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ABSTRACT

Herbal medicines are traditionally used for prophylaxis and therapeutic purposes. This research work explored the anti-diarrhoeal properties of
methanol extract of Costus afer stem (MECAS) on diarrhea induced by castor oil in male albino rats. The experimental animals were randomly
separated into six groups, each consisting of six (6) albino rats. Group 1 served as the standard control; group 2 was administered normal saline while
group 3 was given loperamide (2 mg/kg); groups 4, 5, and 6 were treated with varying doses of the MECA (200, 400, and 600 mg/kg b.w). The effects
of the MECAS on standard defecation showed that the groups treated with 200 mg/kg b.w MECAS and loperamide reduced defecation compared to
those that received 400 and 600 mg/kg b.w MECAS with 2.33 + 1.53 and 3.67 +1.36 fecal droppings respectively. The result indicated a significant
(p<0.05) dose-dependent increase in the percentage inhibition of propulsion (35.16%) and enteropooling inhibition in the group administered 200
mg/kg b.w MECAS compared to the groups that received 400 and 600 mg/kg b.w MECAS respectively. This research demonstrated that the Costus

afer exhibits anti-diarrhoeal effects at lower doses for the treatment of diarrhea patients and scouring animals.
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Introduction

Medicinal plants can be defined as plants that contain
phytochemical properties or compounds that can be used for therapeutic
and prophylaxis purposes. From ancient times till date, many
indigenous plants have always been used locally as a significant
alternative source of affordable medicine, food, and spices. They are
regarded as potent therapeutic agents due to their pharmacological
activities?. These pharmacological activities are evidence of therapeutic
efficacy and the plant physiochemical properties such as vitamins and
minerals, which contribute to their wide range of biological effects
resulting in their protective or disease-preventive properties derived
from plant parts®. Plants carry out the following mechanisms:
antioxidant actions, hormonal regulations, stimulation of enzymes,
interference with DNA replications, anti-microbial effects, and physical
actions as a result of their photochemical properties®. However, many
of these claims of plants that are traditionally used for herbal medicines
are being investigated for their therapeutic efficacy.
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Diarrhea is seen scientifically as an alteration in the normal bowel
movement; it is characterized by increased frequency of bowel
movement and sound and with a sign and symptoms of wet stool and
abdominal pain. It is caused by increased secretion of fluid into the
intestine, reduced absorption of fluid from the intestine, and rapid
passage of stool (wet) through the intestine®. Clinically, it is used to
describe increased stool liquidity, which is usually associated with
increased stool weight and frequency®. Medically, diarrhea can be
classified as chronic or acute. Currently, rotavirus is the primary source
of diarrhea infection, especially in infants. The high child mortality rate
associated with diarrhea cases is combated through the applications of
Oral Rehydration Therapy (ORT), even though it does not decline the
volume or duration of diarrhea’. Antibiotics and gut motility-
suppressing agents serve as an alternative therapeutic approach,
wherein leading to reverse dehydration, hastening patient recovery from
the illness, and reducing individual periods of infection®. A large
number of people in the remote parts of Africa prefer to handle diarrhea
cases with medicinal plants in spite of the availability of an extensive
diarrhea management approach (using synthetic drug/orthodox)
medicine due to the high-cost effect of drugs®.

Costus afer (family Costaceae), being one of the medicinal plants,
thrives well in humid lowland and upland tropical areas and is locally
known as bush cane®. The plant parts, like flowers, fruits, leaves, and
root or root bark, are from Costus. After plants have been used orally as
a medicine for treating diarrhea and diabetes?®, this plant also contains
anti-inflammatory properties such as anti-lithic, anti-ulcerogenic,
hypoglycemic, hypolipidemic, and antioxidant actions. This study
aimed to evaluate the effect of Costus after stem methanol extract on
castor oil-induced diarrhea for the amelioration of diarrhea patients.
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Figure 1: Costus afer stem in its natural habitat

Materials and Methods

Collection of Plant Material

Fresh Costus afer were obtained from Ozom mgbagbu Owa,
Enugu State of Nigeria (https://www.mindat.org/feature-
2330182.html) on November 20th, 2021, and authenticated by
the Bioresources Conservation and Development Center,
Enugu State, Nigeria authority.

Analytical Instrument

The analytical instruments used for this study are from the Department
of Biochemistry University of Nigeria Lab and include Measuring
Bottles, weighing balance, Rotary Evaporator (Reflux condenser), Test
tubes, cylindrical beaker, Funnel, Cotton wool, Hand gloves, Rat cages,
Syringes, a Spoon, Beakers, stop clock, Measuring cylinder, Whatman
filter paper No. 1, Ruler, Aluminum foil, Rat oral feeder, and a
Dissecting set.

Chemicals/Reagents

The chemicals used were of pharmacological and analytical grade,
including methanol (Sigma Chemical Company Ltd, St. Louis, U.S.A.).
Castor oil, Loperamide (Standard drug), Costus afer extract, Distilled
water, and Gentian violet

Qualitative and Quantitative Phytochemical Analysis of Costus
afer Stem
This was carried out as described by 1214,

MECAS Preparation

The fresh stems of Costus afer were washed with distilled water,
chopped into smaller pieces, air dried in the laboratory for three weeks,
and then pulverized to powder. The pulverized sample (1084 g) was
macerated with 3.8 liters of methanol for 48 hrs under constant stirring.
The mixture was filtered using a filter cloth. The resulting filtrate was
further subjected to further filtration using Whatman filter paper No.1
to get a pure filtrate. The filtrate was concentrated using a rotary
evaporator to get a semi-solid extract.

Experimental Animals

A total number of Thirty-six (36) adult male Wister albino rats with
average body weights of 135-140g were used. The rats were acquired
from the University of Nigeria, Nsukka, Department of Zoology and
Environmental Biology's animal house. They were treated in
accordance with conventional animal protocol, exposed to a 12-hour
light-dark cycle, and acclimated for 14 days in a cage with adequate
ventilation. The animals were given unlimited access to clean water
and a regular rat diet (Pecco Foods, Enugu, Nigeria). The Ethics and
Biosafety Committee of the Faculty of Biological Science, University
of  Nigeria  Nsukka, granted ethical approval (REF:
UNN/FBS/EC/1072) on November 16th, 2021.
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Experimental design

The experimental animals were randomly separated into six
groups, each consisting of six (6) albino rats. Group 1 served as
the standard control; group 2 was administered normal saline
while group 3 was given loperamide (2 mg/kg); groups 4, 5, and
6 were treated with varying doses of the MECA (200, 400, and
600 mg/kg b.w).

Determination of Test Parameters

Acute Toxicity Test

The acute toxicity of MECAS was investigated using the
approach described by Lorke!. In this investigation, eighteen
albino mice were used. There were two stages to the test. In the
first phase, nine mice were randomly categorized into three
groups and given 10, 100, and 1000 mg/kg body weight
(through a cannula) of MECAS. A new set of nine experimental
mice was randomly divided into three groups of three mice each
and administered 1600, 2900, and 5000 mg/kg body weight of
MECAS, respectively, based on the results of the phase one
investigation. During 24 hours of constant monitoring, the mice
were monitored for indicators of toxicity and death.

Normal Defecation Test

This was studied using a modified method of Izzo et al.!®. In a random
way, the experimental rats that received oral administration of MECAS
200 mg/kg, 400 mg/kg, and 600 mg/kg, respectively, were fasted for 24
hours although with free access to water. The group used for control
received the vehicle (gum acacia dissolved in normal saline (5 mi/kg)
or loperamide (2 mg/kg). The experimental rats were kept in separate
animal cages, and the feces collected from the white sheath of paper
were inserted under the animal cages. The number of feces produced by
each animal was counted and recorded every four hours.

Castor Oil-Induced Diarrhoea Test

This was evaluated using the method of Awouters et al.'® and Ezike et
al.’. Experimental rats to receive oral administration of MECAS (200
mg/kg), (400 mg/kg) and (600 mg/kg), respectively, were randomly
distributed in separate cages in groups (n = 6) and fasted for 24 hours,
however with no restriction to water. The control groups were given the
vehicle (gum acacia dissolved in (5 mL/kg) normal saline) and (2
mg/kg) loperamide. Each of the rats was given 2 ml castor oil (p.o) after
one hour of their treatments and then placed in a separate animal metal
cage for easy collection of the fecal matter from the white spray
underneath the cages.

The Percentage Inhibition and Severity were calculated via Equation 1

Percentage inhibition = % X 100

To = number of wet stools in the control group
T1 = number of wet stools in the test group

Severity = ;—; x 100

Gastrointestinal Enteropooling Test

This was done using the method of Akah,Y. A period of one
hour was given before the oral administration of castor oil;
those in group one was given normal saline (NaCl 0.9%)
5mg/kg orally, serving as the control. Group 2 animals were
given loperamide, the standard drug (2 mg/kg body weight).
The other three experimental animal groups were given the
MECA at doses of 200, 400, and 600 mg/kg body weight. The
experimental rats were sacrificed after two hours, and the small
intestine from the pylorus to the caecum was isolated. The
intestinal contents were deposited into a graduated tube, and
their volume was measured.

Gastrointestinal Motility Test

This was determined using the charcoal meal test method of Ezike et
al.’8, modified by Tiwari et al.'®. The effect of the extract and fractions
on intestinal propulsion was determined using the charcoal meal test
method Ezike et al.*8, with slight modifications Tiwari et al.!. Swiss
albino mice fasted for 24 h; with no restriction to water was orally given
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MECA of 200 mg/kg, 400 mg/kg, and 600 mg/kg respectively. The
control groups were given the vehicle (acacia gum dissolved in normal
saline) and Loperamide (5 mL/kg). Thirty minutes later, 5% activated
charcoal suspended in 10% aqueous solution of acacia gum (charcoal
meal) was given to each of the animals orally. After the charcoal meal,
the animals were left for another 30 minutes, then sacrificed in a
chloroform chamber, and the intestine was carefully isolated. The
distance traveled by the charcoal meal from the stomach into the
duodenum (pylorus) was measured.

The Percentage of Transit Inhibition was estimated using Equation 2

Percentage inhibition = To1D) & 100

To = total length of intestine
T1 = charcoal distance of test group

Statistics Analysis

IBM Statistical Product and Service Solution (IBM-SPSS) version 21
(Chicago, IL) was used to analyze the study's data. Duncan's
homogenous subset, post hoc multiple comparisons, and one-way
analysis of variance (ANOVA) were used to determine whether the
means differed significantly. The means * standard deviation of
repeated measurements were used to express the results. Significant
mean values were those with p < 0.05.

Results and Discussion

The demand for effective and safe anti-diarrhoeal agents has made anti-
diarrhea research an important area of active research. The solvent
extraction technique used during extraction gave a percentage yield
(11.49 %), indicating the presence of bioactive compounds? in Costus
after the stem. Methanol is a polar solvent used to extract various polar
compounds . The methanol extracts of the Costus afer (MECAS) stem
were well accepted by the animals when it was administered orally.
There was no sign of acute toxicity change such as tremors, change in
feeding behavior, restlessness, or death during the period of
observation.  Acute toxicity test of extract (MECAS) in mice
established a high lethal dose (LDso) value up to 5000 mg/kg body
weight (table 1), suggesting that the extract may be regarded as safe and
practically non-toxic with a remote risk of acute intoxication for human
and livestock consumption??. The phytochemical analyses of the extract
(MECAS) (table 2) revealed the presence of the following secondary
metabolites: flavonoid (7.93 + 1.22 mg/g), terpenoids (6.68+1.08),
alkaloids (6.34+0.52), cardiac glycosides (6.23+0.47), saponins (3.82 +
0.74), and tannins (1.39 + 0.40).

Flavonoids, which are present in the highest amounts, have been shown
to have free radical scavenging ability and antioxidant properties, which
might be linked to the anti-diarrhea and wound healing properties 2. It
inhibits spasmogen-induced contractions of smooth muscles, intestinal
secretion, small intestinal transit, prostaglandins, and autacoid release,
resulting in a reduction of motility and secretion induced by castor oil"
2426 Also, alkaloids present in the extract (6.34+0.52) could bring relief
as a result of analgesic and anti-spasmodic effect*!* and prevent the
release of autacoids and prostaglandins, thereby inhibiting secretion
induced by castor oil. In addition, flavonoids and saponins have been
reported to yield profound stabilizing effects on lysosomal membranes,
while saponins and tannins bind cations, thereby stabilizing erythrocyte
membranes and other biological macromolecules 27. Previous studies
showed that tannins stimulate the normalization of the deranged water
transport across the mucosal cells and thus reduce intestinal transit?. In
addition, saponins and flavonoids have been reported to exert profound
stabilizing effects on lysosomal membranes, while tannins and saponins
bind cations, thereby stabilizing erythrocyte membranes and other
biological macromolecules?”. Sometimes, phytoconstituents like
tannins present in extracts may denature proteins, resulting in a
reduction in intestinal secretion®. Tannins act locally on the gut wall,
thereby inhibiting intestinal motility and thus possess anti-secretory
effects 2% %, Previous studies showed that tannins stimulate the
normalization of the deranged water transport across the mucosal cells
and thus reduce intestinal transit?.
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The results from this experiment showed that the phytochemicals
present in the methanol extract of the Costus afer (MECA) stem may
have resulted in antidiarrhoeal activities of the extract®. These
biologically active compounds present in this plant extract could serve
as potential sources of drugs. In this study, diarrhea was induced by
castor oil. It has been scientifically proven that castor oil can be used to
induce diarrhea because it contains one of the most active metabolites
such as ricinoleic acid, that has hypersecretory activity, which
stimulates peristaltic activity in the small intestine, resulting in changes
in the permeabilities of electrolyte in the intestinal mucosa %2, Its
action stimulates the release of endogenous prostaglandin E and F,
leading to stomach cramps and diarrhea as a result of its effect or impact
on the smooth muscle and secretion %, The stimulation of prostaglandin
formation and activation of adenylate cyclase or mucosal cAMP-
mediated active secretion are among the proposed mechanisms that
explain the action of castor oil in inducing diarrhea.

Table 1: Acute toxicity (LDso) of the methanol extract of Costus
afer stem on mice

Group Phase | Phase | Phase 11 Phase 11
dosage report dosage report
(mg/kg (mg/kg b.w)
b.w)
Groupl 10 0/3 1600 0/3
Group2 100 0/3 2900 0/3
Group3 1000 0/3 5000 0/3
n=3

Table 2: Quantitative phytochemical analyses of Costus safer
stem methanol extract

Phytochemical Quialitative Quantitative
constituents (mg/g) (Meanz SD)
Flavonoids + 7.93+1.22
Terpenoids + 6.68+1.08
Alkaloids + 6.3 £0.52
Cardiac glycosides + 6.23+0.47
Saponins + 3.82+0.74
Tannins + 1.39+0.40

Key: ++ moderate, + relatively low

All the rats in the untreated group produced copious diarrhea (0 %
protection). Pretreatment with 200, 400, and 600 mg/kg showed
protection in a decrease of 50, 25, and 25 %, respectively, while the
standard drug (loperamide) exhibited 100 % inhibition of defecation, as
shown in Table 3. Pretreatment with Costus after stem extracts elicited
a significant (p<0.05) and dose-dependent decrease in the total number
of stool and wet stools as well as a significant (p < 0.05) increase in the
number of dry stools in rats pretreated with the extract when compared
to the untreated group. A similar effect was observed in the loperamide-
pretreated group, as represented in Table 3.

In this study, loperamide was adopted as the standard drug, which is
currently one of the most efficacious and widely applied anti-diarrhoeal
drugs®. It regulates the gastrointestinal tract, slows down intestinal
transit, colon flow rate and any effect on colonic motility. The
therapeutic action of loperamide is believed to be associated with its
antimotility and antisecretory properties®.
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Table 3: Protective Impact of Methanol Extract of Costus afer (MECAS) Stem in Castor Oil-Induced Diarrhea in Albino Rats

Group Total No. of stool No. of wet Severit Inhibition (%)
stool y (%)

Control 5.75+1.26 ® 0.00° 0 100

Untreated 10.25+1.71¢ 7.25+1.26¢ 10 0.00

Loperamide (2 mg/kg) 5.50+1.29 0.00° 0 100.00

MECA (200 mg/kg) 6.25+0.96 2.0+0.82° 27.59 7241

MECA (400 mg/kg) 8.50+0.58 « 2.90 + 0.50° 40.00 60.00

MECA (600 mg/kg) 7.50+1.29 k¢ 3.0+082°¢ 41.38 58.62

n= 6. Values are presented as SD + Mean. Values in the same column with different letters, such as a-d, are considered significantly different at

p <0.05.
Table 4: Intestinal Content Accumulation (Enteropooling) Test
Group Weight of intestinal Volume of Differences (g)
content () intestinal content
©)

Normal 0.39+0.022 0.90+ 0.26% -0.51
Untreated 1.29+0.28°¢ 1.05+0.53° 0.24
Loperamide (2 mg/kg) 0.37£0.06 2 0.53+£0.10° -0.16
MECA (200 mg/kg) 0.84£0.05"° 0.95+ 0.30% -0.11
MECA (400 mg/kg) 1.20+0.19°¢ 1.00+0.16"° 0.2
MECA (600 mg/kg) 1.22+0.12°¢ 1.05+0.19"° 0.17

n= 6. Values are presented as SD + Mean. Values in the same column with different letters, such as a-d, are considered significantly different at

p <0.05.

Inhibition of the frequency of defecation, reduction in faecal output and
wetness of faeces were used as indices of anti-diarrhoeal action 363,
The study results showed that rats treated with the extract (200 mg/kg)
b.w and loperamide (2 mg/kg) showed no defecation and had the ability
to protect the animal against castor oil-induced diarrhea. The reduction
in normal defecation is likely to be a result of the interference of
loperamide with gastrointestinal peristalsis and motility, as proposed by
Akah?7; there was a significant (p < 0.05) reduction in the incidence and
severity of diarrhoeal stool excreted from the experimental animals
(adult male Wister rats). The increase in a mean number of fecal matter
in the rats administered with only castor oil could be a result of the
release of ricinoleic acid from the enzymatic breakdown of castor oil in
the gut 2. Also, the total amount of watery feces excreted by animals
administered 200, 400, and 600 mg/kg of the Costus after stem
methanol extract was significantly (p <0.05) lower compared with rats
administered with castor oil. It could be seen that the extract was able
to reduce the frequency of diarrhea stool. However, the lowest dose of
the extract (200 mg/kg) conferred greater protection against castor oil-
induced diarrhea than 400 and 600 mg/kg b.w of extract, as seen in
(Table 3). The reason could suggest that 200 mg/kg b.w is the optimum
effective dose or that the extract possessed a biphasic activity.
Alternatively, the reason for this could also be that the intestine may
poorly absorb the extract at high doses, and their stimulatory properties
may cause cramping and diarrhea, as seen in well-known natural
isoquinoline alkaloids called berberine extracted from various plants
used in traditional Chinese medicine®"3,

Administration of Costus afer stem methanol extract demonstrated a
significant (P < 0.05) dose-dependent reduction in the intestinal content
weight and volume of rats in the groups treated with 200 mg/kg of the
extract and loperamide (2 mg/kg) and non-significant (p > 0.05)
decrease in the groups treated with 400 and 600 mg/kg respectively
when compared to the untreated animals as shown in Table 7. The
percentage (%) inhibition of the volume and weight of intestinal content
of rats treated with loperamide (2 mg/kg), 200, 400, and 600 mg/kg b.w

decreased, respectively. The untreated group has 0 % inhibition (Table
4).
In the intestinal content accumulation test (enteropooling) as shown in
table 4), the extract (200 mg/kg) significantly (p <0.05) reduced both
the volume and weight of intestinal content. In contrast, the reduction
in that of 400 and 600 mg/kg b.w was non-significant (p > 0.05)
compared to the untreated (Table 2). The effect of decreasing volume,
as seen in groups 3, 4, 5, and 6 relatives to the weight of the intestinal
content is a direct consequence of reduced water and electrolyte
secretion into the small intestine, which suggests that the extract may
enhance electrolyte absorption from the intestinal lumen and is
consistent with inhibition of hyper-secretion.

There was a significant (p > 0.05) decrease in the distance traveled by
the charcoal meal in groups 4 (MECA (200mg/kg), 5 (MECA
(400mg/kg), and 6 (MECA (600mg/kg) in table 5 relative to the
untreated group and a significant (p < 0.05) increase in ascending order
when compared with the group administered with the standard drugs
(Loperamide(2mg/kg). Also, the result revealed a significant (p > 0.05)
decrease in descending order relative to the untreated group. However,
this result is inversely proportional to transit inhibition in that there was
a significant (p<0.05) increase relative to the untreated group.
Nonetheless, since electrolyte absorption determines the efficiency of
nutrient absorption in a living organism, the enhanced electrolyte
absorption by the extract may have improved the absorption of other
intestinal contents. Additionally, solute absorption in any region of the
intestine is a function of the rate of water uptake in that region.

These findings logically imply that the extract improves the absorption
of water, solutes, and electrolytes from the intestinal lumen/luminous
flow, hence inhibiting enteropooling and gastrointestinal hyper-
secretion. Because prostaglandins are agents linked to intestinal fluid
accumulation, it may also indicate that the extract was able to block
prostaglandin biosynthesis at low doses 39, 40.
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Table 5: Impact of Methanol Extract of Costus afer (MECAS) Stem on Gastrointestinal Motility

Groups The total length of Distance traveled by Propulsion Inhibition of
the intestine (cm) charcoal meal (%) Transit
Normal 75.38 + 6.70° 32.83+3.04° 43.55 56.45
Untreated 60.95+7.782 36.28+ 2.59° 59.52 40.48
Loperamide (2 mg/kg) 7878 +5.10° 21.84+1.632 27.72 72.28
MECA (200 mg/kg) 62.58 +8.28 2 24.15+0.13% 38.59 61.41
MECA (400 mg/kg) 73.38 +10.002 29.13+3.75% 39.69 60.30
MECA (600 mg/kg) 6193 +3.712 25.00 +2.51% 40.37 59.63

n= 6. Values are presented as SD + Mean. Values in the same column with different letters, such as a-d, are considered significantly different at
p <0.05.

Conclusion

Costus afer extract is safe even at high oral acute dose levels and can
inhibit castor oil-induced diarrhea and enteropooling in rats, although it
is more effective at a low dose of 200 mg/kg as a result of the abundance
of flavonoids, tannins, alkaloids, cardiac glycosides and terpenoids
found in the extract. Therefore, it can be used for medicinal purposes
for the treatment of diarrhea but in lower doses as it was seen to possess
a biphasic effect on the intestine.
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