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Laxative Activities of 80% Methanolic
Extract of the Leaves of Grewia ferruginea
Hochst Ex A Rich in Mice
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and Assefa Belay Asrie, MSc2

Abstract
Background. There are numerous medicinal plants including the leaves of Grewia ferruginea used as traditional medicine for the
treatment of constipation. This study was conducted to evaluate the laxative activity of the leaves of G ferruginea. Methods. The
laxative activity of the leaves of G ferruginea was tested using 3 models: laxative activity, gastrointestinal motility, and gastro-
intestinal secretion tests. The effect of the plant extract on mean number of feces, fecal water content, ratio of intestinal distance
traveled by the charcoal meal and intestinal fluid accumulation were evaluated and analyzed. Results. Significant increase was
observed in the mean weight of wet fecal matter at 200 (1.00 + 0.03 g, P < .05) and 400 mg/kg (1.01 + 0.02 g, P < .01), relative to
loperamide constipated negative control group. Similarly, percent fecal water content was significantly improved in extract
treated groups at 100 mg/kg (52.10% + 2.04%, P < .05), 200 mg/kg (54.02% + 2.15%, P < .01), and 400 mg/kg (54.25% + 2.50%,
P < .01) compared with the negative control group. The gastroinestinal transit ratio was also significantly increased with 200 mg/kg
(P < .01) and 400 mg/kg (P < .001) of the extract relative to the constipated negative control. The crude extract showed significant
increase in intestinal fluid accumulation at 200 mg/kg (0.48 + 0.07 g, P < .05) and 400 mg/kg (0.51 + 0.08 g, P < .01) compared
with the negative control. Conclusion. The results of the present study indicated that 80% methanol extract of the leaves of
G ferruginea possessed significant laxative activity. As such, this study corroborates the traditional claim of using G ferruginea in
the treatment of constipation.
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Constipation is a common bowel problem with symptoms,

including difficulty or infrequent passage of stool, hardness

of stool or a feeling of incomplete stool evacuation and often

associated with pain.1,2 According to Rome III criteria, consti-

pation is diagnosed if loose stools rarely present and 2 or more

of the following symptoms are seen at least for 3 months:

straining, lumpy or hard stool, sensation of incomplete evacua-

tion, and anorectal obstruction or blockage of defecation and

need of manual maneuvers to facilitate in 25% or more of

defecation.3 Constipation can be classified into primary and

secondary depending on the cause. Primary causes are intrinsic

problems of colonic or anorectal function, whereas secondary

causes are related to disease or medications use.4

Constipation affects people of all ages, but persons 65 years

old or older are most affected. The occurrence of the disease

becomes frequent with advancing age, but it should not be

considered that it is necessarily a result of advancing age. A

systematic review conducted in 2011 reported that worldwide

prevalence rates of constipation ranging from 0.7% to 79%
among the older population.4-6 Another systematic review and

meta-analysis study showed that overall prevalence of chronic

idiopathic constipation (CIC) was 14% and higher in women

compared with men.7 A survey done in Canada indicated that
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the rate of constipation for women was close to twice of the rate

among men.5 A study in Ethiopia reported that 56% of patients

with acute abdominal pain showed symptom of constipation.8

Other similar studies in Ethiopia also revealed that the preva-

lence of constipation among chat chewers was found to be

48.6% to 80%.9,10

In most cases, constipation is a symptom of other under-

lying conditions, not a disease by itself. The possible causes

of constipation could be disease related like gastrointestinal

disorders, endocrine and metabolic disorders and neurological

disorders. Drugs having anticholinergic effect, antidepres-

sants, oral iron supplements, aluminum-containing com-

pounds, clonidine, calcium antagonists, and ganglionic

blockers, which reduce smooth muscle contractility, can also

cause constipation.11-13

Constipation is a predisposing factor to colorectal disorders

such as enlarged hemorrhoids and colorectal cancer.14 Chronic

constipation significantly compromises health-related quality

of life.15 Compared with the general population, patients of

constipation are generally with impaired quality of life. The

effect of constipation on quality of life is comparable with the

more recognized conditions such as osteoarthritis, osteoporo-

sis, and chronic allergies. So the physical consequences and

impact of constipation on quality of life should be given due

attention.6 The burden of chronic constipation also goes to a

loss in work productivity and affects employment and social

activities.16

Constipation can be managed by using nonpharmacologic

approaches and/or pharmacologic agents. The common non-

pharmacologic management includes dietary (fiber and ade-

quate fluid intake), life style modification, and surgery.17

Pharmacologic agents used in the treatment of constipation

include drugs such as laxatives, colonic secretagogues, opioid

antagonists, and serotonin receptor agonists.18-24 However,

studies showed that around 47% of patients are not satisfied

with their current constipation treatments reflecting reasons

for dissatisfaction such as efficacy related (less effective and

inconsistent results), adverse effects and cost concerns.25 As a

result, there are number of herbal alternative remedies used

for the treatment of constipation around the world. Some of

the medicinal plants that are traditionally used for the treat-

ment of constipation include Grewia ferruginea, Plantago

ovata (Psyllium), Agave americana, Medicago sativa, Aloe

vera, Prunus mallus, Coffea arabica, Cucumis sativus, Cassia

angustifolia, Linum usitatissimum, Rhamnus purshiana, and

Rhamnus frangula.26-30

According to World Health Organization estimation, about

80% of Africans depend on plant based traditional medicine for

their primary health care needs.31 A study showed that approx-

imately 80% of the population in Ethiopia depends on tradi-

tional medicines to treat different diseases, including

constipation.32 High percentages of useful drugs have been

found from plants used in traditional medicine by scientific

investigation; so it is a good approach to discover other useful

drugs from plants.33

The plant G ferruginea (genus: Grewia, family: Tiliaceae),

Lenquata in Amharic, is a wide spread shrub growing mainly in

river line forests and near lakes within altitude of 1300 to

2700 m above sea level.34,35 Ethnobotanical and experimental

studies on this plant indicated that it has many medicinal values

for humans and animals. It has been reported to be used in the

treatment of constipation, kidney infection, and intestinal para-

site infestation, and for worm expulsion and evacuation of

retained fetal membrane in traditional medicine. For instance,

the leaf part of G ferruginea was reported to be used in the

treatment of constipation.26,36-38 There are also other ethnobo-

tanical documentations showing that the plant is used as soap

for hair wash intending to treat dandruff and has antibacterial

and antifungal properties.39,40 Therefore, this study was con-

ducted to evaluate the laxative activity of the crude methanolic

leaf extract of G ferruginea and to validate the claimed activity

of the plant against constipation using scientific approaches.

The finding of this study may pave the way for further inves-

tigation on the nature of phytochemical constituents responsi-

ble for the laxative activity of the plant and the possible

mechanisms of action. The finding also can serve as scientific

evidence to the traditional healers for the use of the plant in

constipation.

Methods

Drugs and Chemicals

Methanol absolute (Loba Chemie), loperamide HCl (Macleods Phar-

maceuticals Ltd), castor oil (Amman Pharmaceutical Industries Co),

bisacodyl (Remedica), Tween 80 (Blulux Laboratories), and charcoal

(Lab Reagents) were the drugs/chemicals used in the study. Addition-

ally, the reagents used in phytochemical screening test included gla-

cial acetic acid (Blulux Laboratories), Mayer’s reagent (Research Lab

Fine Chemical Industries), ammonia (Loba Chemie), ferric chloride

(Fisher Scientific), sulfuric acid (HiMedia Laboratories), and benzene

(Blulux Laboratories).

The Plant Material

Fresh leaves and the aerial part of G ferruginea were collected from

Maraki area, North Gondar Zone, northwest Ethiopia in December

2016. Identification and authentication of the plant specimen was done

by a botanist at the Department of Biology, College of Natural

Sciences, University of Gondar. A voucher number (MY001) has been

deposited in Department of Biology, University of Gondar Herbarium

Unit for future reference.

Extraction of Plant Material

The leaves of the plant were cleaned by rinsing with tap water and

dried under shade at room temperature. After drying, the leaves were

crushed to coarse powder using mortar and pestle. Then 900 g of the

powder was macerated with 80% methanol in 100 g to 500 mL ratio.

The macerate was kept for 72 hours with occasional shaking. Then the

extract was filtered using Whatman filter paper (grade 3) and the marc

was remacerated and filtered 2 times with the same volume of solvent

in each round. The filtrate was concentrated using rotary evaporator

and freeze drier to remove methanol and aqueous parts of the solvent,
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respectively. Then the dried extract was weighed and transferred into

vials and kept in refrigerator until used. The extract was reconstituted

with 2% Tween 80 suspending agent for oral administration during the

experimental procedure.41

Experimental Animals

Swiss albino mice of either sex, weighing 20 to 30 g, were obtained

from the Animal House Unit of Ethiopian Health and Nutrition

Research Institute (EHNRI), Addis Ababa, Ethiopia. The mice were

housed in plastic cages under standard environmental conditions with

a 12-hour light and dark cycle. The animals were provided with the

standard food and water ad libitum. They were acclimatized to the

experimental environment for a period of 7 days before the beginning

of the experiment.42

Preliminary Phytochemical Screening Test

The crude extract of the leaves of G ferruginea was tested for the

presence of secondary metabolites such as alkaloids, glycosides, tan-

nins, flavonoids, steroids, terpenoids, anthraquinones, saponins, and

phenols using standard methods devised.43-46

Acute Oral Toxicity Test

An acute oral toxicity test was conducted, as per OECD 425 guideline,

using 2000 mg/kg body weight limit dose of the crude extract in

mice.47

Induction of Constipation

Loperamide, 5 mg/kg in 2% Tween 80 once daily, was given orally for

6 days to the mice to be included in constipated negative controls, test

groups, or constipated positive controls. The normal control group was

treated with 2% Tween 80, 10 mL/kg for the same duration. All

animals were allowed to access food and water ad libitum.48,49

Laxative Activity Test in Loperamide Constipated Mice

One group containing 5 mice was used as normal control. The con-

stipated mice were divided into 5 groups, each containing 5 mice and

assigned group numbers 2 to 6. Then all groups were treated once

daily for 5 days as follows.

Group 1 (normal control): received 10 mL/kg of 2% Tween 80

Group 2 (constipated negative control): received 10 mL/kg of 2%
Tween 80

Groups 3, 4, and 5 (test groups): received 100, 200, and

400 mg/kg of crude extract, respectively

Group 6 (constipated positive control): treated with 0.25 mg/kg of

bisacodyl

The mice were fasted overnight before they received the

fifth dose. Following administration of the fifth dose they were

kept in separate cages with nonabsorbable paper. Then fresh

fecal pellets/wet feces from individual mice were collected in a

2-hour interval over a 12-hour period and counted and

weighed. The fecal matter was then dried for 24 hours at room

temperature and reweighed to determine dry fecal weight. Then

percent fecal water content was calculated using the following

formula.49

% faecal water content ¼ Faecal weight before dried� Faecal weitht after dried

Faecal weight before dried

Gastrointestinal Motility Test in Loperamide Constipated
Mice

The mice were grouped and treated as described above for laxative

activity test in loperamide constipated mice. The mice were fasted for

12 hours prior to the fifth dose of Tween 80, the extract, or bisacodyl

while free access to water was allowed. After 40 minutes of the fifth

dose, each animal received 0.3 mL of freshly prepared 5% aqueous

suspension of charcoal meal orally. Then the animals were sacrificed

and the small intestine of each was dissected out from the pylorus to

caecum after 30 minutes of charcoal meal administration. The ratio of

distance traveled by the charcoal meal to the length of small intestine

was calculated for each animal as follows.50

GI transit ratio ð%Þ ¼ Distance travelled by charcoal meal

Total length of the small intestine
� 100

Gastrointestinal Secretion Test in Normal Mice

Twenty-five albino mice were fasted for 18 hours and grouped into 5

groups each containing 5 mice. Group 1 (negative control) was treated

with 2% Tween 80, 10 mL/kg while group 2 (positive control) was

given castor oil 0.5 mL per animal. Groups 3, 4, and 5 (test groups)

were given 100, 200, and 400 mg/kg of the crude extract, respectively.

After 1 hour of administration, all the animals were sacrificed, and the

small intestine of each mouse was cutout from the pylorus to the

cecum and weighed immediately. Thereafter, its content was removed

by milking and reweighed. Then the weight difference of small intes-

tine before and after milking was calculated for each animal.51

Statistical Analysis

SPSS version 20 was used for statistical analysis. The results were

expressed as mean + standard error of the mean (SEM). A difference

between groups compared was determined by 1-way analysis of

variance followed by post hoc Tukey’s multiple comparison test. At

P < .05, the difference between means was considered as statistically

significant.

Results

Phytochemical Screen Tests

The preliminary phytochemical screening test on the plant

extract determined the presence of phenols, flavonoids, ster-

oids, saponins, and tannins.

Acute Oral Toxicity

The animals given the limit dose, 2000 mg/kg, of the extract

showed no sign of toxicity except hunched posture, erected furs

and slight diarrhea during the first 4 hours. Furthermore, no

animal died in the 14-day follow up.
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Laxative Effect of the Crude Extract in Loperamide
Constipated Mice

Loperamide was used to induce constipation and it clearly

reduced number, weight, and water content of feces. G ferru-

ginea leaf methanolic extract reduced constipation induced by

loperamide and increased the number, weight, and water con-

tent of feces. The extract produced significant increase in the

mean weight of wet fecal matter at 200 mg/kg (1.00 + 0.03 g,

P < .05) and 400 mg/kg (1.01 + 0.02 g, P < .01) doses com-

pared with the negative control. Fecal water content was also

significantly improved in extract treated groups at 100 mg/kg

(52.10% + 2.04%, P < .05), 200 mg/kg (54.02% + 2.15%,

P < .01), and 400 mg/kg (54.25% + 2.50%, P < .01) compared

with the negative control group (41.77% + 1.57%). The most

significant increase in the wet fecal weight and fecal water

content was produced by bisacodyl relative to the negative

control. No significant change was produced in the weight of

dry fecal matter between groups (Table 1).

The Effect of the Crude Extract on Gastrointestinal
Motility in Loperamide Constipated Mice

The effect of G ferruginea leaf extract on gastrointestinal moti-

lity was evaluated by its effect on charcoal meal transit in the

small intestine of mice. The plant extract significantly (47.4 +
2.1 cm, P < .05) accelerated intestinal charcoal meal movement

at the dose of 400 mg/kg compared with the negative control

group. The gastrointestinal transit ratio was 65.01% + 2.27%,

74.29% + 1.31%, and 80.74% + 3.10% with 100, 200, and

400 mg/kg doses of the extract, respectively, while this

parameter was 59.98% + 1.71% for constipated control group.

The gastrointestinal transit ratio was significantly increased

with 200 mg/kg (P < .01) and 400 mg/kg (P < .001) of the

extract relative to the constipated control. The standard drug

(bisacodyl 0.25 mg/kg) most significantly increased the dis-

tance traveled by the charcoal meal and gastrointestinal transit

ratio relative to the constipated and normal controls and extract

treated groups (Table 2).

Gastrointestinal Secretion Effect of the Crude Extract
in Normal Mice

The crude extract showed significant increases in intestinal

fluid accumulation at 200 mg/kg (0.48 + 0.07 g, P < .05) and

400 mg/kg (0.51 + 0.08 g, P < .01) compared with the negative

control. These 2 doses of the extract produced more gastroin-

testinal fluid accumulation than 100 mg/kg (0.22 + 0.03 g).

Relatively highest mean gastrointestinal fluid accumulation

(0.53 + 0.07 g) was produced by castor oil and this was

significant compared with the negative control (P < .01) and

100 mg/kg crude extract treated groups (P < .05) (Figure 1).

Discussion

A published ethnobotanical study conducted in Ethiopia

reported that the leaf part of G ferruginea is traditionally used

in the treatment of constipation.26 This report was used as a

basis to carry out the present experimental work because there

were no earlier studies to support this traditional claim.

Accordingly, this study evaluated the laxative activity of

80% methanolic leaf extract of G ferruginea in Swiss albino

Table 1. Laxative Effect of Grewia ferruginea Methanol Extract in Loperamide-Induced Constipated Mice.*

Group (treated with) Dose No. of feces in 12 h Weight of wet feces Weight of dry feces % Fecal water content

Group 1 (2% Tween 80) 10 mL/kg 9.40 + 1.29b1 0.97 + 0.02b1 0.41 + 0.02 58.18 + 1.34b3

Group 2 (2% Tween 80) 10 mL/kg 3.80 + 0.80 0.76 + 0.04 0.44 + 0.03 41.77 + 1.57
Group 3 (extract) 100 mg/kg 7.80 + 0.86 0.83 + 0.04 0.40 + 0.03 52.10 + 2.04b

Group 4 (extract) 200 mg/kg 7.60 + 1.99 1.00 + 0.03b1 0.46 + 0.02 54.02 + 2.15b2

Group 5 (extract) 400 mg/kg 7.00 + 1.18 1.01 + 0.02 b2 0.46 + 0.02 54.25 + 2.50b2

Group 6 (bisacodyl) 0.25 mg/kg 9.00 + 1.00 1.09 + 0.09 b3c2 0.37 + 0.04 66.10 + 2.76b3c3d2e2

*Results expressed as mean + SEM (n¼ 5). 1P < .05, 2P < .01, 3P < .001, a: compared to group 1, b: compared to group 2, c: compared to group 3, d: compared to
group 4, e: compared to group 5. Group 1 and group 2 animals are normal and constipated controls, respectively, and treated groups are all constipated.

Table 2. Effect of Grewia ferruginea Methanol Extract on Gastrointestinal Transit in Loperamide-Induced Constipated Mice.*

Group Dose Distance traveled by charcoal (cm) Gastrointestinal transit ratio (%)

Group 1 (2% Tween 80) 10 mL/kg 46.0 + 1.2 74.68 + 1.31
Group 2 (2% Tween 80) 10 mL/kg 38.1 + 1.2 59.98 + 1.71
Group 3 (extract) 100 mg/kg 42.6 + 2.3 65.01 + 2.27
Group 4 (extract) 200 mg/kg 44.6 + 1.7 74.29 + 1.31b2

Group 5 (extract) 400 mg/kg 47.4 + 2.1b1 80.74 + 3.10b3c3

Group 6 (bisacodyl) 0.25 mg/kg 60.1 + 2.8a3b3c3d3e2 89.97 + 3.07a3b3c3d3

*Results expressed as mean + SEM (n¼ 5). 1P < .05, 2P < .01, 3P < .001, a: compared to group 1, b: compared to group 2, c: compared to group 3, d: compared to
group 4, e: compared to group 5. Group 1 and group 2 animals are normal and constipated controls, respectively, and treated groups are all constipated.
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mice using 3 models. The plant extract was evaluated for its

effect on the number of defecations and stool water content,

intestinal transit ratio, and intestinal fluid accumulation. The

laxative activity of several traditionally used plants was scien-

tifically validated through examining their activities in differ-

ent animal models. Measuring of stool parameters, intestinal

transit ratio, and intestinal fluid accumulation are the most

frequently used methods in evaluating laxative activity of med-

icinal plants. The methods used in this study were in accor-

dance with previously devised methods used in similar

studies.52-54

In this study, loperamide was used for induction of consti-

pation (except in intestinal fluid accumulation) because previ-

ous literatures indicated that the administration of 2 to 5 mg/kg

body weight of loperamide through oral or subcutaneous route

for 3 to 7 days can effectively induce constipation in

rodents.48,49,55-57 The mice treated with loperamide showed

decrease in frequency of defecation, weight of wet feces, and

fecal moisture content compared with nonconstipated (normal

control) group. These symptoms are manifestations of consti-

pation.58 So increments in these parameters by the plant extract

could be considered because of the laxative activity of the plant

extract counteracting the constipation induced by loperamide.

In loperamide-induced constipation model, the plant extract

produced a significant increase in the mean weight (at 200 and

400 mg/kg) and percent water content of feces (at all doses)

compared with the constipated control group. This might indi-

cate the laxative activity of the plant extract, that is, the reversal

of constipation produced by loperamide as a result of the treat-

ment by the plant extract. The most significant increase in

the wet fecal weight and fecal water content was produced

by bisacodyl. This may be due to lower concentrations of the

active principles responsible for the laxative activity of the

plant extract rather than efficacy problem. As can be seen in

Table 1, slight or significant increase in mean fecal weight and

fecal water content was observed with increasing dose of the

plant extract.

In the gastrointestinal motility test model, the extract was

able to increase intestinal motility as revealed by significant

increase in the intestinal length traveled by charcoal meal in the

highest dose of the extract. Furthermore, the results in this

model showed an increasing tendency of the stimulatory effect

on the gastrointestinal motility as the dose of the plant extract

increased. The significant increase in the gastrointestinal transit

ratio value by the middle (P < .01) and highest (P < .001) doses

of the extract compared with the constipated negative controls

could also indicate that the gastrointestinal motility was

increased by the plant extract in dose-dependent manner. An

increase in the intestinal motility decreases the stay of intestinal

contents in the intestine and this might significantly decrease

the time for absorption of water and electrolytes from the small

intestine. This may increase the fecal moisture content. The

significant increase in the fecal moisture content may in turn

attribute to the increase in intestinal motility and hence the

laxative activity of the plant extract.

The third model was done to investigate the effect of G

ferruginea extract on the small intestinal fluid accumulation.51

The effects of the middle and highest doses of the plant extract

on intestinal fluid accumulation were found to be comparable

to the effect of the standard drug, castor oil. Castor oil releases

active chemical, ricinoleic acid, on metabolism. Ricinoleic acid

increases intestinal fluid accumulation through mechanisms

such as inhibiting the enzyme Naþ, Kþ-ATPase, irritating

intestinal wall leading to prostaglandin release. It also directly

stimulates prostaglandin EP3 receptors. Through these activi-

ties, it increases gastrointestinal motility and electrolyte secre-

tion while decreasing intestinal electrolyte absorption.59,60 All

of these actions increase overall secretion of water and electro-

lytes into the bowel. Therefore, the significant increase in the

intestinal fluid accumulation by the middle and highest doses

of the plant extract may be via mechanisms mediating the

effect of ricinoleic acid released from castor oil. In addition,

laxative agents that increase water and electrolyte secretion in

the intestinal lumen act through facilitating activation or

expression of cystic fibrosis transmembrane conductance reg-

ulator or aquaporin.19,21 The positive effect of G ferruginea on

intestinal fluid accumulation could be also through this

mechanism.

In the present study, even though there was no significant

difference seen in the frequency of defecation, the crude

extract still could be considered having benefit in treating

constipation as statistically significant increases in fecal mass

and fecal water content were scored at least at the middle and

the highest doses compared to constipated control. Increasing

in the frequency of defecation alone cannot determine the

laxative activity of a given plant extract unless accompanied

by increasing fecal mass and moisture. This can be best

explained by the fact that some types of constipations are

characterized by hard and dry stool with a normal frequency
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Figure 1. Effect of Grewia ferruginea leaves crude extract on gastro-
intestinal secretion in normal mice. Results expressed as mean + SEM
(n ¼ 5). 1P < .05, 2P < .01, 3P < .001, a: compared to group 1, b:
compared to group 3, c: compared to group 4, d: compared to group
5. Group 1 (10 mL/kg of 2% Tween 80) and group 2 (0.5 mL of castor
oil per animal) animals are normal and positive controls, respectively.
Group 3, group 4, and group 5 animals received 100, 200, and
400 mg/kg of the plant extract, respectively.
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of defecation or small and incomplete evacuation with fre-

quent bowel movement. It has been also shown that constipa-

tion is more related to a condition of inability to evacuate

stool completely and easily in every toilet rather than to

decreasing in the number of bowel movements.4,61

The presence of phytochemicals like flavonoids, saponins,

tannins, sterols, terpenoids, alkaloids, phenolic compounds in

different plant extracts were reported to be responsible for

stimulant, laxative, and gastrointestinal propulsive activities

of the plants.62 Saponins have been reported to have smooth

muscle contraction effect.63 Some types of flavonoids like nar-

ingenin and apigenin shown to increase Cl� secretion in colo-

nic epithelia of loperamide induced constipated animals and

have a good laxative profile.64 Qualitative phytochemical

screening test on methanol extract of the leaves of G ferruginea

exhibited the presence of phenols, flavonoids, steroids, sapo-

nins, and tannins. Therefore, the laxative activity of the plant

extract may be attributed to the presence of some of these

chemical constituents.

Conclusion

The findings of the present study indicated that 80% methanol

extract of the leaves of G ferruginea possessed significant in

vivo laxative activity. The extract showed increasing of stool

weight and fecal water content, gastrointestinal motility, and

intestinal fluid accumulation in mice. Even though the specific

molecular mechanism of action remains undetermined, it could

be concluded that the general mechanism of actions may be

either by increasing gastrointestinal motility or secretion or

both. As such, the current study corroborates the traditional

claim of using G ferruginea in the treatment of constipation.
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