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Abstract

Background and Objective: In Nigeria, diarrhea is responsible for the mortality and morbidity of over 2 million children yearly hence
thereis a need to search for new antidiarrheal agents. The study was aimed to investigate the methanol extract of Cassia siamea against
experimental diarrhea induced by castor oil. Materials and Methods: The oral antidiarrheal effect was evaluated /n vivo in three groups
of rats receiving 200, 400 and 800 mg kg~ b.wt., respectively. Two other groups received 1% Tween-80 (2 mL kg~') and loperamide
(5 mg kg™") as negative and positive control respectively. The effect of the extract on intestinal transit and intestinal fluid accumulation
was assessed. The acute toxicity and the active constituents of the extract were also determined via preliminary phytochemical and GC-MS
screening. Results: The extract dose dependently delayed the time of appearance of the first stools and decreased the frequency of
defecation with respective percentage of 43.33, 51.52 and 58.27%, respectively. The protective role of the extract at 800 mg kg™' was
comparable to that of loperamide as well as produced a decrease in intestinal transit comparable to atropine as well as significantly
(p<0.05) inhibited castor oil-induced enteropooling. The GC-MS analysis confirmed the occurrence of 6 prominent phytocompounds
established to possess anti-diarrhoeal effect. No mortality and visible signs of toxicity were observed in the animals following the highest
extract administration of 3000 mg kg~". Conclusion: The results showed that the methanol extract of C siamea has a significant
antidiarrheal activity devoid of acute toxicity which supports its use in traditional herbal medicine practice.
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INTRODUCTION

Diarrhea is an alteration in normal bowel movement
occasioned with the passage of daily stools exceeding 300 g
and contains 60-95% water'. Diarrhea isaccompanied with an
increase in gastrointestinal motility, secretion as well as a
decrease in fluid and electrolytes absorption by the small
intestine?3. Diarrhea is caused by four pathophysiologic
processes: increased luminal osmolarity,  electrolytes
secretion, decreased electrolytes absorption and abnormal
intestinal motility causing reduction in intestinal transit
time*. In the intervention of diarrhea, antimotility and
antisecretory agents remain as the main agents used to
decrease such pathophysiologic changes. Itis responsible for
about 2-4 million annual infant mortality and morbidity in
developing countries especially in Africa®. While opioids
notably diphenoxylate, difenoxin and loperamide are the drug
of choice widely used in the treatment of diarrhea, there are
many other drugs that have antimotility or antisecretory
effects on the intestine and can be used for the treatment of
diarrhea including antimicrobial agents which help to reduce
the severity and duration of infectious diarrhea’. It is reported
that certain medications used to treat other disorders may
induce diarrhea for example, theophylline preparations causes
diarrhea secondary to alteration of mucosal cyclic adenosine
monophosphate (cAMP) as well as reserpine and
guanethidine which induces diarrhea by changing gut
neuronal input and reducing noradrenergic mediated
relaxation’.

Several rural populations in Nigeria reside far away from
primary health centers, thus limiting their access to proper
medication. In such scenario, medicinal plants appear as the
sole alternative and available health care solution. Medicinal

plants have long been explored since antiquity as
important source of new drugs as many plant species
have been screened for bioactive compounds with
therapeutic efficacy. It is in the light of this that the World
Health Organization (WHO) encourages research aimed at
the prevention and treatment of diarrheal diseases since
the current drugs of choice are linked with adverse effects
and contraindications®® as well as resistance in the
antibiotics used in the treatment of diarrhea.

Cassia siamea belongs to the sub-family Fabaceae
(Caesalpinioideae) of family Leguminosae'. It is widely
distributed in various countries including Asia, South Africa,
Mexico, China, West Indies, East Africa and Brazil (Fig. 1). It was
believed to be introduced to Africa from tropical Asia. The
leaves of the plant is used traditionally as vegetables in
Thailand' as well as ethno-medicinally as laxative, blood
cleaning agent, cure for digestive system, urinogenitory
disorders, herpes and rhinitis'®, constipation, diabetes,
insomnia', hypertension, asthma, typhoid fever, diuresis',
antimalarial agent'®, ringworm and other fungal skin
infections', dysentery and disorders of the large
intestine'®.

Several mechanisms had been previously proposed to
explain the diarrheal effect of castor oil. These include
inhibition of intestinal Na*/K* ATPase activity, thus reducing
normal fluid absorption', activation of adenylate cyclase or
mucosal cAMP-mediated active secretion?, stimulation of
prostaglandin formation?' and platelet activating factor?.
Most recently nitric oxide has been claimed to contribute to
the diarrheal effect of castor oil®. However, it's ability to
induce diarrhoea is due to its most active component
ricinoleic acid through a hypersecretory response?*%, Vital
tools used to assess for new antidiarrheal substances are

Fig. 1(a-b): Cassia siamea, (a) Tree and (b) Leaves in its natural habitat
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castor oil-induced diarrhea, activated charcoal meal and
isolated intestinal assays respectively?. Traditionally, people
use plants or plant-derived preparations as remedy for
diarrheal disorders without any scientific basis, thus the aim of
this study was to evaluate the /n vivo antidiarrheal activity of
the methanol leaf extract of C siamea, its acute toxicity,
phytochemical screening and confirmation of its bioactive
compounds via GC-MS.

MATERIALS AND METHODS

Drugs and chemicals: The list of drugs employed are
methanol, atropine sulphate and loperamide, castor oil,
normal saline and charcoal meal (which contain 10% activated
charcoal in 100 mL of 5% aqueous gum acacia). Standard
reagents were used for the phytochemical screening. All
chemicals and reagents were analytical grade.

Collection, preparation and authentication of the plant
material: Fresh mature (assia siamea leaves used in this
study were collected by Mr. Jude Ibeabuchi Alifrom a forest in
Owerri, Imo State South-East Nigeria in June, 2018. They were
immediately transported fresh to the Department of Pure
and Applied Chemistry, Usmanu Danfodiyo University
Sokoto, North-Western Nigeria. The plant materials were
authenticated at the herbarium unit of the Department of
Plant Biology, Usmanu Danfodiyo University, Sokoto where
voucher specimen was deposited. The leaves were washed
with clean tap water to remove dust and earthy impurities
before being air dried for three weeks and pulverized into fine
powder using a clean mortar and pestle. The powdered
samples were kept in a clean air tight glass container until
ready for use.

Preparation of extract: The procedure of Ogbiko? with
slight modification was adopted. One kilogram of the
powdered sample was extracted in a Soxhlet apparatus for
6 h with methanol. The extract was concentrated to dryness
under vacuum at a temperature of 45°C by using rotary
evaporator (Buchi, Switzerland), dried completely and stored
in a clean sterile glass bottle before being preserved in a
refrigerator at 4°C until ready for further use. The percentage
yield with respect to the original mass extracted was
determined.

Preliminary phytochemical screening: The preliminary
phytochemical screening using various qualitative chemical
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tests was performed to detect the presence of various
classes of phytoconstituents in the methanol leaf extract
of the plant was performed according to the methods
outlined by Savithramma et a/?® and Jones and Kinghorn®
to determine the presence or absence of alkaloids,
tannins, flavonoids, saponins, phenols, phytosterols, cardiac
glycosides and reducing sugars. These phytoconstituents were
identified by characteristic color changes using standard
procedures.

Procurement and handling of experimental animals:
Healthy Swiss albino mice of both sexes, weighing 22-34 g,
were used for the acute toxicity study whereas Wistar albino
rats weighing 120-190 g of either sex were used for the
antidiarrheal activity. The animals were procured from the
Animal House of the Department of Pharmacology and
Therapeutics, Ahmadu Bello University Zaria, Kaduna State
Nigeria and transported to the Animal House of the
Department of Pharmacology and Therapeutics, Usmanu
Danfodiyo University, Sokoto, Sokoto State Nigeria. They were
acclimatized to the working laboratory conditions for 14 days
by housing them in plastic cages with softwood shavings and
chips as beddings. They had free access to clean water and
pelletized food ad /ibitum. The equipments, handling and
sacrificing of the animals were in accordance with the
standard ethical guidelines for laboratory animal use and care
as described in the European Community guidelines; EEC
directives™®,

Grouping and dosing of animals: Twenty mice (for the
acute toxicity study) in regardless of sex were randomly
divided into 4 groups of 5 mice per group. While groups A,
B and C (treatment groups) received 1000, 2000 and
3000 mg kg~" b.wt,, of the extract, group D (control) received
1 mL of 1% Tween-80 (the vehicle used for the extract
preparation). Seventy five Wistar albino rats (80-200 g) in
regardless of sex for the /n vivo antidiarrhoea, gastrointestinal
motility and enteropooling studies were randomly divided
into 5 groups of 5 rats/group for each study. In all models,
group A (negative control) were treated with the vehicle
(1% Tween 80, 2 mL kg™'). The positive controls (group B)
received 5 mg kg~ of loperamide (for the castor oil-induced
diarrhea and enteropooling models) and atropine 1 mg kg™
(in the gastrointestinal motility test model). The treatment
groups (groups C, D and E) in each model received 200,
400 and 800 mg kg™' doses of the crude extract
respectively.
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Preliminary acute toxicity test: The animals were
observed individually for signs of toxicity, intake of
food and water, mobility, aggressiveness, sensitivity to
pain and noise 4 h post treatment at least once inthe
first 30 min. Mortality was looked out for during the first
24 h and daily for an additional 13 days for a total of

14 days®'.

Anti-diarrheal activity

In vivo castor oil-induced diarrhea: Diarrhea was induced
according to the method described by Teke et a/3? with some
modifications. Animals were fasted for 24 h prior to the
experiment, but had free access to water. Twenty five rats
were divided into groups as earlier outlined. After an hour, all
animals received 2 mL of castor oil orally by gavage. The
animals were kept in separate metabolic cages with
transparent plastic container beneath the cage and lined with
Whatman paper of uniform weight to collect faces. The
severity of diarrhea was assessed hourly for 6 hours duration.
Diarrhea was determined by the presence of fluid material in
the stool. At the beginning of each hour old papers were
replaced with new ones. The mean stool number and
diarrhea stool per group was determined and compared with
the control groups. The total score of diarrheal faeces for the
negative control group was considered as 100%?23. The results
were expressed as a percentage of inhibition of diarrhea
using the expression:

A-B

Inhibition of diarrhea (%) = x100

where, Ais mean number of defecation caused by castor oil in
the negative group and B is mean number of defecation
caused by the drug/extract.

Castor oil-induced enteropooling: The castor oil-induced
enteropooling test helps to determine the ability of an extract
to prevent the accumulation of fluid. Intraluminal fluid
accumulation was determined by the method of Sini et a/**.
Twenty five rats were divided into groups of 5 with five
animals/group. One hour before the oral administration
of castor oil (2 mL animal™), all groups were dosed as
earlier outlined. Two hours later, the rats were sacrificed
and the whole length of the small intestine from the pylorus
to the caecum was removed with the intestinal contents
collected by milking into a graduated tube and their volume
measured.
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Gastrointestinal motility test: The rats were divided into
5 groups of 5 animals each as earlier outlined with the
procedure as outlined by Pazhani et a/3> adopted with slight
modifications. All animals were fasted for 18 h but had free
access to water after which all animal groups were dosed as
earlier outlined. Thirty minutes later, all animal were orally
administered with 1 mL of charcoal meal prepared from 10%
activated charcoal in 5% gum acacia. Thirty minutes later, all
animals were sacrificed with the distance travelled by the
charcoal meal from the pylorus to the caecum measured and
expressed as percentage of distance moved using the
expression:

Intestinal transit (%

B><100
L

where, D is the distance travelled by charcoal (m) and L is the
intestinal length (m).

Gas chromatography-mass spectrometry (GC-MS) analysis:
The GC-MS analysis was carried out using GC-MS-QP 2010 Plus
Shimadzu system and gas chromatograph interfaced to a
mass spectrometer instrument employing the following
conditions: Column Elite-1 fused silica capillary column
(30 mx0.25 mm 1 DXpL df, composed of 100% dimethyl
polysiloxane). For GC-MS operation, an electron ionization
system with ionization energy of 70 eV was used. Helium gas
(99.99%) was used as the carrier gas at constant flow rate of
1 mL min~" and an injection volume of 2 pL. Split ratio 10:1
injector temperature (250°C) and ion-source temperature of
280°C was used. The oven temperature was programmed
from 110°C (Isothermal for 2 min) with an increase of
10°Cmin~'to 200°Cthen 5-280°C min~', ending with a 9 min
isothermal at 280°C. Mass spectra were taken at 70 eV, a scan
interval of 0.5 sec and fragments from 40-550 Da. Total GC
running time was 60 min. The relative percentage amount of
each component was calculated by comparing its average
peak area to the total area. The mass spectra of the
components were matched with the data available in the
National Institute of Standards and Technology (NIST) library
Ver. 2.0 year 2008 library where the retention time, chemical
name and molecular weight of the components of the extract
was revealed?.

Statistical analysis: Results were expressed as Mean+SEM.
Statistical differences among the experimental groups were
assessed by one-way analysis of variance (ANOVA), followed
by Dunnett’s t-test. 95% confidence interval (p<0.05) was
considered statistically significant.
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RESULTS

Percentage yield of the crude methanol stem bark extract:
About 56.25 g corresponding to a percentage yield of 3.75%
was obtained for the extraction of the pulverised leaves of
C sfamea.

Phytochemical screening: The preliminary phytochemical
screening of the methanol leaf extract of C siamea showed
the presence of important secondary metabolites which is
presented in Table 1.

Preliminary acute toxicity test: The result of the toxicity
screening showed that the oral administration of the
methanol leaf extract of C siamea administered to mice is
safe up to a dose of 3000 mg kg~ since they neither showed
mortality nor any apparent signs of toxic effect in the
animals. This validates the safety of the plant in its use in
ethnomedicine.

Effect of C. siamea methanol leaf extract on castor
oil-induced diarrhea: The extract of C siamea produced
a promising antidiarrheal effect in the rats as shown in
Table 2.

At doses of 200, 400 and 800 mg kg~' b.wt., the extract
significantly decreased (p<0.05) the total number of wet
faeces produced after the administration of castor oil when

compared to the control group. The effect of the highest dose
(800 mg kg~ b.wt.) of the extract was lower but comparable
to that of the standard drug loperamide at the dose of
5mgkg™ b.wt.

Effect of C siamea methanol leaf extract on
castor oil-induced enteropooling: (assia siamea
methanol leaf extract significantly (p<0.05) inhibited
castor oil-induced enteropooling in rats at oral experimental
doses of 200, 400 and 800 mg kg~' b.wt., as presented in
Table 3.

Effect of C. siamea methanol leaf extract on the intestinal
transit of charcoal meal: The result of the intestinal transit of
charcoal mealwhen challenged with the methanol leaf extract
of C. siamea (Table 4) showed a dose dependent reduction
in the progression of the administered charcoal mealinthe

Table 1: Phytochemical constituents of the stem bark extract

Phytochemicals Inference
Alkaloids +
Flavonoid
Glycosides
Reducing sugar
Saponins B
Steroids

Phenols

Tannin

+ : Presence of phytochemical, - : Absence of phytochemical

+ o+ o+

+ o+ o+

Table 2: Effect of the methanol leaf extract of C. siamea (MLECS) on castor-oil induced diarrhea in rat

Treatments Dose Total number of faeces Number of diarrhoea faeces Inhibition of diarrhoea (%)
1% Tween 80 2mL kg™" + 2 mL castor oil 24.41+042 19.41£0.13 -
Loperamide 5mg kg~' + 2 mL castor oil 9.44%1.10° 4.11%£1.00° 78.82

MLECS 200 mg kg~ + 2 mL castor ol 18.54%0.11° 11.00+0.332 43.33

MLECS 400 mg kg~" + 2 mL castor oil 14.741+0.142 9.41%0.20° 51.52

MLECS 800 mg kg~ + 2 mL castor oil 11.22+0.34° 8.10%+0.10° 58.27

MLECS: Methanol leaf extract of Cassia siamea, values are expressed as Mean=£SEM (n = 5), 2p<0.05 statistically significant relative to the negative control group

Table 3: Effect of the methanol leaf extract of C. siamea (MLECS) on castor-oil induced enteropooling in rat

Treatments Dose Volume of intestinal fluid (mL) Inhibition (%)
1% Tween 80 2mL kg™ + 2 mL castor oil 3.12+043 -
Loperamide 5mg kg~" + 2 mL castor oil 1.10%£0.20* 64.74
MLECS 200 mg kg~' + 2 mL castor oil 2.21+0.11 29.17
MLECS 400 mg kg~" + 2 mL castor oil 1.52+0.22* 51.28
MLECS 800 mg kg~" + 2 mL castor oil 1.41+0.04* 54.81

MLECS: Methanol leaf extract of Cassia siamea, values are expressed as Mean=£SEM (n = 5), *p<0.05 statistically significant relative to the negative control group

Table 4: Effect of the methanol leaf extract of C siamea leaf (MLECS) on gastro-intestinal motility

Treatments Dose Distance travelled by charcoal (cm) Intestinal transit (%)
1% Tween 80 2mLkg™’ 81.33+1.13 -
Atropine 1 mgkg™' 51.10%£1.03** 56.16
MLECS 200 mg kg™ 61.31%£1.22% 67.38
MLECS 400 mg kg~' 59.11%1.00%* 64.96
MLECS 800 mg kg™ 53.22+1.09** 58.49

MLECS: Methanol leaf extract of Cassia siamea, values are expressed as Mean®=SEM (n = 5), **p<0.05 statistically significant relative to the negative control group
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Fig. 2: Gas ion chromatogram of the methanol leaf extract of C siamea

gastro-intestinal tract and hence a reduction in the
percentage of the intestinal motility. This activity is significant
(p<0.05) in all the treatment doses and positive control when
compared to the negative control.

GC-MS profiling of the methanol leaf extract of C. siamea:
The GC-MS profiling of the methanol leaf extract of C. siamea
revealed the occurrence of 6 peaks corresponding to the
presence of 6 prominent chemical compounds as
presented in Fig. 2. The mass spectra with the structure of
the identified compounds are represented in Fig. 3a-f,
respectively.

DISCUSSION

The obtained result of the percentage yield was 3.75%
showing that methanol being polar may not be the best
solvent for the maximum extraction of the plant
phytoconstituents. This differ considerably from the
percentage yield of 35 and 33.13% reported by
Kamagaté et a/*® and Mehta et a/¥, respectively. This
may be attributed to factors like extraction method and
time as reported by Mehta et a/*” who reported an increase
inthe percentage extractive yield from 15.92-22.00% when
C siamea leaves were extracted for 12-24 h duration. Others
related factors could be difference in ecotype, chemotype,
phenophases, variations in environment conditions such as
temperature, relative humidity, irradiance and photoperiod as
well as genetic background off of which affect secondary
metabolites of plants®.

Preliminary phytochemical screening revealed the
presence of important secondary metabolites (Table 1) some
of which has been established to possess antidiarrhoeal
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activity. Reports from literature have shown that tannins,
flavonoids, alkaloids, saponins, reducing sugar, sterols and/or
terpenes?2**! possesses antidiarrhoea activity all of which
were found in the methanol extract except saponins which
was found to be absent. While tannins have been reported
to have an antispasmodic and muscle relaxant effect,
flavonoids inhibit prostaglandin E2-induced intestinal
secretion?>*, flavonoids has the ability to inhibit intestinal
motility and hydro-electrolytic ~ secretions induced by
prostaglandins*“7 E2 hence could be said to play arole
in prostaglandins biosynthesis considered to delay castor
oil-induced diarrhea®. Polyphenols on the other hand
possess antidiarrheal property by interacting and inhibiting
cytochrome P450 systems®.

As shown in Table 2, the plant extract significantly
(p<0.05) reduced the total fecal output and diarrheal drops
in rats in the 6 h observation period compared with the
negative control. None of the animals treated with the
plant extract showed diarrhoea up to at least an hour
after administration of the extract. There was an
increasing pattern of diarrheal inhibition with increasing
dose of the extract as both the total number of fecal output
instances and diarrheal episodes with solid consistency as
well as a significant delay in the onset of diarrhea was
observed. The antidiarrheal activity of the extract noticeable
the highest experimental dose of 800 mg kg™ b.wt,,
was found to be lower (58.27%) but comparable to the
antimotility drug loperamide at the dose of 5 mg kg™ b.wt,,
(78.82%) which among others is known to decreases
intestinal fluid and electrolyte loss as well as provide a
rapid and sustained inhibition of the peristaltic reflux
through depression of longitudinal and circular muscle
activity'.
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Fig. 3(a-f): Mass spectrum of (a) Cyclohexanol, 5-methyl-2-(1-methylethyl)-, (Ta,2B,5a)-(+/-.)- [retention time 4.233],

(b)

1-(4-Fluorophenyl)-2-[(4-hydroxy-6-methylpyrimidin-2-yl)thio]

ethan-1-one [retention time 14.737],

(c) Hexadecanoic acid, methyl ester [retention time 15.543], (d) 9,12-Octadecadienoic acid (Z,2)-methyl ester
[retention time 18.076], (e) 9-Octadecadienoic acid, methyl ester [retention time 18.175] and (f) Methyl stearate
[

retention time 18.631]

In the castor oil induced enteropooling assay (Table 3) all
doses of the plant extract showed a significant reduction
except the 200 mg kg~ b.wt,, of the extract in both the mean
weight and the volume of intestinal fluid compared with the
negative control.

The inhibition in the volume of intestinal content was
observed to increase in a dose dependent manner. The
highest dose of the extract on the intestinal fluid
accumulation was found to be lower but comparable to the
inhibitory effect of the standard antimotility drug loperamide.
This shows that the plant extract has a significant
antisecretory effect by decreasing water and electrolyte
secretion to the intestinal lumen and allowing for their
enhanced absorption. This will lead to a decrease in the water
contents of the fecal drops hence an overall reduction in the
total number of defecation instances and diarrheal drops as
observed in the extract treatment groups and positive
control group when compared to the negative control
group. These actions mimic the mechanism of action of
loperamide>®,

The decrease in gastrointestinal motility with time allows
for the gastrointestinal contents to stay longer in the intestine
allowing for enhanced intestinal water and electrolyte
absorption. In the gastrointestinal motility investigation
(Table 4), the methanol leaf extract of C siamea reduced
gastrointestinal motility as shown by the reduction in the
gastrointestinal propulsion of the charcoal meal in a dose
dependent manner comparable to the standard drug atropine
at 1 mg kg=' b.wt.,, which was statistically significant when
compared to the negative control. Several drugs and natural
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products have been reported to induce their antidiarrheal
effect through antispasmodic activity>2. The extract may
hence possess anticholinergic activity which is consistent
with the action of atropine known to reduce intestinal
motility3°33>4,

Upon GC-MS analysis, the methanol extract was found to
contain 6 prominent constituents eluted between 5-19 min.
The compounds and their percentage composition are
cyclohexanol-5-methyl-2-(1-methylethyl)-,(1a,2B,50)-(+/-.)-
(3.598%), 1-(4-fluorophenyl)-2-[(4-hydroxy-6-methylpyrimidin-
2-yl)-thio]-ethan-1-one (5.848%), hexadecanoic acid methyl
ester (44.329%), 9,12-octadecadienoic acid (Z,Z)-methyl ester
(6.843%), 9-octadecadienoic acid methyl ester (23.687%) and
methyl stearate (15.696%).

These phytoconstituents has been known to have
diverse biological activities which have direct bearing to its
observed antidiarrheal activity. Cyclohexanol-5-methyl-2-(1-
methylethyl), a cyclohexanol analog is known for their
antimicrobial activities®, 1-(4-fluorophenyl)-2-[(4-hydroxy-6-
methylpyrimidin-2-yl)-thio]-ethan-1-one a pyrimidine
derivative possesses anti microbial and anti-inflammatory
activity’s®, hexadecanoic acid methyl ester a fatty acid

methyl ester is a known anti-inflammatory agent®’,
9,12-octadecadienoic acid (Z,2)-methyl ester,
9-octadecadienoic acid methyl ester and fatty acid

methyl ester are known for their antibacterial and
antifungal activities$2%3, Anti-inflammatory compounds are
key in diarrheal management since they stimulate intestinal
hypersecretion ~ of fluid involved in inflammatory
response®%4,
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CONCLUSION

The methanol leaf extract of C siamea reduces castor
oil-induced diarrheal episodes, intestinal secretion and
motility comparable to loperamide at the highestinvestigated
dose of 800 mg kg~' b.wt. The presence of secondary
metabolites with anti-inflammatory and antimicrobial
activities provides a potential source for the industrial
application of this plant in the development of antidiarrheal
drug. These results give scientific credence to the
ethnomedicinal application of the plant as an antidiarrheal
agent.

SIGNIFICANCE STATEMENT

This study discovers the possible antidiarrheal ability of
the methanol extract of C. siamea that can be beneficial for
the development of novel antidiarrhea agents. This study
will help the researchers to uncover the critical area of the
pathophysiologic processes responsible for causing diarrhea.
Thus, a new theory on the normalization of bowel movement
and possibly other contributory factors may be arrived at.
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