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ABSTRACT

Objective: Diarrhea is a major global health issue that has become increasingly prevalent in developing countries. In Bangladesh, Mimosa pigra L. is
used traditionally for the treatment of diarrhea and also to control infection. Our main objective was to evaluate whether the methanolic extract of
Mimosa pigra (MEMP) leaves has the antidiarrheal effect as well as the antibacterial effect against diarrhea-causing bacteria.

Methods: The antibacterial potentialities of MEMP leaves were investigated by the disc diffusion method against six Gram-positive and six Gram-
negative bacteria at 500 pg/disc. Kanamycin (30 pug/disc) was used as the standard drug. Antidiarrheal activities of leaf extracts were determined at
two doses (200 and 400 mg/kg) in a castor oil and magnesium sulfate-induced diarrheal model in mice. The results were evaluated by One-Way
Analysis of Variance (ANOVA) followed by Dunnet’s test. **P<0.01 and ***P<0.001 were considered significant compared to control.

Results: The MEMP leaves exhibited moderate to potent antimicrobial activity with the zone of inhibition range 11 to 17 mm against diarrhea
causing bacteria such as Salmonella paratyphi (16.33 mm), Salmonella typhi (17 mm), Shigella boydii (12 mm), Shigella dysenteriae (12.67 mm) and
Escherichia coli (11 mm). Furthermore the severity of diarrhea was significantly reduced (P<0.001) by MEMP leaves at a dose of 400 mg/kg
(13+2.16) compared to control (30.25+2.87) by castor oil-induced method. The same dose of the extract also significantly inhibited (P<0.01) the
severity of diarrhea (14.75+1.71) compared to control (24+2.16) by magnesium sulfate-induced diarrheal model. The percent inhibition of diarrhea
in 3h by MEMP leaves at a dose of 400 mg/kg was 57.02% and 38.54% in castor oil and magnesium sulfate-induced diarrheal model, respectively.

Conclusion: Confirmed findings in this study naturally suggested that MEMP leaves could be an effective antibacterial and antidiarrheal formulation.
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INTRODUCTION

Diarrhea is generally defined as the passage of abnormally liquid or
unformed stools associated with increased frequency of defecation
and abdominal pain [1]. During diarrhea, the normal bowel
movement becomes changed, which results in an increase in water
content, volume, or frequency of the stools [2]. According to the
World Health Organization (WHO), diarrhea is the second leading
reason of death of children less than five years of age [3]. Despite
reductions in morbidity and mortality worldwide, diarrhea still
accounts for more than 2 million deaths of children less than 5 y of
age annually and is associated with impaired physical and cognitive
development in resource-limited countries [4, 5]. Of all child deaths
from diarrhea, 78 % occur in the African and South-East Asian
regions, creating a tremendous economic strain on healthcare costs
[6]. The common reason for causing diarrhea is gastrointestinal
infection by various types of bacteria, virus, and parasites [7, 8]. This
infection can be spread out through food, drinking water, and an
unhygienic environment [9]. Along with improvements in living
standards and health conditions, the incidence of parasite infections
has decreased, with viruses and bacteria now being predominantly
responsible for acute diarrhea in children [8, 9]. Most reports
worldwide agree that rotavirus is the primary cause of acute
diarrhea in children [10-12]. However, the etiology of bacteria
causing diarrhea appears to differ depending on geographical area.
In Bangladesh, Campylobacter, enteropathogenic E. coli, Shigella spp.
and Salmonella spp were the most frequent probable contributors to
acute diarrhea in children [13].

Many people who get diarrhea suddenly have a self-limiting sickness
that does not require treatment. Dehydration and electrolyte
imbalance are the main dangers in severe cases, especially in

newborns, children, and the elderly, necessitating both
nonpharmacological and pharmacological treatments, such as oral
rehydration therapy (ORT) and zinc supplements [4]. Antimicrobial
agents reduce the severity and duration of infectious diarrhea.
However, antimicrobials can have side effects, and bacteria are
increasingly developing resistance to them. As a result, the hunt for
safer and more effective plant-based drugs has remained a focus of
active research. Medicinal plants could be potential source of
antidiarrheal medicines in the treatment of diarrhea [14].
Furthermore, numerous international organizations, such as the
World Health Organization (WHO), have encouraged for research on
the treatment and prevention of diarrheal diseases utilizing traditional
medical practices [15, 16]. Around 25% of medications are now
derived from plants, and there is a wealth of research on the usage of
medicinal plants, including their pharmacological and biochemical
qualities [17].

Mimosa pigra L. (commonly known as giant sensitive plant, bush plant,
catclaw mimosa or black mimosa) belongs to the subfamily
Mimosoideae, in the lager family Fabaceae of legumes (Leguminosae)
[18]. It is native to tropical America and naturalized in tropical Asia. M.
pigra L. is invasive, especially in parts of South East Asia and Australia
[19]. M. pigrais closely related to Mimosa pudica (common sensitive
plant). It can be distinguished from Mimosa pudica by its large size,
large pods (6 to 8 cm long as opposed to 2.5 cm long) and leaves,
which have 6 to 16 pairs of pinnae as opposed to 1 to 2 pairs on M.
pudica leaves [18]. M. pigra L. is a traditional treatment for asthma,
diarrhea, typhoid fever, genitourinary tract infections, snakebite, weak
heart or weak pulse, hyperglycemia and also for its antimicrobial
activity [18-20]. Several researches have been confirmed its
antihypertensive, anticancer, antihyperglycemic, antiasthmatic,
antinociceptive and antimicrobial activity [18-22]:
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With a view to find the pharmacological rationale for some of the
reports and traditional uses of the plant, the present investigation
was undertaken to explore whether the methanolic extract of M.
pigra (MEMP) leaves has antidiarrheal and antibacterial activity.

MATERIALS AND METHODS
Plant material

Fresh M. pigra leaves were collected from the Bandorban area of
Bangladesh, and were identified by experts at the Bangladesh
National Herbarium in Dhaka, whose voucher specimen no. is
29663. The collected plant parts were sun-dried for one week and
pulverized into a coarse powder with the help of a suitable grinder.
Until the analysis, the powder was stored in an airtight container
and kept in a cool, dark, and dry place.

Preparation of the extract

MEMP leaves was prepared according to the previously described
method with slight modification [23]. Briefly about 150 gm of
powdered material was taken in a clean, flat bottomed glass
container and soaked in 200 ml of 85% methanol. The container
with its contents was sealed and kept for a period of 7 d
accompanying occasional shaking and stirring. The whole mixture
then underwent a coarse filtration by a piece of clean, white cotton
material. Then it was filtered through Whatman filter paper (Bibby
RE200, Sterilin Ltd.,UK). The filtrate obtained (methanol extract)
was evaporated using rotary evaporator. It rendered a gummy
concentrate of reddish black color. The gummy concentrate was
designated as crude extract of methanol. The extract was transferred
to a closed container for further use and protection.

Preliminary phytochemical screening

Standard tests were employed to detect the major secondary
metabolites such as phenolic compounds, saponins, flavonoids,
tannins, sterols, alkaloids, cardiac glycosides, and terpenoids [24, 25].

Microorganisms and media

The test microorganisms used in this study were six Gram-positive
and six Gram negative bacteria (table 2). The microorganisms were
collected as pure cultures from the Microbiology Laboratory,
Department of Pharmacy, University of Rajshahi, Bangladesh. The
bacterial isolates were first sub-cultured in a nutrient agar medium
and incubated at 37 °C for 18.

Animals

In the present study, Swiss albino mice (male), which weighed
between 20-25 g were used. The animals were obtained from the
International Centre for Diarrheal Disease Research, Bangladesh
(ICDDRB). After their purchase, the mice were kept in standard
environmental conditions (24.0+0 °C and 55-65% relative humidity
and 12 h light/dark cycle) for one week to acclimate and fed ICDDRB
formulated rodent food and water adlibitum. The animals were
acclimatized for one week prior to actual experiments. The study
was conducted following approval by the Institutional Animal
Ethical Committee of Varendra University, Rajshahi, Bangladesh.

Acute toxicity test

Animals were divided into five groups (n = 6 per group) which were
administered different doses of the crude extract (31.25, 62.5, 125,
250, 500, 1000 and 2000 mg/kg p. o.), while the control group
received only the vehicle (1% Tween 80 in water, p. 0.). The general
signs and symptoms of toxicity were observed for 24 h and mortality
was recorded for each group at the end of this period [26].

Antibacterial assay

The methanol crude extract of the plant was examined for its
antibacterial activity by the disc diffusion method [27]. Solutions of
known concentration (50 mg/ml) of the test samples were prepared
by dissolving measured amounts of samples in calculated solvent
volumes. Dried and sterilized filter paper discs (5 mm diameter)
were then impregnated with 10 pl of the test substance using a
micropipette and allowed to dry off the solvent in an aseptic hood.
Thus, such discs contain 500 pg of crude extract. Discs containing
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the test material were placed on a nutrient agar medium (Merck)
uniformly seeded with the pathogenic test microorganisms. The
prepared inoculum size was approximately 106 cfu/ml. Standard
antibiotic discs (kanamycin, 30 pg/disc) and blank discs
(impregnated with solvents) were used as positive and negative
controls, respectively. These plates were then, kept at 4 °C for a 1-h
diffusion of the test material. There was a gradual change in
concentration surrounding the discs. The plates were then incubated
at 37 °C for 24 h to allow organism growth. The test materials having
antibacterial activity inhibited microorganism growth, and a clear,
distinct zone of inhibition surrounding the discs was visualized. The
antibacterial activity of the test agents was determined by
measuring the diameter of the zone of inhibition expressed in
millimetres.

In vivo antidiarrheal activity
Castor oil-induced diarrhea

The experiment was performed according to the method previously
described [28]. Briefly, mice fasted for 24 h randomly allocated to
four groups of four animals each. The animals were all screened
initially by giving 0.5 ml of castor oil. Only those showing diarrhea
was selected for the final experiment. The group I (Normal control)
received 1 % tween 80 in water (10 ml/kg, p. 0.), Group II (standard
control) was given antidiarrheal drug loperamide (5 mg/kg, p. 0.) in
suspension and groups III and IV received p. o. the drug extract (200
and 400 mg/kg) respectively. After 60 min, each animal was given
0.5 ml of castor oil, each animal was placed in an individual cage, the
floor of which lined with blotting paper for observation of the
number and consistency of fecal droppings. The numbers of both
wet and dry droppings were counted every 30 min for 3 h, and the
white paper was changed after each evaluation. The means of the
stools passed by the treated groups were compared with that of the
control group. The mean number of diarrheic feces pooled by the
control group was considered as 100%. The level of inhibition (%) of
defecation caused by extracts was calculated relative to the control
using the following relationship: Inhibition of defecation (%) =
[(NDC-NDT)/NDC] x100; where NDC = mean number of diarrheic
feces of the control group; NDT = mean number of diarrheic feces of
the treated group.

Magnesium sulfate-induced diarrhea

Diarrhea was induced by oral administration of magnesium sulfate
at the dose of 2 g/kg to the animals 30 min after pretreatment with
vehicle (1% Tween 80 in water, 10 ml/kg, p. 0.) to the control group,
loperamide (5 mg/kg) to the positive control group, and the
methanol extract at the doses of 200 and 400 mg/kg to the test
groups [29]. The level of inhibition (%) of defecation caused by
extracts was calculated relative to the control using the following
relationship: Inhibition of defecation (%) = [(NDC-NDT)/NDC] x100;
where NDC = mean number of diarrhoeic faeces of the control
group; NDT = mean number of diarrheic feces of the treated group.

RESULTS
Phytochemical study

The result of preliminary phytochemical screening of the MEMP
leaves is presented in table 1 and it revealed that the extract
contains flavonoids, alkaloids, terpenoids, phenols, saponins, and
tannins, whereas cardiac glycosides and sterols were absent.

Table 1: List of phytochemicals present in MEMP

z
e

Phytochemicals MEMP

Terpenoids +
Flavonoids
Tannins

Phenols

Cardiac Glycosides
Saponins

Alkaloids

Sterols

Y+ o+

XN AW
+ +

(+) present, (-) absent.
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Acute toxicity test

No lethal effects were observed within 24 h after the administration
of the extract at any of the doses used, even at the highest dose
tested (2000 mg/kg). Therefore, the lethal dose (LDso) of the extract
in mice could not be determined.

Antibacterial activity

Evaluation of the antimicrobial activity of MEMP was determined by
the disc diffusion method against six Gram-positive (Bacillus
megaterium, Bacillus subtilis, Staphylococcus aureus, Sarcina lutea,
Bacillus anthracis, Bacillus cereus) and six Gram-negative
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(Escherichia coli, Pseudomonas aeruginosa, Salmonella paratyphi,
Salmonella typhi, Shigella boydii, Shigella dysenteriae) bacteria.

These organisms were frequently encountered in infectious diseases.
The study showed that the plant extract used in the study exhibited a
varying degree of antimicrobial activity against all microorganisms
tested (table 2). The extract exhibited potent to moderate inhibitory
activity with the zone of inhibition range 8.33 to 17 mm. The highest
activity was observed against Salmonella typhi (17 mm) followed by
Salmonella paratyphi (16.33 mm), Bacillus anthracis (14.67 mm),
Bacillus cereus (13.32 mm), Shigella dysenteriae (12.63 mm), Shigella
boydii (12 mm) and Escherichia coli (11 mm).

Table 2: Antibacterial activity of MEMP

Diameter of zone of inhibition (mm)

Bacterial strain MEMP (500 ug/disc) Kanamycin Disc (30 ug/disc)
Gram positive

Bacillus megaterium 8.33+1.52 25.17+0.76
Bacillus subtilis 10.17+1.04 23.17+0.76
Staphylococcus aureus 11.5£1.32 29.5+0.5
Sarcina lutea 12+2.00 25.17+1.04
Bacillus anthracis 14.67+1.52 24.67+0.76
Bacillus cereus 13.32+1.52 29.33+1.04
Gram Negative

Escherichia coli 11+1.00 23+1.00
Pseudomonas aeruginosa 9.33%£1.52 22.33+1.52
Salmonella paratyphi 16.33+1.53 25+1.00
Salmonella typhi 17+2.00 24.17+1.26
Shigella boydii 12+1.00 23.5+0.71
Shigella dysenteriae 12.67+1.15 19.83+1.76

Assay was performed in triplicate and the results are the mean of three values*standard deviation

Antidiarrheal activity
Castor oil-induced diarrheal method

In the castor oil-induced diarrhea, MEMP leaves (200 and 400
mg/kg) reduced the number of faeces in a dose-dependent
manner (fig. 1a). These results of both doses were statistically

Fekk

Number of feces in 3h

a

significant (P<0.001). After a 30-min administration of castor oil,
diarrhea was clinically apparent for the next 3h in the control
group. This condition was markedly reduced to 57.02% by
MEMP at a dose of 400 mg/kg, which was the same as the
percent inhibition (57.02%) of the standard drug loperamide at
a dose of 5 mg/kg (fig. 1b).

60
50
40
30 33.88
20
10
0

Normal  Standard MEMP(200 MEMP (400
control control mg/kg) mg/kg)

% Inhlblitlon of defecatlon

b

Fig. 1: Effect of MEMP on castor oil-induced diarrhea in mice, a) Values are presented as mean*SEM, (n=5); One-way analysis of variance
(ANOVA) followed by dunnet'’s test. **P<0.01 and ***P<0.001, significant compared to control. b) Percent inhibition of diarrhea by MEMP

Magnesium sulfate-induced diarrheal method

The extract reduced the number of diarrhea induced by magnesium
sulfate (fig. 2a). The extract at a dose of 400 mg/kg has shown a

significant (P<0.01) reduction of the number of diarrhea in 3 h. The
percent inhibition of diarrhea was 45.83% by standard drug
loperamide, whereas the extract showed 38.54% inhibition of
diarrhea at a dose of 400 mg/kg.
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Fig. 2: Effect of MEMP on magnesium sulfate-induced diarrhea in mice, a) Values are presented as mean+SEM, (n=5); One-Way Analysis of
Variance (ANOVA) followed by Dunnet'’s test. **P<0.01 and ***P<0.001, significant compared to control. b) Percent inhibition of diarrhea

by MEMP

DISCUSSION

Antibacterial agents are chemicals, either synthetic or natural, that
interfere with the growth and reproduction of bacteria. But several
pathogenic bacteria have acquired antibiotic resistance. The use of
commercial antimicrobial drugs at random or in an unsuitable
manner has resulted in antibiotic resistance. Synthetic antibiotics
have also been linked to the development of some side effects such
as skin irritation, organ damage, and immune hypersensitivity [30].
This has necessitated a search for a new source of antimicrobial
substances from plants as they produce a variety of bioactive
compounds of known therapeutic properties.

The present study sought to assess the antidiarrheal and
antimicrobial activity of the MEMP leaves. The results of the study
showed that the MEMP produced a statistically significant reduction
in the severity of diarrhea produced by castor oil and magnesium
sulfate. It is also noted that the extract had activity against diarrhea
causing bacteria such as Salmonella paratyphi, Salmonella typhi,
Shigella boydii, Shigella dysenteriae and Escherichia coli.

Numerous reports confirmed that castor oil-induced diarrheal
action [29]. Castor oil's ability to cause diarrhea by inducing a
hypersecretory reaction due to its most active component, recinoleic
acid, has been demonstrated [28, 29]. This acid irritates and
inflames the intestinal mucosa, causing the release of inflammatory
mediators including prostaglandins, histamine, and nitric oxide,
which induces gastrointestinal motility, secretions, epithelial
permeability, and edema of the intestinal mucosa, thereby inhibiting
Na+, K+, and water re-absorption [30, 31]. In this study, MEMP
leaves (200 and 400 mg/kg) reduced the number of cases of
diarrhea caused by castor oil, and this decreasing capacity could be
due to its antisecretory function. Magnesium sulphate, on the other
hand, has been found to produce diarrhea by raising intestinal
content and blocking water reabsorption [28]. Moreover, it
promotes the liberation of cholecystokinin from the duodenal
mucosa, which increases the secretion and motility of small intestine
and thereby prevents the reabsorption of sodium chloride and water
[32]. In magnesium sulphate diarrheal test, the extract alleviated the
diarrheal condition and 400 mg/kg dose extract showed a
significant reduction of diarrhea compared to the control group. As
the extract delayed gastrointestinal transit in mice relative to the
control, it may have boosted water and electrolyte absorption from
the gastrointestinal tract.

The phytochemical analysis of the extract revealed the presence of
different bioactive agents such as flavonoids, alkaloids, terpenoids,
phenols, saponins, and tannins. Among them, flavonoids and
alkaloids are known to suppress prostaglandin production via

altering the production of cyclooxygenase 1 and 2 (COX-1, COX-2)
and lipoxygenase (LOX) [33, 34]. Tannins in the extract make the
intestinal mucosa more resistant to chemical changes, resulting in
fewer peristaltic movements and less intestinal secretion [35].

The flavonoids, alkaloids, and tannins in the extract may therefore
account for the antidiarrheal effect of MEMP leaves demonstrated in
this study. Furthermore, alkaloids, saponins, tannins, flavonoids and
phenols have been attributed for the antimicrobial activity of the
extract [36]. The antibacterial effectiveness of tannins is explained
by their ability to pass through the bacterial cell wall up to the
internal membrane, interference with the metabolism of the cell, and
as a result of their destruction [37]. However, the mechanism of
action of the secondary metabolites was not evaluated in the present
study.

Although the previous studies reported the antibacterial activity of
Mimosa pigra [22], this is the first report of antidiarrheal activity of
MEMP leaves to the best of our knowledge. Moreover, our study
demonstrated the antidiarrheal activity against major diarrhea
causing bacteria such as Salmonella paratyphi, Salmonella typhi,
Shigella boydii, Shigella dysenteriae and Escherichia coli. that are
prevalent in Bangladesh.

CONCLUSION

We can conclude from the study's findings that MEMP leaves
significantly reduces the severity of diarrhea in mice, as well as
inhibits the growth of diarrhea-causing bacteria. However, to
discover the active principles and exact mechanisms of action, more
bioassay-guided phytochemical and pharmacological researches are
needed.
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