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Abstract

Depression is a pervasive psychiatric disorder worldwide and diarrhea is considered a leading cause of
preventable death for infants and children in developing countries. The current study was done to assess
in vivo activities of crude methanol extract of Stixis suaveolens fruit, focusing on antidepressant and
antidiarrheal effects. The effect on central nervous system (CNS) was examined by recording the onset
of sleep and total sleeping time. Besides, castor oil-induced diarrhea in the mice model was followed
while evaluating the antidiarrheal effects. Significant (p<0.01) reduction in onset time (64.8 min) as well
as in total sleeping time (64.8 min) were recorded between the test groups and the control. The extract,
when given orally, also resulted in a significant (p < 0.001) reduction of diarrheal feces induced by
castor oil by 71.43%. The in vivo bioassays demonstrated that the crude methanol extract of the fruit
of S. suaveolens contains significant antidiarrheal and CNS stimulating actions. However, further
vigorous studies are recommended to isolate and characterize the major phytoconstituents from the plant

in order to develop the exact mechanism of actions of the plant against various disorders.
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Introduction

Natural sources, especially plants, herbs and
marine lives have been used in medicine since
ancient times and are still used today (Sultana et al.,
2022; Das et al., 2022a). Medicinal plants account for
10% of all vascular plants (Fonnegra and Jiménez,
2007), comprising almost half a million species
(Pimm et al., 2014). When no synthetic medications
were available and no idea of surgery existed, the
plant kingdom aided greatly in the treatment of
ailments (Akinyemi et al., 2018; Alam et al., 2022).
The usage of these plants has been developed over
the generations and this has become known in many
contexts as traditional medicine. Many countries in
Africa, Asia and Latin America use traditional
medicines to meet some of their primary health care

needs. Traditional medicine has substantial popularity
in all regions of the world. Herbal medicines
currently account for business over the 80 billion US
Dollers annually and are growing steadily (ldu,
2009). Recently, the number of plant-derived
therapeutic approaches, including applications of
medicinal plants in nanotechnology have increased
globally (Grabley and Sattler, 2003; Salve et al.,
2022). Nearly 7,000 of the listed medicinal
compounds in the Western pharmacopeia are plant-
based and according to the World Health
Organization (WHO) estimation, 65-80% of the
world's population, particularly those who live in vast
rural areas of developing countries, rely on herbal
medicines as their primary form of healthcare (Ripa
et al., 2022a; Ripa et al., 2022b). Although plant-
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derived treatments show promise as therapeutic
agents, most plants are not studied for their medicinal
potential (Ekor, 2014). As a result, scientific study of
medicinal plants' biological activity may aid in
justifying their usage in health care (Foyeet al,
2007).

Traditional medicine is a unique amalgamation
of different ethnomedical influences. It includes
traditionally entrenched aspects influenced by local
indigenous people and close-by Indian Ayurveda and
Unani medicine (Bhardwaj and Paul, 1986; Claquin,
1981). Medicinal plants and the use of traditional
medicines are an integral part of public health
services worldwide, especially in the developing
countries (Ashraf et al., 1982; Rahman et al., 2012).
Diarrhea, anxiety and depression disorders are some
prevalent diseases. A large number of people get
affected by diarrhea in the country each year. With
the increasing growth and economic development,
anxiety and depression-related issues are increasing
worldwide. Medicinal plants could provide effective
solutions for these ailments in parallel to the current
pharmaceutical options (Mitra et al., 2022a; Das
etal., 2022b).

Diarrhea is a common gastrointestinal condition
marked by increased gastrointestinal motility and
secretion as well as a decrease in fluid and electrolyte
absorption (Bafna and Sarin, 2012; Ezejaet al.,
2012). In developing countries, it is a significant
cause of illness and mortality, mainly affecting
neonates and babies (Ezejaet al., 2012). It is the
second most significant cause of death in children
under five, accounting for 370,000 child deaths in
2019 (WHO, 2022; WHO, 2010). 78% of diarrheal
deaths of children occur in Africa and Southeast Asia
(Browning, 1999; De La Fuente, 2008). Major
medications for diarrhea management are antimotility
and antisecretory medications, while opioids and
their metabolites are still commonly utilized to treat
diarrhea.

Anxiety and depression disorders are among the
most common psychiatric illnesses today (Griebel
and Holmes, 2013; Somers et al., 2006). WHO-led
studies have identified depression as the second

leading cause of disease-related disability by 2020,
following heart disease (Lopez and Murray, 1998).
The current treatment for depression is generally
associated with several adverse side effects, and it is
only successful in a small percentage of patients
(Nestler et al., 2002). For the treatment of depression
and anxiety, benzodiazepines and selective serotonin
reuptake inhibitors (SSRIs) are generally used
(Griebel and Holmes, 2013; Sharp, 2013).

Stixis suaveolens (Roxb.) is a flowering plant in
the family Capparaceae. It is distributed in the
tropical and sub-tropical regions of southeastern Asia
and the Indian subcontinent. It is also available in
hilly areas of Bangladesh. This plant is thought to
have many biologically active chemicals that could
be useful for various medical uses (Su et al., 2006).
This plant has various uses in traditional medicine,
including the use of root, stem bark and leaves to
treat painful tendons and bones, rheumatism, eye
infections etc. in Vietnam (Anh et al., 2019a), use of
the fruit for treating cough and malaria by the local
population of Nagaland (India), anti-inflammatory
and antiarthritic use by indigenous communities in
Tripura (Jamir et al., 2017; Zhasa et al., 2015;
Biswas et al., 2018) and use of fruits to treat
cardiovascular diseases and asthma by local
traditional practitioners (Kabirajes) in Bangladesh
(Biswaset al., 2018). Recently,  several
phytochemical studies by Anhet al. (2020) and
Islam et al. (2020), has been conducted with the fruit
and other extracts of S. suaveolensto confirm its
pharmacological activity. In this perspective, the
present study aims to investigate the antidepressant
and antidiarrheal properties of S. suaveolens through
in vivo study.

Materials and Methods

Collection of plant material and preparation of
crude extract: The fruits of S. suaveolens were
collected from the local market. Then the collected
sample was dried by sun light for several days and
then it was also dried for 24 hours in oven at
considerably low temperature (not more than 40°C).
The dried fruits were then ground into coarse powder
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using high capacity grinding machine. The powdered
material (300 gm) was taken in a cleaned, amber
color reagent bottle (2.5 L) and soaked in 2.0 L of
methanol. The container with its content was sealed
by bottle cap and kept for a period of 15 days
accompanying occasional shaking and stirring. The
whole mixtures were then filtered through a fresh
cotton plug and finally with a Whatman No.1 filter
paper. The volume of the filtrate was then allowed to
evaporate at ambient temperature until approximately
70% solvent was evaporated (Khatun et al., 2021;
Anjum et al., 2021).

Chemicals:  Glibenclamide, phenobarbitone,
acetyl salicylic acid and diclofenac sodium were the
products of Square Pharmaceutical Ltd., Bangladesh.
Morphine injections were purchased from the retail
pharmacy of Ganashastha Hospital, Dhanmondi.
Folin-Ciocalteu reagent, tert-butyl-1-hydroxytoluene
(BHT), methanol, tween-80 and other chemical
reagents were the products of Merck specialties,
Mumbai. Castor oil was purchased from the local
market. All the reagents were ensured to be of
analytical grade.

Study design: Swiss albino mice (male) weighing
between 25-35 gm and 4-5 weeks old were obtained
from Jahangirnagar University. The mice were kept
in the animal house of the State University of
Bangladesh and fed with standard rodent feed under
strictly maintained environment. Environmental
changes were carefully monitored and prior to any
experiment, the animals were allowed (4 days) to
adjust to the new environmental conditions. The
Federation of European Laboratory Animal Science
Associations (FELASA) guidelines and
recommendations were followed to reduce the pain
and stress of the experimental mice. For the in vivo
bioassays, the animals were divided into four groups
(Group I, 11, 11 and 1V) of 5 individuals. The first
two groups (I and Il) served as the negative and
positive control, whereas group 11l and 1V were fed
with 200 and 400 mg/kg body weight (p.o.) of crude
extract (Kayser et al., 2019).

Data analysis: All the results were recorded in
triplicates and results expressed as the mean =

standard error mean (SEM). In order to determine the
significance in variables between groups, one-way
ANOVA and Post hoc Dunnett’s test were performed
using SPSS version 25.0 and p value less than 0.05
was considered to be statistically significant.

Determination of antidepressant activity: The
antidepressant potential of the crude fractions was
determined using the phenobarbitone induced
sleeping time test according to the works of Herrera-
Ruiz et al., (2011). The SSCFE at two different doses
were fed to the experimental groups followed by
intraperitoneal injection of phenobarbitone sodium.
All the animals were then monitored to record the
time of onset of sleep and total sleeping time for
everyone.

Determination of antidiarrheal activity: The
anti-diarrheal activity of SSCFE was evaluated using
the method of castor oil induced diarrhea in mice
(Jannat et al., 2022; Farzana et al., 2022). According
to this method, each mouse was fed with 1ml of
highly pure analytical grade of castor oil which
would induce diarrhea. The numbers of fecal stools
were recorded for each individual mouse. The
observations of the experimental groups were
compared against that of the control to evaluate the
anti-diarrheal activity of the samples (Saha et al.,
2012).

Results and Discussion

Effect of S. suaveolens crude extract on the CNS:
The oral administration of SSCFE resulted in marked
delay in the onset of sleep as well as reduction of
duration of sleeping period among the test animals
after inducing sedation by phenobarbitone sodium.
The extract at 200 and 400 mg/kg caused dose
dependent elevation of sleep onset time (p<0.01) to
138.2 and 156.4 min, respectively while 91.6 min
were recorded in case of control (Figure 1). Similarly,
both doses of extract decreased the total sleeping time
significantly (p<0.01) of 101.8 and 83.6 min
respectively whereas the animals in the control group
had a sleeping time of 148.4 min (Figure 1).
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Figure 1. Effect of the oral administration of the SSCFE on the CNS of Swiss albino mice. Here, all the values are expressed
as mean + SEM and SEM = Standard error of mean, SSCFE = Stixis suaveolens crude fruit extract. (*) indicates p <
0.05, (**) indicates p<0.05 and (***) indicates p<0.005 compared to the normal group.

CNS stimulants have been suggested to be a
viable option for prevention and treatment of
depression (Avois et al., 2006). The SSCFE has
shown to possess significant amount of CNS
activating potential by decreasing both sleeping time
interval and sleeping time. Barbiturates like
phenobarbitone exhibit their sedative activity by
acting on the GABAergic receptors, increasing the
influx of chloride ions and inhibition the generation
of action potential (Greenfield Jr., 2013). S.
suaveolens  crude  extract ~might  possess
phytochemicals such as lignans and phenolic
compounds, which could inhibit the action of
barbiturates (Anh et al., 2019a; Anh et al., 2019b).
There have been records of molecules derived from
plants i.e., bicuculline and picrotoxin which are
strong GABA antagonists capable of reversing the
effect of phenobarbitone (Akhter et al., 2021).

As numerous drugs could be linked back to plant
origin, similarly the current available CNS-active
agents i.e., stimulants are mostly derived from plants
(Mitra et al., 2022b). Therefore, there is a huge
possibility of finding new phytochemicals with CNS
stimulant or anti-depressant activity with better
efficacy from the plant (Anh et al., 2019a; Anh et al.,
2019b).

Antidiarrheal activity of S. suaveolens crude
extract: The crude methanol extract of S. suaveolens
exhibited significant reduction of average diarrheal
feces at a dose of 400 mg/kg (p < 0.01) and the
results were comparable to the standard antidiarrheal
drug loperamide (2 mg/kg orally). The number of
diarrheal feces after 4 hours of the oral treatment
were found to be 9.33 + 0.24, 3.33 £ 0.24, 5.67 *
0.47, 2.67 = 0.24 for the group | (normal control),
group Il (standard loperamide or positive control),
group Il (200mg/kg b.w.) and group 1V (400mg/kg
b.w.), respectively (Figure 2).

The antidiarrheal activity of SSCFE has been
reported for the first time in this study. This activity
is an indication of its use in various stomach
associated disorders like cramps, constipation,
indigestions etc. One of the various mechanisms by
which castor oil induces diarrhea is electrolyte
permeability via endogenous prostaglandin secretion
(Anjum et al., 2022; Farzana et al., 2022; Jannat et
al., 2022). One of the potential reasons by which the
SSCF shows its antidiarrheal activity by inhibiting
prostaglandin synthesis in the intestine is evident by
the fact that the feces after treatment were rather dry
(Bahekar and Kale, 2015).
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Figure 2. Effect of the oral administration of the SSCFE on the castor oil induced diarrhea in Swiss albino mice. Here, all
values are expressed as mean + SEM and SEM = Standard error of mean, SSCFE = S. suaveolens crude fruit extract.
(*) indicates p < 0.05, (**) indicates p < 0.05 and (***) indicates p < 0.005 compared to the normal control group.

Conclusion

The present in vivo biological studies, for the
first-time reports that the crude fruit extract of S.
suaveolens possess phytoconstituents capable of
inducing significant CNS stimulant and antidiarrheal
properties. Besides, the crude methanolic extract of
its fruit have been found to be safe and induced no
side effects at a maximum dose of 400 mg/kg b.w. in
Swiss albino mice. This study will evoke future
phytochemical research in order to isolate and
characterize the bioactive molecules responsible for
the CNS stimulant and antidiarrheal activity. Hence,
further extensive studies on isolation of the
phytoconstituents and investigation on clinical level
could lead to the discovery and development of new
therapeutic entities from the plant.
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