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ABSTRACT

The folkloric claim of Ipomoea batatas extracts in the management of diarrhoea is yet to be substantiated or
refuted with scientific data. Therefore, the present study was aimed to screen the extracts of I. batatas for
both its secondary metabolites, acute toxicity, and antidiarrhoeal activity at 125, 250, and 500 mg/kg body
weight in rats and elemental analysis of the most active extract. The most active extract was screened for
elemental analysis. Secondary metabolites were screened using standard methods while the antidiarrhoeal
activity was done by adopting the castor oil-induced diarrhoeal and castor oil-induced enteropooling,
models. The extracts contained flavonoids, phenolics, saponins, alkaloids, tannins, terpenes, and steroids
were detected. The LDg of extracts were found to be greater than 5000mg per kg body weight of the rats.
The elemental analysis revealed the presence of potassium, zinc, sodium, and chloride. In the castor oil-
induced diarrhoeal model, the extracts significantly (P < 0.05) prolonged the onset time of diarrhoea,
decreased in a number of faeces, fresh weight of faeces, and water content of faeces, and increased the
inhibition of defecations. Na*/K*-ATPase, and alkaline phosphatase activities in the small intestine
increased significantly (P < 0.05) whereas the extract produced dose-specific changes on intestinal
nitricoxide content decreased. The decreases in the masses and volumes of intestinal fluid by the crude
extractswas accompanied by increase in inhibition of intestinal fluid content in the enteropooling model.

Keywords: Phytochemical compounds, diarrhoea, antidiarrhoea, castor oil, Ipomoea.

INTRODUCTION

Diarrhoea is a global health issues affecting all regions and populations, particularly in low and middle
income countries of sub-Saharan Africa and Asia from which very young and old aged are more vulnerable
(Turyare et al., 2021). Diarrhoea is an alteration in bowel movement, characterized by increased water
content, volume and frequency of stooling, usually occurring three or more times a day, whilst the frequent
passing of loose ‘pasty’ stools or formed stools by breastfed babies is not regarded as diarrhoea (Omole et
al., 2019). It is a major cause of morbidity and mortality affecting more children than adults (UNICEF,
2019).

Globally, an annual incidence of about 1.7 billion childhood diarrhoeal episodes has been reported in
humans, with mortality of 760, 000 children under the age of five (Abuzerr et al., 2019). Most of the deaths
from diarrhoea occur amongst children aged less than 2 years living in South Asia and sub-Saharan Africa
(UNICEF, 2019). Of this, Nigeria accounts for an estimate of 150 000 diarrhoeal deaths (Charyeva et al.,
2015; Peter and Umar 2018).
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Management strategies of diarrhoea have been to prevent dehydration via the use of oral rehydration
solutions, intravenous fluids, conventional drugs such as loperamide or its combination with simethicone
and antibiotics such as azithromycin and ciprofloxacin. Several options employed in the management of the
diseases include oral agents such as metronidazole, antibiotics, and oral rehydration therapy (ORT)
(Charyeva et al., 2015). With over a decade of the practice and promotion of ORT, diarrhoea is still the
second among the causes of child death (WHO, 2017). In addition, these management options which often
fail during high stool output state are also associated with undesirable side effects such as headache,
convulsion, stomach cramp, vomiting, constipation, and hallucination (WHO, 2017).

However, these options are now known to be accompanied by severe constipation, vomiting, uncomfortable
fullness and pain of the stomach, fast or irregular heartbeat and occasionally syncope. In addition, because
of the continuous escalation in the healthcare cost, perceived efficacy, the emergence of resistant pathogenic
strains, potential to exhibit bioactivity through multiple mechanisms and financial austerity in major
developing countries, the interest in natural product-based drug development needs to be revitalized.
Therefore, exploring alternative and complementary options in medicinal plants for the management of
diarrhoea will not be out of place (WHO, 2017).

The plant kingdom have been a treasure house of potential drugs. In the recent years there has been an
increasing awareness about the importance of medicinal plants. Drugs from the plants are easily available,
less expensive, safe, and efficient and rarely have side effects. Plants are the richest resource of drugs of
traditional systems of medicine, modern medicines, nutraceuticals, food supplements, folk medicines,
pharmaceutical intermediates and chemical entities for synthetic drug (Pritish et al., 2015).

Ipomoea batatas Linn. (family, Convovulaceae), also commonly called sweet potatoes (English), “dun,adun
odunkun” (Yoruba), “dankalin Hausa” (Hausa), and ‘“nduku uto” (lgho), is native to South East Asia and
India but is now extensively cultivated in the tropical and subtropical regions (Morales et al., 2017). 1.
batatas is a herbaceous perennial vine, bearing alternate heart-shaped or palmately lobed leaves and
medium-sized sympetalous flowers. The stems are usually crawling on the ground and form adventitious
roots at the nodes. The leaves are screwed along the stems. The leaf stalk is 5 to 20 inches long (Morales et
al., 2017).

Various parts of the plant have been claimed to be ethno-pharmacologically relevant in the management of
several ailments. For example, a cold infusion of the root is used to treat venereal diseases, anaemia,
scabies, leprosy, and skin diseases (Vishnu et al., 2019). The leaves have also been as used for managing
cold, bronchitis, and eye infections and as an abort if ancient. Furthermore, |. batatas leaf extract has also
been claimed to be used as a remedy for diarrhoea, and dysentery, diabetes, and cancer (Vishnu et al.,
2019). I. batatas aqueous leaf extract were reported to be alterative, aphrodisiac, astringent, bactericide,
demulcent, fungicide, and tonic, sweetpotato leave is a folk remedy for asthma, bugbites, burns, catarrh,
ciguatera, convalescence, diarrhea, dyslactea, fever, nausea, renosis, splenosis, stomach distress, tumors, and
whitlows (Duke and Wain, 1981).

Extracts of I. batatas leaf have been reported to exhibit antibacterial activity against Staphylococcus aureus,
Bacillus cereus, and E.coli O157:H7 (Islam et al., 2015). Methanol extract of sweet potato roots showed
gastroprotective activity against aspirin-induced ulcer in Wistar rats in a dose dependent manner (Panda and
Sonkamble, 2012). Similarly, an earlier study reported a significant increase in packed cell volume, white
blood cells and platelets of rabbit fed with sweet potato extract (Osime et al., 2008). Moreover, the 1. batatas
leaf extracts depress neuroinflammatory responses in lipopolysaccharide-activated BV-2 microglia cells by
inhibiting the production of pro-inflammatory mediators, such as inducible nitric oxide synthase (iNOS),
cyclooxygenase 2 (COX-2), nitric oxide (NO), and TNF-o. The anti-euro-inflammatory potential of I.
batatas leaf extract was considered to be related to its strong antioxidant properties (Kang et al., 2014).
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Despite several scientific studies that have validated the folkloric uses of different parts of I. batatas, there is
no study in the open scientific literature that has provided scientific evidence to the acclaimed use of the leaf
extract of I. batatas in the management of diarrhoea. Therefore, this study was aimed at validating or not,
the acclaimed use of I. batatas leaf extract in the management of diarrhoea using chemically induced
diarrhoeal models in rats.

MATERIALS AND METHODS

Collection and Identification of Plant Sample

The leaves of Ipomoea batatas used in this research were collected at 6.45 am around Model primary school
located in Damaturu Local Government Area of Yobe State, Nigeria 11.7470° “N, 11.9662° “E and were
identified at the Herbarium Unit of the Department of Plant Biology, Bayero University Kano Accession
Number BUKHAN 409 was assigned to it.

Extraction of Ipomoea batatas (Sweet potato) Leaves
Soxhlet extraction method

Exhaustive Soxhlet extraction was performed using classical apparatus with 50 g of each of the powdered
leaf samples of I. batatas. Extraction was performed with n-Hexane (1:10 w/v) (Peter and Umar, 2018).
After extraction, the n-Hexane solvent was evaporated completely to concentrate it in a vacuum by using
rotary evaporator at 400C under reduced pressure. The solvent-free n-Hexane extract was thereafter
evaluated for the study.

Two hundred grams (200g) of dry powder of the plant material was subjected to successive soxhlet
extraction with solvents of increasing polarity (n-Hexane and methanol). First 50g of the powdered plant
material was placed in the extraction chamber of the soxhlet apparatus. The extracting solvent (n-Hexane) in
the flask was heated until clear liquid contents of the chamber siphoned into the flask. Each time 509 of the
powdered plant material was extracted with 200 ml of solvent in the soxhlet extraction process (Rahman et
al., 2015). The n-Hexane extract was evaporated completely to concentrate it in a vacuum by using a rotary
evaporator (Buchi labortechnik AG, Switzerland) under reduced pressure set at 400C followed by oven at
room temperature for 12 h (Zavala et al., 2013). The residue was collected and dried at room temperature to
remove n-Hexane.

The plant material was then dried and extracted using methanol following the same procedure as described
before to get the methanol extract. Finally, the residue of methanol extract was collected and dried at room
temperature. After drying, the percentage yield of all extract were determined and the yield were calculated
for n-Hexane and methanol extracts respectively.

Cold maceration method

Maceration was carried out in a closed conical flask for 7 days at room temperature with frequent agitation
(Handa et al., 2008) using 1000 g powdered leaf samples of | batatas and methanol (1:10 w/v). The
extraction was done in an aliquot. The marc were filtered with Whatman No.1 filter paper and the filtrate
was concentrated by open air evaporation. The concentrate (extract) was weighed, the percentage yield
calculated, labeled, and stored at 49C in a refrigerator until required. The solvent-free methanol extracts
obtained were similarly evaluated.
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Phytochemical screening

Quialitative Screening of Secondary Plant Metabolites. A known volume 1.0 mL of the extract of I. batatas
was screened for the presence of some secondary metabolites as described for alkaloids (Hanieh et al.,
2010) steroids, anthraquinones, (Oladiji et al., 2010) saponins (Wall et al., 1954), phenolics and flavonoids
(Awe and Sodipo, 2001) cardiac glycosides (Awe and Sodipo, 2001), tannins and triterpenes (Odebiyi and
Sofowora, 1978) as follows.

Experimental Animals

Experiments involving animal ethics care and oral administration of various extracts were reviewed and
approved by the Animal Care and Use Research Ethics Committee (ACUREC), Bayero University Kano.
The protocol of animal study on Wister rats was based on the guidelines given by the Law of Animal
Protection Act of the institution with approval number BUK/ DRIP/AUREC/00507. Healthy, Wistar rats of
both sexes (Rattus norvegicus) weighing 140.51 + 6.53 g were obtained from AKTH Kano, Kano State,
Nigeria. The animal were then transported to Damaturu, Yobe State, Nigeria. The animals were housed in
clean wooden cages placed in well-ventilated housing conditions (temp: 25°C — 27°C; photoperiod: about a
12 h light and dark cycle; relative humidity: 45% — 50%). The animals were allowed unrestricted access to
clean rat pellets (Top Feeds Nigeria Limited, Ibadan, Nigeria) and tap water. The cages were cleaned on a
daily basis.

Antidiarrheal Activity (Castor Oil-Induced Diarrhoeal Model)

Castor Oil-Induced Diarrhoea in Rats. Thirty-six, healthy Wistar rats were fasted for 8 hours prior to the
experiment but allowed free access to water. The experimental rats were completely randomized into nine
groups of four animals each. The procedure described by Bajad et al. (2001) was adopted with slight
modification. Animals in group | (administered 1.0 mL of distilled water) served as normal control, animals
in group Il (administered 1.0 mL of distilled water), as negative control while those in groups Il (positive
control), 1V, V, and VI (test groups) received 1.0 mL each corresponding to 2.5 mg/kg body weight of
loperamide (a reference drug), 125, 250, and 500 mg/kg of the extracts respectively. Thirty minutes after
administration, all the animals were orally administered 1 mL of castor oil and thereafter placed in cages
lined with a pre-weighed transparent paper. Except the normal control group 1. During the 6-hour
observation period, the time of onset of diarrhoea, the total number of faeces, diarrhoeal faeces, total weight
of faeces, and percentage inhibition of diarrhoeal defecation in each group were computed. The weight of
the faeces was obtained from the difference in the preweighed transparent paper and fresh weight of the
stool. The dry weight of the faeces was obtained by drying the fresh faeces in the laboratory oven (Uniscope
Laboratory oven, SM9053, Surgifriend Medicals, England) at 100 °C until a constant weight was obtained.
The difference in the fresh weight of the faeces and dry weight of the faeces gives the water content of the
faeces. At the end of the 6-hour exposure period, the animals were sacrificed and small intestine
supernatants prepared.

% inhibition = ((Mean defecation of control group — Mean defecation of treated group)) / (Mean defecation
ofcontrol group) %100 (1)

Preparation of small intestine supernatants.

The procedure described by Akanji and Yakubu (2000) was adopted for the preparation of small intestine
supernatants. Briefly, under ether anaesthesia, the animals were dissected and small intestine was removed.

Thereafter, the contents of the small intestines were squeezed out, blotted in blotting paper, and
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homogenized in 0.25 M sucrose solution (1:4 w/v) using Teflon homogenizer. The homogenate was
centrifuged at 894 xg for 15 minutes to obtain the supernatant which was used for the determination of
concentrations of protein, nitric oxide, activity of sodium potassium ATPase and intestinal alkaline
phosphatase activity.

Determination of protein content of the supernatant.

The protein concentration in the small intestine supernatant of the animals was assayed, using Bradford’s
reagent as described by Gornall et al., (1949) A known volume (4.0 mL) of Bradford reagent was added to
1.0 mL of the supernatant (appropriately diluted). This was mixed thoroughly by shaking and left
undisturbed for 30 minutes at room temperature for colour development. The blank was constituted by
replacing the supernatants with 1.0 mL of distilled water. The absorbance was read against blank at 540 nm.
The concentration of protein in the supernatants was obtained from the calibration curve for bovine serum
albumin using the expression bellow

Protein concentration (mg/ml)=Cs x F (2)

Where C, corresponding protein concentration from the calibration curve; F = dilution factor.
Determination of Na*-K* ATPase activity.

The procedure described by Bewaji, (1985) was adopted for the determination of the activity of Na™-K*
ATPase in the small intestine supernatant. Briefly, 400 uL of 200 mM of NaCl, 40 mM of KCI, and 60 mM
of Tris (pH 7.4) were pipetted into test tube. Thereafter, 20 uL of MgCI2-6H20 (80 mM), 20 uL of 20 mM
EGTA, 240 uL of distilled water, and 20 uL of appro- priately diluted supernatant of the small intestine were
added. The mixture was incubated at 370 C for 5 minutes. A known volume (100 uL) of 8 mM ATP was
added, mixed thoroughly, and incubated at 370 C for 30 minutes. Furthermore, 200 uL of sodium dodecyl
sulphate (5%) and 2,000 uL of reagent C (mixture of ammonium molybdate/sulphuric acid solution [reagent
A] and 9% ascorbic acid [reagent B] in ratio 4:1 v/v) were added. The mixture was left undisturbed for 30
minutes at room temperature for colour development. The blank was constituted in the same manner except
that the small intestine supernatant was replaced with 20 uL of distilled water. The absorbance of the test
solution was read against that of the blank at 820 nm and then extrapolated from the absorbance obtained was
then extrapolated from the calibration curve for phosphate to give the concentration of the inorganic
phosphate. Thereafter, the specific activity of Na™-K*-ATPase was computed using the following expression:

Specific activity (umole Pi/mg protein/hr){([Pi] x 2 x dilution factor)/(1000 x protein concentration
(mg/mL))} @)

Where [Pi] = concentration of inorganic phosphate in n moles (obtained from the calibration curve);

2 = factor introduced to obtain the amount of Pi released per hour;

1000 = factor introduced to convert the Pi released to umoles.

Determination of nitric oxide concentration.

The procedure described by Wo et al. (2013) was used to determine the concentration of nitric oxide in the
small intestine supernatants of the animals. A known volume (0.5 mL) of the supernatant was added to 2 mL
of 75 mmol/L ZnSO, solution and 2.5 mL of 55 mmol/L NaOH. The solution was mixed thoroughly,
adjusted to a pH of 7.3, incubated for 10 minutes, and centrifuged at 504 xg for 10 minutes. The blank was
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constituted in a similar manner to the test except that 0.5 mL of supernatant was replaced by 0.5 mL of
distilled water. Furthermore, 1 mL of glycine-NaOH buffer was added to the test sample and blank. A
known volume (2 mL) of the deproteinized solution was added to the test and blank and the volume was
adjusted to 4.0 mL with deionized distilled water. The reaction was initiated by the addition of freshly
activated cadmium granules and, after 60 minutes, 2.0 mL each of test and blank was added to tubes
containing 2.5 mL of ethylene diamine tetraacetic acid solution, 3.0 mL of 1.0 mol/L HCI, and 0.3 mL of
1.0 g/L fuchsin acid solution, mixed thoroughly and incubated for 2 minutes. Next, 0.2 mL of 0.05 mol/L
resorcinol and 3.0 mL of 1.0 mol/L NH,OH were added. The absorbance of the test solution was read
against the blank at 436 nm. The concentration of serum nitrite was extrapolated from the calibration curve
of nitrite.

Determination of alkaline phosphatase activity

Assay of Alkaline Phosphatase (ALP): The method described by Bassey, (1946) as modified by (Wright et
al., 1972) using Randox Kits. In a cuvette, 10 pl of sample was mixed with 500 pl of the reagent. The initial
absorbance was read at 405 nm, and subsequently over 3 minutes. The mean absorbance per minute was
added in the calculation:

ALP activity (IU/l) = 2746x 4A405 nm/min 4)
Where: 2742 = Extinction coefficient;

AA 405 nm/ min = change in absorbance per minute for the homogenate sample.

Castor oil-induced enteropooling.

The procedure described by Chitme et al. (2004) was adopted for the castor oil-induced enteropooling study.
The animals were fasted without food for 6 h prior to the experiment but were allowed free access to water.
Four animals were randomly selected for each group and placed in their respective cages. Animals in the
normal control group (group 1) received 1.0 mL of distilled water, animals in the negative control (group 2)
received 1.4 ml while those in the Castor oil + Loperamide group. (Group 3) received 1.0 mL of atropine
sulphate (2.5 mg/kg body weight). Rats in groups 4, 5, and 6 (test groups) were orally administered 125,
250, and 500 mg/kg of the extracts, respectively. Immediately afterward, 1.0 mL of castor oil was
administered orally to each of the rats in all the groups except Group 1 Normal control. After 30 minutes,
each rat was sacrificed according to the method described by (Akanji and Yakubu, 2000) and the ends of the
pylorus and caecum of the small intestine were tied. The small intestine was dissected, and its intestinal
content squeezed into a measuring cylinder. The volumes and the masses of the intestinal contents were
noted and used to compute the percentage of inhibition of intestinal content.

Inhibition of intestinal content %=Mass of intestinal fluid (g) {(Control — Treated)/Control} x 100 (5)
Elemental Analysis

The five (5 g) for each of the each of the cold macerated Ipomoea batatas methanol leaf extract, were ashed
in an oven at 5409 for three hours, before subjecting it to various organic solvents, 0.5g each of the cooled
ashed extracts were digested by heating for two hours with a mixture of 10 mls Hydrochloric acid (HCI)
Nitric acid (HNO,) and perchloric acid (HCIO,). The digested mixtures were evaporated down to Smls
using rotary evaporator; they were then made up to 10 mils with 2M HNO, and to which were added 30 mls
of distilled water and kept in a 100mls beaker. The resulting solutions were used for the elemental analysis
using atomic absorption spectrophotometer (AAS) (A. Analyst 400 Model) at an appropriate wavelength,
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temperature and lamp-current for elements. Reagent blank samples were also prepared, these sample were
analyzed for: zinc (Zn) sodium (Na) chloride (CI) and potassium (K) were determined for each of the
Ipomoea batatas methanol extracts (leaf), (AOAC, 1998).

Statistical Analysis

The result of the study were managed and analyzed by using Statistical Package for Social Sciences (SPSS)
software version 23. The outcome from the SPSS analysis were presented as mean + standard deviation
(S.D). The statistically significant difference between the group and within the group was carried out using
One-Way Analysis of Variance (ANOVA). Followed by Tukey’s post hoc multiple comparison test. The
result was considered statistically significant when the p value was less than 0.05 at 95% confidence interval.

RESULTS AND DISCUSSIONS

In the present study, the traditionally acclaimed use of I. batatas extract in the management of diarrhea was
substantiated with scientific evidence using chemically induced diarrheal models using castor oil-induced
diarrhoea and enteropooling.

Phytochemical Screening

Results from the phytochemical study revealed the presence of alkaloids, flavonoids, tannins, phenols,
saponins, cardiac glycosides, terpenoids, steroids, and polyphenols (methanolic extract). Anthraquinones,
anthocyanins, cardiotonic heterosides, and coumarins were not detected in our experimental conditions
(methanolic extract) (Table 1) while Terpenoids were detected in n-Hexane extract, remaining were found to
be negative. Our results are in good agreement with Luo et al., (2005) for the presence of flavonoids whose
some were isolated such as tiliroside, astragalin, rhamnocitrin, rhamnetin, and kaempferol, Ling-Yuz et al.,
(2009) for the presence of steroids, terpenes and flavonoids among which some were isolated like
tetracosane, myristic acid, beta-sitosterol, beta-carotene, daucosterol and quercetin, Yin et al., (2008) for the
presence of polyphenols among which citrusin, caffeicacid, 3,4-di-O-caffeoylquinic acid, 1,2,3,4-tetrahydro-
beta-carboline-3-carboylic acid were isolated and Panda and Sonkamble, (2012) and Hossain, (2019).

Table 1: Qualitative phytochemical constituents of methanol and n-hexane leaf extracts of Ipomoea batatas L

Constituents Inference
IBMLE(IBnHLE
Alkaloids + —
Cardiac glycosides|+ -
Coumarins + —
Flavonoids + +
Phenolics + —
Saponins + -
Tannins + —
Terpenoids + +

Key: IBMLE = Ipomoea batatas Methanol Leaf Extract, IBHLE =Ipomoea batatas n-Hexane Leaf Extract,

(+) = Detected (-) = Not detected
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Effects of Extracts from |. Batatas Leaves on Castor Oil-Induced Diarhoea

Castor oil (CO) had been widely used for the induction of diarrhea in antidiarrhoeal activity studies because
it released ricinoleic acid, a metabolite that caused diarrhoea, upon metabolism in the gut. Ricinoleic acid
initiated diarrhea via mechanisms such as irritation of gastrointestinal (GI) mucosa, leading to the release of
prostaglandin which stimulated gastrointestinal motility (GIM) and electrolytes secretion, reducing
electrolytes absorption from the intestine and colon, which were like the pathophysiologic processes
resulting in diarrhoea (Mekonnen et al., 2018). The use of CO as diarrhoea inducer had been well-
documented (Shiferie and Shibeshi, 2013, Sisay et al, 2017). When administered orally, it produced an
irritant laxative effect mediated by its active metabolite ricinoleic acid released by the action of intestinal
lipases and induced thus diarrhoea. Ricinoleic acid produced local irritation and inflammation of the
intestinal mucosa, causing the release of prostaglandins that eventually increased gastrointestinal motility,
net secretion of water, and electrolytes (Rajat et al., 2013; Sisay et al., 2017). CO-induced diarrhoeal model
was designed to assess the potential of a test substance in its overall antidiarrhoeal activities. The onset time
for diarrhoeal defecation, the frequency and weight of fecal outputs as well as the secreted volume of
intestinal fluid were determined as the main diarrheal parameters (Sisay et al., 2017). Diarrhea induced by
castor oil resulted from the action of ricinoleic acid which caused the irritation and inflammation of the
intestinal mucosa leading to prostaglandins (PGE2a) release. The released PGE2 stimulated Gl and
secretion of water and electrolytes (Rajat et al, 2013; Wansi et al., 2014), thus inducing an increase in the
peristalsis and an intestinal hyper-secretion of fluid. The inhibition of prostaglandins biosynthesis prolonged
the time of induction of diarrhea by castor oil (Wansi et al., 2014).

In this experiment, it was observed that the oral administration of castor oil at a dose of 5 mg/kg body
weight (bw) provoked copious and abundant diarrhoea in treated normal rats characterized by an appearance
time (onset time) of diarrhoeal defecation at 59.2+0.3 minutes and an enhancement of diarrhoeic parameter
levels total frequency of faeces 6.22+0.34 and water content of faeces of 2.24+0.1 respectively. This state
well showed that these treated animals were in diarrhoeic state and need to be treated. Firstly, the
administration of Loperamide as a reference antidiarrhoeal drug at oral dose of 2.5 mg/kg body weight (bw)
induced a significant increase of the appearance time (onset time) of diarrhoeal defecation at 147.3 minutes
accompanied with a marked decrease of diarrehoeic parameter levels total frequency of faeces 1.87+0.05
and water content of faeces to 0.23+0.0 when compared to negative control presenting a low onset time
59.2+0.3 minutes and significant increase of diarrhoeic parameter levels total frequency of faeces 6.22+0.34
water content of faeces in mL 2.24+0.01.

Secondly, the oral administration of methanol and n-Hexane leaf extracts at oral doses of 125 mg/kg bw
caused a prominent enhancement of onset time for diarrhoea and defecation production as well as all
diarrhoeic parameter levels in a dose-dependent manner (Table 2). When administered at the highest oral
dose of 500 mg/kg bw, both extracts caused a significant increase of onset time for diarrhoea and defecation
production to 106.50+2.62 and 79.41+2.61 minutes respectively. They at the same time carried significant
reduction of all diarrhoeic parameter levels with total frequency to 3.81+0.34 and 2.28+0.10, and 5.17+0.32
and 4.11+0.05 and water content of faeces in mL of 0.64+0.02 and 0.25+0.0, 1.74+0.05 and 1.25+0.06
respectively compared to negative control with low onset time and high levels of diarrhoeic parameters
(Table 2). Table 3 showed the percentage reduction of defecation by Loperamide, methanol, and n-Hexane
leaf extracts administered at the oral dose of 125, 250, and 500 mg/kg bw. Loperamide administered to
diarrhoeal rats at an oral dose of 2.5 mg/kg bw carried percentage reductions of 70.00% of diarrhoeal
defecation. At the highest oral dose of 250 and 500 mg/kg bw to treated diarrhoeal rats, methanol and n-
Hexane leaf extracts caused percentage reductions of 54.50 and 66.55%, and 24.43 and 33.92%
respectively. The inhibition capacity of diarrheal defecation by methanol and n-Hexane leaf extracts seems
to be a dose-dependent manner while methanol leaf extract at 500 mg/kg is more inhibited defecation. For n-
Hexane, its activity was low compared to its methanol extract (Table 2). In accordance with their activity
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level. In addition, their activity was also related to the nature of the components that they contained i.e
methanol leaf extract was rich in flavonoids, tannins, phenolic compounds, and saponins, and n-Hexane was
rich in terpenoids.

The reductions exhibited by the 500mg/kg body weight of methanol leaf extract were more than the other
dose levels and also compared favorably (P > 0.05) with those administered with the reference drug,
loperamide. In addition, the computed inhibition of defecation also increased in a dose-dependent manner
for each extract, with the most remarkable inhibition occurring in the group administered with 500mg/kg
body weight of methanol leaf extract at 66.55%; this also compared well with the castor oil-induced
diarrhoeal rats treated with loperamide (positive control group) 70%.

The activity of sodium potassium ATPase in the small intestine increased significantly (P < 0.05) in a
dose- dependent manner following the administration of the extracts 143.72+5.93,161.86+8.21 and
173.67+5.13 for methanol leaf extracts respectively (Table 2) whereas the extract significantly (P <
0.05) and dose-dependently decreased the concentration of nitric oxide. It is equally important to note that
the reduction innitric oxide by the 500mg/kg of methanol extract of Ipomoea batatas compared well with
that of loperamide- treated animals 26.07+3.39 and 26.30+2.97. This is in agreement with the research
conducted by Yakubu and Salimon (2015).

Table 2: Effects of Ipomoea batatas methanol and n-Hexane leaf extracts on castor oil-induced diarrhea in
albino rats.

Doses Water [Reduction [Intestinal |Na+/K*
Onset |Total o
(mg/kg time  |Faecal Content |of nitric ATpase
Groups [Extract/Drug |poqy of Fa |frequency |Of Faeces [Defecation |oxide (nmol Pi/mg
weight) QUENCY 1 (i (%) (umol/L) |protein/hr)
| (Distilled 1, 0 121 +0.03|0 *l100 8.11+1.20 [145.03 + 7.48
water) 0.01
I Distilled vyater 0 59.10+ 6.22+0.349 f2.2410.01 0.00 127.f291 89.18+7.362
+ castor oil) 0.002 8.95
o\ |Foperamide + |, . 14730 [ o 0 osa 0232000 (¢ [26.078:39[ o o oo
castor oil +3.749 a a
v 125|123 13 8140340 |0400% 3 740 S010%620155 5.5 g5
3.00 c
€,
v Methanol 250 97.40+ 2.83+0.30C 0.37+0.00 54,508 40.10+4.52 (161.86+8.21
Leaf Extract 2.61€ b b *
b, f,
VI 500 106.5(f') 2.28+0.10":(0.25+0.00 66.55 fr * 26.30+2.97 (173.67+5.13
i262 * a,* a,* *
VI 125 |1010% 15 17,0, (1742005117 5pa 73674228 115 45.16,01
3.672 e e
v n-Hexane 250 72.37+ 4.70+0.21€ 1.66+0.03 94.43b 58.40+3.24 129.54+7.30¢
Leaf Extract 2.69P d c
IX 500 ;géiii 4.11+0.050 3'2510'06 33.92¢ :;8'5211'32 141.37+7.49¢

1h=3 Values are the mean of three replicates + S.D;

Mean values with different superscripts down the column are significantly different (p < 0.05).
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* Superscripts show no significant difference as compared with the Castor oil + Loperamide group.

The intestinal alkaline phosphatase, a component of the gut mucosal defence system, has the ability to
detoxify lipopolysaccharide and act as a barrier for the invasion of microbes and toxins across the gut
mucosal without compromising its absorptive function (Lalles, 2014; Jan et al., 2017). During diarrhoea,
there is impairment of the gut barrier function leading to reduced activity of the intestinal alkaline
phosphatase. The 250 (group V) and 500 (group VI) mg/kg body weight of the crude extract (Fig.l)
significantly (p < 0.05) increased the intestinal alkaline phosphatase activity whereas the enzyme activity
was not significantly increased by the 125 mg/kg body weight of the crude extract. The restoration of the
activity of intestinal alkaline phosphatase, in crude extract-treated diarrhoeal rats Figure 1, might be an
indication that the crude extract conferred a protective effect on the intestinal mucosa, thereby alleviating
the episode of diarrhoea (Yakubu and Salimon, 2020).

40 +

C o ¢
. =
30 + [ &
b
T
b
20 = a
a
| I I
0
1] n v Vv Vi Vil IX

Vil

ALP activity (IU/L)

Treatments

Fig.1. Effects of Ipomoea batatas methanol and n-Hexane leaf extracts on intestinal alkaline phosphatase
(ALP) activity of castor oil induced diarrhoea in albino rats.

Values are mean of three replicates + S.D;

Bars with different superscript are significantly different (p < 0.05).

Key:

Group I: Distilled water Group Il: Castor oil + distilled

Group I11: Castor oil + Loperamide Group 1V: 125mg/kg (body weight) MLE
Group V: 250mg/kg (body weight) MLE Group VI: 500mg/kg (body weight) MLE

Group VII: 125mg/kg (body weight) n-HLE Group VIII: 250mg/kg (body weight) n-HLE
Group 1X500mg/kg (body weight) n-HLE

Effects of the Methanol and n-Hexane Extracts of Ipomoea Batatas Leaf on Castor Oil-Induced
Entero-Pooling in Albino Rats.

Loperamide at the oral dose of 2.5 mg/kg bw in methanol and n-Hexane leaf extracts at the highest oral dose
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of 250 and 500 mg/kg bw, showed significant percentage reductions in both the average volume of small
intestine content (AVSIC) and an average weight of small intestine content AWSIC compared to control.

The percentage inhibitions of AVCSI for methanol and n-Hexane were 46.52 + 1.85 and 57.18 + 2.35%,
31.80 + 1.98 and 33.33 + 1.62 for Loperamide respectively, 60.16 = 2.12% significant difference (p < 0.05.
Soluble fractions also caused significant inhibitions of both parameters with percentage inhibitions from
46.52 to 57.18% for methanol leaf extract and from 31.80 to 33.33 for n-Hexane See Table 3, AWSIC;
average weight of small intestine content, AVSIC: average volume of small intestine content. Methanol leaf
extracts as the most active extract (35.5, 46.52 and 57.18% respectively) for AVSIC respectively), followed
by n-Hexane extract (21.14, 31.80 and 33.33% respectively), for AVSIC respectively having a capacity of
reducing these parameters at interesting levels. In all evaluated biological activities, methanol leaf extract
exhibited high activities compared to n-Hexane extract. This organic solvent can be considered the best
which can be used in further for the isolation of active constituents in high amounts. This finding clearly
demonstrated the important role played by tannins in the manifestation of all evaluated activities and tannins
can be considered as one of the responsible active principles for the antidiarrhoeal activity of the studied
plant part. This observation was in good agreement with Labu et al., (2015); Barbara de Servi, (2017), and
Cimanga et al., (2019). All evaluated biological activities in the present study generally indicated that the
activities showed by all samples from I. batatas leaves were low compared to Loperamide. Again, tannins
and phenolics present in the plant extracts were reported to inhibit the release of autacoids and
prostaglandins, thereby inhibiting motility and secretion induced by castor oil-induced diarrhoea and
exerting thus their antidiarrhoeal activity.

This activity is also promoted by antispasmodic activity recognized to tannins and phenols (Cimanga et al.,
2019). The anti-diarrheal activity of flavonoids was attributed to their ability to inhibit hydroelectrolytic
secretions and intestinal motility (Holowacz et al., 2016) while saponins inhibit the release of histamines,
known to induce diarrhoea, whereas tannins form protein tannates that coat the surface of the intestinal
mucosa, thereby reducing secretion (Hamalainen et al., 2011). The percentage of faecal output of I. batatas
samples was also reduced at all different tested oral doses producing a better effect compared to the negative
group (Tadesse et al., 2017). The antidiarrheal activity showed by samples from I. batatas leaves can be due
to the presence of some phytochemical groups like alkaloids, flavonoids, steroids, terpenes, tannins, and
saponins as evidenced by phytochemical screening since they were previously reported to exhibit this
activity at different extents (Mandal et al., 2010; Kabir at al., 2015; Holowac et al., 2016; Tadesse et al.,
2017; Derebe et al., 2018). The anti-enteropooling activity exhibited by the methanol leaf extract at 500
mg/kg bw in the present study compared well with the previous finding of Yakubu and Salimon (2015) in
terms of volume and masses of the fluid in the small intestine, but the reduction of intestinal fluid
accumulation (57.18 %) was not as high (66.45%) as that reported by Yakubu and Salimon (2020). The
factors responsible for this large difference in the computed inhibition of intestinal fluid are not immediately
known, but may be connected with the extraction process adopted in the present study.

Table 3. Effects of the Methanol and n-Hexane Extracts of Ipomoea batatas Leaf on Castor oil-induced
entero-pooling in albino rats

Doses Mass of Volume of Reduction of
Treatments |[Extract/Drug (mg/kg Intestinal Intestinal intestinal
body weight)|Fluids () Fluids (mL) Content (%)
Normal Control
Group | (Distilled water) 0 1.03 £0.02 0.23 £ 0.05 100
Negative
Control (Castor 0.00
water)
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Group 11 (P'gtsr'gg’ﬁ] . sucl:p?k?;trg)l 25 14740038 [127+005%  [60.16 +2.12¢
Group IV 125 2.38+0.059  [2.03+0.05P [355+1.36P
Group V Methanol Leaf Extract |250 1.97 £0.03¢  [1.77+0.05°  [46.52+1.85€C
Group VI 500 1.58+0.058* [1.53+0.05%* [57.18+2.35% *
Group VII 125 2.91+0.04¢ [2.68+0049 [21.14+2202
Group VIl |n-Hexane Leaf Extract [250 252 +0.03¢  [2.33+0.05° [31.80+1.98P
Group 1X 500 2.46 +0.04 9. € [2.27 +0.09¢ 33.33+1.620

1h=3 Values are mean + S.D; Mean n=3
p < 0.05 different superscripts down the column are significantly different.
3* Superscripts show no significant different as compared with Positive control group.

The leaf of Ipomoea batatas indicates the presence of zinc (2.25mg/100g), sodium (66.75mg/100g),
potassium (120.36mg/100g) and chloride (0.79mg/100g). However, all the elements are within the
permissible limit of world health organization (WHO) standard. Research in children suggest that zinc
supplementation (20 mg per day for 10 days in children older than two months) may play a crucial role in
treating and preventing acute diarrhea, particularly in developing countries. Studies demonstrate a decrease
in the risk of dehydration, duration and severity of the diarrheal episode by estimated 20% to 40% Wendy
and Andrew, 2014).

Epidemiological studies and studies in animals subject to diarrhea indicated that, diets high in potassium can
reduce the risk of diarrhea and hypertension. The present study reveals the potassium content of Ipomoea
batatas leaves (120.36 mg/100g). Thus, the Ipomoea batatas leaves could serve as a good source of
potassium for the diarrheal patient especially toddlers that are prone to diarrheal episode.This is in
agreement with the research conducted by Chuku and Ugorji (2012).

Table 5 Elemental constituents of methanol leaf extract of Ipomoea balatas

Elements |Concentration (mg/100g){WHO Standard mg/100g
Chloride [0.79 £0.01 0.72-250
Potassium{120.36 £ 0.31 10-100

Sodium [66.75 £ 0.21 400-500

Zinc 2.25+0.10 150-200

CONCLUSION AND RECOMMENDATION

The present results of this study have shown that Ipomoea batatas methanolic leaf extract possess
antidiarrhoeal activity than n-Haxane extracts. The most remarkable antidiarrhoeal activity was observed at
the 500mg/kg body weight of methanolic extracts. The plant exhibited anti-secretory and anti-motility
effects as evidenced from the stimulation of the Na*/K*-ATPase and alkaline phosphatase. This may be due
to the presence of secondary plant metabolites contained in the extracts. Therefore, based on these findings
Ipomoea batatas leaf extract is a good antidiarrhoeal agent and physiologically friendly.
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