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ABSTRACT
Background: Use of Manihot esculenta Crantz (MEC) plant has been mentioned in literature of Food and Agriculture
Organization of United Nations, Central Tuber Crops Research Institute and many others. It is also known commonly as
tapioca, continues to be a crop of food security for the millions of people, especially in the developing countries of the globe
including India. Medicinal uses of this plant including diarrhea have been mentioned in literature, but scientific evidence is
lacking. Objective: The objective was to study antidiarrheal activity of ethanolic leaf extract of MEC in Wistar rats. Materials
and Methods: Ethanolic extract of MEC leaves in the doses of 50 mg/kg, 100 mg/kg and 200 mg/kg were used in Wistar
rats of either sex. Experimental models used were castor oil‑induced intestinal fluid accumulation and charcoal passage test.
Loperamide and atropine sulfate were the standard drugs used in these models respectively. Results: MEC extracts decreased
intestinal fluid volume in dose dependent manner no extract group was comparable with standard drug loperamide (5 mg/
kg). MEC extracts also significantly inhibited gastrointestinal motility in dose dependent manner. MEC (100 mg/kg) and
MEC (200 mg/kg) were comparable with standard drug atropine sulfate (5 mg/kg) in this aspect. <0.05 were considered
to be significant. Conclusions: Ethanolic extract of MEC leaves exhibited significant antidiarrheal activity by decreasing
intestinal fluid accumulation and the gastrointestinal motility in Wistar rats.
Key words: Castor oil, charcoal meal, diarrhea, gastrointestinal motility, loperamide

INTRODUCTION
Medicinal plants have been used by mankind for various
therapeutic purposes since the beginning of human
civilization. Nature has been a source of medicinal agents
for thousands of years and an impressive number of
modern drugs have been isolated from natural sources. The
growing recognition of medicinal plants is due to several
reasons, including escalating faith in herbal medicine.
Allopathic medicines may cure a wide range of diseases;
however, their high prices and side‑effects are causing
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many people to return to herbal medicines with minimal
side‑effects. Currently, approximately 25% of drugs are
derived from plants, and others are synthetic analogs built
on prototype compounds isolated from plant species in
modern pharmacopoeia.[1] Vast amount of literature is
available mentioning the use of medicinal plants for various
pharmacological and biochemical properties. Diarrhea is
one of the most common and serious diseases in almost all
tropical countries of the world, being the principal cause of
morbidity and mortality among children in the developing
countries.[2] Diarrhea is usually a result of gastrointestinal
infection, which can be caused by a variety of bacterial,
viral, and parasitic organisms. Infection is spread through
contaminated food or drinking water, or from person
to person as a result of poor personal hygiene. Despite
different pathophysiological changes in different types of
diarrheas, there are four major mechanisms responsible
for pathophysiology in electrolyte and water transport
that is, increased luminal osmolarity, increased electrolyte
secretion, decreased electrolyte absorption and accelerated
intestinal motility causing decreased transit time.[3]
Management of diarrhea comprises of both
nonpharmacological and pharmacological interventions.
In general, the treatment is aimed at reducing the
discomfort and inconvenience of frequent bowel
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mobility and frequency of fecal passage.[4] Apart from
various antidiarrheal agents, medicinal plants represent a
promising source for the discovery of new antidiarrheal
agents. These plants are cheaper and more easily available
than conventional medicines. Even the World Health
Organization has encouraged studies for the treatment
and prevention of diarrheal disease using traditional
medicinal practices.[5] Various plants are being investigated
for their possible antidiarrheal activities to provide safe and
inexpensive alternatives to standard drug therapies.
Manihot esculenta Crantz (MEC), commonly known as cassava
or tapioca, a woody shrub of family Euphorbiaceae, one
of the major staple food crops cultivated in tropical and
subtropical regions like Africa, Asia, and Latin America.[6]
Plant was introduced in India during the latter part of the
19th Century, now, mainly grown in the States of Kerala,
Andhra Pradesh, Maharashtra, and Tamil Nadu.[7] Though,
the main part of the plant used is its starchy tuberous root,
leaves are also being used for various medicinal purposes by
local communities. The common use of these leaves is for
disorders such as rheumatism, fever, headache, and loss of
appetite.[8] In Nigeria, they are also utilized in the treatment
of ringworm, tumor, conjunctivitis, sores, and abscesses.[9]
However, on perusal of literature it appears that use of this
plant in treatment of diarrhea has been mentioned in the
literatures, but not with scientific evidence.[8,10‑12] Therefore,
we planned to evaluate this unexplored pharmacological
activity of leaves in standard experimental models in
Wistar rats.
MATERIALS AND METHODS
Animals

Healthy adult Wistar rats of either sex weighing 150-250 g
were used in this study. They were caged in polyvinyl
wire mesh cages in the animal house of Department of
Pharmacology. They were maintained under standard
laboratory conditions (12 h light and dark cycle and
temperature of 27°C ± 2°C and humidity (60% ± 10%)
with access to food and water ad libitum. Animals were
acclimatized to laboratory conditions before the test for
14 days.
Collection of plant material

Fresh leaves of MEC were collected from the farms in
Buldhana, Maharashtra and authenticated by botanist. The
leaves were shade‑dried in the department, finely powdered
and stored in an air tight container.
Preparation of plant extract

The powder was extracted with 90% ethanol using
Soxhlet apparatus at (50-55°C) for 3 days. The extract
was concentrated in a ventilated oven at 45°C for 24 h.
36

50 g powder yielded 10 g of extract after concentrating
and drying. It was dissolved in 2% gum acacia before
administering it to the experimental animals. The extract
was freshly prepared each time before using in an
experiment.
Drugs and chemicals

Castor oil and charcoal meal (10% active charcoal in
100 ml of 5% aqueous gum acacia) were freshly prepared
in the departmental laboratory at the time of experiment.
Loperamide (Veritaz Healthcare LTD, Hyderabad) and
Atropine sulfate (RPG Ltd, Ankaleshwar, Gujarat) were
purchased from local medical store and kept in appropriate
storage conditions.
Ethical clearance

Ethical clearance was obtained from Institutional Animal
Ethics Committee of institute where the research was
conducted.
Methods
Acute oral toxicity study

Acute oral toxicity study for the test extract of the plant
was carried out as per the guidelines set by Organization
for Economic Cooperation and Development (OECD),
revised draft guidelines 425 and by the Committee for
the Purpose of Control and Supervision of Experiments
on Animals (CPCSEA), Ministry of Social Justice and
Empowerment, Government of India.[13] The study
revealed that the administration of ethanolic leaf extract of
MEC was safe up to a dose of 2000 mg/kg. No death was
observed up to this dose and the experimental animals were
physically active. By keeping 1/10th (200 mg/kg) dose as
highest, the doses of 50 mg/kg; 100 mg/kg and 200 mg/kg
were selected as working doses for all the experiments in
the present study.
Experimental methods

For the purpose of studying antidiarrheal activity of plant
extract and two experimental models were used, those
are, castor oil‑induced intestinal fluid accumulation and
charcoal passage test.
Castor oil‑induced fluid accumulation in Wistar rats

Experimental procedure described by Dosso et al.[14] were
used for the evaluation of antidiarrheal activity in rats. The
animals were divided into five groups of six animals each.
Group I received normal saline 5 ml/kg and served as a
control group. Group II received Loperamide (5 mg/kg)
and served as standard group. Groups III, IV, and V
received ethanolic leaf extracts of MEC at 50 mg/kg,
100 mg/kg and 200 mg/kg, respectively and served as test
groups. The day before experiment, animals were fasted for
18 h, but with free access to water. After 1 h of respective
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drug administration, each animal was administered 2 ml of
freshly prepared castor oil orally. Two hours later, the rats
were sacrificed by ether overdose, and the small intestine
from the pylorus to the cecum was isolated. The intestinal
contents were recovered into a graduated tube, and their
volume was measured in ml. Percent inhibition of intestinal
fluid was calculated according to formula.
Percentage of intestinal fluid inhibition = (Tc - Tt/Tc) ×100
Tc = Mean fluid accumulation in control group
Tt = Mean fluid accumulation in test group.
Charcoal passage test

Experimental procedure described by Dosso et al.[14]
were used for the evaluation of antidiarrheal activity
in rats. The animals were divided into five groups of 6
animals each. Group I received normal saline 5 ml/kg
and served as control group. Group II received Atropine
sulfate (5 mg/kg) and served as standard group. Groups III,
IV, and V received ethanolic leaf extracts of MEC at
50 mg/kg, 100 mg/kg, and 200 mg/kg, respectively and
served as test groups. The day before experiment, animals
were fasted for 18 h, but with free access to water. After
1 h of drug administration, each animal was administered
1 ml of freshly prepared charcoal meal (10% active charcoal
in 100 ml of 5% aqueous gum acacia) orally. After 1 h,
animals were sacrificed using overdose of ether anesthesia.
The abdomens were opened and small intestine from the
pylorus to caecum was isolated. The distance travelled by
the charcoal meal in the intestine, from the pylorus to the
caecum was measured and expressed as the percentage of
distance covered using the formula.
Percentage of transit inhibition = (To-T1/T0) ×100
T0 = total length of intestine
T1 = distance travelled by charcoal in intestine
Statistical analysis

The data were analyzed by one‑way analysis of variance
followed by Student’s unpaired t‑test by using Graph
Pad Prism 6.03 (Graph Pad Software, Inc. USA) version.
P < 0.05 was considered as significant.

group and % inhibition was 65.93%. There was graded
reduction in intestinal fluid volume in graded MEC extracts.
MEC (200 mg/kg) showed the reduction in the intestinal
fluid volume with significant difference (P < 0.001) as
compared with control group and % inhibition was 44.44%.
MEC (100 mg/kg) also reduced the intestinal fluid volume
significantly (P < 0.05) as compared with control group
and % inhibition was 22.22%. While, MEC (50 mg/kg) also
reduced intestinal fluid volume, but there was no statistically
significant difference and % inhibition was 5.55%. No
extract group was comparable with standard group in the
reduction of intestinal fluid volume [Table 1].
Antidiarrheal activity of ethanolic leaf extract of
Manihot esculenta Crantz assessed by charcoal
passage test

In this method, the mean distance travelled by the
charcoal meal in small intestine and % inhibition of
intestinal motility was measured as compared with
control group. In control group, the % intestinal motility
was 20.33%. In standard (atropine sulfate), reduction
in mean distance travelled by charcoal meal was highly
significant (P < 0.001) as compared to control and
% inhibition of motility was 59.86. Similarly, oral
administration of graded MEC extract doses also reduced
the mean distance travelled by charcoal and there was
significant difference (P < 0.001) as compared to control
and % inhibition of motility was 35.99%, 51.46%, and
58.49%, respectively. MEC extracts (100 mg/kg and
200 mg/kg) were comparable with standard in terms of
% inhibition of motility [Table 2].
DISCUSSION
For assessing antidiarrheal activity of ethanolic leaf
extract of MEC, castor oil‑induced fluid accumulation
method and charcoal passage test were used in rats.
In castor oil‑induced fluid accumulation test, standard
drug loperamide showed excellent antidiarrheal activity.
MEC (200 mg/kg) showed significant antidiarrheal effect
than MEC (100 mg/kg), but MEC (50 mg/kg) was totally
Table 1: Effect of MEC extract on castor
oil‑induced fluid accumulation
Group Drug treatment

Dose

RESULTS
Antidiarrheal activity assessed by castor oil‑induced
fluid accumulation

In this method, mean volume of intestinal fluid and %
inhibition of intestinal fluid accumulation as compared with
control group was measured. Standard (loperamide 5 mg/kg)
showed the reduction in the intestinal fluid volume with
significant difference (P < 0.001) as compared with control

I
II
III
IV
V

Distilled water (control)
Loperamide (standard)
MEC extract
MEC extract
MEC extract

5 ml/kg
5 mg/kg
50 mg/kg
100 mg/kg
200 mg/kg

Volume of
Inhibition
intestinal of intestinal
fluid (ml)
fluid (%)
4.5±0.28
‑
1.53±0.16***
65.93
4.25±0.28
5.55
3.5±0.28*
22.22
2.5±0.28***
44.44

Results are expressed in mean±SEM. One‑way ANOVA followed by Student’s
unpaired t‑test. Number of animals n=6; *P<0.05: Significant, **P<0.01,
***P<0.001. MEC: Manihot esculenta Crantz, ANOVA: Analysis of variance,
SEM: Standard error of mean
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Table 2: Effect of MEC extract on intestinal transit of charcoal meal
Group

Drug treatment

I
II
III
IV
V

Normal saline (control)
Atropine (standard)
MEC extract
MEC extract
MEC extract

Dose
5 ml/kg
5 mg/kg
50 mg/kg
100 mg/kg
200 mg/kg

Total length of
intestine (cm)
100.91±1.07
104.58±2.737
101.41±1.93
104.91±3.40
108.61±3.77

Distance travelled
by charcoal (cm)
80.5±0.50
41.917±3.06***
64.91±2.36***
50.91±5.31***
45.08±3.6***

Inhibition of
motility (%)
20.23
59.86
35.99
51.46
58.49

Results are expressed in mean±SEM. One‑way ANOVA followed by Student’s unpaired t‑test. Number of animals n=6; *P<0.05: Significant, **P<0.01, ***P<0.001.
MEC: Manihot esculenta Crantz, SEM: Standard error of mean, ANOVA: Analysis of variance

ineffective in this regard. However, no extract group
was comparable with the standard [Table 1]. In charcoal
passage test, standard atropine and all the extract groups
showed very significant inhibition of gastrointestinal
motility as compared with the control. In this regard,
MEC (100 mg/kg) and MEC (200 mg/kg) was comparable
with the standard. Hence, it can be concluded that MEC
extract exhibited dose dependent antidiarrheal effect in
both the models. MEC (200 mg/kg) showed most potent
antidiarrheal activity in comparison with the other extract
groups [Table 2].
Despite different pathophysiological aspects of diarrhea,
increased intestinal fluid accumulation and increased
intestinal motility leading to decreased transit time
are the main factors. It is well‑established that castor
oil produces diarrhea by the release of ricinoleic acid,
which results in irritation and inflammation of intestinal
mucosa, leading to release of prostaglandins which
stimulate the gastrointestinal motility and secretion of
water and electrolytes.[15] It is also well‑documented that
loperamide antagonizes the diarrhea induced by castor oil
and these actions are due to antisecretory and antimotility
properties.[16] Charcoal passage test is commonly used
to determine the effect of the test substances on
gut motility. Atropine blocks M1 receptors on gastric
parietal cells and helps in reduction of gastric secretions.
Furthermore, it blocks M3 receptors on visceral smooth
muscles of stomach and intestine leading to relaxation
of these muscles and decrease the tone and amplitude
of these organs.[17] Hence, atropine was used as standard
antisecretory drug for comparison in charcoal passage
test.
It is well‑known that prostaglandins contribute
significantly to pathophysiological activities of
gastrointestinal tract. They are normally synthesized
by intestinal epithelial cells and play a vital role in
physiological regulation of intestinal fluid transport
and gastrointestinal motility. These actions are due to
stimulation of intestinal mucosal adenylyl cyclase and
thereby increase in cAMP concentration. Furthermore,
prostaglandins are involved in increase in intestinal
motility. [18] It has been suggested that inhibitors of
38

prostaglandin biosynthesis delays castor oil induced
diarrhea.[19] Our results indicate that the MEC extract
decreased castor oil induced gastrointestinal fluid
secretions and gastrointestinal motility. Thus, it is
possible that antidiarrheal actions shown by MEC
extract may be possibly correlated with inhibition of the
prostaglandin synthesis. This hypothesis is in agreement
with that previously suggested by many researchers for
different plant extracts exerting antidiarrheal activity.[20,21]
Extensive literature search has provided insight
regarding various phytochemical constituents of
MEC. Various researchers have sug g ested the
presence of phytoconstituents in the plant leaves
like flavonoids, [9,22‑24] tannins, [23,25‑28] saponins, [23,25,26]
polyphenols, [26] alkaloids and reducing sugars. [23,28] As
flavonoids are the main phytoconstituents of MEC
leaves and they inhibit the prostaglandin synthesis by
various actions. [24,29,30] The dose dependent activity of
MEC extract can be possibly attributed to the dose
dependent actions of flavonoids. Flavonoids also helps
in inhibiting the secretions and motility induced by
castor oil.[31] In addition, Rao et al.[32] have also proposed
the ability of flavonoids to inhibit the intestinal motility
and hydro‑electrolytic secretions.
Similarly, antidiarrheal activity of this plant leaves
may be attributed to other phytochemical constituents
mentioned above. It was reported by various researchers
that tannins,[33] polyphenols, reducing sugars, saponins[34]
can be responsible for antidiarrheal actions. Zhou et al.[35]
proposed the antidiarrheal property of polyphenols by the
virtue of their ability of interactions with and inhibition
of cytochrome P450 system. In addition, the inhibition of
gut motility can be explained on the basis of presence of
alkaloids in this plant, which have been reported to possess
anticholinergic property.[36]
CONCLUSION
Ethanolic extract of MEC leaves possess significant
antidiarrheal activity by decreasing the intestinal fluid
accumulation and decreasing the gastrointestinal motility
in rats. These can be possibly correlated with various
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phytoconstituents of the leaves and their antidiarrheal
actions. However, further pharmacological studies are
required to explore the exact mechanism of actions
of the extract. This might prove helpful to use its
immense therapeutic efficacy as a potent antidiarrheal
phytomedicine.
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