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INTRODUCTION 

Diarrhea is characterized by an increase in the 
frequency of bowel movements, abdominal pain, 
and bowel discharge of semisolid or watery fecal 
matter (three or more times in a day).1 It is mainly 
caused by imbalances in several pathways (eg 
acetylcholine, dopamine, and catecholamine) as 
well as infectious agents, plant toxins, and inflam-
matory problems.2 The disease is known to be a 
major cause of morbidity and mortality world-
wide with approximately 1.87 million deaths in 
children under 5 years particularly in developing 
countries.3

Many people in the developing countries still 
rely on traditional healing practices involving 
medicinal plants for their daily health care needs. 
In Africa, medicinal plants have been commonly 
used for treatment of several diseases including 
diarrhea. It has been frequently described that 
more than 80% of the population have been using 
traditional medicine.4 Therefore, the World Health 
Organization encouraged studies for the treatment 
and prevention of diarrheal diseases depending on 
traditional medical practices.5 

Sorghum bicolor L (Family: Poaceae), locally 
known as zengada, is an annual plant which 
constitutes a major food crop in Africa, Europe, 
Asia, and America. It serves as a major source of 
proteins, calories, mineral and is the fifth most 
important cereal crop in the world.6 The seeds have 
been used for management of diarrhea.7, 8 It is also 
a folk remedy for cancer, epilepsy, stomach ache, 
and malaria.9

Several studies have shown that S. bicolor has 
antioxidant, antiinflammatory, anticancer and 
cholesterol-lowering effects and can reduce the risk 
of cardiovascular diseases. In addition, it possesses 
good antimicrobial activity against S. auerus and 
E.coli.10, 11

However, there is limited scientific evidence
supporting the potential use of S. bicolor as an anti-
diarrheal agent. The above scientific studies and 
ethnobotanic claims about the plant as well as the 
limited data available to validate the antidiarrheal 
acivity have brought this work into reality. Moreover 
current drugs used in management of diarrhea are 
characterized by several limitations such as adverse 
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effects, contraindications as well as antimicrobial 
drug resistance and hence it is very important to 
look for a novel antidiarrheal drug with improved 
profiles. Therefore, the present study was conducted 
to evaluate the acute toxicity and in  vivo antidi-
arrheal activity of the seeds of Sorghum bicolor in 
experimentally induced acute diarrhea in mice.

RESEARCH DESIGN AND METHODS

Plant collection and Preparation  
of the Extract
The seeds of Sorghum bicolor were collected in 
January 2015 from farms around Gondar town of 
Northwest Ethiopia. This was then identified and 
authenticated at the National Herbarium, Addis 
Ababa University, Addis Ababa, Ethiopia where 
a voucher specimen (Sorghum bicolor l. 03) was 
deposited. The seeds were cleaned of extraneous 
matter, air-dried under shade at room tempera-
ture for 6 weeks and then coarsely powdered using 
mortar and pestle. A weighed amount of the pow-
der was macerated using 80% methanol for 72 hr 
with occasional stirring. The resultant mixture was 
filtered with Whatman filter paper (Grade 1) and 
the residue was further re-macerated twice. Finally 
the filtrates were combined together, concentrated 
by oven (Leaders Engineering, UK) at 40oC and the 
dried extract was stored at 4°C using air-tight con-
tainer until further use. The extract was reconsti-
tuted in 1% Tween 80 at appropriate concentrations 
for the various experiments conducted.

Experimental animals
Adult Swiss albino mice of either sex weighing 
between 20-25 g were obtained from animal house of 
Pharmacology Department, University of Gondar. 
The animals were housed in a standard polyethylene 
glycol cage. They were fed with standard diet and 
water ad libitum, and allowed a one-week acclima-
tization period prior to the study. The animals were 
maintained under standard conditions of humidity, 
temperature and 12 h light/12 h darkness cycle. The 
mice that were used for the antidiarrheal test were 
only those that developed diarrheal response with 
castor oil at doses employed for the main tests.

Phytochemical Screening 
The crude hyroacoholic extract of Sorghum bicolor 
was subjected to qualitative phytochemical screen-
ing according to standard methods.12, 13

TEST FOR ALKALOIDS

Thoroughly ground material (2 g) was treated in a 
test tube with 10 ml of 1% HCl for 30 min in a water 

bath. The suspension was filtered through cotton 
into test tube and was divided into two parts and to 
one part of the solution five drops of Dragendorff ’s 
reagent and to the other part five drops of Mayer’s 
reagent were added. If the alkaloids are present, the 
test with Dragendorff ’s reagent should form a yel-
lowish orange precipitate or a whitish opalescence 
with Mayer’s reagent.

TEST FOR SAPONINS

An aliquot of the extract in a 15 ml test tube was 
vigorously shaken for 2 min. The frothing which 
persists for 15 min was inspected for indication of 
the presence of saponins in the extracts. 

TEST FOR PHENOLS

A mixture of one ml 1% FeCl3 and one ml of 1% 
K3Fe(CN)6 was prepared immediately before this 
test. Then, to two ml of filtered solution of the 
aqueous macerate of plant material, three drops of a 
mixture of 1% FeCl3 and 1% K3Fe(CN)6 were added. 
The final solution should form a green blue colour 
if it contains phenolic compounds. 

TEST FOR FLAVONOIDS

The dried 80% methanolic extract (100 mg) was 
dissolved in a mixture of methanol and water. To 
2 ml of the extract solution, three to five drops of 
2% lead acetate solution were added. Then, it was 
observed whether it develops yellow or orange 
colour which indicates the presence of flavonoids. 

TEST FOR TANNINS

The 80% methanol extract (3 g) was heated in a 
test tube with 10 ml of distilled water on a water 
bath for five minutes. After cooling, the solution 
was filtered through filter paper and 5 ml of 2% 
sodium chloride was added to the clear filtrate. 
The suspension was filtered (Whatman No. 1)
and five ml of 1% gelatin was added to the clear 
filtrate. Then, the filtrate was observed whether it 
gives a precipitate which disappears upon addition 
of excess gelatin solution indicating the presence 
of tannins. 

TEST FOR TERPENOIDS

Five milliliter of plant extract was mixed in 2 ml of 
chloroform followed by the careful addition of 3 ml 
concentrated (H2SO4). A layer of the eddish brown 
colouration formed at the interface indicates a pos-
itive result for the presence of terpenoids. 
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TEST FOR STEROIDS

The concentrated residue was dissolved in chloro-
form and treated with 3 drops of solutions of cold 
mixture of concentrated sulphuric acid and 1 ml of 
acetic anhydride. The formation of rose color (red-
dish brown) that changes to greenish blue indicates 
the presence of steroidal compounds.

Preliminary Acute Toxicity Test 
The acute toxicity median lethal dose (LD50) of the 
extract was estimated p.o. in Swiss albino mice follow-
ing the 2008 Organization for Economic Co-operation 
and Development (OECD) guideline.14

Accordingly, a limit test was done at 2000 mg/kg 
using a total of three mice with each mouse given 
the extract sequentially in 48 hr. The mice were 
carefully observed for a total of 15 days for any 
change in body weight (weekly), changes in skin 
and fur, lacrimation, salivation, diarrhea, lethargy, 
sleep, coma and death.

Grouping and Dosing of Animals
Animals were divided into a negative control, a 
positive control and three test groups of six animals 
each. The negative control received 1% tween 80 and 
the positive control received loperamide (5 mg/kg) 
and the test groups received orally different doses 
of the 80% methanolic seed extract of S. bicolor 
(100, 200 and 400 mg/kg body weight). Doses were 
determined based on the acute toxicity studies as 
per OECD guidelines 425.14 After having consid-
ered the safety of the plant, 1/10th of the maximum 
dose (2000 mg/kg) was considered as a middle dose. 
Half and double of the middle dose was selected and 
considered as low and high doses, respectively

Castor oil-induced diarrhea 
This test was conducted according to the method 
described by Awounters et al with some modifica-
tions.15 Thirty albino mice of either sex weighing 
20-25 g were divided in to five groups of six animals 
each. They were fasted for 18 hours before com-
mencing the experiment but allowed free access 
to water. Group 1 were treated with 1% tween 80 
(10  ml/kg body weight) and Group 2 with loper-
amide (5 mg/kg) via orally. The 3rd, 4th, and 5th 
groups respectively were treated with 100 mg/kg, 
200 mg/kg and 400 mg/kg doses of the crude 80% 
methanolic extract of S. bicolor. After 30 minutes, 
the animals of each group were treated with 1 ml of 
castor oil orally. The animals were then placed on 
individual cages over clean Whatman filter paper 
which was changed every hour. Diarrhoea (wet, 
unformed stool) was assessed for 4 hrs and the 
result was expressed using the following formula.

%Inhibition of diarrhea =(Nc – Nt) / Nc × 100 

Where, Nc = Mean number of wet defecation in 
control group, Nt = Mean number of wet defecation 
in test group

Castor oil-induced enteropooling
This test was conducted according to the method 
described by Robert et al with some modifications.16  
Thirty albino mice of either sex weighing 20-25  g 
were divided in to five groups of six animals each. 
They were fasted for 18 hours before commencing the 
experiment but allowed free access to water. Group 1 
were treated with 1% tween 80 (10 ml/kg body weight) 
and Group 2 with loperamide (5 mg/kg) via orally. 
The 3rd, 4th, and 5th groups respectively were treated 
with 100 mg/kg, 200 mg/kg and 400 mg/kg doses of 
the crude 80% methanolic extract of S. bicolor. After 
30 minutes, the animals of each group were treated 
with 1 ml of castor oil orally and then thirty minutes 
later each mouse was sacrificed and the whole length 
of the intestine from pylorus to caecum was removed 
immediately and intestinal fluid was collected into 
pre-weighed test tubes for weight determination. The 
percentage inhibition of fluid accumulation was cal-
culated as follows.

% Inhibition of diarrhea = (Wc – Wt)/ Wc × 100 

Where: Wc = Mean weight of intestinal fluid in 
control group Wt = Mean weight of intestinal fluid 
in the test group

Castor oil- induced intestinal transit in mice
This test was conducted according to the method 
described by Mascolo et al.17 with some modifi-
cations. Thirty albino mice of either sex weighing 
20-25 g were divided in to five groups of six animals 
each. They were fasted for 24 hrs before commenc-
ing the experiment but allowed free access to water. 
Group 1 were treated with 1% tween 80 (10 ml/kg 
body weight) and Group 2 with loperamide (5 mg/kg)  
via orally. The 3rd, 4th, and 5th groups respectively 
were treated with 100 mg/kg, 200 mg/kg and 
400  mg/kg doses of the crude 80% methanolic 
extract of S. bicolor 1 hour before the administra-
tion of castor oil. Then 1 ml of charcoal meal (3% 
deactivated charcoal in normal saline) was admin-
istered orally 1 hour after the castor oil treatment. 
Then each mouse was sacrificed 1 hour later with 
an ether anesthesia and the small intestine was 
immediately isolated. The percentage distance of 
the small intestine, from the pylorus to the caecum, 
travelled by the charcoal plug was determined based 
on the distance travelled by charcoal in reference to 
total intestinal length. The percentage inhibition of 
intestinal transit was calculated as follows.

%Inhibition of intestinal transit = �(%Tc –%Tt)/ 
%Tc × 100
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Where: %Tc = Mean percent of intestinal 
distance travelled by charcoal in control group, 
%Tt = Mean percent of intestinal distance travelled 
by charcoal in test group.

Statistical analysis
Results were expressed as mean + SEM. The sig-
nificance of differences between the control and 
treated groups were analyzed using one-way 
ANOVA followed by Tukey’s post hoc test. P 
value less than 0.05 were considered statistically 
significant.

Ethical clearance
The animals were handled according to the inter-
national animal care and welfare guideline18 and an 
ethical clearance was taken from research and ethics 
review committee of Department of Pharmacology, 
University of Gondar.

RESULTS

The 80% methanolic crude extract of the seeds of 
Sorghum bicolor was dark red, hygroscopic semi-
solid at room temperature with a percentage yield 
of 1.67% (w/w).

Phytochemical screening
Phytochemical analysis of the crude extract gave 
positive reaction for each of the following second-
ary metabolites: phenols, flavonoids, tannins, ter-
penoids, and steroids. (Table 1)

Acute toxicity test 
There was no any mortality, behavioral, neurolog-
ical or physical changes characterized by symp-
toms such as reduced motor activity, restlessness, 
convulsions, coma, diarrhea and lacrimation at 
the limit dose of 2000 mg/kg of the crude extract 
during the two weeks observation period. This 
signifed that the LD50 of the 80% methanolic 

crude extract of seeds of S. bicolor is greater than 
2000 mg/kg.

Effect of S. bicolor against castor oil-induced 
diarrhea 
When compared to the negative control, the crude 
extract administered orally exhibited very signifi-
cant anti-diarrheal effect against castor oil induced 
diarrhea in the mice as shown in Table 2. The delay 
in onset of diarrhea as well as the decrease in num-
ber of wet feces as well as both dry and wet faces 
induced by extract treatment at all test doses were 
very significant (P  < 0.01). The percent diarrheal 
inhibition was highest (68.55%) for the 400 mg/kg 
extract dose. The standard drug, loperamide (5 mg/
kg), also significantly (P  < 0.01) inhibited diarrhea 
in all the above parameters. (Figure 1)

Effect of S. bicolor against castor oil induced 
enteropooling
Treatment with the extract significantly decreased 
intestinal fluid weight (g) at all test doses but it 
was very significant (P  < 0.01) with the two higher 
doses. The percentage reductions of castor oil 
induced enteropooling by the extract was dose 
dependent and it was highest (39.77%) for the 
400 mg/kg dose while that of loperamide (5 mg/kg) 
was 64.77%. (Table 3, Figure 2)

Table 1  �Results of phytochemical screening of methanolic seed 
extract of Sorghum bicolor L

Serial number Tests Extract

1 phenols +
2 Saponins _
3 Alkaloids _
4 Flavonoids +
5 Tannins +
6 Terpenoids +
7 Sterols +

(+) = Present, (-) = Absent

Figure 1 � Percentage inhibition against castor oil 
induced diarrhea by methanolic extract 
of seeds of S. bicolor L. (P < 0.01 for all 
treatment groups)

Figure 2 � Percentage inhibition against castor oil 
induced enteropooling by methanolic 
extract of seeds of S. bicolor L.
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Effect of S. bicolor on castor oil induced 
gastrointestinal motility
The extract demonstrated a dose dependent slow-
ing of the propulsion of charcoal meal through the 
gastrointestinal tract but only the 200  mg/kg and 
400  mg/kg extract doses did so very significantly 
(P  < 0.01) when compare to the control group as 
shown in Table 4 and Figure 3.

DISCUSSION

This study was carried out to evaluate the antidi-
arrheal activity of the seeds of Sorghum bicolor in 
experimentally induced acute diarrhea in mice. 
The seeds of sorghum bicolor have been used for 
treating diahrrea by the local community despite 
the absence of any scientific validation for its safety 
and efficacy.7, 8 However, it is evidenced to have anti-
microbial activity against S.auerus and E. coli.10 The 
80% methanolic solvent employed in this study was 
based on its good ability to extract a wide variety of 
polar and moderately polar compounds.19 

Diarrhea is usually considered a result of altered 
motility and fluid accumulation within the intesti-
nal tract and thus many antidiarrheal agents act by 
reducing the gastrointestinal motility and / or the 
secretions.20 In relation to this, the antidiarrheal 
activities of several plants have been validated by 
screening their activity on the gastrointestinal 
motility and its secretions.21 

The induction of diarrhea by castor oil is recom-
mended for study of the anti-secretory and antimo-
tility potential of medicinal plants.1

The present study demonstrated that S. bicolor, 
especially at the 200  mg/kg and 400  mg/kg doses, 
had very significant antidiarrheal activity in cas-
tor oil induced diarrhea, enteropooling as well as 
intestinal transit models validating the antidiarheal 
traditional use of the plant. Castor oil or its active 
principle recinolic acid induces diarrhea because 
of increased peristaltic activity and changes in 
electrolyte permeability of the intestinal membrane 
through elevated prostaglandin biosynthesis and 
release. It decreases fluid absorption, increases 
secretion in the small intestine and colon. In 
addition inhibitors of prostaglandin biosynthesis 
delay castor oilinduced diarrhea.15 Thus the results 
in the present study suggest that S. bicolor extract 
may possess antisecretory activity. It may also 
possess in  vivo spasmolytic activity and increased 
the reabsorption of sodium chloride and water by 

Figure 3 � Percentage inhibition against gastroin-
testinal motility by methanolic extract 
of seeds of S. bicolor L.

Table 2  �Effect of S. bicolor extract against castor oil induced 
diarrhea

Treatment
Onset of 
diarrhea 
(minutes)

Number of 
wet feces

number of 
wet and dry 

feces

Percent of 
inhibition

1% Tween 80 
10 mg/kg

26.00±0.52 10.83±0.31 13.5±0.5 -

Loperamide 
5 mg/kg

57.00±0.82** 2.00±0.00** 5.33±0.21** 81.53

S. bicolor 
100 mg/kg

36.83±0.31** 5.33±0.21** 8.33±0.21** 50.78

S. bicolor 
200 mg/kg

42.5±0.43 ** 5.33±0.21** 7.83±0.31** 50.78

S. bicolor 
400 mg/kg

45±3.64** 4.50±0.22** 7.33±0.33** 68.55

Values are expressed as mean ± SEM (n=6); ** = P  < 0.01, Very significant compared with –ve 
control; * = P  < 0.05, Significant compared with –ve control

Table 3  �Effect of S. bicolor extract against castor oil induced 
enteropooling

Treatment Weight of  
intestinal fluid (g) Percent inhibition

1% Tween 80 10 mg/kg 0.88±0.09 -
Loperamide 5 mg/kg 0.31±0.02** 64.77
S. bicolor 100 mg/kg 0.61±0.08* 30.68
S. bicolor 200 mg/kg 0.55±0.035** 37.5
S. bicolor 400 mg/kg 0.53±0.02** 39.77

Values are expressed as mean ± SEM (n=6); ** = P  < 0.01, Very significant compared with –ve 
control; * = P  < 0.05, Significant compared with –ve control, 

Table 4  �Effect of S. bicolor extract on intestinal transit of charcoal 
meal in mice

Treatment % traverse by  
charcoal meal Percent inhibition

1% Tween 80 10 mg/kg 47.5±3.71 -
Loperamide 5 mg/kg 20.83±2.45** 56.15

S. bicolor 100 mg/kg 34.5±3.2ns 27.36

S. bicolor 200 mg/kg 28.66±2.46** 39.66

S. bicolor 400 mg/kg 27.75±1.73** 41.58

Values are expressed as mean ± SEM (n=6); ** = P < 0.01, Very significant compared with –ve 
control; ns = P  > 0.05, Non significant compared with –ve control 
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decreasing intestinal motility as observed by the 
decrease in intestinal transit by charcoal meal.

The highest antidiarrheal activity of the largest 
dose of the extract in the present study is in line 
with similar studies on other plants.22

The standard drug, Loperamide, demonstrated 
the highest and very significant (p < 0.01) antidiar-
heal effects in all parameters used in the castor oil 
models. This drug exerts its antidiarrheal activity 
by mechanisms including slowing down intestinal 
motility and anti secretory properties.23 Earlier 
studies have reported that antimotility and anti
diarrheal properties of medicinal plants are due to 
tannins, alkaloids, saponins, and sterols.24 

The antidiarrheal activity of flavonoids has been 
ascribed to their ability to inhibit intestinal motility 
and hydro-electrolytic secretions.25, 26

Tannins denature proteins in the intestinal 
mucosa by forming protein tannates which make 
intestinal mucosa more resistant to chemical alter-
ation and reduce secretion.27

Therefore the antidiarheal activity of S. bicolor 
in the present study might arise from phenols, fla-
vonoids, tannins, terpenoids and sterols alone or 
in combination. Moreover, the acute toxicity study 
revealed the safety of the extract at the limit dose 
of 2000 mg/kg in mice via oral ingestion. Therefore 
the LD50 value of the extract of the plant is deter-
mined to be above 2000 mg/kg which indicates 
that the seeds of the plant can be safely ingested 
orally. 

CONCLUSION

This study demonstrated that the seeds of Sorghum 
bicolor contains pharmacologically active sub-
stances effective for management of diarrhea. Thus 
it validated the antidiarrheal use of the seeds in the 
traditional medicine system. Inhibition of motility 
and secretion of the gastrointestinal tract may partly 
be the mechanisms by which the extract is acting. 
Therefore, the seeds of this plant are a potential 
candidate to answer the quest for novel antidiarheal 
agents. We suggest further investigation for isola-
tion, identification and characterization of different 
active compounds from the seeds and for elucidat-
ing their mode of antidiarrheal action. 
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