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Due to the shortcomings associated with modern synthetic antidiarrhoeal drugs, it is important to find
newer, safer and cheaper antidiarrhoeal agents from natural sources. The study was conducted to eval-
uate the anti-diarrhoeal activity of the fractions of the stem-bark of Terminalia avicennioides in laboratory
animal models. The effect of different concentrations (1.0 � 10�3, 2.0 � 10�3, 4.0 � 10�3 and
8.0 � 10�3 mg/mL) of the aqueous methanol (AMF), ethyl acetate (EAF) and hexane (HXF) fractions of
T. avicennioides were tested against spontaneous and acetylcholine-induced contractions of rabbit
jejunum as well as on histamine-induced contraction of guinea pig ileum. Similarly, the effects of the
AMF on gastro-intestinal transit time, castor oil-induced diarrhoea and castor oil-induced enteropooling
were evaluated. The AMF, EAF and HXF at concentrations of 1.0 � 10�3, 2.0 � 10�3, 4.0 � 10�3 and
8.0 � 10�3 mg/mL attenuated the contractile effects of both the spontaneous and acetylcholine-
induced contractions of rabbit jejunum and that of histamine-induced contraction of guinea pig ileum
in a concentration-dependent manner. The AMF at doses of 200, 300 and 500 mg/kg produced significant
(p < 0.05) reductions in gastrointestinal transit time of charcoal and incidence of castor oil-induced diar-
rhoea in mice relative to the untreated control. Similarly, at doses of 300 and 500 mg/kg, AMF signifi-
cantly (p < 0.05) reduced the weight and volume of intestinal fluid in the treated mice when compared
to the untreated animals. The results of this study showed that the stem-bark of T. avicennioides possesses
spasmolytic effect and could be a potential antidiarrhoeal agent. However, detailed pharmacological tri-
als are required to justify the clinical use of the plant for treating diarrhoea.

� 2017 Production and hosting by Elsevier B.V. on behalf of Faculty of Veterinary Medicine, Cairo
University. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction in developing countries rely on herbal drugs for the management
Diarrhoea is characterised by increased frequency of bowel, wet
stool and abdominal pains [1]. It is usually a symptom of an infec-
tion in the intestinal tract, which can be caused by a variety of bac-
terial, viral, parasitic organisms and other non-infectious causes.
[2]. The World Health Organisation (WHO) estimated that 3–5 bil-
lion cases of diarrhoea occur each year (1 billion in children less
than 5 years of age) [3]. Similarly, Ahmed et al. [4] reported that
diarrhoea is the foremost fatal outcome among children in Nigeria
under the age of five. Despite the availability of different
approaches for diarrhoeal management, vast majority of the people
of diarrhoea [5]. The use of modern drugs for treating diarrhoea
are usually associated with unwanted side effects (e.g. dry mouth
and urinary retention often observed with the use of antimus-
carinic drugs as atropine and headache, and nausea with calcium
channel blockers). The synthetic opioid drugs (diphenoxylate and
loperamide) cause severe constipation and may significantly slow
gastrointestinal transit and increase the absorption of bacterial
toxins in infectious diarrhoea [6]. Due to these shortcomings asso-
ciated with modern antidiarrhoeal drugs, it is important to find
newer, safer and cheaper antidiarrhoeal agents from natural
sources [7].

Terminalia avicennioides (Combretaceae) is found in the savan-
nah region of West Africa [8]. In Nigeria, the plant is locally called
‘‘baushe”, ‘‘Idi”, ‘‘kpace”, ‘‘kpayi” and ‘‘Edo” in Hausa, Yoruba, Nupe,
Gwari and Igbo languages, respectively [9,10]. Different parts of
the plant have been used traditionally to manage conditions such
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as gastric ulcer, gastro-intestinal disorders (diarrhoea), bloody
sputum, cough, and gastro-intestinal helminth parasites [11–13].
Evaluation of the antidiarrhoeal effects of this plant is an attempt
not only to validate the traditional claim but that is also hoped
to provide an alternative source for an effective treatment against
diarrhoea.

2. Materials and methods

2.1. Plant material

The stem-bark of T. avicennioides was obtained from the wild,
around Zaria, Nigeria. Samples of the flowers, leaves and seeds of
the plant were sent to the Herbarium, Department of Biological
Sciences, Ahmadu Bello University, Zaria, for identification. A vou-
cher specimen with number 900239 was deposited at the Herbar-
ium for reference purposes.

2.2. Experimental animals

Five adult New Zealand white rabbits weighing between 2.0 and
2.5 kg and 5 adult guinea pigs of 300 and 400 g weight were pur-
chased from a local market in Zaria. One hundred adult swiss
albino mice of both sexes weighing between 22 and 23 g were
obtained from the Department of Pharmacology and Therapeutics,
Faculty of Pharmaceutical Sciences, Ahmadu Bello University,
Zaria. The animals were acclimatized to laboratory conditions for
two weeks and were fed on commercial rodent diet. In addition,
water was provided ad libitum. All animal experiments were done
according to the ethical guidelines on laboratory animal use and
care policy, which is in line with Ahmadu Bello University Research
Policy (revised in 2010).

2.3. Equipment and laboratory materials used

Locally made cages; Wooden mortar and pestle; Whatman filter
paper size 1; Conical flask; Macerating bottle; Measuring cylinder,
Test tubes (Pyrex, France); Syringes (1 mL and 5 mL); Weighing
balance (Lab tech. BL 20001 and Mettler P162, USA); Micrody-
namometer (Ugo Basile, Italy); Water bath (HH-S Digital thermo-
static water bath, China); Dissecting kit (Gold Cross Dissecting
Set, Malaysia); Plastic ruler and Stop watch.

2.4. Drugs and chemicals

Acetylcholine (Ach) and histamine (H) were purchased from
Sigma-Aldrich Inc., 3050 Spruce Street, St. Louis, USA. Castor oil
(Bell, Sons and Co Ltd, Southport PR9 9 AL, England); Loperamide
(Imodium�– Janssen Pharmaceutical, Pakistan); Medicinal char-
coal (Ultracarbon� tablets–Merck KGaA, Darmstadt, Germany);
Carboxymethylcellulose.

2.5. Plant extraction and partitioning

The stem-bark of T. avicennioideswas air-dried at room temper-
ature to a constant weight. The dried plant part was made into
powdered form using wooden mortar and pestle. One thousand
five hundred grams of the powdered stem-bark of the plant were
extracted by maceration in a macerating bottle using 4.5 litres of
methanol (98%) as solvent at room temperature. The process was
repeated twice and the extracts were pooled together. The liquid
extract was concentrated in vacuo using rotary evaporator at
40 �C. The crude methanol extract was dissolved in water and seri-
ally partitioned with n-hexane and ethyl acetate in a separating
funnel. Similarly, the fractions obtained were concentrated in
vacuo at 40 �C. All the fractions were weighed, labeled and stored
in an air tight container at 4 �C until required.

2.6. Phytochemical screening

The fractions were screened to detect the presence of alkaloids,
anthraquinones, carbohydrates, cardiac glycosides, flavonoids,
saponins, steroids/triterpenes and tannins using standard test
methods [14].

2.7. In vitro studies

2.7.1. Effect of fractions of T. Avicennioides on isolated rabbit jejunum
The rabbits were deprived of food but not water for 18 h before

the study. Each rabbit was sacrificed by cervical dislocation and
exsanguinated. Their abdomens were cut open and segments of
the jejunum (2 cm) were cut and dissected from the adhering
mesentery. Each tissue was suspended in a 25 mL organ bath con-
taining Tyrode’s solution, aerated with air and allowed to stabilize
for 30 min to acclimatize. The effect of different concentrations of
acetylcholine (Ach) (1.0 � 10�6 mg/mL–8.0 � 10�6 mg/mL) and the
fractions of T. avicennioides (1.0 � 10�3 mg/mL–8.0 � 10�3 mg/mL)
were tested on both spontaneous and Ach-induced contractions of
the isolated tissue. The contact time for each tested fraction on the
tissue was 30 s, which was followed by washing the tissue three
times with Tyrode’s solution. The tissue was allowed to rest for a
period of 15 min before the next addition of drug or extract.
Changes in tension produced by the test agent were recorded
with a microdynamometer (sensitivity of 3.0 mV and speed of
24 mm/min coupled to an isotonic transducer [12]

2.7.2. Effect of fractions of T. avicennioides on isolated guinea pig ileum
Similarly, themethod described above for the effect of stem-bark

extracts of T. avicennioides on isolated rabbit jejunumwas used. The
effects of histamine (1.0 � 10�3 mg/mL–8.0 � 10�3 mg/mL) and
fractions of T. avicennioides (1.0 � 10�3 mg/mL–8.0 � 10�3 mg/mL)
against histamine-induced contraction of the tissue were also
tested.

2.8. Acute toxicity test

The median lethal dose (LD50) as an indication of the acute
toxicity of the extract was determined by the method described
by Lorke [15]. The test was carried out in two phases. All the
animals were fasted for 12 h prior to oral administration of the
AMF. In phase one, nine apparently healthy swiss albino mice were
randomly divided into three groups of three mice. Mice in
groups one, two and three received AMF orally at 10, 100 and
1000 mg/kg, respectively. The mice were observed over a period
of 48 h for signs of toxicity and mortality. In the second phase,
three mice were randomly assigned into three groups of one
mouse each. Animals in groups one, two and three were treated
with AMF orally at 1600, 2900 and 5000 mg/kg, respectively. Sim-
ilarly, the animals were observed for 48 h for any signs of toxicity
or mortality. The obtained results were recorded accordingly.

2.9. In vivo studies

2.9.1. Effect of the aqueous methanol fraction on gastro-intestinal
transit time in mice

The method described by Vogel and Vogel [16] was used.
Twenty-five mice were deprived of feed for 12 h and randomly
allotted into five groups of 5 mice each. Animals in groups one
and two were administered with distilled water (5 mL/kg) and lop-
eramide (5 mg/kg) and served as untreated and treated control
groups, respectively. Similarly, mice in groups three, four and five



16 M.M. Suleiman et al. / International Journal of Veterinary Science and Medicine 5 (2017) 14–22
were given AMF at 200, 300 and 500 mg/kg, respectively. All treat-
ments were given orally. A solution of charcoal meal was prepared
by adding grinded charcoal tablets (250 mg) to a boiled solution of
2% carboxymethycellulose in a 20 mL beaker. Distilled water was
added gradually to give a slurry aqueous suspension. The suspen-
sion was allowed to cool before administering it to the animals.
One hour post-treatment, 0.3 mL of the charcoal meal was admin-
istered orally to each mouse. One hour after the charcoal meal was
given, all the mice were sacrificed by cervical dislocation, their
abdomen were cut open, and their intestines were carefully
removed from the cardia to the anus. The intestines were immedi-
ately immersed in formalin to arrest peristalsis. Thereafter, the
intestines were washed in clean tap water. The distance transverse
by the meal through the intestine of each mouse was shown by the
charcoal meal front, which was then measured using a graduated
ruler and expressed as a percentage of total distance from pylorus
to caecum. Charcoal movement was expressed as peristaltic index
(PI). The peristaltic index and percentage of inhibition were
calculated using the following:

Peristaltic Index ¼ Distance travelled by charcoal meal=
Total length of small intestine� 100

Percentage of inhibition ¼ Dc� Dt=Dc� 100

where

Dc: Mean distance travelled by the charcoal in the control group
Dt: Mean distance travelled by the charcoal in the test group.

2.9.2. Effect of the aqueous methanol fraction on castor oil-induced
diarrhoea in mice

The method described by Vogel and Vogel [16] was used in this
study. Twenty-five mice were allocated at random into five groups
of five mice each and were deprived of feed for 12 h. Animals in
group one (untreated control) and two (treated control) were given
distilled water (5 mL/kg) and loperamide (5 mg/kg), respectively.
Mice in groups three, four and five were given AMF at 200, 300
and 500 mg/kg, respectively. All treatments were given through
the oral route. One hour after drug treatment, all mice were orally
given 5 mL/kg of castor oil and placed individually in cages over
white, clean filter paper. Faeces were collected on filter papers,
which was changed every 30 min for 6 h. Severity of the diarrhoea
was graded as follows:

� Grade 0 = normal pelleted faeces
� Grade 1 = discrete soft-formed faeces
� Grade 2 = soft-formed faeces
� Grade 3 = soft watery stool
� Grade 4 = watery stool with little solid matter

Diarrhoeal index for each group was calculated by multiplying
the number of mice in each grade by the number of grade divided
by the number of mice in each group.

2.9.3. Effect of the aqueous methanol extract on castor oil-induced
enteropooling in mice

The effect of AMF on castor oil-induced enteropooling was done
according to the method described by Igboeli et al. [17]. Twenty-
five mice were allocated into five groups of five mice each and
were deprived of food and water for 12 h before the experiment.
Mice in group one (untreated control) were given distilled water
(5 mL/kg), while those in group two (treated control) received lop-
eramide (5 mg/kg). Animals in groups three, four and five were
given AMF at 200, 300 and 500 mg/kg, respectively. All treatments
were administered orally an hour before the oral administration of
castor oil (2 mL/kg). One hour after castor oil administration, the
mice were sacrificed by cervical dislocation and the small intestine
of each mouse was removed after tying the ends with threads and
weighed. The intestinal content of each mouse was collected in a
graduated cylinder and the volume measured. Thereafter, it was
weighed again and the difference between the initial and final
weights of the intestines was recorded. The percentage reduction
of intestinal secretion (volume and weight) was calculated relative
to the negative control using the formula:

Percentage of inhibition ¼ control� Test=Control� 100
2.10. Statistical analysis

Data were expressed as mean ± SEM and were subjected to one
way analysis of variance (ANOVA). Tukey post hoc test was used to
test for differences between treatment groups. For the data of ordi-
nal type, a non-parametric test was used. Kruskal-Wallis one-way
ANOVA was computed for overall significance and for observing
significant difference. All the results obtained in the in vivo study
were compared with the untreated control group. Values of
p < 0.05 were considered statistically significant.
3. Results

A yield of 77.37 g (5.16%) of the crude methanol extract was
obtained when 1.5 kg of the dried powder of the stem-bark of T.
avicennioides was completely extracted with methanol. Similarly,
the aqueous methanol extract after partitioning with ethyl acetate
and hexane gave yields of 31.89 g (41.22%), 1.76 g (2.27%) and 0.4 g
(0.52%) of AMF, EAF and HXF, respectively.

Qualitative phytochemical tests on the extracts of the stem-
bark of T. avicennioides revealed the presence of saponins and ster-
oids/triterpenes in AMF, EAF and HXF. In addition, AMF and EAF
contain carbohydrate, tannins and cardiac glycosides. Flavonoids
and alkaloids were also detected in the AMF (Table 1).

The AMF, EAF and HXF inhibited the spontaneous contractions
of the isolated rabbit jejunum in a concentration-dependent
fashion (Figs. 1–3). In addition, the AMF and EAF produced a
concentration–dependent inhibition of acetylcholine (Ach)-
induced contraction of isolated rabbit jejunum (Figs. 4 and 5).

The AMF and EAF inhibited histamine (H)-induced contraction
of isolated guinea pig ileum in a concentration-dependent fashion
(Figs. 6 and 7).

Oral administration of the extract at a dose of up to 5000 mg/kg
did not produce mortality or any toxic effect in the tested animals.
The median lethal dose (LD50) was therefore considered to be
>5000 mg/kg in mice.

The extract at doses of 300 and 500 mg/kg significantly
(p < 0.05) reduced both the length transversed by the charcoal
meal and the peristaltic index when compared with the untreated
control (distilled water) group. Loperamide (5 mg/kg), which is a
standard antidiarrhoeal drug, showed a greater inhibitory effect
(51.61%) than the extract, as shown in Table 2.

The extract at doses of 200, 300 and 500 mg/kg significantly
(p < 0.05) afforded protection against diarrhoea in mice induced
by castor oil in a dose-dependent manner when compared with
the distilled water (untreated) control group (Fig. 8).

The extract at 200, 300 and 500 mg/kg significantly (p < 0.05)
inhibited castor oil-induced enteropooling in mice. At the same
doses, it also inhibited the weight of intestinal fluid content of trea-
ted mice by 21.44%, 32.53% and 43.62%, respectively. The potent
antidiarrhoeal drug; loperamide (5 mg/kg), also significantly
(p < 0.05) inhibited the weight of intestinal fluid content (54.71%)
relative to the untreated control. Similarly, the volume of the



Fig. 2. Effects of different concentrations (1.0 � 10�3 mg/mL–8.0 � 10�3 mg/mL) of the ethyl acetate fraction (EAF) of the stem-bark of Terminalia avicennioides on
spontaneous contraction of isolated rabbit jejunum.

Fig. 1. Effects of different concentrations (1.0 � 10�3 mg/mL–8.0 � 10�3 mg/mL) of aqueous methanol fraction (AMF) of the stem-bark of Terminalia avicennioides on the
spontaneous contraction of isolated rabbit jejunum.

Table 1
Phytochemical constituents investigated in the extracts of the stem-bark of Terminalia avicennioides.

Phytochemical constituent Phytochemical test Inference

AMF EAF HXF

Alkaloids Mayers + � �
Dragendoff + � �

Anthraquinones Bontragers � � �
Modified Bontragers � � �

Carbohydrates Fehlings + + �
Molisch

Cardiac glycosides Kadde + + �
Kelle-Kiliani + + �

Flavonoids Shinoda + � �
Sodium hydroxide + � �

Saponins Frothing + + +
Steroids/triterpenes Liberman Buchard + + +
Tannins Ferric chloride + + �

Lead acetate + + �

Key: + = present; � = not present; AMF = Aqueous methanol fraction; EAF = Ethyl acetate fraction; HXF = Hexane fraction.
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Fig. 3. Effects of different concentrations (1.0 � 10�3 mg/mL–8.0 � 10�3 mg/mL) of the hexane fraction (HXF) of the stem-bark of Terminalia avicennioides on spontaneous
contraction of isolated rabbit jejunum.

Fig. 4. Effects of different concentrations (1.0 � 10�3 mg/mL–8.0 � 10�3 mg/mL) of the aqueous methanol fraction (AMF) of the stem-bark of Terminalia avicennioides on
acetylcholine (Ach)-induced contraction of rabbit jejunum.

Fig. 5. Effects of different concentrations (1.0 � 10�3 mg/mL–8.0 � 10�3 mg/mL) of the ethyl acetate fraction (EAF) of the stem-bark of Terminalia avicennioides on
acetylcholine (Ach)-induced contraction of isolated rabbit jejunum.

18 M.M. Suleiman et al. / International Journal of Veterinary Science and Medicine 5 (2017) 14–22



Fig. 6. Effects of different concentrations (1.0 � 10�3 mg/mL–8.0 � 10�3 mg/mL) of the aqueous methanol fraction (AMF) of the stem-bark of Terminalia avicennioides on
histamine-induced contraction of guinea pig ileum.

Fig. 7. Effects of different concentrations (1.0 � 10�3 mg/mL–8.0 � 10�3 mg/mL) of the ethyl acetate fraction (EAF) of the stem-bark of Terminalia avicennioides on histamine
(H)-induced contraction of guinea pig ileum.

Table 2
Effect of the aqueous methanol fraction (AMF) of Terminalia avicennioides on gastro-intestinal transit time in mice. (n = 5).

Treatment (mg/kg) Mean length of small intestine ± SEM (cm) Mean distance of charcoal meal ± SEM (cm) Peristaltic index % of inhibition

Distilled Water (5 mL/kg) 46.12 ± 1.80 37.2 ± 2.43a 80.34 ± 2.36a –
Loperamide (5) 43.90 ± 1.11 17.12 ± 0.97b 38.88 ± 1.37b 51.61
AMF (200) 47.84 ± 1.44 35.66 ± 1.36a 74.49 ± 0.91a 7.28
AMF (300) 45.10 ± 2.26 24.90 ± 2.20b 54.81 ± 2.23b 31.78
AMF (500) 49.0 ± 1.64 22.44 ± 0.75b 45.86 ± 1.21b 42.92

Means on the same column with different superscript letters are significantly (p < 0.05) different.
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intestinal fluid in mice was significantly (p < 0.05) reduced at all
the tested doses of the extract, as shown in Table 3.

4. Discussion

This study was carried out to evaluate and validate the tradi-
tional claims on the antidiarrhoeal effect of the stem-bark of Termi-
nalia avicennioides, which is a plant used widely among the Fulanis
(major cattle rearing people of West Africa) for treating diarrhoea
in both animals and humans.
The in vitro effect of the different fractions (AMF, EAF and HXF)
of the plant obtained from the crude methanol extract was tested
against contractions of isolated rabbit jejunum (spontaneous and
acetylcholine-induced) and guinea pig ileum (histamine-induced)
in an attempt to find the fraction with the most promising effect
against diarrhoea.

Diarrhoea is usually the frequent passage of liquid stools. It
involves increased gastrointestinal motility and secretion,
a decrease in absorption of fluid, and loss of electrolytes and
water [18]. In some types of diarrhoea, the secretory component
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predominates, while other types of diarrhoea are characterized by
hypermotility [19].

The results of the phytochemical screening of the stem-bark
detected metabolites that concur with that earlier reported by
Mann and Yusuf [20]. Garba et al. [21] reported the presence of
alkaloids, saponins, cardiac glycosides, steroids, tannins and phe-
nols in the roots of T. avicennioides.

The fractions of the crude methanol extract (AMF, EAF and HXF)
of T. avicennioides concentration-dependently inhibited both the
spontaneous and acetylcholine-induced contractions of isolated
rabbit jejunum. Similarly, the fractions attenuated the contraction
of guinea pig ileum caused by histamine in a concentration-
dependent manner. Acetylcholine and histamine are agonists that
cause intestinal smooth muscle contractions by activating the
muscarinic M3 and histamine H1 receptors, respectively. Acetyl-
choline induces smooth muscle contraction via inositol phosphate
(IP3) pathway, which mediates Ca2+ release from sarcoplasmic
reticulum [22]. The role of calcium ions (Ca2+) in producing smooth
muscle tension has been well established [23]. Ca2+ serves as a sec-
ond messenger in smooth muscle cells. An increase in cytoplasmic
Ca2+ concentration and binding to calmodulin, and the activation of
myosin light chain kinase, is the primary stimulus for contraction.
The Ca2+ used in the activation of the contractile apparatus enters
the Cytoplasmic compartment during periods of membrane depo-
larisation, mechanical distortion, or stimulation by agonists.
Release of Ca2+ from intracellular stores is a second means of
increasing calcium ion concentration [24,25].

In the mammalian tissues, histamine is distributed widely. The
enterochromaffin-like cells (ECF) that are found mainly in the fun-
dic mucosa of the stomach produce histamine by decarboxylation
of the amino acid, histidine. Histidine is converted to histamine by
a specific enzyme, histidine decarboxylase. Histamine is known to
contract several types of smooth muscle, including those of the
bronchi, gut and large blood vessels [26]. Histamine-induced con-
traction of the smooth muscle of guinea pig ileum is mediated by
H1 receptors found throughout the gastrointestinal tract. [27].
Fig. 8. Effect of the aqueous methanol fraction (AMF) of the stem-bark of Terminalia
avicennioides on castor oil-induced diarrhoea in mice. Untreated control group was
dosed with distilled water (DW) while treated control group was dosed with
loperamide (LP). Data are expressed as mean ± SEM. *p < 0.05; **p < 0.01 compared
to the untreated control group; (Kruskal-Wallis one-way ANOVA test).

Table 3
Effects of the aqueous methanol fraction (AMF) of T. avicennioides on castor oil-induced e

Treatment (mg/kg) Mean weight of small intestine (g) % inhibi

Distilled water (5 ml/kg) 1.123 ± 0.07 –
Loperamide (5) 0.486 ± 0.01b 54.71
AMF (200) 0.846 ± 0.02a 21.44
AMF (300) 0.730 ± 0.01a 32.53
AMF (500) 0.630 ± 0.01b 43.62

Means on the same column with different superscript letters are significantly (p < 0.05)
Moreover, the contractile effect of histamine on both vascular
smooth muscle and endothelial cells cause increase in vascular
permeability [28].

In a similar study, the extract of the roots of T. avicennioideswas
shown to attenuate acetylcholine-induced contraction of isolated
rabbit jejunum [12]. Saponins have been shown to inhibit the
in vitro release of histamine [29]. Tannins, flavonoids, saponins,
sterols/triterpenes, present in somemedicinal plants, were demon-
strated to possess spasmolytic effect [30]. It was shown also that
flavonoids inhibit intestinal secretion of autacoids and prostaglan-
dins [31] and inhibit intestinal contractions induced by spasmo-
gens [32]. Flavonoids were shown to have the ability to
attenuate the contraction of guinea pig ileum induced by some
spasmogens such as acetylcholine [33]; they also have the ability
to inhibit small intestinal transit [34]. In this study, phytochemi-
cals such as alkaloids, flavonoids, saponins, tannins and terpenoids
detected in the fractions of T. avicennioides are reported to be
responsible for the observed spasmolytic effect of the plant [35,36].

It is of interest to note that the AMF produced more spasmolytic
effect on both the rabbit and guinea pig ileum during the in vitro
tests. This finding clearly suggested that flavonoids which were
detected only in the AMF largely are responsible for the spas-
molytic effect of the plant.

The median lethal dose (LD50) as an indication of acute toxicity
of AMF, which showed the most promising effect during the in vitro
trial was calculated to be �5000 mg/kg. According to Lorke [15],
any substance with LD50 of �5000 mg/kg should be considered rel-
atively safe. Determination of median lethal dose of a chemical is
usually the first step taken to ascertain the safety of that chemical
with the sole intent of using it as a drug. Acute toxicity test also
allows further toxicological and pharmacological testing of candi-
date drugs to justify their use in clinical situations.

Diarrhoea is usually considered a result of altered motility and
fluid accumulation within the intestinal tract. Many antidiarrhoeal
agents act by reducing gastro-intestinal motility and/or the secre-
tions [37]. The extract significantly reduced intestinal transit time
in mice fed charcoal meal. Drugs that display such properties are
known to be good candidates as antidiarrheal agents [38]. Lop-
eramide (an opioid derivative), has been shown to slow intestinal
motility by its action on mu (m) receptors on neurons in the submu-
cosal neural plexus of the intestinal wall and by its antimuscarinic
activity in the gastrointestinal tract [39]. Antimuscarinic drug pos-
sess their antidiarrhoeal action by inhibiting both the gastro-
intestinal secretions and motility [18]. The antidiarrhoeal activity
of some plant extracts had been ascribed to their antagonistic
action on muscarinic receptors found in the gastro-intestinal tract
[40]. Studies on the functional role of tannins against diarrhoea,
revealed that they inhibit gastro-intestinal movement by reducing
the intracellular Ca2+ inward current or by activation of the cal-
cium pumping system [41] as well as forming protein tannates,
which make the intestinal mucosa more resistant and hence,
reduce peristaltic movement [42]. The extract also inhibited the
intestinal propulsion as shown by its inhibitory action against
charcoal meal motility. Agents with such activity were known to
have antidiarrhoeal effect [43].
nteropooling in mice (n = 5).

tion Mean volume of small intestinal contents (ml) % inhibition

0.888 ± 0.03a –
0.374 ± 0.02c 61.80
0.734 ± 0.02a 17.98
0.566 ± 0.03b 35.96
0.520 ± 0.02b 43.82

different.
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Similarly, the study showed that the extract inhibit castor oil-
induced diarrhoea in mice in a dose-dependent manner. Castor
oil, an irritant or stimulant laxative, is hydrolysed in the upper
small intestine to ricinoleic acid, a local irritant that irritates the
mucosa of the gastrointestinal tract resulting in increase in
intestinal motility [44]. Castor oil has been shown to cause diar-
rhoea due to release of the active ricinoleic acid that induces fluid
hypersecretion in the intestine [45], prevents water and electrolyte
absorption, reduces active Na+ and K+ absorption and decreases the
level of Na+, K+-ATPase in the small intestine and colon. The sum
effect of these processes could lead to increase colon stimulation
and peristaltic activity resulting in diarrhoea [46]. Perhaps, the
antidiarrhoeal action of AMF was mediated through inhibition of
the effect produced by castor oil. Loperamide (a standard antidiar-
rhoeal agent) is known to inhibit castor oil-induced diarrhoea
[47,48]. The effect of the extract at 500 mg/kg was similar to lop-
eramide, which at present one of the widely employed antidiar-
rhoeal drug. The AMF produced significant effect against all the
diarrhoeic animal models in this study. This perhaps could be
due to increased absorption of water and electrolyte from the gas-
trointestinal tract induced by the fraction (AMF) of the extract.

AMF was found to significantly (p < 0.05) inhibit the weight and
the volume of intestinal fluid in mice when compared to animals in
the untreated control group. This effect can be attributed to either
a decrease in mucosal secretion or increase in mucosal absorption.
Nwafor et al. [49] showed that the suppression of intestinal fluid
accumulation by plant extracts produced antidiarrhoeal activity
via inhibition of the gastrointestinal function. In this study, the
extract significantly reduced both the weight and volume of
intestinal content which may have promoted reabsorption of fluids
due to decrease propulsion in the intestinal of mice. This may pos-
sibly explain the mechanism of the extract anti-enteropooling
action. Longanga et al. [29] screened a number of medicinal plants
and showed that the antidiarrhoeal activity of those plants were
due to tannins, alkaloids, saponins, flavonoids, sterols, triterpenes
and reducing sugars contained in them. In a similar study, the
antidiarrhoeal activities of some medicinal plants were found to
be due to tannins, alkaloids, saponins and flavonoids contained in
them [50]. Hence, the antidiarrhoeal activity exhibited by the
aqueous methanol fraction of the stem-bark of T. avicennioides
could be due to presence of one or more of these metabolites.

5. Conclusions

The present study showed that the fractions (AMF, EAF and
HXF) of the crude methanol extract of T. avicennioides possess spas-
molytic effect in an in vitro study. In addition, the AMF possesses
antidiarrhoeal effects which could be due to the metabolites pre-
sent in the fraction. This study therefore, supports the traditional
use of the plant as an antidiarrhoeal agent. Further studies are
ongoing to isolate, characterize and elucidate the mechanism(s)
of compounds with antidiarrhoeal action in the plant.
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