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ABSTRACT

Stress significantly impacts mental health, prompting a focus on stress-induced neurobehavioral alterations. f-Sitosterol,
a plant-derived phytosterol, emerges as a potential neuroprotective agent. This study aimed to evaluate [-Sitosterol's
therapeutic potential in mitigating neurobehavioral alterations induced by stress, shedding light on its adaptogenic or
neuroprotective capacity. Animals were categorised into distinct groups, including Negative Control, Control Socially
Isolated (SI), Control Group Housed (GH), Standard SI, Standard GH, Test S1, and Test GH. Stress, induced by environmental
deprivation and social isolation, led to neurobehavioral alterations. The study employed a comprehensive design, including
Negative Control group with no stress or treatment. Control SI and Control GH groups underwent social isolation and
vehicle dosing. Standard SI and Standard GH received Diazepam (5 mg/kg). Test SI and Test GH received f-sitosterol (10
mg/kg) dosing. In the Elevated Plus Maze Test (EPM), Control GH and Control SI groups exhibited anxiety-related
behaviours, mitigated by Diazepam in Standard GH and f-Sitosterol in Test GH. In the Open Field Test (OFT), -Sitosterol
enhanced exploratory behaviour and locomotor activity in the Test SI and Test GH groups. Social Interaction Test in Novel
Environment (SIT) results showed reduced social interaction in Control GH and Control SI, countered by increased
interaction, diminished social anxiety, and augmented behaviour in Test GH and Test SI with [-Sitosterol. B-Sitosterol
showed adaptogenic and anxiolytic properties, mitigating depression-like behaviours and enhancing social interaction
and locomotor activity. Further research is essential to unveiling its mechanisms and therapeutic potential in stress-
related neurobehavioral alterations.
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INTRODUCTION

Stress responses refer to the body's adaptive reactions to different forms of pressure. Depending on the
type, timing, and intensity of the encountered stressor, stress can induce a wide range of physiological
alterations, spanning from disruptions in internal balance (homeostasis) to potentially life-threatening
outcomes, including fatalities. Stress has the potential to exacerbate or initiate numerous illnesses and
pathological conditions. It is well-known that stress in mammals including mice provokes a series of
physiological and psychological reactions. Chronic stress can cause a variety of neurobehavioral changes,
including decreased locomotor function, anxiety-like behaviours, and changes in social behaviours. For the
purpose of creating efficient strategies to treat stress-related diseases, it is essential to comprehend the
underlying mechanisms of these changes [1,2].

The chronic stress has been shown to negatively impact people's mental health and wellbeing, stress-
related neurobehavioral alterations are a serious problem in contemporary culture. The biological causes
of chronic pain are still not fully understood, despite its significant negative effects on people's physical,
mental, and financial health [3,4].

Neurobehavioral Alterations refer to modifications or disturbances in a person's actions, cognition, or
emotional functioning that result from underlying neurological or brain-related issues. Changes in mood,
memory, attention, motor skills, linguistic proficiency, or social interactions could result from these
modifications. They may be brought on by a number of things, such as neurological diseases, brain injuries,
or exposure to particular chemicals or environmental influences [5-7].

Social withdrawal refers to withdrawing from friends, family, and society, which causes individuals with
depression to experience a state of Social Isolation (SI), which exacerbates their depressive symptoms. As
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an independent risk factor, SI is linked to a higher incidence of depression, anxiety, and substance abuse
[8].

Environmental deprivation in rodents involves controlled restriction of vital stimuli, impacting their well-
being and natural behaviours, including limited social interaction, reduced physical activity, and disrupted
light-dark cycles. Researchers use this in labs to induce physiological or behavioural changes, studying
environmental factors' effects on health and Behavior ethically. Light significantly affects mammalian
physiology, with common eco-friendly lighting conditions harming rodents. Dim light at night and constant
darkness disrupts circadian rhythms, damaging neural health and inducing depression-like Behavior. A
study on mice exposed to 3 and 5 weeks of constant darkness revealed gender-specific effects, reversible
upon returning to a normal light-dark cycle, supported by metabolome analysis [9,10].

The rising incidence of stress-related disorders, such as anxiety and depression, has given research in this
area more dynamism. Natural substances like (-sitosterol have gained attention in recent years due to their
possible neuroprotective attributes, making them enticing options for reducing the damaging effects of
stress on the brain [11].

B-sitosterol is one such phytosterol, which resembles cholesterol in structure and is found in a variety of
plants. It is a natural micronutrient that is present in considerably lower concentrations than cholesterol
in healthy people. Sitosterolin, a glycoside of -sitosterol, is regarded as a safe and reliable dietary
supplement. Various Research Studies have demonstrated that -Sitosterol offers a variety of potential
advantages, including anti-inflammatory, anticancer, antibacterial, angiogenic, immunomodulatory,
antidiabetic, and antioxidant characteristics [12-14].

The Molecular Docking Study conducted by author Khan et al, Consequently, was found that (3-sitosterol
can be employed to boost defences against SARS-CoV-2 infection as well as to limit viral invasion into host
cells via ACE-2 by suppressing spike glycoprotein. Increased consumption of (-sitosterol and other
phytosterols can help to modify immunity, which is necessary nowadays to combat COVID-19 [15].
According to studies, Environmental Deprivation, social isolation and loneliness have an impact on one's
mental health and general wellbeing. (-sitosterol, a potent phytosterol, possesses a wide array of
pharmacological properties. Additionally, studies have discovered that phytosterol has adaptogenic effects,
which may affect how your body responds to stress, anxiety, and exhaustion. -sitosterol can be useful for
treatment of Neurobehavioral Alterations.

MATERIAL AND METHODS

Drugs and Chemicals:

All the chemicals and drugs required for the experiment were of analytical grade. 3-Sitosterol was procured
as a gift sample from Pharmed Ltd. Solan, Himachal Pradesh (India). Marketed Preparation of Diazepam
Tablets I.P. were used. Sodium Carboxymethyl Cellulose (CMC) was used as a vehicle and was procured
from Labogens Fine Chem Industry Ludhiana Punjab.

Animals:

Swiss Albino Mice weighing between 20-30 g of either sex was used. The group of animals were housed in
polypropylene cage, paddy husk bed covered with stainless steel wire mesh. The Animals were housed in
group of 5 mice /cage and maintained at 24°C+1°C, with relative humidity of 45-55%, and 12:12 hour
day/light cycle. The animals had free access to food standard chew pellets, and water ad libitum. Normal
conditions of environmental, food and water were maintained until the commencement of experiment.

All experimental procedures and protocols used in the study was prior approved by the Institutional
Animal Ethics Committee (IAEC), IPS Academy College of Pharmacy, Indore, constituted under the norms
given by the Committee for Control and Supervision of Experiments on Animals (CCSEA), Ministry of
environment and Forest, Government of India. Ethical guidelines were strictly followed during the
experiment. The Protocol Approval number was CPCSEA/218/2023.

Evaluation of Neurobehavioral Parameters

Experimental Design

Induction of Stress in Experimental Mice:

For the present study stress was induced with social isolation and environmental deprivation factor. The
mice were placed individually in opaque walled cages, thus depriving of environmental conditions.
Experimental Room was lit by dim light. Neurobehavioral Alterations such as anxiety and depression-like
Behavior were observed after 6 weeks of social isolation [16].

The animals were categorized into different groups (n=6 animal in each group), including Negative Control,
Control Socially Isolated (SI), Control Group Housed (GH), Standard SI, Standard GH, Test SI, and Test GH.
The study employed a comprehensive experimental design where Negative Control Animals were not
subjected to stress or treatment. In the Control SI group, mice experienced 6 weeks of SI followed with 1
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week of vehicle (0.5% Sodium CMC suspension p.o.) dosing and the same vehicle dosing in Control GH. The
Standard SI and Standard GH groups underwent for 6 weeks of stress induction and received a single dose
of Diazepam (5 mg/kg p.o.) before 30 mins of Behavioural Assessment. The Test SI group went through 6
weeks of SI followed with 1 week of B-sitosterol dosing (10 mg/kg p.o.), and same (-sitosterol dosing in
Test GH.

Pharmacological Methods:

The Evaluation of Neurobehavioral Parameters took place upon the completion of the treatment schedule.
The animal models used for the evaluation of neurobehavioral parameter were as follow:

Elevated Plus Maze Test:

The apparatus was with two lit open arms and two closed arms covered with cardboard to block out the
light; all four arms radiated from a central platform. The apparatus was mounted on a base raising the arms
to a height of 38.5 cm above the floor. To initiate the test session, the mouse was placed on the central
platform, facing an open arm, and was observed for 5 min. The mouse was considered to be on the central
platform whenever two paws were on it and in one of the arms when all four paws were inside. The
following behavioural variables were recorded, counting both number and duration: entries into an open
arm, entry into a closed arm and unprotected head-dipping that is animal extending its head into the open,
below the open arm [17].

Open Field Test:

The open field test was conducted in an open field chamber measuring 50 cm (length) x50 cm (width) x38
cm (height) made up of white acrylic plastic sheet.4x4 grid lines was drawn to divide the floor into 10x10
square, and an additional 20x20 cm square zone was drawn in centre. Mice were individually placed at the
centre of an arena and activity was assessed for 10 minutes. The following parameters was summed for
each animal during the 10-minute test: The time spend in the central zone, the time spent in the 4 corners
square grid, path-length (cm) travelled in the apparatus (determine by measuring the distance of the nose
of the mice relative to the 10x10 cm square grid lines on the floor of the open field chamber), and the
number of times the animal reared. All the scoring was conducted manually in a double-blind manner, with
each recording being observed three times to minimize the error [16].

Social Interaction Test in a Novel Environment:

Two mice that were previously housed in different cages, were placed into a box together (40 x 40 x 30
cm) and were allowed to explore freely for 10 min. Animal behaviour was analysed. The total duration of
contacts (s), number of contacts, total duration of active contacts (s), mean duration per contact, and total
distance travelled (cm) were measured. The active contact was defined as follows: images were captured
at three frames per second, and distance travelled between two successive frames was calculated for each
mouse. If the two mice contacted each other and the distance travelled by either mouse was 5 cm and more,
the behaviour was considered an “active contact” [18].

Statistical Analysis

Data were expressed as the Mean + Standard Error of Mean (S.E.M.) and statistical analysis was carried out
employing Ordinary One-Way Analysis of Variance (ANOVA) followed by a “Tukey-Kramer” multiple
comparison test of p<0.05 significance level using “GraphPad Prism” version 10.0.2 for windows, GraphPad
Software, San Diego, California, USA (www.graphpad.com).

RESULT

Elevated Plus Maze

Effect of the Treatment on Group Housed (GH) Animals: The Table 1 and Figure 1(A) presents the

extensive results, which outline how different groups performed in terms of the number of entries they

made and the amount of time they spent in the closed and open arms of the elevated plus maze test:

¢ Control Group showed decreased frequency of entries into the closed arm, along with increased time
spent in closed arm. On the other hand, they had a decreased propensity to enter the open arm and a
shorter time spent there.

¢ Control GH mice showed higher no. of entries in closed arm and also spent most of the time in closed
arm and on the other hand the no. of entries in open arm is lowest and time spent is also less.

e Standard GH Group which received Diazepam increased the preference of mice in open arm and have
highest no. of entries in open arm and spend more time in open arm and decreased no. of entries in
closed arm and less time spent in closed arm and had significant effect when compared to Control and
Control GH.

e Test GH Group which received B-Sitosterol showed significant effects. Specifically, there was a
significant decrease in the number of entries into the closed arm compared to the control group, along
with a marked reduction in the time spent within the closed arm when contrasted with the control GH
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and standard GH groups. Conversely, there was a significant increase in the number of entries into the
open arm and the time spent within the open arm when compared to the Control GH group.

Effect of the Treatment on Socially Isolated (SI) Animals: The Table 2 and Figure 1(B) presents the

parameters of the different groups where it was found that there was a significant effect of 3-Sitosterol over

Diazepam on the number of entries and time spent in closed arm and open arm which attained study-wide

significance.

¢ Control Group showed decreased frequency of no. of entries into the closed arm, along with increased
time spent in closed arm. On the other hand, they had a decreased propensity to enter the open arm and
a shorter time spent there.

¢ Control SI Group mice showed highest no. of entries in closed arm and also spent most of the time in
closed arm and on the other hand the no. of entries in open arm is lowest and time spent is also less.

e Standard SI Group which received Diazepam increased the preference of mice in open arm and have
highest no. of entries in open arm and spend more time in open arm and lowest no. of entries in closed
arm and less time spent in closed arm and had significant effect when compared to Control and Control
SL

e TestSI Group which received 3-Sitosterol showed significant effects. Specifically, there was a significant
decrease in the number of entries into the closed arm compared to the control group and standard,
along with a marked reduction in the time spent within the closed arm when contrasted with the control
SI and standard groups. Conversely, there was a significant increase in the number of entries into the
open arm on comparison to Standard and the increase in time spent within the open arm when
compared to the Control, Control SI, Standard SI group.

Open Field Test

Effect of the Treatment on Group Housed (GH) Animals: The Table 3 and Figure 2(A) outlines the

outcomes of B-Sitosterol over the Diazepam and Sodium CMC. The result outcomes show or depicts that

Specific patterns, trends, or effects relating to the behaviour of the study animals have been found in the

data gathered from the test. Changes in locomotion, time spent in various open-field zones, grooming

behaviour, or other pertinent behaviours were observed.

e Control Group travelled shorter pathlength distance than the other groups and also tended to spent
more time in 4 corner square grid line rather than in central zone. There is also reduction in vertical
activity that is rearing and increased frequency of defecation.

¢ Control GH travelled shorter pathlength distance than the Standard GH and Test GH groups and also
tended to spent longer duration of time in 4 corner square grid line rather than in central zone. There
is also reduction in rearing and increased frequency of defecation as compared to Standard GH and Test
GH.

e Standard GH travelled the highest pathlength distance compared to the other groups and there was
observed that the mice spend more time in centre zone than 4 corner square grid lines. The mice also
exhibit highest no. of rearing’s when compared to other groups. The least frequency of defecation was
also observed.

¢ Test GH shows significant results for the travelled pathlength distance as compared to Control, Control
GH, Standard as suggesting that the B-Sitosterol increased the motor activity. There is also increased
time spend in centre zone while decreased staying in 4 corner square grid line. The increased no. of
rearing’s that suggested less anxiety behaviour in mice where the values are significant to Control and
Standard GH but insignificant to Control GH. The frequency to defecate was also low and significant to
other groups.

Effect of the Treatment on Socially Isolated Animals: The data displayed in Table 4 and Figure 2(B)

offers an extensive insight into the impact of 3-Sitosterol when contrasted with the effects of Diazepam and

Sodium CMC. The results for the Socially Isolated group reveal distinct behavioural patterns and trends in

the mice.

e Control Group travelled shorter pathlength distance than the other groups and also tended to spent
more time in 4 corner square grid line rather than in central zone. There is also reduction in vertical
activity that is rearing and increased frequency of defecation.

e Control SI traversed shorter pathlength distance than the Standard SI and Test SI groups and also
tended to spent highest duration of time in 4 corner square grid line rather than in central zone as
compared to Control. Additionally, compared to Standard SI and Test SI, there was decrease in rearing
and an upsurge in defecation frequency.
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Standard SI group showed the most extensive pathlength distance travelled, surpassing the other
groups. Additionally, notable observations included an increased amount of time spent within the
central zone of the testing area as opposed to the four corner square grid lines. Moreover, this group
exhibited the highest frequency of rearing behaviours in comparison to the other groups. Conversely,
defecation events were the least frequent, a noteworthy observation in this context.

The Test SI group yielded notable and statistically significant findings concerning pathlength distance
travelled when compared to the Control, Control SI, and Standard SI groups. These results suggest that
B-Sitosterol administration led to an enhancement in motor activity in mice. Furthermore, there was a
marked increase in the time spent within the central zone of the testing environment, accompanied by
reduced occupancy of the four corner square grid lines. Additionally, the Test SI group displayed an
elevated frequency of rearing behaviours, indicative of reduced anxiety levels in the mice. This increase
in rearing behaviours was statistically significant when compared to the Standard GH group, while
differences observed in comparison to the Control and Control SI groups were not statistically
significant. Moreover, the frequency of defecation events was notably low in the Test SI group, and this
observation achieved statistical significance when compared to the other groups. Collectively, these
results find suggested that the Isolation decreased the exploratory and locomotor activity in mice and
that B-Sitosterol treatment ameliorates these behavioural responses in socially isolated mice.

Social Interaction Test in a Novel Environment

Effect of the Treatment on Group Housed Animals: The Table 5 and Figure 3(A) serve as comprehensive
visual representations and data summaries that encapsulate the findings derived from the social
interaction test conducted within a unique and unfamiliar environment.

Control group showed less total duration of contact, total duration of active contact, mean duration per
contact, distance travelled and lower no. of contacts than the Test GH and Standard GH.

Control GH showed less total duration of contact, total duration of active contact, mean duration per
contact, distance travelled and lower no. of contacts than the Control, Test GH and Standard GH.
Standard GH showed highest total duration of contacts as compared to the other groups. The no. of
contacts was also observed to be significantly higher in Standard GH group when compared to Control
and Control GH. Total duration of active contact, Mean duration per contact and Distance Travelled was
also found to be highest from other groups.

Test GH showed significant values for the total duration of contacts when compared to Control, Control
GH and Standard GH which shows increased social interaction in mice. The increased no. of contacts
also shows less social anxiety to unfamiliar mice when compared to the other groups in significant way.
The total duration of active contact and mean duration per contact also falls significant when compare
to other groups and shows increased social Behavior. The increased total distance travelled values
signifies increased locomotor activity.

Effect of the Treatment on Socially Isolated Animals: The Table 6 and Figure 3(B) shows the detailed
results which were obtained.

Control group showed less total duration of contact, total duration of active contact, mean duration per
contact, distance travelled and lower no. of contacts than the Test SI and Standard SI.

Control SI group exhibited lower values in terms of total contact duration, active contact duration,
average contact duration, distance travelled, and the number of contacts when compared to the Control,
Test SI, and Standard SI groups.

Standard SI showed highest total duration of contacts as compared to the other groups. The no. of
contacts was also observed to be significantly higher in Standard SI group when compared to Control
and Control SI. Total duration of active contact, Mean duration per contact and Distance Travelled was
also found to be highest from other groups.

Test SI showed significant values for the total duration of contacts when compared to Control, Control
SI and Standard SI which shows increased social interaction in mice. The increased number of contacts
suggests reduced social anxiety toward unfamiliar mice compared to other groups. Additionally, both
the total duration of active contact and mean duration per contact showed significant increases,
signifying enhanced social Behavior. Elevated total distance travelled values also indicate increased
locomotor activity. The Control group displayed reduced social interaction and locomotor activity
compared to Test GH and Standard GH. Control SI exhibited the lowest values in various interaction
parameters. Standard SI demonstrated the highest social interaction levels. Test SI displayed
significantly increased social interaction, reduced social anxiety, enhanced social Behavior, and greater
locomotor activity compared to other groups.
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DISCUSSION

Stress is a generalized bodily reaction that has been shown to change the physiological balance of the
organism and cause different visceral, endocrine, and neurological dysfunctions. Survival depends on one's
capacity to build and maintain resistance to the various stresses that can arise in daily life. If stress levels
rise, an organism may develop a disease. According to physiologists, stress is the body's response to a
stressor, whether it be actual or imagined, or a stimulus that induces stress. Because the body and immune
system are worn down and their function is compromised when tiredness is prolonged, decompensation
may occur. The outcome can show up as various mental disorders as well as outward illnesses like ulcers,
depression, diabetes, digestive system problems, or even cardiovascular issues [19].

Adaptogens are molecules that aid organisms in adapting to stressful, unfavourable environments. These
factors might be physical, chemical, biological, or mental. The ability to produce a nonspecific response is
one of the criteria put forth by some of the field's researchers. Other requirements include being innocuous,
which means that it must not adversely affect normal bodily functions more than is necessary. Adaptogens
can be either artificial or organic molecules. However, the majority of research on adaptogens has been on
naturally occurring chemicals, particularly plants, and the name "Phyto- adaptogens" is now frequently
used for adaptogens derived from plants [20].

B-Sitosterol and Adaptogens exhibit overlapping physiological properties with potential implications for
the body's response to stress and overall well-being. These shared characteristics encompass their effects
on stress modulation, promotion of homeostasis, and potential anti-inflammatory and antioxidant
activities. While intriguing, it's vital to note distinctions: Adaptogens are well-established for adaptogenic
traits, while B-Sitosterol is primarily a phytosterol. Thorough research is needed to find whether (-
Sitosterol possess adaptogenic activity. These areas hold significance for stress resilience and overall well-
being.

Environmental lighting profoundly influences physiological processes. Artificial lighting, prevalent in
modern society, disrupts circadian rhythms, inducing anxiety-like behaviours in laboratory animals and
posing health risks for humans. Conversely, dim light at night disturbs metabolism, immunity, and circadian
timing. Understanding these effects can uncover the molecular mechanisms underpinning behavioural
issues. Ina previous study, it was found that subjecting Swiss Albino mice to either dim light at night (dLAN)
or complete darkness (DD) for three weeks led to cognitive and non-cognitive Behavior impairment. This
was linked to changes in hippocampal protein expression and key genes (BDNF, CREB, DCX, SYN, and
SIRT1) associated with neurodegeneration [21].

Social isolation (SI) is a stressor that leads to various alterations in stress responses, social Behavior,
neurochemistry, and more, in both animals and humans. During early life, acute or chronic SI can manifest
as psychiatric and neurological disorders like anxiety, depression, schizophrenia, epilepsy, and memory
issues. SI triggers changes in the endocrine system, including the activation of the hypothalamic-pituitary-
adrenal (HPA) axis, resulting in the release of stress hormones like glucocorticoids. It also affects
neurotransmitter levels and receptor sensitivity in the central nervous system, influencing systems like
dopamine, serotonin, GABA, and glutamate. SI's impact extends to oxidative and nitrative stress,
mitochondrial function, inflammation, neurotrophins, and genes associated with neurological and
psychiatric disorders [22].

Prolonged stress exposure during critical developmental periods increases sensitivity to psychiatric or
mental diseases, which might have gender-specific implications. In this research, researchers look at the
neural pathways that mediate behavioural alterations in the mice after persistent social isolation stress in
adolescent. Stressed men exhibit escalating hostility, but stressed females exhibit social withdrawal. In
stressed males, pyramidal neurons in the prefrontal cortex (PFC) shows or exhibit reduced spike activity
during aggressive attacks, whereas stressed females present or shows a diminished increased in discharge
rates during the sociability tests, based on multichannel recordings of freely moving animals. Both Chemo
genetic and electrophysiological findings suggest that the decreased PFC activity and heightened activity of
main neurons in the BLA contribute to increased aggression in males which were stressed, while decreased
PFC activity and reduced activity of VTA dopamine neurons leads to decreased sociability in stressed
females. These findings provide an explanation to comprehend the neural and physiological mechanisms
behind stress's sex-specific differential effects [23].

EPM results indicated anxiolytic properties of (-Sitosterol, evidenced by reduced anxiety-like behaviours.
In the OFT, B-Sitosterol-treated groups exhibited increased motor activity, reduced anxiety-like
behaviours, and enhanced exploratory activity, suggesting an anxiolytic effect. Social Interaction Test
results highlighted the modulation of social behaviours by (3-Sitosterol, with increased social interaction,
reduced anxiety, augmented social behaviour, and heightened locomotor activity observed in the Test SI
group. These findings emphasize the potential anxiolytic and social behaviour-modulating effects of 8-
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Sitosterol in mice.

The biological system undergoes extensive alterations as a result of stressful situations, which are
frequently encountered in our daily lives. The neuroendocrine, immunological, and brain are all impacted
by such stress reactions, which work together to either increase or diminish the body's capacity to deal
with such stressors. There is a reciprocal relationship in how stress impacts and is influenced by both the
brain and peripheral responses. This intricate dynamic involves the brain's regulation of peripheral stress
responses through the manifestation of complex behavioural patterns. Numerous stressors can cause
anxiety, which has a common neurobehavioral correlation. The immune system and the brain interact in
psychoneuroimmunology, and it is becoming increasingly understood that the immune system may have a
role in the neurobehavioral reactions to stress. According to studies, the brain's intricate neurotransmitter
networks may have an impact on immunological response, and there may be a connection between the
development of anxiety and immunomodulation under stress conditions [4].

This study explores the therapeutic potential of (3-Sitosterol which shares physiological properties with
adaptogens, suggesting its role in enhancing stress resilience. -Sitosterol proves effective in reducing
stress-related behaviours and symptoms in mice, further research may explore its applicability in clinical
settings, offering new avenues for stress management and improved mental health for individuals facing
the challenges of modern life.

Future research should prioritize unravelling the precise mechanisms by which B-Sitosterol exerts its
effects, exploring a dose-response relationship, and assessing its long-term impact. Clinical trials in humans
are a pivotal next step to determine its safety and efficacy, potentially opening doors for its application in
managing stress-related disorders. Combination therapies, safety assessments, investigations into
neuroprotective properties, and consideration of gender and age-related differences are all crucial areas
for future exploration.

Table 1: Effect of B-Sitosterol on Group Housed Animals in Elevated Plus Maze

Closed Arm Open Arm
oroups No. of Entries Spt‘rllir(asii/TSir:rll(ien) No. of Entries Avet;;ii/'l‘sirlrtl:iens)pent
Control 8.6 +0.57 15.6 + 0.38 3.9+0.30 5.0+0.24
Control GH 11.8+0.5 16.5+0.27 3.5+0.18 4.7 £0.10
Test GH 10.8 £ 0.142 15.0 + 0.18kbc 3.8+0.14¢ 5.5+0.13bc
éflndard 9.8 + 0,302 13.0 +0.29: 5.8 +0.18:® 6.7 +0.13:®

Group Housed (GH), Negative Control (Control)
Values are expressed in Mean + SEM, (n=6 animal in each group); Data were analysed using one-way
ANOVA followed by Tukey-Kramer Multiple Comparison Test, where pa<0.05 when compared with
Control, p*<0.05 when compared with Control GH, pc<0.05 when compared with Standard GH.

Table 2: Effect of 3-Sitosterol on Socially Isolated Animals in Elevated Plus Maze

Closed Arm Open Arm
Groups : :

P No. of Entries Aveléii/'rs“::;ns)pent No. of Entries Spt‘rllir(asii/'r;:rll(ien)
Control 8.6 +0.57 15.6 +0.38 3.9+0.30 5.0+0.24
Control SI 11.6 £0.18 16.5+0.42 3.1+0.14 4.8+0.03
Test SI 11.3 £ 0.12ac 14.9 + 0.14bc 4.1+0.21c 6.0 + 0.13abe
Standard SI 9.2 +0.62b 12.5+0.152 5.6 £ 0.352 7.1+0.362

Social Isolation (SI), Negative Control (Control)
Values are expressed in Mean + SEM, (n=6 animal in each group); Data were analysed using one-way
ANOVA followed by Tukey-Kramer Multiple Comparison Test, where p2<0.05 when compared with
Control, p*<0.05 when compared with Control GH, pc<0.05 when compared with Standard SI.
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Table 3: Effect of B-sitosterol on Group Housed Animals in Open Field Test

Pathlength Time Spent (sec) No. of No. of times
Groups Travelled(cm) 4-Corner Central Zone Rearing Defecated
Square Grid Grid
Control 3310 + 237 347.8+33.0 186.8+7.9 16.17 £ 0.9 2.66+0.2
Control GH 3810+ 59 414.2+8.0 208.3+13.2 17.67 £ 0.5 2.55+0.2
Test GH 4689 + 137abc 325.5 + 6.3bc 287 + 17abc 20.7 £ 0.3 1.5 + (.2abc
Standard GH 5624 + 67ab 231.7 233 | 3353+5.8% | 24.8+1.1a 0.5 £ 0.2ab

Group Housed (GH), Negative Control (Control)
Values are expressed in Mean + SEM, (n=6 animal in each group); the Data were analyzed using one-way
ANOVA followed by Tukey-Kramer Multiple Comparison Test, where pa<0.05 when compared with
Control, p*<0.05 when compared with Control GH, pc<0.05 when compared with Standard GH.
Table 4: Effect of B-sitosterol on Socially Isolated Animals in Open Field Test

Groups Pathlength Time Spent (sec) No. of No. of times
P Travelled(cm) 4-Corner Central Zone | Rearing Defecated
Square Grid Grid
Control 3310 + 237 348 £ 33.3 187+7.9 16.2+0.9 2.7+0.2
Control SI 3370+ 168 410+ 20 207 £19.4 14.3+0.8 23+0.1
Test SI 4575 + 119abe 262 * 0.63bc 279 £19.73bc | 17.2 #2.0c 1.7 + 0.1abe
Standard SI 5721+ 216 184 + 4.7ab 337 £6.2% 23.3+£0.6% | 1.7+0.212

Social Isolation (SI), Negative Control (Control)
Values are expressed in Mean + SEM, (n=6 animal in each group); the Data were analyzed using one-way
ANOVA followed by Tukey-Kramer Multiple Comparison Test, where p2<0.05 when compared with
Control, p*<0.05 when compared with Control SI, pc<0.05 when compared with Standard SI.

Table 5: Effect of B-sitosterol on Group Housed Animals in Social Interaction Test

Groups Du:;lot;zil of No. of To_tal Duration of Dx-zatlil(l)n Distance
Contact(sec) Contacts | Active Contact(sec) /Contact Travelled(cm)
Control 138 +5.2 22+0.8 25+0.1 45+1.2 2870+ 419
Control GH 136 +3.4 21+1.08 24+0.6 4+0.2 2800 +15.8
Test GH 171 + 4.63bc 30 + 1.6 30 + 1.3bc 10.7 £ 0.13bc | 3750 + 11.4abc
Standard GH 205 + 1.3 33 +0.8 35+0.743 11.8+0.40 | 4634 +31.3%

Group Housed (GH), Negative Control (Control)
Values are expressed in Mean + SEM, (n=6 animal in each group); the Data were analyzed using one-way
ANOVA followed by Tukey-Kramer Multiple Comparison Test, where p2<0.05 when compared with
Control, p*<0.05 when compared with Control GH, pc<0.05 when compared with Standard GH.

Table 6: Effect of B-sitosterol on Socially Isolated Animals in Social Interaction Test

Total Total Duration of Mean .
. No. of . . Distance
Groups Duration of Contacts Active Duration Travelled(cm)
Contact(sec) Contact(sec) /Contact

Control 138.2+5.2 22.1+0.8 24.8+0.1 45+1.2 2870 +42
Control SI 124 +3.5 12.1+0.4 14.3+1.8 2.1+0.3 2634+ 18
Test SI 160.2 + 1.83bc | 23.8 + (.]abc 26.8 + 2.9bc 9.7 £0.1ab 3416 + 23abc
Standard SI 193 + 3.2ab 25.5 + 0.2 30 £3.3b 11.5+0.72b 4400 + 292b

Social Isolation (SI), Negative Control (Control)
Values are expressed in Mean + SEM, (n=6 animal in each group); the Data were analyzed using one-way
ANOVA followed by Tukey-Kramer Multiple Comparison Test, where p2<0.05 when compared with
Control, p*<0.05 when compared with Control SI, pc<0.05 when compared with Standard SI.
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A. Effect of the Treatment on Group Housed (GH) Animals
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Group Housed (GH), Socially Isolated (Si), Negative Control (Control)
Data are expressed in Mean * SEM, (n=6 animal in each group); Data were analysed using one-way ANOVA
|followed by Tukey-Kramer multiple comparison test.

Figure 1: Graphical Presentation of effect of 3-Sitosterol on animals in Elevated Plus Maze
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Group Housed (GH), Socially Isolated (SI), Negative Control (Control)

Data are expressed in Mean * SEM, (n=6 animal in each group), Data were analysed using one-way ANOVA
Sfollowed by Tukey-Kramer multiple comparison test.

Figure 2: Graphical Presentation of effect of 3-Sitosterol on animals in Open Field Test
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B. Effect of the Treatment on Socially Isolated (SI) Animals
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Data are expressed in Mean £ SEM, (n=6 animal in each group); Data were analysed using one-way ANOVA
Joliowed by Tukey-Kramer multiple comparison test.

Figure 3: Graphical Presentation of effect of 3-Sitosterol on animals in Social Interaction Test in
Novel Environment

CONCLUSION

In conclusion, this study explored the potential adaptogenic, anxiolytic and neuroprotective effects of 3-
Sitosterol in animals through stress induced by environmental deprivation and Social Isolation. 3-Sitosterol
demonstrated promising adaptogenic, anxiolytic properties, mitigating anxiety-like behaviours and
enhancing social interaction and locomotor activity. Further research is warranted to elucidate its
mechanisms and therapeutic potential for stress-related neurobehavioral alterations.
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