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Discovering new antifungal drugs from natural products is a key target for the treatment of infections, such as candidiasis and
other Candida-related infections. As current therapeutic drugs for the treatment of infections, such as candidiasis and other
Candida-related infections, have adverse eﬀects on human health, discovering new antifungal drugs from natural products is
urgently needed. The objective of this study was to evaluate the antifungal activity of the methanolic and sodium phosphate
buﬀer extracts derived from various parts of Myrtus communis, a plant that is traditionally used in Saudi Arabia, against
Candida albicans (ATCC 10213), Candida glabrata (ATCC 2001), Candida kefyr (ATCC 66028), Candida parapsilosis (ATCC
22019), and Candida tropicalis (ATCC 750). A well diﬀusion assay was performed to assess the antifungal activity through the
measurement of the zone of inhibition. Of the extracts, those extracted with methanol from the roots and leaves displayed
strong inhibitory activity against Candida glabrata (23:5 ± 0:12 and 20:7 ± 0:22, respectively), at 50 mg/ml, with 5 mg/ml
ﬂuconazole administered as the standard control. The minimal inhibitory concentration (MIC) and minimum fungicidal
concentration (MFC) values were 12.5 mg/ml and 25 mg/ml for the M. communis root extract and 25 mg/ml and 50 mg/ml for
the M. communis leaf extract against Candida glabrata. The results were conﬁrmed by scanning electron microscopy (SEM)
imaging of the control and treated strains of Candida glabrata. Based on SEM, these extracts could alter the morphology and
cause loss of cell integrity. The eﬀect of M. communis root and leaf extracts on Candida cells was also determined by
measuring the absorbance at 260 nm after treatment for 1 h at 37°C. Interestingly, the 260 nm absorbing material was higher in
Candida glabrata than in the resistant strain, Candida parapsilosis (ATCC 22019). Based on our ﬁndings, the crude methanolic
extract of M. communis roots and leaves exhibited good antifungal activity against the Candida glabrata strain. SEM results
and estimation of the 260 nm absorbance material proved that the extract might act on the cell wall and cell membrane of
Candida cells, further leading to cell death.

1. Introduction
Medicinal plants are employed as alternatives to Western
medicine in developing countries to treat various health conditions. According to a survey by the World Health Organisation (WHO), 80% of the world’s population uses natural
remedies and traditional medicines [1, 2]. Plant extracts
and their essential oils have shown exceptional biological
activities against microorganisms. Globally, many countries,

such as India, Jordan, and Mexico, have diverse ﬂora and a
rich tradition of using medicinal plants for antibacterial
and antifungal applications [3, 4]. Screening of plant extracts
against fungal strains has revealed that these plants contain
active compounds with antimicrobial properties.
Invasive fungal infections are mainly caused by Candida
albicans either locally or systemically [5]. These infections
pose a serious threat to the public health sector economically and medically as they are associated with high
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mortality rates and increased cost burden as well as hospital
duration [6].
Some of the factors contributing to increased infections
in immunocompromised patients include the use of intravenous catheters, invasive procedures, and total parenteral
nutrition and the increasing use of broad-spectrum antibiotics, cytotoxic chemotherapies, and transplantation [7].
The virulence factors that lead to the pathogenicity of Candida species include their ability to evade host defences,
adherence, promotion of hyphae, bioﬁlm development (on
host tissue and on medical devices), and the production of
tissue-damaging hydrolytic enzymes, such as proteases,
phospholipases, and haemolysin [8]. Abnormal hosts, such
as immunocompromised persons or those with diabetes
mellitus, are more prone to mucosal or systemic infections
than healthy individuals [9].
Infections due to non-albicans species are rapidly
increasing. In fact, C. glabrata is the second most common
cause of candidiasis or vaginal candidiasis after C. albicans
and C. tropicalis, which is the third most common species.
In neonates, C. parapsilosis has become a dominant fungal
pathogen in children and neonates in some centers [10].
Several antifungal agents have been discovered and are
available for the treatment of invasive fungal infections, such
as polyenes, pyrimidines, echinocandins, and triazoles. Fluconazole and voriconazole are the most commonly used
antifungals. However, pathogenic microorganisms are constantly developing resistance to these agents [11, 12]. Antifungal drugs have undesirable side eﬀects or are very toxic,
induce drug-drug interactions, or lead to the development
of resistance. Some drugs are also ineﬀective and have
become less successful as therapeutic agents. Thus, searching
for alternative antifungal drugs has been a major concern in
recent years [13]. Natural products play an important role in
drug development programs in the pharmaceutical industry
[14]. As a result, several medicinal plants have been extensively studied in order to ﬁnd safe, less toxic, and more
eﬀective drugs.
Myrtus communis L. (M. communis), also called myrtle
(Myrtaceae family), is native to the Mediterranean basin
and Arabian Peninsula. Since ancient times, diﬀerent parts
of myrtle, especially its leaves and fruit, have been used in
food preparation and applied in traditional medicines as a
general antiseptic, disinfectant, and therapy for many types
of infectious diseases [15, 16]. Many previous studies on
Myrtus demonstrated that diﬀerent parts of this plant, such
as leaves, branches, berries, and ﬂowers, have diﬀerent
chemical compositions as well as pharmacological activities,
such as antifungal, antibacterial, antiviral, anticancer, antiinﬂammatory, analgesic, antioxidant, antidiabetic, and antimutagenic eﬀects [17, 18]. Discovering more eﬀective and
less toxic novel antifungal agents is thus needed to overcome
these disadvantages.
The objectives of this study were to determine the antifungal activity of diﬀerent parts of the M. communis plant
against known standard ATCC Candida strains using methanol and sodium phosphate buﬀer extraction methods and
to investigate the mechanism of action of these extracts on
the growth inhibition of diﬀerent Candida species.
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2. Materials and Methods
2.1. Fungal Strains. Five standard strains of Candida species
were obtained from the Research Laboratory, Clinical Laboratory Sciences Department, College of Applied Medical Science, King Saud University: Candida albicans (ATCC
10213), Candida glabrata (ATCC 2001), Candida kefyr
(ATCC 66028), Candida parapsilosis (ATCC 22019), and
Candida tropicalis (ATCC 750). Each strain was subcultured
on Sabouraud’s dextrose agar (SDA) (Scharlau, Spain)
medium and incubated at 37°C for 24 h to obtain inoculums
for testing.
2.2. Sample Preparation. M. communis plants were procured
from the Alfath nursery (Al-Qassim region, Saudi Arabia) in
October 2019. Samples were transported to the Research Lab
in a sterile bottle, washed with running tap water and later
with distilled water, and air-dried under shade at room temperature. Subsequently, the samples were ground into a ﬁne
powder using an electric blender and stored in sterile 50 ml
universal containers. Methanolic extraction was performed
as described previously, with some modiﬁcations [15, 19,
20]. Brieﬂy, a 25 g aliquot of each dried sample was extracted
using 100 ml of methanol (95%) for 72 h at room temperature. Thereafter, the methanolic extracts were separated
and ﬁltered through Whatman ﬁlter paper No.1 and dried
under pressure at 37°C with a rotator evaporator. The yield
percentages were determined by dividing the weight of the
extract by the weight of the sample multiplied by 100. The
dried extracts were reconstituted in 1% dimethyl sulfoxide
(DMSO; purity 99.7%) to prepare stock solutions, which
were stored in a refrigerator at 4°C until the analysis.
Antimicrobial proteins and peptides were extracted as
previously described [21, 22]. Brieﬂy, a 25 g aliquot of each
dried sample was soaked in sodium phosphate buﬀer (pH
6.5) at 30°C and left overnight. The next day, the extracts
were ﬁltered with Whatman ﬁlter paper No. 1 and subjected
to 80% ammonium sulfate saturation. The collected saturated material was then separated by dialysis using a 3 kDa
cut-oﬀ dialysis tubing (Sigma Aldrich, St. Louis, MO,
USA), and the samples were subjected to spectrophotometric analysis at 280 nm to determine protein concentration.
2.3. Preparation of the Inoculum. Two to three colonies from
24 h old culture were used as the inoculum following suspension in 10 ml of 0.85% sodium chloride solution, which was
autoclaved. The turbidity was adjusted to 0.5 McFarland
standard units (i.e., 1:5 × 108 CFU/ml).
2.4. Antifungal Susceptibility Test. A well diﬀusion assay was
used to determine the antifungal properties of medicinal
plants, as described previously [20, 23, 24]. SDA was prepared according to the manufacturer’s instructions and
autoclaved. Medium (15-20 ml) was poured into sterile Petri
dishes and allowed to solidify for 30 min. Thereafter, 0.2 ml
of inoculum (fungal strain in saline) was spread on an agar
plate, and the excess was removed via draining. The plates
were then incubated at room temperature for 10 min. Using
a sterile cork borer, 7 ditches of 4 mm were made in each
plate. Methanolic plant extracts (50 mg/ml) were prepared
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in dimethyl sulfoxide (DMSO). Each well was ﬁlled with
either 50 μl of the methanolic extracts or 50 μl of crude protein; ﬂuconazole (5 mg/ml) was used as a positive control
while DMSO was used as a negative control. The plates were
incubated at 37° C for 24 h. The zone of inhibition was
measured in millimetres. The assay was repeated thrice for
conﬁrmation.
2.5. Determination of the Minimum Inhibitory Concentration
(MIC) and Minimum Fungicidal Concentration (MFC). The
minimal concentration of plant extracts that induced the inhibition of visible yeast growth or turbidity was referred to as the
MIC. MIC was determined for the fungal strains that were
sensitive to the extract in the well diﬀusion assay using the
microdilution method and 2,3,5-triphenyltetrazohum chloride (TTC, tetrazolium red, purity min. 99%, SRL Pvt. Ltd.
Mumbai, India) dye as a growth indicator, as described previously with some modiﬁcations [15, 25, 26].
Twofold serial dilutions of the extracts were prepared
directly in a microtiter plate containing Sabouraud broth
to obtain concentrations ranging from 100 to 1.56 mg/ml.
Thereafter, 100 μl of the strain inoculum, which was cultured overnight and adjusted to 0.5 McFarland units, was
added to each well. The experiment was performed in triplicate. The culture plates were incubated overnight at 37°C for
24 h. The following controls, negative control (Sabouraud
broth only) and positive controls (Sabouraud broth and
microorganism), were tested to determine medium sterility
and inoculum viability, respectively. The activity of ﬂuconazole (5 mg/ml) was also compared with that of the extracts.
To indicate fungal growth, 40 μl TTC (2 mg/ml) was added
to each of the 96 wells in the plate. Thereafter, the plate
was incubated for 30 min at 37°C. The lowest concentration
at which there was no colour change was considered the
MIC of the plant extract.
To determine the MFC, 20 μl of each of the wells with no
turbidity or fungal growth was cultured on SDA. The plates
were then incubated at 37°C for 24 h. The MFC was considered to be the lowest concentration cultivated in the plate
that induced a fungicidal eﬀect with no visible viable colonies on an agar plate.
2.6. Scanning Electron Microscopy (SEM). SEM was carried
out to conﬁrm the inhibitory eﬀect of the plant extracts on
sensitive strains using JSM-6380LA at an accelerating voltage of 10 kV. Two sets of samples were processed, control
and treated. Overnight grown cultures of Candida spp. were
inoculated in 10 ml Sabouraud dextrose broth (SDB) to
derive the 0.5 McFarland standard. Suspensions of Candida
spp were treated with 100 μl of the plant extracts at the MIC
and incubated at 37°C for 24 h at 120 rpm; these samples
were considered treated cultures. Suspensions of Candida
spp that were not treated with the plant extracts were termed
as the control cultures.
After incubation, the cultures were centrifuged at 1,500
× g for 5 min at room temperature to collect the pellet. Pellets were washed thrice with distilled water. A 200 μl volume
of 2.5% glutaraldehyde was added to the Eppendorf tubes
before sample preparation.
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The sample pellets were ﬁxed in buﬀer aldehyde (2.5%
glutaraldehyde in phosphate buﬀer) solution for 3 h. After
the removal of the glutaraldehyde solution, the samples were
rinsed thrice in sodium cacodylate solution buﬀer for 5 min.
Postﬁxation was performed using osmium tetroxide for 1 h,
and the samples were rinsed in distilled water. Thereafter,
the samples were dehydrated using a graded ethanol series
of 25%, 50%, 75%, 90%, and twice with 100% ethanol for
10 min each. The sample was dried with a critical point dryer
device, mounted on specimen stabs with gold coating, and
viewed under an electron microscope.
2.7. Measurement of the Release of 260 nm Absorbing Cellular
Materials. Spectrophotometer analysis of the 260 nm
absorbing cellular materials was performed as described previously with some modiﬁcations [27, 28]. Brieﬂy, an overnight grown culture of Candida spp was inoculated into
fresh SDB to derive the 0.5 McFarland standard. Cells were
harvested by centrifugation at 1,500 × g for 10 min at room
temperature, and the pellet was resuspended in 10 ml phosphate buﬀer. Suspensions of Candida spp were treated with
100 μl of plant extracts at the MIC or the same volume of
DMSO (control) and incubated at 37°C for 1 h. Samples
were centrifuged at 12,000 × g for 1 min at 4°C, ﬁltered
through a 0.2 μm pore-size ﬁlter, and subjected to optical
density measurement at 260 nm. Absorbance was estimated
for the control and treated cells using a UV microplate
reader (Bio-Tek), and the absorbance of DMSO control
was subtracted.
2.8. Statistical Analysis. All studies were performed in triplicate. The data are presented as mean values. The diﬀerence
between the control and treated samples was analysed using
Student’s t-test.

3. Results
3.1. Extraction Yields of the Plant Extract. The 25 g of dried
plant material extracted with methanol (95%) yielded plant
extract residues ranging from 0.7 to 2.4 g. The highest yield
was obtained from M. communis leaves (2.4 g) followed by
M. communis roots (1.53 g). The ﬂowers had the lowest
extract yield (Table 1).
As shown in Table 2, diﬀerent concentrations of the protein extracts were successfully extracted from 25 g of dried
plant materials. The ﬂowers of M. communis had a low protein concentration of 50.1 μg/ml while the leaf extract had
the highest protein concentration of 140.6 μg/ml when
extracted with sodium phosphate buﬀer (pH 6.5).
3.2. Antifungal Activity of the Plant Extracts. An evaluation
of the antifungal activity of diﬀerent parts of the M. communis extracts against ﬁve standard Candida species was initially conducted using the well diﬀusion method. The
Candida strains used in this study were C. albicans (ATCC
10213), C. glabrata (ATCC 2001), C. keyfr (ATCC 66028),
C. parapsilosis (ATCC 22019), and C. tropicalis (ATCC
750). The eﬀects of the extracts were compared with that
of the standard antifungal agent, ﬂuconazole (5 mg/ml),
and the negative control, DMSO. The results for the

4

Journal of Nanomaterials
Table 1: Yield percentage of the methanolic extraction (%).

Plant parts

Extract yield (%)

Stems
Flowers
Leaves
Roots

4.2
2.8
9.6
6.12

Table 2: Protein concentration (μg/ml) in diﬀerent parts of Myrtus
communis extracted using sodium phosphate buﬀer.
Plant parts
Stems
Flowers
Leaves
Roots

Protein concentration (μg/ml)
76.2
50.1
140.6
109.8

antifungal activity of these extracts are presented in Table 3
and illustrated in Figure 1.
All M. communis extracts used in the study exhibited
varying degrees of antifungal activity against the Candida
strains. However, the methanolic extract of M. communis
roots was the most eﬀective among the extracts tested. In
fact, this extract resulted in a zone of inhibition (ZOI) of
23.5 mm against C. glabrata compared with the standard
antifungal, ﬂuconazole (5 mg/ml). However, there was no
signiﬁcant activity against other Candida spp. The methanolic leaf extract resulted in a zone of inhibition of 20.7 mm
against Candida glabrata; however, this extract did not
exhibit any activity against other Candida spp.
C. parapsilosis and C. keyfr were found to be resistant to
all methanolic extracts, whereas C. albicans showed very low
sensitivity with zones of inhibition of 4 mm and 2 mm when
treated with the methanolic extracts of roots and leaves,
respectively. C. tropicalis showed very low sensitivity toward
the methanolic root extract with a zone of inhibition of
5.2 mm.
Other methanolic extracts (stems and ﬂowers) were not
found to display antifungal activity against all tested strains.
The present study was conducted to investigate the eﬃcacy of the crude extracts of antifungal proteins and peptides
from diﬀerent parts of M. communis. Extraction was carried
out herein in sodium phosphate buﬀer at pH 6.5. The antifungal activities of these extracts were determined by the
microbiological technique using the agar well diﬀusion
assay.
The root extract displayed high activity against C.
glabrata with a zone of inhibition of 14.5 mm and protein
concentration of 109.8 μg/ml. The leaf extracts were found
to be eﬀective against C. glabrata and C. albicans with zones
of inhibition of 13 mm and 6 mm, respectively.
C. glabrata showed very low sensitivity with a zone of
inhibition of 4 mm when treated with the buﬀer extract of
stems. Further, the extracts of stem and ﬂowers had no activity against other Candida strains.
The antifungal activity of all the extracts suggested that
all Candida strains were resistant to the methanolic and

buﬀer extracts. The highest and most promising results
against C. glabrata were obtained with the methanolic
extract of M. communis roots and leaves. Hence, experiments were conducted to determine the MIC and MFC of
this extract against C. glabrata (ATCC 2001), which were
used for further characterization studies.
3.3. Determination of MIC and MFC. The eﬀectiveness of the
plant extracts in the standard Candida strains was conﬁrmed
by measuring the MIC and MFC. The MIC and MFC were
only determined for organisms that had a zone of inhibition
and were sensitive to the plant extracts in the previous antimicrobial assay carried out using the agar well diﬀusion
method. In summary, the MIC and MFC values of the leaf
extracts against C. glabrata (ATCC 2001) (MIC: 25 mg/ml,
MFC: 50 mg/ml) were lower than those of the root extracts
(MIC: 12.5, MFC: 25 mg/ml). C. glabrata (ATCC 2001)
was found to be resistant to the other plant extracts.
3.4. SEM Analysis. SEM was performed to determine the
morphology of the C. glabrata strain (ATCC 2001) after
treatment with the M. communis roots and leaf extracts for
24 h. The cells that were not treated had normal Candida cell
morphology, were oval-shaped, and had smooth outer surfaces. In contrast, the cells exposed to the MIC of the
extracts showed considerable morphological alterations,
including shrinkage, rough surface, and deformity, leading
to the prominent loss of cell shape and integrity (Figure 2).
This ﬁnding indicates that the M. communis root and leaf
extracts might act on the cell wall and membrane of C. glabrata, which may be attributed to their high content of polyphenols and oxygenated monoterpenes [17], causing a loss
in membrane integrity, leakage of cellular materials, and
ultimately cell death.
3.5. Measurement of the Release of 260 nm Absorbing Cellular
Materials. The eﬀect of the methanolic extract of M. communis roots and leaves was also determined by conﬁrming the
leakage of 260 nm absorbing materials when Candida spp.
were exposed to the MIC of the extracts (Figure 3). The
OD of the sensitive strain, C. glabrata (ATCC 2001), significantly increased at 260 nm with the root extract and leaf
extract relative to the control after 1 h, which may be attributed to leakage in the cytoplasmic membrane and release of
cell materials, including nucleic acids, metabolites, and ions
[29]. However, no changes in the optical density were
observed for the resistance strain, C. parapsilosis (ATCC
22019), in this study.

4. Discussion
The treatment of Candida infections is currently challenging
owing to the limited number of available drugs, increased
resistance to these drugs, high costs, and toxicity [30]. Consequently, novel alternative molecules that are more eﬀective
than conventional antifungal agents are urgently needed to
prevent the emergence of fungal resistance. Only a few studies have assessed the antifungal activity of plants found in
various regions of Saudi Arabia using ethanol, methanol,
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Table 3: In vitro antifungal activity (mm zone of inhibition) of the methanolic (M) and sodium phosphate buﬀer (P) extracts derived from
various parts of M. communis against standard Candida spp.
Sample No.
C. albicans ATCC
10213
C. glabrata ATCC
2001
C. keyfr ATCC
66028
C. parapsilosis
ATCC 22019
C. tropicalis
ATCC 750.

Stems

M

P

M

Fluconazole
(5 mg/ml)

DMSO

2:0 ± 0:21

0:0 ± 0:0

4:0 ± 0:6

22:5 ± 0:22

0:0 ± 0:0

4:0 ± 0:11 6:1 ± 0:5 0:0 ± 0:0 0:0 ± 0:0 13:1 ± 0:17 20:7 ± 0:22 14:5 ± 0:61 23:5 ± 0:12

29:5 ± 0:42

0:0 ± 0:0

0:0 ± 0:0 0:0 ± 0:0 0:0 ± 0:0 0:0 ± 0:0

0:0 ± 0:0

0:0 ± 0:0

0:0 ± 0:0

0:0 ± 0:0

19:8 ± 0:37

0:0 ± 0:0

0:0 ± 0:0 0:0 ± 0:0 0:0 ± 0:0 0:0 ± 0:0

0:0 ± 0:0

0:0 ± 0:0

0:0 ± 0:0

0:0 ± 0:0

30:8 ± 0:22

0:0 ± 0:0

0:0 ± 0:0 0:0 ± 0:0 0:0 ± 0:0 0:0 ± 0:0

0:0 ± 0:0

0:0 ± 0:0

0:0 ± 0:0

5:2 ± 0:2

22:8 ± 0:31

0:0 ± 0:0

P

Flowers
M

P

Leaves
M

P

0:0 ± 0:0 0:0 ± 0:0 0:0 ± 0:0 0:0 ± 0:0 6:0 ± 0:12

Roots

Data are means of three replicates ðn = 3Þ ± standard error.

(a)

(b)

(c)

Figure 1: Antifungal activity of the Myrtus communis extracts. The antifungal activity against the sensitive strain, Candida glabrata (ATCC
2001) (a, b), and the lack of antifungal activity of these extracts against Candida parapsilosis (ATCC22019) (c). M: methanolic root extract;
B: buﬀer root extract; M2: methanolic leaf extract; B2: buﬀer leaf extract; Ab: ﬂuconazole (5 mg/ml); N: DMSO (used as a negative control).
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(a)

(c)

(e)

(b)

(d)

(f)

Figure 2: SEM analysis of the eﬀects of plant extracts on the morphology of Candida glabrata (ATCC 2001). (a) Control cells (10,000x
magniﬁcation); (b) morphological alterations in the cells, including shrinkage, rough surface, and deformity, when treated with the
Myrtus communis root extracts (10,000x magniﬁcation); (c) morphological alterations in the cells, including shrinkage, rough surface,
and deformity, when treated with the Myrtus communis leaf extracts (10,000x magniﬁcation); (d) control cells (15,000x magniﬁcation).
Cell burst, rough surface, and deformity are indicated by arrows in cells treated with the Myrtus communis root (e) and leaf (f) extracts
(15,000x magniﬁcation).

and other solvents to screen for alkaloids, terpenoids, and
other antifungal agents.
Studies in the regions of Saudi Arabia, such as Abha,
Dammam, Hail, Jeddah, and Najran, have revealed some signiﬁcant results. A study carried out in Abha revealed that the

antifungal activity of extracts from Salvadora persica and
Vigna fragrans against Aspergillus sp. and C. albicans was
higher than that of Peganum harmala and Withania somnifera extracts [31]. A study in Dhahran also revealed the antimicrobial activity of ethanol leaf extracts of Catharanthus

Optical density (OD at 260 nm)
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2
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

C. parapsilosis ATCC 22019
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C. glabrata ATCC 2001

Control
Root extract
Leaves extract

Figure 3: Absorbance of the cell material content of C. glabrata
(ATCC 2001) and C. parapsilosis (ATCC 22019) at 260 nm
following treatment with the MIC of the M. communis root and
leaf extracts for 1 h. Values are expressed as the mean ± SD (n = 3).

roseus (Periwinkle) against Staphylococcus aureus, Escherichia coli, and C. albicans [32]. In another study, the antifungal activities of the aqueous and organic crude extracts of six
medicinal plants collected from the markets of Jeddah,
including Azadirachta indica (neem), Zingiber oﬃcinale
(ginger), Eucalyptus globulus, Lawsonia inermis, Lepidium
sativum, and Rosmarinus oﬃcinalis, were determined
against diﬀerent pathogenic fungi. The results revealed that
some of the plant extracts had high antifungal activity
against both C. albicans and C. tropicalis [33]. A study conducted by Bokhari revealed the remarkable antidermatophytic properties of the methanolic extracts of Cymbopogon
citratus (lemon grass) and Lantana camara (lantana), which
were collected from diﬀerent localities of Jeddah city [34].
Further, a few studies have shown that diﬀerent solvents
(ethanol, ether, methanol, and chloroform) and aqueous
extracts of Commiphora myrrha (myrrh), which is commonly used in Saudi Arabia, show broad-spectrum activity
against pathogenic bacteria, moulds, and diﬀerent Candida
spp. [35, 36].
In a previous study, essential oils of Ocimum basilicum
collected from the Jeddah region displayed antimicrobial
activity against some bacteria and fungi [37]. Furthermore,
the extract obtained from Salvadora persica (miswak) has
been found to exhibit potent antifungal activity against all
Candida strains. In this study, the plants were selected based
on their traditional use among Middle Eastern communities
for dental hygiene purposes and the prevention of tooth
decay [38]. A review conducted in Najran, a city in Saudi
Arabia, revealed the various therapeutic eﬀects of S. persica
on oral health, which can help elucidate the signiﬁcance
and importance of this indigenous oral hygiene tool [39].
In previous studies, the fruit (berry) extracts, leaf
extracts, and essential oils of M. communis have been extensively analysed to determine their antimicrobial properties
[17, 40]. However, only a few studies have reported the antifungal activities of these plant extracts. In a previous indepth study that investigated the methanolic extracts of M.
communis leaves, high antimicrobial activity was observed;
the extraction procedures employed in this study included
heat and a long incubation period of approximately 7 days

[19, 41]. Previous studies have shown that methanolic
extracts of the aerial parts of M. communis are highly active
against three human pathogenic fungi, C. albicans (ATCC
10231), C. tropicalis (ATCC 13801), and C. glabrata (ATCC
28838) [42]. In another study, oil obtained from the leaves of
myrtle exhibited strong antifungal activity against diﬀerent
Candida species [43]. Myrtle leaf oil has also shown signiﬁcant antifungal activity against diﬀerent strains of C. albicans
when combined with the antifungal agent amphotericin B
[44]. However, a study conducted by Mert et al. revealed that
the n-hexane, ethanol, methanol, ethyl acetate, and aqueous
extracts of the leaves of M. communis did not exhibit any
antifungal activity against C. albicans (ATCC 10239) [45].
Many types of molecules with antimicrobial activity have
been isolated from plants. Among these phytomolecules,
proteins and peptides with antifungal activity have been
recently reported [46]. The present study was conducted to
investigate the eﬃcacy of crude extracts of antifungal proteins and peptides from diﬀerent parts of M. communis.
The root extract displayed high antifungal activity only
against C. glabrata, and the leaf extracts were found to be
eﬀective against C. glabrata and C. albicans. Furthermore,
the stem and ﬂower extracts displayed no activity against
other Candida strains. However, our previous studies have
revealed that the antibacterial activity of the crude protein
extracted from leaves is highly active against methicillinresistant Staphylococcus aureus (MRSA), Acinetobacter baumannii, and S. aureus. In addition, this extract has been
found to be more active than standard antibiotics [22].
The MIC and MFC of these extracts against sensitive
Candida strains were determined to quantify their activity.
Methanolic root extracts showed MIC and MFC values of
12.5 mg/ml and 25 mg/ml, respectively, against C. glabrata
(ATCC 2001). Methanolic leaf extracts showed MIC and
MFC values of 25 mg/ml and 50 mg/ml, respectively, against
C. glabrata (ATCC 2001). Therefore, the results of the present study indicate some of the advantages of M. communis
root and leaf extracts that could be applied for the treatment
of microbial infections.
To examine the antifungal mode of action of the studied
extracts, it is important to estimate changes in fungal cell
morphology, surface structure, and cell membrane permeability and integrity [29]. SEM analysis was performed to
understand the eﬀects of the extracts on C. glabrata. SEM
images showed that the cells exposed to the MIC of the
extracts displayed numerous morphological alterations,
which caused a loss in membrane integrity, leakage of cellular materials, and ultimately cell death. This ﬁnding indicates that M. communis root and leaf extracts might
disrupt the cell wall and membrane of C. glabrata, which
may be attributed to their high content of polyphenols and
oxygenated monoterpenes [17]. SEM was employed in previous studies to demonstrate that plant extracts can cause
morphological changes in the tested organisms. In a recent
study, SEM analysis was used to determine the eﬀect of
150 μl/ml of the ethanolic extract of Ziziphus spina-christi
leaves and Phoenix dactylifera seeds on C. albicans, and the
results showed reduced cellular activity and shrinkage of
the cell wall in the fungus [47]. SEM analysis was also
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performed on bacteria to understand the eﬀects of plant
extracts on their cell morphology. Changes in cell morphology have been reported in some bacteria, such as S. aureus,
E. coli, and Salmonella, after treatment with various plant
extracts [29, 48]. The ﬁndings of the present study are consistent with those of previous studies.
Leakage of cellular materials was analysed by detecting
260 nm absorbing materials. In the present study, the OD
of the sensitive strain, C. glabrata (ATCC 2001), signiﬁcantly
increased at the wavelength of 260 nm following a 1 h treatment with the root and leaf extracts compared with the control, suggesting damage to the cell wall and cytoplasmic
membrane of the yeast cells. Similar results have also been
reported for the essential oil of Aloysia triphylla and ethanolic extract of Salvia miltiorrhiza when tested against C. albicans, showing increased absorbance at a wavelength of
260 nm [13, 28]. Therefore, the absorbance of the material
and proteins at 260 nm wavelength can be used as an indicator of damage to the cell wall and membrane, which causes
leakage of the cellular materials into the surroundings [49].

Journal of Nanomaterials

[4]

[5]

[6]

[7]

[8]

5. Conclusion
Based on the results of our study, it can be concluded that
the methanolic extracts of the roots and leaves of M. communis could serve as potential sources of herbal drug preparations against C. glabrata. Further studies are necessary to
determine the antifungal activity of diﬀerent parts of the
M. communis plant using diﬀerent extraction methods, solvents, and conditions as well as identify the chemical identity and toxicity of the bioactive compounds in M.
communis root extracts that are responsible for the signiﬁcant antifungal activity observed in this study.

Data Availability

[9]

[10]

[11]

Data used to support the ﬁndings of this study are included
within the article.

Conflicts of Interest

[12]

The author declares that there are no conﬂicts of interest.

[13]

Acknowledgments
The author extends their appreciation and acknowledges the
Deanship of Scientiﬁc Research, College of Applied Medical
Sciences, at King Saud University, Riyadh, Kingdom of Saudi
Arabia, for the ﬁnancial support. The Deanship of Scientiﬁc
Research at King Saud University funded this work.

[14]

[15]

References
[1] World Health Organisation (WHO), Traditional Medicine
Strategy: 2002–2005, World Health Organisation (WHO),
Geneva, 2001.
[2] World Health Organisation (WHO), Traditional medicine.
Fact sheet No 134, World Health Organization, Geneva, 2003.
[3] M. J. Martínez, J. Betancourt, N. Alonso-González, and
A. Jauregui, “Screening of some Cuban medicinal plants for

[16]

antimicrobial activity,” Journal of Ethnopharmacology,
vol. 52, no. 3, pp. 171–174, 1996.
V. L. G. Rehder, A. L. M. Machado, C. Delarmelina,
A. Sartoratto, M. C. T. Duarte, and G. M. Figueira, “Composic¸
˜ao qu’ımica e atividade antimicrobiana do ´oleo essencial de
duas esp’ecies de Origanum,” Revista Brasileira de Plantas
Medicinais, vol. 6, pp. 67–71, 2004.
D. L. Horn, D. Neofytos, E. J. Anaissie et al., “Epidemiology
and outcomes of candidemia in 2019 patients: data from the
prospective antifungal therapy alliance registry,” Clinical Infectious Diseases, vol. 48, no. 12, pp. 1695–1703, 2009.
C. C. Lai, C. Y. Wang, W. L. Liu, Y. T. Huang, and P. R. Hsueh,
“Time to positivity of blood cultures of diﬀerent Candida species causing fungaemia,” Journal of Medical Microbiology,
vol. 61, no. 5, pp. 701–704, 2012.
M. Ortega, F. Marco, A. Soriano et al., “Candida species bloodstream infection: epidemiology and outcome in a single institution from 1991 to 2008,” The Journal of Hospital Infection,
vol. 77, no. 2, pp. 157–161, 2011.
S. Silva, M. Negri, M. Henriques, R. Oliveira, D. W. Williams,
and J. Azeredo, “Candida glabrata, Candida parapsilosis and
Candida tropicalis: biology, epidemiology, pathogenicity and
antifungal resistance,” FEMS Microbiology Reviews, vol. 36,
no. 2, pp. 288–305, 2012.
M. A. Pfaller, D. J. Diekema, R. N. Jones et al., “International
surveillance of bloodstream infections due to Candida species:
frequency of occurrence and in vitro susceptibilities to ﬂuconazole, ravuconazole, and voriconazole of isolates collected
from 1997 through 1999 in the SENTRY Antimicrobial Surveillance Program,” Journal of Clinical Microbiology, vol. 39,
no. 9, pp. 3254–3259, 2001.
B. D. Chow, J. R. Linden, and J. M. Bliss, “Candida parapsilosis
and the neonate: epidemiology, virulence and host defense in a
unique patient setting,” Expert Review of Anti-Infective Therapy, vol. 10, no. 8, pp. 935–946, 2012.
J. K. Oberoi, C. Wattal, N. Goel, R. Raveendran, S. Datta, and
K. Prasad, “Non-albicans Candida species in blood stream
infections in a tertiary care hospital at New Delhi, India,”
The Indian journal of medical research, vol. 136, no. 6,
pp. 997–1003, 2012.
D. Sanglard, “Emerging threats in antifungal-resistant fungal
pathogens,” Frontiers in Medicine, vol. 3, pp. 11–13, 2016.
M. de las Mercedes Oliva, M. E. Carezzano, M. N. Gallucci,
and M. S. Demo, “Antimycotic eﬀect of the essential oil of
Aloysia Triphylla against Candida Species obtained from
human pathologies,” Natural Product Communications,
vol. 6, no. 7, pp. 1934578X1100600–1934578X1101043, 2011.
J. T. Baker, R. P. Borris, B. Carté et al., “Natural product drug
discovery and development: new Perspectives on international
collaboration,” Journal of Natural Products, vol. 58, no. 9,
pp. 1325–1357, 1995.
A. A. Alyousef, M. Arshad, R. AlAkeel, and A. Alqasim, “Biogenic silver nanoparticles by Myrtus communis plant extract:
biosynthesis, characterization and antibacterial activity,” Biotechnology and Biotechnological Equipment, vol. 33, no. 1,
pp. 931–936, 2019.
M. E. Mohamed, O. M. Mohafez, H. E. Khalil, and I. A. Alhaider, “Essential oil from myrtle leaves growing in the eastern
part of Saudi Arabia: components, anti-inﬂammatory and
cytotoxic activities,” Journal of Essential Oil-Bearing Plants,
vol. 22, no. 4, pp. 877–892, 2019.

Journal of Nanomaterials
[17] V. Aleksic and P. Knezevic, “Antimicrobial and antioxidative
activity of extracts and essential oils of Myrtus communis L,”
Microbiological research, vol. 169, no. 4, pp. 240–254, 2014.
[18] A. Hennia, S. Nemmiche, S. Dandlen, and M. G. Miguel, “Myrtus communis essential oils: insecticidal, antioxidant and antimicrobial activities: a review,” Journal of Essential Oil
Research, vol. 31, no. 6, pp. 487–545, 2019.
[19] M. Amensour, S. Bouhdid, J. Fernández-López, M. Idaomar,
N. S. Senhaji, and J. Abrini, “Antibacterial activity of extracts
of Myrtus communis Against food-borne pathogenic and
spoilage bacteria,” International Journal of Food Properties,
vol. 13, no. 6, pp. 1215–1224, 2010.
[20] S. Manandhar, S. Luitel, and R. K. Dahal, “In vitro antimicrobial activity of some medicinal plants against human pathogenic bacteria,” Journal of Tropical Medicine, vol. 2019,
Article ID 1895340, 5 pages, 2019.
[21] R. al Akeel, A. Mateen, R. Syed, A. A. Alyousef, and M. R.
Shaik, “Screening, puriﬁcation and characterization of anionic
antimicrobial proteins from Foeniculum vulgare,” Molecules,
vol. 22, no. 4, p. 602, 2017.
[22] A. A. Alyousef, R. Al Akeel, A. Alqasim, A. Mohammed,
A. Mateen, and R. Syed, “Evaluation of antibacterial activity
of twenty-two medicinal plants traditionally used in Saudi
Arabia against pathogenic bacteria,” EC Microbiology, vol. 14,
no. 3, pp. 108–112, 2018.
[23] K. A. Salih, “Synergistic eﬀects of plant extracts and antifungal
drugs on C. albicans,” Journal of Developing Drugs Open
Access, vol. 5, no. 3, p. 165, 2016.
[24] S. Magaldi, S. Mata-Essayag, C. Hartung de Capriles et al.,
“Well diﬀusion for antifungal susceptibility testing,” International Journal of Infectious Diseases, vol. 8, no. 1, pp. 39–45,
2004.
[25] J. N. Eloﬀ, “A sensitive and quick microplate method to determine the minimal inhibitory concentration of plant extracts
for bacteria,” Planta Medica, vol. 64, no. 8, pp. 711–713, 1998.
[26] W. A. Oliveira, F. O. Pereira, C. G. D. G. Luna et al., “Antifungal activity of Cymbopogon winterianus Jowitt ex Bor against
Candida albicans,” Brazilian Journal of Microbiology, vol. 42,
no. 2, pp. 433–441, 2011.
[27] M. S. A. Khan, I. Ahmad, and S. S. Cameotra, “Phenyl aldehyde and propanoids exert multiple sites of action towards cell
membrane and cell wall targeting ergosterol in Candida albicans,” AMB Express, vol. 3, no. 1, p. 54, 2013.
[28] H. S. Lee and Y. Kim, “Antifungal activity of Salvia miltiorrhiza against Candida albicans is associated with the alteration
of membrane permeability and (1,3)-β-D-glucan synthase
activity,” Journal of Microbiology and Biotechnology, vol. 26,
no. 3, pp. 610–617, 2016.
[29] A. Musini and A. Giri, “Investigation of mode of action of Anti
Bacterial activity of Salacia oblonga extract against drug resistant pathogen,” Brazilian Archives of Biology and Technology.,
vol. 62, article e19180051, 2019.
[30] Z. U. Khan, R. Chandy, and K. E. Metwali, “Candida albicans
strain carriage in patients and nursing staﬀ of an intensive care
unit: a study of morphotypes and resistotypes,” Mycoses,
vol. 46, no. 11-12, pp. 479–486, 2003.
[31] A. M. A. Saadabi, “Antifungal activity of some Saudi plants
used in traditional Medicine,” Asian journal of plant sciences,
vol. 5, no. 5, pp. 907–909, 2006.
[32] A. Khalil, “Antimicrobial activity of ethanol leaf extracts of
Catharanthus roseus from Saudi Arabia,” in Second Interna-

9

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

tional Conference on Environment Science and Biotechnology,
vol. 48, Singapore, 2012.
M. M. Aly and S. O. Bafeel, “Screening for antifungal activities
of some medicinal plants used traditionally in Saudi Arabia,”
Journal of Applied Animal Research, vol. 38, no. 1, pp. 39–44,
2010.
F. M. Bokhari, “Antifungal activity of some medicinal plants
used in Jeddah, Saudi Arabia,” Mycopathologia, vol. 7,
pp. 51–57, 2009.
S. A. Omer, S. E. I. Adam, and O. B. Mohammed, “Antimicrobial activity of Commiphora myrrha against some bacteria and
Candida albicans isolated from gazelles at King Khalid Wildlife Research Centre,” Research Journal of Medicinal Plant,
vol. 5, no. 1, pp. 65–71, 2011.
M. Alhussaini, A. M. Saadabi, M. I. Alghonaim, and K. E. Ibrahim, “An evaluation of the antimicrobial activity of Commiphora myrrha Nees (Engl.) oleo-gum resins from Saudi
Arabia,” Journal of Medical Sciences (Faisalabad), vol. 15,
no. 4, pp. 198–203, 2015.
A. Ba-Hamdan, A. Hamdan, M. M. Aly, and S. O. Bafeel,
“Antimicrobial activities and phytochemical analysis of the
essential oil of Ocimum basilicum, collected from Jeddah
region,” Saudi Arabia Journal Of Microbiology Research,
vol. 4, no. 6a, pp. 1–9, 2014.
H. Balto, I. Al-Sanie, S. Al-Beshri, and A. Aldrees, “Eﬀectiveness of Salvadora persica extracts against common oral pathogens,” The Saudi dental journal, vol. 29, no. 1, pp. 1–6, 2017.
M. M. Haque and S. A. Alsareii, “A review of the therapeutic
eﬀects of using miswak (Salvadora Persica) on oral health,”
Saudi Medical Journal, vol. 36, no. 5, pp. 530–543, 2015.
F. Giampieri, D. Cianciosi, and T. Y. Forbes-Hernández,
“Myrtle (Myrtus communis L.) berries, seeds, leaves, and
essential oils: new undiscovered sources of natural compounds
with promising health beneﬁts,” Food Frontiers, vol. 1, no. 3,
pp. 276–295, 2020.
S. Mansouri, A. Foroumadi, T. Ghaneie, and A. G. Najar,
“Antibacterial activity of the crude extracts and fractionated
constituents of Myrtus communis,” Pharmaceutical Biology,
vol. 39, no. 5, pp. 399–401, 2001.
O. Gortzi, S. Lalas, I. Chinou, and J. Tsaknis, “Reevaluation of
bioactivity and antioxidant activity of Myrtus communis
extract before and after encapsulation in liposomes,” European
Food Research and Technology, vol. 226, no. 3, pp. 583–590,
2008.
S. Cannas, P. Molicotti, M. Ruggeri et al., “Antimycotic activity
of Myrtus communis L. towards Candida spp. from clinical isolates,” Journal of Infection in Developing Countries, vol. 7,
no. 3, pp. 295–298, 2013.
M. Mahboubi and F. Ghazian Bidgoli, “In vitro synergistic eﬃcacy of combination of amphotericin B with Myrtus communis
essential oil against clinical isolates of Candida albicans,” Phitomedicine, vol. 17, no. 10, pp. 771–774, 2010.
T. Mert, T. Fafal, B. Kivcak, and H. T. Ozturk, “Antimicrobial
and cytotoxic activities of Myrtus communis L,” Journal of Faculty of Pharmacy of Ankara University, vol. 37, pp. 191–199,
2008.
J. Jeenkeawpieam, S. Yodkeeree, A. Andrianopoulos,
S. Roytrakul, and M. Pongpom, “Antifungal activity and
molecular mechanisms of partial puriﬁed antifungal proteins
from Rhinacanthus nasutus against Talaromyces marneﬀei,”
Journal of Fungi, vol. 6, no. 4, p. 333, 2020.

10
[47] S. al-Ali and A. al-Judaibi, “Biochemical and Molecular Eﬀects
of Phoenix dactylifera and Ziziphus spina-christi Extracts on
Candida albicans,” Journal of Biosciences and Medicines,
vol. 7, no. 3, pp. 29–43, 2019.
[48] M. B. Sadiq, J. Tarning, T. Aye Cho, and A. Anal, “Antibacterial activities and possible modes of action of Acacia nilotica
(L.) Del. against multidrug-resistant Escherichia coli and Salmonella,” Molecules, vol. 22, no. 1, p. 47, 2017.
[49] J. Zhang, K. P. Ye, X. Zhang, D. D. Pan, Y. Y. Sun, and J. X.
Cao, “Antibacterial activity and mechanism of action of black
pepper essential oil on meat-borne Escherichia coli,” Frontiers
in microbiology, vol. 7, no. 7, p. 2094, 2017.

Journal of Nanomaterials

