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Abstract

Dialium guineense leaves have been traditionally used for the treatment of diarrhoeal diseases in Nigeria. The study was
conducted to evaluate the anti-diarrhoeal and gastrointestinal motility slowing effects of the ethanol leaf extract of D.
guineense in Wistar rats. The anti-diarrhoeal and gastrointestinal motility slowing effects of the ethanol leaf extract of
D. guineense were evaluated using castor oil-induced diarrhoeal model, charcoal meal, and anti-enteropooling tests in
Wistar rats. The test groups received various doses (100, 200, and 400 mg/kg) of the extract whereas positive controls
received Loperamide (4 mg/kg) or Atropine (5 mg/kg) and negative controls received Normal Saline (10 ml/kg). The
phytochemical screening as well as the acute toxicity test of the extract was also performed. The extract produced a
dose-dependent significant reduction in the watery nature and frequency of fecal droppings in the castor oil-induced
diarrhea. On gastrointestinal transit time and enteropooling, the extract also dose-dependently reduced the small
intestinal transit of charcoal meal and intestinal fluid volume in a manner comparable to 5 mg/kg of atropine sulphate
and 4 mg/kg of loperamide. The acute toxicity study on the extract revealed an oral LD50 value greater than 5000 mg/kg
in mice. The phytochemical constituents detected in the extract were tannins, phenols, resin, alkaloids, saponins,
terpenoids, and glycosides. The findings from this study showed that the ethanol leaf extract of D. guineense possesses
anti-diarrhoeal properties and thus supports the traditional application of the leaf extract in the treatment of diarrhea
in Nigeria.
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1. Introduction

Globally, there are nearly 1.7 billion cases of childhood diarrheal disease every year. It is the second leading cause of
death in children under five years old, accounting for the death of 525 000 children every year. Children under three
years old experience on average three episodes of diarrhea every year in low-income countries [1]. The prevalence of
childhood diarrhea in Nigeria is 10% [2].

Diarrhoeal illness in early childhood may be associated with long-term adverse cognitive effects and decreased work
productivity later in life [3]. Key measures to treat diarrhea in children include rehydration with intravenous fluids in
case of severe dehydration, oral rehydration salt (ORS) solution for moderate or no dehydration, and zinc supplements
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to reduce the duration of a diarrhea episode and stool volume [2]. Other measures are traditional remedies, behavioral
change communication evaluation as well as prevention approaches by World Health Organization [4]. Despite these
measures, diarrhoeal disease remains a big public health challenge in developing countries like Nigeria [5]. Therefore,
it becomes very important to identify and evaluate commonly available natural drugs as alternatives to currently used
anti-diarrhoeal drugs which are not completely free from adverse effects.

Dialium guineense, also known as Velvet tamarind or black velvet is a genus of a legume belonging to the family of
fabaceae and sub-family of caesalpinioideae. The genus Dialium comprises five species in West Africa but Dialium
guineense, Dialium dinklagel, Dialium packyphylum are represented in Nigeria [6]. The plant is widespread in Nigeria. It
is commonly known as “icheku” among the Igbo in the Eastern part of Nigeria, as “awin” among the Yoruba in

the western part of Nigeria and as “tsamiyarkurm” among the Hausa in the northern part of Nigeria [7]. The leaves and
stem bark are used as folklore remedies for the treatment of infections and other ailments such as diarrhoea, severe
cough, bronchitis, wound stomach ache, malaria fever, jaundice, peptic ulcer disease, haemorrhoids and prevention of
cancer [8]. Ogu and Amiebenomo, 2012 [9] demonstrated that Dialium guineense stem bark extract possessed anti-
diarrhoeal activity in vitro.

The present study was undertaken to investigate the anti-diarrhoeal effect of the ethanol leaf extract of Dialium
guineense in Wistar rats.

2. Material and methods

2.1. Collection and Identification of Plant Material

Fresh leaves of Dialium guineense were harvested from a farm in Ezza North LGA of Ebonyi State, Nigeria. The plant
material was identified and authenticated by Mr. Chijioke Onyeukwu of the department of Plant Science and
Biotechnology, University of Nigeria, Nsukka, Nigeria where a voucher specimen (No UNH.111) was deposited in the
herbarium for reference.

2.2. Extraction of the Plant Material

The leaves were washed, air-dried, and pulverized to a coarse powder. The coarse powder (600g) of D. guineense was
soaked in 1.5L of ethanol for 48 h at room temperature. The extract was obtained by filtration followed by evaporation
of the solvent on the organ bath at a reduced temperature (45°C). The recovered extract was stored in an airtight
container and used for the study.

2.3. Phytochemical Analysis

The phytochemical screening of ethanol extract of D. guineense leaf was carried out to determine the presence of the
following compounds; alkaloids, glycosides, phenols, resins, saponins, flavonoids, steroids, tannins, terpenoids,
carbohydartes, proteins, fats and oil using standard procedures by Mukherjee (2006) as well as Oloyede (2005) [10],
[11].

2.4. Experimental Animals

Wistar albino rats (180-200 g) of both sexes were obtained from the Animal Unit, Faculty of Medicine, Ebonyi State
University, Abakaliki, Nigeria. They were kept in the animal house of the College of Health Sciences, Ebonyi State
University, Abakaliki. The rats were housed in clean plastic cages and cared for under a controlled temperature of 25
+1°C, 12 h light and 12 h dark cycle, and 60% humidity. They were fed on a standard diet and had free access to water.
The animals were handled according to the guidelines of the National Institute of Health Guide for the Care and Use of
Laboratory Animal [12].

2.5. Acute Toxicity Study of the Extract

The LDso of the leaf extract was tested to determine its safety following the method as described by Lorke (1983) method
[13]. The study was done in two phases. In the first phase, nine mice were randomized and divided into three groups of
three mice per cage. The mice in each group were orally administered with 10 mg/kg, 100 mg/kg, and 1000 mg/kg of
the leave extract respectively. The animals were observed in the first four hours and 24 hours for signs of toxicity such
as muscle paralysis, respiratory distress, hyperactivity, writhing, and mortality. This was followed by the second phase
in which 1600 mg/kg, 2900 mg/kg and 5000 mg/kg of the extract were administered to the other three groups with
three mice per cage. The signs of toxicity and mortality were observed for 24 h, 48 h, and 72 h.
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2.6. Induction of Diarrhoea with Castor 0il

The method described by Akuodor et al. [14] was employed to demonstrate the effect of the extract on castor oil-induced
diarrhea models in rats. Twenty rats that fasted for 24 h with access to water were randomized into four groups of five
rats each. Group 1 which served as the negative control received 10 ml/kg of normal saline. Group 2 was administered
4 mg/kg of loperamide (standard drug) as positive control while 3, 4, and 5 were administered 100, 200, and 400 mg/kg
of the extract orally. At 30 minutes after the treatment, rat in all the groups was administered 1 ml castor oil orally to
induce diarrhea. The rat in each group was placed in a separate cage with adsorbent paper lined on the floor. The
diarrhea episode was observed for 4 h and the total number of diarrhea (drops) was recorded and compared with the
controls. The percentage (%) inhibition of diarrhea was calculated following the formula [15].

% inhibition of defecation = (A-B) x 100

Where A is the mean number of defecation caused by castor oil and B is the mean number of defecation caused by drug
or extract.

2.7. Intestinal Transit Test

The effect of the extract on gastrointestinal transit or motility was evaluated according to the method described by
Akuodor et al. [16]. Twenty rats were randomly divided into four groups of five rats each. They were fasted for 24 h
before the test with free access to water. Group 1 which served as a negative control was treated with 10 ml/kg normal
saline. Group 2 which served as a positive control was given 5 mg/kg of atropine sulphate (standard drug) while 3, 4,
and 5 received 100, 200 and 400 mg/kg of ethanol leaf extract of D. guineense orally respectively. Thirty minutes after
this drug administration, 1 ml of marker-charcoal meal (5% deactivated charcoal suspension in 10% tragacanth) was
administered orally to all rats. At 30 minutes after charcoal meal administration, all the animals were sacrificed. The
small intestine of each animal was excised and the distance travelled by the charcoal meal was expressed as a percentage
of the length of the small intestine according to the expression.

% inhibition = Mean length of intestine - mean distance travelled by meal < 100
o tiibrtion = Mean length of intestine

2.8. Castor Oil-Induced Enteropooling

The effect of ethanol leaf extract of D. guineense on intestinal fluid accumulation or castor oil-induced enteropooling in
rats was done according to the method of Akuodor et al. [14]. Twenty rats were randomly divided into four groups of
five rats each. Group 1 which served as negative control received 10 ml/kg normal saline, while Groups 2 serving as a
positive control was administered 4mg/kg of loperamide (standard drug), 3, 4, and 5 received 100, 200 and 400mg/kg
of the extract, respectively. All were administered orally. Immediately after this administration, 1 ml of castor oil was
administered orally to all the rats. After 30 minutes, all the rats were sacrificed. The small intestine was excised and the
intestinal contents were milked quantitatively into a measuring cylinder to obtain the volume and mass of the intestinal
content was determined by using the formula [15].

. . . . Control test extract
% inhibition of intestinal fluid = Control x 100

2.9. Statistical Analysis

Data were expressed as the mean #* standard error of the mean (SEM) of five determinations. The significance of the
difference between means was determined using a one-way analysis of variance (ANOVA) followed by Dunnetts’s post
hoc test [17]. Statistical significance was established at p < 0.05.

3. Results

3.1. Phytochemical Screening

Phytochemical screening of the extract revealed the presence of alkaloids, glycosides, phenols, resins, saponins, tannins,
terpenoids, carbohydrates and proteins while flavonoids, steroids, fats, and oils were not detected (Table 1).

3.2. Acute Toxicity Test
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There was no mortality observed upon oral administration of the ethanol leaf extract of D. guineense in mice, even at
doses as high as 5000 mg/kg. The ethanol leaf extract did not produce any clinical signs of toxicity in mice during 72h
observation period. Hence the LDso in mice was considered to be greater than 5000 mg/kg.

3.3. Effect of the ethanol extract on Castor Oil-Induced Diarrhoea

The ethanol leaf extract at 100 mg/kg, 200 mg/kg and 400 mg/kg produced a dose-dependent and significant (p<0.05)
protection of rats against castor oil-induced diarrhea which led to the decreased number of feces. Loperamide a
standard anti-diarrhea drug produced a higher inhibitory effect than the highest dose of D. guineense (400 mg/kg) used
(Table 2).

3.4. Effect of the ethanol extract on intestinal transit

Administration of the extract produced dose-dependent and significantly (p<0.05) slowed the propulsive movement
and transit of charcoal meal. The atropine sulphate at 5 mg/kg showed a more anti-motility effect than 400 mg/kg of
the extract used.

3.5. Anti-enteropooling effect

The ethanol leaf extract dose-dependently and significantly (p<0.05) decreased the masses and volumes of intestinal
fluid with corresponding increases in inhibition of the intestinal fluid content - induced enteropooling model. The
intestinal fluids of the animals pre-treated with the ethanol leaf extract of D. guineense and loperamide were found to
be more viscous than those of rats treated with distilled water.

Table 1 The phytochemical constituents of ethanol leaf extract of Dialium guineense

Metabolites Relative Presence
Alkaloids +
Glycosides ++
Phenols +++
Resins ++
Saponins ++
Tannins ++
Terpenoids ++
Carbohydrates +++
Proteins +++
Flavonoids -
Steroids -
Fats and Qil -

Key: + =Present in low quantity; ++ = Present in moderate quantity; +++ = Present in large quantity; - = absent

Table 2 The effect of ethanol leaf extract of D. Guineese on Castor oil-Induced diarrhea in rats

Drug Dosage (mg/kg) | Diarrhea episodein4h | % Protection
Distilled water 10ml/kg 10.00+1.08 -
Loperamide 6 0.25£0.25 98P

D. guineense 100 5.75£1.55 43

D. guineense 200 5.00+0.71 502

D. guineense 400 4.50+1.50 55a

Values are mean + SEM (n=4) 2Significantly different from control at p < 0.05; bSignificantly different from control at p < 0.01
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Table 3 The effect of ethanol leaf extract of D. guineese on intestinal transit time in rats

Drugs Dosage Intestinal Distance travelled by | %
(mg/kg) length (cm) charcoal meal (cm) Inhibition

Distilled water 10ml/kg 78.50+3.66 65.00+4.62 -

Atropine 5 82.00+0.0 11.00+2.25 83b

D. guineense 100 92.25+2.95 31.50+£5.90 52a

D. guineense 200 94.00+5.02 29.50+3.56 55a

D. guineense 400 84.00+5.34 24.63+7.42 632

Values are mean * SEM (n=4) 2Significantly different from control at p < 0.05; bSignificantly different from control at p < 0.01

Table 4 The effect of ethanol leaf extract of D. Guineese on castor oil induced intestinal fluid accumulation in rats

Drugs Dosage (mg/kg) | Volume of intestinal contents (ml) | % inhibition of secretion
Distilled water 10mg/kg 1.70+0.44 _

Loperamide 6 0.15+0.17 91b

D. guineense 100 0.63+0.1 632

D. guineense 200 0.38+0.06 78b

D. guineense 400 0.25+0.03 85b

Values are mean + SEM (n=4) aSignificantly different from control at p < 0.05; bSignificantly different from control at p < 0.01.

4. Discussion

The phytochemical analysis of the ethanol leaf extract of D. guineense revealed the presence of alkaloids, proteins,
carbohydrates, glycosides, phenols, resins, saponins, tannins and terpenoids which shows that the plant is of high
pharmacological importance. Earlier studies showed that anti-diarrhoeal properties of medicinal plants were due to
tannins, alkaloids, saponins, flavonoids, steroids, and terpenoids [18], [19]. These constituents have been reported to
possess anti-diarrhoeal activity through the inhibition of intestinal motility, anti-secretory effect, and anti-microbial
action [20].

The ethanol leaf extract of D. guineense did not cause any mortality or showed any visible signs of toxicity in the animals
even up to 5000 mg/kg. This shows that D. guineense is a relatively non-toxic substance and may be responsible for its
widespread use in different ethno-therapeutic interventions. Thus it can safely be used as a pharmacological agent
especially in the treatment of diarrhoeal diseases in children.

The leaf extract showed significant activity in reducing the frequency of castor oil-induced diarrhea which is comparable
to that of the standard anti-diarrhoeal drug, loperamide. Castor oil causes diarrhea through inhibition of intestinal
Na*K+*ATPase activity which reduces normal fluid absorption, activation of adenylate cyclase mediated active secretion,
stimulation of prostaglandin secretion, and nitric oxide [21], [22]. Inhibitors of prostaglandin biosythensis delay castor
oil-induced diarrhea [23], [24]. Loperamide can antagonize diarrhea caused by castor oil, through its anti-motility, anti-
secretory activities, and inhibitory effect on prostaglandin. It is most likely that the extract may share a similar
mechanism of action with loperamide. This finding agrees with observations made by other researchers [9], [25].

Also, the oral administration of leaf extract of D. guineense significantly reduced gastrointestinal propulsion as observed
by the decrease in transit motility of charcoal meal. This activity is comparable to that of atropine which was used as a
reference drug and which is known to reduce intestinal motility through its anticholinergic effect [26]. This observation
suggests the ability of the plant to alter the normal peristaltic movement in the intestine leading to a decrease in the
movement of intestinal contents thus allowing greater for absorption. It is also possible that flavonoids present in the
extract may have contributed to the antidiarrheal effect through its ability to inhibit intestinal motility and hydro-
electrolytic secretion [24]. This finding is in line with the reports of other researchers [9], [25].
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In the fluid accumulation study, the leaf extract dose-dependently and significantly reduced the volume of the rat
intestinal contents. This activity may promote reabsorption of material in the intestines thus leading to the prevention
or cure of diarrhea when present. This observation is comparable to a similar report which has established the anti-
enteropooling effect of the plant [9], [25]

5. Conclusion

The result of this investigation indicated that the ethanol leaf extract of D. guineense has significant anti-diarrhoeal, anti-
motility, and anti-enteropooling effects. This validates its folk use in the treatment of diarrhea. Further studies are
required to evaluate the exact mechanism of action of this plant and possibly to determine the active compound
responsible for the observed anti-diarrhoeal activity.
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