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Evaluation of In Vivo Antidiarrheal Activities
of Hydroalcoholic Leaf Extract of Dodonaea
viscosa L.(Sapindaceae) in Swiss Albino Mice

Jemal Abdela, BPharm, MSc1

Abstract
Traditionally people used Dodonaea viscosa for the treatment of various ailments, including diarrhea. Therefore, this study was
aimed to evaluate the antidiarrheal activity of the 80% methanolic leaf extract of D viscosa against castor oil-induced diarrhea in
mice models. Different doses of 80% methanolic leaf extract of D viscosa (100, 200, and 400 mg/kg) were evaluated for their
antidiarrheal activities using castor oil–induced diarrhea, gastrointestinal transit, and enteropooling models in Swiss albino mice.
At all test doses, the plant extract showed significant (P < .05) inhibition in the frequency of defecation of wet feces and total fecal
output as compared to the control group. Similarly, at all dose ranges used the plant extract demonstrated significant (P < .05)
reduction in an intraluminal fluid accumulation as compared to the untreated group. Besides, at higher doses, the plant extract also
indicated significant (P < .05) antimotility activity in comparison with the control. In conclusion, these findings illustrated that the
80% methanolic leaf extract of D viscosa supported the traditional claim of antidiarrheal activity of the plant though further
investigations are warranted.

Keywords
Dodonaea viscosa, antidiarrhea, castor oil, enteropooling, gastrointestinal motility

Received June 20, 2019. Received revised November 2, 2019. Accepted for publication November 11, 2019.

Diarrheal illnesses are one of the main reasons for morbidity

and mortality in developing nations and are accountable for the

death of hundreds of thousands of people every year.1 A report

in 2015 demonstrated that diarrhea is one of the main killers of

children that accounts for 9% of all deaths among kids below

the age of 5 years worldwide.2 According to this report, sub-

Saharan Africa and southern Asia were recorded as the regions

that experienced the highest child death toll as a result of diar-

rhea.3 In Ethiopia, diarrheal disease is a major public health

problem, and it is also one of the top 15 countries in which

nearly three-fourths of child deaths occur due to diarrhea.4

Overall, the prevalence of the diarrheal disease still stays high

no matter how much the attempts were made via many gov-

ernments and worldwide groups to reduce it.5

Irrespective of great technological development in modern

medicine, 80% of human beings in the growing nations rely on

healing practices and medicinal plants for their daily health

care needs.6 Similarly, plants have traditionally been used as

a supply of drugs in Ethiopia since a long time to manipulate

several illnesses afflicting human beings and their livestock.7

The use of herbal medicine is getting popularized in developing

and advanced nations because of its natural origin and lesser

adverse effects.8 Natural products have additionally been a

success in drug development and over 50% of the best-

selling prescription drugs in use at this time derived from her-

bal products.9 Therefore, the World Health Organization

(WHO) encouraged researches for the treatment and prevention

of diarrheal illnesses depending on traditional medical prac-

tice.10 The use of traditional medicines to combat the conse-

quences of diarrhea has been employed by WHO in its Diarrhea

Control Program.11 Adverse effects related to opioid-like anti-

motility drugs are restricting their uses and pushing researchers

to search for new antidiarrheal compounds with diverse chem-

ical systems and novel mechanisms of action. Therefore,

1 School of Pharmacy, Haramaya University, Harar, Ethiopia

Corresponding Author:

Jemal Abdela, BPharm, MSc, Department of Pharmacology and Toxicology,

School of Pharmacy, College of Health and Medical Sciences, Haramaya

University, Harar, PO Box 235, Ethiopia.

Email: abdelajemal07@gmail.com

Journal of Evidence-Based Integrative Medicine
Volume 24: 1-10

ª The Author(s) 2019
Article reuse guidelines:

sagepub.com/journals-permissions
DOI: 10.1177/2515690X19891952

journals.sagepub.com/home/cam

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
(http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further
permission provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0003-4205-8641
https://orcid.org/0000-0003-4205-8641
mailto:abdelajemal07@gmail.com
https://sagepub.com/journals-permissions
https://doi.org/10.1177/2515690X19891952
http://journals.sagepub.com/home/chp


researchers are increasingly turning their attention to folk med-

icine, searching out new leads to broadening options of drugs

toward diarrheal diseases.12,13

Dodonaea viscosa (Sapindaceae) has different names in

Ethiopia according to local languages spoken in the country:

kitkita (in Ahmaric), itacha (in Afan Oromo), kerara (in Age-

wugna), itancha (in Sidamagna), den or hayramat (in Soma-

ligna), and geregetwa (in Wolaytegna).14 The plant is

traditionally used in folk medicine to treat various ailments

afflicting human beings. Accordingly, in African countries and

other Asian countries, people administer the dried leaves

decoction for the treatment of stomach ulcer after grinding and

mixing with milk or honey, hemorrhoids, stomachache, and

pains of hepatic or splenic origin.15 In South Africa, people

use the plant leaves decoction for the treatment of common

colds, influenza, bladder and kidney problem, pain, headache,

and fatigue.16 In Oman, the leaves are used to treat itching and

rash, swelling, rheumatoid arthritis, bone disorders, gastroin-

testinal disorder and muscle relaxation problem; as well as

roots are also used to treat ulcer and headache.17 However, the

mixtures of leaves and roots as paste are used to treat dental

pain, headache, indigestion, diarrhea, and constipation.18 In

Pakistan, the leaves of D viscosa are used to treat joint pain.19

Moreover, people in Australia have been used the plant for the

treatment of a wound, bleeding, bone fractures, and snake bites

whereas in India, the plant is used to treat different ailments

like bone fractures, snake bites, wound healing, headache, indi-

gestion, and diarrhea.20 The plant leaf has also been used tra-

ditionally in Ethiopia for the treatment of evil eye, diarrhea,

and ticks21 as well as for anthrax, stabbing pain, and sun

problem.22

The D viscosa leaves have been evaluated for its various

activities and provided promising effects. Accordingly, the

plant leaves demonstrated antidiabetic effects against

alloxan-induced diabetes in rabbits and rats,23,24 antibacterial

activities against selected gram-positive bacteria (Bacillus sub-

tilis, Bacillus cereus, Micrococcus luteus, and Staphylococcus

aureus), and gram-negative bacteria (Escherichia coli, Salmo-

nella typhi, and Pseudomonas aeruginosa),25 antifungal

activities against different species of fungi,26,27 significant

anti-inflammatory effect against the paw edema induced by

carrageenan injection,28 and antinociceptive activity in rats and

mice against experimental pain models of glacial acetic acid–

induced writhing, hot plate, and tail flick.29 The plant extract

has also exhibited antiulcer activity against ethanol and

indomethacin-induced gastric ulcer in Wistar rats,30 as well

as an antidiarrheal effect against castor oil-induced diarrhea

in mice in which alcohol and aqueous extracts of the roots of

the plant were significantly reduced diarrhea in mice.20

Moreover, the plant has also been evaluated in Ethiopia for its

antimalarial activities,31 antimicrobial and anti-inflammatory

effects.32 Despite its traditional claims, the efficacy of the

leaves of D viscosa against diarrhea is not yet scientifically

validated. Therefore, this study was aimed to evaluate the anti-

diarrheal activity of hydroalcoholic (80% methanolic) leaf

extract of D viscosa against castor oil–induced diarrhea in

mice.

Methods

Drugs and Chemicals

The solvent used for the extraction process is of laboratory grade.

Drugs and chemicals used in the study include the following: castor

oil (Amman Pharmaceutical Industries, Jordan), activated charcoal

(Laboratory reagent, Labchem Industries, India), loperamide HCl

(Bafna Pharmaceuticals, Ltd, India), dimethyl sulfoxide (DMSO)

(Blulux Laboratories, India), absolute methanol (Sigma-Aldrich,

Chemie GmbH, Germany), chloroform (Sigma-Aldrich, Chemie

GmbH, Germany), glacial acetic acid (BDH Ltd, England), sulfuric

acid (Farm Italia Carlo Erba, Italy), ammonia (Merck Millipore,

India), hydrochloric acid (BDH Ltd, England), acetic anhydride

(May and Baker Ltd, Dagenham, England), ferric chloride (BDH

Ltd, England), Mayer’s and Dragendorff’s reagents (May and Baker

Ltd, Dagenham, England).

Collection of Plant Materials and Preparation

The leaves of D viscosa were collected in October 2018 from Beha

Biftu Kebele, Shenan Dhugo Woreda (earlier Mesela Woreda), West

Haraghe Zone, Oromia region, which is 404.5 km to the East of Addis

Ababa, the capital of Ethiopia. The plant was authenticated by a

taxonomist and a voucher specimen was deposited at the Herbarium

of the College of Natural and Computational Sciences, Haramaya

University for future reference. The leaves were washed gently and

dried at room temperature under shade for 2 weeks. The dried leaves

were then reduced to the appropriate size using mortar and pestle.

Extraction of the Plant Material

A method stated by Handa et al33 was used for the plant extraction.

Accordingly, a total of 200 g of coarsely powdered leaves were macer-

ated with 80% methanol (80ME) in Erlenmeyer flask for 72 hours at

room temperature. The extraction process was facilitated by using a

mini-orbital shaker at 120 rpm with occasional stirring. After 72

hours, the extract was separated from the marc by filtering with double

layered muslin cloth followed by Whatman No.1 filter paper. The

marc was then remacerated twice using fresh solvents to exhaustively

extract the plant material. After exhaustive extraction, the 80ME was

removed by evaporation under reduced pressure using a rotary eva-

porator (Buchi Rotavapor, Switzerland) in distillation flask at 72 rpm

and 40�C to concentrate the extract whereas the residual aqueous

solvent was removed and concentrated in an oven set at 40�C. The

percentage yield of 80ME was found to be 18.5% (w/w). The dried

extract was weighed and transferred into an airtight container and kept

in the refrigerator until the completion of the experiment.

Preliminary Phytochemical Analysis

The crude extract was screened for the presence or absence of sec-

ondary metabolites such as alkaloids, flavonoids, tannins, terpenoids,

steroidal compounds, glycosides, phenols, and saponins using the pro-

cedure described by Sofowara.34
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Experimental Animals

Swiss albino mice of either sex weighing 20 to 30 g and aged 6 to 8

weeks were used for the experiment. The mice were obtained from the

animal house of the College of Natural and Computational Sciences,

Haramaya University. The animals were kept in plastic cages at 22 +
3�C and on a 12-hour light/dark cycle with access to pellet food and

water ad libitum. Good hygiene was maintained by constant cleaning

and removal of feces from cages thrice a week. The mice were accli-

matized to laboratory conditions for 1 week prior to the experiment.

Food was withdrawn 18 hours prior to the beginning of all the experi-

ments. However, water was accessed except in enteropooling, where

both food and water were withdrawn. The care and handling were

according to international guidelines for the use and maintenance of

experimental animals.35,36

Grouping and Dosing of Animals

Mice were randomly assigned into 5 groups of 3 extracts treated and 2

control groups with 5 mice per group. All groups received their

respective treatments using oral gavage. The first group was assigned

as negative control and received 10ml/kg of DMSO, the second, third,

and fourth groups received 100, 200, and 400 mg/kg of extract, respec-

tively, whereas the fifth group is assigned as positive control and

received 3 mg/kg of loperamide. The doses of 80ME were determined

as to 100, 200, and 400 mg/kg based on acute toxicity test.37 That is, 1/

10th of 2000 mg/kg of the dose used in acute toxicity test is used to

determine the middle dose, and one-half of and 2 times the middle

dose was used to determine the lowest and highest doses, respectively.

The extract was reconstituted with DMSO at appropriate concentra-

tions and a freshly prepared solution was administered for animals on

the day of the experiments. Similarly, loperamide used for the positive

control was also reconstituted in DMSO and administered to the ani-

mals. The volume given for both extract- and loperamide-treated

groups is obtained by calculating mg/kg required for each animal and

then calculating the equivalent volume that contain the desired mg of

extract or loperamide from reconstituted solution for each animal.

Acute Oral Toxicity Test

According to the Organization for Economic Cooperation and Devel-

opment (OECD) guidelines 2008: 425, a single female mouse was

fasted for 3 hours and was loaded with 2000 mg/kg of the 80ME as

a single dose by oral gavage. Based on the results of the first mouse;

another 4 female mice were recruited and fasted for 3 hours and given

with the same doses. The animals were observed individually for any

sign of toxicity such as behavioral changes in feeding, water intake,

locomotor activity, lethargy, grooming, other signs of weakness or

distress or death once during the first 30 minutes, then periodically

during the first 24 hours, with special attention given during the first 4

hours, and daily thereafter for a total of 14 days.37

Determination of Antidiarrheal Activity

Castor Oil–Induced Diarrhea. This study was induced by the mouse

model of diarrhea using castor oil as explained by Shoba et al38 and

slightly modified by Sisay et al.39 Swiss albino mice of either sex

fasted for 18 hours, and randomly distributed into 5 groups of 5 ani-

mals per group. All animals received 0.5 mL of castor oil after 1 hour

of administration of the respective doses of extract and loperamide for

each animal as described under grouping and dosing section. Then

each mouse was individually placed in a plastic cage where the floor

was lined with a white paper. Thereafter, the animals were continu-

ously observed for a period of 4 hours, during which the onset of

diarrhea, frequency of defecation, and the weight of fecal output (wet

and total feces in gram) were recorded for each mouse. The percen-

tages of diarrheal inhibition and weight of fecal output were deter-

mined according to the formulae 1 to 340,41:

% inhibition

¼ Average number of WFC� Average number of WFT

Average number of WFC

� �
� 100

ð1Þ
where, WFC ¼ wet feces in the control and WFT ¼ wet feces in the

test group.

Percentage of wet fecal output

¼ Mean weight of wet feces of each group

Mean weight of wet feces of control

� �
� 100 ð2Þ

Percentage of total fecal output

¼ Mean weight of total feces of each group

Mean weight of total feces of control

� �
� 100 ð3Þ

Castor Oil–Induced Gastrointestinal Motility. Twenty-five mice fasted

for 18 hours and randomly allocated into 5 groups in which each group

contain 5 animals and treated as described in animal grouping and

dosing section. After 1 hour of extracts and loperamide administration,

each mouse received 0.5 mL of castor oil orally. Again after 1 hour of

administration of castor oil, each mouse received 1 mL of marker (5%
activated charcoal suspension in distilled water) orally. After 1 hour of

administration of activated charcoal, all animals were sacrificed, and

each mouse small intestine was dissected out from pylorus to cecum

and placed on a clean surface. The small intestine was carefully

inspected and the distance traveled by the charcoal meal from the

pylorus was measured and expressed as a percentage of the total length

of the small intestine from the pylorus to the cecum (peristaltic index)

as shown in formula 4. The percentage of inhibition was then

expressed using formula 542:

Peristaltic index ¼ Distance traveled by charcoal meal

The whole length of small intestine

� �
� 100

ð4Þ
% inhibition ¼ PIC� PIT

PIC

� �
� 100 ð5Þ

where PIC¼ peristaltic index of control and PIT¼ peristaltic index of

test group.

Castor Oil–Induced Enteropooling Activity. Intraluminal fluid accu-

mulation was determined using the method described by Adeyemi and

Akindele.43 Twenty-five mice of either sex were deprived of both food

and water for 18 hours and randomly allocated into 5 groups in which

each group has 5 animals. Each animal received 0.5 mL of castor oil

orally 1 hour after the administration of extract and loperamide as

described in the grouping and dosing section. All mice were sacrificed

by cervical dislocation after 1 hour of castor oil administration. Then

the abdomen of each mouse was opened and the small intestine was

removed, after ligation at the pyloric end and ileocecal junction, and

weighed. The intestinal contents were squeezed into a graduated tube
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and the volume was determined. The small intestine was reweighed and

the difference between full and empty intestine was calculated. Finally,

the percentage inhibitions of the volume and weight of intestinal con-

tents were determined according to formulae 6 and 7, respectively44:

Percentage of inhibition ¼ MVICC � MVICT

MVICC

� �
� 100 ð6Þ

where, MVICC¼mean volume of the intestinal content of the control

group and MVICT ¼ mean volume of the intestinal content of the test

group.

Percentage of inhibition ¼ MWICC�MWICT

MWICC

� �
� 100

ð7Þ

where MWICC ¼ mean weight of the intestinal content of the control

group and MWICT ¼ mean weight of the intestinal content of the test

group.

The In Vivo Antidiarrheal Index. The in vivo antidiarrheal index (ADI)

for the 80ME and standard drug was determined by using the formula

8 described by Hussain et al45 and Than et al46:

ADI ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðDfreq� Gmeq� Pfreq3

p
Þ ð8Þ

where Dfreq ¼ delay in defecation time or diarrheal onset (in % of

negative control) and is calculated using formula 9:

Dfreq ¼ Mean onset of diarrhea in treated group � Mean onset of diarrhea in negative control

Mean onset of diarrhea in the negative control group

� �
� 100 ð9Þ

Gmeq is the charcoal meal travel reduction (as % of negative control)

from the gastrointestinal motility test model, and P freq is the reduc-

tion in the number of wet stools (as % of the negative control) from the

castor oil–induced diarrhea model.

Statistical Analysis

The results were expressed as the mean + standard error of the mean

(SEM) for each group. The data were analyzed using SPSS software

version 16.0. All the grouped data were statistically evaluated and the

significance of various treatments was calculated using a one-way

analysis of variances (ANOVA) followed by Tukey’s honestly signif-

icant difference (HSD) post hoc test. A P value <.05 was considered

statistically significant.

Results

Preliminary Phytochemical Screening of the Leaves of D
viscosa

Preliminary phytochemical screening of the 80ME extract of

the leaf of D viscosa showed the presence of alkaloid, flavo-

noids, phenolic, triterpenoids, and tannins (Table 1).

Effects of D viscosa Leaf Extract on Castor Oil–Induced
Diarrheal Model

The 80ME extract of the leaf of D viscosa significantly delayed

(P < .05) the onset of diarrhea at all test doses of the extract

administered for the animals. Similarly, the frequency of defe-

cation was also significantly (P < .001) reduced by all dose

ranges of the plant extract as compared to the control group. In

addition, at all test doses, the plant extract was significantly (P

< .001) decreased the average weight of wet feces and the

average weight of total fecal output relative to the control

group. The highest percentage of inhibition of defecation was

observed at a dose of 400 mg/kg (78.57%) of 80ME leaf extract

of the plant, which is comparable with percentage inhibition of

standard drug loperamide (82.14%) (Table 2).

Effects of D viscosa Leaf Extract on Castor Oil–Induced
Gastrointestinal Transit

In the negative control group, the distance traveled by the char-

coal meal was 38.98 + 3.06 and its peristaltic index was 77.77%
+ 5.29%. The plant extract was able to significantly reduced the

distance traveled by the charcoal meal at doses of 200 mg/kg

(12.00 + 4.97, P < .01) and 400 mg/kg (9.5 + 4.03, P < .01).

However, at a dose of 100 mg/kg, the plant extract did not show

statistically significant inhibition of the propulsion of the char-

coal marker as compared with the negative control group. The

standard drug, loperamide, showed a significant reduction (8.6

+ 5.28, P < .01) in the distance traveled by the charcoal meal

and resulted in the highest percentage of inhibition (81.5%) as

compared with the negative control group (Table 3).

Effects of D viscosa Leaf Extract on Gastrointestinal
Fluid Accumulation

The volume of intestinal contents and weight of intestinal con-

tents of the negative control were 0.86 + 0.12 and 1.19 +

Table 1. Phytochemical Constituents of 80% Methanol Extract
(80ME) of the Leaves of Dodonaea viscosa.

Phytochemical Tested 80ME Leaf Extracta

Alkaloids þ
Flavonoids þ
Phenolics þ
Saponins þ
Tannins þ
Triterpenoids þ
Steroids �
Glycosides þ
a“þ” indicates present and “�” insdicates absent.
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0.07, respectively. All the doses of the plant extracts were able

to significantly inhibited castor oil–induced gastrointestinal

fluid accumulation. Accordingly, the volume of intestinal con-

tents for extract-treated groups at doses of 100, 200, and 400

mg/kg were 0.36 + 0.05 (P < .001), 0.34 + 0.04 (P < .001),

and 0.30 + 0.03 (P < .001), respectively. In addition, the plant

extract was significantly decreased the weight of intestinal

contents at 100 mg/kg (0.58 + 0.07, P < .01), 200 mg/kg

(0.52 + 0.11, P < .01), and 400 mg/kg (0.51 + 0.14, P <

.01) as compared with the negative control group (Table 4).

In Vivo Antidiarrheal Index

ADI measures the combined effects of plant extract on purging

frequency, the onset of diarrheal stool, and intestinal fluid

accumulation. The ADI values of plant extracts were 62.55,

88.71, and 95.71 at doses of 100, 200, and 400 mg/kg, respec-

tively. These results indicated that the plant extract produced

dose-dependent antidiarrheal indices with the maximum effect

at 400 mg/kg (Table 5).

Acute Oral Toxicity Test

The 80ME extract of the leaf of D viscosa did not produce any

sign of toxicity or death during the observation periods of 14

days following oral administration of a single dose of 2000 mg/

kg. The absence of mortality and signs of any toxicity up to 5

times the maximum effective dose of the extract demonstrated

that 80ME has a broader safety margin and indicating that the

Table 2. Antidiarrheal Effect of 80% Methanol Extract (80ME) of the Leaves of Dodonaea viscosa on Castor Oil–Induced Diarrhea.a

Dose
(mg/kg)

Onset of
Diarrhea (min)

Number of
Wet Feces

Total
Number of

Feces

Average
Weight of Wet

Feces (g)

Average
Weight of

Total Feces (g)
% of Inhibition
of Defecation %WWFO %WTFO

Control 83.4 + 9.48 5.6 + 0.87 6.8 + 0.86 1.23 + 0.16 1.39 + 0.18 — — —
80ME 100 152.4 + 19.77b* 1.8 + 0.20b** 3.2 + 0.80b* 0.18 + 0.05b** 0.22 + 0.06b** 67.86 14.63 15.83
80ME 200 189.8 + 11.36b** 1.4 + 0.24b** 2.2 + 0.37b** 0.13 + 0.04b** 0.21 + 0.05b** 75.00 10.57 15.11
80ME 400 200.6 + 4.63b** 1.2 + 0.2b** 1.8 + 0.37b** 0.11 + 0.01b** 0.20 + 0.04b** 78.57 8.94 14.39
Loperamide 3 191.4 + 12.82b** 1.0 + 0.00b** 1.6 + 0.24b** 0.09 + 0.05b** 0.13 + 0.05b** 82.14 7.32 9.35

Abbreviations: WWFO, weight of wet fecal output; WTFO, weight of total fecal output.
aValues are given as mean + standard error of the mean (n ¼ 5); analysis was done using one-way analysis of variance followed by Tukey honestly significant
difference (HSD) post hoc test.

bCompared with negative control values.
*P < .01, **P < .001.

Table 3. Effect of 80% Methanol Extract (80ME) of the Leaves of Dodonaea viscosa on Gastrointestinal Transit in Mice.a

Dose (mg/kg) Length of Small Intestine (cm) Distance Traveled by Charcoal Meal (cm) Peristaltic Index (%) % Inhibition

Control 50.28 + 3.05 38.98 + 3.06 77.77 + 5.29 —
80ME 100 53.84 + 3.35 23.58 + 5.75 43.87 + 10.65 43.59
80ME 200 59.08 + 2.66 12.00 + 4.97b* 21.03 + 8.64b* 72.96
80ME 400 56.96 + 1.85 9.5 + 4.03b* 16.01 + 6.84b** 79.41
Loperamide 3 58.82 + 2.75 8.6 + 5.28b* 14.39 + 8.88b** 81.5

aValues are given as mean + standard error of the mean (n ¼ 5); analysis was done using one-way analysis of variance followed by Tukey honestly significant
difference (HSD) post hoc test.

bCompared with negative control values.
*P < .01, **P < .001.

Table 4. Effects of 80% Methanol Extract (80ME) of the Leaves of Dodonaea viscosa on Gastrointestinal Fluid Accumulation in Mice.

Dose (mg) Volume of Intestinal Contents (mL) % Inhibition Weight of Intestinal Contents (g) % Inhibition

Negative control 0.86 + 0.12 — 1.19 + 0.07 —
80ME 100 0.36 + 0.05b** 58.14 0.58 + 0.07b* 51.26
80ME 200 0.34 + 0.04b** 60.47 0.52 + 0.11b* 56.30
80ME 400 0.30 + 0.03b** 65.12 0.51 +0.14b* 57.14
Loperamide 3 0.26 + 0.04b** 69.77 0.47 +0.11b* 60.5

aValues are given as mean + standard error of the mean (n ¼ 5); analysis was done using one-way analysis of variance followed by Tukey honestly significant
difference (HSD) post hoc test.

bCompared with negative control values.
*P < .01, **P < .001.
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LD50 (median lethal dose) value of plant extract is greater than

2000 mg/kg in mice.

Discussion

People commonly use different parts of the plant for the treat-

ment of various ailments, including diarrheal disease without

any scientific basis about their safety and efficacy. However,

various studies have been undertaken to validate the use of

antidiarrheal activities of medicinal plants by investigating the

biological activity of extracts of the plants, which have anti-

spasmodic effects, delay intestinal transit, suppress gut moti-

lity, stimulate water absorption, or reduce the intraluminal fluid

accumulation.47 Moreover, the study conducted on the alcohol

and aqueous extracts of the roots of D viscosa demonstrated

antidiarrheal activities against castor oil–induced diarrhea in

reducing the frequency of defecation in mice.20 However, root

and whole-plant harvesting are more destructive to medicinal

plants than collecting their leaves and flowers or buds.48 There-

fore, this study was aimed to evaluate the antidiarrheal effect of

the 80ME leaf extract of D viscosa using Swiss albino mice

models against castor oil–induced diarrhea, castor oil–induced

gastrointestinal transit, and castor oil–induced gastrointestinal

fluid accumulation as compared with the previous study.

Diarrheal disease is characterized by frequent defecation of

feces of low consistency, which may be due to a disturbance in

the transport of water and electrolytes in the intestines. Though

there are multiple causes for diarrheal disease, the 4 major

mechanisms behind the pathophysiology of diarrheas are (a)

osmotic diarrhea, which is caused by increase in intraluminal

osmolarity and decrease in water absorption; (b) secretory diar-

rhea, which increases the secretion of electrolyte; (c) deranged

intestinal motility causing a decreased transit time49; and (d)

inflammatory and infectious diarrhea, which is caused by dis-

ruption of the epithelium of the intestine due to bacterial, viral,

or protozoal pathogens and the immune response to inflamma-

tory conditions in the bowel.50 In the management of diarrhea,

antimotility and antisecretory agents are considered to be the

mainstay agents used to decrease the pathophysiologic condi-

tions responsible for the development of diarrhea.51

Castor oil has been substantially used for the induction of

diarrhea in antidiarrheal studies because it releases ricinoleic

acid, a metabolite that causes diarrhea.52 Ricinoleic acid initi-

ates diarrhea through mechanisms that include inflammation of

gastrointestinal mucosa, leading to the discharge of prostaglan-

din, which stimulates gastrointestinal motility and electrolyte

secretion, lowering electrolyte absorption from the intestine

and colon, a mechanism that is much like the pathophysiologic

techniques resulting in diarrhea.53 Prostaglandins of the E

series are well established to have diarrheagenic effects in

experimental animals as well as in human beings. Therefore,

the inhibitors of prostaglandin biosynthesis are considered to

delay castor oil–induced diarrhea.54 On the other hand, loper-

amide, the standard antidiarrheal drug used for the positive

control is a synthetic opiate agonist activating the m-opioid

receptors in the myenteric plexus of the massive gut. Those

receptors are positioned presynaptically on the endings of the

parasympathetic cholinergic innervation of the intestinal

smooth muscle, which exerts a facilitatory impact on clean

muscle contractility.55 Activation of m-opioid receptors via

loperamide inhibits the release of acetylcholine and subse-

quently relaxes smooth muscle tone inside the intestine wall.56

These physiologic final results enhance phasic colonic segmen-

tation and inhibit peristalsis, hence increasing intestinal transit

time.57 The inhibitory impact of loperamide on acetylcholine

cause inhibition of secretion mediated with acetylcholine. As a

result, loperamide reduces each day fecal volume, decreases

fluid and electrolyte loss, and could increase stool viscosity and

bulk density.55

Coming to the 80ME extract of the leaf of D viscosa, the

findings of the study demonstrated that the plant extract was

caused a significant delay in the onset of diarrhea, reduction in

the frequency of wet fecal output and total fecal output, as well

as decrease in the average weight of wet feces and total fecal

output that were induced by castor oil. These findings are sim-

ilar to the results reported from the hydroalcoholic extracts of

the leaves of Myrtus communis at doses of 100, 200, and 400

mg/kg.39 Besides, the percentage inhibition of defecation,

weight of wet fecal output and the total weight of fecal output

were observed in a dose-dependent manner, in which the high-

est percent of inhibition was observed at 400 mg/kg dose of the

plant extract. This indicated that the higher dose of the plant

extract is associated with a better antidiarrheal effect, which is

comparable with the standard antidiarrheal drug loperamide.

This could imply that the constituents of the plant extract,

which are responsible for antidiarrheal activities are more

likely to be concentrated in the higher doses of the plant extract

or this might indicate that a relatively high dose of the plant

extract is needed to produce a pronounced antidiarrheal effect.

These findings are in agreement with reports from studies con-

ducted on other species of plants.39,58 Furthermore, these

results are also in line with the findings of the previous study

conducted on the root of D viscosa in terms of percentage

protection of defecation.20

With regard to castor oil–induced gastrointestinal motility,

the plant extract significantly (P < .05) inhibited the propulsive

Table 5. In Vivo Antidiarrheal Indices of 80% Methanol (80ME)
Extract of the Leaves of Dodonaea viscosa.

Dose (mg)

Delay in
Defecation
(Time of

Onset in min,
Dfreq) (%)

Gut Meal
Travel

Distance
(Gmeq) (%)

Purging
Frequency
in Number

of Wet
Stool (%)

Antidiarrheal
Index

Negative
control

— — — —

80ME 100 82.73 43.59 67.86 62.55
80ME 200 127.58 72.96 75 88.71
80ME 400 140.53 79.41 78.57 95.71
Loperamide 3 129.5 81.5 82.14 95.35
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movement of charcoal marker at the 2 higher test doses

whereas the lower dose (ie, 100 mg/kg) of the plant extract

was unable to produce significant inhibitory effect on the dis-

tance traveled by charcoal meal as compared with the negative

control group. This could imply that the lower dose may have

an insufficient concentration of active constituents responsible

for the antimotility effect. This finding suggested that the plant

extract has the antimotility effect at its higher doses, which

opposed the effect of castor oil on the gastrointestinal motility

of the mice in a similar manner to loperamide.57 On the other

hand, at all dose ranges used, the plant extract was able to

significantly (P < .001) inhibit gastrointestinal fluid accumula-

tion. In addition, the plant extract also revealed significant (P <

.01) reduction in the weight of intestinal contents at all test

doses used in the study. This might indicate that the plant

extract has antisecretory effect, which reduced an excessive

secretion mediated by irritant effects of ricinoleic acid, a meta-

bolite of castor oil. It is widely reported that different antidiar-

rheal agents exert their effect through different mechanisms

such as inhibiting secretion, decreasing motility, delaying

intestinal transit, reducing intraluminal fluid accumulation or

by enhancing water absorption.59 Besides, the plant has also

reported having anti-inflammatory and analgesic effects that

could be related to inhibition of prostaglandin biosynthesis28

and this in turns lead to inhibition of castor oil mediated diar-

rhea via inhibition of prostaglandin production. Additionally,

the plant has also reported having antibacterial activities

against some gram-positive and gram-negative bacteria,

including those that are responsible for diarrheal diseases (eg,

E coli, Salmonella typhi).25 Though further studies are

required, this might indicate a potential antidiarrheal activity

of the plant extract against diarrhea induced by susceptible

infective agents.

Moreover, the antidiarrheal activity of D viscosa leaf extract

is also further strengthened by the in vivo ADI value of plant

extract which measures how much the plant extract is effective

in the management of diarrhea.39 Another study also demon-

strated that the higher the ADI value, the greater is the effec-

tiveness of the extract in the treatment of diarrhea.43

Accordingly, the ADI value increased in a dose-dependent

manner in which the ADI of the higher dose of the plant extract

is comparable to that of the standard drug loperamide. This

could indicate that the plant has a potential antidiarrheal activ-

ity, which may serve as a template in the development of a

novel antidiarrheal drug.

Furthermore, numerous types of the literature demonstrated

that plants possessing alkaloids, flavonoids, saponins, steroids,

and tannins had been reported to elicit antidiarrheal activity due

to their antispasmodic impact on the gastrointestinal tract60 and

antisecretory properties.61 Flavonoids have an ability to inhibit

intestinal motility and hydroelectrolytic secretions whereas

tannins precipitate proteins, reducing secretion and peristaltic

movements.62 In addition, tannin also causes muscle relaxation

via decreasing the intracellular Ca2þ inward current or by acti-

vation of the calcium pumping system.63 Reports from litera-

ture also showed that tannins have an antispasmodic and

muscle relaxant effect, flavonoids inhibit prostaglandin E2–

induced intestinal secretion, saponins inhibit histamine release,

terpenoids inhibit the release of prostaglandins, and phenols

reduce intestinal secretion and transit and have an astringent

action. All these actions lead to the inhibition of diarrhea by

decreasing intestinal secretion and motility.64 Most of these

secondary metabolites were detected in the 80ME extract of

the leaf of D viscosa. Though the specific mechanism of action

of the plant has not yet established, the antidiarrheal activity of

the plant extract may be produced by these chemical constitu-

ents, which contributed to its ability to delay in onset of diar-

rhea, antimotility, and antisecretory effects.

With regard to acute toxicity test, the plant extract was

found to be safe as no sign of toxicity was observed in the

acute oral toxicity test at the limit dose of 2000 mg/kg in mice.

At the test dose, mortality and delayed toxicity were not

observed in the 14 days posttreatment period. Based on the

findings of the oral acute toxicity test, the LD50 value of the

80ME extract of the leaf of the plant is above 2000 mg/kg.

Generally, if the LD50 value of the test chemical is more than

3 times of its minimum effective dose, the substance is consid-

ered as a good candidate for further investigation.65 Therefore,

the finding implies that the LD50 value of plant extract is more

than three times of its minimum effective (100 mg/kg) dose,

and the plant is a good candidate for further investigation.

Overall, the finding of oral acute toxicity test indicated that

the 80ME extract of the leaf of D viscosa is tolerable and safe

after oral administration which validates the safe use of the

plant in traditional settings.

Conclusion

The 80ME extract of the leaf of D viscosa showed antidiarrheal

activity on evaluation in animal models using Swiss albino

mice. The plant extract demonstrated a significant delay in the

onset of diarrhea, reduced the frequency of wet feces and also

endowed with significant antisecretory effects at all doses eval-

uated experimentally. In addition, the plant extracts also indi-

cated the antimotility effect at its higher doses. Though further

investigations are warranted using different antidiarrheal mod-

els and solvents, at this level the findings of the study con-

firmed the traditional claim of antidiarrheal activity of the

plant. Moreover, the study also evaluated the acute toxicity

of the plant extract in which the plant is found to be nontoxic

and its LD50 is greater than 2000 mg/kg, which ensures the

safe use of the plant extracts in folk medicine.
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49. Agbor GA, Léopold T, Jeanne NY. The antidiarrhoeal activity of

Alchornea cordifolia leaf extract. Phytother Res. 2004;18:

873-876.

50. Petri WA, Miller M, Binder HJ, Levine MM, Dillingham R,

Guerrant RL. Enteric infections, diarrhea, and their impact

on function and development. J Clin Invest. 2008;118:

1277-1290.

51. Mekonnen B, Asrie AB, Wubneh ZB. Antidiarrheal activity of

80% methanolic leaf extract of Justicia schimperiana. Evid Based

Complement Alternat Med. 2018;2018:3037120.

52. Niemegeers CJ, Awouters F, Janssen PA. The castor oil test in

rats: an in vivo method to evaluate antipropulsive and antise-

cretory activity of antidiarrheals? Drug Dev Res. 1984;4:

223-227.

53. Mascolo N, Izzo A, Barbato F, Capasso F. Inhibitors of nitric

oxide synthetase prevent castor-oil-induced diarrhoea in the rat.

Br J Pharmacol. 1993;108:861-864.

54. Brijesh S, Daswani P, Tetali P, Antia N, Birdi T. Studies on

the antidiarrhoeal activity of Aegle marmelos unripe fruit: vali-

dating its traditional usage. BMC Complement Altern Med.

2009;9:47.

55. Wood JD, Galligan JJ. Function of opioids in the enteric nervous

system. Neurogastroenterol Motil. 2004;16(suppl 2):17-28.

56. Regnard C, Twycross R, Mihalyo M, Wilcock A. Loperamide. J

Pain Symptom Manage. 2011;42:319-323.

57. Chen W, Chung HH, Cheng JT. Opiate-induced constipation

related to activation of small intestine opioid m2-receptors. World

J Gastroenterol. 2012;18:1391-1396.

58. Tadesse WT, Hailu AE, Gurmu AE, Mechesso AF. Experimental

assessment of antidiarrheal and antisecretory activity of 80%

methanolic leaf extract of Zehneria scabra in mice. BMC Comple-

ment Altern Med. 2014;14:460.

59. Islam AMT, Uddin ME, Chowdhury MAU, Rahman MM, Habib

MR, Rahman MA. In vivo antidiarrheal and cytotoxic potential of

different fractions of Pandanus Foetidus leaves. Am J Biomed Sci.

2013;5:208-216.

60. Lima JT, Almeida JR, Barbosa-Filho JM, et al. Spasmolytic

action of diplotropin, a furanoflavan from Diplotropis ferruginea

Abdela 9

https://www.oecd-ilibrary.org/environment/test-no-425-acute-oral-toxicity-up-and-down-procedure_9789264071049-en
https://www.oecd-ilibrary.org/environment/test-no-425-acute-oral-toxicity-up-and-down-procedure_9789264071049-en
https://www.oecd-ilibrary.org/environment/test-no-425-acute-oral-toxicity-up-and-down-procedure_9789264071049-en


Benth, involves calcium blockade in Guinea-pig ileum. Z Natur-

forsch B. 2005;60:1093-1100.

61. Atta AH, Mouneir SM. Antidiarrhoeal activity of some Egyp-

tian medicinal plant extracts. J Ethnopharmacol. 2004;92:

303-309.

62. Venkatesan N, Thiyagarajan V, Narayanan S, et al. Anti-

diarrhoeal potential of Asparagus racemosus wild root extracts

in laboratory animals. J Pharm Pharm Sci. 2005;8:39-46.

63. Belemtougri R, Constantin B, Cognard C, Raymond G, Sawadogo

L. Effects of two medicinal plants Psidium guajava L.(myrtaceae)

and Diospyros mespiliformis L. (Ebenaceae) leaf extracts on rat

skeletal muscle cells in primary culture. J Zhejiang Univ Sci B.

2006;7:56-63.

64. Tiwari P, Kumar B, Kaur M, Kaur G, Kaur H. Phytochemical

screening and extraction: a review. Int Pharma Sci. 2011;1:

98-106.

65. Jaganathan R, Ravinayagam V, Panchanadham S, Palanivelu S.

Troxicological, biochemical and histopathological evaluation of

Tridham, a siddha medicine in Wistar albino rats. J Biochem

Technol. 2012;4:541-548.

10 Journal of Evidence-Based Integrative Medicine



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


