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Justicia pectoralis Jacq. (Acanthaceae) leaves currently found in the Brazilian north-east are widely used to treat diabetes, menstrual
pains, asthma, and other disorders. This work aimed to identify the phytochemical characterization and biological activities of J.
pectoralis leaf extracts. The plant material was ground and the crude extracts were obtained with water or acetone: water (7:3 v/v),
yielding aqueous (JPA), and organic (JPO) extracts. Phytochemical characterization was performed by thin-layer chromatography
(TLC) and high-performance liquid chromatography (HPLC). Cytotoxicity was assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) (MTT) assay and trypan blue (TB) exclusion assay in peripheral blood mononuclear cells (PBMCs),
BALB/c splenocytes, and neoplastic cells (TOLEDO, K562, DU-145, and PANC-1) at 1, 10, and 100 yg/mL. Antibacterial activity
was evaluated using the microdilution test to obtain the minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC). Cytokines, IFN-y, and IL-17A from culture supernatants of BALB/c mice splenocytes were measured by
sandwich ELISA. In the TLC analysis, both JPA and JPO extracts presented coumarin and flavonoids. In addition, HPLC was able
to identify coumarin, apigenin, and ellagic acid in both extracts. JPO IC,, was 57.59 + 1.03 ug/mL (MTT) and 69.44 + 8.08 ug/mL
(TB) in TOLEDO. MIC value of JPO against Acinetobacter baumannii and Klebsiella pneumoniae was 500 pg/mL. JPO (100 pg/mL)
significantly inhibited IFN-y levels (p=0.03). J. pectoralis is a potential candidate to be further investigated as an IFN-y inhibitory
agent and against Acinetobacter baumannii and Klebsiella pneumoniae.

1. Introduction widespread, and its occurrence has been registered in several

South American countries [2]. There are also reports of its
Justicia pectoralis Jacq. belongs to the family Acanthaceae [1]  traditional uses. One of the first publications was a report by
and in Brazilian north-east it is popularly known as chambd, =~ MacRae and Towers [3] who pointed out its administration
chachambd, anador, clover-tree, or clover-cumaru. It is quite ~ against lung infections, stating it to be an ingredient of
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“hallucinogenic” snuff. In the form of syrups, infusion, or
mash, it was found that the leaves of this plant were used
as an expectorant and to treat asthma, cough, bronchitis
[2, 4], colds, menstrual pains [5], and diabetes and as an
antibacterial and sedative agent [6].

Other studies indicate that aerial parts are also used
against nervousness and sleeplessness, as a hypotensive [7, 8],
and against epilepsy [9]. However, few authors have described
its antineoplastic activity, with most studies about this plant
concentrating on its use for treatment of respiratory tract
disorders and consequently its anti-inflammatory potential
[10]. Some of these anti-inflammatory studies include clinical
trials with J. pectoralis syrups for treatment of asthmatic
patients [11-13]. However, only one study has reported the
cytokines modulation, showing exclusively the modulations
of IL-1p3 and TNF-« cytokines [2].

Regarding the types of extract, most researchers have
used aqueous or hydroalcoholic extracts. However, the most
efficient extraction of phenolic compounds is acquired using
an organic solvent such as acetone [14]. A range of biological
activities performed by medicinal plants are due to the
presence of phenolic compounds and other phytochemicals
[15,16] and, in this sense, acetone was the organic solvent used
in this work to extract a high amount of these compounds.
Thus, considering the traditional knowledge and the use of
organic solvents that extract a high number of compounds,
the present study aimed to explore the biological activities of
the aqueous and organic extract of J. pectoralis leaves.

2. Materials and Methods

2.1. Plant Material and Extracts Preparation. Specimens were
collected at the Training Center of the Agricultural Research
Institute (CETREINO/IPA), located in Carpina, Pernam-
buco, Brazil (07° 51" 03" S 35° 15’ 17" W), under controlled
growth conditions. After collection, a voucher specimen (#
91413) was identified and deposited in the IPA Herbarium.
Afterwards, the leaves were removed and dried in an oven
for 48 hours. The dried material was then milled using
a knife mill (TE-680, Tecnal). The extracts were obtained
by 10% (w/v) turbo-extraction (Metvisa) using water or an
acetone:water mixture (7:3, v/v). The extracts were filtered
by vacuum and the organic extract was concentrated under
reduced pressure (RV10 Basic, IKA) to remove the acetone.
The filtrates were frozen (3 days, T = -80°C) and the
remaining solid material was lyophilized for 48 hours (L101,
Liotop) to yield the aqueous extract (JPA) and organic extract
(acetone:water - JPO) from J. pectoralis.

2.2. Phytochemical Characterization by TLC. The crude
extracts were dissolved in methanol and agitated in a vortex
(LabDancer, IKA) to complete solubilization, obtaining a
final concentration of 1 mg/mL. For thin-layer chromatogra-
phy (TLC) screening, all standards were used at 1 mg/mL. The
samples and standards were applied, 20 ul and 5 pl, respec-
tively, on silica gel 60 - F,;, (Macherey-Nagel) chromato-
graphic plates, using a semiautomatic applicator (Camag) and
software (WinCats). The chromatographic plates were devel-
oped in a twin-trough glass chamber (20 cm x 10 cm, Camag)
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after saturation with the mobile phase (Supplementary Table
S1) for about 30 minutes at room temperature (25 + 2°C).

The bands were applied with a width of 10 mm and a
distance between them and the edges of plates of 5mm. The
width and length of the chromatographic plates were 5cm
and 10 cm, respectively. The samples were applied at 5 mm
from the origin and with 5mm from the end of the plate.
After elution, the plates were dried at room temperature and
observed under ultraviolet light of 254 and 365 nm and visible
light. Then, the plates were derivatized with reagents specific
for each metabolite (Supplementary Table S1). The bands
visualized on the samples were compared to bands of the
corresponding standards.

2.3. High-Performance Liquid Chromatography (HPLC) Anal-
ysis. JPA and JPO (5mg) were weighed and transferred
to a volumetric flask (5mL) with ultrapure water (Purelab
Classic UV, Elga). The samples were brought to the ultrasonic
bath (Ultracleaner, Unique) for 15 minutes for complete
dissolution. The volume was then completed with ultrapure
water. After dilutions, the samples were filtered into vials
through a PVDF membrane (25 mm, 0.45 ym).

The analysis was conducted in an HPLC (Ultimate 3000,
Thermo Fisher Scientific) equipped with photodiode array
detector (PDA-3000 [RS]; Thermo Fisher Scientific), a binary
pump (HPG3x00RS, Thermo Fisher Scientific), a degasser,
and an autosampler. The analysis was performed in a C,g4 col-
umn (250 mm x 4.6 mm, 5 ym; NST) equipped with a precol-
umn C,¢ (4 mm, 3.9 ym; Phenomenex), maintained at 24°C.
The mobile phase consisted of purified water as solvent A
and methanol as solvent B, both acidified with trifluoroacetic
acid (0.05%), with the flow adjusted at 0.8 mL/minute. Both
were degassed in an ultrasonic bath and filtered through a
membrane (45 mm, 0.45 ym). The injection volume used was
20 pl. The wavelength of the analyses was set at 280 nm. The
separation was conducted using the following gradient: 0-
10 min, 15-30% B; 10-20 min, 30-50% B; 20-25 min, 50-75%
B; 25-28 min, 75-15% B; 28-32min, 15% B. The standards
coumarin (98% of purity), apigenin (analytical standard), and
ellagic acid (96% of purity) were purchased from Sigma-
Aldrich (Sdo Paulo, Brazil). The experiments were performed
in triplicate.

2.4. Cytotoxicity Evaluation. Cytotoxicity was initially eval-
uated in nontransformed cells (peripheral blood mononu-
clear cells [PBMCs] from healthy donors and Balb/c mice
splenocytes) and then in neoplastic cell lines. Both evalu-
ations were performed with MTT (3-(4,5-Dimethylthiazol-
2-yl)-2,5-Diphenyltetrazolium Bromide) assay according to
Carvalho et al. [17] and with the trypan blue exclusion
method. The assays were only initiated after approval from the
Human Ethics Committee CAAE: 46976315.9.0000.5208 and
the Ethics Commiittee for the Use of Experimental Animals of
the UFPE (process number 23076.041556/2015-62). PBMCs
were used from four clinically healthy individuals who
did not meet the exclusion criteria. These criteria included
individuals that had ingested alcohol in the last 72 hours or
were taking any medication. After signing the Term of Free
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and Informed Consent, blood was collected in heparin tubes.
PBMCs were isolated by centrifugation with FicollPaque Plus
(GE Healthcare Bio-Sciences) at 350 g for 45 minutes and
collected in the intermediated white phase where PBMCs are
commonly found. Afterwards, they were cultured in RPMI
1640 medium (Gibco) supplemented with L-Glutamine, 10%
fetal bovine serum (Lonza), 10 mM HEPES (Gibco), and 200
(4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid) U/mL
Penicillin/Streptomycin (Gibco). PBMCs were used only
when they showed viability equal to or greater than 98% after
counting in a Neubauer chamber with trypan blue reagent
[18].

PBMCs were grown in a 5% CO, incubator at 37°C in
the amount of 5.5x10° cells/well in quadruplicate for 48 h
with JPA and JPO at 0.1 to 100 ug/mL. JPA was diluted using
only culture media and DMSO was used to dilute JPO. After
48h, MTT reagent (20 ug/mL) was added and subsequently
analysed [17]. The analysis was performed using a cell viability
formula (1), as described below:

100
\% °/=<MC—MB tract) X —
mrT (%) (extract) MC
€))
— MB (RPMI or DMSO)) R

where MC is the mean of triplicate of cell well and MB
represents the mean of triplicate of blank well.

To evaluate the cytotoxicity with trypan blue exclusion
assay, after incubation for 48h with JPA and JPO at 0.1,
1, 10, and 100 ug/mL, a 20 ul aliquot of the cell suspen-
sion was diluted in 20 ul of trypan blue. The cells were
observed for their morphological changes and counted in a
Neubauer chamber (blue cells were considered to be dead).
After counting, the following mathematical formula (2) was
applied, which gives the result of the cytotoxicity of the
extracts against PBMCs through the cell viability result of
each condition:

Vs )= [

live cells
[live + dead cells]

) X 100] (2)

As a negative control, the condition with only cells was
used for the diluted extract in a serum-free medium (JPA).
The condition of cells with 0.1% DMSO was used for the
extract diluted in DMSO (JPO). The same methodology
was employed to evaluate the cytotoxicity in neoplastic
cell lines: TOLEDO (B cells Lymphoma), K562 (Chronic
Myeloid Leukaemia), DU-145 (Prostate Cancer), and PANC-
1 (Pancreatic Cancer) at 1, 10, and 100 ug/mL. However, cells
were plated according to each doubling time in accordance
with NCI60 guidelines cells/well and incubated for 72h.
At Oh of treatment, K562 cells were at a density of about
5x10° cells/well and TOLEDO, DU-145, and PANC-1 at 1x10*
cells/well. Amsacrine, doxorubicin, or gemcitabine was used
as a positive control.

To evaluate cytotoxic profile of JPA and JPO in BABL/c
splenocytes, animals were obtained from LIKA/UFPE. The
mice were sacrificed in a CO, chamber, according to the
Guidelines of the Ethics Committee for the Use of Exper-
imental Animals of the UFPE. Each spleen was aseptically

extracted and placed in a petri dish containing RPMI-1640
(Gibco) to obtain splenocytes. The obtained cell suspension
was filtered on 40 ym nylon (BD Falcon) and transferred
to Falcon tubes. Spleen concentrates were centrifuged twice
for 10 minutes. Subsequently, cells were lysed with 1X red
blood cells (RBC) lysis buffer (eBiosciences) and resuspended
in RPMI-1640 medium (Sigma) supplemented with 10%
fetal bovine serum, 10mM HEPES (4-(2-hydroxyethyl)-1-
piperazinoethanesulfonic acid) (Gibco) and 200 U/mL peni-
cillin/streptomycin (Gibco). The evaluation of JPA and JPO
cytotoxicity was performed by incubation (10 and 100 yg/mL)
for48 hat 5% CO, and 37°C. After 48 h, MTT and trypan blue
were added as described above.

2.5. Antibacterial Activity. Acinetobacter baumannii, extend-
ed-spectrum beta-lactamase-producing Klebsiella pneumo-
niae (ESBL), and Klebsiella pneumoniae carbapenemase
(KPC) clinical isolates were obtained from the Clinical
Hospital of the Federal University of Pernambuco and
kept at the Laboratory of Immunopathology Keizo Asami
(LIKA/UFPE). These strains were phenotypically identified
according to the guidelines of the Clinical and Laboratory
Standards Institute (CLSI) [19]. Methicillin-resistant Staphy-
lococcus aureus (ATCC 33591), methicillin-sensitive Staphy-
lococcus aureus (MSSA) ATCC 29213, Escherichia coli ATCC
25922, Klebsiella pneumoniae ATCC 29665, and Pseudomonas
aeruginosa ATCC 27853 were used as reference strains.

The antibacterial activity of JPA and JPO was determined
by microdilution test according to CLSI [19]. Microdilution
plates (96-well) were filled with Miiller-Hinton broth (MHB)
and the extracts previously diluted in 0.5% DMSO were
distributed through serial dilution to obtain concentrations
ranging from 1 to 500 ug/mL. Vancomycin (VAN) and
Ciprofloxacin (CIP), at concentrations ranging from 0.0075
to 3.84 ug/mL, were used as reference drugs for Gram-
positive and Gram-negative bacteria, respectively. Subse-
quently, bacterial suspensions were adjusted to 0.5 of the
McFarland scale and diluted to a final concentration of
10° CFU/mL in each well. Microplates were incubated at 35 +
2°C for 24 h and minimum inhibitory concentration (MIC)
was determined by spectrophotometric analysis at 620 nm.
MIC was defined as the lowest extract concentration that
inhibited bacteria growth >90%. Minimum bactericidal con-
centration (MBC) was determined in subculture samples
from wells with concentrations above MIC in plates contain-
ing Miiller-Hinton agar (MHA). These plates were incubated
at 35 + 2°C for 24 hours and MBC was considered the lowest
concentration of extracts associated with absence of bacterial
growth. All experiments were performed in triplicate.

2.6. Immunomodulatory Activity. To evaluate the proinflam-
matory cytokines modulation, eight male BALB/c mice were
used with 45 days. After cytotoxicity evaluation, splenocytes
were cultured in 24-well plates (2x10°/mL in each well)
with RPMI-1640 medium (Gibco) supplemented with 10%
fetal bovine serum (Gibco), 10 mM HEPES (Gibco), and
penicillin and 200 U streptomycin/mL (Gibco). As stim-
uli, Concanavalin A (ConA) was used at 100 ng/mL. As
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FIGURE 1: Chromatographic profile of JPA and JPO and UV-sprectra of peaks related (coumarin, apigenin, and ellagic acid). Detection at
280 nm. Justicia pectoralis aqueous extract (JPA); Justicia pectoralis organic (JPO) extracts.

the reference drug, methylprednisolone (MP) was tested at
100 uM. JPA and JPO extracts were added at concentrations
of 10 yg/mL and 100 ug/mL and incubated at 37°C and 5%
CO, for 48h. After the incubation time, Iml of culture
supernatant was collected from each well and stored at -
30°C until use. Cytokine determination was performed by
mouse sandwich ELISA kits following the manufacturer's
instructions. The lower detection limit for both IFN-y and IL-
17A was 15.62 pg/mL.

2.7 Statistical Analysis. 'To perform the analysis of the normal
distribution of variables, the Kolmogorov-Smirnov test was
applied. The variables that presented normal distribution
were shown in mean and standard deviation. The variables
that did not present normal distribution were exhibited
as maximum and minimum median. For immunomodula-
tory activity, the Wilcoxon analysis was performed using
GraphPad Prism software version 6. Results were considered
significant when p <0.05.

3. Results and Discussion

3.1. Characterization by TLC. Phytochemical characteriza-
tion by TLC indicated the presence of coumarin, characteris-
tic of the species, in both JPA and JPO extracts, with flavonoid
compounds in JPA, due to the presence of yellow/orange
bands. In JPO, in addition to the presence of flavonoids, cin-
namic derivatives and steroids were observed. The presence
of condensed tannins was not evidenced in any extracts (data
not shown). Interestingly, other phytochemical studies of J.
pectoralis leaves revealed the presence of compounds such
as coumarin, umbelliferone, ortho-methoxylated glycosyl
flavones, justicidin B, saponins, and tannins [20, 21].

3.2. Characterization by HPLC. Chromatograms from the
HPLC analysis of the JPA and JPO can be seen in Figure 1.
The same chromatographic profile was evidenced for both
extracts. In both, the presence of coumarin, considered the

marker of the species, with retention time (tR) equal to
26.06 min, was detected. In addition, a peak of the flavonoid
apigenin was demonstrated, with tR at 26.37 min. The pres-
ence of ellagic acid was also detected, with tR = 27.46 min.
The peaks were confirmed by coinjection of the standards
and samples (spiked samples) and by purity analysis of peaks
(> 95% and 100% at tR), verified in the chromatograms
obtained with the photodiode array detector. The contents
of coumarin, apigenin, and ellagic acid were calculated,
based on the equation of the line obtained for the respective
standards (coumarin: y = 2.0508x - 5.1038; R%= 0.9939;
apigenin: y = 0.9054x + 3.2589; R? = 0.9983; ellagic acid: y
= 5.110x — 8.837; R? = 0.9978). Quantities of 0.115 (0.99%) of
coumarin, 0.014 (1.17%) of apigenin, and 0.015 (0.09%) of
ellagic acid in JPA were measured. For JPO, the contents of
this metabolites were 0.307 (0.71%), 0.030 (0.62%), and 0.016
(0.06%), respectively. The results are expressed as g%: grams
per 100 g of extract and RSD: relative standard deviation.

Several studies report the coumarin quantification in
aerial parts of extracts of J. pectoralis by HPLC [2, 22].
Coumarin (1,2-benzopyran) is one of the major secondary
metabolites present in the leaves and aerial parts of J.
pectoralis and one of the major components responsible for
the biological activities attributed to this plant [23]. In the
present study, the coumarin content was higher in JPA than
in JPO. Compared with scientific data, variation in HPLC
coumarin and other contents in leaf samples or aerial parts
of J. pectoralis is associated with different sources of variation
such as seasonality and geographic origin, in addition to
conditions of plant material processing and preparation of
extracts, as observed by Chanfrau and Ferrada [24].

The quantitative chromatographic analysis of ellagic acid
performed for the samples used in this study revealed the
same profile of coumarin contents where JPA had more
contents than JPO. Other metabolites, as saponins and 3-(2-
hydroxyphenyl) propionic acid, were reported presenting in
J. pectoralis and were also quantified in extracts from leaves
of this species [21, 25]. Lizcano et al. [26] also evaluated
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the composition of the aqueous extract of J. pectoralis leaves
and revealed the presence of phenols and flavonoids and
these compounds can contribute to the biological activities
observed here.

3.3. Cytotoxic and Antineoplastic Profile. Regarding the cyto-
toxic activity, the results of the MTT and trypan blue tests
showed that JPA and JPO did not exhibit cytotoxicity until
100 ug/mL to PBMCs and BALB/c splenocytes (data not
shown) and any minimal viability reduction was not statis-
tically significant. Some studies include the determination of
the mean lethal dose (LCs,) of J. pectoralis extracts in larvae
of Artemia salina, an alternative test for cytotoxicity deter-
mination. Parra et al. [27] showed that LCs, of the hydroal-
coholic extract of this plant’s aerial parts was 60.15 yg/mL
(values below 1000 pg/mL are considered bioactive); that is,
the extract presented bioactivity. Another study that also
reports the bioactivity of J. pectoralis’s aerial parts ethanolic
extract in Artemia salina evaluated concentrations from 1
to 1000 pg/mL. In this study, the extract did not present
bioactivity (LCs, > 1000 pg/mL) against the microcrustacean
[28], presumably due to the solvent used.

At neoplastic cell lines, MTT and trypan blue assays
(Figure 2) showed that JPA exhibited cytotoxicity for PANC-
1 at 100 pug/mL (Figures 2(g) and 2(h)). However, at this
concentration, we did not find an IC; value. Despite this, JPO
showed significant cytotoxicity (p<0.05) against TOLEDO
at 100 pg/mL (Figures 2(a) and 2(b)). The IC;, to TOLEDO
cell line was 5759 + 1.03 ug/mL with MTT methodology
and 69.44 + 8.08 ug/mL when using the trypan blue assay.
Amsacrine IC;, to TOLEDO and K562 were 0.5+0.6 uM
and 0.9+0.2 uM, respectively. To DU-145, doxorubicin ICs,
was 6.8+0.7 uM and for PANC-1 Gemcitabina was used as a
positive control (IC50 was 5.5+1.7 uM).

There are few studies that describe anticancer properties
for J. pectoralis. However, Joseph et al. [20] isolated a lignan,
Justicidin B, from the J. pectoralis whole plant and found
cytotoxicity against a murine leukaemia and bronchial epi-
dermoid carcinoma cell line. In contrast, other Justicia species
are related to anticancer potential, such as Justicia ciliate Jaqc.
that inhibit human cervical carcinoma growth [29], Justicia
spicigera Schltdl. that interfere in T-47D and HeLa human
cell line growth [30-32], and Justicia rhodoptera which acts
against the human ovarian cancer cell line [33].

In JPO we found the presence of coumarin and ellagic
acid in its composition. Recently, because it possesses min-
imum side effects along with multidrug reversal activity
and specially an anti-inflammatory activity, studies about
coumarin derivatives as potential anticancer agents have
been developed [34-36]. Additionally, ellagic acid appears
to exhibit an antineoplastic action on antimetastatic breast
cancer [37] and antimetastatic potential of ovarian neoplasia
[38]. The ellagic acid activity against lymphoma-bearing mice
was also reported [39, 40] and our results with JPO activity
against TOLEDO can be associated with the presence of
coumarin and ellagic acid.

3.4. Evaluation of Antibacterial Activity. JPO showed that
MIC is equal to 500 pug/mL against Acinetobacter baumanii

and Klebsiella pneumoniae ESBL, indicating a bacteriostatic
effect. Compared to the other bacteria isolates, the two
extracts had MICs higher than 500 yg/mL, indicating that
they did not present a bactericidal or bacteriostatic effect.
Acinetobacter is a genus of nonfermentative gram-negative
bacteria that have minimal nutritional requirements and
can survive in several types of aqueous environments. This
group, especially the A. baumanii strain, is responsible for an
increasing number of hospital infections, especially acquired
in intensive care units (ICUs) [41]. Klebsiella pneumoniae is
a Gram-negative bacillus present in the gastrointestinal tract
of healthy individuals. It is also an important pathogen of
nosocomial infections resistant to all cephalosporins such as
ESBL, causing outbreaks in hospitalization units of critical
patients [42].

Our results indicated that the aqueous extract of J. pec-
toralis did not present an inhibitory action against the eight
selected bacterial strains. Martin-Viana et al. [43] developed
syrup from the dry extract of J. pectoralis and subjected
the samples to the contamination by Staphylococcus aureus,
Pseudomonas aeruginosa, Escherichia coli, Candida albicans,
Aspergillus niger, and Bacillus subtilis, whose number of viable
organisms was estimated in colony formation units (CFU).
After 28 days, these authors detected a content of 10> CFU/mL
for bacteria and less than 10 CFU/mL for fungi, below the
minimum limits for a sample to be considered contaminated.
Furtado et al. [44] tested the aqueous extract of the leaves of J.
pectoralis against E. coli, S. aureus and K. pneumoniae, Gram-
positive, and Gram-negative strains by disk diffusion test. The
extract showed no inhibitory action in any of the species at all
concentrations (100, 50, and 25 mg/mL).

3.5. Modulation of IFN-y and IL-17A Secretion. Regarding
the evaluation of cytokine modulation, JPO presented
better results than JPA in reducing INF-y and IL-17A. JPO
decreased levels of IL-17A (15.62pg/mL [79.54 pg/mL-
15.62pg/mL]) relative to the ConA-stimulated cells
(128.63 pg/mL [387.76 pg/mL - 55.79 pg/mL]) (Figure 3(a)).
Analysing IFN-y levels, JPO decreased this cytokine more
than MP (15.62 pg/mL [62.5 pg/mL-15.62 pg/mL]), 100 ug/
mL (p=0.03) (Figure 3(b)). The anti-inflammatory activity
of this species was measured in other models, such as the
one by Locklear et al. [45], who investigated the activity of
methanolic extract of the J. pectoralis aerial parts against
the symptoms of menopause and dysmenorrhea in trials of
COX-2 inhibition. The extract inhibited the catalytic activity
of COX-2 (IC5,= 4.8 pg/mL).

Another study investigated the anti-inflammatory and
antihistaminic activity of . pectoralis leaves’ aqueous extract
in guinea pigs sensitized with ovalbumin (OVA). The extract
blocked the effect of contraction produced by histamine
in the airways [46]. The standardized extract of coumarin
from the aerial parts’ hydroalcoholic extract of this plant
was also tested to evaluate the antiasthmatic properties in
male rats previously sensitized by OVA. The hyperresponsive
phenotype of tracheal tissues caused by OVA decreased with
the administration of the standardized extract. Furthermore,
the extract abolished the OVA-induced increase in the IL-18
and TNF-« level in the bronchoalveolar fluid and weakened
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FIGURE 2: Justicia pectoralis cytotoxic evaluation against neoplastic cell lines TOLEDO, K562, PANC-1, and DU-145 at 1, 10, and 100 pg/mL
of JPA and JPO. MTT test are shown at (a), (), (e), (g), and trypan blue are present at (b), (d), (f), and (h).
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the changes in the expression of canonical transient receptor
protein genes. These findings evidenced that J. pectoralis
presents antiasthmatic properties in the experimental model
of reproductive hyperresponsiveness [2]. Our work corrob-
orates with the research of these authors regarding the anti-
inflammatory activity of this plant, despite using another type
of organic extract to the tested cytokines.

In other Justicia species, it is possible to identify
immunomodulatory characteristics, as described by Kumar
et al. [47] when reporting the inhibition of paw edema after
treatment with fractions from ethyl-acetate fraction of Justi-
cia gendarussa. In another study using the carrageenan and
formalin-induced paw edema models, it was found a dose-
dependent response after treatment with methanolic extract
of Justicia secunda leaf at carrageenan paw edema models,
indicating the significant inhibition after 2h, 3h, and 24h
treatment at 0.1, 0.2, and 0.4 g/kg [48]. The anti-inflammatory
action of Justicia acuminatissima leaves in animal models was
also reported and showed that the aqueous extract caused
inhibition of inflammatory pain in a formalin-induced paw
licking test at 30, 100, and 300mg/kg. In addition, the
aqueous extract presented statistically significant inhibition
of NO,~ formation, an oxidized form of NO released by
LPS-activated macrophages, where this event is an important
molecular mechanism implied in the inflammatory response
[49].

Aqueous and organic extracts showed no significant
toxicity in PBMC. JPO, in turn, further modulated the
cytokines and proved to be more bacteriostatic. J. pectoralis
therefore appears to have a strong anti-inflammatory action,

and this may be associated with the various applications of
this plant in folk medicine given the diseases for which the
species is indicated to be of inflammatory basis.

4. Conclusions

Coumarin and ellagic acid were the major components of JPA
and JPO and probably contributed to the anti-inflammatory
activity evidenced in this work. Lower toxicity to non-
transformed cells and cytotoxicity to neoplastic cells were
observed. The organic extract showed bacteriostatic activity
against Acinetobacter baumannii and Klebsiella pneumoniae.
Therefore, Justicia pectoralis is a potential candidate for novel
in vivo studies to evaluate its anti-inflammatory properties.

Data Availability

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

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

Tiago Rafael de Sousa Nunes and Marina Ferraz Cordeiro
contributed equally to this work. Tiago Rafael de Sousa Nunes
and Matheus Landim de Souza contributed in collecting the



plant sample, running the laboratory work, analysing the
data, and drafting the paper. Marina Ferraz Cordeiro con-
tributed in running the laboratory work, analysing the data,
and drafting the paper. Fernanda Gomes Beserra contributed
to cytotoxicity and immunomodulatory studies. Wliana
Alves Viturino da Silva contributed to extract preparation,
chromatographic assays, and analysis. Magda Rhayanny
Assungdo Ferreira contributed to chromatographic analysis.
Luiz Alberto Lira Soares contributed to chromatographic
analysis and critical reading of the manuscript. Sérgio Dias
Costa-Junior performed the antibacterial activity. Isabella
Macario Ferro Cavalcanti supervised the laboratory antibac-
terial activity and revised the manuscript. Maira Galdino da
Rocha Pitta, Ivan da Rocha Pitta, and Moacyr Jesus Barreto
de Melo Régo designed the study, supervised the laboratory
work, and contributed to critical reading of the manuscript.
All the authors have read the final manuscript and approved
the submission.

Acknowledgments

This work was supported by the Fundagdo de Amparo a
Ciéncia e Tecnologia do Estado de Pernambuco (FACE-
PE) [APQ-0898-4.03/15 and APQ-0493-4.03/14], Instituto
de Ciéncia e Tecnologia para Inovagdo Farmacéutica
(INCT.if) [INCT.if, 15/2015-INCTsCNPq/MCT/ENCT/
FINEP/CAPES/FAPESP/FAPEMIG/FAPERG], Conselho Na-
cional de Desenvolvimento Cientifico e Tecnoldgico (CNPq)
[308386/2015-9], and Coordenagdo de Aperfeicoamento de
pessoal de Nivel Superior (CAPES).

Supplementary Materials

Mobile phase, reagents, and standards used to phytochem-
ical characterization of Justicia pectoralis crude extracts.
(Supplementary Materials)

References

[1] United States Department of Agriculture, “Natural Resour-
ces Conservation Service. Justicia pectoralis Jacq. Freshcut gen-
eral information,” 2018, https://plants.usda.gov/core/profile?
symbol=jupe3 (accessed 2018 Feb 25).

[2] C. T. M. Moura, E. J. Batista-Lima, T. S. Brito et al., “Inhibitory
effects of a standardized extract of Justicia pectoralis in an exper-
imental rat model of airway hyper-responsiveness,” Journal of
Pharmacy and Pharmacology, vol. 69, no. 6, pp. 722-732, 2017.

[3] W.D.Macrae and G. H. N. Towers, “Justicia pectoralis: a study of
the basis for its use as a hallucinogenic snuff ingredient,” Journal
of Ethnopharmacology, vol. 12, no. 1, pp. 93-111, 1984.

[4] M. F. Agra, P. E Freitas, and J. M. Barbosa-Filho, “Synopsis of
the plants known as medicinal and poisonous in Northeast of
Brazil,” Revista Brasileira de Farmacognosia, vol. 17, no. 1, pp.
114-140, 2007.

[5] V. Tene, O. Malagén, P. V. Finzi, G. Vidari, C. Armijos, and
T. Zaragoza, “An ethnobotanical survey of medicinal plants
used in Loja and Zamora-Chinchipe, Ecuador, Journal of
Ethnopharmacology, vol. 111, no. 1, pp. 6381, 2007.

Evidence-Based Complementary and Alternative Medicine

[6] G. M. Corréa and A. E. Alcantara, “Chemical constituents and
biological activities of species of Justicia: a review; Revista
Brasileira de Farmacognosia, vol. 22, no. 1, pp. 220-238, 2012.

[7] E. M. Rodriguez, M. V. Gonzalez, and P. P. H. Oliver, “El uso
de plantas mégicas y medicinales por las parteras tradicionales
cubanas,” Fontqueria, vol. 39, pp. 219-241, 1994.

[8] J. H. Cano and G. Volpato, “Herbal mixtures in the traditional
medicine of Eastern Cuba,” Journal of Ethnopharmacology, vol.
90, no. 2-3, pp. 293-316, 2004.

[9] R. Awad, F. Ahmed, N. Bourbonnais-Spear et al., “Ethnophar-
macology of Qeqchi’ Maya antiepileptic and anxiolytic plants:
effects on the GABAergic system,” Journal of Ethnopharmacol-
0gy, vol. 125, no. 2, pp- 257-264, 2009.

[10] L. K. A. M. Leal, A. H. Silva, and G. S. B. Viana, “Justicia
pectoralis, a coumarin medicinal plant have potential for the
development of antiasthmatic drugs?” Revista Brasileira de
Farmacognosia, vol. 27, no. 6, pp. 794-802, 2017.

[11] M. E. P. Nobre, G. L. Leite, M. A. C. Barbosa et al., “Avaliacao
da eficacia do xarope de chamba (Justicia pectoralis Jacq.) na
fungdo pulmonar de pacientes asmaticos,” Jornal Brasileiro de
Fitomedicina, vol. 4, pp. 4-10, 2006.

[12] E. N. Santana, M. M. L. Rocha, G. L. Leite et al., “Avaliagdo da
eficacia do xarope de chamba (Justicia pectoralis) no tratamento
da asma intermitente, persistente leve ou persistente moderada
em criangas de 6 a 12 anos,” in XXII Reunido Anual da Federagio
de Sociedades de Biologia Experimental Aguas de Lindéia, Sio
Paulo, Brazil, 2012.

[13] J. H. Linhares, Avaliagdo da eficicia terapéutica do xarope com-
posto por Justicia pectoralis, Plectranthus amboinicus e Mentha
arvensis na asma (Dissertacdo de Mestrado), Pés-graduagdo
em Cirurgia, Universidade Federal do Ceard, Fortaleza, Brazil,
2012.

[14] M. Vizzotto and M. C. Pereira, “Amora-preta (Rubus sp.):
otimizag¢do do processo de extragdo para determinagdo de
compostos fenolicos antioxidantes,” Revista Brasileira de Fru-
ticultura, vol. 33, no. 4, pp. 1209-1214, 2011.

[15] W.Fernando and H. P. V. Rupasinghe, “Anticancer properties of
phytochemicals present in medicinal plants of North America,”
in Using Old Solutions to New Problems—Natural Drug Dis-
covery in the 2Ist Century, M. Kulka, Ed., pp. 159-180, InTech,
Croatia, 2013.

[16] E. P. Gutiérrez-Grijalva, M. A. Picos-Salas, N. Leyva-Lopez et
al., “Flavonoids and phenolic acids from oregano: occurrence,
biological activity and health benefits,” Plants (Basel), vol. 7, pp.
1-23, 2018.

[17] L. V. N. Carvalho, M. E. Cordeiro, T. U. Lins e Lins et al,,
“Evaluation of antibacterial, antineoplastic, and immunomodu-
latory activity of Paullinia cupana seeds crude extract and ethyl-
acetate fraction,” Evidence-Based Complementary and Alterna-
tive Medicine, vol. 2016, Article ID 1203274, 7 pages, 2016.

[18] M. J. B. D. M. Régo, M. R. Galdino-Pitta, D. T. M. Pereira et
al., “Synthesis, in vitro anticancer activity and in silico study
of new disubstituted thiazolidinedione derivatives;,” Medicinal
Chemistry Research, vol. 23, no. 6, pp. 3220-3226, 2014.

[19] (CLSI) Clinical and Laboratory Standards Institute, “Per-
formance Standards for Antimicrobial Susceptibility Testing;
Twenty-Second Informational Supplement;” Tech. Rep. M100-
524, 2016.

[20] H. Joseph, J. Gleye, C. Moulis, I. Fouraste, and E. Stanislas,
“O-methoxylated C-glycosylflavones from Justicia pectoralis;
Journal of Natural Products, vol. 51, no. 4, pp. 804-805, 1988.


http://downloads.hindawi.com/journals/ecam/2018/5762368.f1.pdf
https://plants.usda.gov/core/profile?symbol=jupe3
https://plants.usda.gov/core/profile?symbol=jupe3

Evidence-Based Complementary and Alternative Medicine

[21] L. K. A. M. Leal, A. A. G. Ferreira, G. A. Bezerra, F. ]. A. Matos,
and G. S. B. Viana, “Antinociceptive, anti-inflammatory and
bronchodilator activities of Brazilian medicinal plants contain-
ing coumarin: a comparative study,” Journal of Ethnopharmacol-
0gy, vol. 70, no. 2, pp. 151-159, 2000.

[22] E. N. Fonseca, A. H. Silva, and L. K. A. M. Leal, “Justicia
pectoralis Jacq., Acanthaceae: preparation and characterisation
of the plant drug including chromatographic analysis by HPLC-
PDA, Revista Brasileira de Farmacognosia, vol. 20, no. 6, pp.
871-877, 2010.

[23] J. E. R. Chanfrau, O. D. Lépez, Y. Nuiiez et al., “Obtencion de
una Materia Prima de Calidad Farmacéutica a partir de Extrac-
tos de Justicia pectoralis Jacq., mediante Secado por Aspersion.
Desarrollo Tecnoldgico a partir de Extracto Hidroalcohdlico al
30%,” Latin American Journal of Pharmacy, vol. 27, pp. 333-338,
2008.

[24] J. E. R. Chanfrau and C. R. Ferrada, “Harvest time influences
on coumarin and umbelliferone contents in extracts of Justicia

pectoralis Jacq. (tilo),” Revista Cubana de Farmacia, vol. 48, pp.
477-485, 2014.

[25] J. X. de Vries, B. Tauscher, and G. Wurzel, “Constituents of
Justicia pectoralis Jacq. 2. Gas chromatography/mass spectrom-
etry of simple coumarins, 3-phenylpropionic acids and their
hydroxy and methoxy derivatives,” Biomedical & Environmental
Mass Spectrometry, vol. 15, no. 8, pp. 413-417, 1988.

[26] L. J. Lizcano, F. Bakkali, M. B. Ruiz-Larrea, and J. I. Ruiz-
Sanz, “Antioxidant activity and polyphenol content of aqueous
extracts from Colombian Amazonian plants with medicinal
use,” Food Chemistry, vol. 119, no. 4, pp. 1566-1570, 2010.

[27] A. Lagarto Parra, R. Silva Yhebra, I. Guerra Sardifas, and L.
Iglesias Buela, “Comparative study of the assay of Artemia salina
L. and the estimate of the medium lethal dose (LD50 value)
in mice, to determine oral acute toxicity of plant extracts,”
Phytomedicine, vol. 8, no. 5, pp. 395-400, 2001.

[28] D.D.R. Arcanjo, A. C. M. Albuquerque, B. Melo-Neto, L. C. L.
R. Santana, M. G. F. Medeiros, and A. M. G. L. Citd, “Bioactivity
evaluation against Artemia salina Leach of medicinal plants
used in Brazilian Northeastern folk medicine,” Brazilian Journal
of Biology, vol. 72, no. 3, pp. 505-509, 2012.

[29] S.-H. Day, N.-Y. Chiu, S.-J. Won, and C.-N. Lin, “Cytotoxic
lignans of Justicia ciliata, Journal of Natural Products, vol. 62,
no. 7, pp. 1056-1058, 1999.

[30] J. R. Céceres-Cortés, E. A. Canta-Garza, M. T. Mendoza-
Mata, M. A. Chavez-Gonzélez, G. Ramos-Mandujano, and L.
R. Zambrano-Ramirez, “Cytotoxic activity of Justicia spicigera
is inhibited by bcl-2 proto-oncogene and induces apoptosis in
a cell cycle dependent fashion,” Phytotherapy Research, vol. 15,
no. 8, pp. 691-697, 2001.

[31] E. Vega-Avila, A. Espejo-Serna, F. Alarcon-Aguilar, and R.
Velasco-Lezama, “Cytotoxic activity of four Mexican medicinal
plants,” Proceedings of the Western Pharmacology Society, vol. 52,
pp. 78-82, 2000.

[32] A. J. Alonso-Castro, M. L. Villarreal, L. A. Salazar-Olivo,
M. Gomez-Sanchez, F. Dominguez, and A. Garcia-Carranca,
“Mexican medicinal plants used for cancer treatment: pharma-
cological, phytochemical and ethnobotanical studies,” Journal
of Ethnopharmacology, vol. 133, no. 3, pp. 945-972, 2011.

[33] R. B. Williams, J. Hoch, T. E. Glass et al., “A novel cytotoxic
guttiferone analogue from Garcinia macrophylla from the Suri-
name Rainforest,” Planta Medica, vol. 69, no. 9, pp. 864-866,
2003.

[34] S. Emami and S. Dadashpour, “Current developments of
coumarin-based anti-cancer agents in medicinal chemistry,
European Journal of Medicinal Chemistry, vol. 102, pp. 611-630,
2015.

[35] J. Dandriyal, R. Singla, M. Kumar, and V. Jaitak, “Recent devel-
opments of C-4 substituted coumarin derivatives as anticancer
agents,” European Journal of Medicinal Chemistry, vol. 119, pp.
141-168, 2016.

[36] M. Kumar, R. Singla, J. Dandriyal, and V. Jaitak, “Coumarin
derivatives as anticancer agents for lung cancer therapy: a
review,” Anti-Cancer Agents in Medicinal Chemistry, vol. 18, 2017.

[37] N. Wang, Q. Wang, H. Tang et al., “Direct inhibition of ACTN4
by ellagic acid limits breast cancer metastasis via regulation
of B-catenin stabilization in cancer stem cells,” Journal of
Experimental & Clinical Cancer Research, vol. 36, pp. 1-19, 2017.

[38] H. Liu, Z. Zeng, S. Wang et al., “Main components of pome-
granate, ellagic acid and luteolin, inhibit metastasis of ovarian
cancer by down-regulating MMP2 and MMP9;,” Cancer Biology
& Therapy, vol. 18, pp. 990-999, 2017.

[39] S. Mishra and M. Vinayak, “Ellagic acid inhibits PKC signaling
by improving antioxidant defense system in murine T cell
lymphoma,” Molecular Biology Reports, vol. 41, no. 7, pp. 4187-
4197, 2014.

[40] S. Mishra and M. Vinayak, “Role of ellagic acid in regulation of
apoptosis by modulating novel and atypical PKC in lymphoma
bearing mice;” BMC Complementary and Alternative Medicine,
vol. 15, no. 1, article 281, pp. 1-22, 2015.

[41] M. E. Falagas, E. A. Karveli, I. I. Siempos, and K. Z. Vardakas,
“Acinetobacter infections: a growing threat for critically ill
patients,” Epidemiology and Infection, vol. 136, no. 8, pp. 1009-
1019, 2008.

[42] J. R. Dipersio, L. M. Deshpande, D. J. Biedenbach, M. A.
Toleman, T. R. Walsh, and R. N. Jones, “Evolution and dis-
semination of extended-spectrum beta-lactamase producing
Klebsiella pneumoniae: Epidemiology and molecular report
from the SENTRY Antimicrobial Surveillance Program (1997-
2003),” Diagnostic Microbiology and Infectious Disease, vol. 51,
no. 1, pp. 1-7 2005.

[43] N. P. Martin-Viafa, J. R. Chanfrau, O. D. L. Hernandez et al,,
“Desarrollo tecnoldgico de un medicamento sedante de origen
natural a partir de Justicia pectoralis Jacq,” Revista Cubana de
Plantas Medicinales, vol. 16, pp. 227-235, 2011.

[44] J. M. Furtado, M. A. S. Oliveira, M. V. M. Fernandes, and A.
S. Amorim, “Atividade antimicrobiana do extrato aquoso de
Eucalyptus globulus, Justicia pectoralis e Cymbopogon citratus
frente a bactérias de interesse;” UNOPAR Cientifica Ciéncias
Biolégicas e da Satide, vol. 17, pp. 233-237, 2015.

[45] T. D. Locklear, Y. Huang, J. Frasor et al., “Estrogenic and
Progestagenic effects of extracts of Justicia pectoralis Jacq., an
herbal medicine from Costa Rica used for the treatment of
Menopause and PMS,” Maturitas, vol. 66, pp. 315-322, 2010.

[46] C. Cameron, A. Jacob, E. Thomas, and A. Levy, “Preliminary
investigations of the anti-asthmatic properties of the aqueous
extract of Justicia pectoralis (Fresh Cut),” West Indian Medical
Journal, vol. 64, pp. 320-324, 2015.

[47] K.Kumar, V. Sabu, G. Sindhu, A. Rauf, and A. Helen, “Isolation,
identification and characterization of apigenin from Justicia
gendarussa and its anti-inflammatory activity, International
Immunopharmacology, vol. 59, pp. 157-167, 2018.

[48] S. O. Onoja, M. L. Ezeja, Y. N. Omeh, and B. C. Onwukwe,
“Antioxidant, anti-inflammatory and antinociceptive activities



10 Evidence-Based Complementary and Alternative Medicine

of methanolic extract of Justicia secunda Vahl leaf) Alexandria
Journal of Medicine, vol. 53, no. 3, pp. 207-213, 2017.

[49] M. C. Verdam, F. Guilhon-Simplicio, G. S. Barbosa et al., “Anti-
inflammatory action of Justicia acuminatissima leaves,” Revista
Brasileira de Farmacognosia, vol. 25, no. 3, pp. 264-268, 2015.



MEDIATORS
INFLAMMATION

The Scientific Gastroenterology bl B Journal of .
World Journal Research and Practice Diabetes Researc Disease Markers

International Journal of

Endocrinology

Journal of
Immunology Research

Hindawi

Submit your manuscripts at
www.hindawi.com

BioMed
Research International

PPAR Research

Journal o.f
Obesity

Evidence-Based P
Stem Cells Complementary and N Journal of
International Alternative Medicine : Oncology

Journal of

Qphthalmology

Parkinson’s
Disease

Behavioural Al DS Oxidative Medicine and
NGUVO|Ogy Research and Treatment Cellular Longevity

Computational and
Mathematical Methods
in Medicine



https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

