Staphylococcus aureus
ATCC 43300
Staphylococcus epidermidis
ATCC 14990

(e)

Transmittance (%)

(d)
(c)

Bacterial cellulose/propolis
A
B
C
𝑅

𝑅

𝑅

8 ± 0.58

9 ± 0.00

10 ± 0.00

7 ± 0.00

8 ± 0.00

9 ± 0.00

7 ± 0.58

8 ± 0.00

9 ± 0.00

SD: standard deviation. R: resistant.

(b)
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Figure 4: FT-IR spectra of: (a) BC membrane, (b) Dried propolis,
(c) BC/propolis A, (d) BC/propolis B and (e) BC/propolis C.

multidrug resistance, such as penicillins, cephalosporins, and
carbapenems.
S. aureus and coagulase-negative staphylococci (like S.
epidermidis) are between the most frequently isolated bacteria from burn wounds. Furthermore, in burn wound microbial colonization there is an initial predominance of these
bacteria and other gram-positive cocci over gram-negative
bacilli [12]. These results suggest that the BC/propolis may be
an effective material to be used for infected wounds, which
would work not only as an excellent dressing, but also as
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Figure 6: 3 days of treatment—G1: necrotic tissue ( ), BC membrane (BC), and presence of moderate inflammatory infiltrate and numerous
blood vessels (v); G2: necrotic tissue (∗ ), BC/propolis membrane (BC), presence of moderate inflammatory infiltrate and numerous blood
vessels (v); G3: necrotic tissue (∗ ), presence of moderate inflammatory infiltrate and numerous blood vessels (v).
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Figure 7: 30 days of treatment—repair tissue with normal characteristics in all three groups.

Table 3: The levels of the inflammation reaction to the respective
studied groups in comparison with the analyzed periods.

3
7
15
30

G1
+++∗
−
−
−

Group
G2
+++∗
++∗
−
−

G3
+++∗
−
−
−

G1: propolis-free membrane; G2: BC/propolis B membrane and G3: negative
control. Score: − no reaction, + very slight, ++ mild, +++ moderate, ++++
marked inflammatory reaction; ∗ no statistically significant difference (𝑃 =
0.19).

an antibacterial one. Additionally, the results obtained in
the physical-chemical characterization and the antibacterial
activity of the BC/propolis membrane show that these parameters are dose dependent, supporting an interesting possibility, that is, obtaining propolis membranes at the desired concentrations, taking into consideration its application and its
skin residence time.
3.3. Histological Analysis. BC membrane, in contrast to other
synthetic membranes, is highly resistant to chemical corrosion, biocompatible, porous, and also has good tensile
strength [33], unique properties that make it a polymer with
great potential to be explored by biotechnology and other
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Figure 8: Macroscopic results obtained with tissue repair with BC,
BC/propolis, and without treatment (control) (𝑃 > 0.05).

areas of biomedical science, mainly employing the BC as
potential carrier for drug delivery systems.
In the last decades, BC membranes have been used as
a temporary dressing of skin in burns and other conditions
such as chronic ulcers and grafts [34–38]. In addition, in vivo
studies have demonstrated that BC membranes are biocompatible and can be used as scaffold for tissue engineering [39–
41].
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The studies were performed only for the BC/propolis B,
once this membrane presented good results in the previous
antibacterial studies. The inflammatory reactions presented
in the studied groups were shown in Table 3.
The histological analyses of the wounds healing are shown
in Figures 6 and 7. At day 3, the wound bed appeared in reorganization; necrotic tissue (fibrin-leukocytes crust), mainly
in the control group, whose tissue can also be observed under
respective membranes, BC and BC/propolis, also appeared.
Beneath this tissue, it is observed that formation of granulation tissue abundant constituted of few disorganized collagen
fibers with large fibroblastic activity (loose connective tissue)
and presence of numerous blood vessels in stasis (Figure 6).
After 7 days, a thin layer of epidermal reepithelialization
can be observed, and loose connective tissue is still shown
in repair process in all tested groups, but collagen fibers
were denser and organized in relation to earlier period and
presence of numerous blood vessels, mainly in the treated
groups with membranes as dressing, G1 and G2. Moreover,
the repair of the epithelium also appeared in a more advanced
stage in these respective groups, compared to the control
group (G3), presenting continuity in the epithelium surface.
It was observed the presence of necrotic tissue in all groups.
At day 15, repair of the epithelium (keratinized stratified squamous epithelium), absence of a discontinuity and presence of
keratohyalin granules in the three groups (stratum corneum)
were observed. The repaired fibrous conjunctive tissue presented normal characteristics, where were observed a great
number of thick-regular collagen fibers, decreasing the
amount of blood vessels. At day 30 (Figure 7), the histological
characteristics were similar to the period of 15 days with
great deposition of collagen in this tissue and accentuated
compression of the newly formed capillaries.
Propolis is a known anti-inflammatory agent [42, 43], and
then the reduction of inflammatory process was expected in
G2 group. Some authors attribute this activity to the important biomarker of green propolis, artepillin C [44]. The antiinflammatory effect of artepillin C was observed, and the
authors have claimed that this property is mediated, at least in
part, by prostaglandin E2 and nitric oxide inhibition through
NF-𝜅B modulation [44].
The results obtained are important and satisfactory and
revealed that BC and BC/propolis membranes were biocompatible and promoted, in earlier periods, a better tissue repair.
Also, BC/propolis presented a delivery system, since preliminary results of propolis delivery from BC/propolis was
obtained through p-coumaric acid, isossakuranetin, and
artepillin C release evaluation using Franz Cell assay. Results
with 24 hours of evaluation demonstrated that p-coumaric
acid was released in a maximum of 60.21%, isosakuranetin
53.89%, and artepillin C 37.26%. However, it is important to
consider that epithelial tissue was completely reconstituted
with the application of a thermoreversible gel with propolis
standardized extract (EPP-AF) within 3 days after injury [8].
In this case, the gel promotes hydration of wound for a
longer time favoring the healing process; thus, with wound
hydration and covering, there is no crust formation, factors
that favor a shorter wound resolution. A hypothesis to solve
the problem of dryness of the BC membranes would be
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including in the treatment protocol the rehydration of membrane; this way, we could assess if there would be improvement and decrease of the time of wound healing.
So, the results of the macroscopic analysis revealed repair
values around 7.6 mm, 5.8 mm, and 4 mm after 3, 7, and 15
days postoperatively (Figure 8). Macroscopically, the repair
of wounds showed no statistically significant differences (𝑃 >
0.05) among the treatments employed with the BC and BC/
propolis membranes and the control group (no dressing)
during the period studied; the results were confirmed by
histological analysis in relation to layer of epidermal reepithelialization, and these results also suggest that the described
hypothesis above may have relevance. Therefore, the type of
treatment does not affect the repair time for uncontaminated
wounds.

4. Conclusion
The present study suggests the potential applicability of
propolis containing biocellulose membranes for treating
wounds. The obtained BC/propolis was able to adsorb propolis not only on the surface, but also in its interstices demonstrated by SEM, X-ray diffraction, FT-IR spectroscopy, and
thermogravidimetric assays. Additionally, the caffeic acid
derivatives and flavonoid determination and the prominent
antibacterial activity in the BC/propolis demonstrated to be
dose dependent, supporting an interesting possibility, the
obtention of propolis based membranes at the desired concentrations, taking into consideration its application and its
skin residence time. Finally, it could be suggested that BC/
propolis membrane may favor tissue repair in less time and
more effectively in contaminated wounds.
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Propolis-based therapeutic agents represent this potential for the development of new drugs in dental care. The aim of a clinicalcohort study was to determine the influence of application of toothpaste enriched with Brazilian extract of propolis (EEP) on
health status of oral cavity. Laboratory analysis was conducted in order to assess the chemical composition of EEP including
total phenolic compounds, the DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging activity, ABTS radical cation scavenging
activity, and FRAP assay. Clinical research involved two groups of subjects comprising 32 adult patients, with assessment based on
the preliminary evaluation of the state of their marginal periodontium. The investigation of oral health indices API, OHI, and SBI
and microbiological examination of oral microflora were also carried out. Results obtained indicated time-dependent microbial
action of EEP at 50 mg/L concentration, with antimicrobial activity against Gram-positive bacteria. The total decrease of API, OHI,
and SBI mean values was observed. Hygienic preparations with 3% content of Brazilian ethanol extract of green propolis (EEP)
efficiently support removal of dental plaque and improve the state of marginal periodontium.

1. Introduction
Gingivitis and periodontitis, apart dental caries, are the most
common diseases of the oral cavity. Bacteria existing in the
dental plaque are the major etiologic factor of marginal
periodontitis.
Periodontitis is a chronic inflammatory disease caused
by oral bacterial infection. Imbalance between the initiation

of bacterial pathogens and the host immune response to
infection contributes to the imitation or progression of
periodontitis [1].
Moreover, there are many general and local factors
modifying the onset and the course of the disease. One of
the most important measures to be undertaken in order to
fight gingivitis and periodontitis is maintenance of proper
hygiene of the oral cavity. Choosing an adequate method of
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teeth brushing, a proper toothbrush and supporting products
are the first step in the fight with the disease. The research
to improve the content of toothpastes and mouthwashes
has been continuing for many years so that, besides better
abrasive and polishing properties, they should become better
in terms of therapeutic abilities. One of the known methods to
improve them is addition of natural ingredients (e.g., ethanol
extract of propolis) which are successfully used in other areas
of medicine as substances that accelerate the wound healing
process [1].
Plant products have been used since ancient times in
folk medicine, involving both Eastern and Western medical
traditions over the past decades. Pharmaceutical companies
have been interested in investigating plants as sources for new
therapeutic agents with proven efficacy, safety, and quality [2–
10]. Propolis has been used in dentistry for various purposes
and has a promising role in future medicine as well as in
dentistry.
The present study has addressed many samples of propolis
with potential source for new therapies in dentistry [11]. In the
last decades, several works dealing with propolis composition
and biological properties have been published, revealing the
interest of researchers on this bee product and its potential
for the development of new drugs as well.
Propolis can be used in the management of dental caries
and endodontic as well as periodontal infections, vital pulp
therapy and in the treatment of oral lesions and repair of
surgical wounds [12–17].
Propolis (bee glue) is a sticky dark-colored material
that honey bees collect from plants and use in the hive:
they apply it to seal the walls, to strengthen the borders of
combs, and to embalm dead invaders [18]. Because of its
popularity in folk medicine, propolis has become the subject
of intense pharmacological and chemical studies for the last
40 years [18]. Numerous studies have proven its versatile
pharmacological activities: antibacterial [19, 20], antifungal
[21, 22], antiviral [23], antiinflammatory [24–26], antitumor
[27], antioxidant and “free radical scavenger” [28, 29], as
well as immunomodulatory action [30–32], radioprotective
[33], and so forth. [34–37]. Chemically, propolis of different
parts of the world is constituted by 50–60% of resin, 30–
40% of wax, 5–10% of essential oils, 5% of pollen, besides
microelements [18]. So far, more than three hundred organic
compounds of different groups mainly phenolic, such as
flavonoids, stilbenes, phenolic acids, and their esters, have
been identified from propolis [18, 38, 39]. Moreover, this
class of compounds are responsible for many of the biological
activities attributed to European propolis [39–46].
It is well accepted that the chemical constituents and
health properties of propolis greatly depend on several ecological factors, including geographical region, plant source,
season, and method of harvesting [38, 47–49]. European,
Chinese, and Argentinean propolis are characterized by
the presence of phenolic acid and flavonoids and the
most abundant were chrysin (2–4%), pinocembrin (2–4%),
pinobanksin acetate (1.6–3%), and galangin (1-2%). Some
Brazilian propolis contains mainly artepillin C, different
caffeoylquinic acids and some flavonoids [50].
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Several studies on the chemistry and biological activities
of Brazylian propolis have previously been reported [13, 14,
16, 22, 26, 27, 47, 51–54]. Brazilian propolis was classified into
12 groups based on the physicochemical characteristics [47].
The most commercialized propolis type is known as “green
propolis” and it has been extensively studied and used in food
and beverages. However, red propolis has been an important
source of investigation since 2007 by research groups [54, 55].
The botanical origin of propolis group 12 was the resin of
Baccharis dracunculifolia in Southeast Brazil [56, 57].
The aim of this work was to determine and investigate the
influence of application of toothpaste with EEP (specimen T)
on status of oral cavity, in comparison with the same kind
of toothpaste without EEP (specimen G). Sample of propolis
was collected from Southeast Brazil (green propolis).

2. Materials and Methods
2.1. Propolis. Raw propolis was collected from the beekeeping
section of the Seiri Alimentos Naturais Brazil.
Propolis samples were obtained from colonies of Africanized honeybees (Apis mellifera) in Minas Gerais State, Southeast Brazil, and collected using plastic net.
The unprocessed propolis was sent to the Nihon Natural
Therapy Co., Ltd., Tokyo, Japan, for preparation of the EEP.
The toothpaste with 3% of EEP and without EEP (placebo)
was prepared in Nippon Zettoc Co., Ltd., Tokyo, Japan.
2.2. Analysis of EEP
2.2.1. Determination of Total Phenolic Compounds. Total
polyphenols content was determined using a Folin-Ciocalteu
method [58]. Phenol contents were estimated from a standard
curve of gallic acid.
2.2.2. HPLC-DAD Analysis. Brazilian green propolis extracts
at concentration of 2.0 and 40.0 mg/mL in ethanol were
used for the HPLC analysis. The concentrations of individual
compounds were determined by using an external calibration
curve method from the plots constructed in the range 40–
300 mg/column at 308 nm (for p-coumaric acid and artepillin
C) and 370 nm (for quercetin and kaempferol). Quercetin,
kaempferol, and p-coumaric acid were obtained from Alexis
Biochemicals (San Diego, CA, USA) and 3,5-diprenyl-4hydroxycinnamic acid (artepillin C) was obtained from
Wako Pure Chemicals (Osaka, Japan). EEP was analysed as
previously reported [27].
2.2.3. DPPH (1,1-Diphenyl-2-picrylhydrazyl) Radical Scavenging Activity. 1,1-Diphenyl-2-picrylhydrazyl radical scavenging activity was determined using a method of Agarwal et
al. [59]. Propolis extract (0.1 mL) was mixed with 2.9 mL
100 𝜇M DPPH (Sigma-Aldrich, Steinheim, Germany) in
80% aqueous methanol and stored at ambient temperature in the dark for 30 min. The decrease in absorbance
of the resulting solutions was measured at 517 nm (spectrophotometer Metertek Sp-830 Medson, Paczkowo, Poland).
Trolox 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
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acid (Sigma-Aldrich, Steinheim, Germany) was used as a
standard and the capacity of free radical scavenging was
expressed as 𝜇moles of Trolox equivalents (TEAC—Trolox
equivalent antioxidant capacity).
2.2.4. ABTS Radical Cation Scavenging Activity. ABTS∙+
scavenging activity was determined according to a procedure described by Re et al. [60]. 2,2 -Azinobis(3-ethylbenzothiazoline-6-sulfonic acid) radical cation (ABTS∙+ ) was
produced by the mixing of 7 𝜇M ABTS water solution
and 2.45 𝜇M potassium persulfate (final concentration) and
allowing the mixture to stand before use for 12–16 h in the
dark at room temperature. Stock solution was diluted with
PBS (pH 7.4) until an absorbance of 0.76 (±0.2) at 734 nm was
reached. Each sample analysed (20 𝜇L) was mixed with 1 mL
of diluted ABTS∙+ solution and its absorption at 734 nm was
measured after 6 min at 30∘ C (Spectrophotometer Metertek
Sp-830 Medson, Paczkowo, Poland). Trolox (6-hydroxy2,5,7,8-tetramethychroman-2-carboxylic acid) was used as a
standard and the capacity of free radical scavenging was
expressed as 𝜇moles of Trolox equivalents (TEAC—Trolox
equivalent antioxidant capacity).
2.2.5. FRAP Assay. The FRAP (Ferric Reducing Antioxidant
Power) assay developed by Benzie and Strain [61] was
performed with some modification. Briefly, 2.7 mL of FRAP
reagent, prepared freshly and warmed to 30∘ C, was mixed
with water (0.27 mL) and the analysed sample (0.09 mL). The
FRAP reagent was prepared by mixing 2.5 mL of a 10 mM
solution of 2,4,6-tri-2-pyridyl-s-triazine (TPTZ) in 40 mM
HCl with 2.5 mL of 20 mM FeCl3 ⋅6H2 O and diluting with
25 mL of 0.3 mM acetate buffer, pH 3.6. Absorbance at 593 nm
was recorded after 10 min incubation of the solution at
30∘ C. Results were expressed as 𝜇moles of Trolox equivalents
(TEAC). TPTZ and Trolox were delivered from SigmaAldrich (Steinheim, Germany). All other chemicals were
purchased from POCH (Gliwice, Poland).
2.2.6. Antimicrobial Activity of EEP. The in vitro antibacterial
activity of the EEP was determined according Xu et al. [62]
with some adaptations for natural products. Seven standard
bacterial strains were used: Streptococcus mutans ATCC
33535, Streptococcus sanguinis ATCC 10556, Staphylococcus
aureus ATCC 25923, Lactobacillus acidophilus ATCC 4356,
Porphyromonas gingivalis ATCC 33277, Aggregatibacter actinomycetemcomitans ATCC 33384, and standard yeast strain
Candida albicans ATCC 10231 were employed in the study.
These standard strains of microorganisms were acquired
from the American Type Culture Collection (ATCC). The
microbial standard strains suspension in tiptonic water,
which contains about 3.0 × 107 colony forming units (CFU),
were used in this study. The EEP was dissolved in DMSO
and in this examination the EEP solutions in triptonic water
were used in the three final concentrations of EEP: 10 mg/L,
20 mg/L, and 50 mg/L.
The suspensions of microorganisms in triptonic water
with EEP were incubated at 37∘ C in static conditions for
120 minutes. The triptonic water with only bacterial or yeast
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standard strain was tested as a blank control. The EEP
(50 mg/L) in triptonic water without microorganisms and
pure triptonic water were tested as a negative control. After
incubation 2.0 𝜇L of each sample was seeded onto agar plate
supplemented with 5% addition of the ram blood. During
the experiment the surface spread plate technique was used.
The agar plates were incubated at 37∘ C for 17 hours. Then
the numbers of bacterial colonies (CFU) were counted. The
following equation: ABE [%] = (𝑉𝑐 − 𝑉𝑡 )/𝑉𝑐 × 100 was used
for investigating samples antibacterial efficacy. Numbers of
viable bacterial colonies of blank control is represented by 𝑉𝑐
and 𝑉𝑡 stood for the test specimen.
2.3. Patients. The purpose of this research was assessment
of effectiveness of hygienic activities conducted with use of
toothpaste which contained 3% Brazilian propolis extract
(EEP). The study was conducted on patients of the Dental
Clinic of the Department of Conservative Dentistry with
Endodontics of the Medical University of Silesia (the Academic Centre of Dentistry and Specialist Medicine in Bytom).
The research group comprised 32 adult patients (17
women and 15 men). This group was divided into two subgroups with assessment based on the preliminary evaluation
of the state of their marginal periodontium:
group I—14 patients without pathological changes
within the marginal periodontium,
group II—18 patients with danger of occurrence of
periodontitis caused by dental plaque and lack of
proper hygiene of the oral cavity.
Qualification for both groups was based on the interview
and analysis of clinical documentation and assessment of
adequate indices: API, OHI, and SBI. The Approximal Plaque
Index (API) by Lange assesses the presence of plaque in
the interdental spaces. According to that index, plaque is
present or absent in the approximal spaces. The Green and
Vermillion OHI index is an oral hygiene index that allows
to assess debri (DI) index and calculus (CI). Periodontal
status of patients from the research group was assessed
with use of the Muhlemann-Son Sulcus Bleeding Index
(SBI). Criteria of exclusion from the study: patients who
did not express consent to take part in the research, juvenile patients, toothless patients, pregnant women, patients
undergoing a therapy against acute systemic diseases, patients
with acute periodontal diseases, and patients with recorded
hypersensitivity to propolis or bee products. The research
programme was approved by the Bioethics Committee of the
Silesian Chamber of Medicine (resolution no. 6/2010, dated
01.03.2010).
The patients underwent three examinations: preliminary
qualification and basal examination (first visit-1), a followup
after 7 days (second visit-2), and an examination after 4
weeks since the beginning of the programme (third visit-3).
During preliminary qualification, they were interviewed for
past and current diseases, date of the last visit at the dentist’s,
regularity of control examinations, causes of cancelling visit
arrangements, and food habits including frequency of eating
carbohydrate-rich products and frequency of teeth cleaning.
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The patients also received professional training in hygienic
procedures for the oral cavity which comprised hygiene
advice, and training of correct teeth cleaning with a chosen
method demonstrated on a model, training of quality control
of teeth brushing procedures. The state of the oral cavity of
every patient was assessed during each of the follow-up visits
with use of API, OHI, and SBI indices.
During the first, second, and third examination, the
microbial material from the gingival sulcus was collected
using sterile swabs. The vials were then delivered to the
Department of Microbiology, Medical University of Silesia
(Zabrze, Poland), within 24 hours allowing the microbial
strains isolation from clinical specimens. The biological material collected for microbiological investigation was cultured
on suitable medium (Columbia agar, Schaedler K3 agar,
Sabouraud agar) by Biomerieux (Marcy l’Etoile, France).
Aerobic bacteria were multiplied on solid medium Columbia
agar, with 5% addition of ram blood, in the temperature of
37∘ C. Anaerobic bacteria were multiplied on solid medium
Schaedler K3, with 5% addition of ram blood, in the temperature of 37∘ C in anaerobic conditions, with the use of
GENbag anaer by Biomerieux (Marcy l’Etoile, France). Yeast
fungi of the Candida species were multiplied on selective
solid medium Sabouraud agar, in the temperature of 35∘ C in
aerobic conditions. After they had been isolated and cultured
further, each of the microorganisms was identified as regards
its species, using the following set of reagents: Api 20 E, Api
20 NE, Api Candida by Biomerieux (Marcy l’Etoile, France),
and ENTEROtest 24 N, NEFERMtest 24 N, STREPTOtest
24, STAPHYtest 24, and ANAEROtest 23 by Erba-Lachema
(Brno, Czech Republic).
The patients from the research groups used the following
toothpaste: specimen T-toothpaste with EEP content (7
patients from group I and 9 patients from group II) or
specimen G-toothpaste without EEP content (7 patients from
group I and 9 patients from group II). The patients were
informed about the type of hygienic preparation they were
given to use (whether it contained propolis or not). The
third visit ended with an interview about their subjective
evaluation of received preparations. The evaluation included
taste, smell, colour, and rheological properties—if they could
obtain an optimal degree of foaming during tooth brushing,
subjective feeling of a degree of teeth cleaning (tooth smoothness, sense of freshness in the oral cavity) assessed in a 5 grade
scale.
Data obtained from every patient were treated as confidential. Each patient had his own code initials and last
two digits of their date of birth (e.g., John Doe 1960-JD/60),
research group (I or II), and kind of the used toothpaste (T or
G).
2.4. Statistical Methods. The obtained data were analysed
statistically in two ways: quantitative and qualitative. Quantitative results showed values of the OHI index, whereas
qualitative results were related to API and SBI indices, as well
as assessment of rheological properties of tested preparations
and subjective evaluation of the patients’ impressions of the
degree of comfort when using the products. Both parametric
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Table 1: Quantification of main compounds in EEPa .
mg/g EEP
Quercetin
Kaempferol
P-Coumaric acid
Artepillin C

0.48 ± 0.02
3.20 ± 0.10
15.00 ± 0.50
58.90 ± 2.60

a

Total compounds content are expressed as milligrams in 1 g of EEP. All data
are the mean ± SD of three independent determinations. Total polyphenols
compounds in EEP is 254.52 ± 8.29 mg/g.

and nonparametric tests were used for statistical verification
of the assumed research hypotheses. Use of the first group of
tests requires verification of assumptions made for normality
and homogeneity of variance of the data, which was verified
with use of the Shapiro-Wilk test (normality) and the Lavene
test (homogeneity of variance). The ANOVA method was
used in order to statistically assess the dynamics of changes
of the API index which occurred due to the effect of the
preparations. However, due to the fact that the data was a
set of repeated measurements, the Wilks lambda test was
used as a multidimensional equivalent of the 𝐹-test. As the
null hypothesis of equality of means was rejected, the Tukey
range test was used to compare individual means for each
of the groups. Student’s 𝑡-test was used to assess influence
of the toothpaste and gel on the quantitative parameters,
provided that the assumption of variance homogeneity was
fulfilled. If not, a 𝑡-test with separate variance estimate (called
the Cochran-Cox test) was utilized. The statistical analysis
of qualitative parameters was based on nonparametric tests.
More than two dependent samples were compared with use
of the Friedman ANOVA test, while in the case of just two
samples, the Wilcoxon signed rank test was used. All tests
were conducted for the significance level of 𝜆 = 0.05 and with
use of Statistica v.8 software (Statsoft, Kraków, Poland).

3. Results
Brazilian green propolis contains various chemical components. The identification of individual compounds in EEP was
performed on the basis of their retention times. Thus, the
main flavonoid compounds present in EEP are kaempferol
and quercetin. We have also detected other compounds,
cinnamic acid derivatives such as p-coumaric acid and
artepillin C. The quantification is shown in Table 1.
The aim of this work was to investigate the antioxidant
property of EEP.
These results indicate that antioxidant activities of Brazilian green EEP are as follows:
FRAP: 2694.87 ± 100.60 micromoles Trolox equivalents per gram of extract (𝜇moles Trolox/g),
DPPH: 1230.07 ± 135.55 𝜇moles Trolox/g,
ABTS: 1223.06 ± 137.40 𝜇moles Trolox/g.
These studies investigated EEP activity against bacteria
(Streptococcus mutans ATCC 33535, Staphylococcus aureus
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Table 2: Median [min–max] for OHI index assessment of Group I and II patients who used the T or G toothpastes.
Specimen

First (1)

Examination
Second (2)

Third (3)

ANOVA Friedma (𝑃)

I

T
G

2 [1-2]
1 [0–2]

1 [1-2]
1 [0–2]

1 [1-1]
1 [0–2]

0.0498∗
0.6065

0.4795

0.0679

0.4795

II

T
G

2 [1–3]
1 [1-2]

2 [1–3]
1 [1-1]

2 [1–3]
1 [1-2]

0.0388∗
0.0366∗

0.108
0.108

0.0679
0.0679

0.5837
0.4795

Group

Wilcoxon’s signed rank test
Comparable group pairs
(1) : (2)
(1) : (3)
(2) : (3)

𝑃—test probability.
∗
High level of significance.

7
6

CFU ×104

5
4
3
2
1
0
0

15

30
Time (min)

60

120

Streptococcus mutans ATCC 33535
Streptococcus sanguinis ATCC 10556
Staphylococcus aureus ATCC 25923
Lactobacillus acidophilus ATCC 4346
Porphyromonas gingivalis ATCC 33277
Aggregatibacter actinomycetemcomitans ATCC 33384
Candida albicans ATCC 10231

Figure 1: The kill curve of standard microorganisms strains, which
indicated the time-dependent antimicrobial activity of the EEP
(used concentration of EEP was 50 mg/L).

ATCC 25923, Lactobacillus acidophilus ATCC 4346, Aggregatibacter actinomycetemcomitans ATCC 33384, Streptococcus sanguinis ATCC 10556, Porphyromonas gingivalis ATCC
33277), and Candida albicans ATCC 10231.
Results of microbial susceptibility of EEP are summarized in Figure 1. EEP displayed patent antimicrobial activity
against Gram-positive bacteria as well as the yeast. Results
obtained clearly indicated time-dependent microbial action
of EEP at 50 mg/L concentration.
The EEP used in this study no activity was observed
against E. coli. The major activity of the extract was found
against S. mutans and L. acidophilus (Figure 2).
In case of the OHI index (Green and Vermillion’s Oral
Hygiene Index) and patients of Groups I and II who used
T or G toothpastes, the value decreased so much that the
median (average value) after 4 weeks was statistically different
from the value during the first visit (𝑃 = 0.0679) (Table 2). It
suggests that in the case of patients who were not diagnosed
with periodontal diseases but only with some tendencies due
to lack of hygiene, the fact of participating in the research

programme and the necessity of using hygienic preparations
and a toothbrush alone could have played a significant role,
irrespective of the presence or absence of a propolis additive.
However, it may suggest that the choice of therapeutic
product such as propolis may have a significant influence on
elimination of hygienic negligence in case of healthy patients
or patients with minor problems (Table 2).
The Lange’s API index values in case of those groups
of patients who were to start using the T or G toothpaste
varied from fully correct values during the first visit. Results
of evaluation in case of the patients from Group I yielded
a range of values that allowed the qualification of those
patients in a range described as “quite good hygiene,” while
during a follow-up visit that took place 7 days after the
initial examination, their results changed the qualification
to a range described as “optimal hygiene.” Moreover, during
the third visit, the qualification changed back to the range
described as “quite good hygiene.” The patient Group II
received a qualification “average hygiene” during the first visit
and remained the same during the follow-up examinations.
In case of the patients from Group I, who used the T
or G toothpaste, the values of SBI index (Muhlemann-Son’s
Sulcus Bleeding Index) qualified them to be included in
the range described as “gingiva normal, no bleeding” and
“bleeding after probing without changes in the shape and
colour” during the initial examination. During the third
examination, all patients qualified to the range described as
“gingiva normal, no bleeding”. However, that tendency did
not prove to be statistically significant (Table 4). In case of
the patients from Group II, who used the T or G toothpaste,
the initial qualification was “bleeding after probing without
changes in the shape and colour” and no statistical significance
was observed during the third examination (Table 3).
The assessment of rheological properties of researched
preparations as well as the patients’ impressions of the
degree of comfort when using the preparations (including
taste, smell, colour, optimal degree of foaming during tooth
brushing, and subjective feeling of a degree of tooth cleaning,
such as tooth smoothness and sense of freshness in the oral
cavity) showed statistical significance in case of the T and G
toothpaste in such parameters as taste, colour, and foaming
ability (Table 4).
The differences in the type and number of the microorganisms strains and species, isolated from gingival sulcus of
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Figure 2: The kill curve of Streptococcus mutans (a) and Lactobacillus acidophilus (b) standard strains, which indicated the time-dependent
antimicrobial activity of the EEP (used concentrations of EEP were: 10 mg/L, 20 mg/L and 50 mg/L).
Table 3: Median [min–max] for SBI index assessment of Group I
and II patients who used the T or G toothpaste.
Group Specimen

Examination
ANOVA
First (1) Second (2) Third (3) Fridman (𝑃)

I

T
G

0 [0-1]
1 [0-1]

1 [0-1]
0 [0-1]

0 [0-1]
0 [0-1]

0.4724
0.3679

II

T
G

1 [1-2]
1 [1-2]

1 [0-1]
1 [1-1]

1 [0-1]
1 [1-1]

0.2636
0.1354

𝑃—test probability.

Table 4: Median [min–max] for preparation properties assessment
of Group I and II of patients.
Property
Taste
Smell
Colour
Foaming
Cleaning

Specimen
T

G

3 [2–4]
3 [2–4]
2 [1–5]
2 [1–4]
3 [1–5]

4 [2–5]
4 [2–5]
4 [2–5]
3 [1–5]
4 [1–5]

Mann-Whitney’s
𝑈-test (𝑃)
0.0332∗
0.1822
0.00001∗
0.0198∗
0.2336

Descriptive marking scale for each property of used preparation was limited
by the following ranges: 1—unsatisfactory, 2—satisfactory, 3—average, 4—
good, 5—very good.
∗
High level of significance.

patients from Group I and II who used the T or G toothpastes,
were presented in Tables 5, 6, and 7.

4. Discussion
Alternative or complementary medicine is a collection of
concepts, means, and techniques based on natural forces,
nature, and human powers. Some branches of complementary medicine have their origins in many hundred-year-old

traditions (e.g., acupuncture). Current trends show a return
to natural medicine and treatment methods, also due to the
fact that patients are worried about preventive means of fighting many diseases and illnesses. Bee products are an example
of such means that have been widely and commonly used for
many years and that can improve our health as well as play
an important role in prevention of illnesses. The therapeutic
potential of honey has recently been reviewed. Other bee
products, royal jelly and propolis, have also been widely used
in “folklore medicine” for centuries. As popular folk medicine,
propolis is alleged to exhibit a broad spectrum of activities
including antibiotic, anti-inflammatory, and tumour growth
arrest; some of the observed biological activities may be
traced to identified chemical constituents such as caffeic acid
which is antimicrobial and anti-inflammatory [5, 11, 18, 63].
Owing to discoveries in the field of chemical composition and confirmed usefulness of those products by both
laboratory and clinical research, a term of “apitherapy” was
coined. It is a distinguished method of treatment based on
use of products which were collected, processed, or produced
by bees. Such products include the following: pollen—as a
product collected by bees, propolis, nectar honey, bee bread—
products collected and processed by bees, royal jelly, bee
venom, beeswax—products secreted by bees [18].
Therapeutic properties of propolis have been used in
dentistry for many years, focused on the four most wellknown properties of that substance: regenerative, antibacterial, anaesthetic, and stimulating the immune system. Propolis has been shown to exhibit very good antimicrobial activity
against a range of oral bacteria [12]. The effect of propolis
on growth and glucosyltransferase activity of Streptococcus
sobrinus, Streptococcus mutans, and Streptococcus circuits was
observed in vitro and in vivo [64] and it was found that the in
soluble glycan synthesis and glucosyltransferase activity were
inhibited by multiple actions of propolis. Koru et al. (2007)
studied the antibacterial action against certain anaerobic
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Table 5: The number of microorganisms strains isolated from gingival sulcus of Group I patients, who used toothpaste with or without
propolis.

Species of microorganisms

Group I—patients, who used
Toothpaste with propolis (specimen T)
Toothpaste without propolis (specimen G)
Examination
Examination
First (1)

Second (2)

Third (3)

First (1)

Second (2)

Third (3)

Streptococcus canis
Streptococcus constellatus
Streptococcus intermedius
Streptococcus mitis
Streptococcus salivarius
Streptococcus sanguinis
Streptococcus parasanguinis
Staphylococcus aureus MSSA
Staphylococcus capitis
Staphylococcus epidermidis MSCNS
Staphylococcus hominis
Staphylococcus xylosus
Gram-negative cocci:

—
—
—
1
1
5
—
—
1
—
—
—

—
—
—
1
4
3
—
—
—
1
—
—

1
—
4
1
—
—
—
—
—
—
1
—

—
—
2
2
2
2
1
—
—
1
—
—

1
—
2
3
2
—
—
1
—
—
—
1

1
1
2
3
1
1
—
—
—
—
1
—

Veillonella parvula
Gram-positive rods:

1

—

2

—

1

—

Atopobium minutum
Bifidobacterium breve
Bifidobacterium infantis
Bifidobacterium longum
Clostridium baratii
Clostridium butyricum
Clostridium perfringens
Clostridium ramosum
Clostridium tertium
Propionibacterium acnes
Actinomyces israelii
Actinomyces viscosus
Gram-negative rods:

—
1
—
—
—
—
—
1
—
1
—
—

1
—
—
—
—
—
—
—
—
—
—
—

—
—
—
—
—
—
—
—
—
—
—
—

—
—
—
1
1
1
—
—
—
—
1
—

—
—
—
—
—
—
1
—
1
—
—
1

—
—
1
—
—
—
—
—
—
—
—
—

Bacteroides ureolyticus
Campylobacter gracilis
Escherichia coli
Yeast fungi:

1
—
—

—
1
—

—
1
—

—
—
1

—
—
—

—
—
—

—

—

—

1

—

—

13

11
(34)

10

16

14
(41)

11

Gram-positive cocci:

Candida albicans
Number of microorganisms strains
(altogether)

oral pathogens and found it to be very effective against
Peptostreptococcus anaerobius, Lactobacillus acidophilus, Actinomyces naeslundii, Prevotella oralis. Prevotella melaninogenica, Porphyromonas gingivalis, Fusobacterium nucleatum,
and Veillonella parvula. They concluded that the antibacterial
property of propolis is due to the presence of flavonoids and
aromatic compounds such as cinnamic acid [20]. Agarwal
et al. suggest that Chinese propolis has potent antimicrobial

activity against this periodontopathogens, suggesting its possible use as a natural alternative to the widely used antibiotics
for periodontal therapy [59].
Inflammatory stimulation by periodontal pathogens
increases the production of crevicular fluid and induces the
chemotaxis of neutrophils, which in order to inactivate periodontal pathogens, releases singlet oxygen and hypochlorous
acid into the crevicular fluid. The consequent oxidative stress
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Table 6: The number of microorganisms strains isolated from gingival sulcus of Group II patients, who used toothpaste with or without
propolis.

Species of microorganisms

Group II—patients, who used
Toothpaste with propolis (specimen T)
Toothpaste without propolis (specimen G)
Examination
Examination
First (1)

Second (2)

Third (3)

First (1)

Second (2)

Third (3)

Streptococcus canis
Streptococcus intermedius
Streptococcus mitis
Streptococcus salivarius
Streptococcus sanguinis
Streptococcus parasanguinis
Streptococcus vestibularis
Enterococcus avium
Enterococcus faecalis
Gemella morbillorum
Peptococcus niger
Staphylococcus aureus MSSA
Staphylococcus epidermidis MSCNS
Staphylococcus haemolyticus MSCNS
Staphylococcus hominis
Staphylococcus werneri
Gram-negative cocci:

—
3
4
1
1
1
—
1
—
—
—
—
1
—
—
—

—
1
5
1
3
—
—
—
—
—
—
1
—
—
—
—

1
3
1
2
2
1
—
—
—
1
—
—
1
—
—
—

1
3
3
—
1
—
1
1
1
—
—
—
2
—
—
—

1
6
4
—
—
—
1
—
1
—
—
—
—
1
1
1

1
1
2
1
2
—
—
1
1
1
1
—
—
—
—
—

Veillonella parvula
Gram-positive rods:

—

1

2

—

—

1

Atopobium parvulum
Bifidobacterium adolescentis
Bifidobacterium dentium
Bifidobacterium infantis
Clostridium baratii
Clostridium novyi
Clostridium ramosum
Propionibacterium propionicus
Actinomyces israelii
Gram-negative rods:

—
1
—
—
—
—
—
—
—

—
—
2
—
—
—
—
—
—

—
—
—
—
—
—
—
—
—

—
—
1
—
1
1
1
—
—

—
—
—
—
—
—
—
1
—

1
—
—
1
—
—
—
—
1

Acinetobacter haemolyticus
Bacteroides ureolyticus
Campylobacter gracilis
Edwardsiella hoshinae
Mitsuokella multiacidus
Serratia liquefaciens
Yeast fungi:

—
—
—
—
—
1

—
—
1
—
—
—

—
—
—
—
—
—

—
—
—
—
—
—

—
—
—
—
—
—

1
1
—
1
1
1

—

—

1

3

—

—

14

15
(44)

15

20

17
(57)

20

Gram-positive cocci:

Candida albicans
Number of microorganisms strains
(altogether)
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Table 7: The number of the microorganisms species isolated from
gingival sulcus of patients from Group I and Group II, who used
the toothpaste with propolis (specimen T) or without propolis
(specimen G).
Group
I
II

Specimen
T
G
T
G

First (1)
9
12
9
13

Examination
Second (2)
6
10
8
9

Third (3)
6
8
10
18

is countered by the antioxidant activity of ascorbate albumin
and urate present in the crevicular fluid and derived from
plasma. However, this local oxidative stress may be increased
by external factor or systemic conditions, such as smoking,
diabetes, obesity, and metabolic syndrome. When there is
a disequilibrium between oxidative stress and antioxidant
activity, periodontal tissue destruction may appear. These
observations suggest that antioxidant rich diets might inhibit
periodontal disease development and progression, particularly in subjects exposed to environmental and dietary
sources of oxidative stress [65].
Studies on phenolic compounds and antioxidant activity
of propolis have been reported recently [49, 66, 67].
The amounts of total polyphenol in our propolis extract
is 245.52 ± 8.29 mg/g (as gallic acid equivalents). According
to the literature data, polyphenol content in propolis extract
varies from 85 to 283 mg per g of ethanol extract [49].
It is also well known that propolis shows very high antioxidant activity [49, 66, 67]. In the present study the antioxidant
activity of propolis extract has been evaluated by using three
different assays: FRAP (Ferric Reducing Antioxidant Power)
and methods for the stable ABTS∙+ and DPPH∙ . The examined propolis extract shows very high activities in all systems.
TEAC value (𝜇moles Trolox/g) reaches: 2694.87 ± 100.60,
1230.07 ± 135.55, and 1223.06 ± 137.40 for FRAP, ABTS,
and DPPH methods, respectively. The synthetic nitrogencentred DPPH radical is not biologically relevant, but DPPH
assay is often used to evaluate the ability of antioxidant to
scavenge free radicals that are known to be a major factor
in biological damages caused by oxidative stress [29]. Our
results are in agreement with the literature data [49, 63, 64]
although expressed in different ways.
The regenerative features of propolis were observed by
Stojko et al. in animals [68]. Soft tissue and cartilage wounds
of dogs granulate quickly if the ethanol extract of propolis
(EEP) or a water solution of propolis was applied. Moreover,
significant acceleration of cartilage and perichondrial primordia was found during the histopathological and radiological examinations. Cytochemical research allowed noticing
increased mitochondrial activity of the letrozole reductase,
which indicates increased cell metabolism. Therapeutic properties of propolis can be confirmed with its effectiveness
in the periodontal diseases, as it mitigates the course of
alveolar osteitis [68]. Its anaesthetic properties are used in
dentin hypersensitivity, electrocoagulation of hypertrophic
interdental papillae, and minor surgical procedures. There are
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also reports on research tests with use of propolis in treatment
of the pulp and caries. Propolis is also used in a form of gel and
rubbing ointment, 10-percent ethanol solution for brushing,
and a 0.2-percent ethanol-water solution for mouthwashing
used three times a day in the treatment of periodontal
diseases, ulcerative gingivitis, chronic and recurrent aphthous
ulcers, desquamative cheilitis and bullous, and ulcerative
forms of lichen planus. Treatment can be supported with
chewing three times a day for half an hour of a 3-gram lump of
propolis, while people with dentures can sprinkle them with a
powdered form. Propolis extracts prove to be highly effective
in soothing postextraction pain and treatment of alveolar
osteitis. Repeated intra-alveolar application of a seton soaked
with EEP takes away the pain and accelerates wound healing
[69]. Further research on applications of the etanol propolis
extract demonstrate it in dentistry in three different forms in
substantia, in a 3-percent ethanol-glycerine solution and as a
3-percent ointment on an Eucerinum anhydricum base. EEP
was rubbed into the hard tooth tissue during preparation of
a cavity in order to anaesthetise it. The anaesthetic effect was
obtained after 3 to 4 minutes of rubbing the preparation into
the walls and bottom of the cavity. The analysis of influence of
EEP in dependence of the depth of the cavity demonstrated a
slightly higher percentage of cases in which anaesthesia was
complete in case of average caries or even deep caries than in
case of surface caries. During treatment of hypersensitivity of
the dentin, dried and isolated from saliva, teeth were rubbed
with EEP for a period of 3 to 4 minutes, every 2 to 3 days.
In case of caries, prepared cavity was washed with an EEP
solution which created a thin, organic film that blocked the
exit of the dentin canals after the vapour fraction disappeared.
In case of pulp treatment, not only antiseptic properties
were observed but also long-term treatment benefits could be
noted. In some cases, for example, for direct covering of the
pulp, EEP in substantia was used instead of a ready solution,
similarly to the cases of pulpotomy [70].
Results of the presented research show effectiveness of
hygienic preparations with 3% content of EEP in both groups
of patients: without the pathological changes of periodontium
and in the case of patients endangered with occurrence of
gingivitis caused by dental plaque. When using propolis, particular attention should be paid to its side effects, particularly
possible occurrence of allergic reactions. Some authors claim
that the frequency of allergic cases constitutes 0.25% of all
propolis applications, and others confirm this number to
be as large as 0.8% of cases in which oedema of mucous
membranes or conjunctivas, as well as hypotension or cardiac
dysrhythmia may occur [69].

5. Conclusion
Hygienic preparations with 3% content of Brazylian ethanol
extract of green propolis (EEP) efficiently support removal of
dental plaque and improve the state of marginal periodontium.
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The most important developments in propolis analysis and pharmacological properties are discussed. In order to help in the
Romanian propolis standardization, different methodologies for chemical composition analysis (UV-VIS, HP-TLC, and HPLCDAD) are reviewed using new approaches and software (fuzzy divisive hierarchical clustering approach and ChromQuest software)
and compared with international studies made until now in propolis research. Practical applications of Romanian propolis in
medicinal therapy and cosmetics are reviewed, and quality criteria for further standardization are proposed.

1. Introduction
Propolis is a natural material, sticky and resinous, collected
by bees from different tree buds and exudates found on
plant wounds, mixed with own substances like enzymes, and
transformed in order to be used for sealing different holes in
the hive, to clean the comb cells or to hygienize the entire hive
[1–3]. Bees produce propolis as a means of defense against
microbes, moulds, and for “embalming” the intruders that
may enter into the hive, preventing their putrefaction [1, 4].
Beside its uses to seal and clean the hive, propolis may
be called a “chemical weapon” of the bees against human
pathogen microorganisms and viruses [5–13], as well as bee
pathogens [14–17].
Due to the popularity of using propolis in medicine and
other domains, thousands of studies were developed all over
the world, studying the chemical composition, functions,
or different properties of propolis extracts. More than 2700
articles and 250 books were published in Elsevier journals or publishing house (http://www.elsevier.com/), more
than 2000 articles in Medline (http://www.ncbi.nih.gov/),
and more than 1500 studies in Wiley-Blackwell database
(http://www.onlinelibrary.wiley.com/).
Most of the current literature concerning propolis is
focused on determining the chemical composition and biological activity of propolis, beside determining the botanical
and geographical origins, by analyzing comparatively the
resins from which propolis is derived [4, 6, 18–20], but less

studies have examined the antimicrobial properties of propolis against bee pathogens or honey bee immune responses
[14, 17, 21, 22].
The present study aimed to review the publications upon
Romanian propolis with respect to composition, bioavailability, and biological properties.

2. Propolis Origin
Scientific studies demonstrate that propolis components
came from three distinctive sources:
(i) vegetal: plant exudates collected by the bees resins
secreted by the buds of poplar, pine, birch, chestnut, maple [3, 18, 23, 24], and lipophilic substances
secreted by plant wounds, resins, or gums [25–29];
(ii) animal: substances secreted by the bees (wax, saliva)
[3, 29, 30];
(iii) incidental materials introduced during propolis production (pollen, nectar or honey) [3, 30–33].
Depending on the plant source collected by the bees,
propolis color may vary from golden yellow, to red, green, or
dark brown.
The complex chemical composition of propolis is due
to the plant material used as the raw material by the bees,
reason also for the wide range of compounds (in number
and quantity) that are found in propolis from different parts
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of the world. Scientific studies on the chemical composition
of propolis and different tree or other plant species from
the surroundings of the collection places of propolis samples
indicate the relation between the plant material and propolis samples from the same region: Populus nigra, Populus
italic, and Populus tremula (Bulgaria and Mongolia) [34, 35],
Betula, Populus, Pinus, Acacia, and Aesculus (Hungary) [36],
Betula, Pinus, and Salix (Poland) [37], deciduous trees and
meadows (Lithuania) [38], Populus and Betula (Russia) [39],
Populus trichocarpa and Populus tremuloides (Canada) [40],
Clusia minor and Clusia major (Venezuela) [41–43], and
Baccharis spp. (Brazil) [25, 44, 45].
Studies on chemical composition of propolis from different geographical origins show that characteristic classes
of compounds for different geographical origins also correlated with plant source [10, 18, 46]. Birtaş-Gagea [46]
made a detailed study for footprinting different Romanian
plant sources extracts (poplar, birch, willow, and pine buds)
compared with propolis extract, revealing that secondary
metabolites from the mentioned plant sources, especially
poplar, are found also in Romanian propolis samples.

3. Early Researches in Romanian Propolis
As most of the propolis samples from Central and Eastern
Europe, Romanian propolis plant sources are resins secreted
by buds of Populus nigra, Quercus, Aesculus hippocastanum,
Ulmus, Picea, and Fraxinus. Romanian poplar buds have been
analyzed [47] for their flavonoid content using thin layer
chromatography, and comparative studies were made with
propolis extracts [48]. This showed that both contained the
same pattern of flavonoids: chrysin, tectochrysin, pinocembrin, galangin, kaempferol, apigenin, and quercetol. For most
of the compounds, the levels found in propolis were slightly
higher than in poplar buds. The total flavonoid content
was slightly higher in the poplar buds extract, due to the
presence of beeswax, pollen, and other impurities in propolis.
Methanolic extracts of Populus nigra, Betula pendula, Salix
alba, and Pinus were analyzed [49], showing that these plant
sources were used by the bees for propolis production.
Many research groups have found evidence of biological
activities of Romanian propolis extract. Early studies were
focused on the effects of certain blood constituents and
lymphatic system [50, 51], hepatotoxic and hepatoprotector effects [52, 53], and antibacterial, antiviral, and antiinflammatory effect [54–59]. Many studies were made on the
action of a standardized propolis extract (SPE) on rat liver
[60–62].
Propolis extracts were also investigated for their action in
agriculture. Different studies were focused on the germinative
effect in different plant seeds [63–65] and vine [66]. Different
water extracts of propolis were used as germination substrates
and the stimulatory effect upon germination was established
[67]. Onion (Allium cepa L.), linseed (Linum usitatissimum
L.), wheat (Triticum sp.), and oat (Avena sativa) were monitored during 24 and 112 hours in substrates containing
different dilutions of propolis aqueous solution, establishing daily germination percentages. Seeds of elegant zinnia
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(Zinnia elegance), Mexican marigold (Tagetes erecta), pot
marigold (Calendula officinalis), strawflower (Helichrysum
bracteatum), and marvel of Peru (Mirabilis jalapa) were stimulated in their germination capacity by 0.5% aqueous solution
of propolis, compared with control groups. Vine layers for
shoot formation and root striking, into water solutions of
propolis in different concentrations, were followed for their
time bill and bud-breaking, moment of advent of shoots,
speed of growth, and average number of roots/layers. Low
concentrations of propolis solutions (0.1%; 0.05% and 0.01%)
present a stimulation of shoot formation and rooting.
In vitro studies of propolis extracts on different plant
tissue micropropagation (carnation, onion) were performed,
and interesting results were obtained [68–72]. Beside the
stimulation of growth for in vitro cultivation of the plants,
using propolis in the cultivation media, no infection appears
in the culture vessels, with propolis playing a double role of
stimulant and antiseptic.

4. Chemical Composition
Propolis is one of the most studied Romanian bee products.
For chemical composition analysis, best extraction procedures were developed and comparatively assessed [49, 73–
75]. Solid-liquid extraction with different ethanol concentrations was performed in reflux condenser for one hour at 65∘ C
or at room temperature for different periods of time (4–6
days) [49, 76] and compared with water extracts of propolis
with respect to biologically active compounds extracted
[77]. Detailed reports and Ph.D. degree theses on chemical
composition [46, 78–86] and plant origin from bud exudates
of Populus spp. and other species [47–49, 84, 87] were made
and the common conclusion was that Romanian propolis
possessed high amounts of biologically active compounds
from the classes of phenolic acids and different classes of
flavonoids (flavones/flavonols, flavanones/dihydroflavonols,
or other phenols) [16, 46, 49, 85] and can be subjected to other
“validated” methods for European poplar type propolis [88].
A simple method for total flavonoid determination
was developed by Tămaş [89]. Different complementary
colorimetric methods are required for total flavonoid
determination, as aluminium chloride reacts only with
flavone/flavonols and 2,4-dinitriphenylhydrazine reacts with
flavanones/flavanonols [90]. This simple method suggests
zirconium reagent for total flavonoid determination. The
method is simple, reliable, and fast requiring only one
reagent which reacts with all specific flavonoid compounds,
estimating their total content. The method was used and
verified by different research groups in Romania [84, 85].
For the first time a study on Romanian propolis analysis
was made using reflectance spectroscopy and chemometric
treatment of digitized spectra of solid propolis samples [91]
and demonstrated that the raw samples of propolis carry
valuable information about their origin analyzing the color,
physical, and other chemical constituents. Cluster analysis (CA), principal component analysis (PCA), and linear
discriminant analysis (LDA) were successfully applied to
spectroscopic and score matrices. Having different botanical

5. Antioxidant Activity
The antioxidant activity of Romanian propolis was studied
and high biological activity was correlated with phenolic
fraction of the extracts [76, 93–97].
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origin, propolis exhibits different colors (light orange, dark
with reddish tint, dark with green tint etc.) and different UVspectra. Based on the difference in color. A methodology
of sampling technique and data analysis using chemometric
methods applied on reflectance UV-spectra analysis of solid
samples, was developed for the first time, based only on the
difference in color, without any sample extraction, solvent use
or sophisticated equipment needed.
Another simple method in discrimination and authentication of propolis samples is based on fuzzy clustering
of thin layer chromatographic data via image analysis [86].
Known concentrations of propolis ethanolic extracts were
applied on HP-TLC silica gel 60 precoated plates and
eluted with toluene-ethyl acetate-formic acid (30 : 12 : 5) and
developed with 0.2% diphenylboryloxyethylamine and 4%
polyethyleneglycol. The fluorescent images were processed
using TLC Analyzer software [92]. The results are in agreement with botanical origin and vegetation zone and conduct
to the identification of two types of propolis: meadow area
and forest area, with three subgroups in the first type and two
subgroups in the second type.
As mentioned before, propolis has a very complex chemical composition, depending on the flora from areas where
it is collected. Romanian propolis proved to belong to the
temperate zone propolis regarding the chemical composition.
The research group of Coneac et al. [76] analyzing
propolis from west side of Romania by HPLC-DAD identified
and quantified caffeic acid, rutin, quercetin, apigenin, and
chrysin, both in “hot” (reflux extraction) and “cold” extracts
(maceration in different concentrations of ethanol). Using
20%, 60%, and 96% ethanol, different results were obtained:
higher concentration of ethanol extracting more hydrophobic
bioactive compounds (apigenin, kaempferol, and chrysin),
compared with hydrophilic ones (caffeic acid and quercetin).
The study of Mihai [85], investigating 53 propolis samples
from Transylvania by means of HPLC-DAD, identified and
quantified 10 compounds (phenolic acids and flavonoids)
using external standard method. Calibration curves for each
standard were made for exact quantification of compounds
from propolis extracts. The identified compounds were
syringic acid, caffeic acid, p-coumaric acid, ferulic acid, tcinnamic acid, vanillin, pinocembrin, chrysin, galangin, and
pinostrobin (Figure 1). All analyzed samples contain phenolic
acids caffeic, p-coumaric, and ferulic and also chrysin. Most
of the samples contain pinocembrin and galangin. Chrysin is
the reference flavonoid in poplar propolis and was quantified
in higher amounts in Transylvanian samples (1.6 mg/g propolis). The conclusion of the study was that also Transylvanian
propolis belonged, to poplar type and using chrysin, galangin
or pinocembrin in spectrophotometric determination of total
flavonoids from propolis is correct, those compounds being
present in almost all analyzed samples.
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Figure 1: HPLC chromatogram of a Romanian propolis extract and
the identified compounds/retention time [85].

Coneac et al. [76] suggest that using the DPPH method
for radical scavenging activity measurement, relative
absorbance A% must be calculated as the ratio between
the absorbance at time t and initial absorbance, and the
A% values used for comparis would be those from t time
when A% became constant. Generally phenolic content is
correlated with antioxidant activity, as the flavonoids are the
major compounds responsible for this activity [95, 96].
An interesting work investigates the intimate molecularlevel mechanisms of propolis extract, known for its antioxidant activity [93]. Electron paramagnetic resonance (EPR)
detectable free radical signals are described for the first
time in propolis extracts. The shape of these signals and the
conditions in which they were obtained point to polyphenolic
flavonoids as the sites of the radicals. An inverse correlation
between antioxidant capacity and free radical signal intensity
is shown. The free radical reactivity of propolis is also
investigated by the effect that it exerts on the biologically
relevant peroxide reactivity of hemoglobin. With this study,
a new test of antioxidant activity from natural extracts is
proposed, based on modulation of the ascorbate peroxidase
activity of hemoglobin (HAPX). Obtained results correlate
with those obtained by traditional methods such as 2,2diphenyl-1-picrylhydrazyl (DPPH), or on 2,2 -azinobis(3ethylbenzothiazoline-6-sulfonic acid (ABTS)).
An effective measure of antioxidant capacity based on 2,2diphenyl-1-picrylhydrazyl (DPPH) bleaching kinetic profiles
has been developed using principal component analysis
(PCA) [97]. The activity score as well as a related parameter,
called quercetin factor (QF), was used to estimate antioxidant capacity of different propolis extracts based on the
first principal component (which explains 98% of the total
variance). Determination of the QF parameter requires less
time and reagents than previous DPPH-based antioxidant
capacity parameters but does require additional equipment.
Additionally, UV-VIS and FT-IR spectroscopic analyses of
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propolis extracts have been performed and correlated to
antioxidant capacity, to offer a spectroscopic and reagentless rapid evaluation method of the antioxidant activity of
biological samples. This test battery may be an interesting
tool for antioxidant capacity, floral origin, and geographic
location of propolis and other bee products.

6. Biological Properties
Antibacterial, antifungal, or antiviral activities were studied
on propolis extracts of different geographical origin from
Romania [16, 54–59, 98–103].
Three Gram-positive bacteria (Staphylococcus aureus
ATCC 6538P, Bacillus cereus ATCC 14579, and Listeria
monocytogenes ATCC 7644), two Gram-negative bacteria
(Escherichia coli ATCC 10536 and Pseudomonas aeruginosa
ATCC 27853), and one yeast strain (Candida albicans ATCC
90028) were used for testing the antibacterial activity of
Romanian propolis [101]. Gram-positive bacteria were more
sensitive to propolis extract, using inhibition zone method,
while Gram-negative bacteria were more resistant. Pseudomonas aeruginosa was not inhibited by 5% ethanolic
propolis solution. This bacterial strain is known for its
resistance towards antibiotics also. Similar findings were
obtained by Stan et al. [102] on Pseudomonas aeruginosa and
Staphylococcus intermedius.
Propolis samples from different geographical origin (different botanical origin) exhibit different antibacterial activity
due to the interactions between the biologically active compounds present in the composition. The most recent study
on Romanian propolis and its antibacterial activity on Paenibacillus larvae, the bacterial pathogen that causes American
Foulbrood, a larval disease that can kill the honeybee colony,
show very interesting results [16]. Different propolis extracts
from Transilvania region (Romania) show significantly inhibition process of P. larvae tested in vitro. The extracts
showed major differences in the content of total flavonoids
(ranging from 2.4% to 16.4%) and the total polyphenols
(ranging between 23.3% and 63.2%). The study revealed that
it is not only the content of compounds in propolis which
influences the strength of antimicrobial effects, but there
is also a significant interaction effect among flavonoids of
the propolis extracts. With this study, it was proposed that
interaction effects among the various chemical compounds
in propolis should be taken into account when considering
the antibacterial effects against honeybee pathogens.
Romanian propolis was also used in different pharmaceutical and cosmetic formulations [77, 104–107]. A study
made with propolis and lycopene extract nanoemulsion
preparations confers better therapeutic effects than those of
the conventional formulations, based on local control release
of dozed form, for a longer period of time, which probably
improves its efficiency and skin acceptance, meaning a better
compliance [77]. This study is very interesting and useful
for different cosmetic utilization of these nanoemulsions in
skin’s protective mechanisms against UVA radiation. The
information obtained in the study of Butnariu and Giuchici
[77] suggests that administration of propolis and lycopene
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aqueous extract nanoemulsion is safe and can be also useful
for preclinical studies because of the high potential both
regarding its efficiency (the analgesic effect) and therapeutic
safety.
Propolis extracts previously characterized by HPLC were
used to obtain micro/nanoparticles by encapsulation in 𝛽cyclodextrin (solution method), and the complexes were
analyzed again in order to evaluate the morphology and
the dimensions of crystals and to evaluate the encapsulated
biocompounds [104]. It was interesting to observe that the
nanoparticles containing propolis extracts release the biologically active compounds more gradually, compared to propolis
extract.

7. Quality Criteria for Propolis
Standardization
In order to be accepted into the healthcare system, propolis
needs chemical analysis performed by some standardized
methods that may be applied all over the world. From this
statement came the real problem for the researchers, because
what can be observed from the existing studies is that propolis
is very complex and different from one geographical region
to another. This issue has an answer that propolis may be
standardized, if different propolis types are formulated by
their plant source and corresponding chemical profile. If
regional standardization is taken into account, for poplar
type propolis, which is the most studied and the best known
propolis type, a battery of tests can be made to standardize
the main compounds.
Stan et al. [108] made a description of compositional
characteristics for 56 Romanian propolis samples, proposing
a battery of tests for future standardization. For covering all
quality aspects, further work on more samples from all locations in Romania is needed in the future. Once a pattern of
chemical constituents is well established (with high number
of samples from all geographical regions in Romania and
analyzed by laboratory validated methods), a standard for
propolis analysis will be suitable for debating at national level.
The most often techniques used generally for chemical analysis of propolis are spectrophotometric methods [23, 76, 80,
83, 84, 88, 90, 108], high performance liquid chromatography
(HPLC) coupled with different detectors [10, 26, 27, 45, 49, 76,
78, 85, 109–112], and gas chromatography-mass spectrometry
(GC-MS) [87, 112–115]. Interesting results were obtained [49]
(Figure 2) in a simple spectrophotometric registration of UVVisible spectra of different propolis extracts, correlated with
total flavonoid content, where 3 types of propolis may be
distinguished.
(i) Propolis spectra with 𝜆 max = 320 nm have total
flavonoid content < 2%, and radical scavenging activity situated between 8% and 14%.
(ii) Propolis spectra having a plateau as UV maxima
between 320 and 395 nm exhibit a total flavonoid
content approximately of 5% and radical scavenging
activity of 14%–18%.
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III

proposed at this moment. The complex chemical composition
of propolis requires further research in order to explain
better its biological activities on different pathogens. Colony
collapse disorder affects the bees all over the world, and
self-medication of the bees is now of great interest. Initiated
studies on using propolis for this purpose are in attention of
different research groups from Romania, and original studies
will be published in the near future.

II

Authors’ Contribution

1

Absorbance

0.8

I

0.6

0.4

5

All authors contributed equally to this paper.

Acknowledgments

0.2

0
200

250

300

350

400

(nm)

Figure 2: Overlapped UV-VIS spectra of different propolis extracts:
I—propolis extract having 𝜆 max = 320 nm and total flavonoid content
< 2%; II—propolis extract having a plateau as UV maxima between
320 and 395 nm and total flavonoid content approximately of 5%;
III—propolis extract having 𝜆 max = 295 nm and total flavonoid
content of 5%–8% [49].

(iii) Propolis spectra having 𝜆 max = 295 nm show total
flavonoid content of 5%–8% and radical scavenging
activity of more than 18%.
For quality purposes, propolis sampling procedures must
include the type of collection method, because this may
influence the quality of final product (tincture) [116]. Quality standards for bee products in general and propolis in
particular must be for the benefit of producers, distributors,
and consumers as well as. The present study shows that
higher content of wax was determined in propolis samples
obtained by scrapping the frames with hive tools than in
samples obtained through propolis collector. Higher amounts
of biologically active compounds were obtained from samples
collected through propolis collector.
As a health promoting product, propolis quality must be
always very high, even if there is still no certified system of
quality control available worldwide [108]. Nevertheless, good
apicultural practices should be applied by the beekeepers first
and then the producers of different propolis-based products.

8. Conclusion
Propolis is a natural product with high potential for use
in human consumption and medicinal uses. Quality control
and chemical composition reveal that, generally, Romanian
propolis is a high quality product, suitable for human
consumption and uses in medicinal formulations. A high
number of samples covering most of Romanian territory
are analyzed with standardized methods available at this
moment and a battery of tests for future standardization is
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[116] L. Stan, L. A. Mărghitaş, and D. Dezmirean, “Influence of
collection methods on propolis quality,” Bulletin of USAMV, vol.
68, no. 1-2, pp. 278–282, 2011.

9

Hindawi Publishing Corporation
Evidence-Based Complementary and Alternative Medicine
Volume 2013, Article ID 423809, 10 pages
http://dx.doi.org/10.1155/2013/423809

Research Article
Propolis Modifies Collagen Types I and III
Accumulation in the Matrix of Burnt Tissue
Pawel Olczyk,1 Grzegorz Wisowski,2 Katarzyna Komosinska-Vassev,2 Jerzy Stojko,3
Katarzyna Klimek,4 Monika Olczyk,3 and Ewa M. Kozma2
1

Department of Community Pharmacy, Medical University of Silesia in Katowice, 41-200 Sosnowiec, Poland
Department of Clinical Chemistry and Laboratory Diagnostics, Medical University of Silesia in Katowice, 41-200 Sosnowiec, Poland
3
Center of Experimental Medicine, Medical University of Silesia in Katowice, 40-752 Katowice, Poland
4
Department of Statistics, Medical University of Silesia in Katowice, 41-200 Sosnowiec, Poland
2

Correspondence should be addressed to Pawel Olczyk; polczyk@sum.edu.pl
Received 3 April 2013; Accepted 29 April 2013
Academic Editor: Ewelina Szliszka
Copyright © 2013 Pawel Olczyk et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Wound healing represents an interactive process which requires highly organized activity of various cells, synthesizing cytokines,
growth factors, and collagen. Collagen types I and III, serving as structural and regulatory molecules, play pivotal roles during
wound healing. The aim of this study was to compare the propolis and silver sulfadiazine therapeutic efficacy throughout the
quantitative and qualitative assessment of collagen types I and III accumulation in the matrix of burnt tissues. Burn wounds were
inflicted on pigs, chosen for the evaluation of wound repair because of many similarities between pig and human skin. Isolated
collagen types I and III were estimated by the surface plasmon resonance method with a subsequent collagenous quantification using
electrophoretic and densitometric analyses. Propolis burn treatment led to enhanced collagens and its components expression,
especially during the initial stage of the study. Less expressed changes were observed after silver sulfadiazine (AgSD) application.
AgSD and, with a smaller intensity, propolis stimulated accumulation of collagenous degradation products. The assessed propolis
therapeutic efficacy, throughout quantitatively and qualitatively analyses of collagen types I and III expression and degradation in wounds matrix, may indicate that apitherapeutic agent can generate favorable biochemical environment supporting reepithelization.

1. Introduction
Propolis, a naturally occurring resinous substance, represents
a popular remedy, well known for its broad spectrum of biological activities including antimicrobial, antioxidant, anaesthetic, anti-inflammatory, and immune-modulatory actions
[1–5]. The apitherapeutic agent, which is easily available and
well tolerated with rare incidents of allergy and no toxicity, is
referred to as an excellent candidate for burn management,
enhancing fibroblasts proliferation, activation, and growth
capacity [1, 6–8]. Nowadays, silver sulfadiazine (AgSD) used
as an agent of choice in the treatment of burn wound, due
to broad spectrum of antimicrobial activity, can also be
responsible for certain considerable adverse reactions [9].
AgSD may not only contribute to the development of argyria,
inner organ dysfunction (liver, spleen, and kidney) due to

silver systemic accumulation or determined by sulphadiazine
presence, dermatitis, erythema multiforme rashes, and acute
hemolytic anemia but also, unfortunately, could be responsible for cytotoxic effect on fibroblasts and keratinocytes
[9, 10]. Described cytotoxic influence may efficiently retard
wound healing process, fundamental response on tissue
injury (comprised of four precisely integrated phases, such as
hemostasis, inflammation, proliferation, and remodeling)—
requiring highly coordinated activity of various cells [10–
14]. Fibroblasts and keratinocytes seem to play pivotal roles
during wound healing, since their interactions participate
in changing the wound environment from an inflammatory
to a synthesis-driven granulation tissue [15–17]. Moreover,
while migrating from the wound margin and proliferating
keratinocytes, which are involved in reepithelization [6],
fibroblasts, differentiated into myofibroblasts and involved in

2
wound contraction and extracellular matrix (ECM) remodeling, are responsible for the production of ECM components
including proteoglycans, glycosaminoglycan, elastin, and collagen [10]. Collagen as a structurally and functionally pivotal
molecule, which builds a scaffold in the connective tissue,
is also involved in hemostasis, inflammatory response, cell
growth, differentiation, and migration [11, 18, 19]. Furthermore, collagen participates in cell signaling, angiogenesis,
expression of inflammatory cytokines and growth factors,
and interactions between matrix metalloproteinases (MMPs)
and their tissue inhibitors being the inherent element of
reepithelization [11, 18, 19]. Taking into account that collagen
types I and III are the main collagen types of healthy skin,
being predominantly expressed during repair process [19],
the aim of this study was to compare the propolis and silver
sulfadiazine therapeutic efficacy (in the treatment of thermal
injuries) throughout the quantitative and qualitative assessment of the mentioned collagen types accumulation in the
matrix of burnt tissues.

2. Material and Methods
2.1. Reagents and Materials. The following antibodies were
used: polyclonal rabbit anti-human collagen type III antibodies (Rockland, Gilbertsville, PA, USA; no. 600-401105-0.1), goat anti-rabbit immunoglobulin G conjugated
with horseradish peroxidase (Sigma-Aldrich, Germany; no.
A5420), and mouse monoclonal antibody raised against full
length native soluble acid digested pepsin collagen type I of
human origin (Santa Cruz Biotechnology Inc., CA, USA; no.
sc-59773). The following reagents were used: sodium metaperiodate and hydrazide LC-biotin obtained from Thermo
Scientific, USA; DMSO (dimethylsulfoxide), sodium dodecyl
sulfate, Triton X-100, Coomassie brilliant blue R250, pepsin,
glycine, Immobilon P membranes, dithiothreitol, Tween
20 (polyoxyethylenesorbitan monolaurate), TMB (3.3 ,5,5 tetramethylbenzidine), standard type I collagen from calf
skin, and standard type III collagen from the human placenta
purchased from Sigma-Aldrich, Germany; Sephadex G-25
obtained from Pharmacia, Sweden; HEPES (4-(2-hydroxyethyl) piperazine-1-ethanesulfonic acid) supplied by Fluka,
Germany; BLOT-QuickBlocker purchased from Millipore,
USA. All the remaining reagents were supplied by POCh,
Poland.
2.2. Therapeutic Agents. Propolis formulation (apitherapeutic ointment) was accepted by the National Institute of Hygiene (certificate number: HZ/06107/00; date: November 4,
2000), 1% (0.01 g/mL) silver sulfadiazine (AgSD) cream, Lek
Poland.
2.3. Tissue Materials. The study protocol was approved by
the Ethics Committee of the Medical University of Silesia,
Poland. Four 16-week-old, domestic pigs were chosen for
the evaluation of wound repair because of many similarities
between pig and human skin. Seventy-two contact burn
wounds were inflicted on the right and left flanks of the pig
body, according to the methods of Hoekstra et al. [20] and
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Brans et al. [21]. Pigs were housed according to the Good Laboratory Practice (GLP) Standards of Polish Veterinary Law.
Animals were divided into control (𝑛 = 2) and experimental
(𝑛 = 2) groups. In the control group, wounds were treated
with physiologic saline (NaCl) (one animal) or with a propolis
vehicle (another animal) twice a day, for 21 days. Wounds
treated with NaCl allowed to observe the healing process
occurring without management. Wounds treated with the
vehicle alone allowed, in turn, to assess its possible impact on
the propolis therapeutic effect. In the experimental groups,
burns were treated with propolis (one animal) or AgSD
(another animal), twice a day, for 21 days. Biopsies, in three
replications, were taken from healthy skin at day 0 and from
the different wound beds on postburn days 3rd, 5th, 10th,
15th, and 21st. Analgesics given were ketamine hydrochloride
and thiopental sodium. Following thermal damage, tissues
were rinsed with an antiseptic solution and treated with
apitherapeutic agent, AgSD, apitherapeutic agent vehicle, and
physiologic saline. In the case of burns treated with the
apitherapeutic agent, AgSD, and apitherapeutic agent vehicle,
the wound beds were covered with 55–75 mm layer of used
experimental agents. Then, the injuries were protected with a
woven cotton material. The thermal injuries left by the biopsy
were protected with the collagen dressing.
2.4. Extraction of Tissue Collagen Types I and III. Tissue
samples, each weighing 10 mg, after homogenization with
acetone, were suspended in 0.5 M acetic acid and subjected to
pepsin action for 24 h at 4∘ C with shaking. Tissue lysates were
then centrifuged (30 000 r/min, 4∘ C for 30 min) and obtained
supernatants were collected while tissue pellets were repeatedly extracted as described above [22]. Combined supernatants were lyophilized.
2.5. Biotinylation of Antibodies against Collagen Types I and
III. Antibodies against collagen types I and III were dissolved
in 0.1 M acetate buffer (pH = 5.5). The obtained solutions
were cooled and protected from light and then mixed with
an equal volume of 0.02 M sodium metaperiodate in 0.1 M
sodium acetate buffer (pH = 5.5). Subsequently, the samples
were incubated for 0.5 h at 4∘ C and then subjected to gel
filtration on Sephadex G-25 equilibrated in PBS buffer,
pH = 7.2. 1 mL fraction eluting at column void volume and
containing anticollagen antibodies were collected and mixed
with 111 𝜇L of 0.05 M solution of hydrazide LC-biotin in
DMSO. Biotinylation of antibodies was conducted for 2 h, at
room temperature. Next, free biotin was removed by dialysis
against distilled water and modified anticollagen antibodies
were lyophilized. The efficiency of antibody biotinylation was
controlled with special EZ biotin quantitation kit (Thermo
Scientific).
2.6. Quantification of Collagen Types I and III in the Hydrolyzates of Burn Wounds. The assessment of collagen content
in the tissue material derived from healing postburn wounds
was made by surface plasmon resonance (SPR) measurement
in SPRINGLE Instrument (Autolab, the Netherlands) [23,
24]. For this purpose, the biotinylated anticollagen antibodies
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were immobilized onto streptavidin-coated sensor chip (SAP
from XanTec, Germany) and exposed at 21∘ C to components
released from tissue by pepsin. The binding was conducted
in 0.01 M HEPES buffer, pH 7.4, containing 0.0034 M EDTA,
0.15 M NaCl, and 0.05% (v/v) Triton X-100. The formation of
complexes between the antibody and collagen was detected
as changes in the SPR signals which were proportional to the
amount of bound collagen molecules. After binding, the
disc surface was regenerated through the dissociation of
immune complexes with 0.01 M glycine solution, pH 2.0. The
calibration curves were done using various concentration of
standard collagen types I and III.
2.7. The Assessment of Type I Collagen Components in Burn
Wounds. To assess the profile of type I collagen species
released by pepsin from healing wounds, the components of
tissue hydrolyzates were subjected to sodium dodecyl sulfategradient polyacrylamide gel electrophoresis (SDS-PAGE) at
nonreducing conditions, according to Laemmli method [25].
Gels were stained with Coomassie brilliant blue R-250. To
evaluate the interference of type III collagen in obtained
electrophoretic patterns, some gels were submitted to alternative procedure containing electrotransfer of resolved collagen compounds to Immobilon-P membranes followed by
immunoblotting (probing) with anti-type III collagen serum
as described below.
2.8. The Assessment of Type III Collagen Components in
Burn Wounds. The profile of type III collagen compounds
generated from healing wounds by pepsin was estimated
by SDS-gradient PAGE followed by western blotting with
appropriate serum. Briefly, components of tissue hydrolyzates
were resolved on 4–15% SDS-PAGE in the presence of 0.04 M
dithiothreitol as the agent which reduces disulfide bonds
and then electrotransferred to Immobilon-P membranes.
Subsequently, the membranes were blocked for 1 h in 5%
BLOT-QuickBlocker solution prepared in 0.05 M Tris-HCl
buffer, pH 7.4 containing 0.15 M NaCl and 0.1% (v/v) Tween
20 (TBS buffer). Then, the membranes were probed overnight
at 4∘ C with polyclonal rabbit anti-type III collagen antibodies
diluted 1 : 5 000 with TBS. Horseradish peroxidase, conjugated goat anti-rabbit IgG diluted 1 : 50 000 with TBS, was
used as a secondary antibody.
2.9. Statistical Analysis. Statistical differences between
groups were determined by a multivariate analysis of variance
(ANOVA), followed by Tukey’s post hoc tests, accepting
𝑃 < 0.05 as significant.

3. Results
Tissue samples, taken from the healthy and wounded domestic pig skin on the 3rd, 5th, 10th, 15th, and 21st days after
burn infliction, homogenized with acetone, suspended in
acetic acid, and subsequently subjected to pepsin action were
the source of collagen types I and III. The estimation of
collagen types I and III extractability from the obtained
material was performed by the application of surface plasmon
resonance (SPR) method. According to observed collagen
type I extractability, shown in Figure 1(a), the release of this
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protein from the injury matrix, reached the maximum level
after propolis and AgSD implementation at the end of the
study.
Thermal injury treatment with propolis resulted in higher
release of components reacting with collagen type I antibodies, on the 5th and 10th days of the experiment, as compared with other applied agents (Figure 1(a)). In the case of
NaCl and propolis vehicle treated injuries, the differences in
collagen type I extractability between day 0 and the 21st day
were not statistically significant. Furthermore, the apitherapeutic method of burns treatment, used in the present study,
stimulated the highest, total extractability of collagen type I
from burn wounds matrix (Figure 2(a)).
The electrophoretic evaluation of normal and burnt skin
collagen type I revealed the presence of 𝛼1 (I) subunits, 𝛼2
(I) subunits, dimers of 𝛼 chains (components 𝛽)/trimers of
𝛼 chains (components 𝛾), and heterogenic collagen type I
degradation products (typical electropherogram is shown in
Figure 3(a)).
Simultaneously, collagen type III negligible interferences
(Figure 3(b)) presented above, obtained in nonreducing conditions, electrophoretic profiles of collagen type I components, were visible only in the case of the highest collagen
type III extractability. The last observation was based on
the immunoreactivity analysis of collagen III antibodies with
components penetrating into the preparative gel, in the
absence of disulfide bonds reducing agent.
Densitometric analysis of the received gels revealed that
propolis and AgSD—during initial phase of the study—
stimulated significant increase in 𝛼 (I) chains and 𝛽/𝛾 (I)
subunits isolation (Figures 1(b) and 1(c)) with a subsequent
stabilization of the mentioned components release. At the end
of the study, burn management with the apitherapeutic agent
resulted in maximal release of 𝛼 (I) and 𝛽/𝛾 (I) subunits.
Moreover, as can be seen in Figures 2(b) and 2(c), propolis
treated injuries exhibited the highest total extractability of
𝛼 (I) and 𝛽/𝛾 (I) subunits. The extractability of collagen I
degradation products (Figure 1(d)), from propolis and AgSD
treated wounds after preliminary decline, since the 10th day
of the study presented a significant increase. On the other
hand (Figure 1(d)), the maximum release of the mentioned
products from wounds treated with NaCl and propolis vehicle
was constant throughout the experiment. The latest methods
of burn treatment resulted in the highest total extractability
of collagen I degradation products, while the propolis stimulated the lowest release.
As it was shown in Figure 4(a), the profiles of type III
collagen extractability resembled those observed for collagen
type I. However, propolis acted significantly stronger, than
AgSD did, by stimulating the extractability of collagen type
III and by contributing to the highest release of components
reacting with collagen III antibodies on the 5th, 10th, and 15th
days after burn infliction.
The collagen III extractability from NaCl and propolis
vehicle treated injuries did not change throughout the whole
experiment. Moreover, the apitherapeutic ointment stimulated higher, than other applied agents, total extractability of
collagen type III from the burn wound beds (Figure 5(a)).
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Figure 1: The extractability of collagen type I (a), 𝛽/𝛾 (I) subunits (b), 𝛼 (I) subunits (c), and collagen type (I) degradation products (d)
from healing wounds (the 3rd, 5th, 10th, 15th, 21st days after burn infliction) treated with propolis, AgSD, propolis vehicle, and NaCl. Day
0—healthy skin. The data were estimated by ANOVA.

The analysis of the obtained electrophoretic profiles
revealed the presence of 𝛼1 (III) subunits, dimers of 𝛼 chains
(components 𝛽)/trimers of 𝛼 chains (components 𝛾), and
heterogenic collagen type III degradation products (a typical
electropherogram is shown in Figure 6).
Despite moderate qualitative differences visible in the
obtained electrophoretic profiles, considerable quantitative
variations characterize the extractability of collagen type
III individual components from differently treated injuries.
Regardless of the applied burn treatment method, the release

of 𝛼1 (III) chains (Figure 4(b)) and, to a lesser extent, their
oligomers (Figure 4(c)), directly involved in restoring of
collagen fibers weave, corresponded with extractability of
collagen type III (Figure 4(a)). Propolis wound treatment
in comparison to other agents, AgSD, propolis vehicle, and
NaCl, significantly enhanced both the extractability dynamics of 𝛼 (III) chains and 𝛽/𝛾 (III) subunits (Figures 4(b)
and 4(c)) and the total release of the mentioned components
(Figures 4(b) and 4(c)), which reflect the increased accumulation of collagen type III in the healing burns. On the other
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Figure 2: The total extractability of collagen type I (a), 𝛼 (I) subunits (b), 𝛽/𝛾 (I) subunits (c), and collagen type (I) degradation products (d)
from healing wounds (since the 3rd up to 21st days after burn infliction) treated with propolis (3–21), AgSD (3–21), propolis vehicle (3–21),
and NaCl (3–21). The data were estimated by ANOVA.

hand, attention should be paid to the intensified extractability
dynamics (Figure 4(d)) and the total release (Figure 5(d)) of
collagen type III degradation products from injuries cured
with AgSD or propolis, as compared to wounds dressed with
propolis vehicle and NaCl.

4. Discussion
Wound healing, physiological body response to injury, which
is essential for the replacement of damaged structures with

a subsequent restoration of skin integrity, can usually be
divided into hemostasis, inflammation, proliferation, and
maturation [11, 26]. Successful skin repair requires highly
regulated activity of various cells which synthesize a wide
array of cytokines, growth factors, and extracellular matrix
molecules—including collagen [11, 27]. The last one, accumulated in the wound bed, influences the epithelial migration
and proliferation at the beginning of the repair process, being
also an integral molecule of properly tuned wound healing or
pathological outcomes such as keloid and hypertrophic scars
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Figure 3: (a) Typical electropherogram of 𝛼 (I) subunits, oligomers 𝛽/𝛾 (I), and collagen type I degradation products, released from healthy
and burnt skin. Collagenous components released from tissue samples using pepsin were submitted to 4–15% gradient SDS-PAGE, in
nonreducing conditions. (b) Interferences of collagen type III, in electrophoretic profiles of collagen type I components extracted from healthy
and burned skin. Collagen components were submitted to electrophoresis in the absence of dithiothreitol (reducing disulfide bonds) and
subsequently—after electrotransfer to Immobilon—subjected to reaction with collagen type III antibodies. Lane 1: components of collagen
type I isolated from healthy skin. Lane 2: components of collagen type I isolated from burned skin treated with propolis. Lane 3: components
of collagen type I isolated from burned skin treated with AgSD. Lane 4: components of collagen type I isolated from burned skin treated with
propolis vehicle. Lane 5: components of collagen type I isolated from burned skin treated with NaCl.

[7, 27, 28]. Therefore, to achieve a rapid skin rebuilding and
scarring elimination, the implementation of new therapeutic
agents modulating the healing process, including those of
natural origin, is of a significant importance [7, 8, 29]. A
popular natural remedy, propolis, is an excellent “candidate”
for burn management [2, 7]. In contrary to the previous
therapeutic factor, an agent of choice in the thermal injury
treatment, silver sulfadiazine, is responsible for a number of
troublesome side effects [9]. For a reliable assessment of the
therapeutic activity of the mentioned agents on regenerative
process, we applied for the first time a quantitative (using a
surface plasmon resonance method) and qualitative (describing the profile of collagenous components) determination
of collagen type I and III accumulation in the matrix of a
thermal injury.
Significantly enhanced extractability, particularly at the
beginning of the study, and a total release of collagen I
from wounds treated with propolis confirmed the findings
of de Moura et al. [30]. Moreover, we have found that the
apitherapeutic agent more effectively, than AgSD, stimulates
the expression of collagen type I—a key molecule in the
course of tissue repair [18]. The increased collagen type I
accumulation in the matrix of an injury cured with propolis
may stimulate the repair process, since collagen I, an essential
element of the skin connective tissue, is indispensable for
the keratinocyte migration and reepithelization [18, 31]. Mentioned protein also interacts with matrix metalloproteinases
(MMPs) influencing IGF-1 bioavailability, cell proliferation,
modulation of inflammation, and bFGF releasing [26, 32,
33]. Furthermore, after initially intensified 𝛼 (I) and 𝛽/𝛾 (I)
extractability from propolis treated wounds, the release of the
mentioned components underwent noticeable stabilization,
which reduces the risk of fibrosis [28]. A significantly higher
total extractability of collagen type I 𝛼 chains and their

oligomers, from burns dressed with natural agent, which were
found in the study, as compared to AgSD influence, corresponds with Iyyam Pillai et al’s. results [11], describing the
propolis potential in the tissue repair stimulation. The initial
decrease in collagen I degradation product extractability
from wounds treated with propolis and AgSD precedes the
increase in releasing of the mentioned products, which may
reflect the enhanced activity of MMPs and prevent uncontrolled excessive scarring and keloid development [34].
Found after propolis burn treatment, intensified collagen type III extractability may significantly accelerate the
healing process, since the mentioned protein participates
in hemostasis, by coagulation factors binding, influencing
platelet aggregation and signaling activity or inducing thrombus formation [35–37]. Furthermore, collagen III forms a
scaffold necessary for cell migration and regulates collagen I fibrillogenesis [38, 39], TGF-beta molecules signaling
action, cellular contraction, differentiation, and the function
of myofibroblasts, creating a regenerative niche for the
progenitor cells [40]. The observed enhanced extractability
of collagen type III and 𝛼 (III) subunits particularly from
propolis treated wounds, which correspond with previous
studies [41, 42], may explain beneficial propolis reparative
properties [1]. The increased accumulation of collagen III in
fetal tissues in comparison to adult tissues led to the hypothesize that the mentioned ECM protein may favour the scarless
phenotype of gestational wound healing [40]. Moreover, fetal
wound healing is characterized by the absence or significantly
reduced inflammatory phase with a subsequently accelerated
reepithelization [43]. In fact, according to the suggestions
of McLennan et al. [1], propolis is able to enhance the
reepithelization process. Intensified extractability of collagen
III and 𝛼 (III) subunits (particularly at the initial stage of
the experiment), being the highest in the case of propolis
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Figure 4: The extractability of collagen type III (a), 𝛼 (III) subunits (b), 𝛽/𝛾 (III) subunits (c), and collagen type (III) degradation products
(d) from healing wounds (the 3rd, 5th, 10th, 15th, and 21st days after burn infliction) treated with propolis, AgSD, propolis vehicle, and NaCl.
Day 0—healthy skin. The data were estimated by ANOVA.

treated wounds, may result from its ability to stimulate
the proliferation and survival of monocytes, cells indirectly
enhancing the biosynthesis of glycosaminoglycans, elastin,
and collagen type III [44, 45]. Our last findings may be the
consequence of vitamin A [46] and vitamin C presence [47]
in the composition of the applied natural therapeutic agent.
Vitamin C is essential in collagen biosynthesis while vitamin

A can control the preferential TGF-𝛽3 expression promoting
regeneration and scarless repair [45]. The unlimited accumulation of collagen III in the wound matrix may contribute
to the development of keloids [48]. Therefore, it should be
emphasized that the enhanced extractability together with
total release of collagen III degradation products following
AgSD and propolis implementation suggests the increased
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activity of MMPs which, in turn, determine a collagenous
sequestration [49]. As we suggested in the previous paper
[14], propolis influence on wound healing may resemble the
action of another natural agent—glycyl-L-histidyl-L-lysineCu2+ (tripeptide-copper complex) described as a growth
factor—enhancing the expression of ECM macromolecules,
including collagens type I and III [6].

5. Conclusion
The presented results confirm the therapeutic efficacy of
propolis which is connected with generating a favorable biochemical environment supporting wound healing process.
The implementation of the experiments aiming at exploring the differences between healthy and wounded skin may
help to eliminate or reduce the development of fibrosis and
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hypertrophic scars significantly improving life quality of
patients suffering from burns.
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The effect of microwave power on the complex electron paramagnetic resonance spectra of the burn matrix after the therapy with
propolis was examined. The spectra were measured with microwaves in the range of 2.2–79 mW. Three groups of free radicals were
found in the damaged skin samples. Their spectral lines evolve differently with the microwave power. In order to detect these free
radical groups, the lineshape of the spectra was numerically analysed. The spectra were a superposition of three component lines.
The best fit was obtained for the deconvolution of the experimental spectra into one Gauss and two Lorentz lines. The microwave
power changes also the lineshape of the spectra of thermally injured skin treated with the conventional agent—silver sulphadiazine.
The spectral changes were different for propolis and for silver sulphadiazine. The number of individual groups of free radicals in
the wound bed after implementation of these two substances is not equal. It may be explained by a higher activity of propolis than
of silver sulphadiazine as therapeutic agents.

1. Introduction
During high temperature influence on skin, different types
of free radicals are formed. The electron paramagnetic resonance (EPR) spectra may be used to solve the problem of
the majority of free radical systems in the skin. Each group
of free radicals is responsible for the EPR component line
in the resultant resonance spectra [1–3]. The information
about different free radicals in the thermally damaged skin is
fragmentary. The knowledge about the types of free radicals
in the skin is important for pharmacotherapy and alternative
medicine [2–5].
The aim of this work was to check the usefulness of microwave saturation of EPR spectra to obtain information about
the number of different groups of free radicals in the matrix
of burnt skin during the therapy with propolis. The relative

examination of the skin treated with the silver sulphadiazine
was performed. The application of microwave effect on the
lineshape of the EPR spectra in order to study free radicals in
skin samples and free radicals in biological systems was discussed. The proposed innovatory analyses to skin samples are
important to check the substances used in alternative medicine.

2. Material and Methods
2.1. Therapeutic Agents. Propolis ointment was authorized by
the National Institute of Hygiene (HZ/06107/00) 1% silver
sulfadiazine cream, Lek, Poland.
2.2. Experimental Animals. Ethics Committee of the Medical
University of Silesia in Katowice approved the study protocol,

2
based on the application of two 4-month-old, domestic pigs
chosen as the experimental animals. The pig body weight
at the beginning of the study was approximately 37.5 kg.
Mentioned animal species has been proven to be useful for
the assessment of wound healing phenomenon because of
numerous analogies of human and pig skin, such as the
thickness and composition of epidermis; structure and content of keratinous proteins; size orientation and distribution
of the vessels; vascularization of the lower region of the
follicle; the similar pattern of deep dermal burn healing [6, 7].
The experimental animals were housed according to GLP
standards of Polish Veterinary Law. Pigs general condition
was estimated by regular control of behavior, body weight,
and temperature. Thermal damages were inflicted according
to Hoekstra et al. [6] standard model. The animals were
divided into control and experimental group, each containing
one pig. Control wound was treated with silver sulfadiazine
to observe the healing process, occurring after application of
the agent of choice in the local burn treatment [8], twice a day,
from the 1st to the 5th day of the experiment. Experimental
wounds were treated with propolis, twice a day, from the 1st
to the 5th day of the experiment. Biopsies were taken five days
after burn infliction.
After burns infliction, tissues were rinsed with an antiseptic solution. During the whole experiment, burns were
covered with 55–75 mm layer of the propolis and silver
sulfadiazine, twice a day. Subsequently, after the treatment
with the mentioned therapeutic agents, the injuries were protected with a woven cotton material.
2.3. Sample Preparation to EPR Measurements. Tissue material was mechanically purified, premicronized, and weighed.
Then tissue samples were homogenized in acetone using a
mechanical homogenizer (30000 rpm/min, 4∘ C, 30 min.) to
obtain a homogeneous suspension. Subsequently received
tissue homogenates were dried and reweighed. For EPR measurements experimental material was placed in the glass
tubes. EPR signals were not detected for the empty glass
tubes. The walls of the glass tubes were thin and their external
diameter was of 3 mm. The mass of the samples located in the
tubes was measured.
2.4. EPR Measurements
2.4.1. Detection of EPR Spectra. An X-band (9.3 GHz) electron paramagnetic resonance spectrometer of Radiopan Firm
(Poznan, Poland) was used for detection of free radicals
in the skin samples. The EPR spectra were measured with
a magnetic modulation of 100 kHz in the wide range of
microwave power of 2.2–70 mW. The attenuations were
changed from 0 dB to 15 dB. The microwave saturation effect
in the EPR spectra, recorded at higher microwave powers, was
obtained.
2.4.2. The Numerical Analysis of the EPR Spectra. The lineshape of the first-derivative EPR spectra of wound bed
treated with propolis and silver sulphadiazine was analysed.
The experimental EPR spectra were deconvoluted into the
component lines. The measured spectra were fitted by a
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superposition of theoretical lines with Gauss (G) and Lorentz
(L) shape. The following sum of theoretical (G, L) lines were
tested: GGG, LLL, GGL, and GLL.
The best fitting of the experimental spectra by the theoretical multicomponent lines was searched. The best result was
the fitting with the lowest square error.
The parameters of the individual components in the EPR
spectra such as amplitude (𝐴), linewidth (Δ𝐵pp ), and 𝑔-factor
were determined. The signal power for the component lines
was calculated. The signal power is the percentage fraction of
the individual line in the whole spectrum. It was calculated
as the percentage fraction of the integral intensity of the
individual line in the total integral intensity of the whole
spectrum. The signal power gives information about the
fraction of the individual type of free radicals in the tested
sample.
The amplitude rises with increasing free radical contents
in the sample linewidths depend on magnetic interactions
and distances between free radicals. The 𝑔-factor, in turn, is
determined by the type of free radicals [9].
𝑔-Values were calculated from the EPR spectrum according to the formula [9, 10]: 𝑔 = ℎ]/𝜇𝐵 𝐵𝑟 , where ℎ is Planck
constant, ] is microwave frequency, 𝜇𝐵 is Bohr magneton,
and 𝐵𝑟 is resonance magnetic field. Microwave frequency (])
was measured by MCM101 recorder of EPRAD Firm (Poznan,
Poland). The resonance 𝐵𝑟 values were obtained from the EPR
lines.
Free radical concentration was measured by a double
integration of the first-derivative EPR spectra and by a comparison to the integral intensity of the reference—ultramarine. The second reference—a ruby crystal—(Al2 O3 :Cr3+ )
was also used.
The numerical analysis was performed for the signal
which is given as a time series 𝑓𝑟 (𝑥), 𝑥 = 1 ⋅ ⋅ ⋅ 𝑁 represents
the function values within the domain (−5, 5) and time step
Δ𝑥 = 10−3 . The analysed signal is complex and cannot be described by a single basic function. For the analysis, the derivative of basic functions was used. The application is searching for the best match of 𝑓𝑟 function using 𝑓𝑝 function
defined as a composition of basic functions. Before the approximation is performed, the signal is preprocessed by filtering and positioning of the reference point (0, 0).
For filtering purposes two methods were researched: the
moving average filter [11] and the filter based on fast Fourier
transformation [12]. The moving average filter removes the
noise; however, the signal is deformed, and therefore finding
maximal/minimal function values becomes impossible. The
𝑠 parameter defines a number of neighbors taken under consideration while averaging.
A reference point (0, 0) was found by using a 𝑑𝑥 and 𝑑𝑦
values which define the distance to move the filtered signal 𝑓𝑟
according to 𝑋 and 𝑌 axis. To find the reference values, two
heuristic rules were defined: (a) the sum of values of samples
separated by 𝑋 axis is close to 0, (b) the absolute value of the
sum of functions from the left side of 𝑌 axis plus the absolute
value of the sum of functions from the right side of 𝑌 should
be maximized.
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According to the heuristic rule, a simple linear optimization task was defined for 𝑑𝑥 and 𝑑𝑦 values:
∞

min ( ∑ 𝑓𝑟 (𝑥 + 𝑑𝑥) + 𝑑𝑦) ,

𝑑𝑥,𝑑𝑦

(1a)

3
The optimization task can be defined while based on the
defined model. The optimization is based on the number
of Lorentz/Gaussian functions. The 𝑝𝑖𝑗 parameters were
grouped as a 𝑃𝑖 matrix:

𝑥=−∞

 𝑑𝑥
  ∞


 

max ( ∑ 𝑓𝑟 (𝑥 + 𝑑𝑥) + 𝑑𝑦 +  ∑ 𝑓𝑟 (𝑥 + 𝑑𝑥) + 𝑑𝑦) .
 𝑥=𝑑𝑥

𝑑𝑥,𝑑𝑦 𝑥=−∞

 

(1b)
All undefined values (outside the interval (−5, 5)) equal 0
and do not change the results. Equation (1a) is unaffected
by 𝑑𝑥 value and therefore 𝑑𝑦 is estimated using linear
approximation. In this case, the simplex method with bounds
on the variables was used. Bounds are set empirically for 𝑑𝑥
to (−10, 10) and for 𝑑𝑦 to (−50, 50). Based on estimated 𝑑𝑦
value, the 𝑑𝑥 displacement is estimated according to (1b).
The filtered and transformed function 𝑓𝑟 is processed by the
estimation algorithm.
According to the prepared model of numerical analysis,
the signal 𝑓𝑟 is approximated by the 𝑓𝑝 function. The function
𝑓𝑝 is a composition of derivatives of continuous elementary
functions. The function 𝑓𝑝 was defined as follows:
𝑓𝑝 (𝑥) = 𝑓1 (𝑥) ∘ 𝑓2 (𝑥) ∘ ⋅ ⋅ ⋅ ∘ 𝑓𝑖 (𝑥) ∘ ⋅ ⋅ ⋅ ∘ 𝑓𝑤 (𝑥) ,
𝑓𝑝 (𝑥) = 𝑝11 𝑓1 (𝑥) + 𝑝21 𝑓2 (𝑥) + ⋅ ⋅ ⋅ + 𝑝𝑖1 𝑓𝑖 (𝑥)

(2)

+ ⋅ ⋅ ⋅ + 𝑝𝑤1 𝑓𝑤 (𝑥) ,
where 𝑝𝑖1 is weight of 𝑖th function, 𝑓𝑖 is derivative of 𝑖th
function, and 𝑤 is quantity of elemental functions, 𝑤 ∈ 𝑁.
The preliminary analysis of candidate elementary functions 𝑓𝑖 considered sinus, Lorentz, Gaussian, triangle, and
quadratic functions. The accuracy was measured using root
mean squared error (RMSE) [13]. The error was calculated as
follows:
RMSE = √

2
1 𝑁
∑ [𝑓 (𝑥) − 𝑓𝑝 (𝑥)] ,
𝑁 𝑥=1 𝑟

(3)

where 𝑁 is the total number of the analyzed values.
After preliminary research, the Gaussian and Lorentz
function was selected as it offers the lowest error rate for the
number of function equal or below 3. Therefore, the 𝑓𝑖 (𝑥)
for 𝑖 = 1 ⋅ ⋅ ⋅ 3 was defined as


̇
𝑓𝑖 (𝑥) ≡ 𝑙𝑖 (𝑥) ∨𝑓
𝑖 (𝑥) ≡ 𝑔𝑖 (𝑥) ,

𝑙𝑖 (𝑥) =
𝑔𝑖 (𝑥) =

−2 (𝑥 − 𝑝𝑖2 ) 𝑝𝑖3
2

2]
𝜋[(𝑥 − 𝑝𝑖2 ) + 𝑝𝑖3

2

∀𝑖,
,

(4)

−𝑥 + 𝑝𝑖2 −(𝑥−𝑝𝑖2 )2 /2𝑝𝑖32
.
𝑒
3√
𝑝𝑖3
2𝜋

The 𝑝𝑖𝑗 parameters define the Gaussian and Lorentz function
representation. The parameter 𝑝𝑖2 defines mean/location
parameter while 𝑝𝑖3 defines the variation/scale parameter.

𝑝11 𝑝21 𝑝31
𝑃𝑘 = [𝑝12 𝑝22 𝑝32 ] ,
[𝑝13 𝑝23 𝑝33 ]

𝑘 ∈ 𝑁.

(5)

The best fit was found by minimizing the difference between
the real function 𝑓𝑟 and 𝑓𝑝 function modifying the 𝑃𝑖 matrix
for given 𝑖 value and Gaussian/Lorentz functions:
𝑁

2

min ( ∑ [𝑓𝑟 (𝑥) − 𝑓𝑝 (𝑥, 𝑃𝑘 )] ) .
𝑘

(6)

𝑥=1

Boundary values were defined as for 𝑝𝑗1 , 𝑗 = 1 ⋅ ⋅ ⋅ 𝑖
parameters; the maximal signal value multiplied by a number
of functions was defined for 𝑝𝑗2 , 𝑗 = 1 ⋅ ⋅ ⋅ 𝑖 parameters, which
defines the position of function centers and should not exceed
the analyzed interval (−5, 5) and 𝑝𝑗3 , 𝑗 = 1 ⋅ ⋅ ⋅ 𝑖 parameters
to (0, 30) according to Gaussian and Lorentz functions
requirements. To find the best match, the genetic algorithm
[14] with Conjugate Gradient Method [15] was implemented.
In the first phase, the algorithm finds a rough estimation
of the parameters by modifying the values in 𝑃𝑖 matrix
within given boundaries and then, for best 10 solutions,
the Conjugate Gradient Method is executed to minimize
the solution error. The population was set to 1000 and 𝑃𝑖
matrixes initial values were equally distributed within defined
𝑃𝑖 boundaries. Next, 100 epochs are run to find a rough
estimation. The best solution from previous generation is
moved to the next one while the remaining solutions undergo
a mutation and a crossover. The mutation considers changing
one of 𝑃𝑖 matrix elements by 1/100 of a parameter value range.
The crossover is performed by a simple averaging of two
samples. The probability of moving to the next epoch is based
on the fitness function proposed by Chan and Sudhoff [14].

3. Results
The experimental EPR spectra of the skin of burned wounds
were best fitted by the superposition of three lines. The shapes
of the components were described by Gauss and Lorentz
theoretical functions. One Gauss and two Lorentz lines were
found in the spectral curves. Different free radical groups are
responsible for the individual components in the spectra. The
three groups of free radicals with Gauss and two Lorentz lines
exist in the tested skin samples.
The components were obtained for the EPR spectra
measured with microwave powers of 2.2, 7.0, 11.1, 22.2, 35.1,
55.3, and 70.0 mW. The number of the lines did not depend
on the microwave power. The component lines of the EPR
spectra of the thermally damaged skin cured with propolis
and silver sulphadiazine were presented in Figures 1, 2, 3, 4, 5,
6, and 7. In Figures 1–7(a) the results of the numerical analysis
for the skin after the therapy with propolis are shown, while
in Figures 1–7(b) the lines for injury therapeutically managed
with silver sulphadiazine are presented. The component lines
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Figure 1: The component EPR lines of the spectrum of thermally
damaged skin treated with propolis (a) and silver sulphadiazine
(b) for the fitting by summing three Gauss-Lorentz-Lorentz (GLL)
lines for the measurements with the microwave power of 2.2 mW
(attenuation of 15 dB).

of the spectra measured with different microwave power are
presented in these figures.
A strong influence of the microwave power on the
parameters of the component EPR lines was observed for all
tested samples. The parameters of the EPR lines: amplitudes
(𝐴) and linewidths (Δ𝐵pp ), are presented in Table 1 for the
injuries treated with propolis and, in Table 2, for the damaged
skin treated with silver sulphadiazine. The amplitudes and
linewidths change with the microwave power. These changes
give way to easier detection of these lines in the resultant
spectrum. All measured EPR lines are the broadest ones.
𝑔-Values were typical for free radicals paramagnetic
centers; they were near 2.00. These values are characteristic
for unpaired electrons in organic molecular units.

G1
G2
G3

L1
L2
L3

(b)

Figure 2: The component EPR lines of the spectrum of thermally
damaged skin treated with propolis (a) and silver sulphadiazine
(b) for the fitting by summing three Gauss-Lorentz-Lorentz (GLL)
lines for the measurements with the microwave power of 7.0 mW
(attenuation of 10 dB).

A different effect of the microwave power on the component lines was observed for the wounded skin samples treated
with propolis and silver sulphadiazine (Figures 1–7, Tables
1 and 2). It indicates a different composition of free radical
system in these samples.
A lower free radical concentration (13.9 × 1022 spin/g)
characterizes the burn wound treated with propolis during 5
days rather than the injury treated with silver sulphadiazine
(22.99 × 1022 spin/g). The free radical concentrations of the
individual types of free radicals in the wound therapeutically
managed with propolis were also lower than for that treated
with silver sulphadiazine.
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Figure 3: The component EPR lines of the spectrum of thermally
damaged skin treated with propolis (a) and silver sulphadiazine
(b) for the fitting by summing three Gauss-Lorentz-Lorentz (GLL)
lines for the measurements with the microwave power of 11.1 mW
(attenuation of 8 dB).

Figure 4: The component EPR lines of the spectrum of thermally
damaged skin treated with propolis (a) and silver sulphadiazine
(b) for the fitting by summing three Gauss-Lorentz-Lorentz (GLL)
lines for the measurements with the microwave power of 22.2 mW
(attenuation of 5 dB).

4. Discussion
Different types of free radicals were found in the tested
skin samples. Their EPR spectra reveal a multicomponent
shape (Figures 1–7). The deconvolution of the EPR spectra
into component lines of skin samples is difficult to perform
because of high linewidths of the components (Tables 1 and
2). The individual lines overlap in the total spectrum and the
resonance magnetic fields are similar to them. As a result,
the individual lines are not visible in the EPR spectra and
they should be numerically obtained. In this work the numerical procedures of deconvolution of the EPR spectra were
additionally made easier by the use of the microwave saturation effect of the EPR lines.

The microwave power increase led to the enhancement
of the amplitude of the EPR lines because higher numbers of
unpaired electrons come to higher excited energy levels [9].
However, this effect is observed only up to the maximal values
of the microwave power and, after higher microwave powers,
the saturation of the EPR lines occurs and its amplitude
decreases with a former increase of microwave power. The
microwave saturation effect—the decrease of amplitudes of
the EPR line with increasing microwave power is the result
of the inversion of distribution of unpaired electrons on the
energy levels [16]. Higher amounts of unpaired electrons
are located on higher energy levels rather than on ground
levels. The microwave power increases, but the amount of
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Figure 5: The component EPR lines of the spectrum of thermally
damaged skin treated with propolis (a) and silver sulphadiazine
(b) for the fitting by summing three Gauss-Lorentz-Lorentz (GLL)
lines for the measurements with the microwave power of 35.1 mW
(attenuation of 3 dB).

Figure 6: The component EPR lines of the spectrum of thermally
damaged skin treated with propolis (a) and silver sulphadiazine
(b) for the fitting by summing three Gauss-Lorentz-Lorentz (GLL)
lines for the measurements with the microwave power of 55.3 mW
(attenuation of 1 dB).

electrons on the ground energy levels is too low. So, the
EPR lines are quenched instead of being increased as it is
expected. This effect is very useful to find the number of components in the complex EPR spectrum. The described above
microwave saturation effect interacts on all types of free
radicals in the sample, so it changes their EPR lines as was
presented. However, the most important fact is that the
microwave saturation effect appears at different microwave
powers for the individual component lines. The majority of
the microwave saturation effects in different groups of free
radicals cause changes of the lineshape of their resultant EPR
spectra. The numerical analysis of the EPR spectra, recorded
with different microwave powers, and the comparison of their

components make the determination of the individual lines
easier. The described above information about the microwave
saturation effect on EPR spectra was used in this work to
analyse different groups of free radicals in burn wound after
treatment with propolis. Our expectation is confirmed the
three groups of free radicals and their three EPR lines were
obtained by mathematical procedures. The number of the
EPR lines is stable independently on the microwave power.
(Figures 1–7). As it was expected, the parameters of the
lines strongly changed with the microwave power (Tables
1 and 2). The fractions of the individual free radical lines
in the spectra strongly evolved. The Gauss lines may be
used to detect localized stable free radicals while the Lorentz
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Table 1: The parameters of the component lines of the EPR of
thermally damaged skin treated with propolis fitted by three GLL
lines.

2
1.5

𝑀 [mW]
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35.1

5
4
3

55.3

2
1
−25 −20 −15 −10

−5

0
−1

0

5
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25

−2

70.0

Parameters
𝐴 [a.u.]
Δ𝐵pp [mT]
Signal power
𝐴 [a.u.]
Δ𝐵pp [mT]
Signal power
𝐴 [a.u.]
Δ𝐵pp [mT]
Signal power
𝐴 [a.u.]
Δ𝐵pp [mT]
Signal power
𝐴 [a.u.]
Δ𝐵pp [mT]
Signal power
𝐴 [a.u.]
Δ𝐵pp [mT]
Signal power
𝐴 [a.u.]
Δ𝐵pp [mT]
Signal power

G1
2.30
8.5
58.4
2.37
2.75
18.7
2.35
8.7
56.4
3.49
5
64.8
2.40
2.70
18.5
2.45
2.80
16.5
3.52
5.3
62.5

L1
2.02
2.5
22.8
3.36
4
63.7
2.10
2.5
24.5
2.05
1
12.9
3.35
4.2
64.9
3.38
3.8
63.6
2.01
0.9
14.0

L2
0.45
11
18.8
2.74
1.25
17.6
0.55
13
19.1
2.06
2
22.3
2.70
1.20
16.6
2.80
1.50
19.9
2.12
2.2
23.5

S
674.6

498.1

237.5

269.6

542.9

1013.1

11831.5

G, L: Gauss and Lorentz lines, respectively. S: standard deviation for the
fitting. 𝑀: the microwave power.
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Figure 7: The component EPR lines of the spectrum of thermally
damaged skin treated with propolis (a) and silver sulphadiazine
(b) for the fitting by summing three Gauss-Lorentz-Lorentz (GLL)
lines for the measurements with the microwave power of 70 mW
(attenuation of 0 dB).

lines give information mainly about delocalized unpaired
electrons. The microwave saturation effect was helpful in
both kinds of tested samples, the injured skin treated with
propolis and silver sulphadiazine. The electron paramagnetic
resonance spectroscopic method, the microwave saturation
effect, and the numerical analysis of the lineshape of the
EPR spectra are proposed not only for the test of propolis
influence on the skin but also they may be applied to examine
free radicals in the drugs or tissues with several types of
free radicals. The performed studies broaden our knowledge
about the influence of propolis on free radicals in skin but
the practical meaning of this study is equally important. The
methods of the free radical examinations to alternative medicine purposes were presented.

5. Conclusions
The advanced spectroscopic method was applied to examine
different groups of free radicals in thermally damaged skin
treated with propolis. It was proved that the numerical analysis of the lineshape, continuously saturated by microwaves
EPR spectra, is useful to determine the number of groups of
free radicals in applied samples. These studies broaden our
earlier numerical analysis of the EPR spectra measured only
with one low microwave power. The microwave saturation of
the complex EPR spectra is helpful to examine the multicomponent structure of free radicals in skin samples because of
a different effect of the microwave power on the individual
component spectral lines. The analysis for propolis was compared with the results of studies for the multicomponent spectra of the standard substance such as silver sulphadiazine. The
EPR spectra were best fitted by a superposition of one Gauss
and two Lorentz lines. The numerical analysis and microwave saturation of EPR spectra of burnt skin pointed out
that the same number of groups of free radicals exists
in the skin treated with propolis and silver sulphadiazine.
However, the amount of free radicals of different groups
in these samples is different. It is expected that it is the
reason of a better therapeutic impact of propolis (containing
compounds responsible for antioxidant, antimicrobial, antiinflammatory, antigenotoxic, antiangiogenic, and anticancer
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Table 2: The parameters of the component lines of the EPR spectra
of thermally damaged skin treated with silver sulphadiazine fitted by
three GLL lines.
𝑀 [mW]
2.2

7.0

11.1

22.2

35.1

55.3

70.0

Parameters
𝐴 [a.u.]
Δ𝐵pp [mT]
Signal power
𝐴 [a.u.]
Δ𝐵pp [mT]
Signal power
𝐴 [a.u.]
Δ𝐵pp [mT]
Signal power
𝐴 [a.u.]
Δ𝐵pp [mT]
Signal power
𝐴 [a.u.]
Δ𝐵pp [mT]
Signal power
𝐴 [a.u.]
Δ𝐵pp [mT]
Signal power
𝐴 [a.u.]
Δ𝐵pp [mT]
Signal power

G
3.99
1.5
54.2
2.97
0.75
10.1
2.73
2.5
15.9
10.26
1.75
40.8
4.15
1
9.3
8.15
4.5
59.6
6.66
4.5
49.6

L1
1.67
1.25
29.4
1.48
1
12.5
6.31
1
27.1
5.52
1.75
31.9
7.07
2.75
70.1
5.03
1.5
19.7
5.75
1.5
22.2

L2
1.31
1
16.4
3.39
2.75
77.4
4.45
3.5
57.0
3.59
2.25
27.3
3.51
1.5
20.6
7.34
1
20.7
8.35
1.25
28.2

S
101.9

136.0

132.6

253.2

219.0

221.5

226.4

G, L: Gauss and Lorentz lines, respectively. S: standard deviation for the
fitting. 𝑀: the microwave power.

radical damage in skin,” Journal of Investigative Dermatology,
vol. 104, no. 4, pp. 484–488, 1995.
[3] B. A. Jurkiewicz and G. R. Buettner, “EPR detection of free
radicals in UV-irradiated skin: mouse versus human,” Photochemistry and Photobiology, vol. 64, no. 6, pp. 918–922, 1996.
[4] Q. Xia, M. D. Boudreau, Y. -T. Zhou, J. J. Yin, and P. P. Fu, “UVB
photoirradiation of aloe vera-formation of free radicals, singlet
oxygen, superoxide, and induction of lipid peroxidation,” Journal of Food and Drug Analysis, vol. 19, no. 4, pp. 396–402, 2011.
[5] E. Masatsuji-Kato, T. Tsuzuki, and S. Kobayashi, “Reduction
of UVB/A-generated free radicals by sodium L-ascorbyl-2phosphate in cultured mouse skin,” Journal of Health Science,
vol. 51, no. 2, pp. 122–129, 2005.
[6] M. J. Hoekstra, P. Hupkens, R. P. Dutrieux, M. M. C. Bosch, T.
A. Brans, and R. W. Kreis, “A comparative burn wound model
in the New Yorkshire pig for the histopathological evaluation
of local therapeutic regimens: silver sulfadiazine cream as a
standard,” British Journal of Plastic Surgery, vol. 46, no. 7, pp.
585–589, 1993.
[7] J. J. Vranckx, F. Yao, N. Petrie et al., “In vivo gene delivery of
Ad-VEGF121 to full-thickness wounds in aged pigs results in
high levels of VEGF expression but not in accelerated healing,”
Wound Repair and Regeneration, vol. 13, no. 1, pp. 51–60, 2005.
[8] K. Gunjan, Ch. Shobha, Ch. Sheetal, H. Nanda, C. Vikrant, and
D. S. Chitnis, “A comparative study of the effect of different
topical agents on burn wound infections,” Indian Journal of
Plastic Surgery, vol. 45, no. 2, pp. 374–378, 2012.
[9] J. E. Wertz and J. R. Bolton, Electron Spin Resonance Theory and
Practical Applications, Springer, New York, NY, USA, 1986.
[10] G. R. Eaton, S. S. Eaton, and K. M. Salikhov, Foundations of
Modern EPR, World Scientific, London, UK, 1998.

properties [17]) on the injured skin than of silver sulphadiazine, which was described in the other work [18]. These studies confirmed the usefulness of both the numerical analysis of
the lineshape of EPR spectra and the microwave saturation of
the spectra in the examination of complex system of free radicals in skin. The application of the tested methods may be
broadened to other biological samples important in alternative medicine.
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Different groups of free radicals expressed in burn wounds treated with propolis and silver sulphadiazine were examined. The
thermal effect forms major types of free radicals in a wound because of the breaking of chemical bonds. Free radicals, located
in the heated skin, were tested after 21 days of treating by these two substances. The aim of this work was to find the method
for determination of types and concentrations of different groups of free radicals in wound after high temperature impact during
burning. The effects of the therapy by propolis and silver sulphadiazine on free radicals were studied. Since the chemical methods
of free radicals studies are destructive, the usefulness of the electron paramagnetic resonance spectroscopy was tested in this work.
The electron paramagnetic resonance spectra measured with the microwave power of 2.2 mW were numerically fitted by theoretical
curves of Gaussian and Lorentzian shapes. The experimental electron paramagnetic resonance spectra of tissue samples are best
fitted by the sum of one Gauss and two Lorentz lines. An innovatory numerical procedure of spectroscopic skin analysis was
presented. It is very useful in the alternative medicine studies.

1. Introduction
Free radical system in thermal injury is expected to be
complex. The thermal factor interacting with the skin breaks
major chemical bonds in its cells. Thus, thermal injury leads
to formation of different types of free radicals [1]. The applied
drugs influencing thermally damaged skin alter the reported
quantities of skin free radicals. Individual drugs influence
each group of free radicals in the burn wound with a different
intensity [2, 3]. Such propolis and silver sulphadiazine impact
on the individual kinds of free radicals has not been reported
so far. Therefore, we are undertaking this problem in the
presented work.

The aim of this work was to find a method for determination of types and the concentrations of different groups of
free radicals in burn wounds generated by high temperature.
Different groups of free radicals in burn wound after the
therapy with propolis and silver sulphadiazine were studied.
Free radicals in thermal injuries were examined by
electron paramagnetic resonance (EPR) spectroscopy. The
original method of numerical analysis of the effect of propolis
and silver sulphadiazine on free radicals in the burnt skin
was presented. The usefulness of the prepared innovatory
numerical procedures to spectroscopic results in alternative
medicine was brought to light.

2

2. Material and Methods
2.1. Therapeutic Agents. Propolis formulation accepted by the
National Institute of Hygiene (certificate: HZ/06107/00) and
1% silver sulfadiazine (SSD) cream, Lek, Poland were used.
2.2. Tissue Materials. The experimental protocol was accepted by the Ethics Committee of the Medical University of Silesia in Katowice, Poland. Two 16-week-old domestic pigs were
chosen for the evaluation of burn healing because of various
similarities between pig skin and human one. Two contact
burn wounds were inflicted according to the methods of
Hoekstra et al. [4] and Brans et al. [5]. Experimental animals
were housed according to the Good Laboratory Practice
(GLP) Standards of Polish Veterinary Law. Animals were
divided into control (𝑛 = 1) and experimental (𝑛 = 1) groups.
The control wound was treated with silver sulfadiazine, twice
a day for 21 days, to estimate the healing process occurring
after implementation of the agent of choice in the topical
burn management [6]. The experimental burn was subjected
to propolis action, twice a day for 21 days. Biopsies were taken
from the matrix of thermal injury on the 21st postburn day.
2.3. Sample Preparation to EPR Measurements. The tissue
samples were placed in the thin walled glass tubes with the
external diameter of 3 mm. The mass of these samples located
in the tubes was measured. Empty tubes were free from the
EPR signals at the applied receiver gains and microwave
powers (up to 70 mW).
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The best fitting of the experimental spectra by the theoretical multicomponent lines was searched. The best result was
the fitting with the lowest square error.
For the EPR spectra, the parameters of the individual
component lines were determined. The following parameters of EPR lines were analysed: 𝑔-factors, amplitudes (𝐴),
integral intensities (𝐼), and linewidths (Δ𝐵pp ). Amplitude
and integral intensity are dependent on paramagnetic centers
concentration in the samples [7]. Linewidth reflects the
magnetic properties of the samples [4].
𝑔-values will be calculated from resonance condition
according to the following formula [7]:
𝑔=

2.4.2. The Numerical Analysis of Multicomponent Structure
of the EPR Spectra. The line shape and the component lines
in the first-derivative EPR spectra of the burnt skin treated
with propolis and silver sulphadiazine were analysed. The
EPR spectra of the burnt skin samples were numerically fitted
by theoretical curves of Gauss (G) and Lorentz (L) shapes.
The experimental spectra were fitted by a superposition of
two and three Gauss (G) and Lorentz (L) lines. The following
superpositions of theoretical (G, L) lines were tested: GG, LL,
GL, GGG, LLL, GGL, and GLL. The numerical procedure of
spectroscopic analysis of the injured skin was prepared in our
work. It was pointed out that the experimental EPR spectra
are best fitted by the sum of one Gauss and two Lorentz (GLL)
lines.

(1)

where ℎ is Planck constant, ] is microwave frequency, 𝜇𝐵 is
Bohr magneton, and 𝐵𝑟 is resonance magnetic field.
Microwave frequency (]) was directly measured by
MCM101 recorder produced by EPRAD Firm (Poznan,
Poland). The 𝐵𝑟 values were determined from the electron
paramagnetic resonance lines.
The free radical concentrations (𝑁G,L ) in the skin samples
for each free radical type were determined. 𝑁G and 𝑁L are
the concentrations of free radicals with Gauss or Lorentz
lines, respectively. The values of the 𝑁G and 𝑁L free radical
concentrations in the skin samples were determined as the
percentage fraction of these components in the whole EPE
spectrum.
The total free radical concentrations (𝑁) in the studied
samples were determined according to the following formula:

2.4. EPR Measurements
2.4.1. Conditions of EPR Measurements. Free radicals
expressed in the burnt skin samples will be examined by the
use of electron paramagnetic resonance spectroscopy (EPR).
EPR spectra of these samples were measured by the use of an
electron paramagnetic resonance spectrometer produced by
Radiopan Firm (Poznan, Poland). Microwaves with 9.3 GHz
frequency (an X-band) were used. Magnetic modulation
of 100 kHz was used. EPR spectra were measured at low
microwave power of 2.2 mW and high attenuation of 15 dB.
The microwave saturation effect in the EPR spectra was
absent.

ℎ]
,
𝜇𝐵 𝐵𝑟

𝑁=

𝑁𝑢 [(𝑊𝑢 𝐴 𝑢 ) /𝐼𝑢 ]
,
[𝐼/ (𝑊𝐴𝑚)]

(2)

where: 𝑁𝑢 is the number of paramagnetic center (1.2 ×
1019 spin) in the ultramarine reference, 𝑊 and 𝑊𝑢 are the
receiver gains for sample and the ultramarine, 𝐴 and 𝐴 𝑢
are the amplitudes of ruby signal for the sample and the
ultramarine, 𝐼 and 𝐼𝑢 are the integral intensities for the sample
and ultramarine, and 𝑚 is the mass of the sample.
The total free radical concentration is the value proportional to the integral intensity (𝐼) of EPR spectrum [7, 8]. The
integral intensities were calculated by a double integration
of the first-derivative EPR spectra. Ultramarine was used as
the reference for the concentration of free radicals. To obtain
the values of the concentration, the integral intensities of
the spectra of tested samples were compared to the integral
intensity of the ultramarine spectrum. The second reference,
a ruby crystal (Al2 O3 : Cr3+ ), was permanently placed in a
resonance cavity. For each sample and for the reference,
ultramarine, the EPR line of a ruby crystal was detected with
the same receiver gain and at the same microwave power.

3. Results
3.1. The Numerical Method of Spectral Analysis for the Deconvolution of the Complex EPR Spectra. In this work the numerical deconvolution of the EPR spectra to the component lines
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Figure 1: Example of analysed signal.

was prepared. This is the original spectral analysis which may
be applied to a study of different types of free radicals in
the skin samples. The proposed method and the numerical
procedures are described in this section. In Sections 2.4.1 and
2.4.2 of our work, we presented the results of the analysis of
the burnt skin treated with propolis and silver sulphadiazine
for the examination performed with our numerical method.
3.2. Problem Definition. The analysed signal is given as a
time series 𝑓𝑟 (𝑥), 𝑥 = 1, . . . , 𝑁 representing discrete set of
function values within domain (−5 to 5) and time step Δ𝑥 =
10−3 . The signal (Figure 1) is a complex one and cannot be
described by a single basic function.
The proposed procedure is searching for the best match
of 𝑓𝑟 function using 𝑓𝑝 function defined as a composition
of basic functions. The previous research has shown that the
observed result is a derivative of the function of a free radicals
absorption. Therefore for further analysis the derivative of
basic functions was used. Before the approximation procedure is performed, the signal is preprocessed by filtering and
its reference point (0, 0) is defined.
3.3. Filtering Phase. Filtering aims to remove a noise from
a signal. For filtering purposes two methods were studied
moving average filter [9, 10] and filter based on Fast Fourier
Transformation (FFT) [10]. Moving average filter removes the
noise; however the signal is deformed, and therefore finding
the maximal/minimal function values becomes impossible.
Figure 2 illustrates the signal degradation process. The 𝑠
parameter defines a number of neighbors taken under consideration while averaging.
Therefore, to minimize the signal changes, the Fourier
filter based on frequency domain was used. The filter removes
the frequencies with the amplitude value below threshold
0.05. In this case the strongest signal was observed for the
lowest frequencies; thus, the filter removes the signal above
15 Hz. Figure 3 illustrates the filtering results.
3.4. Reference Point Finding. The next step considers finding
of a reference point (0, 0), by defining horizontal and vertical
shifts of a filtered signal 𝑓𝑟 according to 𝑥-axis (by 𝑑𝑥 value)
and 𝑦-axis (by 𝑑𝑦 value), as presented in Figure 4.

𝑠=1
𝑠=4
𝑠=8

Figure 2: Application of moving average filter.

To find the reference values, two heuristic rules were
defined:
(i) the sum of values of samples separated by 𝑥-axis is
close to 0,
(ii) the absolute value of sum of function from left side of
𝑦-axis plus the absolute value of sum of function from
right side of 𝑦 should be maximized.
According to the heuristic rule, a simple linear optimization
task was defined for 𝑑𝑥 and 𝑑𝑦 values as follows:
∞

min ( ∑ 𝑓𝑟 (𝑥 + 𝑑𝑥) + 𝑑𝑦) ,

𝑑𝑥,𝑑𝑦

(3a)

𝑥=−∞

  ∞

 𝑑𝑥
 


max ( ∑ 𝑓𝑟 (𝑥 + 𝑑𝑥) + 𝑑𝑦 +  ∑ 𝑓𝑟 (𝑥 + 𝑑𝑥) + 𝑑𝑦) .
 𝑥=𝑑𝑥

𝑑𝑥,𝑑𝑦 𝑥=−∞
 


(3b)
All undefined x values outside the interval (−5 to 5) equal
0 and do not influence the result. Equation (3a) is unaffected
by a 𝑑𝑥 value; therefore 𝑑𝑦 value is estimated using linear
approximation. In this case the Simplex method [11] with
bonds on the variables was used. Bonds are set empirically for
𝑑𝑥 (−10 to 10) and for 𝑑𝑦 (−50 to 50). Based on the estimated
𝑑𝑦 value, the 𝑑𝑥 displacement is estimated according to (3b).
Finally, the filtered and shifted 𝑓𝑟 function is processed by the
approximation algorithm.
3.5. The Model Construction. The function 𝑓𝑟 is approximated by the 𝑓𝑝 function. The function 𝑓𝑝 is a composition of
derivatives of continuous elementary functions. The function
𝑓𝑝 was defined as follows:
𝑓𝑝 (𝑥) = 𝑓1 (𝑥) ∘ 𝑓2 (𝑥) ∘ ⋅ ⋅ ⋅ ∘ 𝑓𝑖 (𝑥) ∘ ⋅ ⋅ ⋅ ∘ 𝑓𝑤 (𝑥) ,
𝑓𝑝 (𝑥) = 𝑝11 𝑓1 (𝑥) + 𝑝21 𝑓2 (𝑥)

(4)

+ ⋅ ⋅ ⋅ + 𝑝𝑖1 𝑓𝑖 (𝑥) + ⋅ ⋅ ⋅ + 𝑝𝑤1 𝑓𝑤 (𝑥) ,
where 𝑝𝑖1 is weight of 𝑖th function, 𝑓𝑖 is derivative of 𝑖th
function, and 𝑤 is quantity of elemental functions, 𝑤 ∈ 𝑁.

4
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Figure 3: The Fourier filter application for analysed signal: (a) power of signal in frequency domain and (b) raw signal and filtered signal.
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𝑙𝑖 (𝑥) =

Figure 5: The 𝑓𝑟 function approximation using 𝑓𝑝 function.

The preliminary research of candidates for elementary
functions 𝑓𝑖 considered the following: sinus, Lorentz, Gaussian, and quadratic functions. The accuracy was measured
using root mean squared error (RMSE) [12]. The error was
calculated as follows:
2
1 𝑁
∑ [𝑓 (𝑥) − 𝑓𝑝 (𝑥)] ,
𝑁 𝑥=1 𝑟

where N is the total number of the analysed values.

Figure 6: The experimental EPR spectrum of the burnt skin treated
with propolis.

After preliminary research the Gaussian and Lorentz
functions were selected as offering the lowest error rate for
a number of functions equal or below 3 (𝑤 ≤ 3). Therefore
the 𝑓𝑖 (𝑥), for 𝑖 = 1, . . . , 3, was defined as follows:

Real values
Estimation

RMSE = √

345
𝐵 (mT)

(5)

𝑔𝑖 (𝑥) =

−2 (𝑥 − 𝑝𝑖2 ) 𝑝𝑖3
2

2]
𝜋[(𝑥 − 𝑝𝑖2 ) + 𝑝𝑖3

2

∀𝑖,
,

(6)

−𝑥 + 𝑝𝑖2 −(𝑥−𝑝𝑖2 )2 /2𝑝𝑖32
.
𝑒
3√
𝑝𝑖3
2𝜋

The 𝑝𝑖𝑗 , 𝑖, 𝑗 = 1, . . . , 3, parameters define Gaussian and
Lorentz functions used to construct 𝑓𝑝 function. Parameter 𝑝𝑖2 defines mean/location parameter while 𝑝𝑖3 defines
variation/scale parameter. Based on the defined model the
approximation task can be performed. The approximation is
using a various number of elementary functions and adapting
𝑝𝑖𝑗 parameters to find a solution. A 𝑘th candidate for a final
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Figure 7: The component EPR lines of the spectrum of the burnt skin treated with propolis for fitting by sum of two lines: Gauss-Gauss (GG)
(a), Lorentz-Lorentz (LL) (b), and Gauss-Lorentz (GL) (c).

solution, which defines 𝑝𝑖𝑗 , 𝑖, 𝑗 = 1, . . . , 3, values, is defined
as a 𝑃𝑘 matrix:
𝑝11 𝑝21 𝑝31
𝑃𝑘 = [𝑝12 𝑝22 𝑝32 ] ,
[𝑝13 𝑝23 𝑝33 ]

𝑘 ∈ 𝑁.

(7)

3.6. Finding the Best Solution. The proposed procedure minimizes the approximation error between the real function 𝑓𝑟
and 𝑓𝑝 function modifying the 𝑃𝑘 matrix values, for given k
prototype and fixed numbers of Gaussian/Lorentz functions:
𝑁

2

min ( ∑ [𝑓𝑟 (𝑥) − 𝑓𝑝 (𝑥, 𝑃𝑘 )] ) .
𝑘

(8)

𝑥=1

Boundary values for 𝑃𝑘 matrix were defined as follows:
for 𝑝𝑗1 , 𝑗 = 1, . . . , 3, parameters as the maximal signal

value multiplied by a number of defined functions, 𝑝𝑗2 , 𝑗 =
1, . . . , 3, parameters, which defines position of function
centers, should not exceed the analysed interval (−5 to 5)
and 𝑝𝑗3 , 𝑗 = 1, . . . , 3, parameters V) interval according
to Gaussian and Lorentz functions characteristics. To find
the best match, a genetic algorithm [13] with Conjugate
Gradient Method [14] was implemented. In the first phase,
the algorithm finds a rough estimation of the parameters by
modifying the values in 𝑃𝑘 matrix (within given boundaries),
and then solution error is further minimized by Conjugate
Gradient Method. Genetic algorithm was optimized to the
given task. The initial population was set to 1000. Each
individual member is described as 𝑃𝑘 matrix and takes initial
values within defined boundaries with equal probability.
Then 100 epochs are run to find a rough estimation. The
best solution from previous generation is moved to the
next one, while remaining solutions undergo mutation and
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Figure 8: The component EPR lines of the spectrum of the burnt skin treated with propolis for fitting by sum of three lines: Gauss-GaussGauss (GGG) (a), Lorentz-Lorentz-Lorentz (LLL) (b), Gauss-Gauss-Lorentz (GGL) (c), and Gauss-Lorentz-Lorentz (GLL) (d).

crossover. The mutation considers changing one of 𝑃𝑘 matrix
elements by 10−3 of a parameter value range. The crossover
is performed by simple averaging of two members. The
probability of moving to the next epoch is calculated based
Pr (𝑘) =

min𝑙 ∑𝑛𝑥=1 [𝑓𝑟 (𝑥) − 𝑓𝑝 (𝑥, 𝑃𝑙 )]
∑𝑛𝑥=1 [𝑓𝑟 (𝑥) − 𝑓𝑝 (𝑥, 𝑃𝑘 )]

2

2

.

(9)

325

345
𝐵 [mT]

After 100 epochs the individual (𝑃𝑘 ) with the best match
is further processed by Gradient Method to find a local
minimum. The result of averaging is presented in Figure 5 for
three functions 𝑓𝑝 = 𝑙1∘ 𝑙2∘ 𝑔3 .

Figure 9: The experimental EPR spectrum of the burnt skin treated
with silver sulphadiazine.

3.7. Groups of Free Radicals in the Burnt Skin Treated with
Propolis. The shape of the EPR spectrum of the burnt
skin treated with propolis pointed out that the spectrum
is of complex character. The experimental EPR spectrum
of the injured skin treated with propolis is presented in
Figure 6. This spectrum is superposition of several lines. The
theoretical deconvolution of this EPR spectrum by different

superpositions of Gauss and Lorentz lines was done, and the
results are presented in Figures 7 and 8 and Table 1. In Figure 9
the component Gauss and Lorentz lines of the EPR spectrum
of the skin samples treated with propolis are presented for
deconvolution by two theoretical lines. Figure 8 shows the
component Gauss and Lorentz lines of the EPR spectrum of
the skin samples treated with propolis for deconvolution by
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Table 1: The parameters of the component lines of the EPR spectra of the burnt skin treated with propolis fitted by two (GG, LL, and GL)
and three (GGG, LLL, GGL, and GLL) lines.
Function
GG

LL

GL

GGG

LLL

LGG

LLG

Parameters
𝐴 (a.u.)
Δ𝐵pp (mT)
Signal power
𝐴 (a.u.)
Δ𝐵pp (mT)
Signal power
𝐴 (a.u.)
Δ𝐵pp (mT)
Signal power
𝐴 (a.u.)
Δ𝐵pp (mT)
Signal power
𝐴 (a.u.)
Δ𝐵pp (mT)
Signal power
𝐴 (a.u.)
Δ𝐵pp (mT)
Signal power
𝐴 (a.u.)
Δ𝐵pp (mT)
Signal power

L1
0
0
0
4
0.75
28.7
4.31
1.25
27.3
0
0
0
2.09
5
59.7
4.32
1.25
30.8
2.14
5.25
64.0

L2
0
0
0
1.92
5.5
71.3
0
0
0
0
0
0
4.1
1
25.2
0
0
0
3.95
1
24.3

L3
0
0
0
0
0
0
0
0
0
0
0
0
2.16
1
15.1
0
0
0
0
0
0

G1
2.33
9
78.5
0
0
0
2.08
9.75
72.7
4.4
1.75
25.6
0
0
0
1.9
8
58.9
2.2
1.5
11.7

G2
4.28
1.25
21.5
0
0
0
0
0
0
2.38
6.5
54.7
0
0
0
1.99
1.5
10.3
0
0
0

G3
0
0
0
0
0
0
0
0
0
2.23
2.5
19.7
0
0
0
0
0
0
0
0
0

S

RMSE

231.6

0.67

248.8

0.70

227.5

0.67

189.6

0.61

153.1

0.55

158.4

0.56

153.6

0.55

G, L: Gauss and Lorentz lines, respectively. S: standard deviation for the fitting. RMSE: root mean squared error.

three theoretical lines. The parameters of these component
EPR lines are presented in Table 1. The standard error of each
of the fitting is shown.
The best numerical fitting of the experimental EPR spectrum of the burnt skin treated with propolis was obtained by
sum of three lines, one Gauss and two Lorentz lines (Table 1,
Figure 3). Three groups of free radicals are expressed in this
skin sample. The parameters of the component differ between
themselves. The character of the correlations is presented in
Table 1. The dominant EPR component in this spectrum is
the broad Lorentz line. Free radicals responsible for this line
mainly occur in the tested skin sample.
3.8. Groups of Free Radicals in the Burnt Skin Treated with
Silver Sulphadiazine. Similar to the skin sample treated with
propolis, the unsymmetrical shape of the EPR spectrum
of the burnt skin treated with silver sulphadiazine was
observed. The experimental EPR spectrum of the injured
skin treated with silver sulphadiazine is presented in Figure 9. This spectrum is superposition of several lines. The
theoretical deconvolution of this EPR spectrum by different
superpositions of Gauss and Lorentz lines indicated that it
is superposition of one Gauss and two Lorentz lines. The
results of deconvolution by only two lines are presented in
Figure 10 and Table 2. Figure 11 shows the component Gauss
and Lorentz lines of the EPR spectrum of the skin samples
treated with silver sulphadiazine fitted by the three theoretical

lines. The parameters of these component EPR lines and the
standard error of each of the fitting are presented in Table 2.
The experimental EPR spectrum of the burnt skin treated
with silver sulphadiazine was the best fitted by sum of three
lines, one Gauss and two Lorentz lines (Table 2, Figure 10).
Three groups of free radicals detected in this skin sample are
responsible for the three lines in the spectrum with different
parameters. The character of the correlations is presented in
Table 2. Free radicals with the broad Lorentz line dominate in
the skin sample. The fraction of the broad Lorentz line is the
highest in the EPR spectrum.
3.9. Comparative Analysis of Complex System of Free Radicals in the Burnt Skin Treated with Propolis and Silver
Sulphadiazine. Three groups of free radicals are expressed
in the injured skin treated with both propolis and silver
sulphadiazine. The groups of free radicals differ in EPR
line parameters and concentrations in the skin sample. The
parameters of the EPR components of the resultant spectra of
the burnt skin treated with propolis and silver sulphadiazine
are compared in Table 3. Their concentrations in the skin
samples are compared in Figure 12. The highest free radical
concentrations were obtained for the centers responsible for
the broad Lorentz lines in the two studied samples. The lowest
concentrations of free radicals with the broad Lorentz lines
were obtained for the thermally damaged skin treated with
propolis (Figure 12).
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Figure 10: The component EPR lines of the spectrum of the burnt skin treated with silver sulphadiazine for fitting by sum of two lines:
Gauss-Gauss (GG) (a), Lorentz-Lorentz (LL) (b), and Gauss-Lorentz (GL) (c).

4. Discussion
Electron paramagnetic resonance spectroscopy may be used
for examination of different groups of free radicals generated
in the injured skin [3]. In this work the numerical procedures for the analysis of multicomponent EPR spectra were
performed. The theoretical functions of Gauss and Lorentz
were used to fit shape of the experimental spectra. Gauss
function is a characteristic for strongly localized unpaired
electrons, and Lorentz function describes delocalized or
partially delocalized unpaired electrons [7, 8].
Multicomponent EPR spectra of the thermally affected
skin treated with propolis and silver sulphadiazine were comparatively examined. Thermal effect formed in skin major
types of free radicals, because of different susceptibility of the
individual chemical bonds to breaking. Free radicals in the

heated skin after 21 days of treating by these two substances
were tested, but it is hoped that the complex free radicals
system characterizes the tissue samples after therapy at the
other times. The method of determination of types and concentrations of different groups of free radicals in burn wounds
generated by high temperature was prepared and developed.
The same different groups of free radicals in the burnt
skin after therapy with propolis and silver sulphadiazine were
detected. The chemical methods of free radicals studies are
destructive ones, so the usefulness of the electron paramagnetic resonance (EPR) spectroscopy was tested in this work.
The experimental spectra were fitted by superposition of two
and three Gauss (G) and Lorentz (L) lines. The following
superpositions of theoretical (G, L) lines were tested: GG, LL,
GL, GGG, LLL, GGL, and GLL. The numerical procedure of
spectroscopic analysis of the skin was prepared in our work.
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Table 2: The parameters of the component lines of the EPR spectra of the burnt skin treated with silver sulphadiazine fitted by two (GG, LL,
and GL) and three (GGG, LLL, GGL, and GLL) lines.
Function
GG

LL

GL

GGG

LLL

LGG

LLG

Parameters
𝐴 (a.u.)
Δ𝐵pp (mT)
Signal power
𝐴 (a.u.)
Δ𝐵pp (mT)
Signal power
𝐴 (a.u.)
Δ𝐵pp (mT)
Signal power
𝐴 (a.u.)
Δ𝐵pp (mT)
Signal power
𝐴 (a.u.)
Δ𝐵pp (mT)
Signal power
𝐴 (a.u.)
Δ𝐵pp (mT)
Signal power
𝐴 (a.u.)
Δ𝐵pp (mT)
Signal power

L1
0
0
0
3.37
1.25
32.0
1.87
5.5
75.4
0
0
0
1.66
5.75
50.2
2.15
4.25
60.2
3.06
3
68.8

L2
0
0
0
1.62
5.75
68.0
0
0
0
0
0
0
3.94
1.5
32.1
0
0
0
2.63
0.75
15.5

L3
0
0
0
0
0
0
0
0
0
0
0
0
1.98
1.5
17.7
0
0
0
0
0
0

G1
3.68
1.75
23.9
0
0
0
3.36
1.5
24.6
2.81
8.25
43.4
0
0
0
2
2
15.5
2.11
1.5
15.7

G2
2.01
9.75
76.1
0
0
0
0
0
0
3.93
1.75
13.2
0
0
0
3.45
1.75
24.3
0
0
0

G3
0
0
0
0
0
0
0
0
0
2.8
8.25
43.4
0
0
0
0
0
0
0
0
0

S

RMSE

199.2

0.62

229.9

0.67

215.7

0.65

194.9

0.62

146.5

0.53

142.3

0.53

137.3

0.52

G, L: Gauss and Lorentz lines, respectively. S: standard deviation for the fitting. RMSE: root mean squared error.

Table 3: Comparison of the free radical concentrations and parameters of the component lines of the EPR spectra of the burnt skin treated
with propolis and silver sulphadiazine fitted by the three lines, sum of one Gauss and two Lorentz lines.
Preparation

Function

Propolis

LLG

Silver sulphadiazine

LLG

Parameters
𝐴 (a.u.)
Δ𝐵pp (mT)
Signal power
𝐴 (a.u.)
Δ𝐵pp (mT)
Signal power

L1
2.14
5.25
64.0
3.06
3
68.8

L2
3.95
1
24.3
2.63
0.75
15.5

G1
2.2
1.5
11.7
2.11
1.5
15.7

𝑁 × 1018 (spin/g)

S

RMSE

6.39

153.6

0.55

10.76

137.3

0.52

G, L: Gauss and Lorentz lines, respectively. S: standard deviation for the fitting. RMSE: root mean squared error.

It was pointed out that the experimental EPR spectra are
the best fitted by sum of one Gauss and two Lorentz (GLL)
lines. The parameters of the individual component EPR lines
were determined. It was shown that three different groups
of free radicals occur in the skin of burnt wounds. It was
proved that different amounts of the individual types of free
radicals characterize the skin treated with propolis and silver
sulphadiazine.
The numerical analyses performed in this work are innovatory and they are very useful in the alternative medicine
studies. It is proposed besides the difficult chemical analysis.
The original method of numerical analysis of effect of propolis and silver sulphadiazine on free radicals in the burnt skin
was presented. The method may be developed to the other
free radicals in biological and medicinal samples [7, 15–18].

5. Conclusions
A novel method of analyzing the complex free radicals system
in skin samples was presented. It was pointed out that the
numerical deconvolution of the EPR spectra is useful for
determining the type of free radicals expressed in the burnt
skin. The number of component lines indicates the number
of different groups of free radicals in the skin sample. The
parameters of the component lines give information about
properties and concentrations of the individual types of free
radicals [7, 8].
The line shape of the electron paramagnetic resonance
spectra of heated skin depends on the therapeutic substance
applied. Three component lines were detected in the EPR
spectra of the thermally damaged skin after treatment by
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Figure 11: The component EPR lines of the spectrum of the burnt skin treated with silver sulphadiazine for fitting by sum of three lines:
Gauss-Gauss-Gauss (GGG) (a), Lorentz-Lorentz-Lorentz (LL) (b), Gauss-Gauss-Lorentz (GGL) (c), and Gauss-Lorentz-Lorentz (GLL) (d).

was proven that different quantities of the individual types of
free radicals characterize the skin treated with propolis and
silver sulphadiazine. Numerical analysis of EPR spectra may
be very useful in the alternative medicine studies [15, 16]. A
novel method of numerical analysis of effect of propolis and
silver sulphadiazine on free radicals in the burnt skin was
presented.
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Figure 12: The concentrations (𝑁) of free radicals responsible for
Gauss (G) and Lorentz (L) lines in the EPR spectra of the burnt skin
treated with propolis and silver sulphadiazine.
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Antioxidant and free radical scavenging effects are attributed to phenolic compounds present in propolis, and when delivered to
the skin surface and following penetration into epidermis and dermis, they can contribute to skin protection from damaging action
of free radicals that are formed under UV and premature skin aging. This study was designed to determine the penetration of
phenolic acids and vanillin into the human skin in vitro from experimentally designed vehicles. Results of the study demonstrated
the ability of propolis phenolic acids (vanillic, coumaric, caffeic, and ferulic acids) and vanillin to penetrate into skin epidermis
and dermis. The rate of penetration and distribution is affected both by physicochemical characteristics of active substances
and physical structure and chemical composition of semisolid vehicle. Vanillin and vanillic acid demonstrated relatively high
penetration through epidermis into dermis where these compounds were concentrated, coumaric and ferulic acids were uniformly
distributed between epidermis and dermis, and caffeic acid slowly penetrated into epidermis and was not determined in dermis.
Further studies are deemed relevant for the development of semisolid topically applied systems designed for efficient delivery of
propolis antioxidants into the skin.

1. Introduction
Human skin protects an organism from constant exposure
to physical, chemical, biological, and environmental factors
[1]. Ultraviolet (UV) radiation is one of the major causes
of formation of reactive oxygen species (ROS) and radicals,
which are associated with UV-induced skin damages: skin
aging, cancer, and other skin diseases [2, 3]. Delivery of
external antioxidant molecules to the sites of potential UVinduced formation of ROS should be considered when
protecting the skin from oxidative damage and retarding
aging-related processes. Antioxidant, free radical scavenging,
anti-inflammatory, antitumoral, antimicrobial, and wound
healing properties have been confirmed for propolis and
its products both in vitro and in vivo studies, and these
attributes are linked with the presence of phenolic compounds, including flavonoids, phenolic acids, and their esters
[4–8]. A contribution of propolis phenolic compounds to the
skin protection is not widely established. Recently published
data demonstrate the ability of propolis extract to prevent UV
irradiation-induced oxidative stress in the skin [5]. Strong

antioxidant and free radical scavenging properties of propolis
are conditioned by presence of phenolic acids (rosmarinic,
chlorogenic, caffeic, and ferulic acids) and phenolic aldehyde
vanillin [9]. Brazilian researches have evaluated the propolis
extract release from topical formulations and the permeation
in skin pig ear and in the whole hairless mice skin [10–12].
Also the potential applicability of Brazilian propolis extracts
for the prevention of oxidative stress in the skin due to UV
irradiation was studied. To cultivate a more complete understanding of the protective capabilities of propolis extracts,
topical formulations that diffuse more effectively through the
skin could be developed and additional studies be performed.
Therefore, the objective of this study was to evaluate
the release of propolis phenolic acids and vanillin from
experimental semisolid formulations and their penetration
into the human skin layers in vitro. The current study was
designed to evaluate the ability of propolis phenolic acids
and phenolic aldehyde vanillin to penetrate human skin from
different carriers that were designed and developed for topical
application.
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Table 1: The composition of semisolid propolis preparations after
optimization.
Excipient
Vaseline, white
Lanolin, anhydrous
Glycerol
Soft propolis extract
Pionier PLW
Span 80
Purified water
Poloxamer 407
Sodium
carboxymethylcellulose
Aqueous propolis extract

Ointment
(%)

W/O cream
(%)

Hydrogel
(%)

68.4
13.6
15
3
—
—
—
—

—
—
—
3
50
7
40
—

—
—
—
—
—
—
8.5
20

—

—

1.5

—

—

70

2.68 ± 0.04

7.83 ± 0.05

Dynamic viscosity (Pa ⋅ s) 1.95 ± 0.10

2. Materials and Methods
2.1. Chemicals and Reagents. Raw propolis was obtained
from UAB Medicata Filia (Vilnius, Lithuania), and soft
propolis extract was obtained from UAB Valentis (Kaunas,
Lithuania); acetonitrile (Chromasolv) was gradient grade for
HPLC, ≥99.9% and acetic acid (glacial), ≥99.8% pure quality
(Sigma-Aldrich Chemie GmbH, Steinheim, Germany). The
standards of phenolic compounds for HPLC were purchased
from Sigma-Aldrich Chemie GmbH (Steinheim, Germany):
vanillic acid (≥98%), caffeic acid (≥98%), vanillin (≥99%),
coumaric acid (≥98%), and ferulic acid (≥99%). Purified
water for preparation of solvents was filtered through
the Millipore HPLC grade water preparation cartridge
(Millipore, Bedford, PA, USA). Vaseline (white), glycerol,
span 80 (sorbitan oleate), poloxamer 407 (polyoxyethylenepolyoxypropilene-polyoxyethylene tri-block copolymer),
and sodium carboxymethylcellulose (50–200 cP) were
purchased from Sigma-Aldrich Chemie GmbH (Steinheim,
Germany); lanolin, anhydrous (CPC W. M. GmbH,
Germany); Pionier PLW (mixture of mineral oil and
polyethylene) (Hansen & Rosenthal, Hamburg, Germany);
sodium chloride (Carl Roth GmbH, Karlsruhe, Germany)
and sodium azide (POCh, Gliwice, Poland).
2.2. Aqueous and Ethanolic Propolis Extracts. Propolis
sample-to-solvent ratio was 1 : 10 (w/v) when preparing
aqueous propolis extract. Phenolic compounds from raw
propolis were extracted using purified water with stirring at
70∘ C for 1 hour using a hotplate magnetic stirrer IKAMAG
C-MAG HS7 (IKA-Werke GmbH & Co. KG, Staufen,
Germany) [13, 14]. Produced aqueous propolis extract was
cooled to room temperature and filtered.
2.3. Propolis Extracts Analysis by High-Performance Liquid
Chromatography. Four phenolic acids (coumaric, ferulic, caffeic, and vanillic acids) and vanillin were identified in propolis extracts using Agilent 1260 Infinity capillary LC (Agilent

Technologies, Inc., Santa Clara, CA, USA) with Agilent
diode array detector (DAD) and applying validated HPLC
method for quantification of the above-mentioned phenolic
compounds. The separation of phenolic acids and vanillin
was achieved with an ACE C18 column (150 × 0.5 mm, 5 𝜇m
particle size) using the mobile phase composed of acetonitrile
(solvent A) and 0.5% (v/v) acetic acid in water (solvent B).
The linear elution gradient from 1 to 21% of solvent A in
B 25 min was applied. The injection volume was 0.2 𝜇L, the
flow rate was 20 𝜇L/min, and the column temperature was
25∘ C. The specificity and identification of phenolic acids were
confirmed with a PDA detector and UV spectra of the appropriate standards in the wavelength range of 210–600 nm. The
integration of phenolic acids peaks was performed at 290 nm
[15].
All propolis samples were filtered through 0.20 𝜇m sterile
nylon membrane filters (diameter of 25 mm) for syringes
(Sartorius Stedim Biotech GmbH, Goettingen, Germany)
prior to performing HPLC analysis.
2.4. Formulation of Semisolid Preparations with Propolis
Extracts. Choice of excipients for ointment and w/o cream
semisolid vehicles were developed with the reference to
earlier published research data [16]. The components of
semisolid propolis preparations are listed in Table 1. The compositions of the semisolid vehicles were optimized applying
the experimental central composite design model. Optimization was performed referring to the released quantity of total
phenolic compounds after 6 hours.
The experimental propolis ointment and water-in-oil
(w/o) cream were prepared at room temperature using
the Unguator 2100 mixing machine (GAKO International
GmbH, Munich, Germany). Ointment base components
were mixed until homogeneity. Later soft propolis extract was
added and dispersed in the ointment base. The final mixing
step in propolis ointment formulation was performed for
2 min using normal general mixing procedure. Formulation
of propolis w/o cream was performed by addition of aqueous
phase to homogeneous oily phase containing emulsifying
agent to produce primary emulsion. Soft propolis extract
was added for dispersion, and final mixing was performed at
mixing under 750 rpm, oscillation 1500 rpm, and continued
for 2.25 min. Experimental propolis hydrogel formulation
was prepared by cold method [17].
2.5. The Viscosity Determination of Semisolid Propolis Preparations. Dynamic viscosity (Pa⋅s) of experimental semisolid
propolis preparations (Table 1) was assessed at 32∘ C temperature using rotary viscometer ST-2010 (JP Selecta S.A., Spain).
Cylindrical spindle (R4) rotating speed was 10.0 rpm. The
duration of each measurement was 10 s (𝑛 = 3).
2.6. In Vitro Release Study. In vitro release experiments
were performed (𝑛 = 3) using the modified Franz type
diffusion cells and the dialysis membranes of natural cellulose
Cuprophan (Medicell International Ltd., London, UK) [11,
18]. A diffusion area was 1.77 cm2 . The infinite dose of the
donor phase was placed into the diffusion cell. The aqueous
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Table 2: Quantitative profile of identified phenolic compounds in Lithuanian propolis extracts.
Solute
Aqueous extract (1 : 10) (mg/mL)
Soft propolis extract (mg/g)

Vanillic acid
0.207 ± 0.012
4.132 ± 0.023

Caffeic acid
0.050 ± 0.003
1.432 ± 0.046

receptor medium was stirred using the hotplate magnetic
stirrer IKAMAG C-MAG HS7 (IKA-Werke GmbH & Co.KG,
Staufen, Germany) maintaining the temperature of 32 ±
0.1∘ C. The samples from the receptor solution were removed
at 0.5, 1, 2, 4, 6, 8 hour and replaced with the same volume of
fresh receptor solution. All samples were analyzed by HPLC.
2.7. In Vitro Skin Permeation Study. Caucasian women (age
range 25–40 years) abdominal skin was obtained from
Department of Plastic and Reconstructive Surgery, Hospital of Lithuanian University of Health Sciences, after cosmetic surgery, and was stored at −20∘ C not longer than 6
months before use. Kaunas Region Bioethical Committee has
approved the use of human skin for transdermal penetration
studies. In vitro skin permeation experiments (𝑛 = 6) were
performed using Bronaugh type flow-through diffusion cells
with full-thickness human skin. Acceptor phase was circulated by Masterflex L/S peristaltic pump with multichannel
pump head (Cole-Parmer Instrument Co., IL, USA) [19,
20]. The efficient diffusion area in the cells was 0.64 cm2 .
The diffusion cells with human skin samples were placed
on the heating block maintaining 37∘ C by a Grant GD120
thermostated circulating water bath (Grant Instruments Ltd.,
Cambridge, Great Britain).
The equilibration of the diffusion testing system was
performed for 12 hours, during which the circulation of
0.9% NaCl solution containing 0.005% NaN3 was maintained
underneath the skin samples. After the equilibration period,
the infinite dose of the donor phase was applied on the outer
human skin side (stratum corneum side) surface, and the
diffusion cells were covered with aluminum foil. Circulation
rate of the acceptor medium underneath the skin samples
(0.9% NaCl solution with 0.005% NaN3 ) was 0.6 mL/min.
The donor phase was removed from the human skin
surface after 24 hours, and stratum corneum side was rinsed
2 times with 96.3% ethanol and 3 times with 0.9% NaCl. The
skin samples (0.64 cm2 ) were trimmed off removing the outer
residuals. Epidermis was separated from dermis applying
dry heat separation method. The skin sample (epidermis
side) was placed on the hot (approx. 60∘ C) metal surface
for short time (1-2 s), and epidermis was peeled off. Then,
epidermis and dermis were separately extracted with 1 mL of
a mixture of methanol and deionized water (1 : 1) for 30 min
under sonication in a Bandelin Sonorex Digitec bath (DT 156,
Bandelin electronic GmbH & Co. KG, Berlin, Germany).
2.8. Statistical Analysis. Experimental optimization was performed applying surface response central composite design
in Design-Expert 6.0.8 software. Statistical analysis of experimental data was performed using SPSS software (version
19.0). Mann-Whitney U test and one-way ANOVA (Tukey’s
Honestly Significant Difference criterion) were used for

Vanillin
0.277 ± 0.011
6.521 ± 0.011

Coumaric acid
0.516 ± 0.026
18.469 ± 0.041

Ferulic acid
0.308 ± 0.015
12.937 ± 0.011

data analysis. Correlation analysis was performed applying
Spearman’s rank coefficient.

3. Results and Discussion
Phenolic acids and phenolic aldehide vanillin were identified
and quantitatively assessed in the aqueous and soft propolis
extracts during experimental studies (Table 2). The characteristic chromatograms of vanillic, caffeic, coumaric, ferulic
acid, and vanillin in propolis aqueous extract, epidermis,
and dermis are presented in Figure 1. Validated chromatographic separation method ensured efficient separation and
quantification of phenolic compounds in propolis extracts
and specimens of skin epidermis and dermis. No external
interference with the accuracy and separation was identified
when analyzing skin specimens. The results of the analysis
supported published data [15, 21], confirming that coumaric,
ferulic acids, and vanillin are the dominating components in
raw Lithuanian propolis (Table 2). Aqueous propolis extract
was used as an active substance’s form, for development of
hydrophilic gel systems for further studies (Table 1). Meanwhile, soft propolis extract was used as an active substance’s
form in formulation of hydrophobic and emulsion systems
(Table 1).
The results of the phenolic compounds release studies
were in line with the published data, demonstrating that
the release of drug substances from semisolid vehicles is
influenced not only by the properties of drug molecule
but also by the properties of the vehicle and concentration
of the drug in the preparation [22]. Release data demonstrated that after 8 hours hydrophilic gel released nearly
the whole amount of phenolic compounds, and only up to
5% and 22% of phenolic compounds were released from
ointment and w/o cream, respectively (Figure 2). Evaluating
the released quantities of each phenolic compound from
ointment and w/o cream, the similarity of the profiles was
evident. Comparison of the released fractions demonstrated
the domination of vanillin (39%) and vanillic acid (32%)
in case of w/o cream, and in case of ointment vanillic acid
(16%) was prevailing after 8 hours. No traces of caffeic
acid were determined when the evaluation of the phenolic
compounds from ointment has been performed, and only 9%
of caffeic acid (lowest amount amongst evaluated phenolic
compounds) was released from w/o cream. Nearly complete
release of phenolic acids and vanillin from hydrogel can
be attributed to possible gel dissolution after penetration
of aqueous acceptor medium (Figure 2). Observed release
profiles of phenolic acids and vanillin could be related to
lipophilicity of the tested substances and semisolid vehicle.
Phenolic acids are partly lipophilic by nature. Average calculated log 𝑃 value (ALOGPS 2.1) is 1.18 for vanillin, 1.24
for vanillic acid, 1.25 for caffeic acid, 1.42 for ferulic acid,
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Figure 1: Chromatographic determination of vanillic acid (1), caffeic acid (2), vanillin (3), coumaric acid (4), and ferulic acid (5) in aqueous
propolis extract (a), epidermis (b), and dermis (c).
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Figure 2: Release profiles of cumulative amounts of vanillic, caffeic,
coumaric, ferulic acids, and vanillin from ointment, w/o cream, and
hydrogel.

and 1.53 for coumaric acid. Appealing to calculated log 𝑃
values, it could be concluded that vanillin and vanillic acid
are less lipophilic if compared to ferulic and coumaric acids.
Referring to the experimental data it could be concluded that

active compounds less affined to semisolid vehicle should
be released first. Vehicles with lower content of lipophilic
substances (e.g., w/o cream compared to ointment) released
phenolic compounds more intensively, especially the more
hydrophilic compounds, and this conforms to the published
data [11]. Meanwhile the ointments with higher content of
lipophilic substances restrained the release of more lipophilic
compounds into aqueous receptor medium (“like dissolves
like”).
Aqueous propolis extract was applied to the human
skin in vitro to evaluate the ability of vanillin, and vanillic,
caffeic, coumaric, and ferulic acids to penetrate into/through
epidermis and dermis. Evaluation of penetrated fraction of
phenolic acids demonstrated that after 24 hours epidermis
contained approx. 5% of coumaric and ferulic acids, and in
dermis 4% of coumaric acid and 6% of ferulic acid were
determined (Figure 3). Vanillin and vanillic acid relatively
easily penetrated into epidermis and similarly easily, thus
the determined contents of these compounds were low in
epidermis (1-2%) and higher in dermis (11% and 8%, resp.).
The fraction of caffeic acid in epidermis reached 4%, and
it was not determined in dermis. Such differences in penetration results could be related to lipophilicity of phenolic
compounds. Evaluation of Spearmen’s rank correlation coefficients demonstrated the existing statistically significant (𝑃 <
0.01) direct correlation (R2 = 0.904) between lipophilicity
of compounds (log 𝑃 value) and their ability to penetrate
into epidermis, whereas indirect correlation (R2 = −0.965)
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Figure 3: Penetration of ferulic, coumaric, caffeic, vanillic acids, and
vanillin into epidermis and dermis after aqueous propolis extract
application for 24 hours.

Figure 4: Penetration of coumaric, vanillic acids, and vanillin into
epidermis and dermis after propolis aqueous extract containing
hydrogel application for 24 hours.

was statistically significant (𝑃 < 0.01) when lipophilicity
of compounds was related to their ability to penetrate into
dermis. It could be concluded that more lipophilic coumaric,
ferulic, and caffeic acids were predominantly concentrated in
epidermis, and only limited quantities of coumaric and ferulic acids penetrated into dermis. Meanwhile less lipophilic
vanillin and vanillic acid were permeating epidermis and
penetrating into dermis. These results indicate the dependence of phenolic compounds distribution profile on their
lipophilicity and properties of skin layers.
The quantities of phenolic acids and vanillin were statistically significantly lower (𝑃 < 0.05) both in epidermis
and dermis when hydrophilic gel was used as a vehicle for
propolis phenolic compounds if compared to application of
aqueous propolis extract (Figure 4). It should be noted that
hydrophilic gel supported penetration of vanillin and vanillic
acid into dermis, while coumaric acid was determined only
in epidermis. Ferulic and caffeic acids were not determined
in epidermis, though both these compounds were penetrating into the skin when aqueous propolis extract has been
applied. Noteworthy to mention is that hydrophilic gel was
nearly completely releasing all tested phenolic compounds
in this study. The penetration results suggest the existence
of complex interaction between semisolid vehicle and skin
layers, and it could demonstrate critical effects on compound
penetration into the skin.
Comparative evaluation of hydrophobic and emulsion
type vehicles regarding their effect on skin penetration
behavior of propolis active phenolic constituents revealed
higher penetration values when emulsion system was applied
(Figure 5). Penetration profile of phenolic acids and vanillin
from emulsion systems was similar to the penetration profile
resulting from application of propolis aqueous extract, but the
determined absolute quantities of phenolic compounds were
approximately 2-fold lower. Data presented in Figures 5 and
6 demonstrate that penetration of coumaric and ferulic acids

from w/o cream into skin was approximately 4-fold higher
(𝑃 < 0.05) when compared to results after application of
ointment. Vanillin and vanillic acid penetrated into dermis,
but only in the case of vanilic acid significant difference
(𝑃 < 0.05) between penetration results from cream and
ointment into skin was confirmed. Both in the case of
vanillin and vanillic acid epidermis did not present a barrier
for penetration. Caffeic acid had no opportunity to enter
epidermis as it was not released from the utilized ointment
vehicle as was confirmed by release studies. When w/o cream
vehicle was utilized, presence of caffeic acid was identified in
epidermis, but it was not determined in dermis.
The observed differences of penetration of phenolic acids
and vanillin after application of cream and ointment could
be partially explained by respective differences in released
amounts of phenolic acids and vanillin from cream and
ointment. Statistical analysis (ANOVA) of penetration in
vitro data confirmed the statistically significant (𝑃 < 0.05)
difference of quantities of phenolic compounds in human
skin after application of w/o cream compared to ointment or
gel, thus confirming suitability of this w/o emulsion system
for delivery of propolis phenolic compounds.
Published scientific data demonstrate that penetration
into the skin increases with the increasing hydration of skin
tissue [23]. Pharmaceutical and cosmetic semisolid vehicles
designed for topical application can increase skin hydration
by limiting water evaporation from the skin surface or by
supplying additional water amount to stratum corneum from
the vehicle. Surface active agents employed as emulsifying,
wetting, and solubility modifying excipients can negatively
affect barrier function of the skin thus impacting on the
penetration of external chemical substances into skin. It
could be supposed that surface active agents present in
emulsion type and hydrophobic systems have influenced the
penetration of phenolic compounds into the skin through
modification of skin barrier function. The data from this
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Figure 5: Penetration of ferulic, coumaric, caffeic, vanillic acids, and
vanillin into epidermis and dermis after propolis cream application
for 24 hours.

were confirmed. Direct correlation between lipophilicity of
compounds and their ability to penetrate into epidermis was
demonstrated, whereas indirect correlation was established
when lipophilicity of compounds was related to their ability
to penetrate into dermis. The observed differences of penetration of phenolic compounds could be attributed to specific
characteristics of semisolid vehicle. Gelification of propolis
aqueous extract resulted in significant modification of qualitative and quantitative profile of phenolic acids and vanillin
in epidermis and derma, thus suggesting the active role of the
hydrophilic vehicle in penetration/permeation process. Most
efficient process of phenolic acids and vanillin penetration
was determined when emulsion type disperse system was
applied, and the quantities of individual compounds were a
few fold higher if compared to ointment though penetration
profile was similar. Further research and development of
efficient semisolid topical formulations for achieving higher
penetration of most efficient antioxidant components from
propolis extracts are deemed relevant and require further
studies.
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study showed that the highest permeation values of phenolic
compounds have been inherent for w/o emulsion system, so
emulsion’s aqueous phase may have affected the penetration
process. The results of the study demonstrated that the
composition of the vehicles affects both the release of propolis
active components and their distribution in the skin.

4. Conclusion
Study results indicate the suitability of developed vehicle
systems for incorporation of propolis extracts. The release
profiles of vanillic acid, caffeic acid, ferulic acid, coumaric
acid, and vanillin were reproducible when optimized formulations were applied. Penetration and permeation of
phenolic acids and vanillin into human skin layers in vitro
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Concentration and properties of free radicals in the burn wounds treated with propolis were examined by the use of electron
paramagnetic resonance spectroscopy. Magnetic spin-spin interactions and complex free radicals structures in wound beds were
studied. The results were compared to those obtained for silver sulphadiazine used as a standard pharmaceutical agent. The changes
of free radicals in the matrix of injury with time of exposition on these substances were tested. The aim of this study was to check the
hypothesis about the best influence of propolis on the burn wounds healing. It was confirmed that a relatively lower concentration
of free radicals exists in the burn wounds treated with propolis. The homogeneously broadened spectra and a complex free radical
system characterize the tested tissue samples. The fastening of spin-lattice relaxation processes in the matrix of injury after treatment
with propolis and silver sulphadiazine was observed. Practical usefulness of electron paramagnetic resonance spectroscopy in
alternative medicine was proved.

1. Introduction
Free radicals are formed in burn wounds matrix in thermolysis processes [1]. As the result of high temperatures effects,
the chemical bonds are broken in the molecules of skin structures, and as a result, the molecules with unpaired electrons
appear [2]. It is expected that different types of free radicals
are formed in skin as a reach molecular object. Because of the
contents of unpaired electrons, these molecules or molecular
fragments are reactive and unstable units. They may cause
major biochemical reactions in skin and in the neighboring
tissues [3]. Free radicals interact not only with other radical
species but also with diamagnetic molecules. The product
may be paramagnetic or diamagnetic [4]. So, it can be seen
that oxidative reactions modify chemical structures in a living
organism and may cause toxic effects [5]. The influence of free
radicals may be long distance, because of chain reactions. The
formation of free radicals in skin and in tissues is strongly

negative in results. During skin burning free radicals are
formed, but proper drugs should still be chosen [6]. Despite
therapeutic activity of the drug, it should also quench radical
activity. Therefore European propolis (including Polish origin
epitherapeutic agent), a natural plant resin that is produced by
honey bees, seems to be an optimal agent for the treatment of
thermal injuries due to its antimicrobial, anti-inflammatory,
antitumor, immunomodulatory, and last but not least antioxidant activity [7–10]. Beneficial biological effect of propolis
has been widely used in dermatology for injuries healing,
thermal damage and external ulcers therapy, healing time
reduction, wound contraction increase, and tissue repair
acceleration [11]. The main active compounds responsible for
the biological activity of poplar (European) propolis type,
including propolis from Polish origin are flavonoids (chrysine, galangine, pinocembrine, and pinobanxine), phenolic
acids (caffeic acid, p-cumaric acid, and ferulic acid), and their
esters (phenylethyl and 1.1-dimethylallyl) [12, 13].

2
In contrary to the last mentioned natural agent, silver
sulphadiazine conventionally used for topical burn therapy,
effective in controlling the infection of damaged skin, may
lead to prolongation of the wound reepithelization process
[10, 14–16].
In this work the effect of propolis on burnt skin repair
with increasing time of its action is studied. The changes in
free radicals in wound matrix after treatment with propolis,
as a natural drug, were compared with those obtained for the
standard agent—silver sulphadiazine. Our studies are innovatory, as they show that free radicals in the matrix of burn
wounds treated with propolis were marginally expressed.
Such studies had not been performed so far probably because
of technical and analytical difficulties.
In our work we proposed electron paramagnetic resonance (EPR) spectroscopy as an experimental tool for the
examination of free radicals in burn wounds matrix. This
method is based on microwave absorption by the samples
located in magnetic field. A new numerical procedure of the
spectral analysis is proposed. The performed studies of the
effect of propolis on free radicals in burn wounds are a fine
example which brings to light their broader applications. Usefulness of the proposed spectroscopic analysis and prepared
numerical procedures in alternative medicine was discussed.

2. Material and Methods
2.1. Therapeutic Agents. 3% propolis ointment, attested by the
National Institute of Hygiene (HZ/06107/00) and 1% silver
sulfadiazine cream (Lek, Poland) were used.
2.2. Tissue Materials. The experimental trial was accepted by
the Ethics Committee of the Medical University of Silesia,
Poland. Four 16-week-old domestic pigs were implemented
for the evaluation of wound repair because of the many
similarities between porcine skin and human skin. 72 contact
thermal injuries were inflicted according to the methods of
Hoekstra et al. [17] and Brans et al. [18]. Experimental animals
were housed according to the Good Laboratory Practice
Standards. Animals were included into control (𝑛 = 2)
and experimental (𝑛 = 2) groups. In the control group
wounds were treated with physiologic salt (NaCl) to observe
the healing process occurring without management (one
animal) or with a propolis vehicle in order to exclude its
possible effect on the propolis properties (another animal),
twice a day, throughout 21 days. In the experimental group,
burns were treated with propolis (one animal) or silver
sulfadiazine (another animal), twice a day, for three weeks.
Biopsies, in three replications, were taken from healthy skin
at day 0 and from the wound bed on postburn days 3,
5, 10, 15, and 21. After burn infliction, thermally damaged
tissues were rinsed with an antiseptic agent and then treated
with propolis, silver sulfadiazine, propolis vehicle, and NaCl,
respectively. In the case of burn wounds treated with the
propolis, silver sulfadiazine, and propolis vehicle, the wound
surface was covered with 0.50–0.75 cm layer of topically
applied experimental agent. The wounds were then covered
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with a woven cotton material. The wounds left by the biopsy
were covered with collagen dressing.
2.3. Sample Preparation to EPR Measurements. The tissue
samples were placed in the thin walled glass tubes with the
external diameter of 3 mm. The mass of the used skin samples
was measured. The EPR signals were not measured for the
empty glass tubes up to the applied receiver gains (105 ) and
microwave powers (2.2–70 mW).
2.4. EPR Measurements
2.4.1. Conditions of EPR Measurements. Free radicals in the
tissue samples were examined by the use of electron paramagnetic resonance spectroscopy. Paramagnetic properties
and free radical concentrations in the tissue samples were
tested. EPR spectra were measured by the use of an X-band
(9.3 GHz) electron paramagnetic resonance spectrometer
with magnetic modulation of 100 kHz produced by Radiopan
Firm (Poznan, Poland).
Free radical concentrations were measured at low
microwave power of 2.2 mW (attenuation of 15 dB) to avoid
microwave saturation effect. The parameters of the EPR spectra of the individual samples recorded with the microwave
power of 2.2 mW were compared. Additionally, in order
to obtain information about properties of free radicals in
tissue samples, the influence of microwave power in the
range of 2.2–70 mW on their EPR lines was checked. For the
burn wounds treated with propolis and silver sulphadiazine,
the lineshape and the parameters of the EPR spectra were
compared.
2.4.2. The Analysed Parameters of the EPR Spectra. The
following parameters of EPR spectra of the studied tissue
samples were analysed: 𝑔-factors [±0.0002], amplitudes (𝐴)
[±0.1], integral intensities (𝐼) [±0.2], and linewidths (Δ𝐵pp )
[±0.02]. Above the maximal errors for amplitude, integral
intensities, and linewidths are shown. The error for the
𝑔 values was calculated by the total derivative method. The
amplitude and integral intensity rise with increasing concentration of free radicals in the samples. The linewidth depends
on paramagnetic properties of the samples.
𝑔 values were calculated from EPR spectra according to
the resonance formula [19]: 𝑔 = ℎ]/𝜇𝐵 𝐵𝑟 , where ℎ is Planck
constant, ] is microwave frequency, 𝜇B is Bohr magneton, and
𝐵𝑟 is resonance magnetic field. Microwave frequency (]) was
directly measured by MCM101 recorder produced by EPRAD
Firm (Poznan, Poland). The 𝐵𝑟 values were determined from
the EPR spectra.
The influence of microwave power on the EPR spectra
(in order to obtain information about spin-lattice relaxation
processes and the type of line broadening) was tested.
Changes of amplitudes (𝐴), integral intensities (𝐼), and
linewidths (Δ𝐵pp ) with microwave power in the range 0.7–
70 mW were evaluated. Spin-lattice relaxation processes in
the samples depend on microwave saturation of the EPR lines.
The microwave power of saturation of EPR lines increases
for the faster spin-lattice relaxation processes in the sample.
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Table 1: Free radical concentration (𝑁) in burn wound matrix after
treatment with physiological salt and the EPR spectra parameters:
amplitude (𝐴), integral intensity (𝐼), and linewidth (Δ𝐵pp ). The data
for the measurement were taken with the use of a microwave of
2.2 mW at room temperature.

A (a.u.)

Br (mT)

Day of
treatment
0
3
5
10
15
21

ΔBpp (mT)

(a)

A1

B2
B1
A2

(b)

Figure 1: The first derivative EPR spectrum with the parameters:
amplitude (𝐴) [±0.1], linewidth (Δ𝐵pp ) [±0.02], and resonance
magnetic field (𝐵𝑟 ) [±0.01] (a). The analysed lineshape parameters
of the EPR spectra: 𝐴 1 , 𝐴 2 , 𝐵1 , and 𝐵2 (b). The values of 𝐴 1 /𝐴 2
[±0.02] and 𝐵1 /𝐵2 [±0.02] were calculated.

Homogeneous or inhomogeneous broadening of EPR lines
differ in correlations between the parameters of the EPR
spectra and the microwave power [19].
2.4.3. The Analysed Lineshape Parameters of EPR Spectra.
The effect of microwave power on the lineshape of the EPR
spectra was examined to check the hypothesis about complex
structure of free radicals in the samples. The theory of
electron paramagnetic resonance indicates that the shape of
EPR spectra changes with the microwave power when several
different groups of free radicals exist in the sample [19]. The
lineshape parameters 𝐴 1 /𝐴 2 and 𝐵1 /𝐵2 of the EPR spectra
were analysed. The values of 𝐴 1 , 𝐴 2 , 𝐵1 , and 𝐵2 are presented
in Figure 1. The lineshape parameters 𝐴 1 /𝐴 2 and 𝐵1 /𝐵2 were
determined for the EPR spectra measured in the range of
microwave power from 2.2 mW to 70 mW. The correlations
between the 𝐴 1 /𝐴 2 and 𝐵1 /𝐵2 parameters and microwave
power were analysed.
2.4.4. Determination of Free Radicals Concentration in Tissue
Samples. Concentrations of free radicals (𝑁) in wounds
treated with propolis and silver sulphadiazine were compared. The free radicals concentration (𝑁) was determined
as a value proportional to the integral intensity (𝐼) of EPR
spectra according to the formula [19, 20]:
𝑁=

3

𝑁𝑢 [(𝑊𝑢 𝐴 𝑢 ) /𝐼𝑢 ]
,
[𝐼/𝑊𝐴𝑚]

(1)

Δ𝐵pp
[±0.02]
(mT)

𝐴
[±0.1]
(a.u.)

𝐼
[±0.2]
(a.u.)

𝑁 × 1022
[±0.2 × 1022 ]
(spin/g)

1.13
1.27
1.31
1.24
1.24
1.01

6.6
6.4
3.2
4.8
1.9
4.7

8.4
10.3
5.2
7.3
3.0
4.9

2.3
28.7
14.5
20.3
8.4
13.7

where 𝑁𝑢 is the number of paramagnetic center (1.2 ×
1019 spin) in the ultramarine reference, 𝑊 and 𝑊𝑢 are the
receiver gains for the sample and the ultramarine, 𝐴 and
𝐴 𝑢 are the amplitudes of ruby signal for the sample and
the ultramarine, 𝐼 and 𝐼𝑢 are the integral intensities for the
sample and ultramarine, and 𝑚 is the mass of the sample.
The values of integral intensities were numerically calculated by double integration of the first-derivative EPR
spectra. Ultramarine was used as the reference for free radical
concentrations. The integral intensities of the EPR spectra
of tested samples were compared to the integral intensity
of the ultramarine spectrum. A ruby crystal (Al2 O3 : Cr3+ )
permanently placed in a resonance cavity was used as the
second reference. For each sample and for the ultramarine,
the EPR line of a ruby crystal was detected with the same
receiver gain and at the same microwave power. By the
use of two references (ultramarine and a ruby crystal) the
low maximal error for determined values of free radical
concentrations in the samples 𝑁 [±0.2 × 1022 spin/g] was
obtained.

3. Results
The performed spectroscopic studies indicated that free
radicals exist in all tested tissue samples. The EPR spectra
were obtained for all samples. Broad asymmetrical EPR lines
were measured for burn wounds treated with propolis and
silver sulphadiazine. The resonance lines were also measured
for wounds treated with physiological salt and the propolis
vehicle. The shape of the detected EPR spectra of samples
isolated from wounds treated with tested substances was
similar. The exemplary EPR spectra of samples extracted from
burn wounds treated with propolis and silver sulphadiazine
after 3 days are shown in Figure 2.
The EPR parameters of the studied tissue samples depend
on the type of drug and the time of its influence on the wound.
Linewidths (Δ𝐵pp ), amplitudes (𝐴), integral intensity (𝐼),
and free radical concentrations (𝑁) in burn wounds matrix
treated with physiological salt, propolis vehicle, propolis, and
silver sulphadiazine are presented in Tables 1, 2, 3, and 4,
respectively.
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Table 3: Free radical concentration (𝑁) in burn wound matrix after
treatment with propolis and the EPR spectra parameters: amplitude
(𝐴), integral intensity (𝐼), and linewidth (Δ𝐵pp ). The data for the
measurement were taken with the use of a microwave of 2.2 mW at
room temperature.

325

B (mT)

345

(a)

Δ𝐵pp
Day of therapy [±0.02]
(mT)
0
1.22
3
0.95
5
0.98
10
0.88
15
0.77
21
0.98

𝐴
[±0.1]
(a.u.)

𝐼
[±0.2]
(a.u.)

𝑁 × 1022
[±0.2 × 1022 ]
(spin/g)

4.6
7.2
5.1
6.4
5.9
3.5

6.9
6.5
5.0
4.8
3.4
3.2

19.3
18.1
13.9
13.4
9.4
8.9

Table 4: Free radical concentration (𝑁) in burn wound matrix after
treatment with silver sulphadiazine and the EPR spectra parameters:
amplitude (𝐴), integral intensity (𝐼), and linewidth (Δ𝐵pp ). The data
for the measurement were taken with the use of a microwave of
2.2 mW at room temperature.

325

B (mT)

345

(b)

Figure 2: EPR spectra of burn wounds matrix treated with propolis
and silver sulphadiazine after 3 days of the therapy. The spectra were
measured with the use of a microwave power of 2.2 mW at room
temperature.

Table 2: Free radical concentration (𝑁) in burn wound matrix after
treatment with propolis vehicle and the EPR spectra parameters:
amplitude (𝐴), integral intensity (𝐼), and linewidth (Δ𝐵pp ). The data
for the measurement were taken with the use of a microwave of
2.2 mW at room temperature.
Δ𝐵pp
Day of therapy [±0.02]
(mT)
0
1.33
3
1.17
5
0.99
10
1.18
15
1.44
21
1.51

𝐴
[±0.1]
(a.u.)

𝐼
[±0.2]
(a.u.)

𝑁 × 1022
[±0.2 × 1022 ]
(spin/g)

4.5
0.9
4.1
7.0
5.1
6.7

8.0
1.2
4.0
9.7
10.6
15.4

22.3
3.3
11.2
27.1
29.5
42.9

The lowest values of amplitude (𝐴) and integral intensity
(𝐼) of EPR lines of tissue samples were measured for burn
wounds treated with propolis after 21 days of the therapy
(Tables 1–4). The lowest value of the linewidth (Δ𝐵pp ) of
EPR spectra was also observed for burn wounds treated with
propolis after 21 days (Tables 1–4). The changes of the parameters of the EPR spectra (𝐴, 𝐼, and Δ𝐵pp ) with increasing time
of interactions with the physiological salt, propolis vehicle,
propolis, and silver sulphadiazine are not regular (Tables 1–4)

Δ𝐵pp
Day of therapy [±0.02]
(mT)
0
1.07
3
0.95
5
1.00
10
0.75
15
1.23
21
1.31

𝐴
[±0.1]
(a.u.)

𝐼
[±0.2]
(a.u.)

𝑁 × 1022
[±0.2 × 1022 ]
(spin/g)

2.9
4.7
8.2
2.7
3.5
6.6

3.4
4.3
8.2
1.5
5.3
11.4

9.5
12.0
22.9
4.2
14.8
31.8

because of the complex, multicomponent free radical system
in the samples. Free radical concentration (𝑁) in all samples
changes with the time of the pharmacotherapy (Tables 1–
4). The lowest free radical concentrations characterize burn
wounds treated with propolis after 21 days of the therapy
(Table 3). The free radical concentration (𝑁) in burn wounds
at the end of the propolis therapy (21 days) was lower (Table 3)
than in the matrix of injury treated with physiological salt
(Table 1). It was pointed out that propolis strongly quenches
free radicals. Such an effect was not observed for the standard
drug, silver sulphadiazine. A considerably higher free radical
formation was observed in burn wounds treated with silver
sulphadiazine after 21 days of its usage (Table 4). The 𝑔values
of the EPR lines of tested samples were near 2.00. It is a typical
value for free radicals with unpaired electrons located on
oxygen and carbon atoms. The location of unpaired electrons
on different atoms (O, C) and in major structures indicates a
complex character of free radical system in skin. A complex
character of the free radical system in samples was proved
by the measurements of the asymmetry parameters of the
EPR spectra recorded at different microwave powers. The
lineshape of the EPR spectra of all tested samples changes
with microwave power. The influence of microwave power
(𝑀) on the lineshape parameters 𝐴 1 /𝐴 2 and 𝐵1 /𝐵2 of the
EPR spectra is presented in Tables 5, 6, 7, and 8, respectively.
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Table 5: The influence of microwave power (𝑀) on the lineshape
parameters 𝐴 1 /𝐴 2 and 𝐵1 /𝐵2 of the EPR after treatment with
physiological salt.

Table 7: The influence of microwave power (𝑀) on the lineshape
parameters 𝐴 1 /𝐴 2 and 𝐵1 /𝐵2 of the EPR after treatment with
propolis.

Day of treatment 0
𝐴 1 /𝐴 1
𝑀/𝑀𝑜
(a.u.)
[±0.02]
0.0316
1.31
0.0398
1.54
0.0631
0.85
0.0794
1.36
0.1000
1.32
0.1259
1.03
0.1585
0.61
0.1995
0.94
0.2512
0.51
0.3162
0.80
0.3982
0.93
0.5011
1.22
0.6309
1.00
0.7944
0.67
0.8913
0.94

Day of treatment 0
𝐴 1 /𝐴 1
𝑀/𝑀𝑜
(a.u.)
[±0.02]
0.0316
1.25
0.0398
1.00
0.0631
1.76
0.0794
1.75
0.1000
1.83
0.1259
1.41
0.1585
1.30
0.1995
0.92
0.2512
1.39
0.3162
0.74
0.3982
0.53
0.5011
0.58
0.6309
0.76
0.7944
0.58
0.8913
0.57

0
5
5
21
21
𝐵1 /𝐵2 𝐴 1 /𝐴 1 𝐵1 /𝐵2 𝐴 1 /𝐴 1 𝐵1 /𝐵2
[±0.02] [±0.02] [±0.02] [±0.02] [±0.02]
2.36
0.94
1.50
0.43
1.50
2.14
1.17
1.04
2.75
0.20
1.63
0.89
0.58
1.43
1.95
1.39
0.41
0.68
1.00
1.87
1.44
1.00
0.90
1.17
0.70
1.18
1.55
0.75
0.75
0.91
2.31
1.27
0.90
1.00
1.14
0.98
1.19
0.43
1.18
1.56
0.83
1.65
1.04
1.38
1.04
0.78
0.83
0.89
1.36
0.82
0.82
0.98
1.47
0.76
0.77
1.13
0.79
0.95
0.75
0.82
0.83
0.91
0.75
1.16
0.74
0.93
0.77
0.63
0.84
1.59
0.07
0.58
0.38
1.23
1.32

Table 6: The influence of microwave power (𝑀) on the lineshape
parameters 𝐴 1 /𝐴 2 and 𝐵1 /𝐵2 of the EPR after treatment with
propolis vehicle.
Day of treatment 0
0
5
5
21
21
𝐴 1 /𝐴 1 𝐵1 /𝐵2 𝐴 1 /𝐴 1 𝐵1 /𝐵2 𝐴 1 /𝐴 1 𝐵1 /𝐵2
𝑀/𝑀𝑜
(a.u.)
[±0.02] [±0.02] [±0.02] [±0.02] [±0.02] [±0.02]
0.0316
1.53
0.59
1.20
1.11
0.65
1.01
0.0398
1.87
0.77
0.86
1.41
1.00
0.72
0.0631
0.79
1.86
1.41
1.18
1.69
0.41
0.0794
0.68
1.09
1.22
2.14
0.58
0.94
0.1000
1.18
1.76
0.67
0.71
0.42
0.77
0.1259
1.04
1.88
0.54
0.69
0.93
2.16
0.1585
0.84
0.56
0.74
1.06
1.25
1.05
0.1995
1.04
0.40
0.65
1.58
0.43
1.06
0.2512
1.17
1.07
1.03
0.78
1.11
0.70
0.3162
0.46
0.61
0.71
1.41
1.11
0.70
0.3982
0.51
2.18
0.73
0.98
0.70
1.75
0.5011
1.67
1.39
0.45
1.17
0.46
1.66
0.6309
0.40
1.03
1.40
1.09
1.25
1.28
0.7944
1.46
1.84
1.65
1.03
0.65
0.97
0.8913
0.57
0.82
0.60
0.79
0.53
0.88

The ranges of the values of the parameters 𝐴 1 /𝐴 2 and 𝐵1 /𝐵2
of the EPR spectra for all samples can be seen in Tables
5–6. The lowest and the highest values of the parameters
𝐴 1 /𝐴 2 and 𝐵1 /𝐵2 are marked by bold letters. Strong changes
of these parameters with microwave power indicated that
several groups of free radicals exist in tested samples.
The influence of microwave power on amplitudes (𝐴)
of burn wounds after treatment with physiological salt
(Figure 3), propolis vehicle (Figure 4), propolis (Figure 5),

0
5
𝐵1 /𝐵2 𝐴 1 /𝐴 1
[±0.02] [±0.02]
1.48
0.80
0.72
1.30
1.03
0.77
2.15
0.94
2.45
1.08
1.00
0.88
0.92
0.95
0.57
1.16
0.88
1.27
0.78
1.42
1.58
0.80
1.09
0.93
0.72
0.97
1.28
0.69
1.11
0.65

5
𝐵1 /𝐵2
[±0.02]
1.05
1.09
2.27
1.24
2.53
0.97
1.62
2.46
0.47
0.54
1.21
1.99
0.93
0.85
1.20

21
𝐴 1 /𝐴 1
[±0.02]
0.74
0.96
0.42
1.25
0.61
1.40
0.71
1.74
0.98
1.00
1.00
1.04
1.200
1.13
0.51

21
𝐵1 /𝐵2
[±0.02]
1.05
0.78
0.66
2.27
1.72
0.94
1.92
1.70
1.79
1.12
1.94
1.90
1.55
1.25
0.79

Table 8: The influence of microwave power (𝑀) on the lineshape
parameters 𝐴 1 /𝐴 2 and 𝐵1 /𝐵2 of the EPR after treatment with silver
sulphadiazine.
Day of treatment 0
0
5
5
21
𝐴 1 /𝐴 1 𝐵1 /𝐵2 𝐴 1 /𝐴 1 𝐵1 /𝐵2 𝐴 1 /𝐴 1
𝑀/𝑀𝑜
(a.u.)
[±0.02] [±0.02] [±0.02] [±0.02] [±0.02]
0.0316
0.61
1.90
1.69
0.94
1.57
0.0398
0.88
1.23
0.47
0.75
1.00
0.0631
1.61
1.19
1.71
1.39
0.72
0.0794
0.84
0.50
0.86
1.28
0.79
0.1000
1.25
1.05
1.61
0.62
1.21
0.1259
1.32
1.56
0.79
0.83
0.67
0.1585
0.80
1.23
1.39
1.41
1.13
0.1995
1.08
1.06
1.06
1.61
0.85
0.2512
1.20
0.54
0.97
0.67
0.93
0.3162
0.81
0.83
0.71
0.92
0.77
0.3982
1.07
2.15
0.57
1.06
0.74
0.5011
0.87
0.91
0.70
1.05
0.93
0.6309
2.21
1.57
1.69
0.95
0.54
0.7944
0.63
0.62
0.70
1.24
0.09
0.8913
0.74
1.11
0.86
1.14
1.23

21
𝐵1 /𝐵2
[±0.02]
0.74
0.87
1.44
1.26
0.93
2.08
1.03
1.00
0.93
1.46
1.34
1.52
1.17
1.39
1.52

and silver sulphadiazine (Figure 6) was obtained. The changes
of linewidths (Δ𝐵pp ) of the EPR spectra of burn wounds after
treatment with physiological salt, propolis vehicle, propolis,
and silver sulphadiazine are shown in Figures 7, 8, 9, and 10,
respectively. Amplitudes of all recorded EPR spectra rise with
increasing microwave power (Figures 3–6). A low increase
of linewidths (Δ𝐵pp ) of the EPR spectra was observed
(Figures 7–10). The correlations presented in Figures 3–10
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Figure 3: The influence of the microwave power (𝑀) on the
amplitude (𝐴) [±0.1] of EPR spectra of the burn wounds after
treatment with physiological salt for 0 (a), 5th (b), and 21st (c) day.
𝑀𝑜 (70 mW) is the total microwave power produced by klystron. The
spectra were measured at room temperature.

Figure 4: The influence of the microwave power (𝑀) on the
amplitude (𝐴) [±0.1] of EPR spectra of the burn wounds after
treatment with propolis vehicle for 0 (a), 5th (b), and 21st (c) day.
𝑀𝑜 (70 mW) is the total microwave power produced by klystron. The
spectra were measured at room temperature.

were characteristics for free radicals homogeneously distributed in the samples.
Amplitudes of all recorded EPR spectra rise with increasing microwave power (Figures 3–6). Amplitudes of the
EPR lines decrease with higher values of microwave power
for burn wounds treated with physiological salt (Figure 3),
propolis vehicle after 5 days (Figure 4(b)), and after 21
days (Figure 4(c)). A decrease of amplitudes of the EPR
lines of injury matrix treated with propolis (Figure 5) and
silver sulphadiazine (Figure 6) at higher microwave powers
was not observed. The absence of microwave saturation of
the EPR spectra (Figures 5 and 6) indicated that relatively
faster spin-lattice relaxation processes exist in the wounds

treated with propolis rather than in the those treated with
physiological salt and propolis vehicle (Figures 3 and 4).
An increase of linewidths (Δ𝐵pp ) of the EPR spectra was
observed (Figures 7–10). The broadening of EPR lines with
increasing microwave power is observed only for free radicals
homogeneously distributed in the samples.

4. Discussion
The application of the X-band electron paramagnetic resonance spectroscopy for examination of burn wounds pointed
out that free radicals with unpaired electrons exist in all
samples. For all wound samples after treatment with both
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Figure 5: The influence of the microwave power (𝑀) on the
amplitude (𝐴) [±0.1] of EPR spectra of the burn wounds after
treatment with propolis for 0 (a), 5th (b), and 21st (c) day. 𝑀𝑜
(70 mW) is the total microwave power produced by klystron. The
spectra were measured at room temperature.

Figure 6: The influence of the microwave power (𝑀) on the
amplitude (𝐴) [±0.1] of EPR spectra of the burn wounds after
treatment with sulphadiazine for 0 (a), 5th (b), and 21st (c) day. 𝑀𝑜
(70 mW) is the total microwave power produced by klystron. The
spectra were measured at room temperature.

physiological salts or propolis vehicle and propolis or silver
sulphadiazine, EPR spectra were detected (Figure 2). The
parameters of the spectra depend on the substance interacting with the wound matrix. Free radicals with 𝑔 values of 2.00
are responsible for the EPR lines. The EPR spectra did not
diminish in time after the treatment, so it can be stated that
free radicals in tested samples are stable.
The interactions of free radicals in skin and in neighboring tissues may be responsible for a lot of toxic effects
and modifications of their structures. It is a negative effect
which may destroy normal functions of biological structures
in the organism [6]. Free radicals take part in biochemical
reactions in the healthy organism, but they are the agents

which initiate damages in the organism, since a lot of illnesses
are accompanied by a high production of freer radicals
in the living organism [3]. The well-known example of
destructive influence of free radicals on tissues is the lipid
peroxidation process which is initiated by free radicals and
accompanied by free radical transformation [6]. The products
of lipid peroxidation are diamagnetic and are not reactive, but
they are the components of modified biological structures;
therefore, their functions may be destroyed [5]. Therapeutic
methods should be based on the pharmaceuticals which do
not produce free radicals. The best substances are those which
quench free radicals in skin and tissues.
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In our work it was found that the substance quenching
free radicals in skin is propolis. The optimal method of
propolis treatment of the skin of burnt wounds was found.
The effect of quenching free radicals in burn wounds was the
highest after 21 days of the therapy (Table 3).
The effect of propolis on free radicals in skin is the basis
of safety of its application in the therapy of burn wounds.
This important problem of alternative medicine, which we are
interested in, had not been tested and discussed so far. It is
probably caused by the difficulties in chemical analysis of free
radicals in skin. In our work we proposed a physical method
such as electron paramagnetic resonance spectroscopy to
confirm the usefulness of the exemplary drug such as propolis
and to determine the time of skin therapy. The usefulness
of propolis as a free radical quencher was confirmed, and
moreover, it was found that 21 days of its effect on skin are
the best time of therapy.
Contrary to chemical methods, EPR spectroscopy is
not destructive for tested samples. The agents, interacting
on the samples during the EPR studies, are magnetic field
and microwaves. During electron paramagnetic resonance
measurements of free radicals, relatively low magnetic fields
with magnetic induction B about 331–335 mT are used.
Microwaves with frequency of 9.3 GHz are not destructive
for the samples. The EPR tests are safe for the molecular
structures of the samples and for the persons who led the
examination. EPR measurements need only a small number
of the samples which are located in the glass tubes in the
resonance cavity of the spectrometer. EPR spectroscopic tests
give important information about paramagnetic properties of
the skin samples and about free radical concentration in them
[19, 20].
Stable free radicals with concentrations in the range 1022 –
23
10 spin/g were found in examined tissue samples (Tables
1–4). Free radical concentrations in wounds after treatment
with propolis during 21 days (8.9 × 1022 spin/g, Table 3) were
one order lower (1022 spin/g) than in the skin treated with
physiological salt (1023 spin/g, Table 1) and propolis vehicle
(1023 spin/g, Table 2). The effect of quenching free radicals
with propolis is clearly visible. The silver sulphadiazine,
which is conventionally applied in the therapy of burns
[14, 15] produces free radicals in skin (Table 4). The free
radical concentrations in burn wounds after treatment with
silver sulphadiazine was 31.8 × 1022 spin/g (Table 4), while its
value for wounds treated with physiological salt was 13.7 ×
1022 spin/g (Table 1). The determined values of free radicals
concentrations in the matrix of burn wounds (Tables 1–4)
indicate that propolis is the best substance to use in the tested
medicinal example.
The amplitudes, integral intensities (𝐼), and linewidths
(Tables 1–4) of the EPR spectra of the tested samples are
different depending on the interacting substances. The amplitudes and integral intensities affect the values of free radical
concentrations which are discussed previously. The broad
EPR lines with high values of linewidths (Tables 1–4) indicate
that the distances between free radicals in tissue samples are
low and that there exist strong dipolar interactions in their
structures.
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Besides free radicals concentrations, EPR results show
the properties of the free radicals in the studied samples.
Free radicals in all tested samples have 𝑔 values near 2.00, so
it is expected that oxygen and carbon free radicals mainly
exist in the skin. The changes of the lineshape of the EPR
spectra and the tested lineshape parameter 𝐴 1 /𝐴 2 and 𝐵1 /𝐵2
(Tables 5–8) with increasing microwave power proved the
existence of different groups of free radicals in burn wounds
independently of the applied substances. Such changes of
the lineshape parameters are not observed in samples with
only one group of free radicals. The studies of the complex
character of the free radical system in tissue samples will be
developed in our next EPR studies.
Free radicals are homogeneously distributed in all tested
samples. It is confirmed by the character of changes of
amplitudes (Figures 4–6) and linewidths (Figures 7–10)
with increasing microwave power. The amplitudes of the
examined EPR lines rise with increasing microwave power,
reach the maximum, and then they begin to decrease in
the case of wounds treated with physiological salt (Figure 3)
and propolis vehicle (Figure 4). The amplitudes of the EPR
lines of burns treated with propolis (Figure 5) and silver
sulphadiazine (Figure 6) increase with the microwave power
in the whole used range. However, the saturation effect was
not observed. The linewidths of the EPR spectra increase
with the increase of microwave power for all tested samples
(Figures 7–10). These correlations (Figures 3–10) are typical
for free radicals homogeneously distributed in the samples
[19]. Homogeneous distribution of free radicals in the samples (Figures 3–10) indicates high quality of experiments
of wound treatment with tested substances. The properly
performed pharmacotherapy with homogeneous interactions
of the substances in the whole volume of the skins was
spectroscopically confirmed. The continuous microwave saturation of EPR spectra, which was used in this work in order
to examine the homogeneous distribution of free radicals in
wounds, may be proposed for other application in alternative
medicine.
The saturation of the EPR lines of the tested samples
(Figures 3 and 4) pointed out that slow spin-lattice relaxation
processes exist in wounds treated with physiological salt and
propolis vehicle. The absence of the saturation effect in the
EPR spectra of burns treated with propolis and silver sulphadiazine (Figures 5 and 6) indicates relatively faster spin-lattice
relaxation processes in these samples. Broad EPR spectra
of the analysed tissue samples together with high values of
linewidths (Tables 1–4) are characteristic for strong dipolar
interactions between free radicals in the samples [19]. Dipolar interactions increase with decreasing distances between
unpaired electrons of free radicals [19, 20]. Therefore, short
distances between free radicals in samples were brought to
light by EPR lines. High free radical concentrations (Tables
1–4) in the tested samples show a probability of their strong
interactions with paramagnetic oxygen molecules [19].
It was concluded that the complex free radical system
characterizes burn wounds for both propolis and silver
sulphadiazine. Oxygen and carbon free radicals mainly exist
in the tested samples. Continuous microwave saturation of
EPR spectra pointed out that free radicals are homogeneously
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Figure 7: The influence of the microwave power (𝑀) on linewidth
(Δ𝐵pp ) [±0.02] of EPR spectra of the burn wounds after treatment
with physiological salt for 0 (a), 5th (b), and 21st (c) day. 𝑀𝑜 (70 mW)
is the total microwave power produced by klystron. The spectra were
measured at room temperature.

Figure 8: The influence of the microwave power (𝑀) on linewidth
(Δ𝐵pp ) [±0.02] of EPR spectra of the burn wounds after treatment
with propolis vehicle for 0 (a), 5th (b), and 21st (c) day. 𝑀𝑜 (70 mW)
is the total microwave power produced by klystron. The spectra were
measured at room temperature.

distributed in the tested samples. Strong dipolar interactions
exist in the examined samples. Relatively faster spin-lattice
relaxation processes exist in wounds after treatment with
both propolis and silver sulphadiazine rather than in the
injuries treated with physiological salt and propolis vehicle.
The performed studies confirmed the usefulness of electron paramagnetic resonance spectroscopy and numerical
analysis of EPR spectra in the examination of the influence of
propolis and other pharmacological substances on the burn
wounds. The free radical tests were proposed to practical
application in alternative medicine. The best action of propolis on free radicals in skin was proved.

The beneficial antioxidant activity of propolis is of utmost
importance, since the excess of free radicals expressed during
oxidative stress, as a consequence of prooxidant-antioxidant
imbalance, results in the nonhealing state [21]. Moreover, the
free radicals load persisting over a long period of time in
healing wound bed leads to the continuous tissue damage
and prolonged inflammatory state. A considerably lower
free radical concentration in the wound matrix treated with
propolis than in the skin treated with silver sulphadiazine
corresponds with results of Berretta et al. [22] describing
the propolis potential in the tissue repair stimulation. The
increased healing action attributed to propolis antioxidative
properties may be connected with the inhibition of lipid

10

Evidence-Based Complementary and Alternative Medicine
1.29

3

1.28

2.5
ΔBpp (mT)

ΔBpp (mT)

1.27
1.26
1.25
1.24

2
1.5
1

1.23
0.5

1.22
1.21

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0

1

ΔBpp (mT)

ΔBpp (mT)

1
0.5
0.2

0.3

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

0

0.1

0.2

0.3

(M/Mo )

0.6

0.4

0.5

0.6

0.7

0.8

0.9

1

0.7

0.8

0.9

1

0.7

0.8

0.9

1

(M/Mo )

(b)

(b)

2.5

2.5

2

2
ΔBpp (mT)

ΔBpp (mT)

0.5

1/2

1/2

1.5
1

1.5
1
0.5

0.5
0

0.4

(a)

1.5

0.1

0.2

(a)

2

0

0.1

(M/Mo )1/2

2.5

0

0

(M/Mo )1/2

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

(M/Mo )1/2

0

0

0.1

0.2

0.3

0.4

0.5

0.6

(M/Mo )1/2

(c)

(c)

Figure 9: The influence of the microwave power (𝑀) on linewidth
(Δ𝐵pp ) [±0.02] of EPR spectra of the burn wounds after treatment
with propolis for 0 (a), 5th (b), and 21st (c) day. 𝑀𝑜 (70 mW) is
the total microwave power produced by klystron. The spectra were
measured at room temperature.

Figure 10: The influence of the microwave power (𝑀) on linewidth
(Δ𝐵pp ) [±0.02] of EPR spectra of burn wounds after treatment with
silver sulphadiazine for 0 (a), 5th (b), and 21st (c) day. 𝑀𝑜 (70 mW) is
the total microwave power produced by klystron. The spectra were
measured at room temperature.

peroxidation, attenuation of the reperfusion consequences,
the prevention of the matrix metalloproteinase overexpression, and endothelial injury [22–25].
We propose the EPR method as an additional method
for the medical and pharmaceutical studies. EPR is a useful
method of testing of free radicals in cells and tissues [26–29],
melanin biopolymers [30], and drugs [31–33]. The EPR examination of free radicals contents in different types of tumor
cells [26, 27] and tumor cells under photodynamic therapy
[27] is known. Free radicals appear in natural evolution of
skin tumor cells; they are formed by laser irradiation in tumor
cells with accumulated photosensitizers. Laser irradiation
causes excitation of photosensitizer, and when it comes to the

ground state, the electromagnetic waves form free radicals in
tumor cells and singlet oxygen. The best conditions of laser
irradiation during photodynamic therapy were tested by EPR
[27]. EPR studies of photodynamic processes are especially
important for dermatology as well as the EPR studies of
melanin biopolymers [29] and their complexes with drugs
[30]. Melanins exist in skin, and EPR characterization of these
polymers may be applied in clinical practice. Melanin free
radicals take part in binding drugs to these polymers [29, 30].
The activity of the o-semiquinone free radicals of melanin
in the reactions with drugs may be analysed by comparative
EPR tests of the original melanin and melanin complexes with
individual drugs [30]. Next example of clinical application
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of EPR method is studies of antioxidative properties of
bee pollen extracts by the use of DPPH as a paramagnetic
probe [31]. EPR was applied to the analysis of free radicals
formation in gamma [32] and thermally sterilized drugs [33].
The best conditions of drug sterilization were spectroscopically searched. The sterilized drugs, especially the drugs
interacting with skin, should not contain high amounts of
free radicals. Free radical concentrations in irradiated and
thermally treated drugs were examined by EPR spectroscopy
[33]. In our work we presented a fine example of EPR
application in alternative medicine. Free radicals in burn
wound treated by propolis were broadly characterized. Both
the clinical and pharmaceuticals aspects of EPR analysis were
brought to light.

5. Conclusions
Electron paramagnetic resonance studies of burn wounds
pointed out that free radicals exist in all tested samples independently of the type of the pharmacological factor. However,
a strong positive effect of propolis on free radical contents
in wounds was proved. The free radical concentration in
wounds treated with propolis was considerably lower than in
injuries treated with the standard drug, silver sulphadiazine.
The usefulness of EPR spectroscopy for the examination of
the drug influence on the wound matrix was proved.

Conflict of Interests
The authors declare no conflict of interests.

Acknowledgment
This work was supported by Grant from Medical University
of Silesia, Poland (KNW-1-003/P/1/0).

References
[1] S. Shimizu, H. Tanaka, S. Sakaki et al., “Burn depth affects
dermal interstitial fluid pressure, free radical production, and
serum histamine levels in rats,” Journal of Trauma, vol. 52, no.
4, pp. 683–687, 2002.
[2] B. H. Park, C. Saxer, S. M. Srinivas, J. S. Nelson, and J. F. De Boer,
“In vivo burn depth determination by high-speed fiber-based
polarization sensitive optical coherence tomography,” Journal of
Biomedical Optics, vol. 6, no. 4, pp. 474–479, 2001.
[3] M. Portugal, V. Barak, I. Ginsburg, and R. Kohen, “Interplay
among oxidants, antioxidants, and cytokines in skin disorders:
present status and future considerations,” Biomedicine and
Pharmacotherapy, vol. 61, no. 7, pp. 412–422, 2007.
[4] I. Afanas’ev, “Signaling and damaging functions of free radicals
in aging free radical theory, hormesis, and TOR,” Aging and
Disease, vol. 1, no. 2, pp. 75–88, 2010.
[5] C. R. Kliment and T. D. Oury, “Oxidative stress, extracellular
matrix targets, and idiopathic pulmonary fibrosis,” Free Radical
Biology and Medicine, vol. 49, no. 5, pp. 707–717, 2010.
[6] B. Halliwell and J. M. C. Gutteridge, Free Radicals in Biology
and Medicine, Oxford University Press, New York, NY, USA, 4th
edition, 2007.

11
[7] E. Szliszka, Z. P. Czuba, M. Domino, B. Mazur, G. Zydowicz,
and W. Krol, “Ethanolic extract of propolis (EEP) enhances
the apoptosis-inducing potential of TRAIL in cancer cells,”
Molecules, vol. 14, no. 2, pp. 738–754, 2009.
[8] E. Szliszka and W. Krol, “Polyphenols isolated from propolis
augment TRAIL-induced apoptosis in cancer cells,” EvidenceBased Complementary and Alternative Medicine, vol. 2013,
Article ID 731940, 10 pages, 2013.
[9] A. G. Pessolato, D. S. Martins, C. E. Ambrósio, C. A.
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[29] B. Bilińska, B. Pilawa, Z. Zawada et al., “Electron spin resonance investigations of human retinal pigment epithelium
melanosomes from young and old donors,” Spectrochimica Acta
A, vol. 58, no. 10, pp. 2257–2264, 2002.
[30] M. Zdybel, B. Pilawa, E. Buszman, D. Wrześniok, R.
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The aim of this study was to evaluate the influence of 3% ethanol extract of propolis (EEP) on hygiene, gingival and microbiological
status of oral cavity in patients with cleft lip and palate treated with fixed orthodontic appliances. The study included forty-one
nonsyndromic complete unilateral of bilateral cleft lip and palate subjects with fixed appliance on at least 10 teeth. Twenty-one
subjects were instructed to brush their teeth three times a day using toothpaste with propolis. Control group included twenty
subjects who were asked to brush their teeth three times a day using a toothpaste without propolis. API, OPI, GI, and supragingival
bacterial plaque were taken from each subject twice: baseline and after using the toothpaste for 35 days. The final examinations
showed statistically significant decrease in OPI, GI, and the percentage of the Actinomyces spp. and Capnocytophaga spp. compared
with baseline in propolis group subjects. The improvement in oral health in these patients confirms antibacterial, anti-inflammatory,
and regenerative properties of propolis.

1. Introduction
The purpose of orthodontic therapy is to obtain a correct
occlusion, harmonious facial contours, and efficient stomatognathic system with healthy periodontium and no dental
caries. The presence of malocclusion, in particular teeth
crowding accompanied by orthodontic appliances, leads to
accumulation of dental plaque and problems with self-purification of teeth [1–5]. Orthodontic appliances modify oral
environment affecting the amount, flow, and composition of
saliva, including its pH and buffer ability, and induce occurrence of blood in saliva [6, 7]. Furthermore, orthodontic
therapy changes oral bacterial flora [8–10]. Brackets, bands,
bars, wires, and other components of an orthodontic appliances may cause iatrogenic gingival swelling and are

responsible for additional dental plaque retentions which are
hardly accessible for mechanical cleaning of teeth [11–13].
Changes within oral cavity, occurring as a result of orthodontic treatment, may lead to diseases in dental hard tissues
or in periodontium and mucosa. Therefore wearing fixed
orthodontic appliances requires careful oral hygiene every
day using brushes, irrigators, pastes, and mouthwashes. Pharmaceutical industry continually creates new chemical preparations and compounds to help maintaining proper oral
hygiene. However, a great help comes from the nature as well.
Products obtained from plants or animals have been
arousing much interest [14]. One of such products is propolis.
Its beneficial properties were known and used already in the
ancient times [15]. The Greek, Romans, and Egyptians used
propolis to cure cuts, nonhealing wounds, or ulcers and to
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embalm corpses [16]. Propolis is produced by bees from plant
buds or cracks in tree barks. It is then modified enzymatically
and used to seal up their beehive doors, line beehive walls,
or protect against microorganisms [17]. Propolis is a dense,
adhesive mixture of wax and resin consisting of plant balsams, volatile oils, and chemically active compounds like phenolic acid or their esters, flavonoids (flavones, flavanones, and
flavanols), aromatic alcohols and aldehydes, terpenes, fatty
acids, 𝛽-steroids, mineral salts, and vitamins [15, 18]. Propolis
composition is varying and depends upon bee species, plant
species, and climate [15, 17]. Propolis has strong bacteriocidal,
antiviral, antiparasitic, fungicidal, and antioxidative properties. In vivo and in vitro studies confirmed anti-inflammatory
properties of propolis and showed its strong immunomodulating effects [17–20]. Phenolic acids, aldehydes, ketones, and
flavonoids inhibit classic and alternative complement activation and stimulate production of antibodies and INF𝛾 synthesis [21]. Prenylated p-coumaric acid activates macrophages,
and caffeoylquinic acid derivatives stimulate their motility
and spreading [22]. Furthermore, ethanol extract of propolis
(EEP) was found to have an anti-inflammatory effect through
IL-1𝛽 m RNA expression inhibition and nitric oxide synthase
(iONS) together with scavenging free radicals produced by
neutrophils and macrophages [23–26]. Its antitumor effects
were confirmed by many authors [27–31]. Considering the
very wide range of therapeutic properties of propolis, a decision was taken to evaluate its influence on oral condition during orthodontic treatment.
The purpose of this paper is to evaluate the influence of
3% ethanol extract of propolis (EEP) on hygiene, gingival and
microbiological status of oral cavity in patients with cleft lip
and palate treated with fixed multiband-bracket appliances.

2. Materials and Methods
2.1. Clinical Examinations. The examinations were performed in Orthodontic Outpatient Clinic, Academic Center
of Dentistry, and Specialist Medicine in Bytom, Poland. The
study group consisted of 41 patients with nonsyndromic complete unilateral of bilateral cleft lip and palate (CLP) treated
with fixed appliances. All patients had a fixed appliance on
at least 10 teeth; they were in good general condition and
had undergone no antibiotic therapy or surgical treatment of
the face for at least one month before. Mean age was 12.37
years, and there were 17 girls and 24 boys (Table 1). The patients were divided randomly into two groups: propolis group
(21 patients) and control group (20 patients). Propolis group
patients were instructed to use CT gel, Carepolis toothpaste with propolis, and control group patients CC gel, Carepolis toothpaste without propolis. Dental toothpaste with
CT propolis had 3% content of ethanol extract of Brazilian
propolis. Raw propolis was collected from the beekeeping
section of the Seiri Alimentos Naturales, Brazil. Propolis samples were obtained from colonies of Africanized honeybees
(Apis mellifera) in Minas Gerais State, Southeast Brazil, and
collected in 2008 from the plant Baccharis dracunculifolia
using plastic net. The unprocessed propolis was sent to the
Nihon Natural Therapy Co., Ltd., Tokyo, Japan, for preparation of the EEP. The toothpastes with 3% of EEP and without
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Table 1: Demographic data.
Age

Gender

Mean Minimum Maximum
Propolis
group
Control
group
Total

12.43

9.8

16.4

12.53

9.7

18.2

12.37

9.7

18.2

Std.
Girls
dev.
8
1.60
19%
9
2.75
22%
17
2.28
41%

Boys

Total

13
21
32% 51%
11
20
27% 49%
24
41
59% 100%

of EEP (placebo) were prepared in Nippon Zettoc Co., Ltd.,
Tokyo, Japan.
At baseline each patient received general instructions on
the oral hygiene and was told to clean the teeth using Fones
method, to use interdental brushes, and to clean the teeth
three times daily using the toothpaste. The patients were informed about the purpose and method of the study and
agreed to participate. The research programme was approved
by the Bioethics Committee of the Silesian Chamber of Medicine (resolution no. 6/2010).
Oral hygiene and gingivae were evaluated, and a sample
for microbiological examination was taken from each patient
in both groups twice: at the baseline and after 35 days of
using the paste. The examinations were performed by one
investigator, with the same lighting, using a mirror, probe,
and bead probe. Oral hygiene was examined using modified
(without staining) Approximate Plaque Index (API) according to Lange and Orthodontic Plaque Index (OPI) for the
segment of incisors and canines [32, 33].
Additionally, marginal gingivae was examined in each
patient using gingival index (GI) according to Löe and Silness
[34]. Furthermore, supragingival bacterial plaque was taken
using a disposable microbiological swab set. Deposit was
taken, using a sterile cotton swab rod, from gingival margin
of the buccal surfaces of teeth 14 or 15 where orthodontic
brackets were placed.
2.2. Microbiological Examinations. Samples for microbiological testing were inoculated on suitable culture media
(Columbia agar, Schaedler K3 agar, and Sabauraud agar) from
Biomerieux (Marcy l’Etoile, France). Aerobic bacteria were
propagated on Columbia agar medium with 5% sheep blood
at 37∘ C. Anaerobic bacteria were propagated on Schaedler K3
medium with 5% sheep blood at 37∘ C in anaerobic conditions
using Genbaganaer (Biomerieux, Marcy l’Etoile, France).
Candida fungi were propagated on selective Sabouraud agar
medium at 35∘ C in aerobic condition. Upon isolation and
further culture of each microorganism, their species were
identified with the help of the following reagent sets: Api 20 E,
Api 20 NE, Api Candida (Biomerieux, Marcy l’Etoile, France),
and ENTERO test 24 N, NEFERM test 24 N, STREPTO
test 24, and ANAERO test 23 (Erba-Lachema, Brno, Czech
Republic).
2.3. Data Analysis. Mean values ± standard deviation of minimum and maximum values of each index were measured.
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Figure 1: Percentage of patients distributed according to severity of API.

W. Shapiro-Wilk test was used to assess distribution normality of the variables. Analysis of the variables within the groups
was done using t-test for dependent samples in case of normal distribution variables and Wilcoxon matched pairs test
in absence of normal distribution. No homogeneous variance
was shown (Levene’s test: 𝑃 < .01) for all variables. Comparison of the variables between propolis group and control
group was performed using Tukey test for normal distribution variables and Mann-Whitney U Test for nonparametric
variables. All tests were significant with 𝑃 < .05. Statistical
analysis was done using Statistica v.8 software (Silesian Medical University, Katowice, Poland).

3. Results
3.1. Baseline. The examinations showed that mean values of
all indices, that is, API, GI, and OPI, did not differ statistically
between propolis group and control group at the first stage
(Tables 2 and 3). Poor oral hygiene (API > 70%) was found in
45.5% of the patients and very good hygiene (API ≤ 25%) in
12.2% of the patients (Figure 1). Low amount of deposit
around orthodontic brackets (OPI ≤ 2) was shown in 28% of
the patients, while high amount of deposit (OPI > 3) in 11.9%
(Figure 2). Low gingival index, confirming good condition of
gingivae (GI < 2), was shown in 58% of the patients and high
gingival index (GI ≥ 2) in 43% ( Figure 3).
3.2. Final Study. Second-stage examinations performed after
35 days showed differences between propolis group and
control group. GI and OPI indices were statistically lower in
propolis group as compared with control group (𝑃 < .05).
API showed no statistically significant difference between the
groups.
3.3. Assessment of Propolis Influence on Dental Plaque and
Gingivae. Using the paste without propolis (control group) or
with propolis (propolis group) had no statistically significant
influence on API (𝑃 > .05) (Table 3). However, statistically

significant decreases were detected in propolis patients with
reference to OPI and GI (𝑃 < .05) (Table 3). Furthermore the
changes in API, OPI, and GI between the baseline and the
final study in both groups were calculated, and a comparison
between the propolis group and the control group group was
made. API changes did not show a statistically significant difference between the groups (Table 3). However, GI and OPI
changes were statistically different between propolis group
and control group (𝑃 < .05). Afterwards, the patients with
extreme mean values of API, OPI, and GI were compared. The
number of patients with very good oral hygiene and healthy
gingivae (API ≤ 25%, OPI ≤ 2, and GI < 2) and with poor
hygiene and gingival inflammation (API > 70%, OPI > 3, and
GI ≥ 2) was compared in propolis group and control group at
the baseline and final stage (Figures 1–3). The greatest changes
were in the propolis group. The percentage of patients with
very good oral hygiene (OPI < 2) and gingivae without
bleeding (GI < 2) was higher and the percentage of patients
with gingival inflammation (GI ≥ 2) was lower after using the
toothpaste with propolis for 35 days (Figures 2 and 3).
3.4. Microbiological Findings. The bacteria most often found
in oral swabs in both groups and at both stages of the
study were Streptococcus spp. and Neisseria spp. (Table 4). No
cariogenic Streptococcus mutans or Lactobacillus acidophilus
were found in the samples.
Among bacteria particularly pathogenic for parodontal
tissues, the presence of Actinomyces spp. together with Actinomyces israelii, Capnocytophaga spp., Fusobacterium, Bacteroides, and Eubacterium was predominant. Microbiological
status was similar in both groups at the first stage of the study.
However, the patients using propolis paste had statistically
lower levels of Actinomyces spp. with Actinomyces israelii
and Capnocytophaga spp. at the second stage of the study.
A 10% decrease in Actinomyces israelii level accompanied by
an increase in Actinomyces spp. was found among control
patients. The number of Candida albicans did not change
(Table 4).
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4. Discussion
Cleft lip and palate (CLP) is a fairly common congenital malformation within the head and neck, the frequency being 1.0–
2.21 in 1000 live births [35]. Orthodontic care begins shortly
after birth, taking many years and involving a variety of specialists in medicine and oral medicine [36]. Evaluation of oral
hygiene and periodontal health in children and adults is an
interesting subject for investigators and clinicians [36–48].
The authors of this paper decided to evaluate the influence of
tooth cleaning with propolis paste on oral hygiene and oral
microflora in patients with CLP.
The baseline examinations showed that most patients in
propolis group and control group had poor oral hygiene
(API > 70%) with mean API of 64.31%. The mean value of
API was slightly higher in cleft palate/cleft lip palate patients
studied by Schultes et al. with a tendency to poor oral

hygiene [37]. On the other hand, very good oral hygiene
(API) was shown in 12.5% of our patients at the baseline
study. Slightly higher percentage of optimal oral hygiene was
found by Stec et al. among oral cleft children in Łódź in
active phase orthodontic treatment with the limit value for
good hygiene (API) a little over 40%, so higher than the
percentage taken in this paper [38]. Low percentage of children with good oral hygiene and high mean plaque index,
detected by our studies and by other authors as well, may
be connected with different oral morphology and function in
children with oral cleft as compared to children without any
cleft. Oral deformity, manifested by nasal communications,
frequent surgical procedures, scars within lips and palate,
malocclusions, and disturbances in structure, morphology,
number, or position of teeth, often accompanied by very long
orthodontic treatment, makes oral hygiene maintaining
extremely difficult [36]. Components of fixed appliances like
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Table 2: Summary scores of API, OPI, and GI in baseline and final study.
Baseline
OPI

API%
Propolis group
𝑁 = 21
Mean
Minimum
Maximum
Std.dev.
Control group
𝑁 = 20
Mean
Minimum
Maximum
Std.dev.
Mean ± std.dev.
𝑁 = 41

1.74
0.16
2.66
0.51

62.00
10.6
100.0
28.43

1.69
1.25
2.80
0.43

1.14
0.16
2.83
0.48

64.48
13.9
100.0
28.01

2.25
0.16
3.16
0.61

1.69
0.16
2.83
0.54

63.94
8.33
100.0
24.46

2.21
0.16
4.00
0.71

1.61
0.16
2.83
0.68

64.31 ± 28.73

2.19 ± 0.68

1.71 ± 0.52

63.97 ± 26.44

1.89 ± 0.58

1.37 ± 0.58

Intergroup
difference

B
Intragroup difference
Propolis Control
group
group

C
Difference
test
Effect of
propolis

0.871c

0.871c

0.950b

0.137b
0.020∗,b

0.012∗,d

0.410d

0.001∗,b

0.063a
0.034∗,a

0.014∗,c

0.722c

0.002∗,b

OPI Baseline
final study
GI Baseline
final study

GI

2.14
0.33
4.00
0.65

A

0.503a
0.850a

API%

64.14
16.6
10.0
29.98

Table 3: Statistical comparisons of API, OPI, and GI.

API Baseline
final study

GI

Final study
OPI

A: differences between the propolis group and the control group; B:
differences between baseline and final study; C: statistical changes between
baseline and final study in the propolis group compared with the control
group. a Tukey test, b Mann-Whitney U Test, c t-test for dependent samples,
and d Wilcoxon matched pairs test; ∗ significance (𝑃 < .05).

bands or other enamel bonded attachments like brackets are
also a problem to oral hygiene [11, 12]. Klukowska et al. reported 2-3 times higher level of plaque in patients wearing
orthodontic appliances as compared to patients without
treatment [39].
OPI used in our study is particularly recommended to
assess the level of plaque in patients wearing fixed appliances
because its value depends on the presence of dental deposits
on each tooth surface adjacent to the bracket base [33]. We
used a modified OPI only for anterior segment, and we
demonstrated that the baseline value of this index was 2.1
in both groups, indicating a moderately good oral hygiene.
No reports on this index, with reference to patients with oral
clefts, have been found in the available literature so far.
Gingivae condition was examined using GI, and its baseline mean value was 1.71. Slightly higher value of this index

was reported by Costa et al. for children with oral clefts
[40]. Their value was statistically higher compared to children
without clefts. Our examinations showed that 58% of the
patients in both groups had good gingival state, whereas
43% had gingival inflammation. Similar results were received
by Perdikogianni et al. and showed that children with cleft
lip and palate had moderate gingival inflammation, with no
statistical difference compared to children with no cleft [41].
Final-stage examinations showed that mean value of API
was slightly lower in both groups. OPI and GI values were statistically lower in propolis group, after using propolis toothpaste for 35 days, as compared to the baseline values. Similar
results were received by Dodwad and Kukreja in their study
on five-day use of propolis mouth wash [42]. Tanasiewicz
et al. demonstrated a beneficial effect of propolis in patients
with healthy periodontium and those with periodontitis [43].
Beneficial influence of propolis on periodontium was also
demonstrated by Botushanov et al. who studied 42 patients
cleaning their teeth with silicate toothpaste with extract from
propolis for 28 days [44]. Pereira et al. assessed gingival index
and plaque index in patients who had been using alcohol-free
mouthwash containing 5.0% Brazilian green propolis for 45
and 90 days. On day 45 and on day 90 the gingival index and
plaque index had statistically higher values compared to the
baseline [45].
The influence of propolis on patients showing extreme GI
values was also studied in both groups. In this study statistical
reduction of percentage of patients using propolis toothpaste were found to have gingival inflammation. Similar situation was noted in control group, but decrease in gingival inflammation cases was not statistically significant. Another
interesting observation was that gingivae condition became
much better with no significant decrease in dental plaque
amount expressed by API. Similar changes were reported
by Stec et al. who demonstrated an absence of relationship
between API and gingivae condition [38]. It is important to
realize that API only gives information about the presence or
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Table 4: Frequency of bacterial species in propolis group and control group in baseline and final study.

Bacterial species
Gram+
Facultative anaerobic
Streptococcus spp.
S. mitis
S. salivarius
S. vestibularis
S. oralis
S. sanguinis
Actinomyces spp.
Actinomyces israelii
Anaerobic
Bifidobacterium spp.
Eubacterium spp.
Gemella morbillorum
Clostridium spp.
Gram−
Facultative anaerobic
Neisseria spp.
Capnocytophaga spp.
Enterobacter kobei
Klebsiella pneumoniae
Klebsiella oxytoca
Anaerobic
Veillonella spp.
Mitsuokella spp.
Bacteroides spp.
Fusobacterium spp.
Candida
Candida albicans
∗

Baseline
%

Propolis group 𝑁 = 21
Final study
%

Control group 𝑁 = 20
Baseline
Final study
%
%

90.4
57.10
19.04
19.04
19.04
0.00
28.57
19.00

85.7
61.9
9.52
9.52
9.52
9.52
9.52∗
0.00∗

90.0
55.0
25.0
20.0
15.0
10.0
30.0
15.0

100.0
60.0
20.0
30.0
10.0
20.0
40.0
25.0

23.80
4.76
9.52
14.28

23.80
0.00
0.00
9.52

30.0
10.0
15.0
0.00

25.0
10.0
15.0
0.00

90.4
19.04
0.00
0.00
4.76

95.2
0.00∗
0.00
0.00
9.52

95.0
15.0
5.0
10.0
5.0

90.0
10.0
5.0
10.0
10.0

23.80
9.52
9.52
14.28

23.80
4.76
9.52
0.00

20.0
0.00
0.0
25.0

25.0
0.00
10.0
30.0

9.52

9.52

15.0

15.0

Significance 𝑃 < .05 compared with baseline.

absence of dental plaque with no assessment of its amount
and location.
In final stage of the study OPI showed statistically lower
levels than those in the baseline in patients using propolis
toothpaste. Other authors also demonstrated a beneficial
influence of propolis on the plaque index (PI) [42–44].
Bacterial flora harvested during first-stage examinations
in both groups consisted largely of Gram-negative cocci,
chiefly Neisseria spp., and Gram-positive facultative anaerobes, including chiefly Streptococcus spp. and Actinomyces
spp. Similar results were received by Ritz who demonstrated variable composition of the plaque in accordance
with its maturity and predominance of Neisseria in the
earliest stage of bacterial flora formation [46]. Coexistence
of Streptococcus spp. and Actinomyces spp. is widely reported
in the available literature. Perdikogianni et al. detected high
mutual proportion of Streptococcus and Actinomyces in their
study on frequency of bacteria in patients with cleft lip
and/or palate [41]. Aas et al. demonstrated coexistence of

both species in the early phase of dental caries, being to
a great extent responsible for originating the process [47].
Cisar et al. revealed the adhesion-receptor mechanism of
both bacteria which populate the oral environment through
coaggregation [48]. Absence of Streptococcus mutans and
Lactobacillus acidophilus with predominance of Streptococcus
spp. and Actinomyces spp. in our study material confirms
the “ecological hypothesis of dental plaque” suggesting that
plaque status is a result of an interaction between many
different bacterial species currently existing in oral cavity
whereas its composition is variable and depends on environmental factors [49]. Munson et al. detected, based on
their examinations, the permanent presence of only one or
two Lactobacillus spp. in each lesion in a subject, and Aas
et al. found Streptococcus mutans in only 10–20% of their
patients with severe caries [47, 50]. The microbiological cultures detected absence of A. actinomycetemcomitans in CLP
children of this study, but multiform Gram-negative anaerobic bacteria with many pathogens were likely to cause
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periodontitis. This result was in agreement with the studies on
microflora in subjects with oral clefts reported by other investigators [40, 41]. Also, the investigators demonstrated that the
composition of oral microflora was individually depending
on the sample site, current health state, or tooth condition [9,
11, 47–50]. Ristic et al. indicated lower level of bacterial flora
in the region of molars in patients wearing fixed orthodontic appliances, and Alexander detected statistically more
cases of gingivitis around molars with orthodontic bands
that were around enamel bonded attachments [9, 11].
Final microbiological analysis of bacterial flora in patients
using propolis toothpaste revealed the greatest decrease in
frequency of Gram-positive facultative anaerobic cocci and
Gram-positive facultative anaerobic rods. This result may
indicate antibacterial properties of propolis used for everyday oral hygiene and confirmed by in vitro examinations
[51–54]. The mechanism of antibacterial effects of propolis is
complex and not quite clear [51]. Mirzoeva et al. have demonstrated that the effects of propolis are species-dependent and
strongly related to disintegration of bacterial cell membrane
through an increase in its permeability by ions. As a result a
bacterial cell may lose its membrane potential thus also losing
motility and virulence. Such effects are found with flavonoid
and cinnamic components of propolis [52]. Other investigators suggest that antibacterial properties of propolis may
be related to some additional mechanisms like inhibition of
glucosyltransferase synthesis and production of polysaccharide by Streptococcus [52–54]. It is important to note that a
decrease in the number of bacteria is accompanied by lower
severity of gingivitis in patients using propolis. No significant
changes in the number of bacteria and no improvement in the
condition of gingivae or hygiene were noted among patients
using toothpaste without propolis.

5. Conclusion
Results of the study examinations and tests reveal a significant
improvement in gingivae, a lower level of dental plaque, and
a decrease in frequency of Gram-positive rods in children
with cleft lip and palate after using propolis toothpaste.
The improvement in oral health in these patients confirms
antibacterial, anti-inflammatory, and regenerative properties
of propolis.
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The antileishmanial and immunomodulatory effects of propolis collected in Botucatu, São Paulo State, Brazil, were evaluated
in Leishmania (Viannia) braziliensis experimental infection. The antileishmanial effect of propolis on promastigote forms was
verified by reducing growth and by promoting morphologic alterations observed by scanning electron microscopy. In in vitro
immunomodulatory assays, macrophages were pretreated with propolis and then infected with L. (V.) braziliensis. In vivo,
supernatants from liver cells and peritoneal exudate of BALB/c mice pretreated with propolis and infected with Leishmania (107 /mL
promastigotes) were collected, and TNF-𝛼 and IL-12 were measured by ELISA. Macrophages incubated with propolis showed a
significant increase in interiorization and further killing of parasites. An increased TNF-𝛼 production was seen in mice pretreated
with propolis, whereas IL-12 was downregulated during the infection. In conclusion, Brazilian propolis showed a direct action on
the parasite and displayed immunomodulatory effects on murine macrophages, even though the parasite has been reported to affect
the activation pathways of the cell. The observed effects could be associated with the presence of phenolic compounds (flavonoids,
aromatic acids, and benzopyranes), di- and triterpenes, and essential oils found in our propolis sample.

1. Introduction
Leishmaniasis is caused by several species of the protozoa
Leishmania. The severity of the disease may vary from
cutaneous, mucosal, and diffuse cutaneous to visceral infections. The protozoa species and the host immune response
determine the clinical forms of this disease [1]. In murine
experimental models of cutaneous leishmaniasis with Leishmania major (L. major), the resistance to leishmaniasis
is associated with a predominant Th1 response, while the
susceptibility of some mouse strains (such as BALB/c) is
assigned to a Th2 response [2]. Nevertheless, the evaluation

of injuries caused by Leishmania (Leishmania) amazonensis
(L. amazonensis) and Leishmania (Viannia) braziliensis (L.
braziliensis) in inbred mice showed a different profile of
susceptibility and resistance than that proposed to L. major
infection model. It has been demonstrated that most strains
of mice are genetically susceptible to L. amazonensis whereas
for L. braziliensis the most strains of mice tested, including
the BALB/c, have only self-healing lesions in the skin [3, 4].
Leishmaniasis chemotherapy is based on the use of
pentavalent antimonial drugs. Other drugs, such as pentamidine and amphotericin B, have been adopted as alternative
drugs; however, these drugs present severe side effects,
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including parasite resistance and long-term treatment [5, 6].
The discovery of new compounds with antileishmanial and
immunomodulatory properties is essential for the development of new alternative to leishmaniasis therapy. Sforcin and
Bankova pointed out that propolis have a great potential
for the development of new drugs [7]. Propolis has been
widely used in folk medicine and has shown promising results
against some protozoonoses [8].
The chemical composition of propolis is dependent on
the biodiversity of each area visited by the bees, and the
quantity of biologically active compounds present in each
sample may change [7]. Herein, our propolis sample was
collected in apiary of UNESP, Campus of Botucatu, Brazil,
which has not been previously assessed for its antileishmanial
action. Our group verified that this sample induced an antiinflammatory response affecting CCL5 and IFN-𝛾 expression in peripheral blood mononuclear cells in both healthy
individuals and leishmaniasis patients [9]. Besides, previous
studies have shown the antiprotozoal activity of different
propolis extracts, demonstrating the leishmanicidal action
on both promastigotes and amastigotes forms of different
Leishmania spp. [10, 11].
Based on these observations, the goal of this study was to
evaluate the antileishmanial and immunomodulatory properties of propolis on the experimental infection with L. braziliensis.

2. Material and Methods
2.1. Leishmania (Viannia) braziliensis. Leishmania (Viannia)
braziliensis (MHOM/BR/1987/M11272) was used in promastigote forms, kept in culture medium 199 (GIBCO Invitrogen), and supplemented with 10% fetal bovine serum (FBSGIBCO Invitrogen), 1 M Hepes, 0.1% human urine, 0.1% Lglutamine, 10 𝜇g/mL penicillin and streptomycin (GIBCO
Invitrogen), and 10% sodium bicarbonate (complete medium
for promastigotes—CMP). Cell cultures were incubated at
25∘ C in 25 cm2 flasks.
2.2. Sample Propolis. Propolis sample was collected in the
Beekeeping Section of the Lageado Farm, UNESP, Campus of
Botucatu, Brazil, from honeybee (Apis mellifera L.) colonies.
The method of extraction and its chemical composition can
be seen in previous works of our group [12].
2.3. Kinetics of Cellular Proliferation. Promastigote forms
(1 × 106 /mL) incubated in CMP were treated with different
concentrations of propolis (5, 10, 25, 50, and 100 𝜇g/mL) and
Glucantime (250 𝜇g/mL CMP) or with propolis solvent (0.1%
ethanol/mL) and cultured for 7 days at 25∘ C. Promastigotes
were counted in a Neubauer chamber after 24, 96, and 168
hours (h). As control, the culture medium alone and propolis
solvent were used.
2.4. Scanning Electron Microscopy. Promastigotes (2 ×
106 /mL) in exponentially growing phase were cultured in 199
medium with propolis (5, 10, 25, 50, and 100 𝜇g/mL) for
2 or 24 h at 25∘ C in sterile Falcon tubes. As control, only
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the culture medium (CMP) alone and 0.1% ethanol were
used. Afterwards, promastigotes were centrifuged twice
at 600 g for 10 minutes and resuspended in 0.9% sterile
saline solution pH = 7.0. Promastigotes were placed on glass
coverslips covered with Poly-L-lysine (GIBCO), fixed with
2% glutaraldehyde in phosphate buffer 0.1 M (pH = 7.0),
and postfixed with 1% osmium tetroxide. Dehydration was
performed with ethanol (70, 80, 90, and 100∘ GL). The critical
point was carried out with a Critical Point Dryer (PCD
030—BAL-TEC) on stubs for recovery with 30 nm gold,
using a Stutter coater (SCD 050—BAL-TEC). Samples were
analyzed using an FEI QUANTA 200 scanning electron
microscope (SEM).
2.5. Animals. Male BALB/c mice weighing approximately
25–30 g and aged 6–8 weeks old were obtained from the
Medical School of Ribeirão Preto, USP, Brazil. Mice were
kept under pathogen-free conditions and used according to
protocols approved by the institutional Animal Care. This
work was approved by the Londrina State University—Ethics
Committee for Animal Experimentation (n. 09/2011).
2.6. Phagocytic Assay. Macrophages (5 × 105 /mL) were
obtained from the peritoneal cavity by the injection of
2 mL of RPMI 1640 culture medium (GIBCO) supplemented
with fetal bovine serum 10% (GIBCO) and cultured on 24well plates containing 13 mm diameter glass coverslips. Cells
were preincubated with 200 𝜇L RPMI medium for 2 h for
adherence, treated with propolis (5 or 10 𝜇g/mL) or with
RPMI medium alone (control), and incubated for 24 h at 37∘ C
and 5% CO2 . After, macrophages were washed and infected
with promastigotes forms (5 : 1) for 2 h. Cells were stained
with Giemsa to establish the phagocytic index by means of
% of infection and the parasites/macrophages number.
In another protocol, peritoneal macrophages (5 × 105 /mL)
were cultured on 6-well plates at 37∘ C and 5% CO2 with
5 or 10 𝜇g/mL of propolis. After 24 h, macrophages were
washed and infected with promastigotes forms (5 : 1) for 2 h.
The culture was washed to remove extracellular parasites
and incubated with 199 culture medium at 24∘ C. Recovered
promastigotes were counted in a Neubauer chamber 3 days
after the infection.
2.7. Cytokine Determination. Mice were treated intraperitoneally with propolis (2.5, 5, or 10 mg/kg) or solvent only
(ethanol 0.1%) [13, 14]. After 24 h, mice were infected
intraperitoneally with 107 /mL promastigote forms of L.
braziliensis. Mice were sacrificed 2 h after infection, and the
exudate cells were collected by rinsing the peritoneal cavity
with 2 mL of RPMI medium. Cells were distributed on 6well plates for 1 h at 37∘ C and 5% CO2 . Supernatants were
collected, centrifuged at 460 g at 4∘ C for 7 min, and stored
at −20∘ C for cytokine determination. The liver was removed,
macerated, centrifuged, and stored at −20∘ C for IL-12 and
TNF-𝛼 levels determination by enzyme-linked immunosorbent assay (ELISA), according to manufacturer’s instructions
(eBiosciencesR, USA). Plates were read at 450 nm, using an
ELISA plate reader (Thermo Plate—TP-Reader).
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to induce the activation of macrophages to eliminate intracellular parasites, a reduction in recovered promastigotes was
seen in propolis-treated cells 3 days after infection, reaching
82% and 94.4% with 5 and 10 𝜇g/mL propolis, respectively, at
the fifth day (Figure 3(c)).
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Figure 1: Kinetics of L. braziliensis promastigotes proliferation after
treatment with propolis (5, 10, 25, 50, and 100 𝜇g/mL) or Glucantime
for 24, 96, and 168 h. Data represent mean ± SEM of five independent
experiments. ∗ Significantly different from control (𝑃 < 0.05).

2.8. Statistical Analysis. Data were analyzed using the Prism
GraphPad statistical software (GraphPad Software, Inc., USA,
500.288). Significant differences between treatments were
determined by ANOVA, followed by the Tukey test for
multiple comparisons. Statistical significance was accepted
when 𝑃 < 0.05.

3. Results
3.1. Propolis Effect on L. braziliensis Promastigotes Proliferation. Figure 1 shows that propolis prevented cell proliferation
using 100 𝜇g/mL for 24 h (𝑃 < 0.05). After 96 and 168 h,
propolis in all concentrations reduced cell proliferation (𝑃 <
0.05). Propolis (100 𝜇g/mL) showed the same antiproliferative
effect of Glucantime (250 𝜇g/mL) after 96 and 168 h of
incubation. The solvent (0.1% ethanol/CMP) did not interfere
in promastigotes L. braziliensis proliferation.
3.2. Scanning Electron Microscopy (SEM). L. braziliensis
treated with propolis (10, 25, 50 and 100 𝜇g/mL) showed
morphological changes. After 2 h these changes were similar
to those observed after 24 h of incubation, and some cells
presented signs of shrinkage whereas others exhibited flagella
with several lengths. The images shown in Figure 2 represent
the overview changes found in each concentration. Propolis
solvent (0.1% ethanol) did not interfere on the morphology of
promastigotes forms of L. braziliensis (data not shown).
3.3. Phagocytic Assay. As shown in Figure 3(a), no significant
differences were seen in the percentage of infected macrophages incubated with propolis in comparison to control.
However, the mean of amastigotes number per macrophage
was significantly increased after 2 h using 5 and 10 𝜇g/mL
(Figure 3(b)). In an attempt to verify the capacity of propolis

3.4. Cytokine Determination. Propolis treatment (2.5 mg/kg:
23.86 pg/mL ± 3.09; 5 mg/kg: 28.66 pg/mL ± 3.02; 10 mg/kg:
40.73 pg/mL ± 7.63) did not affect IL-12 production by peritoneal macrophages in comparison to control (25.01 pg/mL±
5.59) (𝑃 > 0.05), even associated to infection (control:
36.77 pg/mL ± 2.29; propolis 2.5 mg/kg: 34.05 pg/mL ± 4.25;
5 mg/kg: 34.37 pg/mL ± 5.25; 10 mg/kg: 28.73 pg/mL ± 5.01)
(Figure 4(a)).
Likewise, propolis treatment did not alter IL-12 production in the liver (2.5 mg/kg: 174.42 pg/mL ± 6.18; 5 mg/kg:
126.58 pg/mL ± 21.74; 10 mg/kg: 128.34 pg/mL ± 4.04), in
comparison to control (182.35 pg/mL ± 17.65) (𝑃 > 0.05).
However, associated to infection, IL-12 levels were lower
in mice pretreated with 5 mg/kg (124.62 pg/mL ± 9.54)
and 10 mg/kg (92.55 pg/mL ± 3.18) compared to control
(168.79 pg/mL ± 3.17) (𝑃 < 0.05) (Figure 4(b)).
No alterations were seen without infection in TNF𝛼 secretion by macrophages (control: 10.75 pg/mL ±
1.98; propolis 2.5 mg/kg: 15.44 pg/mL ± 1.26; 5 mg/kg:
17.65 pg/mL ± 3.22; 10 mg/kg: 13.15 pg/mL ± 0.92) or in
the liver (control: 99.39 pg/mL ± 6.64; propolis 2.5 mg/kg:
122.19 pg/mL ± 3.10; 5 mg/kg: 122.03 pg/mL ± 13.61; 10 mg/kg:
64.12 pg/mL ± 7.17) (𝑃 > 0.05). However, TNF-𝛼 production
was significantly increased (𝑃 < 0.05) in peritoneal exudate
(26.84 pg/mL ± 2.91) and liver homogenate (190.30 pg/mL ±
23.90) from propolis-treated mice (10 mg/kg) after infection
(Figures 4(c) and 4(d)).

4. Discussion
The plants most frequently visited by bees in the apiary
located at UNESP, Campus of Botucatu, were Baccharis dracunculifolia, Eucalyptus citriodora, and Araucaria angustifolia
[12]. Besides the species of plants visited by bees to produce
propolis, the chemical composition of propolis may be influenced by the solvent as well by genetic characteristics shown
by different bee subspecies [15–17]. The major components of
our propolis sample were phenolic compounds (flavonoids,
aromatic acids, and benzopyranes), di- and triterpenes, and
essential oils. Phenolic compounds have been related to
antimicrobial, trypanocidal, and antitumoral activities [18].
In experimental leishmaniasis, the compounds associated with the inhibition of amastigotes proliferation were
prenylated and benzophenones [10]; caffeic acid, p-coumaric
acid, aromadendrine-4 -methyl ether, 3-prenyl-p-coumaric,
and 3,5-diprenyl-p-coumaric exerted a direct effect on promastigote forms and decreased lesion after infection in
vivo [19]; flavonoids, monosaccharaides, and other phenolic
compounds were involved in the antileishmanial action in
promastigote forms of L. major, L. chagasi, and L. braziliensis
[20]. These compounds have been found in high quantities
in different propolis samples and have been associated with
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Figure 2: Scanning electron microscopy showing promastigotes forms of L. braziliensis treated with different concentrations of propolis by
24 h. (a) Control; (b) 5 𝜇g/mL; (c) 10 𝜇g/mL; (d) 25 𝜇g/mL; (e) 50 𝜇g/mL; (f) 100 𝜇g/mL.

results obtained in experimental leishmaniasis, suggesting
that the propolis chemical composition is one of the main
factors to be investigated to evaluate its pharmacological
activities. However, a synergistic effect presented by different
compounds should not be discarded when assessing its
biological effects.

In this study, a direct effect of propolis preventing promastigote proliferation was verified, which was significant at
a small dose (5 𝜇g/mL) after 96 h of incubation. Moreover,
the highest dose (100 𝜇g/mL) showed a similar efficacy to
Glucantime 250 𝜇g/mL in all periods of times. Morphologic
alterations such as shrinkage of promastigotes were observed
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Figure 3: Propolis effect in vitro on L. braziliensis phagocytosis by macrophages. Monolayers of macrophages were treated with propolis (5
or 10 𝜇g/mL) or with RPMI culture medium (control), incubated for 24 h at 37∘ C, and then coincubated for 2 h with promastigotes forms.
(a) Percentage of macrophages phagocytosis; (b) number of intracellular amastigotes per macrophage after 2 h; (c) kinetics of recovered
promastigotes from infected macrophages. Data represent mean ± SEM of three independent experiments. ∗ Significantly different from
control (𝑃 < 0.05).

by scanning electron microscopy from 10 𝜇g/mL. Taken
together, these results suggested that our propolis sample
exhibited a leishmanicidal activity.
To determine the effects of treating macrophages with
propolis before infection with L. braziliensis, the concentrations of 5 and 10 𝜇g/mL were used, since higher doses
showed cytotoxic effects in human cells [9]. There was a significant increase in parasite interiorization by macrophages
pretreated with 5 or 10 𝜇g/mL compared to control, which is
in agreement with Orsatti et al., who found increased Tolllike receptors (TLR)-2 and TLR-4 expression in macrophages
from BALB/c mice pretreated with propolis [21]. Besides
these receptors, it has been described that other receptors
are involved in Leishmania recognition, such as complement
receptor (CR) 1, CR3, and mannose receptor [22]. Furthermore, after 3 days of coculture, the amount of recovered
promastigotes was reduced significantly in cells treated with

5 and 10 𝜇g/mL, showing that propolis upregulated macrophage microbicidal mechanisms.
Cytokines have an important role in the clinical outcome
of leishmaniasis, activating macrophages and its phagocytic
activity in the early stages of infection [23, 24]. In our assays,
IL-12 and TNF-𝛼 production was evaluated after BALB/c
mice treatment with propolis and infection with L. (V.)
braziliensis. IL-12 concentration was reduced in the liver
during infection, whereas TNF-𝛼 production increased significantly in both peritoneal exudate and liver cells compared
to noninfected mice. Studies have shown that some species
of Leishmania can inhibit IL-12 synthesis through the PI3K
pathway, which may not interfere with the production of
other cytokines such as TNF-𝛼 [25, 26]. Moreover, it was
verified that L. donovani modulate TLR-2 by suppressing
MAPK P38 phosphorylation with a consequent reduction of
IL-12 production [27]. After propolis administration to mice,
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Figure 4: IL-12 and TNF-𝛼 production (pg/mL) by peritoneal macrophages and liver cells from propolis-treated mice (2.5, 5, and 10 mg/kg),
infected or not with L. braziliensis for 2 h. (a) IL-12 production by peritoneal exudate; (b) IL-12 production by liver cells; (c) TNF-𝛼 production
by peritoneal exudate; (d) TNF-𝛼 production by liver cells. Data represent mean ± SEM of three independent experiments. ∗ Significantly
different from control (𝑃 < 0.05).

an increased TLR-2 was seen in peritoneal macrophages [21].
However, although this is an important pathway for signaling
IL-12 production, in this study L. brazilienzis reduced this
cytokine production. On the other hand, TLR-4, which is
involved in TNF-𝛼 production, was significantly increased
in propolis-treated mice compared to control [21], with no
parasite interference, leading to a higher ingestion, TNF-𝛼
production, and leishmanial activity by macrophages.
In conclusion, propolis showed a direct action on the
parasite and displayed immunomodulatory effects on murine
macrophages, even though the parasite has been reported to
affect these activation pathways of the cell.
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Indian stingless bee propolis has a complex chemical nature and is reported to possess various medicinal properties. In the present
study, anticancer activity of the ethanolic extract of propolis (EEP) was explored by testing the cytotoxic and apoptotic effect in
four different cancer cell lines, namely, MCF-7 (human breast cancer), HT-29 (human colon adenocarcinoma), Caco-2 (human
epithelial colorectal adenocarcinoma), and B16F1 (murine melanoma), at different concentrations. Cytotoxicity was evaluated by
MTT assay and Trypan blue dye exclusion assay. EEP at a concentration of 250 𝜇g/mL exhibited ≥50% mortality in all cell lines
tested (i.e., IC50 value). EEP revealed a concentration and time dependent cytotoxic effect. Apoptosis was estimated by differential
staining (ethidium bromide/acridine orange) and TUNEL (deoxynucleotidyl transferase-dUTP nick end labeling) assay. Light
microscopy and atomic force microscopy demonstrated morphological features of apoptosis in all the cell lines after treatment
with 250 𝜇g/mL EEP for 24 h. Thus, early onset of apoptosis is the reason for anticancer activity of Indian stingless bee propolis.
Further, the antioxidant potential of Indian stingless bee propolis was demonstrated to substantiate its anticancer
activity.

1. Introduction
Propolis is a complex resinous material that bees collect
from tree exudates primarily resins of leaf bud and other
botanical sources. It is mixed with beeswax to create a
sealing material in their comb, smooth out the internal
walls, and protect the entrance against intruders [1]. Color
of propolis varies depending on its botanical source and
age mostly it possess yellowish green to dark brown and
aromatic odor [2]. Propolis contains predominantly phenolic compounds including flavonoids and cinnamic acid
derivatives [3]. Propolis has a long history of being used in
traditional medicine dating back to 300 BC [2] and has been
reported to have a broad spectrum of biological activities,
namely, anticancer, antioxidant, antiinflammatory, antibiotic
and antifungal activities [4, 5]. Recently, propolis is marketed in various forms such as tablets, capsules, toothpaste,
mouthwash preparations, face cream, ointments, lotions, and
solutions [6]. Studies have already shown anticancer properties of propolis and its phenolic components by different

mechanisms such as cell cycle arrest, induction of apoptosis
[7], induction of mitochondrial stress [8], inhibition of cancer
cell proliferation and tumor growth [9–12]. Moreover, reports
suggest antioxidant properties for propolis samples using
different chemical assays, such as scavenging of DPPH radical
[13] and scavenging of superoxide anion [14], Chemical
composition of propolis mainly varies depending upon its
origin, which in turn, would result in change in the activity of
propolis [15]. There have been several reports on anticancer
activity of propolis from various parts of the globe. These
interesting reports prompted us to study the anticancer
potential of Indian stingless bee propolis. Indian stingless
bee propolis has a complex composition with 24 different
chemical compounds. In our previous communication, we
reported potent broad spectrum antimicrobial activity of
ethanolic extract of propolis (EEP) [16]. Here, we report the
anticancer activity of EEP on different cancerous cells based
on cytotoxcity assays, apoptogenic potential, and antioxidant
activity.
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2. Material and Methods
2.1. Preparation of Propolis. Propolis sample was collected
from a colony of Trigona bees in the village Karjat (Western Ghats), Raigad District, Maharashtra, India. EEP was
prepared according to the method described by Muli et al.
[16, 17]. In brief, collected propolis sample was airdried and
powdered (in a mortar and pestle), and 3 g powdered sample
was admixed with 70% ethanol (10 mL) and macerated for a
week. The macerated ethanolic extract was filtered through
Whatman # 41 filter paper and used as EEP.
2.2. Cells and Culture Conditions. Cell lines used in this
study were human breast adenocarcinoma (MCF-7), human
colon adenocarcinoma (HT-29), human epithelial colorectal
adenocarcinoma (Caco-2), and murine melanoma cell lines
(B16F1). Cell lines were procured from the National Center
for Cell Science (NCCS), Pune, India. Cells were grown in
Dulbecco’s Modified Eagle’s Medium (DMEM) (Invitrogen,
Grand Island, USA) supplemented with 10% heat inactivated
fetal bovine serum (FBS) (Invitrogen, Grand Island, USA),
100 U/mL penicillin G, and 100 𝜇g/mL streptomycin (HiMedia, Mumbai, India) maintained at 37∘ C in humidified air
with 5% CO2 .
2.3. Cytotoxicity of EEP. Cytotoxicity of EEP in four different
cell lines (B16F1, MCF-7, HT-29, and Caco-2) was determined
by MTT (3-(4,5-dimethylthiazol-2-yl)-2-5 diphenyl tetrazolium bromide) assay. MTT is captured by cells and reduced
intracellularly in a mitochondrion-dependent reaction to
yield a formazan product. The ability of cells to reduce MTT
provides an indication of their intactness and mitochondrial
activity that serves as a measure of viability [18]. Cells were
plated in 96-well tissue culture plate at a density of 1 × 104
cells/well and incubated for 24 h at 37∘ C. Thereafter, the cells
were exposed to different concentrations (10, 25, 50, 100, and
250 𝜇g/mL) of EEP for 24 h. Cells cultured in the absence of
EEP served as control. Cytotoxicity was assessed by adding
MTT (HiMedia, Mumbai, India) dissolved in medium at a
concentration of 5 mg/mL (10 𝜇L of MTT/well), followed by
incubation for 4 h at 37∘ C in a humid 5% CO2 atmosphere.
Further, the supernatant was removed, and the insoluble
formazan crystals were dissolved in 200 𝜇L dimethylsulfoxide
(Sisco Research Laboratories, Pvt. Ltd., Mumbai, India). The
absorbance was measured at 570 nm using microplate reader
(Synergy HT, Bio-Tek Instruments Inc., USA). Assay was
performed in triplicates and repeated twice. The percentage
of viability was calculated using the following formula:
% Cell viability =

OD570 treated cells
× 100.
OD570 control

(1)

Data obtained were analyzed using One-way ANOVA
followed by Dunnett’s multiple comparison test to identify
statistically significant differences in cell viability in comparison to respective control. 𝑃 values of <0.05 were considered
statistically significant. On the basis of cytotoxicity result,
the concentration of EEP showing ≥50% reduction in cell
viability was then considered as the IC50 value.

2.4. Trypan Blue Dye Exclusion Assay. To assess time dependent cytotoxicity, direct counting of living and dead cells
after exposure to cytotoxic concentration (as determined by
MTT assay above) of EEP was carried out using trypan
blue dye exclusion assay. B16F1, MCF-7, HT-29, and Caco-2
cells (5 × 105 ) were incubated with EEP (final concentration
of 250 𝜇g/mL) for different time periods, namely 1, 3, 6,
12, and 24 h. Untreated cells served as control. Cells from
test and controls were harvested using trypsin phosphate
versene glucose (TPVG) (HiMedia, Mumbai, India) at each
mentioned time points. Resultant cell suspension was then
admixed with 0.4% Trypan blue dye (HiMedia, Mumbai,
India) and counted in Neubauer chamber and viable cells
were estimated by the following formula [19]:
Viable cells =

Unstained cells
.
Stained cells + Unstained cells

(2)

2.5. Cell Morphology. For microscopy, cells were cultivated
on cover slips and treated with EEP at concentrations of 50
and 250 𝜇g/mL for 24 h at 37∘ C, under 5% CO2 atmosphere.
Subsequently, cover slips were washed twice with PBS and
used for imaging. Morphological and confluency changes in
treated versus untreated (control) cells were observed using
an inverted microscope (Nikon Eclipse, TS-100, Japan).
Topological changes were visualized in all four cell
lines using atomic force microscopy (AFM) (MultiView1000, Nanonics Imaging Ltd., Jerusalem, Israel). The AFM
scanning was performed in intermittent contact mode, using
glass fiber probes (resonant frequency: 35–37 KHz, Nanonics
Imaging Ltd., Jerusalem, Israel). Images were processed using
WSxM software (4.0 Develop 8.1, Nanotec Electronica, S.L.,
Spain).
2.6. Analysis of Apoptosis by Acridine Orange/Ethidium Bromide Staining (AO/EB). To observe nuclear morphology and
differentiate apoptotic and necrotic cell death, cells were
stained with acridine orange (AO) and ethidium bromide
(EB). In brief, 1 × 105 cells (all four cell lines) were cultured on glass cover slips for 24 h at 37∘ C. Thereafter, the
cells were treated without (control) or with EEP (at the
dosage determined as cytotoxic value by MTT assay, i.e.,
250 𝜇g/mL) for 24 h. After trypsinisation, cells were washed
twice with PBS and stained by adding sufficient mixture of
AO/EB (100 𝜇g/mL in PBS) for 5 min. Cells were immediately
visualized by fluorescence microscope (Nikon 80i, Japan)
at 200x magnification with the excitation filter 480/30 nm.
Three independent cell counts (counting a minimum of 200
total cells) were obtained on the basis of differential staining
of nuclei. Acridine orange is taken up by both live and dead
cells and emits green fluorescent, whereas ethidium bromide
stains only dead cells which lost their membrane integrity and
emits red fluorescent [20].
2.7. TUNEL Assay. Cells undergoing DNA fragmentation
were detected using terminal deoxynucleotidyl transferasedUTP nick end labeling (TUNEL) kit (Click-iT TUNEL
Alexa Fluor Imaging Assay; Invitrogen, Grand Island, USA).
Cells were seeded on cover slips in 6-well plates until
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Figure 1: Concentration effectiveness of ethanolic extract of propolis (EEP) on cell viability of four cancer cell lines: B16F1, MCF-7, HT-29 and
Caco-2. Values are represented as mean ± SEM of three replicates. ∗∗∗ Represents significant value (𝑃 < 0.01) tested with one-way ANOVA
when the treated group was compared with the respective control group.

80% confluency was obtained. Cultured cells were then
incubated without and with EEP (250 𝜇g/mL) for 24 h.
Further, cells were fixed with 4% chilled paraformaldehyde
(Sigma-Aldrich, MO, USA) in phosphate buffer saline (PBS)
for 15 min and permeabilized (0.25% Triton X-100 in PBS;
Sigma-Aldrich, MO, USA) for 20 min at room temperature.
Subsequent steps were as per manufacturer’s protocol. Finally,
cover slips were washed with PBS and observed under a
fluorescence microscope.
2.8. DPPH Radical Scavenging Assay. For determination of
free radical scavenging activity of EEP, DPPH∙ (1,1-diphenyl2-picrylhydrazyl; Sigma-Aldrich, MO, USA) radical scavenging assay was performed. Trolox (the commercially available
antioxidant; Sigma-Aldrich, MO, USA) was used as a positive
control. 1 mL of DPPH reagent (75 𝜇M in methanol) and
200 𝜇L of test samples in 70% methanol were incubated
at 37∘ C for 80 min. The reduction of the absorbance at
515 nm (UV 2450 spectrophotometer, Shimadzu) was monitored and expressed as mg of Trolox equivalent DPPH
radical-scavenging activity. The experiment was performed
in triplicate. IC50 (concentration providing 50% inhibition)
value was calculated by using the dose inhibition curve in a
linear range by plotting the extract concentrations versus the
corresponding scavenging effect [21].

3. Results
3.1. Cytotoxicity of EEP. When compared with the respective
control, viability of cells significantly reduced after treatment
with higher concentrations of EEP for 24 h (Figure 1). IC50
value was found to be 250 𝜇g/mL for all the tested cell lines.
EEP concentrations up to 50 𝜇g/mL were noncytotoxic for
all the cell lines tested since 90% cell survival was observed.
However, at 100 𝜇g/mL, a reduction in viability was obtained
which was statistically significant. In summary, the results
indicate concentration-dependent cytotoxic effect of EEP in
all the cell lines tested.

3.2. Trypan Blue Dye Exclusion Assay. As seen in Figure 2,
in all the cell lines treated with concentration of 250 𝜇g/mL
(i.e., IC50 value), progressive reduction in cell viability was
observed over a period of 24 h. In fact, at 24 h there was
a complete loss of cell viability in all the cancer cell lines.
Interestingly, the cell viability data at intermediate time point
of 3 and 6 h showed differences with respect to the cell
lines used. At 3 h, >75% cells of MCF-7, HT-29, and Caco-2
retained viable, whereas at 6 h ≤10% viability was observed for
B16F1 and MCF-7. At 12 h, cell viability in B16F1, MCF-7, HT29, and Caco-2 cells was found to be ∼1%, 12%, 26%, and 40%,
respectively. Data suggest time-dependent cytotoxic effect of
EEP.
3.3. Cell Morphology. Optical microscopic observations on
cells cultivated in the presence of EEP revealed that there
were no morphological alterations at concentrations up to
50 𝜇g/mL in all the four cell lines and cell morphology
matched with that of control cells. However, cells treated
with higher concentrations of EEP (i.e., ≥100) revealed
drastic changes in cell morphology. Cells exposed to these
doses showed a loss of cell extensions, rounding up and
detachment, apoptotic blebbing, and reduction in size as well
as cell density as compared to untreated cells (Figure 3).
Further, to observe any topological changes in the cell
membrane, AFM imaging was carried out. Obtained images
were converted in a 3D format, and mean height profile
was represented graphically using the software (Figure 4). In
case of untreated (control) cells, clearly defined boundaries
were observed although cell surface appeared rough. At
50 𝜇g/mL EEP, the shape of the cells was similar to that of
control. At the concentration of 100 𝜇g/mL, cell morphology
was not entirely disturbed; however, the surface topology
showed alterations. After exposure to 250 𝜇g/mL EEP for
24 h, the cellular morphology was completely disturbed.
Surface topology was severely altered with respect to cell
height and surface roughness. Moreover, the cell membrane
was practically indistinguishable as it is shown in Figure 4.
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Figure 2: Cell death determination by trypan blue exclusion dye assay in four cell lines which showed increase in cell death in a time dependent
manner.

The mean height profile spanning a single cell is illustrated
at the right side of each AFM image (Figure 4). Overall,
the results obtained by AFM are in agreement with optical
microscopy. Irrespective of the cell lines tested the above
observations were similar.
3.4. Analysis of Apoptosis by AO/EB Staining. In order to
elucidate the mechanism of cell death induced by EEP in
all the cancer cells, a simple method based on microscopic
observations of cells stained with AO/EB was performed.
AO/EB staining revealed uniform green nucleus in all cells
that were not exposed to EEP (Figure 5; control cells).
However, morphological features of apoptosis were observed
in all the cell lines after treatment with 250 𝜇g/mL EEP for
24 h (Figure 5). Yellow staining demonstrated early apoptotic
cells, whereas reddish or orange staining suggested late apoptosis which was predominantly observed in treated MCF7 cells. Typical characteristics such as (Figure 5; arrows in
treated cells) shrinkage in nucleus, alteration in shape of cells,
membrane blebbing, nuclear fragmentation and chromatin
condensation were visualized in the apoptotic cells of all cell
lines. Necrosis (characterized by a structurally normal orange
nucleus) was not observed in any of the cell lines exposed
to 250 𝜇g/mL of EEP. On the basis of cell counts (Figure 6),
maximum percentage of apoptotic cells was observed in case
of Caco-2 and HT-29 (99.3% and 98%, resp.) with least
apoptosis in B16F1 cells (87.2%). It needs to be noted that
the percentage of apoptotic cells in all the respective control
groups was less than 5%.
3.5. TUNEL Assay. As per our observations, >99% of cells
treated with EEP (250 𝜇g/mL) were TUNEL positive. The
TUNEL assay demonstrated cell death primarily due to DNA
fragmentation in B16F1, MCF-7, Caco-2, and HT-29 cell lines
after exposure to 250 𝜇g/mL EEP for 24 h. Representative
image for HT-29 cells is shown in Figure 7. The nucleus of
treated cells showed bright blue fluorescence as compared

to the normal nuclei in the respective controls. Moreover,
reduction in size of nucleus was observed in treated cells,
indicating chromatin condensation and fragmentation as
markers characteristic of apoptosis.
3.6. DPPH Radical Scavenging Assay. The efficient concentration required for decreasing initial DPPH concentration by
50% (IC50 ) was calculated by plotting a dose response curve
for EEP. The IC50 value for Indian stingless bee propolis was
found to be 153 𝜇g/mL. DPPH radical scavenging activity was
expressed as mg of Trolox equivalents per mg of the sample
which was 460 ± 0.64.

4. Discussion
With cancer being a fatal disease, there has been several
efforts to treat cancer using various natural and synthetic
materials. Due to problems such as undesirable side effects
of chemotherapeutic agents, their drug resistance, complementary and alternative medicine is emerging as a possible
solution. Epidemiological data support the concept that
naturally occurring anti-cancer agents in the human diet are
safe, non-toxic, and have long-lasting beneficial effects on
human health [22, 23].
Many reports have indicated that different types of propolis extracts significantly inhibit cell growth and reduce the differentiation or proliferation of tumor cells [12, 24]. Moreover,
cytotoxicity may largely vary in different samples of propolis.
Szliszka et al. [12] reported 50 𝜇g/mL EEP from southern
Poland, exhibited 25% cytotoxicity in prostate cancer cells.
Vatansever et al. [25] showed that EEP at a concentration of
125 𝜇g/mL is cytotoxic in MCF-7 cell line and also reported
differences in cytotoxic effects of seven different EEP samples
collected from the same location. These observations indicate
that chemical composition and pharmacological activities
vary according to geographical and botanical origin of propolis. Therefore, it was interesting to find out toxicity effect
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Figure 3: Inverted microscopy micrographs of four different cancer cell lines before and after treatment with 250 𝜇g/mL of EEP for 24 h at
actual magnification of 100x. Control cells demonstrated dense cell populations with very few rounded cells. Treated cells showed increased
numbers of rounded cells with compromised cell density and suspended appearance with apoptotic blebs.

of Stingless Bee Propolis of Indian origin. In the present
study, we investigated the anti-cancer effects of Indian EEP
on four different cancer cell lines. Our results demonstrated
lower cytotoxicity effect of EEP evaluated by MTT assay (i.e.,
250 𝜇g/mL) as compared to reported value [12, 25], which can
be attributed to its different geographical origin. Moreover,

there are reports on anticancer drug resistance cell lines
such as Caco-2 cells. It has been reported that Caco-2 cells
show resistance to doxorubicin, due to drug efflux mediated
via P-glycoprotein (P-gp) [26]. Therefore, there is a need of
introducing new anticancer drug for such kind of resistant
cells. Interestingly, our finding showed that Caco-2 cells are
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Figure 4: AFM 3D images for control and treated (with 250 𝜇g/mL EEP) group. Mean height profile (height versus width graph) representing
topology along the selected area in each image. Change in the surface topology can be seen visually by AFM image and graphically by Mean
height profile.

susceptible to Indian origin EEP; however, it needs further in
vivo evaluation.
Further, cell viability test based on trypan blue exclusion
dye assay was assessed at 250 𝜇g/mL concentration (i.e., IC50 ).
The results obtained suggest time-dependent cytotoxicity
effect of EEP in all the cell lines tested. These data are in
agreement with the study by Franchi Jr. et al. [27] where the
authors reported a decline in cell viability within 24 and 48 h
after treatment with two different types of propolis collected
from the southeastern region in Brazil.
Our morphological observations of cells upon exposure
to different concentrations of EEP, using optical microscopy

and AFM corroborate with the cytotoxicity assay results. Our
microscopic observations, at 100 𝜇g/mL itself showed a loss
of cell extension, rounding up and detachment. However,
it does not give an idea about the surface topology of
cells. AFM is a tool for surface topology examination. To
the best of our knowledge this is the first report of using
AFM imaging to show cell morphology changes due to EEP.
Here, we observed significant topological changes in cells
by both the microscopic techniques, which showed changes
typical of apoptosis namely, apoptotic membrane blebbing
and detachment of cells. Similar results have been reported
by Vatansever et al. where they have shown morphological
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Figure 5: Morphological analysis of apoptosis by AO/EB staining in four different cancer cell lines at actual magnification of 200x. (a) The
figure indicates cells with chromatin condensation; (b) indicates membrane blebbing; (c) indicates the presence of apoptotic bodies and (d),
indicates cells with fragmented chromatin.

changes in MCF-7 cells after treatment with apoptotic dose
of propolis [25].
Apoptosis is an important phenomenon in chemotherapeutic agent induced killing of cancer cells. Apoptosis
induction is one of the mechanisms proposed for the therapeutic effects of propolis [8, 11]. To investigate possible
mechanism of cell death due to EEP treatment we performed
differential staining (using AO/EB) and TUNEL assay. Our
results indicated that mode of action of EEP is by inducing

apoptosis, since DNA fragmentation is evidenced by TUNEL
assay. Vatansever et al. have shown induction of caspases
in MCF-7 cells [25]. Szliszka et al. discussed augmentation
of TRAIL-induced apoptotic death in prostate cancer cells
due to EEP [12]. In case of Indian stingless bee propolis, its
selective influence on cells and the pathways involved in its
proapoptotic activity needs to be studied further.
It is well known that propolis possesses antioxidant
property which can be associated with the active principles
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Figure 6: Induction of apoptosis in four cancer cell lines after 250 𝜇g/mL EEP treatment. Minimum of 200 total cells counted in three different
fields after AO/EB staining.
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Figure 7: Fluorescence micrographs of HT-29 cells treated with 250 𝜇g/mL of EEP for 24 h. Viable cells did not show red fluorescence, whereas
apoptotic cells emitted red fluorescence. White arrows indicate chromatin condensation due to apoptosis. Scale bar is 20 𝜇m.

associated with its anticancer activity [4]. Antioxidant property of propolis was studied by DPPH radical scavenging
assay. In a study by Lu et al. [28], variations in antioxidative
activities of EEP in terms of scavenging DPPH free radicals
depending on the location and time period of collection
are discussed. In their study, the potencies of free radicalscavenging activities vary from 17.90 to 108.05 𝜇g/mL. Our

results indicated a potent antioxidant activity of Indian
stingless bee propolis which is 153 𝜇g/mL. Variations in
antioxidant property as assessed by DPPH radical scavenging
activity could be attributed to differences in the geographical
location and botanical origin of propolis [28, 29]. Nagai et al.
[29] demonstrated the anti-oxidative activity in commercially
available propolis. They postulated that flavonoids, such as

Evidence-Based Complementary and Alternative Medicine
quercetin, flavones, isoflavones, flavonones, anthocyanins,
catechin and isocatechin may contribute to the anti-oxidative
activity they observed. Also, other studies have shown antioxidant property of propolis and correlated it to its complex
composition mostly consisting flavonoids, cinnamic acid
derivatives and phenolic compounds [30, 31]. Presence of
such compounds in Indian stingless bee propolis supports its
anti-oxidant potential.

5. Conclusion
In conclusion, Indian stingless bee propolis has a potent
anticancer activity on cell lines tested, and it causes cell
death due to induction of apoptosis. The study also draws
attention to the antioxidant potential of Indian stingless bee
propolis. Further in vitro studies are needed to investigate the
mechanism of proapoptotic activity of EEP.
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Propolis is a beehive product used in traditional medicine due to its biological properties. It shows a complex chemical composition
including phenolics, such as cinnamic acid (Ci). The mechanisms of action of propolis have been the subject of research recently;
however, the involvement of Ci on propolis activity was not investigated on immune cells. Ci effects were evaluated on human
monocytes, assessing the expression of Toll-like receptors (TLRs), HLA-DR, and CD80. Cytokine production (TNF-𝛼 and IL-10)
and the fungicidal activity of monocytes were evaluated as well. Data showed that Ci downregulated TLR-2, HLA-DR, and CD80
and upregulated TLR-4 expression by human monocytes. High concentrations of Ci inhibited both TNF-𝛼 and IL-10 production,
whereas the same concentrations induced a higher fungicidal activity against Candida albicans. TNF-𝛼 and IL-10 production
was decreased by blocking TLR-4, while the fungicidal activity of monocytes was not affected by blocking TLRs. These results
suggest that Ci modulated antigen receptors, cytokine production, and the fungicidal activity of human monocytes depending on
concentration, and TLR-4 may be involved in its mechanism of action. Ci seemed to be partially involved in propolis activities.

1. Introduction
Propolis is a hive product, collected by honeybees from buds
and leaves of trees and plants, mixed with pollen, wax, and bee
enzymes. Its chemical composition is complex and more than
300 compounds have been identified, including phenolic
acids, terpenes, several esters, and flavonoids [1]. The main
phenolics found in Brazilian propolis are cinnamic, caffeic,
ferulic, and p-coumaric acids [2, 3].
Herein, a possible immunomodulatory action of cinnamic acid (Ci) was investigated, since it has an important
role in the synthesis of other compounds, such 3,5-diprenyl4-hydroxycinnammic acid (artepillin C), which has been
reported to exhibit anticancer effects [4]. Propolis, caffeic acid
phenethyl ester (CAPE), and artepillin C have been shown
to exert immunosuppressive functions on T-lymphocyte
subsets but paradoxically activate macrophages [5].

Toll-like receptors (TLR) recognize various conserved
pathogen-associated molecular patterns (PAMPs) [6], playing an essential role in host innate immunity with further activation of adaptive immunity [7]. TLR-2 and TLR4 are transmembrane proteins, showing a domain with
a leucine-rich repeat in their extracellular region, which
allows the recognition of various PAMPs. TLR-2 recognizes,
for example, components from Gram-positive bacteria and
zymosan, while TLR-4 recognizes Gram-negative bacteria
lipopolysaccharide (LPS). Human antigen-presenting cells
(APCs) exhibit HLA-DR molecules, responsible for presenting peptides, and CD80 (B7-1) which acts as a costimulatory
molecule for T-cells activation. Moreover, after activation and
signal transduction, signaling cascades may activate transcription factors, which in turn lead to the gene expression of
proinflammatory cytokines, chemokines, and antimicrobial
peptides [8, 9].

2
Propolis immunomodulatory action has been widely
investigated in mice [3, 10]; however, little is known concerning propolis action on human cells. Thus, this work evaluated
Ci effects on TLR-2, TLR-4, HLA-DR, and CD80 expression,
pro- and anti-inflammatory cytokine production (TNF-𝛼
and IL-10, resp.), and on the fungicidal activity of human
monocytes, in order to understand its effects on the initial
events of the immune response in humans and to investigate
its involvement in propolis action. The role of TLR-2 and
TLR-4 on Ci action was also investigated, as possible Ci
ligands.

2. Material and Methods
2.1. Propolis Composition and Cinnamic Acid. Propolis was
produced by Africanized honeybees (Apis mellifera L.) in
the apiary located on Lageado Farm, UNESP (Brazil).
After freezing, propolis was extracted for 24 h with 70%
ethanol (1 : 10, w/v) at room temperature. The extract was
evaporated to dryness, and approximately 5 mg of the
residue was mixed with 75 mL of dry pyridine and 25 mL
bis(trimethylsilyl)trifluoracetamide (BSTFA), heated at 80∘ C
for 20 min, and analyzed by gas chromatography-mass spectrometry analysis (GC-MS).
GC-MS analysis was performed with a Hewlett Packard
Gas Chromatograph 5890 Series II Plus linked to Hewlett
Packard 5972 mass spectrometer system equipped with a
23 m long, 0.25 mm id, and 0.5 mm film thickness HP5MS capillary column. The temperature was programmed
from 100∘ C to 310∘ C at a rate of 5∘ C⋅min−1 . Helium was
used as a carrier gas, flow rate 0.7 mL/min, split ratio 1 : 80,
injector temperature 280∘ C, and ionization voltage 70 eV. The
identification was accomplished using computer searches on
a NIST98 MS data library. In some cases, when identical
spectra have not been found, only the structural type of
the corresponding component was proposed on the basis of
its mass-spectral fragmentation. If available, reference compounds were cochromatographed to confirm GC retention
times. The components of ethanol extracts of propolis were
determined by considering their areas as percentage of the
total ion current. Some components remained unidentified
because of the lack of authentic samples and library spectra
of the corresponding compounds.
Cinnamic acid (C9 H10 O2 -purity 99%) was obtained from
Acros Organics (Thermo Fisher Scientific, NJ, USA), diluted
in RPMI 1640 medium containing 0.1 g/L of L-glutamine,
2.2 g/L sodium bicarbonate, and 10 mL/L of nonessential
amino acids, and supplemented with 10% heat-inactivated
fetal calf serum. Dilutions were performed to obtain 5, 10, 25,
50, and 100 𝜇g/mL of cinnamic acid in the cell culture.
2.2. Human Monocytes Culture. After approval by the Ethics
Committee (CEP 3442-2010), heparinized venous blood was
obtained from 10 healthy adult volunteers. Peripheral blood
mononuclear cells (PBMC) were isolated by density gradient
centrifuging on Histopaque (density = 1.077) (Sigma Chemical Co., St. Louis, MO, USA). Briefly, 5 mL of heparinized
blood was mixed with an equal volume of RPMI-1640 tissue
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culture medium (Gibco Laboratories, Grand Island, NY,
USA) containing 2 mM L-glutamine, 10% heat-inactivated
fetal calf serum, 20 mM HEPES, and 40 mg/L gentamicin.
Samples were layered over 4 mL Histopaque in a 15 mL
conical Falcon tube. After centrifuging at 300 g for 30 min at
room temperature, the interface layer of PBMC was carefully
aspirated and washed twice with RPMI 1640 medium.
Monocytes were counted using 0.02% neutral red for
10 minutes at 37∘ C. Cell suspension was adjusted to 1 ×
106 cells/mL, and 500 𝜇L was added in a 24-welled plate and
incubated at 37∘ C at 5% CO2 for 2 h. Afterwards, nonadherent
cells were removed and monocytes were incubated with
different concentrations of Ci (5, 10, 25, 50, and 100 𝜇g/mL)
at 37∘ C for 18 h to evaluate its possible cytotoxic effect.
2.3. Cell Viability. Cell viability was assessed using the 3(4,5-dimethylthiazol-2-yl-)2,5-diphenyltetrazolium bromide
(MTT) colorimetric assay with some modifications [11]. After
18 h incubation with Ci, culture medium was replaced with
300 𝜇L of 1 mg/mL MTT and incubated for 3 h. Subsequently,
the cell medium was aspirated, and 200 𝜇L of dimethyl sulfoxide was added to the wells to dissolve the insoluble purple
formazan product into a colored solution. The absorbance
was measured at 540 nm using a microplate reader.
2.4. TLR-2, TLR-4, HLA-DR, and CD80 Determination by
Flow Cytometry. After Ci treatment by 18 h, human monocytes were evaluated by TLR-2, TLR-4, HLA-DR, and CD80
expression by flow cytometry analysis. Monocytes (1 × 106
cells/mL) were distributed (500 𝜇L) into polystyrene tubes
for cytometric analysis (BD Labware, San Jose, CA, USA).
Cells were washed and incubated with fluorescein isothiocyanate (FITC)-, streptavidin-phycoerythrin (PECy7)-,
and phycoerythrin (PE)-conjugated monoclonal antibodies
(50 𝜇g/mL), as follows: CD14-PECy7, TLR-2-FITC, TLR4-PE, HLA-DR-FITC, and CD80-PE (Biolegend Inc., San
Diego, CA, USA). Isotype control was performed according
to the experimental protocol.
After incubation for 20 min at 4∘ C, cells were analyzed
using an FAC SCalibur flow cytometer (Becton Dickinson,
San Jose, CA, USA). Data (an average of 10.000 events per
sample) were analyzed with the CELL QUEST Software (Cell
Quest Software, San Jose, CA, USA).
2.5. Cytokine Production. TNF-𝛼 and IL-10 production
was determined using the supernatants of cell cultures
and the enzyme-linked immunosorbent assay (ELISA),
according to the manufacturer’s instructions (BD Biosciences, USA). Briefly, a 96-well flat-bottom Nunc MaxiSorp
(Nunc/Apogent, USA) was coated with a capture antibody
specific to each cytokine. The plate was washed and blocked
before 100 𝜇L of the supernatants, and serially diluted specific
standards were added to the respective wells. Following a
series of washing, the captured cytokine was detected using
the specific conjugated detection antibody. The substrate
reagent was added into each well, and, after color development, the plate was read at 450 nm, using an ELISA plate
reader [12].
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Fungicidal Activity (%)
=1−

mean CFU recovered on experimental plates
mean CFU recovered on control plates

Table 1: Relative percentages of compounds, determined by GCMS, from ethanolic extract of Brazilian propolis.
Component
Retention time (min)
Benzoic acid
9.3
Dihydrocinnamic acid
14
Dihydrocinnamic acid
22
Coumaric acid
26.5
Cafeic acid
28.6
Prenyl-p-coumaric acid
32.5
Flavonoids
35.8
Artepillin C
37.7
Trihydroxymethoxy flavonon
40.5
Tetrahydroxy flavonon
40.8
Triterpene
47.6
Triterpene
51

% of total
0.193
2.180
0.860
0.382
0.297
6.560
1.142
16.750
0.666
0.228
0.777
0.309

150

Cell viability (%)

2.6. Fungicidal Activity. Monocytes (2 × 105 cells/mL) were
dispensed into 96-well flat-bottom plates and activated with
Ci at different concentrations (5, 10, 25, 50, and 100 𝜇g/mL)
for 18 h at 37∘ C and 5% CO2 . Cultures were washed and
then challenged for with 100 𝜇L of a Candida albicans suspension (ATCC 5314), containing 10 × 105 yeasts/mL (ratio
monocyte/fungus = 1 : 5) prepared in RPMI 1640 plus 10%
heat-inactivated fetal calf serum. After 1 h at 37∘ C, cocultures
were harvested by aspiration and wells were washed with
sterile distilled water to lyse monocytes. Each well washing
resulted in a final volume of 2.0 mL, and 0.1 mL was plated in
triplicates on supplemented brain-heart infusion (BHI) agar
medium (Difco Laboratories, Detroit, MI., USA). Plates were
incubated at 35∘ C in sealed plastic bags to prevent drying.
After 24 h, the number of colony forming units (CFU) per
plate was counted, and plates containing only monocytesfungus cocultures were considered as experimental plates,
and those plated with the inoculum alone at the beginning
were used as control. Fungicidal activity percentage was
determined by the following formula:

3

100

∗

50

× 100.
(1)

0
Control

2.7. Role of TLR-2 and TLR-4 on Cytokine Production and
Fungicidal Activity of Monocytes. In an attempt to identify
possible ligands of Ci, TLR-2 and TLR-4 were blocked before
its addition. For cytokine determination, cells were preincubated with monoclonal antibodies (anti-TLR-2 and antiTLR-4; 50 𝜇g/mL—Biolegend, San Diego, CA, USA) for 1 h at
37∘ C and treated with different concentration of Ci (5, 10, 25,
50, and 100 𝜇g/mL) for 18 h. Supernatants of cell cultures were
used for cytokine determination by ELISA.
As to the fungicidal activity, monocytes (2 × 105 cells)
were preincubated (1 h at 37∘ C) with monoclonal antibodies
anti-TLR-2 and anti-TLR-4 and treated with different concentration of Ci for 18 h, as described above. Cells were then
challenged with a Candida albicans suspension containing 10
× 105 yeasts using the same ratio monocyte/fungus described
before for 1 h at 37∘ C. After incubation, the fungicidal activity
was determined as previously described.
2.8. Statistical Analysis. Data were analyzed using the
INSTAT 3.05 software (GraphPad, San Diego, CA, USA).
Analysis of variance (ANOVA) was employed, followed by
Tukey test, adopting 0.05 as the significant level.

3. Results
3.1. Propolis Chemical Composition. Our propolis sample
was analyzed by GC-MS, revealing that its main groups
were phenolic compounds (flavonoids, aromatic acids) and
triterpenes (Table 1).

5
10
25
50
Cinnamic acid concentrations (𝜇g/mL)

100

Figure 1: Cell viability (%) of monocytes after incubation with
cinnamic acid (5, 10, 25, 50, and 100 𝜇g/mL) or control for 18 h.
Data represent mean and standard deviation (𝑛 = 10). ∗ Significantly
different from control (𝑃 < 0.0001).

3.2. Cell Viability. Ci did not affect monocytes viability but
only the concentration of 100 𝜇g promoted a mild cytotoxic
effect (𝑃 < 0.0001) (Figure 1). Although statistically different
from control, we still used 100 𝜇g/mL in the assays, since the
cell viability was 82%.
3.3. TLR-2, TLR-4, HLA-DR, and CD80 Expression. The
results of flow cytometry are shown as mean fluorescence
intensity (MFI), which is the amount of surface-binding sites
to which the antibodies are bound. Ci downregulated TLR2 expression by human monocytes using 5 (𝑃 < 0.001),
50, and 100 𝜇g/mL (𝑃 < 0.01). On the other hand, TLR-4
expression was increased after monocytes incubation with Ci
(5 𝜇g/mL) (𝑃 < 0.001), while an inhibitory effect was seen
using 100 𝜇g/mL (𝑃 < 0.01). HLA-DR was inhibited after
monocytes treatment with Ci in all concentrations. CD80 was
also inhibited by Ci (100 𝜇g/mL—𝑃 < 0.01) (Figure 2).
3.4. Cytokine Production and the Role of TLR-2 and TLR-4.
When cytokine production was evaluated without blocking
antibodies, both TNF-𝛼 and IL-10 production was inhibited
by Ci using 25, 50, and 100 𝜇g/mL (𝑃 < 0.01) (Figure 3).
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Figure 2: Mean fluorescence intensity (MIF) of TLR-2, TLR-4, HLA-DR, and CD80 expression by human monocytes incubated with cinnamic
acid (5, 10, 25, 50, and 100 𝜇g/mL) for 18 h. Data represent mean and standard deviation (𝑛 = 10). ∗ Significantly different from control
(𝑃 < 0.01), ∗∗ significantly different from control (𝑃 < 0.001).
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Figure 3: TNF-𝛼 and IL-10 production (pg/mL) by monocytes incubated with cinnamic acid (5, 10, 25, 50, and 100 𝜇g/mL), control, or LPS
(10 𝜇g/mL) for 18 h. Data represent mean and standard deviation (𝑛 = 10). ∗ Significantly different from control (𝑃 < 0.01), ∗∗ significantly
different from control (𝑃 < 0.001).

Using anti-TLR-4 before incubation with cinnamic acid,
a reduced TNF-𝛼 production was seen at all concentrations
of Ci. A significant reduction in IL-10 production was seen
after incubating monocytes with anti-TLR-4 and further
with 5 and 10 𝜇g/mL of cinnamic acid (𝑃 < 0.001)
(Figure 4). These data suggest the involvement of TLR-4
at least in part in cinnamic acid action in human monocytes.

3.5. Fungicidal Activity and the Role of TLR-2 and TLR4. An increased fungicidal activity of human monocytes
against C. albicans was seen after incubation with Ci (50
and 100 𝜇g/mL—𝑃 < 0.01). Although the concentration
25 𝜇g/mL was not statistically different from control, an
increased fungicidal activity was also observed (Figure 5).
The fungicidal activity of human monocytes was not
affected using anti-TLR-2 and anti-TLR-4 before incubation
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Figure 4: TNF-𝛼 and IL-10 production (pg/mL) by human monocytes treated or not with anti-TLR-2 or anti-TLR-4 and incubated with
cinnamic acid (5, 10, 25, 50, and 100 𝜇g/mL) for 18 h. Data represent mean and standard deviation (𝑛 = 10). ∗ Significantly different from
control of the respective concentration (𝑃 < 0.001).
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Figure 5: Fungicidal activity (%) of control monocytes or incubated
with cinnamic acid (5, 10, 25, 50, and 100 𝜇g/mL) and challenged
with C. albicans (ratio monocytes/fungus = 1 : 5) for 2 h. Data
represent mean and standard deviation (𝑛 = 10). ∗ Significantly
different from control (𝑃 < 0.01).

with Ci, and the means were similar in each concentration to
the respective control (Figure 6).
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Figure 6: Fungicidal activity (%) of human monocytes treated or
not with anti-TLR-2 or anti-TLR-4, incubated with cinnamic acid
(5, 10, 25, 50, and 100 𝜇g/mL), and challenged with C. albicans (ratio
monocytes/fungus = 1 : 5) for 2 h. Data represent mean and standard
deviation (𝑛 = 10).

4. Discussion
In mice, experimental works of our group revealed that
propolis increased proinflammatory cytokine production
and TLR-2 and TLR-4 expression by peritoneal macrophages
and spleen cells, suggesting that propolis activated the initial
steps of the immune response, modulating the mechanisms
of the innate immunity [10, 13].
In the last years, the investigation of isolated compounds
responsible for propolis action has increased, and CAPE has
been the most extensively studied compound in propolis [14].
Cinnamic acid derivatives have been investigated as well,

demonstrating anticancer activities, tissue factor induced by
TNF-𝛼 in endothelial cells, and luminol-enhanced chemiluminescence of neutrophils [15–17].
However, most of the articles have been published using
experimental animals, mainly mice or rats, and little is known
concerning propolis effect on human cells. Herein, we wish to
present the effects of cinnamic acid on human monocytes.
Constitutively, monocytes express about 80% TLR-2 and
40–80% TLR-4; furthermore, monocytes exhibit an increased
expression of HLA-DR in relation to CD80/86 [18]. These
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markers can be detected in immature dendritic cells and
monocytes and may be modulated in response to different
stimuli [19]. One may verify that Ci inhibited the expression
of TLR-2, HLA-DR, and CD80 and stimulated the expression
of TLR-4 by human monocytes. According to Sforcin and
Bankova [20], it has been reported that propolis shows a
potential for the development of new drugs. In an attempt to
verify whether Ci could be responsible for propolis action,
we also verified propolis effects in the same experimental
protocols, observing that propolis upregulated TLR-4 and
CD80 expression by human monocytes (unpublished data).
Ci also upregulated TLR-4 expression, although it downregulated TLR-2, HLA-DR, and CD80 expression at noncytotoxic
concentrations, suggesting that it may be at least in part
involved in propolis action.
TNF-𝛼 and IL-10 production by such cells was inhibited
by high concentrations of Ci, while an increased fungicidal
activity was seen against C. albicans. Although TNF-𝛼 is
important to activate monocytes and macrophages while
IL-10 may suppress these cells, one may speculate that the
fungicidal activity of monocytes incubated with Ci may
have involved other effector mechanisms, such as nitrogen
and oxygen reactive intermediates after interaction with the
fungus. It has been reported that hydrogen peroxide (H2 O2 )
could be efficient in the first hours after phagocytosis, while
nitric oxide (NO) could be important either in the beginning
or late in the antimicrobial activity of macrophages [21].
Although these mediators were not determined herein, the
highest concentrations of Ci could have induced both H2 O2
and NO, increasing the fungicidal activity of monocytes.
It is known that phenolic compounds can interact with
lipids in cell membrane unspecifically, based essentially on
physical adsorption [22]. However, it is not known whether
propolis compounds enter unspecifically or interact with
cell receptors, exerting its biological activities. Data showed
that Ci upregulated TLR-4 expression by human monocytes;
thus, in order to investigate the mechanism of action of
Ci, assays were carried out using monoclonal antibodies
anti-TLR-2 or anti-TLR-4. The production of TNF-𝛼 and
IL-10 was inhibited only by blocking TLR-4, whereas the
fungicidal activity of monocytes was not affected, suggesting
that Ci may interact with TLR-4 and trigger the activation of
transcription nuclear factors, which in turn induce cytokines
gene expression. Our data are in agreement with NakairaTakahagi [23], who incubated human monocytes with antiTLR-2 or anti-TLR-4 and challenged the cells with gp43
isolated from Paracoccidioides brasiliensis. TNF-𝛼 was not
affected by blocking TLR-2, but low levels were seen using
anti-TLR-4, suggesting the role of TLR-4 in TNF-𝛼 production by this fungus. On the contrary, [24] verified that
blocking TLR-2 on human mononuclear cells inhibited TNF𝛼 production induced by C. albicans, suggesting that the
induction of proinflammatory cytokines by Candida species
is partially, but not exclusively, mediated by TLR-2.
Recently, we verified that ethanolic extract of propolis
induced TNF-𝛼 and IL-10 production by human monocytes,
using the same experimental protocols (unpublished data).
Ci inhibited both cytokine production; nevertheless, propolis
and Ci inhibited cytokine production by blocking TLR-4.
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Propolis and Ci enhanced the fungicidal activity of monocytes using the same concentrations, suggesting that Ci may
be partially involved in propolis action.
Natural products may modulate the action of APCs,
favoring or inhibiting initial steps of an immune response.
Taken together, our findings indicate that Ci displayed an
immunomodulatory action depending on concentration and
seemed to be partially involved in propolis action; moreover,
TLR-4 may be involved in its action. Further investigation
should confirm Ci role on propolis action in other experimental approaches, as well as the synergism between propolis
constituents.
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[18] J. Skrzeczyńska-Moncznik, M. Bzowska, S. Loseke, E. GrageGriebenow, M. Zembala, and J. Pryjma, “Peripheral blood
CD14ℎ𝑖𝑔ℎ CD16+ monocytes are main producers of IL-10,”
Scandinavian Journal of Immunology, vol. 67, no. 2, pp. 152–159,
2008.
[19] S. Akira, K. Takeda, and T. Kaisho, “Toll-like receptors: critical proteins linking innate and acquired immunity,” Nature
Immunology, vol. 2, no. 8, pp. 675–680, 2001.
[20] J. M. Sforcin and V. Bankova, “Propolis: is there a potential for
the development of new drugs?” Journal of Ethnopharmacology,
vol. 133, no. 2, pp. 253–260, 2011.
[21] A. Vazquez-Torres, J. Jones-Carson, P. Mastroeni, H. Ischiropoulos, and F. C. Fang, “Antimicrobial actions of the NADPH
phagocyte oxidase and inducible nitric oxide synthase in experimental salmonellosis. I. Effects on microbial killing by activated peritoneal macrophages in vitro,” Journal of Experimental
Medicine, vol. 192, no. 2, pp. 227–236, 2000.
[22] T. Cigut, T. Polak, L. Gasperlin, P. Raspor, and P. Jamnik,
“Antioxidative activity of propolis extract in yeast cells,” Journal
of Agricultural and Food Chemistry, vol. 59, no. 21, pp. 11449–
11455, 2011.
[23] E. Nakaira-Takahagi, M. A. Golim, C. F. Bannwart, R. Puccia,
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The soft and periodontal tissues surrounding dental implants are particularly susceptible to bacteria invasion and inflammatory
reactions due to complex histological structures. This study was carried out to investigate the influence of a propolis-containing
hygienic agent on selected oral health parameters, oral microflora, and the condition of periodontal health. Sixteen subjects who
underwent an oral rehabilitation with dental implants were selected and randomly assigned into two groups, which received a newly
formulated propolis-containing toothpaste (3% (CA)) or a negative control without an active ingredient (CC). Approximal plaque
index (API), oral hygiene index (OHI, debris component), and sulcus bleeding index (SBI) were assessed in three subsequent stages.
During the first and last examinations, the swabs were employed for microbiological inoculation. Propolis-containing toothpaste
was found to be distinctively effective in improving oral health and the occurrence of gingivitis triggered by dental plaque. The
qualitative and quantitative changes in oral bacteria spectrum were observed. Antibacterial measures containing propolis might
be used as a natural adjuvant to other active substances in individuals with a high risk of periodontal problems against pathogenic
oral microflora.

1. Introduction
The bacterial plaque remaining over and under the gingiva
contributes to the generation of inflammatory reaction in
tissues surrounding teeth and dental implants which leads
to the loss of collective tissue and alveolar bone attachment
[1, 2]. Socransky et al. divided the microorganisms located

on subgingival areas into five complexes. One of them, the
so-called “red complex,” consisting of Tannerella forsythensis, Porphyromonas gingivalis, and Treponema denticola, is
strongly associated with increased depth of periodontal
and/or peri-implant pockets as well as bleeding when a
probe is inserted [3]. Results of clinical and microbiological investigations also indicate that Prevotella intermedia
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or Fusobacterium nucleatum, among others, are potential
etiological factors causing periodontitis and peri-implantitis
problems [4]. Reduction of the number of those pathogenic
micro-organisms could potentially influence the epidemiology of periodontium diseases, reducing their amount and
intensification. The hygiene regime related to oral health
maintenance is a critical area of implant-supported cases
of oral rehabilitation. The periodontal tissues surrounding
dental implants seem to be particularly susceptible to bacteria
invasion and local inflammatory reactions [5–7].
Effective oral hygiene around dental implants can be
challenging to achieve over the long term, and the patient,
dentist, and dental hygienist must exercise considerable effort
to achieve the desired results. In more recent years, implant
maintenance and effective patient home care have been
emphasized as critical factors needed for long-term success
of dental implants [8]. As the number of patients treated with
dental implants continues to grow, the patients must be fully
aware of a proper maintenance with the use of preventive and
therapeutic local measures [9, 10]. Among them, propolis—
a resinous substance made by bees, possessing biological
therapeutic activities—may play an important role in oral
hygiene and in maintaining healthy soft tissues within the oral
cavity. It is known for its ability to nourish periodontal tissues
and prevent problems associated with gingiva and supported
histological elements [8, 11].
Humans began using propolis more than 2000 years ago
for many purposes, the foremost of which was applying it to
wounds to fight infection. It promotes the healing process
with its mild anti-infective properties [12]. Over time, it
has been marketed in various forms, such as toothpastes,
mouthrinses, and lozenges. Propolis extract is known to
possess antimicrobial activity against Streptococcus mutans, a
Gram-positive cocci, facultative anaerobic strains commonly
found in the human oral cavity, and a significant contributor
to plaque formation [13, 14]. Propolis has been also found
beneficial in the treatment of gingivitis and oral mucosa
lesions in case studies and pilot clinical studies [15, 16].
Over the last few decades, a worldwide trend has been
observed in the use of natural products for pharmacological
purposes due to their proven therapeutic effect. Propolis,
which is a natural product widely consumed in the folk
medicine since ancient times and a substance produced by
the honeybees, seems to be a promising agent to be added
to topical formulations due to its multidirectional properties
[17]. Besides antioxidant and anti-inflammatory activity [18–
21], epidemiological studies have detected that propolis has
many beneficial properties, such as antibacterial, antifungal,
antiviral, and antitumor [22–26]. Ethanolic extract of propolis (EEP) solutions has been used commercially on the market
as toothpaste, mouth wash, lozenges, and so forth, as an
effective antimicrobial and anti-inflammatory agent [27, 28].
However, it is still an underestimated ingredient in academic
medicine and dentistry. In general, propolis is composed of
50% resin and vegetable balsam, 30% wax, 10% essential and
aromatic oils, 5% pollen, and 5% various other substances,
including organic debris depending on the place and time
of collection [29]. The constituents of propolis vary widely
due to climate, season, location, and year, and its chemical
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formula is not stable [30, 31]. Flavonoids—the main propolis
ingredient—inhibit lipid peroxidation, platelet aggregation,
capillary permeability and fragility, and the activity of enzyme
systems including cyclo-oxygenase and lipoxygenase [28, 31]
The study aimed at investigating the local effect of the
orally administered extract of propolis in the form of toothpaste on selected intraoral predictors representing oral health
condition in the group of patients with dental implantssupported fixed and removable prosthodontic suprastructures.

2. Material and Methods
The clinical study was carried out to investigate the influence of a propolis-containing toothpaste on gingival health
and the oral microbiota spectrum changes. This research
was conducted in Oral Surgery Department, the Academic
Centre of Dentistry and Specialist Medicine (Bytom, Poland)
and Specialist Dental Clinic (Katowice, Poland) which were
providing comprehensive dental care for the patients who
underwent implant-prosthetic therapy. All implants were
installed by the same operator, a specialist in oral surgery. The
“oldest” installation was carried out 9 years ago, and the most
recent was 2 years ago. The study was designed as a single
blind two-group parallel study. The dental products and tests
employed in the study were legal merchandises, commonly
available and used. The study was not a clinical trial or a
clinical experiment.
2.1. Hygienic Compounds Preparation. Two samples of toothpastes, covered anonymously by a blank label and marked
only with the letters (A) or (C), were compared: the tested
toothpaste containing the active ingredient—3% ethanol
extract of Brazilian propolis (CA, DentalPolisDX, “green”
propolis), and a placebo as a control (CC), without active
substance. Raw propolis was collected from the beekeeping
section of the Seiri Alimentos Naturais, Brazil. Propolis samples were obtained from colonies of Africanized honeybees
(Apis mellifera) in Minas Gerais State, Southeast Brazil and
collected over a period of 2008 year from the plant Baccharis
dracunculifolia, which is the main botanical source of the
resin for the green propolis and determines the composition
of Brazilian EEP rich in artepillin C [32]. The unprocessed
propolis was sent to the Nihon Natural Therapy Co. Ltd.
(Tokyo, Japan) for the preparation of the EEP ingredient. The
toothpastes with 3% EEP and without of EEP (placebo) were
prepared in Nippon Zettoc Co., Ltd., Tokyo, Japan.
2.2. Research Groups Inclusion Criteria. Subjects qualification
for the study was based on medical and dental history,
interview, and review of clinical records. The exclusion
criteria from the investigation were as follows: lack of patient’s
valid consent, medically compromised patients, inability to
comply with the follow-up visit requirements, patients receiving concurrent antibiotic treatment for any other purpose,
individuals with confirmed adverse reactions to bee products,
nursing or pregnant women, and recent postoperative oral
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surgery cases. Inclusion criteria comprised the age group of
22 to 65 years and patients free from systemic illness.
Sixteen subjects were randomly assigned into two groups
of 8 subjects each, which received an unrecognized propoliscontaining toothpaste (group A), or a negative control toothpaste (group C). Oral hygiene instructions were given in an
attempt to improve their oral hygiene before entry into the
study. The toothpastes were allocated according to groups
to ensure balance. All subjects received professional advice
regarding oral hygiene and were instructed to brush two
times a day with the toothpaste recommended for at least two
minutes and to refrain from all other oral hygiene measures
until the next examination.
Targeted groups of 16 patients who received implantsupported oral rehabilitation were examined in three subsequent stages: preliminary qualification at baseline (1st
assessment), a follow-up after 7 days (2nd assessment), and
after 8 weeks since the initial examination (3rd assessment).
During the first and last examination, the swabs were used
for microbiological examination of oral cavity microflora.
The microbial material for smear tests was collected from
the oral mucosa around fixed prosthetic suprastructures and
peri-implant areas. Preliminary qualification of the subjects
included past and current health problems, date of the last
dental appointment, dental check-up intervals, dietary habits,
carbonate-rich products intake, pattern and frequency of
teeth brushing, and the use of additional domestic preventive
measures (dental floss, mouthrinses, etc.).
2.3. Clinical Examination Protocol. The selected, commonly
used indices of oral health condition, API, OHI, and SBI, were
assessed and scored at baseline, during follow-up visit and
after eight weeks since the initial examination. Approximal
plaque index (API, Lange & Ainamo, 1988) scored the
presence of dental plaque in the interdental spaces, and oral
hygiene index-debris component (OHI-D, Greene & Vermillion, 1960) was used for the assessment of amount of debris on
all teeth and dental implants. For the aproximal plaque index,
only the plaque (bacteria) in the spaces between the teeth was
evaluated, in order to draw conclusions about the level of oral
hygiene and individual risk of caries occurrence. Oral hygiene
index determines the amount of soft debris or calculus on the
four buccal surfaces of the selected teeth (dental implants):
upper right first molar, upper right central incisor, upper
left first molar, and lower central incisor and on the lingual
surfaces of the lower left first molar and lower right first
molar. The periodontal status (gingival health) was evaluated
with the use of the modified sulcus bleeding index (SBI,
Muhlemann-Son, 1971) and the recording of only “bleeding
presence” or “bleeding absence” for all existing teeth or dental
implants.
In order to assess the oral hygiene related to the fixed
prosthodontics, the modified plaque index (MPI) was applied
[33, 34] including the protocol adequate to OHI scores. MPI
is valid for studies of peri-implant health in patients carrying
mandibular implant overdentures on bars as long as the
hygiene in abutments as in bars is evaluated as much. The lack
of the bar’s hygiene assessment would suppose an allocation
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of plaque values lower to real ones, so a poor hygiene
would be undervalued. These patients were included into
an oral hygiene protocol to avoid subsequent peri-implant
complications as mucositis or peri-implantitis. MPI scores
are as follows: score 0—no plaque, score 1—no plaque at
first sight, presence when slipping probe on abutment and/or
on bar, score 2—moderate plaque at first sight on abutment
and/or on bar, and score 3—plaque at first sight, abundant,
that occupies more than 1/3 of abutment and/or bar.
Certain mild degree of gingival recessions around dental
implants was noted during examinations; however, these
observations did not meet the criteria of periimplantitis
or other substantial peri-implant pathology. The mid-term
and long-term success rates of dental implants were fully
predictable, including good clinical prognosis. None of the
signs indicating the possibilities of future implants failure was
observed. The initial clinical examination of stabilization of
dental implants and prosthodontic restorations was carried
out and was graded as “within acceptable limits.”
Additionally, the questionnaire containing the questions
about organoleptic and rheological properties of toothpastes
was filled in by all patients in order to gather additional
information. The questions taken into individual evaluation
included color, taste, smell, foaming ability, and general opinion about tooth brushing effectiveness (tooth smoothness,
freshness feeling), and they were assessed in a 3-grade scale.
The data was then subjected to statistical analysis. Patients
were assessed by two examiners using the same technique and
procedure in order to validate the objective clinical scores. All
bacterial samples were taken in the same manner, applying
the standard protocol for oral microflora inoculums.
2.4. Bacterial Strains Isolation and Microbiological Investigation. The estimation of bacterial spectrum was performed in
quantitative and qualitative manner using standard methods
for microbiological inoculation. A number of 16 subjects
who participated in the study were scraped the gingiva
margins surrounding dental implants with a sterile swab
by the clinician. Samples were collected by two examiners
using the same procedure. The vials were delivered within
a single working day and then immediately seeded in the
laboratory within 24 hours, allowing the bacteria strains
isolation from clinical specimens, which were subject for
further inoculation.
The biological material collected for microbiological
investigation was cultured on a suitable medium (Columbia
agar, Schaedler K3 agar, Sabouraud agar) by bioMerieux
(Marcy l’Etoile, France). Aerobic bacteria were multiplied on
solid medium Columbia agar, with 5% addition of ram blood,
in the temperature of 37∘ C. Anaerobic bacteria were multiplied on solid medium Schaedler K3, with 5% addition of ram
blood, in the temperature of 37∘ C in anaerobic conditions,
with the use of GENbag anaer by bioMérieux (Marcy l’Etoile,
France). Fungi of the Candida family, on the other hand, were
multiplied on selective solid medium Sabouraud agar, in the
temperature of 35∘ C in aerobic conditions.
After they had been isolated and cultured further, each
of the microorganisms was identified as regards its species,

using the following set of reagents: Api 20 E, Api 20 NE,
and Api Candida by BioMérieux (Marcy l’Etoile, France);
ENTEROtest 24 N, and NEFERMtest 24 N, STREPTOtest 24,
STAPHYtest 24, ANAEROtest 23 by Erba-Lachema (Brno,
Czech Republic).
The data of individual patients were treated as confidential and were not identifiable in any publication that emerged
in relation to the examination. The study represented a
separated part of the main research project of Medical
University of Silesia, supported by KNW-2-102/10 SUM grant.
The research project was granted by the decision of Bioethics
Committee of the Medical University of Silesia (decision no.
6/2010)
2.5. Statistical Analysis. Nonparametric tests were applied
for statistical verification of assumed research hypotheses
and analysis of quantitative and qualitative data (OHI, API,
SBI, toothpaste features). The comparison of the two dependent groups was carried out using nonparametric Wilcoxon
signed-rank test (OHI, SBI, API). For the two independent
samples the nonparametric Mann-Whitney U-test (OHI,
SBI, API) was applied for comparing pairs of groups. Three
dependent groups were compared with the use of Friedman
ANOVA test. All tests applied were two tailed, and a 𝑃-value
of ≤0.05 was considered statistically significant. Statistica
9.0 software (StatSoft, USA) was used for statistical analysis
(Medical University of Silesia licence, Katowice, Poland).
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Table 1: Total number of dental implants installed and the type of
prosthetic suprastructure (crown, bridge, overdenture) supported
by endosseous implants in each group (A) and (C).
Group (A) Group (C)
Age (mean)
Gender

49.50

45.87

Male
Female
Number of single dental implants
Mean number of dental implants per patient
Number of other abutments (bars)
Number of single crowns
Number of fixed suprastructures
(at least 3 pointic)
Number of implant-supported overdentures

2
6
29
3.62
1
16

4
4
24
3
0
13

4

3

1

1

OHI-D values (median, min-max)
1.6
1.2
OHI

4

0.8
0.4
0

3. Results
From the total group of 21 patients, 16 successfully completed
the study according to the research protocol (10 women
and 6 men). The restricted number of subjects with fitted
dental implants supporting prosthetic restorations reflected
the strict inclusion criteria for the study. Table 1 presents the
implant-prosthetic profile of the examined groups in terms
of the number of dental implants installed and the type
of prosthetic suprastructure (crown, bridge, overdenture)
supported by endosseous implants. The total number of single
endosseous, titanium-made implants installed for the group
(A) and (C) was 29 and 24, respectively. One patient from the
group (A) was using the bar-retained removable overdenture,
and one subject from the group (C) had an overdenture
supported by two-single implants and locators. Vast majority
of examined patients were the users of single porcelain-tometal fused crowns retained by to the single endosseous
implants with conical metal abutments and active threads.
3.1. Oral Health Conditions. The overall distribution of the
range of Greene and Vermilion’s oral hygiene index (OHID, debris component) scores in the evaluated groups is
shown in Table 2. For one subject from groups (A) and (C)
carrying mandibular implant-retained overdenture on bar,
the modified index of oral hygiene was applied [34]. The OHID index (median) for (A) and (C) groups was established
as 0.2 and 0.08, respectively, and the differences were not
statistically significant comparing both mentioned groups
after 1st, 2nd, and 3rd examination (Figure 1). OHI-D value

CA 1

CA 2

CA 3

CC 1

CC 2

CC 3

Max
Min
75%
25%
Median

Figure 1: Oral hygiene index values (median, min-max) for examined groups A and C.

(median) of the group (A), which consisted of the patients
using propolis-containing toothpaste, decreased significantly
after 8 weeks of the study (𝑃 < 0.05). On the other hand, the
influence of toothpaste CC was not statistically significant,
despite of the OHI-D scores decreasing tendency at the end
of the study and the “P” value close to 0.05 (𝑃 = 0.061). It
may be explained by the effect of patients participation in
the study, the use of specific hygienic agents alone, and the
improved toothbrushing following oral hygiene instructions,
which could influenced the obtained results, irrespective of
the presence or absence of a propolis additive.
The decreasing tendency of the Lange API scores was
also observed within the assessed groups (A) and (C), and
the significant differences were noted for group (A) only,
essentially between the first and the last clinical assessment
(𝑃 < 0.05). During the first visit, the average oral hygiene
profile of patients from group (A) was classified as an “average
oral hygiene” (62.5%) while at the end of the study the
mean API score was determined as “optimal hygiene” (87.5%).
Vast majority of the patients from group (C) represented
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Table 2: OHI debris component—assessment for the group (A) and group (C) (% of cases within the range and min-max value).
Oral hygiene assessment (OHI-debris)
1st
2nd
3rd

Friedman ANOVA
test (𝑃)

Group (C)

0.0–0.5 62.5%
0.6–1.0
12.5%
1.1–2.0
25.0%
(0.16–1.6)

0.0–0.5 75.0%
0.6–1.0
12.5%
1.1–2.0
12.5%
(0–1.25)

0.0–0.5
87.5%
0.6–1.0
12.5%
1.1–2.0
0.0%
(0–0.75)

Group (A)

0.0–0.5 62.5%
0.6–1.0
37.5%
1.1–2.0
0.0%
(0–0.83)

0.0–0.5 75.0%
0.6–1.0 25.0%
1.1–2.0
0.0%
(0–0.75)

0.0–0.5
87.5%
0.6–1.0
12.5%
1.1–2.0
0.0%
(0–0.75)

0.958

0.792

0.494

Mann-Whitney 𝑈 test (𝑃)
∗

Wilcoxon rank test (𝑃)

0.061

(1) : (2) n/a
(2) : (3) n/a
(1) : (3) n/a

0.003∗

(1) : (2) = 0.027∗
(2) : (3) = 0.027∗
(1) : (3) = 0.043∗

—

—

Statistically significant 𝑃 value < 0.05.

Table 3: API ranges—assessment for the group (A) and group (C) (% of cases).
Oral hygiene assessment (interproximal spaces)
1st

Group (C)

Group (A)

Mann-Whitney 𝑈 test
(𝑃)
∗

2nd

Optimal
Quite
good
Average
Bad

25.0%

Optimal
Quite
good
Average
Bad

25.0%

12.5%
50%
12.5%

12.5%
62.5%%
0.0%

0.472

Friedman ANOVA
test (𝑃)

3rd

Optimal
Quite
good
Average
Bad

12.5%

Optimal
Quite
good
Average
Bad

50.0%

50%
37.5%
0.0%

37.5%
12.5%
0.00%

0.109

Optimal
Quite
good
Average
Bad

50.0%

Optimal
Quite
good
Average
Bad

87.5%

0.183

12.5%

0.149

(1) : (2) n/a
(2) : (3) n/a
(1) : (3) n/a

0.005∗

(1) : (2) = 0.201
(2) : (3) = 0.022∗
(1) : (3) = 0.456

—

—

37.5%
0.0%

12.5%

Wilcoxon rank test (𝑃)

0.00%
0.00%

Statistically significant 𝑃 value < 0.05.

an ”average oral hygiene” and “quite good oral hygiene”
profile during the first and second follow-up assessments,
respectively (Table 3, Figure 2).
The third assessment of the periodontal tissues carried
out using Muhlemann-son’s sulcus Bleeding index allowed
to classify all the patients from group (A) as the subjects
described as “normal, healthy gingiva, no bleeding” with SBI
value <10% (Table 4). However, the differences between the
groups (A) and (C) were not statistically significant after 1st,
2nd and 3rd assessment (𝑃 > 0.05, Mann-Whitney U-test).
A significant decrease of SBI value during the last follow-up
assessment was observed for the group (A) patients (𝑃 <
0.05). Patients belonging to the group (C) (50%, 𝑛 = 4)
who used the CC toothpaste were initially qualified into the
subjects with slight, initial gingivitis (bleeding on probing,
without shape and color changes of gingiva) which required
oral hygiene instructions and hygienic regime.
3.2. Patients Opinions Analysis Based on Questionnaire.
The questionnaire-based assessment of the rheological and
organoleptic properties of the investigated toothpastes as well

as the patients individual opinions regarding a comfort when
using these preparations revealed differences between the
groups A and C. The taste and smell were assessed with higher
scores, while the main complaint was pointed out towards
the foaming ability, which was scored as “unsatisfactory”
by 62.5% of patients (𝑛 = 5) from group A and as only
“satisfactory” by 62.5% of patients from group C (𝑛 = 5). The
colour of the toothpaste CA was also not graded well, and
only one patient from group A rated it as “good.” Generally,
the CC toothpaste did not evoke such subjective opinions and
was better accepted (Table 5).
3.3. Microbiological Identification of Peri-Implant Oral Microbiota. Total amount of isolated microorganisms present from
peri-implant areas of the patients using toothpaste CA and
CC is stated according to Table 6. The results of microbiological examinations of the clinical specimens demonstrated a
substantial quantitative as well as qualitative differentiation
of the oral cavity microflora composition in patients with
dental implants (group A) who were using implant-supported
prosthetic appliances, applying toothpaste with EEP (CA
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Table 4: SBI—assessment for the group (A) and group (C) (% of cases).
Periodontal assessment
1st

Group (C)

Group (A)

MannWhitney 𝑈
test (𝑃)
∗

Normal gingiva
SBI < 10%
Bleeding on
probing
Normal gingiva
SBI < 10%
Bleeding on
probing

2nd
50%
50%
50%
50%

0.599

Normal gingiva
SBI < 10%
Bleeding on
probing
Normal gingiva
SBI < 10%
Bleeding on
probing

Friedman ANOVA Wilcoxon rank test
(𝑃)
test (𝑃)

3rd
62.5%
37.5%
75%
25%

Normal gingiva
SBI < 10%
Bleeding on
probing
Normal gingiva
SBI < 10%
Bleeding on
probing

0.344

62.5%

(1) : (2) n/a
(2) : (3) n/a
(1) : (3) n/a

0.483

37.5%
100%

0.015∗

(1) : (2) = 0.067
(2) : (3) = 0.043∗
(1) : (3) = 0.874

—

—

0.0%

0.127

Statistically significant 𝑃 value < 0.05.

Table 5: Descriptive scale of tested toothpastes properties (CA and
CC).

API values for groups A and C
80
70

Unsatisfactory
Taste
Satisfactory
Good
Unsatisfactory
Smell
Satisfactory
Good
Unsatisfactory
Colour
Satisfactory
Good
Unsatisfactory
Foaming
Satisfactory
Good
Unsatisfactory
Cleaning ability Satisfactory
Good

Group A (CA) Group C (CC)
1 (12.5%)
0 (0.0%)
1 (12.5%)
0 (0.0%)
6 (75.0%)
8 (100%)
2 (25.0%)
0 (0.0%)
1 (12.5%)
2 (25%)
5 (62.5%)
6 (75.0%)
5 (62.5%)
0 (0.0%)
2 (25.0%)
2 (25.0%)
1 (12.5%)
6 (75%)
5 (62.5%)
1 (12.5%)
0 (0.00%)
5 (62.5%)
3 (37.5%)
2 (25.0%)
2 (25.0%)
0 (0.0%)
6 (75.0%)
0 (0.0%)
0 (0.0%)
8 (100%)

preparation) for oral hygiene maintenance a few times per
day. The microbiological material collected before the use of
propolis-containing toothpaste (first assessment) allowed to
identify a total of 16 isolates of microorganisms’ representing
10 species/strains in the group of patients applying CA
toothpaste with active organic ingredient.
Second microbiological assessment, performed after
eight weeks since the study commencement, revealed a total
of 32 isolates of microorganisms, representing 15 species
(Table 7). In the patients of group (A), four species of
microorganisms were eliminated (Klebsiella oxytoca, Serratia
liquefaciens, Staphylococcus epidermidis MSCNS, Sarcina sp.);
at the same time, the physiological and transient micro-flora
of oral cavity has been enriched by the addition of 9 new

60
50
API

Toothpaste features

Subjects number (%)

40
30
20
10
0
CA 1

CA 2

CA 3

CC 1

CC 2

CC 3

Max
Min
75%
25%
Median

Figure 2: Approximal plaque index values (median, min-max) for
examined groups (A) and (C).

species of microorganisms: Streptococcus sanguinis, Streptococcus vestibularis, Streptococcus acidominimus, Ruminococcus productus, Veillonella parvula, Bifidobacterium adolescentis, Bifidobacterium dentium, Actinomyces naeslundii, and
Citrobacter freundii. The second assessment of the (A)
group of patients also revealed a less numerous presence of
Escherichia coli isolates than the first examination did. At the
same time, the second examination revealed the presence of
more isolates of the bacteria Streptococcus mitis, Streptococcus
salivarius, Neisseria species, and Candida fungi. During the
first examination, Candida albicans has been isolated in one
person; while Candida famata in another person, whereas in
the case of the second examination, three isolates of Candida
albicans have been found (subjects different than the case of
1st examination) as well as one isolate of Candida famata
(the same subject as in 1st examination). These findings
can be related to the improved and excessive daily oral
hygiene, following the thorough instruction given during first
examination.
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Table 6: Total amount of isolated microorganisms isolated from periimplant areas in the patients using toothpastes CA and CC.

Group (A)
Group (C)

Test 1
Test 2
Test 1
Test 2

Micrococci Gram (+)
6
14
9
12

Micrococci Gram (−)
2
9
5
7

Rods Gram (+)
0
3
0
1

Rods and bacilli Gram (−)
6
2
7
4

Fungi
2
4
2
4

Total
16
32
23
28

Table 7: Microorganisms isolated from oral cavity samples; the investigated group (A) of patients with dental implants (𝑛 = 8) and implantretained prosthetic suprastructures who were using propolis-containing toothpaste (CA).
Isolated microorganisms (strains)
Gram-positive cocci
Streptococcus mitis
Streptococcus sanguinis
Streptococcus salivarius
Streptococcus vestibularis
Streptococcus acidominimus
Staphylococcus epidermidis MSCNS
Ruminococcus productus
Sarcina sp.
Gram-negative cocci
Neisseria spp.
Veillonella parvula
Gram-positive Actinobacteria
Bifidobacterium adolescentis
Bifidobacterium dentium
Actinomyces naeslundii
Gram-negative bacilli (rod-shaped)
Citrobacter freundii
Escherichia coli
Klebsiella oxytoca
Serratia liquefaciens
Fungi
Candida albicans
Candida famata
Total isolated strains

1

2

3

Baseline examination
4
5
6
7

x

x

8

x
x

x
x
x

x

all

1

2

3
—
1
—
—
1
—
1

x

x

2
—

x

x

x

x
x

x
x

1

1

x
3

1

3

4

2

1

Final examination
4
5
6
7
x
x

x

x
x

8

all

x

5
1
4
1
2
—
1
—

x

x

x

x

7
2

x

1
1
1

x
x

x
x

x
x

—
—
—

x

3

x

x
x

x

x
x

—
3
1
2

x

1
1
16

x

1
1
—
—

x

3

3

x
x
6

4

5

x
4

3

4

3
1
32

x: the presence of bacterial strain in investigated material.

Considering the microbiological profile in the group of
eight patients who were using toothpaste without EEP (group
C) for oral cavity hygiene, after eight weeks of application of
CC preparation a similar count of microorganisms isolates
was observed (Table 8). The material collected before the
toothpaste CC application commencement (1st examination)
was represented by a total of 23 isolates of microorganisms
belonging to 13 species. As a result of the second examination, carried out after eight weeks since CC application commenced, a total of 28 isolates of microorganisms
allocated to 16 species have been obtained. The second
microbiological examination of group (C) patients revealed

the elimination of 7 species of microorganisms: Streptococcus
sanguinis, Escherichia coli, Enterobacter aerogenes, Enterobacter amnigenus, Mitsuokella multiacidus, Serratia liquefaciens,
and Serratia grimes. After the period of 8 weeks the oral
cavity micro-flora got enriched with 10 new species of
physiological flora microorganism and potential pathogens:
Streptococcus vestibularis, Streptococcus 𝛽 haemolyticus F
group, Staphylococcus epidermidis MSCNS, Sarcina sp., Veillonella parvula, Bifidobacterium adolescentis, Klebsiella oxytoca, Klebsiella pneumoniae, Pseudomonas aeruginosa, and
Serratia marcescens. The findings of the second examination,
concerning the patients marked as a group (C), also showed
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Table 8: Microorganisms isolated from oral cavity samples; the investigated group (C) of patients with dental implants (𝑛 = 8) who were
using toothpaste (CC) without EEP.
Isolated microorganisms (strains)
Gram-positive cocci
Streptococcus mitis
Streptococcus sanguinis
Streptococcus salivarius
Streptococcus vestibularis
Streptococcus haemolyticus F group
Staphylococcus aureus MSSA
Staphylococcus epidermidis MSCNS
Sarcina sp.
Gram-negative cocci
Neisseria spp.
Veillonella parvula
Gram-positive Actinobacteria
Bifidobacterium adolescentis
Gram-negative bacilli (rod-shaped)
Escherichia coli
Enterobacter aerogenes
Enterobacter amnigenus
Klebsiella oxytoca
Klebsiella pneumoniae
Mitsuokella multiacidus
Pseudomonas aeruginosa
Serratia liquefaciens
Serratia grimesii
Serratia marcescens
Fungi
Candida albicans
Candida glabrata
Total isolated strains

1

2

3

Baseline examination
4
5
6
7
x

x

x
x

x

x

x

x

all
2
3
2
—
—
2
—
—

x
x

x

x

x

8

5
—

x

1

2

3

x

x

Final examination
4
5
6
7
x
x

x
x

x

x

x
x

x
4

2

3

2

x
3

a higher count of isolated Streptococcus mitis and isolates of
the Neisseria species as well as fungi of the Candida family
(Candida albicans, Candida glabrata).

4. Discussion
Individual home care and consistent professional maintenance have proven to be critical to the success and longevity
of endosseous dental implants. This is especially true in an
environment with adjacent natural teeth, which if affected by
periodontal disease could act as a reservoir for pathogenic
bacteria and seed the peri-implant sulcus [35, 36]. An implant
patient’s home care regimen should be individually tailored
according to each patient’s needs. These needs are based
on the location and angulation of the dental implants, the
position and length of transmucosal abutments, the type of
prosthesis, and the rate of plaque and calculus accumulation
[37]. Proper monitoring and maintenance are essential to

4

4

1

x

4
—
2
1
1
2
1
1

x

x
x

x
x

x
x

x

x

x

x

x
x

—
—
—
1
1
—
1
—
—
1

x
x
x

x
x
4

x
5

2

2

x
6

6
1
1

x

1
1
1
—
—
2
—
1
1
—
1
1
23

all

x

—
x

8

3

2

x
4

2
2
28

ensure the longevity of the dental implant through a combination of appropriate professional care, evaluation, and
effective patient oral hygiene. Oral rinses with antimicrobial
properties, containing essential oils or chlorhexidine, have
been advocated for use in patients with implants [38]. In this
area, the routine use of propolis-containing toothpaste seems
to have a beneficial effect on peri-implant tissues and plaque
accumulation. In a recent study, authors Tanasiewicz et al.
[16] demonstrated that hygienic experimental preparations
(toothpaste and gel) containing 3% ethanol propolis extract
efficiently support reduction of dental plaque and have the
therapeutic local effect on marginal periodontium. These
results are coherent to our findings and observations, based
on the SBI values, constituting the conclusion that domestic
products for oral hygiene support the antiplaque action and
have the anti-inflammatory effect on marginal periodontium.
The proven anti-inflammatory action of propolis seems to
be particularly advantageous for prophylactic procedures
of the patients with dental implants and increased risk of
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periodontal inflammatory problems, that is, gingivitis and
chronic periodontitis [39–41].
Current trend reveals a return to complementary medicine and alternative treatment methods, due to the developing resistance to modern medications and antibiotics.
Only few studies have investigated the activity of propolis
ethanolic extract towards oral pathogens, particularly periodontopathic bacteria [36, 38, 39, 42]. Propolis samples were
found to be active mainly against Gram-positive bacteria
and some fungi. They presented also a weak activity against
Gram-negative bacteria [14, 27, 41, 42]. The pharmacologically active constituents against oral bacteria in Brazilian
propolis are flavonoids (flavones, flavonols, flavanones), phenolics, and aromatics, including p-coumaric acid, ferulic
acid, cinnamic acid, and its derivative—drupanin, baccharin, and artepillin C, chrysin—tectochrysin, pinocembrin,
pinobanksin, isosakuranetin, kaempferol, kaempferide, and
quercetin [43–45].
In our study, the analysis of the influence of toothpaste
containing 3% ethanol extract of propolis upon the mouth
cavity micro-flora revealed beneficial quality changes in its
species composition, consisting mainly of elimination of
potential bacteria pathogens, particularly Enterobacteriaceae
family rods. To summarize the results of microbiological
examinations, it can be stated that the propolis included
in toothpaste, thanks to its antimicrobial properties, has
beneficial influence upon the modification of oral cavity
bacterial micro-flora, whereas it hardly influences fungi of
the Candida family. The increase of the Candida strains
during the second assessment may be caused by intensive
oral hygiene regime and hygienic habits improvement. The
application of propolis in preparations used for routine oral
cavity hygiene allows to eliminate microorganisms that are
pathogens, as well as microorganisms of physiological flora,
listed among opportunistic pathogens. The European Patent
EP 1738781 A2 describes the method which involves using
propolis as coating material for medical implants [46].
Clinical researches have examined the association
between oral microorganisms which are found in the saliva as
non-adhering populations and as plaque, a microbial biofilm,
and specific oral conditions such as dental caries, periodontal
disease, and oral mucosa diseases [5, 6, 36, 39, 41, 47]. Koo
et al. stated that mouthrinses containing propolis showed
significant reduction of dental plaque and also inhibition of
bacterial polysaccharides formation [47]. Similar to these
findings, we assumed that the choice of specific therapeutic
product including propolis-containing toothpaste may have
a direct influence on oral hygiene regime improvement and
elimination of hygiene negligence in case of healthy patients
or with minor periodontal problems. Propolis constitutes a
natural alternative which helps to maintain oral health and
healthy periodontium.
Study accomplished by Dodwad and Jha Kukreja [48]
evaluated the effect of propolis mouthwash on plaque accumulation and gingivitis of a group of subjects who completely
stopped the oral hygiene regime, that is, toothbrushing.
Plaque index increased on the 5th day, with the estimated
value for propolis 68% and 16% for chlorhexidine. Moreover,
propolis revealed 7% and chlorhexidine 9% increase in
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gingival index. These results suggested that propolis is not
better than chlorhexidine in reducing plaque formation but
may be more efficient in reduction of gingival inflammation. This is in accordance with studies by Murray et al.,
1997 [49]. The research reported by Koo et al. indicated
substantial effectiveness of propolis extract in inhibiting the
growth of bacteria that belong to the “red complex” [50].
Santos et al., Feres et al., and Koru et al. also confirmed
the antibacterial effectiveness of propolis extract towards the
pathogens causing periodontitis [5, 6, 26, 51, 52]. Different
groups of organic compounds have been identified from
propolis, mainly flavonoids and phenolic acids (esters), which
are responsible for many of the biological activities attributed
to European, Brazilian, and Asian propolis [53–55].
Due to the inhibition of the development of pathogens
causing parodontitis/peri-implantitis, extracts of propolis for
mouth rinsing, or toothpastes based on propolis extract
seems to be a promising agent, not only for prophylaxis but
also for the treatment [5, 6]. Bruschi et al. demonstrated
that the therapeutic propolis-containing gel, applied locally
to gingival pockets may be effective for the treatment of
periodontal diseases [5, 6, 56]. The findings of Coutinho’s
microbiological study revealed that subgingival irrigations
with the propolis extract, applied in periodontal course of
treatment, improved the treatment outcomes more significantly than scaling and root planning alone [57]. The prophylactic action of propolis towards periodontal tissues, as an
additive to mouths rinses or toothpastes, allows to reduce the
dental plaque formation and the initial signs of gingivitis [58].
Numerous studies have also proven immunomodulatory
action of propolis extract [59], among the other pharmacological activities, such as inhibitory action towards bacterial
biofilm formation [60].
The general improvement of oral hygiene which was
observed during the study can be partially related to “subject
of investigation effect.” Patients taking part in any clinical
research focusing on oral hygiene adjust and improve their
brushing habits and carry them out more efficiently than
routinely. Our findings indicate that propolis and/or its
compounds are promising antibacterial agents for prevention
of oral diseases. The effective biological action observed for
the propolis extract suggests its usage as an adjuvant to, for
example, therapy of periodontal problems. The results of the
presented clinical study may suggest a positive influence of
propolis-containing toothpaste (3% EEP) in patients with the
occurrence of gingivitis caused by dental plaque. The routine
daily use of propolis-containing hygienic measures seems to
have a beneficial effect on peri-implant tissues by reducing a
plaque accumulation and preventing development of chronic
periodontal disease.
A further step should be given to verify if a dose
sufficient to eradicate the target microorganisms can be
reached within the subgingival environment without causing
adverse effects, over a long-term period of use. However,
the representative group containing more individuals with
dental implants is needed for relevant evaluation. The local
hygienic and domestic agents (e.g., toothpastes) containing
natural products need to have the appropriate and improved
organoleptic features, including more accepted colour and
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foaming action. It needs to be emphasised that when using
propolis-based hygienic preparations, the patient needs to be
aware and needs to be informed about potential occurrence
of side effects, particularly possible allergic reactions [16].

5. Conclusion
This study indicates a positive biological activity of propoliscontaining toothpaste with respect to the oral microbiota
spectrum. The results obtained suggest that propolis might
be used as a natural alternative or additive to chemical
mouthwashes, for example, chlorhexidine in individuals suffering from periodontal problems associated with implants
usage. Although further and long-term trials are required for
more conclusive evidence, antibacterial measures containing
propolis would be promising local agents acting against
pathogenic oral microflora.
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A. Pérez-Alvarez, “Functional properties of honey, propolis, and
royal jelly,” Journal of Food Science, vol. 73, no. 9, pp. 117–124,
2008.
V. Bankova, R. Christov, A. Kujumgiev, M. C. Marcucci, and
S. Popov, “Chemical composition and antibacterial activity of
Brazilian propolis,” Zeitschrift für Naturforschung C, vol. 50, no.
3-4, pp. 167–172, 1995.
V. Seidel, E. Peyfoon, D. G. Watson, and J. Fearnley, “Comparative study of the antibacterial activity of propolis from different
geographical and climatic zones,” Phytotherapy Research, vol.
22, no. 9, pp. 1256–1263, 2008.
S. Silici and S. Kutluca, “Chemical composition and antibacterial activity of propolis collected by three different races of
honeybees in the same region,” Journal of Ethnopharmacology,
vol. 99, no. 1, pp. 69–73, 2005.
E. Szliszka, G. Zydowicz, E. Mizgala, and W. Król, “Artepillin
C (3,5-diprenyl-4-hydroxycinnamic acid) sensitizes LNCaP
prostate cancer cells to TRAIL-induced apoptosis,” International Journal of Oncology, vol. 41, no. 3, pp. 818–828, 2012.
C. Gatti and M. Chiapasco, “Immediate loading of Brånemark
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Aim. To evaluate the efficacy of Brazilian green propolis in comparison to miconazole gel in the treatment of Candida-associated
denture stomatitis. Methods. Forty-five denture stomatitis patients, with palatal mucosa erythema levels classified according to
Newtons’s criteria and with positive culture to Candida spp., were randomly divided into three treatment groups: 15 received
miconazole gel 2%, 15 received propolis gel 2,5%, and 15 received propolis 24% for mouthwash. After four daily use lasting two
weeks, they were reexamined for the denture stomatitis degree and for a second culture of Candida. The Wilcoxon’s test was applied
to compare the results of clinical classification of the denture stomatitis and the Candida spp. colonies numbers, before and after
each treatment. The Kruskall-Wallis’s test was used to compare efficacy among the three treatment groups. Results. There were a
significant reduction or complete remission of denture stomatitis (𝑃 < 0.05) and a significant decrease of Candida colonies for
the three groups (𝑃 < 0.05). There was no difference in the efficacy among the treatment groups (𝑃 > 0.05). Conclusion. Brazilian
green propolis has a similar effect as miconazole in the treatment of Candida-associated denture stomatitis being an alternative in
the therapeutics of this condition.

1. Introduction
Denture stomatitis is a common inflammatory lesion in
the palatal mucosa of denture wearers who presenting a
erythema of variable intensity and extension. Prevalence
studies varying between 10% and more than 65% [1, 2]. This
etiology is multifactorial involving predisposing factors, for
example, denture stability, oral and denture hygiene, lasting
use, systemic factors like immunologic and endocrinal diseases, nutritional deficiency, and some medications including
corticoids, antibiotics, and immunossupressors [3, 4]. An
association between denture stomatitis and Candida spp.,
specially Candida albicans, has been reported [2, 5–7].
The treatment for denture stomatitis includes meticulous
denture hygiene and the reduction of local and general

predisposing factors. The association of these procedures
with topic antifungal therapy showed good results in the
reduction of the palatal mucosa inflammation and decreasing
of yeast number of Candida spp. in the palate and in denture
fitting [2, 8, 9]. The most common synthetic drugs used are
imidazole related compounds such as miconazole, polyenic
derivatives such as nystatin and others [2, 3, 5, 10].
Miconazole is an antifungal for topical oral administration and has been showing a good effect in therapeutic
or prophylactic treatment of Candida-associated denture
stomatitis, reducing erythema [2, 11], and decreasing colonies
of Candida spp. [2, 5].
Propolis is a resinous material collect by bees from
various plants, and this chemical composition depends
on its origin area [12–14]. Propolis has been used as
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an anti-inflammatory purpose in folk medicine since early
times especially in Europe [13]. Extract of propolis contains
a wide variety of components like flavonoids and phenolic
acids. The flavonoids in propolis, mainly pinocembrin, have
been considered to be responsible for its inhibitory effect on
Candida [15], but only traces of these compounds have been
found in propolis of South American origin [16], indicating
that this effect could be due to a different class of compounds
such as the high content of aromatic acids and possibly the
presence of amyrins [17] that is known to possess several
therapeutical activities [18, 19].
Several new compounds have already been identified
in Brazilian green propolis samples [20, 21], and studies
have attesting its biological effects like microbicidal, antiinflammatory, antioxidative, anticancer, and cytotoxic activities and their therapeutics uses [13, 16, 18, 22, 23]. Antifungal
activity is one of the most extensively investigated biological
actions of propolis [22]. Thus, the aim of this study was the
comparison of the efficacy of a new form of Brazilian green
propolis, using a formula propylene glycol contrasting it with
miconazole gel in the topical treatment of Candida-associated
denture stomatitis.

2. Material and Methods
This study was approved by Ethics Committee of the Pontificia Universidade Catolica de Minas Gerais (CEP/PUCMinas,
protocol number: CEP 0022.0.213.000-05. Address: Avenida
Dom José Gaspar 500, Dom Cabral-Belo Horizonte, MG,
Brazil; June 9th, 2005). All participants were informed about
the study objectives and signed a declaration of informed
consent before the start of the study.
2.1. Subject Selection and Samples Collection. At baseline,
eighty denture wearers individuals, presenting clinical denture stomatitis, were selected randomly among patients of
the Pathology Clinic of a Dentistry School (Departamento
de Odontologia da Pontificia Universidade Católica de Minas
Gerais (DOPUC) Minas), Brazil. Thirty more subjects with
normal palatal mucosa (15 denture users and 15 having
natural teeth) were also selected to compare the count of
colony-forming units (CFUs) of Candida spp. among subjects
with and without denture stomatitis.
Patient inclusion criteria were (1) denture stomatitis covered the palatal mucosa; (2) diagnosed candidiasis confirmed
by microbiologic cultures from the erythematous palatal
mucosa of the denture wearers. The exclusion criteria were
as follows: (1) no patient user of antimycotics, antibiotics,
or anti-inflammatory during 2 months before selection; (2)
no medication that caused hyposalivation or xerostomia.
Swabs were used to collect yeast samples from the denture
underlying palatal mucosa of the 110 individuals, with (𝑛 =
80) and without (𝑛 = 30) denture stomatitis. Swabs were
plated onto Sabouraud dextrose agar (Difco) containing chloramphenicol (100 mg/L) and incubated aerobically at 28∘ C.
Isolation and identification of the species were performed
after 48 hours of incubation. Before isolation, the number
of CFUs was determined, and morphological characteristics
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were observed. All isolates were identified with the aid of
a germ-tube test (Reynolds-Braude effect) with positive test
and presumptive diagnose of Candida albicans.
2.2. Study Groups, Data Collection and Clinical Evaluation.
Out of 85 patients with clinical presentation of denture
stomatitis, only 45 had Candida spp. positive microbiological
tests, and these patients were included in the study group. All
individuals with health palatal mucosa either denture users
or with natural teeth (𝑛 = 30) had no yeast colony growth in
culture.
At start, personal data and medical history of the 45
individuals of the study groups were obtained. Patients
were inquired about habits like sleeping with denture, age
of dentures, last change of the prosthesis, and how their
denture hygiene was done. All of them had instructions about
denture hygiene. Clinical examination and smears of palatal
mucosa for culture were made by only one examiner, an
oral pathologist following the biosafety norms. The palatal
mucosa erythema levels were classified according to Newtons’s criteria [24], and photographs of their palatal mucosa
were taken by the same examiner.
The patients were randomically allocated in three parallel
treatment groups. Group I was treated with topical use
miconazole gel 2% (𝑛 = 15; mean age 62.5 ± 13.5 years; 3
men and 12 women). Group II was treated with topical use
propylene glycol Brazilian green propolis gel 2.5% (𝑛 = 15;
mean age 57.7 ± 13.2 years; 2 man and 13 women). Group
III received propylene glycol Brazilian green propolis 24%, in
form of mouthwash (𝑛 = 15; mean age 62.0 ± 5.5 years; 2
men and 13 women). The propylene glycol extract of Brazilian
green propolis used in two different groups had the objective
of testing its most efficient and best-tasting form, gel or
mouthwash, once this is a pilot study.
2.3. Treatment Posology. The standard protocol used for the
three groups included previous hygiene of denture. Following, patients of the Groups I and II applied miconazole gel
and propolis gel, respectively, (5 mL or one teaspoon) with
a cotton swab in the inner surface of denture, which was
immediately placed in the mouth, and surplus gel was spat
out. Patients of Group III made mouthwash with the solution
of propolis (5 mL) during a minute and then spat out. All the
treatments groups have used four daily applications, during 14
days. The patients were asked to maintain their usual regime
for wearing their dentures. After a week the patients were
reexamined to verify any intolerance to the medications and
how their denture hygiene was. The treatment was given by
another oral medicine examiner.
After the treatment the same first oral medicine examiner,
in a double-blind way, evaluated all the patients of the three
study groups for a second classification for denture stomatitis,
new photographs, and a new swab of palatal mucosa, following the same protocol used before the treatments.
The glycolic extract of propolis applied in this research
was formulated and provided by Fundação Ezequiel Dias,
in Belo Horizonte, MG, Brazil. In vitro tests were done to
establish the better concentration and the therapeutic efficacy

Evidence-Based Complementary and Alternative Medicine

3

Table 1: Quantitative evaluation of yeasts (CFUs) and clinical classification of denture stomatitis before and after the treatment with
Miconazole gel 2%.
Patient

Age

Gender

𝑁 CFUs∗
Before treatment

𝑁 CFUs∗∗
After treatment

Denture stomatitis
classification
Before treatment∗

Denture stomatitis
classification
After treatment∗∗

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

58
79
49
66
69
73
72
73
66
65
60
61
27
74
45

F
M
F
F
F
F
F
F
F
F
F
F
F
M
M

20
189
12
12
19
18
95
15
38
27
226
43
11
62
168

1
79
0
0
0
0
2
0
0
1
0
0
1
0
0

II
III
I
II
I
I
I
III
II
II
I
I
III
I
III

Cure
1
Cure
I
Cure
Cure
Cure
I
I
II
I
I
I
Cure
I

∗

CFUs: colony-forming units.
Newton’s classification (type: 1; 2; 3).
Clinical evaluation before and after treatment—Wilcoxon’s test 𝑃 = 0.0007.
Quantitative microbiological evaluation before and after treatment—Wilcoxon’s test 𝑃 = 0.0022.
Mean age: 62.47 ± 13.54.

∗∗

of the propylene glycol extract of Brazilian green propolis,
according to the National Committee for Clinical Laboratory
Standards [25].
2.4. Statistical Analysis. To compare the results of clinical
classification of the denture stomatitis and the Candida spp.
colonies number, before and after each treatment, Wilcoxon’s
test was applied. The Kruskall-Wallis’s test was used to compare the efficacy among the three treatment groups (Biostat,
4.0). The considered significance level was 𝑃 < 0.05.

3. Results
Data of the interview showed that denture hygiene was
done in a similar way by all denture wearers, including the
35 patients with clinical signals of denture stomatitis who
were excluded from the study group, once they did not
present positive results for Candida spp. All the 30 selected
subjects with health palatal mucosa (15 denture users and 15
with natural teeth) had no growth in culture and any yeast
observation at microscopy. They were chosen to attempt a
comparison of Candida spp. number of colonies between
individuals with health palatal mucosa and with denture
stomatitis.
Among the study group patients (𝑛 = 45) the used
time of the same denture varied from three months to 48
years. Systemic diseases were related by 82.6% of them,

especially arterial hypertension (53.3%); 77.3% were using
some medication, mainly antihypertensive (41.3%).
The age of these patients was between 27 and 79 years old
(mean age 60.76 ± 11.34). There were seven males (15.5%)
and 38 females (84.4%). In the presumptive identification of
Candida spp., only Candida albicans was isolated.
Tables 1, 2, and 3 show the results of the clinical aspects
(based in the Newton’s classification) and the microbiologic
results (total count of CFUs), before and after the treatment
with miconazole gel (Group I, Table 1) and with the two forms
of propylene glycol Brazilian green propolis: gel (Group II,
Table 2) and solution for mouthwash (Group III, Table 3).
The three treatments showed significant statistical results
in the reduction or in the complete clinical remission of
denture stomatitis and in the decrease or elimination of yeast
count. No statistical differences in efficacy were seen among
the three groups, either for reduction or remission of palatal
erythema (𝑃 = 0.1069) or to reduction or elimination of
CFUs (𝑃 = 0.9586).
Results of Tables 1, 2, and 3 showed that the number of
CFUs was not related with the degree of clinical erythema
severity, according to Newton’s classification. All the patients
who still presented denture stomatitis and some CFUs after
treatments were maintained in use of their medications
for more 14 days, following the same protocol. All denture
wearers examined at baseline for this study (𝑛 = 85) were
invited to an evaluation of their dentures in the Prosthesis
Clinic of DOPUC Minas.
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Table 2: Quantitative evaluation of yeasts (CFUs) and clinical classification of denture stomatitis before and after the treatment with propylene
glycol Brazilian green propolis gel 2.5%.
Patient

Age

Gender

𝑁 CFUs∗
Before treatment

𝑁 CFUs∗∗
After treatment

Denture stomatitis
classification∗∗
Before treatment

Denture stomatitis
Classification∗∗
After treatment

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

52
78
61
68
30
58
78
72
59
66
50
46
45
53
50

F
F
M
F
F
F
F
F
F
F
F
F
F
F
M

64
78
84
136
45
288
189
9
548
52
58
158
472
283
47

0
1
0
6
4
89
0
0
0
24
0
33
117
23
0

I
I
II
I
II
II
II
III
III
II
I
II
III
III
I

Cure
Cure
Cure
I
II
I
I
Cure
I
I
Cure
I
I
I
I

∗

CFUs: colony-forming units.
Newton’s classification (type: 1; 2; 3).
Clinical evaluation before and after treatment—Wilcoxon’s test 𝑃 = 0.0007.
Quantitative microbiological evaluation before and after treatment—Wilcoxon’s test 𝑃 = 0.0022.
Mean age: 57.73 ± 13.24.

∗∗

Table 3: Quantitative evaluation of yeasts (CFUs) and clinical classification of denture stomatitis before and after the treatment with propylene
glycol Brazilian green propolis 24% solution for mouthwash.
Patient

Age

Gender

𝑁 CFUs∗
Before treatment

𝑁 CFUs∗∗
After treatment

Denture stomatitis
classification
Before treatment

Denture stomatitis
classification
After treatment∗∗

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

66
66
60
67
65
68
63
65
46
60
60
61
65
63
56

F
M
F
M
F
F
F
F
F
F
F
F
F
F
F

105
269
14
18
12
18
226
22
19
19
17
28
12
296
113

0
1
0
0
0
0
1
1
0
0
0
0
0
0
0

II
III
II
I
I
III
I
III
I
III
I
I
I
III
I

Cure
Cure
I
Cure
Cure
III
Cure
III
I
III
Cure
Cure
Cure
III
Cure

∗

CFUs: colony-forming units.
Newton’s classification (type: 1; 2; 3).
Clinical evaluation before and after treatment—Wilcoxon’s test 𝑃 = 0.0007.
Quantitative microbiological evaluation before and after treatment—Wilcoxon’s test 𝑃 = 0.00077.
Mean age: 62.06 ± 5.52.

∗∗
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4. Discussion
One of the limitations of the clinical trials is the impossibility
of controlling the medicaments correct use by patients at
home. Despite this limitation, the results found in the present
study showed that all the products used presented efficacy
for denture stomatitis clinical cure or reduction and for
number of Candida albicans colonies in culture elimination
or reduction. Few double-blinded, controlled-randomized
clinical-trials studies for topical treatment comparison of
Candida-associated denture stomatitis between Brazilian
green propolis and current medicinal treatment generally
done with topical well-known antifungal as miconazole gel
[2, 5] have been reported. According to our best knowledge,
this is the first study which reports the use of 2.5% propylene
glycol extract of Brazilian green propolis for the treatment
of Candida-associated denture stomatitis, comparing clinical
erythema and count of CFUs before and after treatment
and that established the best safety Brazilian green propolis
concentration through Candida inhibition test and that made
Candida spp. identification.
Propolis is considered a safe natural bee product and has
been extensively used in folk medicine since early times for its
pharmaceutical properties and its antiviral, antibacterial, and
antifungal properties have been demonstrated in a number of
investigations [12, 14, 15]. Only few cases of allergy to propolis
were reported, and, up to the present moment, there have
been no description of Brazilian green propolis side effects
[19, 21]. Systemic antifungals as fluconazole are expensive,
and the topical ones, such as nystatin and miconazole, have
some side effects as informed in their medical bulls. Due
to the increasing resistance to fluconazole and the limited
power of action and toxicity of some antifungal drugs,
new alternatives in the treatment of denture stomatitis are
welcome [26].
Good results using ethanolic [11, 23] and propylene glycol
vehicles of Brazilian propolis in denture stomatitis treatment
[27] have been reported.
Propylene glycol is a humectant vehicle of common use in
pharmacologic formulations, and it is an oral mucosa nonirritant product. In this pilot study propylene glycol extract
of Brazilian green propolis was well accepted by the patients,
and its nonirritant action makes this formulation reliable.
Medications with ethanol vehicle could induce irritation and
oral erythema that could modify or disguise the results, if
denture stomatitis is still present after the treatment [19].
Patients who received mouthwash propolis form were the
most pleased in relation to the taste and the easy way of their
treatment in this study.
For the three groups, there was statistically significant
yeast cells count suppression or decrease of the palatal
mucosa inflammation, after treatment. However, there was
no erythema complete remission or total colonies elimination
for all patients, neither for the ones who received miconazole
nor for the ones who received propolis. Studies with similar
methodology using miconazole gel [2, 25] and ethanolic
extract of Brazilian green propolis [23] showed similar
results. Nevertheless, Santos et al. [27] reported clinical
erythema total remission either by using miconazole gel or
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Brazilian green propolis gel. There was a female prevalence
in this study as may be expected from the epidemiology of
this condition [28].
An association among CFUs number and palatal erythema severity was expected. In spite of that, there was persistent denture stomatitis in patients who presented decrease
or absence of Candida spp. colonies after treatment, in the
three groups evaluated. On the other hand, some patients
had a great number of colonies and less erythema after
their treatment. These results can be explained by other
predisposing factors as systemic diseases, high consumption
of saccharose and denture alterations. This could increase
CFUs number, regardless candidiasis presence in those
patients. Budtz-Jörgensen and Carlino [5] already described
no apparent correlation among extensive mycological events
when compared to clinical parameters [9].
The lack of CFUs number in culture of 35 out of 85
denture wearers with palatal mucosa erythema, assessed
at the start of the study, also reinforced the multifactorial
etiology of denture stomatitis. Denture stomatitis presence
with or without growth of Candida spp. colonies found
suggests the need of meticulous investigation in medical
history of patients with this lesion to identify associated risk
factors. This study results also suggest that microbiological
tests for Candida spp. detection are needed before starting
any kind of antifungal therapy. This conduct avoids useless
antifungal therapy. According to Barbeau et al. [6], some
well-known risk factors associated with denture stomatitis are
prosthesis with old age, maladjustments, instability, broken,
worn during sleep, deficient in hygiene, and worn by patients
who have some systemic diseases or smoking. However,
Candida albicans, found here in all the 45 patients of the
treatment groups, has been considered as an important factor
in the etiology of denture stomatitis [1–3, 5, 7, 10].
The presumptive identification of C. albicans is mainly
obtained through germ-tube test. Lacaz et al. [29] reported
that C. dubliniensis also makes germ tube, in the same
conditions. C. dubliniensis is more found in immunological
depressed patients, and C. albicans is generally associated
with denture stomatitis. This data points out the hypothesis
that, in this study, the positive germ-tube test showed the
presence of C. albicans.
C. albicans is part of the oral microbiota [30]; however,
there was no yeast growth of Candida spp. in the swabs of
the 30 patients with health palatal mucosa in this study. This
fact suggests that either palatal mucosa is not a Candida
common habitat in normal conditions or it is difficult to
obtain Candida samples in the palate.

5. Conclusions
The overall results of this randomized clinical trial showed
that propylene glycol Brazilian green propolis has an antifungal activity similar to miconazole, in the C. albicans
colonies decrease and in the erythema reduction of patients
with Candida-associated denture stomatitis. Brazilian green
propolis that has antifungal properties, is a safe, affordable,
and natural product without well-known side effects up to
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now. Thus, it can be a good alternative in Candida-associated
denture stomatitis treatment, especially for public health.

Acknowledgment
This study was supported by grants from Fundação de
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The aim of this study was to evaluate the activity of the ethanolic extract of geopropolis (EEGP) from Melipona scutellaris and
its fractions on the modulation of neutrophil migration in the inflammatory process, and the participation of nitric oxide (NO)
pathway, as well as to check the chemical profile of the bioactive fraction. EEGP and its aqueous fraction decreased neutrophil
migration in the peritoneal cavity and also the interaction of leukocytes (rolling and adhesion) with endothelial cells. The levels
of chemokines CXCL1/KC and CXCL2/MIP-2 were not altered after treatment with EEGP and the aqueous fraction. It was found
that the injection of NO pathway antagonists abolished the EEGP and the aqueous fraction inhibitory activity on the neutrophil
migration. The expression of intercellular adhesion molecule type 1 (ICAM-1) was reduced, and nitrite levels increased after
treatment with EEGP and aqueous fraction. In the carrageenan-induced paw edema model, EEGP and the aqueous fraction showed
antiedema activity. No pattern of flavonoid and phenolic acid commonly found in propolis samples of Apis mellifera could be
detected in the aqueous fraction samples. These data indicate that the aqueous fraction found has promising bioactive substances
with anti-inflammatory activity.

1. Introduction
Neutrophils have key involvement in defending the body
during the inflammatory process. The process of neutrophil
rolling and adhesion to endothelial cells, followed by its
transmigration to the extravascular space, occurs due to the
release of lipidic mediators, cytokines and chemokines, which
activate selectins, integrins, and immunoglobulin [1, 2].

On the other hand, although recruitment of neutrophils
is a protective response of the organism, the occurrence of
an intense response can produce undesirable effects, that can
lead to a progressive tissue damage in the inflamed site. This
phenomenon occurs in different inflammatory diseases, such
as rheumatoid arthritis and periodontal disease [3, 4].
The development of new anti-inflammatory drugs that
interfere with the neutrophils trafficking on the inflammatory
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focus has attracted great interest among researchers, and the
sought strategies are by inhibiting of rolling, transmigration,
and adhesion of neutrophils on the inflammatory focus,
either by blocking of molecules involved in this process
or stimulating mediators such as nitric oxide (NO), which
inhibits this event [5–7].
Natural products have been researched for decades as a
promising source in the discovery of new drugs, and Apis
mellifera bee propolis has been reported in the literature as
possessing various biological activities [8–10]. In addition,
Apis mellifera propolis has been demonstrated as a source
of natural resource for the discovery of new bioactive compounds, such as artepelim C [11], apigenin and tt-farnesol
[12], and CAPE [9], among others.
Geopropolis, a mixture of resin, wax, and soil, is an
uncommon propolis collected by native stingless bees of
the Meliponini tribe and widely found in tropical and
subtropical areas worldwide [13, 14]. Among the geopropolis,
the one from the Melipona scutellaris bee species has been
target of interest of our research group. Studies with geopropolis observed significant antimicrobial activity against
Staphylococcus aureus [15] and antinociceptive activity [16],
suggesting that further studies should be conducted in order
to identify other biological activities as well as the elucidation
of its whole chemical profile, aimed at identifying promising
chemicals with pharmacological potential.
Thus, the aim of this study was to evaluate the activity of
the ethanolic extract of geopropolis (EEGP) from Melipona
scutellaris and its fractions on the modulation of neutrophil
migration in the inflammatory process, and the participation
of NO pathway, as well as to check the chemical profile of the
bioactive fraction.

2. Material and Methods
2.1. Geopropolis Samples and Fractionation. The geopropolis
samples were collected between June and July 2010 in the seaside region, municipality of Entre Rios (11∘ 57 S, 38∘ 05 W),
state of Bahia, Northeast of Brazil. Geopropolis (100 g) was
extracted with absolute ethanol (w/v) of proportion (1/7), at
70∘ C, for 30 min, and then filtered to obtain the EEGP. The
EEGP was further fractioned using a liquid-liquid extraction technique with hexane, chloroform, and ethyl acetate
solvents. At the end of three partitions, it was obtained a
residue called aqueous fraction [16]. The fractions obtained
were monitored by thin layer chromatography (TLC) using
the anisaldehyde reagent, followed by incubation at 100∘ C for
5 min. Fluorescent substances were visualized under UV light
at the wavelengths of 254 and 366 nm [17]. The EEGP and
its hexanic, chloroform, ethyl acetate, and aqueous fractions
were concentrated in a rotaevaporator at 40∘ C to obtain yields
of 4.33% (w/w), 1.98% (w/w), 0.23% (w/w), 0.87% (w/w),
and 1.25% (w/w), respectively. The extract and fractions
were dissolved in DMSO 1% (dissolved in PBS at 1 mM) for
subcutaneous (s.c.) administration.
2.2. Animals. Male SPF (specific-pathogen free) BALB/c
mice weighing 20–25 g were housed in temperature of
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22–25∘ C, with a light cycle of 12 h light/12 h dark, humidity
of 40–60%, and with access to water and food ad libitum.
The procedures described were reviewed and approved by the
local animal Ethics committee (CEUA Unicamp process no.
2037-1).
2.3. Drugs and Reagents. Carrageenan, aminoguanidine
(AG), [1H-(1,2,4)oxadiazolo (4,3-a) quinoxalin-1-one]
(ODQ), and dimethylsulphoxide (DMSO) were obtained
from Sigma Chemical Co. (St. Louis, MO, USA) and organic
solvents from Merck.
2.4. Biological Protocols
2.4.1. Evaluation of the Activity of EEGP and Its Fraction
on Neutrophil Migration in the Peritoneal Cavity Induced by
Carrageenan. The mice were pretreated with EEGP, hexane,
chloroform, ethyl acetate, or aqueous fractions (1, 3, 10,
or 30 mg/kg, s.c.). The negative control group received the
vehicle. After 30 min of treatment, it was applied carrageenan
IP at a dose of 500 𝜇g/cavity. After 4 h, the animals were killed
and the peritoneal cavity washed with 3 mL of PBS/EDTA
(1 mM). For total cell counting, it was utilized the Neubauer
chamber, and for differential counting, it was performed
by preparing smears in a cytocentrifuge (citospin; Shandon
Lipshaw Inc., Pittsburgh, PA, USA), which were stained with
fast Panotic kit, and for differentiated cells (100 cells total), an
optical microscope (1000× increase) was utilized. The results
were expressed as number of neutrophils per cavity [18].
2.4.2. Evaluation of the Activity of EEGP and Its Bioactive Fraction on the Rolling and Adhesion of Leukocytes
in the Mesenteric Microcirculation by Intravital Microscopy.
The mice were pretreated with EEGP or aqueous fraction
(10 mg/kg, s.c.) 30 min before the IP injection of carrageenan
500 𝜇g/cavity. The negative control group received the vehicle. After 2 and 4 h since the inflammatory stimulus, the
rolling and adhesion of leukocytes were rated as previously
described [19, 20]. The animals were anesthetized, and the
mesenteric tissue was exposed to in situ assessment by
intravital microscopy. The animals were placed on a plate with
a thermostat at 37∘ C, where the mesenteric tissue was kept
warm and moist with Ringer Locke solution (pH from 7.2 to
7.4) containing 1% of gelatin. The postcapillary venules, which
had a diameter of 10–18 𝜇m, were chosen, and the interaction
of leukocytes with the luminal surface of the endothelium
venule was assessed, where we counted the number of rolling
leukocytes for 10 min. Leukocytes were considered adherent
to the endothelium if they remained stationary for >30 s. Cells
were counted, and the image was recorded using five different
fields for each animal to avoid variability due to sampling.
Calculations were made for each animal.
2.4.3. Evaluation of Chemokines Levels after Treatment with
EEGP and Bioactive Fraction. The mice were pretreated with
EEGP or aqueous fraction (10 mg/kg, s.c.). The negative
control group received the vehicle. After 30 min of treatment,
it was applied carrageenan IP at a dose of 500 𝜇g/cavity.

Evidence-Based Complementary and Alternative Medicine

3
6

8

#
6

Neutrophils ×106 /cavity

Neutrophils ×106 /cavity

#

∗

4

∗

∗
∗

2

4

2

0

0
Saline

—

1

3
10
EEGP (mg/kg, s.c.)
Carrageenan (500 𝜇g/cavity)

Saline

30

—

1

3
10
HF (mg/kg, s.c.)
Carrageenan (500 𝜇g/cavity)

(a)

(b)

6

6
#

#
Neutrophils ×106 /cavity

Neutrophils ×106 /cavity

30

4

2

0

4

2

0
Saline

—

1

3
10
CF (mg/kg, s.c.)
Carrageenan (500 𝜇g/cavity)

30

—

Saline

1

3
10
EAF (mg/kg, s.c.)
Carrageenan (500 𝜇g/cavity)

(c)

30

(d)

Neutrophils ×106 /cavity

15

#

10

∗

5

∗

0
Saline

—

1

3
10
AF (mg/kg, s.c.)

30

Carrageenan (500 𝜇g/cavity)

(e)

Figure 1: Inhibitory effect of the ethanolic extract of geopropolis (EEGP) and aqueous fraction (AF) on neutrophils migration into the
peritoneal cavity induced by carrageenan. Neutrophil migration was determined 4 h after the injection of carrageenan 500 𝜇g/cavity. Mice
previously treated with vehicle (saline and carrageenan), EEGP (a), hexane fraction (HF-(b)), chloroform (CF-(c)), ethyl acetate (EAF-(d)),
or aqueous (AF-(e)). The data are expressed as mean ± SEM, 𝑛 = 6. Symbols indicate statistical difference (𝑃 < 0.05, Tukey test). # Compared
to the saline group; ∗ compared to the carrageenan group.
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Figure 2: Inhibitory effect of the ethanolic extract of geopropolis (EEGP) and aqueous fraction (AF) on rolling (a) and adhesion (b) of
leukocytes assessed by intravital microscopy in mesenteric tissue of mice, 2 and 4 h after IP injection of carrageenan 500 𝜇g/cavity. Mice
were pretreated with vehicle (saline and carrageenan), EEGP, or aqueous fraction (10 mg/kg). The data are expressed as mean ± SEM, 𝑛 = 5.
Symbols indicate statistical difference (𝑃 < 0.05, Tukey test). # Compared to the saline group; ∗ compared to the carrageenan group.
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Figure 3: Effect of the ethanolic extract of geopropolis (EEGP) and aqueous fraction (AF) on the levels of CXCL1/KC (a) and CXCL2/MIP-2
(b) 3 h after the injection of 500 𝜇g/cavity of carrageenan in the peritoneal cavity. Mice were pretreated with vehicle (saline and carrageenan),
EEGP, or aqueous fraction (10 mg/kg, s.c.). The data are expressed as mean ± SEM, 𝑛 = 5. Symbols indicate statistical difference (𝑃 < 0.05,
Tukey test). # Compared to the saline group.

After 3 h, the animals were killed and the peritoneal cavity
washed with 3 mL of PBS/EDTA (1 mM). Levels of CXCL1/KC
and CXCL2/MIP-2 were determined by ELISA using protocols supplied by the manufacturers (R&D Systems, Inc). The
results are expressed as picograms.
2.4.4. Effect of Inhibitors of NO Pathway on the EEGP
Inhibitory Effect and Bioactive Fraction on Neutrophil Migration in the Peritoneal Cavity Induced by Carrageenan. The
animals were pretreated with a selective inhibitor of iNOS

(aminoguanidine 50 mg/kg, s.c.) or a selective inhibitor of
soluble guanylate cyclase (ODQ 5 𝜇mol/kg, IP) 30 min before
EEGP or aqueous fraction (10 mg/kg, s.c.) administration.
The negative control group received the vehicle. After 30 min
of treatment, it was applied carrageenan at a dose of
500 𝜇g/cavity and neutrophil migration was determined as
described in the Section 2.4.1 [18, 21].
2.4.5. Evaluation of ICAM-1 Expression by Western Blotting
after Treatment with EEGP and Bioactive Fraction. The mice
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Figure 4: Inhibitory effect of the ethanolic extract of geopropolis (EEGP) and aqueous fraction (AF) on neutrophils migration into the
peritoneal cavity induced by carrageenan. Neutrophil migration was determined 4 h after the injection of carrageenan 500 𝜇g/cavity. Mice
were pretreated with aminoguanidine (AG—50 mg/kg, (a)) and ODQ (5 𝜇mol/kg, (b)) antagonists. After 30 min, the animals were pretreated
with vehicle (saline and carrageenan), EEGP, or aqueous fraction (10 mg/kg). The data are expressed as mean ± SEM, 𝑛 = 6. Symbols indicate
statistical difference (𝑃 < 0.05, Tukey test). # Compared to the saline group; ∗ compared to the carrageenan group; ∗∗ compared to the groups
that received only EEGP and the aqueous fraction.

were pretreated with EEGP or aqueous fraction (10 mg/kg,
s.c.). The negative control group received the vehicle. After
30 min of treatment, it was applied carrageenan IP at a
dose of 500 𝜇g/cavity. After 4 h, the animals were killed,
then the mesenteric tissue was dissected, and the proteins
were isolated. Tissues were lysed in 400 mL of buffer (1%
Triton X-100, 1 M NaF, 100 mM Nappi, 1 M Na3 VO4 , 1 mg/mL
aprotinin, 1 mg/mL leupeptin, and 1 mg/mL PMSF) and centrifuged at 4∘ C for 20 min at 12.300/g. Equal amounts of
protein (50 𝜇g) were separated by 10% SDS-PAGE and transferred to a nitrocellulose membrane (Bio-Rad). The standard
molecular weight (Bio-Rad) was run in parallel to estimate
the molecular weight. Membranes were blocked, overnight
at 4∘ C, in TBS-T (20 mM Tris-HCl (pH 7.5), 500 mM NaCl,
and 0.1% Tween 20) plus 5% of nonfat skimmed milk powder.
After the blocking, the membranes were incubated, overnight
at 4∘ C, with rabbit anti-ICAM-1 (1 : 200) or 𝛼-tubulin (Santa
Cruz Biotechnology) and utilized as an internal control
(1 : 1000) diluted in TBS-T containing 5% of nonfat skim milk
powder. The membranes were then incubated with rabbit
anti-IgG conjugated to peroxidase (1/2000) diluted in TBS-T
containing 5% of nonfat milk powder at room temperature
for 30 min. Finally, the bands recognized by the specific
antibody were visualized using a chemiluminescence-based
ECL system (Amersham Biosciences) and exposed to an Xray film for 30 min (Eastman Kodak). A computer imaging
system (Gel-Pro Analyzer) was utilized to measure the
intensity of the OD of the bands.
2.4.6. Evaluation of Nitrite Levels after Treatment with EEGP
and Bioactive Fraction. The mice were pretreated with EEGP
or aqueous fraction (10 mg/kg, s.c.). The negative control

group received the vehicle. After 30 min of treatment, it was
applied carrageenan IP at a dose of 500 𝜇g/cavity. After 4 h,
the animals were killed and the peritoneal cavity washed
with 3 mL of PBS/EDTA (1 mM). The production of NO was
determined in the peritoneal lavage using the Griess method
[22] by measuring the nitrite concentration at 540 nm.
2.4.7. Evaluation of the Activity of EEGP and Its Bioactive
Fraction on Carrageenan-Induced Paw Edema. The mice
were pretreated with EEGP or aqueous fraction (1, 3, 10,
or 30 mg/kg, IP). The negative control group received the
vehicle. After 30 min of treatment, the animals were subjected
to an intraplantar injection of 50 𝜇L carrageenan (1 mg/paw)
in the left hind leg. The animal’s paw volume was measured
before (time 0) and after injection of carrageenan (1, 2, 3,
4, and 5 h) utilizing a plethysmometer (Ugo Basile, Model
7150, Italy). The results were expressed as the threshold of the
inflamed paw Δ (mL), which was calculated by subtracting
the values obtained before (time 0) and after the injection of
carrageenan [23].
2.5. Chemical Analysis of the Bioactive Fraction
2.5.1. High-Performance Liquid Chromatography Reverse
Phase. Ten microliters of sample (aqueous fraction) were
injected into a liquid chromatograph coupled to a photodiode
array detector at 260 nm, and the sample were eluted through
a C18 reverse phase column (250 × 4.6 mm), with particle size
of 5 𝜇m. The mobile phase was water/acetic acid (98/2) (solvent A) and water/acetonitrile/acetic acid (68/30/2) (solvent
B) with constant rate of 1 mL/min. The gradient started with
0 to 30% of solvent B in 20 min, 30 to 50% of B in 10 min,
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Figure 5: Effect of the ethanolic extract of geopropolis (EEGP) and aqueous fraction (AF) on the expression of ICAM-1 (a) and nitrite
levels (b) 4 h after the injection of 500 𝜇g/cavity of carrageenan (Cg) in the peritoneal cavity. Mice were pretreated with vehicle (saline and
carrageenan), EEGP, or aqueous fraction (10 mg/kg, s.c.). The data are expressed as mean ± SEM, 𝑛 = 5. Symbols indicate statistical difference
(𝑃 < 0.05, Tukey test). # Compared to the saline group; ∗ compared to the carrageenan group.
Table 1: EEGP effect on carrageenan-induced paw edema on mice.
Treatment (mg/kg)
Carrageenan

1
0.06 ± 0.01

2
0.08 ± 0.01

EEGP 1 mg/kg
EEGP 3 mg/kg
EEGP 10 mg/kg
EEGP 30 mg/kg

0.04 ± 0.01
0.05 ± 0.01
0.05 ± 0.01
0.05 ± 0.01

0.05 ± 0.02
0.06 ± 0.01
0.05 ± 0.01
0.05 ± 0.01

Time (h) after injection of carrageenan
3
4
0.13 ± 0.02
0.16 ± 0.01
0.06 ± 0.02∗
0.05 ± 0.01∗
0.05 ± 0.02∗
0.05 ± 0.01∗

0.11 ± 0.02
0.12 ± 0.01
0.12 ± 0.01
0.06 ± 0.01∗

5
0.15 ± 0.01
0.12 ± 0.02
0.15 ± 0.01
0.13 ± 0.01
0.05 ± 0.02∗

The data are expressed as mean ± SEM, n = 6. Symbols indicate statistical difference (P < 0.05, Tukey test). ∗ Compared to the carrageenan group.

50 to 70% of B in 20 min, 70 to 100% of B in 5 min, 100%
of B in 20 min, and 100 to 0% of B in 10 min [24]. We
utilized authentic standards of flavonoids and phenolic acids
to compare the retention time of substances in the aqueous
fraction sample.
2.6. Statistical Analysis. Data were expressed as mean ± standard error of the mean (SEM), and statistical comparisons
between groups were made utilizing analysis of variance
(ANOVA) followed by Tukey test. Significance was accepted
when 𝑃 < 0.05.

3. Results
3.1. EEGP and Aqueous Fraction Inhibit Neutrophil Migration
in the Peritoneal Cavity. We evaluated the activity of EEGP
and its aqueous fraction on neutrophil migration in the
peritoneal cavity induced by carrageenan. Regarding the
results, it was found that administration of EEGP decreased
the influx of neutrophils into the peritoneal cavity, compared
to the carrageenan group (𝑃 < 0.05). It was observed

an inhibition of 41, 61, 62, and 50% for doses of 1, 3,
10, and 30 mg/kg (Figure 1(a)), respectively. Concerning the
chemical fractions studied, the hexane fraction (Figure 1(b)),
the chloroform fraction (Figure 1(c)), and the ethyl acetate
fraction (Figure 1(d)) showed no significant inhibition of
neutrophil recruitment (𝑃 > 0.05). On the other hand, the
aqueous fraction decreased the number of neutrophils in the
peritoneal cavity after injection of carrageenan (𝑃 < 0.05),
where we observed an inhibition of 66 and 64% for doses of
10 and 30 mg/kg, respectively (Figure 1(e)). Thus, the aqueous
fraction was selected as the bioactive fraction of EEGP.
3.2. EEGP and Aqueous Fraction Inhibit the Rolling and
Adhesion of Leukocytes. By checking the activity on the
inhibition of neutrophil migration in the peritoneal cavity, we
evaluated the activity of EEGP and aqueous fraction on the
rolling and adhesion of leukocytes to endothelial cells. Based
on the results, we found that EEGP and the aqueous fraction,
at a dose of 10 mg/kg, decreased leukocyte rolling and
adhesion to endothelial cells, compared to the carrageenan
group (𝑃 < 0.05), with an inhibition of 48 and 58%
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Table 2: Aqueous fraction effect on carrageenan-induced paw edema on mice.

Carrageenan

1
0.08 ± 0.01

Time (h) after injection of carrageenan
2
3
4
0.10 ± 0.02
0.13 ± 0.01
0.16 ± 0.02

5
0.15 ± 0.01

Aqueous fraction 1 mg/kg
Aqueous fraction 3 mg/kg
Aqueous fraction 10 mg/kg
Aqueous fraction 30 mg/kg

0.10 ± 0.01
0.08 ± 0.01
0.06 ± 0.01
0.06 ± 0.01

0.11 ± 0.01
0.09 ± 0.02
0.08 ± 0.01
0.05 ± 0.02

0.13 ± 0.01
0.13 ± 0.01
0.11 ± 0.01
0.09 ± 0.02

Treatment (mg/kg)

0.11 ± 0.01
0.09 ± 0.01
0.08 ± 0.02
0.06 ± 0.02∗

0.14 ± 0.01
0.13 ± 0.01
0.11 ± 0.02
0.08 ± 0.03∗

The data are expressed as mean ± SEM, n = 6. Symbols indicate statistical difference (P < 0.05, Tukey test). ∗ Compared to the carrageenan group.

for the rolling (Figure 2(a)) and 75 and 61% for the adhesion
of leukocytes (Figure 2(b)), respectively.
3.3. EEGP and Aqueous Fraction Promote No Changes
Chemokines Levels in Mice Subjected to Injection of Carrageenan in the Peritoneal Cavity. In order to elucidate the
mechanism of action by which EEGP and the aqueous
fraction inhibit neutrophil migration, we initially studied
their action on the synthesis and/or release of chemokines.
Thus, we found that EEGP and the aqueous fraction, at
a dose of 10 mg/kg, did not alter levels of chemokines
CXCL1/KC (Figure 3(a)) and CXCL2/MIP-2 (Figure 3(b))
in animals subjected to IP injection of carrageenan (𝑃 >
0.05).
3.4. Inhibitors of NO Pathway Cause Suppression of the Effect of
EEGP and Aqueous Fraction on Neutrophil Migration Induced
by Carrageenan. After, we evaluated the participation of the
NO pathway. According to the results, we observed that the
application of antagonists of NO pathway (Figures 4(a) and
4(b)) abolished the inhibitory effect of EEGP and aqueous
fraction, at a dose of 10 mg/kg, on neutrophil migration
induced by carrageenan (𝑃 < 0.05), thus confirming that
the inhibitory action of recruitment of neutrophils is at least
partly due to the NO pathway.
3.5. EEGP and Aqueous Fraction Decrease the Expression
of ICAM-1 and Increase Nitrite Levels in Mice Subjected to
Injection of Carrageenan in the Peritoneal Cavity. Regarding
the expression of adhesion molecules ICAM-1, we observed
that treatment with EEGP and aqueous fraction, at a dose of
10 mg/kg, reduced its expression (𝑃 < 0.05) when compared
to the carrageenan group (Figure 5(a)). Besides, the treatment
with EEGP and aqueous fraction (10 mg/kg) increased the
nitrite levels (𝑃 < 0.05) when compared to the carrageenan
group (Figure 5(b)).
3.6. Antiedematogenic Activity of EEGP and Aqueous Fraction
on Paw Edema. We verified the activity of EEGP and aqueous
fraction on carrageenan-induced paw edema. According to
the results, we found that EEGP showed antiedematogenic
activity (Table 1), and we observed an inhibition of 57, 60, 62,
and 62% for doses of 1, 3, 10, and 30 mg/kg (3 h) and 66%
(4 and 5 h after injection of carrageenan) for the 30 mg/kg
dose.

Furthermore, the aqueous fraction was able to reduce the
edema only for the dose of 30 mg/kg, showing an inhibition
of 56% (3 h) and 49 % (4 h) (Table 2).
3.7. High-Performance Liquid Chromatography Reverse Phase.
According to the chromatograms obtained by high-performance liquid chromatography reverse phase (HPLC-FR) of
the aqueous fraction (Figure 6), we could verify the existence
of two major compounds that were not compatible with any
of the standards utilized.

4. Discussion
The present study demonstrated that the EEGP and its
aqueous fraction decreased leukocyte interaction (rolling
and adhesion) with endothelial cells as well as neutrophil
migration into the peritoneal cavity of mice subjected to
intraperitoneal injection of carrageenan through suppression
of adhesion molecules ICAM-1, which is an NO pathwaydependent activity.
The inflammatory process is a set of events arising from
the participation of various mediators that promote vascular
and cellular events [5, 25]. NO plays different physiological
functions in the body. Its production involves the participation of a family of enzymes known as NO synthases (NOS).
Among them, the inducible NOS (iNOS) is activated during
the inflammatory process [18, 21, 26].
Recent studies have shown that the inhibitory effect of
NO (via iNOS) on migration of neutrophils in the inflammatory process is dependent on the activation of enzyme
soluble guanylate cyclase (sGC). The activation of the sGC
leads to an increase in the production of guanosine 3 5 -cyclic
monophosphate (cGMP) and consequent inhibition of the
ICAM-1 adhesion molecules [18, 21].
The present study demonstrated that treatment with
specific antagonists of iNOS or the sGC suppressed the
inhibition of neutrophil migration by EEGP and its aqueous
fraction. These results suggest, therefore, that the inhibitory
effect of EEGP and the aqueous fraction on neutrophils
migration by NO pathway is related to increased levels of NO
(via iNOS activation), which can be observed by the increase
in nitrite levels and consequent activation of the sGC/cGMP
pathway, thus leading to the suppression of ICAM-1 adhesion
molecules.
As edema is one of the key events in the inflammatory
response, we also evaluated the effectiveness of EEGP and
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Figure 6: Chromatograms obtained by HPLC-RP of the aqueous fraction. 1: UV 𝜆 240 nm, RT = 3.71 min; 2: UV 𝜆 238 nm, RT = 32.36 min.

the aqueous fraction on carrageenan-induced paw edema.
The first phase (0–3 h) of carrageenan-induced paw edema
is associated with increase in the histamine, serotonin,
and kinins chemical mediators, and these are related with
the increase in vascular permeability, besides the increased
production of the IL-1𝛽 and TNF-𝛼 cytokines [27–29]. In
the second phase (3-4 h) there is a production of mediators
derived from the inducible cyclooxygenase enzyme, such as
prostaglandins, and this second phase is sensitive to antiinflammatory cyclooxygenase inhibitors [27, 28]. According
to the results presented, EEGP and its aqueous fraction
decreased the carrageenan-induced paw edema, where this
activity was observed only in the second phase (3-4 h) of the
experiment. These results, therefore, suggest that the activity
of EEGP and the aqueous fraction may be related to the
inhibition of prostaglandin formation.
In relation to chemical analysis by HPLC, with
mobile phase optimized for polar compounds, two major
compounds could be identified, which shows the highly
polar characteristic of bioactive chemical compounds. No
flavonoid or phenolic acid was found in the aqueous fraction.
These phenolics are a class of chemicals reported in the
literature as responsible for most of the biological activity
of propolis from Apis mellifera [30, 31], thus suggesting a
different chemical profile of the geopropolis from Melipona
scutellaris, as evidenced in the aqueous fraction. Hence,
these chemical profile data suggest the presence of chemical
compounds that have not been reported in the literature
as to their pharmacological activities (especially antiinflammatory), which arouses special attention due to its
promising mechanism of action.

the isolation and identification of bioactive compounds
present in the aqueous fraction, which may enable the
development of new effective anti-inflammatory drugs for the
treatment of inflammatory diseases.

5. Conclusion
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Therefore, we conclude that the EEGP and its aqueous fraction decreased migration of neutrophils in the inflammatory
process, and this is dependent on the nitric oxide pathway.
Thus, due to their distinct chemical profile and promising mechanism of action, further studies are necessary for

Abbreviations
AG:
cGMP:
DMSO:
EEGP:
HPLC-FR:
ICAM-1:
iNOS:
NO:
NOS:
sGC:
ODQ:

Aminoguanidine
Guanosine 3 5 -cyclic monophosphate
Dimethylsulphoxide
Ethanolic extract of geopropolis
High-performance liquid chromatography
reverse phase
Intercellular adhesion molecule type 1
Inducible nitric oxide synthase
Nitric oxide
Nitric oxide synthases
Soluble guanylate cyclase
[1H-(1,2,4)oxadiazolo (4,3-a)
quinoxalin-1-one].

Acknowledgments
The authors are grateful to Mr. José Emı́dio Borges de
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Propolis is the generic name given to the product obtained from resinous substances, which is gummy and balsamic and which is
collected by bees from flowers, buds, and exudates of plants. It is a popular folk medicine possessing a broad spectrum of biological
activities. These biological properties are related to its chemical composition and more specifically to the phenolic compounds
that vary in their structure and concentration depending on the region of production, availability of sources to collect plant resins,
genetic variability of the queen bee, the technique used for production, and the season in which propolis is produced. Many scientific
articles are published every year in different international journal, and several groups of researchers have focused their attention
on the chemical compounds and biological activity of propolis. This paper presents a review on the publications on propolis and
patents of applications and biological constituents of propolis.

1. Introduction
Propolis is a resinous substance collected by Apis mellifera from various tree buds which they then use to coat
hive parts and to seal cracks and crevices in the hive [1].
Propolis has been used as a folk medicine since 300 BC [2].
Recently, numerous biological properties of propolis have
been reported including cytotoxic, antiherpes, free radical
scavenging, antimicrobial, and anti-HIV activities [3–9].
Because of the wide range of biological activities, propolis
has recently been extensively used in food and beverages to
improve health and prevent diseases [10–12].
The medical application of propolis preparation has
led to an increased interest in its chemical compositions
and its botanical origins, because so far mainly polyphenol
compounds have been identified in propolis collected by Apis
mellifera. The flavonoids, the main polyphenols in propolis,
have been found to be quantitatively or qualitatively variable,
depending on the environmental plant ecology [13–16].

2. History of Propolis and the Research
on Propolis
The word “propolis” is derived from the Greek pro (for “in
front of ” or “at the entrance to”) and polis (“community” or
“city”) and means a substance in defense of the hive. Propolis,
or bee glue, is a brownish resinous material collected by
worker bees from the leaf buds of numerous tree species
like birch, poplar, pine, alder, willow, palm, Baccharis dracunculifolia, and Dalbergia ecastaphyllum [15, 17, 18]. In order
to manufacture propolis, bees may also use material actively
secreted by plants or exuded from wounds in plants [18].
Propolis has been used by man since early times for
various purposes as an antiseptic, antioxidant, antiinflammatory, and an adhesive and to seal cracks; to protect wooden
and other surfaces. The bees use propolis to repair combs,
to strengthen the thin borders of the comb, and to make
the entrance of the hive weathertight or easier to defend.
Propolis is also used as an “embalming” substance to cover
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(a)

(b)

Figure 1: Apis mellifera collecting propolis of Baccharis dracunculifolia to production propolis in Brazil. (a) Apis mellifera collecting leaf apices
Baccharis dracunculifolia; (b) deposition of green propolis cracks in the hive.

the carcass of a hive invader which the bees have killed but
cannot transport out of the hive. The bees cover the invader
with propolis and wax, and the remains are left at the bottom
or on one of the walls of the hive [2, 19]. Figure 1 illustrates
the Apis mellifera collecting resinous material from leaf buds
of Baccharis dracunculifolia (a) and the deposition of green
propolis in the hive (b).
In early records are mentioned substances that cast doubt
on the use or not of propolis. In Genesis (c. 1700 BC), tzori
was taken to Egypt, once with honey and its healing properties are noted three times in Jeremiah. Twice, tzori came
from Gilead, but it was not balm of Gilead which is produced
from a tree, Commiphora opobalsamum. Assis believed that
“black wax” referred to in the Egyptian Ebers papyrus (c. 1550
BC) may have been propolis. He also considered that Hebrew
tzori was an early word for propolis. This occured six times in
the Hebrew scriptures and was usually translated as balm or
balsam [19].
Egyptians knew very well the antiputrefactive properties
of propolis and used it to embalm cadavers. Greek and Roman
physicians Aristoteles, Dioscorides, Pliny, and Galen were
familiar with the medicinal properties of propolis. It is not
known what methods were used for harvesting it in the
ancient world, although writers in Greece and Rome were
familiar with it. The Greek Historia Animalium referred to a
substance mitys, which was probably propolis, as “a cure for
bruises and suppurating sores.” According to Varro in Rome,
propolis was used by physicians in making poultices, and for
this reason it brings even a higher price than honey on the
Via Sacra [19].
The propolis was employed as an antiseptic and cicatrizant in wound treatment and as a mouth disinfectant,
with these uses being perpetuated in the Middle Ages and
among Arab physicians. Propolis was also recognized by
other peoples unrelated to the Old World civilizations: Incas
employed propolis as an antipyretic agent, and the London
pharmacopoeias of the seventeenth century listed propolis
as an official drug. Between the seventeenth and twentieth
centuries, the propolis became very popular in Europe on
account of its antibacterial activity [18].

2.1. Publications and Patents. The first work indexed by
Chemical Abstracts on propolis was in 1903, and the first
patent was described in 1904 (USA—Composition for treating pins and piano strings). One hundred and nine years after
the first publication in the Chemical Abstract, the number of
publications on propolis reached 3,880 in journal and 2,884
in patents.
Figure 2 shows the number of publications on propolis
over the decades; data were obtained by searching the Chemical Abstracts. The global interest in propolis research presents
two justifications according to Pereira et al. [20], the first to
present diverse biological properties and the second by high
added value, the sale price of a bottle in Brazil is about 5 to 10
real.
The scientific production about propolis by document
type is the majority about journal and patents as shown in
Figure 3.
The processed patent documents contain highly valuable
legal, economic, and technical information; hence, the results
obtained from their processing make it possible to obtain
highly valuable information to reach conclusions useful as
key elements for the design of R&D, technological surveillance, market studies, and marketing strategies [21].
Since the first patent was filed and until today, it is possible
to see that there was a considerable increase in the number of
patents in the last thirty years (Figure 4).
According to profile of patents, shown in Figure 5, China,
Japan, and Russia are those that hold most of the patents. This
fact can be justified by China and Russia being the largest
producers of propolis. Today 42% of patents are Chinese
(Figure 5), and the first Chinese patent appeared in 1993
(on “Process for production mouth freshener”). The Japanese
have 15% of patents, and the first appeared in 1988 (about
“Deodorants controlling mouth odor”). The first patent was
obtained in 1968 on Russian “Toothpaste” and represented
12% of patents. Brazil deposited its first patent in 1997 on
“Dental gel.” Some patents are presented in Table 1.
Suárez et al. [21] noted the trend of patent applications
according to application area for the period 1972–2000
and observed a high incidence of products with medicinal
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Table 1: Relationship of some of the 2,884 international patents (Chemical Abstracts).
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Figure 3: Scientific production on propolis by document type
(Chemical Abstracts).

and nutraceutical properties and with dermatological applications.
The scientific production on propolis and healthy patents
between the decades in shown in Figure 6.
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Figure 4: Scientific production on propolis by patents (Chemical
Abstracts).
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Figure 5: Scientific production on propolis by patents and languages
(Chemical Abstracts).

The inventions processed according to their priority
country are which shown in Figure 7 in which the highest
number of filings corresponds to China (476), followed by
Japan (177), Korea and Russian with 77, and 29 and filings,
respectively. Japan imports almost all the propolis used in
the country: 80% comes from Brazil and 10% from China
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Figure 8: Scientific production on propolis for dental treatment by
patents and languages (Chemical Abstracts).

Analyzing the data, it is possible to observe that there was
a drop in sales in 2011 compared to 2010. Regarding the value
of the product, there was an increase of over 50% in 2012
compared to 2010. According to Aga et al. [23], the country
that buys Brazilian propolis is Japan, and its extensive use in
foods and beverages intended to maintain or improve human
health.
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Table 2: Brazilian propolis export market [49].
Year

Quantity export
(Kg)

Value
(U$S)

Value per kilo
(U$S/Kg)

2010
2011
2012

51,213
38,845
41,721

4,346,604
4,537,727
5,401,643

84.87
116.81
129.47

and other countries, and this is shown in their inventions,
since in the analysis carried out to the content of the Japanese
inventions we can see that the Brazilian propolis is the target
of invention [21].
Six percent of patents filed by 2012, refers to the use of
propolis for dental treatment (Figure 8). According to Pereira
et al. [20], this is one of the most widely studied applications
of propolis worldwide.
According to the Ministry of Development Industry and
Foreign Trade of Brazil [22], the Brazilian export market
of propolis in the year of 2012 was 41,721 Kg corresponding
about $5,401,643. These values can be observed in Table 2.

3. Chemical Composition and Propolis Activity
3.1. Chemical Composition. Propolis is a complex resinous
mixture which contains approximately 50% of resin and
balsam, 30% of wax, 10% of essential and aromatic oils,
5% of pollen, and 5% of impurities [24]. The chemical
composition of propolis is highly variable mainly due to the
variability of plant species growing around the hive, from
which the bees collect the exudates [18, 25–28]. Additionally,
propolis composition can vary depending on the seasonality,
illumination, altitude, collector type, and food availability
and activity developed during propolis exploitation [29–33].
Much work has been conducted on the chemical composition and biological activities. Until now, more than 300
chemical constituents have been identified in propolis from
different regions [34]. The main chemical classes present in
propolis are flavonoids, phenolics, and aromatic compounds
(Figure 9) [35, 36]. Propolis also contains some volatile oils,
terpenes, and bee wax, but these compounds are not believed
to contribute as significantly to the chemical properties and
effects of propolis [36].
Many analytical methods have been used for separation
and identification of propolis constituents. Differents compounds have been identified in ethanol extracts of propolis
(Table 3).
3.2. Method of Extraction. The method of extraction and solvent can change the chemical composition of propolis extract.
Commercial products such as tablets, capsules, ampoules,
and syrups are prepared with ethanolic extract of propolis.
Methanol is only used for research purposes. Some varieties
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Table 3: Identified compounds in ethanol extracts of propolis.
Sample

Compounds identified

Bulgarian propolis

3,7-Dihydroxy-5-methoxyflavanone 2,5-dihydroxy-7-methoxyflavanone

[50]

North and South
Bulgaria

Dihydrocaffeic acid
Dihydroferulic acid
Dihydroxyacetophenone hydroxymethoxyacetophenone
𝛽-Phenethyl alcohol
Benzyl alcohol pinobanksin
Pinostrobin
Dimethyl kaempferol

[51]

Brazil/São Paulo state

3-Prenyl-4-dihydrocinnamoloxynnamic acid

[23]

Brazil/São Paulo
state/Botucatu city

9-E and 9-Z 2,2-Dimethyl-6-carboxyethenyl-8-prenyl-2H-benzopyran

[52]

Brazil/São Paulo state

Dehydroabietic acid
Abietic acid
𝛽-Amyrine
Triterpenic alcohol of amyrine
Lanosterol isomer with 9(11) double bond

[53]

Not reported

(E)-2,3-Dihydroconiferyl p-coumarate
(E)-3-2,3-Dihydro-2-[2-[(E)-pcoumaroyloxy]-1-methylethyl]-5-benzofuranyl-2propenoic acid
(E)-4-(2,3-Dihydrocinnamoyloxy) cinnamic acid
(E)-3-(2,2-Dimethyl-3,4-dihydro-3-hydroxy-2H-1-benzopyran-6-yl)-2-propenoic acid
(E)-3-[2,3-Dihydro-2-(1-methylethenyl)-5-benzofuranyl]-2-propenoic acid
(E)-3-[2,3-Dihydro-2-(1-methylethenyl)-7-prenyl-5-benzofuranyl]-2-propenoic acid
(E)-3-3-[(E)-4-(2,3-Dihydrocinnamoyloxy)-3-methyl-2-butenyl]-4-hydroxy-5prenylphenyl-2-propenoic acid
Dihydrokaempferol (aromadendrin)
6-Methoxykaempferol
4-Hydroxy-3-prenylbenzoic acid
Plicatin B
Capillartemisin A

[54]

Japan/Okinawa

Prokinawan

[55]

Brazilian propolis type 6

Hyperibone A




Reference

[56]


Mexico/Champoton

1-(3 ,4 -Dihydroxy-2 -methoxyphenyl)-3-(phenyl)propane
(z)-1-(2 -Methoxy-4 ,5 -dihydroxyphenyl)-2-(3-phenyl)propene
3-Hydroxy-5,6-dimethoxyflavan
(−)-7-Hidroxyflavanone
(−)-Mucronulatol
(−)-Arizonicanol a
(+)-Vestitol
(−)-Melilotocarpan a
(−)-Melilotocarpan d
(+)-Pinocembrin

[57]

Greece (six regions)

18-Hydroxyabieta-8, 11,13-triene
Dihydroxyabieta-8,11,13-triene; hydroxydehydroabietic acid
18-Succinyloxyabietadiene
18-Succinyloxyabietadiene (isomer)
18-Succinyloxyhydroxyabietatriene

[58]

Kenyan propolis

Tetrahydrojusticidin B
6-Methoxydiphyllin
Phyllamyricin C
Macarangin
Schweinfurthin A
Schweinfurthin B

[59]
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Table 3: Continued.

Sample

Compounds identified

Reference

Indonesia/East Java
province/Batu city

5-Pentadecylresorcinol
5-(8 z, 11 z Heptadecadienyl)-resorcional
5-(11 z-Heptadecenyl)-resorcinol
5-Heptadecylresorcional
Propolin d
Propolin c
Propolin f
Propolin g

[60]

Jordanian propolis

24(z)-1𝛽-3𝛽-Dihydroxyeupha-7,24-dien-26-oic acid

[61]

Honduras

(E, Z)-Cinnamyl cinnamate

[62]

Solomon island

Solophenol (A)

[63]

Table 4: Propolis of different geographic regions and their principal plants’ sources of chemical compounds (from Bankova, 2005).
Geographic origin

Plant source

References

Bulgaria
Albania
Bulgaria
Mongolia
USA (mainland)
USA (Hawaiian islands)
United Kingdom
Hungary
Poland
Equatorial regions
Equatorial regions
Australia
North temperate zone
Europe, North America, nontropic regions of
Asia (poplar propolis)
Russia (birch propolis)
Brazil (green-alecrim-propolis)

Populus nigra, P. italic
Populus nigra
Populus tremula
Populus suaveolens
Populus fremontii
Plumeria acuminate, Plumeria acutifolia
Populus euramericana
Betula, Populus, Pinus, Prunus, and Acacia spp.; Aesculus hypocastane
Betula, Alnus spp.
Delchampia spp.
Clusia spp.
Xanthorrhoea
Poplar, birch, elm, alder, beech, conifer, and horse chestnut

[16, 50, 63]
[63]
[16]
[16, 63]
[16]
[16]
[16]
[16]
[16]
[16]
[16, 64]
[2]
[2]

Populus spp. of section Aigeiros, most often P. nigra L.

[1, 34, 65]

Betula verrucosa Ehrh.
Baccharis spp. Predominantly B. dracunculifolia DC.
Clusia minor
Clusia spp.
Populus alba
Hyptis divaricate
Dalbergia ecastaphyllum

[66]
[14, 67]

Cuba, Venezuela
South Brazil (type 3), Argentine, and Uruguay
Brazil (type 6 from northeastern Brazil)
Brazil (type 13 from northeastern Brazil)

of propolis have solubility in water, thereby extracting water
should also be considered for study [35].
3.3. Origin Botanical. The materials available to bees for
production of propolis are substances actively secreted by
plants as well as substances exuded from wounds in plants:
lipophilic materials on leaves and leaf buds, resins, mucilages,
gums, lattices, and so forth [37].
The composition of the plant source determines the
chemical composition of bee glue, and it is dependent on
its geographical location; as a result, its biological activity is
closely related to the vegetation native to the site of collection
[14, 38, 39].

[16, 68–70]
[71]
[14]
[17, 42]

Bankova [38] discusses the diversity of the chemical
composition of propolis and the problem of standardization.
The issue is based on the chemical composition of propolis
which varies with the plant source collection. Dealing with
reliable criteria for chemical standardization of different
propolis types is needed, but such generally accepted criteria
do not yet exist. There is still a lot of work to be done
to achieve standardization of other propolis types. Working
with standardization material will allow scientists to connect
a particular chemical propolis type to a specific type of
biological activity and formulate recommendations. Table 4
illustrates propolis of different geographic regions and their
principal plant sources of chemical compounds.
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Table 5: Classification of Brazilian propolis, according to their physicochemical characteristics and location [17, 41].
Ethanolic extract of propolis

Groups

Color
Yellow
Brown
Dark brown
Brown
Greenish brown
Reddish brown
Greenish brown
Dark brown
Yellow
Dark yellow
Yellow
Green or greenish brown
Red

Group 1 (RS5)
Group 2 (RS1)
Group 3 (PR7)
Group 4 (PR8)
Group 5 (PR9)
Group 6 (BA11)
Group 7 (BA51)
Group 8 (PE5)
Group 9 (PE3)
Group 10 (CE3)
Group 11 (PI11)
Group 12 (SP12)
Group 13 (AL)

Origin of propolis
Southern
Southern
Southern
Southern
Southern
Northeast
Northeast
Northeast
Northeast
Northeast
Northeast
Southeast
Northeast

OH
OH
H

H

HO
O

HO

O

OH

H

OH

OH

O

OH

OH O
Kaempferol

HO

Quercetin

HO

O

O

OH
OH

OH

O

Galangin

O

Chrysin
CH=CH-COOH

HO

O

OH

O

OH

Pinocembrine
OH

𝜌-Coumaric acid
O

H
O
O

OH

Saccharin

3,5 Diprenyl-𝜌-coumaric (artepellin C)

Figure 9: Some typical flavonoids and phenolics present in green propolis.
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Table 6: Chemical constituents of propolis that possess known pharmacological activities.

Chemical compounds

Activities

Acacetin
Apigenin

Anti-inflammatory
Anti-inflammatory
Antimicrobial
Antitumor activity
Antioxidative
Antitumor activity
Anti-inflammatory
Anti-inflammatory
Antibacterial
Antifungal
Antiviral
Anti-inflammatory
Anti-inflammatory
Hepatoprotective
Anti-inflammatory
Anti-inflammatory
Anti-inflammatory
Anti-HIV
Anti-inflammatory
Local anesthesia
Anti-inflammatory
Antibacterial
Antifungal
Antimold
Local anesthesia
Antioxidative
Antibacterial
Anti-inflammatory
Anti-inflammatory
Anti-inflammatory
Antiviral
Antihistamine
Ulcer healing
Capillary strengthening

Artepillin C
Caffeic acid phenethyl ester
Chrysin
Caffeic acid
Cinnamic acid
Dicaffeoylquinic acid derivatives
Ferulic acid
Galangin
Gallic acid
Moronic acid
Isoferulic acid
Pinostrobin
Protocatechuic acid
Pinocembrin
Propofol
𝜌-Coumaric acid
m-Coumaric acid
o-Coumaric acid

Quercetin

Volatile constituents
(phenols, esters, terpenoids, etc.)
2,2-Dimethyl-6-carboxyethyl-2H-1-benzopyran
3-[3,4-Dihydroxy-5-prenylphenyl]-2-(E)-propenoic acid

References
[72]
[72]
[23, 41, 73–75]
[76, 77]
[72]
[72, 78–80]
[72]
[81]
[72]
[72]
[72]
[9]
[72]
[82]
[72]
[79, 80, 82, 83]
[7]
[74]
[72]
[72]

[41, 78]

Antibacterial

[64]

Antimicrobial
Antioxidative

[81]
[84]

3.4. Classification of Brazilian Propolis. It was found that
propolis from several regions of Brazil show different chemical composition, depending on the local flora at the site of collection [40]. The propolis from Brazil was classified in types
according to its geographical origin, chemical composition,
and source plant as shown in Table 5 [17, 41, 42]. More studies
should be done in order to standardize propolis.
3.5. Activity of Propolis. It is important to note that most
of the latest investigations on new propolis constituents are
connected to their biological activity. This information is
summarized in Table 6. Some compounds from propolis have
antibacterial activity, antitumor activity, and antiinflammatory activity, antioxidative and hepatoprotective action.

According to Bankova et al. [34], relating the chemical
constituents of propolis with biological activity enables the
standardization of the application of propolis. Kumazawa
et. al. [28] report that differences in the chemical composition
of propolis from different sources change the spectrum of
biological activity of propolis.
Some studies have been conducted correlating chemical
composition and biological activity, but no tested compounds
were isolated [43–47].

4. Application in Medicine and Dentistry
Propolis has been found to have a wide spectrum of biological
and pharmaceutical properties and has been demonstrated
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Table 7: Recent studies on application of propolis in medicine.
Geographic origin of propolis

Application in medicine
Activity attributed
Test performed

Brazil (southern)
Brazil
Brazil
Brazil (group 3 and group 12)

Anti-HIV activity
Anticancer activity
Anticancer activity
Suppression of dioxin

Chile

Antioxidant and anticancer

Brazil
Brazil (group 3, group 12, and bud resins of
botanical origin)
Brazil
Jordanian
Tunisia

Anticancer activity

Brazil (group 12 and artepellin C)
Portugal
Israel (Kibbutz Yad Mordecai and CAPE)
Brazil
Brazil (group 12 and group 13)
CAPE (derived from honeybee hive propolis)
Brazil
Poland

Immunosuppressant
Anticancer activity
Anticancer activity
Anticancer activity
Anticancer activity
Anticancer activity
Anticancer activity
Anticancer activity

References
[9]
[85]
[86]
[87]

Anticancer activity

In vitro (H9 Lymphocytes)
In vivo—mice (pulmonary tumors)
In vitro (human tumor cell lines)
In vitro
In vitro
(KB cells—human mouth epidermoid
carcinoma cells;
Caco-2 cells—human colon
adenocarcinoma cells)
In vitro and in vivo (retinal damage)

Anticancer activity

In vitro (human prostate epithelial cells)

[90]

Antiinfluenza virus activity
Antibacterial

In vivo-mice (influenza virus)
In vitro
In vitro (cancer cell lines—HT29, A549,
Hep-2, raw264.7, and Vero)
In vitro (CD4 T cell)
In vitro (human renal cancer)
In vitro (human T-cell lines)
In vitro (human breast cancer MCF-7 cells)
In vitro (human cell lins of leukemia)
In vitro (human prostate cancer cells)
In vivo—mice (skin carcinogenesis)
In vitro (U87MG human glioblastoma)

[91]
[92]

[88]

[89]

[93]
[94]
[95]
[96]
[97]
[98]
[99]
[100]
[101]

Table 8: Recent studies on application of propolis in dentistry.
Application in dentistry
Activity attributed

Test performed

Inhibited glucosyltransferase activity

In vivo—rats

Inhibited glucosyltransferase activity

In vitro

Cariostatic effect

In vivo—rats

[103]

Inhibited glucosyltransferase activity

In vitro

[104]

Brazil (Minas Gerais state)

Antibacterial activity
Inhibition of cell adherence
Inhibition of water-insoluble glucan formation

In vitro

[105]

Brazil (extracts of propolis from the states of
Minas Gerais and Rio Grande do Sul)

Cariostatic effect

Human

[106]

In vitro

[107]

In vivo—rats
In vitro
In vitro and in
vivo
In vivo—rats
Human

[108]
[109]

In vitro

[93]

In vitro

[113]

Geographic origin of propolis
Japan
Brazil (extracts of propolis from the states of
Minas Gerais, São Paulo, Goiás, Mato Grosso
do Sul, Paraná, and Rio Grande do Sul)
Brazil (extracts of propolis from the states of
Minas Gerais and Rio Grande do Sul)
Brazil (extracts of propolis from the states of
Minas Gerais and Rio Grande do Sul)

Apigenin and tt-farnesol
Apigenin and tt-farnesol (association)

Exceptionally effective against Streptococcus
mutans
Glucosyltransferase activity
Cariostatic effect

Brazil (Isolated fractions)

Cariostatic effect

Brazil (Bahia state)
Brazil (extracts of propolis)

Cariostatic effect
Cariostatic effect
Cariogenic activity
Inhibition oral biofilm formation
Antibacterial activity

Brazil (extract of propolis from Bahia state)

Tunisia
Korea

References
[102]
[8]

[110]
[111]
[112]
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to have direct antimicrobial effects in vitro [48]. Some recent
studies suggested that propolis can be used in medicine and
dentistry. Tables 7 and 8 illustrate some studies that show the
application of propolis in medicine and dentistry.

5. Conclusions
Propolis has been used extensively as a folk medicine because
of its special chemical components, strong pharmacological,
properties and low toxicity. This wide spectrum of therapeutic
effects makes propolis a potential candidate in several clinical
scenarios. Clinical studies are now also in progress to verify
the effects of propolis in the prevention and treatment of
diseases.
The application of propolis is mostly in the drug or food
manufacture in the form of mixtures. Current opinion is that
the use of standardized preparations of propolis is safe and
less toxic than many synthetic medicines, but the components
of propolis are variable, and it is difficult to standardize and
apply propolis. Robust manufacturing processes, standardized quality controls, and good design clinical trials are all
critical steps in verifying these claims.
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Propolis (bee glue) has been known for centuries. The ancient Greeks, Romans, and Egyptians were aware of the healing properties
of propolis and made extensive use of it as a medicine. In the middle ages propolis was not a very popular topic and its use
in mainstream medicine disappeared. However, the knowledge of medicinal properties of propolis survived in traditional folk
medicine. The interest in propolis returned in Europe together with the renaissance theory of ad fontes. It has only been in the
last century that scientists have been able to prove that propolis is as active and important as our forefathers thought. Research on
chemical composition of propolis started at the beginning of the twentieth century and was continued after WW II. Advances in
chromatographic analytical methods enabled separation and extraction of several components from propolis. At least 180 different
compounds have been identified so far. Its antibacterial, antiseptic, anti-inflammatory, antifungal, anesthetic, and healing properties
have been confirmed. Propolis has been effectively used in treatment of dermatological, laryngological, and gynecological problems,
neurodegenerative diseases, in wound healing, and in treatment of burns and ulcers. However, it requires further research that may
lead to new discoveries of its composition and possible applications.

1. Introduction
Propolis, or bee glue, is a natural wax-like resinous substance
found in bee hives where it is used by honeybees as cement
and to seal cracks or open spaces. At elevated temperatures
propolis is soft, pliable, and very sticky; however, when
cooled, and particularly when frozen or at near freezing, it
becomes hard and brittle. It will remain brittle after such
treatment even at higher temperatures. Typically propolis
will become liquid at 60 to 70∘ C, but for some samples the
melting point may be as high as 100∘ C [1]. Early observers
of bee behaviour were aware of plant origin of propolis, the
fact that was asserted by Philipp [2] and Vansell and Bisson
[3]. It is now generally accepted that propolis is collected
by honeybees from tree buds or other botanical sources in
the North Temperate Zone, which extends from the Tropic
of Cancer to the Arctic Circle. The best sources of propolis
are species of poplar, willow, birch, elm, alder, beech, conifer,
and horse-chestnut trees [4]. Its colour varies from green
to brown and reddish, depending on its botanical source.
Honeybees have been observed collecting the protective

resins of flower and leaf buds with their mandibles and
then carrying them to the hive on their hind legs. Many
authors have described the collection and delivery of propolis
[4–8]. A colony of bees collects from 150 to 200 g of propolis
in one year; however, some races collect less than that
[4]. Foraging for propolis is only known with the Western
honeybee or European honeybee (Apis mellifera) [1], which
is a species of bee universally managed by beekeepers. This
species has several subspecies or regional varieties, such
as the Italian bee (Apis mellifera ligustica), European dark
bee (Apis mellifera mellifera), and the Carniolan honey bee
(Apis mellifera carnica) [9]. Interestingly, tropical honeybees
(Apis cerana, Apis florae, and Apis dorsata) and African Apis
mellifera make no use of propolis [10].

2. The History of Honeybees
The history of bees and their products can be traced back
to c. 13,000 BC. A certain amount of knowledge is attested
by depictions of the bee and of hive beekeeping found
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during excavations. Rock paintings also provide some of the
earliest evidence of gathering honey from wild colonies. At
some point humans began to domesticate wild bees in hives
made from hollow logs, wooden containers, pottery vessels,
and woven straw baskets. Although no written descriptions
of bees and beekeeping are known from ancient Egypt,
archaeological excavations attest that honeybees were kept
there and that the main centre of beekeeping was lower Egypt
with its extensive irrigated lands full of flowering plants. From
c. 3100 BC the honeybee was used as a hieroglyph in the
topographical symbol of Ancient Egypt [11]. Since earliest
times the gods were associated with the bee and one of the
pharaohs’ titles was “Bee King” [12]. Temples kept bees in
order to satisfy the desire of the gods for honey and for
the production of medicines and ointments. According to
da Silva Veiga, honey was known to the priests and it was
used in the embalming process as well as for conservation
purposes [13]. The evidence for such usage is; however, scant
and anecdotal. For example, Ernest Budge in his book The
Mummy presents an unsupported tale of Abd el-Latif about
treasure hunters who found a sealed jar containing honey, and
after eating part of it they discovered that it also contained the
body of a small child [14].
A system of high-status apiculture existed in ancient
Greece. The most ancient personality, related to apiculture,
presented in historical documents, is Aristaios, son of god
Apollo and nymph Cyrene. Regarded as the father of apiculture he is one of the most enigmatic figures of ancient Greek
religion. The muses taught him among other skills the art of
beekeeping and then Aristaios passed his knowledge on to the
mortals. In Knossos archaeologists discovered hives, smoking
pots, honey extractors, and other beekeeping paraphernalia
[15]. Also a number of written records survived. Aristotle’s
Historia animalium (History of Animals) is divided into ten
books. The book IV discusses animals without blood and
in the book V, Chapter XVIII, Aristotle makes a number of
remarkable observations about bees [16]. Roman writer Virgil
writes about “Heaven’s gift, the honey from the skies” [17], and
many other Latin writers like Pliny the Elder [18], Rutilius
Palladius [19], and Marcus Varro [20] left the descriptions
of bees and beekeeping in ancient Rome. Lucius Junius
Moderatus Columella authored De Re Rustica, the book IX of
which is devoted to “Wild animals—Bees, the management
of them, their diseases and pests, honey and wax” [21]. Gaius
Julius Hyginus, who flourished in the 1st century AD, wrote
on agriculture and beekeeping. However, of his numerous
works nothing has survived.
In the Quran there is a long chapter (sorat) with the name
of bees which says about honey being healing for man:

And your Lord inspired to the bee, Take for yourself among the mountains, houses, and among the
trees and [in] that which they construct.

Then eat from all the fruits and follow the ways
of your Lord laid down [for you]. There emerges
from their bellies a drink, varying in colors, in
which there is healing for people. Indeed in that
is a sign for a people who give thought [22].

3. Propolis
The word “propolis” derives from Hellenistic Ancient Greek
́
𝜋𝜌𝑜𝜋𝑜𝜆𝚤𝜍
(suburb, bee glue) which originates from Greek
̆ 𝛼𝜎𝜎𝜔
́ (promalasso) Att. 𝜋𝜌𝑜𝜇𝛼𝜆
̆ 𝛼-𝜏𝜏𝜔,
́
verb 𝜋𝜌𝑜-𝜇𝛼𝜆
“soften
beforehand, make supple by rubbing or kneading” (Aristotle,
Problemata 869b30) [23]. It is defined by Lewis and Short as
“the third foundation in making honey, a gummy substance
with which the bees close the crevices of their hives, bee-glue”
[24]. It has been generally believed that honeybees produce
propolis to help protect the hive. Apart from its role in
sealing holes, blocking cracks, and smoothing out the internal
walls, bee glue appears to act as an antiseptic to prevent
microbial infection of larvae, honey stores, and the combs. As
Seeley and Morse noted, bees apply propolis to areas where
combs are to be attached thus creating smooth and germfree surfaces. Because honeybee populations are so confined
and live in close contact, illness in one bee can spread
quickly to the whole hive. Yet hives stay healthy because
the bees manufacture their own antibiotic, that is, propolis,
which reduces microbial growth on hive walls. What is more,
propolis protects the hive against uncontrolled airflow and
external moisture. The thin layer of propolis provides an
impermeable lining which limits the escape of water and
maintains constant humidity inside the hive [25, 26].

4. Early History of Propolis
Propolis is as old as honey, and it has been used by man for
ages. There are records suggesting the use of it by ancient
Egyptians, Persians, and Romans [27]. Ancient Egyptians
depicted propolis-making bees on vases and other ornaments
and used it to alleviate many ailments [28]. The Egyptians had
learnt from the bees, which use propolis as an “embalming”
substance. The bees cover the carcass of an invader, which
was killed but could not be transported out of the hive, with
propolis and wax [29]. In this way the bees restrain spread
of infection caused by decomposing carcass. In the 1960s,
Derevici et al. showed that propolis is responsible for the
lower incidence of bacteria within the hive [30].
The ancient Jews considered tzori (the Hebrew word for
propolis) as a medicine. Tzori and its therapeutic properties
are mentioned throughout the Old Testament [31]. The
biblical Balm of Gilead (tzori Gilead in Hebrew) is nearly
indistinguishable from propolis. Balm of Gilead is described
in the Bible as the gift that the Queen of Sheba gave to
King Solomon. In Judea, it was grown around the dead sea
for about 1,500 years and achieved fame due to its aroma
and medicinal properties. It is made of resin from various
poplars, including P. balsamifera, P. nigra, and P. gileadensis
[32]. Balm of Gilead was one of the several components of
the special incense that was used twice daily in the Holy
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Temple in Jerusalem. The identification of the balm of Gilead
with the Hebrew names Afarsemon, kataf, nataf, and tzori
Gilead can be traced to several sages, including Shimon
Ben-Gamliel, Rambam (Maimonides), Saadia Gaon, and the
modern biblical botanist Yehuda Feliks [33].
The Greeks used propolis as the primary ingredient of
polyanthus, perfume which combined propolis, olibanum,
styrax, and aromatic herbs [34]. More than 15 Greek and
Roman authors reported on the preparation and application
of propolis, the so-called third natural product of bees (beside
honey and wax). In Historia Animalium in book IX (Books
I–VIII were written by Aristotle; the author of Book IX is
anonymous) one can find the following characteristics of
propolis:
When the hive has been delivered to them [honey
bees] clean and empty, they build their waxen cells,
bringing in the juice of all kinds of flowers and the
“tears” or exuding sap of trees, such as willows and
elms and such others as are particularly given to the
exudation of gum. With this material they besmear
the groundwork, to provide against attacks of other
creatures; the bee-keepers call this stuff “stop-wax”.
They also with the same material narrow by sidebuilding the entrances to the hive if they are too wide.
[35].
And then the author continues
At the entry to the hive the aperture of the doorway
is smeared with mitys; this substance is a deep black,
and is a sort of dross or residual by-product of wax;
it has a pungent odour, and is a cure for bruises and
suppurating sores [36].
Hippocrates is said to have used propolis to cure
wounds and ulcers, both external and internal [37]. Pedanios
Dioscorides, who lived around 50 AD, described medical uses
of propolis in his chief work De materia Medica. Apart from
propolis, he often mentions honey, wax, and various honey
wines as a medicine [38]. Dioscorides wrote about propolis:
the yellow bee glue that is of a sweet scent and
resembling styrax is to be chosen and which is soft
and easy to spread after the fashion of mastic. It
is extremely warm and attractive and is good for
the drawing out of thorns and splinters. And being
suffimigated[sic] it doth help old coughs and being
applied it doth take away the lichens [39].
The Romans also revered the bee and propolis extensively.
Pliny the Elder in his famous Natural History writes that
The propolis is produced from the sweet gum of the
vine or the poplar, and is of a denser consistency, the
juices of flowers being added to it. Still, however, it
cannot be properly termed wax, but rather the foundation of the honey-combs; by means of it all inlets
are stopped up, which might, otherwise, serve for the
admission of cold or other injurious influences; it has
also a strong odour, so much so, indeed, that many
people use it instead of galbanum [40].
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Pliny also describes the practical usage of this substance.
According to him “[propolis] has the property of extracting
stings and all foreign bodies from the flesh, dispersing
tumours, ripening indurations, allaying pains of the sinews,
and cicatrizing ulcers of the most obstinate nature.” [41].
According to Marcus Terentius Varro,
Propolis is the name given to a substance with which
they build a protectum (“gable”) over the entrance
opening in front of the hive, especially in summer.
This substance is used, and under the same name, by
physicians in making poultices, and for this reason it
brings even a higher price than honey on the Via Sacra
[20].
In the first century AD, Cornelius Celsus wrote about
propolis as a drug for promoting suppuration, for opening
wounds, and for treatment of abscesses. In De Medicina
Celsus writes: “The following mature abscessions and promote suppuration: nard, myrrh, costmary, balsam, galbanum,
propolis, storax, frankincense, both the soot and the bark,
bitumen, pitch, sulphur, resin, suet, fat, oil.” [42].
Arabs may have known propolis as well. For instance,
Avicenna wrote about two different kinds of wax, that is, clean
wax and black wax, the latter being probably propolis. He says
“by its strong smell it makes you sneeze” and “[it] has the
characteristics to eliminating the spikes of the bolts and the
stakes. It also rarefies, cleans and soaks” [39]. In the Persian
manuscripts propolis is described as a drug against eczemas,
myalgia, and rheumatism.

5. Propolis in Medieval Times
In the Middle Ages propolis was not a very popular topic
and its use in mainstream medicine soon disappeared. Only
few manuscripts dealing with propolis have survived. Some
sources from the twelfth century describe medicinal preparations containing bee glue which were used for treatment of
oral and pharyngeal infections as well as dental caries. In the
Georgian original medical treatise dated to c. 1486 Karabadini
(Book of Medical Treatment), the author suggests that propolis
is good against dental decay [39]. Karabadini was authored by
Zaza Panaskerteli-Tsitsishvili, a Georgian prince, politician,
and man of letters. His treatise builds upon anonymous Georgian compendia of Galenic medicine, notably the 11th century
Ustsoro Karabadini (Peerless Handbook) and the 13th century
Tsigni Saakimoy (Doctoring Book). The work summarizes
the state of medical knowledge in Georgia and neighboring
cultures at that time [43]. Although earlier books describing
medical application of propolis claim the efficacy of this bee
product, they do not contain any detailed instructions on the
preparations nor any sources of information [44, 45].
Fortunately, the knowledge of medicinal properties of
propolis survived in traditional folk medicine and, what is
more, propolis was still extensively used in “herbal” medicine
on the territories of Eastern Europe. Significantly, propolis
has been often called “Russian penicillin” [46]. Arab merchants mentioned abundance of bees and honey on Slav soil
in the 9th and 10th centuries, and the first reference to Polish
keepers of wild forest bees comes from the beginning of the
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11th century. A diplomat and merchant from the Moorish
town of Tortosa in Al-Andalus, known under his Arabic
name Ibrahim ibn Jakub in the year 965, wrote “The land of
Meshko [father of Boleslav Khrobry, the first crowned king
of Poland] is rich in grain and meat and honey and fields”
[47]. According to Herbord, bishop of Levant, in Pomerania
“there is a great abundance of honey and wheat, of hemp and
of poppies and of all kinds of vegetables” [48].

6. Propolis in Early Modern Times
The interest in propolis returned in Europe together with
the Renaissance theory of ad fontes, which brought back an
interest in ancient teaching and medicine. Thanks to medical
humanists some old and forgotten remedies and treatments
were rediscovered and used over again. John Gerard in his
famous herbal book, The History of Plants (1597), makes
reference to the use of “the resin or clammy substance of
the black poplar tree buds” for healing ointments. “The
ointment that is made of the [poplar] buds, is good against
all inflammations, bruses[sic], squats, fals, and such like”
[49]. Propolis is found to be included in pharmacopoeias in
England in the seventeenth century as a major ingredient
of healing ointments [50]. Nicholas Culpeper, botanist and
physician, in his Complete Herbal under the heading “The
poplar tree” states that “the ointment called Populneon,
which is made of this Poplar, is singularly good for all heat and
inflammations in any part of the body, and tempers the heat of
wounds. It is much used to dry up the milk of women’s breasts
when they have weaned their children” [51]. In The Universal
Herbal published in 1824, one can read under “Populus Nigra;
Black Poplar Tree”:
The young leaves are an excellent ingredient for
poultices for hard and painful swellings. The buds of
both this and the White Poplar smell very pleasantly
in the spring, and, being pressed between the fingers,
yield a balsamic resinous substance [propolis], which
extracted by spirits of wine, smells like storax. A
drachm of this tincture in broth is administered
in internal ulcers and excoriations and is said to
have removed obstinate fluxes proceeding from an
excoriation of the intestines [52].

7. Early Research on Propolis
At the beginning of the 19th century propolis was studied and
described by Nicolas Louis Vauquelin, a French pharmacist
and chemist. In the report made to the Society of Agriculture
Vauquelin writes that propolis or bee mastic is collected
by the bees. It is resinous, ductile, odorant substance of a
reddish brown colour. “In the mass it is blackish; but it is
semitransparent when in thin plates. The heat of the fingers is
sufficient to soften it and give it all the ductility of wax, but
it is more tenacious.” Like wax it may be chewed between
the teeth and is tasteless. “Its odor is aromatic, resembling
that of meliloti herba, of balsam of Peru, or of the Banana
poplar.” Vauquelin used 100 g of propolis which was digested
three times in alcohol and filtered each time. The last addition

of alcohol was followed by boiling the substance for a few
minutes. Finally, to get rid of the fat matters it retained from
fragments of bees, as well as some vegetable substances and
grains of sand, boiling diethyl ether was poured on it, and the
mass was pressed through a fine strainer. The residue dried,
weighed 14 g. The component parts calculated afterwards
present as follows: pure wax 14 g, pure resin of propolis 57 g,
extraneous bodies 14 g, loss, acid, aroma 15 g. This resinous
mass was pure propolis, which melts readily on the fire; it
yields by distillation a volatile oil, which is white and of a very
agreeable smell. The fixed part acquires a deeper color and
becomes harder; it is soluble in fixed and volatile oils [53].
The development of research on propolis was strictly connected with the development of chemistry. Examples include
studies of the chemistry of flavonoids, common compounds
contained in propolis. Flavonoids are a diverse group of
phytochemicals that are produced by various plants in high
quantities. Based on their skeleton, flavonoids are classified
into eight groups: flavans, flavanones, isoflavanones, flavones,
isoflavones, anthocyanidines, chalcones, and flavonolignans.
Flavones, a class of flavonoids, are the most important plant
pigments for flower coloration producing yellow or red/blue
pigmentation. Early in the nineteenth century, in 1814 or 1815,
Michel Eugène Chevreul, a French chemist, obtained several
flavones in the crystalline state: morin from Maclura tinctoria
(old fustic), luteolin from Reseda luteola (weld), fisetin from
Rhus cotinus (young fustic), and quercitrin from Quercus
tinctoria (quercitron bark). Chrysin (C15 H10 O4 ), a very weak
coloring matter, was the first flavone to be isolated in the
pure state from the buds of the common poplar by Piccard
in 1864 [54]. In 1879 Carl Liebermann prepared quercetin
from quercitrin but assigned to it an erroneous formula. The
structures of fisetin, the coloring matter of young fustic, and
of quercetin were elucidated by Austrian chemist Herzig in
1891 [55].
In 1893 Stanislaw Kostanecki, Polish professor working at
the University of Bern, Switzerland, found out that phenyl
derivative of benzopyrene is a natural substance of chrysin
[56]. In 1895 Kostanecki submitted chrysin to examination.
Shortly thereafter Kostanecki proved the constitution of
chrysin, and he also gave the names flavone (from Latin
flavus, yellow) and flavonol to the parent ring system and
its 3-hydroxy derivative. From the period of 1895 onwards, a
considerable number of natural yellow coloring matters were
examined, many of which have been proved to belong to
the flavone or flavonol groups, and there can be no doubt
that of all the natural dyes, these are much the most widely
distributed in nature [57–60]. Between 1895 and 1920 Perkin
investigated numerous plant materials containing flavones. In
1924 Robinson described a general reaction, which has been
widely used for synthesis in this field. More recently, a major
contribution to the knowledge of natural flavones has been
made by Seshadri [61] and Seshadri and Venkateswarlu [62].
In 1898 Emilewicz, Kostanecki, and Tambor announced
the synthesis of chrysin, employing for this purpose a series
of reactions which represent a reversal of the scheme of
hydrolysis. Other methods of synthesis were subsequently
applied to chrysin by Kostanecki and his coworkers, and in
1899 flavone itself was prepared, followed in 1900 by apigenin
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(parsley) and luteolin (weld). Somewhat later, a method
was devised for the artificial preparation of flavonols, and
in 1904 fisetin, quercetin and kaempferol were synthesized
by Kostanecki and his coworkers, morin being similarly
obtained in 1907. The flavonols, with the exception of morin,
which is colorless, are yellow crystalline substances, soluble in
alkaline solutions with yellow color, and yield with ease in the
presence of acetic acid orange crystalline oxonium salts [63].
Kostanecki also determined the structure of curcumin and
studied brazilein, hematoxylin, and cochineal [64]. Having
analyzed nearly 2000 various substances Kostanecki showed
that 200 of them contain flavone derivatives.

8. Studies on Composition of Propolis
Research on chemical composition of propolis started at the
beginning of the 20th century. Early attempts to determine
the composition of propolis were concerned with simple fractionation. One of the earliest reports is that of Dieterich and
Helfenberg in which they present their extraction methods
and propolis constituents separated in alcohol, chloroform,
and ether [65, 66]. In 1911, in his later work, Dietrich identified
vanillin in propolis [67], and another German researcher
working on propolis Küstenmacher identified cinnamic acid
and cinnamyl alcohol as components of propolis [68]. In 1926,
Jaubert identified pigment chrysin, a naturally occurring
flavone in bee glue and also showed that chrysin gives color to
beeswax [69]. In 1927 a German scientist Rösch confirmed the
hypothesis of Plinius that propolis originates from the buds of
plants [70]. A series of studies conducted in the USA led to the
detection of small amounts of vitamins B1, B2, B6, C, and E
as well as nicotinic acid and pantothenic acid in propolis [71–
73]. In 1957, Ushkalova found four types of wax in propolis,
all varying in color [74]. Before 1967 a series of studies were
conducted on the physiological action and therapeutic uses
of flavonoids [75]. Powers found that all flavonoids studied
by him showed inhibitory activity towards one or more of ten
bacteria strains [76].
The studies on chemical composition of propolis were
continued in the 1960s. At first, propolis was thought to be
of very complex, but rather constant chemistry, like beeswax
[77]. Later, however, the analysis of numerous samples
from different geographic regions as well as application of
advanced laboratory methods showed that the chemical
composition of bee glue is highly variable. In 1969 Popravko
together with others separated and identified two flavanones
and isovanillin as well as six flavonoid pigments in propolis
[78, 79]. After Lavie had demonstrated that propolis shows
antibacterial activity towards Bacillus subtilis, Bacillus alvei,
and Proteus vulgaris [80] French scientists managed to
isolate from propolis extracts the flavon galangin, which was
found to be partly responsible for this activity [81]. Later the
same team isolated and identified pinocembrin, tectochrysin
and isalpinin [82]. In 1970 Cizmarik and Matel reported
separation and identification of 3,4-dihydroxycinnamic acid
and 4-hydroxy-3-methoxycinnamic acid which are present
in propolis [83, 84]. Nikiforov with coworkers detected
copper and manganese in propolis [85], and at the same time
Herold examined ash residue of propolis and found iron,
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calcium, aluminum, vanadium, strontium, manganese, and
silicon in it [86].
In the 1970s, advances in chromatographic analytical
methods, such as column chromatography and thin layer
chromatography, allowed for separation and extraction of
more components from propolis. In 1975 Schneidweind and
coworkers identified 17 constituents of propolis, including 9
previously identified compounds [87]. Simultaneously, Metzner with coworkers using bioautographic methods proved
that only a few compounds detectable in the extracts
of propolis have significant antimycotic activity [88]. In
1977, Australian researchers separated and identified four
flavones, pinostrobin, sakuranetin, isosakuranetin, pterostilbene, chrysin, 3,5-dimethoxybenzyl alcohol, and xanthorrhoeol [89]. In 1979 Vanhaelen and Vanhaelen-Fastre
used gas chromatography (GC) and high-performance liquid
chromatography (HPLC) in propolis analysis. Application
of gas chromatography mass spectrometry (GC-MS) led to
identifying sugars in propolis. Marcucci and Bankova et al.
have registered over 300 known substances in propolis [90,
91]. Heinen and Linskens studied fatty acid constituents of
propolis. They showed that fatty acid fractions contain C7 –
C18 acids [92]. Popravko presented 18 chemical components
of propolis, 14 of which belong to flavonoid compounds [93].
The composition of propolis is not fixed and varies
considerably from region to region along with vegetation,
from season to season, and from hive to hive. In each sample
of propolis, more than 80 to 100 chemical compounds are
typically identified [94]. Altogether, at least 180 different
compounds have been identified in propolis so far. A broad
analysis revealed approximately 50 constituents in “typical”
European propolis, which comes usually from trees, such as
poplars and conifers. These constituents comprise primarily
resins and vegetable balsams, mainly cinnamic acid and
derivatives, coumaric acid, prenylated compounds, artepillin
C (50%), beeswax (30%), essential oils (10%), bee pollen (5%),
and minerals, polysaccharides, proteins, amino acids, amines,
amides, and organic debris (5%) [95]. The major constituents
of propolis from most of the sources are flavonoids [4]. Some
of the principal phenolic esters and flavonoids like caffeic acid
phenethyl ester, quercetin, baicalin, pinocembrin, naringin,
galangin, and chrysin have been found to be responsible for
antimicrobial, antioxidant, and anti-inflammatory activities
of propolis [96].
In tropical regions bees also gather resin from flowers in
the genera Clusia and Dalechampia, in addition to a large
variety of trees. These are the only known plant genera
that produce floral resins to attract pollinators [97–101]. As
Ghisalberti noted in his review of propolis, many compounds
isolated so far from propolis represent a fraction of its
content. Most of them come from the part of propolis soluble
in organic solvents, whereas the large part of bee glue which is
not readily soluble in water or organic solvents most probably
consists of natural polymeric material [4].

9. ‘‘Dr Propolis’’
In the years 1967–1973 a series of studies were performed
in Denmark, the results of which turned to be sensational.
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The effectiveness of propolis in treatment was proved as well
as the fact that it produces almost no sideeffects. Dr Karl Lund
Aagaard, a Danish biologist, earned the name “Dr Propolis”
for his exploits of over 20 years of propolis collecting and
research. After observing the effects of propolis on more
than 50,000 patients in Scandinavia, Dr Aagaard drew the
following conclusions:
The field of influence of Propolis is extremely broad.
It includes cancer, infection of the urinary tract,
swelling of the throat, gout, open wounds, sinus congestion, colds, influenza, bronchitis, gastritis, diseases
of the ears, periodontal disease, intestinal infections,
ulcers, eczema eruptions, pneumonia, arthritis, lung
disease, stomach virus, headaches, Parkinson’s disease, bile infections, sclerosis, circulation deficiencies,
warts, conjunctivitis and hoarseness [102].
In 1976 Aagaard patented a method for purifying and separating propolis derived from beehives. The method included
the steps of quick-freezing untreated propolis repeatedly at
temperatures below −20∘ C and then crushing the treated
propolis to smaller particles at a temperature below 10∘ C.
Next, the said particles were separated to a number of
fractions according to size, and the fractions containing most
impurities were dissolved and filtered in a fluid filter for full
utilization of all propolis present. Aagaard discovered that
it is not necessary to extract the individual antibiotics from
the propolis but that the substance in its natural form has a
powerful curative effect on various diseases such as chronic
colitis, pharyngitis, rheumatism, and conjunctivitis [103].

10. Antibacterial Properties of Propolis
The earliest systematic investigation of the antibacterial
activity of propolis was performed by Kivalkina in the 1940s.
Propolis was shown to have bacteriostatic activity against
Streptococcus aureus, the typhoid bacillus, and some other
bacteria as well [104]. The antimicrobial activity of propolis
was also studied by Lindenfelser. In 1967 he examined
propolis samples collected in various parts of the USA at
different seasons. Of 39 bacterial species that were tested in
vitro 25 proved to have strong inhibitory activity, whereas
of the same number of fungus species 20 were inhibited
[77]. Antibacterial properties of propolis against a wide
spectrum of bacteria were studied by Scheller in Poland.
In 1967 a series of experiments was performed in which
propolis was extracted with ethanol, and after evaporation
of alcohol the fraction obtained was dispersed in Tween
20 saline solution. Two other fractions were obtained by
extracting propolis with saline solution at 37∘ C and 100∘ C.
It was shown that the Coccaceae were sensitive, whereas
Candida and Corynebacterium strains were partly sensitive
to propolis fractions. In the group of mycobacteria, H37 Rv
and the strain isolated from the patient were found to be
sensitive to the fraction obtained by alcohol extraction [105].
Several studies in which crude solutions of propolis were
tested against a wide range of bacteria were carried out by
Germans [106].

11. Anesthetic Properties of Propolis
In the 1950s it was proved in the experiments on animals
that the propolis extract acted as a surface anesthetic with
slight penetrating power and that it can be used in dental
practice [107, 108]. Todorov and others proved that propolis
has an infiltrate action equal to that of procaine [109]. Later
on a Bulgarian researcher Tsacov showed that 5% procaine
solution of propolis presented a better and quicker action
than aqueous alcoholic extract of propolis [110]. Paintz and
Metzner in experiments with an ethanol propolis extract
and some constituents isolated from propolis tested on
the cornea of the rabbit and of the mouse obtained total
anesthesia with the total extract as well as with the compounds 5,7-dihydroxyflavanone (pinocembrin), 5-hydroxy7-methoxyflavanone (pinostrobin) and with a mixture of
caffeic acid esters. Each of these compounds was nearly thrice
as potent as the total extract [111].

12. Application of Propolis
Propolis is reputed to have antiseptic, antibacterial, antimycotic, astringent, spasmolytic, anti-inflammatory, anaesthetic, antioxidant, antitumoural, antifungal, antiulcer, anticancer, and immunomodulatory effects. It has been used in a
variety of applications, which include ointments and creams
used in wound healing, treatment of burns, skin problems,
and ulcers. Various propolis preparations have been applied
in treatment of laryngological problems, gynecological diseases, asthma, and diabetes. Propolis has been used in
toothpaste and mouthwash preparations to treat gingivitis
and stomatitis [112–114]. Antiviral properties of propolis have
been known for many years. In studies on Herpes simplex
virus infection, in vitro: 0.5% propolis extract caused 50%
inhibition of HSV infection, whereas in vivo: as little as
5% propolis prevented the appearance and development of
symptoms of HSV-1 infection in animals [115]. Also studies
on propolis application in genital herpes infection (HSV type
2) prove its effectiveness [116].
It has been known for a long time that propolis and
its extracts have a positive effect on tissue regeneration.
Slovak researchers proved that application of an alcoholic
solution of propolis as well as framykoin accelerates the tissue
regeneration process [117]. It was Scheller from Poland who
popularized the term EEP: ethanol extract of propolis. In
the 1970s a series of experiments was performed with use of
EEP, in which 19 elements were found. Scheller showed that
EEP solutions maintained their antibacterial activity in acidic
or neutral pH [118]. Later Polish researchers from Scheller’s
team showed that application of ethanol extract of propolis
(EEP) promotes the healing processes in damaged cartilage
[119] as well as enhances ossification in artificially induced
bone defects [120]. It was demonstrated that EEP supports
regeneration of dental pulp and reduces inflammatory and
degenerative processes as well [121].
Propolis and its extracts have found numerous
applications in treatment of various diseases. Aripov et
al. used propolis in treatment of experimental stomach
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ulcers in rats [122]. In the 1970s Gorbatenko applied a 30%
alcohol solution of propolis to treat ulcers in patients [123]
and Makarov described propolis treatment of ulcers and
pyloroduodenitis [124]. Another study was conducted in
the Soviet Union by Lutsenko and Pisarenko who applied
water-soluble propolis in the treatment of trophic ulcers
of the lower extremities in arteriosclerosis obliterans [125].
Damyanliev and others presented positive results of the
treatment of suppurative surgical wounds with propolis
[126]. In 1986 Korochkin and Poslavskiı̆ used propolis in the
treatment of chronic gastroduodenal ulcers [127].
In orthopedics propolis preparations were applied to
bones in the cases of purulent inflammation thanks to which
inflammatory process was inhibited and osseous tissue was
restored [128]. Propolis was proven to be useful in dental pulp
regeneration [121]. Propolis extracts have been widely used
in dentistry: in postextraction complications (dry socket),
in the treatment of mucous membranes and gingivae. There
were also attempts in applying propolis into the treatment
of caries and its complications [129], in the treatment of
dentinal hypersensitivity [130], in deep parodontopathies,
and in the treatment of oral candidiasis [131]. Propolis has
been marketed as a treatment for rheumatism and sprains. In
the cases of rheumatic diseases articular injections of saline
EEP solutions were used. In result pain, edema, and fever
disappeared and during long-term treatment pathological
process retreated [132]. Propolis also proved to be effective
in the treatment of common cold [133] and chronic tonsillitis
[134].
The flavonoids and antioxidant phenols concentrated in
propolis are powerful antioxidants and have been shown
to be capable of scavenging free radicals which can extensively interfere with normal cell metabolism. They thereby
protect lipids and other compounds such as vitamin C
from being oxidized or destroyed. Active free radicals,
together with other factors, are considered to be responsible for cellular ageing and degradation in such conditions
as cardiovascular diseases (leading to heart attacks and
strokes), arthritis, cancer, diabetes, and neurodegenerative
diseases such as Alzheimer disease [135–139]. Propolis has
also been used in cosmetic products, such as face creams,
ointment, lotions, and solutions. The properties of propolis
have been widely discussed in numerous review papers [140–
147].

13. Conclusion
Propolis is a natural product that has been known and used by
man for centuries. It is mainly because man learnt relatively
early to exploit the products of domesticated honeybee.
Recorded use of propolis dates back to c. 300 BC and continues today in the form of home remedies, toothpastes, creams,
ointments, drops, and dietary supplement. Its numerous
properties have been appreciated for very long time. However,
despite numerous studies conducted all over the world so
far, the constitution of propolis remains largely unknown. It
requires further research that may lead to new discoveries of
its composition and possible applications.
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Since the beginning of propolis research, several groups have studied its antibacterial, antifungal, and antiviral properties. However,
most of these studies have only employed propolis ethanolic extract (PEE) leading to little knowledge about the biological
activities of propolis water extract (PWE). Based on this, in a previous study, we demonstrated the anti-inflammatory and
immunomodulatory activities of PWE. In order to better understand the equilibrium between effectiveness and toxicity, which
is essential for a new medicine, the characteristics of PWE were analyzed. We developed and validated an RP-HPLC method to
chemically characterize PWE and PEE and evaluated the in vitro antioxidant/antimicrobial activity for both extracts and the safety
of PWE via determining genotoxic potential using in vitro and in vivo mammalian micronucleus assays. We have concluded that
the proposed analytical methodology was reliable, and both extracts showed similar chemical composition. The extracts presented
antioxidant and antimicrobial effects, while PWE demonstrated higher antioxidant activity and more efficacious for the most of the
microorganisms tested than PEE. Finally, PWE was shown to be safe using micronucleus assays.

1. Introduction
Natural products, particularly those of plant origin, are an
important source of therapeutic agents. Currently, about
25%–30% of all therapeutic drugs available are derived

from natural plant, microbe, or animal compounds. Recent
evidence from the pharmaceutical industry shows that
for some complex diseases, natural products represent an
extremely valuable source for the production of new chemical compounds, since they represent structures selected

2
by evolutionary mechanisms over millions of years [1]. In
this context, the products obtained from Apis mellifera, like
honey, royal jelly, pollen, or propolis, have been widely used
since ancient times for their therapeutic properties. Among
the various bee products available, propolis represents a
great prospect for the pharmaceutical, cosmetic, and food
industries.
Working in the field of propolis research, several groups
have studied its antibacterial properties [2–4]. Besides its
antibacterial activity, propolis demonstrates other pharmacological properties, such as antifungal [5, 6], antiviral [7],
antioxidant [8], wound healing [4], and anti-inflammatory
activities [9], among others. Most of the studies available in
the literature are carried out with propolis ethanolic extract
(PEE), and, therefore, little is known about the biological
activities of the propolis water extract (PWE). The most
common propolis extracting process uses ethanol as solvent
[10] including different mixtures of water and ethanol. It is
important to point out that propolis water extract obtained
from direct extraction of raw material with water resulted
in less extractable matter when compared to other solvents,
even as flavonoid content and antimicrobial activity [11].
In a previous study, our group demonstrated the antiinflammatory and immunomodulatory activities of PWE
used in the present study [12]. PEE has some disadvantages
such as a strong taste and adverse reactions or intolerance
to the alcohol [10]. By contrast, PWE has only been characterised in a few reports and has demonstrated to have a higher
antioxidant activity than PEE [13].
Considering that propolis is a complex bee derivative
product, with a chemical composition closely associated
with plant origin, it is difficult to compare results obtained
in different studies, due to variation in origin, sazonality,
extractions, and the standardization of processing which may
interfere with the chemical profile and biological properties
of the extract [14]. The chemical composition and botanical
origin of Brazilian green propolis has been extensively studied. The chemical profile of green propolis has been linked
to a wide range of phenolic compounds, many of them also
found in Baccharis dracunculifolia, such as cinnamic acid
derivatives, phenolics acids, flavonoids, and the prenilated
compound artepillin C [15]. Many chromatographic methods
are described in the literature, but high-performance liquid
chromatography coupled with photodiode array detection
(RP-HPLC) currently represents the most widely used technique for the analysis of phenolic compounds in propolis
raw material and extracts [15–17]. Nonetheless, there is a
lack of information considering validation of methodologies
used for the characterization of PWE. As a consequence
of the requirement for reliable methods to simultaneously
quantify phenolics in both PEE and PWE, the present study
demonstrates the validation of a precise and accurate analytical method, using RP-HPLC. Additionally, the similarity
between PEE and PWE is demonstrated.
Besides demonstrating the desired effects, the development of new medicines requires the study and evaluation of
the toxicology of these new compounds. This equilibrium
between effectiveness and toxicity is essential when a new
drug is proposed [18]. Considering the potential of PWE, the
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present work compared the chemical composition of this new
extract with the existing alcoholic extract and evaluated the in
vitro effectiveness while investigating the in vitro and in vivo
genotoxic potential in mammalian cells using a micronucleus
assay.

2. Materials and Methods
2.1. Chemicals, Solvents, and Propolis Extracts. Caffeic acid,
p-coumaric acid, and trans-cinnamic acid were purchased
from Sigma Aldrich (Saint Louis, USA). Gallic acid was
acquired from Synth (São Paulo, Brazil). Aromadendrin-4 methyl ether was isolated, purified, and provided by Professor
Jairo Kenupp Bastos from the University of São Paulo [15].
Isosakuranetin was purchased from ChromaDex (Irvine,
Canada), and artepillin C was supplied by Wako Chemicals
Industries Co (Osaka, Japan). HPLC-grade methanol was
supplied by JT Backer (Mexico City, Mexico), and purified
water was obtained using a MilliQ Direct Q-5 filter system
(Millipore, Bedford, MA, USA). PEE and PWE were obtained
from the same batch of raw propolis of Apis mellifera (CAS
n. 9009-62-5), collected mainly in the “Cerrado” area of
Minas Gerais, but also in São Paulo (SP), Rio Grande do
Sul (RS), Paraná (PR), and Santa Catarina (SC) states, Brazil,
according to blend composition published in the Revista de
Propriedade industrial, no. 1778 of 2005 (patent requested).
The PEE and PWE extracts were supplied by Apis Flora Co
(Ribeirão Preto, SP, Brazil). PEE was obtained by placing
raw propolis at −19 to −21∘ C for 12 h, then grinding it into a
fine powder with a blender. Particle size was standardized by
filtering through a 42-mesh sieve. PEE was extracted from the
powder using hydroalcoholic solution (7 : 3), with dynamic
maceration followed by a percolation process and finally by
filtration [6]. The PEE obtained represents 11% (w/v) of dry
matter. PWE was prepared according to de Andrade et al.
[19] with some modifications, and, basically, the propolis raw
material was extracted using hydro alcoholic solution (7 : 3),
with dynamic maceration followed by percolation and finally
by filtration. The PEE carefully obtained is then concentrated
in a rotary evaporator under controlled temperature (40–
60∘ C) and reduced pressure. After the complete solvent
evaporation (80%–90% of dry matter), the propolis soft
extract obtained was subsequently alkaline hydrolyzed and
resolubilized in water. The main important consideration for
both extracts here, PEE and PWE, is that both were extracted
with similar procedure (hydroalcoholic solution), and only
PWE was resolubilized in water after hydrolise.
2.1.1. PEE and PWE Yield. Propolis raw material was evaluated considering quality control parameters according to a
methodology published and requested by Brazilian Ministry
of Agriculture [20]. So, in this way, several tests were done,
considering wax, ash, moisture, mechanical mass, propolis
extractable matter (Soxhlet extraction) contents, and others.
The relation of propolis extract and propolis raw material
was done by dividing the final volume of extract (mL) to
raw propolis mass (g) employed. To calculate the yield of
PEE and PWE production, it was considered the results of
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Table 1: Concentration range for the calibration curves of the five phenolic compounds used in this study.
Chemical marker
Caffeic acid
p-coumaric acid
trans-cinnamic acid
Aromadendrin
Artepillin C

1.06
5.04
0.40
2.00
10.06

2.12
10.08
0.80
4.00
20.12

4.24
20.16
1.60
8.00
40.24

Concentration range in 𝜇g/mL
6.36
8.48
10.60
30.24
40.32
50.40
2.40
3.20
4.00
12.00
16.00
20.00
60.36
80.48
100.60

12.72
60.48
4.80
24.00
120.72

16.96
80.64
6.40
32.00
160.96

propolis extractable matter obtained by Soxhlet extraction.
Considering the results of propolis in raw material and
assuming this value like all extractable material present in
the raw propolis, it is possible to compare the efficiency
of the extraction process and the yield in the extraction
methodologies proposed.

2.4. Method Validation. The described method was validated
according to the International Conference on Harmonization
guidelines [21] and conformed to the Brazilian rules for
analytical method validation [22]. The parameters evaluated
included selectivity, linearity, precision (repeatability and
intermediate precision), detection, and quantitation limits.

2.2. Chromatographic Apparatus and Analytical Conditions.
Instrumentation consisted of a Shimadzu Liquid Chromatograph, LC-20AT quaternary delivery system, equipped with
an SIL-20A autosampler, a CTO-10AC column oven, and a
DAD-SPD-M20A photodiode array detector (Kyoto, Japan).
Analytical conditions were optimized based on previous
studies by de Sousa et al. [15] and used a reverse-phase Shim
Pack CLC-ODS (C18 ) analytical column (250 mm × 4.6 i.d,
and a particle size of 5 𝜇m) from Shimadzu (Tokyo, Japan),
protected by a precolumn from the same stationary phase and
supplier. The optimized mobile phase consisted of a linear
gradient of purified water acidified with 0.1% of formic acid,
pH 2.7 (A), and methanol (B), ranging from 20% to 80% of
B, within 70 minutes. The flow rate and detection wavelength
were 0.8 mL/min and 275 nm, respectively. For all analyses,
10 𝜇L of the sample and gallic acid (100 𝜇g/mL) internal
standard were used. Peaks were assigned by comparison with
authenticated standards as well as being based upon the
retention time and UV spectra, of both the standards and
samples, under the same analytical conditions.

Selectivity. was determined by analyzing the separation and
resolution of the main peaks of the propolis samples (PEE
or PWE) and standard solutions of all the chemical markers
used in this study. The ability of the method to distinguish the
analyte among possible interferences was also assessed.

2.3. Standard Solutions, Calibration Curve, and Sample Preparation. A standard solution containing all chemical markers
was prepared and sequentially diluted to achieve the final
concentrations required for the calibration curve as displayed
in Table 1. A fixed volume of a gallic acid solution (2 mg/mL)
was added as an internal standard to each calibration point,
in order to achieve a final concentration of 20 𝜇g/mL. All
solutions were injected in triplicate, and the obtained curves
were used for sample quantification and to validate the
reproducibility of the method.
A total of 200 mg PEE or PWE was added to 10 mL
volumetric flasks containing 5 mL of methanol and 100 𝜇L
of the internal standard (a methanolic solution of gallic acid
2 mg/mL). The samples were sonicated for 15 minutes in
an ultrasound bath, and the 10 mL volume was completed
with purified water acidified with formic acid to pH 2.7.
After homogenization, samples were filtered through a 0.45𝜇m cellulose filter, and 10 𝜇L were injected into the HPLC
equipment.

Linearity. was determined by examining the correlation
coefficient (𝑟2 ) of the linear regression line for the response
versus concentration of the calibration curves prepared as
described in Table 1.
Detection and Quantitation Limits. were calculated by determining the signal-to-noise ratio of a low concentration
solution containing all the standards used in this study
and establishing the minimum concentration at which the
analytes can be reliably detected or quantified. In order to
estimate the detection limit (LODs) and quantitation limit
(LOQs), a signal-to-noise ratio between 3 : 1 for LODs and
10 : 1 for LOQs was used.
Precision. was estimated by evaluating the intraday precision (repeatability) and interday repeatability (intermediate
precision) of analyses carried out on two different and
consecutive days. For both tests of precision, a set of six
replicates at 100% of the test concentration was prepared and
analysed for PEE and PWE. Results were expressed in terms
of the standard deviation and relative standard deviation
(coefficient of variation).
2.5. Determination of Total Phenol Content. The total phenol
content of the propolis extracts were estimated using a colorimetric assay based on the procedure described by Waterman
and Mole [23] with some modifications. Samples of each
extract (0.5 mL) were diluted in volumetric flask of 50 mL
with purified water. Aliquots of 1.0 mL were transferred
to 10.0 mL of purified water in volumetric flask of 50 mL.
These samples were reacted with Folin-Denis reagent and
35% sodium carbonate for 30 minutes at room temperature
and protected from the light. Subsequently, absorbance was
measured at 760 nm (𝑛 = 3) using a UV-visible (UVmini-1240
spectrophotometer-Shimadzu, Tokyo, Japan). Total phenol
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content was calculated via comparison to gallic acid standards, and the results were expressed as milligrams of gallic
acid per mL of extract.
2.6. Determination of Total Flavonoid Content. An aluminium chloride colorimetric assay was used to determine
total flavonoid content, as described by Funari and Ferro [24].
Samples of each extract (1.0 mL) were diluted in methanol
in volumetric flasks of 10.0 mL. Aliquots of 0.4 mL were
transferred to 25.0 mL of volumetric flasks with methanol
and were reacted with aluminium chloride for 30 minutes
at room temperature and protected from the light. The
absorbance of the reaction mixture was measured at 425 nm.
Total flavonoid content was calculated via comparison with
quercetin standards, and the results were expressed in milligrams of quercetin per mL of extract.
2.7. Antioxidant Assays
2.7.1. DPPH Radical Scavenging Assay. The stable DPPH
radical was utilized to determine ability of the extracts to
scavenge free radicals [25]. Solutions of different concentrations of propolis extracts were prepared. Aliquots for each
propolis extract were dissolved in methanol and mixed with
1 mL acetate buffer (0.1 M, pH 5.5), 1 mL ethanol, and 1 mL
DPPH solution (250 𝜇M). The mixture was mixed vigorously
in the dark for 30 minutes. The reduction of the DPPHradical was determined by measuring the decrease of absorption at 517 nm (UV-visible spectrophotometer). The DPPH
scavenging effect was calculated as a percentage of DPPH
discoloration using the equation: percentage of scavenging
effect = [(ABSDPPH − AExt )/ABSDPPH ] × 100. The extract
concentration providing 50% inhibition (IC50 ) was calculated
from the graph plotting the scavenging effect (percentage)
against extract concentration.
2.7.2. Ferric Reducing Power Assay. The reducing power of
PEE and PWE was measured following the method described
by Oyaizu [26]. The different concentrations of the extracts, in
a 2.5 mL volume were mixed with 2.5 mL sodium phosphate
buffer (0.2 M, pH 6.6) and 2.5 mL of 10 mg/mL potassium
ferricyanide. The mixture was incubated at 50∘ C for 30
minutes. After that, 2.5 mL of 100 mg/mL trichloroacetic
acid was added, and the mixture was centrifuged for 10
minutes. Subsequently, 2.5 mL of the upper layer was mixed
with 2.5 mL of deionized water and 0.5 mL of 1.0 mg/mL
of ferric chloride and the absorbance measured at 700 nm
(higher absorbance indicate higher reducing power) in
a UV-visible spectrophotometer (UVmini-1240 Shimadzu).
Extracts providing IC50 were calculated from the graph
plotting absorbance against extract concentration.
2.8. Antibacterial Assay. To evaluate the antibacterial activity
of PEE and PWE, the broth macrodilution method recommended by the Clinical and Laboratory Standards Institute
[27] was used, with some modifications. In this study, the
following microorganisms were used: Staphylococcus aureus
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ATCC 25923, Staphylococcus aureus ATCC 43300, Staphylococcus epidermidis ATCC 14990, Streptococcus pneumoniae
ATCC 49619, Escherichia coli ATCC 25922, and Haemophilus
influenzae ATCC 9006.
Samples were serially diluted in test tubes (13 × 100 mm)
with 1 mL of culture medium. After dilutions were made, 1 mL
of microbial suspension (106 CFU/mL) was added to each
tube. The final inoculum concentration in each test tube was
of approximately 5 × 105 CFU/mL. The final dilutions of the
samples ranged from 1 : 2 to 1 : 512.
Due to the turbidity of the test broth when PEE or
PWE were diluted in the culture medium, it was not possible to determine the minimum inhibitory concentration
(MIC). Therefore, the antibacterial activity of the samples
was assessed by means of the minimum bactericidal concentration (MBC) which was determined by subculturing
20 𝜇L aliquots from each sample in the broth dilution series
onto agar plates. Mueller Hinton agar (Difco, Detroid, MI,
USA) was used for the test with S. aureus, S. epidermidis,
and E. coli. The plates were incubated at 35∘ C aerobically for
24 h. Mueller Hinton agar with 5% sheep’s blood (Plast Labor,
Rio de Janeiro, RJ, Brazil) and Haemophilus Test Medium
agar (Plast Labor, Rio de Janeiro, RJ, Brazil) were used for
the test with S. pneumoniae and H. influenzae, respectively.
The plates were incubated at 35∘ C in 5% CO2 for 24 h. After
the incubation period, the MBC was determined. MBC was
defined as the lowest concentration of the extract required
to kill all the individuals of the microorganism being tested.
The MBC values were expressed in 𝜇g/mL for total flavonoid
content present in the samples in the dilution that propolis
was able to kill the microorganisms. Each effective dilution
was considered by each flavonoid value of triplicate. The
medium followed by standard deviation was calculated for
the results expression and statistical analysis (medium ± SD).
2.9. In Vitro Safety Test System. The V79 cells were grown
in monolayer plastic culture flasks (25 cm2 ) in 10 mL
HAM-F10 and DMEM (both from Sigma-Aldrich) (1 : 1)
culture medium supplemented with 10% fetal bovine serum
(Nutricell), antibiotics (0.01 mg/mL streptomycin, and
0.005 mg/mL penicillin, Sigma-Aldrich), and 2.38 mg/mL
Hepes (Sigma-Aldrich) at 37∘ C in refrigerated chamber type
BOD (biochemical oxygen demand). Cells from the 4th
passage were used for all experiments and were performed
in triplicate.
To determine the PWE concentration to be used in
the in vitro assay, the Colorimetric Toxicology Kit (XTT,
Roche Diagnostics) was used. 104 cells were added to the
96 wells of a microtitre plate. Each well received 100 𝜇L of
medium HAM-F10/DMEM (1 : 1) containing PWE ranging
from 3.12 to 400 𝜇g/mL in concentration. Negative controls
(no treatment) and positive (25% dimethyl sulfoxide, DMSO,
Sigma-Aldrich) were included. After incubation for 24 h at
37∘ C, the culture medium was removed and cells were washed
with 100 𝜇L phosphate buffered saline (PBS). Subsequently,
100 𝜇L of HAM-F10 medium without phenol red and 25 𝜇L
of XTT were added to each well. The microtitre plates were
incubated at 37∘ C for 17 h in the dark. Sample absorbance
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was determined using a multiplate reader (ELISA-Tecan-SW
Magellan 5.03 versus STD 2PC) set at a wavelength of 492–
690 nm. Cell viability was expressed as a percentage of viable
cells, and the negative control was considered to represent
100%.
The three highest PWE concentrations which did not
demonstrate cytotoxicity in the XTT assay (6.25, 12.5, and
25.0 𝜇g/mL) were chosen for the micronucleus test. Negative
(no PWE) and positive control (methyl methanosulfonate,
MMS, 44 𝜇g/mL) groups [28] were also included. Approximately 500,000 cells were first inoculated into culture flasks
and incubated at 37∘ C for 1 h in B.O.D. The cell cultures were
then submitted to the different PWE or control treatments
and incubated for 24 h at 37∘ C in B.O.D. After treatment,
the cell cultures were washed with PBS and added to culture
flasks containing 5 mL complete culture medium (10% fetal
bovine serum) and cytochalasin B (CTB, 3 𝜇g/mL, SigmaAldrich). After 17 h incubation, the cells were trypsinized
with 0.5 mL of ATV, centrifuged, the supernatant discarded,
prior to adding a 1% sodium citrate solution. The cells were
then centrifuged, the supernatant discarded and the pellet
was then fixed with a solution of methanol and acetic acid
(3 : 1) for 24 h. Two to three drops of fixed cell suspension
were dropped onto microscope slides. After drying at room
temperature, the slides were stained for 5 minutes in 3%
Giemsa solution diluted in phosphate buffer pH 6.8. The cells
were analysed via light microscopy (Microscopy description
required) using a 100x immersion objective. For each culture,
1000 binucleated cells (equaling 3000 cells per treatment)
were analysed and the number of cells which contained 0, 1, 2,
3, or more micronuclei counted [29]. The cytotoxicity of the
treatment in the micronucleus test was accompanied by the
calculation of the rate of nuclear division (NDI). A total of
500 cells with well-preserved cytoplasm were evaluated per
culture (equaling 1500 cells per treatment), and the number
of cells containing scores of 1–4 nuclei was counted. The NDI
was calculated according to [30] using the following formula,
where M1–M4 is the number of cells with 1, 2, 3, and 4 nuclei,
respectively; and N is the total number of cells counted
NDI =

[𝑀1 + 2 (𝑀2) + 3 (𝑀3) + 4 (𝑀4)]
.
𝑁

(1)

2.10. In Vivo Safety Test System. Male Swiss mice weighing
approximately 30 g, provided by the animal house of the
Faculty of Pharmaceutical Sciences, University of São Paulo,
Ribeirão Preto, São Paulo State, Brazil, were used for the
experiments. The animals were kept in plastic boxes inside a
controlled environment set at 22±2∘ C with 50±10% humidity
and on a 12 h light-dark cycle, with standard rat chow and
water being available ad libitum.
The animals were divided into five treatment groups
each containing six males, including a positive control group
(cyclophosphamide, CPA, Sigma-Aldrich, 50 mg/kg body
weight (b.w.)) [31], a negative control group (water), and
three groups treated with PWE dissolved in distilled water
at doses of 7.0, 14.0, and 21.0 mg/kg b.w. The doses of extract
used in this study were selected taking the anti-inflammatory
effects of PWE, as proposed by Machado et al. [12], into
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consideration and were administered to the animals by gavage
for seven days (0.5 mL/animal/day). The positive control
group received distilled water by gavage, and on the seventh
day of treatment CPA was administered intraperitoneally
(0.3 mL/animal). Body weight and water consumption were
measured throughout the experimental period. The animals
were euthanized 24 h after the last treatment. Micronucleated polychromatic erythrocytes (MNPCEs) were obtained
according to the technique described by Mac Gregor [32].
The frequency of MNPCEs was obtained for each sample by
analysing 2000 polychromatic erythrocytes (PCEs) per animal via light microscopy. The cytotoxicity of the treatments
was assessed by calculating the NDI (PCE/(PCE + NCE)
(normochromatic erythrocyte). A total of 400 erythrocytes
per animal were analysed.
2.11. Statistical Analysis. The analysis of variance (ANOVA–
two way) and Bonferroni multiple comparison were performed with a level of significance of 5%, including the
analysis of the results for MBC of PWE and PEE for each
microorganism. Comparison of PEE and PWE according to
MBC values (considering all microorganisms), the analysis of
phenolics and flavonoids contents were done using unpaired
Student t-Test, with 95% of significance. The results of in
vitro and in vivo safety were evaluated using Tukey test with
a significance level of 5%. Statistical analysis was performed
using Prism 4 (Graph Pad).

3. Results
3.1. Validation of HPLC Methodology. The RP-HPLC
methodology proposed showed a good separation of the
standards researched in the propolis samples (Figures 1(a)–
1(c)). The HPLC fingerprints reveal caffeic acid with 15 min of
retention time, p-coumaric acid (21-22 min), trans-cinnamic
acid (36 min), the flavonoid aromadendrin-4 -methyl
ether (38-39 min), and finally, artepillin C with 62 min
(Figure 1(a)). It is possible to compare Figures 1(b) and 1(c),
where it can be seen the fingerprint similarities between
PWE and PEE, respectively. The values for linearity, detection
and quantitation limits are displayed in Table 2.
The results for inter- and intra-day precision displayed
in Table 3 show that the procedure demonstrated good
repeatability for multiple samples, including both in PEE
and PWE. The relative standard deviations for all chemical
markers, for each sample, were lower than 5%, as except for
caffeic acid in an aqueous extract (8.25 and 6.44 mg/mL).
3.2. Chemical Profile and Standards Quantification. Propolis
raw material used in the present study demonstrated 49.86 ±
2.87%w/w of propolis extractable matter by Soxhlet extraction. PEE and PWE presented 11.0% w/v of propolis dry
matter, with propolis: extract relation of 1 : 4. The yield for
both was 89.7%, since both were originated from the same
extraction process. Considering that PWE possess more steps
than PEE, and PWE was obtained from PEE, 100% of yield
was obtained in this phase because all PEE was transformed
in PWE without loses. Total phenols found for PEE and PWE
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Table 2: Results of linearity, quantitation, and detection limits determined for the five phenolic compounds used in this study.
Regression curve

𝑟

LOD
𝜇g/mL

LOQ
𝜇g/mL

𝑦 = 0.0417𝑥 − 0.0136
𝑦 = 0.0752𝑥 − 0.0891
𝑦 = 0.1547𝑥 − 0.0148
𝑦 = 0.0322𝑥 − 0.0154
𝑦 = 0.0221𝑥 − 0.0562

0.9991
0.9993
0.9993
0.9992
0.9992

0.39
0.21
0.10
0.52
0.50

1.51
0.81
0.40
2.00
1.93

Chemical marker
Caffeic acid
p-coumaric acid
trans-cinnamic acid
Aromadendrin
Artepillin C

Table 3: Precision results for propolis water extract (PWE) and propolis ethanolic extract (PEE).
Sample

Chemical marker

PWE

Caffeic acid
p-coumaric acid
trans-cinnamic acid
Aromadendrin
Artepillin C

PEE

Caffeic acid
p-coumaric acid
trans-cinnamic acid
Aromadendrin
Artepillin C

Intraday repeatability (𝑛 = 6)
Average quantity
RSD
VAR
(mg/mL)
8.25
0.00080
0.342
0.44
0.00002
1.078
2.18
0.00000
0.078
3.38
0.00001
0.097
1.98
0.00758
4.393
0.267
1.418
0.160
0.772
5.480

1.48
0.72
2.84
0.97
3.01

0.00002
0.00010
0.00002
0.00006
0.02727

Interday repeatability (𝑛 = 6)
Average quantity
RSD
VAR
(mg/mL)
6.44
0.00054
0.362
1.00
0.00012
1.075
0.61
0.00000
0.077
2.48
0.00001
0.097
1.43
0.00603
5.450
0.276
1.433
0.152
0.810
5.135

0.36
0.46
0.91
1.38
1.77

0.00000
0.00004
0.00000
0.00013
0.00828

𝐹 test
0.68
5.08
0.50
1.88
1.26
0.06
0.42
0.16
0.45
3.29

RSD: relative standard deviation.
VAR: variance.

Table 4: The concentration of propolis water (PWE) or ethanolic
(PEE) extracts, from Brazilian green propolis, required for a 50%
reduction of DPPH or Fe3+ , representing free radical scavenging and
ferric reducing activity, respectively.
Extract
PEE
PWE

DPPH∙ scavening
𝑟2
IC50
56.71 ± 2.31
0.9964
33.36 ± 2.22
0.9988

Fe3+ -Fe2+ Reducing
IC50
𝑟2
282 ± 9.4
0.9971
270 ± 3.27
0.9925

Values are mean ± SD obtained from analyses in triplicate.
The values were expressed as 𝜇g/mL. Lower IC50 values indicate higher
antioxidant activity.

was, respectively, 23.0 ± 0.25 mg/mL and 38.3 ± 0.25 mg/mL,
demonstrating a higher phenolic content in PWE (𝑃 < 0.05).
Flavonoid content for PEE was 5.56 ± 0.197 mg/mL and 4.37±
0.091 mg/mL for PWE, fact that supports higher quantities in
PEE (𝑃 < 0.05) (Figure 2).
3.3. Antioxidant Assays. IC50 values were very low indicating the high antioxidant activity of the extracts, since our
results demonstrated that the IC50 value to known food
antioxidant BHT (butylated hydroxytoluene) was 4.43 ±
0.03 𝜇g/mL. Table 4 shows the IC50 values for PEE and
PWE, demonstrating that both extracts had significant DPPH
radical scavenging activity. However, PWE exhibited a higher
antioxidant activity than PEE (𝑃 < 0.001).

The ferric reducing antioxidant ability of an extract or
compound may serve as a significant indicator of its potential
antioxidant activity. The reducing power was measured by
the direct reduction of Fe+3 (CN− )6 to Fe+2 (CN− )6 and was
determined by measuring absorbance resulting from the
formation of the Perls Prussian Blue complex following the
addition of the excess ferric ions (Fe+3 ). The extract or
compound that provided a 50% reduction in absorbance
(IC50 ) was calculated from the graph plotting absorbance
against the concentration of the extract or compound in the
solution. The resulting IC50 for PEE and PWE are presented in
Table 5. PWE demonstrated higher antioxidant activity than
PEE (𝑃 < 0.001), corroborating the result found using the
DPPH method.
3.4. Antibacterial Assay. Gram-positive (S. aureus ATCC
25923, S. aureus ATCC 43300, S. epidermidis, and S. pneumoniae) and Gram-negative bacteria (E. coli and H. influenzae)
were used in this study. PEE and PWE presented antibacterial
activity against the majority of the microorganisms tested
(Table 5). However, PWE was more efficacious than PEE (𝑃 <
0.001) for the most of microorganisms. H. influenzae was the
most susceptible microorganism to the extracts (𝑃 < 0.01),
while E. coli was the most resistant (𝑃 < 0.01).
3.5. In Vitro and In Vivo Safety Evaluation of PWE. The
percentage of viable V79 cells after treatment with the PWE
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Figure 2: Phenolic and flavonoids contents of PEE and PWE presentation. (a) Total phenolic compounds like gallic acid equivalents
(mg/mL) (𝑛 = 3). (b) Total flavonoids compounds expressed like
quercetin equivalents (mg/mL) (𝑛 = 3).∗ 𝑃 < 0.05 (unpaired Student
t-test, 𝛼 = 0.05).
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Figure 1: Chromatographic profiles of the five phenolic compounds
(a) including the internal standard gallic acid: (1) internal standard; (2) caffeic acid; (3) p-coumaric acid; (4) cinnamic acid; (5)
aromadendrin, and (6) artepillin C; (b) propolis water extract, and
finally, (c) propolis ethanolic extract.

is shown in Figure 3. The cultures treated with concentrations
greater than 25.0 𝜇g/mL of extract showed a cytotoxic effect.
Table 6 shows the frequency of micronuclei in cell
cultures and Swiss mice bone marrow samples after the
treatment with different concentrations of PWE, and the
respective controls. The cultures and animals treated with
the propolis extracts showed no difference in micronuclei
frequency when compared to the negative control (𝑃 > 0.05),
and therefore present no genotoxicity under these conditions.
The NDI values observed in groups treated with the propolis
extracts did not show significant differences when compared

to negative control group, indicating the absence of cytotoxic
treatments under the conditions used (Table 6).
The data obtained for initial and final body weight, weight
gained, and water consumption, from the different animals
groups, are shown in Table 7. No statistically significant
difference was observed for these variables, revealing that the
PWE, at the used doses, did not show any signs of toxicity to
animals.

4. Discussion
Taking into account that some disadvantages are present with
alcohol in cosmetic, food, and pharmaceutical preparations,
this work aimed to develop a propolis water extract with
chemical composition similar to the alcoholic ones, however
without alcohol inconvenient. In this work, this objective was
reached as it can be observed in the chemical fingerprinting
and physical chemical parameters presented. The process
used to obtain PEE and PWE produced 89.7% of yield
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Table 5: Minimum bactericidal concentration (MBC) of propolis
water extract (PWE) and propolis ethanolic extract (PEE) from
Brazilian green propolis.
Microorganisms
Staphylococcus aureus
ATCC 25923
Staphylococcus aureus
ATCC 43300
Staphylococcus epidermidis
ATCC 14990
Streptococcus pneumoniae
ATCC 49619
Escherichia coli
ATCC 25922
Haemophilus influenzae
ATCC 9006

MBCa (𝜇g/mL)
PEE
PWE
∗

346.25 ± 0.012

136.67 ± 0.003

173.13 ± 0.006∗

68.33 ± 0.002

346.25 ± 0.012∗

136.67 ± 0.003

43.28 ± 0.002

136.67 ± 0.003∗

692.5 ± 0.024

1093.3 ± 0.023∗

43.28 ± 0.002∗

17.03 ± 0.000

a
MBC values (𝜇g/mL) expressed like total flavonoid content. ∗ Significant
difference between PEE and PWE (𝑃 < 0.001).
Values are presented as the mean ± SD (𝑛 = 3).

Table 6: Frequency of nuclear division (NDI), micronucleated
binucleated cells (MNCBNs), and micronucleated polychromatic
erythrocytes (MNPCEs) after treatment with different concentrations of propolis water extract and their respective controls.
In vitro test system
NDIa
1.75 ± 0.05
1.80 ± 0.03
1.76 ± 0.06
1.80 ± 0.02
1.75 ± 0.06
In vivo test system
Treatments (mg/kg b.w.)
NDIc
Negative control
0.68 ± 0.01
7
0.65 ± 0.04
14
0.68 ± 0.03
21
0.60 ± 0.04
CPA
0.61 ± 0.02
Treatments (𝜇g/mL)
Negative control
6.25
12.5
25.0
MMS

MNCBNsb
6.33 ± 0.57
4.33 ± 1.52
4.34 ± 0.57
7.66 ± 0.57
57.60 ± 11.9∗
MNPCEsd
3.0 ± 0.0
4.0 ± 2.0
4.6 ± 2.0
4.8 ± 1.6
50.6 ± 7.0∗

MMS: methyl methanesulfonate (44 𝜇g/mL); CPA: cyclophosphamide
(50 mg/kg b.w.). a 500 binucleated cells were analysed per culture, corresponding to a total of 1500 cells per treatment. b 1000 binucleated cells were
counted per culture, corresponding to a total of 3000 cells per treatment.
c
400 erythrocytes were analysed per animal, corresponding to a total of
2400 cells per treatment. d 2000 erythrocytes were analysed per animal,
corresponding to a total of 12,000 cells per treatment.
The values are presented as the mean ± standard deviation.
∗
Significantly different from the negative control group (𝑃 < 0.05).

considering propolis extractable matter in raw material, and,
because PWE was obtained from PEE, 100% of efficiency
was obtained with these further steps. Soxhlet extraction was
the more efficacious process when compared to maceration
[33]. The comparison of propolis extractable matter from raw
propolis obtained in the present case (49.86 ± 2.87% w/w) was
lower than the findings of Cunha et al. [33] with 57.65 ± 1.96%

120
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100
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80

∗

60

∗

40

∗

20
0
Negative 3.12 6.25 12.5
control

25

50

∗

100 200 400 DMSO
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Figure 3: Percentages of viable V79 cells after exposure to different
concentrations (𝜇g/mL) of propolis water extract for 24 h, determined by the XTT colorimetric assay. (∗ ) 𝑃 < 0.05.

w/w of dry matter of raw propolis obtained from Tuiuti, São
Paulo State, Brazil. Therefore, maceration is a very common
process used to obtain propolis extracts, and the results
found corroborate that this is less efficacious than Sohxlet
extraction. Other advantageous processes were proposed to
produce propolis extracts like ultrasound and microwave
extraction [34], and in some cases, the nanofiltration step was
used after the maceration extraction [10]. However, thinking
about further industrial uses, maceration can be the most
simple and affordable technique able to offer PEE and PWE
extracts.
The validated method proposed was based upon a previously published methodology developed by de Sousa et
al. [15]. For the HPLC method, several parameters were
optimized for the presented study, that is, mobile phase, the
gradient method, the internal standard, and the duration
of the analysis. These optimizations considered the possible use by other analytical laboratories, keeping in mind
economic and environmental costs and operator safety. The
first considerable change from the previous method was
the substitution of the buffer in the mobile phase to an
acidified mobile phase without salt in order to simplify
mobile phase preparation and to minimize problems in the
equipment such as pump-seal wear or check-valve problems
due to salt precipitation, as well as salt precipitation in
tubes and columns during subsequently washes and changes
in the mobile phase composition [35]. The substitution of
acetonitrile by methanol had two main reasons. The first
intended to minimize mobile phase eluotropic force to get a
more slightly gradient, and the second intended to use a more
health and environment friendly solvent, since acetonitrile is
more toxic than methanol [36]. Although the time of analysis
was increased in 10 minutes, the flow rate could be reduced,
allowing the reduction of solvent consume. Finally, due to
changes in the mobile phase gradient and composition, the
internal standard had to be substituted. So, it was chosen,
the gallic acid, because it is easily found in the market and
because it has desirable hydrophilic properties, allowing an
earlier elution before all the other desired compounds, in a
retention time where there is no peaks coeluting. For sample
preparation, the procedure is completely different since in
this paper we describe the analysis of liquid extracts, and
not propolis raw material. For that, it was carefully planned
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Table 7: Mean values for the initial and final weight, weight gained, and water consumption obtained from Swiss mice treated with propolis
water extract for 7 days and respective controls. The values are presented as the mean ± standard deviation.
Treatments
(mg/kg b.w.)

Initial weight
(g)

Final weight
(g)

Weight gain
(g)

Water consumption
(mL/animal/day)

Negative control
7
14
21
CPA

21.25 ± 3.18
30.08 ± 0.49
23.58 ± 1.88
28.25 ± 1.72
25.25 ± 2.81

23.00 ± 3.53
30.75 ± 0.82
28.67 ± 1.12
29.50 ± 2.37
27.33 ± 2.25

1.75 ± 0.35
0.67 ± 0.52
5.08 ± 2.15
1.25 ± 1.08
2.08 ± 0.74

4.64 ± 3.66
4.17 ± 2.26
9.59 ± 3.53
9.97 ± 4.26
3.81 ± 2.72

CPA: cyclophosphamide (50 mg/kg b.w.).

how the sample should be prepared in few and simple steps
considering the amount and dilution, as well as its adequacy
with the calibration curve range, including the choice of the
new internal standard and allowing a reliable quantification.
So, the optimized method was applicable for aqueous and
hidroalcoholic extracts and it showed good sensitivity, since
all chemical markers could be detected and quantified even
in the complex propolis extracts.
The chemical composition of propolis water extracts is
known to be very different from alcoholic extracts due to the
differences in the extraction process [10, 11]. Flavonoids are
a large group of phenolic compounds that are more readily
extracted with solvents like alcoholic solutions with 70∘ GL
until 96∘ GL (%v) or methanol [10, 11]. According to HPLC
fingerprint, similar results were obtained by Mello et al. [10]
and Park and Ikegaki [11], and both observed that with more
polar solvents (100% water, e.g.,), propolis extract showed
the presence of caffeic and p-coumaric acids, while less polar
solvents presented substances more lipophilics (compounds
obtained after 20 minutes of chromatographic running).
With these data ethanolic solutions like extractable solvent
are more advantageous when compared with water [10].
However, the HPLC analysis in the presented study showed
that PWE possessed all the standard compounds commonly
found in PEE, including relatively more apolar compounds
such as artepillin C, although quantitative concentrations
differed (𝑃 < 0.05). In this investigation, the two extracts
evaluated originated from the same batch of Brazilian green
propolis, the same extraction process, however PWE was
obtained after hydrolyse of propolis extractable matter of
PEE, followed by water solubilisation. Satisfactory results
concerning the chemical profile of the propolis water extracts,
that is, the presence of the same standards commonly present
in alcoholic extracts, were obtained because the extraction
origin was the same, fact not observed when water is used
as solvent in the extraction of propolis raw material (data not
shown). The results obtained (not shown) are in accordance
with Mello et al. [10] and Park and Ikegaki [11].
Phenolics compounds are commonly found in both
edible and nonedible plants and have been reported to have
multiple biological effects, including antioxidant activity [37,
38]. Propolis contains a wide variety of compounds, mainly
flavonoids. Flavonoids and other phenolics compounds have
been suggested to play a preventive role in the development of
cancer and heart diseases [37, 38]. The biological activities of

Brazilian propolis have been suggested to be due to the high
phenolic acids content [39] while flavonoids are considered to
be responsible for the activity of European propolis extracts
[40]. The higher antioxidant activity of PWE compared to
PEE, as demonstrated in the presented study, was probably
due to the higher polyphenol content and the better solubility
of the phenol constituents in water, specially the known
antioxidant compounds caffeic and p-coumaric acids [41],
results corroborated by Nagai et al. [42]. However, phenolics
in PWE (348 𝜇g/mg) were greater than those obtained by
Nagai et al. (168 𝜇g/mg) [42].
Brazilian propolis extracts have been shown to possess
antibacterial activity, predominantly against Gram-positive
bacteria [2–5]. Some Gram-negative bacteria are also susceptible to Brazilian propolis [2], while others are not [3]. In
the presented study, H. influenzae, which is Gram-negative,
was shown to be the most susceptible to both PWE and PEE
of the microorganisms evaluated. Therefore, both propolis
extracts may be used to supplement the treatment of the
diseases caused by H. influenzae, such as sinusitis, otitis
media, and meningitis. Another Gram-negative species, E.
coli was the most resistant microorganism to both propolis
extracts, which is in agreement with the study by Jorge et al.
[3], where the ethanolic extracts of Brazilian green propolis
showed no antibacterial activity against E. coli.
The presented study also demonstrated the antibacterial
activity of PWE and PEE against the causal agents of several
common diseases. S. pneumoniae is a common cause of
pneumonia, sinusitis, otitis media, meningitis, and septicaemia [43]. Both PEE and PWE presented antibacterial
activity against S. pneumoniae; however, PEE was more
efficacious. The extracts also presented antibacterial activity
against the staphylococci, including S. aureus ATCC 43300,
a methicillin-resistant S. aureus (MRSA). These strains are
resistant to all penicillins, cephalosporins, and carbapenems;
that is, they exhibit multidrug resistance. Therefore, they are
responsible for several difficult-to-treat infections in humans.
The current prevalence of antibiotic-resistant bacteria, such
as MRSA, has led to a reevaluation of the use of natural
therapeutic products, which may represent an alternative
treatment of such disease.
Toxicological genetic tests are essential to evaluate potential risk of compounds within drugs that could be carcinogenic or cause hereditary mutations. It is clear that no single
test is capable of detecting all relevant genotoxic agents.
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Therefore, the usual approach is to carry out a variety of
in vitro and in vivo tests for genotoxicity. Such tests are
complementary rather than representing different levels of
hierarchy [44]. The micronucleus assay is widely used for the
screening of genotoxic potential and allows the detection of
both the clastogens and aneugens.
The results obtained in this study showed that the cell
cultures and the animals treated with PWE presented no
genotoxic effect in the micronucleus assay. These results are
consistent with the studies carried out with green propolis hydroalcoholic extract using chromosomal aberrations
assay in Chinese ovary hamster cells (CHO cells) [45] and
Wistar rat bone marrow cells [46]. In addition, the topical
formulations of standard green propolis extract evaluated by
CHO cells chromosomal aberrations assay and Wistar rat
peripheral blood micronucleus test showed no mutagenic
effect in either test systems [47]. However, Pereira et al. [48]
observed genotoxic activity of ethanol extract of propolis
when using doses higher than 1000 mg/kg p.c. on Swiss mice
peripheral blood using the comet and micronucleus assays.

5. Conclusions
The results of this study demonstrated the development and
validation of an HPLC method, comprising five standards, for
evaluating propolis water and ethanolic extract composition.
Furthermore, we demonstrated that both propolis extracts
contained all of the compounds researched, a fact that is very
difficult to observe in the literature and it is probably due to
the extraction process used. Both extracts showed antioxidant and antimicrobial activities, while PWE demonstrated
the most potent antioxidant activity and efficacious for most
of the microorganisms tested. Finally, the PWE showed to be
safe using in vitro and in vivo micronucleus assays.
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For hundreds of years poor and chronic nonhealing wounds have constituted a serious problem to medicine. What is more, treating
such wounds is an expensive let alone a long-lasting process. The following paper describes Professor Scheller’s achievements in
using propolis for poor and chronic non-healing wounds. The authors’ intention was to present the results connected with the use of
the ethanolic extract propolis, in the treatment of patients suffering from burns, venous crural ulceration, local sacral bone pressure
ulcers, suppurative osteitis and arthritis, suppurative postoperative local wound complications, and infected traumatic wounds.

Needless to say, Professor Stan Scheller was born on January
7, 1928 in Lviv. When he was a student, in 1950 he commenced
a job as the junior assistant under the leadership of Professor
Ludwik Hirszfeld, in the Department of Microbiology of
the Medical Academy in Wroclaw (1950–1953). Then in
the Microbiology and Immunology of the Silesian Medical
Academy in Zabrze, Rokitnica, he worked first as an assistant
(1960–1962), later as a tutor (1962–1971), assistant professor
(1971–1985), associate professor (1985–1997), and finally professor (1997-1998). From October 1, 1976 he become the Head
of the Microbiology Department and continued his scientific
and academic work until he retired on the 1st of October 1998.
Taking into account Scheller’s achievements in the clinical implementation of propolis, the authors retrospectively
review as well as present Scheller’s experience concerning
an introduction and an implementation of propolis in the
chronic wound treatment.
In 1966 Stan Scheller decided to undertake research
concerning propolis. He discovered and described his own

method of the preparation of the ethanol extract of propolis
(EEP).
It would be worth noting that propolis was collected
manually, in beehives located in the south of Poland (The
Carpathians, Nowy Sącz region). Propolis was kept desiccated pending its processing. It was extracted in 95% (v/v)
from ethyl alcohol, in a hermetically closed glass vessel for
4 days at 37∘ C, and also underwent occasional shaking.
The ethanolic extract was then filtered through a Whatman
filter paper no. 4 and evaporated in rotary evaporator, under
reduced pressure at 60∘ C [1–3].
The following largely enabled the examinations of its
biological properties. To exemplify, he managed to indicate
the presence of 19 particles in the propolis containing solution
as well as proved their antiseptic effect on the Gram-positive
bacteria [4]. It would be worth noting that the name of the
extract has been universally acknowledged in the worldwide
scientific literature. Professor Scheller was also the first to use
ethanol extract of propolis for poor and chronic nonhealing
wounds [1, 5].
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Table 1: The characteristics of the group and the results of the wound treatment in Kubacka and Scheller patient cohort.

Number of patients Duration of illness Wound healing Significant improvement Failure
Burns
12
4 hours to 2 weeks
11
1
Crural ulceration
30
3 months to 30 years
16
11
3
Pressure ulcers
10
4 months to 5 years
5
3
2
Osteomyelitis
23
2 years to 5 years
15
8
Infection of the wound after trauma/injury
10
2 days to 7 days
9
1
Infection of the operative wound
15
1 week to 6 months
10
5

Chronic wounds, including pressure ulcers, chronic leg
venous ulcers, diabetic foot ulcers, burns, and other kinds of
wound healing by secondary intention, are common in both
acute and community setting. The treatment of these wounds
comprises a number of strategies including debridement,
the use of various wound dressing, antimicrobial agents,
footwears, and physical therapies, that is, compression stocking or other local treatment methods [6].
What would be also worth mentioning is the fact that
propolis is a resinous substance collected from trees by the
bee Apis mellifera, which uses it as a building and insulating
material in the hive. Furthermore, bees make use of propolis
(bee glue) not only as a building material but also as a
material to keep a low concentration of bacteria and fungi in
the hive. Although its chemical composition varies, propolis
generally includes about 10% of essential oils, 5% of pollen,
and 15% of various organic polyphenolic compounds including flavonoids and phenolic acids. Propolis is remarkably
used in dermatology for wounds healing, burn and topical
ulcers treatment, healing time reduction, wound contraction
increase, and tissue repair acceleration. During the woundhealing processes synchronized cellular and molecular interactions take place to repair the damaged tissue [7–9].
The following beneficial aspects connected with propolis
are therapeutic properties which can positively influence
the wound-healing processes. Moreover, the undertaken
in vitro antibacterial activity was verified against several
Gram-positive and Gram-negative bacteria which is said to
result from synergism between propolis compounds, mainly
pinocembrin and galangin flavonoids [8–12].
Furthermore, one of the first analyses concerning clinical
efficacy of propolis which was prepared and applied in
accordance with the Scheller’s method was described in 1975
[1], whereas the clinical material description concerned the
cases of the poor and chronic non-healing wounds, in 100
patients treated between 1972 and 1974, in the Department
of Dermatology in Hospital No. 2 in Bytom, the Clinic of
General Surgery of the Silesian Medical Academy in Bytom,
and the Clinic of Orthopedic Surgery of the Silesian Medical
Academy in Bytom. The research which concerned the above
mentioned group of was conducted by Dr. Kubacka under
the leadership of professor Scheller [1]. The target group,
who underwent clinical assessment, consisted of 12 patients
with burns, 30 with venous crural ulceration, 10 with local
sacral bone pressure ulcers, 23 with suppurative osteitis
and arthritis, 15 with suppurative postoperative local wound
complications, and 10 with infected traumatic wounds. All

Figure 1: A 9-month-old baby showing deep electric burns in its
eye and cheek regions (reproduction of the picture with Dr. Kubacka
permission).

the 100 patients, described in the research presented in Dr.
Kubacka Ph.D. thesis, had been unsuccessfully treated in the
previous dermatological, orthopedic, and/or surgical hospitals. The durations of the disease, according to the wound
etiology, were shown in Table 1 [1]. What follows is that
according to Scheller’s elaborated method and experience, all
the patients were treated with 3% ethanol propolis solution,
prepared by the Department of Microbiology, Silesian Medical Academy in Zabrze, Rokitnica. Moreover, the patients
with osteitis and fistulas underwent wound rinsing every day,
whereas on the rest of the patients the EEP dressings were
applied, which were changed every day.
The patients with the II burn grade were treated with EEP
preparations for approximately 10 days and those with grade
III burns for up to 6 weeks. In each case the wounds were
reported to be healed. It would be worth noting that an interesting case presented by Kubacka and Scheller. It concerned
a 9-month-old baby who suffered from electric burns on eye
and cheek, and the above resulted in a massive and deep skin
defects which responded well to EEP treatment and managed
to heal properly (Figures 1 and 2). Another case involved a
4-year-old girl with burns on her fingers (Figures 3 and 4).
In the group of 30 patients with venous crural ulceration,
the wounds were healed in 16 cases and alleviated in 11 cases.
The wounds failed to show healing processes in 3 cases who
suffered from lymphatic leukemia. The examples of the ulcerations treated by Scheller are presented in Figures 5 and 6.
Among patients with pressure ulcers in sacral bone
region, 9 wounds were reported to be healed. Only two
patients did not respond to the treatment. Some of the
examples were presented in Figures 7 and 8.
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Figure 2: The same baby after EEP treatment (reproduction of the
picture with permission).

Figure 3: A 4-year-old girl with burns on her fingers (reproduction
with permission).
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Figure 6: The same woman after EEP treatment (reproduction with
permission).

Figure 7: A man showing pressure ulcers in sacral bone region
(reproduction with permission).

Figure 8: The same man after EEP treatment (reproduction with
permission).
Figure 4: The same girl after EEP treatment (reproduction with
permission).

Figure 5: A 59-year-old woman showing venous crural ulceration,
under treatment for 10 years (reproduction with permission).

The chronic osteomyelitis and arthritis in lower limbs
were accompanied by multiple fistulas, in one case, and even
20 fistulas were recorded. What would be worth noting is
that 8 of the patients had been unsuccessfully treated for a
few months, in the period of 5 years. Yet 15 of them were
successfully cured after the application of the EEP therapy.
The examples are presented in Figures 9 and 10.
The infectively treated postoperative wounds, underwent
a following treatment the duration of which ranged from 2
weeks up to 2 months. Upon the application of EEP dressings
the unpleasant odor, edema, and flare around the wound
were largely reduced. The bacteriological examination further
revealed the lack of bacteria in the wound exudate. It would
be of worth to note that ten wounds were reported to heal
completely while the rest (5 of 15) indicated no exudates
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Figure 9: A 42-year-old man with multiple suppurative fistulas
in his hip joint, under treatment for 4 years (reproduction with
permission).

Figure 10: The same man after EEP treatment (reproduction with
permission).

at all. All in all, the described material, which included 100
patients treated in accordance with the method put forward
by Scheller, revealed that 66% of the wounds were thoroughly
healed, 21% were significantly alleviated, and only in the
13% of cases the failure was noticed, mainly in the group of
patients with osteomyelitis, crural venous ulcer, or pressure
ulcer [1].
As previously mentioned and clinically confirmed, propolis is said to have several therapeutic properties, such as
antibacterial, anti-inflammatory, healing, anesthetic, anticarcinogenic, antifungal, antiprotozoan, and antiviral activities
[10–17]. Added to that, propolis contains copper 26.5 mg/kg,
manganese 40 mg/kg, and the ash residue contains iron, calcium, aluminum, vanadium, strontium, and silicon, vitamins
such as B1, B2, B6, C, and E, and a number of fatty acids
[18]. In addition, it also includes some enzymes such as
succinic dehydrogenase, glucose-6-phosphatase, adenosine
triphosphatase and acid phosphatase [18]. What would be
worth mentioning is that when Professor Scheller conducted
his pioneering research, he was largely unfamiliar with the
above mentioned properties of propolis [19–21].
Furthermore, Professor Scheller and others published a
number of works dealing with the biological properties as
well as the clinical application of propolis on cartilaginous
tissue, the regeneration of bone tissue, and on dental pulp
regeneration [5, 22, 23].
Apart from that, he successfully introduced the use of the
EEP in poor healing wound treatment. What followed was
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that the subsequent years resulted in a number of publications which confirmed his research, let alone presented the
influence of the application of propolis on wounds.
Moreover, Khayyal et al. [24] reported that aqueous propolis extract possesses significant anti-inflammatory
properties and has successfully reduced oedema in both
acute and chronic models of inflammation. Similar to the
Kubacka and Scheller group of patients the application of
high efficiency of the propolis solution in patients with
chronic osteomyelitis was also observed, probably due to its
antioxidant, anti-inflammatory and antimicrobial effects [1].
Propolis has also been used in the treatment of cutaneous
lesions such as burns, wounds, and ulcers by other authors.
In addition to the above, Morels and Garbarino [25] used
a hypoallergenic formula of propolis and obtained a very
satisfactory evolution and cicatrisation in cases of wounds
with and without infection. A fast improvement, shorter
healing time, let alone low number of septic complications
were also obtained. The cicatrisation was evident between the
4th and 5th day by the early formation of granulation tissue.
The antimicrobial capacity was also noticed clinically with the
fast regression of the infective compound of the suppurated
wound.
In the study published by Kurson [26], sixty-four patients
with tibial skin ulcers, aged from 23 to 98 years old, were
treated using propolis extract in an ointment form. The
ointment was applied daily to the ulcerated area, which
was also treated peripherally with antibiotic ointments. The
treatment lasted for 4–12 weeks. At the end of the treatment,
19 out of the 84 treated patients displayed no clinical signs
of the active ulceration; in further 19 cases the clinical
improvement of the local condition was observed [26].
Propolis was also utilized in another trial of hospital
patients with infected wounds. Propolis improved woundhealing rates and reduced local infection severity. Over half of
infective bacteria were eliminated within 4 days. Propolis did
not produce antibiotic resistance strains of the bacteria [27].
The review of the available literature clearly envisages that
each year more and more papers concerning the influence of
propolis on wound-healing process are published. The mechanisms of the propolis activity have been studied on the clinical as well as molecular level. Consequently, it can be clearly
stated that Professor Stan Scheller’s studies regarding the
influence of propolis on the poor healing and chronic nonhealing wound proved to be of great importance to science.

Acknowledgments
In this paper, the authors aimed at presenting the findings
regarding the research published in 1975, in the Ph.D. thesis
of Dr. S. Kubacka entitled “The application of propolis in the
healing of the tissue loss and the prolonged pus processes”
from the Department of Microbiology of the Silesian Medical
Academy in Zabrze, Rokitnica (on approval of its present
Head Professor W. Król). The authors deeply thank Dr.
Kubacka and Proffessor Król for the permission of using the
data and pictures which clearly describe the efficiency of the
Professor Scheller’s method of treatment.

Evidence-Based Complementary and Alternative Medicine

References
[1] S. Kubacka, The application of propolis in the healing of the tissue
loss and the prolonged pus processes [Ph.D. thesis], Silesian
Medical Academy, Zabrze, Poland, 1975.
[2] S. Scheller, J. Szaflarski, J. Tustanowski, E. Nolewajka, and A.
Stojko, “Biological properties and clinical application of propolis. I. Some physico chemical properties of propolis,” Arzneimittel-Forschung/Drug Research, vol. 27, no. 4, pp. 889–890, 1977.
[3] J. Starzyk, S. Scheller, J. Szaflarski, M. Moskwa, and A. Stojko,
“Biological properties and clinical application of propolis. II.
Studies on the antiprotozoan activity of ethanol extract of
propolis,” Arzneimittel-Forschung/Drug Research, vol. 27, no. 6,
pp. 1198–1199, 1977.
[4] S. Scheller, J. Tustanowski, B. Kuryło, Z. Paradowski, and
Z. Obuszko, “Biological properties and clinical application of
propolis. III. Investigation of the sensitivity of staphylococci
isolated from pathological cases to ethanol extract of propolis
(EEP),” Arzneimittel-Forschung/Drug Research, vol. 27, no. 7, p.
1395, 1977.
[5] A. Stojko, S. Scheller, I. Szwarnowiecka, J. Tustanowski, H.
Ostach, and Z. Obuszko, “Biological properties and clinical application of propolis. VIII. Experimental observation on the
influence of ethanol extract of propolis (EEP) on the regeneration of bone tissue,” Arzneimittel-Forschung/Drug Research, vol.
28, no. 1, pp. 35–37, 1978.
[6] S. O’Meara, N. Cullum, M. Majid, and T. Sheldon, “Systematic
reviews of wound care management: (3) antimicrobial agents
for chronic wounds; (4) diabetic foot ulceration,” Health Technology Assessment, vol. 4, no. 21, pp. 1–228, 2000.
[7] G. A. Burdock, “Review of the biological properties and toxicity
of bee propolis (propolis),” Food and Chemical Toxicology, vol.
36, no. 4, pp. 347–363, 1998.
[8] A. F. N. Ramos and J. L. De Miranda, “Propolis: a review of its
anti-inflammatory and healing actions,” Journal of Venomous
Animals and Toxins Including Tropical Diseases, vol. 13, no. 4,
pp. 697–700, 2007.
[9] V. Bankova, “Recent trends and important developments in
propolis research,” Evidence-based Complementary and Alternative Medicine, vol. 2, no. 1, pp. 29–32, 2005.
[10] S. Scheller, D. Rogala, E. Stasiak, and H. Żurek, “Antibacterial
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Propolis, a resinous substance that honeybees collect to protect their beehive from enemies, is reported to have various biological
activities. In our screening program to search for antiangiogenic compounds from propolis, the ethanol extracts of Okinawan
propolis (EEOP) showed significant antiangiogenic activities in a tube formation assay with human umbilical vein endothelial
cells (HUVECs) in vitro at 3.13 𝜇g/mL and chorioallantoic membrane (CAM) assay in vivo at 25 𝜇g/egg. To elucidate the active
compounds of EEOP and their mode of action, we isolated some prenylated flavonoids from EEOP and found that nymphaeol-A
had the strongest antiangiogenic activity among them. Nymphaeol-A significantly reduced in vivo neovessel formation in the
CAM assay at 25 𝜇g/egg. At the molecular level, nymphaeol-A markedly inactivated mitogen-activated protein kinase/ERK kinase
1/2 (MEK1/2) and extracellular signal-regulated kinase 1/2 (ERK1/2), whose molecular activations signal new vessel formation in
HUVECs. In addition, nymphaeol-A dose- and time-dependently induced caspase-dependent apoptosis in tube-forming HUVECs.
Taken together, nymphaeol-A was shown to inhibit angiogenesis at least in part via inactivation of MEK1/2–ERK1/2 signaling and
induction of caspase-dependent apoptosis. Okinawan propolis and its major component, nymphaeol-A, may be useful agents for
preventing tumor-induced angiogenesis.

1. Introduction
Angiogenesis is defined as the process of forming new blood
vessels from preexisting ones. Folkman first observed that
the angiogenesis is required for tumor growth in 1971 [1].
Tumor-induced neovessels carry oxygen and nutrients into
tumor tissues and function as the primary path of metastasis.
Cutting off the blood supply of oxygen and nutrients to
solid tumors represents a useful antiangiogenic therapy for
tumors. Bevacizumab, a monoclonal antibody that binds to
vascular endothelial growth factor (VEGF), was developed as
an antiangiogenic drug for colon cancer treatment. In recent
years, various antiangiogenic inhibitors have been developed,
used in clinical trials, and approved for a number of cancer

treatments. Antiangiogenic treatment may be useful in the
treatment and prevention of cancer progression.
Propolis, a resinous substance collected by honeybees
from the buds and exudates of certain trees and plants, is
stored inside their hives and has been used in folk medicines
from ancient times in many regions. It has been reported
to have various biological activities such as antioxidant [2],
antibacterial [3], antiviral [4], antifungal [5], anti-inflammatory [6], and anticancer [7] activities. In general, propolis
is known to have various chemical compositions depending
on the vegetation at the site of its collection. For example,
propolis from Europe and China contains many kinds of
flavonoids and phenolic acid esters. In contrast, propolis from
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Brazil contains terpenoids and prenylated derivatives of pcoumaric acids [8–11]. In our previous studies, we reported
that artepillin C, a major phenolic component of Brazilian
propolis, suppressed tumor-induced angiogenesis [12].
Through our programs of revealing the constituents of the
worldwide propolis, we have analyzed the components of a
propolis collected in Okinawa, the southernmost prefecture
of Japan [13–16]. It mainly contains prenylated flavonoids,
which are called nymphaeols, analogs of naringenin, and/or
eriodictyol (Figure 1), and the ethanol extracts of Okinawan
propolis (EEOP) and the isolated prenylated flavonoids show
strong antioxidant and antibacterial activities [13, 14]. In
addition, they show cytotoxicity against some cancer cell
lines as well as antimalarial activity [17]. Nymphaeols, the
main prenylated flavonoids isolated from Okinawan propolis,
have been reported to originate from Macaranga tanarius
[18, 19]. We have already revealed that the plant origin
of Okinawan propolis is M. tanarius and that the major
components of Okinawan propolis are nymphaeols-A (a) and
-B (b) (Figure 1) [14].
In the present study, our aims were to investigate the in
vivo antiangiogenic effects of EEOP and its two main prenylated flavonoids, nymphaeols-A and -B, by chorioallantoic
membrane (CAM) assay using fertilized chicken eggs. Furthermore, we evaluated their modes of action of antiangiogenic effects by investigating the inhibition of tube formation,
as well as changes in survival signals and apoptotic pathways
using human umbilical vein endothelial cells (HUVECs).

2. Materials and Methods
2.1. Materials and Chemicals. Medium 199 was purchased
from Sigma (St. Louis, MO, USA). Medium MCDB-104 was
purchased from Nihon Pharmaceutical (Tokyo, Japan). Fetal
bovine serum (FBS) was purchased from Moregate (Brisbane,
Australia). Cellgen was obtained from Koken (Tokyo, Japan).
Epidermal growth factor (EGF) was purchased from BD
Biosciences (Bedford, MA, USA). Human basic Fibroblast
Growth Factor (recombinant) was purchased from Wako
Pure Chemicals Industries (Osaka, Japan).
Propolis used for this study was collected as a crude
material by beekeepers of Aragaki bee farm, Naha, Okinawa,
Japan, in June 2010. A voucher sample of the propolis
(HSRCTU-BPC PR0002/2010) has been deposited at Bee
Products Collection, Honeybee Science Research Center,
Tamagawa University, Tokyo, Japan. Okinawan propolis collected from Okinawa, Japan, was extracted with ethanol by
stirring overnight at room temperature. After extraction, the
solvent was evaporated in vacuo to give EEOP. The nymphaeols used in the experiments were purified from the ethanol
extracts of Okinawan propolis by column chromatography
including HPLC as described previously [16]. The purity of
each compound was >98% using 1 H NMR spectrum.
2.2. Cell Culture. HUVECs were grown in HUVEC growth
medium (MCDB-104 medium supplemented with 10 ng/mL
EGF, 100 𝜇g/mL heparin, 100 ng/mL endothelial cell growth
factor, and 10% FBS) as previously reported [20] and incubated at 37∘ C under a humidified 95/5% (v/v) mixture of
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air and CO2 . The cells were seeded on plates coated with
0.1% gelatin and allowed to grow to subconfluence before
experimental treatments.
2.3. CAM Assay. CAM assay was performed as described
previously [21]. Briefly, fertilized chicken eggs were incubated
at 37∘ C. On incubation day 3, a small window was opened in
the shell and 4 mL of albumen was removed. After incubation
at 37∘ C, the 5-day-old CAM was treated with various doses
of samples and incubated at 37∘ C for another 2 days. An
appropriate volume of white emulsion was injected into CAM
to clearly visualize the vascular network. Observation of the
vascular networks was carried out to evaluate antiangiogenic
activity. Retinoic acid (5 nmol/egg) was used as a positive
control.
2.4. Tube Formation Assay. Capillary tube-like structures
formed by HUVECs in collagen gel were prepared as previously described with slight modifications [20]. Collagen gels
were made by Cellgen (type I collagen). 200 𝜇L of collagen
solution (0.21% in Medium-199) was poured into wells of a
24-well plate, and the plates were incubated at 37∘ C for 30 min
to solidify gels. HUVECs (6.0 × 104 cells/cm2 ) in MCDB-104
medium with 0.5% FBS were seeded onto collagen-coated
wells and left at 37∘ C in a 5% CO2 incubator for 1 h to attach
to the collagen gel. After removing the medium, 150 𝜇L of
the collagen solution was overlaid and subjected to gelation
as described above. Subsequently, 650 𝜇L of MCDB-104 with
0.5% FBS supplemented with 10 ng/mL bFGF, 8 nM/mL
phorbol 12-myristate 13-acetate (PMA), together with various
concentrations of samples, was added to the wells and
incubated for up to 36 h. The resulting web-like capillary
structure was viewed under a microscope, and images were
captured using an Olympus C-4040ZOOM digital camera
(Olympus, Tokyo, Japan).
2.5. Western Blot Analysis. After experimental treatment with
various doses of samples, cells embedded 3D in collagen
gel were treated with SDS sample buffer (50 mM Tris-HCl
(pH 6.8), 2% SDS, 5.88% 2-mercaptoethanol, 10% glycerin,
1 mM 𝛽-glycerophosphate, 2.5 mM sodium pyrophosphate,
1 × phosphatase inhibitor cocktail 1, 1 × phosphatase inhibitor
cocktail 2, and 1 × protease inhibitor cocktail 1) and boiled
for 10 min. Each sample was electrophoresed in 6–12% SDSpolyacrylamide gels and then transferred to a Hybond-ECL
nitrocellulose membrane (GE Healthcare, Buckinghamshire,
UK). Immunoreactive protein bands were visualized using
the ECL plus detection system with an ECL Minicamera (GE
Healthcare). Results were obtained from three independent
experiments.
2.6. Caspase Inhibition by z-VAD-fmk. HUVECs in MCDB104 with 0.5% FBS supplemented with 10 ng/mL bFGF,
8 nM/mL PMA on 96-well plates were treated with both 1.56–
6.25 𝜇g/mL nymphaeol-A and 10 𝜇M z-VAD-fmk (Promega,
WI, USA), an irreversible pan-caspase inhibitor, for 12 h.
Caspase-3/7 activity was examined by a Caspase-Glo Assay
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Figure 1: Structures of the main components isolated from Okinawan propolis and HPLC profile of EEOP. (a) Nymphaeol-A; (b) nymphaeolB; (c) isonymphaeol-B; (d) 3 -geranyl-naringenin; (e) nymphaeol-C; naringenin, and eriodictyol. HPLC conditions: column, Capcell Pak
UG120 C18 column (250 × 4.6 mm i.d.; Shiseido, Tokyo, Japan); flow rate, 1.0 mL/min; detection, 280 nm; solvent, (A) water with 0.1%
trifluoroacetic acid (B) acetonitrile with 0.1% trifluoroacetic acid (B); gradient, 10–100% (B) in 60 min.

(Promega) according to the manufacturer’s protocol. Luminescence was measured using a Flex Station II system
(Molecular Devices, Inc., CA, USA).
2.7. ERK1/2 Activation by Angiotensin II. HUVECs in MCDB104 with 10% FBS on 96-well plates were pretreated with

1 𝜇M angiotensin II (Sigma) for 2 h. Pretreated HUVECs
were incubated with 3.13 𝜇g/mL nymphaeol-A. Caspase-3/7
activity was examined by a Caspase-Glo Assay (Promega)
according to the manufacturer’s protocol. Luminescence was
measured using a Flex Station II system (Molecular Devices,
Inc.).
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Control

12 h

24 h

36 h

Figure 2: EEOP inhibits tube formation in HUVECs. HUVECs
were sandwiched between two layers of collagen gel and induced to
form blood-vessel-like tubes. HUVECs were treated with 3.13 𝜇g/mL
EEOP for the indicated time periods.

2.8. Statistical Analysis. All data was expressed as means ±
SEM of at least three independent experiments. Comparisons
between control and treatments were performed using Student’s unpaired 𝑡-test (∗𝑃 < 0.05).

3. Results
3.1. Antiangiogenic Activity of EEOP In Vitro and In Vivo. We
first examined the effects of ethanol extracts of Okinawan
propolis (EEOP) in tube formation assay as an in vitro model
and CAM assay as an in vivo model.
The tube formation assay was carried out using HUVECs
and the extent of capillary network formation was evaluated.
Regarding the CAM assay, the fertilized chicken egg model is
a well-known animal model in biological and pharmaceutical
research in terms of simplicity and low cost. Because CAMs
have a very dense capillary network, CAM assays are commonly used to study in vivo angiogenesis and its inhibition
in response to different compounds. In the CAM assay, the
antiangiogenic activities of samples were judged on day 7.
As shown in Figures 2 and 3, EEOP inhibited angiogenesis
in both in vitro and in vivo models. EEOP inhibited the
formation of capillary networks by HUVECs at 3.13 𝜇g/mL,
time-dependently, and also suppressed embryonic angiogenesis at 12.5 and 25 𝜇g/egg.
3.2. Antiangiogenic Activity In Vitro of Nymphaeols and Their
Derivatives Isolated from EEOP. EEOP showed antiangiogenic activity in tube formation and CAM assays. To confirm the active compounds, five prenylated flavonoids were
isolated and purified by repeated column chromatographies.

Figure 1 shows the chemical structures isolated from EEOP
and the HPLC chromatogram of EEOP.
These compounds were tested for antiangiogenic effects
in tube formation assay (Figure 4). Among them, nymphaeolA, the main component of EEOP, showed the strongest
activity compared with that of other prenylated flavonoids.
We also evaluated the anti-tube-forming activity of naringenin and eriodictyol, which possess the same main skeleton
as these prenylated derivatives, but neither showed any
detectable activity at 25 𝜇g/mL (data not shown). These
results indicate that it is important to have a geranyl moiety
at the C-6 position for antitube-formation activity.
3.3. Antiangiogenic Activity In Vivo of Nymphaeols-A and
-B. We decided to evaluate in vivo antiangiogenic activities
of nymphaeols-A and/or -B because they were the main
components of EEOP and could be the cause of the antiangiogenic activity of EEOP using the CAM assay. As shown
in Figure 5, nymphaeol-A inhibited embryonic angiogenesis
at 12.5 𝜇g/egg. Nymphaeol-B also showed antiangiogenic
activity, but the activity of nymphaeol-B was weaker than that
of nymphaeol-A (Figure 6). This in vivo result was consistent
with the findings in the in vitro tube-forming model. Thus,
the importance of having a geranyl moiety at the C-6 position
for antiangiogenic activity has been shown both in vivo and
in vitro.
3.4. Caspase Activation and Apoptosis Induction by Nymphaeol-A. To examine whether apoptosis was involved in
antiangiogenic effects of nymphaeol-A, tube-forming
HUVECs were treated with nymphaeol-A at various concentrations. After treatment for different time periods, activation
of caspase-3, one of the effector caspases of apoptosis, was
evaluated by western blotting analysis.
As shown in Figure 7, treatment with nymphaeol-A
significantly increased the level of cleaved caspase-3, the
active form, in a time- and a concentration-dependent
manner, and decreased the level of procaspase-3. To identify
the signal cascade that leads to caspase-3 activation, we
analyzed the activation of caspase-9 by western blotting.
The signal for procaspase-9 was decreased after treatment
with nymphaeol-A in a time- and concentration-dependent
manner (Figure 7). PARP is a 116-kDa nuclear poly (ADPribose) polymerase known to be a molecular marker of apoptosis. The band for cleaved PARP was detected after treating
cells with nymphaeol-A, also in a time- and concentrationdependent manner (Figure 7). These results confirmed that
nymphaeol-A induces apoptosis in tube-forming HUVECs.
We focused on the caspase-dependent apoptosis
induced by nymphaeol-A. We examined the contribution of
nymphaeol-A to caspase-dependent apoptosis by simultaneous addition of the substance and pan-caspase inhibitor zVAD-fmk to tube-forming HUVECs. Simultaneous addition
of nymphaeol-A and z-VAD-fmk (10 𝜇M) completely blocked
nymphaeol-A-induced apoptosis of tube-forming HUVECs
(Figure 8). This result strongly suggested that nymphaeolA-induced cell death in tube-forming HUVECs occurs via
caspase-dependent apoptosis.
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Figure 3: EEOP inhibits angiogenesis in vivo. EEOP showed antiangiogenic effects in CAM assay. (a) Control; (b) 5 nmol/egg Retinoic acid;
(c) 12.5 𝜇g/egg EEOP; (d) 25 𝜇g/egg EEOP.
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Figure 4: Nymphaeol derivatives inhibit angiogenesis in vitro. HUVECs were sandwiched between two layers of collagen gel and induced to
form blood-vessel-like tubes. HUVECs were treated with the indicated concentrations of each compound for 36 h.
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Figure 5: Nymphaeol-A inhibits angiogenesis in vivo. Nymphaeol-A showed strong antiangiogenic effects in CAM assay. (a) Control; (b)
12.5 𝜇g/egg nymphaeol-A; (c) 25 𝜇g/egg nymphaeol-A; (d) 50 𝜇g/egg nymphaeol-A.
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Figure 6: Nymphaeol-B inhibits angiogenesis in vivo. Nymphaeol-B showed an antiangiogenic effect in CAM assay. (a) Control; (b)
12.5 𝜇g/egg nymphaeol-B; (c) 25 𝜇g/egg nymphaeol-B; (d) 50 𝜇g/egg nymphaeol-B.
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Figure 7: Nymphaeol-A activates caspases in tube-forming HUVECs. HUVECs were treated with 0.4% DMSO (0 𝜇g/mL) or nymphaeol-A at
the indicated concentrations for 6 h and 12 h, respectively. Changes in the levels of caspase-9, caspase-3, and PARP were analyzed by western
blotting. Each experiment was repeated at least three times and representative data are shown.
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Figure 8: z-VAD-fmk reverses apoptosis induction by nymphaeolA. HUVECs were treated with nymphaeol-A at the indicated
concentrations and 10 𝜇M z-VAD-fmk, a pan-caspase inhibitor, for
12 h. Caspase-3/7 activity was measured using the Caspase-Glo
Assay Kit by luminescence assays as described in the text. ∗𝑃 < 0.05,
as compared with the control group.

3.5. Inactivation of Survival Signals by Nymphaeol-A. We
further analyzed how survival signals were affected by
nymphaeol-A using western blotting analysis. Mitogenactivated protein kinase/ERK kinase 1/2 (MEK1/2) is one of
the major survival signals in mammalian cells and is known
to directly phosphorylate extracellular signal-regulated
kinase 1/2 (ERK1/2). Treatment of tube-forming HUVECs
with nymphaeol-A (1.56 𝜇g/mL) markedly decreased the

phosphorylation of MEK1/2. Subsequently, ERK1/2, which
acts downstream of MEK1/2, was also inactivated by
nymphaeol-A without any changes in total ERK expression
(Figure 9). These observations showed that nymphaeol-A is
involved in inhibiting MEK1/2 activation and subsequently
inactivates ERK1/2, a cell survival signal in tube-forming
HUVECs.
To confirm this effect of nymphaeol-A on the MAPK
cascade, we used angiotensin II. Angiotensin II, a peptide
hormone that causes vasoconstriction and a subsequent
increase in blood pressure, is known to activate MAPK and
to phosphorylate ERK1/2 in endothelial cells [22]. Treatment of HUVECs with 3.13 𝜇g/mL of nymphaeol-A for 3 h
induced caspase-3 activation. Angiotensin II pretreatment,
which caused activation of ERK1/2, completely blocked this
activation of caspase-3 (Figure 10). This result indicates that
angiotensin II inhibits nymphaeol-A-induced apoptosis.

4. Discussion
In this study, through our screening program to search
for bioactive components with antiangiogenic effects from
propolis, we found that the ethanol extracts of Okinawan
propolis (EEOP) showed strong antiangiogenic activity in
vitro and in vivo. To find the active components with such
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Figure 9: Nymphaeol-A inactivates MEK1/2 and ERK1/2 phosphorylation. Tube-forming HUVECs were treated with 0.4% DMSO
(0 𝜇g/mL) or nymphaeol-A at the indicated concentrations for 6 h and 12 h, respectively. Changes in the phosphorylation state of ERK1/2 at
Thr202/Tyr204 and MEK1/2 at Ser221 were analyzed by western blotting. Each experiment was repeated at least three times and representative
data are shown.

antiangiogenic effects, five prenylflavonoids analogs were
isolated from EEOP, and nymphaeol-A was investigated for
their modes of action of antiangiogenic effect.
We first confirmed that EEOP showed antiangiogenic
effects in tube formation assay in vitro using tube-forming
HUVECs and chorioallantoic membrane (CAM) assay in
vivo using fertilized chicken eggs. With isolated main components from EEOP, nymphaeols-A and -B had a strong
anti-tube-forming activity in vitro. Although isonymphaeolB, 3 -geranyl-naringenin, eriodictyol, and naringenin were
shown to inhibit angiogenesis, the effective concentration was
higher than that of nymphaeols. In general, it was indicated
that the existence of the geranyl moiety was important to
express bioactivity [23, 24]. Two of the main components of
EEOP, nymphaeols-A and -B, both of which have a prenyl
group, showed the strongest anti-tube-forming effect in vitro
among identified compounds from EEOP. There are some
reports which show that remarkable difference of bioactivity
arises depending upon the substitution sites of prenyl groups.
Particulaly, the existence of prenyl group at C-6 of A ring and
catechol structure at B ring of flavonoids was reported to be
important for their biological activities such as antioxidative,
antifungal, and antimelanogenesis activites [25–28]. Our
results corresponded partly with these studies. Furthermore,
nymphaeol-A was also found to inhibit angiogenesis in vivo.
Nymphaeol-B also had antiangiogenic activity in vivo, but it
was weaker than nymphaeol-A.
Based on these results, it was concluded that nymphaeolA had antiangiogenic activities in vitro and in vivo and could
be the primary active component of Okinawan propolis. In
addition, these results indicate that propolis from Okinawa
might have a tumor-suppressing effect through inhibition of
angiogenesis.
We further examined the mechanism of angiogenesis
inhibition through nymphaeol-A at the molecular level.
Caspase-9, an intrinsic initiator caspase, was activated by
nymphaeol-A. Subsequently, caspase-3, an effector caspase,
was activated. Treatment with pan-caspase inhibitor z-VADfmk was shown to reverse nymphaeol-A-induced caspase-3

activation (Figure 8). These results indicated that nymphaeolA induces apoptosis in tube-forming HUVECs through the
activation of caspase signaling (Figure 7).
MAPK signaling plays important roles in the regulation of angiogenesis, such as stimulation of endothelial cell
proliferation, migration, and tube formation [29]. Among
MAPK family members, ERKs have been reported to have
essential roles in endothelial cell survival and cell migration
[30, 31]. Inactivation of these survival signals is known to
trigger apoptosis through activation of caspase pathways
in endothelial cells [32]. As shown in Figure 9, changes in
the level of phosphorylation of MEK1/2 and ERK1/2 were
induced in a time- and concentration-dependent manner
by nymphaeol-A in HUVECs. Furthermore, Kunimasa et al.
revealed that inhibition of MEK1/2 by U0126, MEK1/2
inhibitor, induced apoptosis in HUVECs [32]. These results
suggested that caspase activity is regulated by MEK1/2 and
ERK1/2 activation in HUVECs. Therefore, our results imply
a specific involvement of ERK1/2 and MEK1/2 inactivation in
nymphaeol-A-induced apoptosis and its inhibition of angiogenesis. There are some reports that angiotensin II activates
the family of mitogen-activated protein kinases (MAPK),
including ERK, JNK, and p38 MAPK [33, 34]. Guo et al.
observed an effect of angiotensin II on MAPKs in HUVECs
and showed that angiotensin II induced phosphorylation
of ERK [22]. Pretreatment of HUVECs with angiotensin II
completely inhibited nymphaeol-A-induced caspase-3 activation (Figure 10). This result showed that nymphaeol-A
acts through the ERK cascade (MEK1/2 and ERK1/2) to
subsequently induce apoptosis.
The cell viability of HUVECs in tube formation medium
with 5 𝜇g/mL of nymphaeol-A was <10%; however, in growth
medium, it was around 60% (data not shown). According to
this result, nymphaeol-A may affect tube-forming HUVECs,
rather than proliferation-phase HUVECs, by activating the
survival signaling. We need to further investigate how
nymphaeol-A affects other signaling pathways and induces
apoptosis in tube-forming HUVECs at the molecular level.
We showed that EEOP and nymphaeol-A inhibit angiogenesis

8

Evidence-Based Complementary and Alternative Medicine
∗

Caspase-3 activity
(fold)

6

∗

5
4
3
2
1

0
Angiotensin II (1 𝜇M)
Nymphaeol-A (3.13 𝜇g/mL)

−

−

+

+

−

+

−

+

Figure 10: Angiotensin II reverses inactivation of ERK1/2 by
nymphaeol-A. HUVECs were pretreated with 1 𝜇M angiotensin
II, an ERK1/2 activator, for 3 h. Pretreated cells were incubated
with nymphaeol-A at the indicated concentrations for 3 h. Caspase3/7 activity was measured using the Caspase-Glo Assay Kit by
luminescence assays as described in the text. ∗𝑃 < 0.05, as compared
with the control group.

in vitro and in vivo. Based on these results, nymphaeol-A may
represent a new dietary-derived antiangiogenic compound.
In addition, these results strongly support the possibility
that we can prevent cancer or angiogenesis-related diseases by daily intake of Okinawan propolis which contains
nymphaeol-A.
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We examined the protective effect of Brazilian propolis against liver damage with cholestasis in rats treated with 𝛼naphthylisothiocyanate (ANIT) in comparison with that of vitamin E (VE). Rats orally received Brazilian propolis ethanol extract
(BPEE) (25, 50, or 100 mg/kg), VE (250 mg/kg) or vehicle at 12 h after intraperitoneal injection of ANIT (75 mg/kg) and were
killed 24 h after the injection. Vehicle-treated rats showed liver cell damage and cholestasis, judging from the levels of serum
marker enzymes and components. The vehicle group had increased serum total cholesterol, triglyceride, phospholipid, and lipid
peroxide levels, increased hepatic lipid peroxide, reduced glutathione, and ascorbic acid levels and myeloperoxidase activity, and
decreased hepatic superoxide dismutase activity. BPEE (50 mg/kg) administered to ANIT-treated rats prevented liver cell damage
and cholestasis and attenuated these serum and hepatic biochemical changes except hepatic ascorbic acid, although administered
BPEE (25 or 100 mg/kg) was less effective. VE administered to ANIT-treated rats prevented liver cell damage, but not cholestasis, and
attenuated increased serum lipid peroxide level, increased hepatic lipid peroxide level and myeloperoxidase activity, and decreased
hepatic superoxide dismutase activity. These results indicate that BPEE protects against ANIT-induced liver damage with cholestasis
in rats more effectively than VE.

1. Introduction
Propolis (bee glue) is a resinous hive product collected by
honeybee from various plant sources. Propolis has important
pharmacological properties, and it can be used for a wide
range of purposes as antiinflammatory, antioxidant, antibacterial, antiulcerous, and antitumor agents [1, 2]. Chemically,
propolis obtained from different areas of the world is constituted by 50%–60% of resin, 30%–40% of wax, 5%–10%
of essential oils, and 5% of pollen, besides microelements
[3]. Propolis contains various organic compounds such as

phenols, tannins, polysaccharides, terpenes, aromatic acids,
and aldehydes [1, 3–6].
Propolis collected from different areas of the world has
been reported to exert a protective effect against in vivo
acute liver damage in rats treated with hepatotoxicants such
as carbon tetrachloride [7–12], D-galactosamine [13, 14],
acetaminophen [15, 16], and econazole [17] through its several
pharmacological actions to suppress hepatic oxidative stress
associated with lipid peroxidation [7–11, 13, 16, 17] to inhibit
hepatic drug-metabolizing enzymes [11, 12, 14, 15] and to
ameliorate hyperlipemia [7, 12]. However, it is still unknown
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whether propolis exerts a protective effect against in vivo
acute liver damage with cholestasis in rats.
A single treatment of experimental animals with 𝛼naphthylisothiocyanate (ANIT) is known to induce liver
damage with intrahepatic cholestasis [18–20]. This ANITinduced liver damage with cholestasis is thought to be useful
for studying the mechanisms of drug-induced cholestasis,
because liver damage and cholestasis resulting from the
administration of certain drugs (e.g., erythromycin estolate,
chlorpromazine, and others) to humans are mimicked by
ANIT administration to rats [20]. The mechanisms of ANITinduced liver damage with cholestasis have been proposed
but have not been entirely clarified yet. It has been suggested
that hepatic reduced glutathione (GSH) contributes to the
development of ANIT-induced liver damage with cholestasis
by virtue of its ability to form a reversible S-conjugate of
ANIT that is critical in shuttling ANIT into bile, where it
is released in large and probably toxic concentrations [21].
It has also been suggested that inflammation mediated by
infiltrated neutrophils contributes to the development of
ANIT-induced liver damage with cholestasis in rats [21].
Furthermore, it has been shown in rats treated once with
ANIT that lipid peroxidation induced by reactive oxygen
species (ROS) generated via infiltrated neutrophils in the
liver tissue is involved in the development of liver damage
with cholestasis [22]. It has also been shown in ANITtreated rats that disruption of hepatic antioxidant defense
system contributes to the development of liver damage with
cholestasis [23, 24].
The ethanol extract of Brazilian propolis is known to
possess antioxidant and anti-inflammatory properties [25–
31]. Vitamin E (VE) is well known to exert antioxidant and
anti-inflammatory actions [32–35]. Our resent report has
shown that the ethanol extract of Brazilian propolis protects
against stress-induced liver damage in rats, at least in part,
through its antioxidant and anti-inflammatory actions as in
the case of VE [36]. Furthermore, it has been shown that VE
protects against liver cell damage, but not cholestasis, in rats
with a single ANIT treatment, at least in part, through its
antioxidant and anti-inflammatory actions [37].
We, therefore, examined the protective effect of the
ethanol extract of Brazilian green propolis against ANITinduced liver damage with cholestasis in rats in comparison
with that of VE.

2. Materials and Methods
2.1. Materials. ANIT, bovine serum albumin, 3,3 ,5,5 -tetramethylbenzidine (TMB), p-coumaric acid, RRR-𝛼tocopherol (𝛼-Toc) used for VE administration, superoxide
dismutase (SOD) purified from bovine erythrocytes, and
yeast glutathione reductase were purchased from Sigma
(St. Louis, MO, USA); NADPH from Oriental Yeast Co.
(Tokyo, Japan); chlorogenic acid from Tokyo Chemical
Ind., Co. Ltd. (Tokyo, Japan); artepillin C, L-ascorbic acid,
cinnamic acid, chrysin, N,N-dimethylformamide, 𝛼,𝛼’dipyridyl, 5,5 -dithiobis(2-nitrobenzoic acid) (DTNB),
ethylenediaminetetraacetic acid (EDTA), Folin-Ciocalteu
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reagent, gallic acid, kaempferol, quercetin, reduced glutathione (GSH), 2-thiobarbituric acid, trichloroacetic acid
(TCA), standard 𝛼-Toc and 𝛿-tocopherol used for VE
determination, Tween 80, and other chemicals from Wako
Pure Chemical Ind., Ltd. (Osaka, Japan). All chemicals used
were of reagent grade and were not further purified.
2.2. Preparation of the Ethanol Extract of Brazilian Propolis.
Brazilian green propolis was collected in the area of Minas
Gerais in Brazil by MN Propolis Ind., Comércio e Exportacēo,
Ltda (Mogi das Cruzes, SP, Brazil). The collected propolis
(Lot no. KA-02) was provided by Japan Beekeeping Co.
Ltd. (Gifu, Japan). The quality of the provided propolis had
been certificated as follows: artepillin C, 10.1%; flavonoids,
41.1 mg/g; and bee wax, 5.6%. Ethanol extraction of Brazilian
green propolis was conducted as follows: approximately 35 g
of crude propolis was added to 100 mL of 95% ethanol and the
mixture was kept at room temperature for 7 days. The final
concentration of ethanol in the Brazilian propolis ethanol
extract (BPEE) prepared was 80%. When the prepared BPEE
was completely dried at 40∘ C, the content of solid components was estimated to be 13.2%. The content of flavonoids
in BPEE was determined according to the method of Dowd
[38].
2.3. Chemical Composition Analysis. The content of total
flavonoid in BPEE is expressed as that of quercetin equivalents. The content of polyphenols in BPEE was determined
by the Folin-Ciocalteau colorimetric method described in the
report of Ahn et al. [39]. The content of total polyphenol
in BPEE is expressed as that of gallic acid equivalents.
The main constituents in BPEE were analyzed by HPLC
according to the method described by Izuta et al. [27] except
that the mobile phase consisting of 1% acetic acid in 55%
methanol was replaced by the mobile phase consisting of
1% acetic acid in 69% methanol. The HPLC was performed
on a reversed-phase Shim-Pack CLC-ODS (15 cm × 4.5 mm
i.d., Shimadzu, Kyoto, Japan) column with water-methanolacetic acid (30 : 70 : 1, v/v) as a mobile phase at a flow
rate of 1 mL/min at 40∘ C. The volume of the BPEE sample
injected to the column was 5 𝜇L. The detection of chlorogenic
acid, p-coumaric acid, quercetin, cinnamic acid, kaempherol,
chrysin, and artepllin C in BPEE was conducted at 290 nm
and the content of each constituent was estimated using its
authentic compound.
2.4. Experimental Animals. Male Wistar rats aged six weeks
were purchased from Nippon SLC Co. (Hamamatsu, Japan).
The animals were housed in cages in a ventilated animal room
with controlled temperature (23 ± 2∘ C) and relative humidity
(55 ± 5%) with 12 h of light (7:00 to 19:00). The animals
were maintained with free access to rat chow, Oriental MF
(Oriental Yeast Co., Tokyo, Japan) and tap water for one
week. All animals received humane care in compliance with
the Guidelines of the Management of Laboratory Animals
in Fujita Health University. This animal experiment protocol
was approved by the Institutional Animal Care and Use
Committee.
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2.5. Experimental Groups and Administrations of ANIT, BPEE,
and VE. Rats were divided into 6 groups as follows: Control group: rats not given ANIT and either BPEE or VE
(𝑛 = 5), ANIT group: rats treated with ANIT alone (𝑛 =
7), ANIT + BPEE(25) group: rats treated with ANIT and
postadministered with BPEE at a dose of 25 mg/kg (𝑛 =
7), ANIT + BPEE(50) group: rats treated with ANIT and
postadministered with BPEE at a dose of 50 mg/kg (𝑛 =
7), ANIT + BPEE(100) group: rats treated with ANIT and
postadministered with BPEE at a dose of 100 mg/kg (𝑛 =
7), and ANIT + VE group: rats treated with ANIT and
postadministered with VE (𝑛 = 7). ANIT treatment and
postadministration of BPEE or VE were conducted as follows:
ANIT was dissolved in olive oil. BPEE was diluted with
5% Tween 80 solution and the diluted BPEE contained 6%
ethanol. Therefore, VE (RRR-𝛼-Toc) was dissolved in 5%
Tween 80 containing 6% ethanol (Tween 80-EtOH). In all
groups with ANIT treatment, seven-week-old rats fasted for
15 h received an intraperitoneal (i.p.) injection of ANIT at a
dose of 75 mg per kg body weight, that is, 1 mL of the ANIT
solution (7.5 mg/mL) per 100 g body weight, as described
previously [22–24, 37]. Age-matched rats fasted for 15 h in the
control group received an i.p. injection of the same volume of
olive oil used as vehicle. At 12 h after the initial i.p. injection
of ANIT or vehicle (olive oil), rats in the groups with ANIT
treatment were orally administered with BPEE at a dose of
25, 50, or 100 mg of solid components present in the extract
per kg BW or the prepared VE at a dose of 250 mg per kg
body weight. Namely, ANIT-treated rats received a single oral
administration of 1 mL of the diluted BPEE solution, the VE
solution, or vehicle (Tween 80-EtOH) per 100 g body weight.
The dose of VE used in the present study was determined
based on the data shown in our previous report [37]. One mL
of Tween 80-EtOH used as vehicle per 100 g body weight was
orally administered to rats in Control group at the same time
point. All rats used were fasted and received water ad libitum
during experiments.
2.6. Sample Preparation. At 24 h after the initial ANIT
or vehicle injection, each rat was weighed and then was
sacrificed under ether anesthesia at which time blood was
collected from the inferior vena cava. Serum was separated
from the collected blood by centrifugation. Immediately after
sacrifice, each liver was perfused with ice-cold 0.9% NaCl to
remove blood remaining in the tissue and then weighed after
washing in an ice-cold 0.9% NaCl solution and wiping on
a paper filter. The collected livers and serum were stored at
−80∘ C until use.
2.7. Assays of Serum Components and Enzymes. Serum alanine aminotransferase (ALT) and aspartate aminotransferase
(AST) were assayed using a commercial kit of Transaminase
II-Test Wako. Serum 𝛾-glutamyl transpeptidase (𝛾-GTP) was
assayed using a commercial kit of 𝛾-GTP C-Test Wako.
These enzyme activities are expressed as an international unit
(IU/l). Serum total bilirubin and total bile acid were assayed
using commercial kits of Bilirubin BII-Test Wako and Total
bile acid-Test Wako, respectively. Total cholesterol (T-Chol),
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triglyceride, and phospholipid in serum were assayed using
commercial kits of Cholesterol E-Test Wako, Triglyceride
G-Test Wako, and Phospholipid C-Test Wako, respectively.
These kits were obtained from Wako Pure Chemical Ind.
Ltd. Co., Osaka, Japan. Lipid peroxide (LPO) in serum was
fluorometrically measured by the thiobarbituric acid method
of Yagi [40] using tetramethoxypropane as a standard. In this
assay, the excitation and emission wavelengths were 515 and
553 nm, respectively. The amount of serum LPO is expressed
as that of malondialdehyde (MDA) equivalents.
2.8. Assays of Hepatic Components and Enzymes. The
weight of each isolated liver was estimated using its relative
weight (g/100 g body weight). The isolated liver tissue was
homogenized in 9 volumes of ice-cold 50 mM Tris-HCl
buffer (pH 7.4) containing 1 mM EDTA to prepare 10%
homogenate using a Physcotron handy microhomogenizer
(Microtec Co., Funabashi, Japan). The liver homogenate
was used for the assays of GSH, 𝛼-Toc, ascorbic acid, and
LPO. GSH in the liver homogenate was assayed by the
DTNB method of Sedlak and Lindsay [41] using GSH as
a standard. 𝛼-Toc in the liver homogenate was assayed by
the HPLC method with electrochemical detection using
𝛿-tocopherol as an internal standard as described in our
previous report [42]. Ascorbic acid in the liver homogenate
was assayed by the 𝛼,𝛼’-dipyridyl method of Zannoni et al.
[43]. The concentration of ascorbic acid was assayed using
the standard curve of authentic L-ascorbic acid. LPO in
the liver homogenate was spectrophotometrically assayed
by the thiobarbituric acid method of Ohkawa et al. [44]
using tetramethoxypropane as a standard except that 1 mM
EDTA was added to the reaction mixtures. The amount of
hepatic LPO is expressed as that of MDA equivalents. Hepatic
SOD was assayed using a commercial kit of SOD Assay KitWST (Doindo, Kumamoto, Japan). Hepatic catalase and Seglutathione peroxidase (Se-GSH-px) were assayed according
to the methods of Bergmeyer [45] and Hochstein and Utley
[46], respectively. Hepatic myeloperoxidase (MPO), an index
of tissue neutrophil infiltration [47], was assayed by the
method of Suzuki et al. [48]. For the assays of these enzymes,
the isolated liver tissue was homogenized in 9 volumes of
ice-cold 0.05 M Tris-HCl buffer (pH 7.4) using a Physcotron
handy microhomogenizer. After sonication on ice for 20 sec
using a Handy Sonic model UR-20P, the homogenate was
centrifuged at 4∘ C (10,000 ×g, 20 min), and the resultant
supernatant was dialyzed against 100 volumes of the same
buffer at 4∘ C for 1 h using a microdialysis device (molecular
weight cutoff 3,500, Bio-Tec International Inc., Belleuve, WA,
USA). SOD activity in the dialyzed liver tissue supernatant
was determined at 37∘ C using purified erythrocyte SOD
(5,000 units/mg solid) as a standard. This activity is expressed
as the unit (U) of authentic purified bovine erythrocyte
SOD showing activity equivalent to the determined activity.
Catalase activity in the dialyzed liver tissue supernatant was
measured at 37∘ C by recording hydrogen peroxide (H2 O2 )
decomposition at 240 nm in the reaction system (1.0 mL)
consisting of 10 mM H2 O2 , an appropriate amount of the
dialyzed liver supernatant, and 100 mM phosphate buffer (pH
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7.0). One unit (U) of this activity is defined as the amount of
enzyme decomposing 1 𝜇mol H2 O2 as a substrate per min. SeGSH-px activity in the dialyzed liver tissue supernatant was
measured at 37∘ C by recording the decrease in absorbance at
340 nm following the oxidation of NADPH in the reaction
system (1.0 mL) consisting of 2 mM GSH, 0.2 unit of yeast
glutathione reductase, 1 mM NaN3 , as a catalase inhibitor, an
appropriate amount of the dialyzed liver supernatant, 2 mM
H2 O2 as a substrate, and 50 mM phosphate buffer (pH 7.0).
One unit (U) of this activity is defined as the amount of
enzyme oxidizing 1 𝜇mol NADPH per min. MPO activity
in the dialyzed liver tissue supernatant was determined as
follows: the dialyzed liver tissue supernatant was incubated at
60∘ C for 2 h to increase the recovery of MPO in liver tissues
according to the method of Schierwagen et al. [49]. MPO
activity in the heated liver tissue sample was assessed by measuring the hydrogen peroxide-dependent oxidation of TMB
at 37∘ C. TMB was dissolved in N,N-dimethylformamide. One
unit (U) of this enzyme is defined as the amount of enzyme
causing a change in absorbance of 1.0 per min at 655 nm.
Protein in the dialyzed liver tissue supernatant was measured
using Protein Assay Rapid kit (Wako Pure Chemical Ind. Ltd.
Co, Osaka, Japan). The amount of protein in the liver tissue
supernatant is expressed as that of bovine serum albumin
used as a standard.
2.9. Histological Examination. Liver samples were taken from
the central part of the right larger lobe of ANIT-treated
rats with either BPEE or VE administration and untreated
control rats at 24 h after ANIT treatment. They were fixed
with 10% formalin in phosphate buffered saline for 24 h and
then washed with tap water, dehydrated in alcohols, and
embedded in paraffin. Sections 6-7 𝜇m thick were mounted in
glass slides. Staining with hematoxylin and eosin (H-E) was
performed in each slide and then histological examination
was conducted under light microscopy.
2.10. Statistical Analysis. All results obtained are expressed as
means ± standard deviation (S.D.). The statistical analyses of
the results were performed using a computerized statistical
package (StatView). Each mean value was compared by oneway analysis of variance (ANOVA) and Bonferroni/Dunn for
multiple comparisons. The significance level was set at 𝑃 <
0.05.
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total bile acid concentrations, indices of biliary cell damage
and cholestasis, were significantly higher in ANIT group
than in Control group (Figures 1 and 2). The ANIT-induced
increases in serum ALT, AST, and 𝛾-GTP activities were
significantly attenuated in ANIT + BPEE(25), ANIT +
BPEE(50), and ANIT + BPEE(100) groups, while the ANITinduced increases in serum ALT and AST activities were
significantly attenuated in ANIT + VE group (Figures 1(a) and
2(a)). The attenuating effect on the ANIT-induced increase
in serum ALT activity in ANIT + BPEE(50) group was
significantly larger than that in ANIT + BPEE(25) and ANIT
+ BPEE(100) groups, while the attenuating effect on ANITinduced increases in AST and 𝛾-GTP activities in ANIT +
BPEE(50) group tended to be larger than that in ANIT +
BPEE25 and ANIT + BPEE(100) groups (Figures 1(a) and
2(a)). The attenuating effect on ANIT-induced increases in
serum ALT and AST activities in ANIT + BPEE(50) group
was almost equal to that in ANIT + VE group (Figure 1).
The ANIT-induced increases in serum total bilirubin and
total bile acid concentrations were significantly attenuated in
ANIT + BPEE(50) group (Figures 2(b) and 2(c)). However,
the ANIT-induced increases in serum total bilirubin and
total bile acid concentrations were not attenuated in ANIT +
BPEE(25) group (Figures 2(b) and 2(c)). Though the ANITinduced increases in serum total bilirubin concentration
were significantly attenuated in ANIT + BPEE(100) group,
the attenuating effect in ANIT + BPEE(100) group was
significantly less than that in ANIT + BPEE(50) group (𝑃 <
0.05) (Figures 2(b) and 2(c)). In ANIT + VE group, the ANITinduced increases in serum total bilirubin and total bile acid
concentrations were not attenuated at all (Figures 2(b) and
2(c)).
3.3. Effects of BPEE and VE on Live Histological Changes. HE-stained liver sections from Control group, ANIT group,
ANIT + BPEE(50) group, and ANIT + VE group were examined for necrosis and inflammation. Control group showed
little histological changes, ANIT group presented necrotic
and degenerative changes with severe inflammatory cell
infiltration, and ANIT + BPEE(50) and ANIT + VE groups
presented clearly less necrotic and degenerative changes and
less inflammatory cell infiltration (Figure 3). In addition, the
histological change in ANIT + BPEE(50) group was similar
to that in ANIT + VE group (Figures 3(c) and 3(d)).

3. Results
3.1. Chemical Composition. The contents of total flavonoid
and total polyphenol in BPEE used in the present study were
21.3 and 69.0 mg/g of solid propolis, respectively. The contents
of p-coumaric acid, kaempferol, chrysin, and artepillin C in
the extract were 14.9, 6.75, 2.38, and 47.8 mg/g of solid propolis, respectively. However, no chlorogenic acid, quercetin, and
cinnamic acid were detected in the extract.
3.2. Effects of BPEE and VE on f Liver Cell Damage and
Cholestasis. Serum ALT and AST activities, indices of liver
cell damage, and 𝛾-GTP activity and total bilirubin and

3.4. Effects of BPEE and VE on Serum Lipid Concentrations.
Serum T-Chol, triglyceride, and phospholipid concentrations were significantly higher in ANIT group than in
Control group (Figure 4). In ANIT + BPEE50 group, the
ANIT-induced increases in serum T-Chol, triglyceride, and
phospholipid concentrations were significantly attenuated
(Figure 4). However, only the ANIT-induced increase in
serum triglyceride concentration was significantly attenuated
in ANIT + BPEE(25) group, but no significant effects on
the ANIT-induced increases in serum T-Chol, triglyceride,
and phospholipid concentrations were observed in ANIT +
BPEE(100) and ANIT + VE groups (Figure 4).
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Figure 1: Effects of administered BPEE and VE on serum ALT (a) and AST (b) activities in ANIT-treated rats. Fasted rats in ANIT, ANIT +
BPEE(25), ANIT + BPEE(50), ANIT + BPEE(100), and ANIT + VE groups were orally administered with vehicle (Tween 80-EtOH), 25 mg/kg
of BPEE, 50 mg/kg of BPEE, 100 mg/kg of BPEE, and 250 mg/kg of VE, respectively, at 12 h after treatment with ANIT dissolved in olive oil
(75 mg/kg, i.p.). Fasted rats in Control group were given olive oil and Tween 80-EtOH used as vehicle just before and at 12 h after ANIT
treatment, respectively. ALT and AST in serum were assayed at 24 h after ANIT treatment as described in Section 2 . Each value is a mean ±
S.D. (𝑛 = 5 for Control group; 𝑛 = 7 per each group for all groups with ANIT treatment). ∗ 𝑃 < 0.05 (versus Control group); # 𝑃 < 0.05 (versus
ANIT group).
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Figure 2: Effects of administered BPEE and VE on serum 𝛾-GTP (a) activity and total bilirubin (b) and total bile acid (c) concentrations
in ANIT-treated rats. Experimental condition and explanation are the same as described in the legend of Figure 1 except that 𝛾-GTP, total
bilirubin, and total bile acid in serum were assayed at 24 h after ANIT treatment as described in Section 2. Each value is a mean ± S.D. (𝑛 = 5
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Figure 3: Histological Figures of liver cells from untreated control rats and ANIT-treated rats with and without either BPEE or VE. (a) Control
group: little histological change was observed; (b) ANIT group: necrotic and degenerative changes with severe inflammatory cell infiltration
were observed; (c) ANIT + BPEE50 group: dramatic decreases in necrotic and degenerative changes and inflammatory cell infiltration were
seen; (d) ANIT + VE group: marked decreases in necrotic and degenerative changes and inflammatory cell infiltration were seen (H-E staining,
original magnification ×100).

3.5. Effects of BPEE and VE on Relative Liver Weight. ANIT
group had significantly larger relative liver weight than Control group (Figure 5). In ANIT + BPEE(50) group, the ANITinduced increase in relative liver weight was significantly
attenuated, while no significant effect on the increase in the
relative liver weight was observed in ANIT + BPEE(25),
ANIT + BPEE(100), and ANIT + VE groups (Figure 5).
3.6. Effects of BPEE and VE on Serum and Hepatic LPO Concentrations. Serum and hepatic LPO concentrations were
significantly higher in ANIT group than in Control group
(Figure 6). The ANIT-induced increases in serum and hepatic
LPO concentrations were significantly attenuated in ANIT +
BPEE(50), ANIT + BPEE(100), and ANIT + VE groups, but
no significant effect on both increases was found in ANIT
+ BPEE(25) group (Figure 6). The attenuating effects on the
increases in serum and hepatic LPO concentrations in ANIT
+ BPEE(50), group were similar to those in ANIT + VE group,
but were significantly larger than those in ANIT + BPEE(100)
group (𝑃 < 0.05) (Figure 6).
3.7. Effects of BPEE and VE on Hepatic Antioxidant Enzyme
Activities. Hepatic SOD activity was significantly lower in

ANIT group than in Control group, although there were
no significant differences in hepatic catalase and Se-GSH-px
activities between both groups (Figure 7). The ANIT-induced
decrease in hepatic SOD activity was significantly attenuated
in ANIT + BPEE(25), ANIT + BPEE(50), ANIT + BPEE(100),
and ANIT + VE groups, although ANIT + BPEE(50) group
showed the most effective attenuation among the three ANIT
+ BPEE groups (Figure 7(a)). In addition, the hepatic SOD
activity in ANIT + BPEE(50) or ANIT + BPEE(100) group
was not different from that in control group (Figure 7(a)).
ANIT + BPEE(25), ANIT + BPEE(50), and ANIT + VE
groups had no significant effect on hepatic catalase activity
but the enzyme activity was significantly reduced in ANIT
+ BPEE(100) group (Figure 7(b)). ANIT + BPEE(25), ANIT
+ BPEE(50) or ANIT + BPEE(100) group had no significant
effect on hepatic Se-GSH-px activity but ANIT + VE group
had a significant increase in that activity (Figure 7(c)).

3.8. Effects of BPEE and VE on Hepatic Antioxidant Concentrations. Hepatic GSH and ascorbic acid concentrations
were significantly higher in ANIT group than in Control
group but there was no significant difference in hepatic 𝛼-Toc
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concentration between both groups (Figure 8). The ANITinduced increase in hepatic GSH concentration was significantly attenuated in ANIT + BPEE(25), ANIT + BPEE(50)
or ANIT + BPEE(100) group and the attenuating effect of
BPEE occurred in a dose-dependent manner, while ANIT +
VE group had no significant effect on the increased hepatic
GSH concentration (Figure 8(a)). ANIT + BPEE(25), ANIT
+ BPEE(50), ANIT + BPEE(100), and ANIT + VE groups had
no significant effect on the ANIT-induced increase in hepatic
ascorbic acid concentration (Figure 8(b)). ANIT + BPEE(25),
ANIT + BPEE(50), and ANIT + BPEE(100) groups showed
no significant effect on the hepatic 𝛼-Toc concentration but
ANIT + VE group had a significant and marked increase in
the hepatic 𝛼-Toc concentration (Figure 8(c)).
3.9. Effects of BPEE and VE on Neutrophil Infiltration. Hepatic MPO activity was significantly higher in ANIT group
than in Control group (Figure 9). The ANIT-induced increase
in hepatic MPO activity was significantly attenuated in ANIT
+ BPEE(50) and ANIT + VE groups, although neither ANIT
+ BPEE(25) group nor ANIT + BPEE(100) group had any
significant effect on the increase in hepatic MPO activity
(Figure 9). The attenuating effect on the ANIT-induced
increase in hepatic MPO activity was significantly less in

ANIT + BPEE(50) group than in ANIT + VE group (𝑃 <
0.05) (Figure 9).

4. Discussion
The presence of p-coumaric acid, kaempferol, chrysin, and
artepillin C in BPEE, which was prepared by extraction of
Brazilian green propolis with 95% ethanol and used in the
present study, was confirmed by the HPLC analysis used and
the content of artepillin C was the highest among the contents
of four constituents determined. This result was consistent
with previous reports [5, 27, 50].
Our previous reports have shown that rats treated once
with ANIT (75 mg/kg, i.p.) have liver cell damage and
cholestasis, judging from the serum levels of ALT and AST,
indices of liver cell damage, and 𝛾-GTP, total bilirubin, and
total bile acid, indices of biliary cell damage and cholestasis,
at 24 h, but not at 12 h, after the treatment [22–24, 37]. In
the present study, a single oral administration of BPEE or
VE to ANIT-treated rats was conducted at 12 h after ANIT
treatment, because this delayed administration of BPEE or
VE is thought to be useful for providing the administration
effect of the extract or the vitamin on ANIT-induced liver
damage with cholestasis in a condition closer to the clinical
situation. When liver cell damage was evaluated from the
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changes in serum ALT and AST activities, BPEE administered
at a dose of 25, 50, or 100 mg/kg at 12 h after ANIT treatment
was found to protect against ANIT-induced liver cell damage
in rats. However, the protective effect of BPEE was higher
at its dose of 50 mg/kg than at its dose of 25 or 100 mg/kg,
indicating that the protective effect of BPEE against ANITinduced liver cell damage is diminished at its high dose. VE
(250 mg/kg) administered to ANIT-treated rats at 12 h after
the treatment attenuated the increases in serum ALT and AST
activities, as reported previously [37], and these effects were
similar to those of BPEE (50 mg/kg). When the serum levels
of 𝛾-GTP, total bilirubin, and total bile acid were examined as
indices of biliary damage and cholestasis, orally administered
BPEE (25, 50, or 100 mg/kg) was found to attenuate the ANITinduced increase in serum 𝛾-GTP activity, although BPEE
at a dose of 50 mg/kg was more effective than its dose of 25
or 100 mg/kg. In addition, BPEE administered at a dose of
50 mg/kg had a larger attenuating effect on the increases in
serum total bilirubin and total bile acid concentrations than
its dose of 25 or 100 mg/kg. The administered VE had no effect
on the ANIT-induced increases in serum 𝛾-GTP activity and
total bilirubin and total bile acid concentrations, as reported
previously [37]. Thus, orally administered BPEE (50 mg/kg)
was found to protect against ANIT-induced liver damage
with cholestasis in rats more effectively than the similarly
administered VE (250 mg/kg). However, BPEE administered
at a dose of 100 mg/kg was found to reduce its protective
effect against ANIT-induced liver damage with cholestasis.
Our recent report [36] has shown that a single oral preadministration of BPEE (50 mg/kg) to rats subjected to waterimmersion restraint stress is more effective in protecting

against liver oxidative damage induced by the stress than
that of BPEE (100 mg/kg). In addition, orally administered
BPEE (50 mg/kg) was found to attenuate histological changes
associated with necrosis and inflammation in liver cells
observed in rats treated with ANIT alone as in the case of
orally administered VE.
It is known that, in rats treated once with ANIT,
increases in serum or plasma free cholesterol, cholesteryl
ester, triglyceride, and phospholipid concentrations due to
serum or plasma lipoprotein abnormality occur with the
development of liver damage with cholestasis [51–53]. In the
present study, ANIT-treated rats had increased serum TChol, triglyceride, and phospholipid concentrations at 24 h
after the treatment and especially the treated rats had a
marked increase in serum phospholipid concentration, as
reported previously [51–53]. A single oral administration
of BPEE (50 mg/kg) caused a significant attenuation of
the ANIT-induced increases in serum T-Chol, triglyceride,
and phospholipid concentrations, although the similarly
administered BPEE (25 or 100 mg/kg) was less effective. By
contrast, the similarly administered VE (250 mg/kg) had no
significant effect on not only the increases in serum T-Chol
and triglyceride concentrations, as reported previously [37],
but also the increase in serum phospholipid concentration.
Thus, orally administered BPEE (50 mg/kg) was found to be
effective in attenuating increased serum T-Chol, triglyceride,
and phospholipid concentrations in ANIT-treated rats. This
attenuating effect of BPEE on ANIT-induced increases in
serum lipid concentrations may be associated with amelioration of serum lipoprotein abnormality, although the
attenuating mechanism is unclear at present.
It has been shown in rats treated once with ANIT
(75 mg/kg, i.p.) that the relative liver weight (g/100 g body
weight) begins to increase before the appearance of liver
damage with cholestasis and further increases after the
appearance of liver damage with cholestasis [22, 54]. In
the present study, a single oral administration of BPEE
(50 mg/kg) to ANIT-treated rats at 12 h after the treatment
caused a significant attenuation of the increase in relative
liver weight found at 24 h, while the similarly administered
BPEE (25 or 100 mg/kg) and VE (250 mg/kg) had no significant effect on the increased relative liver weight. Thus,
orally administered BPEE (50 mg/kg) was found to suppress
hepatic hypertrophy in ANIT-treated rats. However, both
the mechanism for ANIT-induced hepatic hypertrophy in
rats and the mechanism by which BPEE suppresses hepatic
hypertrophy in ANIT-treated rats are unclear at present.
The ethanol extract of Brazilian propolis is known to exert
antioxidant action by scavenging ROS and by inhibiting lipid
peroxidation [25–28]. VE is known to function as a scavenger
of ROS and as a chain breaker for lipid peroxidation [32]. It
has been shown that hepatic lipid peroxidation contributes
to the development of liver damage with cholestasis in rats
treated once with ANIT [22, 23, 37, 54]. It is known that
rats treated once with ANIT (75 mg/kg, i.p.) have significant
increases in hepatic and serum LPO concentrations at 24 h
after the treatment, although a significant increase in LPO
concentration in the liver, but not in the serum, of ANITtreated rats occurs at 12 h after the treatment [22, 23, 37, 55].
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In the present study, a single oral administration of BPEE (50
or 100 mg/kg) to ANIT-treated rats at 12 h after the treatment
caused a significant attenuation of the increased hepatic and
serum LPO concentrations found at 24 h, although BPEE
at a dose of 50 mg/kg was more effective than its dose
of 100 mg/kg. The similarly administered VE (250 mg/kg)
caused a significant attenuation of the increased hepatic
and serum LPO concentrations found at 24 h after ANIT
treatment, as reported previously [37]. The ability of BPEE
(50 mg/kg) to attenuate the ANIT-induced increases in hepatic and serum LPO concentrations was almost equal to that
of VE (250 mg/kg). Therefore, it was suggested that BPEE
orally administered to ANIT-treated rats could suppress
lipid peroxidation occurring in the liver tissue through its
antioxidant property.
It has been shown in rats treated once with ANIT
(75 mg/kg, i.p.) that the hepatic SOD activity decreases at
24 h, but not 12 h, after the treatment, while the hepatic
catalase and Se-GSH-px activities increase at 12 h, although
the increased catalase and Se-GSH-px activities are returned
to the levels of untreated control rats at 24 h [23, 24]. In the
present study, a single oral administration of BPEE (25, 50,
or 100 mg/kg) to ANIT-treated at 12 h after ANIT treatment

caused a significant attenuation of the decreased hepatic SOD
activity found at 24 h but the administered BPEE (50 mg/kg)
exerted the highest effect and caused a complete return of
the decreased hepatic SOD activity to the level of untreated
control rats. The administered BPEE (25 or 50 mg/kg) had
no effect on the hepatic catalase activity found at 24 h after
ANIT treatment, while the administered BPEE (100 mg/kg)
caused a significant reduction of the hepatic catalase activity.
All doses of BPEE had no effect on the hepatic Se-GSH-px
activity found at 24 h after ANIT treatment. By contrast, VE
(250 mg/kg) administered to ANIT-treated rats did not affect
the hepatic catalase activity but caused a significant increase
in the hepatic Se-GSH-px activity, although the administered VE partially attenuated the ANIT-induced decrease in
hepatic SOD activity. Thus, orally administered BPEE was
found to ameliorate disrupted hepatic enzymatic antioxidant
defense system associated with SOD in ANIT-treated rats.
It has been reported that rats treated once with ANIT
(75 mg/kg, i.p.) have increased hepatic GSH concentration
at 24 h after the treatment, increased ascorbic acid concentration at 12 and 24 h, and unchanged hepatic 𝛼-Toc
concentration at 12 and 24 h [23, 24, 37]. In the present
study, a single oral administration of BPEE (25, 50, or
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100 mg/kg) to ANIT-treated rats at 12 h after the treatment
caused a significant attenuation of the increased hepatic
GSH concentration found at 24 h but had no effect on the
increased hepatic ascorbic acid concentration and the hepatic
𝛼-Toc concentration found at 24 h. In addition, the hepatic
GSH concentration in ANIT-treated rats with administration
of BPEE (50 or 100 mg/kg) was not different from that in
untreated control rats. The similarly administered VE had
no effect on the increased hepatic GSH and ascorbic acid
concentrations found at 24 h after ANIT treatment, although
the administered VE caused a marked increase in the hepatic
𝛼-Toc concentration, as reported previously [37]. It has been
suggested that hepatic GSH plays a causal or permissive
role in ANIT-induced liver damage with cholestasis in rats
through formation of a reversible GSH conjugate of ANIT
in the liver cells and transport of the GSH conjugate of
ANIT into the bile, where it dissociates to free ANIT and
GSH [21]. Jean et al. [56] have reported that increases in bile
GSH and ANIT concentrations occur before an increase in
hepatic GSH concentration in rats orally treated with ANIT
(100 mg/kg). Therefore, it seems unlikely that the reduction
of increased hepatic GSH concentration found at 24 h after
ANIT treatment in rats by BPEE administered at 12 h affects
the formation of a reversible GSH conjugate of ANIT in the
liver cells. We have observed that oral administration of BPEE
(25, 50, or 100 mg/kg) to ANIT-treated rats increases the
concentration of nonprotein-SH including GSH in the serum
in a dose-dependent manner (unpublished data). Therefore,
there is a possibility that BPEE administered to ANIT-treated
rats enhances the secretion of GSH from the liver tissue into
the bloodstream, resulting in a reduction of the increased
GSH concentration in the liver tissue.
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The ethanol extract of Brazilian propolis is known to exert
anti-inflammatory action by inhibiting neutrophil infiltration
and the generation of ROS in activated neutrophils [29–
31]. VE is known to function as an anti-inflammatory agent
through inhibition of the generation of ROS in activated
neutrophils and neutrophil infiltration [33–35]. It has been
suggested that infiltrated neutrophils in the liver tissue of rats
treated with ANIT play a critical role in the development
of ANIT-induced liver injury with cholestasis [21, 22]. We
have shown that neutrophil infiltration into the liver tissue
of rats treated once with ANIT (75 mg/kg, i.p.) increases at
12 h after the treatment, that is, before the appearance of liver
damage with cholestasis and further increases at 24 h [22, 37].
In the present study, a single oral administration of BPEE
(50 mg/kg) to ANIT-treated rats at 12 h after the treatment
caused a significant attenuation of the increase in hepatic
MPO activity, an index of tissue neutrophil infiltration [47],
found at 24 h, although the similarly administered BPEE
(25 or 100 mg/kg) had no significant effect on the increase
in hepatic MPO activity. The similarly administered VE
(250 mg/kg) exerted a significant attenuating effect on the
increase in hepatic MPO activity, as reported previously [37],
although the administered VE was more effective than BPEE
administered at a dose of 50 mg/kg. These results were well
consistent with the above-described histological observation
of liver cells. Thus, orally administered BPEE (50 mg/kg) was
found to inhibit neutrophil infiltration into the liver tissue
of ANIT-treated rats like the case of orally administered VE.
It has been shown that activated neutrophils mediate lipid
peroxidation through the production of ROS via NADPH
oxidase in the cells [55]. It has also been shown that MPO
mediates lipid peroxidation in the presence of hydrogen peroxide and halide ions [57]. Accordingly, these findings allow
us to indicate that orally administered BPEE protects against
oxidative damage associated with excessive ROS generations
via infiltrated neutrophils in the liver tissue of rats treated
with ANIT possibly through its antiinflammatory action as
in the case of orally administered VE. We have observed that
BPEE in concentrations of a few 𝜇g/mL causes a strong inhibition of the activity of authentic MPO isolated from human
neutrophils (unpublished data). Therefore, it seems likely that
orally administered BPEE contributes to its protective effect
against oxidative damage caused by infiltrated neutrophils
in the liver of ANIT-treated rats through inhibition of the
activity of MPO in the infiltrated neutrophils.
As to the above-described decrease in hepatic SOD
activity in ANIT-treated rats, it has been reported that the
decrease in SOD activity in the liver of rats treated once with
ANIT (75 mg/kg, i.p.) is due to a decrease in the activity of
Cu, Zn-SOD present in the cytosol of liver cells [24]. Cu,ZnSOD is known to be inactivated by H2 O2 in vitro [58, 59]. It
is known that the ethanol extract of Brazilian green propolis
and several compounds present in the extract can scavenge
H2 O2 in vitro [28]. As described above, it was observed that
BPEE (50 mg/kg) administered to ANIT-treated rats inhibited infiltration of neutrophils to enable to produce H2 O2 via
activated NADPH oxidase into the liver tissue. Therefore, it
can be thought that BPEE (50 mg/kg) orally administered to
ANIT-treated rats attenuates the reduction of SOD activity
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in the liver tissue by inhibiting neutrophil infiltration into
the tissue and/or by scavenging H2 O2 produced by infiltrated
neutrophils in the tissue.
Artepillin C was present as a main constituent in BPEE
used in the present study. It has been reported that artepillin
C exerts antioxidant action by scavenging ROS and by
inhibiting lipid peroxidation [28, 60–62]. Therefore, it is
suggested that the attenuating effect of administered BPEE on
increased LPO concentration and decreased SOD activity in
the liver of rats treated with ANIT could be mainly due to the
antioxidant action of artepillin C present in the extract.
As to the main reason why BPEE administered at a dose
of 100 mg/kg was less effective in protecting ANIT-induced
liver damage with cholestasis than BPEE administered at a
dose of 50 mg/kg, the following matters could be considered: BPEE (100 mg/kg) administered to ANIT-treated rats
reduced hepatic catalase activity and was less effective in
inhibiting neutrophil infiltration into the liver tissue than
BPEE (50 mg/kg) administered to the treated rats.
In conclusion, the results of the present study indicate
that a single oral administration of BPEE to rats treated once
with ANIT before the onset of apparent liver damage with
cholestasis protects against liver damage with cholestasis,
although this protective effect of BPEE diminishes at its high
dose. The present results also suggest that the protective
effect of BPEE against ANIT-induced liver damage with
cholestasis could be due to the antioxidant, antiinflammatory,
antihyperlipemic, and antihypertrophic actions of the extract.
The orally administered BPEE (50 mg/kg) was found to
be more effective in protecting against ANIT-induced liver
damage with cholestasis than the similarly administered VE
(250 mg/kg). However, further investigation is needed to
clarify the exact mechanism underlining the protective effect
of BPEE against liver damage with cholestasis in rats treated
with ANIT.
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Geopropolis is produced by indigenous stingless bees from the resinous material of plants, adding soil or clay. Its biological
properties have not been investigated, such as propolis, and herein its cytotoxic action on canine osteosarcoma (OSA) cells was
evaluated. OSA is a primary bone neoplasm diagnosed in dogs being an excellent model in vivo to study human OSA. spOS2 primary cultures were isolated from the tumor of a dog with osteosarcoma and incubated with geopropolis, 70% ethanol
(geopropolis solvent), and carboplatin after 6, 24, 48, and 72 hours. Cell viability was analyzed by the crystal violet method.
Geopropolis was efficient against canine OSA cells in a dose- and time-dependent way, leading to a distinct morphology compared
to control. Geopropolis cytotoxic action was exclusively due to its constituents since 70% ethanol (its solvent) had no effect on cell
viability. Carboplatin had no effect on OSA cells. Geopropolis exerted a cytotoxic effect on canine osteosarcoma, and its introduction
as a possible therapeutic agent in vivo could be investigated, providing a new contribution to OSA treatment.

1. Introduction
Propolis is a resinous material collected by bees from buds
and exudates of the plants and mixed with wax and bee
enzymes. It is composed in natura of 30% wax bee, 50% resins
and vegetable balsams, 10% essential oils, 5% pollen, and
5% other substances [1, 2]. Contrarily, indigenous stingless
bees such as Melipona fasciculata Smith collect resinous
material of plants and add soil or clay, forming the so-called
“geopropolis” [3, 4].
Although propolis pharmacological activities have been
extensively reported [5], few articles have investigated the
geopropolis biological action. The antimicrobial activity of
geopropolis produced by Melipona compressipes fasciculate
was analyzed, and its hydroalcoholic extract decreased to
48.5% the number of colonies of Streptococcus mutans in
saliva of patients [6]. The anti-inflammatory, antinociceptive,

and antitumor activities of geopropolis have also been
reported [7, 8].
The activity of geopropolis (extracts and gel) against oral
pathogens and on S. mutans biofilms was investigated [9].
Geopropolis collected in Palmeirândia, State of Maranhão,
Brazil, displayed antimicrobial activities; in addition, a
geopropolis-based gel was not toxic in an animal model
and showed anti-inflammatory effects. Phenolic compounds,
triterpenes, and saponins were found in its chemical composition, which may vary according to the local flora [10].
Several researchers have reported the antitumoral property of propolis both in vitro and in vivo [11], but little
is known concerning geopropolis cytotoxic action towards
tumor cells. Osteosarcoma (OSA) or osteogenic sarcoma
originated from the central or spinal skeleton is considered
the most common and malignant skeletal neoplasm in dogs
[12, 13] and is a neoplasm frequently diagnosed in dogs [14].
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Figure 1: Canine OSA cells (100-fold increase). (a) Control; (b) 70% ethanol; (c) geopropolis 6 h, 50 𝜇g; (d) geopropolis 24 h, 50 𝜇g;
(e) geopropolis 48 h, 10 𝜇g; (f) geopropolis 72 h, 10 𝜇g. Data represent three similar assays.

The behavior of OSA in pet dogs is identical to that of
pediatric patients, and it has been considered an excellent
model in vivo to study human OSA [15–17]. Carboplatin,
cisplatin, and doxorubicin are chemotherapeutic agents used
to induce remission of the tumor and as a maintenance
therapy as well. However, the outcome of chemotherapy in
dogs is unpredictable and may not respond to the action of
cytotoxic drugs [18, 19].
Since geopropolis possesses several biological properties,
we evaluated a possible antitumor action of geopropolis in
vitro, using OSA cells and different geopropolis concentrations along different periods of time.

2. Materials and Methods
2.1. Geopropolis Sample. Geopropolis was produced by
Melipona fasciculata Smith and was aseptically collected in
Palmeirândia, Western Maranhão State, where municipalities
are formed by different ecosystems such as mangroves,
flooded fields, ponds, forests, and babassu [20].
Samples were ground, and 30% ethanolic extracts of
geopropolis were prepared (80 g of geopropolis, completing
the volume to 240 mL with 70% alcohol), in the absence of
bright light, moderate shaking, and at room temperature.
After 24 hours, extracts were filtered and the dry weight of
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the extract was calculated (9.3 mg/mL). The extract was
placed in an amber bottle and kept refrigerated [10, 21].

2.3. Cytotoxicity Assay. After detachment from the flasks,
cells were counted using a haemocytometer and cultivated in
a 96-well U-bottomed plate (Corning) at a final concentration
of 2 × 104 cells/mL, adding 100 𝜇L/well.
Geopropolis was diluted in DMEM medium, and specific
dilutions were prepared for each assay in order to achieve
5, 10, 25, 50, and 100 𝜇g. The same procedures were performed with 70% ethanol (geopropolis solvent), in order
to obtain 0.03; 0.06; 0.15; 0.29, and 0.59% alcohol, which
were the respective concentrations of alcohol in geopropolis
concentrations. As a positive control, carboplatin (100 and
200 𝜇Mol⋅L−1 ) was diluted in DMEM medium [22]. Control
cells contained only the medium alone.
Cells were washed twice with PBS and incubated with
each stimulus at 37∘ C and 5% CO2 for 6, 24, 48, and 72 h. Cell
viability was assessed over time.
2.4. Cell Viability. After each period of time, OSA cell
morphology was evaluated microscopically, and cell viability
was analyzed by violet crystal method as follows. Cells were
incubated with 100 𝜇L violet crystal solution (0.2% diluted in
20% ethanol), which stains live cells. After 10 min, cells were
washed four times, and 100 𝜇L of 1% sodium dodecyl sulfate
(SDS) was added. The optical density (O.D.) was read in an
ELISA reader (Labsystems, Multiskan EX) at 492 nm, and the
percentages of cell viability were calculated [23].
2.5. Statistical Analysis. Friedman’s test was used in order to
analyze cell viability in the cultures for each geopropolis concentration according to the time period. Kruskal-Wallis test
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Figure 2: Canine OSA cell viability (optical density) according
to geopropolis concentration (5, 10, 25, 50, and 100 𝜇g/well) and
periods of time (6, 24, 48, and 72 h). Significantly different from the
respective control (∗ 𝑃 < 0.05; ∗∗∗ 𝑃 < 0.0001).

0.14
0.12
Cell viability (O.D.)

2.2. Canine OSA Cells and spOS-2 Primary Culture. Dogs
were subjected to physical examination, anamnesis, and
complete clinical history at the Veterinary Hospital, FMVZ,
UNESP, Campus of Botucatu. One dog with cytological OSA
diagnosis was selected, and a primary culture of canine OSA
cells was used [13]. The dog’s owner was informed about the
research and procedures and signed a free and enlightened
consent Form. This work is in agreement with the Ethical
Principles adopted by FMVZ, UNESP, Campus of Botucatu,
Brazil (Protocol n. 98/2008).
Tumor fragments were harvested and cells were transferred to 25 cm2 flasks containing Dulbecco’s Modified
Eagle’s Medium (DMEM), supplemented with 10% fetal calf
serum, penicillin (100 UI/mL), streptomycin (100 𝜇g/mL),
and amphotericin-B (2.5 𝜇g/mL). Cells were incubated at
37∘ C and 5% CO2 . After confluence, cells were trypsinized
and in vitro assays were carried out in triplicates.
spOS-2 primary cultures were isolated and characterized
by biochemical and biomarker panels including alizarin
red and by target proteins such as vimentin, cytokeratin,
osteocalcin, osteopontin, osterix, and cyclo-oxygenase-2,
using flow cytometry. Besides, Cox-2 was also evaluated by
immunohistochemistry and divided into Cox-2 positive or
Cox-2 negative cultures. Thus, spOS-2 refers to a culture with
upregulated Cox-2 expression.
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Figure 3: Canine OSA cell viability (optical density) after 6, 24,
48, and 72 h of incubation with different concentrations of 70%
ethanol corresponding to geopropolis concentrations (5, 10, 25, 50,
and 100 𝜇g/well) (𝑃 > 0.05).

was used to analyze the time period according to geopropolis
concentrations. Statistical significances were accepted when
𝑃 < 0.05, and data represent three similar assays.

3. Results
3.1. OSA Cells Morphology. OSA cells are elongated, binucleated, or multinucleated polyhedral or pentagonal cells,
showing cytoplasmic granules and vacuoles in most cells
[24]. Geopropolis effect on OSA cells may be seen after
6 hours using 50 𝜇g/well (Figure 1(c)); 24 hours and 50 𝜇g
(Figure 1(d)); 48 hours and 10 𝜇g (Figure 1(e)), and 72 hours
and 10 𝜇g (Figure 1(f)), comparing to control (Figure 1(a)).
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Figure 4: (a) Canine OSA cell viability (optical density) according to carboplatin concentration (carbo—100 and 200 𝜇Mol/L) and different
periods of time (b) (𝑃 > 0.05).

70% ethanol in different concentrations had no effect on OSA
morphology (Figure 1(b)).
3.2. OSA Cells Viability. OSA cells were sensitive to geopropolis in the following periods of time: 6 hours and 50–
100 𝜇g/well, 24 h with 50–100 𝜇g, 48 h with 10–100 𝜇g, and
72 h with 10–100 𝜇g, although nonsignificant. A significant
decrease in cell viability was seen at 72 h using 25 (𝑃 < 0.05),
50, and 100 𝜇g/well (𝑃 < 0.0001) (Figure 2). 70% alcohol
showed no effect on cell cultures under study (Figure 3).
3.3. Carboplatin Effect on OSA Cells Viability. Carboplatin
(100 and 200 𝜇Mol⋅L−1 ) had no effect over the periods of
incubation of canine OSA cells with geopropolis (𝑃 > 0.05)
in our assay conditions (Figure 4).

4. Discussion
Osteosarcoma is the primary bone tumor most frequently
diagnosed in dogs, accounting for more than 80% of cases
[14, 25], representing an excellent model in vivo to study
human OSA, since its biology in dogs is similar to humans
[15–17]. This type of cancer accounts for approximately 2% to
5% of all cancers in dogs and less than 1% in humans [26].
There have been a great number of researches dealing
with propolis and tumor cells both in vitro and in vivo, using
animal or humans models [11], indicating its potential for the
development of new antitumor agents [5]. Nevertheless, little
is known regarding geopropolis antitumoral activity.
In vivo and in vitro assays have been performed using
hydroalcoholic extract of geopropolis produced by Melipona
fasciculata on the development of Ehrlich ascitic tumor [7].
In vitro, geopropolis decreased the number of tumor cells
after incubation with 500 𝜇g/mL for 24 h. In our assays, the
cytotoxic action of geopropolis was achieved using 25 𝜇g after
a longer period of incubation (72 h). Propolis produced by
another stingless bee (Scaptotrigona sp.) was efficient against
human glioblastoma (U251 and U343) [27].

In vivo, the pretreatment of mice with geopropolis
(50 mg/kg) before the inoculation of tumor cells increased
significantly the influx of macrophages into the peritoneal
cavity and the release of hydrogen peroxide (H2 O2 ) and nitric
oxide (NO) [7]. Moreover, geopropolis treatment inhibited
the number of tumor cells and increased the survival of
animals, suggesting that the antitumor effect of geopropolis
may be related both to its direct tumoricidal effect and to
its ability to recruit macrophages to the tumor focus, with a
subsequent production of tumoricidal metabolites.
The effect of the hydroalcoholic extract of propolis
produced by Scaptotrigona aff. postica was investigated on
Ehrlich tumor development in female mice (a single dose 48 h
prior to tumor inoculation) [28]. Propolis inhibited tumor
development and increased the cell number in the spleen and
bone marrow.
In our work, geopropolis exerted a cytotoxic effect on
canine OSA cells, in a dose- and time-dependent manner, and
the morphological analysis showed that osteosarcoma cells
were sensitive to geopropolis in all periods of time. Its solvent
(70% ethanol) had no effect on cell viability, suggesting that
the cytotoxic action was exclusively due to geopropolis. The
chemical analysis of geopropolis by gas chromatographymass spectrometry (GC-MS) revealed that the main groups
of compounds were pentoses, hexoses, sugar alcohols, uronic
acids, disaccharides, alkylresorcinols, and triterpenes, which
may be related to the anticancer effects of geopropolis on OSA
cells.
Recently, we verified that propolis produced by Africanized honeybees affected OSA viability after 72 h compared
to control, using 50 𝜇g and 100 𝜇g/well, in this same model.
A comparison between these data showed that geopropolis
was more efficient than propolis since the former had a
cytotoxic action at lower concentrations [29]. Previous works
of our laboratory reported propolis action on canine venereal
transmissible tumor (TVT) [30] and on human laryngeal epidermoid carcinoma (HEp-2) cells [31]. It has been proposed
that apoptosis and cell cycle arrest are the main mechanisms
by which propolis affects the viability of tumor cells [11].
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To date, no evidence of a possible mechanism of action of
geopropolis has been proposed.
Carboplatin has been used as the main chemotherapeutic
agent to treat canine OSA; nevertheless, it did not exert a
cytotoxic effect in our assays. Three different osteosarcoma
cell lines were investigated, showing that these lines were
resistant to platinum chemotherapy [32]. Since the lines are
monoclonal cell cultures, whose behavior in vitro exhibits a
reduced aggression in relation to primary cultures [33], one
may speculate that OSA culture showed a similar behavior to
those resistant to carboplatin.
There are no works dealing with geopropolis and OSA,
and our preliminary data point to a potential role of
geopropolis in dogs with osteosarcoma, although further
research should be carried out in vivo in order to evaluate its
therapeutic action.
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Propolis extracts have gained the attention of consumers and researchers due to their unique chemical compositions and functional
properties such as its anti-inflammatory activity. Recently, it was described a complex that is also important in inflammatory
processes, named inflammasome. The inflammasomes are a large molecular platform formed in the cell cytosol in response to
stress signals, toxins, and microbial infections. Once activated, the inflammasome induces caspase-1, which in turn induces the
processing of inflammatory cytokines such as IL-1𝛽 and IL-18. So, to understand inflammasomes regulation becomes crucial to treat
several disorders including autoinflammatory diseases. Since green propolis extracts are able to regulate inflammatory pathways,
this work purpose was to investigate if this extract could also act on inflammasomes regulation. First, the extract was characterized
and it demonstrated the presence of important compounds, especially Artepillin C. This extract was effective in reducing the
IL-1𝛽 secretion in mouse macrophages and this reduction was correlated with a decrease in activation of the protease caspase1. Furthermore, we found that the extract at a concentration of 30 𝜇g/mL was not toxic to the cells even after a 18-hour treatment.
Altogether, these data indicate that Brazilian green propolis (EPP-AF) extract has a role in regulating the inflammasomes.

1. Introduction
Over the last few decades, interest in natural medicines has
been growing fast, leading to the discovery of new functional
components and products that may help preventing or treating diseases. In this context, propolis extracts have gained
special attention of consumers and researchers, due to their
unique chemical compositions and functional properties [1,
2].
Propolis is a resinous material collected by bees (Apis
mellifera L.) from exudates and buds of plants and mixed with
wax and bee enzymes [1]. More than 300 compounds, among
polyphenols, terpenoids, steroids, sugar, and amino acids,
have been detected in raw propolis. Their abundance is influenced by geographical factors and botanical origins, as well
as by collection season [3]. In this context, green propolis is

only obtained from Brazil and its most important plant source
is Baccharis dracunculifolia D.C. (Asteraceae) [4]. Several
works reported biological activities to green propolis such as
antiulcer [4, 5], anti-inflammatory [6], immunomodulatory
activity (Machado et al., 2012, in press), antimutagenic [7],
antifungal/antibacterial [3, 8], wound healing [9], and antiCandida albicans [10].
Considering all these biological properties of propolis, the
anti-inflammatory effect is one of the most well known. Reis
et al. evaluated the anti-inflammatory activity of propolis
standardized extract on edema induced by carrageenan,
dextran, and histamine. The extract showed effective results at
650 mg/kg, significantly inhibiting the inflammatory process
induced by carrageenan and histamine, but not by dextran
[11]. The anti-inflammatory results were corroborated by
Barros et al. (2007) that evaluated the effects in the models of
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gastric damage induced by ethanol, indomethacin, and stress
in rats [4]. Paulino et al. demonstrated that green propolis
extract, at low concentrations, induced anti-inflammatory
and analgesic effects in mouse models, results obtained by
oral or intraperitoneal administration [6]. Although propolis
components responsible for the pharmacological activities
are currently unknown, the flavonoids pinobanksin and
kaempferol and the phenolic acid, artepillin C are strong
candidates.
Some authors related that the biological activities of green
propolis are mostly due to its high levels of prenylated pcoumaric acids derivatives, mainly 3,5-diprenyl-4-hydroxycinnamic acid (Artepillin C) [2]. In this context, Paulino
et al. studied its anti-inflammatory effects, absorption, and
bioavailability in mice model. In vivo results showed that
Artepillin C reduced paw edema (38% in 6 hours) and decreased the number of neutrophils during peritonitis and
prostaglandin E2 . Moreover, in vitro results demonstrated
decrease in nitric oxide production and NF-kB activity, suggesting an anti-inflammatory effect of propolis extract [6].
Recently, a complex of molecules that is important in
inflammatory processes, named inflammasome, has been
described [12–16]. The inflammasomes are a large multimeric
complexes formed in the cell cytosol in response to stress
signals, toxins, and microbial infections [15, 16]. After assembly of the multimeric complex, the inflammasome induces
the activation of caspase-1 protease. Once activated, caspase1 induces the processing of inflammatory cytokines, such as
IL-1𝛽 and IL-18 [16, 17]. Moreover, caspase-1 activation also
induces a type of inflammatory cell death named pyroptosis,
thereby contributing to the generation of a proinflammatory
response [18–20]. There are four inflammasomes described
so far, distinguished by the receptor or NLRs (Nod-Like
Receptors) involved in the complex: the NLRP1b [21, 22], the
NLRC4/NAIP5 [23–25], the NLRP3 [26, 27], and AIM2 [28]
inflammasomes.
The inflammasome activation is crucial for host defense
to pathogens, but recent research has also found a role for the
inflammasome in the pathogenesis of several diseases with an
inflammatory component, such as type 2 diabetes, inflammatory bowel disease, and atherosclerosis [29–31]. These autoinflammatory diseases are clinical disorders that present recurrent inflammation due to abnormally increased inflammation
mediated by cells of the innate immune system. However, the
understanding of the inflammasomes regulation is still not
clear and additional progress in this research field could contribute to new strategies in treating autoimmune diseases and
their complication. Since propolis extract has been shown
to regulate inflammatory pathways, it was investigated if the
propolis standardized extract (EPP-AF) could also act on
inflammasomes regulation.

2. Material and Methods
2.1. Collection and Preparation of Propolis Standardized Extract (EPP-AF). The Propolis Standardized Extract (EPP-AF)
was produced from a blend composed by propolis raw material obtained from several sites of Brazil according to previous standardization (Patent no. PI 0405483-0, published in
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Revista de Propriedade Industrial n. 1778 from 01/02/2005),
the composition of the blend is majority constituted by
green propolis. The extract was industrially produced and
kindly provided by Apis Flora Company (Ribeirão Preto, SP,
Brazil). Briefly, propolis was kept in −20∘ C for 12 h, ground
to a fine powder in a blender. Then, it was extracted using
hydroalcoholic solution (7 : 3), with dynamic maceration,
during 72 h on room temperature, followed by percolation
and a filtration process using, in the first step, the propolis
biomass and secondly a 220 mesh stainless steel industrial
line filter. Propolis extract obtained presents 11% w/v of dry
matter and chemical composition standardized qualitatively
and quantitatively by RP-HPLC.
2.2. Chemical Characterization of Propolis Extract. The propolis extracts were analyzed by HPLC using a Shimadzu
apparatus equipped with a CBM-20A controller, an LC20AT quaternary pump, an SPD-M 20A diode-array detector,
and Shimadzu LC solution software. A Shimadzu Shim-Pack
CLC-ODS column (4.6 mm × 250 mm, particle diameter of
5 𝜇m, pore diameter of 100 Å) was used. The mobile phase
consisted of methanol (B), and a solution of water-formic
acid (0.1% v/v), pH 2.7 (A). The method consisted of a linear
gradient of 20–95% of B over a period of 77 minutes at a flow
rate of 0.8 mL/min. Detection was set at 275 nm. For analysis
it was used the standards caffeic, p-coumaric, and transcinnamic acids (Sigma-Aldrich, São Paulo, Brazil); artepillin
C (Wako Pure Chemical Industries Co., Osaka, Japan), caffeic
acid phenethyl ester (Sigma-Aldrich, São Paulo, Brazil), and
aromadendrin-4 -O-methyl ether, isolated by de Sousa et al.
and kindly donated by the authors [32]. Methanol HPLCgrade was obtained from J. T. Baker and water was treated in
Milli-Q water purification system. All other chemicals were
of reagent grade and were used without further purification.
Propolis extract was diluted with 5 mL of methanol (HPLC
grade) in 10 mL volumetric flasks, subjected to sonication for
10 min and filled to volume with Milli-Q water. The samples
(𝑛 = 3) were filtered through a 45 𝜇m filter before analysis.
2.3. Bacterial Strain. The bacterium used in this study was
Lp02 strain of L. pneumophila [33]. The bacteria were cultured
in MOPS buffered charcoal-yeast extract (CYE) agar (1%
yeast extract, 1% 3-(N-morpholino) propanesulfonic acid
(MOPS), pH 6.9, 3.3 mM L-cysteine, 0.33 mM Fe(NO3 )3 , 1.5%
Bacto agar, and 0.2% activated charcoal) and supplemented
with thymidine (100 mg/mL) at 37∘ C. Before infection, bacteria were resuspended in sterile water and diluted to a
multiplicity of infection (MOI) of at least 10, based on optical
density (OD600 ).
2.4. Mice and Macrophage Preparation. C57BL/6 and Caspase-1−/− mice were maintained and breed in Institutional
Animal Facilities of the University of São Paulo. Bone Marrow
Derived Macrophages (BMDMs) were prepared as previously
described [34]. Briefly, bone marrow cells from femurs of
adult mice were cultured for 7 days in RPMI 1640 containing
20% fetal bovine serum (FBS) and 30% L-929 cell conditioned
media (LCCM). Macrophages were replated one day prior to
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2.5. Cytotoxicity Assay. The propolis cytotoxicity was assayed
by ethidium bromide (EtBr) staining as described previously
[20]. In this assay, 2.0 × 105 BMDMs were plated on 13 mm
glass coverslips in 24-well tissue culture dishes for 16 h at
37∘ C, 5% CO2 . The propolis was added on macrophages at
30, 100, or 300 𝜇g/mL during 1, 3, 6, or 18 hours. After the
different times, the coverslips were inverted onto a 5-𝜇L
drop of PBS containing 25 𝜇g/mL EtBr and 5 𝜇g/mL acridine
orange. All cells were stained with acridine orange, whereas
only cells with membrane pores allowed diffusion of EtBr
into the cell. Pore-forming activity was measured as the
percentage of BMDMs that stained positive with EtBr. Images
were acquired using a Leica microscope (DMI4000B) with
10× and 40× objectives and analyzed using ImageJ software
(TreeStar).
2.6. Cytokine Measurements. For cytokine determination, 2.0
× 105 BMDMs were plated in 24-well plates for 16 h at 37∘ C,
5% CO2 . For experiments with nigericin, gramicidin, and
ATP, cells were pretreated with LPS (1 𝜇g/mL, Sigma-Aldrich,
São Paulo, Brazil) for 4 h, treated with 30, 100, or 300 𝜇g/mL
of propolis for 1 h and then added nigericin (20 𝜇m, SigmaAldrich, São Paulo, Brazil), gramicidin (100 𝜇g/mL, SigmaAldrich, São Paulo, Brazil), and ATP (5 mM, Sigma-Aldrich,
São Paulo, Brazil) for additional 1 h. For bacterial experiments, macrophages were treated with 30, 100, or 300 𝜇g/mL
of propolis for 1 h and infected with L. pneumophila at a MOI
of 10 for additional 12 h. The cytokine in the supernatant was
measured by enzyme-linked immunosorbent assay (ELISA)
with a mouse IL-1𝛽 kit (BD OptEIA) according to the
manufacturer’s instructions.
2.7. Flow Cytometry Analysis of Endogenous Caspase-1. For
analysis of active caspase-1 in BMDMs, 5.0 × 105 macrophages
were plated in 48-well plates, BMDMs were stimulated with
LPS (1 𝜇g/mL, Sigma-Aldrich, São Paulo, Brazil) during 4 h,
treated with 30 𝜇g/mL of propolis for 1 h and then added
nigericin (20 𝜇m, Sigma-Aldrich, São Paulo, Brazil) for additional 1 h. Before being stained, macrophages were removed
with cold phosphate buffered saline (PBS). Macrophages were
stained for 1 h with FAM-YVAD-fluoromethylketone (FAMYVAD-FMK; Immunochemistry Technologies) as recommended by the manufacturer. Data were acquired on a FACSCantoII (Becton Dickinson) and were analyzed using ImageJ
software (TreeStar).
2.8. Colony Forming Unit Assay (CFU). To measure the number of bacteria in BMDMs, macrophage cultures were lysed in
sterile water and cell lysates were combined with cell culture
supernatant from the respective well. Lysates plus supernatants from each well were diluted in water, plated on CYE
agar plates supplemented with thymidine, and incubated for
96 hours at 37∘ C for CFU determination.
2.9. Statistical Analysis. Statistical analyses were performed
using GraphPad Prism, version 5.0, software. Data are

Table 1: Chemical composition of propolis standardized extract
(EPP-AF) after four years and half on shelf life stability conditions
(mg/g) (𝑛 = 3).
Average ± SD
0.244 ± 0.001
1.475 ± 0.002
0.138 ± 0.001
0.423 ± 0.001
3.690 ± 0.016

Standards researched
Caffeic acid
p-Coumaric acid
trans-cinnamic acid
Aromadendrin
Artepillin C

% CV
0.520
0.115
0.903
0.177
0.431

SD: standard deviation.
% CV: coefficient of variation.

(mAU)

infection and maintained at 37∘ C, 5% CO2 , in RPMI 1640
media containing 10% FBS and 5% LCCM.
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Figure 1: Fingerprint analysis of propolis alcoholic extract (EPPAF) with four years and half of shelf-life stability conditions.
Chromatograms were plotted at 275 nm, using RP-HPLC equipment
with C18 (shim-pack, CLC-ODS (M), 25 cm × 4.6) column and
gradient elution with methanol and acidic water (pH = 2.7).
Chromatographic profile includes the compounds: (1) caffeic acid
(around 15 min), (2) p-coumaric acid (around 20 min), (3) transcinnamic acid (around 35-36 min), (4) aromadendrin (38 min), and
(5) Artepillin C (around 61-62 min).

expressed as the mean ± standard deviation (SD) and statistical significance calculated by two-way analysis of variance
(ANOVA), followed by Bonferroni posttest analysis. Differences were considered statistically significant if the 𝑃 value
was <0.05.

3. Results
3.1. Chemical Characterization of Propolis Extract (EPP-AF).
Propolis standardized extract (EPP-AF) was evaluated by
HPLC and the fingerprint is represented on Figure 1. The
results showed the presence of caffeic (1), p-coumaric (2)
and trans-cinnamic (3) acids, the flavonoid aromadendrin
(4) and the prenylated compound artepillin C (Figure 1) with
respective values presented in Table 1 (mg/g). As a note,
our results clearly showed that Brazilian propolis does not
present CAPE (Caffeic Acid Phenethyl Ester), which has
already been described having anti-inflammatory activities
(Figure 2). Table 1 presents the quantitative characterization
of propolis extract evaluated in the present work (Table 1).
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Figure 2: Fingerprint analysis of propolis standardized extract (EPP-AF) in comparison with enrichment sample with CAPE. (a) Presentation
of propolis standardized extract (EPP-AF) with CAPE (100 𝜇g) in the same chromatographic conditions used in Figure 1, (b) propolis
standardized extract showing a possible candidate to CAPE (A). To check the signs with similar retentions time of CAPE, UV spectra of
CAPE and the candidate present in (b) were shown, demonstrating that propolis used does not present CAPE.

3.2. The Effect of Propolis on IL-1𝛽 Secretion by Macrophages.
Several studies have reported the anti-inflammatory and immunomodulatory properties of Brazilian propolis [3, 4, 35–
37]. Recently, the strong anti-inflammatory effect of propolis
has been reported regarding the inflammatory response in
different experimental models, such as local and systemic
models employing mice (Machado et al., 2012, in press).
In the present work, it was investigated if propolis was
also related with the modulation of the IL-1𝛽, an essential
cytokine involved in regulating inflammatory responses to
both infectious and sterile injury [38–40]. To test this, we
employed a canonical model with LPS and nigericin to induce
IL-1𝛽 secretion by macrophages [41, 42]. Thus, BMDMs

from C57BL/6 mice were prestimulated with LPS during 4
hours, to induce pro-IL-1𝛽, and then treated with different
concentrations of propolis (30, 100, or 300 𝜇g/mL) for 1 hour,
followed by nigericin treatment for additional 1 hour. We
observed that LPS treatment or LPS plus propolis did not
induce the IL-1𝛽 secretion. However, there was an expressive
secretion of IL-1𝛽 by macrophages that were treated with
LPS and nigericin (Figure 3(a)). Of note, this cytokine was
extremely reduced in macrophages that were treated with
propolis before the addition of nigericin (Figure 3(a)).
We investigated if the observed reduction of IL-1𝛽 was not
due to a cytotoxicity caused by propolis to the macrophages.
Thus, BMDMs were treated with 30, 100, or 300 𝜇g/mL
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Figure 3: Propolis standardized extract (EPP-AF) reduces the secretion of IL-1𝛽 by mouse macrophages. (a) BMDMs from C57BL/6 mice were
stimulated with LPS, pretreated or not with different concentrations of propolis extract and treated with nigericin for 1 h. The cell supernatant
was collected and levels of IL-1𝛽 were measured by ELISA assay. (b) Cytotoxicity assay of propolis. BMDMs from C57BL/6 mice were treated
with 30, 100, or 300 ug/mL of propolis during 1 h (c), 3 h (d), 6 h (e), and 18 h (f) and cells were analyzed by fluorescence microscopy. Data
show average ± standard deviation and an asterisk indicates a 𝑃 value of <0.05.

of propolis for 1, 3, 6, and 18 hours and BMDM viability
was analysed by ethidium bromide (EtBr) incorporation,
using fluorescence microscopy. The intact membranes fail to
internalize EtBr, while cells containing pores or a rupture
in plasma membranes become permeable to this dye [43].
This pore formation assay was performed by using EtBr in
combination with acridine orange, a nonselective acidophilic
green dye that stains both permeabilized and intact cells and

therefore allows the determination of the percentage of cell
death [44]. The results showed that after 1-hour treatment, the
propolis concentrations of 30 and 100 𝜇g/mL were not toxic to
the cells, while 300 𝜇g/mL was toxic to BMDMs (Figures 3(b)
and 3(c)). By contrast, the use of propolis at 30 𝜇g/mL was
not toxic even after 18 hours of treatment (Figures 3(b), 3(c),
3(d), 3(e), and 3(f)), which led to the choice of this dose for
further experiments. The data presented, therefore, indicate
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that propolis can modulate the secretion of the inflammatory
cytokine IL-1𝛽 by BMDMs, a feature solely dependent on the
inflammasome functions.
3.3. Propolis Inhibits the NLRP3 Inflammasome. The cytokine
IL-1𝛽 is expressed as a proprotein (pro-IL-1𝛽) by immune
cells and its activation requires a proteolytic processing in
its mature form (IL-1𝛽) by the protease caspase-1. However,
caspase-1 is active only in the presence of activation signals,
which in turn, takes place in the recently identified multimolecular complexes, called inflammasomes [14, 21]. In
this regard, it was investigated if the modulation of IL-1𝛽
secretion by propolis was related with the modulation of
the inflammasome. Since nigericin is a classical activator of
caspase-1 via the NLRP3 inflammasome, we used nigericin to
activate the canonical NLRP3 inflammasome. We monitored
the endogenous caspase-1 activation in BMDMs treated with
LPS, nigericin and propolis by staining BMDMs with a
fluorescent dye that binds with high affinity to the active form
of caspase-1 [45, 46].
After the treatment with LPS and nigericin, a larger
proportion of C57BL/6 macrophages stained positive for
active caspase-1, while a significant reduction was observed
in macrophages that were pretreated with propolis
(Figure 4(a)). Very few BMDMs deficient for caspase-1
(Casp1−/− ) presented FAM-YVAD staining after LPS and
nigericin treatment, confirming that FAM-YVAD staining
required caspase-1 (Figure 4(a)). These results indicate that
propolis interferes with inflammasome platform impairing
the caspase-1 activation by these complexes.
Finally, it was investigated the propolis action using different activators of the NLRP3 inflammasomes, such as ATP
and gramicidin [47, 48]. It was observed that propolis inhibits
the IL-1𝛽 secretion in BMDMs treated with the different
activators of the NLRP3 (Figures 4(b), 4(c), and 4(d)), thus
supporting the findings that propolis can inhibit the NLRP3
inflammasome.
3.4. Propolis Reduces the IL-1𝛽 Secretion in Mouse Macrophages Infected with Legionella pneumophila . Genetic studies
in mice can distinguish so far four different inflammasomes:
NLRP1b, NLRP3, NLRC4, and AIM2. Since it was observed
the effect of propolis on NLRP3 inflammasome, it was also
examined its action in another well-described inflammasome: the NLRC4 inflammasome.
The NLRC4 inflammasome responds to gram-negative
bacterial components such as flagellin and basal body Rod
proteins present in bacterial type III secretion systems [23, 24,
49]. Consequently, intracellular pathogens expressing these
factors, such as Salmonella typhimurium, Shigella flexneri,
Pseudomonas aeruginosa, Burkholderia thailandensis, and
Legionella pneumophila can activate the NLRC4 inflammasome [15, 23, 24, 26, 50, 51]. In the present work, it was
employed the gram-negative bacterium L. pneumophila to
study the effect of propolis on NLRC4 inflammasome. Thus,
BMDMs from C57BL/6 mice were treated with propolis for 1
hour and then infected with L. pneumophila for 12 hours. The
results revealed that there was a reduction on IL-1𝛽 secretion
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by mouse macrophages that were infected but were pretreated
with propolis (Figure 5(a)), suggesting that propolis can also
modulate the NLRC4 inflammasome.
To investigate if the diminished amount of IL-1𝛽 found in
BMDMs treated with propolis was not due to the antimicrobial activity of propolis on L. pneumophila, it was performed a
CFU (colony forming units) assay in presence of propolis. We
found that BMDMs treated with propolis and infected with
L. pneumophila show no difference in the number of CFU
found in macrophages in presence or absence of propolis
(Figure 5(b)).

4. Discussion
Around 40% of medicines available nowadays were developed from natural sources: 25% from plants, 13% from
microorganisms, and 3% of animals. From 1981 to 2002, 60%
of medicines approved were natural products or obtained
from these sources [52].
In this scenario, propolis is a very promising substance to
be studied. It is a very complex compound from which many
components have already been identified. Caffeic acid derivatives, flavonoids, and phenolic compounds, for instance, are
usually found in many kinds of propolis [9, 32]. On the
other hand, other substances are specific to a certain type
of propolis, such as CAPE (Caffeic Acid Phenethyl Ester),
commonly present in European propolis [53] and Artepillin
C, a known exclusive biomarker of Brazilian green propolis
[32, 54]. Although the active compounds of propolis are
still under discussion, there are a large number of biological
effects attributed to some specific components present in
propolis, especially CAPE and artepillin C. Therefore, in the
present work, these substances and some representatives of
caffeic acid derivatives were investigated in the Brazilian
green propolis standardized extract (EPP-AF).
Nevertheless, it is also known that natural products
possess a synergistic effect resultant of the mix of their compounds and if the active compounds are not yet identified, the
total extract is regarded as the “active principle” and, in that
case, the biomarker compounds are used for quality control.
Because of that, it is crucial that the first step to testing
any propolis formulation is to standardize a propolis extract
according to a reproducible chemical profile.
The results demonstrated that the chemical standardization of propolis prepared here corroborated with the propolis profile presented in our previous work, which already
revealed an effective anti-inflammatory activity [9].
Ansorge et al. showed that cytokines produced by monocytes/macrophages (IL-1𝛽, IL-12), as well as cytokines produced by Th2 type lymphocytes as IL-4, were found to
be suppressed in the presence of propolis, whereas the
production of TGF-𝛽1 produced by regulatory T cells was
ascertained to be increased [55]. These effects were mediated,
at least in part, by caffeic acid phenethyl ester (CAPE) [55, 56],
hesperidin, and quercetin [55]. The compound CAPE has
been described to possess anti-inflammatory, antiproliferative, anticancerogenic, and antioxidant effects. Moreover, it
has demonstrated to decrease IL-1𝛽 in bleomycin-induced
pulmonary fibrosis in rats model [56, 57].
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Figure 4: Propolis standardized extract (EPP-AF) inhibits the NLRP3 inflammasome. (a) BMDMs, 5.0 × 105 macrophages were plated in 48well plates, stimulated with LPS, pretreated or not with 30 ug/mL of propolis extract, and treated with nigericin for 1 h. The cells were stained
for 1 h with FAM–YVAD–fluoromethylketone (FAM–YVAD–FMK) and analyzed by Flow Cytometer on a FACS-CantoII. 30.000 events were
acquired. (b) BMDMs from C57BL/6 and Caspase-1−/− mice were stimulated with LPS, pretreated or not with 30 ug/mL of propolis extract,
and treated with nigericin, Gramicidin (c), and ATP (d) for 1 h. The supernatant was collected and levels of IL-1𝛽 were measured by ELISA
assay. Data show average ± standard deviation and an asterisk indicates a 𝑃 value of <0.05.

In the present work, it was verified that BMDMs pretreated with green propolis presented a reduction on IL-1𝛽
secretion after LPS and nigericin stimulation (Figure 3(a)).
However, the results of chemical characterization of the green
propolis standardized extract (EPP-AF) employed showed
that CAPE is not present in the sample evaluated (Figure 2).
In this regard, the next step that will be targeted is the
evaluation of the standards found in the propolis extract used
(Figure 1) in order to identify if one of them, specially the
most interesting one, Artepillin C, is involved in the effect
observed in the present work. Good results for Artepillin
C are expected, fact suggested by the anti-inflammatory
results presented for this compound by Paulino et al. [6].
We also verified that the reduction of IL-1𝛽 observed was
not due to a cytotoxic effect of propolis on macrophages,
since the cell viability assay with ethidium bromide showed

that macrophages treated with 30 𝜇g/mL of propolis did not
present pores in the plasmatic membrane even after 18 hours
of treatment (Figures 3(b), 3(c), 3(d), 3(e), and 3(f)).
IL-1𝛽 is a very important proinflammatory cytokine.
Once secreted, IL-1𝛽 mediates a variety of local and systemic
responses to infection, such as induction of fever, promotion of T cell survival, B cell proliferation, and antibody
production and mediates the transmigration of leukocytes
[58]. Nevertheless, this cytokine is produced as inactive
propeptides that need to be processed in order to be secreted
from immune cells. The secretion of mature form of IL-1𝛽
occurs only after its cleavage by the protease caspase-1 and
this process occurs in the presence of a molecular platform,
named inflammasomes. Here we verified that modulation of
IL-1𝛽 secretion by propolis was related with the modulation
of the inflammasome, because there was a reduction on active
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Figure 5: Propolis standardized extract (EPP-AF) reduces the IL-1𝛽 secretion in macrophages infected with L. pneumophila. (a) BMDMs from
C57BL/6 mice were stimulated with LPS, pretreated or not with 30, 100, or 300 𝜇g/mL of propolis extract, and infected with L. pneumophila
during 12 hours. The supernatant was collected and levels of IL-1𝛽 were measured by ELISA assay. (b) BMDMs from C57BL/6 mice were
pretreated or not with 30, 100, or 300 𝜇g/mL of propolis extract and infected with L. pneumophila. Cultures were infected with 2 × 106 bacteria
and further incubated for 12 hours. After this period, the cells were lysate with deionized water and the bacteria were plated on CYE agar for
CFU determination. Data show average ± standard deviation and an asterisk indicates a 𝑃 value of <0.05.

caspase-1 stain in macrophages treated with propolis and
stimulated with LPS and nigericin (Figure 4). It is important
to mention that LPS plus nigericin is a classic activator of
the NLRP3 inflammasomes. The NLRP3 inflammasome has
been implicated in response to a broad spectrum of infectious
agents, including the bacterial pathogens as S. aureus, Vibrio
cholerae, Escherichia coli, Neisseria gonorrhoeae, Chlamydia
pneumoniae, and Citrobacter rodentium [59–63]; the fungal
pathogens Candida albicans and Aspergillus fumigatus [63–
65]; viral pathogens such as influenza A, encephalomyocarditis
virus, and vesicular stomatitis virus [66–68]; and the parasites Schistosoma mansoni and Dermatophagoides pteronyssinus [69]. Indeed, damage-associated molecular patterns
(DAMPs) such as ATP, uric acid crystals, amyloid-𝛽 fibrils,
hyaluronan, and microbial toxins all activate NLRP3 [42, 70,
71]. We also confirm that propolis inhibits the NLRP3 inflammasome by using ATP and gramicidin as NLRP3 activators,
and found the same results (Figures 4(b), 4(c), and 4(d)).
Finally, we investigated the regulatory effect of propolis in other inflammasome already described: the NLRC4
inflammasome. Unlike the NLRP3 inflammasome, NLRC4
is currently thought to respond to gram-negative bacterial
components. So, we used the gram-negative bacterium L.
pneumophila to activate the NLRC4 inflammasome and also
verified the reduction on IL-1𝛽 secretion by infected cells
that were treated with propolis (Figure 5(a)). Regardless the
putative role of propolis in NLRC4 inflammasome, our data
clearly demonstrate that Brazilian green propolis extract acts
in regulating the IL-1𝛽 secretion by NLRP3 inflammasomes.
This is a remarkable finding, since it was demonstrated that

mutations in inflammasome-related genes, such as NLRP3
and NLRP1, are associated with autoimmune and autoinflammatory disorders [72]. Therefore, the use of natural products
such as Brazilian propolis may open promising therapeutic
strategies for the treatment of these severe chronic autoinflammatory diseases.

5. Conclusion
Altogether, these data indicate that Brazilian green propolis
extract (EPP-AF) reduces the secretion of IL-1𝛽 by inhibiting
the inflammasome activation, thus contributing to explain
the previously anti-inflammatory activities of propolis. This
specific regulation can be important once IL-1𝛽 mediates
a variety of local and systemic responses to infection and
autoinflammatory disorders such as gouty arthritis and type
II diabetes.
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“Caspase-1 inflammasomes in infection and inflammation,”
Journal of Leukocyte Biology, vol. 82, no. 2, pp. 220–225, 2007.
[16] F. Martinon, K. Burns, and J. Tschopp, “The Inflammasome: a
molecular platform triggering activation of inflammatory caspases and processing of proIL-𝛽,” Molecular Cell, vol. 10, no. 2,
pp. 417–426, 2002.

9
[17] F. Martinon and J. Tschopp, “Inflammatory caspases and
inflammasomes: master switches of inflammation,” Cell Death
and Differentiation, vol. 14, no. 1, pp. 10–22, 2007.
[18] E. A. Miao, I. A. Leaf, P. M. Treuting et al., “Caspase-1-induced
pyroptosis is an innate immune effector mechanism against
intracellular bacteria,” Nature Immunology, vol. 11, no. 12, pp.
1136–1142, 2010.
[19] S. L. Fink and B. T. Cookson, “Caspase-1-dependent pore
formation during pyroptosis leads to osmotic lysis of infected
host macrophages,” Cellular Microbiology, vol. 8, no. 11, pp. 1812–
1825, 2006.
[20] T. N. Silveira and D. S. Zamboni, “Pore formation triggered by
Legionella spp. is an Nlrc4 inflammasome-dependent host cell
response that precedes pyroptosis,” Infection and Immunity, vol.
78, no. 3, pp. 1403–1413, 2010.
[21] M. Lamkanfi and V. M. Dixit, “Inflammasomes: guardians of
cytosolic sanctity,” Immunological Reviews, vol. 227, no. 1, pp.
95–105, 2009.
[22] Z. L. Newman, M. P. Printz, S. Liu et al., “Susceptibility to
anthrax lethal toxin-induced rat death is controlled by a single
chromosome 10 locus that includes rNlrp1,” PLoS Pathogens,
vol. 6, no. 5, pp. 1–8, 2010.
[23] L. Franchi, A. Amer, M. Body-Malapel et al., “Cytosolic flagellin
requires Ipaf for activation of caspase-1 and interleukin 1𝛽 in
salmonella-infected macrophages,” Nature Immunology, vol. 7,
no. 6, pp. 576–582, 2006.
[24] T. Ren, D. S. Zamboni, C. R. Roy, W. F. Dietrich, and R. E.
Vance, “Flagellin-deficient Legionella mutants evade caspase-1and Naip5-mediated macrophage immunity,” PLoS Pathogens,
vol. 2, no. 3, article e18, 2006.
[25] K. L. Lightfield, J. Persson, N. J. Trinidad et al., “Differential
requirements for NAIP5 in activation of the NLRC4 inflammasome,” Infection and Immunity, vol. 79, no. 4, pp. 1606–1614,
2011.
[26] F. S. Sutterwala, Y. Ogura, D. S. Zamboni, C. R. Roy, and R. A.
Flavell, “NALP3: a key player in caspase-1 activation,” Journal of
Endotoxin Research, vol. 12, no. 4, pp. 251–256, 2006.
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Propolis is a complex honeybee product with resinous aspect, containing plant exudates and beeswax. Their color, texture, and
chemical composition vary, depending on the location of the hives and local flora. The most studied Brazilian propolis is the green
(alecrim-do-campo) type, which contains mainly prenylated phenylpropanoids and caffeoylquinic acids. Other types of propolis are
produced in Brazil, some with red color, others brown, grey, or black. The aim of the present work was to determine the chemical
profiles of alcohol and chloroform extracts of eight samples of propolis, corresponding to six Brazilian regions. Methanol and
chloroform extracts were obtained and analyzed by HPLC/DAD/ESI/MS and GC/MS. Two chemical profiles were recognized
among the samples analyzed: (1) black Brazilian propolis, characterized chiefly by flavanones and glycosyl flavones, stemming
from Picos (Piauı́ state) and Pirenópolis (Goiás state); (2) green Brazilian propolis, characterized by prenylated phenylpropanoids
and caffeoylquinic acids, stemming from Cabo Verde (Bahia state), Lavras and Mira Bela (Minas Gerais state), Pariquera-Açu and
Bauru (São Paulo state), and Ponta Grossa (Paraná state). The present work represents the first report of prenylated flavonoids in
Brazilian propolis and schaftoside (apigenin-8-C-glucosyl-6-C-arabinose) in green propolis.

1. Introduction
Propolis is a resinous hive product containing bee secretions
and plant resins. The wide diversity of plant species used by
bees as resin sources for propolis production determines its
chemical diversity. More than 300 constituents have already
been identified [1], among which phenolic compounds such
as flavonoids, phenolic acids, and phenolic acid esters have
been reported as major constituents of propolis from the
temperate zone [2].
The use of propolis with medicinal purpose dates back to
300 BC [3] and has been extensively used in folk medicine in
the east and the west for centuries. It has been established that
propolis possesses a wide spectrum of biological activities,
such as antibacterial [4, 5], anti-inflammatory [6, 7], antioxidant [8, 9], hepatoprotective [10], and antitumoral [11]. The
medicinal properties of propolis are due to a large variety of
substances of plant origin, acting alone and/or synergistically.
The high medicinal value of many propolis constituents

stimulates chemical studies also of the corresponding plant
sources [12].
The classes of propolis constituents include fatty and
phenolic acids and esters, substituted phenolic esters [13],
flavonoids (flavones, flavanones, flavonols, dihydroflavonols,
chalcones) [14–16], mono-, sesqui-, di-, and triterpenes,
steroids, aromatic aldehydes and alcohols, and naphthalene
and stilbene derivatives [17, 18]. Propolis from temperate
regions (poplar derived) contains mostly flavonoids, aromatic
acids, and their esters [19]. Mediterranean propolis from
Croatia, Algeria, Greece, and Cyprus has a poplar-type chemical profile, while samples from South Greece and Crete are
rich in diterpenes [20]. Propolis from Taiwan and Okinawa
contains prenylated flavanones as major constituents [21, 22],
while propolis from Australia is rich in prenylated stilbenes
[18]. Propolis from tropical regions contains a diversity of
phenolics: prenylated cinnamic acid derivatives, flavonoids,
polyprenylated benzophenones and lignans, and other classes
of constituents [23].
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Among tropical countries, Brazil has the widest chemical
diversity of propolis types. Brazilian green propolis is the
most abundantly produced and consumed, either internally
or externally. It contains mostly phenylpropanoids, prenylated phenylpropanoids (e.g., artepillin C), and sesqui- and
diterpenoids and is produced with material obtained from
apices of Baccharis dracunculifolia (Asteraceae) [24]. Chalcones, pterocarpans, and other isoflavonoids are the main
constituents of Brazilian red propolis, which depends on
Dalbergia ecastaphyllum (Leguminosae, Faboideae) as the
main resin source [25, 26]. Propolis produced in the Brazilian
Amazon may contain predominantly polyprenylated benzophenones, probably derived from Clusia spp. [27]. While
it seems certain that a specific species plays the role as the
main resin provider, probably bees often use several plant
sources for propolis production [28]. For example, Brazilian
red propolis may contain isoflavonoids (from Dalbergia) and
polyprenylated benzophenones (probably from Clusia) [25].
Notable differences are often found between propolis
samples, not only from distant but also from nearby locations,
and sometimes in the same locality. This holds either for
European [29, 30] or green propolis [31–33], even restricting
the analysis to samples of “typical” green propolis [34].
Among samples of green propolis there seems to be a gradual
variation in the proportion of mevalonate-derived substances
(terpenoids, including sesqui- and triterpenoids) and the
typical shikimate-derived (phenolics, prenylated or not)
compounds [34]. For example in the distributional area of
Brazilian green propolis (Southeast Brazil) there are samples
from different localities, some with deep green color, others
dark, and others black; often, the green samples contain high
level of phenolic compounds, while the dark and black ones
contain mostly triterpenoids (unpublished observations).
Powerful chromatographic tools, such as HPLC-DADESI-MSn and GC/MS, are essential for the analysis of products comprising of complex mixtures, enabling the identification and quantification of their biologically active constituents [35]. The aim of this work was to characterize the
chemical profile of samples from distant Brazilian localities,
with the expectation to establish chemical affinities among
the analyzed samples and detect constituents not commonly
reported for Brazilian propolis.

2. Material and Methods
2.1. Propolis Sampling and Processing. Samples of propolis produced by Apis mellifera were obtained from eight
Brazilian localities: Picos (state of Piauı́, North Central
Brazil) (black propolis), Cabo Verde (Bahia state, northeast)
(green propolis), Pirenópolis (Goiás state, Central Brazil)
(black propolis), Lavras and Mira Bela (Minas Gerais state,
Southeast) (green propolis), Pariquera-Açu and Bauru (São
Paulo state, southeast) (green propolis), and Ponta Grossa
(Paraná state, south) (green propolis) (Figure 1). The samples
were grounded with a mortar and pestle to a fine powder.
Extracts were successively prepared in Soxhlet for 3 h with
5 g of each propolis sample, first with chloroform and then
with methanol. Each extract was concentrated under reduced
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Figure 1: Brazilian map indicating the localities of the analyzed
Brazilian propolis samples: I: Picos-PI; II: Cabo Verde-BA; III:
Pirenópolis-GO; IV: Mira Bela-MG; V: Lavras-MG; VI: Bauru-SP;
VII: Pariquera-Açu-SP; VIII: Ponta Grossa-PR.

pressure and the residue evaporated on a steam bath to
constant weight. The chloroform extracts were dissolved in
diethyl ether and treated with diazomethane [36]. The dried
methanol extracts were dissolved in methanol at 0.1 mg mL−1
prior to HPLC analysis.
2.2. Total Polyphenol Contents. Total polyphenol contents
were determined according to the Folin-Ciocalteu colorimetric method [37], using p-coumaric acid as reference. The
analyses were carried out in triplicates of each sample.
2.3. Total Flavonoid Contents. Total flavonoid contents were
determined by the aluminium chloride [37] and dinitrophenylhydrazin [38] methods. Calibration curves were made
using quercetin (aluminium chloride method) and pinocembrin (dinitrophenylhydrazin method) as reference. Total
flavonoid contents were assumed to be the sum of the values
obtained by each method. Analyses were performed in
triplicates.
2.4. GC/EIMS Analysis. The diethyl ether solutions of the
diazomethane-treated chloroform extracts were diluted to
the 1000 ppm concentration. Ether solutions (1 𝜇L) of each
extract was injected into a Hewlett Packard 5890 series II plus
gas chromatography coupled to Chem Station System Mass
Spectrometer 5989B operating with the EI mode at 70 eV. The
GC conditions were as follows: DB-5HT fused silica capillary
column (30 m × 0.32 mm internal diameter, 0.25 𝜇m film
thickness) held at 100∘ C for 1 min and then heated to 300∘ C
at 6∘ C min−1 , the final temperature being held constant for
2 min; He was used as a carrier gas with flux of 1.5 mL min−1 ,
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Table 1: Contents of total phenols and flavonoids of samples of Brazilian propolis from localities in the states of Paraná (PR, south), São Paulo
(SP, southeast), Minas Gerais (MG, southeast), Goiás (GO, Central Brazil), Bahia (BA, northeast), and Piauı́ (PI, central north).
Samples
Pirenópolis (GO)
Cabo Verde (BA)
Bauru (SP)
Ponta Grossa (PR)
Lavras (MG)
Picos (PI)
Pariquera-Açu (SP)
Mira Bela (MG)

Total phenols (%)
27.341 ± 0.074
25.867 ± 0.045
17.632 ± 0.043
12.892 ± 0.022
9.281 ± 0.029
5.620 ± 0.017
2.660 ± 0.018
0.910 ± 0.005

Flavonoids contents (%)
DNP method
AlCl3 method
0.800 ± 0.000
5.158 ± 0.002
0.368 ± 0.001
3.705 ± 0.004
0.360 ± 0.000
2.131 ± 0.000
0.367 ± 0.000
0.958 ± 0.002
0.407 ± 0.000
0.740 ± 0.000
0.323 ± 0.000
1.427 ± 0.000
0.280 ± 0.000
1.005 ± 0.004
0.206 ± 0.000
0.333 ± 0.000

Total flavonoids (%)
4.432 ± 0.002
3.148 ± 0.003
1.970 ± 0.000
0.859 ± 0.001
0.685 ± 0.000
1.243 ± 0.001
0.884 ± 0.004
0.311 ± 0.000

linear velocity of 63 cm s−1 , total flow 77,3 mL min−1 , and
split mode and solvent cut time of 3.0 min. The MS conditions were as follows: ionization voltage, 70 eV; filament
current, 0.3 mA; detector voltage, −0.7 kV; MS scan range,
40–800 m/z. Injector and detector temperatures were at
300∘ C. The characterization of the constituents was based on
comparison of corresponding mass spectra with data from
the libraries Wiley-275 (Hewlett Packard), Wiley/NBS, and
McLafferty and Stauffer [39].

were identified by comparison of their UV and ESI/MS and
ESI/MS/MS spectra with the literature data.

2.5. HPLC/DAD/ESI/MS Analysis. Methanol extracts (10 𝜇L)
were analyzed by HPLC/DAD/ESI/MS and HPLC/DAD/
ESI/MS/MS. DAD SPD-M10Avp Shimadzu equipped with
a photodiode array detector coupled to Esquire 3000 plus,
Bruker Daltonics mass spectrometer via an electrospray
ionization (ESI) source. The analyses were controlled by a
computer running the Esquire NT Software from Bruker
Daltonics. The diode-array detector was set at 270 nm, and
the online UV spectra were recorded in the range of 250–
360 nm. A reverse phase C18, Zorbax-5B-RP-18 (Hewlett
Packard) column (4.6 × 250 mm, 5 𝜇m), and different linear
gradients were used for analysis of each sample. The mobile
phases consisted of eluent A (0.1% aq. HOAc) and eluent
B (methanol). For the Ponta Grossa sample, the following
gradient program was used: 0 min, 5% B; 10 min, 10% B;
16 min, 30% B; 72 min, 86% B. For the Picos, Pirenópolis,
Lavras, Bauru, and Pariquera-Açu samples the following
program was used: 0 min, 10% B; 12 min, 35% B; 27 min,
38% B; 50 min, 50% B; 100 min, 100% B. For the Cabo Verde
sample, the program was 0 min, 10% B; 12 min, 20% B; 52 min,
40% B; 75 min, 86% B. For the Mira Bela sample, the program
was 0 min, 5% B; 10 min, 10% B; 16 min, 34% B; 60 min,
78% B. The flow rate was 0.5 mL min−1 and the temperature
of the column was maintained at 28∘ C. Negative-ion ESI
was performed using an ion source voltage of −40 V and
a capillary offset voltage of 4500 V. Nebulization was aided
with a coaxial nitrogen sheath gas provided at a pressure of
27 psi. The dry gas temperature was set to 130∘ C and a dry gas
flow of 4 L min−1 was used. Desolvation was assisted using a
counter current nitrogen flow set at a flux of 7.0 L min−1 and
a capillary temperature of 320∘ C. Mass spectra were recorded
over the range 50–900 m/z. Mass spectrometry (MS/MS) data
were acquired in the negative ionization mode. Compounds

A wide variety of total phenols (0,9% to 27,3%) and total
flavonoids (0,3% to 4,4%, Table 1) were observed. It is known
that the amount of phenolic and flavonoid constituents varies
widely according to propolis types and seasonal factors [24,
28]. The highest amounts of both total phenolic substances
and flavonoids were obtained with propolis from Pirenópolis
(27.341% and 4.432%, resp.) and Cabo Verde (25.867% and
3.148%, resp.) (Table 1). The main constituents found in
the Pirenópolis sample were flavone-C-glycosides, prenyl
flavonols, and rhamnetin, while in the propolis sample
from Cabo Verde only flavone-C-glycosides and a minor
content of caffeoylquinic derivatives were detected. Samples
from Bauru, Ponta Grossa, and Lavras have intermediate
contents of total phenolics (17.632%, 12.892%, and 9.281%,
resp.) and showed the presence of caffeoylquinic derivatives,
phenylpropanoids, and flavones. Finally, samples from Picos,
Pariquera-Açu, and Mira Bela presented lower contents of
total phenolics (5.620%, 2.66%, and 0.91%, resp.) and higher
caffeic acid glucoside. In South America, the contents of
phenols reported for Brazilian propolis have been higher
than the values obtained from samples of other countries:
Argentina (0,3%–5,5%), Uruguay (1,1%–3,7%), Chile (1,1%–
4,3%), Peru (less than 0,1%), and Paraguay (0,3%) [14].
On the other hand, samples from Bauru, Picos, PariqueraAçu, Ponta Grossa, Lavras, and Mira Bela showed low
contents of total flavonoids: 1.97%, 1.243%, 0.884%, 0.859%,
0.685%, and 0.311%, respectively. It is interesting to note that
all samples, except from Bauru, present flavone C-glycosides
among their constituents. However, only the mentioned
sample exhibited high content of caffeic acid ethyl phenyl
ester derivatives. Among the samples studied in the present
work, there seems to be a direct correlation between the
contents of total phenols and total flavonoids (Table 1).

2.6. Clustering Analysis. Compounds identified by GC/MS
and HPLC/MS of all eight propolis samples were analyzed
using the neighbor-joining method and the software PAUP
v.4.0b10 [40].

3. Results and Discussion
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A high diversity of phenolic and nonphenolic substances
was detected among the samples analyzed. Compounds 1–
52 were present in less polar (chloroform) extracts and were
detected and characterized by GC/EIMS analysis (Table 2).
Several substances detected are wax constituents: long carbon
chain fatty acids (8, 11, 13, 15, 32, and 34) and n-alkanes
(33, 36, and 37). Hydrocarbons and fatty acids have been
pointed out as major constituents of wax propolis [36, 41].
Other detected substances are phenolic compounds, many
of them prenylated. Such substances have been pointed out
as constituents of Baccharis dracunculifolia and/or Brazilian
green propolis: 1, 3, 5, 9, 10, 14, 24, 25, 28, and 35 [12,
24, 42]. Compounds 3 and 14 (artepillin C) have been
assigned the role as chemical markers of green propolis
[12]. Terpenoids are frequent propolis constituents. Among
them, diterpenoids (17, 19, and 23) have been reported for
Brazilian propolis [43]. Triterpenoids (40, 43–52) are also
frequent constituents of Brazilian propolis (see, e.g., [24,
42]). Steroids, such as ergosterol (42), are terpenoids rarely
found in propolis. A particularly interesting compound in
Table 2 is the glyceride 39, comprising of two residues of
phenylpropanoid. Compounds such as this are constituents of
Populus species and were obtained from a sample of Mexican
propolis from the Sonora state [44], but the origin of 39 is
certainly not a Populus plant.
Table 3 lists substances (53–133), mostly phenolic compounds, detected and characterized by HPLC/DAD/ESIMS.
Caffeic acid (73) is very frequent in association with quinic
acids or sugars. For example, in Table 3 several substances
are caffeoylquinic acids, comprising of 1–3 residues of caffeic
acid (57, 60, 62, 65, 66, 75, 84, 86, 87, 93, 100, 104, 106,
and 107). Such compounds are characteristic and abundant
constituents of green propolis, obtained ideally from aqueous
extracts [45, 46]. In some cases, one residue of caffeic acid
is replaced by other phenylpropanoid, such as ferulic acid
(61, 67, 68, and 113). In rare cases, quinic acid is esterified
solely by ferulic acid (72). For the monocaffeoylquinic acids
isomers, such as chlorogenic acids, the mass spectra in
negative ion mode exhibited intense [M–H]− ions at m/z
353.0 and some diagnostic fragments, due to caffeic (m/z 179)
and quinic acid (m/z 191) moieties (57, 60, 62, 66, and 75).
Di-O-(E)-caffeoylquinic acid positional isomers showed UV
spectra identical to the monocaffeoylquinic acid derivatives
and exhibited m/z 515.0 as deprotonated molecular ion,
suggesting positional isomers of a quinic acid esterified with
caffeoyl units at m/z 179, 191, and 353 [M–H–caffeoyl]−
(84, 86, 87, 93, and 104). Tricaffeoylquinic acid showed a
deprotonated molecule at m/z 677.1 (65, 106, and 107). In
general, tricaffeoylquinic acids with larger numbers of free
equatorial hydroxyl groups in the quinic acid residue are
more hydrophilic than those with larger numbers of free axial
hydroxyl groups.
Glycosides are not frequent in propolis. Glycosides of
caffeic acid (54, 58, and 59) have rarely (if at all) been
reported as propolis constituents. C-glycosyl and O-glycosyl
flavonoids were found in stingless bee honeys [47]. In the
honey of Apis mellifera the contents of aglycone flavonoids
typical of propolis (galangin, pinocembrin, quercetin) were
found to be much higher than the contents of flavonoid
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glycosides. This has been attributed to a contamination of the
honey by plant resins and propolis [48].
It has been recognized that flavonoids are not major
constituents of Brazilian propolis, with the exception of isoflavonoids in red propolis [25]. Nonetheless, several flavonoid
aglycones, as well as O- and C-glycosides, were detected in
several among the eight samples of propolis in the present
work: 56, 64, 69–71, 74, 76–83, 88–92, 97–99, 101–103, 105,
108, 109, 111, 114–116, 118, and 120–133. The glycosylation
of flavonoids generally occurs at the 7-hydroxyl in flavones
and at the 3- and 7-hydroxyls in flavonols. The sugars usually
correspond to hexoses (glucose, galactose, and rhamnose)
and pentoses (arabinose and xylose). The carbon-carbon
bond of C-glycosyl flavonoids is resistant to rupture and
consequently fragments from the sugar moiety predominate
in the mass spectra of C-glycosides.
Flavone derivatives presented UV spectra with 𝜆 max at
270.0 and 340.0 nm. The ESI-MS spectra of compound 79
(vicenin-2) showed deprotonated molecule [M–H]− at m/z
593.0. The MS/MS spectrum in the negative ion mode
produced ions at m/z 575.1 [M–H − 18]− , m/z 503.0 [M–H −
90]− and a base peak at m/z 473.1 [M–H − 120]− , suggesting
hexoses as sugar moieties. The fragment ions at m/z 353.4
[aglycone + 83]− and m/z 383.2 [aglycone + 113]− suggest
that the aglycone is apigenin (270) + glucose + glucose,
according to the literature data [49, 50]. The ESI-MS spectra
of compound 81 (isoschaftoside-apigenin-8-C-glucosyl-6C-arabinose), and compound 88 (schaftoside-apigenin-6C-glucosyl-8-C-arabinose), showed identical deprotonated
molecule at m/z 563.0 and exhibited similar fragmentation
patterns: m/z 545.0 [(M–H) − 18]− , m/z 473.1 [(M–H) − 90]− ,
m/z 443.1 [(M–H) − 120]− , m/z 383.2 [aglycone + 113]− , and
m/z 353.4 [aglycone + 83]− . In addition, they yielded the ion
[M–H − 60]− at m/z 503.0, generated by the fragmentation
of a pentose in the MS/MS spectra, suggesting the presence
of an arabinose moiety (−132 u), typical of asymmetric di-Cglycosylflavones. Isoschaftoside (81) showed a base peak at
m/z 473 and a high abundance of the fragment at m/z 503.0,
indicating the presence of a 6-C-pentosyl unit [51].
For O-glycosylated flavonoids, fragmentation pathway
starts with the cleavage of the glycosidic bonds and elimination of the sugar moieties, with charge retention on the
aglycone [52]. Tentative identification was based mainly on
the MS data, UV-DAD spectra, and literature data.
Compounds 83 (luteolin-O-glucuronide - m/z 461.0) and
108 (apigenin-O-glucuronide - m/z 445.1) both underwent
loss of a glucuronide moiety with 176 u. Compound 90
(pentosyl-orientin) yielded a deprotonated molecule ion at
m/z 579.0 and its MS/MS spectrum produced ions at m/z
327.0 [M–H − (120 + 132)]− and the loss of 132 u corresponding to a pentose moiety. This fragmentation pattern is
typical of O-glycosylated C-glycosyl flavones [53], indicating
a pentose O-linked to a C-linked glucose.
Compound 99 (dimethoxy-naringenin-diglucoside) exhibited UV maximum absorption at 280.0 nm and a deprotonated molecule ion at m/z 623.4. Its MS/MS analysis
produced ions at m/z 533.1 (M–H − 90.0)− , m/z 503.1 (M–H −
120.0)− , m/z 413.1 [aglycone + 113.0], and m/z 383.1 [aglycone
+ 83.0]. To our knowledge, this is the first report of this
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Table 2: Constituents from the chloroform extract of samples of Brazilian propolis, characterized by GC/EIMS.
Compounds

Rt (min)

Molecular ion

1

4-Vinyl phenol

4.2

120 (100, C8 H8 O+ )

2

Dihydrocinnamic acid methyl ester

6.4

164 (40, C10 H12 O2 + ), 104 (100, C8 H8 + ), 91 (60)

3

p-Vinyl-O-prenyl phenol

9.7

188 (50, C13 H16 O+ ), 133 (100, C9 H9 O+ )

4

2-T-butylnaphto-[2,3-b]-furan,4,9-dione

13.5

254 (30, C16 H14 O3 + ), 239.0 (100, M–CH3 )

5

p-Hydroxycinnamic acid methyl ester

13.5

178 (54, C10 H10 O3 + ), 147 (100, C9 H7 O2 + ), 119 (41, C8 H7 O+ ),
91 (60)

6

Methyl-O-benzoylbenzoate

13.7

240 (15, C15 H12 O3 ), 209 (17), 163 (100), 105 (78), 77 (73)

7

Benzene ethoxy

13.8

122 (13, C8 H10 O), 105 (16), 93 (70), 91 (24), 79 (32), 77 (21)

8

n-Hexadecanoic acid methyl ester

14.5

270 (3) (C17 H34 O2 ), 143 (12), 87 (53), 74 (100)

9

Allyl-3-prenylcinnamate

14.5

256 (64, C17 H20 O2 + ), 201 (84, C13 H13 O2 + ), 185 (100, C12 H9 O2 + ),
157 (60, C12 H13 + ), 145 (95, C11 H13 + )

10

2,2-Dimethylchromene-6-propenoic acid methyl
ester

15.5

244 (11), 229 (100), 144 (6)

11

Palmitic acid

16.4

256 (5, C16 H32 O2 ), 241 (8), 187 (14), 121 (51)

12

Pinobanksin methyl ether

16.6

286 (C16 H14 O5 ) (10), 271 (100)

13

Oleic acid methyl ester

16.7

296 (1) (C19 H36 O2 ), 264 (6)

14

4-Hydroxy-3-prenylcinnamic acid methyl ester

16.7

246 (70, C15 H18 O3 + ), 191 (100, C11 H11 O3 + ), 171 (20), 131 (23)

15

n-Stearic acid methyl ester

17.2

298 (1) (C19 H38 O2 ), 242 (7), 143 (18), 87 (70), 74 (100)

16

Ferulic acid octadiene ester

17.8

302 (20, C18 H22 O4 ), 287 (40), 271 (26), 257 (13), 246 (47),
231 (76), 203 (100), 187 (83)

17

Methyl dehydroabietate

17.8

314 (8, C21 H30 O2 ), 299 (10), 239 (100), 141 (14), 128 (14)

18

n-propyl-P-hydroxybenzoate

18.2

180 (5, C10 H12 O3 ), 161 (11), 121 (100), 105 (18), 91 (15), 77 (11)

19

12,16-Epoxy-6-hydroxy-(15-16)-abeo-5,8,11,13abietatetraene-7-one

18.2

312 (17, C20 H24 O3 ), 241 (5), 237 (100), 197 (25)

20

Pentyl benzene

18.6

148 (16, C11 H16 ), 133 (23), 121 (62), 105 (51), 91 (69), 77 (50)

21

Ferulic acid octene ester

22

n-Phenyl hexadecane

19.2

302 (9, C22 H38 ), 287 (10), 235 (8), 175 (31), 119 (51), 105 (61),
91 (77), 77 (63)

23

Ethyl dehydroabietate

19.5

328 (25, C22 H32 O2 ), 268 (9), 254 (17), 253 (100), 187 (24),
156 (12), 141 (14)

24

Hydroxy-diprenylcinnamic acid methyl ester
(artepillin C)

20.6

314 (68, C20 H26 O3 + ), 259 (100, C16 H19 O3 + ), 243 (54, C15 H15 O3 + ),
211 (38), 203 (90, C12 H11 O3 + )

25

2,2-Dimethyl-8-prenylchromene-6-propenoic
acid methyl ester

20.7

312 (14), 297 (100)

26

Pinobanksin-5-methyl ether acetate

20.9

328 (28, C20 H24 O4 + ), 257 (89, M − 71), 313 (15)

27

Benzoic acid, 4(4-hydroxybenzoyl)-methylester

21.2

256 (6, C15 H12 O4 + ), 241 (9), 161 (12), 121 (100), 147 (11)

28

3-Hydroxy-2,2-dimethyl-8-prenylchromane-6propenoic acid methyl
ester

21.4

330 (100, C20 H26 O4 + ), 297 (30, C19 H21 O3 + ),
272 (50, C17 H20 O3 + ), 225 (60, C15 H13 O2 + ), 197 (50, C14 H13 O+ ),
171 (50)

29

Benzoic acid,
2-propoxy-(4-hydroxybenzoyl)-methyl ester

21.8

314 (3, C18 H18 O5 ), 121 (100), 109 (21), 105 (25), 91 (30), 81 (47)

19

304 (29, C18 H24 O4 ), 271 (22), 247 (8), 246 (100), 231 (68),
199 (23), 191 (21), 187 (42), 185 (12), 131 (36), 177 (28), 131 (36),
115 (30), 105 (14), 91 (23), 77 (19)
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Table 2: Continued.
Compounds

Rt (min)

30

Benzylic alcohol,
2-propoxy-(4-hydroxybenzoyl)-methyl ester

22

31

Benzoic acid, 2(4-hydroxybenzoyl)-methyl ester

32

n-Docosanoic acid methyl ester

33

n-Heptacosane

23.11

C27 H56 : m/z 380, C27

34

n-Tetracosanoic acid methyl ester

23.4

382 (4, C25 H50 O2 ), 143 (14), 87 (60), 74 (100)

35

4-Dihydrocinnamoiloxy-3-prenylcinnamic acid
methyl ester

24.7

378 (2, C24 H26 O4 + ), 246 (84, C15 H18 O3 + ), 105 (82, C8 H9 + ),
91 (100)

36

n-Nonacosane

24.9

C29 H60 : m/z 408, C29

37

n-Hentriacontane

26.7

(C31 H64 ): m/z 436, C31

38

Carbomethoxy benzyl caffeate ester

26.9

328 (60) (C18 H16 O6 ), 327 (50), 285 (40), 268 (33), 207 (40),
181 (40), 150 (40), 135 (100), 115 (40), 107 (30), 105 (30), 94 (30),
91 (45), 77 (60)

39

Dihydrocaffeoyl-dihydrocinnamoyl-glyceride

27.21

430 (9, C23 H26 O8 ), 399 (9), 380 (25), 281 (25), 232 (30), 180 (25),
175 (29), 161 (100), 105 (12), 95 (11), 93 (9), 81 (16), 77 (16)

40

𝛽-Amyrin

28

426 (16, C30 H50 O+ ), 408 (C30 H48 + ), 218 (100, C16 H26 + ),
203 (40, C15 H23 + ), 189 (25, C14 H21 + )

41

Propyl carbomethoxy benzyl dihydrocaffeate ester

28.1

372 (24, C21 H24 O6 ), 371 (26), 357 (70), 314 (30), 299 (30),
207 (42), 167 (30), 135 (100), 107 (50), 91 (50), 93 (50), 95 (57),
77 (69)

42

Ergosterol

28.96

396 (16, C28 H44 O), 381 (26), 281 (35), 232 (35), 217 (34), 207 (19),
165 (10), 164 (27), 161 (30), 151 (39)

43

Lupenone

29.5

424 (7, C30 H48 O), 218 (50), 205 (100), 189 (50), 177 (50), 109 (56),
105 (24)

44

𝛽-Amyrinone

30.5

424 (6, C30 H48 O), 218 (100), 205 (60), 203 (40), 189 (23)

45

𝛼-Amyrinone

30.9

424 (6), 218 (100), 205 (60), 203 (20), 189 (23)

46

𝛼-Amyrin

47

𝛽-Amyrin acetate

31.6

468 (1, C32 H52 O2 ), 218 (100), 203 (40), 189 (45)

48

𝛼-Amyrin acetate

32.5

468 (1, C32 H52 O2 ), 218 (100), 203 (20), 189 (35)

49

Taraxerone

33.4

424 (4), 205 (80), 189 (76), 109 (74), 69 (100)

50

Oleanene

33.9

410 (95), 395 (100, M–CH3 ), 174 (40), 165 (58)

51

Pteron-14-en-7-one

35.6

424 (66), 409 (100), 383 (64), 371 (56), 165 (50)

52

Olean-14-en-3,28-dione

36.2

440 (30, C30 H46 O2 ), 425 (100), 409 (78), 397 (76), 385 (60),
183 (75), 165 (70)

22.7
23

31

compound for propolis, having previously been identified
from Citrus genotypes [54].
Among the constituents identified stand out the prenylated flavonols 109, 125, 126, and 128–133. Prenylated phenylpropanoids typical of Brazilian green propolis were also
detected, such as compounds 95, 96, 117, and 119 (artepillin
C).
The chemical affinities among the analyzed propolis
samples are shown in Figure 2. One of the clusters of the dendrogram combines the samples from Bauru (SP, southeast),

Molecular ion
316 (4, C18 H20 O5 ), 301 (4), 257 (10), 189 (22), 147 (10), 121 (100),
105 (26)
256 (10), 255 (50), 121 (100), 105 (33), 91 (44), 77 (35)
354 (4) (C23 H46 O2 ), 87 (70), 74 (100)

426 (6, C30 H50 O), 411 (15), 218 (100), 207 (90), 203 (18), 189 (24)

Lavras (MG, southeast), and Cabo Verde (BA, northeast).
It is somewhat surprising the emergence in this cluster of
the sample from the latter locality, which is much up north
from the commonly admitted distribution of green propolis.
The three samples share several prenylated phenylpropanoids
(e.g., 9, 14, 24, 25, and 35) typical of green propolis
(Table 4). The sample from Cabo Verde stands apart in
the clade for the more frequent possession of flavonoid
glycosides, for example, 88–91, 98, 99, and 101 (Table 4).
Flavonoids are major compounds in propolis from temperate
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Table 3: Constituents from the methanol extract of Brazilian propolis from Paraná (south), São Paulo and Minas Gerais (southeast), Goiás
(central), Bahia (northeast), and Piauı́ (central-north) states, characterized by HPLC/DAD/ESI/MS.
Compound
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102

Rt (min)
4.9
5.5
5.7
15
16.1
16.3
19.5
19.6
20.3
20.4
21.9
22.1
22.3
22.3
22.3
22.7
23.8
23.9
24
24.3
24.9
25.2
25.7
26.4
27.1
27.4
27.7
28.3
28.8
29.3
29.6
33.6
35.8
36
37.2
38.6
41.4
42.7
42.8
44.3
45.8
48.4
49.1
49.8
52.3
52.5
53.1
53.8
54.1
54.6

UV/DAD
270
300, 330
ND
290
330, 300
300, 330
300, 330
300, 330
330, 300
300, 330
ND
270, 340
300, 330
330, 300
330, 300
330, 300
ND
280, 330sh
270, 338
300, 330
ND
ND
330, 300
ND
270, 338
270, 338
270, 338
270, 338
270, 340
270, 340
270, 338
300, 330
330, 300
300, 330
330, 300
270, 340
270, 340
270, 340
270, 340
ND
ND
330, 300
310
310
270, 340
270, 340
280
300, 330
270, 340
256, 356

[M–H]−
181
341.2
191.1
303.1
353
311
311.2
353.1
529
353.3
183
475.5
677.1
353.5
529
529
607.3
433.3
577.5
367.5
179.3
435.1
353.3
421.2
577.1
415.3
593.1
547
563.5
415.4
461
515.4
315
515.8
515
563.6
609.4
579.3
431
463.3
515.3
375.1
231.2
315.4
489.8
461.2
623.4
529.7
593.3
433

Proposed structure
Homovanillic acid
Caffeic acid 4-O-glucoside
Quinic acid
Dihydroquercetin
Caffeoylquinic acid
Caffeic acid 4-O-arabinoside
Caffeic acid 4-O-xyloside
Caffeoylquinic acid
Feruloyl-caffeoylquinic acid
Caffeoylquinic acid
Methoxy-dihydroxy benzoic acid
Dimethoxy-luteolin-glucoside
Tricaffeoylquinic acid
Caffeoylquinic acid
Feruloyl-caffeoylquinic acid
Feruloyl-caffeoylquinic acid
Methylkaempferol-O-rutinoside
Naringenin-C-glucoside
Apigenin-O-rutinoside
Feruloylquinic acid
Caffeic acid
Delphinidin arabinoside
Caffeoylquinic acid
Catechin arabinoside
Apigenin-di-C-glucosyl rhamnoside
Apigenin-C-rhamnoside
Apigenin-6,8-di-C-glucoside (vicenin-2)
Apigenin-C-rhamnosyl arabinoside
Apigenin-6-C-glucosyl-8-C-arabinose (isoschaftoside)
Apigenin-C-rhamnoside
Luteolin-O-glucuronide
Dicaffeoylquinic acid
Caffeic acid-dihydroxy phenyl ethyl ester
Dicaffeoylquinic acid
Dicaffeoylquinic acid
Apigenin-8-C-glucosyl-6-C-arabinose (schaftoside)
Luteolin-6,8-di-C-glucoside (lucenin-2)
Pentosyl orientin
Vitexin
Quercetin-O-glucoside
Dicaffeoylquinic acid
Ferulic acid-methoxy trihydroxy phenyl ethyl ester
Hydroxy-prenylcinnamic acid
3-Prenyl-4-(2-methylpropionyloxy)-cinnamic acid methyl ester
Luteolin acetylglucoside
Chrysoeriol-C-glucoside
Dimethoxy naringenin-diglucoside
Caffeoylferuloylquinic acid
Apigenin-di-O-glucoside
Quercetin-O-arabinoside
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Table 3: Continued.

Compound
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133

Rt (min)
55.5
56.3
56.6
58.8
59.8
60.4
60.5
60.6
65.9
66
66.5
67.9
70.6
71.2
72.1
72.3
73
73.9
74.2
76.9
78
79.1
82.1
83.2
86
87.5
88.1
88.9
89.9
91.1
93.1

UV/DAD
260, 355
300, 330
260, 350
300, 330
330, 300
270, 335
ND
330
260, 353
ND
330, 300
256, 356
256, 356
255, 354
310
230, 350
310
256, 356
ND
ND
ND
ND
ND
255, 355
260, 370
260, 360
260, 360
ND
260, 355
260, 350
260, 360

[M–H]−
447.1
515.9
477.1
677.4
677.3
445.1
389.3
329
301.2
309.1
529.6
315.1
315.1
331
315.5
299.1
299
329.1
387.4
371.6
401.2
399.5
395.2
383.4
273.1
383.3
367.1
397.2
381.2
381.8
395.2

regions, derived from exudates from the vegetative buds
of Populus spp. [19, 55]. However, flavonoids commonly
detected in propolis are aglycones, and only rare flavonoid
glycosides have been reported as propolis constituents.
The samples from Pariquera-Açu (SP, southeast) and
Ponta Grossa (PR, south) contain also some of these green
propolis constituents but emerge at the base of the clustering
analysis tree (Figure 2). Both contain substances rarely or
never reported for green propolis, such as flavonoid glycosides (e.g., 81, 88, and 97; Table 4). They also contain or
share diterpenes, such as 17 and 23 (Table 4), a class of
substances known to occur in Brazilian propolis [43, 56, 57]
and abundant in Mediterranean propolis [20, 58].
The samples from Mira Bela (MG, southeast), Pirenópolis
(GO, Central Brazil), and Picos (PI, central-north) constitute
another cluster, in spite of the large distances among the
localities. The chemical composition of Mira Bela stands
out by the total absence of nonpolar constituents from the
chloroform extract (Table 4). It is worth noting that triterpenes (42–52; Table 4) were detected only in black propolis

Proposed structure
Quercetin-O-rhamnoside
Dicaffeoylquinic acid
Isorhamnetin-glucoside
Tricaffeoylquinic acid
Tricaffeoylquinic acid
Apigenin-O-glucuronide
Diprenyl chrysin
Ferulic acid dihydroxy phenyl ethyl ester
Quercetin
Cinnamoyl hexoside
Caffeoylferuloylquinic acid
Isorhamnetin
Rhamnetin
Laricitin
3-Hydroxy-2,2-dimethyl-8-prenylchromane-6-propenoic acid
Methyl licochalcone B
Hydroxy-diprenylcinnamic acid (artepillin C)
Quercetin-dimethyl ether
Pentamethoxy hydroxy flavonol
Pentamethoxy flavonol
Nobiletin
Chrysin rhamnoside
Prenyl-trimethoxyluteolin
Prenyl-methoxyquercetin
Phloretin
Prenyl-methoxyquercetin
Prenyl-methoxykaempferol
Prenyl-dimethoxyquercetin
Prenyl-dimethoxykaempferol
Prenyl-dimethoxykaempferol
Prenyl-trimethoxykaempferol

Pariquera-Açu/SP
Ponta Grossa/PR
Bauru/SP
Lavras/MG
Cabo Verde/BA

Picos/PI
Pirenópolis/GO
Mira Bela/MG

Figure 2: Clustering analysis of identified constituents by GC/MS
and HPLC/ESI/MS of samples of Brazilian propolis using the
neighbor-joining method.

samples (from Picos and Pirenópolis). Besides this, both
samples contain, and sometimes share, wax constituents, such
as fatty acids (e.g., 32, 34) and n-alkanes (e.g., 33, 36, and 37;
Table 4). Flavonoids were more often detected in the samples
from this cluster. Examples are the aglycones quercetin (111),
isorhamnetin (114), and rhamnetin (115; Table 4). In addition,
the sample from Mira Bela is characterized for containing
flavone C-glycosides, such as 77, 79, 80, and 82 (Table 4).
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Table 4: Constituents from the chloroform and methanol extracts of samples of Brazilian propolis from the municipalities of Pariquera-Açu
(Par; state of São Paulo), Ponta Grossa (PGr; state of Paraná), Bauru (Bau; state of São Paulo), Lavras (Lav; state of Minas Gerais), Cabo Verde
(CVe; state of Bahia), Mira Bela (MBe; state of Minas Gerais), Picos (Pic; state of Piauı́), and Pirenópolis (Pir; state of Goiás). Compounds are
characterized by GC/EIMS and HPLC/ESIMS.
Compounds
1
4-Vinyl phenol
2
Dihydrocinnamic acid Methyl ester
3
p-Vinyl-O-prenyl phenol
4
2-T-butylnaphto-[2,3-b]-furan,4,9-dione
5
p-Hydroxycinnamic acid methyl ester
6
Methyl-O-benzoylbenzoate
7
Benzene ethoxy
8
n-Hexadecanoic acid methyl ester
9
Allyl-3-prenylcinnamate
10
2,2-Dimethylchromene-6-propenoic acid methyl ester
11
Palmitic acid
12
Pinobanksin methyl ether
13
Oleic acid methyl ester
14
4-Hydroxy-3-prenylcinnamic acid methyl ester
15
n-Stearic acid methyl ester
16
Ferulic acid octadiene ester
17
Methyl dehydroabietate
18
n-Propyl-p-hydroxybenzoate
19
12,16-Epoxy-6-hydroxy-(15-16)-abeo-5,8,11,13-abietatetraene-7-one
20
Pentyl benzene
21
Ferulic acid octaene ester
22
n-Phenyl hexadecane
23
Ethyl dehydroabietate
24
Hydroxy-diprenylcinnamic acid methyl ester (artepillin C)
25
2,2-Dimethyl-8-prenylchromene-6-propenoic acid methyl ester
26
Pinobanksin-5-methyl ether acetate
27
Benzoic acid, 4(4-hydroxybenzoyl)-methylester
28 3-Hydroxy-2,2-dimethyl-8-prenylchromane-6-propenoic acid methyl ester
29
Benzoic acid, 2-propoxy-(4-hydroxybenzoyl)-methyl ester
30
Benzylic alcohol, 2-propoxy-(4-hydroxybenzoyl)-methyl ester
31
Benzoic acid, 2(4-hydroxybenzoyl)-methylester
32
n-Docosanoic acid methyl ester
33
n-Heptacosane
34
n-Tetracosanoic acid methyl ester
35
4-Dihydrocinnamoiloxy-3-prenylcinnamic acid methyl ester
36
n-Nonacosane
37
n-Hentriacontane
38
Carbomethoxy benzyl caffeate ester
39
Dihydrocaffeoyl-dihydrocinnamoyl-glyceride
40
𝛽-amyrin
41
Propyl carbomethoxy benzyl dihydrocaffeate ester
42
Ergosterol
43
Lupenone
44
𝛽-Amyrinone
45
𝛼-Amyrinone
46
𝛼-Amyrin
47
𝛽-Amyrin acetate
48
𝛼-Amyrin acetate

Par

PGr

Bau
x

x

Samples
Lav CVe
x
x
x
x
x

MBe

Pic

Pir

x

x

x
x
x

x

x

x
x
x
x
x

x

x
x
x

x
x

x
x
x
x
x

x

x
x

x
x
x

x
x

x
x

x
x

x

x
x
x
x
x
x
x

x

x
x
x

x
x
x

x

x

x
x

x
x

x

x
x

x
x
x
x
x
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Table 4: Continued.
Compounds

49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

Taraxerone
Oleanene
Pteron-14-en-7-one
Olean-14-en-3,28-dione
Homovanillic acid
Caffeic acid 4-O-glucoside
Quinic acid
Dihydroquercetin
Caffeoylquinic acid
Caffeic acid 4-O-arabinoside
Caffeic acid 4-O-xyloside
Caffeoylquinic acid
Feruloyl-caffeoylquinic acid
Caffeoylquinic acid
Methoxy-dihydroxy benzoic acid
Dimethoxyluteolin-glucoside
Tricaffeoylquinic acid
Caffeoylquinic acid
Feruloyl-caffeoylquinic acid
Feruloyl-caffeoylquinic acid
Methylkaempferol-O-rutinoside
Naringenin-C-glucoside
Apigenin-O-rutinoside
Feruloylquinic acid
Caffeic acid
Delphinidin arabinoside
Caffeoylquinic acid
Catechin arabinoside
Apigenin-di-C-glucosyl rhamnoside
Apigenin-C-rhamnoside
Apigenin-6,8-di-C-glucoside (vicenin-2)
Apigenin-C-rhamnosyl arabinoside
Apigenin-6-C-glucosyl-8-C-arabinose (isoschaftoside)
Apigenin-C-rhamnoside
Luteolin-O-glucuronide
Dicaffeoylquinic acid
Caffeic acid-dihydroxy phenyl ethyl ester
Dicaffeoylquinic acid
Dicaffeoylquinic acid
Apigenin-8-C-glucosyl-6-C-arabinose (schaftoside)
Luteolin-6,8-di-C-glucoside (lucenin-2)
Pentosyl orientin
Vitexin
Quercetin-O-glucoside
Dicaffeoylquinic acid
Ferulic acid-methoxy trihydroxy phenyl ethyl ester
Hydroxy-prenylcinnamic acid
3-Prenyl-4-(2-methylpropionyloxy)-cinnamic acid methyl ester
Luteolin acetyl glucoside
Chrysoeriol-C-glucoside
Dimethoxy naringenin-diglucoside

Par

PGr

x

x
x

Bau

Samples
Lav
CVe

MBe

Pic

Pir
x
x
x
x

x
x

x
x
x

x
x

x
x

x

x
x

x
x
x
x

x
x

x
x
x

x

x
x
x

x

x
x
x

x
x
x
x

x
x

x
x

x

x
x
x

x

x

x
x
x

x

x

x

x

x

x

x

x
x

x
x
x

x
x
x

x

x
x
x

x
x
x

x
x

x

x

x
x
x
x

x
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Table 4: Continued.
Compounds
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133

Caffeoylferuloylquinic acid
Apigenin-di-O-glucoside
Quercetin-O-arabinoside
Quercetin-O-rhamnoside
Dicaffeoylquinic acid
Isorhamnetin-glucoside
Tricaffeoylquinic acid
Tricaffeoylquinic acid
Apigenin-O-glucuronide
Diprenyl chrysin
Ferulic acid dihydroxy phenyl ethyl ester
Quercetin
Cinnamoyl hexoside
Caffeoylferuloylquinic acid
Isorhamnetin
Rhamnetin
Laricitin
3-Hydroxy-2,2-dimethyl-8-prenylchromane-6-propenoic acid
Methyl licochalcone B
Hydroxy-diprenylcinnamic acid (artepillin C)
Quercetin-dimethyl ether
Pentamethoxy hydroxy flavonol
Pentamethoxy flavonol
Nobiletin
Chrysin rhamnoside
Prenyl-trimethoxyluteolin
Prenyl-methoxyquercetin
Phloretin
Prenyl-methoxyquercetin
Prenyl-methoxykaempferol
Prenyl-dimethoxyquercetin
Prenyl-dimethoxykaempferol
Prenyl-dimethoxykaempferol
Prenyl-trimethoxykaempferol

The long branches corresponding to the samples of Picos and
chiefly of Pirenópolis indicate a high number of exclusive
characteristics. The sample from Picos is particularly characterized by flavonol-O-glycosides: 92, 102, 103, and 105. A
remarkable characteristic of the sample from Pirenópolis is
represented by prenylated flavones (109) and flavonols (125,
126, and 128–133; Table 4). The present work is the first
report of prenylated flavonoids for Brazilian propolis. Prenylflavonoids are a rare feature in Neo-Tropical propolis but
are characteristic in propolis derived from Macaranga spp.,
having been reported from Okinawa [59] and other localities,
such as Egypt and Kenya [12]. Prenylation of aromatic compounds is a chemical feature enhancing biological activities
[60]. Another interesting compound from the Pirenópolis
sample is the glyceride 39 (Table 4). The frequent detection
of flavonoids in the samples from Picos and Pirenópolis is

Par
x

PGr

Bau

Samples
Lav
CVe

MBe

Pic

Pir

x
x
x
x

x

x

x

x

x

x
x
x

x

x

x
x
x
x
x
x
x

x
x
x

x
x
x
x

x

x
x
x
x
x
x
x
x
x
x
x
x
x

coherent with the high amount of total flavonoids shown in
Table 1.

4. Conclusions
Compounds derived from Baccharis dracunculifolia (alecrimdo-campo plant) are often found in Brazilian propolis, despite
considerable chemical differences among them. Propolis
samples from the typical distributional zone of alecrim-docampo plant (southeast of Brazil) may have little or no
chemical affinity at all with green propolis. On the other hand,
samples from the northeast of Brazil, such as from Cabo
Verde, may have high chemical affinity with green propolis.
Analysis of propolis from distinct regions of Brazil is likely to
provide chemical substances rarely found in propolis (such

12
as flavonoid glycosides) and substances with high biological
activity (such as prenylated flavonoids).
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[51] A. Figueirinha, A. Paranhos, J. J. Pérez-Alonso, C. SantosBuelga, and M. T. Batista, “Cymbopogon citratus leaves: characterization of flavonoids by HPLC-PDA-ESI/MS/MS and an
approach to their potential as a source of bioactive polyphenols,”
Food Chemistry, vol. 110, no. 3, pp. 718–728, 2008.
[52] B. Abad-Garcı́a, L. A. Berrueta, S. Garmón-Lobato, B. Gallo,
and F. Vicente, “A general analytical strategy for the characterization of phenolic compounds in fruit juices by highperformance liquid chromatography with diode array detection
coupled to electrospray ionization and triple quadrupole mass
spectrometry,” Journal of Chromatography A, vol. 1216, no. 28,
pp. 5398–5415, 2009.
[53] F. Ferreres, C. Sousa, P. Valentao, P. B. Andrade, R. M. Seabra,
and A. Gil-Izquierdo, “New C-deoxyhexosyl flavones and
antioxidant properties of Passiflora edulis leaf extract,” Journal
of Agricultural and Food Chemistry, vol. 55, no. 25, pp. 10187–
10193, 2007.
[54] J. D. Djoukeng, V. Arbona, R. Argamasilla, and A. GomezCadenas, “Flavonoid profiling in leaves of citrus genotypes
under different environmental situations,” Journal of Agricultural and Food Chemistry, vol. 56, no. 23, pp. 11087–11097, 2008.
[55] M. C. Marcucci, “Propolis: chemical composition, biological
properties and therapeutic activity,” Apidologie, vol. 26, no. 2,
pp. 83–99, 1995.
[56] A. H. Banskota, Y. Tezuka, J. K. Prasain, K. Matsushige, I. Saiki,
and S. Kadota, “Chemical constituents of Brazilian propolis and
their cytotoxic activities,” Journal of Natural Products, vol. 61, no.
7, pp. 896–900, 1998.
[57] A. H. Banskota, Y. Tezuka, I. K. Adnyana et al., “Hepatoprotective and anti-Helicobacter pylori activities of constituents from
Brazilian propolis,” Phytomedicine, vol. 8, no. 1, pp. 16–23, 2001.

14
[58] M. Popova, B. Trusheva, D. Antonova et al., “The specific
chemical profile of Mediterranean propolis from Malta,” Food
Chemistry, vol. 126, no. 3, pp. 1431–1435, 2011.
[59] S. Kumazawa, J. Nakamura, M. Murase, M. Miyagawa, M. R.
Ahn, and S. Fukumoto, “Plant origin of Okinawan propolis:
honeybee behavior observation and phytochemical analysis,”
Naturwissenschaften, vol. 95, no. 8, pp. 781–786, 2008.
[60] K. Yazaki, K. Sasaki, and Y. Tsurumaru, “Prenylation of aromatic
compounds, a key diversification of plant secondary metabolites,” Phytochemistry, vol. 70, no. 15-16, pp. 1739–1745, 2009.

Evidence-Based Complementary and Alternative Medicine

Hindawi Publishing Corporation
Evidence-Based Complementary and Alternative Medicine
Volume 2013, Article ID 254017, 5 pages
http://dx.doi.org/10.1155/2013/254017

Research Article
Topical Treatment of Nonhealing Venous Leg Ulcer with
Propolis Ointment
M. Kucharzewski,1,2 M. Kózka,3 and T. Urbanek4
1

Department of Descriptive and Topographic Anatomy, Medical University of Silesia, ul. Jordana 19, 41-808 Zabrze, Poland
Outpatient Surgery Center no. 2, Specialist Hospital no. 2, ul. Batorego 15, 41-902 Bytom, Poland
3
5th Military Hospital, ul. Wrocławska 1-3, 30-901 Cracow, Poland
4
Department of General and Vascular Surgery, Medical University of Silesia, ul. Ziołowa 45/47, 40-635 Katowice, Poland
2

Correspondence should be addressed to M. Kucharzewski; kucharzewskimarek@poczta.onet.pl
Received 7 January 2013; Accepted 26 February 2013
Academic Editor: Wojciech Krol
Copyright © 2013 M. Kucharzewski et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.
An investigation of effectiveness of topical treatment of nonhealing chronic venous leg ulcers with propolis ointment was conducted.
56 patients were included in the study and randomized into two groups. In group 1, there were 28 patients (ulceration area: 6.9–
9.78 cm2 ) treated by means of topical propolis ointment application and short stretch bandage compression. In group 2, there were
29 patients (ulceration area: 7.2–9.4 cm2 ) treated by means of Unna boot leg compression without topical propolis treatment. In the
study, the efficacy of both treatment methods in patients with resistive venous leg ulcers was compared. The ulceration of patients
from group 1 healed completely after 6 weeks of therapy in all cases. In all patients from group 2, the process of healing was longer but
successfully completed after 16 weeks of the therapy. We found that an adjunctive propolis ointment treatment increases the efficacy
of the short stretch bandage compression stocking, and this combined treatment is more effective than Unna’s boot compression
alone.

1. Introduction
Venous leg ulcer represents a significant medical problem as
well as economic and social burden. Many ulcers are chronic
and reveal poor responses to usual therapies. Baker et al. [1]
reported that resistive ulcers persisting for more than one
year concern 24% of patients with chronic crural ulcer of
the venous origin. 35% of patients had ulceration problem
for more than five years, and 20% had suffered 10 or more
episodes of ulceration. The occurrence and the treatment
of chronic leg ulcer generate significant costs related to
the necessity of often expensive and long-term therapy [1].
In the United States alone, between 500,000 and 1,000,000
people suffer from chronic leg ulcers, the majority of which
result from venous insufficiency [2]. An improvement in
the knowledge concerning venous ulcer pathophysiology as
well as an implementation of modern compression therapy
and TIME strategy in chronic wound treatment significantly
improved the rate of the healed ulcers. However, despite this

progress, the number of patients with resistive or recurrent
venous ulcer still remains relatively high. This fact stimulates
new studies as well as an implementation of new methods and
medicines in this field [3, 4].
Propolis is a resinous substance collected from trees by
the bee Apis mellifera, which uses it as a building and insulating material in the hive. Bees use propolis (bee glue) not
only as a building material, but also to keep low concentration
of bacteria and fungi in the hive. Although its chemical
composition varies, propolis constituents generally include
about 10% essential oils, 5% pollen, and 15% various organic
polyphenolic compounds including flavonoids and phenolic
acids. Propolis is remarkably used in dermatology for wounds
healing, burn and external ulcers treatment, healing time
reduction, wound contraction increase, and tissue repair
acceleration. During wound healing, perfect synchronized
cellular and molecular interactions occur to repair damaged
tissue [5–7].
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Table 1: Characteristics of the groups.

Number of patients
Women
Men
Age (years)
Ulcer location—crural
medial
Ulcer location—crural
lateral
Ulcer area at the beginning
(cm2 )
Duration of ulceration
(months)
Full mobility
Limited mobility
Ankle-brachial pressure
index
Body mass index (kg/cm2 )

Group 1

Group 2

Statistical
significance

28
17
11
50–78

28
18
10
52–70

n/s
n/s
n/s
n/s

18

17

n/s

10

11

n/s

6.9–9.78

7.2–9.4

n/s

15–36

13–38

n/s

22
6

18
10

n/s
n/s

0.92–1.12

0.97–1.15

n/s

22.1–38.6

28.5–41.2

n/s

The main objective of this study is to investigate the use
of propolis ointment in the treatment of chronic nonhealing
venous leg ulcers.

2. Materials and Methods
2.1. Patients. Our research comprised 56 patients with
chronic venous ulceration with a history of active crural
ulcer ≥12 months and the lack of complete healing despite
previous nonsurgical treatment. After clinical examination,
the venous origin of the ulcer was confirmed by means of the
venous duplex Doppler sonography and ABI measurement.
The patients with previous or active deep vein thrombosis
were excluded from the study. Additional exclusion criteria
were chronic or critical leg ischemia, contraindications to
compression therapy, immobilization in orthesis or plastic
cast, paresis related to stroke or paraplegia, chronic cardiac
failure with peripheral swelling, systemic infection, and previous propolis implementation. In all cases according to the
laboratory data, diabetes was also excluded. Patients treated
pharmacologically with sulodexide or other anticoagulants
as well as those on pentoxifylline or prostaglandins were not
included in the study.
The consecutive patients qualified to the study were randomly divided into two groups. The randomization numbers
were given to the patients according to the order of the
inclusion of the consecutive patients into the study (group 1
included the patients with odd numbers and group 2 included
those with even numbers). No patient suffered from clinically
significant peripheral atherosclerotic occlusive disease; in all
cases the ankle-brachial index was ≥0.8.
Group 1 consisted of 17 women and 11 men aged 50–78
years (average 66.5 years). Their ulceration area varied from
6.9 cm2 to 9.78 cm2 (average 8.35 cm2 ). The ulcer location of
13 patients was on the left crus, and of 15 patients on the

Table 2: Classification of venous dysfunction (according to the
CEAP classification).
CEAP class
C6 EP AS2,3 PR
C6 EP AS3D18 PR
C6 EP AS3D18P18 PR
C6 EP AS4 PR

Group 1
9
7
6
6

Group 2
10
8
5
5

right one. The wound persisted at the beginning of therapy
for 15–38 months (average 21 months). 22 patients were fully
mobile; 6 women had limited mobility. Body mass index
(BMI) ranged from 22.1 to 38.6 kg/cm2 (average 29.8 kg/cm2 ).
It was >30 kg/cm2 in 3 women and two men (Table 1).
Group 2 consisted of 18 women and 10 men aged between
52 and 70 years (average 60.6 years). The ulceration area
varied from 7.2 to 9.4 cm2 (average 8.29 cm2 ) and the duration
of the wound from 13 months to 38 months (average 23
months). In 13 patients, ulcers were located on the left
crus, and in 15 patients on the right one. Full mobility was
possible for 20 patients and a limited one for 8 patients. BMI
ranged from 28.5 to 41.2 kg/cm2 (average 28.9 kg/cm2 ). It was
>30 kg/cm2 in 6 women and 3 men (Table 1).
On the basis of clinical and sonographic results, the
chronic venous disease of each patient was classified according to CEAP classification (Table 2).
Each patient provided history of the index lesion, treatment, and other significant medical conditions. All patients
had been previously treated by general practitioners by
means of elastic bandage compression stocking with wound
antiseptic lavage and local application of traditional dressing
such as hydrogel and hydrocolloid dressing. However, none
of these methods resulted in complete healing of the wound
within prerandomization period.
Each ulcer was classified according to wound morphology, severity, and location. We recorded a systematic
description of wound and limb appearance, including edema,
erythema, exudation, granulation, and presence of fibrin or
eschar.
2.2. Methods. The ulcers were thoroughly debrided with
removal of fibrin, eschar, and, if present, necrotic tissue.
The necrotic tissues had been removed from ulcerations by
surgery or with the aid of enzyme-containing ointment and
antiseptic lavage.
For the local treatment in group 1, topical application of
7% propolis ointment (Farmina, Cracow, Poland) was used.
The ulcers were rinsed with physiological sodium chloride
solution, and then the propolis ointment was applied. Then
gauze pads were placed on the ulcer, and the limb was
bandaged with non-elastic supportive bandage. The compression short-stretch bandages were used for all the patients in
this group. A spiral two-layer bandaging technique with the
10 cm wide bandage applied from toe to knee was used for
the compression. The propolis ointment was changed every
day until the ulcer was healed. For the proper compression
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Table 3: Patients with healed ulcers according to the duration of
treatment.
Group
1
2

Duration of treatment (weeks)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
4 4 8 4 5 3
6
5
5
5 4 3

pressure measurement, the Kikuhime pressure sensor was
used and the pressure of 25–35 mm Hg was applied.
Patients from group 2 underwent the compression treatment by means of Unna’s boot. After rinsing the wound with
physiological sodium chloride solution, Unna’s rigid paste
bandage was tied around the limbs from below the toes up
to the knee. This dressing was changed every 7 days until the
ulcer was healed.
Prior to treatment, a bacterial swab was taken from each
ulcer. During the wound dressing and compression changes,
the area of the ulcers was always evaluated. The procedure
was as follows. Firstly, homothetic congruent projections of
the ulcers were plotted onto transparent foil, after which
planimetric measurements of the wounds were taken with the
use of digitizer Mutoh Kurta XGT-1218A3 (USA). The area of
the ulcer was determined once a week until the wound healed
completely. The speed with which the ulceration area was
decreasing daily was calculated for each patient according to
the formula
V𝑠 =

𝑆𝑖−1 − 𝑆𝑖
,
𝑡

(1)

where 𝑆𝑖 is the ulceration area at the time of the previous
measurement; 𝑆𝑖−1 is the ulceration area on the day of a given
measurement; 𝑡 is the time (in days) in which the ulceration
area was changing from 𝑆𝑖−1 to 𝑆𝑖 ; 𝑖: 1, 2—number of the
group.
All patients underwent ambulatory treatment. They were
examined by the physician every week, until the ulceration
healed completely. The drug therapy in both groups followed a standard regimen. All patients received micronized
flavonoid fraction (450 mg diosmin, 50 mg hesperidin), 2
tablets of 500 mg once daily.
The results were analyzed by using Mann-Whitney U test;
𝑃 values <0.05 were considered as statistically significant.

3. Results
In all 28 patients of group 1, the ulcers were healed successfully within the first 6 weeks of the treatment by means of twolayer short stretch bandage and topical propolis ointment
application. The complete ulcer healing was also observed
in all cases of group 2 (Unna boots without topical propolis
application); however, within the first 6 weeks of treatment,
the complete healing was found only in 6 out of 28 patients
in this group (the time up till the healing of the last case in
group 2 was significantly longer—16 weeks) (Table 3).
The mean time of the ulcer healing in group 1 was
significantly shorter (24 days) than in group 2 (76 days) (𝑃 <
0.005).
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In group 1, after 7 days of treatment, the average ulceration area diminished by 1.93 cm2 and the speed of decreasing
of the wound formation (V1 ) was 0.28 cm2 /d. After another
7 days, the speed with which the ulcer area was decreasing
equal to 0.20 cm2 /d. The average area of the wound decreased
to 1.42 cm2 . The ulcers in three patients were healed. After
the following 14 days of using compression and the propolis
ointment, the ulcers of five women and four men healed
completely; the average wound area of the remaining patients
decreased to 1.98 cm2 . After further seven days, the ulcers of
five more patients had healed at the speed of V1 = 0.18 cm2 /d.
The average area of the wound decreased to 0.72 cm2 . The
healing of the last three patients’ ulcers was completed after
the next seven days of treatment. The speed of decreasing of
the wound area in that period was V1 = 0.10 cm2 /d.
Group 2 consisted of 28 patients with the average ulceration area of 8.29 cm2 . After seven days of treatment, the
average wound area decreased by 1.42 cm2 , and the speed
at which it decreased was 0.20 cm2 /d. After further 7 days,
the speed of decreasing of the ulceration area was equal to
0.13 cm2 /d. The average wound area was 5.94 cm2 . After the
following 14 days of treatment, the average ulcer area was
5.10 cm2 . It was diminishing at the speed of V2 = 0.08 cm2 /d.
On the 42th day of treatment, the healing of wound was
complete in six women. The average ulcer area of the other
patients was increased (5.19 cm2 ), and the speed at which
it increased was V2 = −0.01 cm2 /d. After further 7 days,
the speed of the increase of the ulceration area was equal
to 0.007 cm2 /d. The average wound area was 5.24 cm2 . After
seven days of treatment, the average wound area decreased by
0.03 cm2 and the speed at which it decreased was 0.004 cm2 /d.
After the next 21 days of treatment, further ulcers were healed
in five patients, and the average wound area in the other cases
was equal to 4.02 cm2 with V2 = 0.15 cm2 /d. After further 14
days, the speed of the increase of the ulceration area was
equal to 0.11 cm2 /d. The average wound area was 1.54 cm2 . In
five patients, the ulcers were healed. After the following 14
days of treatment, the average ulcer area was 0.74 cm2 . It was
diminishing at the speed of V2 = 0.06 cm2 /d. The ulcerations
of the remaining patients in this group healed after further
14 days of treatment, and the speed at which the ulceration
area decreased was equal to V2 = 0.03 cm2 /d. The mean
ulceration area in groups 1 and 2 in the course of the treatment
is presented in Table 4.
In the group of patients treated with compression and
propolis no adverse event related to the propolis, application
was observed. In the course of the study, none of the patients
rejected the proposed treatment in both treatment groups.

4. Discussion
Venous leg ulcer is one of the biggest clinical problems in
phlebology. Despite epidemiological and pathophysiological
knowledge improvement, the number of patients suffering from this complication still remains high stimulating
the research focused on more effective treatment methods.
According to the previously performed studies as well as
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Table 4: Mean ulceration area (cm2 ) according to the duration of
treatment.
Duration
Group 1
of
treatment Ulceration 𝑁
area

Group 2
Ulceration
area

𝑁

8.29 ± 0.80a
6.87 ± 0.69a
5.94 ± 0.73a
5.36 ± 0.73a
5.10 ± 0.76
5.19 ± 0.81
5.24 ± 0.88

28
28
28
28
22
22
22

7 weeks

5.21 ± 1.06a

22
17

Before
1 week
2 weeks
3 weeks
4 weeks
5 weeks
6 weeks

8.35 ± 0.72a
6.42 ± 0.82a
5.00 ± 0.89a
3.44 ± 0.72a
1.98 ± 0.88a
0.72 ± 0.22a
0.00

28
24
20
12
8
3
0

8 weeks

4.61 ± 1.2

9 weeks

4.02 ± 1.22a

17

10 weeks

3.11 ± 1.12

17

11 weeks

2.24 ± 1.09a

a

a

Statistical
significance
between
groups
NS
NS
𝑃 < 0.001
𝑃 < 0.001
𝑃 < 0.001
𝑃 < 0.001

17

12 weeks

1.54 ± 0.89

a

12

13 weeks

0.98 ± 0.49

12

14 weeks

0.74 ± 0.30a

7

15 weeks

0.38 ± 0.06a

3

16 weeks

0.00

0

Statistical significance a P < 0.005 compared with the next week following day
of measurement.

according to the daily clinical practice, the compression
therapy is crucial for the healing of the venous leg ulcers,
although the local therapy may also improve the healing
rate if correctly applied to the wound. In this respect the
crucial role of the TIME strategy and proper wound dressing
should also be emphasized including many currently available nonocclusive or occlusive dressings such as hydrogels,
hydrocolloids, alginates, or foams. In our investigation, in one
of the study groups, we used the propolis ointment combined
with double-layer compression stocking [3, 4].
The wound healing process involves many complex factors. These may be classified as local factors, systemic factors,
and organ as well as species variability in response to injury.
Topical medications should provide a specific desired effect
during the appropriate stage of healing.
The propolis skin cream appears to have beneficial effects
on burn wounds, inflammation of the skin, and other skin
lesions [8–13]. According to the results of our study, it can
also be concluded that propolis skin ointment appears to have
beneficial effects on healing venous ulcers. Propolis has been
shown to stimulate various enzyme systems, cell metabolism,
circulation, and collagen formation as well as improve the
healing of burn wounds [14]. In the study published by
Kurson [15], sixty-four patients with tibial skin ulcers, aged
from 23 to 98 years old, were treated using propolis extract
in an ointment form. The ointment was applied daily to
the ulcerated area, which was also treated peripherally with
antibiotic ointments. The treatment lasted for 4–12 weeks. At

the end of the treatment, 19 out of the 84 treated patients
displayed no clinical signs of the condition, but 19 exhibited
improved condition [15].
Another study of topical application of propolis on
wounds, burns, and ulcers showed up to an 80% accelerated
healing process compared to the controls using routine healing regimes [16]. Treated individuals (229 patients in total)
underwent applications of the propolis containing cream
at two propolis concentrations (2% and 8%). The higher
concentration caused local intolerance in 18% of patients
by day 9, whereas the lower concentration caused adverse
symptoms in only 1.8% of patients by day 16. Burns and
wounds treated with the low concentration cream healed after
11 days on average and septic wounds after 17.5 days and 67%
of ulcers were healed in 38 days [16]. In our study, we did
not observe any adverse events related to the 7% propolis
ointment application, and similarly to the above-mentioned
studies, an acceleration of the healing process was observed.
In order to evaluate the results of the treatment,an assessment
of the daily decrease of the ulceration area in mm2 or the
percentage of the initial area was performed and compared
between the groups. The speed of the decrease of the ulcer
area in group 1 varied from 0.28 to 0.10 cm2 /d whereas in
group 2 it varied from 0.20 to 0.08 cm2 /d. The comparison of
the results from both groups showed that V𝑠 of patients from
group 1 was significantly higher than V𝑠 of patients from group
2. The ulceration area of the patients included in our study
was comparable between the group (group 1: 8.35 cm2 ; group
2: 8.29 cm2 ). All ulcerations of the patients who received
treatment with compression stocking and propolis ointment
healed much earlier than wounds of the patients in group 2
(treated with Unna boots only).
Various forms of compression therapy have been applied
over the years. At present there is a wide variation in the
management of venous leg ulcers. In USA, Unna’s boots
(a noncompliant, plaster-type bandage) are often applied in
many crural ulcer patients; in UK, multilayer elastic compression is widely used, while in mainland Europe and Australia,
the inelastic, short stretch bandaging is commonly prescribed
[3, 17, 18]. According to the recent clinical evidence analysis
published in 2011 in the venous ulcer healing, compression
bandages and stockings cure more ulcers compared with no
compression, but there is still very little evidence-supported
data answering the question: which bandaging technique is
most effective [4]? There is also no high-quality evidence
comparing the efficacy of multilayer high compression bandages, short stretch bandages, or Unna’s boot nonelastic
system compression. In our study, two systems were used
including short stretch bandages, and Unna’s boots, and in
all the cases the compression was applied under physician’s
supervision (with local pressure measurement). In the group
of combined treatment (short stretch bandages and propolis),
the velocity of venous ulcer healing was significantly higher
than in the group of non-elastic Unna’s boot compression.
In patients treated with an implementation of the nonelastic compression (Group 2), the aspect of the proper
patient mobility should also be evaluated. We did not observe
statistically significant differences concerning the rate of
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patients with limited mobility between the groups however,
in the Unna’s boot treated patients, one-third of the patients
(10 out of 28 cases) represented the group with restricted
mobility (in the group, in 6 out of 28; 𝑃 > 0.05). All
the patients qualified to the study underwent previous (but
unsuccessful) compression treatment (considered by their
general practitioners). In the study, the compression was
applied and controlled by the study physicians to ensure
the proper implementation of this therapeutic tool. The
results achieved in the study emphasized the role of proper
compression as well as proper patient compliance to the
advised compression stocking or bandages. In both groups,
in all the patients ulceration was cured; however, in the group
supported by the propolis ointment application, the time to
the complete ulcer healing was shorter.
Despite the encouraging venous ulcer treatment efficacy
achieved in our study protocol, further studies concerning
propolis implementation in this clinical situation should be
projected. In this setting, the necessity of further randomized
controlled trial with head to head comparison of the same
compression treatment with and without local propolis applications should be emphasized. The results of the performed
study encourage us to plan such a trial in the very near future.
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[10]

[11]

[12]

[13]

[14]

[15]

5. Conclusion

[16]

We found that an adjunctive propolis ointment treatment
increases the efficacy of the short stretch bandage compression stocking and this combined treatment is more effective
than Unna’s boot compression alone.

[17]
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The aim of the presented study was to examine the antimicrobial activity of ethanol extract of Polish propolis (EEPP) against
biofilm-forming CoNS strains in vitro. Our results revealed that EEPP displayed varying degrees of activity against CoNS with
MIC values ranging from 1.56 to 0.78 mg/mL. The average MIC was 1.13 ± 0.39 mg/mL while calculated MIC50 and MIC90 values
were 0.78 mg/mL and 1.56 mg/mL, respectively. The biofilm formation ability by all tested S. epidermidis strains was inhibited at
EEPP concentrations ranging from 0.39 to 1.56 mg/mL. The degree of reduction of AlamarBlue was directly associated with the
proliferation of S. epidermidis strains. The increased proliferation of S. epidermidis strains was observed after 12 and 24 hours of
incubation in the presence of EEPP concentrations ranging from 0.025 to 0.39 mg/mL. These results suggest that antimicrobial
activities of EEPP against S. epidermidis expressed as the reduction of bacterial growth, reduction of biofilm formation ability, and
the intensity of proliferation were significantly affected by incubation time and EEPP concentration used as well as the interactions
between these factors.

1. Introduction
Staphylococci species are differentiated by the ability to
express coagulase, an enzyme that enables the conversion of
fibrinogen to fibrin, for example, S. aureus, S. intermedius,
S. delphini, and some strains of S. hyicus and S. schleiferi.
Staphylococci that do not produce coagulase are referred to
as coagulase-negative staphylococci (CoNS) [1, 2]. Clinically,
the most significant species in this group are S. epidermidis
and S. saprophyticus, which have been known to be responsible for a variety of hospital-acquired infections and to be
associated with development of urinary tract infections [3].
S. epidermidis, a microorganism routinely found on the
skin and in the hospital environment [4, 5], often described

as a culture contaminant [6, 7], has become a primary
pathogen in infections associated with the prosthetic devices.
S. epidermidis is considered to be an important pathogen
in immunocompromised individuals with surgical wound
infections or bacteremia and persons who developed nosocomial bacteremia [8, 9]. It may be also responsible for
many infections associated with hemodialysis, a long-term
indwelling of central catheter or pacemaker, or other invasive
procedures with the use of medical implants [10]. CoNS have
recently emerged as an important causative factor in the
native valve endocarditis (NVE) development. Most cases
of NVE caused by CoNS are attributable to S. epidermidis
in both community and health care settings and are related
to the poor treatment outcomes [11]. Since the majority of
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S. epidermidis infections, except NVE are hospital-acquired,
the poor prognosis of NVE may require the need for alternative therapies with efficient activity against methicillinresistant CoNS [12].
CoNS due to their variability and relatively low virulence are often misidentified. Resistant antibiotic susceptibility pattern of S. epidermidis may cause selection of an
effective antibiotic regimen extremely difficult [13]. Strains
isolates from nosocomial infections are frequently resistant
to methicillin and other synthetic antibacterial agents. The
identification of CoNS is routinely performed with the use of
the diagnostic kits based on biochemical or immunological
reactions. However, they are unreliable for the identification
of CoNS species including S. epidermidis [14]. Up to date a
ribosomal RNA (rRNA) method-based analysis is the best
and the most reliable method for the phylogenetic determination within CoNSs and species identification [15, 16]. The
application of restriction fragment length polymorphisms
(RFLP) of rRNA genes for differentiation of clinical isolates
of S. epidermidis seems to be a highly specific and reliable
modern method for molecular identification of these bacteria
[17].
Propolis, a resinous substance produced by honeybees,
has been used by humans as a remedy in traditional medicine
for its health properties since ancient times, and it is still
used for treatment of wounds, burns, sore throat, and so forth
[18]. Propolis contains various chemical components, which
exhibit a broad spectrum of biological activities [19]. The
composition of propolis is complex and largely depends on
the geographical origin and specific flora at the site of its collection [20–22]. Numerous researches have been carried out
to identify and characterize the antibacterial and antifungal
compounds of propolis. Phenolic substances, flavonoids, and
cinnamic acids derivatives compose the major bioactive components of propolis [23–25]. The antimicrobial proprieties of
propolis are related to the synergistic effect of its components
[26]. It has been demonstrated that EEP exhibits a wide
range of biological activities, including bacteriostatic activity
against many strains with a significant effect on Grampositive and a limited action on Gram-negative bacteria [27–
29]. However, there are only few study reports published
where effects of propolis against biofilms-forming coagulasenegative staphylococci or multidrug resistant pathogens were
investigated. It was found that ethanol extracts of propolis
can inhibit growth of the multidrug resistant bacteria, such
as methicillin-resistant S. aureus (MRSA), Enterococcus spp.,
and Pseudomonas aeruginosa [30]. A study on the effect
of EEP from Turkey against 39 microorganism, including
resistant or multidrug resistant, demonstrated significant
antimicrobial activities against Gram-positive bacteria and
yeasts [31]. Furthermore, it has been revealed that propolis could synergize the antimicrobial effect with selected
antimicrobial drugs against S. aureus especially those agents
that interfere with the bacterial protein synthesis [26]. It is
believed that the ability to form biofilms on the surfaces
of medical implants is one of the most important virulence factor of S. epidermidis [32]. The formation of the
polysaccharide intercellular adhesin (PIA) allows planktonic
bacteria to bind to the already existing biofilm, thus creating
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a multilayers [33], which in turn, with decreased metabolism
and in combination with impaired diffusion of antibiotics, is
responsible for diminishing drug efficacy in fighting this type
of infection [34]. Since many reports showed that antibiotics
were often ineffective in biofilms eradication, further studies
regarding biological anti-CoNS agents may support the need
for alternative antibacterial protocols to be applied for the
treatment of nosocomial infections caused by S. epidermidis.
The purpose of this work was to assess the effective
inhibitory and bactericidal concentration of EEP of the
Southeastern Poland origin against biofilm-forming CoNS,
identified by PCR-RFLP molecular technique under in vitro
conditions.

2. Material and Methods
2.1. Bacterial Strains. The antibacterial activity of EEPP was
assessed against 10 CoNS strains isolated from clinical blood
samples and S. epidermidis ATCC 35983 as the biofilm
positive control. Isolates were identified by conventional
methods, including Gram staining, colony morphology,
hemolysis, tests for catalase, coagulase activity, and anaerobic
fermentation of mannitol. Catalase-positive and coagulasenegative staphylococcal isolates were identified by the API
STAPH system (bioMerieux) according to the manufacturer’s
instructions. The PCR-RFLP molecular methods were used
for CoNS species identification.
Bacterial strains isolated from clinical samples were
stored for further analyses in TSB (Trypticase Soy Broth)
medium with 20% of glycerol at −86∘ C.
2.2. PCR-RFLP Analysis of DnaJ Gene. To confirm the correct
identification of staphylococci strains by standard microbiological methods, PCR-RFLP method described previously by
Shah et al. was used. Briefly, the dnaJ primers SA-(F) (5 -GCC
AAA AGA GAC TAT TAT GA-3 ) and SA-(R) (5 -ATT GYT
TAC CYG TTT GTG TAC C-3 ) were used to amplify the
dnaJ gene fragment [35]. The PCR reactions were performed
using 10xPCR RED master mix kit (BLIRT S.A. Poland). PCR
was performed using an MJ mini personal thermal cycler
(Bio-Rad). The PCR products were separated and visualized
in 1.5% agarose gel (PROMEGA) with ethidium bromide
(EtBr) and checked for size against molecular weight markers
using 1 Kb HyperLadderIV (BLIRT S.A., Poland).
In order to identify isolated staphylococci strains we
used the species-specific restriction profiles obtained by
using XapI or Bsp143I restriction enzymes. Digestions were
performed with 5 𝜇L of the PCR products in a total volume
of 15 𝜇L with 1 𝜇L of reaction buffer and either 10 U of
the XapI endonuclease or 10 U of the Bsp143I endonuclease
(Fermentas, Lithuania) for 3 hours at 37∘ C [36]. The obtained
fragments were separated by electrophoresis in 2% agarose
gels (PROMEGA) and visualized under UV light after EtBr
staining.
2.3. Detection of icaA, icaD, icaB, and icaC. The bacterial
DNA was isolated using Genomic DNA Mini Kit (BLIRT
S.A., Poland). Briefly, strains stored at −86∘ C were thawed
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at room temperature, subcultured on blood agar plates, and
checked for their purity prior to DNA isolation. Cultured
bacteria were suspended in 100 𝜇L of TRIS buffer with 10 𝜇L
of lysostaphin (1 mg/mL; BLIRT SA, Poland) and incubated
at 37∘ C for 30 minutes. The suspensions were treated with
proteinase K and LT buffer and incubated at 37∘ C overnight
with final incubation at 75∘ C for 5 minutes. DNA was purified
according to the protocol, using ethanol and washing buffer
supplied in the kit, suspended in 200 𝜇L of TRIS buffer, and
stored at −20∘ C for further analyses.
A standard PCR technique was used to detect the presence of icaA, icaD, icaB, and icaC genes previously described
by Ziebuhr et al. [37] and de Silva et al. [38]. The primer
sequences for icaA were 5 -GAC CTC GAA GTC AAT AGA
GGT 3 (forward) and 5 CCC AGT ATA ACG TTG GAT
ACC 3 (reverse); icaD: 5 AGG CAA TAT CCA ACG GTA
A3 (forward) and 5 -GTC ACG ACC TTT CTT ATA TT3 (reverse); icaB: 5 ATA AAC TTG AAT TAG TGT ATT
3 (forward) and 5 ATA TAT AAA ACT CTC TTA ACA 3
(reverse); and icaC: 5 AGG CAA TAT CCA ACG GTA A
3 (forward) and 5 GTC ACG ACC TTT CTT ATA TT 3
(reverse).
PCR was performed using an MJ mini personal thermal cycler (Bio-Rad, CA, USA). The PCR products were
visualized in agarose gels with EtBr and checked for size
against molecular weight markers using 1 Kb HyperLadderIV
(BLIRT S.A., Poland).
2.4. Microtiter Plate Assay (TCP). To analyze biofilm formation by isolated staphylococci, the method described by
Christensen et al. [39] with modifications was used. Bacteria were suspended in Muller-Hinton Broth (MHB-BTL,
Poland) giving the cell density equal to 0.5 of the McFarland
standard. 100 𝜇L of each bacterial suspension was inoculated
into 96-well microtiter plates. The plates were incubated at
37∘ C for 24 hours in a normal atmosphere. Next, medium
was removed, and the wells were washed three times with
phosphate saline buffer (PBS, pH = 7.2) to remove free
floating “planktonic” bacteria. Next, 150 𝜇L of 1% crystal
violet (Sigma) was added into each well and incubated for
30 minutes at room temperature. The dye was removed, by
five times washing with sterile deionized water. The samples
were incubated with 200 𝜇L of 95% isopropanol in 1 M HCl
for 5 minutes. Finally, 100 𝜇L of colored isopropanol from
each sample was transferred to another microtiter plate. The
optical density of suspension was measured at 490 nm wave
length (A490 ) with a Multitec SX microplate reader. The assay
was conducted in triplicates and mean A490 ± SD values were
calculated. The values of optical density for samples were
compared with those obtained for negative control (wells
without bacterial inoculum). According to Christensen et
al. [39] the samples with the A490 >0.11 were considered
as positive. In the presented study bacterial strains were
considered as nonadherent when their optical density was
equal to or lower than 0.11, weakly adherent when optical
density was higher than 0.11 or equal to or lower than 0.17,
and strongly adherent when optical density was higher than
0.17.
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2.5. Antibacterial Susceptibility Testing. MICs of EEPP were
determined by the broth microdilution liquid growth inhibition method. Growth inhibition assays were performed
with sterile Nunc 96-well plates in a final volume of 200 𝜇L
[40, 41]. The cell concentrations were estimated from the
optical densities at 600 nm with the formula CFU/mL = A600
(3.8×108 ), where CFU is the number of colony-forming units.
One hundred microliters of midlogarithmic-phase bacterial
cultures (5 × 105 CFU/mL) in Mueller-Hinton broth was
added to 100 𝜇L of serially diluted EEPP (12.5 to 0.02 mg/mL).
Samples comprising bacterial inoculum without EEPP were
reserved as the bacterial growth and medium sterility control.
The control of activity of ethanol alone without propolis
towards S. epidermidis ATCC 25883 strain was performed.
The microplates were incubated at 37∘ C for 20 hours, and the
bacterial cell growth was assessed by measuring the optical
density of cultures at 600 nm with a Multiskan EX microplate
reader (Thermo Electron Corp., Finland) [42, 43].
The MICs were recorded as the lowest concentration that
completely inhibited bacterial growth [40–42]. The MIC50
represents the MIC value at which ≥50% of the isolates in a
test population are inhibited; it is equivalent to the median
MIC value. The MIC90 represents the MIC value at which
≥90% of the strains within a test population are inhibited, the
90th percentile [44].
2.6. AlamarBlue Susceptibility Assay. Antimicrobial susceptibility testing of planktonic forms of the biofilm-forming
S. epidermidis strains was performed by the reference broth
microdilution assay, using round-bottom, polystyrene, nontissue, and culture-treated microtitre plates and MullerHinton II Broth according to the manufacturer procedure
(USA Patent no. 5,501,959). The bacterial cultures were
prepared as described above and incubated for 20 hours at
37∘ C; next, 5 𝜇L of AlamarBlue was added into each well (105
𝜇L total volume), the plates were shaken gently and incubated
for 2 hours at 37∘ C. The absorbances at 570 nm and 600 nm
wave lengths were measured using a Multiskan EX microplate
reader (Thermo Electron Corp., Finland).
Four different controls were used in this experiment, that
is, medium only, medium with AlamarBlue reagent (AB),
medium with AB reagent and different propolis concentrations, and medium with cells and AB reagent. The reduction
of bacterial proliferation (%AB) was calculated according to
the manufacturer’s formula. The values of %AB reduction
were corrected for background values of negative controls
containing medium without cells.
The assay was performed in three replicates for two different experiments. AlamarBlue MIC (MICAB ) was defined as
the lowest EEPP concentration resulting in ≤50% reduction
of AB [45].
2.7. Statistical Analyses. The data obtained for bacterial
growth were analysed by a three-way analysis of variance
(ANOVA) to determine the percentage of the variation
attributable to the factors bacterial strains, time, and concentrations. All statistical analyses were made using the Statistica
10.0 PL software package.

4

Evidence-Based Complementary and Alternative Medicine

Table 1: The biofilm formation ability and genetic composition of S.
epidermidis strains.
Strain

icaA

icaD

icaB

icaC

TCP
A490

+
+
+
+
+
+
+
−
+
+
+

+
+
−
+
+
+
−
+
+
−
+

+
+
+
+
+
+
+
+
+
+
+

+
−
+
+
+
+
+
+
+
+
+

3.85
0.91
0.15
1.34
0.52
0.12
1.78
1.92
0.45
2.21
3.08

1
2
3
4
5
6
7
8
9
10
K∗

Table 2: Susceptibility of S. epidermidis strains to EEPP (MICs in
mg/mL).
Strain
1
2
3
4
5
6
7
8
9
10
K∗

MIC EEPP (mg/mL)
1.56
0.78
1.56
0.78
1.56
0.78
1.56
0.78
0.78
0.78
1.56

K∗ : biofilm-forming S. epidermidis ATCC 35983.

K∗ : biofilm-forming S. epidermidis ATCC 35983.
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2

1

3
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5

6

7

8

9

10 M

6

7

8

9
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1

2

3

4

5

M

(b)

Figure 1: Restriction fragment length polymorphism analysis of
dnaJ gene fragment digested with XapI (a) and Bsp143I (b). W3—S.
epidermidis ATCC 12228; W13—S. epidermidis ATCC 35983; 1–10 S.
epidermidis strains selected for further experiment; M—100–1000 bp
marker.

3. Results
The molecular species identification of CoNS by PCRRFLP technique with XapI and Bsp143I restriction enzymes
confirmed that all isolated strains were found to be as S.
epidermidis (Figures 1(a) and 1(b)).
Molecular analysis revealed that 10 S. epidermidis strains
carried icaA gene while icaD was present in 8, icaB in 11, and
icaC in 10 strains. Six strains carried all genes from icaADBC
operon (Table 1).
The biofilm formation ability by bacteria was assessed
by TCP method. The applied method showed that optical
densities of all analyzed S. epidermidis cultures at 490 nm
wave length (A490 ) were greater than 0.11 and varied from
0.12 to 3.85. Two strains showed a relatively low biofilm

formation ability with A490 ranged from 0.11 to 017 while the
remaining strains and reference strain S. epidermidis ATCC
35983 showed a good biofilm formation ability with A490
values higher than 0.17.
The broth microdilution method was used to determine
the MIC of the EEPP against 11 CoNS. EEPP displayed
varying degrees of activity against CoNS with MIC values in
the range of 1.56–0.78 mg/mL (Table 2). The average MIC was
1.13 ± 0.39 mg/mL while calculated MIC50 and MIC90 values
were 0.78 mg/mL and 1.56 mg/mL, respectively.
The analysis of growth kinetics after the first two hours
of incubation showed a similar growth pattern for S. epidermidis strains cultured in medium with different EEPP
concentrations and in medium without EEPP (Figure 2(a)).
After 6 hours of incubation, the growth of all strains was
observed in medium supplemented with EEPP at concentrations ranging from 0.025 to 0.39 mg/mL, and in addition,
the growth of S. epidermidis strains in medium with two
lower EEPP concentrations was similar to the growth control
(Figure 2(b)). After prolonged incubation time (12 and 24
hours) tested S. epidermidis strains revealed differences in
susceptibility to EEPP used at concentration ranging from
0.025 to 0.78 mg/mL (Figures 2(c) and 2(d)).
The ANOVA indicated that the growth kinetics of
all biofilm-forming S. epidermidis strains was significantly
affected by EEPP concentration (𝑃 < 0.001) and incubation
time (𝑃 < 0.001). The interaction between these factors
was also significant (𝑃 < 0.001). The EEPP conentration effect (83.88%) and interaction between concentration
and incubation time (10.94%) explained most of variance
(Table 3).
The biofilm formation ability by all tested S. epidermidis
strains was inhibited at EEPP concentrations ranging from
0.39 to 1.56 mg/mL (Figure 3). This effect was observed after
12 hours of incubation at EEPP concentration greater than
0.2 mg/mL. Interestingly, EEPP at concentrations lower than
0.025 mg/mL seemed to be the factor increasing the biofilm
formation ability as compared to the control after 12 hours
of incubation (Figure 3(c)). The ANOVA indicated that the
biofilm formation ability by all S. epidermidis strains in the
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Table 3: Multivariate analysis of variance by three-way ANOVA of S. epidermidis strains susceptibility to EEPP.
df
10
3
10
30
100
30
300

Sum of squares
1.97
3.45
277.57
2.55
5.32
36.19
3.11

Mean squares
0.2
1.51
27.76
0.09
0.05
1.21
0.01

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

A600

A600

Source of variation
Strain (𝑆)
Time (𝑇)
Concentration (𝐶)
𝑆×𝑇
𝑆×𝐶
𝑇×𝐶
𝑆×𝑇×𝐶

GC 0.025 0.05 0.1

0.2 0.39 0.78 1.56 3.125 6.25 12.5

(b)

A600

A600

𝑃
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001

GC 0.025 0.05 0.1 0.2 0.39 0.78 1.56 3.125 6.25 12.5
Concentration of EEPP (mg/mL)

(a)

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
0.2 0.39 0.78 1.56 3.125 6.25 12.5

Concentration of EEPP (mg/mL)
Staphylococcus epidermidis 1
Staphylococcus epidermidis 2
Staphylococcus epidermidis 3
Staphylococcus epidermidis 4
Staphylococcus epidermidis 5
Staphylococcus epidermidis 6

𝐹
127.64
744.49
17946.44
55.12
34.42
780.04
6.70

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

Concentration of EEPP (mg/mL)

GC 0.025 0.05 0.1

% of variance
0.59
1.04
83.88
0.77
1.61
10.94
0.94

Staphylococcus epidermidis 7
Staphylococcus epidermidis 8
Staphylococcus epidermidis 9
Staphylococcus epidermidis 10
Staphylococcus epidermidis
ATCC 35983

(c)

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
GC 0.025 0.05 0.1 0.2 0.39 0.78 1.56 3.125 6.25 12.5
Concentration of EEPP (mg/mL)
Staphylococcus epidermidis 7
Staphylococcus epidermidis 1
Staphylococcus epidermidis 8
Staphylococcus epidermidis 2
Staphylococcus epidermidis 9
Staphylococcus epidermidis 3
Staphylococcus epidermidis 10
Staphylococcus epidermidis 4
Staphylococcus epidermidis 5
Staphylococcus epidermidis
ATCC 35983
Staphylococcus epidermidis 6
(d)

Figure 2: Growth kinetics of S. epidermidis strains in the presence of different EEPP concentrations. (a) After 2 hours of incubation; (b) after
6 hours of incubation; (c) after 12 hours of incubation; and (d) after 24 hours of incubation.

presence of EEPP was significantly affected by incubation
time (𝑃 < 0.001), the interaction between incubation time,
and EEPP cocentration (𝑃 = 0.032). However, the interaction
between incubation time, EEPP concentration, and bacterial
strain explained most of variance (26.78%) (Table 4).
The degree of AlamarBlue reduction is directly associated
with the proliferation of S. epidermidis strains. Analysis of
absorbance changes revealed that the first effect of EEPP
on bacterial proliferation was observed after 2 hours of
incubation (Figure 4(a)). After 6 hours of incubation the
proliferation of bacterial strains was stimulated at lower EEPP
concentrations (0.025–0.05 mg/mL). The increased proliferation of Staphylococcus epidermidis strains was also observed
after 12 and 24 hours of incubation in the presence of EEPP

at concentrations ranging from 0.025 to 0.39 mg/mL (Figures
4(c) and 4(d)) while at higher EEPP concentrations proliferation was significantly diminished. The MICAB ranged from
0.2 to 1.56 mg/mL.
The ANOVA indicated that the proliferation of all strains
in the presence of EEPP was significantly affected by incubation time (𝑃 < 0.001), EEPP concentration (𝑃 < 0.001),
and strain (𝑃 < 0.001), and the interactions between all these
factors were also significant (𝑃 < 0.001). The EEPP concentration (29.73%), time (24.94%), and interactions between
these factors (28.99%) explained most of variance (Table 5).
The biological activity of EEPP seen in the present study
was not influenced by the ethanol presence in the EEPP
solutions for no effect of ethanol solution, free of Polish
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3.5
3
2.5
2
1.5
1
0.5
0

A492

A492
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4
3.5
3
2.5
2
1.5
1
0.5
0
0.001 0.025 0.05 0.1 0.2 0.39 0.78 1.56 3.125 6.25 12.5
Concentration of EEPP (mg/mL)

GC 0.025 0.05 0.1 0.2 0.39 0.78 1.56 3.125 6.25 12.5
Concentration of EEPP (mg/mL)

(b)

A492

A492

(a)

4
3.5
3
2.5
2
1.5
1
0.5
0
GC 0.025 0.05 0.1

0.2 0.39 0.78 1.56 3.125 6.25 12.5

4
3.5
3
2.5
2
1.5
1
0.5
0
GC 0.025 0.05 0.1

Concentration of EEPP (mg/mL)
Staphylococcus epidermidis 1
Staphylococcus epidermidis 2
Staphylococcus epidermidis 3
Staphylococcus epidermidis 4
Staphylococcus epidermidis 5
Staphylococcus epidermidis 6

0.2 0.39 0.78 1.56 3.125 6.25 12.5

Concentration of EEPP (mg/mL)

Staphylococcus epidermidis 7
Staphylococcus epidermidis 8
Staphylococcus epidermidis 9
Staphylococcus epidermidis 10
Staphylococcus epidermidis
ATCC 35983

Staphylococcus epidermidis 1
Staphylococcus epidermidis 2
Staphylococcus epidermidis 3
Staphylococcus epidermidis 4
Staphylococcus epidermidis 5
Staphylococcus epidermidis 6

(c)

Staphylococcus epidermidis 7
Staphylococcus epidermidis 8
Staphylococcus epidermidis 9
Staphylococcus epidermidis 10
Staphylococcus epidermidis
ATCC 35983

(d)

Figure 3: The biofilm formation ability of Staphylococcus epidermidis strains in the presence of different EEPP concentrations. (a) After 2
hours of incubation; (b) after 6 hours of incubation; (c) after 12 hours of incubation; and (d) after 24 hours of incubation.

Table 4: Multivariate analysis of variance by three-way ANOVA of S. epidermidis strains biofilm formation ability in the presence of EEPP.
Source of variation
Strain (𝑆)
Time (𝑇)
Concentration (𝐶)
𝑆×𝑇
𝑆×𝐶
𝑇×𝐶
𝑆×𝑇×𝐶

df
10
3
10
30
100
30
300

Sum of squares
22.08
100.31
37.97
35.33
234.8
145.96
764.08

Mean squares
2.21
33.44
3.80
1.18
2.35
4.87
2.55

% of variance
0.77
3.52
1.33
1.24
8.23
5.12
26.78

𝐹
0.71
10.70
1.22
0.38
0.76
1.56
0.82

𝑃
0.719
<0.001
0.278
0.999
0.96
0.032
0.974

Table 5: Multivariate analysis of variance by three-way ANOVA of proliferation kinetics of S. epidermidis strains in the presence of EEPP
expressed as reduction of AlmarBlue.
Source of variation
Strain (𝑆)
Time (𝑇)
Concentration (𝐶)
𝑆×𝑇
𝑆×𝐶
𝑇×𝐶
𝑆×𝑇×𝐶

df
10
4
10
40
100
40
400

Sum of squares
24371
200813
239404
15932
20566
233404
70649

Mean squares
2437
50203
23940
398
206
5835
177

% of variance
3.03
24.94
29.73
1.98
2.55
28.99
8.77

𝐹
176.4
3633.5
1732.7
28.8
14.9
422.3
12.8

𝑃
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
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Reduction of
AlamarBlue (%)

Reduction of
AlamarBlue (%)

120
100
80
60
40
20
0

7
120
100
80
60
40
20
0
GC 0.025 0.05 0.1

GC 0.025 0.05 0.1 0.2 0.39 0.78 1.56 3.125 6.25 12.5
Concentration of EEPP (mg/mL)

(b)

Reduction of
AlamarBlue (%)

Reduction of
AlamarBlue (%)

(a)

120
100
80
60
40
20
0
GC 0.025 0.05 0.1 0.2 0.39 0.78 1.56 3.125 6.25 12.5
Concentration of EEPP (mg/mL)
Staphylococcus epidermidis 7
Staphylococcus epidermidis 1
Staphylococcus epidermidis 8
Staphylococcus epidermidis 2
Staphylococcus epidermidis 9
Staphylococcus epidermidis 3
Staphylococcus epidermidis 10
Staphylococcus epidermidis 4
Staphylococcus epidermidis 5
Staphylococcus epidermidis
ATCC 35983
Staphylococcus epidermidis 6
(c)

0.2 0.39 0.78 1.56 3.125 6.25 12.5

Concentration of EEPP (mg/mL)

120
100
80
60
40
20
0
GC 0.025 0.05 0.1

0.2 0.39 0.78 1.56 3.125 6.25 12.5

Concentration of EEPP (mg/mL)
Staphylococcus epidermidis 7
Staphylococcus epidermidis 1
Staphylococcus epidermidis 8
Staphylococcus epidermidis 2
Staphylococcus epidermidis 9
Staphylococcus epidermidis 3
Staphylococcus epidermidis 10
Staphylococcus epidermidis 4
Staphylococcus epidermidis 5
Staphylococcus epidermidis
ATCC 35983
Staphylococcus epidermidis 6
(d)

Figure 4: The AlamarBlue reduction ability of S. epidermidis strains in the presence of different EEPP concentrations. (a) After 2 hours of
incubation; (b) after 6 hours of incubation; (c) after 12 hours of incubation; and (d) after 24 hours of incubation.

propolis, on the Staphylococcus epidermidis ATCC 35893
strain was observed, data not shown.

4. Discussion
Several studies have demonstrated that propolis might exert
diversified effects on many bacterial strains. Mantovani et
al. [46] demonstrated strong anti-CoNS activity of propolis.
Najmadeen and Kakamand studies [47] on ethanol extracts
of propolis activities on S. epidermidis and S. aureus showed
that S. epidermidis strains were less susceptible to different
propolis extracts than coagulase positive staphylococci. It
has been shown that EEPP possesses antibacterial activity
against different Gram-positive bacterial strains, including
S. epidermidis [48]. The EEP biological activity against S.
epidermidis may vary significantly with respect to different
propolis sources and extract types [49]. According to Najmadeen and Kakamand [47], propolis might be even more
efficient than some antibiotics for inhibition of bacterial
growth and proliferation. In the disc diffusion method
with the standardized propolis extract the most susceptible
bacteria toward EEP, with mean inhibitory diameters (22–
26 mm), was S. epidermidis followed by S. aureus and Candida
albicans (15–22 mm). In turn, results of MIC and MBC
showed that the most sensitive bacteria was S. aureus (0.175–
0.7 mg/mL) followed by S. epidermidis and C. albicans (0.7–
1.4 mg/mL) [47]. In the present study, the biofilm-forming
S. epidermidis strains showed MICEEPP values ranging from

0.78 to 1.56 mg/mL, which was in agreement with MICs
obtained by Najmadeen and Kakamand [47]. Interestingly,
in this study all S. epidermidis strains MICEEPP ranged from
0.2 to 0.39 mg/mL and from 0.39 to 0.78 mg/mL after 12 and
24 hours of incubation, respectively, which suggested that
EEPP activity might diminish over time. The determination
of the chemical characteristics of EEP showed that the phenolic compounds were mainly responsible for the anti-CoNS
activity of EEP collected from the Southeast of Brazil [46].
The findings of another study, evaluating the antibacterial
properties of extracts of propolis from Mexico, revealed that
the highest sensitivity towards propolis was shown by S.
aureus, S. epidermidis, and the two Vibrio cholerae strains
with MICs values <0.125 mg/mL [49]. The results presented
by Pinto et al. [50] showed that propolis and its ethanolic
extract inhibited growth of the Gram-positive bacteria, S.
aureus, CoNS, and Streptococcus agalactiae.
Berretta et al. [51] concluded that microorganisms,
such as Pseudomonas aeruginosa, Klebsiella pneumoniae,
Escherichia coli, S. aureus, and S. epidermidis are the most frequently isolated from injuries and burn wounds. The authors
tested antimicrobial activity of the different extracts and
propolis formulations against the above-mentioned microorganisms and concluded that antimicrobial and woundhealing activity showed the best results when applying pharmaceutics containing 3.6% addition of propolis.
The mechanism of propolis antibacterial activity seems
to be linked to some of its constituents. The potent bacteriostatic and bactericidal effects of propolis are the result
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of the combined actions of several such components. Oksuz
et al. [52] and Havsteen [53] suggested that the specific
propolis ingredients inhibit protein synthesis and bacterial
growth by preventing cell division, resulting in the formation
of pseudomulticellular bacterial forms. Galangin and caffeic
acids from EEP are enzymatic inhibition agents responsible
for an inhibition of bacterial growth and proliferation. In
addition, some active substances composing propolis may
disorganize the cytoplasmic membrane and cell wall, with
the effect of a partial bacteriolysis. Flavonoids affect bacterial membrane potential and cause permeability alteration
within the inner microorganisms membrane [54]. TakaisiKikuni and Schilcher [55] revealed that the inhibition of
bacterial RNA-polymerase by the components of propolis
was probably associated with the loss of their ability to bind to
DNA. It is believed that antimicrobial and anti-inflammatory
properties of propolis are mainly attributed to its flavonoid
and phenolic compounds composition [51, 56]. Some of
these biomolecules, such as galagin and caffeic acids, are
considered to be bacterial enzymes inhibitors [53].
It has been shown that biofilm formation by some bacteria
is one of the important microbial defense strategies against
xenobiotics. Stewart and Costerton [57] suggested three
different mechanisms associated with antibiotics resistance of
some bacterial strains producing biofilm: (i) biofilm matrix
causes an incomplete antibiotic penetration; (ii) the chemical
composition of biofilm microenvironment connected to bacterial metabolism protects cells; (iii) in biofilm subpopulation
of microorganisms can grow in a unique, highly protected
phenotypic forms, in which the cells gain features of spores.
In this study, the inhibitory effect on biofilm formation by
the majority of tested S. epidermidis strains in the presence of
EEPP was observed after 12 and 24 hours of incubation, and it
was correlated with MIC values. Interestingly, after 12 hours
of incubation at lower EEPP concentrations, the transient,
reverse effect was observed suggesting stimulatory effect of
propolis on biofilm formation.
The observed growth kinetics of S. epidermidis in subsequent hours of the experiment showed growth stimulation at
the low concentrations of EEPP, mainly after 12 and 24 hours.
This effect could be caused by the presence of the nutrients
in EEPP acting as a growth stimulators. This phenomenon
was associated with the acceleration of biofilm formation.
However, the bacteria cells survival rate of the planktonic
forms, assessed by the AlamarBlue assay, was reduced. The
results showed that EEPP affected essentially the planktonic
forms of biofilmforming S. epidermidis. This observation may
suggest that EEPP affects the planctonic forms of bacteria
with the ability to form biofilm rather than the architecture
of the biofilm itself.
S. epidermidis strains are often resistant to antibiotics,
including penicillin, amoxicillin, and methicillin. Most of
S. epidermidis isolates are susceptible in vitro to vancomycin and rifampicin. However, Penicillin G, semisynthetic penicillinase-resistant penicillins, and cephalosporins
are effective for the treatment of methicillin-sensitive S.
epidermidis infections [58]. Studies on the possible synergism
between propolis (collected in Brazil and Bulgaria) and
antibiotics (chloramphenicol, tetracycline, and neomycin)
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showed that Bulgarian propolis had antibacterial action, as
well as a synergistic effect with antibiotics acting on the
ribosome [59]. These observations were further confirmed by
other authors [60, 61].
The analysis of proliferative properties of S. epidermidis
strains in the presence of EEPP expressed as percent of
reduction of AlamarBlue revealed that this reduction for
MIC values 0.78–1.56 mg/mL was at a level of 18–80%. In
addition, this process was strain specific. Similarly, reduction
of bacterial proliferation was observed for higher EEPP concentrations while at lower concentrations ranging from 0.025
to 0.1 mg/mL propolis seemed to accelerate proliferation of
some strains.

5. Conclusion
Propolis belongs to the natural antimicrobial agents, which in
many studies has shown to be fairly effective and promising
treatment of serious Gram-positive infections, including the
hospital-acquired infections caused by CoNS and multiresistant strains. The application of the EEPP on the skin and/or
oral mucosa as a preoperative prophylactic protocol may
prevent the potential infection by reducing the S. epidermidis
colonies’s growth. The results presented in this study suggest
that antimicrobial activity of EEPP against S. epidermidis
expressed as the reduction of bacterial growth and biofilm
formation ability as well as the intensity of proliferation is
time and concentration dependent. The observed transient
increase of biofilm formation ability in the presence of propolis at low concentrations requires further study. Microbiota
characterized by biofilm formation ability represents the
increased resistance to antibacterial drugs; therefore, there is
a great need to continue research regarding the development
of the new substances which may support the elimination of
these microorganisms.
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Medycyny Doświadczalnej, vol. 52, no. 1, pp. 19–34, 1998.
[16] M. Drancourt and D. Raoult, “rpoB gene sequence-based
identification of Staphylococcus species,” Journal of Clinical
Microbiology, vol. 40, no. 4, pp. 1333–1338, 2002.
[17] B. Ghebremedhin, F. Layer, W. König, and B. König, “Genetic
classification and distinguishing of Staphylococcus species based
on different partial gap, 16S rRNA, hsp60, rpoB, sodA, and tuf
gene sequences,” Journal of Clinical Microbiology, vol. 46, no. 3,
pp. 1019–1025, 2008.
[18] L. Drago, B. Mombelli, E. de Vecchi, M. C. Fassina, L. Tocalli,
and M. R. Gismondo, “In vitro antimicrobial activity of propolis

9

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

dry extract,” Journal of Chemotherapy, vol. 12, no. 5, pp. 390–395,
2000.
W. Król, S. Scheller, Z. Czuba et al., “Inhibition of neutrophils’
chemiluminescence by ethanol extract of propolis (EEP) and its
phenolic components,” Journal of Ethnopharmacology, vol. 55,
no. 1, pp. 19–25, 1996.
E. Szliszka, G. Zydowicz, B. Janoszka, C. Dobosz, G. KowalczykZiomek, and W. Król, “Ethanolic extract of Brazilian green
propolis sensitizes prostate cancer cells to TRAIL-induced
apoptosis,” International Journal of Oncology, vol. 38, no. 4, pp.
941–953, 2011.
E. Szliszka, Z. P. Czuba, J. Bronikowska, A. Mertas, A. Paradysz,
and W. Król, “Ethanolic extract of propolis (EEP) augments
TRAIL-induced apoptotic death in prostate cancer cells,”
Evidence-Based Complementary and Alternative Medicine, vol.
2011, Article ID 535172, 11 pages, 2011.
E. W. Teixeira, G. Negri, R. M. S. A. Meira, D. Message, and
A. Salatino, “Plant origin of green propolis: cee behavior, plant
anatomy and chemistry,” Evidence-Based Complementary and
Alternative Medicine, vol. 2, no. 1, pp. 85–92, 2005.
A. C. H. F. Sawaya, K. S. Souza, M. C. Marcucci, I. B. S. Cunha,
and M. T. Shimizu, “Analysis of the composition of Brazilian
propolis extracts by chromatography and evaluation of their in
vitro activity against gram-positive bacteria,” Brazilian Journal
of Microbiology, vol. 35, no. 1-2, pp. 104–109, 2004.
V. Bankova, R. Christov, A. Kujumgiev, M. C. Marcucci, and
S. Popov, “Chemical composition and antibacterial activity of
Brazilian propolis,” Zeitschrift fur Naturforschung C, vol. 50, no.
3-4, pp. 167–172, 1995.
A. G. Hegazi, F. K. Abd El Hady, and F. A. M. Abd Allah,
“Chemical composition and antimicrobial activity of European
propolis,” Zeitschrift fur Naturforschung C, vol. 55, no. 1-2, pp.
70–75, 2000.
W. Król, S. Scheller, J. Shani, G. Pietsz, and Z. Czuba, “Synergistic effect of ethanolic extract of propolis and antibiotics on the
growth of Staphylococcus aureus,” Arzneimittel-Forschung, vol.
43, no. 5, pp. 607–609, 1993.
A. Kujumgiev, I. Tsvetkova, Y. Serkedjieva, V. Bankova, R.
Christov, and S. Popov, “Antibacterial, antifungal and antiviral
activity of propolis of different geographic origin,” Journal of
Ethnopharmacology, vol. 64, no. 3, pp. 235–240, 1999.
J. M. Sforcin, A. Fernandes, C. A. M. Lopes, V. Bankova, and S.
R. C. Funari, “Seasonal effect on Brazilian propolis antibacterial
activity,” Journal of Ethnopharmacology, vol. 73, no. 1-2, pp. 243–
249, 2000.
G. P. S. R. Rezende, F. C. Pimenta, and L. R. R. S. Costa,
“Antimicrobial activity of two Brazilian commercial propolis
extracts,” Brazilian Journal of Oral Sciences, vol. 5, no. 16, pp.
967–970, 2006.
N. AL-Waili, A. Al-Ghamdi, M. J. Ansari, Y. Al-Attal, and
K. Salom, “Synergistic effects of honey and propolis toward
drug multi-resistant Staphylococcus aureus, Escherichia coli and
Candida albicans isolates in single and polymicrobial cultures,”
International Journal of Medical Sciences, vol. 9, no. 9, pp. 793–
800, 2012.
Y. Onlen, N. Duran, E. Atik et al., “Antibacterial activity of
propolis against MRSA and synergism with topical mupirocin,”
Journal of Alternative and Complementary Medicine, vol. 13, no.
7, pp. 713–718, 2007.
S. Y. Queck and M. Otto, “Staphylococcus epidermidis and other
coagulase-negative staphylococci,” in Staphylococcus: Molecular
Genetics, Caister Academic Press, Norfolk, UK, 2008.

10
[33] S. Sugimoto, T. Iwamoto, K. Takada et al., “Staphylococcus
epidermidis Esp degrades specific proteins associated with
Staphylococcus aureus biofilm formation and host-pathogen
interaction,” Journal of Bacteriology, 2013.
[34] S. R. Gill, D. E. Fouts, G. L. Archer et al., “Insights on evolution
of virulence and resistance from the complete genome analysis
of an early methicillin-resistant Staphylococcus aureus strain
and a biofilm-producing methicillin-resistant Staphylococcus
epidermidis strain,” Journal of Bacteriology, vol. 187, no. 7, pp.
2426–2438, 2005.
[35] M. M. Shah, H. Iihara, M. Noda et al., “dnaJ gene sequencebased assay for species identification and phylogenetic grouping
in the genus Staphylococcus,” International Journal of Systematic
and Evolutionary Microbiology, vol. 57, no. 1, pp. 25–30, 2007.
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The cytotoxic activities of extracts of four samples of propolis from the state of Minas Gerais (Southeast Brazil) and two from the state
of Paraná (South Brazil) were evaluated using sea urchin (Lytechinus variegatus) eggs. Cytotoxic activity was observed, characterized
mainly by the inhibition of the first cleavage of newly fertilized eggs. Methanol extracts at 32 𝜇g mL−1 of all samples were highly
active (97–100%). Extracts were also prepared by successive treatments of the samples with hexane, chloroform, ethyl acetate, and
methanol. High activity was observed using the ethyl acetate fractions of all samples, but hexane and chloroform fractions of
some samples also had high activity. Based on the chemical composition of the extracts and fractions (published previously), it is
hypothesized that the cytotoxic activities observed are due mainly to artepillin C, p-coumaric acid, and kaempferide. The results
suggest that caffeoylquinic acids have no cytotoxic activity in sea urchin eggs.

1. Introduction
The cure of cancer is still a major challenge and the study of
antitumoral compounds is of great importance in the search
for new drugs and treatments. Several natural products,
including propolis, have shown high cytotoxic and antitumoral activities. Propolis is a complex mixture of substances
with resinous aspect, prepared mostly by Apis mellifera honeybees from plant exudates and beeswax. Its chemical composition varies widely, according to the flora around the
hive. In Brazil the main source of the production of propolis
is Baccharis dracunculifolia (alecrim-do-campo, Asteraceae).
Among Brazilian propolis, the green type is the most commercialized and exported, chiefly to Japan. Its main constituents are prenylated phenylpropanoids and caffeoylquinic
acids [1].
The number of studies about antitumor activity of propolis extracts and isolated compounds has increased in recent
years. The results have shown that several tumor cell lines are
sensitive to propolis. Green propolis water soluble derivatives
suppressed the development of metastasis of lung tumors in

mice [2]. Water extracts were also effective at inhibiting the
growth of mouse sarcoma and reveled a significant reduction
in mitotic cells and tumor invasion [3]. Ethanol extracts of
Brazilian green propolis inhibit the proliferation of prostate
cancer cells in a dose-dependent manner [4] and inhibit also
the growth of colon cancer cells [5]. Prenylated phenylpropanoids, such as artepillin C, and flavonoids isolated from
Brazilian propolis possess antitumoral activity [6]. Cinnamic
acid derivatives isolated from Brazilian propolis, such as
drupanin and baccharin, showed antitumor effects on murine
fibrosarcoma [7].
Results of analyses by GC/MS and HPLC/DAD/ESI/MS/
MS of four samples of propolis from the state of Minas
Gerais (MG, Southeast Brazil) and two from the state of
Paraná (PR, South Brazil) were published recently [8]. The
samples from the two states differed regarding the exclusive
presence of luteolin-5-O-methyl ether in the samples from
Paraná, a region on the border of the distribution of Baccharis
dracunculifolia. Caffeoylquinic acids were abundant in all
samples, but kaempferide, isorhamnetin, and p-coumaric
acid were more abundant in samples from Minas Gerais.

2

Evidence-Based Complementary and Alternative Medicine

Table 1: Cytotoxic activity, (∗) expressed as percent of affected sea urchin (Lytechinus variegatus) embryos, of methanol extract (MeOH) and
hexane, chloroform (CHCl3 ), ethyl acetate (EtOA), and methanol (MeOH) fractions at 32 𝜇g mL−1 (see text) from samples (∗∗) of Brazilian
propolis. No effect was observed in tests using ethanol (control).
Extract/fractions (𝜇g/mL)
MeOH extract
Fractions
Hexane
CHCl3
EtOAc
MeOH
∗

Samples
A
98.5 ± 2.1

B
97.3 ± 2.1

C
100 ± 0.0

D
99.3 ± 0.6

E
97.7 ± 3.2

F
97.3 ± 1.5

98.5 ± 2.1
83.0 ± 1.4
95.5 ± 2.1
3.5 ± 2.1

64.7 ± 7.5
83.3 ± 7.5
98.0 ± 2.0
2.3 ± 1.2

27.5 ± 0.7
64.0 ± 4.2
100 ± 0.0
3.3 ± 0.6

5.0 ± 2.1
92.5 ± 0.7
100 ± 0.0
3.5 ± 0.7

4.3 ± 2.1
2.0 ± 1.0
99.7 ± 0.6
4.7 ± 2.5

6.3 ± 1.5
15.0 ± 1.4
100 ± 0.0
1.7 ± 1.2

Mean ± s.d.; ∗∗ A–D: samples from Minas Gerais, E and F: samples from Paraná state.

Prenylated phenylpropanoids, such as artepillin C, chromanes, and baccharin were also detected, more abundantly
in the samples from Minas Gerais.
The analysis of alterations in the development of sea
urchin (Lytechinus variegates) eggs has been regarded as a
suitable model for evaluating cytotoxic, antiproliferative, and
other biological activities [9–13]. The aim of the present work
was to determine the cytotoxic activity of extracts of the above
mentioned samples of Brazilian propolis. To our knowledge,
this is the first study using sea urchin eggs in studies about
cytotoxic activity of propolis.

2. Material and Methods
2.1. Propolis Samples and Extraction. Six samples of Brazilian green propolis produced by Africanized Apis mellifera L. were analyzed. The samples stemmed from the
states of MG (samples A-C: municipality of Esmeraldas:
19∘ 22 46 S, 44∘ 18 47 W; sample D: municipality of Três
Pontas: 21∘ 22 00 S, 45∘ 18 45 W) and PR (samples E and F:
municipality of União da Vitória: 26∘ 13 54 S, 51∘ 04 08 W)
were analyzed. Powdered portions of 2.5 g of each sample
of propolis were extracted with methanol for 6 h in Soxhlet.
In parallel, powdered portions of 5 g of each sample of propolis were treated successively with solvents of increasing
polarity in Soxhlet for 6 h with each solvent. For the sake
of convenience, the product of the first extraction is called
“methanol extract” and the other products are referred to as
“fractions” (hexane, chloroform, ethyl acetate, and methanol
fractions). The methanol extract and all fractions were concentrated under reduced pressure and dissolved in ethanol
for analysis. Chemical composition of the six samples are
published elsewhere [8].
2.2. Determination of Cytotoxic Activity. Antimitotic activity
was assumed as the ability of extracts to inhibit the cleavage
of sea urchin eggs. The elimination of gametes was induced
by injection of 0.5 M KCl in the perivisceral cavity. The tests
were performed on plates of 12 wells (Corning) by mixing
1 mL of the sperm suspension (0.1 mL of sperm + 4.9 mL
of filtered seawater) with 20 𝜇L of eggs. Two minutes after
fertilization, 10 𝜇L of ethanol solutions of the extracts was
added, plus filtered sea water to make up the volume of 2 mL.
As control, 10 𝜇L of ethanol was used. For establishment of

the concentration of the methanol extract and fractions to
be used, solutions of the MeOH extract were prepared at
concentrations 8, 16, and 32 𝜇g mL−1 . At 32 𝜇g mL−1 nearly all
embryos were affected; hence all extracts and fractions were
diluted at this concentration for determination of cytotoxic
activity. The plates were kept at room temperature (26 ± 2∘ C).
At appropriate intervals, when most embryos were in the
second and third cleavages (four and eight cells), aliquots of
500 𝜇L were fixed in 4% formaldehyde for detailed observation. One hundred eggs or embryos were observed in triplicate for each extract and the number of embryos with normal
development was counted. An Olympus microscope model
CBA was used and images were obtained with a digital camera Canon PowerShot A520. All tests were carried out in three
pseudoreplicates of the same sample and the results are presented as mean ± standard deviation.

3. Results and Discussion
Cytotoxic activity was often observed, consisting on the
inhibition of the first cleavage of newly fertilized eggs, which
is a characteristic antimitotic effect (Figure 1). In addition to
the inhibition of egg cleavage, in some cases abnormalities
of egg development were also observed. Figure 1 depicts patterns of inactivity or normal cleavage (a, exemplified by the
control ethanol alone), total inhibition of egg cleavage (b,
exemplified by methanol extract of sample D), abnormalities
of egg development (c, exemplified by chloroform fraction
of sample D), and inhibition of egg cleavage together with
abnormal egg development (d, exemplified by ethyl acetate
fraction of sample A). Similar patterns of cytotoxic activity
and inactivity were observed with extracts not represented in
Figure 1. Complete inactivity on fertilized eggs was observed
in tests with the control (ethanol). Results of inhibition
observed in tests of all extracts and fractions are given in
Table 1. The cytotoxicity induced by extracts or fractions of
the propolis samples may be related to the inhibition of DNA
replication and/or synthesis of proteins [11], suggesting the
presence of substances with cytotoxic activity in the analyzed
propolis samples.
The average number of normal embryos after treatment
of eggs with the methanol extract of sample B at 8, 16,
and 32 𝜇g mL−1 was 4.7% ± 1.2, 34.3% ± 6.6, and 97.3% ±
2.1 (mean ± s.d.), respectively. Solutions at 32 𝜇g mL−1 of
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(a)

(b)

(c)

(d)

Figure 1: Micrographs evidencing the effect of methanol extract and fractions of samples of Brazilian propolis at 32 𝜇g mL−1 on the initial
development of sea urchin (Lytechinus variegatus) embryos. (a) control (ethanol): normal development; (b) effect of methanol extract of
sample D: inhibition of egg cleavage; (c) effect of chloroform fraction of sample D: eggs with abnormal division; (d) effect of ethyl acetate
fraction of sample A: eggs with abnormal division or inhibition of cleavage. A and D: samples from Minas Gerais state. For detailed
information regarding the activity of extracts of all samples and extracts, see Table 1. Scale bars = 100 𝜇m.

the methanol extract of all samples exerted high cytotoxic
activity, inhibiting nearly 100% of the cleavages (Table 1).
Differences among samples and extracts were observed. The
activities of the hexane fractions at 32 𝜇g mL−1 varied among
the samples A–F, ranging from 4.3% (sample F, PR) to 98.5%
(sample A, MG; Table 1). The chloroform fractions of the
samples from PR (E and F) showed low cytotoxic activity (2%
and 15%, resp.), while their counterparts from MG exerted
medium or high activity (A and B: 83%; C: 64%; D: 92.5%;
Table 1). It is remarkable that the ethyl acetate fraction from
all samples (A–F) exhibited high cytotoxic activity (95.5–
100%; Table 1). On the other hand, the remaining constituents
extracted with methanol, after removal of substances by treatments with hexane, chloroform, and ethyl acetate, exerted low
activity (1.7–4.7%, Table 1).
Major constituents of the ethyl acetate fractions from
MG (A–D), detected by HPLC/DAD/ESI/MS/MS analysis,
were p-coumaric acid, methoxypinobanksin, isorhamnetin,
and kaempferide; in samples from PR (E and F) the major
constituents were p-coumaric acid, 3-prenyl-4-(2-methylpropionyloxy)-cinnamic acid, and luteolin-5-methyl-ester
[8]. Drupanin, 3-hydroxy-2,2-dimethyl-8-prenylchromane6-propenoic acid, and artepillin C (a marker substance of
Brazilian green propolis) were also detected in the ethyl
acetate fraction of all samples, although not among the

major constituents [8]. Previous studies have shown that pcoumaric acid possesses antiproliferative effect on colon cancer cells [14, 15]. Artepillin C suppresses angiogenesis induced
by tumors [16] and inhibits the growth of neurofibromatosis
tumors [17]. Kaempferide inhibits hypoxia-inducible factor
(HIF)-1, a key mediator in tumor adaptation and survival
[18]. These compounds, alone or in synergism, could account
for the cytotoxic effects observed in the present study. In the
hexane and chloroform fractions of all studied samples, major
compounds detected by GC/EIMS analysis were artepillin C,
benzenepropanoic acid, and 3-prenylcinnamic acid allyl ester
[8]. Only samples from MG (A and B: hexane fraction; A–
D: chloroform fraction) revealed relevant cytotoxic activity.
A hypothesis may be raised that a crucial substance for the
observed activity is artepillin C. 3-Prennylcinnamic acid allyl
ester has never been tested for cytotoxic and antitumoral
activities. Caffeoylquinic acids are major compounds in the
methanol fraction of the six studied samples. Since these
fractions practically showed no cytotoxic activity (Table 1),
a conclusion may be drawn that caffeoylquinic acids are
ineffective at suppressing the cleavage of sea urchin eggs or
the development of the embryos. However, these compounds
have been shown to induce apoptosis on HL-60 cells [7]
and to possess antimutagenic effects [19]. These observations
strengthen the importance of taking into account results
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from distinct models of testing cytotoxic and antiproliferative
activity.
[7]

4. Conclusion
Cytotoxicity is a biological activity very common among
samples of propolis from diverse areas of the Brazilian territory. The most effective constituents of Brazilian green propolis seem to have medium polarity, since higher activity was
observed in tests with the ethyl acetate fraction. Results of
the present work, combined with data from chemical analysis of the same propolis samples, indicate that high polar
propolis constituents, such as caffeoylquinic acids, seem to
be ineffective against Lytechinus variegatus eggs. The study
of the development of sea urchin embryos is a practical and
efficient model to evaluate the cytotoxicity of extracts and
pure compounds and is thus qualified as a useful method in
the search of propolis constituents with antitumoral potential.
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Propolis has attracted attention in recent years due to its beneficial effects, which make it a potential preventive and therapeutic agent
as well as a useful additive in food and cosmetics. The aim of this review is to discuss the growing evidence that propolis may, via
a diverse array of biological actions, assist in the prevention of some inflammation-mediated pathologies including cardiovascular
disease. The active components of propolis that have been identified so far include polyphenols and flavonoids. These compounds
have cardioprotective, vasoprotective, antioxidant, antiatherosclerotic, anti-inflammatory and antiangiogenic actions. Many studies
have been undertaken to elucidate the mechanism(s) by which propolis acts, which involve cellular signaling targets and interactions
at the genomic level. This review will highlight the effects of propolis that may assist in the prevention of chronic degenerative
diseases, such as cardiovascular disease.

1. Introduction
The growing market for natural products and alternative
medicines has renewed interest in bee products, such as
honey, royal jelly, pollen, and propolis [1, 2]. Propolis is the
generic name for a complex resinous mixture collected by
honey bees from the buds and exudates of various plants.
Once collected, this material is enriched with saliva and
enzyme-containing secretions and used in the construction,
adaptation, and protection of hives [3, 4].
In recent years, many studies of the chemistry of propolis
have been published, which reveal that its highly variable
composition is influenced by the local flora at the collection
site [5–7]. Although many biological activities of propolis
are consistently observed, the components responsible vary
between geographic and climatic zones [7].
There is considerable evidence on various chemical and
biological aspects of propolis, but the therapeutic application and utilization by the pharmaceutical industry are still
limited. This is mainly due to the variability of its chemical

composition with geographical origin because bees utilize
different plants in different ecosystems. Identification of the
major compounds in propolis samples is essential; reports of
the biological properties of propolis should include a detailed
investigation of its composition and botanical sources [7, 8].
The constituents of propolis include polyphenols (flavonoids, phenolic acids, and esters), terpenoids, steroids,
and amino acids [9]. There has been extensive research into
the composition and biological activities of propolis from
various countries [10–13]. Propolis samples from Europe,
South America, and Asia have different compositions and
therefore different biological activities [12, 14, 15]. However,
propolis samples generally show great similarity in their
overall composition, regardless of botanical source [15].
Brazilian red propolis has been found in two reports to contain high concentrations of phenolic compounds, 232 mg/g
[16] and 257.98 mg/g, respectively [17]. Brazilian propolis
also contained higher concentrations of total phenols than
samples from other countries: China, 302 ± 4.3 mg/g [18] and
299 ± 0.5 mg/g [19]; Korea, 212.7 ± 7.4 mg/g [20]; Argentina,
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187 mg/g [21]; India, 159.10 ± 0.26 mg/g [10]; Portugal, 151 ±
0.01 mg/g [22]; Cyprus, 100.4 ± 7.2 mg/g [23]; and Thailand,
31.2 ± 0.7 mg/g [19].
Studies indicate that propolis from Europe and China
contains many flavonoids and phenolic acids; tropical propolis generally contains low concentrations of flavonoids [21, 24,
25].
Studies of propolis demonstrate the complexity of its
composition and pharmacology; some compounds act independently, while others act synergistically. The therapeutic
potential of propolis and its constituents has been the subject
of many studies, which have established many pharmacological actions in preclinical testing.
In particular, propolis shows therapeutic potential and
may have applications in the pharmaceutical and food processing industries [25–27]. Propolis reportedly has a range
of biological activities, including immunomodulatory [28,
29], antibacterial [30], fungicidal [31, 32], anti-inflammatory,
healing [33], analgesic/anesthetic [34, 35], and anticarcinogenic effects [36].
The relationship between oxidative stress, cardiovascular
disease, and angiogenesis is well established. Events related to
the pathophysiology of angiogenesis and associated cytokines
and growth factors can lead to a poor prognosis in many
diseases. In fact, chronic cardiovascular disease, oxidative
stress, and angiogenesis are strongly associated with one
another. In this review, we will present evidence that propolis
extracts and their bioactive compounds have antioxidant,
cardioprotective, and antiangiogenic activities (Figure 1).

2. Antioxidant Activity
It is well established that cellular metabolism generates reactive oxygen species (ROS), such as hydrogen peroxide
(H2 O2 ), the superoxide anion (O2 − ), and the highly reactive
hydroxyl ion (HO− ), as well as reactive nitrogen species
(RNS), especially nitric oxide (NO). ROS and RNS are ideal
signaling molecules because they are locally generated, are
highly and rapidly diffusible, and can be neutralized by
cellular antioxidants [37, 38]. ROS are usually detoxified by
intracellular enzymes, such as glutathione, superoxide dismutase, and catalase [39]. However, unbalanced production
and degradation of ROS and RNS can result in accumulation
of these reactive species, commonly referred to as oxidative
stress. Exposure of macromolecules (lipid, proteins, DNA,
etc.) to reactive species results in oxidative modifications with
deleterious effects [40, 41].
The antioxidant capacity of propolis may be related to
some of its biological effects, including chemoprevention.
The flavonoids in propolis are powerful antioxidants, capable
of scavenging free radicals and thereby protecting the cell
membrane against lipid peroxidation [42]. Moreover, ROS
and RNS, together with other factors, are involved in cellular ageing and death in conditions, such as cardiovascular
disease, arthritis, cancer, diabetes, Parkinson’s disease, and
Alzheimer’s disease [43–47]. Propolis can reduce cellular
levels of H2 O2 and NO, which may be involved in its antiinflammatory effects [48].
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Figure 1: Schematic representation of the relationship between
oxidative stress, cardiovascular disease, and angiogenesis, and the
effects of propolis on these integrated systems. Propolis influences
multiples biochemical signaling pathways, including protective
mechanisms reducing events related to chronic inflammatory diseases.

Diverse compounds from propolis have been described as
potent inhibitors of oxidative stress. It is well known that the
composition of propolis is variable; however, one of its major
components, caffeic acid phenethyl ester (CAPE), blocks ROS
production in several systems [49]. CAPE has also been
identified as one of the major cancer chemopreventive and
anti-inflammatory compounds in propolis. In vitro, propolis
inhibits peroxidation of LDL and nitration of proteins. Moreover, in bovine aortic endothelial cells, propolis was reported
to increase eNOS expression and inhibit NADPH oxidase
(NOX) [50]. In vivo, propolis can increase antioxidant capacity in animals [51] and humans [52], leading to decreased
lipid peroxidation, which is strongly associated with the
risk of cardiovascular disease [53, 54]. Turkish propolis
inhibited hydrogen peroxide (H2 O2 -) induced damage to
DNA in cultured fibroblasts [55]. The antioxidant activity
of phenolic components of the Turkish propolis may reduce
damage to DNA induced by H2 O2 , which may be related
to its chemopreventive activity. Red propolis from Cuba
has shown protective effects in models of alcohol-induced
liver damage, most likely due to its antioxidant properties
[56]. Propolis inhibited macrophage apoptosis via effects on
glutathione (GSH) and the tumor necrosis factors/nuclear
factor kappa B (TNF/NF-𝜅B) pathway [57, 58]. Moreover,
Brazilian propolis from Baccharis dracunculifolia modulated
1,2-dimethlyhydrazine (DMH-) induced DNA damage in
colon cells [59].
Isla et al. [60] described the protective effect of the Argentinian propolis from different sources against coppermediated oxidative modification of lipids in unfractionated
serum. Five types of Argentinian propolis, collected in different regions, inhibited lipid oxidation during the initiation
and propagation phases. All five types of propolis diminished
the maximal rate and extent of diene production, indicating
that flavonoids can scavenge free radicals, such as superoxide
[61, 62], protecting serum lipids from oxidation [60]. Jasprica
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et al. [52] showed that daily intake of powdered propolis for
15 days decreased the plasma malondialdehyde concentration
in men. The extract (0.65 g), available in Croatian community
pharmacies, contained 2.5% total flavonoids, equivalent to
16.25 mg of galangin. After 30 days of treatment, an increase
in superoxide dismutase activity and changes in red blood cell
parameters were detected, including cell count, hemoglobin
and mean corpuscular volume, and cell distribution.
The antioxidant effect of Brazilian red propolis has been
attributed to chalcones and isoflavonoids (including 7-Omethylvestitol, medicarpin, and 3,4,2 ,3 -tetrahydrochalcone) that act as electron donors [63]. Furthermore, total
flavonoid content in Brazilian red propolis is correlated
with antioxidant activity, suggesting that all the phenolic
and flavonoid compounds present contribute to this activity
[64]. Chinese red propolis had a higher antioxidant activity
than propolis from other sources, which was attributed
predominantly to CAPE [65]. Chilean propolis also has antioxidant properties, which are correlated with its chemical
composition [66]. Additionally, the antioxidant and freeradical-scavenging properties of propolis may be due to its
phenylpropanoid content [67]. Thus, the available data indicate that propolis of different origins and distinct compositions consistently exhibit antioxidant actions. In addition
to this antioxidant effect, bioactive compounds in propolis
influence a large number of biochemical signaling pathways,
and therefore physiological and pathological processes.
Antioxidant capacity is one of the most important properties
of propolis. Although there are several studies corroborating
the potential antioxidant activity of propolis, there is no
robust data on the safe dose in humans. Thus, there is need
for clinical studies using propolis and its biologically active
compounds, including studies of safety and bioavailability.

3. Cardioprotective Activity
The modulation of cardiovascular disease markers by propolis has been shown in several studies. In vitro and in
vivo assays have been developed to elucidate the molecular
mechanisms of this beneficial effect: regulation of glucose
and lipoprotein metabolism; modulation of gene expression;
decrease of the activity of scavenger receptors, inflammatory
cytokines, and oxidative stress; improvement of endothelial
function; and inhibition of platelet aggregation.
Atherosclerosis is a complex process involving the accumulation and modification of plasma lipoproteins in the arterial wall as well as the recruitment and proliferation of
immune cells. This process advances through a series of
stages beginning with the appearance of a fatty streak lesion,
composed largely of foam cells, which are lipid-engulfed
macrophages. The fatty streak evolves into a complex atherosclerotic plaque consisting of a lipid core covered by a
fibrous cap, with some areas that are rich in inflammatory
cells [68–70]. Several authors have postulated that dietary
polyphenols reduce the risk of cardiovascular disorders and
prevent the development of atheromatous plaques [71–73].
Thus, as a rich source of polyphenols, propolis represents
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a potential alternative strategy for the prevention of cardiovascular disorders.
Propolis has been shown to modulate lipid and lipoprotein metabolism. Propolis administration diminished liver
cholesterol and triglyceride content and decreased the rate of
hepatic triglyceride synthesis in rats [74, 75]. In LDL receptor knockout mice (LDLr−/− ), treatment with Brazilian red
propolis (250 mg/kg/day) decreased levels of triacylglycerol
(TAG), total cholesterol (TC), and non-high-density lipoprotein cholesterol (non-HDL-C) [76]. LDLr−/− mice treated
with Brazilian green propolis, which is rich in Artepillin C,
pinocembrin, kaempferol, or with Chilean brown propolis,
which is rich in pinocembrin, CAPE, quercetin, and galangin,
also presented low levels of non-HDL-C. Moreover, mice
treated with Brazilian red propolis showed significantly
reduced TAG and TC, and increased HDL-C, compared
to untreated mice. Furthermore, Turkish propolis, which is
rich in flavonoids (mainly galangin, quercetin, kaempferol,
apigenin, pinobanksin, pinocembrin, and pinostrobin) prevented alcohol-induced acute liver damage and lipid accumulation and induced beneficial changes in the serum lipid profile. HDL levels were high, and LDL levels were low, in mice
treated with propolis and alcohol compared to alcohol only
[59]. Moreover, propolis also positively affected HDL and
LDL levels in rats. Treatment of diabetic rats with propolis
of poplar origin diminished levels of total cholesterol, LDLcholesterol, VLDL-cholesterol, and triglycerides, reinforcing
the case that propolis modulates lipid metabolism and may
be helpful in syndromes caused by blood lipid abnormalities
[75].
In a recent study, the authors hypothesized that propolis
may aid in the prevention rather than treatment of atherosclerosis. LDLr−/− mice were treated with distinct polyphenolrich propolis extracts (250 mg polyphenols/mL/Kg) [76].
Brazilian green, Brazilian red, and Chilean brown propolis
reduced the area of atherosclerotic lesions when administered
preventively. The strongest inhibitory effect was observed
for Brazilian red propolis, which also induced regression
of atherosclerotic lesions [76]. Polyphenols from propolis
inhibited the progression of atherosclerosis in LDLr−/− mice
by improving the lipid profile and by downregulating proinflammatory cytokines, chemokines, and angiogenic factors.
Propolis downregulated the mRNA expression of key genes
involved in the atherosclerotic process, such as MCP-1, INFg,
IL6, CD36, and TGF𝛽 [76].
It is well known that the modification of the lipid
profile is strongly associated with cardiovascular disease
[76, 77]. Propolis diminished total cholesterol and elevated
HDL-cholesterol in mice. One proposed mechanism of the
hypocholesterolemic action of propolis involves the ABCA1
receptor. Many types of propolis upregulate ABCA1 gene
expression, which is associated with increased HDL levels;
thus, ABCA1 up-regulation may be one mechanism by which
propolis improves the lipid profile [76].
An ethanolic extract of Brazilian red propolis (EERP)
enhanced ABCA1 promoter activity in THP-1 macrophages
[77]. Additionally, cholesterol efflux from macrophages to
ApoA-I was significantly increased in a dose-dependent
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manner by EERP treatment. Thus, EERP significantly
enhanced ApoA-I-mediated cholesterol efflux in THP-1
macrophages, which was accompanied by a marked upregulation of the ABCA1 gene. The effect of EERP on ABCA1dependent cholesterol efflux may be due to the activation of
PPAR𝛾 and LXR𝛼 [77]. In HepG2 and Raw 264.7 cell lines,
EEP promoted cholesterol efflux and increased the expression
of ABCA1 and ABCG1. Accordingly, C57BL/6 mice treated
with 50 mg/kg EEP once a day for 4 weeks by oral gavage
showed increased plasma HDL-cholesterol but unchanged
LDL-cholesterol [78]. Thus, in vitro and in vivo data suggest
that the beneficial effects of propolis on lipid profile may
be one of the mechanisms involved in its atheroprotective
effects. This finding suggests that polyphenols from propolis
may be useful for the prevention of atherosclerosis.
Platelet aggregation is a major contributor to the atherosclerotic process. Propolis components have shown important effects on platelet aggregation. CAPE (15 and 25 𝜇M)
markedly inhibited collagen-stimulated platelet aggregation.
As CAPE is involved in various inhibitory pathways influencing platelet aggregation, it may be an important contributor
to the potent antiplatelet actions of propolis [79].
NO is an important vasoactive mediator, with vasodilatory and antiaggregative actions that protect blood vessels
when released from endothelial cells at low concentrations.
However, when NO is produced in high concentrations
by inflammatory cells, it may react with other nitrogen
and oxygen species, inducing oxidative and/or nitrosative
stress. Following the treatment of diabetic mice with poplar
propolis, the levels of NO and nitric oxide synthase (NOS)
decreased compared to nondiabetic mice [75]. Propolis
decreases NO level by decreasing NOS activity, thus protecting blood vessel endothelial cells and reducing neuronal
toxicity. Additionally, propolis exerts pharmacological effects
by decreasing the actions of NO and PGE2 as well as by
reducing the activation of protein kinase in diabetes [75, 80].
Moreover, ethanolic extracts of propolis (EEP) inhibit NO
production by decreasing iNOS expression in Raw 264.7
macrophages and by directly inhibiting the catalytic activity
of iNOS. The inhibitory effect of EEP on LPS plus IFN-ginduced NO production is mediated either by inhibition of
iNOS gene transcription via an action on NF-𝜅B sites in
the iNOS promoter or by direct inhibition of the catalytic
activity of iNOS [81]. As excess NO production has been
implicated in the cardiovascular inflammatory process, the
anti-inflammatory activities of EEP may also be mediated by
modulation of NO levels.
It is well established that proliferation of vascular smooth
muscle cells (VSMCs) is involved in the onset of atherosclerosis. Roos et al. [82] evaluated the antiproliferative activity of
CAFE, one of the major components of propolis and honeyderived products, in primary rat aortic VSMCs stimulated
by platelet-derived growth factor (PDGF). CAFE inhibited
proliferation of VSMCs upon exposure to PDGF in a dosedependent manner, by interfering with cell cycle progression
from the G0/1- to the S-phase. This study indicates that the
inhibition of smooth muscle cell proliferation may also be
involved in the atheroprotective action of propolis.
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4. Antiangiogenic Activity
Angiogenesis is the multistep process by which blood vessels are formed. This tightly regulated process involves the
migration, proliferation, and differentiation of endothelial
cells [83]. Regulation of angiogenesis is absent or aberrant
in several diseases characterized by persistent, inappropriate
blood vessel development. Inappropriate angiogenesis occurs
in more than 80 diseases, particularly in many types of cancer
and inflammatory diseases as atherosclerosis [84, 85].
According to Keshavarz et al. [86], green propolis extracts
containing artepillin C and CAPE significantly reduced the
number of new vessels formed and the expression of metalloproteinases (MMPs) and production of vascular endothelial
growth factor (VEGF) from endothelial cells [87]. Different
steps of angiogenesis can be affected by propolis and its
components. Brazilian propolis and its major component,
artepillin C, can inhibit proliferation of human umbilical
vein endothelial cells (HUVEC), as well as endothelial cell
migration and capillary tube formation, in a dose-dependent
manner. Moreover, artepillin C can suppress angiogenesis in
both in vivo and in vitro models, while CAPE inhibits MMP2, MMP-9, and VEGF activity [87–90].
The effects of Brazilian propolis on HUVEC apoptosis
were investigated by Xuan et al. [91]. At a low concentration
(12.5 𝜇g/mL), the polyphenols in ethanol extracts of Brazilian
propolis decreased the expression of integrin b4 and p53 and
the production of ROS. The opposite effects were observed
at high polyphenol concentrations (25 and 50 𝜇g/mL), along
with depression of mitochondrial membrane potential. Thus,
high doses of polyphenols from Brazilian propolis may
induce HUVEC apoptosis by acting on the integrin b4 and
p53 signaling pathway, resulting in disturbance of mitochondrial membrane potential and increased ROS generation.
Daleprane et al. [92] investigated the actions of polyphenols from Brazilian red propolis on models of angiogenesis. Brazilian red propolis is rich in 1,2,3-trimethoxy-5(2-propenyl)-benzene, methoxyeugenol, homopterocarpin,
medicarpin, 2,4,6-trimethylphenol, 49,7-dimethoxy-29-isoflavonol, 7,49-dihydroxyisoflavone, and 2H-1-benzopyran7-ol [64]. Brazilian red propolis (10 mg/L) reduced the
migration and sprouting of endothelial cells, attenuated
the formation of new blood vessels, and decreased the
differentiation of embryonic stem cells into CD31-positive
cells. Moreover, Brazilian red propolis inhibited hypoxia- or
dimethyloxalylglycine-induced mRNA and protein expression of the crucial angiogenesis promoter, vascular endothelial growth factor (VEGF), in a time-dependent manner [92].
Hypoxia is implicated in many inflammatory diseases.
The proposal that hypoxia can induce inflammation has
gained general acceptance from studies of the hypoxia signaling pathway [93]. Brazilian red propolis decreases accumulation of hypoxia-inducible factor 1 alpha (HIF1𝛼) under
hypoxic conditions, which in turn attenuates VEGF gene
expression [92]. Reduced HIF1𝛼 protein half-life was associated with increased von Hippel-Lindau (pVHL-) dependent
proteasomal degradation of HIF1𝛼 and reduced Cdc42 protein expression [92].
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Brazilian green propolis extract, which is rich in artepillin
C, was evaluated by Hattori et al. for its effects on cellular
responses to hypoxia [94]. Five compounds that modulated
HIF-1 activity were identified. Hydroxycinnamic acid derivatives from Brazilian green propolis inhibited not only HIF-1
transcriptional activity but also hypoxia-induced expression
of HIF-1𝛼 protein and downstream target genes, such as
Glucose transporter 1, Hexokinase 2, and vascular endothelial
growth factor A. Furthermore, the HIF-1 inhibitors also
inhibited angiogenesis. Daleprane et al. [76] investigated the
effect of polyphenols from Brazilian propolis on angiogenic
gene expression in atherosclerotic lesions of LDLr−/− mice,
finding that angiopoietin I, angiopoietin II, VEGF, fibroblast
growth factor, metalloproteinases 2 and 9, platelet-derived
growth factor, and platelet endothelial cell adhesion molecule
were downregulated by polyphenols from Brazilian red and
green propolis.
It has been reported that the propolis extracts show
antiproliferative activity and that both extracts induced cell
death by necrosis [95]. The latter result indicates that certain
compounds contained in propolis possess cytocidal activity
based on necrosis rather than apoptosis. On the other
hand, polyphenols, which are tumor necrosis factor-related,
apoptosis inducing ligands, preferentially induce apoptosis
in cancer cells and are not toxic to normal cells [96]. These
results are therefore not consistent with each other. The
inconsistency of propolis activity may be due to the presence of numerous compounds in varying levels, depending
on their geographical origin. Generally, biological activity
has been assessed by independent groups, making a direct
comparison of their work difficult. Propolis-based medicines
are often prepared from ethanol extracts of honey hive, as
the extracts are generally water insoluble. Further studies are
required to establish the quantity and safety control criteria
for propolis to allow it to be used safely, and to gain the
maximum benefit from its biological activities.
In vitro and in vivo studies are uncovering antiangiogenic
activity in many natural health products, including propolis
extracts and their constituents. Further preclinical research
is required to determine whether individual compounds
or complex mixtures will be optimal for clinical trials. A
potential advantage of phytochemicals and other compounds
from propolis is that they may act through multiple cellular
signaling pathways, acting in different pathophysiological
conditions, while also inhibiting angiogenesis and reducing
inflammation. Overall, propolis constituents may be helpful
as auxiliary therapies for diseases in which angiogenesis must
be controlled, such as cancer and cardiovascular disease.

5. Perspectives on Propolis Utilization
Propolis contains a broad spectrum of compounds that
have many biological activities. It is considered a useful
product and is already used in alternative medicine. Recently,
there has been a growing interest in its utilization by the
food processing, cosmetic, and pharmaceutical industries.
Considering this, further studies on the bioactive constituents
of propolis are necessary to identify interactions mediating
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their biological effects. Further studies are also required on
their bioavailability, stability in different preparations, and
safe and effective doses for prevention or treatment of disease
in animals and humans.
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Background. This study aimed to investigate the effect of propolis component caffeic acid phenethyl ester (CAPE) on epithelialmesenchymal transition (EMT) of human pancreatic cancer cells and the molecular mechanisms underlying these effects.
Methods. The transforming growth factor 𝛽 (TGF-𝛽-) induced EMT in human pancreatic PANC-1 cancer cells was characterized
by observation of morphology and the expression of E-cadherin and vimentin by western blotting. The migration potential
was estimated with wound closure assay. The expression of transcriptional factors was measured by quantitative RT-PCR and
immunocytochemistry staining. The orthotopic pancreatic cancer xenograft model was used for in vivo assessment. Results. The
overexpression of vimentin was attenuated by CAPE, and the alteration in morphology from polygonal to spindle shape was partially
reversed by CAPE. Furthermore, CAPE delayed the TGF-𝛽-stimulated migration potential. CAPE treatment did not reduce the
expression levels of Smad 2/3, Snail 1, and Zeb 1 but inhibited the expression of transcriptional factor Twist 2. By using an orthotopic
pancreatic cancer model, CAPE suppressed the expression of Twist 2 and growth of PANC-1 xenografts without significant toxicity.
Conclusion. CAPE could inhibit the orthotopic growth and EMT of pancreatic cancer PANC-1 cells accompanied by downregulation
of vimentin and Twist 2 expression.

1. Introduction
Pancreatic cancer remains a major unsolved health problem
and the fourth leading cause of cancer-related death in the
US [1]. Late diagnosis, rapid progression, and resistance to
chemo- and radiotherapy render the high mortality of pancreatic cancer. The 5-year survival rate for all stages of
pancreatic cancer is only approximately 5% and is only 10–
25% for those with locoregional disease even after curative
surgery [2]. Although gemcitabine is currently the drug of
choice for chemotherapy [3], its low objective response rate
remains unsatisfactory [4, 5].
Epithelial to mesenchymal transition (EMT) is known as
a key step during embryonic morphogenesis and is involved
in the progression of primary tumors toward metastasis [6].
EMT is characterized by loss of epithelial cell polarity, loss of
cell-cell contacts, and acquisition of mesenchymal markers

to highly motile fibroblast-like or mesenchymal features
including migration potential, invasiveness, and resistance to
apoptosis [7, 8]. EMT of cancer cells also correlates with cancer stem cell characteristics such as chemotherapy resistance
[9, 10]. For example, an increased expression of EMT and
stem cell markers in drug-resistant pancreatic cancer cells has
been reported [11, 12].
Loss of E-cadherin expression and increasing vimentin
expression are regarded as the important indicators of EMT
initiation process [13]. Several cytokines are reported to
induce EMT in pancreatic cancer cells, such as transforming
growth factor 𝛽 (TGF-𝛽) on PANC-1 cells [14]. The transcriptional factors Snail and Twist 2 have been described to
be direct repressors of E-cadherin in vitro and in vivo [15–
17]. New therapeutic agents as EMT signaling inhibitors are
therefore expected to overcome the metastasis, invasiveness,
or drug resistance [18, 19].

2
Propolis is a wax-like resinous substance collected by
honeybees from tree buds or other botanical sources and
used as cement to seal cracks and support the architecture
of beehives. It has been a popular folk medicine through the
age and claimed with beneficial effect on human health.
Caffeic acid phenethyl ester (CAPE), a naturally occurring compound isolated from the extract of propolis with
well-known antioxidant activity [20], has been reported to
have anti-inflammatory properties involving the inhibition
of certain enzyme activities such as xanthine oxidase and
cyclooxygenase and transcriptional factor NF-𝜅B activation
[21–23]. Our previous work showed that CAPE quickly
entered HL-60 cells and caused glutathione depletion [24],
mitochondrial dysfunction, and caspase-3 activation [25]. It
could inhibit the growth of human pancreatic cancer PANC1 and BxPC-3 cells involving activation of caspase-3 and
-7 and perturbation of the mitochondrial transmembrane
potential to induce apoptosis. In vivo, intraperitoneal injection of CAPE (10 mg/kg/day) to BALB/c mice reduced the
pulmonary metastatic capacity of CT26 cells in association
with a decreased plasma VEGF level [26].
In the present study, we evaluated the effect of CAPE on
EMT of human pancreatic cancer cells as well as the tumor
growth in vivo.

2. Methods
2.1. Cell Lines and Culture Conditions. The human pancreatic
cancer PANC-1 cells which were derived from a female cancer
patient with K-ras and p53 mutation were purchased from the
American Type Culture Collection (ATCC, Rockville, MD,
USA). PANC-1 cells were cultured in DMEM (Biosource,
Camarillo, CA, USA) and supplemented with 10% heatinactivated fetal bovine serum (Biological Industries, Israel)
at 37∘ C in a humidified 5% CO2 incubator. The cells were
passaged every 2 to 3 days with TEG solution (0.25% trypsin,
0.1% EDTA, and 0.05% glucose in Hanks’ balanced salt
solution) and maintained in exponential growth.
2.2. Reagents and Treatment. CAPE was purchased from
Sigma Chemical Co. (St. Louis, MO, USA) and was dissolved
in DMSO. The PANC-1 cells were cultured in a 96-well
microplate for 18 h at an initial concentration of 5 × 105 /mL
and grown at 37∘ C in a humidified 5% CO2 incubator. For
induction of EMT, TGF-𝛽 5 ng/mL (R&D Systems, Inc.) was
added to the cells 2 h before CAPE (5 𝜇g/mL) treatment.
PANC-1 cells, either untreated or pretreated with TGF-𝛽 and
cotreated with CAPE and TGF-𝛽, were harvested at various
times from 24 h to 72 h.
2.3. Assessment of Cell Viability and Cell Morphology. The
numbers of viable cells were estimated by using a trypan
blue dye exclusion test. After various treatments, cells were
collected to examine the morphology under an Olympus light
microscope at a magnification of 1000x.
2.4. Wound Closure Assay. The wound closure assay was
performed to examine the migration potential of pancreatic
cancer cells. Briefly, pancreatic cancer cells were grown to
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full confluency in silicone inserts (Grid-500, ibidi GmbH,
Germany) with a defined 500 𝜇m cell-free gap and incubated
in complete medium. The wound gap was observed by phase
microscopy. All experiments were repeated and triplicated.
2.5. Western Blotting. Whole-cell lysates were prepared from
cells treated at days 1, 2, and 3. The membrane was blocked
with 5% defatted milk and then immunoblotted with primary
antibodies including E-cadherin, vimentin, Smad 2/3, and
phosphorylated Smad 2/3 (BD Transduction Laboratories) at
room temperature for 2 hours. This was followed by addition of horseradish peroxidase-labeled secondary antibodies
(Chemicon, Single Oak Drive, Temecula, CA, USA) and
developed using the enhanced chemiluminescence system
(Amersham Pharmacia, Piscataway, NJ, USA). The expression of 𝛽-actin was used as an internal control.
2.6. Real-Time PCR Expression of Snail 1 on PANC-1 Cell
Line. Total RNA was isolated from PANC-1 cells and purified
using RNeasy Mini Kit (Qiagen), supplemented with RNasefree DNase (Qiagen). cDNA was obtained using the iScript
Select cDNA Synthesis Kit (Bio-Rad Laboratories AB), and
the absence of DNA contamination was verified by excluding reverse transcriptase. cDNA aliquots were subjected to
PCR reactions using the QuantiTect SYBR Green PCR Kit
(Qiagen) to amplify Snail 1 and GAPDH with primers using
QuantiTect primer assays (Qiagen). PCR reaction was carried
out as follows: 15 min at 95∘ C, 15 s at 94∘ C, 30 s at 55∘ C,
and 30 s at 72∘ C. Each cycle was repeated for 40 times
according to the manufacturer’s recommendations by using
the Rotorgene RG-3000A thermal cycler and Rotorgene 6.0
software (Corbett Research). On the basis of the comparative
Ct method, gene expression levels were calculated and that of
untreated cells was used as a control.
2.7. Immunocytochemistry Staining of Twist 2, Zeb-1 on PANC1 Cells. For immunocytochemistry staining analysis of Twist
2 and Zeb 1, cells were incubated with the anti-Twist 2 and
Zeb 1 antibodies (Abcam, Cambridge, MA, USA) overnight
at 4∘ C. The proportion of cells with Twist 2 and Zeb 1 staining
in cell nucleus was calculated at a high-power field for 10
different portions on microscopy.
2.8. Orthotopic Implantation of Xenografts. Male BALB/c
nude mice, between 6 and 8 weeks old, were used in
accordance with institutional guidelines. PANC-1 cells were
harvested at a concentration of 5 × 106 /mL from subconfluent cultures. Tumor was generated by direct orthotopic
injection of PANC-1 cells into the pancreatic tail. To prevent
leakage, a cotton swab was gently held for 1 min over the
site of injection. The abdominal wound was then closed with
sutures. Thirty mice with confirmed tumor growth at day 10
were randomized into 3 groups with a similar average body
weight in each group. Group A (𝑛 = 10) was treated with
DMSO intraperitoneally as vehicle control. Group B (𝑛 = 10)
was treated with CAPE at 10 mg/kg three times a week for
a total of 20 doses intraperitoneally. Group C (𝑛 = 10) was
treated with gemcitabine 50 mg/kg every week for 7 doses
intraperitoneally. The treatment was continued for 6 weeks, at

Evidence-Based Complementary and Alternative Medicine

Control

TGF-𝛽

CAPE +
TGF-𝛽

3
106

CAPE

E-cadherin
kda: 135

Smad 2/3
kda: 58
Phospho-Smad 2/3
kda: 60
Actin
kda: 43

Figure 1: Effect of CAPE treatment on EMT markers expression.
PANC-1 cells exhibited a weak expression of E-cadherin and strong
expression of vimentin by TGF-𝛽 stimulation. The downregulation
of E-cadherin expression and upregulation of vimentin expression,
markers of EMT, were reversed by CAPE treatment, but CAPE
treatment did not reduce the expression levels of Smad 2/3 (at 24 h).
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which half the mice in the three groups (𝑛 = 5 for each) were
sacrificed and necropsied at the 53rd day, and the remaining
mice were sacrificed and necropsied at day 90. Tumors were
excised and the tumor size was measured as (1/2)𝑎𝑏2 (𝑎 =
the maximal diameter and 𝑏 = the minimal diameter). Before
necropsy, blood samples were collected for measurement of
white blood counts every week in all groups of mice.
2.9. Immunohistochemistry Staining of Twist 2 in PANC1 Xenograft. For immunohistochemical analyses, excised
tumors were fixed in formalin and embedded in paraffin.
Antigen was retrieved using target retrieval solution (pH
9.0) (Dako). Primary anti-Twist 2 (Abcam) was incubated
and was detected using the MM-HRP-Polymer Kit (Biocare
Medical). An oncologist with pathological expertise blinded
to grouping of specimens examined the stained slides to
estimate the expression level of Twist 2 in a semiquantitative
manner. The proportion of cells with Twist 2 and Zeb 1
staining in cell nucleus was calculated for more than 200 cells
at high-power field in 10 different portions on microscopy.
2.10. Statistical Analysis. Data are presented as means ±
standard error of mean (SEM). Significance between means
was assessed by analysis of variance (ANOVA) followed by
Fisher’s test or the Wilcoxon signed-ranks test for multiple
comparisons. 𝑃 < 0.05 was considered significant.

3. Results
3.1. Effect of CAPE Treatment on TGF-𝛽-Induced EMT in
PANC-1 Cells. By TGF-𝛽 stimulation, pancreatic cancer
PANC-1 cells exhibited a transition from epithelial to mesenchymal characteristics. The downregulation of E-cadherin
expression and upregulation of vimentin expression, markers
of EMT, were reversed by CAPE treatment (Figure 1). CAPE
treatment reduced the viability of TGF-𝛽-stimulated cells
(Figure 2). As for morphological alteration, TGF-𝛽 triggered
PANC-1 cells from polygonal to spindle shape with abundant

Control
CAPE 5 𝜇g/mL

TGF-𝛽 5 ng/mL
CAPE + TGF-𝛽

Figure 2: Assessment of cell viability. For induction of EMT, TGF𝛽 (5 ng/mL) was added to the cells 2 h before CAPE (5 𝜇g/mL)
treatment. PANC-1 cells, either untreated or pretreated with TGF𝛽 and cotreated with CAPE and TGF-𝛽, were harvested at various
times from 24 h to 72 h. CAPE treatment reduced the viability of
TGF-𝛽-stimulated cells.

cell-cell bridging, and this feature was reversed by CAPE
addition (Figure 3). Migration of PANC-1 cells, a hall marker
of EMT for invasiveness, was augmented by TGF-𝛽, and it
could be delayed by CAPE treatment under 72 h observation
(Figure 4).
3.2. Expression of Signaling Molecules Related to EMT. At
effective condition of TGF-𝛽 treatment to trigger EMT, the
expression of Smad 2/3 and its phosphorylated form was
increased, indicating the existence of TGF-𝛽 signaling. However, the upregulation of Smad 2/3 was not altered by CAPE
treatment (Figure 1). To further elucidate the mechanism of
action, we examined the expression of transcriptional factors.
As demonstrated in Figure 5(a), Snail 1 was upregulated by
TGF-𝛽, but it was not affected by CAPE treatment (858.0 ±
1434.6 versus 30.6 ± 29.1, 𝑃 = 0.45; by comparative Ct
method). By immunocytochemistry stain, we found that
nuclear expression of Twist 2 was enhanced by TGF-𝛽,
and this effect could be reversed by CAPE (Figure 5(b)),
indicating a putative target of CAPE on PANC-1 cells for EMT
modulation.
3.3. Orthotopic Pancreatic Cancer PANC-1 Xenograft. All
mice tolerated the treatment well. At day 53, the volumes of
the pancreatic tumor were 1.4 ± 1.2 cm3 in the controls, 0.9 ±
1.2 cm3 in the CAPE-treated group, and 0.6 ± 0.2 cm3 in the
gemcitabine-treated group (Figure 6(a)). At the 90th day, the
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Control

TGF-𝛽 (5 ng/mL)

CAPE + TGF-𝛽

Figure 3: Assessment of cell morphology. TGF-𝛽 triggered PANC-1 cells from polygonal to spindle shape with abundant cell-cell bridging,
and this feature was reversed by CAPE addition at 72 h.

Control

TGF-𝛽

TGF-𝛽 + CAPE

24 h

48 h

72 h

Figure 4: The wound closure assay for the migration potential. Migration of PANC-1 cells, a hall marker of EMT for invasiveness, was
augmented by TGF-𝛽, and it could be delayed by CAPE treatment under 72 h observation.

volumes of the pancreatic tumor were 4.4 ± 0.7 cm3 in the
control mice, 1.7 ± 0.5 cm3 in the CAPE-treated group, and
0.5 ± 0.2 cm3 in the gemcitabine-treated group (Figure 6(a)).
There was a less bone marrow suppression in the CAPEtreated group than the gemcitabine-treated group during
the treatment course by serial estimation of WBC counts
(Figure 6(b)).

3.4. Validation of CAPE Effect on Twist 2 Expression In
Vivo. By immunohistochemistry stain, we found that nuclear
expression of Twist 2 but not Zeb 1 was enhanced by TGF-𝛽,
and this effect could be reversed by CAPE from 34% to 12%
(Figure 7). Moreover, extensive tumor necrosis with scanty
cell-cell bridging by CAPE treatment was also noted similar
to that in vitro assay.
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Figure 5: Expression of signaling molecules related to EMT. By real-time PCR expression, Snail 1 was upregulated by TGF-𝛽, but it was not
affected by CAPE treatment. By immunocytochemistry stain, the nuclear expression of Twist 2 was enhanced by TGF-𝛽 (44%), and this effect
could be reversed by CAPE (12%).
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Figure 6: Orthotopic pancreatic cancer PANC-1 xenograft. (a) At day 53 and 90, the volumes of the pancreatic tumor were suppressed in the
CAPE-treated group although not as effective as gemcitabine. (b) There was a less bone marrow suppression in the CAPE-treated group than
the gemcitabine-treated group during the treatment course by serial estimation of WBC counts.
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Control

CAPE

Figure 7: Immunohistochemistry staining of Twist 2 in PANC-1 xenograft. By immunohistochemistry stain, the expression of Twist 2
in PANC-1 xenograft was significantly suppressed by CAPE treatment. Extensive tumor necrosis with scanty cell-cell bridging by CAPE
treatment was also noted.

4. Discussion
Bioactive components from the propolis have been extensively explored to possess anticancer activity. However,
in clinical practice, the treatment resistance and highly
metastatic potential of pancreatic cancer remain the major
challenge for oncologists. EMT has been regarded as a
critical mechanism resulting in these unfavorable clinical
features. Under this concept and based on previous anticancer investigations, we proposed that CAPE might have
potential to modulate EMT in pancreatic cancer. The results
demonstrated that CAPE could suppress EMT of PANC-1
cells with involvement of Twist 2 modulation.
E-cadherin is required for the formation of stable adherent junctions and thus the maintenance of an epithelial
phenotype. Loss of E-cadherin expression is emerging as the
most common indicator of EMT onset, and reduced expression of E-cadherin has been reported in various cancers,
being associated with tumor progression and metastasis [27].
We examined the effects of TGF-𝛽 on the expression of EMTrelated markers in the PANC-1 cells. As for results, TGF-𝛽
treatment reduced the expression of the epithelial marker Ecadherin but increased the expression of the mesenchymal
marker vimentin. Treatment with CAPE slightly restored the
expression of E-cadherin and markedly reversed the TGF-𝛽induced overexpression of vimentin at 24 h. It implicates that
CAPE could suppress the EMT in pancreatic cancer.
TGF-𝛽 may induce EMT through multiple distinct signaling mechanisms, including direct phosphorylation by
ligand-activated receptors of transcription factors such as
Snail 1 or Smad [28, 29]. In our study, we found TGF-𝛽induced overexpression of Smad 2/3 and Snail 1 in PANC1 cells, but CAPE could not overcome this effect. Next, we
postulated that CAPE might act through pathways other than
Smad-inducing signaling during progression of EMT.
Twist 2 has been known to cooperatively repress Ecadherin, leading to the induction of EMT in cancer cells.
We found an inverse correlation between expressions of
E-cadherin and Twist 2 in PANC-1 cells. However, the
expression of Zeb 1 in nucleus was not significantly changed.
It implicates that Twist 2 might be the target for CAPE effect

on EMT. The further investigation for the causal relationship
is needed.
In vivo, we found that CAPE, although not as effective
as gemcitabine, is not significantly toxic while suppressing
tumor growth. For cancer treatment with cytotoxic agents,
the major dose limiting factor is their toxicity to normal
cells and tissues. This safety consideration is particularly
critical in the cancer patients. In this study, the concentration CAPE (5 𝜇g/mL) for inducing EMT was relatively
low. In concentrations similar to those used in our study,
CAPE has been reported to have selective cytotoxicity for
cancer cells, to some extent sparing human umbilical vein
epithelial cells, lung fibroblast WI-38 cells [30], and buccal
mucosa fibroblasts [31]. Cytotoxic agents such as gemcitabine
or 5-fluorouracil, for example, are myelosuppressive and
thus prone to cause life-threatening neutropenia, anemia,
or thrombocytopenia. CAPE does not seem as toxic as
gemcitabine to bone marrow function. Novel therapeutic
combinations using cytotoxic agents and/or EMT signaling inhibitors are therefore expected to circumvent the
chemotherapeutic resistance of cancers characterized by sustained EMT signatures to achieve improvement on currently
available chemotherapy.
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Dental caries occurrence is caused by the colonization of oral microorganisms and accumulation of extracellular polysaccharides
synthesized by Streptococcus mutans with the synergistic influence of Lactobacillus spp. bacteria. The aim of this study was to
determine ex vivo the antibacterial properties of ethanol extract of propolis (EEP), collected in Poland, against the main cariogenic
bacteria: salivary mutans streptococci and lactobacilli. The isolation of mutans streptococci group bacteria (MS) and Lactobacillus
spp. (LB) from stimulated saliva was performed by in-office CRT bacteria dip slide test. The broth diffusion method and AlamarBlue
assay were used to evaluate the antimicrobial activity of EEP, with the estimation of its minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC). The biochemical composition of propolis components was assessed. The mean
MIC and MBC values of EEP, in concentrations ranging from 25 mg/mL to 0.025 mg/mL, for the MS and LB were found to be
1.10 mg/mL versus 0.7 mg/mL and 9.01 mg/mL versus 5.91 mg/mL, respectively. The exposure to an extract of Polish propolis affected
mutans streptococci and Lactobacillus spp. viability, exhibiting an antibacterial efficacy on mutans streptococci group bacteria and
lactobacilli saliva residents, while lactobacilli were more susceptible to EEP. Antibacterial measures containing propolis could be
the local agents acting against cariogenic bacteria.

1. Introduction
Dental caries, the most prevalent disease affecting humans,
continues to be a common and global public health problem,
in spite of confirmed decline in some parts of the world.
Caries etiology, with the main focus on oral microbiology and
cariogenic bacteria, is central to understanding the potential
opportunities for and likely impact of new antimicrobial
agents to reduce the caries burden worldwide. Prevention
and control of dental caries activity is not restricted to a
single technique but includes regular check-ups, routine use

of fluoride-containing toothpastes, decreased sugar intake,
topical fluorides application, and at-home rinsing with antiplaque and antibacterial solutions.
Over the last several years, a worldwide trend has been
observed in the use of natural products, due to their provenby-evidence pharmacological effect on oral cavity environment in terms of efficient caries prevention. This tendency
may be also applied to “over-the-counter” therapeutic and
prophylactic products which are recommended for caries
control and oral health maintenance. Propolis, a natural
substance produced by honeybees, which has been widely
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consumed in the folk medicine since ancient times, seems
to be a promising ingredient of topical formulations due
to its multidirectional biological properties [1]. Apart from
antibacterial activity, various studies have demonstrated that
propolis has other beneficial properties, such as antioxidative,
antifungal, antiviral, and anti-inflammatory ones [2, 3]. Additionally, antiproliferative action in human tumor cell lines has
been observed [4–7].
Ethanol extract of propolis (EEP), an effective antimicrobial and anti-inflammatory agent, has been used commercially on the market as a component of toothpaste,
mouth rinses, lozenges, and so forth. It is confirmed [8–11]
that EEP demonstrates antimicrobial activity against Grampositive cocci of Streptococcus mutans, a facultative anaerobic
bacterium commonly found in human oral cavity (saliva and
dental plaque) and a main contributor to tooth decay caused
by biofilm formation. However, in medicine and dentistry,
it still remains an underestimated compound. Relatively few
studies were aimed at the influence of EEP on the growth
of Lactobacillus spp. bacteria [12, 13], a second significant
contributor to dental caries progression, acting in second
stage of tooth decay development as a coexisting factor.
Therefore, further investigations are needed to validate a dose
required to eliminate cariogenic microorganisms within the
oral cavity, avoiding local or systemic adverse reactions at the
same time.
Propolis, a semisolid mixture of organic resin and wax,
produced by honeybees (Apis mellifera), is used by bees to
seal their honeycombs and to protect the entrance against
intruders. It is assumed that the chemical composition of
propolis comprises approximately 50% of resin and vegetable
balm, 30% of wax, 10% of essential and aromatic oils, 5% of
pollens, and 5% of other trace substances, including organic
debris, depending on the place and time of collection [14,
15]. The constituents of propolis vary widely, depending
on the climate, season, location, or year, and its chemical
composition is not stable [14, 16].
Various aromatic compounds, mainly flavonoids and
phenolics, seem to be the pharmacologically active
constituents in propolis [17–19], which are well-known
plant compounds that have unique and multidirectional
antioxidant, antibacterial, antifungal, anti-inflammatory,
and immunomodulative properties [20–22]. As an antiinflammatory agent, propolis stimulates the immune system
by promoting phagocytic activity and cellular immunity
[23, 24] and improves the healing effects on epithelial tissues
[14]. Additionally, propolis contains nonspecific elements,
such as iron and zinc that are important for collagen synthesis
[25]. Since some of the constituents composing synthetic
cariostatic measures may cause adverse effects, there is an
increased need to screen for new antimicrobial agents, which
may act against plaque formation and against cariogenic
bacteria. The bacteriostatic, bactericidal, and antiadherent
activities of propolis on microorganisms connected with
dental caries suggest its significant influence on dental caries
control within the oral cavity environment [12, 13, 26]. The
available extensive studies are mainly concerned with the
mainly well-known “red” and “green” propolis, and the
biochemical assays of Polish propolis compound are not
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yet common [27], in terms of its anticariogenic activity and
biological effect on oral microorganisms. Moreover, the
phenolic and flavonoid profile of propolis from the Southeast
of Poland has not been thoroughly described yet.
Selected group of oral streptococci is closely related
to Streptococcus mutans and is referred to as the “mutans
group” or the “mutans streptococci” [28]. Only two cariogenic
species from the “mutans group”, Streptococcus mutans and
Streptococcus sobrinus, are found commonly in human oral
environment. The others were isolated in various animals
(rats, macaque monkeys) [29]. Distinguishing of S. mutans
and S. sobrinus in saliva by appropriate laboratory tests, to
identify to the single species level, is rarely practicable, particularly in large-scale epidemiological studies. Most scientific
sources regarding the relationship between oral streptococci
and caries have considered the two species together as the
mutans streptococci (MS). Because of a greater prevalence,
most of the isolates are described as S. mutans, and sometimes
the single name S. mutans is used erroneously, even though
there was no investigation towards S. sobrinus presence and
isolation. In the past, most papers were referred to S. mutans
because S. sobrinus was not officially recognized.
The study aimed at investigating in vitro the antimicrobial
activity of ethanol extract of Polish propolis against two main
cariogenic oral pathogens with its effects on the mutans streptococci and lactobacilli growth. The solution prepared with
propolis extract was also analyzed for its biochemical content
and its qualitative antibacterial potential. The determination
of optimal concentration of the Polish propolis against the
clinical isolates from the saliva can support the development
of the oral hygiene products, such as gargling solution and
toothpastes.

2. Material and Methods
2.1. Preparation of Ethanol Extract of Propolis. Propolis samples were produced by honeybees (Apis mellifera) from
the apiary in Kamianna (Nowy Sacz Voivodeship, south
of Poland) which constituted the material for the research.
The tree population in the area consists primarily of the
black poplar (Populus nigra), birch (Betula alba), alder
(Alnus glutinosa), beech (Fagus sylvatica), and horsechestnut
(Aesculus hippocastanum). Hand-collected propolis was kept
desiccated and in the dark before its processing. The samples
were ground mechanically and bottled in 10 g portions. The
portions of 10 g were put into flasks, and 100 g of 70% ethanol
(w/v, POCH S.A., Poland) was added. Propolis was subjected
to 14 days of extraction in order to obtain ethanol extract
of propolis (EEP). The flask was placed in laboratory shaker
in a dark, closed bottle for the time of two weeks in room
temperature. After that time, the extract was cooled in 4∘ C
for 24 hours in order to precipitate all insoluble substances.
Rough particles were removed from the propolis extract by
filter and filtered through filter paper (Whatman no. 4, UK).
The filtrate obtained that way was evaporated, using rotary
vacuum evaporator (Rotavapor R-215, BUCHI Labortechnik
AG, Switzerland), in 40∘ C. This way, a viscous substance
having brown colour was obtained, which was later dissolved
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in ethanol in order to receive 100 mg/mL of the working
concentration.
2.2. Cariogenic Bacteria Isolation. The isolation and estimation of bacterial growth of mutans streptococci (MS) and
Lactobacillus spp. (LB) was performed by means of semiquantitative method, using a dip slide, commercial screening
CRT bacteria medium (Ivoclar-Vivadent, Liechtenstein). Seventeen adult subjects, aged 27–54, who were involved in this
study, underwent a routine dental treatment at Department of
Conservative Dentistry with Endodontics and at Academic
Center of Dentistry and Specialist Medicine, Medical University of Silesia, Bytom, Poland. Inclusion criteria for the
research group were based on medical and dental history,
socioeconomic status, analysis of clinical documentation,
assessment of oral hygiene (plaque indexes), and dental
charting profile (DMFT index >3). The exclusions criteria
comprised current treatment with antibiotics, the use of
antibacterial mouth rinse or antiseptic lozenges, acute oral
infections, and the severely decreased saliva flow (dry mouth
syndrome). None of the participants refused to take part
in the study, and informed consent for all patients was
obtained, including adequate information to meet necessary
requirements for the study.
CRT bacteria chair side test was used to isolate the mutans
streptococci and lactobacilli from saliva, by means of selective
culture media. Findings of 100.000 CFU or more of MS and
LB per 1 mL of saliva indicate high caries risk. The indication
of CRT bacteria includes in vitro diagnostics of the main
cariogenic microbiota in saliva. The bright green agar surface
is designed for the determination of LB count in saliva and
the blue agar surface for determination of MS count in
saliva, or plaque (MSB Agar). Diagnostic kits and selective
media, designed for use in the dental clinic for isolating
caries-related microorganisms, are based on selective media,
and they are measuring total mutans streptococci count,
not just Streptococcus mutans species. They may contain the
specific ingredients, including antibiotics (bacitracin), which
suppress the growth of most species but allows S. mutans and
S. sobrinus to grow.
The investigator collected stimulated saliva from each
individual, according to the manufacturer’s specification.
Saliva samples were stimulated with paraffin-based sticks (1
minute) and collected into sterile flasks (2 mL on the average).
The tablets of NaHCO3 were placed at the bottom of the
vials. All samples were collected within a single working
day (9 hours, from 9.00 till 18.00) by the same examiner,
using the same technique and procedure. The vials were then
immediately seeded in the laboratory based in Department
and Institute of Microbiology and Virology (Sosnowiec,
Poland), Medical University of Silesia. The test vials were
placed upright in the incubator and incubated at 37∘ C/99∘ F
for 48 hours. After removal of the vial from the incubator,
the density of the MS and LB colonies was compared with
the corresponding evaluation pictures in the enclosed model
chart. The values of <105 and >105 were recorded for the
low and high CFU ranking, based on the scale provided in
the CRT kit (Ivoclar-Vivadent, Liechtenstein). Each sample
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was examined by the same viewer. Bacteria strains, mutans
streptococci and Lactobacillus spp. isolated from clinical
specimens, were subjected to further inoculation.
2.3. Determination of Minimum Inhibitory Concentration
(MIC) and Minimum Bactericidal Concentration (MBC). In
order to establish the minimum inhibitory concentration
(MIC) and the minimum bactericidal concentration (MBC)
of isolated mutans streptococci and lactobacilli, the broth
dilution method was used, as recommended by the Clinical
and Laboratory Standards Institute [30, 31]. The minimum
inhibitory concentration (MIC) was determined as the lowest
concentration of the propolis extract, which inhibited the
growth of the tested microorganisms. The MBC was defined
as the lowest concentration of antimicrobial agents required
to eradicate a particular bacterium. The MIC value has
been determined by incubation of the isolated strains in 96well microplates for 24 hours, at the temperature of 37∘ C.
The bacterial inoculum has been prepared in 0.9% sodium
chloride (POCH S.A., Poland) from fresh cultures. MIC
value was estimated by visual and spectroscopic method
by absorbance measurement at 600 nm (OD600—optical
density reading at 600 nm).
The turbidity of the suspension has been adjusted to the
McFarland 0.5 turbidity standard (Densi-La-Meter II, Erba
Lachema, Brno, Czech Republic), and the inoculum has been
diluted (1 : 100) in sterile medium. Serial two-fold dilutions of
EEP have been prepared in Mueller-Hinton Broth II (MHB,
Oxoid Ltd, Basingstone, Hempshire, UK), and ethanol was
used as controls. The microorganisms have been exposed to
serial dilutions of ethanol extract of propolis, within the range
of 25 mg/mL to 0.025 mg/mL. The maximum concentration
25 mg/mL was then excluded from the experimental protocol.
The inoculum size has been verified by plating serial dilutions
of the inoculum and performing colony counts. The values of
minimum and maximum MIC have been determined, as well
as MIC50 and MIC90 .
In order to determine the MBC value, from the MIC
concentration and two higher concentrations, 10 𝜇L of the
medium have been collected and transferred to 10 mL of
sterile physiological saline. Subsequently, a series of three
dilutions have been performed, in the proportion of 1 : 10.
From each dilution, 100 𝜇L have been collected and disseminated on Mueller-Hinton medium, with the addition of 5%
of ram blood, using surface culture method. The entire stuff
incubated for 24 h in the temperature of 37∘ C. Petri dishes
on which the number of colonies grown has been less than
300 have been considered for assessment. MBC has been
considered achieved when a 99.9% reduction of the number
of colonies has been achieved, in comparison with control.
The control test has been carried out in an analogous way,
with the addition of EEP.
2.4. AlamarBlue Susceptibility Colorimetric Assay. Planktonic susceptibility testing of mutans streptococci has been
performed by the reference broth microdilution assay,
using round-bottom, polystyrene, nontissue culture-treated
microtiter microplates, and cation-adjusted Mueller-Hinton
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Table 1: Mean MIC values of mutans streptococci and lactobacilli for each sample.

Sample no. (mutans
streptococci)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Mean MIC
(mg/mL)

Mean AlamarBlue
MIC for SM
(mg/mL)

CRT bacteria
(CFU)

Sample no.
(Lactobacillus spp.)

Mean MIC
(mg/mL)

CRT bacteria
(CFU)

0.78
1.56
1.56
0.78
0.78
1.56
1.56
0.78
1.56
1.56
0.39
1.56
0.39
1.56
0.78
0.78
0.78

1.56
3.12
3.12
1.56
0.78
3.12
3.12
0.78
6.25
3.12
1.56
3.12
0.20
0.78
0.78
3.12
1.56

<105
<105
<105
<105
<105
>105
<105
<105
<105
<105
<105
<105
>105
<105
<105
>105
<105

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

0.20
0.39
0.78
0.39
0.78
0.39
0.39
0.78
1.56
0.78
0.78
0.78
0.78
0.78
0.78
0.78
0.78

<105
<105
<105
<105
<105
>105
>105
<105
>105
>105
<105
<105
>105
<105
<105
>105
<105

Table 2: MIC values of ethanol extract of propolis for MS (𝑛 = 17) and LB (𝑛 = 17) isolated from human saliva.
Cariogenic pathogens
Mutans streptococci
Lactobacillus spp.
Cariogenic pathogens
Mutans streptococci

Mean MIC ± SD
(mg/mL)

Min MIC
(mg/mL)

1.10 ± 0.45
0.7 ± 0.29
Mean AlamarBlue
MIC ± SD
(mg/mL)

0.39
0.20
Min
AlamarBlue
MIC (mg/mL)

2.13 ± 1.53

0.16

Max MIC
(mg/mL)

MIC50 (mg/mL)

MIC90 (mg/mL)

1.56
0.78
1.56
1.56
0.78
0.78
Max
AlamarBlue AlamarBlue MIC90
AlamarBlue
(mg/mL)
MIC50 (mg/mL)
MIC (mg/mL)
6.25

1.56

3.12

% Susceptible
bacteria∗
100
100
% Susceptible
bacteria∗
100

MIC50 , MIC90 , and MIC100 —minimal inhibitory concentration needed to inhibit the growth of 50, 90, and 100% of mutans streptococci and lactobacilli,
respectively.
(∗ ) 100% of tested bacteria were susceptible to range of EEP concentrations.

II Broth, as an additional method for MIC/MBC validation.
After 24 hours of incubation, from each dilution of a volume
100 𝜇L have been collected, transferred on the microplates,
and 5 𝜇L AlamarBlue (Invitrogen, US) was added to the wells
(105 𝜇L total volume = 100 𝜇L of Mueller-Hinton II Broth,
EEP, bacteria + 5 𝜇L AlamarBlue). The microplates were
shaken gently and incubated for 2 h at 37∘ C. The plates were
gently shaken again, and absorbance at 570 nm and 600 nm
was obtained in a Multiskan EX microplate reader (Thermo
Scientific, USA).
For experiments with multiple time points, the microplates were kept in an incubator at 37∘ C between absorbance
readings. Controls included media alone, media plus AlamarBlue (AB), media plus AlamarBlue plus propolis dilution, and
cells plus media plus AlamarBlue. The percentage reduction
of AlamarBlue (%AB) was calculated using the manufacturer’s formula, with replacement of the negative control,
which contains only media plus AlamarBlue, with a more

robust negative control, media plus AlamarBlue plus a drug
concentration equal for each experimental well:
(𝜀OX )𝜆 2 𝐴 𝜆 1 − (𝜀OX )𝜆 1 𝐴 𝜆 2

(𝜀OX )𝜆 2 𝐴𝑜𝜆 − (𝜀OX )𝜆 1 𝐴𝑜𝜆
1

× 100.

(1)

2

In the formula, 𝜀𝜆 1 and 𝜀𝜆 2 are constants representing
the molar extinction coefficient of AB at 570 and 600 nm,
respectively, in the oxidized (𝜀OX ) form. 𝐴 𝜆 1 and 𝐴 𝜆 2 represent absorbance of test wells at 570 and 600 nm, respectively.
𝐴𝑜𝜆 1 and 𝐴𝑜𝜆 2 represent absorbance of positive control wells at
570 and 600 nm, respectively. The values of %AB reduction
were corrected for background values of negative controls
containing medium without cells.
Assays were performed at least twice, and the average
percentage reduction was used to determine the MIC. AlamarBlue MIC was defined as the lowest ethanol extract of
propolis concentration resulting in ≤50% reduction of AB

OD600
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Figure 1: The influence of different concentrations of EEP on absorbance changes for MS (𝑛 = 17) during 1 hour of EEP activity (OD600—
optical density reading at 600 nm).
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Figure 2: The influence of different concentrations of EEP on absorbance changes for MS (𝑛 = 17) during 4 hours of EEP activity (OD600—
optical density reading at 600 nm).

(average of two experiments) and a purple/blue well 120
minutes after the addition of AB.
2.5. Biochemical Assay of Polyphenolic and Flavonoid Constituents. The total polyphenolic content in propolis was
determined using the Folin-Ciocalteu colorimetric method
(Spekol 11, Carl Zeiss, Jena, Germany). A reference mixture of
pinocembrin and galangin (2 : 1, w/w, Sigma-Aldrich, USA)
was prepared, after it was further diluted into a series of
appropriate concentrations (from 0.021 to 0.335 mg/mL) that
were used for the calibration curve. One mL of the test
solution was transferred to a 50 mL volumetric flask, containing 15 mL distilled water. Then, 4 mL of the Folin-Ciocalteu
reagent (Merck Millipore, USA) and 6 mL of a 20% sodium

carbonate solution were added. The volume was adjusted to
50 mL with distilled water. The colorimetric absorbance was
measured at 760 nm after 2 h.
The total flavonoid content was determined by quantification of the flavones/flavonols and flavanone/dihydroflavonols
[32]. Stock standard solutions of galangin (0.04 mg/mL) for
flavones/flavonols assay and pinocembrin (1 mg/mL) for the
flavanone/dihydroflavonols assay were prepared in order to
construct the calibration curves. The series of five dilutions
in the range of 0.005–0.04 mg/mL for galangin and 0.1–
0.8 mg/mL for pinocembrin were also prepared.
An aliquot of 1 mL of the test solution and 0.5 mL of
5% aluminum chloride (POCH S.A., Poland) in methanol
(POCH S.A., Poland) were mixed in a flask containing
10 mL of methanol. The volume was adjusted to 25 mL with
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Figure 3: The influence of different concentrations of EEP on absorbance changes for MS (𝑛 = 17) during 24 hours of EEP activity (OD600—
optical density reading at 600 nm).
0.100
0.090
0.080
0.070
0.060
0.050
0.040
0.030
0.020
0.010
0.000
12.5

6.25

LB sample 1
LB sample 2
LB sample 3
LB sample 4
LB sample 5

3.125

1.56
0.78
0.39
0.2
Concentration of EEP (mg/mL)
LB sample 6
LB sample 7
LB sample 8
LB sample 9

LB sample 10
LB sample 11
LB sample 12
LB sample 13

0.1

0.05

0.025

LB sample 14
LB sample 15
LB sample 16
LB sample 17

Figure 4: The influence of different concentrations of EEP on absorbance changes for Lactobacillus spp. (𝑛 = 17) during 1 hour of EEP activity
(OD600—optical density reading at 600 nm).

methanol; after 30 minutes the absorbance was measured
at 425 nm against the blank in order to quantify flavones/
flavonols. An aliquot of the initial extract of propolis (1 mL)
and 2 mL of 2,4-Dinitrophenylhydrazine solution (POCH
S.A., Poland, 1 g of DNP was mixed with 2 mL of 96% sulphuric acid and diluted to 100 mL with methanol) were heated
at 50∘ C for 50 min. After cooling down to room temperature,
the solution was diluted to 10 mL with 10% potassium
hydroxide methanolic solution (POCH S.A., Poland). Half of
the one mL of the solution was transferred into a volumetric
flask, and the volume was adjusted to 25 mL with methanol.
The absorbance was measured at 486 nm against the blank, in
order to quantify flavanones and dihydroflavonols.
Blank solutions were prepared by replacing the sample
with an equivalent aliquot of methanol that was carried out

through all the steps of the applied procedure. The results
obtained are presented as percentage ± standard deviation (±
SD). The content of other phenols was assessed by subtracting
the content of total flavonoids from the content of total
polyphenols.

3. Results
In the present study, the examined extract of Polish propolis
with ethanol demonstrated in vitro antimicrobial activity
against main cariogenic bacteria, that is, mutans streptococci
group and Lactobacillus spp. (Tables 1, 2, 3, and 4). The
exposure of microorganisms to propolis (0.025–24 mg/mL)
for 24 h affected bacteria viability, as was measured and
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Table 3: Mean values of MBC for mutans streptococci and Lactobacillus spp. for each sample.
Sample no. (mutans streptococci)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Mean MBC (mg/mL)
6.25
12.5
12.5
3.13
6.25
12.5
12.5
3.13
12.5
12.5
6.25
12.5
3.13
6.25
12.5
12.5
6.25

Sample no. (Lactobacillus spp.)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Mean MBC (mg/mL)
0.39
12.5
12.5
1.56
3.13
12.5
1.56
3.13
6.25
6.25
6.25
6.25
3.13
6.25
6.25
6.25
6.25

Table 4: MBC values of ethanol extract of propolis for mutans streptococci (𝑛 = 17) and Lactobacillus spp. (𝑛 = 17) isolated from human
saliva.
Cariogenic
pathogens
MS
LB

Mean MBC ± SD
(mg/mL)

Min MBC
(mg/mL)

Max MBC
(mg/mL)

MBC50
(mg/mL)

MBC90
(mg/mL)

% Susceptible∗

9.01 ± 3.85
5.91 ± 3.62

3.13
0.39

12.5
12.5

12.5
6.25

12.5
12.5

100
100

MIC50 , MIC90 , and MIC100 —minimal inhibitory concentration needed to inhibit the growth of 50, 90, and 100% of mutans streptococci and lactobacilli,
respectively.
(∗ ) 100% of tested bacteria were susceptible to range of EEP concentrations.

confirmed quantitatively by the AlamarBlue assay. Figures 1,
2, and 3 demonstrate the influence of different concentrations
of EEP on absorbance changes for mutans streptococci
during 1–4–24 hour(s) of EEP activity. Figures 4, 5, and 6
represent the influence of different concentrations of EEP
on absorbance changes for Lactobacillus spp. during 1–4–24
hour(s) of EEP activity.
The mean MIC value of EEP was found to be 1.10 ±
0.45 mg/mL for mutans streptococci and 0.7 ± 0.29 mg/mL
for lactobacilli (Table 2), while the mean MBC value of EEP
was found to be 9.01 ± 3.85 mg/mL for mutans streptococci
and 5.91 ± 3.62 mg/mL for lactobacilli (Table 4). The MBC
for each sample was a multiple value of its mean MIC.
AlamarBlue assay quantitative results for MS group were in
correlation with mean MIC values and mean AlamarBlue
MIC values for MS group reached, in a vast majority of
cases, a double mean MIC value (2x). Figure 7 presents
the percentage reduction of AlamarBlue at 120 minutes for
mutans streptococci treated for 24 hours with ethanol extract
of propolis at the concentrations from 12.5 to 0.024 mg/mL.
AlamarBlue reduction was increasing with incubation time
and with lower EEP concentration. Changes of medium
colour associated with AB reduction from blue (oxidized) to
pink (reduced) in duplicate wells.

Based on biochemical analysis, EEP phenolic composition generally fits well with that of propolis from different
countries, with other organic ingredients. The total polyphenols content was established as 56.18 ± 7.53%, while the total
flavones/flavonols amount and flavanone/dihydroflavonols
content amounted to 6.02 ± 1.23% and 4.27 ± 2.36%,
respectively (Figure 8).

4. Discussion
The available in vitro and in vivo studies have reported
potential application of propolis in the control of dental
caries, especially since it has already been incorporated into
commercial domestic products for oral use [12, 33, 34].
The mechanism of antimicrobial action demonstrated by
propolis, including cariogenic microorganisms, is controversial and not completely understood. The biological activity
of propolis (EEP) may vary according to its composition
and seems to be multidirectional [35], involving several
mechanisms such as the disorganization of the cytoplasmatic
membrane and the cell wall; partial bacteriolysis; formation
of pseudomulticellular colonies; and inhibition of protein
synthesis [36]. It is assumed that the synergistic effect of main
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Figure 5: The influence of different concentrations of EEP on absorbance changes for Lactobacillus spp. (𝑛 = 17) during 4 hours of EEP
activity (OD600—optical density reading at 600 nm).
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components of propolis extracts like flavonoids (quercetin,
galangin, pinocembrin) and caffeic acid and/or cinnamic
acid, probably influence the microbial membrane or cell wall
sites, resulting in functional and structural effects [37–40].
The significant variability of the chemical composition of
propolis may be a limitation in terms of its quality control,
comparability, and reproductive effect [41]. Therefore, a
critical analysis of the data available on propolis is essential.
Elbaz and Elsayad [13] compared the antimicrobial affect
of Egyptian propolis versus propolis from New Zealand on
Streptococcus mutans and Lactobacillus spp. in saliva and
found that the commercially available propolis from New
Zealand, hexane fraction, had the strongest antimicrobial
action.
The antimicrobial activity of propolis is widely supported
by evidence [42]. Some authors found propolis samples to be

active only against gram-positive bacteria and some fungi [15,
25]; however, others confirmed also its weak activity against
gram-negative bacteria [8]. The experimental propolis solution investigated by Ozan et al. demonstrated significant
effect on gram-positive strains as on gram-negative strains
[14] and also showed sufficient effect on gram-negative strains
and on Candida strains. This study is in accordance with
Sforcin et al. [8], who verified that the growth of Grampositive bacteria was inhibited by low propolis concentrations
(0.4%), with the MIC ranging from 4.5% to 8.0%. Drago et al.
[43] also observed that in low concentrations propolis reveals
bacteriostatic rather than bactericidal activity.
Our findings demonstrated the antibacterial effect of
Polish propolis on planktonic mutans streptococci and lactobacilli collected from saliva. The susceptibility of microbiota,
which belongs to Streptococcus mutans group and initiating
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dental caries by teeth demineralization, has been slightly
lower than in the case of Lactobacillus spp. (1.10 mg/mL mean
MIC SM > 0.7 mg/mL mean MIC LB), the microorganisms
responsible for caries progression. Moreover, the minimum
MIC value estimated for Lactobacillus spp. was significantly lower than found for S. mutans (0.2 mg/mL versus
0.39 mg/mL). These concentrations can be used in vivo for
the prevention of dental caries. The results were opposite to
the data presented by other authors [12], who concluded that
EEP had a more potent antimicrobial effect on S. mutans than
on Lactobacillus spp. These results also reflect the fact that
oral microorganisms susceptibility to EEP varies and depends
on genetic profile of specific individual microflora present
in saliva. The research investigating the effect of propolis
on dental caries in rats [44, 45] confirmed that propolis
revealed antimicrobial activity against S. sobrinus, S. mutans,
and S. cricetus as well as inhibited both water-insoluble glucan
synthesis and glucosyltransferase activity. The investigations
revealed the significant influence of Streptococcus mutans
counts, which are considered major factors in the progression
of cariogenic process [46, 47]. On the other hand, a single
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clinical study revealed that propolis was no better than
placebo in inhibiting dental plaque formation [48]. Based
on in vitro studies, Kim et al. stated that Korean propolis at
concentrations >35 𝜇g/mL has antimicrobial activity against
90% of the mutans streptococci strains (55 strains) isolated
from Koreans [49]. Interestingly, the MIC50 and MIC90
values, representing Korean propolis concentration, were
the same for S. mutans and S. sobrinus species (35 𝜇g⋅mL).
These results suggest that susceptibility of two main mutans
streptococci species to propolis is similar and comparable.
The determination of MIC values depends on technical
details that may vary significantly between laboratories and
is linked to the bacteria inherent virulence and susceptibility.
In our study, the MIC and MBC values were at a relatively
low level. Overall, MICs for mutans streptococci determined visually and colorimetrically by AlamarBlue assay
were highly correlated with those determined in traditional
method. Microplate-based assay which uses AlamarBlue
reagent for determination of cells (bacteria) growth seems
to be a rapid, low-cost technology for antimicrobial drug
screening, which does not require expensive instrumentation. Oxidation-reduction dyes have been used to obtain drug
susceptibility measurements for bacteria [50]. Yajko et al. [51]
reported as a result of tests with clinical isolates a good correlation between the proportion technique and a novel method
with Alamar Blue, a proprietary, resazurin-based [52], and
oxidation-reduction indicator which delivered colorimetric
MICs for cells, including microbiota.
In the study, investigating antibacterial effects of glassionomer cement containing ethanolic extract of propolis
on Streptococcus mutans [1], the authors demonstrated that
MIC values of Turkish propolis for S. mutans ATCC 25175
amounted to 25 𝜇g/mL. According to disk diffusion test
results, the experimental GICs containing EEP exhibited
inhibition zones, and the inhibition zone sizes were not
dependent upon the concentration of propolis. According to
Ophori et al. [53], the EEP at the concentrations of 4, 8, 16,
and 32 𝜇g/mL showed strong antimicrobial activity against
S. mutans with inhibition zones of 10 ± 4, 12 ± 4, 20 ± 2,
and 24 ± 2 mm, respectively, with the use of several dilutions
of EEP, ranging between 0.5 and 32 𝜇g/mL. Some authors
[33] reported that the EEP MIC for Streptococcus mutans
ranged from 80 to 40 mL (8.8 mg to 4.4 mg of propolis) and
the MIC value of the extract of propolis without alcohol
for Streptococcus mutans ranged from 40 to <10 mL (4.4
to <1.1 mg of propolis). They investigated two samples of
Brazilian commercially available propolis: ApisFlora 11.0%
ethanolic extract of propolis and Propomax 11.0% extract of
propolis without alcohol.
The association between oral microorganisms found in
the saliva as nonadhering populations and as plaque, a
microbial biofilm, and specific oral conditions such as dental
caries and periodontal disease has been widely described
[54]. Clinical studies demonstrated that propolis may prevent caries development. Koo et al. [55] stated that mouth
rinse containing propolis showed significant reduction of
dental plaque compared to the placebo and also significant inhibition of insoluble polysaccharide formation. Data
from clinical studies have also demonstrated reductions in

10
Streptococcus mutans collected from saliva in ex vivo conditions. They showed the influence of EEP on plaque index
score and insoluble polysaccharide formation, responsible for
dental plaque accumulation [14, 34, 56, 57]. These results
indicate that propolis and/or its compounds are promising
cariostatic agents. According to the study results presented
by Malhotra et al., the laboratory manufactured propolis
mouth rinse showed an effective antimicrobial action only
against Streptococcus mutans [12]. The antimicrobial efficacy
of propolis against Streptococcus mutans was similar to
that of chlorhexidine and the combination of propolis with
chlorhexidine.
Because of the fact that the planktonic forms of bacteria
in saliva are less resistant than their forms in biofilms (dental
plaque), the MIC value does not provide sufficient information concerning the efficacy of antimicrobial agents against
infections involving biofilms. It needs to be emphasized that
the variation in the chemical composition of propolis due to
its geographical distribution is a significant drawback to its
routine clinical use as a preventive measure against dental
caries. Therefore, more relevant clinical studies are needed
to establish quality control protocol for propolis-containing
agents, used in accordance with its confirmed activity.

5. Conclusions
This study showed a positive inhibitory influence of ethanol
extract of Polish propolis with respect to the oral microorganisms growth. The antibacterial effect of propolis seems to
be a representation of the synergistic activity of polyphenolics
and other organic ingredients. It can be concluded that local
measures, for example, lozenges and mouthwashes containing propolis, would be promising agents for dental plaque and
caries control, including cariostatic effect. Reduction in oral
flora counts obtained by antibacterial efficacy of propolisbased measures may provide an alternative approach for the
individuals with high risk of dental caries. Further studies
should be performed on propolis biological aspects to establish how the presence of ethanol extract of propolis interferes
with the other adjuvants and active anticariogenic substances.
Also, additional research is needed to validate clinical results
in terms of other bacterial environments (dental plaque).
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The manufacture of ethanol-free propolis solutions offers a broader application. A few trials with Lithuanian propolis have
been conducted. The aims of the study are to manufacture propolis water and water-free solutions and evaluate the quality and
antimicrobial activity of these solutions. The studied solutions containing 2.5%, 5%, and 10% propolis are prepared. As solvents,
purified water, 70% v/v ethanol, 96.3% v/v ethanol, propylene glycol, and their systems were used. Determination of total levels
of phenolic compounds (FAE mg/g) is based on colour oxidation-reduction reaction using Folin-Ciocalteu reagent under alkaline
conditions and performed at 765 nm wavelength using UV spectrophotometer. The highest content of phenolic compounds was
determined in solutions containing 10% propolis extracts, and the lowest amounts in 2.5% propolis extracts. The water extracted
the lowest amount of phenolic compounds from crude propolis, ethanol extracted the highest amount, and propylene glycol
ranked the middle position. It is determined that technological parameters (stirring, temperature) contribute to content of phenolic
compounds. During microbiological study, MICs were determined. The studies showed that water extracted propolis solutions and
solvents mixture did not inhibit the growth of the studied microorganisms, and propolis solutions in propylene glycol were found
to have antimicrobial activity.

1. Introduction
Propolis as an active substance is attractive due to its antimicrobial and antimycotic properties and as a natural
substance whose effect was proven by biological experiments
[1–3]. Raw propolis is composed of 50% resin, containing
flavonoids (flavones: chrysin, apigenin, and luteolin;
flavanols: rutin, morin, quercetin, myricetin, kaempferol,
quercitrin, and galangin; flavanones: naringin, (±)naringenin, and hesperitin; isoflavones: daidzein and
genistein), phenolic acids (caffeic, cinnamic, p-coumaric,
ferulic, p-hydroxybenzoic, gallic, etc.) and their esters,
30% wax, 10% essential oils, 5% pollen and 5% terpenoids,
steroids, and amino acids and other organic compounds
[4]. The composition of propolis depends on the vegetation
at the site of collection. Propolis has been used extensively
in folk medicine for many years, and there is substantial
evidence indicating that propolis has antiseptic, antifungal,
antibacterial, antiviral, anti-inflammatory, antioxidant,

immunomodulatory, and antitumor properties [5–7]. The
antibacterial, antiviral, and antifungal activities are the most
popular among the most extensively investigated biological
actions of propolis [8–10]. Propolis is one of the most potent
natural antibiotics characterized by a very wide spectrum
of effects. Its therapeutic application does not induce germ
resistance and does not destroy useful microflora [7].
Propolis has a fungicidal effect on a number of species of
fungi, including Candida albicans, Aspergillus niger, Botrytis
cinerea, Ascosphaera apis, and Plasmopara viticola [11].
Current applications of propolis include over-the-counter
preparations for cold syndrome (upper respiratory tract
infections, common cold, and flu-like infection) as well
as dermatological preparations useful in wound healing,
treatment of burns, acne, herpes simplex and genitalis, and
neurodermatitis [12]. Propolis can also be used for dental
disease prevention and treatment. It is found that propolis has
a strong antimicrobial activity against Streptococcus mutans,
Streptococcus sobrinus, Streptococcus sanguinis, and Candida
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albicans, which are important for oral pathogens. Most
preparations are based on ethanolic extracts of propolis.
The manufacture of ethanol-free propolis solutions offers
a broader application in medicine and everyday use. There
are many data on chemical composition of propolis solutions
in ethanol and antimicrobial activity. However, a few trials
with Lithuanian propylene glycol extracted propolis, its
water solutions, and appropriate solvent mixtures have been
conducted.
The aims of the study are to manufacture propolis water
and water-free solutions and evaluate quality as well as
antimicrobial activity of these solutions.

2. Material and Methods
2.1. Manufacture of Propolis Solutions. The studied solutions
containing 2.5%, 5%, and 10% propolis 200 mL are prepared. As solvents, purified water, 70% v/v ethanol, 96.3% v/v
ethanol, propylene glycol (1,2-propanediol), and their systems composing of 6.25 mL 96.3% w/w ethanol, 2.5 g propylene glycol, and purified water up to 25 mL of total volume
are used. Crushed crude propolis is soaked in an appropriate
amount of solvent and left for maceration for seven days
[13, 14]. Manufactured extraction is filtered using paper filter.
2.2. Determination of Total Phenolic Compounds Content.
Determination of total levels of phenolic compounds is
based on colour-oxidation-reduction reaction using FolinCiocalteu reagent under alkaline conditions and performed
at 765 nm wavelength using Unicam Helios 𝛼 UV spectrophotometer (Unicam, Cambridge, UK). Total amounts of
phenolic compounds are expressed as ferulic acid equivalent
(FAE) mg/g.
Colour reaction: into 100 mL measurement flask 15 mL of
purified water, 4 mL of Folin-Ciocalteu reagent depending on
concentration and studied solution, and then 6 mL of 20%
sodium bicarbonate are added. Diluted with purified water
up to 100 mL measurement. The manufactured solution is
stored for 2 h at room temperature for reaction to take place.
Absorbtion is measured by reference solution using purified
water [15, 16].
2.3. Determination of Microbiological Activity. The study is
performed following the Ph. Eur. 01/2002, 2.6.12. Microbiological study is conducted under aseptic conditions.
During microbiological study, MIC (minimum inhibitory
concentration)—the highest dilution of preparation (the
lowest concentration of preparation), which inhibits a certain
growth of standard microorganism culture was determined.
When the main solutions were prepared, dilutions were
performed with 10 mL of Mueller-Hinton agar (MuellerHinton Agar, Becton, Dickinson and Company) to obtain
working solutions in Mueller-Hinton agar, in which MIC
effect of the studied preparations on the growth of standard microorganisms was determined. Then, every Petri
dish containing dilutions and covered with Mueller-Hinton
agar was inoculated with standard bacteria: Staphylococcus
aureus, Klebsiella pneumoniae, Escherichia coli, Pseudomonas

Evidence-Based Complementary and Alternative Medicine
aeruginosa, Enterococcus faecalis, Proteus mirabilis, Bacillus
cereus, Bacillus subtilis, and Candida albicans. Cultures were
incubated for 24 h in thermostat at 37∘ C temperature, and
then the growth of microorganisms in the zone of inoculation
was evaluated.

3. Results and Discussion
3.1. Influence of Raw Material Concentration and Solvents Used
on the Quality of Propolis Extracts. According to the data of
the literature, different concentrations (2.5%, 5%, and 10%
propolis) of water and water-free extracts of propolis were
made [13, 14, 17]. Evaluation of the effect of solvent and
concentration of propolis on amount of phenolic compounds
was performed.
The data presented in Table 1 shows that when propolis concentration increases, the total amount of phenolic
compounds in extracts increases. Statistically significant
difference of means according to Student’s 𝑡-test between
2.5% and 5% water extracts of propolis was determined,
𝑃 = 0.032 (𝑃 < 0.05) as well as between 5% and
10% extracts, 𝑃 = 0.03. Statistically significant difference
between studied ethanol extracts of propolis was determined
(𝑃 < 0.05). When a 70% ethanol as solvent was used, the
highest amount of phenolic compounds was released from
5% propolis extract, and the lowest amount from 10% propolis extract. More phenolic compounds were released from
ethanolic extracts compared with water extracts of propolis.
Statistical significant differences between studied propolis
solutions in propylene glycol were determined. The highest
amount of phenolic compounds was found in 10% propolis
extract. When compared with water extracts, the amount of
phenolic compounds was significantly higher but lower if
compared with ethanolic extracts. According to the data [18,
19], to manufacture propolis extract, three-solvent system was
used. The data shows that the lower extract concentrations,
the higher amount of phenolic compounds is. The highest
content of phenolic compounds was released from 2.5%
propolis extract, and the lowest from 10%. The difference
between 2.5% and 5% propolis extracts, 𝑃 = 0.06 and between
5% and 10%, 𝑃 = 0.05 was not statistically significant, and
between 2.5% and 10%—𝑃 = 0.006 (𝑃 < 0.05)—difference
was statistically significant. The results of the studies showed
that the amount of phenolic compounds in propolis extracts
depended not only on raw material concentration but also
on solvent used in extraction process. Moreover, the data
of the studies illustrates that during extraction process a
big marginal layer develops and diffusion does not occur,
suggesting that technological factors improving diffusion
should be introduced [17].
3.2. Effect of Stirring on the Quality of Propolis Extracts. In
order to improve the extraction of active substances, extracts
with three-solvent system and propylene glycol propolis
extracts were stirred with magnetic stirring. Stirring has
been performed for 3 h; samples for the analysis of phenolic
compounds were taken after 1 h, after 2 h, and after 3 h of
stirring, respectively.
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Table 1: Total amount of phenolic compounds expressed as FAE mg/g in propolis extracts. Data presented as mean ± SD, 𝑛 = 3.
Solvents
Water
Ethanol
Propylene glycol
Three-solvent system

Propolis concentration in extracts (%)

Propolis extracts

2.5%
14.4 ± 0.22
167.5 ± 2.78
97.9 ± 1.23
85.4 ± 1.65

Total amount of phenolic compounds (mg/g)
Propolis concentration
5%
10%
17.0 ± 1.12
19.6 ± 0.93
175.6 ± 1.89
115.4 ± 2.20
118.6 ± 1.78
171.4 ± 2.54
82.5 ± 1.36
73.7 ± 1.32

10 (propylene glycol)

Stirring (60 ∘ C)

5 (propylene glycol)

Stirring (50∘ C)

2.5 (propylene glycol)

Stirring (40 ∘ C)

10 (three-solvent system)

Stirring

5 (three-solvent system)

Maceration
0

2.5 (three-solvent system)
0
80
20
40
60
100
Total amount of phenolic compounds (mg/g)
3h
2h
1h

Figure 1: Effect of stirring ontotal amount of phenolic compounds.

The results of the study showed that stirring had an effect
on the release of phenolic compounds from extracted raw
material—after 1 h of stirring the highest amount of phenolic
compounds was released from 2.5% propolis extract, and the
lowest from 10%, and after 3 h the lowest amount of phenolic
compounds was released from 2.5% propolis extract, but the
highest amount from 10% propolis extract. However, a comparison of the data after two hours of stirring did not determine significant higher amounts of phenolic compounds.
Differences between the total amount of phenolic compounds
in the all studied propolis propylene glycol extracts and 2.5%
propolis in three-solvent system stirred for 2 and 3 h were
not statistically significant (𝑃 > 0.05). Figure 1 shows an
increase of phenolic compounds during stirring. It suggests
that the optimal time to stir is 2 h. Also was established that
the most suitable extraction method for propolis solution in
solvent mixture is maceration. The higher amount of phenolic
compounds was in propolis solution in three-solvent system
produced using the method of maceration than in propolis
solution prepared using stirring.

3.3. Influence of Temperature and Stirring on Propolis Extracts.
To evaluate the influence of temperature, 5% propolis solutions in propylene glycol were used. Stirring was performed

20 40 60 80 100 120 140 160 180
Total amount of phenolic compounds (mg/g)

Figure 2: Influence of temperature on total amount of phenolic
compounds in 5% propolis propylene glycol extracts.

at different temperatures (40, 50, and 60∘ C), time of stirring—
2 h. For the analysis, 5% propolis solutions in propylene glycol
were used.
The results showed that the lowest amounts of phenolic
compounds were released when solutions were stirred for
2 h at 40∘ C temperature—85.6 ± 0.56, at 50∘ C temperature—
125.2 ± 0.71 (𝑃 < 0.05, Student’s 𝑡-test), and the highest content was observed when stirred for 2 h at 60∘ C temperature—
153.8 ± 0.94 (𝑃 < 0.05, Student’s 𝑡-test). It suggests that
an increase of temperature has an influence on the amount
of phenolic compounds. When comparing extracts obtained
at different temperature, significant differences between the
amounts of active substances were determined. The most
effective release was occurring when 60∘ C was maintained.
Investigation showed that maceration method is appropriate
for preparing the propolis propylene glycol extracts. However, stirring at 50∘ C and higher temperature were more
effective than maceration (𝑃 < 0.05, Student’s 𝑡-test)
(Figure 2).
3.4. Determination of Microbiological Activity of Propolis Solutions. The results of the study showed that water
extracted propolis and propolis solution in three-solvent
system (water-ethanol-propylene glycol) were not effective
against the studied strains of microorganisms. Ethanol 2.5%
propolis extracts were more effective against the studied
microorganisms compared with other investigated extracts.
The result showed that the growth of Klebsiella pneumoniae
was most resistant to the effect of propolis ethanol extract
and the MIC of phenolic compounds was 0.5 𝜇g/mL. Gramnegative bacteria Escherichia coli, Pseudomonas aeruginosa,
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also demonstrated that both solvents used were suitable for
crude propolis extraction because propylene glycol extracted
propolis solutions had antimicrobial activity. Since propylene
glycol is nonvolatile and contains no water, it may be widely
used as solvent in manufacturing of propolis solutions.

Escherichia coli

Pseudomonas aeruginosa

Proteus mirabilis

Candida albicans

Klebsiella pneumoniae

Enterococcus faecalis

Bacillus subtilis

Staphylococcus epidermidis

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0
Staphylococcus aureus

MIC (𝜇g/mL)

4

2.5% propolis in propylene glycol
5% propolis in propylene glycol

Figure 3: Microbiological activity of propolis phenolic compounds
in propylene glycol solutions.

and Proteus mirabilis were more sensitive, the determined
MIC 0.28 𝜇g/mL, compared to gram-positive bacteria. The
MIC for the growth of Staphylococcus aureus was 0.17 𝜇g/mL,
and for Enterococcus faecalis—0.2 𝜇g/mL. The most sensitive
microorganisms to be studied ethanol extracts were Candida
albicans and Bacillus cereus, Bacillus subtilis—the MIC was
0.06 𝜇g/mL. Propolis solutions in propylene glycol showed
the greatest effect against Staphylococcus aureus, and Bacillus
subtilis (Figure 3).
These solutions were also active against the other studied microorganisms (Figure 3). The studies of antimicrobial
activity of propolis extracts showed that solvents had the
influence on microbiological activity of propolis extracts—
water extracted propolis solutions did not inhibit the growth
of the studied microorganisms. The technology of this
solution and evaluation of composition require additional
researches.

4. Conclusions
Crude propolis concentration has an influence on the
amounts of phenolic compounds in propolis extracts when
water, ethanol, or propylene glycol are used in the process of
extraction. The highest content of phenolic compounds was
determined in solutions containing 10% propolis extracts,
and the lowest amounts—2.5% propolis extracts. The results
revealed that water used in the process of extraction extracts
the lowest amount of phenolic compounds from crude
propolis, ethanol—the highest amount, and propylene glycol
ranks the middle position.
It is determined that technological parameters (stirring,
temperature) contribute to the content of phenolic compounds when propylene glycol as solvent was used. The
highest amounts of phenolic compounds was determined
when temperature was 60∘ C, and stirring time—2 h.
The studies showed that higher content of active substances is obtained when ethanol was used. However, the data
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B. Salih, “Chemical compositions and antimicrobial activities
of four different Anatolian propolis samples,” Microbiological
Research, vol. 160, no. 2, pp. 189–195, 2005.
[5] A. H. Banskota, Y. Tezuka, and S. Kadota, “Recent progress in
pharmacological research of propolis,” Phytotherapy Research,
vol. 15, no. 7, pp. 561–571, 2001.
[6] I. Kosalec, S. Pepeljnjak, M. Bakmaz, and S. Vladimir-Knežević,
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Epidemiological data support the concept that phenols and polyphenols in diet are safe and nontoxic, and have long-lasting
beneficial effects on human health. The potential target for complementary and alternative medicine (CAM) research has been
on the discovery of natural compounds that can be used in the prevention and treatment of cancer. Propolis is one of the richest
sources of plant phenolics (flavonoids and phenolic acids). The ethanolic extract of propolis (EEP) and its polyphenols possess
immunomodulatory, chemopreventive, and antitumor effects. Tumor necrosis factor-related apoptosis inducing ligand (TRAIL)
is a naturally occurring anticancer agent that preferentially induces apoptosis in cancer cells and is not toxic to normal cells.
Endogenous TRAIL plays a significant role in immunosurveillance and defense against cancer cells. However, as more tumor cells
are reported to be resistant to TRAIL-mediated death, it is important to develop new strategies to overcome this resistance. EEP
and polyphenols isolated from propolis have been shown to sensitize cancer cells to TRAIL-induced apoptosis. In this paper we
demonstrate for the first time the crucial role of the main phenolics isolated from propolis in enhancing TRAIL-mediated death in
tumor cells for cancer chemoprevention.

1. Introduction
The induction of cancer cell-specific apoptosis via the activation of TRAIL (tumor necrosis factor-related apoptosisinducing ligand) signaling has become an important focus
of cancer research [1, 2]. However, as more tumor cells are
reported to be resistant to TRAIL-mediated death, it is necessary to develop new strategies to overcome this resistance [3–
6]. Propolis and its phenolic components exert anticancer and
chemopreventive properties by multiple mechanism of action
affecting apoptotic pathways in cancer cells [7, 8]. Extracts of
propolis and polyphenols isolated from propolis have been
shown to sensitize cancer cells to TRAIL-induced apoptosis
[9–11]. In this paper, we summarize the evidence for the
crucial role of the main phenolics isolated from propolis in
enhancing TRAIL-mediated death in tumor cells for cancer
chemoprevention.

2. Propolis and Its Polyphenolic Constituents
as Cancer Chemopreventive Agents
Propolis (bee glue) is a resinous hive product collected by
honey bees from many plant sources. The chemical composition of propolis is complex and largely depends on the
geographical origin and specific flora at the site of collection
[12]. It usually contains a variety of different compounds,
including phenolic acids or their esters, flavonoids (flavones,
flavanones, isoflavones, flavonols, dihydroflavonols, chalcones), terpenes, aromatic aldehydes and alcohols, fatty acids,
stilbenes, and 𝛽-steroids [13, 14].
Propolis is one of the richest sources of plant phenolics
(flavonoids and phenolic acids) [9, 13]. Cinnamic acid, ocoumaric acid, m-coumaric acid, p-coumaric acid, ferulic
acid, isoferulic acid, caffeic acid, caffeic acid phenylethyl ester
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(CAPE), chrysin, tectochrysin, apigenin, acacetin, naringenin, rhamnetin, pinocembrin, pinostrobin (pinocembrin7-methylether), pinobanksin, sakuranetin, isosakuranetin,
galangin, kaempferol, kaempferide, quercetin have been
reported to be identified in European propolis (Croatian, Dutch, Polish, Portuguese, and Slovenian) [8–10, 15–
19]. The main constituents of Brazilian green propolis
are p-coumaric acid, ferulic acid, cinnamic acid, and its
derivative—drupanin, baccharin, and artepillin C, chrysin,
tectochrysin, pinocembrin, pinobanksin, isosakuranetin,
kaempferol, kaempferide, and quercetin [20–23]. Brazilian
red propolis is abundant with pinocembrin, pinobanksin,
liquiritigenin, naringenin, daidzein, formonetin, biochanin
A, quercetin, rutin, and isoliquiritigenin [24]. Chinese propolis contains CAPE, chrysin, and pinocembrin at high concentration [25].
Propolis as a harmless natural product has been used in
folk medicine since ancient times and recently, it became a
subject of special interest in the area of oncological research
as a source of valuable polyphenolic compounds for the
prevention and treatment of cancer [7, 8, 26]. Propolis cannot
be used as raw material and it must be purified by extraction
to remove the inert material and preserve the polyphenolic
fraction [10]. The ethanolic extract of propolis (EEP) and
its phenolics possess immunomodulatory, anticancer, and
chemopreventive properties [27–35].
Chemoprevention is a means of cancer control in which
carcinogenesis is inhibited or reversed by nutritional or pharmacological intervention with natural or synthetic agents
[36–38]. When Dr. Michael Sporn for the first time introduced the term “chemoprevention,” referring to the activity
of natural forms of vitamin A and its synthetic analogs in
preventing the development and progression of epithelial
cancer, he originated a novel field in cancer research [39].
Several mechanisms contribute to the overall cancer
preventive and antitumor properties of propolis. EEP and
its phenolic components suppress proliferation and tumor
growth, induce cell-cycle arrest and apoptosis in cancer cells
[7–11, 26–29]. The role of propolis in host immune functions
against tumor onset has become increasingly recognized in
our understanding of the mechanisms of cancer prevention.
EEP stimulates nonspecific immunity, activates humoral
immunity, and enhances cell-mediated immunity [30]. In our
opinion the immunomodulatory effect of propolis and its
phenolic components is also evoked by targeting of TRAILinduced apoptosis in cancer cells for cancer chemoprevention. We have shown that TRAIL-resistant cancer cells can
be sensitized by EEP and its phenolic components [9–11].

3. Characteristics of TRAIL and
Death Receptors
The death ligand TRAIL (tumor necrosis factor-related apoptosis-inducing ligand), a member of the TNF superfamily,
induces apoptosis in cancer cells with no toxicity against normal tissues [40–43]. TRAIL was discovered independently by
two teams, both of which reported sequence homology with
the extracellular domain of the other TNF family members:
FasL (CD95L/Apo2L) and TNF-𝛼 [44, 45].
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The death ligand is expressed on the T lymphocytes,
natural killer cells, dendritic cells, neutrophils, monocytes
or macrophages [46–48]. Membrane-bound TRAIL can be
cleaved from the cell surface into a soluble secreted form.
Soluble or expressed on immune cells TRAIL plays an important role in surveillance and defense mechanisms against
tumor cells [46, 49]. Endogenous TRAIL triggers apoptosis
via receptor-mediated death (extrinsic pathway) through
interaction with the death receptors (DRs) in cancer cells
[49–51]. There are two agonistic transmembrane receptors,
TRAIL-R1/DR4 and TRAIL-R2/DR5, which bind ligand by
extracellular domains. The death receptors contain complete
and functional intracellular death domains (DD) responsible
for the activation of apoptosis pathway in cancer cells [52, 53].
However, some cancer cells are resistant to TRAILinduced death [4, 5, 54]. This failure to undergo apoptosis
has been implicated in the resistance of cancer cells to
TRAIL surveillance and, therefore, in tumor development
[49]. The expression of DRs and proapoptotic (Bid, Bax, Bak,
Smac/DIABLO) or antiapoptotic (FLIP, Bcl-2, Bcl-xL, Mcl1, Akt, IAP-1, IAP-2, XIAP, survivin) proteins in cancer cells
is involved in TRAIL-resistance [4, 5, 41, 49, 50]. TRAILresistant cancer cells can be sensitized to TRAIL-mediated
apoptosis by certain polyphenolic compounds [49, 55].

4. TRAIL Signaling Pathways and
the Mechanisms of TRAIL-Resistance in
Cancer Cells
Binding of TRAIL to DRs is the first step of extrinsic apoptotic
pathway, also known as the death receptor pathway [56]. The
decreased expression of DRs in cancer cell surface causes
TRAIL-resistance [57, 58]. Ligation of trimerized TRAIL
to TRAIL-R1/DR4 and/or TRAIL-R2/DR5 leads to conformational change in their DD along with the subsequent
oligomerization and clustering of the DRs [59, 60]. This DRs
activation allows for the recruitment of the adaptor molecule
FADD (Fas-associated death domain) with formation of
the DISC (death inducing signaling complex), activation of
initiator caspases (caspase-8 and -10), cleavage of effector
caspases (caspase-3, -6 and -7), and finally DNA fragmentation [61–64]. The antiapoptotic protein FLIP (FLICE (FADDlike IL-1𝛽-converting enzyme) inhibitory protein) can also
be part of DISC to replace caspase-8 and form an inactive
complex. Overexpression of FLIP in cancer cells blocks
activation of caspase-8 [4, 5].
In some cancer cells activated caspase-8 is sufficient to
trigger apoptosis, while other cells require activation of the
mitochondrial (intrinsic) pathway to amplify the apoptotic
signal. In the mitochondrial pathway, caspase-8 leads indirectly to the activation of effector caspases through the
cleavage of the BH3-interacting domain death agonist (Bid),
along with the mitochondrial membrane potential (MMP)
disruption [49]. Crosstalk between the extrinsic (receptordependent) and intrinsic (mitochondrial-dependent) apoptosis pathways is linked by caspase-8-mediated Bid cleavage
and subsequent translocation of tBid (truncated Bid) to the
mitochondria to initiate the intrinsic apoptosis pathway [1, 2].
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Figure 1: TRAIL-induced apoptotic pathways in cancer cells. TRAIL binds to death receptors, TRAIL-R1 and/or TRAIL-R2 and promotes the
recruitment of adaptor molecule FADD (Fas-associated-death domain) to activate caspase-8 and/or caspase-10, which trigger activation of
downstream effector caspases (caspase-3, -6, -7). FLIP can block activation of caspase-8 or casapase-10. Caspase-8 mediated also cleavage of
Bid (BH3-interacting domain death agonist). Trucated Bid called tBid translocates to the mitochondria where it interacts with proapoptotic
Bax and Bak, stimulating disruption of MMP (mitochondrial membrane potential) and the release of cytochrome c and Smac/DIABLO
(second mitochondrial activator of caspases/direct inhibitor of apoptosis binding protein with low isoelectric point). Antiapoptotic members
of Bcl-2 family (Bcl-2, Bcl-xL, and Mcl-1) could inhibit loss of MMP. Akt may prevent cytochrome c escape to cytosol. Cytochrome c liberated
from the mitochondria binds to the adaptor protein Apaf-1 (apoptotic protease-activating factor-1) and procaspase-9, forming the apoptosome
and activating caspase-9 which in turn activates executioner caspases (caspase-3, -6, -7) leading to cell death. Activity of executioner caspases
is inhibited by IAPs (inhibitor of apoptosis protein): IAP-1, IAP-2, XIAP, and survivin. Smac/DIABLO blocks IAPs.

Truncated Bid interacts with proapoptotic mitochondrial
proteins from Bcl-2 (B-cell leukemia 2) family (Bax, Bak)
stimulating the decrease in the MMP [6, 60]. The loss of the
integrity of the mitochondrial membrane leads to the release
of the cytochrome c and the second mitochondrial activator
of caspases/direct inhibitor of apoptosis binding protein
with low isoelectric point (Smac/DIABLO) [64]. Among
the cellular signaling pathways that promote cell survival,
antiapoptotic members of Bcl-2 family (Bcl-2, Bcl-xL, Mcl-1)
could inhibit the liberation of cytochrome c from mitochondria [4, 5]. Akt, a serine/threonine protein kinase, is another
important factor contributing TRAIL-resistance. Akt can
prevent cytochrome c escape to cytosol [47, 48]. Furthermore,
cytochrome c, in the presence of Apaf-1 (apoptotic proteaseactivating factor-1) and procaspase-9 forms the apoptosome.
Activated caspase-9 stimulates in turn executioner caspases
(caspase-3, -6, -7) leading to cell death [10, 49]. Effector
caspases activity is controlled by IAPs (inhibitor of apoptosis
proteins): IAP-1, IAP-2, XIAP (X-linked inhibitor of apoptosis
protein), and survivin. Smac/DIABLO augments apoptosis

by binging to the cellular IAP members, which are potent
caspase inhibitors [1–5]. Figure 1 demonstrates the TRAILinduced apoptotic pathways in cancer cells [65].

5. Effect of Polyphenolic Components from
Propolis on TRAIL-Induced Apoptosis in
Cancer Cells
Propolis is a promising raw mixture of natural compounds
that should be studied to discover new pharmaceutical products with anticancer and chemopreventive properties [7, 8,
26]. The major active components of propolis are flavonoids
and phenolic acids or their esters [9, 13]. Accumulating
data clearly indicate that induction of apoptosis is an essential event for chemoprevention of cancer by polyphenolic
compounds [36–38]. Inactivation of the TRAIL pathway
and escape from the TRAIL-mediated immunosurveillance
might play important roles in tumor onset and progression [49]. TRAIL in combination with propolis extracts
or with polyphenolic compounds identified in propolis
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Figure 2: The chemical structures of the main polyphenols from propolis supporting TRAIL-mediated cytotoxicity.

resulted in the synergistic induction of cancer cell death.
Our previous findings demonstrated for the first time that
ethanolic extracts of European and Brazilian propolis and
its polyphenolic constituents overcome TRAIL-resistance in
HeLa cervical, LNCaP, and DU145 prostate cancer cells [9–
11]. Propolis significantly augments the anticancer activity of
TRAIL in cancer cells due to its phenolics. Cinnamic acid
and its derivative artepillin C, o-coumaric acid, m-coumaric
acid, p-coumaric acid, caffeic acid and its derivative—caffeic
acid phenylethyl ester (CAPE), chrysin, apigenin, acacetin,
naringenin, daidzein, biochanin A, galangin, kaempferol,

kaempferide, quercetin, isoliquiritigenin have been reported
to enhance TRAIL-induced death [9–11, 49]. The chemical
structures of the components found in propolis supporting
TRAIL-mediated cytotoxicity are shown in Figure 2.
TRAIL is a potent inducer of apoptosis in cancer cells.
Numerous studies show that many types of cancer cells are
resistant to TRAIL-induced death, but combinatorial approaches based on TRAIL and different chemotherapeutic agents, such as small-molecule inhibitors, drugs, and
natural compounds, have been developed to overcome the
resistance of cancer cells to TRAIL [66, 67]. The decreased
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Figure 3: The molecular targets in TRAIL-mediated apoptotic pathways in cancer cells for polyphenols isolated from propolis. Schematic
presentation of the mechanisms by which polyphenols detected in propolis modulate TRAIL apoptotic signaling in cancer cell. The green
arrows signing activation and red arrows signing inhibition indicate the molecular targets for polyphenols in TRAIL-mediated apoptosis in
cancer cells.

expression of death receptors TRAIL-R1 and TRAIL-R2 and
antiapoptotic proteins (Bid, Bax, Bak, Smac/DIABLO) or
increased expression of antiapoptotic proteins (FLIP, Bcl-2,
Bcl-xL, Mcl-1, Akt, IAP-1, IAP-2, XIAP, survivin) in cancer
cells were involved in TRAIL-resistance [4, 5]. Recently the
molecular mechanism by which the polyphenols identified
in propolis sensitize TRAIL-resistant cancer cells are known
for artepillin C, chrysin, apigenin, naringenin, daidzein, biochanin A, kaempferol, quercetin, and isoliquiritigenin. The
targets in TRAIL-mediated apoptotic pathway for phenolic
compounds of propolis are presented in Figure 3. Artepillin
C restores TRAIL sensitivity in TRAIL-resistant LNCaP
prostate cancer cells by upregulation of TRAIL-R2, activation
of caspase-8 and caspase-3, as well as the disruption of MMP
[68]. Chrysin and apigenin overcome TRAIL-resistance in
MDA-MB-231 breast cancer cells, HT-29 colon cancer cells,
HepG2 hepatocellular cancer cells, SK-MEL-37 melanoma
cells, Capan-1 pancreatic cancer cells via increased expression
of TRAIL-R2 and decreased expression of FLIP [69]. In
CNE1 nasopharyngeal cancer cells chrysin promotes TRAILinduced caspase activation (caspase-8 and -3) [70]. Apigenin
augments TRAIL-induced apoptosis in Jurkat leukemia T
cells, DU145 prostate cancer cells, and DLD-1 colon cancer

cells through upregulation of TRAIL-R2, activation of Bid
and caspase-8, -10, -9, -3 [71]. Increased expression of TRAILR2, induction of Bid cleavage, and loss of MMP in A549
lung cancer cells by naringenin results in significant enhancement of TRAIL-mediated apoptosis [72]. Daidzein reverses
TRAIL-resistance in LNCaP prostate cancer stimulating the
decrease in the MMP and in LN229 glioma cells activating
caspase-9 and downregulating of bcl-2 [73–76]. BiochaninA sensitizes LNCaP and DU145 prostate cancer cells via
increased expression of TRAIL-R2 and disruption of MMP
[77]. Induction of TRAIL-R1 and TRAIL-R2 expression and
caspase-8, -10, -9, -3 activation in SW-480 colon cancer cells
and activation of caspase-8, suppression of Akt, survivin,
XIAP, and antiapoptotic mitochondrial proteins from Bcl-2
family: Bcl-2, Bcl-xL, Mcl-1 in U251 and U87 glioma cells by
kaempferol are sufficient to restore TRAIL sensitivity [78, 79].
Quercetin strongly cooperates with TRAIL to trigger apoptosis in HepG2, SK-Hep, SNU-387, SNU-423, SNU-449, and
SNU-475 hepatocellular cancer cells by increased expression
of TRAIL-R2 and decreased FLIP expression, in HT-29, SW620, and Caco-2 colon cancer cells by upregulation of TRAILR1 and TRAIL-R2, induction of Bid and caspase-3 cleavage,
and release of cytochrome c to the cytosol and in U87-MG,
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Table 1: The mechanism by which the polyphenols identified in propolis sensitize TRAIL-resistant cancer cells.
Compounds from propolis
Artepillin C

Chrysin

Apigenin

Class of polyphenols
Cinnamic acid
derivative

Flavone

Flavone

Naringenin

Flavanone

Daidzein

Isoflavone

Biochanin A

Isoflavone

Kaempferol

Flavanol

Quercetin

Flavanol

Targets
↑ TRAIL-R2
↑ caspase-8
↑ caspase-3
↑ TRAIL-R2
↓ FLIP
↑ caspase-8
↑ caspase-3
↑ TRAIL-R2
↓ FLIP
↑ Bid cleavage
↑ caspase-8
↑ caspase-10
↑ caspase-9
↑ caspase-3
↑ TRAIL-R2
↑ Bid cleavage
↑ loss of MMP
↑ loss of MMP
↑ caspase-9
↓ Bcl-2
↑ TRAIL-R2
↑ loss of MMP
↑ TRAIL-R1
↑ TRAIL-R2
↑ caspase-8
↑ caspase-10
↑ caspase-9
↑ caspase-3
↓ Akt
↓ survivin
↓ XIAP
↓ Bcl-2
↓ Bcl-xL
↓ Mcl-1

↑ TRAIL-R1
↑ TRAIL-R2
↓ FLIP
↑ Bid cleavage
↓ Mcl-1
↑ cytochrome 𝑐 release
↓ Akt
↓ survivin
↑ caspase-8
↑ caspase-9
↑ caspase-3

Cell lines
Prostate cancer LNCaP
Breast cancer MDA-MB-231
Colon cancer HT-29
Hepatocellular cancer HepG2
Melanoma SK-MEL-37
Pancreatic cancer Capan-1
Nasopharyngeal cancer CNE1
Breast cancer MDA-MB-231
Colon cancer HT-29
Hepatocellular cancer HepG2
Melanoma SK-MEL-37
Pancreatic cancer Capan-1
Leukemia Jurkat
Prostate cancer DU145
Colon cancer DLD-1
Lung cancer A549

References
[68]

[69, 70]

[69, 71]

[72]

Prostate cancer LNCaP
Glioma LN229

[73–76]

Prostate cancer LNCaP
Prostate cancer DU145

[77]

Colon cancer SW-480
Glioma U251
Glioma U87

[78, 79]

Hepatocellular cancer HepG2
Hepatocellular cancer SK-Hep
Hepatocellular cancer SNU-387
Hepatocellular cancer SNU-423
Hepatocellular cancer SNU-449
Hepatocellular cancer SNU-475
Colon cancer HT-29
Colon cancer SW-620
Colon cancer Caco-2
Glioma U87-MG
Glioma U251
Glioma A172
Glioma LN229
Prostate cancer LNCaP
Prostate cancer DU145
Prostate cancer PC3
Lung cancer H460
Lung cancer H2009
Lung cancer H1299
Lung cancer A549

[80–87]
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Table 1: Continued.
Compounds from propolis

Isoliquiritigenin

Class of polyphenols

Targets

Chalcone

↑ TRAIL-R2

U251, A172, and LN229 glioma cells by suppression of
survivin, in LNCaP, DU145, and PC3 prostate cancer cells by
upregulation of TRAIL-R2, activation of caspase-8, -9 and -3,
inhibition of Akt and survivin, in H460, H2009, H1299 and
A549 lung cancer cells by increase of TRAIL-R2 expression,
activation of caspase-8 and -3, and also by inactivation of Akt
and survivin, and in VAL, RL and SUDHL4 B-cell lymphomas
cells by down-regulation of survivin and additionally by
degradation of Mcl-1, an antiapoptotic mitochondrial protein [80–87]. Isoliquiritigenin upregulates TRAIL-R2 protein
levels in cell surface of HT-29 colon cancer and in this
way supports TRAIL-mediated apoptosis [88]. Schematic
presentations of the mechanisms by which polyphenols from
propolis modulate the TRAIL apoptotic signaling in cancer
cell are demonstrated in Table 1 and Figure 3.

6. Discussion
Epidemiological and preclinical evidence suggests that
polyphenols isolated from propolis possess strong cancer
chemopreventive activities [7, 8, 26]. It has led to an increased
emphasis on cancer prevention strategies in which propolis
as the richest source of plant polyphenolics will be used as
dietary supplement [10, 11, 49]. In the field of CAM, this paper
focuses on the interaction between phenolic components
from propolis and TRAIL on tumor cells as the example
of immunomodulation through natural substances to be
considered for the chemoprevention of neoplasm disease
[9–11]. Polyphenols from propolis sensitize tumor cells to
TRAIL-induced apoptosis. The compounds exhibit strong
cytotoxic effect in combination with TRAIL on cancer cells
[65–84]. The TRAIL-mediated apoptotic pathways may be
a target of the chemopreventive activity of polyphenols in
cancer cells.

7. Conclusion
Targeting TRAIL-induced apoptotic signaling pathway in
tumor cells by propolis and its polyphenols is one of the
crucial issues in cancer chemoprevention. EEP and its phenolic components sensitize TRAIL-resistant cancer cells and
augment anticancer activity of TRAIL. The paper confirms
that the overcoming of TRAIL-resistance by propolis and its
polyphenols may be one of the mechanisms responsible for
their cancer preventive effects.
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Changes in extracellular matrix glycosaminoglycans during the wound repair allowed us to apply the burn model in which
therapeutic efficacy of propolis and silver sulfadiazine was compared. Burns were inflicted on four pigs. Glycosaminoglycans
isolated from healthy and burned skin were quantified using a hexuronic acid assay, electrophoretic fractionation, and
densitometric analyses. Using the reverse-phase HPLC the profile of sulfated disaccharides released by chondroitinase ABC
from chondroitin/dermatan sulfates was estimated. Chondroitin/dermatan sulfates and hyaluronic acid were found in all
samples. Propolis stimulated significant changes in the content of particular glycosaminoglycan types during burn healing.
Glycosaminoglycans alterations after silver sulfadiazine application were less expressed. Propolis maintained high contribution
of 4-O-sulfated disaccharides to chondroitin/dermatan sulfates structure and low level of 6-O-sulfated ones throughout the
observed period of healing. Propolis led to preservation of significant contribution of disulfated disaccharides especially 2,4O-disulfated ones to chondroitin sulfates/dermatan sulfates structure throughout the observed period of healing. Our findings
demonstrate that propolis accelerates the burned tissue repair by stimulation of the wound bed glycosaminoglycan accumulation
needed for granulation, tissue growth, and wound closure. Moreover, propolis accelerates chondroitin/dermatan sulfates structure
modification responsible for binding growth factors playing the crucial role in the tissue repair.

1. Introduction
Local burn treatment is based on the application of silver
sulfadiazine (AgSD) which, since its introduction into clinical
practice by Fox, has been the agent of choice for topical
burn therapy [1]. AgSD is an effective agent in controlling
the infection of the burned skin. Unfortunately, evidence
exists that the use of AgSD places patients at increased risk
of many undesirable effects. It was also found that AgSD
may lead to prolongation of the wound reepithelialization
process as well as to decreased mechanical strength of the
dermal tissue [2]. The previous side effects were not observed
after burns treatment with propolis. According to clinical and

histopathological assessments, propolis accelerates regenerative and reconstructive processes [3]. Wound healing is a
dynamic, interactive process involving precisely interrelated
phases, that is, hemostasis, inflammation, proliferation, and
tissue remodeling, overlapping in time as well as maintaining
tissue integrity [4, 5]. The healing process results from the
interaction between different cell types and extracellular
matrix (ECM) components, such as glycosaminoglycans
(GAGs) [6]. Sulfated GAGs, that is, chondroitin/dermatan
sulfates (CS/DS), heparan sulfates, and heparin (HS/H) as
well as keratan sulfates (KS), are covalently attached to
protein core forming proteoglycans (PGs). Hyaluronic acid
(HA), which is an unsulfated GAG, does not form covalent
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links with proteins [7, 8]. GAGs play a key role in each
phase of wound healing by stimulation of cell migration,
differentiation, and proliferation as well as regulation of ECM
organization and metabolism [8]. The aim of the present
study was to compare the therapeutic efficacy of the silver
sulfadiazine and propolis in the treatment of minor skin
burns inflicted on white domestic pigs by GAGs analysis.

2. Material and Methods
2.1. Therapeutic Agents. Propolis ointment preparation
(ApiMED, Poland) accepted by the National Institute of
Hygiene (certificate number: HZ/06107/00, date: 11.04.2000).
1% silver sulfadiazine cream (AgSD), Lek, Poland.
2.2. Tissue Material. The study protocol was approved by
the Ethics Committee of the Medical University of Silesia.
Four 16-week-old domestic pigs have been chosen as useful
experimental animals for the evaluation of wound repair
because of many similarities of pig skin to human one
such as thickness and structure of epidermis and dermis,
the structure of the dermoepidermal junction, subcutaneous
tissue structure, or the number and distribution of blood
vessels [9, 10]. In addition, human and pig skin exhibits
many similarities in terms of proliferation time of epithelial
cells, type of keratinous proteins synthesized by epithelial
cells, and lipid composition of the stratum corneum [10]. 72
burn wounds were inflicted according to Hoekstra et al. [9]
standard model. Pigs were housed in accordance with G.L.P.
standards of Polish Veterinary Law. Animals were divided
into two groups—a control one and an experimental one—
each of them containing two animals. Control wounds were
treated with physiologic saline (9 mg/mL NaCl; Polfa Lublin,
Poland) to observe the healing process occurring without
management (one animal) or with propolis vehicle (ApiMED
Poland) (another animal) twice a day in order to exclude its
possible effect on the propolis during the whole experiment.
Burns were treated with propolis (one animal) or AgSD
(another animal)—twice a day from the first to the twentyfirst day of the study. Biopsies, in three replications, were
taken from normal skin (day “0”) and from the same wound
on postburn days—3rd, 5th, 10th, 15th, and 21st.
2.3. Extraction and Determination of Tissue GAGs. GAGs
isolation was carried out according to Scott [11] and Van
Amerongen et al. [12]. Briefly, 100 mg of tissue samples after
homogenization with acetone (POCH, Poland) and weighting was digested with papain (Sigma-Aldrich, USA) to release
GAG chains from PG core proteins. Both peptides generated
by papain action and protein resistant to the enzyme were
removed by precipitation with trichloroacetic acid (Ubichem
Plc, MK). Subsequently, GAGs were dialyzed, precipitated
with ethanol (POCH, Poland), dissolved in potassium acetate
(POCH, Poland), and reprecipitated. The total amount of
GAGs was quantified by a hexuronic acid assay [13].
2.4. Assay of Tissue GAGs. Samples of isolated GAGs were
submitted to electrophoresis on cellulose acetate (Serva Germany), before and after the use of enzymes specifically eliminating particular GAG types, that is, chondroitinase ABC
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(pH 6.0) and chondroitinase ABC (pH 8.0) (obtained from
Sigma-Aldrich, USA) [14]. Electrophoretic fractionation of
GAGs was performed as described by Komosinska-Vassev et
al. [15].
2.5. Analysis of CS/DS Sulfation Patterns. Before the analysis
of sulfation patterns CS/DS isolated from variously treated
wounds were depolymerized by chondroitinase ABC in
0.05 M Tris-HCl (Sigma-Aldrich, USA) buffer, pH 8.0, for
24 h at 37∘ C. Obtained disaccharides were further tagged
with fluorophore 2-aminoacridone (AMAC) (Sigma-Aldrich,
USA) according to the method of Deakin and Lyon [16].
Briefly, disaccharides were dissolved in 10 𝜇L of 0.1 M AMAC
solution in 85% DMSO/15% acetic acid (Sigma-Aldrich,
USA). After 20 minutes 10 𝜇L of 1 M sodium cyanoborohydride (Sigma-Aldrich, USA) was added to the disaccharide
samples which were incubated in the dark for 18 hours at
room temperature. Then, fluorophore labeled disaccharides
were diluted with mixture of water and 85% DMSO/15%
acetic acid (1 : 1) and subjected to reverse-phase high performance liquid chromatography (RP HPLC) according to
Deakin and Lyon [16] on PLRP-S 300 Å column (4.6 mm
× 150 mm; Polymer Laboratories, Varian, Shropshire, UK)
equilibrated in solution A (0.1 M ammonium acetate, POCH,
Poland), running on a Varian ProStar HPLC system. After
2 mL gradient of 0%–10% solution B (100% methanol POCH,
Poland), the disaccharides were eluted over 50 mL linear
gradient of 10%–30% solution B at a flow rate of 1 mL/min.
Then, short and steep 3 mL gradient of 30%–100% solution
B was used. Disaccharides were detected by inline fluorescence (excitation at 425 nm and emission at 520 nm).
However, due to various labeling efficiency of differently
sulfated disaccharides, fluorescent disaccharide peak areas
differ from real content of particular disaccharides within a
mixture [16]. Thus, the obtained results were corrected by
a multiplication of respective peak areas with appropriate
experimental factors [16].
2.6. Statistical Analysis. Statistical differences between
groups were determined by a multivariate analysis of
variance (ANOVA), followed by Tukey’s post hoc tests,
accepting 𝑃 < 0.05 as significant.

3. Results
The electrophoretic analyses of tissue GAGs (Figure 1)
allowed to identify CS/DS, HA, and HS/H.
The expression of HS/H constituting a small amount of
wound matrix total GAGs [6] was precisely discussed in our
previous work [17]. As can be seen from Figure 2(a) the total
amount of GAGs increased in the wound bed treated with
propolis, AgSD, NaCl, and propolis vehicle. However, the
most marked alteration was found in regard to apitherapeutic
agent application. In the final phase of the experiment (days
15–21), the total GAGs content decreased after propolis and
AgSD implementation. All the alterations were statistically
significant. The majority of GAGs were identified as CS/DS.
An increase in the CS/DS content during the healing process
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Figure 1: Electrophoresis of intact glycosaminoglycans (CS/DS, HA, and HS/H) isolated from normal skin (day 0) and skin samples taken
from the healing wounds (postburn days 3rd, 5th, 10th, 15th, and 21st) treated with propolis (a), AgSD (b), propolis vehicle (c), and NaCl (d).

(days 0–15th), particularly visible after propolis treatment,
was followed by the reduction in this fraction amount on the
15th day of the study.
When AgSD was applied, the CS/DS content was growing
until the 15th of the experiment. However, it did not change
at the end of the study. NaCl as well as propolis vehicle led
to moderate elevation of the CS/DS content. The differences
in the CS/DS content between the first and the last day of the
experiment were statistically significant. The results obtained
are presented in Figure 2(b). Figure 2(c) shows that the burn
healing process results in significant changes of wound bed
HA. The most marked increase in HA content followed by
the reduction (both alterations statistically significant) and
subsequent stability was observed in the site of injury after
propolis treatment. The similar changes were found when
AgSD was applied. Statistically significant growing tendency
in HA changes was displayed by healing tissues treated
with NaCl and propolis vehicle. Our examination revealed
that the CS/DS are the main GAGs of healing postburn
lesions irrespective of used agents. However, question arises
whether used medication of wounds may affect the CS/DS
sulfation pattern which determines the binding potential of
these molecules and so can modulate the repair process.

Thus, to address this issue we have examined by reversephase HPLC the profile of sulfated disaccharides released
by chondroitinase ABC from CS/DS derived from variously
treated postburn wounds. The obtained results are presented
in Figures 3 and 4.
As can be seen from Figures 3 and 4, the sulfation pattern
characterizing CS/DS synthesized in the course of physiological repair reflected in lesions treated with NaCl shows marked
remodeling when compared to sulfation pattern of normal
skin CS/DS. This is reflected in the remarkable increase in
these GAG sulfation degrees starting from the 5th day of
healing and persisting at least until 21st day. The CS/DS
oversulfation results initially from transient enhancement
of 6-O-sulfated disaccharide number replaced from 10th
day by augmentation of 4-O-sulfated disaccharide content
which attains the peak on 15th day of healing. Moreover, 2–
4-fold increase in contribution of disulfated disaccharides,
particularly 2,4-O-disulfated ones, to the structure of CS/DS
derived from NaCl treated wounds is also observed as
compared to CS/DS from normal tissue. Likewise NaCl,
AgSD and propolis when used for the treatment of postburn
wounds also lead to CS/DS oversulfation which appears as
early as on 3rd day of healing and shows some downward
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Figure 2: The dynamics of total GAG (a), CS/DS (b), and HA (c) content changes in skin samples taken from the healing wounds (postburn
days 3rd, 5th, 10th, 15th, and 21st) treated with propolis, AgSD, propolis vehicle, and NaCl. Day 0—normal skin. The data were analyzed by
ANOVA.

trend on 21st day. However, in spite of a similar effect
on total sulfation level, AgSD and propolis display distinct
impact on sulfate disaccharide profile in CS/DS. The GAG
oversulfation evoked by AgSD is in great part associated
with a marked accumulation of 6-O-sulfated disaccharides
particularly pronounced on 5th day of healing. In contrast,

propolis maintains high contribution of 4-O-sulfated disaccharides to the CS/DS structure and low level of 6-Osulfated ones throughout the observed period of healing.
Interestingly, similar proportion between 4-O-sulfated and 6O-sulfated disaccharides in the CS/DS chains derived from
NaCl treated wounds is observed only on day 10th of the
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Figure 3: Dynamics of the CS/DS sulfation degree alterations in skin
samples taken from the healing wounds (postburn days 3rd, 5th,
10th, 15th, and 21st) treated with propolis, AgSD, propolis vehicle,
and NaCl. Day 0—normal skin. Sulfation degree was calculated as
the sulfate group content in relation to 100 disaccharide units on
the basis of disaccharide profiles generated by chondroitinase ABC
action on CS/DS as described in Section 2. The data were analyzed
by ANOVA.

repair. Moreover, unlike AgSD and similarly to NaCl, propolis
leads to preservation of significant contribution of disulfated
disaccharides especially 2,4-O-disulfated ones to the CS/DS
structure throughout the observed period of healing. All
previously mentioned effects of propolis result from specific
influence of propolis on CS/DS metabolism during wound
healing as judged from the comparison of sulfation patterns
characterizing CS/DS derived from wounds treated with
propolis and propolis vehicle.

4. Discussion
Changes in ECM glycosaminoglycans in the course of the
healing process are generally known [6, 18]. It allowed us
to apply the experimental model of tissue repair in order
to compare the therapeutic efficacy of propolis with AgSD
being the agent of choice for the outpatient management of
minor burns [1]. The burn treatment with AgSD is known to
exert side effects not observed during burn management with
propolis [19]. The propolis used in the present study to treat
minor skin burns is well known for its anti-inflammatory,
antimicrobial, antifungal, immunomodulatory, anticancer,
antioxidative, granulation tissue growth and wound closure
accelerating properties [3, 20–22]. The biochemical evaluation of propolis and AgSD influence on burn healing,
based on GAGs analyses, has been undertaken in the present
study. We have investigated total GAGs, HA, and CS/DS
accumulation and distribution during the consecutive phases
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of wound healing. It has been found that the total GAGs
content in burn wounds treated with propolis is growing
up to the fifteenth day eventually being slightly reduced
at the end of the experiment. A similar tendency of the
GAGs amount modifications was demonstrated after AgSD
application. The total GAGs content alterations in the course
of healing process, particularly visible following propolis
application, correspond with the glycan changes during the
wound repair reported by Bentley [23] and Hoffman et al.
[24]. We propose that the observed changes in the total
GAGs content after propolis application may be connected
with the ability of its flavonoid compounds to reduce lipid
peroxidation and prevent necrosis of cells such as fibroblasts
[25]. Mentioned cells are responsible for GAGs synthesis
in the course of healing process [26]. We suggest that the
elevated amount of total GAGs in wounds following propolis
application promotes the repair process. It is known that
GAGs play an active role during wound healing [8] by
regulating cellular adhesion, migration, and proliferation [7].
Mentioned functions are connected with GAGs and PGs
ability to bind and modulate a vast repertoire of proteins, that
is, growth factors, cytokines, morphogens, and enzymes [27].
The most common skin GAG is DS [28] being simultaneously
the major glycan in wound fluid [29]. During wound healing
DS activates endothelial leukocyte adhesion by stimulation
of ICAM-1 [30] or promotion fibroblast growth factor-2,
which is also involved in the interaction with hepatocyte
growth factor/scatter factor [31], heparin cofactor II, platelet
factor 4, fibronectin, and protein C inhibitor [32]. In addition to DS, the other glycosaminoglycan—CS [32]—occurs
in normal skin in smaller amounts [33]. Upregulated CS
expression [34] during wound repair seems to be connected
with the mentioned glycan ability to mediate FGF-2-induced
cell proliferation, regulate cell adhesion, and enhance cell
spreading and migration by activating focal adhesion of
growth factor [8]. However, DS often occurs in copolymeric
form with CS [35]; therefore, we decided to estimate the
expression of mentioned GAGs in wound matrix together
with CS/DS. It has been found that propolis stimulates CS/DS
accumulation in wounds in a greater degree than AgSD does.
The results obtained are in agreement with those described by
Siméon et al. [6]. They observed that wounds treatment with
complex Gly-his-lys-Cu2+ (GHK-Cu) led to the elevation
in mentioned glycan amount. We suggest that propolis
action may resemble that of GHK-Cu described as a growth
factor for differentiated cells, a chemotactic agent for monocytes/macrophages and mast cells supporting angiogenesis
and enhancing the expression of ECM macromolecules [6].
In the course of tissue repair not only is the amount of
CS/DS, expressed in the wound bed, important but also
GAGs sulfation pattern [36]. It is generally accepted that the
sulfation pattern of GAGs determines their binding potential
[35, 37], though detailed requirements as to GAG structure
implicated in particular activities are yet poorly known. On
the other hand, our study is the first one which examines
the effect of propolis on sulfation pattern of CS/DS. We
have observed that propolis stimulates the accumulation of
4-O-sulfated and 2,4-O-sulfated disaccharides in the CS/DS
chains during initial phase of experimental wound repair. It
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Figure 4: Dynamics of the sulfate disaccharide profile alterations in CS/DS chains from healing wounds (postburn days 3rd, 5th, 10th, 15th,
and 21st) treated with propolis (a), AgSD (b), propolis vehicle (c), and NaCl (d). Day 0—normal skin. Disaccharides were released from CS/DS
by chondroitinase ABC and subjected to reverse-phase HPLC after labeling with fluorophore 2-aminoacridone as described in Section 2.

is known that these disaccharides promote CS/DS binding
to FGF-2, FGF-7, and/or PDGF [36, 38]. All these molecules
play a crucial role in the healing process as regulators of
proliferation, migration, survival, and/or secretory activity of
such cells as fibroblasts, endothelial cells, and keratinocytes
[38, 39]. Growth factor binding to CS/DS protects the
regulators from proteolysis and/or concentrates them near
their cell receptors [36, 37]. In addition, CS/DS abundant in
4-O-sulfated and/or 2,4-O-disulfated disaccharides are also
able to stimulate FGF-7 and FGF-2 mediated cell proliferation
functioning as the growth factor coreceptors [38]. Thus, it
seems that the application of propolis to wound treatment,
via the influence on CS/DS sulfation, can accelerate wound
reepithelialization and granulation. An abundant component
of wound environment is HA [18]—a structural molecule
which provides tissue hydration, acts as a signaling molecule,
interacts with cell surface receptors, and promotes cell proliferation, migration, differentiation, and gene expression [40].
The most marked increase in HA content, observed in the

case of propolis treatment, was followed by the reduction
in HA amount at the final stage of the experiment. Propolis
stimulation of the HA content may be connected with the
ability of the apitherapeutic agent to enhance the expression
of TGF-𝛽 [41] which, in turn, stimulates fibroblasts to
synthesize HA [42]. Our results also seem to be in agreement
with those of Siméon et al. [6] suggesting that propolis,
similarly as GHK-Cu, induces the glycan transformation.
The propolis influence on ECM may be connected with
the ability of its compounds such as galangin and caffeic
acid phenethyl ester (CAPE) to prevent the inhibition of
GAG synthesis during inflammation. CAPE also stimulates
wound reepithelization and increases keratinocyte proliferation and thickness of the wound epidermis [43]. Our previous
studies showed that propolis accelerates regenerative and
reconstructive processes, reduces wound healing time, and
exerts a beneficial influence on animal general condition. We
observed the wound cleaning process accompanied by the
ground substance production, blood vessel growth leading
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to granulation tissue formation as well as collagen fibers
maturation contributing to the scar formation [3]. Moreover,
we also previously found that propolis applied in burn wound
treatment displayed higher antimicrobial efficacy than AgSD
[44]. The results of different examinations have demonstrated
that propolis is an active, alternative therapeutic agent to treat
skin injuries presenting antimicrobial activity and favorable
influence in the course of wound healing process [25].

5. Conclusion
Our findings demonstrate that propolis accelerates the
burned tissue repair by stimulation of the wound bed GAGs
(CS/DS and HA) accumulation needed for granulation, tissue
growth and wound closure. Moreover, we have found that
propolis accelerates CS/DS structure modification responsible for binding various growth factors—regulatory molecules
playing a crucial role in the tissue repair.
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cows,” Postȩpy Fitoterapii, vol. 1, pp. 12–18, 2009.
E. Szliszka, Z. P. Czuba, J. Bronikowska, A. Mertas, A. Paradysz,
and W. Krol, “Ethanolic extract of propolis augments TRAILinduced apoptotic death in prostate cancer cells,” EvidenceBased Complementary and Alternative Medicine, vol. 2011,
Article ID 535172, 11 pages, 2011.
J. P. Bentley, “Rate of chondroitin sulfate formation in wound
healing,” Annals of Surgery, vol. 165, no. 2, pp. 186–191, 1967.
M. Hoffman, A. Harger, A. Lenkowski, U. Hedner, H. R.
Roberts, and D. M. Monroe, “Cutaneous wound healing is
impaired in hemophilia B,” Blood, vol. 108, no. 9, pp. 3053–3060,
2006.

8
[25] A. A. Berretta, A. P. Nascimento, P. C. Bueno, M. M. Vaz,
and J. M. Marchetti, “Propolis standardized extract (EPPAF), an innovative chemically and biologically reproducible
pharmaceutical compound for treating wounds,” International
Journal of Biological Sciences, vol. 8, no. 4, pp. 512–521, 2012.
[26] P. S. Murphy and G. R. D. Evans, “Advances in wound healing:
a review of current wound healing products,” Plastic Surgery
International, vol. 2012, Article ID 190436, 8 pages, 2012.
[27] E. Vassal-Stermann, A. Duranton, A. F. Black et al., “A new CXyloside induces modifications of GAG expression, structure
and functional properties,” PLoS One, vol. 7, no. 10, Article ID
e47933, 2012.
[28] J. Muto, N. N. Naidu, K. Yamasaki, N. Pineau, L. Breton,
and R. L. Gallo, “Exogenous addition of a c-xylopyranoside
derivative stimulates keratinocyte dermatan sulfate synthesis
and promotes migration,” PLoS ONE, vol. 6, no. 10, Article ID
e25480, 2011.
[29] J. K. Plichta and K. A. Radek, “Sugar-coating wound repair: a
review of FGF-10 and dermatan sulfate in wound healing and
their potential application in burn wounds,” Journal of Burn
Care Research, vol. 33, no. 3, pp. 299–310, 2012.
[30] D. Matsukura, Y. Yokoyama, K. Tanaka, T. Ozaki, and H.
Mizunuma, “Changes of proteoglycan expression and glycosaminoglycan constituents in the intervillous space of the
pregnancy-induced hypertension placenta,” The Hirosaki Medical Journal, vol. 59, no. 2-4, pp. 128–135, 2008.
[31] J. A. Deakin, B. S. Blaum, J. T. Gallagher, D. Uhrı́n, and M.
Lyo, “The binding properties of minimal oligosaccharides reveal
a common heparan sulfate/dermatan sulfate-binding site in
hepatocyte growth factor/scatter factor that can accommodate
a wide variety of sulfation patterns,” The Journal of Biological
Chemistry, vol. 284, no. 10, pp. 6311–6321, 2009.
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The aim of this study is to prepare propolis flavonoids liposome (PFL) and optimize the preparation condition and to investigate
further whether liposome could promote the immunoenhancement activity of propolis flavonoids (PF). PFL was prepared with
ethanol injection method, and the preparation conditions of PFL were optimized with response surface methodology (RSM).
Moreover, the immunoenhancement activity of PFL and PF in vitro was determined. The result showed that the optimal
preparation conditions for PFL by response surface methodology were as follows: ratio of lipid to drug (w/w) 9.6 : 1, ratio of
soybean phospholipid to cholesterol (w/w) 8.5 : 1, and speed of injection 0.8 mL⋅min−1 . Under these conditions, the experimental
encapsulation efficiency of PFL was 91.67 ± 0.21%, which was close to the predicted value. Therefore, the optimized preparation
condition is very reliable. Moreover, the results indicated that PFL could not only significantly promote lymphocytes proliferation
singly or synergistically with PHA, but also increase expression level of IL-2 and IFN-𝛾 mRNA. These indicated that liposome could
significantly improve the immunoenhancement activity of PF. PFL demonstrates the significant immunoenhancement activity,
which provides the theoretical basis for the further experiment in vivo.

1. Introduction
Natural products are a promising source for the discovery
of new pharmaceuticals. In the last decades, several works
dealing with propolis composition and biological properties
have been published, revealing the interest of researchers on
this bee product and its potential for the development of new
drugs as well [1–4]. Propolis has been employed extensively
since ancient times in Egypt, Greece, Roman Empire, and
so on. Its use continues today as a popular remedy and is
available in either in pure form or combined with other
natural products in cosmetics and as a constituent of healthy
foods.

Propolis presents plenty of biological and pharmacological properties, such as immunomodulatory, antitumor, antiinflammatory, antioxidant, antibacterial, antiviral, antifungal,
and antiparasite activities, among others [5–10]. Propolis
mechanisms of action have been widely investigated in the
last years, using different experimental models in vitro and in
vivo. Researchers have been interested in the investigation of
isolated compounds responsible for propolis action and find
flavonoids are one of the most important groups [11]. Propolis
flavonoids (PF) are responsible for many of its biological
and pharmacological activities [12]. Although PFs have good
effect as antioxidant, antitumor, immunomodulatory, and so
forth, they are easy to be oxidized [13], which makes the
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flavonoids themselves be not stable. The storage, use, and
function of propolis were affected with its instability.
Liposome is a synthetic bilayer membrane vesicle with
phosphorus and has good affinity on cell membrane. For their
biodegradability, biocompatibility, low toxicity, and their
ability to entrap both lipophilic and hydrophilic drugs [14],
liposomes are known for their potential and actual uses in
targeted drug delivery. If PFs are encapsulated with liposome,
their stability will be increasingly promoted. However, the
effective factors on preparation of propolis flavonoids liposome (PFL) are various, and the preparation conditions need
to be optimized. In additional, it is also important whether the
biological activity is changed with liposome encapsulation.
Response surface methodology (RSM) is a collection of
mathematical and statistical techniques useful for analyzing
the effects of several independent variables [15–17]. In many
processes, the relationship between the response and the
independent variables is usually unknown; therefore the first
step in RSM is to approximate the function (response) in
terms of analyzing variables (independent variables). Usually,
this process employs a low-order polynomial equation in a
predetermined region of the independent variables, which is
later analyzed to locate the optimum values of independent
variables for the best response [17].
Therefore, in the present study, RSM was employed to
optimize the preparation conditions of PF, and the biological
activity of PF was compared between preencapsulation and
postencapsulation. The aim of this strategy is to optimize the
best preparation condition of PFL and observe immunoenhancement activity in vitro, which provide the theoretical
basis for the further experiment in vivo to study whether PFL
could promote immune response.

2. Materials and Methods
2.1. Materials. Propolis was purchased from Dahua Chinese
Traditional Medicine Company in Nanjing, Jiangsu Province.
PFs were prepared in our laboratory (briefly, propolis was
extracted with 95% ethanol for three times, and the ethanol
solution was retrieved. Then, the precipitation was extracted
with ethyl acetate for three times, and then the ethyl
acetate was retrieved. Finally, the precipitation was dried
in vacuum, and PF was obtained.). Soybean phospholipid
(number 20110908) was manufactured by Shanghai Taiwei
Pharmaceutical Co., Ltd, and Cholesterol (number 20110706)
purchased from Anhui Tianqi Chemical Technology Co.,
Ltd. Protamine (Sigma, P4380) was dissolved by physiological saline to 10 mg mL−1 . Lymphocyte separation medium
(number 110326) was manufactured by Shanghai Huajing
Biology Inc. RPMI-1640 (GIBCO) with the supplement
of 100 IU mL−1 benzylpenicillin, 100 IU mL−1 streptomycin,
and 10% fetal bovine serum was used for washing and
resuspending cells, diluting mitogen, and culturing the cells.
Phytohemagglutinin (PHA, Sigma, number L-8754), as a Tcell mitogen, was dissolved into 0.1 mg mL−1 with RPMI1640. Hanks’ solution was used for diluting blood. The 3(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
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(MTT, American Co.) was dissolved into 5 mg mL−1 with calcium and magnesium-free (CMF) phosphate-buffered saline
(PBS, pH 7.2). These reagents were filtered through a 0.22
𝜇m millipore membrane filter. PHA solution was stored at
−20∘ C, MTT solution at 4∘ C in dark bottles, and RPMI-1640
at 4∘ C. Dimethyl sulfoxide (DMSO, number 20090519) was
produced by Kemou Institute of Chemical Engineering in
Tianjing, 5× PrimeScript RT Master Mix, SYBR Premix Ex
Taq, ROX Reference Dye (50x), Takara Inc.
2.2. Preparation of PF Liposome. Propolis flavonoids (PF)
liposome was prepared with ethanol injection method [18].
Lecithin, cholesterol, and propolis flavonoids were dissolved
in about 10 mL of ethanol, and the ethanol was injected into
the buffer (40∘ C, PBS) with a slow speed and continued to
thermostatic mixing. Liposomes formed spontaneously after
further evaporation of the residual ethanol. The resulting
mixture was homogenized with ultrasonication for 30 min to
form the small single-chamber liposome (Ultrasonic Cleaner
KQ5200B, Kunshan Sonicatic equipment Inc. China) [18].
Ultimately, the solution was filtered with 0.8 𝜇m, 0.45 𝜇m,
and 0.22 𝜇m millipore membrane successively [19].
2.2.1. Entrapment Efficiency (EE) of PFL Array. 0.8 mL of
PFL was added in 10 mL centrifuge tube and mixed with
0.8 mL of protamine solution (10 mg⋅mL−1 ). After 3 min,
3.0 mL of physiological saline was added. After adequate
mixing, this suspension was centrifuged at 3000× r⋅min−1
at the room temperature for 30 min. All supernatant was
taken from centrifuge tube, setting the volume to 10 mL with
physiological saline, 5 mL was taken to assay the content
of PF by ultraviolet spectrophotometry method with Rutin
standard substance [20], and the content of PF was called
the content of free drug. The precipitation remaining in
centrifuge tube was dissolved by 3.0 mL of Triton X-100 and
then setting the volume to 10 mL with physiological saline.
Five millilitres of the solution were taken to assay the content
of PF by Rutin standard method and called the content
of encapsulated drug. The formula to calculate liposome
encapsulation efficiency was EE% = (1 − 𝐶𝑓 /𝐶𝑡 ), 𝐶𝑓 : the
content of free drug, 𝐶𝑡 : the total content of drug [21–23].
2.2.2. Optimization of PFL Preparation. Based on the singlefactor test, three factors, ratio of lipid to drug w/w (A), ratio
of soybean phospholipid to cholesterol w/w (B), and speed
of injection/mL⋅min−1 (C), were selected to optimize the
preparation conditions of PF liposome. The selected factors
were subjected to response surface methodology (RSM) with
a three-factor three-coded level Box-Behnken design (BBD)
to optimize the preparation conditions of PFL. The range
and the levels of experimental variables investigated in this
study are presented in Table 1. In addition, several verification
experiments were done according to the optimal conditions.
2.3. Immunoenhancement Activity of PFL In Vitro
2.3.1. T Lymphocyte Proliferation Assay. Blood samples were
collected from nonimmunized White Roman chickens at 60
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Table 1: Factors and levels of Box-Behnnken experimental design.
Factors
A ( ratio of lipid to drug, w/w)
B (ratio of soybean phospholipid
to cholesterol, w/w)
C (speed of injection, mL⋅min−1 )

Code

Range and levels
−1
0
1

𝑋1

5:1

10 : 1

15 : 1

𝑋2

6:1

8:1

10 : 1

𝑋3

0.3

0.6

1.2

days old (provided by Tangquan Poultry Farm), transferred
immediately into aseptic capped tubes containing sodium
heparin, then diluted with an equal volume of Hanks’ solution, and carefully layered on the surface of lymphocyte separation medium. After centrifugation at 800 ×g for 15 min, the
lymphocytes were collected and washed twice with Hanks’
solution. The resulting pellet was resuspended and diluted
to 2.5 × 106 mL−1 with RPMI-1640 with fetal bovine serum
after the cell viability was assessed by trypan blue exclusion.
The solution was divided into two parts: one part was added
with PHA, and the other part was directly added. They were,
respectively, incubated into 96-well culture plates, 100 𝜇L
per well. Then, PFL, PF, and BL at series of concentrations
were added, in cell control group and PHA control group,
RPMI-1640 medium and PHA, respectively, 100 𝜇L per well,
four wells each concentration. The final concentration of
PHA reached to 20 𝜇g mL−1 . The plates were, respectively,
incubated in a humid atmosphere with 5% CO2 (Revco, Co.,
USA) at 39.5∘ C for 48 h. Briefly, 30 𝜇L of MTT (5 mg mL−1 )
was added into each well at 4 h before the end of incubation.
Then the plates were centrifuged at 1000 ×g for 10 min at
room temperature. The supernatant was removed carefully,
and 100 𝜇L of DMSO was added into each well. The plates
were shaken for 5 min to dissolve the crystals completely. The
absorbance of cells in each well was measured by microliter
enzyme-linked immunosorbent assay reader (Model RT6000, Leidu Co., Ltd. Shenzhen City) at a wavelength of
570 nm (𝐴 570 value) as the index of lymphocytes proliferation
[24].
2.3.2. The Experiment of Gene Expression
Preparation of Lymphocyte. Blood samples were collected
from nonimmunized White Roman chickens at 60 days old
(provided by Tangquan Poultry Farm), transferred immediately into aseptic capped tubes containing sodium heparin,
then diluted with an equal volume of Hanks’ solution, and
carefully layered on the surface of lymphocyte separation
medium. After centrifugation at 800 ×g for 15 min, the
lymphocytes were collected and washed twice with Hanks’
solution. Cell viability was assessed by trypan blue exclusion. The resulting pellet was resuspended and diluted to
1.0 × 107 mL−1 with RPMI-1640 with fetal bovine serum
and incubated in 24-well culture plates with 0.8 mL/well,
then different concentrations PFL and PF were added into,
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and each sample seeded four wells, 1.0 mL per well. PHA
with a working concentration 20 𝜇g/mL was used for the
purification of lymphocytes. The final volume of each well
reached to 2.0 mL. The lymphocytes were collected to isolate
the RNA to amplify IL-2 and IFN-𝛾 after the plates were
incubated at 5% CO2 at 39.5∘ C for 36 h.
Total RNA Isolation. Total RNA was isolated from peripheral
T lymphocyte by using Trizol Reagent (Invitrogen) following
the illustration provided by the manufacturer. The quality of
isolated RNA was determined by ultraviolet spectrophotometry, and the optical density was 1.8–2.0.
Reverse Transcription (RT). RT was performed according to
literature [25]. Briefly, the system of reverse transcription was
10 𝜇L, containing 400 ng of total RNA, 2 𝜇L 5× PrimeScript
RT Master Mix∗ (for real time), and adding RNase Free dH2 O
until 10 𝜇L at 37∘ C for 15 min, 85∘ C for 5 second, and 4∘ C
for random period of time. First strand cDNAs were store at
−20∘ C until further use.
PCR Amplification. Amplification was carried out in a total
volume of 20 𝜇L. Each PCR reaction included 6.8 𝜇L of
dH2 O, 10.0 𝜇L of SYBR Premix Ex Taq (2×), 0.4 𝜇L of PCR
Forward Primer, 0.4 𝜇L of PCR Reverse Primer, 0.4 𝜇L of
ROX Reference Dye (50×), and 2 𝜇L of cDNA. PCR cycling
conditions included a 95∘ C heating step for 30 s at the
beginning of every run. The tubes were then cycled at 95∘ C
for 5 s, annealed at 60∘ C for 31 s, and extend at 72∘ C for 1 min,
40 cycles. A melting curve was generated at the end of every
run to ensure product uniformity [26]. The specific primer
sequences used were as follows:
IL-2 (162 bp):
5 -CTTTGGCTGTATTTCGG-3 ,
5 -CTGGGTCTCAGTTGGTG-3 ;
IFN-𝛾 (171 bp):
5 -GCTGACGGTGGACCTATT-3 ,
5 -TCCTCTGAGACTGGCTCCTT-3 ;
𝛽-action (280 bp):
5 -ACGTCGCACTGGATTTCG-3 ,
5 -TGTCAGCAATGCCAGGGT-3 .
Analysis of relative gene expression data is referring to the
literature [27].
2.4. Statistical Analysis. Data of optimization of PFL preparation are analyzed by Design-Expert 7.0 software (Stat-Ease,
Inc), second-order polynomial equation, and ANOVA of the
quadratic regression model, and the optimal conditions were
showed. Data of immunoenhancement activity experiment
are expressed as mean ± standard errors (S.E.). Duncan, LSD’s
multiple range tests and 𝑡-tests were used to determine the
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Table 2: Response surface Box-Behnken design and experimental encapsulation efficiency (%).

Number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

𝑋1
5:1
5:1
15 : 1
15 : 1
10 : 1
15 : 1
10 : 1
15 : 1
10 : 1
10 : 1
10 : 1
10 : 1
10 : 1
10 : 1
5:1
10 : 1
5:1

Levels of independent factors
𝑋2
𝑋3
8:1
0.3
10 : 1
0.6
6:1
0.6
8:1
1.2
10 : 1
1.2
10 : 1
0.6
6:1
0.3
8:1
0.3
6:1
1.2
8:1
0.6
8:1
0.6
10 : 1
0.3
8:1
0.6
8:1
0.6
6:1
0.6
8:1
0.6
8:1
1.2

Response EE (%)
Practical acquired EE
Predicted acquired EE
76.00
74.99
82.60
82.88
76.90
76.62
72.10
73.11
82.04
81.41
80.15
79.78
76.40
77.03
78.25
77.89
77.00
76.27
92.60
91.30
90.78
91.30
80.02
80.75
91.00
91.30
91.54
91.30
76.80
77.17
90.58
91.30
79.30
79.66

Table 3: Estimated regression model of relationship between response variables (EE) and independent variables (𝑋1 , 𝑋2 , and 𝑋3 ).
Source
Model
A
B
C
AB
AC
BC
𝐴2
𝐵2
𝐶2
Residual
Lack of fit
Pure error
Cor total

Sun of squares
700.32
6.66
39.21
6.612 × 10−3
1.63
22.33
0.50
225.61
99.76
241.12
7.23
4.60
2.63
707.55
𝑅2 = 0.9898

df
9
1
1
1
1
1
1
1
1
1
7
3
4
16

difference among groups. 𝑃 values of less than 0.05 were
considered to be statistically significant.

3. Results
3.1. Statistical Analysis and the Model Fitting of PFL Preparation Optimization. There were 17 experimental runs for
optimizing the three individual parameters in the BoxBehnken design (BBD), and the experimental conditions
and the EE of PFL according to the factorial design were
shown in Table 2. The results showed that the maximum EE
value (92.60%) was found in conditions of 𝑋1 = 10 : 1, 𝑋2
= 8 : 1, and 𝑋3 = 0.6 mL⋅min−1 . The values of regression
coefficients were calculated, and the response variable and

Mean square
77.81
6.66
39.21
6.612 × 10−3
1.63
22.33
0.50
225.61
99.76
241.12
1.03
1.53
0.66

𝐹 value
75.33
6.45
37.96
6.402 × 10−3
1.57
21.61
0.49
218.42
96.58
233.44

𝑃 value prob > 𝐹
<0.0001
0.0387
0.0005
0.9385
0.2499
0.0023
0.5073
<0.0001
<0.0001
<0.0001

2.34

0.2150

2
𝑅Adj
= 0.9766

the test variables were related by the following second-order
polynomial equation:
EE = 91.30 − 0.91𝑋1 + 2.21𝑋2 − 0.029𝑋3 − 0.64𝑋1 𝑋2
− 2.36𝑋1 𝑋3 + 0.36𝑋2 𝑋3 − 7.32𝑋12 − 4.87𝑋22 − 7.57𝑋32 .
(1)
The statistical significance of the regression model was
checked by 𝐹-test and 𝑃 value, and the analysis of variance
(ANOVA) for the response surface quadratic model was
shown in Table 3. The determination coefficient (𝑅2 =
0.9898), showed by ANOVA of the quadratic regression
model, indicating that the model was highly significant and
adequate for prediction within the range of experimental
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Table 4: Predicted and experimental values of the responses at optimum conditions.
Ratio of soybean
phospholipid to cholesterol
(w/w)

Speed of
injection/(mL⋅min−1 )

EE (%)

9.630 : 1
9.6 : 1

8.470 : 1
8.5 : 1

0.760
0.8

91.59
91.67 ± 0.21

variables. The 𝑃 value was used as a tool to check the
significance of each coefficient, and the smaller the 𝑃 value
was, the more significant the corresponding coefficient was.
In this table the linear coefficients (𝑋1 , 𝑋2 ), a quadratic term
coefficient (𝑋12 , 𝑋22 , and 𝑋32 ), and the interaction coefficient
(𝑋1 × 𝑋3 ) were found significantly (𝑃 < 0.05). The other
term coefficients were not significant (𝑃 > 0.05). By the
Design-Expert software to further optimize the preparation
conditions, the optimum for preparation of PFL conditions
obtained was as follows: ratio of lipid to drug (w/w) 9.6 : 1,
ratio of soybean phospholipid to cholesterol (w/w) 8.5 : 1, and
speed of injection 0.8 mL⋅min−1 .

0.35

a

a

a

0.3
𝐴 570 value

Optimum conditions
Modified conditions

Ratio of lipid to drug (w/w)

0.2
0.15

a

b

0.25

a

a
a

bb
b

b

60

30

bb

b b

c c

bb

0.1
0.05
0

15

7.5

3.75

Concentration (𝜇g·mL−1 )
PFL
PF

BL
Cell control

3.2. Verification of Predictive Mode. The suitable of the model
equation for predicting the optimum response value was
tested by using the selected optimal conditions. The maximum predicted and experimental value of EE was given in
Table 4. To ensure the predicted result was not biased toward
the practical value, experiment rechecking was performed
by these modified optimal conditions: ratio of lipid to drug
(w/w) of 9.6 : 1, ratio of soybean phospholipid to cholesterol
(w/w) of 8.5 : 1, and speed of injection 0.8 mL⋅min−1 . A mean
value of 91.67±0.21% (𝑛 = 3) obtained from real experiments,
demonstrated the validation of the RSM model, indicating
that the model was adequate for the preparation process.

Figure 1: Changes of T lymphocyte proliferation in single stimulation with drugs (𝐴 570 values). a−c Bars in the same day without the
same superscripts differ significantly (𝑃 < 0.05).

3.3. Effect of PFL on T Lymphocyte Proliferation In Vitro

3.3.4. Effect of PFL on Expression Level of IFN-𝛾 mRNA. The
results are showed in Figure 4. IFN-𝛾 mRNA level of PFL
and PF groups at 60–15 𝜇g⋅mL−1 were significantly higher
than those of BL and PHA groups (𝑃 < 0.05) and these of
PFL group being significantly higher than those of PF groups
(𝑃 < 0.05). IFN-𝛾 mRNA level of PFL group at 60 𝜇g⋅mL−1
was significantly higher than those of PFL at 30 𝜇g⋅mL−1 and
15 𝜇g⋅mL−1 groups, and at 30 𝜇g⋅mL−1 being significantly
higher than at 15 𝜇g⋅mL−1 group.

3.3.1. Effect of T Lymphocyte Proliferation in Single Stimulation
of Drugs. The results are listed in Figure 1. At 60–15 𝜇g⋅mL−1 ,
the 𝐴 570 values of PFL group were the highest in those four
groups and significantly higher than those of PF, BL, and
cell control groups (𝑃 < 0.05). At 15–3.75 𝜇g⋅mL−1 , the 𝐴 570
values of PF groups were significantly higher than those in BL
and cell control group (𝑃 < 0.05).
3.3.2. Effect of T Lymphocyte Proliferation in Synergistical
Stimulation of Drugs with PHA. The results are shown in
Figure 2. At 60–3.75 𝜇g⋅mL−1 , the 𝐴 570 values of PFL group
were the highest in those five groups. At 60–15 𝜇g⋅mL−1 , the
𝐴 570 values of PFL group were significantly higher than those
in PF, BL, PHA, and cell control groups (𝑃 < 0.05). At 7.5–
3.75 𝜇g⋅mL−1 , the 𝐴 570 values of PFL and PF groups were
significantly higher than those in BL, PHA, and cell control
groups (𝑃 < 0.05).
3.3.3. Effect of PFL on Expression Level of IL-2 mRNA. The
results are listed in Figure 3. IL-2 mRNA level of PFL and

PF groups at 60–15 𝜇g⋅mL−1 were significantly higher than
those of BL and PHA groups (𝑃 < 0.05), and these of PFL
group being significantly higher than those of PF groups
(𝑃 < 0.05). IL-2 mRNA level of PFL group at 60 𝜇g⋅mL−1
was significantly higher than those of PFL at 30 𝜇g⋅mL−1
and 15 𝜇g⋅mL−1 groups, and at 30 𝜇g⋅mL−1 being significantly
higher than at 15 𝜇g⋅mL−1 group.

4. Discussion
Encapsulation efficiency is critical factor to appraise the
quantity of liposome drugs and is affected with many factors.
In order to achieve high encapsulation efficiency of PFL, in
the experiment the preparation conditions of PFL must be
optimized.
Traditionally, optimization in analytical chemistry has
been carried out by monitoring the influence of one factor at
a time on an experimental response. Its major disadvantage
is that it does not include the interactive effects among the
variables studied. As a consequence, this technique does not
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Figure 2: Changes of T lymphocyte proliferation in synergistical
stimulation of drugs with PHA (𝐴 570 values). a−d Bars in the same
day without the same superscripts differ significantly (𝑃 < 0.05).

depict the complete effects of the parameter on the response
[28, 29]. Another disadvantage of the one-factor optimization
is the increase in the number of experiments necessary to
conduct the research, which leads to an increase of time
and expenses as well as an increase in the consumption of
reagents and materials. Response surface methodology is
a designed regression analysis meant to predict the value
of a dependent variable based on the controlled values
of the independent variables [30, 31]. The use of RSM in
the process optimization stage leads to the need for an
experimental design, which can generate a lot of samples
for consumer evaluation in a short period of time, and thus
laboratory level tests are more efficient [30]. The product
optimization time is greatly reduced from traditional “cook
and look” optimization techniques [29]. From the parameter
estimates, it can be determined which variable contributes the
most to the prediction model, thereby allowing the product
researcher to focus on the variables that are most important
to the product acceptance [32].
Therefore, in the study, preparation conditions of PFL
must be optimized with response surface methodology
(RSM). The optimization of PFL was ratio of lipid to drug
(w/w) of 9.6 : 1, ratio of soybean phospholipid to cholesterol
(w/w) of 8.5 : 1, speed of injection 0.8 mL⋅min−1 , and mean
encapsulation efficiency of 91.67 ± 0.21%. It was similar to the
predicted value 91.59%, which indicated that the model was
adequate for the preparation process.
In vitro, the immunomodulatory activity was compared
between PFL and PF. The results showed that whether in
single stimulation or in synergistical stimulation with PHA,
the 𝐴 570 values of PFL group in certain concentrations (15–
60 𝜇g⋅mL−1 ) were significantly higher than those of PF group
(Figures 1 and 2). Furthermore, the results suggested that
at concentrations of 15–60 𝜇g⋅mL−1 , the expressions of IL-2
mRNA and IFN-𝛾 mRNA in PFL group were significantly
higher than those in PF group (Figure 3 and Figure 4); in
addition, the increases of expressions of IL-2 mRNA and
IFN-𝛾 mRNA in PFL group were significant from 15 𝜇g⋅mL−1

b

c

60

d

b

c

d c
15

30
Concentration (𝜇g·mL−1 )

PFL
PF

BL
PHA

Figure 3: Effect of PFL on expression level of IL-2 mRNA. a−d Bars in
the same day without the same superscripts differ significantly (𝑃 <
0.05). ∗ means significantly different between two groups (𝑃 < 0.05).
∗∗
means significantly different between two groups (𝑃 < 0.01).
∗∗

IFN-𝛾 mRNA

PFL
PF
BL

c

0

Concentration (𝜇g·mL−1 )

∗∗

∗

6

18
16
14
12
10
8
6
4
2
0

a

∗∗

∗
a

b

b
d c
60

PFL
PF

d c

a

30
Concentration (𝜇g·mL−1 )

b

c

c

15
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PHA control

Figure 4: Effect of PFL on expression level of IFN-𝛾 mRNA. a−d Bars
in the same day without the same superscripts differ significantly
(𝑃 < 0.05). ∗ means significantly different between two groups
(𝑃 < 0.05). ∗∗ means significantly different between two groups
(𝑃 < 0.01).

to 60 𝜇g⋅mL−1 . These indicated that the immunomodulatory
activity of PFL was related with concentrations, when the
higher the concentration was, the better the immunomodulatory activity was. Which indicated that the immunomodulatory activity of PF was obviously promoted after PF
was encapsulated with liposome, and higher encapsulation
efficiency played important role in the immunomodulatory
activity of PFL.
In conclusion, PFL was prepared by ethanol injection
method, and the preparation conditions of PFL were optimized with RSM. The optimal preparation conditions for
PFL was as follows: ratio of lipid to drug (w/w) 9.6 : 1, ratio
of soybean phospholipid to cholesterol (w/w) 8.5 : 1, and
speed of injection 0.8 mL⋅min−1 . Under these conditions, the
experimental encapsulation efficiency of PFL was 91.67 ±
0.21%. In vitro, PFL not only could significantly promote T
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lymphocytes proliferation singly or synergistically with PHA,
but also could increase the expression levels of IL-2 and IFN𝛾 mRNA, demonstrated the stronger immunoenhancement
activity, which provides the theoretical basis for the further
experiment in vivo.
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China produces the greatest amount of propolis but there is still lack of basic studies on its pharmacological mechanisms. Our
previous study found that ethanol extract from Chinese propolis (EECP) exerted excellent anti-in�ammatory eﬀects in vivo but
mechanisms of action were elusive. To further clarify the possible mechanisms underlying the anti-in�ammatory eﬀects of Chinese
propolis (poplar type), we utilized EECP to analyze its chemical composition and evaluated its potential anti-in�ammatory eﬀects
in vitro. High-performance liquid chromatography (HPLC) pro�le indicated that EECP contained abundant �avonoids, including
rutin, myricetin, quercetin, kaempferol, apigenin, pinocembrin, chrysin, and galangin. Next we found that EECP could signi�cantly
inhibit the production of NO, IL-1𝛽𝛽, and IL-6 in lipopolysaccharide- (LPS-) stimulated RAW 264.7 cells and suppress mRNA
expression of iNOS, IL-1𝛽𝛽, and IL-6 in a time- and dose-dependent manner. Furthermore, we found that EECP could suppress the
phosphorylation of I𝜅𝜅B𝛼𝛼 and AP-1 but did not aﬀect I𝜅𝜅B𝛼𝛼’s degradation. In addition, using a reporter assay, we found that EECP
could block the activation of NF-𝜅𝜅B in TNF-𝛼𝛼-stimulated HEK 293T cells. Our �ndings give new insights for understanding the
mechanisms involved in the anti-in�ammatory eﬀects by Chinese propolis and provide additional references for using propolis in
alternative and complementary therapies.

1. Introduction
In�ammation is an integral physiological host response to
tissue injury and infection, which is vital for our body when
facing invading microbes or the diseases. Several relatively
abundant proin�ammatory mediators and cytokines are generally characterized and have been validated their important
roles in in�ammatory responses, such as nitric oxide (NO),
interleukin (IL-)𝛽𝛽, and IL-6 [1]. e overproduction of these
proin�ammatory mediators are typically linked to proin�ammatory stimuli which will cause acute or chronic in�ammatory responses and being the pathogenesis of many diseases.
Increasing evidence indicates that the transcription factor
nuclear factor kappa B (NF-𝜅𝜅B) as well as the activator protein
(AP-)1 plays important roles in the immune/in�ammatory

responses by regulating the transcriptional activation of
many in�ammatory-related genes. In normal conditions,
the inhibitor of 𝜅𝜅B binding protein (I𝜅𝜅B), such as I𝜅𝜅B𝛼𝛼,
interacts with p50/p65 heterodimer in the cytoplasm and
masks nuclear localization sequence, so the NF-𝜅𝜅B dimers
failed to bind to 𝜅𝜅B sites. In in�ammatory conditions, I𝜅𝜅B𝛼𝛼
will be phosphorylated then degraded by 26 s proteosome.
is leads to the free NF-𝜅𝜅B to translocate into the nucleus,
binding speci�cally to the 𝜅𝜅B sites in the genome. AP-1 is
a family of DNA binding transcription factors composed of
dimers with two proteins. e best-characterized AP-1 is
composed by two proteins, namely Jun and Fos [2]. Various
genes encoding for proin�ammatory mediators, cytokines,
chemokines, and some inducible enzymes contain 𝜅𝜅B sites
and AP-1 binding sites. e transcription of these genes is
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regulated, in a sense, by the NF-𝜅𝜅B and AP-1 activity [3, 4].
erefore, suppressing or inhibiting the improper activation
of these in�ammation-linked transcription factors may have
therapeutic potential.
Propolis is a resinous substance collected by honeybees,
Apis mellifera, from various plant sources [5]. Bees use propolis as a building and insulating material to protect their hives.
Propolis has been used in folk medicines and complementary
therapies since 3,000 BC in Egypt and has become one of the
most popular functional foods all around the world. Propolis
show a broad spectrum of bioactivities, such as antioxidant
[6], antimicrobial [7], antitumor [8], antiviral [9], anti-ulcer
[10], immunomodulatory [11], cardioprotective [12], and
anti-in�ammatory eﬀects [13].
Moreover, China produces the greatest amount of propolis and has become one of the largest raw propolis exporters
in the world. Comparing with propolis collected from
other areas, Chinese propolis also exerted lots of bene�cial
properties. By contrast, very limited studies focus on its
pharmacological activities and functional mechanisms [14].
Our previous study found that Chinese propolis exhibited
signi�cant anti-in�ammatory eﬀects using diﬀerent animal
models [15]. We also demonstrated that these eﬀects may
probably attribute to the suppression of phosphatidylcholinespeci�c phospholipase C (PC-PLC) and to the depression
of p53 and ROS levels [16]. However, detailed molecular
mechanisms of the anti-in�ammatory eﬀects by Chinese
propolis have not been satisfactorily elucidated.
In the present study, as a continuing part of our research
to clarify the possible mechanisms underlying the antiin�ammatory eﬀects of Chinese propolis (poplar type), we
studied the total �avonoids content and analyzed the chemical composition of an ethanol extract from Chinese propolis
(EECP). Furthermore, we examined eﬀects of EECP on the
in vitro in�ammatory responses and in�ammation-related
transcription factors in lipopolysaccharide (LPS)-stimulated
RAW 264.7 cells. We also evaluated eﬀects of EECP on
the activation of NF-𝜅𝜅B in tumor necrosis factor (TNF)-𝛼𝛼
stimulated HEK 293T cells. To our knowledge, this is the
�rst time using Chinese propolis to evaluate the in-vitro antiin�ammatory eﬀects in activated macrophages and eﬀects of
Chinese propolis on NF-𝜅𝜅B activation is highlighted.

2. Materials and Methods
2.1. Chemicals and Reagents. LPS (Escherichia coli 0127:B8)
and alkaline phosphatase-conjugated secondary antibody
(anti-rabbit IgG) and the standards used in HPLC analysis were purchased from Sigma-Aldrich (St Louis, USA).
Primary rabbit monoclonal antibodies against phosphoc-Jun (pS63), phospho-I𝜅𝜅B𝛼𝛼 (pS36), and 𝛽𝛽-tubulin were
purchased from Epitomics (Burlingame, CA, USA). e
polyclonal anti-rabbit I𝜅𝜅B𝛼𝛼 antibody was a generous gi from
Professor Zongping Xia (Life Sciences Institute, Zhejiang
University, China). Other chemicals were purchased from
Sangon Biotechnology Co. Ltd. (Shanghai, China).
2.2. Preparation of Ethanol Extract from Raw Chinese Propolis.
Raw Chinese propolis sample was collected from A. mellifera
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colonies in Shandong province which is located in North
China at the summer of 2010 and stored at −20∘ C until
used. Main plant origin of the propolis sample collected
was poplar (Populus sp.). For the subsequent experiments,
one hundred grams of propolis sample was weighed and
broken into powders with a grinder. en the propolis sample
was extracted by 95% (v/v) ethanol (1L), sonicated at 40∘ C
for 3 h. Aer the sonication, the supernatant was �ltered
with Whatman No. 4 �lter papers to remove the residues.
e residues were collected then extracted and sonicated
with 95% ethanol for another 3 h. e raw propolis was
extracted for three times. ereaer, all of the supernatants
were collected together and evaporated in a rotary evaporator
under a reduced pressure at 50∘ C. Finally, the extract was
dried in the oven until reaching a constant weight and stored
at −20∘ C until further used. During the cell experiments, the
�nal extract was weighed and redissolved in 100% ethanol.
Ethanol extract of Chinese propolis (EECP) solution was
�ltered with 0.22 𝜇𝜇m syringe �lters (Pall, USA) to make
20 mg/mL stock and stored at −20∘ C in the dark. Final
concentration of ethanol in the cell culture medium did not
exceed than 0.1% (v/v).
2.3. Total Flavonoids Measurement and HPLC Analysis.
Total �avonoids content of propolis extract was measured
using the method of Chinese Standard (GB/T 20574-2006).
e absorbance reading was determined by an Ultraviolet
Specterphotometry (UV-2550, SHIMADZU Co., Japan) at
415 nm. e chromatographic analyses were carried out
using the method of Chinese Standard (GB/T 19427-2003)
and operated on an Agilent HPLC system equipped with a
vacuum degasser G1322A, a quaternary pump G1311A, an
autosampler G1329A, a programmable variable wavelength
detector (VWD) G1314B, and a thermostated column compartment G1316A. Separation of �avonoids was performed
on Sepax GP-C18 column (4.6 mm × 150 mm, 3 𝜇𝜇m) at 28∘ C
with a detection wavelength at 270 nm. e mobile phases
were consisted of methanol and water at a ratio of 58/42 (v/v)
and the pH value was adjusted to 3 with phosphoric acid at
a �ow rate of 0.7 mL/min. All of the sample solutions were
�ltered through 0.22∘ 𝜇𝜇m membrane �lters with an injection
volume of 10 𝜇𝜇L.
2.4. Cell Culture and Cell Viability Evaluation by MTT Assay.
Murine macrophages-like cell line RAW 264.7 and human
embryonic kidney (HEK) 293T cells originated from the
American Type Culture Collection (ATCC) and cultured
in DMEM (high glucose) supplemented with 100 U/mL of
penicillin, 100 𝜇𝜇g/mL streptomycin and 10% heat-inactivated
fetal bovine serum (Gibco, USA) at 37∘ C and 5% CO2 in a
humidi�ed incubator. Eﬀect of EECP on the viability of RAW
264.7 cells was determined by 3-(4,5-dimethylthiazol-2-yl)2,5-diphenyltetrazolium bromide (MTT) assay as previously
described [17] using the MTT Cell Proliferation and Cytotoxicity Assay Kit (Beyotime, Beijing, China) according to
manufacturer’s instructions. e optical density values were
measured at 570 nm using an ELISA reader (Bio-Rad 680,
USA).
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2.5. NO Measurement by Greiss’ Reaction and Cytokine Determination by ELISA. Murine RAW 264.7 cells (1.2 × 105 ) were
seeded into 24-well plates and cultured for 24 h, thereaer
the cells were pretreated with speci�ed concentrations of
EECP for 1 h then the cells were stimulated with 1 𝜇𝜇g/mL
LPS. Aer incubating at designated length of time, the cell
medium was collected and centrifuged, then dispensed and
stored at −80∘ C until tested. e amount of the in�ammatoryrelated cytokines, IL-1𝛽𝛽 and IL-6 in the cell culture supernatants was measured using enzyme-linked immunosorbent
assay (ELISA) kits, according to manufacturer’s instructions
(Sunny ELISA Kits, Mutisciences, Hangzhou, China). e
generation of nitric oxide was assayed using a NO measurement kit by a colorimetric Griess’ method (Beyotime, Beijing,
China). e optical density was measured at 450 nm for IL1𝛽𝛽 and IL-6 and at 550 nm for NO using the ELISA reader
(Bio-Rad 680, USA).
2.6. Total RNA Isolation and Reverse Transcription. Total
RNA was isolated from RAW 264.7 cells using an E.Z.N.A
total RNA Kit (Omega Bio-tech Inc., USA) following the
protocol provided by the manufacturer. e purity and
concentration of all RNA samples were measured using a
Nano Drop spectrophotometer (ND-2000, NanoDrop Technologies, USA). Total RNA samples were suspended in
DEPC-treated water and stored at −80∘ C until further used.
For cDNA synthesis, 1 𝜇𝜇g of total RNA were used in a
25 𝜇𝜇L reaction volume using a First-Strand cDNA synthesis
kit (GeneCopoeia, USA). e reaction products of reverse
transcription were kept frozen at −20∘ C until used.

2.7. Quantitative Real-Time Polymerase Chain Reaction Analysis. All of the oligonucleotide primers used were designed
using the Perlprimer soware and synthesized commercially
(Sangon Biotechnology, Shanghai, China). e sequences
of the primers were as follows: murine GAPDH sense, 5′ GAGAAACCTGCCAAGTATGATGAC-3′ , GAPDH antisense, 5′ -TAGCCGTATTCATTGTCATACCAG-3′ ; IL-1𝛽𝛽
sense, 5′ -CCAACAAGTGATATTCTCCATGAG-3′ , IL-1𝛽𝛽
anti-sense, 5′ -ACTCTGCAGACTCAAACTCCA-3′ ; IL-6
sense, 5′ -CTCTGCAAGAGACTTCCATCC-3′ , IL-6 antisense, 5′ -GAATTGCCATTGCACAACTC-3′ . iNOS sense,
5′ -TTTCCAGAAGCAGAATGTGACC-3′ , iNOS anti-sense,
5′ -AACACCACTTTCACCAAGACTC-3′ . Suitable sizes of
synthesized cDNA were 239 bp for IL-1𝛽𝛽, 210 bp for IL-6,
294 bp for iNOS, and 212 bp for GAPDH. Quantitative realtime PCR was performed with the Mastercycler ep realplex
(Eppendorf, Hamburg, Germany) using a SYBR premix
EX Taq (TaKaRa, Dalian, China) following manufacturer’s
protocols. e reactions were carried out in duplicate in
a 25 𝜇𝜇L reaction volume in a 96-well plate format and the
reaction mixtures with no cDNA served as negative control.
e 2-steps PCR reaction condition was as follows: initial
denaturation at 95∘ C for 30 s, followed by 40 cycles of
denaturation at 95∘ C for 5 s, annealing and extension at 60∘ C
for 30 s, followed by the con�rmation with the melting curve
analysis at 95∘ C for 15 s, 50∘ C and 95∘ C for 15 s. e real-time

3
PCR products were also con�rmed by DNA sequencing and
electrophoresed with 1.5% agarose gel aer staining by
GoldView (SBS Genetech, Beijing, China), visualized under
UV light. GAPDH was used as a housekeeping gene to
normalize the expression of the target genes (IL-1𝛽𝛽, IL-6,
and iNOS) using a ΔΔ Ct method [18].
2.8. Cellular Protein Extraction and Western Blotting Analysis.
RAW 264.7 cells were pretreated with assigned concentrations of EECP for 1 h. en the cells were stimulated with
1 𝜇𝜇g/mL LPS at pre-designed time points. At the harvest time,
the cells were put on the ice immediately and washed twice
with cold PBS. en the cells were lysed on ice for 10 min
using a cell lysis buﬀer containing 50 mM Tris-Cl (pH 7.5),
150 mM NaCl, 0.5% NP-40, 10% glycerol, 2 mM DTT, 1 mM
leupeptin, and 1 mM PMSF. All the lysate were collected by
scraping with the cell scrapers (Corning, USA) and centrifugated at 4∘ C at a speed of 12,000 g for 10 min to remove
cell debris. Aer that, equal amounts of cellular protein
(30 𝜇𝜇g) were mixed with a quarter-volume of the Laemmli’s
sample buﬀer and boiled at 95∘ C for 5 min. en the cellular
proteins were separated by 12–15% sodium dodecyl sulfatepolyacrylamide gel electrophoresis (SDS-PAGE). Aerwards,
the gels were transferred to polyvinylidene �uoride (PVDF)
membranes and 5% skim milk dissolved in Tris-buﬀered
saline Tween 20 (TBST, 20 mM Tris-Cl, pH 7.4, 150 mM
NaCl, and 0.02% Tween 20) was used to block the nonspeci�c
binding sites on the PVDF membrane (Millipore, USA) for
30 min at room temperature. en the blots were incubated
with primary antibodies for 1 h at room temperature or 4∘ C
overnight. ereaer, the membranes were washed for three
times with TBST and incubated with a 1 : 10,000 dilution of
alkaline phosphatase-conjugated secondary antibody for 1 h
at room temperature. Aer another three times washing with
TBST, the immunoreactive protein bands on the membrane
were developed for 3 min in 10 mL alkaline phosphatase
for western color development buﬀer (100 mM Tris-Cl, pH
9.5, 50 mM NaCl and 5 mM MgCl2 ) mixed with 100 𝜇𝜇L
NBT/BCIP solution (18.75 mg/mL Nitro blue tetrazolium
chloride, NBT and 9.4 mg/mL 5-bromo-4-chloro-3-indolyl
phosphate toluidine salt, BCIP in 67% DMSO, v/v). e
Western blotting results were evaluated using Quantity one
soware if necessary.
2.9. Transient Transfection and NF-𝜅𝜅B Reporter Assay. In
order to examine the eﬀect of EECP on NF-𝜅𝜅B activation,
HEK 293T cells were plated in 12-well plates at 1.5 × 105
cells per well and incubated overnight. Cells were transfected
the next day with 30 ng of �re�y luciferase reporter plasmid
(pGL4.2-3 × NF-𝜅𝜅B-Luc) and 5 ng of sea pansy luciferase
reporter plasmid (pRL-TK). Total expression plasmids are
500 ng and the pcDNA3.1 vector was added as needed to
make up the total amount of expression plasmid DNA. 24 h
aer transfection, cells were pretreated with various concentrations of EECP solutions (from 0 to 20 𝜇𝜇g/mL) for 1 h, then
stimulated with 10 ng/mL of TNF-𝛼𝛼 for 12 h. Cell viability
was con�rmed by trypan blue exclusion and microscopy
examination. en the cells were washed with cold PBS twice
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F 1: HPLC chromatogram of (a) EECP and (b) �avonoids standards. Peaks: (1) rutin; (2) myricetin; (3) quercetin; (4) kaempferol; (5)
apigenin; (6) pinocembrin; (7) chrysin; and (8) galangin.

T 1: Concentrations of �avonoids presented in EECP.
Compounds
Rutin
Myricetin
Quercetin
Kaempferol
Apigenin
Pinocembrin
Chrysin
Galangin

a

Retention Time (min)
4.13
5.61
8.16
13.94
15.41
26.57
35.20
42.57

mg/g of extracta
18.8 ± 0.1
15.4 ± 0.2
19.7 ± 0.3
3.7 ± 0.1
3.5 ± 0.1
84.6 ± 0.2
33.5 ± 0.1
29.1 ± 0.2

Reported values are the means ± SD (𝑛𝑛 𝑛 𝑛). EECP, ethanol extracts of
Chinese propolis.

and harvested in the cell lysis buﬀer (0.5% CHAPS, 25 mM
glycylglycine, 15 mM MgSO4 and 4 mM EGTA, 1 mM DTT
and PMSF). Aer that, the cell lysate were kept on the shaker
at room temperature for 20 min, then transferred to the ice.
Aerwards, move the lysate to Eppendorf tubes and spinned
for 10 minutes at 12,000 g. Fire�y and sea pansy luciferase
activities were quanti�ed using a DLReady luminometer
(Berthold Technologies, Germany), with �re�y luciferase
activity normalized for transfection eﬃciency based on sea
pansy luciferase activity.
2.10. Statistical Analysis. All data are representative of at
least three independent experiments. Data are presented as
mean ± SD and student’s 𝑡𝑡-test was used to demine the
statistical signi�cance between two groups and 𝑃𝑃 value of
�0.05 was considered to be statistically signi�cant.

3. Results
3.1. Total Flavonoids Content of EECP and Phytochemical
Analysis by HPLC. �e chromatographic pro�le of EECP and
the �avonoid standards were recorded at 270 nm in Figure
1 and their amounts are shown in Table 1. Total �avonoids
content of EECP was 227.24 ± 1.01 mg rutin equivalent per
gram using a colorimetric method. We also analyzed eight

most representative �avonoids of poplar tree type propolis,
namely rutin, myricetin, quercetin, kaempferol, apigenin,
pinocembrin, chrysin, and galangin. �e HPLC �le showed
that all of the eight �avonoids are presented in EECP, in
accordance with previous study [19].
3.2. Assessment of Cell Toxicity of EECP in RAW 264.7 Cells.
Cytotoxicity of EECP on RAW 264.7 cells is shown in Figure
2(d). Aer incubating for 24 h, EECP at concentrations up to
20 𝜇𝜇g/mL had no signi�cant eﬀects on the cell viability (𝑃𝑃 𝑃
0.05). However, concentrations higher than that amount will
be toxic to RAW 264.7 cells (data not shown). With this result,
we chose concentrations of EECP up to 20 𝜇𝜇g/mL in the
subsequent experiments.

3.3. Eﬀects of EECP on the Production of NO, IL-1𝛽𝛽 and IL-6 in
LPS-Stimulated RAW 264.7 Cells. Figures 2(a), 2(b), and 2(c)
show the eﬀects of EECP on NO, IL-1𝛽𝛽 and IL-6 production
in LPS-stimulated RAW 264.7 cells. Our previous data found
Chinese propolis exhibited good anti-in�ammatory eﬀects
in vivo and EECP could inhibit the production of some
in�ammation-related cytokines [12]. So we �rst investigated
eﬀects of EECP on the production of some proin�ammatory
cytokines, including IL-1𝛽𝛽, and IL-6 as well as the NO
generation in LPS-stimulated RAW 264.7 cells. ELISA assays
were used to determinate the proin�ammatory cytokines and
Greiss’ reaction was used to estimate the NO generation.
In the absence of LPS, very low amounts of NO and those
two proin�ammatory cytokines were detected in the culture
supernatants of RAW 264.7 cells. Upon stimulation with LPS
(1 𝜇𝜇g/mL), NO production was markedly increased (Figure
2(a)). We also found signi�cant increases of IL-1𝛽𝛽 and IL-6
in the presence of LPS-stimulation (Figures 2(b) and 2(c)).
However, pretreatment with EECP for 1 h could signi�cantly
reduce the production of NO, IL-1𝛽𝛽 and IL-6 in a dosedependent manner (Figures 2(a) to 2(c)).
3.4. Eﬀects of EECP on iNOS, IL-1𝛽𝛽 and IL-6 mRNA
Expression in LPS-Stimulated RAW 264.7 Cells. Figure 3
shows the eﬀects of EECP on mRNA expression of iNOS,

Evidence-Based Complementary and Alternative Medicine

5
120

140
#

IL-1β production (% of LPS)

Nitric oxide production (% of LPS)

#
120
100
80
60
40
20

100
80
60
40
20

0
LPS (1 g/mL)

−

+

+

+

+

+

−

0
LPS (1 g/mL)

−

+

+

+

+

+

−

EECP ( g/mL)

−

−

5

10

15

20

20

EECP ( g/mL)

−

−

5

10

15

20

20

(a)

(b)
120

#

100

100
Cell viability (%)

IL-6 production (% of LPS)

120

80
60
40
20

80
60
40
20

0
LPS (1 g/mL)

−

+

+

+

+

+

−

EECP ( g/mL)

−

−

5

10

15

20

20

0

(c)

EECP ( g/mL)

0

5

10

15

20

(d)

F 2: Eﬀects of EECP on LPS-induced NO, IL-1𝛽𝛽, and IL-6 production and cell viability in RAW 264.7 cells. (a–c) Cells were pretreated
with/without indicated concentrations of EECP for 1 h then stimulated with LPS (1 𝜇𝜇g/mL) for 18 h. Control values were obtained in the
absence of LPS or EECP. e values are presented as percentages of NO (a), IL-1𝛽𝛽 (b), and IL-6 (c) comparing with LPS-treated cells,
respectively. (d) RAW 264.7 cells were treated with indicated concentrations of EECP (0–20 𝜇𝜇g/mL) for 24 h, and the results are expressed by
percentages of surviving cells over control cells (no addition of EECP) using MTT assays. e data are the means ± SDs for three independent
experiments. Individual groups were compared using Student’s 𝑡𝑡-test (∗ 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃, ∗∗ 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃 compared with the LPS group; # 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃
compared with untreated group).

IL-1𝛽𝛽, and IL-6 in LPS-stimulated RAW 264.7 cells. Timeand dose-eﬀect of EECP on the mRNA expression of
iNOS, IL-1𝛽𝛽, and IL-6 was measured in RAW 264.7 cells
stimulated with LPS in the presence or absence of EECP
using quantitative real-time reverse transcriptase polymerase
chain reaction (qRT-PCR). As expected from several previous
studies, upon stimulation with LPS, mRNA expressions of
three in�ammatory-related genes in RAW 264.7 cells were
upregulated strongly [20, 21]. e mRNA expression reached
a peak level at about 6 h for IL-1𝛽𝛽 and IL-6, 9 h for iNOS.
Pretreatment of EECP at 15 𝜇𝜇g/mL could block the expression
of these mRNAs at all of indicated time points (Figure 3(a)).
We also observed that pretreatment of various concentrations

of EECP on the inhibition of LPS-induced mRNA levels of
those three genes is dose-dependent (Figure 3(b)).
3.5. Eﬀects of EECP on the Degradation and Phosphorylation of I𝜅𝜅B-𝛼𝛼 in LPS-Stimulated RAW 264.7 Cells. Figure 4
indicates total and phosphorylation protein expression levels
of I𝜅𝜅B-𝛼𝛼 in the cytoplasm. In order to further clarify the
molecular mechanisms underlying EECP-mediated suppressive eﬀects of those in�ammation-related genes, we next used
Western blot analysis with speci�c antibodies to characteri�e
eﬀects of EECP on LPS-induced I𝜅𝜅B𝛼𝛼 phosphorylation and
degradation, which were regarded as two symbolic events in
the activation of NF-𝜅𝜅B signal transduction. A time-course
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F 3: Eﬀects of EECP on iNOS, IL-1𝛽𝛽 and IL-6 mRNA expression in LPS-stimulated RAW 264.7 cells. Dose-dependent (a) and timecourse (b) inhibitory eﬀect of EECP were measured on LPS-induced iNOS IL-1𝛽𝛽 and IL-6 mRNA expression in RAW 264.7 cells were
measured using qRT-PCR, as described in Section 2. (a) Cells were pretreated with EECP (15 𝜇𝜇g/mL) or not for 1 h, then stimulated with LPS
(1 𝜇𝜇g/mL) at various time points. (b) Dose-eﬀect relationship was measured aer 6 h stimulation with LPS (1 𝜇𝜇g/mL). Results are expressed
as a target gene expressions ratio comparing with the LPS-treated group. e data are the means ± SDs for three independent experiments.
Individual groups were compared using student’s 𝑡𝑡-test (∗ 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃, ∗∗ 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃, ∗∗∗ 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃 compared with the LPS group; # 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃
compared with untreated group).

experiment showed that the phosphorylation of I𝜅𝜅B𝛼𝛼 was
increased from 15 min aer LPS treatment and application
of 15 𝜇𝜇g/mL EECP attenuated LPS-induced phosphorylation
of I𝜅𝜅B𝛼𝛼. In contrast, comparing with LPS treated cells, the

degradation of I𝜅𝜅B𝛼𝛼 seemed was unaﬀected by combination of EECP and LPS (Figures 4(a) and 4(b)). A dosecourse experiment showed EECP at a concentration of 10 to
20 𝜇𝜇g/mL could block the LPS-induced phosphorylation of
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F 4: Eﬀects of EECP on the phosphorylation of I𝜅𝜅B-𝛼𝛼 and AP-1 in LPS-stimulated RAW 264.7 cells. (a) RAW 264.7 cells were stimulated
with LPS (1 𝜇𝜇g/mL) for indicated times or (b) were pretreated with EECP (15 𝜇𝜇g/mL) for 1 h then stimulated with LPS (1 𝜇𝜇g/mL) for indicated
times. (c) RAW 264.7 cells were pretreated or not with indicated concentrations of EECP for 1 h then were stimulated with LPS (1 𝜇𝜇g/mL)
for 30 min. Whole cell lysates were analyzed by Western blotting analysis using speci�c antibodies. e relative expression of proteins was
quanti�ed using �uantity �ne soware comparing with 𝛽𝛽-tubulin. Data shown are the representative of three independent experiments with
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I𝜅𝜅B𝛼𝛼 (Figure 4(b)) but has no signi�cant eﬀect on preventing
the degradation of I𝜅𝜅B𝛼𝛼 (data not shown).
3.6. Eﬀect of EECP on the Phosphorylation of AP-1 in LPSStimulated RAW 264.7 Cells. Figure 4 also shows the phosphorylation levels of c-Jun, a major component of AP-1 in
LPS-stimulated RAW 264.7 cells. Previous studies have found
that many in�ammatory mediators, such as iN�S, IL-1𝛽𝛽 and
IL-6 were regulated not only by NF-𝜅𝜅B but also by AP-1,
another important transcription factor involved in MAPK
signaling pathways. Following LPS stimulation, the AP-1
heterodimer, c-Jun and c-Fos translocated into the nucleus,
leading to the transcription of several in�ammatory-related
genes [4]. To further explore whether AP-1 is involved in
the inhibition of those in�ammatory factors by EECP, we
examined time- and dose-eﬀect of EECP on the phosphorylation of c-Jun in LPS-stimulated RAW 264.7 cells. Aer
LPS stimulation, the phosphorylation level of c-Jun was
dramatically increased from 15 min and at a peak level at
about 30 min (Figure 4(a)). Pretreatment with 15 𝜇𝜇g/mL of
EECP could postpone c-Jun’s phosphorylation at the peak
level at about 60 to 90 min (Figure 4(b)). EECP could also
suppress LPS-induced phosphorylation of c-Jun (AP-1) in a
dose-dependent manner (Figure 4(c)).

3.7. Eﬀect of EECP on NF-𝜅𝜅B Activation in TNF-𝛼𝛼 Treated
HEK 293T Cells. Figure 5 shows eﬀect of EECP on NF-𝜅𝜅B
activation in TNF-𝛼𝛼 treated HEK 293T cells. Paulino et al.
previously demonstrated that ethanol extracts of Brazilian
green propolis exerted a strong suppressive eﬀect on NF-𝜅𝜅B
activation using a reporter assay system with an IC50 value
of 200 𝜇𝜇g/mL [13]. However, botanical origins and chemical
compositions between Brazilian green propolis and Chinese
propolis are quite diﬀerent, so we evaluated the eﬀect of EECP
on the NF-𝜅𝜅B activation using a reporter assay system in
TNF-𝛼𝛼 treated HEK 293T cells. As shown in Figure 5, the
up-regulation of the relative luciferase activity stimulated by
TNF-𝛼𝛼 (10 ng/mL) was signi�cantly (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃) decreased by
EECP (10 to 20 𝜇𝜇g/mL).

4. Discussion

e present study was undertaken to elucidate the mechanisms underlying the anti-in�ammatory and immunomodulating eﬀects of a �avonoid-rich ethanol extract from Chinese
propolis (poplar type), which has been widely used in folk
medicine and health food among China and all over the
world [5]. Indeed, chemical constituents of propolis vary
widely with respect to their geographic regions and plant
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∗∗∗
𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃 compared with the LPS group; # 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃 compared with untreated group).

sources. However, biological activities of propolis always
present. As far as Chinese propolis, the raw material we
used in this study is origin from Shandong province which
is located in North China and the main botanical source
of this type of propolis is well known as poplar (Populus
sp.) [22]. Based on previous studies, we �rst chose eight
most frequently-presented �avonoids in poplar type propolis,
including rutin, myricetin, quercetin, kaempferol, apigenin,
pinocembrin, chrysin, and galangin to analyzed their relative
amount in EECP [14, 23]. e chromatographic pro�le
of EECP meets the characters of the poplar-type propolis,
which is marked by high amounts of �avonoids (including
�avones, �avonols, �avanones and dihydro�avonols) and
other phenolics (mainly cinnamic acids and their esters) [24].
It is known that macrophage plays an important role
in the immune system as well as the in�ammation process. LPS-stimulated macrophages can secrete a variety of
in�ammatory mediators, including NO, IL-1𝛽𝛽, and IL-6.
Overproduction of these mediators will break the immune
homeostasis and cause several in�ammatory diseases, including septic shock, arteriosclerosis, and cancer. To continue
our work to clarify the mechanisms underlying the antiin�ammatory eﬀects of EECP, we �rst chose LPS-stimulated
RAW 264.7 cells as an in vitro model to evaluate the eﬀects
of ethanol extract from Chinese propolis (poplar type) on
the production and mRNA expression of those in�ammatory
mediators. Our results showed that LPS-stimulation strongly
up-regulated the production and secretion of NO, IL-1𝛽𝛽 and
IL-6. NO is one ubiquitous cellular mediator, which is produced by iNOS, which can generate and modify intracellular
signals. During the pathological process, overproduction of
NO is harmful [25]. Parallel to previous study, we also found
that EECP could signi�cantly reduce NO production and
iNOS mRNA expression in activated macrophages regardless

of the geographic locations of the samples used in these
experiments [26, 27]. Meanwhile, in activated macrophages,
IL-1𝛽𝛽 and IL-6 are known as two important proin�ammatory
cytokines which can cause the aggravation of in�ammation
and induce tissue damages [28]. Previous study using LPSactivated J744A.1 macrophages model found ethanol extract
of propolis could signi�cantly suppress the production and
expression of IL-1𝛽𝛽 in a dose-dependent manner. Recently,
eﬀects of propolis and its isolated compounds, on some
cytokines production (IL-1𝛽𝛽, IL-6, and IL-10) has been
investigated. Bachiega et al. found that ethanol extracts of
propolis (collected in south area of Brazil) could suppress
the cytokines production induced by LPS both before and
aer its addition [29]. In the present study, we also found
EECP could suppress the production of IL-1𝛽𝛽 and IL-6.
Meanwhile, using qRT-PCR we found that EECP on the
inhibition of LPS-induced mRNA levels of iNOS, IL-1𝛽𝛽,
and IL-6 is time- and dose-dependent, indicating that EECP
exerts a suppressive eﬀect against the in�ammation-related
genes at transcriptional level.
Since the transcriptional upregulation of in�ammatory
mediators is reported to be due to some redox sensitive
transcription factors such as NF-𝜅𝜅B and AP-1 [2, 3], we
hypothesize that EECP could be involved in the modulation of these transcription factors. In LPS-induced models,
activated macrophages produce numerous proin�ammatory
mediators most of which is regulated by NF-𝜅𝜅B transcription
factor and this pivotal signaling pathway mediating in�ammatory responses has been well-established by many previous
reports [18, 28]. Similar to previous studies, our results found
that LPS-stimulation led to a rapid phosphorylation and
degradation of I𝜅𝜅B𝛼𝛼 that peaked at 30 min. EECP alone
could not induce any change of I𝜅𝜅B𝛼𝛼 in resting RAW 264.7
cells (data not shown), but it had a strong inhibition eﬀect
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on phosphorylation of I𝜅𝜅B𝛼𝛼. However, eﬀect of EECP on
preventing the degradation of I𝜅𝜅B𝛼𝛼 is not very obvious.
Interestingly, NF-𝜅𝜅B reporter assay result showed that EECP
also displayed a strong suppressive eﬀect on the activation
of NF-𝜅𝜅B in TNF-𝛼𝛼 activated HEK 293T cells, regardless of
the geographic location and the propolis samples used [13].
Further studies should focus on the eﬀects of some other
essential upstream or downstream events associated with
NF-𝜅𝜅B cascade, such as the phosphorylation of I𝜅𝜅B𝛼𝛼 kinase
(IKK) or the translocation of NF-𝜅𝜅B. On the other hand,
AP-1 is another important transcriptional factor during the
transcription and production of some in�ammatory mediators. Many in�ammatory-related genes not only contain
𝜅𝜅B sites but also has AP-1 binding sites in their promoters.
However, eﬀect of propolis extracts on the transcription of
AP-1 is still elusive. Upon stimulation with 1 𝜇𝜇g/mL LPS, the
phosphorylation of AP-1 reached a peak level at 30–45 min,
then decreased. is result is a slight inconformity with
previous study. Shan et al. found the phosphorylation of AP1 reached a peak level aer stimulation with LPS for 1 h [20].
We considered that this inconformity is acceptable, for the
LPS amount we used is quite diﬀerent; they used 100 ng/mL
instead of 1 𝜇𝜇g/mL LPS we used. High amounts of LPS used
seem promoted the phosphorylation and transcription of
AP-1. Even so, pretreated with EECP before the stimulation
displayed a potential suppressing eﬀect on the phosphorylation of AP-1, gave us another explanation to the attenuation
of those proin�ammatory cytokines production by EECP
pretreatment before the LPS stimulation.
Although numerous studies reported that propolis has
a wide spectrum of pharmacological activities, we should
not ignore the main constituent of propolis from diﬀerent
geographic locations is quite diﬀerent. Various factors, such
as plant resources, collecting seasons, species of bees, and
the solvents used in extraction, will in�uence the chemical
constituent of propolis [22, 24]. So it is necessary to distinguish between speci�c propolis types and its corresponding
compositions. In contrast with other types of propolis, such as
Brazilian green propolis, birch type propolis, or red propolis,
the samples we used is originated from Shandong, and only
can be seen as a representative of poplar type propolis of
Northern China. e phytochemistry analysis also found
that it contains multiple kinds of �avonoids at a relatively
high amount. Among them we found that pinocembrin (84.6
± 0.2 mg/g of the extract), chrysin (33.5 ± 0.1 mg/g of the
extract) and galangin (29.1 ± 0.2 mg/g of the extract) are three
of the most abundant �avonoids presented in EECP. Previous
studies have con�rmed their eﬀects on activated RAW 264.7
macrophages [30]. Yu et al. found that pinocembrin could
inhibit LPS-stimulated nitric oxide (NO) and prostaglandin
E2 (PGE2) production in RAW 264.7 cells by blocking the
activation of NF-𝜅𝜅B [31]. Similar eﬀects were also observed
using chrysin [32]. It has also reported chrysin and galangin
could suppress the IL-1𝛽𝛽 gene expression in activated RAW
264.7 macrophages via inhibiting the gene transcription [33].
We also noticed that some previous reports found that
propolis could activate the macrophage and induce NO and
TNF-𝛼𝛼 production [34]. Some in vitro and in vivo assays
also demonstrated that propolis can modulate the action of
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murine peritoneal macrophages and increase their resistance
against some microbes [21, 35]. It is worth noting that the
mechanisms seem to diﬀer by the types of propolis used, the
extraction method used, even the cell-line and the stimulus.
Many isolated constituents presented in propolis have been
found with properties of immunoregulation. For example,
some constituents in propolis may exert an immunosuppressive eﬀect, such as caﬀeic acid phenyl ester (CAPE),
artepillin C (3,5-diprenyl-4-hydroxycinnamic acid). CAPE
can inhibit the induction of cytokines, as well as iNOS
and cyclooxygenase (COX)-2 expression, aer in vitro LPS
stimulation [36]. CAPE is also a potent inhibitor of T-cellreceptor-mediated T cell proliferation and oen acts as an
inhibitor of NF-𝜅𝜅B [37]. Paulino et al. found that artepillin C
could suppress macrophage activation and block the activity
of NF-𝜅𝜅B [38]. However, some other constituents presented
in propolis were reported with immunostimulatory eﬀects,
including cinnamic and coumaric acids [29, 39]. So we
speculate that the eﬀects of various kinds of propolis may also
attribute to their synergic eﬀect among various compounds.
Some of those constituents may act both cooperatively and
antagonistically. Total eﬀect of propolis, without any doubt,
depends on the composition of those biologically active
ingredients and their concentrations.
In conclusion, our study con�rmed the in-vitro antiin�ammatory eﬀects of a �avonoid-rich ethanol extract from
Chinese propolis (poplar type). We studied the major constituents of EECP and eight �avonoids have been identi�ed.
We also observed that EECP could block the production of
NO, IL-1𝛽𝛽, and IL-6 in LPS-stimulated RAW 264.7 cells.
EECP was able to regulate the mRNA expression of iNOS, IL1𝛽𝛽, and IL-6 in a time- and dose-dependent manner. ese
eﬀects seem to be mediated, at least in part, by inhibiting
the phosphorylation of I𝜅𝜅B𝛼𝛼 and AP-1. We also found
EECP could block NF-𝜅𝜅B activation in TNF-𝛼𝛼 stimulated
HEK 293T cells. Nevertheless, we still cannot rule out other
possible mechanisms may be involved. Our study gives a
new insight for understanding the mechanisms involved
in anti-in�ammatory eﬀect by Chinese propolis as well as
provides some references for using propolis in alternative and
complementary therapies in the future.
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TNF-𝛼𝛼:
PC-PLC:
ROS:
PGE2:
CAPE:

Ethanol extract of Chinese propolis
High performance liquid chromatography
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Propolis, known also as bee glue, is a wax-cum-resin substance which is created out of a mix of buds from some trees with the
substance secreted from bee’s glands. Its diverse chemical content is responsible for its many precious salubrious properties. It
was used in medicine already in ancient Egypt. Its multiple applications during the centuries have been studied and described in
details. e purpose of this study is to present the possible use of propolis in treatment of various diseases of oral cavity in their
dental aspect. e paper presents properties and possible applications of bee glue depending on dental specialities. An overview
of publications which appeared during the recent years will allow the reader to follow all the possibilities to apply propolis in
contemporary dentistry.

1. Introduction
Propolis is a wax-cum-resin substance that is produced by
bees. e word itself comes from ancient Greek, means an
outer wall of a city (pro: before, polis: city) and relates to
the protective properties of the substance. Bees use it to
protect and reinforce their hives, repair their structure, and
to cover honeycombs. It kills pathogens, protects against
rain and being a very sticky substance, prevents unwanted
guests from entering the hive [1–3]. Not all species of bees
produce bee glue at the same degree [4]. e colonies of Apis
dorsata, called giant honey bee, use propolis to strengthen
adhesion of the hive, while Apis cerana does not use it
at all. Apis mellifera is the species which uses propolis in
every possible way [5]. Bee glue is made from substances
collected by bees from tree buds which are then digested
and mixed with the substance secreted by bee’s glands. It is
dark green or brown and its chemical content depends on the
geographic zone from which it comes [6]. Most oen propolis
is composed of: resins (40–55%), bee wax and fatty acids
(20–35%), aromatic oils (about 10%), pollen (about 5%), and
other components like minerals and vitamins. Nevertheless,
their presence and percentage content in propolis changes

and depends on their origin, the type of plant pollen, and
the species of bees that produced it [7, 8]. e results of the
study published by Dias et al. present the percentage content
of phenol compounds within the range between 11.11.3%
and 282.0%, �avonoids between 3.10.3% and 12.00.3% for
propolis from diﬀerent regions of Portugal [9]. Choi et al.
de�ned the range of phenol compounds between 12.0% and
21.2% for propolis from diﬀerent areas of Korea [10]. e
research carried out by Inouye et al. showed that one of
varieties of �apanese propolis contains neither �avonoid nor
phenolic acid [11]. e composition of chemical compounds
is responsible for the properties of propolis. Application of
bee adhesive in medicine has been described extensively. It
has antibacterial, antifungal, anti-in�ammatory, anticancer,
antiviral, immunostimulator, and many other properties
[12–21]. A wide spectrum of its reaction allows to use it
in many medical specialisations. Contemporary dentistry is
an inseparable part of medicine and therefore attempts were
made to use propolis in dentistry, as well.
e aim of this paper is to present the possibilities to
apply propolis in various branches of dentistry on the basis of
chosen articles available from PubMed, PubMed Central, and
CINAHL databases that were published between 1976 and
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2012. e paper which have been selected include valuable
original articles and case reports related to terms: propolis,
dentistry, bee glue, and allergy.

2. Use of Propolis in Dental Specialties
2.1. Oral Hygiene. Mouth environment is rich in bacterial
�ora which in some conditions may lead to such diseases like
caries or diseases of periodontium [22, 23].
e basic role in development of dental caries plays Streptococcus mutans and, to a lower degree, Lactobacillus sp.. Cariogenic in�uence of other bacteria including Streptococcus,
Enterococcus, or Actinomyces is disputable [24]. Virulence
of Streptococcus mutans results from its ability to adhesion,
acid-forming properties, and tolerance to environment with
low pH [25]. In order to prevent dental caries an attempt
was made to analyse the in�uence of propolis on mouth
environment and bacterial �ora, in particular on S. mutans.
In 1991, Ikeno et al. proved that propolis considerably
reduces teeth caries in rats as the result of its multidirectional
in�uence on bacterial �ora: it limits the number of microorganisms, slows down synthesis of insoluble glucans, and
slows down activity of glucosyltransferase [26]. Studies done
by other authors unanimously show that extracts from bee
glue limit the quantity of bacterial plaque which in�uences
the reduction of tooth caries [27–34]. Duarte et al. explained
cariostatic eﬀects of propolis by high quantity of fatty acids
which slow down the production of acids by Streptococcus
mutans and decreases the tolerance of microorganisms to
acid pH [35]. Özan et al. and Arslan et al. proved that
propolis-based solutions are not as eﬀective as chlorhexidine
gluconate solutions in prevention of caries; nevertheless, their
anticaries impact was statistically important in comparison
with a control group [36, 37]. e study done by Özan
et al. shows, however, that propolis-based solutions have
lower cytotoxic eﬀect on the cells of human gum �broblasts
than chlorhexidine, which predisposes them to be used as
ingredient of mouthwashes [36]. Nevertheless, the research
done by Murray indicated that the eﬀect of propolis extract
on reducing bacterial plaque growth is marginal [38]. In this
case, the eﬀect of use of propolis was slightly better than
in the case of a control group, however, statistically it was
negligible. In most researches propolis is used directly in the
mouth in the form of ethanol- or water-based mouth rinses
[27, 28, 31, 32, 34–36, 38] or in the form of a toothpaste
[29, 30]. Propolis can be also used in a form of a solution to
decontaminate �bres of toothbrushes [39].
Bacterial �ora of the mouth can cause not only caries but
also periodontal diseases. Bacterial plaque accumulated over
and under gums contributes to in�ammation of the tissues
adjacent to teeth which leads to clinical attachment loss and
a loss of alveolar process [40, 41]. Socransky et al. divided
microbes which are located in the subgingival plaque into
�ve complexes. �ne of them, the �red complex,� made up
of Tannerella forsythensis, Porphyromonas gingivalis, and
Treponema denticola has strong relation with an increased
depth of periodontal pockets and with a bleeding on probing
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[42]. Results of some studies indicated also Prevotella intermedia and Fusobacterium nucleatum as potential etiologic
factors of periodontitis [43]. A decrease of the number
of these pathogenic microbes could potentially in�uence
epidemiology of periodontal diseases by a limitation of their
number and intensity. A research by Koo et al. indicated
high eﬀectiveness of a propolis extract on reducing growth
of bacteria that belong to red complex [28]. Also Santos et al.,
Feres et al., and Koru et al. con�rmed antibacterial properties
of propolis in relation to pathogens of periodontitis [44–
46]. Santos et al. indicated also that antibacterial eﬀects are
conditioned by �avonoids, phenol acids, and their esters
[44]. A research carried out by Tanasiewicz et al. showed
clinical eﬀectiveness of a toothpaste and gel containing 3%
ethanolic extract of propolis in a group of patients with a
greater risk of gingivitis caused by dental plaque [47]. As
propolis mouth rinses and propolis-based toothpastes stop
the growth of pathogens of gingivitis and periodontitis, they
seem to be promising not only as preventive but also as
therapeutic agents [30, 45, 48, 49]. e results of the study by
Sonmez et al. showed, however, that propolis extracts in concentration that eﬀectively reduces pathogenic organisms for
periodontal diseases are cytotoxic for the gingival �broblasts
[49]. Preventive eﬀect of propolis on periodontal tissues
includes also the slowing down of formation of precipitates
of calcium phosphates and because of that, it can be used as
ingredient of mouthwashes or toothpastes in order to limit
the accumulation of dental plaque [50].
Halitosis, an unpleasant breath, is also largely related to
hygiene of the oral cavity. e byproducts of degradation
of microorganisms located in the mouth are one of the
reasons of bad breath [51]. Microbes particularly related to
the creation of bad breath include the red complex bacteria
and: Prevotella intermedia, Porphyromonas endodontalis,
and Eubacterium [52]. e measurements of the content of
volatile sulfur components in exhaled air with the use of Halimeter done by Sterer and Rubinstein [53] and Barak and Katz
[54] indicate that propolis reduces halitosis. Nevertheless,
propolis is not as eﬀective as zinc-, echinacea- or lavenderbased products.
2.2. Periodontology and Oral Mucosa Pathologies. e con�rmation of eﬀectiveness of propolis in �ghting etiological
factors of periodontitis made some authors include these
preparations in the periodontologic therapeutic protocol.
Bruschi et al. proved that mucoadhesive hydrophilic gel that
contains propolis, when applied to gingival pockets, can be
useful in treatment of periodontitis [55]. Research done by
Coutinho allowed to conclude that additional subgingival
irrigations with a propolis extract during periodontologic treatment allowed to obtain better results than scaling and root
planning by themselves, which results from the assessment
of both clinical and microbiological parameters [56]. For this
reason, it should be considered to include this type of therapy
in the algorithm of periodontitis treatment. Not only local,
but also oral use of propolis-based preparations turns out to
be eﬀective in periodontal treatment. Toker et al. carried out
a study which on the basis of a morphologic and histologic
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picture showed that oral application of propolis prevents the
loss of alveolar process bone in the case of periodontitis in
rats [57].
Herpes simplex, the virus which causes a disease of
mouth mucosa, is one of most popular human pathogens
[58]. In cases of infection caused by this virus attempts were
made to use propolis-based extracts in its treatment. e use
of propolis solutions by Schnitzler et al. disclosed that bee
glue has high antiviral eﬀectiveness. It was also found that
single components of propolis do not have the same antiviral
eﬀect as their mixture in the form of bee glue. is is the basis
for the conclusion that propolis extracts can be used locally
in viral infections [59]. e research done by Shimizu et al.
indicates that propolis delays growth and progression of skin
changes in an early stage of infection with Herpes simplex
and does not cause cytotoxic eﬀect [60]. Propolis is also used
in treatment of recurrent aphthoid stomatitis. Although it is
a common disease whose symptoms appear in the mouth,
its exact etiology has not been found yet which makes the
therapy more diﬃcult [61]. Bee glue turned out to be eﬀective
in the treatment as it lowers down the frequency of recurrence
of the disease and improves the quality of life of patients
who suﬀer from recurrent stomatitis [62]. Bee glue-based
preparations seem also to be useful in treatment of stomatitis
caused by chemotherapy, however, more research has to be
done on this subject [63].

2.3. Oral Surgery. In dental surgery, propolis is used in
replantation of avulsed permanent teeth and supports the
healing process aer surgery in the oral cavity.
Maintenance of alive periodontal cells is one of the
crucial factors that condition a successful replantation of
an avulsed permanent tooth. For this reason, many studies
were conducted in order to �nd the best means to transport
the complete displacement teeth [76]. Most scienti�c studies
show very good eﬀects of storage of avulsed teeth in propolis.
In the study done by Özan et al. propolis turned out to
be a better means for transportation than milk or Hank’s
Balanced Salt Solution [65]. Also research done by Mori
et al. in rats and laboratory study done by Saxena et al.
recommend propolis as their choice for a means of transport
[64, 66]. Gulinelli et al. state that there are no statistically
important diﬀerences between storage of a avulsed tooth in
physiological saline, sodium �uoride, or propolis in relation
to the eﬀects of a delayed replantation of a tooth [77]. Bee
glue seems, however, to be less eﬀective in comparison with
coconut milk which allows maintaining a bigger quantity of
alive cells of periodontium [78]. Nevertheless, a recent study
done by Gjersten et al. indicates that propolis is extremely
eﬀective; it not only reduces apoptosis of periodontium cells
but also increases their metabolic activity and proliferation
[79].
Magro-Filho and de Carvalho proved that local application of propolis helps to heal wounds aer a surgery within
the oral cavity, reduces in�ammation and has analgesic eﬀect
[80]. Also �opes-�ocha et al. noted a bene�cial eﬀect of bee
glue on healing of surgical wounds within the oral cavity.
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Propolis decreases in�ammation and speeds up creation of
granulation tissue and epithelialization [67].
2.4. Orthodontics. In malocclusions accompanied by a considerable narrowing of the maxilla, it is necessary to use a
device to expand the palatine suture. During the treatment
bone remodeling takes place within the palatine suture. e
research carried out by Altan et al. on rats con�rms positive
eﬀect of propolis solution on bone forming process during
the treatment with the device to expand the palatine suture
[68]. e results of the research show an increased quantity of
osteoblasts in preparations from rats which received propolis
during the treatment. In such cases the bone remodeling
within the palatine suture was quicker.
2.5. Restorative Dentistry. In restorative dentistry, propolis
can be used to decrease permeability of the dentin and to
direct pulp capping in order to create restorative dentin.
Sales-Peres et al. found that propolis can reduce dentin
permeability. On this basis, it can be concluded that it
counteracts tooth sensitivity. is feature results from the fact
that bee glue has the capacity to partially impregnate dental
tubules [70].
e direct pulp capping aer mechanical or chemical
uncovering is made in order to stimulate the pulp to create
restorative dentin. e regenerative eﬀect of propolis on the
tooth pulp has been known for a long time [81]. Nevertheless,
there is no consent on the subject of propolis extracts
eﬀectiveness in comparison with calcium hydroxide which is
most oen used in stimulation of creation a reparative dentin.
Bretz et al. state that there are no important diﬀerences in
direct capping with propolis and with calcium hydroxidebased products. Both of them oﬀer a similar degree of healing
pulp in�ammation, reducing quantity of microbes and stimulating creation of dentin bridge [82]. Also the studies carried
out by Parolia et al. and Ozório et al. indicate that propolis,
calcium hydroxide, and MTA have similar eﬀectiveness in
induction to create reparative dentin [69, 83]. However, the
results of the research done by Ahangari et al. prove clearly
higher eﬀectiveness of direct pulp capping with propolis than
with calcium hydroxide-based products. It not only stops
in�ammatory reaction, infection with microbes and pulp
necrosis but also induces formation of high quality tubular
dentin through stimulation of stem cells [84]. According to
Sabir et al., the simulative eﬀect on dental pulp is conditioned
by presence of �avonoids in propolis extracts [85].
2.6. Endodontics. One of the aims of endodontic treatment
is a complete elimination of microbes in root canals [86].
e eﬀectiveness of medicines used in endodontology is oen
assessed through a test of Enterococcus faecalis growth which
is resistant to unfavorable environment and can survive in
root canal system despite application of some medicaments
[87]. Many studies show that propolis eﬀectively limits
the quantity of E. faecalis in root canals [71, 72, 88–91].
e studies done by Kayaoglu et al. and Mattigati et al.
indicated that eﬀectiveness of propolis in decontamination
of root canals is lower than that of chlorhexidine [71, 72].
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Tabela 1: Selected propolis activities according to dental specialties.

Dental specialities

Oral hygiene

Propolis activity
(i) Component of toothpastes
(ii) Component of daily
mouthwash
(iii) Antibacterial (toothbrushes
decontamination)
(iv) Component of preventive toothpaste
and gel against gingivitis

(i) Antibacterial
(ii) Mucoadhesive gel against
periodontitis
(iii) Prevents alveolar
bone loss
Periodontology and oral (iv) Regeneration of periodontal
mucosa pathologies
ligaments
(v) Mouthwash against gingivitis
(vi) Antiviral
Oral surgery
Orthodontics
Restorative
Dentistry
Endodontics
Prosthetic
dentistry

Type of studies

Year of
publication

Authors

Human

2001

Botushanov et al. [30]

Human

2007

Özan et al. [36]

Laboratory

2012

Bertolini et al. [39]

Human

2012

Tanasiewicz et al. [47]

Laboratory

2002

Santos et al. [44]

Laboratory

2007

Bruschi et al. [55]

Animal

2008

Toker et al. [57]

Laboratory

2011

Saxena et al. [64]

Human

2011

Pereira et al. [48]

Animal

2011

Shimizu et al. [60]

Laboratory and Animal

Özan et al. and
Mori et al. [65, 66]
Lopes-Rocha et al. [67]

(ii) Healing of oral surgical wounds
(i) Hasten a new bone formation at the
expanded midpalatal suture

Animal

2007 and
2010
2012

Animal

2012

Altan et al. [68]

(i) Direct pulp capping
(ii) Treatment of dentin hypersensitivity
(i) Antibacterial against root canals
bacteria
(ii) Temporary root canal �lling aer
pulpectomy

Human
Laboratory

2010
2011
2011 and
2012

Parolia et al. [69]
Sales-Peres et al. [70]
Kayaoglu et al. and
Mattigati et al. [71, 72]

Animal

2012

Ramos et al. [73]

Human
Human

2005
2008

Santos et al. [74]
Santos et al. [75]

(i) Storage media for avulsed teeth

(i) Antifungal
(ii) Treatment of denture stomatitis

Some researches indicate that propolis is more eﬀective in
�ghting microbes than calcium hydroxide-based products
[71, 72]. Some authors proved that bee glue has antibacterial
properties similar to calcium hydroxide or worse [92]. Such
diﬀerences may result from diﬀerent times of measurement.
Cuevas-Guajardo et al. carried a research which show that
calcium hydroxide is more eﬀective than propolis up to 24
hours from application. Aer 48 and 72 hours a mix of
propolis with calcium hydroxide with volume proportion 1 : 3
showed best antibacterial properties [93]. Because of inconsiderable in�ammation of periapical tissue and protective
eﬀect on the cells of periodontium, propolis can be eﬀectively
used as a product to disinfect the root canals [73, 94].
2.7. Prosthetic Dentistry. Denture stomatitis is a frequent pathology in patients who use removable dentures. Etiological
factors of this disease include, �rst of all, an infection with
Candida albicans, an incorrect hygiene of the oral cavity
and prolonged use of dental prosthesis [95]. Propolis-based
products have strong antifungal properties in relation to
Candida albicans and to other types of Candida sp, whereas
Candida albicans is most sensitive to propolis [28, 32, 96, 97].

Laboratory

Propolis solutions can be used in form of mouthwash [74, 97]
or a gel for local application [75] in therapy of patients with
oral candidiasis connected with use of removable dentures.
However, da Silva et al. proved that a gel which contains
propolis, used in treatment of denture stomatitis, can have
a negative eﬀect on the structure of the surface of acrylic
resin which becomes rough and more prone to adhesion of
microbes [98].

3. Discussion
In spite of many bene�ts and possibilities of application of
propolis in dentistry, presented in Table 1, there is a risk of
allergy to it. e results of the study by Münstedt and Kalder
in a group of 41 German bee beekeepers indicate that 70.7%
of them had the symptoms of a contact allergy aer 9.5 years
of professional work, on average [99]. Its symptoms were mostly limited to itching and a rash. e allergy for the second
group was con�rmed by skin tests. Brailo et al. described
a case of a generally healthy 20-year-old patient who had
irregular erosions partially covered with pseudomembranes
that involved both lips and retrocomissural mucosa [100].
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She stated that she had used a propolis solution in treatment
of aphthous ulcers. e changes in the mucosa appeared aer
10 days of using the product. A late contact allergy to propolis
was diagnosed. She was instructed to discontinue the use of
propolis-based product and to use 0.05% betamethasone 3
times a day for 14 days. e patient followed the instructions
and the changes on lips and the mucosa began to disappear.
Zirwas and Otto state that during the last 10 years allergy
to propolis has increased from 0.5% to 1.4% [101]. is can
be an important discovery, considering that bee glue is more
and more oen used as a component of toothpastes, chewing
gums, creams, and ointments. For this reason, the research on
propolis has to be continued in order to de�ne the algorithms
of its application in various branches of dentistry on the basis
of its biological activity.

4. Conclusions
Propolis-based preparations have a wide range of applications in various specialities of dentistry. anks to the richness of natural components in it, bee glue has antibacterial,
antiviral, antifungal, anti-in�ammatory, analgesic, and many
other applications. Although it oﬀers many bene�ts, one
should remember that its use may bring in the risk of an
allergy.
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The immunomodulatory and anti-inflammatory activities of green propolis extracts from Apis mellifera were investigated
using acute and chronic inflammation models. Swiss mice were anesthetized and a cotton pellet granuloma was implanted in
subcutaneous tissue. Then the mice were divided into six groups and received apyrogenic water or diﬀerent propolis extracts
by oral route (5 mg/kg). According to the treatment the groups were designated as E1A, E1B, E10, E11, and E12. The control
group received apyrogenic water. The treatment was performed by six days when the mice were killed. The blood and the
bronchoalveolar lavage (BAL) were collected to measure the leukocyte recruitment. In acute pulmonary inflammation, Balb/c mice
received lipopolysaccharide (LPS) of Escherichia coli by intranasal route for three days. Concomitantly the mice received by oral
route apyrogenic water (control) or E10 and E11 propolis extracts. BAL was performed to assess the inflammatory infiltrate and
cytokine quantification. The results showed that the E11 extract has anti-inflammatory property in both models by the inhibition
of proinflammatory cytokines and increase of anti-inflammatory cytokines suggesting an immunomodulatory activity.

1. Introduction
Green propolis is well known due to the color [1, 2]
and is produced by Apis mellifera honeybees that utilize
Baccharis dracunculifolia DC (Asteraceae), a common species
found in the Brazilian cerrado, as the main plant source
[3]. Several studies have reported green propolis to have
antiulcerogenic [3], anti-inflammatory [4], antimutagenic
[5], antifungal [6–8], immunomodulatory [9], angiogenesis
[10], and antioxidant [11] properties. The biological activities of propolis are due to its high levels of phenolic acids
[12], while flavonoids are considered responsible for the
activities of the European propolis extracts [13]. The typical

constituents of Brazilian green propolis are caﬀeoylquinic
acid and prenylated derivatives of cinnamic acid, such as
artepillin C and baccarin [14, 15].
The immunomodulatory eﬀects of natural substances
have been considered as alternative adjuvant therapies in
the treatment of various diseases [16]. In the case of
propolis, this eﬀect has been associated with a combination
of diﬀerent constituents [17]. The administration of green
propolis in animals subjected to chronic stress increased
the generation of hydrogen peroxide, suggesting that this
product modulated the activation of macrophages [18]. In
an in vivo model of chronic inflammation, it has been also
demonstrated that green propolis extract suppresses cell
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migration without compromising collagen deposition. Thus,
green propolis may be used to control the inflammatory
response [19]. Due to the previous knowledge of the possible
eﬀect of the green propolis on the inflammatory immune
response, this study investigated the local and systemic
eﬀect of diﬀerent extracts of Brazilian green propolis on the
inflammatory response in diﬀerent experimental models.

2. Material and Methods
2.1. Collection and Preparation of Propolis Extracts. This
study used lyophilized samples of aqueous extracts of
propolis produced by Apis Flora, Ribeirão Preto, SP, Brazil.
The extracts production follows a patented and standardized process (PI 0405483-0), published in the Revista de
Propriedade no. 1778 of 12.01.2005 [20]. In this process,
diﬀerent propolis samples from Minas Gerais (MG), São
Paulo (SP), Rio Grande do Sul (RS), Paraná (PR), and Santa
Catarina (SC) were used. Extracts were mixed in standardized concentrations, giving rise to a pool of samples, where
green propolis was predominant. The lyophilized extracts
were numbered according to the type of extraction: E1A
and E1B extracts were prepared from the direct extraction of
propolis (pool) using industrialized solvents, while E10, E11,
and E12 extracts were obtained from the concentration and
alkaline hydrolyze, according to de Andrade et al. [21] with
modifications, of the standardized propolis extract (EPP-AF)
and the solubility in purified water.
2.2. Chemical Characterization of Propolis Extracts by HPLC.
Quantitative analysis of the propolis extracts was carried
out in a high-performance liquid chromatography (HPLCShimadzu) equipped with a CBM-20A controller, an LC20AT quaternary pump, an SPD-20A M diode array detector,
and a Shimadzu LC software, version 1.21 SP1. A Shimpack CLC-ODS (M) (4.6 mm × 250 mm, particle diameter
of 5 mm, pore size 100 Å) Shimadzu column. The mobile
phase consisted of a gradient of methanol (JT Baker)
and acidified water with formic acid (0.1% v/v) ranging
from 20% to 95%. A run of 77 minutes at a flow rate
of 0.8 mL/min, with detection at 275 nm, was performed.
The following compounds were used as standards in the
HPLC analysis: caﬀeic acid (Fluka), p-coumaric acid (Fluka)
and trans-cinnamic acid (Fluka), artepillin C (Wako), gallic
acid (Synth), isosakuranetin (ChromaDex), and 4 O-methylether aromadendrin. These compounds were previously
isolated and identified as described by [22] and kindly
provided by the authors. The water was treated in Milli-Q
purification system. The lyophilized propolis samples (n =
3) named as E1A, E1B, E10, E11, and E12 were diluted in
methanol/water and homogenized using an ultrasonic bath.
After filtration with a 0.45 μm filter, 15 μL of each sample was
injected into the HPLC system.
2.3. Animals. Swiss and Balb/c mice (8–12 weeks, 25–
30 g) were used. Animals were assigned by the mouse
breeding facilities of Federal University of Maranhão. The
animals received water and food ad libitum, while being
maintained and handled in accordance with the rules of
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Figure 1: Treatment protocol for the granuloma model.

SBCAL (Brazilian Society of Animal Science Lab) Protocol
(CEP/UEMA no. 010/2007).
2.4. Cotton Pellet Granuloma. The method adopted for
granuloma formation was described by Swingle and Shideman [23], and it was adapted in our laboratory. Animals
were divided into six groups (1 control—5 experiments)
(n = 6/group). The control group received 200 μL of
apyrogenic water orally (p.o) (Figure 1). The experimental
groups received diﬀerent propolis extracts at a dose of
5 mg/kg p.o for six days and in accordance with the received
extract were termed E1A, E1B, E10, E11, and E12. The
animals were anesthetized via an intramuscular injection
with a solution of 2% xylazine chloridate (20 mg/kg) and
5% ketamine chloridate (25 mg/kg) in a 2 : 1 ratio. A
small incision was made in the skin of the dorsal region
to introduce a subcutaneous implant of sterilized cotton
(9 mg—prior to introduction). The animals were sacrificed
on day 7 after implantation, when the cotton implants were
removed and weighed to obtain wet weight (total weight).
Then, the implants were lightly pressed into sheets for
the subsequent diﬀerential counting of cells found in the
granuloma after staining the slides with an Instant-Prov Kit
(Newprov, Pinhais, Brazil) as described by the manufacturer.
Subsequently, the cotton implants were dried in a stove at
37◦ C for 48 hours and weighed to measure the granuloma
dry weight, which corresponded to the cell weight formed in
the granuloma. From the final weight, the present edema in
the granuloma was calculated using the following formula:
weight of edema present in the granuloma = Ps – Pi, where
Pi is the initial weight (total) and Ps is the dry weight.
2.4.1. Evaluation of Hematological Parameters. To determine
the hematological parameters, 100 μL of blood was collected
from the mice seven days after cotton implantation. Blood
was stored in 1.5 mL tubes with ethylenediaminetetraacetic
acid (EDTA) as anticoagulant. An automated hematology analyzer (Poch-100iV Diﬀ, Sysmex Corp) was used.
The following parameters were analyzed: red blood cells,
hemoglobin, hematocrit, mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), red-cell distribution
width (RDW), and number of leukocytes, neutrophils,
lymphocytes, and platelets.
2.4.2. Quantification of the Number of Cells in Lymphoid
Organs. After the animals were sacrificed, the spleen was
removed, weighed, and triturated in 5 mL of phosphatebuﬀered solution (PBS) using a sieve. To obtain the bone
marrow cells, the femur was removed and perfused with
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Figure 2: Treatment protocol for the LPS induced pulmonary
inflammation model.

1 mL of PBS. The inguinal lymph nodes were removed,
weighed and triturated in 1 mL of PBS. The cell suspensions
were kept in an ice bath. All cell counts were performed
using crystal violet solution (0.05% in 30% acetic acid) as
described by Maciel et al. [24].
2.4.3. Bronchoalveolar Lavage. The trachea of the animals
was exposed, fitted with a cannula, and 1 mL of cold PBS was
injected in the bronchoalveolar space with a syringe. After a
short massage on the chest, the solution was aspirated at least
three times. The lungs were collected, weighed, and fixed
in 10% formalin for subsequent histopathology analysis. To
determine the total number of cells in the bronchoalveolar
lavage, cell suspensions were stained with crystal violet
(0.05%) in 30% acetic acid at a ratio of 9 : 1. Cells were
counted in a Neubauer chamber using an optical microscope
(×400). For diﬀerential counting slides were prepared using
a citospin (800 rpm/3 min) and then were fixed and stained
using an Instant-Prov Kit (Newprov, Pinhais, Brazil) [25].
2.5. Induction of Acute Pulmonary Inflammation by Instillation of Lipopolysaccharide (LPS). Balb/c mice were divided
into three groups (n = 5/group): control, E10 and E11.
The control group received 200 μL of apyrogenic water, and
the groups were designated as E10, and E11 according to
the extract received in a dose of 5 mg/kg, p.o. The animals were anesthetized intramuscularly with 0.4 mL of 2%
xylazine chloridrate (20 mg/kg) and 5% ketamine chloridate
(25 mg/kg). With a micropipette (Gilson), 10 μL of LPS
solution (1 mg/mL sterile PBS) was given by the aerogenic
route using nasal instillation. This induction was done on
three consecutive days (Figure 2). One day before the first
LPS application, the control, E10, and E11 treatment was
started. This treatment continued for four days, and the
sacrifice of the animals was performed 24 hours after the
last application of LPS, when the bronchoalveolar lavage was
performed as mentioned above [26].
2.5.1. Cytokine Determination. The concentration of the IL6, IL-10, TNF-α, and TGF-β cytokines was measured in
the bronchoalveolar lavage taken from the animals using
the sandwich ELISA method, according to the manufacturer’s specifications (eBioscience, San Diego, CA USA).
Captured monoclonal antibodies for each cytokine were
incubated overnight at 4◦ C in Corning Costar 9018 plates
(100 μL/well). After incubation the plates were washed
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with 0.05% PBS+Tween 20, and nonspecific reactions were
blocked by the addition of 10% fetal calf serum (FCS)
(200 μL/well) for 60 min. The plates were washed and
samples added (100 μL/well). After 24-hour incubation at
4◦ C, plates were washed and the detection antibody added
(100 uL/well). The plates were incubated for 1 hour at
room temperature. After further washing, conjugated avidin
peroxidase was added, and the plates were incubated for
30 min at room temperature. The colorimetric reaction was
performed by adding 100 μL of the TMB substrate per well.
Then the blocking reaction was carried out by the addition of
50 μL/well of 2N H2 SO4 , and the absorbance was measured
at 450 nm. Optical densities (OD) values were converted to
pg/mL or ng/mL based on the curves obtained with diﬀerent
concentrations of recombinant cytokines.
2.6. Statistical Analysis. Unpaired Student t-tests were performed, adopting P < 0.05 as a significant value. To compare
the propolis extracts, we conducted further analysis of the
six standards separately; the results were analyzed by a oneway ANOVA followed by Bonferroni’s multiple comparisons.
Statistical analysis was performed using the GraphPad Prism
Software (5.0), and, for further calculations, the Microsoft
Excel 2010 program was used.

3. Results
3.1. Chemical Characterization of Aqueous Extracts of Green
Propolis. The predominant standard in all the tested aqueous
extracts of green propolis was p-coumaric acid, but all
other standards (caﬀeic acid, cinnamic, aromadendrin, and
isosakuranetin) were also detected in all extracts at a lower
level. Artepillin C was not detected in the 1A extract only.
The statistical diﬀerences in the concentration of these
compounds are shown in Table 1.
3.2. The Eﬀect of Propolis Extracts Treatment on the Cotton Pellet Granuloma. Several types of the tested extracts induced
diﬀerent eﬀects in the formation of granuloma, both in relation to total weight (Figure 3(a)), dry weight (Figure 3(b))
and edema (Figure 3(c)). E1A induced a decrease in the total
weight of the granuloma, and edema when compared to the
control, while E1B did not induce any changes. E10 induce
a proinflammatory eﬀect, while E11 and E12 exhibited antiinflammatory eﬀect, in the 3 total weights.
3.2.1. The Eﬀect of Propolis Extracts Treatment on the Hematological Parameters of Animals with Cotton Pellet Granuloma.
Extracts E1A, E1B and E12 did not induce hematological
changes in animals. However, E10 and E11 induced an
increase in the number of leukocytes and other white blood
cells when compared to the control group, while E11 also
induced a reduction in platelet count compared to the
control group (Table 2).
3.2.2. The Eﬀect of Treatment with Propolis Extracts on the
Cellularity of the Lymphoid Organs of Animals with Induced
Cotton Pellet Granuloma. Extracts E1B, E10, E11, and E12
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Table 1: Chemical characterization of aqueous extracts of green propolis (mg/g).

Markers
Caﬀeic acid
p-Coumaric acid
Cinnamic acid
Aromadendrin
Isosakuranetin
Artepillin C

E1A
7.33 ± 0.04a
37.71 ± 0.33a
1.19 ± 0.04a
4.62 ± 0.20a
16.30 ± 0.26a
0.00 ± 0.00a

E1B
1.64 ± 0.02b
10.25 ± 0.04b
0.42 ± 0.02b
0.80 ± 0.08bc
9.51 ± 0.11b
13.25 ± 0.39b

Samples
E10
3.49 ± 0.11c
9.43 ± 0.30c
0.53 ± 0.02c
0.56 ± 0.02b
13.31 ± 0.40c
41.82 ± 0.42c

E11
2.83 ± 0.03d
12.46 ± 0.10d
0.46 ± 0.01bc
0.88 ± 0.11c
6.80 ± 0.05d
4.03 ± 0.03d

E12
3.24 ± 0.05e
19.57 ± 0.18e
0.80 ± 0.04d
1.44 ± 0.18d
11.24 ± 0.01e
6.65 ± 0.08e

The data is presented as the mean ± standard deviation of concentrations (mg/g) of three samples. Samples of green propolis were compared among
themselves. The symbols correspond to statistical analysis. For each of the markers diﬀerent symbols indicate diﬀerences among the samples (P < 0.05), while
the similar symbols indicate no statistical diﬀerence among the samples. Analyzed by one-way ANOVA test followed by Bonferroni’s multiple comparisons.

Table 2: The eﬀect of oral treatment with propolis extracts from Apis mellifera in mice with granulomatous inflammation on the
hematological parameters.
(×106 /μL)

Erythrocytes
Hemoglobin (g/dL)
Hematocrit (%)
MCV (fL)a
MCH (pg)b
MCHC (g/dL)c
RDW-CV (%)d
Leukocytes (×103 /μL)
Neutrophils (×103 /μL)
Lymphocytes (×103 /μL)
Platelets (×103 /μL)

Control
10.0 ± 0.3
15.0 ± 0.2
50.8 ± 0.5
50.7 ± 1.1
14.9 ± 0.3
29.5 ± 0.2
17.1 ± 0.6
9.3 ± 0.8
0.8 ± 0.0
7.7 ± 0.7
1286.0 ± 218.7

E1A
10.2 ± 0.4
15.2 ± 0.8
51.7 ± 1.1
50.8 ± 0.9
14.9 ± 0.35
29.4 ± 1.0
16.5 ± 0.6
8.8 ± 0.97
0.8 ± 0.1
6.9 ± 0.86
1164.0 ± 105.3

E1B
10.2 ± 0.64
15.5 ± 0.5
52.8 ± 0.6
50.4 ± 1.24
14.7 ± 0.66
29.2 ± 0.8
17.1 ± 2.4
8.7 ± 0.7
0.9 ± 0.1
6.75 ± 0.35
1426.0 ± 430.2

E10
9.5 ± 0.3
14.4 ± 0.8
48.3 ± 2.2
51 ± 1.1
15.2 ± 0.4
29.8 ± 0.3
17.4 ± 0.5
12.7 ± 1.0∗
1.0 ± 0.0
9.6 ± 1.2
1328.0 ± 212.8

E11
9.8 ± 0.2
14.5 ± 0.5
49.4 ± 1.3
50.3 ± 1.8
14.7 ± 0.8
29.3 ± 0.6
17.0 ± 0.8
13.2 ± 1.0∗
1.2 ± 0.1
9.1 ± 2.12
361.5 ± 289.2∗

E12
9.8 ± 0.1
14.8 ± 0.2
50.2 ± 1.1
51.2 ± 0.7
15.2 ± 0.1
29.6 ± 0.4
16.9 ± 0.1
10.2 ± 1.0
1.1 ± 0.1
8.3 ± 0.8
1318.0 ± 121

The results are presented as the mean ± standard deviation, a MCV: mean corpuscular volume, b MCH: mean corpuscular hemoglobin, c MCHC: mean
corpuscular hemoglobin concentration, d RDW-CV: red cell distribution width, coeﬃcient of variation. ∗ P < 0.05 when compared to the control group.

Table 3: The number of cells of the lymphoid organs of mice with granulomatous inflammation orally treated with propolis extracts from
Apis mellifera.
(×106 /mL)

Bone marrow
Spleen (×107 /mL)
Lymph node (×106 /mL)

Control
15.7 ± 0.2
2.4 ± 0.2
2.1 ± 0.5

E1A
14.1 ± 0.9
1.6 ± 0.1∗
7.4 ± 0.7∗

E1B
7.9 ± 0.9∗
1.6 ± 0.1∗
2.2 ± 0.9

E10
9.1 ± 0.3∗
1.6 ± 0.2∗
4.4 ± 0.2∗

E11
8.2 ± 0.3∗
2.4 ± 0.1
5.9 ± 0.5∗

E12
19.0 ± 1.2∗
2.6 ± 0.1
1.6 ± 0.2

The data is presented as the mean ± E.P.M. ∗ P < 0.05 of replicates when compared to the control group.

induced a decrease in the number of marrow cells while
extracts E1A, E1B, and E10 induced a decrease in the
number of spleen cells, when compared to the control group.
Conversely, extracts E1A, E10, and E11 induced an increase
in the number of lymph node cells compared to the control
group (Table 3).
3.2.3. The Eﬀect of Propolis Extracts Treatment on Pulmonary
Inflammation Induced by Subcutaneous Implantation of Cotton. To evaluate whether the eﬀect of the treatment with
propolis extracts was due to systemic inflammation of the
lungs, pulmonary inflammation in animals with granuloma
was evaluated. A decrease in the number of inflammatory
cells within the total BAL cell count was observed after
treatment with the extracts E11 and E12. A significant
increase in the number of macrophages was observed in the

BAL collected from animals treated with E1B and E10, while
the number of neutrophils significantly decreased following
treatment with extracts E1B, E10, E11, and E12, when
compared to control group. The number of lymphocytes
did not change (Figure 4(a)). In all treated groups the
predominant cell types within the BAL were macrophages
and neutrophils, except for the group that was treated with
E12, where lymphocytes were the predominant cell type
(Figure 4(b)).
3.3. The Eﬀect of Propolis Extracts Treatment on LPS-Induced
Pulmonary Inflammation. Given the eﬀects observed in animals with pulmonary inflammation granuloma, the impact
of propolis on acute pulmonary inflammation, induced by
LPS, was assessed. For this test, we selected the extracts
E10 that induced a proinflammatory eﬀect and E11 that
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Figure 3: The eﬀect of treatment with an aqueous propolis extract from Apis mellifera in cotton pellet granuloma. Swiss mice that received
a cotton implant on the back were treated orally for 6 days with a daily dose of 5 mg/kg and were compared to controls, which received
apyrogen water at the same intervals. At the end of treatment, the cotton implants were removed, and total wet weight (a) and the dry weight
(b) were determined after 48 hours at 37◦ C. The diﬀerence between wet weight and dry weight determined the edema (c). The data represent
the mean ± SD of six animals/group. ∗ P < 0.05 compared to control group.
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Figure 4: The cellular profile of the bronchoalveolar lavage fluid of mice with granulomatous inflammation. Swiss mice that were treated
orally for six days with a daily dose of 5 mg/kg were compared to controls, which received apyrogenic water at the same intervals. After
treatment, BALs were collected and the diﬀerent cell-types were counted. (a) The number of cells in the bronchoalveolar lavage fluid of mice
with granulomatous inflammation orally treated with extracts of propolis from Apis mellifera. (b) The percentage of cells in bronchoalveolar
lavage fluid of mice with granulomatous inflammation orally treated with extracts of propolis from Apis mellifera. The data represent the
mean ± SD of six animals/group. ∗ P < 0.05 compared to control group. § Monocytes, P < 0.05 compared to control. # neutrophils, P < 0.05
compared to control. @ lymphocytes, P < 0.05 compared to control.
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Figure 5: The cellular profile of bronchoalveolar lavage fluid of mice with lung inflammation induced by LPS. Balb/c mice that were treated
orally for 4 days with a daily dose of 5 mg/kg were compared to controls, which received apyrogen water at the same intervals. Induction was
done for three consecutive days. One day before the induction of inflammation by LPS, animals were treated with apyrogen water (control),
maintained for four days, and then the animals were sacrificed 24 hours after the last LPS treatment, when the bronchoalveolar lavage was
performed. (a) The number of cells in the bronchoalveolar lavage fluid of mice with pulmonary inflammation induced by LPS intranasally
(in.). (b) The percentage of cells in the bronchoalveolar lavage fluid of mice with pulmonary inflammation induced by LPS intranasally (in.).
The data represent the mean ± SD of six animals/group. ∗ P < 0.05 compared to control group treated with propolis extracts from Apis
mellifera. @ lymphocytes, P < 0.05 compared to control.

induced an anti-inflammatory eﬀect in the granuloma
model. Treatment with E10 and E11 induced a decrease in the
number of inflammatory cells, macrophages, neutrophils,
and lymphocytes in the BAL (Figure 5(a)) while lymphocyte
predominance was only observed in the E11-treated group
(Figure 5(b)).
3.3.1. The Eﬀect of Propolis Extracts Treatment on Cytokine
Production in the Supernatant of the Bronchoalveolar Lavage of
Animals Treated with LPS-Induced Pulmonary Inflammation.
There was a decrease in the concentration of TNF-α and IL6 in the groups treated with E10 and E11 when compared to
the control. On the other hand, there was an increase in TGFβ and IL-10 in the both groups when compared to control
group (Figure 6).

4. Discussion
This study evaluated the eﬀect of aqueous extract of green
propolis in two diﬀerent models of inflammation. The therapeutic activities of aqueous extracts of propolis are rarely
investigated despite of its potential antioxidant and antiinflammatory activity, and better absorption than ethanolic
extract [27]. It has been shown here that the aqueous extract
of propolis has a strong anti-inflammatory potential, in
pulmonary and granulomatous model, particularly in the
first case. The model for induced cotton pellet granuloma
used in this study is a method that has been widely used
to evaluate the transudative, exudative, and proliferative
components of inflammatory diseases since the wet and dry

weights of the cotton implant allow the inference of the
edema and inflammatory infiltration [23].
This model was used to evaluate the eﬀect of oral
treatment with aqueous extracts of propolis. After six days
of treatment the E10 extract was observed to induce an
increase in edema and inflammatory infiltrate (Figure 3)
suggesting a proedematogenic and proinflammatory eﬀect.
Moreover, the E11 extract induced the opposite eﬀect since
it reduced edema and cell infiltration. The E11 and E12
extracts decreased both total weight (Figure 3(a)), as the dry
weight, indicating the inflammatory infiltrate (Figure 3(b))
and edema (Figure 3(c)) acting as anti-inflammatories. The
E1A and E1B extracts induced variable eﬀects, and the E1A
extract induced a decrease in the total weight (Figure 3(a))
and edema (Figure 3(c)), whereas the E1B extract did not
aﬀect the total weight of the cell (Figure 3(a)) or edema
(Figure 3(c)).
The diﬀerences observed between the eﬀects of the
extracts are probably due to the chemical characteristics of
each extract. All extracts contained caﬀeic acid, p-coumaric
and cinnamic, aromadendrin and isosakuranetin. Artepillin
C was found in all extracts except for E1A. However, there
was a diﬀerence in the concentration of these compounds
between extracts (Table 1). Taking the extracts E10 and E11,
which showed diﬀerence in the granuloma model, as an
example, extract E10 showed a higher concentration of all
the markers except for p-coumaric acid and aromandendrin
when compared to the extract E11. Additionally, the marker
with the highest concentration in E10 was artepeillin C,
whereas for E11 it was p-coumaric acid (Table 1).
The action of acids (p-coumaric, cinnamic and caﬀeic)
in the granuloma model was tested at a dose of 1 mg/kg, but
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Figure 6: The eﬀect of treatment with propolis extracts of Apis mellifera on cytokine production in the supernatant of bronchoalveolar
lavage. Balb/c mice that were treated orally for 4 days with a daily dose of 5 mg/kg were compared to controls which received apyrogenic
water at the same intervals. Induction was done for three consecutive days. One day before the induction of inflammation by LPS, the animals
were treated with apyrogen water (control) for four days, and then the animals were sacrificed 24 hours after the last LPS treatment when
the bronchoalveolar lavage was performed. The concentrations of IL-6 (a), TNF-α (b), TGF-β (c), and IL-10 (d) were determined by ELISA.
The data represent the mean ± SD of six animals/group. ∗ P < 0.05 compared to control group.

no significant diﬀerence in any of the parameters evaluated
was observed (data not shown), which makes us think that
the anti-inflammatory eﬀect observed in this study is not
due to the action of these phenolic acids alone, but by an
additive eﬀect between them. However, in other experimental models other actions of these phenolic acids have been
demonstrated, such as cinnamic acid isolated from propolis
that was shown to act upon both innate and acquired
immunity, stimulating the proliferation of lymphocytes, and
inducing the production of cytokines [28]. It has also been
demonstrated that caﬀeic acid may be useful in controlling
the growth of tumors in experimental models [29]. Barros et
al. [30] utilized the gastric ulcer model to demonstrate that
phenolic acids have antiulcerogenic activity. Moreover, in
vivo studies with artepelin C, the main component of green
propolis, showed the inhibition of prostaglandin E2 (PGE2)
production in a model of peritonitis [31], demonstrating its
eﬀect on inflammation. Moura et al. [10] showed that the
antiangiogenic and anti-inflammatory activity in aqueous
extracts of green propolis seems to be due to the presence
of artepillin C, caﬀeoylquinic acid and CAPE in the extract.
The complex chemical composition of propolis may be
the answer to the existence of numerous activities related
to this Beekeeping product. Phenolic compounds are among

the most prominent components of propolis because they are
considered responsible for most of its properties. This is due
to the fact that phenolic compounds exert multiple eﬀects,
such as antioxidant, antitumor, anti-inflammatory, and
anticancer, among other eﬀects [32–34]. Furthermore, the
interaction between them, in an extract containing diﬀerent
concentrations, may result in the diﬀerent eﬀects observed.
Considering the diﬀerences observed between the E10
and E11 extracts, such as the biological activity in the
granuloma model, as compared to the observed chemical
markers, we investigated whether the extracts had any
diﬀerential action in a systemic way. Firstly hematological
data was evaluated, as this provides important indicators
of physiological and pathological changes in humans and
animals [35]. This data showed an increase in the number of
leukocytes in the animals treated with E10 and E11 extracts
(Table 2). Those leukocytes were mainly lymphocytes and
neutrophils. The results further demonstrated that the
E10 and E11 extracts, beyond altering cell migration to
the formation of granulomas, were also interfering in the
recruitment of cells from the marrow into the blood and
from this to the tissues.
To clarify whether the changes observed in the blood
would be due to changes in cell production in the bone
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marrow and to check whether there were changes in recruitment and/or proliferation of leukocytes to the lymph node
and spleen, the cells of these organs were also quantified.
There was a decrease in the number of cells in the marrow
of animals treated with the E1B, E10, E11, and E12 extracts,
which may suggest an increase in cell recruitment from the
marrow to the blood and explain the increased number of
leukocytes in blood. We also observed a decrease in spleen
cell in the E1A, E1B, and E10 extracts and increased inguinal
lymph node cells by E1A, E10, and E11 extracts (Table 3).
As the E10 and E11 extracts showed systemic eﬀects,
we evaluated the eﬀect of the treatment on pulmonary
inflammation induced by granuloma. For this, we used the
total cell count and diﬀerentials in BAL, as this is the standard
indicative of inflammatory response in the respiratory tract,
where pulmonary macrophages are the predominant cells
(>90%) in healthy animals [36].
We observed a significant decrease in the inflammatory
infiltrate in the animals treated with E11 and E12 extracts.
In the diﬀerential count an increase in the number of
macrophages induced by extract E10 and a decrease induced
by E11 extract were observed (Figure 5(a)). These results
suggest that the E10 and E11 extracts have the ability
to modulate cell recruitment in the inflammatory area,
reducing neutrophil inflammation which could be harmful
to the inflamed tissue [36].
From the obtained results that showed that the E10 and
E11 extracts induced opposite eﬀects in both the model of
granuloma as well as in the macrophage infiltration in the
BAL, we investigate whether these opposing eﬀects would
also be observed in pulmonary inflammation induced by
LPS, a widely used proinflammatory agent. However, in
this model, both extracts showed anti-inflammatory eﬀects,
as a decrease in the total number of inflammatory cells,
macrophages and neutrophils were observed (Figure 5(a)).
Moreover, when the percentage of lymphocytes was quantified, it was noted that both extracts induced an increase
in the recruitment of these cells (Figure 5(b)). These results
strongly suggest that the E10 and E11 extracts modulate
cellular responses in the model of LPS-induced pulmonary
inflammation via changing the profile of immune cells
involved in this process.
Given that all the inflammatory process is conducted
with the involvement of cells and their mediators in which
the cytokines [37], in particular those produced by variations
in T lymphocytes patterns, can orchestrate an immune
response in accordance with the diﬀerential milieu of
cytokines produced [38]. We therefore investigated whether
the observed inhibition of pulmonary inflammation was
related to modulation of proinflammatory cytokines such as
IL-6 and TNF-α and cytokines such as IL-10 and TGF-β in
the lung. In fact, we confirmed that the E10 and E11 extracts
induced a reduction in the secretion of IL-6 and TNF-α
and an increase in TGF-β and IL-10, which may explain the
inhibition of inflammation observed (Figure 6), in particular
when taken into account that, in a normal lung, TGF-β is
involved in maintaining lung homeostasis by restricting the
pathological inflammatory responses [39].
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The cytokine IL-6, in addition to being one of the
most studied cytokines, has pleiotropic action that influences
the antigen-specific immune responses and inflammatory
reactions [40] self-limiting inflammatory response [41], contributing along with the profile presented by other cytokines
studied in the resolution of the inflammatory response
induced by LPS. Our results corroborate that of Khayyal et
al. [42], who showed that the use of aqueous extracts of
propolis can reduce nocturnal attacks of asthma, which were
associated with a decrease in proinflammatory cytokines
(TNF-α, IL-6, IL-8) and an increase in IL-10. Likewise, Sy
et al. [43] used a model of pulmonary inflammation induced
by ovalbumin (OVA) and demonstrated that treatment with
propolis inhibits pulmonary inflammation and decreases
serum levels of IgE and IgG1.
However, our results disagree with those obtained by
Orsatti et al. [9], who showed that the administration of
ethanol extract of Brazilian green propolis at a dose of
200 mg/kg for 3 consecutive days in mice increases both the
innate immunity and also the expression of proinflammatory
cytokines (IL-1 and IL-6). However, it is necessary to emphasize that Orsatti et al. [9] used a greater dose than that used
in our work, as well as having used an ethanol extract. In our
model it was observed that one which induced an increase
of TGF-β and IL-10, which are regulatory cytokines that
contribute to the regulation of the inflammatory process [44,
45] by adding it to the modulating eﬀect of proinflammatory
cytokines. Our data may suggest that the E10 and E11
extracts demonstrated local and systemic anti-inflammatory
action resulting from an immunomodulatory action.
These eﬀects may be due to synergic eﬀect and/or
additive eﬀect of various green propolis compounds thereby
decreasing the inflammation observed. The extracts are also
capable of modulating the production of proinflammatory
and anti-inflammatory cytokines, preventing amplification
of the inflammatory process in the pulmonary site. Thus, the
tested extracts may become a new therapeutic alternative for
use in allergic diseases and inflammation in the respiratory
tract.
Further studies will be conducted to characterize the
bioactive constituents in other models of inflammation and
to evaluate the antioxidant potential of these extracts in vivo
since the phenolic compounds are found in large quantities
in green propolis and are able to interfere with inflammatory
processes, therefore investigating the eﬀect of bee products
on the immune system.
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