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Background: The plant Hymenocardia acida (Euphorbiaceae) is utilized as herbal preparation against diarrhoea,
dysentery and other diseases. We aimed to determine the antidiarrhoeal potentials of Hymenocardia acida (MEHA)
stem bark in vivo and in vitro. Preliminary phytochemical contents, as well as the acute toxicity effect of the extract,
were investigated based on standard experimental methods. The antidiarrhoeal properties of the MEHA at 150, 300
and 600 mg/kg were studied against diarrhoea induced by castor oil, intestinal fluid accumulation, as well as intestinal
movement tests using distilled water (10 ml/kg) and loperamide/atropine sulphate as the control groups. Besides,

the in vitro effects of the extract (8 x 1072-640 x 10~2 mg/ml) on the rabbit jejunum and guinea-pig ileum were

Results: Phytochemical screening showed alkaloids, glycoside, saponins, tannins, triterpenes, flavonoids and steroids
in the MEHA. The median lethal dose (LD5) of the MEHA after oral administration was approximately greater than
2000 mg/kg. The MEHA declined the diarrhoea onset and remarkably decreased the number of watery stools in the
group that received 300 and 600 mg/kg. It also elicited a remarkable and non-dose-dependent reduction in the
intestinal fluid volume. At 1000 mg/kg, the MEHA significantly inhibited the charcoal movement. In addition, the
MEHA (8 x 1072640 x 10~ mg/ml) elicited a remarkable decrease in the contractility of the rabbit jejunum over time
and relaxed the guinea pig ileum. Besides, it showed concentration-dependent attenuation of the acetylcholine and

Conclusion: The extract under investigation revealed promising antidiarrhoeal properties that justified its traditional

Keywords: Hymenocardia acida, Antidiarrhoeal properties, Isolated tissues, Castor oil-induced diarrhoea,
Gastrointestinal motility, Traditional medicine, Medicinal plant

Background

Diarrhoea is the removal of liquid faeces thrice or more
per day (Kola-Mustapha et al. 2019). The disease affects
the gastrointestinal tract (GIT) and increases intes-
tinal motility and secretory activities and decreases
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water and electrolytes’ absorption (Paredes et al. 2016).
Thus, it manifests with an enhanced frequency, the vol-
ume of watery faeces accompanied by dehydration and
loss of fluid and electrolytes (Emudainohwo et al. 2015).
The pathophysiological process of diarrhoea includes
increased intestinal osmolarity, excessive secretion of
fluid and electrolytes, intestinal hypermotility and a
reduction in the absorptive processes and intestinal resi-
dence time (Paredes et al. 2016).
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Diarrhoea can be categorized based on duration,
namely acute diarrhoea, persistent diarrhoea and chronic
diarrhoea (Mekonnen et al. 2018). It occurs due to irreg-
ular intestinal absorptive and secretory activities of fluid
and electrolytes caused by infectious agents, toxicants,
diet, allergic substances and GIT disorders including
inflammatory bowel syndrome, dysmotility and drugs
(Ezeja et al. 2012; Mekonnen et al. 2018; Whyte and Jen-
kins 2012). There have been different programs at the
global level to tackle the burden of diarrhoea, particularly
in developing countries. However, the disease has posed
a serious health threat in these countries (Ezeja et al.
2012).

Diarrhoea is among the reasons for many sickness and
death among children in developing nations as a result of
inadequate hygiene and sanitation habit (Kola-Mustapha
et al. 2019). Even though the international communities
have continued to put more effort to curtail the spread
of diarrhoea, the diseases caused close to 7.1 million
fatalities each year (Pandey et al. 2012). It is the next fore-
front reason of mortality in children less than five birth-
days after respiratory tract infections. Diarrhoea kills
children more than the total deaths resulted from mea-
sles, malaria and acquired immunodeficiency syndrome
(AIDS) (Kola-Mustapha et al. 2019; Tadesse et al. 2017).
In 2012, diarrhoea caused more than 25% of all deaths in
children less than five years globally (Yilgwan and Okolo
2012). Approximately 78% of all mortalities, especially in
developing countries are caused by diarrhoea (Tadesse
et al. 2017). In Nigeria, diarrhoea’s prevalence is approxi-
mately 18.8%, where it approximately caused 300,000
infants mortalities under 5 years (Yakubu et al. 2015).

Some synthetic therapeutic agents, including lop-
eramide, diphenoxylate, diloxanide, racecadotril and
atropine sulphate, have been utilized to curtail diar-
rhoea (Pandey et al. 2012; Sahoo et al. 2016). However,
these therapeutic substances are associated with adverse
effects, including vomiting, gastrointestinal discomfort,
convulsion, headache as well as hallucination (Pandey
et al. 2012; Yakubu et al. 2015). Besides, these conven-
tional medicines at times are not affordable, and they
are inaccessible to people in rural communities that lack
basic health care facilities (Wansi et al. 2017). In addition,
some antimicrobial agents are indicated to treat infec-
tious diarrhoea. However, microbial resistance has halted
their proper utilization (Knecht et al. 2014). Therefore,
there is a strong need to investigate herbal products used
in traditional medicines as an alternative to develop novel
antidiarrhoeal compounds (Ahmadu et al. 2007).

Traditional medicine plays an essential contribution
in primary health care needs in developing nations to
maintain health (Martins and Brijesh 2018). Medici-
nal plants have been employed to manage many
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pathological disorders worldwide. About 60% of people
worldwide rely on herbal preparations to manage dif-
ferent diseases (Ogbonnia et al. 2009). In rural areas of
developing nations, herbal products serve as the main
source of medicines. The scientific investigation of
medicinal plants and their products as per traditional
claims could form a basis for drug discovery (Ahmad
et al. 2021). Herbal medicines and their derivatives
(extract or pure compounds) serve as a huge array for
discovering new therapeutic agents against many dis-
eases (Yuet Ping et al. 2013). The international commu-
nities such as World Health Organization (WHO) have
motivated the use of herbal plants to manage different
diseases (Monteiro et al. 2018). However, there is inad-
equate scientific information to validate the claimed
therapeutic activities of many plant-derived medici-
nal products (Baliga et al. 2011; Mukherjee et al. 2017;
Zahoor et al. 2017).

Many plant-derived products worldwide have been
claimed to be effective against diarrhoea (De La Fuente
et al. 2008). The WHO advocates the use of herbal prepa-
rations to manage diarrhoea (Ezeja et al. 2012). In some
developing nations, medicinal plants remain the only
affordable and available option for treating diarrhoea
(Njume and Goduka 2012). Likewise, in Nigeria and
other African nations, herbal medicines have been com-
monly utilized against the disease (Okpara et al. 2017).
Many studies have validated the claimed antidiarrhoeal
potential of many herbal medicines for their antimotility
and antisecretory effects, which could serve as a basis to
develop novel antidiarrhoeal substance (Chaddha et al.
2013). Besides, it becomes vital for scientific investiga-
tions to be conducted on these herbal drugs with prom-
ising antidiarrhoeal efficacy, especially in economically
constrained nations (Nduikui et al. 2013).

The plant Hymenocardia acida (Euphorbiaceae) as a
shrub is approximately 9 m in height. The bark is smooth
and pinkish-brown, which eventually turns to grey or
pale brown later (Hyacinth and Nwocha 2011). The name
of this plant (Hymenocardia) originated from the Greek
word Hymen, meaning membrane, and Kardia, mean-
ing heart. The plant’s fruit is heart-shaped, covered by a
transparent membrane (Tor-Anyin et al. 2013). There-
fore, the plant is called a heart plant in English. The local
name of the plant in Hausa is Jan Yaro, Yawa Satoje in
Fulfulde, ikagala in Igbo and orumpa in Nigeria’s Yoruba
languages (Ibrahim et al. 2007a, b; Tor-Anyin et al. 2013).

The stem bark of Hymenocardia acida has been utilized
for treating various ailments such as fever, diarrhoea,
dysentery, mouth infections, muscular pain, headache,
jaundice, hypotension, diabetes, epilepsy, schizophrenia
and sickle cell anaemia (Tor-Anyin et al. 2013). In addi-
tion, the decoction of stem bark of Hymenocardia acida
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is utilized for dysentery and diarrhoea management (Tor-
Anyin et al. 2013).

The plant Hymenocardia acida contains several phy-
tochemical compounds. For instance, the phytochemi-
cal investigation on the stem bark of Hymenocardia
acida indicated tannins, saponins, flavonoids, cardiac
glycosides, alkaloids, anthraquinones, terpenes and ster-
oid (Sofidiya et al. 2010). Ibrahim et al. (2007a, b) also
reported tannins, saponins, flavonoids, cardiac glyco-
sides, alkaloids, steroids, resins and terpenes in the stem
bark of the plant. The aqueous stem bark of the plant con-
tains saponins, glycosides and tannins (Ukwe 2004). Igoli
and Alexander (2008) identified betulinic acid, friedelan-
3-one, lupeol, stigmasterol -sitosterol, oleic acid and the
fatty acid in the stem bark of Hymenocardia acida. Starks
et al. (2014) isolated chromene and chromane stilbenoids
such as hymenocardichromanic acid from the leaves of
the plant. Also, cyclopeptide alkaloids including hyme-
nocardine, hymenocardinol, hymenocardine N-oxide
and hymenocardine were isolated from the root bark of
Hymenocardia acida (Tuenter et al. 2016).

Keeping in view the ethnomedicinal application of
Hymenocardia acida and its therapeutic potentials for
the management of diarrhoea, we conducted this study
to evaluate the antidiarrhoeal actions and potential
mode of pharmacological action of the methanol stem
bark extract of Hymenocardia acida to stimulate further
research to discover novel bioactive compounds for use
against diarrhoea.

Methods

Collection and authentication of the plant

The plant Hymenocardia acida was obtained from
Galadimawa Area of Kaduna State, Nigeria, and authen-
ticated (voucher number: 1275) at the Herbarium facil-
ity of the Botany Department, Ahmadu Bello University
(ABU), Zaria, Nigeria.

Laboratory animals

Swiss albino mice (18-24 g) of both gender, three male
New Zealand rabbits (2-2.5 kg) and three male guinea
pigs (300-500 g), were sourced from the experimen-
tal animal facility of Pharmacology and Therapeutics
Department of ABU, Zaria, Nigeria. The animals were
kept in a proper laboratory environment (room tempera-
ture 2243 °C, relative humidity 30-70% with 12-h light
and 12-h dark cycle) for 2 weeks to acclamatisz to the
laboratory environment before starting the experiment.
Adequate animal feed was ensured with access to water
sufficiently. The permission to conduct the study was
granted by the Ahmadu Bello University Ethical Commit-
tee on Animal Use and Care Research Policy (permission
number: ABUCAUC/2016/003). The experiment was
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executed as per the guidelines set by Animal Research:
Reporting of In Vivo Experiments (ARRIVE). After com-
pleting the experimental procedures, all the animals were
anaesthetized with chloroform and quickly euthanized
by cervical dislocation. They were immediately buried
deeply according to the institutional guideline for proper
disposal of laboratory animals remains.

Chemicals and reagents

The drugs and chemicals utilized for this experiment
include acacia gum powder (Evans Medical Lt Speke, Liv-
erpool), activated charcoal (Ultracarbon powder-Merck
KGaA Darmstadt, Germany), Castor oil (Bell and Sons,
Southport PR9 AL, England), loperamide (Imodium®,
Jansen Pharmaceuticals, Pakistan) and distilled water.
The acetylcholine, histamine, methanol and chloroform
were obtained from Sigma Chemical Co. USA).

Extraction procedure

The stem bark of Hymenocardia acida was subsequently
dried under the shade and periodically weighed until a
uniform weight was obtained. The stem bark, after drying
was pulverized into a fine powder with the aid of mor-
tar and pestle. 1200 g of the size-reduced plant material
was extracted for 72 h with 70% v/v aqueous methanol)
with Soxhlet apparatus. The extract was concentrated to
dryness by removing the solvent on a water bath set at
45 °C. After drying, the extract was weighed and appro-
priately kept in a well-labelled container as “methanolic
stem bark extract of Hymenocardia acida” (MEHA). The
extractive value of the MEHA was determined based on
the following relationship:

Percentage yield (%)
Weight of the crude extract (g)

= - - x 100
Weight of the powdered plant material (g)

Phytochemical determination

The phytochemical determination was conducted to
check phytochemical constituents such as alkaloids, tan-
nins, anthraquinones, flavonoids, saponins, steroids, trit-
erpenes and cardiac glycosides in the MEHA according
to the standard methods (Sofowora 1993).

Acute toxicity studies

The acute toxic effects of the MEHA were determined
based on the protocols reported by the organization for
Economic Co-operation and Development (OECD) 423
(OECD 2001). The median lethal dose (LDj) after oral
administration was investigated using non-pregnant
and nulliparous female mice. The mice were kept in
polypropylene cages and allowed to acclimatize for 48 h



Usman et al. Bull Natl Res Cent (2021) 45:118

before the commencement of the experiment. They were
deprived of food for 4 h before the oral administration of
the MEHA with the provision of water sufficiently. Three
mice were orally administered 2000 mg/kg of MEHA.
Following the extract’s administration, food but not water
was withheld for 2 h. The mice were carefully checked
for any signs of toxic effects of the extract such as physi-
cal and behavioural changes such as tremor, convulsion,
salivation, lacrimation, diarrhoea, lethargy, sleep, respir-
atory, the onset of toxic effects if any and length of the
total duration of toxic signs as well as death once every
30 min within the first 4 h and subsequently every day for
14 days.

In vivo antidiarrhoeal studies

Castor oil-induced diarrhoea in mice

The experimental protocol previously reported by
Awouters and colleagues (1978) was employed. Mice
were fasted for 18 h and categorized randomly into five
different groups (#=6). The mice in group I were pre-
treated with distilled water (10 ml/kg). The groups II,
III and IV were pretreated with graded doses of MEHA
(150 mg, 300 mg and 600 mg), respectively, while group
V received the loperamide (conventional antidiarrhoeal
drug) at the dose of 3 mg/kg. All the pretreatment were
via the oral route. One hour after the pretreatment, cas-
tor oil (0.5 ml) was orally administered to each mouse to
induce diarrhoea. Then the animals were kept in sepa-
rate cages lined with white filter paper for an observation
period of 4 h. The parameters observed were the onset of
diarrhoea, frequency of watery stool and a number of wet
faeces. The percentage protection against diarrhoea was
calculated as follows:
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and the small intestine was cut from pylorus to caecum.
The content of the small intestine from each mouse was
milked into a calibrated syringe to determine its volume
in millilitres (ml) and recorded. The volume of the intes-
tinal fluid obtained from the distilled water treated group
was compared with the groups that received the extract
and the loperamide. Percentage reduction in volume was
determined as follows:

—B
x 100

% decrease in the volume of intestinal content =

where A=volume of intestinal content in the control
group; B=volume of intestinal content in the test group.

Charcoal meal test in mice

The intestinal transit was determined on the basis of the
experimental protocols reported by Di Carlo et al. (1993).
The mice were deprived of food for 18 h and divided
randomly into five separate groups (n=6). The group I
animals were pretreated with distilled water (10 ml/kg)
orally. Groups II, III and IV received the graded doses
of MEHA (150 mg, 300 mg and 600 mg), respectively,
while group V received atropine sulphate (conventional
antimotility agent) at 3 mg/kg. After sixty minutes of
the respective treatments, each mouse received a 0.5 ml
charcoal meal (5% activated charcoal suspension in 0.5%
acacia). Subsequently, 30 min following the oral adminis-
tration of the charcoal meal, the animals in all the groups
were anaesthetized using light ether anaesthesia and
euthanized by cervical dislocation. Each animal’s abdo-
men was opened with the aid of dissecting set, and the
small intestine was removed from pylorus to caecum
and placed lengthwise on moist filter paper. The distance

No of wet faeces in the control group — No of wet faeces in a test group
X

100

% inhibition of diarrhoea =

Total No of wet faeces in the control group

Intestinal fluid accumulation test in mice

The experimental protocol previously reported by Robert
et al. (1975) was used. The mice were fasted for 18 h and
categorized randomly into five separate groups (n=6).
The mice in group I were pretreated with distilled water
(10 ml/kg). The groups II, III and IV received graded
doses of MEHA (150 mg, 300 mg and 600 mg), respec-
tively, while group V received loperamide (conventional
antidiarrhoeal drug) at the dose of 3 mg/kg. After 60 min
of the pretreatments, castor oil (0.5 ml) was administered
to the animals orally. Then 30 min after administration
of the castor oil, the mice in all the groups were anaes-
thetized using light ether anaesthesia and euthanized
by cervical dislocation. Subsequently, the abdomen of
each mouse was dissected with the aid of dissecting set,

moved by the charcoal meal in relation to the small intes-
tine’s total length was determined and recorded using
a calibrated ruler. The peristaltic index and percent-
age inhibition of charcoal movement were calculated as
follows:

% Peristaltic index of charcoal meal

distance travel by charcoal meal (cm)
x 100

~ Total length of the small intestine (cm)

x 100

% inhibition of charcoal movement =
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A =mean movement of charcoal meal in the control
group; B=mean movement of charcoal meal in the test

group.

In vitro antidiarrhoeal studies

Actions of methanol bark extract of Hymenocardia acida

on rabbit jejunum

An adult male rabbit was starved of feed but not water
for about 18 h. It was then anaesthetized by light ether
anaesthesia and euthanized. The abdomen of the rab-
bit was opened, and part of the jejunum (4 cm long) was
cut and dissected free of adhering mesentery. The tissue
was subsequently suspended in a 25 ml organ bath that
contains tyrode solution and left to stabilize for 30 min.
The effects of acetylcholine (2x 107°-16x 107> mg/
ml) and the MEHA (8 x 1072-640 x 10~2 mg/ml) on the
jejunum were investigated. The tissue was left to rest
before adding the next drug. The contact time for each
concentration of the test substance was 30 s, then subse-
quently washing three times with a tyrode solution. The
responses produced by acetylcholine alone and the inter-
action between the MEHA and acetylcholine were then
recorded using a microdynamometer set at 3.0 mV and a
speed of 24 mm/min.

Actions of methanol bark extract of Hymenocardia acida

on guinea pig ileum

A similar protocol was adopted as that of the effects of
the MEHA on isolated rabbit jejunum as described above
(2.8.1). The effect of histamine (2 x 107°~16 x 10> mg/
ml) and the MEHA (8 x 1072640 x 107> mg/ml) were
determined on guinea pig ileum. The response elicited by
histamine alone and the interaction between the MEHA
and histamine were subsequently recorded.

Data analysis

The data were analysed using SPSS software and pre-
sented as the mean *standard error of the mean (SEM)
in tables and graphs. One-way analysis of variance
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(ANOVA) was utilized to compare the means of the
groups, followed by Dunnett’s post hoc test for multiple
comparisons. The outcomes were considered significant
at p <0.05.

Results

The extractive value of methanol bark extract

of Hymenocardia acida

The dried extract weight obtained was 107 g after the
extraction of 1200 g of the plant material, representing an
extractive value of 8.92%.

Phytochemical investigation

Phytochemical determination of the crude MEHA
showed tannins, steroids, terpenes, saponins, alkaloid
and flavonoids.

Acute toxicity investigation of methanol bark extract

of Hymenocardia acida

The MEHA at 2000 mg/kg showed no mortality and clear
sign of toxic effects over the period of the study (14 days).
Hence, the median lethal dose (LD5;) of the MEHA after
oral administration could be more than 2000 mg/kg.

Castor oil-induced diarrhoea in mice

The castor oil produced diarrhoea copiously at
(27.20£4.71 min) in the distilled water treated group.
The MEHA produced a remarkable (p“0.05) increase
in the onset of diarrhoea in order of increasing dose
relative to the distilled water treated group. Besides, a
decrease in the number of wet faeces in relation to the
negative control group was observed. It also produced
dose-dependent inhibition of diarrhoea (23.08, 53.85 and
80.77%). The standard antidiarrhoeal drug loperamide
showed a significant elevation in the onset of diarrhoea
(93.80£2.31 min) and reduced the number of diar-
rhoea faeces (0.20+0.20) when related to the group that
received distilled water (Table 1).

Table 1 Action of methanol bark extract of Hymenocardia acida on castor oil-induced diarrhoea in mice

Treatments (mg/kg, p.o) Onset of diarrhoea Number of dry faeces Number of wet faeces Percentage
(min) inhibition (%)

DW 10 ml/kg 27.20+£4.71 2.60+£098 5204049

MEHA (150) 76.80£7.35% 200+£0.32 4004071 23.08

MEHA (300) 82.80+3.06* 1.20£0.80 240£0.68* 53.85

MEHA (600) 8320+£6.36* 1.00+£045 1.00+£045% 80.77

LOP (3) 93.80+231* 1.00£0.32 0.20£0.20* 96.15

The values are represented as mean + SEM; *p < 0.05, compared to the distilled water group (one-way ANOVA followed by Dunnett’s post hoc test), DW =distilled
water, MEHA =methanol stem bark extract of H. acida, LOP =loperamide, p.o=per oral, n=6
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% inhibition of diarrhoea =

No of wet faeces in the control group — No of wet faeces in a test group
X

100

Total No of wet faeces in the control group

For example, the percentage inhibition of diarrhoea in
the group treated with 150 mg/kg of the MEHA can be
illustrated as follows:

5.20 — 4.00
% inhibition of diarrhoea (150 mg/kg) = —30 100
% inhibition of diarrhoea (150 mg/kg) = 23.08%

Intraluminal fluid accumulation

The MEHA (150, 300 and 600 mg/kg) exerted a signifi-
cant (p“0.05) and non-dose-dependent reduction in the
volume of intestinal fluid (0.1240.02, 0.15+0.02 and
0.11+0.05 ml) by 60%, 50% and 63.33%, respectively,
in relation to the group that received the distilled water
(0.304£0.02 ml). Also, the group treated with loperamide
significantly reduced the intestinal fluid volume by 66.66%
compared to the control group (Table 2).

% inhibition in the volume of intestinal content = x 100

Table 2 Actions of methanol bark extract of Hymenocardia acida
on enteropooling in mice

Treatments (mg/kg) Volume of intestinal Percentage
content(ml) inhibition (%)

DW (10 ml/kg) 0.30+£0.02 -

MEHA (150) 0.124+0.02% 60.00

MEHA (300) 0.154+0.02* 50.00

MEHA (600) 0.1140.05* 6333

LOP(3) 0.10£0.01* 66.66

The values represented as Mean £ SEM; *p < 0.05, compared to the distilled
water group (one-way ANOVA followed by Dunnett’s post hoc test),

DW =distilled Water, MEHA = methanol stem bark extract of H. acida,

LOP =loperamide, p.o=per oral, n=6

where A=volume of intestinal content in the control
group; B=volume of intestinal content in the test group.

For example, the percentage inhibition in a volume of
intestinal content in the group treated with 150 mg/kg of
the MEHA can be illustrated as follows:

% inhibition in volume of intestinal content (150 mg/ kg)
0.30 — 0.12
~ 030
% inhibition of intestinal content volume (150 mg/kg)
= 60.00%

x 100

Effects of Hymenocardia acida bark extract on intestinal
motility in mice

The MEHA at the doses of 150 and 300 mg/kg did not
reduce the charcoal meal movement (38.50 +0.56 and
38.25+2.42 cm). However, the highest dose of the
extract and atropine sulphate remarkably reduced the
charcoal movement (27.58 £3.09 and 27.91£2.78 c¢m)
with respective percentage inhibition of the charcoal
movement of 33.27% 32.47% as shown in Table 3.

% inhibition of charcoal movement = x 100

A=mean movement of charcoal meal in the control
group; B=mean movement of charcoal meal in the test
group.

For example, the percentage inhibition of charcoal
meal movement in the group treated with 150 mg/kg of
the MEHA can be illustrated as follows:

Table 3 The actions of methanol bark extract of Hymenocardia acida on gastric transit time in mice

Treatments (mg/kg) Length of intestine (cm) Movement of charcoal (cm) Peristaltic index (%) Percentage
inhibition (%)

DW 10 ml/kg 46.38+1.18 41.33+£1.08 89.11

HA (150) 45.8341.08 38.50£0.56 84.00 06.85

HA (300) 5093+ 1.60 3825+£242 75.10 0745

HA (600) 4517 +1.86 27.58+3.09% 58.46 3327

ATR (3) 4487 +2.30 2791+£278* 62.22 3247

The values are represented as mean + SEM; *p < 0.05, compared to the distilled water group (One-way ANOVA followed by Dunnett’s post hoc test), DW = distilled
water, MEHA = methanol stem bark extract of H. acida, ATR = atropine sulphate, p.o=per oral, n=6
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Fig. 2 The actions of the methanol stem bark extract of
Hymenocardia acida on histamine-induced contraction on guinea pig
ileum, n=3

% inhibition of charcoal movement (150 mg/kg)
41.33 — 38.50
R
% inhibition of charcoal movement (150 mg/kg)
= 6.85%

x 100

Actions of the methanol stem bark extract

of Hymenocardia acida on rabbit jejunum (isolated tissue)
The MEHA (8x1072-640x 1072 mg/ml) signifi-
cantly revealed a reduction in the spontaneous con-
traction of the isolated rabbit jejunum in order of
increasing concentration. Besides, the MEHA at
8 x 1072-640 x 107> mg/ml when combined with
acetylcholine (2x107°-16 x 107> mg/ml) elicited a
concentration-dependent abolition of the contraction
caused by acetylcholine in a non-parallel rightward
shift (Fig. 1).
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The actions of methanol bark extract of Hymenocardia
acida on isolated guinea pig ileum

The MEHA (8x1072-640x10"2 mg/ml) produced
remarkable (p 0.05) and concentration-dependent relax-
ation of guinea pig ileum. It also significantly inhibited
contraction caused by histamine (2 x 107°~16 x 10~° mg/
ml) on guinea pig ileum. The histamine showed a concen-
tration-dependent increase in the rate of contraction of
the guinea pig ileum. Similar to the extract’s effects on
acetylcholine, the extract shifted the histamine concen-
tration-response curve (Fig. 2).

Discussion

Many scientific investigations were conducted to vali-
date the reported folkloric claims of herbal products to
treat diarrhoea and determine their effects on intesti-
nal motion and fluid and electrolyte secretory activity
(Chaddha et al. 2013). The plant Hymenocardia acida has
been reported in traditional medicine to be used against
diarrhoea (Tor-Anyin et al. 2013). Therefore, the antidi-
arrhoeal activities and probable mechanisms of action
of the bark extract of Hymenocardia acida against diar-
rhoea were investigated to validate its folkloric claim as a
basis for further research to develop novel antidiarrhoeal
compounds.

The evaluation of the acute toxic effects of chemi-
cal agent is essential to determine the LDj;, of chemical
substances, and it gives a guide on the doses to be used
in the subsequent experimental procedures (De Oliveira
et al. 2017). The use of doses less than or equal to 30%
of the reported LDy, are relatively safe for pharmaco-
logical screening in experimental animals (Vongtau et al.
2004). Besides, the investigation of the LD, is the initial
phase in assessing the toxicity effects of chemical sub-
stances. For example, after the acute administration of
the MEHA (2000 mg/kg) in this study, no death and evi-
dent signs of toxicity were determined over the duration
of the 14 days. The finding suggested that the oral LD,
of the MEHA was more than 2000 mg/kg. Besides, the
extract could be safe relatively after acute administration.
Similarly, Obidike and team members in 2011 showed
the safety of Hymenocardia acida leaves after acute and
chronic administration (Obidike et al. 2011).

The pathogenesis of diarrhoea includes increased
luminal osmotic pressure, increased intestinal fluid
and electrolyte secretion, reduction in absorption, and
increased intestinal hypermotility (Umer et al. 2013).
Therefore, therapeutic agents with intestinal hypermotil-
ity and hypersecretory inhibitory actions have been uti-
lized against diarrhoea (Mekonnen et al. 2018). In this
experiment, we reported the antidiarrhoeal potentials
of the bark extract of Hymenocardia acida using castor
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oil-induced diarrhoea, intestinal fluid accumulation, gas-
trointestinal motion test, as well as in vitro studies on
rabbit jejunum and guinea pig ileum.

Castor oil is metabolized in the intestine and causes
the production and release of a hydroxylated fatty acid
(ricinoleic acid) by intestinal lipase. The ricinoleic acid
provoked intestinal irritation and inflammation, result-
ing in prostaglandins’ (PG) release, which subsequently
increases the intestinal motility and hypersecretion
(Brijesh et al. 2009). The PG released promotes intestinal
smooth muscle contraction, vasodilatation and intestinal
mucus secretion that eventually cause diarrhoea (Brijesh
et al. 2009). The overall effects are increased fluid and
water secretion and increased intestinal transit time,
diarrhoea frequency, and increased wet faeces (Ezeja
et al. 2012). The agents that inhibit PG biosynthesis
could delay diarrhoea (Brijesh et al. 2009). Therefore, on
account of this study, the MEHA could possess its antidi-
arrhoeal activity by stimulating fluid and water reabsorp-
tion, increased small intestinal residence time, decreased
intestinal hypersecretion and prevented prostaglandins’
action associated with the pathophysiology of diarrhoea.
The MEHA could also inhibit PG biosynthesis as well as
anti-inflammatory potentials. Research by Sofidiya and
colleagues (2010) reported the anti-inflammatory action
of Hymenocardia acida by inhibiting PG’s biosynthe-
sis. In an experiment conducted by Ezeja et al. (2012),
the leaves extract of Pterocarpus erinaceus inhibited the
diarrhoea induced by castor oil. Similarly, Ahmadu and
team members (2007) reported the inhibitory actions of
Ficus sycomorus and Daniellia oliveri against diarrhoea
induced by castor oil. The fruit of Amnona muricata
dose-dependently inhibited castor oil-induced diarrhoea
(Afroz et al. 2020).

The ricinoleic acid is polar in nature and therefore
poorly absorbed; thus, it changes the small intestinal
permeability to fluid and electrolyte, activates peristal-
tic movement in the intestines and eventually causes
fluid accumulation (Adeyemi et al. 2011). From the find-
ings of the current experiment, the inhibitory action of
the MEHA on the intestinal fluid accumulation could be
attributed to the prevention of PG biosynthesis, decrease
in the intestinal fluid secretion and promotion of fluid
and electrolytes reabsorption as observed in the castor
oil-induced diarrhoea. Based on the study reported by
Dahiru et al. (2006), the methanolic root extract of Z.
Mauritiana significantly reduced intestinal fluid accumu-
lation. In another research by Ahmad et al. (2020a, b), the
leaves extract of Combretum hypopilinum also inhibited
the small intestinal fluid accumulation.

Loperamide produces its action as an agonist on the
mu (i) opioid receptor in the large intestine’s myen-
teric plexus. This drug possesses antidiarrhoeal action
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by reducing the contractility of the myenteric plexus
and diminishes the tone of the intestinal smooth muscle
(Hughes et al. 1982). It also hinders the release of ace-
tylcholine from the enteric nervous and attenuates the
intestine’s peristaltic activity, which increases the intesti-
nal residence time and more fluid and electrolytes reab-
sorption (Lutterodt 1992). Overall, loperamide produces
antidiarrhoeal action due to its antimotility and antise-
cretory activities (Holzer 2009). In a study by Awouters
et al. (1978), loperamide inhibited PG-induced diarrhoea.
In the present work, the loperamide halted the diarrhoea
and fluid accumulation in the intestine. Therefore, the
MEHA could possess its antidiarrhoeal action in a similar
manner to the loperamide.

The activated charcoal cannot be absorbed in the
intestine and, therefore, hinders the absorption of
chemicals and other substances by the adsorption pro-
cess (Bello et al. 2016). Going by the outcome of this
research, the remarkable reduction in the charcoal
motion elicited by the MEHA may be related to its
intestinal hypermotility inhibitory effect as a result of
reduced intestinal transit, increased intestinal stay-
ing time and promotion of water and electrolyte reab-
sorption (Shoba and Molly 2014). It is well known
that anticholinergic agents have intestinal antimotility
activity (Mahesh et al. 2010). Hence, the extract’s sig-
nificant antimotility action in the present work could
be related to its anticholinergic effect. Similar to the
outcome of the present work, several antidiarrhoeal
agents and plant extracts elicit their pharmacological
activity by reducing intestinal transit (Monirul Islam
et al. 2013). For instance, research has shown that the
leaves of Combretum hypopilinum significantly reduced
the intestinal hypermotility (Ahmad et al. 2020a, b).
Besides, leaves of Syzygium cumini L. (Myrtaceae)
inhibited the charcoal movement in the gastrointes-
tinal motility test (Monteiro et al. 2018). Calzada and
fellow researchers (2010) also revealed the intestinal
hypermotility inhibitory actions of several Mexican
medicinal plants. In a separate experiment by Riaz et al.
(2020), Ficus palmate elicited an antimotility effect.

Acetylcholine released as the major neurotransmitter
from the autonomic nervous system (ANS) stimulates the
intestinal smooth muscles due to muscarinic receptors’
action (Bello et al. 2016). The activation of the muscarinic
receptors, specifically M; subtype by acetylcholine stimu-
lates phospholipase C (PLC) that subsequently caused
the production of diacylglycerol (DAG) and inositol
triphosphate (IP;). The IP; stimulates the intracellular
calcium ion (Ca’*) and mobilizes the release of Ca?*
from other tissues via the Ca’>" sensitive channels. DAG
phosphorylates different proteins by stimulating protein
kinase C, which subsequently activates the non-selective
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cationic channels and stimulates voltage-dependent cal-
cium channel (Sanders 2008). Based on the result of
this work, acetylcholine elicited a contractile effect on
the rabbit jejunum in order of increasing concentra-
tion due to its effect on the muscarinic receptor. How-
ever, the MEHA antagonized the acetylcholine action on
rabbit jejunum contraction that could be related to an
anticholinergic activity which is evident from the con-
centration—response curve (CRC) of the extract on the
acetylcholine-elicited contraction. The MEHA shifted
the CRC of the acetylcholine to the right and suppressed
its maximum response. Riaz et al. (2020) reported the
Ficus palmate’s ability to inhibit the contractility of rab-
bit jejunum. Research reported by Bello and team mem-
bers (2016) has shown the capability of Nymphaea lotus
rhizome to have demonstrated a contractile action and
enhanced the tone of the isolated rabbit’s contraction
jejunum at low concentration. However, it significantly
reduced the spontaneous contractility of the rabbit jeju-
num at a high concentration. In a similar study by Khan
et al. (2011), Salvia officinalis produced relaxation of the
rabbit jejunum in order of increasing concentration.

Another possible mechanism for the spasmolytic activ-
ity of the MEHA in this study could be through the inhi-
bition of histamine receptors. Histamine receptors are
abundant in the lumen and mucosal lining of the gastro-
intestinal tract in enterochromaffin-like (ECL) cells (Bello
et al. 2016). The stimulation of the histamine receptors
on smooth muscles causes concentration-dependent
membrane depolarization and excitation (Bello et al.
2016). Furthermore, the histamine binds to the histamine
(H;) receptor and elicits contractile action of the iso-
lated guinea pig ileum (Bertaccini et al. 1979). Based on
the findings in this study, the extract elicited remarkable
relaxation on the isolated guinea pig ileum. This is evi-
dent from the CRC graph of the extract on the contrac-
tion induced by the histamine on the isolated guinea pig
ileum. From the graph, the extract moved the histamine
CRC to the right to suppress the histamine’s maximum
effect. Similarly, the aqueous leaves extract of Tagetes
lucida inhibited guinea ileum’s spontaneous contractions
(Ventura-Martinez et al. 2020).

The in vitro findings in this study have shown that
the extract’s effect could be non-specific since it affects
both the muscarinic and histaminergic receptors. Inter-
estingly, most H; receptor antagonists are reported to
inhibit acetylcholine responses by blocking the mus-
carinic acetylcholine receptors (Saikia et al. 2017).
Therefore, it could be possible that the MEHA possesses
phytochemicals that could have elicited the antihistamin-
ergic and anticholinergic effects observed. Furthermore,
it was reported that the phytochemical compounds pre-
sent in herbal products could antagonize acetylcholine
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and histamine-induced intestinal activation (Saikia et al.
2017). For example, Ammon et al. (2006) documented
the spasmolytic and atonic actions of an herbal product
(iberogast®) used against dyspepsia and irritable bowel
syndrome on the contraction produced by acetylcho-
line and histamine. Similar to the outcome of the pre-
sent work, the rhizome of Nymphaea lotus attenuated
the contraction exerted by acetylcholine and histamine
on isolated rabbit jejunum and guinea pig ileum, respec-
tively (Bello et al. 2016).

Several phytochemical compounds such as flavonoids,
saponin, tannins and alkaloids have relaxant activity on
the intestinal smooth muscles (Ali and Ali Shah 2011).
Studies have shown that alkaloid, glycoside, terpenoids
prevent the production and release of autocoids and PG
implicated in diarrhoea, whereas flavonoids inhibit ace-
tylcholine release in the GIT, prevent intestinal motility
and hypersecretion (Dosso et al. 2012). Also, flavonoids
antagonize PGE,-induced intestinal hypersecretion
(Dosso et al. 2012). The tannins protect the intestinal
mucosa against PGE,-induced fluid accumulation, while
saponins inhibit the histamine release in an ex vitro
experiment (Mahesh et al. 2010). Due to the presence
of flavonoids, steroids, terpenes, tannins, alkaloids and
saponins in the MEHA, it could also possess intestinal
smooth muscle relaxant action, prevent intestinal motil-
ity, hypersecretion and fluid accumulation, with an over-
all antidiarrhoeal activity.

Conclusion

The outcome of this work has revealed that the MEHA
has phytochemical compounds with potential antidiar-
rhoeal activity, therefore justifying its ethnopharmaco-
logical claim for use in the management of diarrhoea.
Hence, it is recommended for more research be con-
ducted on this medicinally important plant to uncover
the molecular basis of its antidiarrhoeal action in an
attempt to discover and develop novel antidiarrhoeal
compounds.

Plant authentication

The plant was authenticated at the Herbarium Section
of the Department of Botany, Faculty of Life Sciences,
Ahmadu Bello University, Zaria, Nigeria, (voucher num-
ber: 1275) by comparing it with an existing specimen.
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