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Plain English Summary

The study investigated the effects of stress and Allium sativum (garlic) supplementation on rats. It found
that stress led to changes in brain and body weight, neurotransmitter levels, oxidative stress markers,
and behaviour. Allium sativum supplementation seemed to counteract some of these effects, showing
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potential benefits in reducing stress-induced alterations. It appeared to help maintain brain and organ
health, regulate neurotransmitter levels, reduce oxidative stress, and alleviate stress-related behaviors
like immobility and anxiety. However, excessive Allium sativum consumption may have negative effects
on brain cells. Overall, the study suggests that Allium sativum could be a promising natural approach

to mitigating the impacts of stress on health.

Introduction

Stress is the body's reaction to any change that
requires an adjustment or response, the body
reacts to these changes with physical, mental,
and emotional responses and has many
profound effects on the human biological
systems (1). The central nervous system (brain
and spinal cord) plays a crucial role in the body's
stress-related mechanisms (2, 3). The
sympathetic nervous system becomes primarily
active during a stress response, regulating many
of the body's physiological functions to make an
organism more adaptive to its environment (4, 5).
Stress, either severe, acute, or chronic low-grade
may induce abnormalities in three principal
regulatory systems in the body: serotonin
systems, catecholamine systems, and the
hypothalamic-pituitary-adrenocortical axis.
Aggressive behaviour has also been associated
with abnormalities in these systems (6). Stress
causes reduced nerve branching and
development and even causes nerve cell death
in the hippocampus (7). Nerve cells are also less
elongated in individuals with stressful lifestyles or
who grew up in a stressful household and people
suffering from an ongoing hypothalamic-pituitary-
adrenal (HPA) axis stress response show
shrinkage in the size of their hippocampus (6).
The glucocorticoid receptors (GRs) on the
hippocampus become over-activated with
ongoing stress, which prevents nerve cell
excitation (8). This explains why both short and
long-term stress can cause memory lapses and
poor focus. It is common for people to be
incapable of recalling the details of a traumatic
event and that is why it can be inconclusive to put
victims of heinous crimes on trial or to ask a driver
for the details of a car wreck i.e. meaning
memories may be formed but their context is
ambiguous (9, 10). It is possible to restore
hippocampus function and improve memory
through lifestyle modifications and various
restorative therapies for HPA axis balance (11).
The hippocampus plays major roles in the normal
functioning of the body, including regulating
emotions, motivation, hormonal activity and
memory formation. Meanwhile, the hippocampus
is an area of the brain that appears to be
implicated in the onset and maintenance of
psychotic disorders and an increase in the
experience of stress precedes the onset of a
psychotic  episode in individuals (12).
Categorically, it contains two main interlocking
parts: The hippocampus proper (also called

Cornu Ammonis horn (CA); CA 1, CA2, CA3 and
CA4) and the dentate gyrus. The CAL1 field also
known as the Sommer's sector and the
hippocampal circuit, in contextual memory
retrieval, contains longitudinally projecting
synaptic network pyramidal cells, these neurons
form a compact layer consisting of 5 to 8
superimposed rows of these neurons and it is
important for representing space in the
environment, by encoding for space and long-
term memory (13). The CA2 is located between
CA1l and CA3 to receive some input from the
entorhinal cortex through the perforant path, it
has pyramidal cells similar to those in CA3 (14).
The CA3 is the pacemaker of the hippocampus
and receives input from the mossy fibres of the
granule cells, found in the dentate gyrus and from
cells in the entorhinal cortex through the
perforant path, it has pyramidal cells, axon
collaterals that branch out extensively and make
excitatory connections with local regions (15).
CA4 is often considered to be part of the dentate
gyrus, called the hilar region having mossy cells
that mostly receive inputs from the granule cells
in the dentate gyrus via mossy fibres likewise
receiving a few connections from the CAS3
pyramidal cells, and it projects into the dentate
gyrus at septotemporal levels (16). The dentate
gyrus consists of three distinct layers namely the
molecular, granular and polymorphic, it is
involved in the trisynaptic loop of the
hippocampus and their cell distribution is random
(17).

Adaptogens are herbs which can muffle the
effects of both overactive and underactive stress
response (18). Distinctively, Allium sativum
(Allium sativum ) contains a variety of effective
compounds that exhibit anticoagulant
(antithrombotic), antioxidant), antibiotics,
hypocholesterolemic and hypoglycemic as well
as hypotensive activities (19). Meanwhile, Allium
sativum is well-reputed for its culinary use as a
natural spice in different cuisines across the
globe. It acts as an antioxidant by scavenging
reactive oxygen species, enhancing cellular
antioxidant enzymes such as superoxide
dismutase, catalase, and glutathione peroxidase,
and inhibiting lipid peroxidation and activation of
oxidant-induced transcription factors (20). Allium
sativum improves cognition and increases
plasma and brain concentrations of free
tryptophan and serotonin while also suppressing
amyloidogenesis (21). Allium sativum extract in
the diet appeared to attenuate the accumulation
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of both water-soluble amyloids and detergent-
resistant amyloids in different strains of mice
(21). Meanwhile, there is a dearth of empirical
information on the roles of Allium Sativum in
mitigating the deleterious effects of chronic stress
exposure. As a result, the present study seeks to
elucidate the possible  neuromodulatory
properties of Allium sativum in an animal model
of chronic stress exposure using biochemical,
neurobehavioral and histopathological
approaches

Materials and methods

Materials

Plant Material

The Allium sativum cloves used for the study
were procured from llisan Market llisan-Remo,
Ogun State, Nigeria.

Experimental Animals

Forty (40) male Wistar rats of average weight
100£10g were purchased from the animal house
of Babcock University, llisan-Remo, Ogun State,
Nigeria. They were placed in plastic cages with
net covers for ventilation. The rats were bred at
the Department of Anatomy animal house,
Babcock University, llisan-Remo, Ogun State,
Nigeria. They were well fed with pelletized feed
and water.

Methods

Preparation of Allium sativum cloves

Allium sativum was left to dry in the laboratory at
ambient temperature (30 £ 2°C) for 10 days.
They were thereafter pulverized with a laboratory
mechanical grinder (Kenwood SHB-2088). The
obtained fine powders were then stored until
needed. 100 g of the powdered sample was
subjected to crude extraction methods.

Animal Grouping and Treatment

After a two-week acclimatization period, the forty
rats were divided into eight groups of five rats per
group (n=5). Group A- control group (no stress
and treatment), Group B- 100 mg/kg BW of
Allium sativum (No stress), Group C- 250 mg/kg
BW of Allium sativum (No stress), Group D- 500
mg/kg BW of Allium sativum (No stress), Group
E- Stress alone + No treatment, Group F-
100mg/kg BW of Allium sativum (Stressed),
Group G- 250 mg/kg BW of Allium sativum
(Stressed) and Group H- 500 mg/kg BW of Allium
sativum (Stressed). All the groups were treated
for 14 days, thereafter they were sacrificed for
biochemical and histological analysis. Tables 1
and 2.

Table 1: Animal grouping and treatment

Groups Day/Stress time  Type of stress Treatment
(1- 14 days)
A (Control) No stress No stress Normal Saline
B (GarlicLD) No stress No stress 100mg/kg/BW of Allium sativum
C (GarlicMD) No stress No stress 250mg/kg/BW of Allium sativum
D (GarlicHD) No stress No stress 500mg/kg/BW of Allium sativum
E (Stress) Stressed Table 2 No Treatment
F (Stress+GarlicLD) Stressed Table 2 100mg/kg/BW of Allium sativum
G (Stress+GarlicMD) Stressed Table 2 250mg/kg/BW of Allium sativum
H (Stress+GarlicHD) Stressed Table 2 500mg/kg/BW of Allium sativum

Table 2: Stressors and exposure durations (for Group E to Group H)

Week1 Week?2

Day Stressor Time Day Stressor Time
1 Bodyweight/Forced swimming 5 minutes 1 Bodyweight/Forced swimming 5 minutes
2 Restraint 5 minutes 2 Food deprivation 24 hours
3 Water deprivation 24 hours 3 Inverted light 1 day
4 Forced swimming 5 minutes 4 Overnight illumination 12 hours
5 Restraint 1 hour 5 Restraint 1 hour
6 Food deprivation 24 hours 6 Shaking 30 minutes
7 Shaking 30 minutes 7 Water deprivation 24 hours

Neurobehavioral tests

The neurobehavioral tests were carried out in a
room with a quiet atmosphere between the hours
of 10 am to 2 pm and all events were filmed and
observed critically with a Canon camera.

Forced Swim Test

This is usually used to check depression in rats
by forcing them to swim. The rats were placed in
a cylinder; 40 cm tall in height and 20 cm wide in
diameter. The animals were left for about 5
minutes each and how long each rat took to
struggle to survive before it stopped to take the

119



Adetuniji et. al. Babcock Univ. Med. J.2024 7(1):117-131

survival method of putting its nose above water.
Usually, it takes more than 2 minutes for non-
depressed rats to take a survival method and less
than 2 minutes for depressed rats (22).

Open Field Maze

This test is used for measuring anxiety and
exploration as well as locomotion due to its large
open area (breath and length of 50cm each and
height of 38cm for each quadrant), a maximum of
4 individual rats could be tracked using each
qguadrant of the maze. If utilizing a multi-
enclosure maze, after placing the first subject rat
in its defined quadrant, place the remaining rats
into their respective maze quadrant for tracking
analysis. The rats are acclimated to the
procedure room for a minimum of 30 min before
starting the test. Remove a rat from the cage by
gently grasping its tail and placing the rat in the
middle of the open field maze while concurrently
activating the SMART software by clicking on the
Start button to begin tracking rat movement. It is
normal for the rat to move immediately and the
timing of release and tracking capture of the rat
should coincide with the record of this movement.
The open field maze was cleaned with 70%
ethanol before the test began. The experimental
rat was placed at the corner of one of the four
corners of the box of the apparatus and allowed
to explore the apparatus for 5 minutes. After 5
minutes, the apparatus was cleaned with 70%
ethanol before the next test began. The
behaviours were scored according to the number
of lines crossed and rearing. The numbers of
lines crossed and rearing were used to measure
locomotion activity and also anxiety and
exploration. Therefore, the higher the frequency
of these behaviours, the higher the exploratory
behaviour and the lower the anxiety behaviour
(22).

Biochemical assay
The supernatants collected from the brain
homogenate were used for malondialdehyde

Brain weight

Weight(g)

(MDA), glutamate, acetylcholine, and nitric oxide
assay. The analyses were carried out using
relevant Randox ELISA kits according to the
manufacturer’s instructions.

Data analysis

Data collected were analyzed using a two-way
analysis of variance (ANOVA) followed by
Tukey’s (HSD) multiple comparison test with the
aid of GraphPad Prism v.6 (GraphPad Software,
Inc., La Jolla, CA, USA). Data were presented as
means = SEM (standard error of the mean). P
value less than 0.05 (p<0.05) was considered
statistically significant.

Results

Brain weight

According to Figure 1A, there was a significant
difference (p<0.05) in the organ weight of Group
E when compared to Group A (1.334+ 0.0749g).
Group E had a significant decrease
(1.128+0.0125g) when compared to other
groups. Group F had a significant increase
(1.600£0.11759) when compared with group E.

Relative organ weight (row)

There was a statistically significant difference
(p<0.05) in the relative organ weight (Figure 1B)
of Group G (0.00974+0.0006760) when
compared with Group E (0.01155+0.001349),
showing an increase in the relative organ weight
when compared with the stress group. Group E
had the lowest ROW when compared to other
groups.

Body weight change

Statistical significance was seen in Group E
when compared with Groups A, B, C, and D.
Statistical significance was also seen in Group G
when compared to Group E. According to Figure
1C, the stress group seems to have had a
significant weight reduction from the initial
weight, while group F showed a significant
increase in weight from the initial weight.

E&E control

E3 GarlicLD

= GarlicMD

[ GarlicHD

Stress

I stress+GarlicLD
EX stress+GarlicMD
[ stress+GalicHD

Groups

**:Indicates statistical significance when compared with group C at p<0.05
e:Indicates statistical significance when compared with group E at p=0.0183
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Figure 1 (A to C): Weight inference measured on Wistar Rats exposed to graded Allium

Weight(g)
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Relative organ weight

0.01519
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R
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R

*:Indicates statistical significance when compared to group E at p=0.0235

Body Weight difference

Groups

*:Indicates statistical significance when compared to group A at p<0.05
¢:Indicates statistical significance when compared to group B at p<0.05
e:Indicates statistical significance when com pared to group C at p<0.05
5:Indicates statistical significance when compared to group D at p<0.05
#:Indicates statistical significance when compared to group E at p<0.05

sativum and stress. Figure 1A: Brain Weight, Figure 1B: Relative Organ Weight and Figure 1C:

Body Weight difference

Glutamate

The level of glutamate (Figure 2A) in Group E
was significantly higher (P<0.05) when compared
with Groups A, B, C, D, F, G, and H. Glutamate
levels of groups F, G, and H were relatively close
when compared to group A. This could infer that
the action of Allium sativum had a therapeutic
effect on stress. Glutamate levels of Group C
were also high when compared to Group A.

Acetylcholine

According to Figure 2B, there was an observable
slight increase in the level of acetylcholine (Ach)
in Group E when compared with Group A. There
was also a significant increase in Ach level in
Group C when compared with Group A.

Malondialdehyde concentration (MDA)

Figure 2C shows a statistically significant
increase (0.2594+0.01127) in the serum levels of
MDA in Group E when compared to Groups A, B,
C, and D. There was a statistically significant
decrease (p<0.05) in Group F when compared to
Group E.

Nitric oxide

Figure 2D shows a statistically significant
increase (p<0.05) in the nitric oxide level in Group
E when compared with Group A, the nitric oxide
levels of Groups F, G, and H are relatively close
to Group A.
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Glutamate

mole/ml)

Glutamate lev

Groups
*:Indicates statistical signifiance in group E when compared to group A at
p=0.0318
c:Indicates statistical significance in group F when compared with group E at
p=0.0395

MDA level(u/mg)

pared
C o:Indicates statistical significance when com pared to group E at

Acetylcholine

Acetylcholine level(nmole/ml)

No statistical significance at p<0.05

Nitric oxide

2
24

e(mg/100m1)

oxid

777777

D *:Indicates statistical significance when compared with group A at p=0.0229

Figure 2 (A to D): Biochemical Concentrations in Wistar rats exposed to graded Allium sativum
and stresses Figure 13A: Glutamate, Figure 13B: Acetylcholine, Figure 13C: MDA
concentration and Figure 13D: Nitric Oxide

Open field test

The open-field test is used to measure
locomotion and exploration activities. The
number of lines crossed (Figure 3A) was
statistically significant (11.25+1.750) in Group E
when compared to Group A. There was also a
statistical significance in Groups G and H when
compared to group B (28.25+1.377). There was
statistical significance (20.50+1.848) in group F
when compared to groups B and E. There was
also statistical significance (11.25+1.750;
18.75£1.109) in Group E and H when compared
to Group D. Group E had the lowest mean value
in the bar graph when compared to other groups.
The rearing number (Figure 3B) of Group B was
also moderately low. The number of times
groomed (Figure 3C) was also statistically
significant increase (8.750+0.4787) in Group E
when compared to Groups A, B, and C. There
was a statistically significant decrease
(4.000£0.5774) in Group G when compared to
Group E, while the centre square entries (Figure

3D) were statistically significantly decreased in all
groups when compared to Group A
(6.750+0.4787). Group E had no centre square
entries as zero values were gotten, this indicates
the stress levels and unwillingness to explore.
Freezing times (Figure 3E) were significantly
increased (147.3s+5.851s) in seconds related to
Group E compared to Groups A, B, and C. There
was also a significant decrease (85.00s+1.780s;
119.3s+8.199s) in Groups F and G when
compared to Group E.

Forced swim test

The results of the forced swim test (Figure 3F)
showed that there was a statistically significant in
the immobility time across the groups. Figure 3F
shows a statistically significant increase
(201.0+2.739) in the immobility time of animals in
Group E when compared to Groups A, B, and D.
A statistically significant decrease (144.8+2.496;
144.5+2.102) was also seen in Group F and G
when compared to group E.
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NOLC

Number of lines crossed(n)

Groups

#Indicates statistical significance when com pared to group A at p<0.05
A @ tIndicates statistical significance when com pared to group B at p<0.05

Grooming

Number of grooming(n)

Groups

*:Indicates statistical significance when compared to group A at p<0.05
s:Indicates statistical significance when compared to group B at p<0.05
#:Indicates statistical significance when compared to group C at p<0.05
4:Indicates statistical significance when com pared to group E at p<0.05

Rearing

Number of times Reared(n)

& &
ARG
s & 3

Groups

*:Indicates statistical significance when compared to group B at p<0.05
e:Indicates statistical significance when compared to group D at p<0.05
B pindicates statistical significance when com pared to group E at p<0.05

CSE

Number of CSE(n)

SR BN
& RO

OO N e

[ A

A
& @&
SEEOERS
RO
Groups
*:Indicates statistical significance when compared to group A at p<0.05

¢:Indicates statistical significance when compared to group E at p<0.05

C a:Indicates statistical significance when com pared to group D at p<0.05 D ¢:Indicates statistical significance when com pared to group C at p<0.05

Freezing

e

Time of freezing (s)

e
Groups
*:Indicates statistical significance when compared to group A at p<0.05
c:Indicates statistical significance when compared to group B at p<0.05
#:Indicates statistical significance when compared to group C at p<0.05
E p:indicates statistical significance when compared to group E at p<0.05

Immobility

Figure 12 (A to F): Neurobehavioral Test (Open Field Test and Forced Swimming Test) on
Wistar Rats exposed to graded Allium sativum and stress. Figure 12A: NOLC: Number of lines
crossed, Figure 12B: Rearing, Figure 12C: Grooming, Figure 12D: CSE: Centre square entries,

Figure 12E: Freezing, and Figure 12F: |

Histological report

Group E showed a decrease and sparsity in the
cellular layer compared with Group A across the
regions of the hippocampus (Figures 2 to 6), the
red and yellow arrows show pyknosis and
karyorrhexis of the pyramidal cell respectively.
Increased pyknosis was also noticed in Group D,

mmobility time in Forced Swimming Test

and Groups F and G showed relatively low
pyknosis and degradation of cells in comparison
with Group E. In Figure 3-6, there was an
increase in the cellular layer of Groups C, E, F,
and G when compared with Group A, but Group
E had a sparse arrangement of granular cells in
comparison with Groups C, F, and G.

Figure 2: Hippocampus (Cornu Armonis) of W

istar rats exposed to graded Allium sativum and

stresses showing the dorsolateral cortex formations (CA) 1-4. Mag. x40. Hematoxylin and
Eosin Stain
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Figure 3: Dorsolateral cortex of Wistar rats exposed to grade Allium sativum and stresses
showing the CA1l region of the hippocampus. ML= Molecular layer, PCL= Pyramidal cell layer,
PML= polymorphic layer. Mag. x400. Hematoxylin and Eosin Stain

Figure 4: Dorsolateral cortex of Wistar rats exposed to grade Allium sativum and stresses
showing the CA2 region of the hippocampus. ML= Molecular layer, PCL= Pyramidal cell layer,
PML= polymorphic layer. Mag. x400. Stain; Hematoxylin and Eosin

Figure 5: Dorsolateral cortex of Wistar rats exposed to grade Allium sativum and stresses
showing the CA3 region of the hippocampus. ML= Molecular layer, PCL= Pyramidal cell layer,
PML= polymorphic layer. Mag. x400. Stain; Hematoxylin and Eosin

Figure 6: Dorsolateral cortex of Wistar rats exposed to grade AII|um sativum and stresses
showing the DG region of the hippocampus. ML= Molecular layer, GCL= Granular cell layer,
SGZ= Subgranular zone. Mag. x400. Stain; Hematoxylin and Eosin

The nissl bodies (Figures 7 to 11) were lost and likewise it leads to loss of more nissl bodies
the Allium sativum was shown not to ameliorate causing neurodegenerative changes around the
the loss of nissl bodies induced by chronic stress cell.
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Figure 7: Dorsolateral cortex of Wistar rats exposed to grade Allium sativum and stresses,
showing the hippocampal formation and its various parts including the dentate gyrus and
Cornu Ammonis (CA) 1-4. Mag. x40. Stain; Cresyl fast Violet

Figure 8: Dorsolateral cortex of Wistar rats exposed to grade Allium sativum and stresses
showing the CA1 region of the hippocampus. ML= Molecular layer, PCL= Pyramidal cell layer,
PML= polymorphic layer. Mag. x400. Cresyl fast Violet Stain

Figure 9: Dorsolateral cortex of Wistar rats exposed to grade Allium sativum and stresses
showing the CA2 region of the hippocampus. ML= Molecular layer, PCL= Pyramidal cell layer,
PML= polymorphic layer. Mag. x400. Cresyl fast Violet Stain

Figure 10: Dorsolateral cortex of Wistar rats exposed to grade Allium sativum and stresses
showing the CA3 region of the hippocampus. ML= Molecular layer, PCL= Pyramidal cell layer,
PML= polymorphic layer. Mag. x400. Cresyl fast Violet Stain
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Figure 11: Dorsolateral cortex of Wistar rats ex

posed to grade Allium sativum and stresses

showing the DG region of the hippocampus. ML= Molecular layer, GCL= Granular cell layer,
SGZ= Subgranular zone. Mag. x400. Cresyl fast Violet Stain

Discussion

Medicinal plants are well-reputed as important
repositories of bioactive compounds which can
modulate downstream metabolic cascades in
different pathological conditions (23, 24, 25, 26).
The results of the present study revealed
significant alterations in brain weight and relative
organ  weight (ROW) among different
experimental groups subjected to stress and
treated with Allium sativum supplementation. We
observed significant changes in the body and
organ weights of Wistar rats exposed to stress
and treated with Allium sativum in our research.
These findings offer an understanding of the
effects of stress and Allium sativum on the brain
and body.

Initially, it was noted that the brains of rats in
Group E were notably lighter than those in Group
A, indicating that stress can have a major impact
on brain size. Continuous stress may lead to
changes in the brain that could be linked to
disorders like neurodegeneration, consistent with
prior studies on the detrimental effects of
persistent stress on brain health. Group F, which
received Allium sativum supplementation,
exhibited greater brain weight compared to
Group E. Allium sativum may offer some defence
against the detrimental effects of stress on the
brain. Allium sativum is known for its ability to
reduce inflammation and oxidative stress, which
may help preserve brain mass (27). Upon
analyzing the relative organ weight (ROW), it
suggests that Allium sativum may improve or
maintain organ health after experiencing stress.
Group E had reduced organ weight in
comparison to the other groups, demonstrating
the effects of stress on organ health, perhaps
leading to atrophy or impaired function.

The current study revealed significant variations
in the impact of stress on the body and the
potential benefits of Allium sativum, in mitigating
these effects. It appears that stress plays a major
role in the fluctuations of body weight. Consistent
with findings from previous research, ongoing
stress can disrupt the body's energy processing,
affecting appetite, energy levels, and hormone
levels, potentially leading to weight loss (28).

It is worth noting that Group G displayed a
significant variation in body weight change in
comparison to Group E, indicating that Allium
sativum supplementation could potentially impact
weight regulation following stress. The
discrepancy suggests that Allium sativum may
have contributed to preventing or reversing the
weight loss observed in Group E, suggesting that
Allium sativum could potentially mitigate the
adverse impact of stress on body weight. Our
data, illustrated in a bar graph depicting changes
in body weight over time, provides additional
support for these findings. Group E, known as the
stress group, exhibited a noticeable decrease in
weight since the beginning of the study. This
weight loss aligns with the body's response to
ongoing stress, which can disrupt metabolism
and appetite, resulting in a decrease in body
weight (29). However, group F displayed weight
gain, indicating that Allium sativum could impact
nutrient processing and metabolism, potentially
assisting in weight maintenance or gain during
stressful periods.

Alterations in neurotransmitter levels are
associated with diverse neurological aberrations
(30). Examining glutamate and acetylcholine
levels provides insight into how stress affects
brain chemistry and the possible advantages of
Allium sativum in regulating neurotransmitters.
Data obtained from the current study
demonstrated the effects of chronic stress on the
delicate balance of neurotransmitters,
particularly in the hippocampus. Group E showed
markedly higher amounts of glutamate compared
to the other groups. This supports prior research
indicating a correlation between glutamate
imbalance  and neurological  symptoms
associated with stress (31). Notably, stress can
interfere  with the release and function of
glutamate, leading to an accumulation of
glutamate in the brain (32). On the other hand,
Groups F, G, and H exhibited glutamate levels
closer to Group A, indicating that Allium sativum
might help reduce the effects of stress on
glutamate. By implication, this suggests that
Allium sativum may be beneficial in controlling
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glutamate signalling in the brain, thereby aiding
in restoring equilibrium.

Nevertheless, group E showed a little increase in
acetylcholine levels compared to Group A,
potentially because the brain elevated
acetylcholine synthesis in reaction to stress. This
helps the brain adapt to challenges, suggesting
that Allium sativum might boost acetylcholine
transmission.  Allium  sativum can alter
acetylcholine levels by altering cholinergic
pathways or enhancing acetylcholine generation
or release (33).

Oxidative stress is a key factor in various disease
conditions (34) including neurological disorders
(35). The results on malondialdehyde
concentration (MDA) and nitric oxide levels
provide important information about how the
body reacts to oxidative stress and the possible
therapeutic advantages of Allium sativum. Group
E showed higher serum malonaldehyde levels
compared to Groups A, B, C, and D, indicating an
increase in lipid peroxidation, a direct sign of
oxidative stress due to chronic stress (36). This
is in tandem with previous investigations that
persistent stress can result in increased oxidative
damage, as shown by raised MDA levels (37).
The notable reduction in MDA levels in Group F
compared to Group E indicates that Allium
sativum could provide defence against lipid
peroxidation caused by chronic stress. Allium
sativum, abundant in antioxidants, can potentially
neutralize damaging reactive oxygen species
(ROS) and inhibit lipid peroxidation (38).

The rise in nitric oxide levels in Group E
compared to Group A indicates a link between
chronic stress and an increase in nitric oxide
synthesis, mostly caused by the brain enhancing
the expression of inducible nitric oxide synthase
(iINOS). Nitric oxide, a multifunctional signalling
molecule, is intricately involved in stress
reactions and brain inflammation (39). Our
findings suggest that Allium sativum might boost
nitric oxide synthesis by improving nitric oxide
synthase (NOS) activity. The identical nitric oxide
levels in Groups F, G, and H compared to Group
A indicate that Allium sativum may help regulate
nitric oxide levels, fostering equilibrium in difficult
situations. The results highlight the advantages
of utilizing Allium sativum supplements as a
natural approach to combat oxidative stress and
safeguard neurological well-being during periods
of extended stress. Allium sativum has bioactive
components that can boost NOS function,
leading to higher nitric oxide generation (40). In a
previous study, Allium sativum was shown to
elicit neuroprotective effects by modulating
biochemical pathways associated with increasing
nitric oxide levels, thereby counteracting the
negative effects of chronic stress (41).

The results of the forced swim test (FST) provide
insight into the impact of stress on behaviour and
the potential of Allium sativum to alleviate these
effects. Group E displayed longer periods of
immobility than Groups A, B, and D, indicating a
more pronounced stress response. Extended
immobility in the FST is a recognized indicator of
stress and can suggest depressive-like
conditions in animal research (42). It symbolizes
surrender when confronted with an inevitable
stressor, such as having to swim continuously
without rest. The significant reduction in
immobility time in Groups F and G compared to
Group E suggests that Allium sativum may have
a soothing impact on stress-induced behavioural
alterations. The decrease in immobility indicates
a reduction in the sensation of despair induced
by stress, maybe due to alterations in
neurotransmitters or stress-responsive circuits.
The findings corroborate traditional medicine's
assertion of Allium sativum 's capacity to alleviate
stress and enhance mood. The decrease in
immobility time seen in the Allium sativum-
treated groups supports the conventional belief in
Allium  sativum 's stress management
advantages. This highlights the potential of
Allium sativum supplementation as a non-
pharmaceutical approach to alleviate stress-
induced behavioural alterations and enhance
resilience. Suggestively, Allium sativum may be
a promising approach for addressing mental
health conditions associated with stress, such as
depression and anxiety, by modifying the body’s
stress response and enhancing the coping
mechanisms.

In the open field test, we gained valuable insights
into how rats move, explore, deal with anxiety,
groom themselves, and freeze under chronic
stress and Allium sativum supplementation. The
significant decrease in the number of lines
traversed by rats in Group E compared to Group
A suggests reduced exploration and potentially
elevated anxiety levels in stressed rats. This
aligns with existing knowledge that persistent
stress can reduce animals' inclination to explore
and increase their susceptibility to worry (43).
The notable rise in lines crossed by rats in
Groups G and H in comparison to Group B, and
in Group F in comparison to Groups B and E,
indicates that Allium sativum may have a
soothing impact, decreasing anxiety and
promoting exploration. These data suggest that
Allium sativum may have anxiolytic effects, thus
lowering stress-induced anxiety and promoting
exploratory behaviour in rats.

The infrequent instances of rats in Group B
standing on their hind legs indicate reduced
anxiety levels, maybe due to the Allium sativum
they were given. This study corroborates
previous findings that Allium sativum has
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anxiolytic properties and can decrease anxiety-
related behaviours in animals (44). The
significant rise in grooming activity in Group E, in
contrast to Groups A, B, and C, supports the
hypothesis that stressed rats tend to engage in
increased self-grooming. Grooming is a
recognized coping strategy in rats, used to
manage stress and maintain equilibrium (22).
The Centre Square Entries typically serve as a
reliable gauge of anxiousness and investigation.
Rats in Group E did not explore the centre
square, indicating that stressed rats may exhibit
increased anxiety and less exploration of the
central area in the open field compared to Group
A. This behaviour indicates nervousness and a
proclivity to evade uncomfortable circumstances.
The significant rise in freezing time in Group E in
comparison to Groups A, B, and C suggests that
stressed rats exhibit more freezing behaviour.
Freezing is a typical reaction to fear in rodents,
frequently observed in circumstances that induce
anxiety or stress (44). The significant reduction in
freezing time in Groups F and G compared to
Group E indicates that Allium sativum may
alleviate stress-induced freezing behaviour. This
suggests that Allium sativum may alleviate
stress-induced anxiety reactions and encourage
rats to adopt more beneficial coping strategies.
The histopathological assessment of the
hippocampus gives us vital clues about the
cellular changes caused by long-term stress and
Allium sativum supplementation. Additionally,
pyknosis and karyorrhexis were observed in the
pyramidal cells, indicating potential cellular
damage caused by necrosis or apoptosis. The
aforementioned histomorphological alterations
indicate damage to the neurons and may likely
result from the overstimulation of glutamate
receptors due to stress-induced glucocorticoids.
Excitotoxicity, caused by excessive glutamate
levels, is a recognized outcome of prolonged
stress and can lead to neuronal damage and cell
death (45).

The heightened pyknosis recorded in Group D
may be associated with the consumption of high
dosages of Allium sativum. While Allium sativum
is typically considered safe and beneficial for the
brain, excessive use may be detrimental to cells.
This emphasizes the importance of being careful
with the dosage of Allium sativum and taking into
account the potential hazards while using it as a
medication.

Meanwhile, lower levels of pyknosis and cellular
disintegration in Groups F and G compared to
Group E indicate that Allium sativum
supplements, particularly at moderate doses,
may provide some protection. Allium sativum
may protect neurons from stress-induced
damage. The low density of granular cells in
Group E, in comparison to Groups C, F, and G,

provides additional evidence that Allium sativum
supplements may mitigate the structural
alterations induced by stress in the hippocampus.
Furthermore, the absence of Nissl structures in
many groups, including those exposed to Allium
sativum, indicates extensive neuronal damage
and symptoms of neurodegeneration due to
prolonged stress. Nissl bodies are ribosome-rich
structures located in the cytoplasm of neurons.
Their absence is suggestive of defective protein
synthesis and neuronal activity (46). The lack of
evidence that Allium sativum supplements can
prevent the loss of Nissl bodies due to stress, and
the possibility that they may exacerbate the
situation in certain instances, highlights the
intricate nature of the connection between Allium
sativum and stress-induced neuronal alterations.

Conclusion

The results obtained from the study, such as
freezing time in the stressed group during the
open field test and immobility time during the
forced swimming test suggest that Allium sativum
mitigated morphologically. One could infer that
the rats were stressed, likewise from the ROW, a
reduction in brain size as a result of the
glucocorticoid-induced neurodegenerative
changes in the brain. Pyknosis was also seen in
groups C, D, E, and G, loss of Nissl bodies and
reduction in cellular layer was also seen in
groups E and H. The treatment group proved that
Allium sativum has ameliorative effects on
chronic  stress-induced  neurodegenerative
changes, but graded doses of Allium sativum do
not seem to have any significant differences in
amelioration across the parameters studied
except for the histological parameters which
seem to be negatively affected by high dosage of
Allium sativum. We therefore suggest that Allium
sativum should be further studied as a natural
herbal amelioration for stress as it seems to have
stress mitigating effect.
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