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Abstract

The search for new therapeutic remedies from natural sources is a continuous process. Momordica charantia under
the family Cucurbitaceous is commonly known as tita korola in Bangladesh. Traditionally, it is used to treat many
diseases, including diabetes and obesity, infections, cough, respiratory diseases, wounds and skin diseases, ulcer, gout
and rheumatism, spasm, and cancer. This study aimed at the evalualtion of toxicity, anti-inflammatory, membrane
stabilizing and thrombolytic activity of M. charantia aqueous leaf extract by applying a number of in vitro and
ex vivo test systems. For this, toxicity analysis was done in Allium cepa, while anti-inflammatory, and membrane
stabilizing and clotlysis capacity were tested by using egg albumin and human erythrocytes, respectively. Additionally,
preliminary phytochemical analysis was also done. The results suggest that the crude aqueous crude extract of M.
charantia possesses alkaloid, flavonoid, terpinoid, saponins, glycoside, tannins, and reducing sugars. The crude
extract exhibited toxicity in A. cepa in a concentration and time-dependent manner. No adaptation capacity of DNA
damage was seen during the exposure time (24-72 h). The extract at 0.03 — 0.14% (v/v) significantly (p <0.05, p
<0.01, p <0.001) inhibited protein denaturation, membrane lysis and clot lysis capacity in a concentration-dependent
manner. Of note, the extract exerted toxic effects at high concentrations, while protective effects against toxic and
cytotoxic effects at low concentrations. M. charantia may be one of the potential sources of phytotherapeutic agents
for various diseases, including oxidative stress, inflammatory diseases and cancer.

many important chemicals, including triterpenes, proteins, steroids,
steroids, saponins, insulin-like peptides, and alkaloids [4].
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Introduction

Medicinal plants are commonly used in treating and preventing
many ailments in the world [1]. According to the World Health
Organization (WHO), medicinal plants can be used for therapeutic
purposes as well as for the synthesis of many useful drugs. The
World Health Organization (WHO) estimated that above 80% of
people worldwide rely on herbal medicines for their primary health
care. Around 21,000 plant species have been identified as a potential
source of important therapeutic agents.

(B) Leaf

Momordica charantia (different parts of the plant: Figure 1),
commonly called ‘bitter melon’ belongs to the family Cucurbitaceae
and grows in tropical areas, including parts of the Amazon, East Africa,
Asia, and the Caribbean, and is cultivated throughout South America
as a food and medicine [2]. Most of the parts of M. charantia are
used traditionally for the treatment of diabetes, and as a stomachic,

(E) Ripe fruit

(D) Unripe fruit

(F) Pulp and seeds

laxative, anti-bilious, emetic, anthelmintic agent; for the treatment
of cough, respiratory diseases, skin diseases, wounds, ulcer, gout,
and rheumatism [3]. Scientific reports suggest that the herb contains

Figure 1: Different parts of Momordica charantia. [(A) Aerial
parts (B) Leaf (C) Flower (D) Unripe fruit (E) Ripe fruit (F) Pulp
and seeds].
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This study aims at preliminary screening for phytochemical and
pharmacological activities of the aqueous leaf extract of M. charantia
by adopting some in vtiro and ex vivo test systems.

Materials and methods

Plant collection and identification

Fresh leaves of M. charantia were collected from Gopalganj District,
Bangladesh in August 2018. The plant material was then identified
by the taxonomist, Forest Research Institute Herbarium (BFRIH
#2491), Chittagong, Bangladesh.

Preparation of plant extract

The plant materials were washed with running tap water and crushed
with the aid of a mortar and pestle to get 100% crude extract, which
was then diluted with a little amount of distilled water.

Sources of reagents and chimicals

Analytical grade copper sulphate (CuSO,.5H,0) was purchased
commercially from Merck, India. Acetyl salicylic acid was
kindly provided by the Zenith Pharmaceuticals Ltd., Bangladesh.
Streptokinase (Durakinase Powder for Injection, 1.5 million units)
was purchased from Dong Kook Pharm. Ltd., Korea. Other reagents
and chemicals were of analytical grade and purchased commercially
from Merck, India.

Preliminary phytochemical screening

Different phytochemical tests were done to screen the presence
of alkaloids, steroids, terpenoids, flavonoids, saponins, tannins,
glycosides, and reducing sugars in aqueous crude extracts [5].

Evaluation of toxic effects in Allium cepa and determination of
half-minimal inhibitory concentration (IC_)

The outer layers and budding parenchyma of the central crown of
onions were carefully removed by making a small circular incision
to facilitate root growth. The bulbs were then rinsed with tap water
for 20 min and the root portion was soaked in distilled water in
previously washed and clean glass containers (capacity: 15-20
mL) for the first 24 h at 25 £ 1 °C in the dark. Only, the onion
with satisfactory root growth were transferred to the controls or
sample containers (five for each concentration) for 24, 48 and 72
h of exposure. After the exposure period, the roots were counted
and measured in mm. To determine the toxicity of the crude extract
inhibition of root growth was calculated [6]. IC,  was also determined
for the test sample. Distilled water and CuSO,.5H,0 were used
as negative and positive controls, respectively. CuSO,.5H,0 was
dissolved in distilled water to attain 6 pg/mL.

Evaluation of anti-inflammatory activity (egg albumin test)

This test was carried out with a slight modification of Ullah et al.[7].
Briefly, the reaction mixture (5 mL) consisted of 0.2 mL of egg
albumin (from fresh hen’s egg), 2.8 mL of phosphate buffered saline
(PBS, pH 6.4) and 2 mL of varying concentrations of extract so that
final concentrations become (0.03-0.14) % (v/v). A similar volume
of distilled water served as negative control. Then the mixtures were
incubated at (37 °C +2) in a BOD incubator (Lab line Technologies)
for 15 min and then heated at 70 °C for 5 min. After cooling, their
absorbance was measured at 660 nm (LABOCON MODEL: LUVS-
201 Monochromatic beam) by using the vehicle as blank. Acetyl
salicylic acid at the final concentration 100 pg/mL was used as
reference drug and treated similarly for determination of absorbance.
The percentage inhibition of protein denaturation was calculated by

using the following formula:

A bsm ntrol—A bs test

% Inhibition = % 100

Ab Scontrol

Membrane stabilization test (HRBC method)

Fresh whole blood (3 mL) collected from healthy volunteers into
heparinized tubes was centrifuged at 3000 rpm for 10 min. A volume
of normal saline equivalent to that of the supernatant was used to
dissolve the red blood pellets. The volume of the dissolved red
blood pellets obtained was measured and reconstituted as a 40%
v/v suspension with an isotonic buffer solution (10 mM sodium
phosphate buffer, pH 6.4). The buffer solution contained 3.1202 g
of NaH_PO,, 1.7799 g of Na,HPO, and 4.383 g of NaCl in 500 mL
of distilled water. The reconstituted red blood cells (resuspended
supernatant) were used as such [7].

Evaluation of anti-atherotrombosis activity (human blood
counting method)

Experiments for clot lysis were carried as reported earlier [8]. In
brief, 4 mL venous blood drawn from healthy volunteers and was
distributed in Gr. I: negative control (distilled water); Gr. II: standard
(streptokinase) and Gr.III-VII: for 5 different concentrations of the
aqueous crude extract pre-weighed sterile micro centrifuge (alpin/
ephendorf’s) tubes (0.5 mL/tube) and incubated at 37 °C for 45
min. After clot formation, serum was completely removed without
disturbing the clot and each tube having clot was again weighed to
determine the clot weight (clot weight = weight of clot containing
tube — weight of the tube alone).

To each micro-centrifuge tube containing pre-weighed clot, 100 uL
(5 pg/uL) of crude extract of the plant were added separately. As
a positive control, 100 pL of streptokinase (SK) and as a negative
control, 100 pL of distilled water were separately added to the
controls marked tubes. All the tubes were then incubated at 37
°C for 90 min and observed for clot lysis. After incubation, fluid
released was removed and tubes were again weighed to observe the
difference in weight after clot disruption. Difference obtained in
weight taken before and after clot lysis was expressed as percentage
of clot lysis. The experiment was duplicated at different days with
the blood samples of 5 healthy volunteers (both male and female
have no using contraceptives or anticoagulants).

Statistical analysis

Values are mean + SD (standard deviation) and percentages. The
data were analyzed by means of analysis of variance (ANOVA)
followed by Tukey post-test using the Graph Pad Prism software
(version 6.0) with 95% confidence interval at p <0.05.

Results

In our study, the preliminary phytochemical investigation is
suggesting that, the M. charantia possesses alkaloids, glycosides,
flavonoids, reducing sugar, tannins saponins and terpenoids.

In A. cepa test a concentration and time dependent toxic effect was
observed. Highest root growth (RG) inhibition was observed at
exposure time 72 h in 2.50% (v/v) concentration, while lowest at
0.625% (v/v) aq. extract of the herb. The half-minimal inhibitory
concentrations (IC,s) calculated for 24, 48 and 72 h are 0.42 £ 0.03,
0.43 £0.08 and 0.48 + 0.02, respectively (Table 1).
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Table 1: Toxic effects of test sample and the controls on Allium cepa

Treatments Root length in cm % inhibition of root IC,, [CI; R?]
growth
24 h 48 h 72 h 24h | 48h | 72h

NC 14.54+0.96 | 19.34+0.10 | 26.50 +0.13 = = = -

PC (6 pg/mL) 5.02+0.99 | 6.00+0.18 | 12.36+0.17 | 6547 | 68.97 | 53.35 -
Aqueous | 0.625 | 638+028 | 7.74+0.52 | 5224060 | 56.12 | 59.98 | 60.30 At 24 h: 0.42 +0.03 [0.19-0.99; 0.99]
e’zthri‘;zztfly 125 | 398+037 | 454+036 | 442+142 | 72.63 | 76.53 | 83.32 At 48 h: 0.43 + 0.08 [0.04-4.24; 0.96]
(%vIv) 250 | 3.12+030 | 2022049 | 3.60+032 | 7854 | 89.56 | 90.42 At 72 h: 0.48 + 0.02 [0.29-0.80; 0.99]

Values are mean + SD (n = 5); NC: negative control (distilled water); PC: CuSO,.5H,0; IC,: concentration required to inhibit 50% of
the root growth; CI: confidence of interval; R%: coefficient of determination

In egg albumin (in vitro) test, the crude aqueous extract of the plant showed an anti-inflammatory effect in a concentration-dependent
manner. The extract exhibited highest inhibition of albumin denaturation at 0.14% (v/v). The standard ASA at 100 pg/mL exhibited
better anti-inflammatory effect than the test sample. The EC, calculated for the extract was 0.16 + 0.01% (v/v). Multiple comparison
study between the concentrations and standard for each test suggests that the extract at 0.14 to 0.09% ( v/v) produced significant effects
in comparison to the 0.06 and 0.03% (v/v) groups. ASA exerted a significant anti-inflammatory effect when compared to all the test
concentrations (Table 2).

The membrane stabilization assay performed in HRBC (ex vivo) method suggests that the extract concentration dependently inhibited
heat-induced hemolysis, where the highest inhibition capacity was seen in 0.14% (v/v) extract. The EC,, calculated for the extract was
0.09 £ 0.05% (v/v). ASA exerted a significant anti-inflammatory effect when compared to all the test concentrations (Table 2).

Table 2: Anti-inflammatory and membrane stabilization activities of aqueous crude extract of M. charantia

Treatments Egg albumin test Hemolysis test

TIPD

EC,, [CL; R2|

TIHL

EC,, [CL; R2|

NC

ASA (100 pg/mL)

72.78 £ 0.07*¢

89.83 +0.02%

Aqueous crude extract 0.03% 12.19 £ 0.01 0.16 £0.01 [0.14 — 6.17+0.01 0.09 +0.02 [0.07 —
&%) 0.06% 16.18 £ 0.01 D75 0 27.41 +0.01° L1
0.09% 25.08 +0.08® 34.39+£0.01*
0.12% 32.01 +0.03%¢ 52.57 £0.03%°
0.14% 44,02 +£0.034 71.58 +0.044

Values are mean + SD (n = 3) One-way ANOVA with Tukey post-test with multiple comparisons between the test concentrations and
standard group; p <0.05 when compared to the *0.03%, °0.06, ©0.09, ¢0.12, and °0.14 group; NC: Negative control (distilled water); ASA:
Acetyl salicylic acid; TIPD: Total inhibition of protein denaturation; TIH: Total inhibition of hemolysis; EC,: concentration that gives
half-maximal response; CI: Confidence interval; R*: Co-efficient of determination.

The crude aqueous extract of the plant showed a clot lysis capacity in a concentration-dependent manner. Highest clot lysis (53.62 +
2.96) was observed in 0.14% extract. The standard, SK produced clot lysis 81.08 + 0.01%, (v/v) while negative control (NC) group
exhibited a negligible clot lysis capacity (1.94 = 0.49) (v/v). The clot lysis capacity, when compared between the test groups and SK
group, suggests that both the extract and the SK group produced significant (p <0.05, p <0.01, p <0.001) clotlysis effects in comparison
to the NC group. The extract at 0.14% showed a significant clot lysis capacity as compared to the 0.03 — 0.12% extract groups, while at
0.12% (v/v) (p <0.001) in comparison to the 0.03 — 0.09% (v/v); 0.10% (p <0.001) in comparison to the 0.03 and 0.06% (v/v) groups,
and 0.06% (p <0.01) in comparison to the lowest concentration (0.03% v/v) extract group. Both the extract at (0.06% v/v) and SK group
exhibited significant (p <0.05) clot lysis capacity when compared to the NC group (Table 3).
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Table 3. Thrombolytic effects of aqueous crude extract of M. charantia

Treatments % clotlysis EC,, (Yov/v)
[CI (%V/v); R?]

NC 1.94 +0.49 -
SK (100 pl (30,000 1.U.)) 81.08 + 0.01#**ve -

0.03 9.09 +2.06*

+ skka

0.06 22.07 +3.74 0114002
Aqueous extract of M. charantia (%v/v) 0.09 32.02 + 3.19%*#eb [0.10-0.13; 0.96]

0.12 39.89 + 4 5] ***ac

0.14 53.62 £ 2.96%**ad

Values are mean = SEM (n = 3); One-way ANOVA with Tukey post-test with multiple comparisons; *p <0.05; **p <0.01; ***p <0.001
compared to the NC, 20.03%, °0.06%, ©0.09%, 90.12% v/v, and 0.14%v/v group; DW (100 uL): Distilled water (vehicle); SK (100 uL
(30,000 1.U.)): Streptokinase (positive control); EC, : concentration that gives half-maximal response; CI: Confidence of interval; R*:

Co-efficient of determination.

Pearson correlation

Pearson’s correlation study suggests that the herb’s aq. extract mediated anti-inflammatory, anti-atherothrombosis and membrane stabilizing
activities are correlated. According to Figure 2A, an increase in membrane stabilizing capacity has been linked to the increase in anti-
inflammatory effect gradually till 0.09% (v/v) concentration. However, a rapid change of both activities was seen at 0.12 - 0.14 %v/v
concentration. A similar correlation was also seen in case of membrane stabilizing and anti-atherothrombosis effect in Figure 2C. On
the other hand, no sharp changes were observed in the case of anti-atherothrombosis vs. Anti-inflammatory effect correlation as shown

in Figure 2B.
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Figure 2: Pearson’s correlation [(A) Membrane stabilizing capacity vs Anti-inflammatory effect; (B) Anti-atherothrombosis effect vs
Anti-inflammatory effect; and (C) Anti-atherothrombosis effect vs Membrane stabilizing capacity].
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Discussion

Analysis of cytogenotoxic effects of a wide variety of substances in
A. cepa is a widely known test modility [9]. According to Qin et al.
[10]. Toxic substance can accumulate in roots of A. cepa and inhibit
root growth, results in chromosomal aberrations (e.g., C-mitosis,
chromosomal bridges, chromosomal tack and micronuclei). It may
be due to the accumulation of toxic agents at the meristematic
cell site of the root tip and substantially impaired the microtubule
arrangements in this eukaryotic test system. Therefore, the toxicity
and cytotoxic effects that cause an inhibition in root growth in
A. cepa are generally related to the cell cycle elongation during
differentiation, apical meristematic activity, and inhibition of protein
synthesis [11-13]. Secondary metabolites, especially alkaloids,
glycosides and the polyphenols possess anti-oxidant capacity [14].
Strong antioxidants at high concentration may act as pro-oxidants
and can induce cytotoxic effects in eukaryotic test systems [15].
Both oxidative and anti-oxidative stress capable to cause damage
to the cell macromolecules, such as protein, carbohydrates, lipids
and genetic materials (e.g., DNA and RNA) [16,17]. In this study,
aqueous M. charantia leaves extract was found to exert cytotoxic
effects within 0.625 - 2.25% (v/v), which is equivalent to 6 - 225
mL/kg for experimental animals.

Each biological system has its own repair system that can act against
oxidative stress and cytogenetic alterations caused by toxicants
coming from various sources [18]. Cytotoxicity can be attained
by several ways, including ROS-induced oxidative stress and
mitochondrial dysfunctions, DNA damage, apoptosis, necrosis,
cell cycle arrest, chromosomal aberrations, and so on [19]. Certain
protective agents, especially the antioxidants can act against these
types of detrimental effects [20]. There are reports that plant-based
antioxidants (e.g., alkaloids, glycosides, flavonoids) can act against
DNA damage [21]. These results are an agreement with the previous
reports, demonstrated antioxidant and anti-inflammatory effects of
the plant [19,22].

Risk assessment for any substance prior to install in any biological
system is an important issue In essence, checking of the inflammatory
response to a substance and the effects of it on cell membrane
stability are two major consequences [23,24]. Plants containing
secondary metabolites, especially the polyphenols and flavonoids
alkaloids having antioxidant capacity may impart anti-inflammatory
effects in biological systems [25,26,27]. Generally, inflammation is a
type of protective response, but at severity level, it may cause serious
problems in our body, including cardiovascular and neurological
diseases and disorders [28,29].

Previous scientific reports also suggest that the plant has antioxidant,
anti-inflammatory and membrane stabilizing capability. Examples
of plant extract containing antioxidant as well as anti-inflammatory
and membrane stabilizing capacity are numerous [22,30-32]. In
this study, the crude extract at low concentration showed anti-
inflammatory and membrane stabilizing capacity.

Furthermore, herbal drugs are a good choice for cardio-vascular
diseases, especially for the management of atherothrombosis [33].
Generally, these kinds of medications are inexpensive and readily
available, possess less side effects than the synthetic drugs [34].
Nowadays, edible plants and those are traditionally used by the
various ethnic groups are in the spotlight for plant-based drug
discovery and development [1,35]. Plant-based polyphenols,

alkaloids, glycosides are already known to possess clot lysis
capacity [36-39] Scientific reports suggest that substances acting
against oxidative stress and inflammation are capable to resist
formation of clot inside the blood vessels [40-42]. Therefore, the
crude extract of M. charantia mediated anti-inflammatory and the
previous study mediated antioxidant capacity may link with its
anti-atherothrombosis effect [22,30].

Conclusion

The aqueous crude extract of the herb revealed the presence of
alkaloids, tannins, saponins, steroids, glycoside, flavonoids, and
reducing sugars. In 4. cepa test, the extract exerted concentration and
time-dependent toxic effect. No adaptation capability concerning to
the DNA damage was observed. In egg albumin (in vitro) test, the crude
aqueous extract of the plant showed significant anti-inflammatory
effect in a concentration-dependent manner. Additionally, the extract
also exhibited a significant membrane stabilizing capacity in HRBC
test. Moreover, the crude aq. extract of the plant showed a clot lysis
capacity in a concentration-dependent manner. Although in all cases
the extract exhibited lower effects than the respective standards,
but the activities were significant in comparison to the negative
control groups. Pearson’s correlation study suggests that the herb’s
ag. extract mediated anti-inflammatory, anti-atherothrombosis and
membrane stabilizing activities are correlated to each other. As
the plant contains important phytoconstituents such as alkaloids,
flavonoids, etc., and these compounds may be the responsible active
moieties for the observed biological activities. Further studies are
needed to isolate, characterize and investigate the exact mechanism
of action for each biological effects in test systems.
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