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Abstract: Background: Diarrhea is an important health problem,
especially in developing areas, and is a major morbidity and mortality
worldwide. Natural products have long been considered to be a
backbone of therapeutic systems and plant-based medicines an
alternative to the conventional anti-diarrheal drugs that have unwanted
side effects. Viola betonicifolia Sm. Arrow-leaved violet or Banafsha
(Roxburghia fistulosa (Roxb.) Bedd. syn. (Violaceae)) has a rich
phytochemical profile, which includes alkaloids, flavonoids, saponins
and phenolic compounds with reported gastrointestinal modulating
activity. The aim of the present study was to examine the effectiveness
of aqueous extract of V. betonicifolia (VBAE) on castor oil-induced
diarrhea in pigeons. Methodology: Pigeons of either sex (250-350¢)
were split into groups (n=8). VBAE was injected intramuscularly at
doses of 50, 100 and 200 mg/kg; Loperamide (0.2 mg/kg) and
Metronidazole (7 mg/kg) were used as positive controls. Six millilitres
(6 mL/kg) of castor oil (PO) was administered for inducing diarrhea.
Anti-diarrheal parameters were measured for 6 h, and first stool time,
latency to first stool, number of stools, number of watery stools and
stool weight were measured. The gastrointestinal transit of charcoal
meal was carried out to assess intestinal motility, and the peristaltic
index was determined as the percent of charcoal meal in the small
intestine. Results: VBAE exhibited considerable dose dependent anti-
diarrheal activity. VBAE at 200mg/kg significantly extended the first
stool time (p<0.01), caused a highly significant increase in the latency
period to first stool (p<0.001) and significantly reduced the number of
stools (p<0.05) and number of watery stools (p<0.05) and highly
significantly reduced stool weight (p<0.001) compared with negative
controls. The anti-diarrheal activity was similar to that of standard anti-
diarrheal drugs Loperamide and Metronidazole. CONCLUSIONS:
The aqueous extract of Viola betonicifolia has a prominent dose
dependent anti-diarrheal effect against castor oil induced diarrhea and
hence its traditional use in gastrointestinal disorders is validated
scientifically. The anti-diarrheal effect is possibly based on the strong
phytochemical composition of the plant, which inhibits intestinal
motility, suppresses the secretion of fluids and regulates electrolyte
balance.

Keywords: Viola betonicifolia; Antidiarrheal; Castor oil; Pigeon
model; aqueous extract.

INTRODUCTION

Diarrhea is a gastrointestinal condition that is
overwhelming and affects thousands of adults and
children, particularly in the developing world, for
which predisposing factors include diet intolerance,

drugs, infections, and intestinal disorders, which may
disrupt gastrointestinal motility and abnormal
fluidity.(1, 2)

The disorder can be transmitted via food, drinking
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water, and through unhygienic conditions, and it has
already killed over 1.6 million, and 15% of children
under 5 throughout the world, with 78% of the deaths
reported in Southeast Asian and African areas.(3)
Diarrhea is a complex process of increased intestinal
motility, increased fluid secretions, reduced fluid
absorption and inflammation of gastrointestinal
mucosa.(4, 5)

Different chemotherapeutic measures including anti-
motility agents (loperamide and diphenoxylate-
atropine combination), antibiotics (doxycycline) and
anti-secretory agents (bismuth salicylate) have proven
beneficial in treatment and management of
diarrhea.(6)

However, Loperamide, a first-line drug, is not used for
infants and children due to possible respiratory and
neurological side effects, while Bismuth salicylate has
remained unpopular due to the large number of tablets
per dose, delayed onset of action, potential to cause
tinnitus and blackening teeth, as well as bismuth
salicylate-drug interactions.(7)

The use of natural products has been a cornerstone of
therapeutic systems throughout history and more than
60% of the small-molecule drugs approved to date are
natural products or derivatives thereof.(8)

According to World Health Organization, 80-90% of
human population in developing countries depends
mainly on plant-derived medicines for primary-
care.(9)

Since several medicinal plants have been found to
have promising anti-diarrheal activity, the search for
safer and more effective agents from plant origin is still
on the spotlight. In chronic cases of diarrhea, the
presence of abdominal pains and inflammation has
made it necessary to use natural products with anti-
inflammatory and neural active constituents.(10)

V. betonicifolia is documented in Swat, Dir, Chitral,
Mansehra and Galyat districts of Khyber
Pakhtunkhwa Province in Pakistan. V. betonicifolia
has been traditionally used as a diaphoretic, purgative,
astringent, antipyretic and a remedy for epilepsy,
nervous disorders, cough, sinusitis, pharyngitis and
kidney diseases.(11) and phytochemical studies have
revealed it to be a good source of secondary
metabolites such as alkaloids, flavonoids, tannins,
phenolic compounds, saponins and triterpenoids.(12)
The methanolic extract of V. betonicifolia has been
shown to have partially atropine-sensitive prokinetic
and laxative effects in mice and this action was
considered to be mediated by cholinergic effects and
other unknown mechanisms..(13)

The use of castor oil for inducing diarrhea in vivo is
well established in various types of experiments
because of its well-defined mechanism.(14)

Most importantly, the castor oil model is suitable for
use as a model for the assessment of anti-diarrheal
agents because it resembles both the secretory and the
motility aspects of clinical diarrhea.(15)

Although Viola species are being used for the
management of gastrointestinal disorders, there is a
lack of scientific studies specifically investigating the
anti-diarrheal activity of V. betonicifolia aqueous
extract.(16)

The prokinetic and laxative effects of V. betonicifolia
methanolic extract have been reported in previous
studies which partially involve activation of
muscarinic receptors.(17)

Based on the global burden of diarrhea, the limitations
of available anti-diarrheal drugs and the
phytochemical profile of V. betonicifolia, which
showed the presence of some phytochemical with
gastrointestinal modulatory properties, this study was
conducted to investigate anti-diarrheal activity of
aqueous extract of V. betonicifolia whole plant against
castor oil induced diarrhea model in pigeon.

MATERIALS AND METHODS

Plant Material and Preparation of Aqueous Extract
The entire plant of Viola betonicifolia was collected,
authenticated, washed with distilled water and shade
dried and ground to a fine powder. The powdered
material was macerated in distilled water, filtered
through muslin cloth and Whatman No. 1 filter paper
and the excess water was removed by concentrating
the filtrate under reduced pressure. Viola betonicifolia
(VBAE) dried aqueous extract was kept in dark tight
container at 4°C prior to use. Extracts were freshly
made in distilled water before use.

Experimental Animals

Healthy adult pigeons of either sex weighing 250-350
g were used for the study. The birds were kept under
standard laboratory conditions (25 = 2°C) with a 12
hour light and 12 hour dark cycle and fed on
commercial feed and drinking water. Animals were
acclimatized one week prior to experiment. All
experiments were performed under ethical standards
for the care and use of laboratory animals.

Experimental Design

The pigeons were randomly allocated into six groups
(8 birds each). Distilled water (10 mL/kg,
intramuscularly) was given to Group I as negative
control. Group II was treated with Loperamide, 0.2
mg/kg, PO (standard anti-diarrheal drug) and Group
IIT was treated with Metronidazole, 7 mg/kg, PO.
Groups IV, V and VI were treated with aqueous
extract of Viola betonicifolia (VBAE) at a dosage of
50, 100 and 200 mg/kg respectively. Thirty minutes
after treatment, diarrhea was stimulated by oral
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administration of castor oil (6 mL/kg).

Castor Oil-Induced Diarrhea Test: This test is used to
diagnose the cause of constipation.

Anti-diarrhea activity of VBAE was tested using
castor oil induced diarrhea model. After the castor oil
was given each pigeon was housed alone in a clean
cage containing absorbent paper which was changed
as needed during the observation period. The animals
were housed for 6 hours. The time of appearance of
the first diarrheal stool (first stool time), latency to first
stool, total number of stools, number of watery stools,
and total stool weight were noted. The percentage
inhibition of diarrhea was calculated according to
comparison of treated groups with negative control

group.

meal suspension 30 minutes after the treatment. The
small intestine was gently taken out after a proper
interval, when the birds were killed. The length of the
small intestine and distance travelled by charcoal meal
were measured. Peristaltic index was determined by
the following formula: % of the total intestinal length
traversed by charcoal marker.

2.8 Statistical Analysis

Results were expressed as mean values and error bars
are standard error of mean (SEM). One-way analysis
of variance (ANOVA) followed by Dunnett's test was
applied for evaluation of anti-diarrheal activity using
GraphPad Prism for Windows (GraphPad Software,
San Diego, California, USA). *p* values <0.05 were

considered statistically significant.

Evaluation of gastrointestinal transit.

To assess the action of VBAE on intestinal motility a
charcoal meal gastrointestinal transit test was
conducted. Each pigeon was given an oral charcoal

RESULT
3.3.2. Effect of VBAE against Castor oil induce diarrhea
In the experiments of different types, castor oil is used as an inducer of diarrhea in vive. By the hydrolysis of castor
oil, Ricinoleic acids are formed which is responsible for induction of diarrhea. Ricinoleate salt is formed by the action
of Ricinoleic acid with sodium and potassium ions which is present in lumen. This Ricinoleate salt then causes
imbalance of electrolytes and water resulting in increased permeability of the intestinal epithelium (Yacob, 2016).
The irritation of gastro intestinal mucosa also may cause local inflammation and release (PG) prostaglandin as a
result of which secretion of water and electrolytes in the small intestine increases (Yacob, 2016). That's why hyper
secretion of electrolytes, water and gastro intestinal motility in small intestine should be interrupted by the
administration of anti-diarrheal drugs (Khan, 2016). Test sample at the dose of 50mg/kg did not show significant
differences for non-significant to 1st stool time, latency to 1st stool time, number of stool and number of watery stool,
but showed significant (p<0.001) to weight of stool. The significant result (p<0.05) of VBAE at 100mg/kg in time to
onset of stool and number of stool and was observer in latency to 1st stool time and expresses in stool weight highly
significant (p<0.001) to stool. At the dose of 200mg/kg our extract was significant (p<0.01) to start of stool time,
also greatly significant (p<0.001) in case of latency to 1st stool time, further more convey significant (p<0.05) to
number of stool as well as no of watery stool, even significant (p<0.001) to stool weight comparing to group treated
with distilled water.

Table 3.1: Effect of VBAE against castor oil induces diarrhea

Sample | Dose(mg | 1%stool time Latency to Number of Number of | Weight of stool
/kg) PO (min) 1%'stool time stool watery stool (mg)
(min)
Administration of castor oil after 30 minutes
DW+ 10ml/IM | 13.11+0.57 10.43% 0.46 15.18+ 0.28 11.15% 0.40 11883.78+4.04
Castor ,6
Oil
LOP 0.2 26.65+0.86™ 37.81+£0.86™ 6.42+0.57™ 2.72+0.63™ | 4321.24+5.77™
METO 7 23.6+1.06™ 32.23+1.15™ 8.24+ 0.92" 4.524+0.98™ | 4812.41+7.50™
VB 50 17.12+1.44" 15.43+ 1.27™ 13.42+1.15™ 9.28+ 1.15™ | 7789.82+9.81™
VB 100 19.54+1.73" 19.29+ 1.45™ 10.36+1.44" 7.31+1.32™ | 6873.67£14.05"
VB 200 22.34+2.02™" 25.37+1.79"™ 9.17+1.73" 6.21 +1.73" | 5335.18+17.90"

Data presents as mean + SEM for group (n=8). For Data analysis One way ANOVA followed by Dunnett’s were
applied. * P< (.05, **p< 0.01, ***p< 0.001 VS negative control group (Asterisks stand for significant value from
control).
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Figure 3.1. Bar diagram indicating dose dependent effect of VBAE against Copper Sulphte induced emesis in pigeons.
Bar represent as mean = SEM for group (n=8). One way ANOVA followed by Dunnett’s test was applied for data
analysis. *p<0.05,**p<0.01, ***p<0.00I versus negative group (Asterisks representing statistically significant value

from control).

DISCUSSION

The current study offers a detailed evidence of the
anti-diarrheal activity of the aqueous extract of Viola
betonicifolia (VBAE) in pigeon as an in vivo model of
castor oil induced diarrhea and shows that the extract
exerted significant anti-diarrheal activity in a dose
dependent manner in various parameters. Castor oil
works by ricinoleic acid hydrolysis to ricinoleate salts
with the sodium and potassium ions present in the
intestinal lumen; ricinoleate salts then increase the
permeability of the epithelial cells by inhibiting the
Na+/K+-ATPase and ricinoleates also irritate the
gastrointestinal mucosa that results in prostaglandin

release and local inflammation, which increases water
and electrolyte secretion in the intestine.(18)

The anti-diarrheal properties noted in all the
investigated parameters indicate multi-targeted
mechanism of action (MoA) of VBAE which is
supported by the presence of various phytochemicals
in V. betonicifolia such as alkaloids, flavonoids,
saponins, tannins, and phenols. The most notable
impact of VBAE was the reduction in stool weight,
which was highly significant (p<0.001) at all the doses
(50, 100 and 200 mg/kg) when compared to negative
controls, proving that VBAE helps in controlling the
severity and amount of diarrhea. VBAE at 200 mg/kg
highly significantly (p<0.001) reduced stool weight,
significantly (p<0.01) prolonged first stool time,
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markedly increased latency to first stool (p<0.001),
and reduced number of stools (p<0.05). The above
results corroborate earlier research on the prokinetic
and laxative actions of V. betonicifolia methanolic
extract, which was partly due to the cholinergic
activity of the extract.(19, 20)

The partial sensitivity to atropine observed in previous
studies indicates that the gut stimulatory effects
involve muscarinic receptor activation as well as other
mechanisms, which have yet to be identified, and
pyrilamine, SB203186 or hexamethonium did not
affect the response, suggesting that the effects are not
mediated via histamine, nicotine or serotonin
receptors. In the castor oil-induced diarrhea, VBAE
seems to have inhibitory effects on excessive
gastrointestinal motility and fluid secretion, which
may be mediated by several mechanisms such as
modulation of electrolyte balance, inhibition of
prostaglandin synthesis and regulation of intestinal
smooth muscle contractility. Alkaloids and saponins
present in VBAE are known to be gut stimulants
which may be responsible for the observed anti-
diarrheal activity while the presence of flavonoids and
phenolic compounds with anti-inflammatory activity
also support the observed effect of VBAE in the
treatment of diarrhea.(21, 22)

Flavonoids and tannins are reported to have
antidiarrheal potential due to its intestinal motility,
anti-inflammatory and composition of gut
microbiota.(23)

Many medicinal plants with similar phytochemical
compositions have been found to be anti-diarrheal by
means of their antibacterial activity against enteric
pathogens, anti-motility, anti-spasmodic activity and
reduction in intestinal fluid secretion.(24)

The anti-diarrheal activity of VBAE was similar to
that of standard anti-diarrheals, Loperamide and
Metronidazole, which means that it could be used as
an alternative or complementary medicine in treating
diarrhea.(18)

Previous acute toxicity studies indicate that VBAE has
a favorable tolerability/safety profile when compared
with conventional anti-diarrheal drugs that can have
adverse side effects like respiratory depression in
children and possible drug interactions.(25)

The anti-diarrheal effects of V. betonicifolia could be
related to its phytochemical profile, particularly the
presence of alkaloids and saponins, bioactive
compounds that regulate intestinal motility,
electrolyte equilibrium, and inflammatory reactions,
as well as the presence of phenolic acids like gallic
acid, sinapic acid, and ferulic acid, which were
detected by HPLC analysis. The results presented here
confirm the traditional use of V. betonicifolia as a

remedy for gastrointestinal diseases such as diarrhea
and justify the studies of'its use as a safe and effective
anti-diarrheal.

CONCLUSION

The findings of this study suggest that the aqueous
extract of Viola betonicifolia whole plant (VBAE)
exhibits remarkable anti-diarrheal activity dose
dependently in castor oil-induced diarrhea in pigeons;
which validates the traditional use of this plant in
gastrointestinal ~ ailments. =~ VBAE  200mg/kg
significantly lengthened first stool time, increased the
latency to first stool, decreased the number of stools
and the number of watery stools and markedly
decreased the stool weight. It had similar anti-
diarrheal activity to the commonly used drugs,
Loperamide and Metronidazole. The activity may be
due to the high phytochemical content comprising of
alkaloids, flavonoids, saponins and phenolic
compounds, which inhibit intestinal motility, reduce
fluid secretion and modulate electrolyte balance. The
results highlighted that V. betonicifolia has a good
scientific basis for its use in diarrhea; further
phytochemical studies, mechanistic studies and
clinical evaluation are warranted.

Recommendations

Bioassay-guided fractionation of VBAE should be
done to gain knowledge for identification of specific
compounds which contribute anti-diarrheal activity
along with HPLC & GC-MS analysis to standardize
the extract for quality control. Mechanistic studies are
warranted to illustrate the receptor level actions of
VBAE, including the inhibition of Na+/K+-ATPase,
modulation of prostaglandin  synthesis and
involvement of muscarinic receptors. Randomized
controlled trials of standardized V. betonicifolia
preparations should be performed to assess anti-
diarrheal effectiveness and safety in human subjects,
especially in areas where there is a high prevalence of
diarrhea. Standardisation of V. betonicifolia extracts
should be developed to provide uniformity in the
phytochemical composition and biological activity,
for translating the findings of experimental studies to
the clinical application. To delve into the therapeutic
potential of V. betonicifolia, its anti-diarrheal activity
should be tested in other diarrheal models, such as
infectious and antibiotic-associated diarrhoea. Based
on the traditional uses and the increasing evidence of
pharmacological activity of V. betonicifolia,
conservation and sustainable cultivation of this
valuable plant resource should be promoted to ensure
its long-term availability.

Limitations
There are several limitations to the present study that
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should be taken into consideration when interpreting
the findings. The study used a model of diarrhoea in
pigeons induced by castor oil, which, although useful
in gaining mechanistic insights may not accurately
model diarrhoea in humans and therefore further
validation of the findings would be needed in a
mammalian model and in humans. The study was
conducted with a crude aqueous extract which
contained several phytochemical compounds and the
effect of the extract could not be attributed to a specific
compound and mechanism, further identification of
the active principle(s) by bioassay guided
fractionation is needed. Mechanistic studies were not
performed to reveal the specific receptor level actions
of VBAE, such as inhibition of Na+-K+-ATPase,
modulation of prostaglandin, or involvement of
muscarinic receptor, that would be helpful in
understanding the molecular basis of anti-diarrheal
activity. The observation period was 6 hours, which
may not have been sufficient to assess the total time of
the anti-diarrheal effects and no pharmacokinetic
studies were performed to assess the absorption,
distribution, metabolism, and excretion of active
constituents. The phytochemical composition may
differ from year to year and with location, reducing
the reproducibility and there are no standardized
extracts to specific marker compounds. The present
study, despite the above-mentioned drawbacks, offers
good evidence of the anti-diarrheal activity of V.
betonicifolia and sets a good base for further research.
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