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allergy; Objective: To evaluate the effect of a hydroethanolic extract of Momordica charantia L. (“bit-
Cucurbitaceae; ter melon”, Cucurbitaceae) leaves (WCHA) on ovalbumin (OVA)-induced asthma model. Balb/c
herbal medicine; mice were sensitized twice and challenged for 4 alternate days with OVA and then treated
inflammation; with MCHA (500 mg/kg) for 7 consecutive days.

ovalbumin Methods: Control groups received treatment with normal saline or dexamethasone (2 mg/kg)

on the same day. We assessed in vivo bronchial hyperresponsiveness and ex-vivo inflammation
and mucus production in bronchoalveolar lavage (BAL), lung homogenates, and lung tissue.
Results: MCHA significantly improved airway hyperresponsiveness near baseline levels.
MCHA administration significantly improved airway and lung inflammation, demonstrated by
decreased total and inflammatory cells in BAL, lower levels of IL-5 and IL-13 in lung homoge-
nate, and fewer inflammatory cells in lung tissue. Additionally, MCHA significantly diminished
goblet cells in lung tissue.

Conclusions: Administration of a hydroethanolic extract of M. charantia leaves was effective in
treating OVA-induced asthma in an animal model.
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Introduction

Asthma is one of the most common human chronic dis-
eases, affecting 1-18% of adults and children in different
countries and about 300 million people worldwide.! In 2011,
the Brazilian Public Health System’s national database
registered asthma as the fourth leading cause of hospital
admissions across all ages.?

Inflammation is the hallmark of asthma, being present
even in asymptomatic patients. Consequently, treatment
with anti-inflammatory drugs, such as inhaled corticoste-
roids, is frequently used. The response to asthma treat-
ment is widely variable among patients and some do not
achieve adequate disease control.! Therefore, new and
safer drugs with different therapeutic targets are still
needed.

Momordica charantia L. (bitter melon, Cucurbitaceae),
listed on The Plant List,> is a medicinal plant with anti-
inflammatory properties that could benefit asthma treat-
ment. This species grows in tropical areas, including parts
of the Amazon, eastern Africa, Asia, and the Caribbean.
Populations have extensively used this plant for diabetes
and inflammatory diseases but not for asthma.*> Therefore,
the objective of this study was to evaluate the effect of
a M. charantia extract in asthma treatment in a murine
model.

Materials and Methods
Animals

Balb/c-specific pathogen-free male mice (6-8 weeks old)
with free access to food and water were used. The local
Committee for Ethics in Animal Experiments, Ribeirao
Preto Medical School, University of Sao Paulo approved the
protocol (#072/2013).

Preparation of the M. charantia leaf
hydroethanolic extract

The species is cultivated in the Botanical Garden of
Medicinal Plants Ordem e Progresso, in Jardinopolis, Sao
Paulo, Brazil (21°4'33" S, 47°44'48" W), with access per-
mission from the Brazilian government (SisGen protocol
#A03C96C). The leaves were harvested at 9 a.m., weighted,
and washed with water. Excess water was removed using a
filter paper for 2 h. The specimen was identified by Jorge
Yoshio Tamashiro, from the Department of Botany, Institute
of Biology, State University of Campinas (UNICAMP), Sao
Paulo, Brazil. A voucher specimen was deposited at the
Herbarium of the University of Ribeirao Preto (UNAERP)
with identification code HPMU2844. The leaves were then
dried in an oven with circulating air at 45°C for 24 h. They
were then ground in a knife mill and sieved to standard-
ize the particle size (40 mesh). The hydroethanolic extract
(MCHA) was prepared by adding 100 g of powdered leaves
to 1 L of 70% ethanol (v/v in water), macerating for 10
days, filtering, and rota-evaporating it. Before use, the
extract was re-suspended in normal saline plus 5% dimethyl
sulfoxide (DMSO).

Chromatographic analysis of M. charantia leaf
hydroethanolic extract

Chromatographic analysis was done at the Department of
Chemistry, Federal University of Sao Carlos (UFSCAR), Sao
Paulo, Brazil. Liquid chromatography-high-resolution mass
spectrometry (LC-HRMS) analysis of the M. charantia leaf
hydroethanolic extract was performed using an LC-HRMS
Q-TOF Agilent-6545 equipped with an Agilent, Zorbax
Eclipse Plus C-18 (2,1 x 50 mm?) —1,8 um column. The chro-
matographic method consisted of a gradient elution of H,0
+0,1% formic acid:CH,CN + 0.1% formic acid as follows: 95:5
to 0:100 in 25 min. The flow rate and the injection vol-
ume were 0.35 mL.min™' and 2 plL, respectively. The col-
umn temperature was 40°C. Mass spectra were acquired in
negative and positive modes over the range m/z 100-1700.
The capillary voltage was set at 3000 V; nozzle voltage at
500 V; gas temperature at 350°C; drying gas,13 L min™;
nebulizer, 60 psi; sheaf gas, 300°C; fragmentor, 140 V;
skimmer, 80 V; and collision energy voltage 10-at 30 V. The
LC-MS data were processed using the software Qualitative
Navigator B.08.00 and Qualitative Workflows B.08.00.5%

Allergen sensitization and challenge protocol

Mice were sensitized with 10 pg of ovalbumin (OVA, Sigma
grade V, Sigma-Aldrich, Dorset, UK) and 1 mg of Al(OH),
(Sigma-Aldrich, Dorset, UK) intraperitoneally (i.p.) twice, 7
days apart. One week later, mice were challenged with 10
pg of intranasal OVA on 4 alternate days under light anes-
thesia (ketamine and xylazine). Control groups received
normal saline (SAL) on the same day.

Treatment with extract of M. charantia

Six groups were studied (challenged with/treated with):
SAL/SAL, OVA/SAL, OVA/MCHA, OVA/DEXA, and SAL/MCHA.
MCHA (500 mg/kg i.p.) was administered for 7 consecutive
days, beginning with the first challenge. Animals from the
control groups received dexamethasone (DEXA, 2 mg/kg)
or SAL on the same day. Experiments were performed 24 h
after the last challenge.

In vivo assessment of respiratory mechanics

Respiratory parameters were assessed as previously
described.’ Briefly, 24 h after the last challenge, ani-
mals were anesthetized (xylazine and ketamine). A tra-
cheostomy was performed, and they were connected
via a tracheal cannula to a ventilator for small animals
(FlexiVent®, Scireq, Canada). The animals were venti-
lated with 150 breaths/min and positive end-expiratory
pressure (PEEP) of 3 cm H,0. Pulmonary mechanics were
measured under anesthesia and muscular blockade (pan-
curonium). Bronchial hyperresponsiveness was measured
at baseline and increasing concentrations of metha-
choline aerosol (6.25, 12.5, 25, and 50 mg/mL), for 10 s
each, delivered by an ultrasonic nebulizer (Hudson RCI,
Teleflex Medical, USA). Only curves with a coefficient
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of determination (COD) of 0.85 or more were analyzed.
The following parameters were analyzed: total resistance
(RRS), total elastance (ERS), tissue resistance (G), and tis-
sue elastance (H).

Bronchoalveolar lavage (BAL) collection and
lung preparation

After respiratory mechanics measurements, BAL was col-
lected as previously described.” After, the animals were
sacrificed for lung collection. A sample (50 mg) of right
lung tissue was homogenized in PBS with antiprotease
(Complete, EDTA-free, Roche, USA; 50 mg/mL) until com-
pletely dissolved. The sample was then centrifuged, and
the supernatant was stored at —80°C for cytokine analyses.
The left lung was insufflated with 10% neutral buffered for-
malin (NBF) solution, fixed in NBF for 3 days, and embed-
ded in paraffin for histological analysis.

Assessment of inflammation, oxidative stress, and
mucus production

Total and differential cell counts in BAL

Total cell count in BAL was performed using trypan blue
exclusion. BAL cytospin slides were fixed and stained
with Panotico Rapido LB (Laborclin, Pinhais, PR, Brazil).
Differential cell counts were determined by counting 300
cells in each sample.

Assessment of inflammation in lung homogenates

Interleukins (ILs)-4, -5, -10, and -13 were measured by
ELISA (BD Biosciences BD OptEIATM, USA, and eBiosciences,
USA) in lung homogenates, according to the manufacturer’s
instructions.

Oxidative stress evaluation in lung homogenates

The total antioxidant capacity (TAC) was assessed in the
lung homogenate by reducing radical cation 2,2’-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS*) (Sigma-
Aldrich, Dorset, UK), as previously described."

Histological assessment of lung inflammation and
mucus

Paraffin-embedded lung tissue was sectioned (5 pm) and
stained with hematoxylin and eosin (H&E) to assess inflam-
matory cell infiltration and goblet cells. The sections were
photographed, and two researchers analyzed the photos,
one of them blinded to treatment. Inflammation was quan-
tified on five airways with intact epithelial lining and a
minimum-to-maximum internal diameter ratio greater or
equal to 0.5. An inflammation score for peribronchial and
perivascular inflammation was used:? 0, 1, 2, 3, and 4,
corresponding to none, mild, moderate, marked, or severe
inflammation, respectively.” The sum of scores defined

total lung inflammation. A similar score was used for the
quantification of goblet cells.

Statistical analysis

Results are expressed as means + standard deviations or
counts (proportions). Comparisons between groups were
made with repeated-measure one-way or two-way ANOVA.
A p-value of 0.05 or less was considered statistically signifi-
cant. GraphPad Prism® 6 (LaJolla, CA) was used.

Results

Phytochemical characterization of M. charantia
leaf extract

In MCHA, the following compounds were identified: 4-
hydroxybenzoic acid, 4-O-glucoside, gentisic acid, escule-
tin, protocatechuic aldehyde, naringenin, (25&)-26-hydroxy-
momordicoside L, momordicoside D, momordicoside L,
momordicine I, momordicine |, karaviloside IV, and (235*)-3p-
hydroxy-78,23-dimethoxycucurbita-5,24-dien-19-al (Table 1).

M. charantia leaf extract decreases total cell and
eosinophil counts in BAL

The total number of cells, eosinophils, and neutrophils
were significantly higher in OVA-challenged mice compared
to saline-challenged mice (p<0.001), while the numbers
of lymphocytes and macrophages were significantly lower
(Figure 1). Treatment with MCHA extract or dexametha-
sone significantly decreased the numbers of total cells and
eosinophils (p<0.001) and increased macrophage counts
(p<0.001) when compared to OVA-challenged mice. Of
note, the effects of MCHA extract and dexamethasone on
airway inflammation were similar.

M. charantia leaf extract abolishes airway
hyperresponsiveness

Lung mechanics is shown in Figure 2. Mice in the OVA-
challenged group had a significant increase in airway
hyperresponsiveness when compared to saline-challenged
mice in all parameters RRS, ERS, G, and H (P<0.001). The
administration of extract of M. charantia or dexametha-
sone significantly decreased airway hyperresponsiveness,
measured by RRS (P<0.001), ERS (P<0.001), G (P<0.001),
and H (P<0.001). Of note, MCHA extract and dexametha-
sone administration similarly improved airway hyperres-
ponsiveness to basal levels (Figure 2).

M. charantia leaf extract decreases IL-5 and IL-13
levels in lung homogenate

The concentrations of cytokines in lung homogenates are
shown in Figure 3. After OVA challenges, IL-4, IL-5, and IL-13
were significantly higher than those of the control group.
When compared to OVA-challenged mice, treatment with
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Figure 1 Momordica charantia L. leaf hydroethanolic extract (MCHA) administration (500 mg/kg) reduced total cell (A),
eosinophil (B), and lymphocyte (C) counts in bronchoalveolar lavage (BAL) fluid from ovalbumin (OVA)-challenged mice; whereas
increased macrophages (E) counts. Values are shown as the mean and standard error of the mean (SEM). Legend: SAL, normal
saline; DEXA, dexamethasone (2 mg/kg); *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001, all compared with OVA-SAL group.
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Figure 2 Momordica charantia L. leaf hydroethanolic extract (MCHA) administration (500 mg/kg) reduced airway
hyperresponsiveness in ovalbumin (OVA)-challenged mice. Airway responsiveness was measured with increasing concentration of
aerosolized methacholine between 6.25 and 50 mg/mL, following sensitization and challenge. (A) Total resistance (RRS), (B) total
elastance (ERS), (C) tissue resistance (G), and (D) tissue elastance (H). Values are shown as the mean and standard error of the mean
(SEM). SAL, normal saline; DEXA, dexamethasone (2 mg/kg); ***all groups were significantly different (P<0.001) from OVA/SAL.
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Figure 3 Momordica charantia L. leaf hydroethanolic extract (WCHA) administration (500 mg/kg) reduced the concentrations of
IL-5 (B) and IL-13 (C), but not IL-4 (A), in ovalbumin (OVA)-challenged mice. SAL normal saline; DEXA dexamethasone (2 mg/kg);

*P<0.05; ***P<0.001, all compared with OVA-SAL group.

MCHA extract diminished considerably the levels of IL-5 and
IL-13 (P<0.001), while dexamethasone decreased the levels
of IL-4 and IL-13 (P<0.001).

M. charantia leaf extract does not change total
antioxidant capacity (TAC)

TAC levels were not significantly different among groups
(data not shown).

M. charantia leaf extract reduces lung
inflammation and mucus production

OVA-challenged mice exhibited a significantly higher num-
ber of inflammatory cells and mucus production compared
to saline-challenged mice (P<0.0001). Peribronchial and
perivascular inflammation and mucus production were sig-
nificantly decreased with MCHA and dexamethasone treat-
ments (Figure 4 and Figure 5).

Discussion

The present study showed, for the first time, that a
hydroethanolic extract from M. charantia leaves (MCHA) is
effective in treating asthma in an animal model. Treatment
with MCHA attenuated bronchial hyperresponsiveness
and lung and airway inflammation, demonstrated by less
inflammatory cells in BAL, lower levels of IL-5 and IL-13 in
lung homogenate, and absence of inflammation and mucus
in lung tissue. Additionally, MCHA reduced the influx of
inflammatory cells to the airway. Of note, these results
were similar to those obtained with dexamethasone.

M. charantia is traditionally used for diabetes.'*?
The benefits of M. charantia for diabetic patients are
attributed to its hypoglycemic and lipid-lowering proper-
ties and its effect on chronic inflammation.®> Indeed, the
anti-inflammatory properties of M. charantia have been
previously demonstrated in different animal models*?' and
knee osteoarthritis treatment.??

Regarding the anti-inflammatory mechanisms of
M. charantia, previous studies demonstrated that it acts on

A 204
1.5

1.0+

Inflammation score

0.5+

Fkkk Fkkk Fkkk Fkkk

0.0 T T T T

& v@v” & ‘@"
oS R g

v.
&
& »

o

(B) 2.0

Mucus score
N
(=]
Il

Figure 4 Momordica charantia L. leaf hydroethanolic extract
(MCHA) administration (500 mg/kg) suppressed inflammation
(A) and mucus (B) scores in ovalbumin (OVA)-challenged mice.
SAL, normal saline; DEXA, dexamethasone (2 mg/kg); ***, all
groups were significantly different (P<0.001) from OVA/SAL.

several critical signaling pathways involved in inflammation,
mainly through inhibition of the nuclear factor kappa-B
(NF-xB).> This mechanism is like that of corticosteroids and
can decrease both Th1 and Th2 inflammatory responses.
More specifically, M. charantia extracts (a) reduced tumor
necrosis factor (TNF)-a production induced by LPS in vitro
by decreasing the expression of inflammatory genes [IL-1a,
IL-1B, and TNF-a]; (b) decreased NF-xB DNA binding activ-
ity and phosphorylation of p38, JNKs, ERKs, and MAPKs;
(c) reduced NO and prostaglandin E2 production induced by
LPS; (d) reduced the expression of cyclooxygenase (Cox)-2;
and (e) reduced and activator protein-1 (AP-1) activity via
downregulation of ERKs and Akt.>
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Figure 5 Representative photomicrographs (H&E, x20 or
x40) of lung tissue of mice challenged with ovalbumin (OVA)
or saline solution (SAL) and treated with SAL or of Momordica
charantia L. leaf hydroethanolic extract (MCHA) at 500 mg/
kg or dexamethasone (DEXA) at 2 mg/kg. The yellow arrow
indicates a goblet cell with mucus, and the cyan arrow points
to an eosinophilic inflammatory infiltrate. These alterations
were only seen in mice from group OVA/SAL.

In an animal model of sepsis, a diet enriched with
M. charantia suppressed the inflammatory response, low-
ering the levels of inflammatory markers C-reactive pro-
tein (CRP), IL-1, IL-6, and TNF-a, and increasing levels of
IL-10.224 |1, IL-6, and TNF-a are typical Th1 cytokines.
In these studies, M. charantia also diminished NF-xB,
inducible nitric oxide synthase (iNOS), and Cox-2 gene

expression.?»?* In mice fed with high-fat diet, M. charan-
tia decreased serum CRP, IL-6, and TNF-a and controlled
hyperglycemia and hyperlipidemia. More recently, M.
charantia extracts reduced intercellular adhesion mole-
cule-1 (ICAM-1) expression and upregulated mir-221/-222 in
TNF-a-treated lung tissues in mice, also decreasing PI3K/
Akt/NF-xB/IxB.>

The corticosteroid-like anti-inflammatory effect of M.
charantia can be attributed to its major chemical constit-
uents: cucurbitane-type triterpenoids, cucurbitane-type
triterpene glycosides, phenolic acids, flavonoids, essential
oils, fatty acids, amino acids, sterols and saponin constit-
uents, and some proteins.* These isolated compounds also
significantly attenuated lipopolysaccharide (LPS)-induced
inflammation, down-regulating the expression of NF-kB,
iNOS, and the pro-Th1-inflammatory markers IL-1a, IL-1B,
IL-6, IL-1B, TNF-a, and Cox-2 in preclinical models.?>2

Another possible mechanism by which M. charantia
extract inhibited the allergen-induced response is decreas-
ing the levels of Th2 cytokines. In our study, the adminis-
tration of MCHA significantly reduced IL-5 and IL-13 levels
in lung homogenate. These cytokines are involved in the
recruitment of eosinophils to the airways in asthma.?®3
This fact can explain the reduction of bronchial hyperre-
sponsiveness observed with MCHA, which may be related
to the decrease of total cells and eosinophils in BAL and
lung tissue. The eosinophilic infiltrates in the lungs con-
tribute to bronchoconstriction, mucus production, air-
way injury, increased hyper-responsiveness, and vascular
permeability.>'

Herbal medicines with anti-inflammatory properties,
like M. charantia, are potential sources of new drugs. M.
charantia is present in the national list of plants of interest
for the Brazilian public health system, is found in all con-
tinents, and is easily grown and harvested. It is generally
regarded as safe, although limited safety data is available.?’
Therefore, further studies need to be encouraged.

One limitation of our study was the short treatment
course that we used. Longer treatment courses could have
resulted in more expressive results regarding inflammatory
markers, such as IL-4. Another limitation is that we stud-
ied a single dose (500 mg/kg), and it is not clear whether
smaller doses could be as effective. Future studies may
determine the best dose.

Conclusions

The administration of a hydroethanolic extract from leaves
of M. charantia L., at a dose of 500 mg/kg, decreased
airway hyper-responsiveness and attenuated lung and air-
way inflammation in an ovalbumin-induced murine asthma
model.
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