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Abstract

Background and Aim: Social isolation stress (SIS) and individual housing have been shown to cause abnormal cognitive
insufficiencies, altered anxiety levels, and signs of psychiatric diseases. Acorus calamus (AC), commonly known as Sweet
Flag, has been widely used in India to treat neurological, metabolic, and respiratory disorders, indicating its potential
therapeutic value. This study aimed to determine the antidepressant and antioxidative effects of AC on rats subjected to
long-term, social isolation-induced stress.

Materials and Methods: This study involved 2-month-old male rats (24) weighing approximately 180-200 g bred in-house.
The rats were divided into four groups (n = 6): Group 1 received saline, Group 2 received SIS, Group 3 received only
50 mg/kg AC, and Group 4 received 50 mg/kg AC and SIS for 6 weeks. After this, behavioral, biochemical, and neuronal
assays were conducted.

Results: Behavioral experiments showed significantly higher activity levels (p < 0.001) in AC-treated rats than in the SIS
group. In addition, rats subjected to SIS with AC treatment exhibited enhanced total antioxidants, superoxide dismutase, and
neuronal assays compared to rats subjected to SIS alone.

Conclusion: Acorus calamus treatment improved the antidepressant and antioxidant potential against SIS in rat brain tissue.
Moreover, we proved that AC can effectively reverse the neurotoxicity induced by SIS in animal models. As we battle
against the coronavirus disease 2019 pandemic and social isolation, AC could be considered a supplementary treatment to
alleviate depressive-like symptoms in our present-day lifestyle.

Keywords: antidepressant, antioxidative effects, brain tissue, coronavirus disease 2019 pandemic.

Introduction shown to be a powerful stressor that reliably mimics
stress in humans [9]. Researchers have also investi-
gated the consequences of combining maternal sepa-
ration during preweaning with social isolation during
postweaning [10]. Walker et al. [11] found that social
isolation during preadolescence and late adolescence
can enhance anxiety-related behaviors. In addition,
Zorzo et al. [12] reported that socially isolated rodents
from preadolescence to mid-adolescence are likely to
exhibit increased anxiety-related behavior. However,
different experimental studies have varied regarding
the onset, duration, age, and sex of rats subjected to
social isolation stress (SIS).

Early childhood SIS, whether acute or chronic,

Social isolation (individual housing) is a com-
plete lack of contact between members of the same
order [1, 2]. It is a psychosocial stressor [3] that can
lead to alterations in social behavior [4], neurochemi-
cal factors [5], and specific anatomical structures [6],
as well as symptoms such as compulsive-neurotic
behavior, sleeplessness, digestion problems, and
depression [7], in both animals and humans. During
the coronavirus disease 2019 (COVID-19) pandemic,
social isolation was crucial in limiting the spread of
the virus, and recent research by “The Lancet” med-
ical journal [8] states that a minimum of 10 days of
isolation can result in long-term psychiatric symp-

toms. In a rat model, adolescent social isolation was
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has been linked to abnormal cognitive functions [13, 14],
altered anxiety levels [15], and various psychiatric
disease symptoms [16]. Rats subjected to SIS have
shown symptoms similar to those of humans, includ-
ing forgetfulness, depression, anxiety, and schizo-
phrenia-related disorders [17, 18]. Several studies on
rodents have demonstrated that a lack of social interac-
tion can lead to lifelong behavioral abnormalities and
intellectual deficits, including memory impairment,

Veterinary World, EISSN: 2231-0916

1755


https://orcid.org/0000-0001-8574-1809
https://orcid.org/0000-0003-1834-8606
https://orcid.org/0000-0001-5654-5294
https://orcid.org/0000-0001-6995-5807
https://orcid.org/0000-0003-1680-943X
https://orcid.org/0000-0003-1248-8296

Available at www.veterinaryworld.org/Vol.16/August-2023/24.pdf

challenges with focus and learning, and poor man-
agerial or governing skills [2, 5, 19]. Depression is
another disorder observed after chronic SIS [20].
Experimental models of socially isolated adolescent
and adult rats have displayed behavioral alterations
associated with oxidative stress (OS) [21], including
neurobiological changes in the brain that affect brain
activity [22-27]. Social isolation and loneliness often
coexist and are interrelated. Although the literature
offers clear insight into the risks associated with social
isolation, therapeutics based on social cognition and
behavioral principles have thus far shown unsatisfac-
tory outcomes [28].

The antioxidant defense mechanism of the cen-
tral nervous system is sufficient to counteract contin-
uous oxidative damage despite being sensitive to OS.
Oxidative stress has been extensively studied in neuro-
logical diseases using various stressors. Stress-induced
oxidative damage in the brain can alter cellular homeo-
stasis. Rai et al. [29] demonstrated stress-induced mem-
ory and learning impairments associated with damage
to the antioxidant system of the brain. In addition, SIS-
induced for 8 weeks has been shown to cause an antiox-
idant imbalance, leading to reduced release of reactive
oxygen species (ROS) and antioxidant enzymes such as
superoxide dismutase (SOD), catalase, and glutathione
peroxidase (GPx) in the rat brain [21].

Early SIS has been linked to impaired mito-
chondrial function, leading to increased nitric oxide
(NO) and ROS production and a significant decrease
in glutathione and ATP levels [30, 31]. Researchers
have confirmed that the nitrenergic system and
N-methyl-D-aspartate (NMDA) receptors promote
depression-like behaviors and have a proconvulsant
effect in adult mice [32, 33]. Studies involving lim-
bic areas have reported that SIS induces elevated lev-
els of NO and increased expression of NO synthase
isoforms [34, 35].

Social isolation stress has been found to signifi-
cantly affect the prefrontal cortex [36]. Tang et al. [37]
found that the hippocampal and prefrontal sequences
interact at various time points during memory-guided
decision-making. Recent research indicates that the
medial prefrontal cortex (mPFC) is crucial in regulat-
ing various cognitive functions, including attention,
habit formation, working memory, spatial memory, and
long-term memory. The mPFC also controls cognitive
domains and stimuli top-down, filtering data based on
similarity while integrating them over time [38, 39].
In other words, activity in the mPFC can be influenced
by the history of a stimulus, which can affect attention
modulation [40]. The atrophy and cell death of neurons
in the mPFC subjected to stress significantly influ-
ence cognitive and emotional processes [41]. Social
isolation rearing has been shown to affect prefrontal
cortex activation, resulting in aggressive behavior in
rats [42]. Clinical evidence has linked mPFC dys-
function to depression [43] and post-traumatic stress
disorder [44]. Hence, investigating morphological

changes in neurons in these areas could provide addi-
tional insights that can be correlated with OS and
behavioral function in the rat brain.

Acorus calamus (AC) Linn. (Acoraceae), known
as Vacha in Sanskrit and Sweet Flag in English, is an
annual, semiaquatic, aromatic herb widely used in
Ayurveda (as part of conventional Indian treatment)
and traditional Chinese medicine [45]. This plant,
which can grow up to 6 feet tall, is found in most
regions of Asia, Europe, and North America and has
long, slender leaves, flowers, fruits, and rhizomes.
The entire plant has medicinal value, with rhizomes
commonly used in India to treat disorders such as
seizures, insanity, asthma, diarrhea, insomnia, and
hysteria [46]. The rhizome and leaves of AC contain
several phytochemical compounds, including phenyl-
propanoids, sesquiterpenoids, and monoterpenes, with
oo and P-asarone and eugenol being predominantly
present in the rhizome. Vacha is commonly used in
Ayurveda to manage various health issues affecting
different body systems, including the respiratory, neu-
rological, gastrointestinal, metabolic, liver, and kidney
systems. The rhizome possesses antidepressant activ-
ities [47] and is a curative agent for attention deficit
disorders and memory loss [48]. Acorus calamus has
numerous health benefits, including neuroprotec-
tion, antioxidant properties, antidepressant effects,
anticonvulsant activity, antihypertensive properties,
anti-inflammatory effects, immunomodulatory activ-
ity, cardioprotective effects, and potential benefits for
obesity [45, 49]. At the start of the COVID-19 pan-
demic, social isolation became one of the major reme-
dial measures. Therefore, we aimed to investigate the
role of AC in reversing the psychological effects of
long-term SIS at the neuromorphological, behavioral,
and biochemical levels.

Research has shown that AC exhibits a neuro-
protective effect in autism-induced Wistar rats [50].
In addition, the administration of AC has been found
to be beneficial in treating epilepsy [51, 52] and pre-
venting the formation of FeCl-induced epileptogene-
sis by modulating antioxidant enzymes [53]. Acorus
calamus has also shown effectiveness against noise
stress-induced memory impairment [54] and has been
proven to prevent OS, memory loss, and anxiety due
to lipopolysaccharide-induced neuroinflammation [48].
Acorus calamus rhizome powder has demonstrated a
beneficial effect on restraint stress-induced modulatory
changes in Na-K-ATPase activity, antioxidants, and
cognitive functions [55]. Furthermore, AC rhizome
extract has shown effectiveness in alleviating depres-
sion symptoms, making it a valuable supplement for
individuals seeking treatment [56]. Forouzanfar and
Hosseinzadeh [57] argued that AC could improve the
behavioral and biochemical changes induced by pain-
ful environmental neuropathy through its antioxidant
and anti-inflammatory effects.

This study aimed to evaluate the following:
(1) behavioral changes (motor and cognitive functions)
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inrats subjected to SIS and AC-treated rat brains; (2) the
level of antioxidants in rat brains subjected to SIS and
AC-treated rats; (3) histomorphological changes in the
neurons of the mPFC in rats subjected to SIS AC treat-
ment; and (4) the effect of AC on oxidative damage, as
well as behavioral and histomorphological changes in
rat brains subjected to SIS.

Materials and Methods

Ethical approval

The study was approved by Institutional Animal
Ethics Committee of Kasturba Medical College,
Mangalore (KMC/MNG/IAEC/10-2019).

Study period and location

This study was conducted from July 2020 to
December 2020 at Central Animal House, Kasturba
Medical College, Mangalore.

Animals

This study used 2-month-old male rats (weigh-
ing 180 g + 20) bred in-house. Food and water were
available to animals ad libitum. They were retained
in controlled environments with respect to humidity,
temperature, and light and dark cycles. Paddy husk
was used as bedding and rats were housed in poly-
propylene cages. The rules set forth by the Indian
Government for the use of laboratory animals were
followed in this investigation [58].

Acorus calamus powder was purchased from
Natural Remedies, Bangalore, India. The experiment
included the following animal groups, each consist-
ing of six rats (n = 6). The initial weight of all rats
was recorded before the experiment commenced. The
experimental rats received AC orally through an oral
gavage tube. The rats were allowed to acclimatize for
a week before being randomly divided.

e Group 1: Six socially grouped (SG) rats received
saline (3 rats/cage)

e Group 2: Six rats subjected to SIS for 6 weeks
(1 rat/cage)

e  Group 3: Six rats received only 50 mg/kg of AC
daily for 6 weeks (3 rats/cage)

e  Group 4: Six rats received AC at 50 mg/kg daily +
SIS for 6 weeks (1 rat/cage).

Drug design

Acorus calamus powder was administered at
50 mg/kg daily [45]. This administration was done
orally through a feeding cannula with water as a vehi-
cle. Acorus calamus powder was purchased from
Natural Remedies, Bangalore, India. All other chemi-
cals and reagents were high-performance liquid chro-
matography or analytical grade (Sigma, St. Louis,
MO, U.S.A.) purchased from Sri Durga Laboratories,
Mangalore, Karnataka, India.

Behavioral tests
Open-field test

The open-field test is the most commonly
employed method for analyzing rats’ emotional,

exploratory, and motor activities [59]. A rectangular
open-field box (Techno, Lucknow, India) measuring
100 x 100 x 40 cm with 25 squares (5 x 5 cm) marked
on the floor was used. The apparatus was uniformly
illuminated with a 60-watt bulb positioned 60 cm
above the center of the field. Each rat was placed in
a corner of the chamber, and the total time spent in
the peripheral and central squares was recorded. The
total time provided for exploration in each session
was 5 min. Rearing and grooming behaviors were also
assessed as the most reliable indicators of emotional-
ity in rodents. Less time spent in the central squares
than the peripheral squares reflect avoidance of anx-
iogenic places, while the number of squares crossed
indicates exploratory behavior. Grooming behavior is
involved in maintaining body hygiene, caring for the
body surface, thermoregulation, and reducing stress.
This test was conducted after 6 weeks of SIS.

Tail suspension test (TST)

The TST was performed as defined by Nandi
et al. [60]. Using adhesive tape, each rat was sus-
pended from the tip of the tail on a horizontal bar
50 cm above the benchtop in a visibly isolated area.
The test duration was 6 min. It was video-recorded
by an experimenter blinded to the experimental group
of rats to measure the total mobility time. The TST
is a tool used to assess depressive- and anxiety-like
behavior.

Passive avoidance test

The memory recall of the rats in all groups was
tested using a passive avoidance device, as described
and applied in a study by Rai et al. [29]. This test
evaluates a rat’s capacity to recall a foot shock admin-
istered 24 h before the test. The passive avoidance
device is a box of wood with one big, bright compart-
ment and one small, dark compartment with a grid
floor connected to a shock resource. The experiment
involved three components:

i.  Exploration test: On the 1* day of testing, the rats
were positioned for exploration in the center of
the bright compartment, facing away from the
entry to the small, dark compartment. The door
separating both compartments was kept open, and
three test trials lasting 5 min each were conducted
after the rats had 5 min to explore each chamber.
The time spent in each compartment was noted
during every trial, and the rats were placed in the
home cage after each trial.

ii. Aversive stimulation and learning phase (passive
avoidance acquisition): After the third test trial, a
foot shock (50 Hz, 1.5 mA, 1 s) was applied across
the grid floor immediately after the rats entered the
dark compartment. The rats were given an addi-
tional 10 s to establish a link between the charac-
teristics of the chamber and the foot shock. The
rats were then placed back into the home cage.

iii. Retention test: The memory retention test was
conducted 24 h after the foot shock. The rats
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were placed in the bright compartment, and the
time taken (latency) to enter the dark compart-
ment for the 1% time was recorded. The rats were
given a maximum of 300 s to explore. Normal
rats do not explore the dark compartment, where
they received a shock the preceding day, restrict-
ing their natural behavior. A decreased latency to
enter the dark section suggests inadequate mem-
ory retention.

Biochemical study

After 24 h, biochemical tests were conducted.
The rats were sacrificed through cervical decapitation,
and the entire brain was quickly separated and cleaned
with 0.1 M/L saline phosphate buffer (pH 7.4). The tis-
sue was then weighed and homogenized (1:10 w/v) in
0.1 M/L saline phosphate buffer. After centrifuging the
homogenate at 10,000% g for 20 min at 4°C, a portion of
the supernatant was removed for biochemical analysis.

Estimation of total antioxidants (TAO)

The assay principle involves a Fenton-type
reaction, in which a standardized solution of the
Fe-Ethylenediaminetetraacetic acid complex com-
bines with hydrogen peroxide to produce hydroxyl
radicals. These ROS break down benzoate, gener-
ating compounds that react with thiobarbituric acid.
Antioxidants in the brain homogenate inhibit the pro-
duction of thiobarbituric acid-reactive substances.
The reaction was quantified using spectrophotometry,
and the inhibition rate of color development was pro-
portional to the concentration of antioxidant activity.
The TAO level was calculated following the method
described by Koracevic et al. [61].

Assay of SOD activity

The procedure developed by Marklund and
Marklund [62] and Rao ef al. [63] was used to mea-
sure SOD activity. The reaction was conducted in a
solution containing 5.6 x 1073 M nitroblue tetrazolium,
1.17 x 10°® M riboflavin, and 1 x 107> M methionine
in 0.05 M potassium phosphate bufter (pH 7.8), along
with appropriately diluted tissue homogenate in a vol-
ume of 3 mL. The solution was placed in a beaker and
illuminated for 10 min using a 15-volt fluorescent bulb
inside an aluminum-lined foil box. The control sam-
ple was prepared without the enzyme. The absorbance
was determined at 560 nm using a Systronic-117 ultra-
violet-visible spectrophotometer, and SOD activity
was quantified as the specific activity of the enzyme
(U/mg protein). The technique developed by Lowry
et al. [64] was used to determine the protein content.

Histomorphological studies

Transcardiac perfusion with 10% formalin and
0.9% saline was conducted after the rats were deeply
anesthetized with ether. The rats were decapitated, and
their brains were preserved for 48 h in 10% formalin.
Coronal sections of the prefrontal cortex with a thick-
ness of 4-6 wm were cut using a rotary microtome
(Jung Biocutt 2035, Leica, Germany). Afterward,

25 sections were serially mounted on air-dried gelati-
nized slides from each animal. Cresyl violet stain was
used to stain the sections [65]. The Nissl substance
was stained with cresyl violet and appeared granular
purple-blue in the cytoplasm of neurons. High-quality
images were taken with an Olympus digital camera
(DP75) connected to an Olympus microscope (Japan)
with 20% objectives. NIS Eléments Br Version 4.30
software (Nikon Co., India) was used to count the num-
ber of neurons in each image, and healthy neurons in a
300 u? area of the mPFC were counted (Figure-1). Six
sections from each rat were considered, and the count
excluded cells that were deeply stained, shrunken, or
had fragmented nuclei. The slides from various rat
groups were decoded to prevent bias when counting
the cells manually.

Statistical analysis

The data were expressed as mean = SE, and a one-
way analysis of variance was performed to assess the
significance of the differences among the groups. A sig-
nificance level of p < 0.05 was considered significant.

Results

Open-field test
Rearing and grooming

Rearing and grooming activities, indicative
of emotional behavior, were significantly reduced
(p < 0.001) in socially isolated rats compared to SG
rats. However, the rats subjected to AC treatment with
SIS showed an increase in these emotional activities
compared to the SIS group. Acorus calamus-treated
rats also showed a significant increase (p < 0.001) in
these activities when compared to SIS rats (Figure-2a).

Number of crossings in a central square

Social isolation stress rats demonstrated signifi-
cantly reduced central square crossings (p < 0.001),
indicating anxiety-like behavior. Acorus calamus
treatment in SIS rats was unable to completely reverse
the anxiety-like behavior (p > 0.01) in the open-field
test compared to SG rats (Figure-2b).

Figure-1: Medial prefrontal cortex stained (Cresyl violet
stain).
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Number of crossings in a peripheral square

The number of peripheral square crossings was
significantly reduced (p <0.001) in SIS rats compared
to SG rats, indicating an impact on general locomotor
activity. Acorus calamus treatment in SIS rats signifi-
cantly enhanced (p < 0.001) the number of crossings
in peripheral squares compared to SIS rats, suggest-
ing enhanced locomotor and exploratory activities.
Acorus calamus treatment in SIS rats also resulted
in a significant decrease (p < 0.001) in peripheral
square crossings compared to the AC treatment group
(Figure-2b).

Tail suspension test

The immobility time was significantly higher
(p <0.001) in SIS rats than SG rats, indicating depres-
sive-like behavior. However, the SIS rats treated with
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Figure-2: (a) Comparison of open field activity - grooming
and rearing activity in rats of different group. Values are
expressed as mean = SD (n = 6); Grooming - SG/Control
versus SIS is *** = p < 0.001, SIS versus AC is @@@
= p < 0.001, SIS versus AC+SIS is @@@ = p < 0.001.
Rearing - SG/Control versus SIS is *** = p < 0.001,
SG/Control versus AC+SIS is * = p < 0.05, SIS versus
AC is @@@ = p < 0.001, SIS versus AC+SIS is @@@ =
p < 0.001. (b) Comparison of Open field activity- central
and peripheral square crossing in rats of different group.
Values are expressed as mean £ SD (nh = 6); Central square
crossing - SG/Control versus SIS is *** = p < 0.001,
SG/Control versus AC+ SIS is *** = p < 0.001, SIS
versus AC is @@@ = p < 0.001, AC versus AC+SIS is
### = p < 0.001. Peripheral square crossing - SG/Control
versus SIS is *** = p < 0.001, SG/Control versus
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SIS versus AC+SIS is @@@ = p < 0.001, AC versus
AC+SIS is ### = p < 0.001. SIS=Social isolation stress,
AC=Acorus calamus.

AC showed a reduced immobility time compared to
the SIS rats, indicating a reversal of depressive-like
behavior (Figure-3).

Passive avoidance test

The time taken for SIS rats to enter the dark com-
partment was significantly shorter (p < 0.001) than
SG rats, suggesting poor retrieval of learning behav-
ior. Treatment with AC alone enhanced the time of
entry into the dark compartment, indicating improved
learning abilities. However, AC treatment in SIS rats
did not increase the duration to enter the dark com-
partment, as the potential to enter the dark compart-
ment was significantly lower (p < 0.001) compared to
SG rats. This result showed that SIS rats treated with
AC had poor recovery of learning behavior but had
an enhanced latency to enter the dark compartment
compared to rats subjected to isolated stress alone
(Figure-4).

Estimation of TAOs

The TAO levels in the brain homogenate were
significantly reduced (p < 0.001) in isolated rats
compared to SG rats. However, AC treatment in
SIS rats resulted in a significant enhancement (p <
0.001) in the level of TAO in the brain tissue com-
pared to SIS rats. Rats subjected to AC treatment
alone also showed a highly significant (p < 0.001)
increase in brain TAO levels when compared to SIS
rats (Figure-5).

Assay of SOD activity

Social isolation stress rats exhibited a significant
reduction (p < 0.001) in the level of SOD in the brain
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Figure-3: Comparison of tail suspension test in rats
of different group. Values are expressed as mean £ SD
(n = 6); Immobility time - SG/Control versus SIS is *** =
p < 0.001, SG/Control versus AC is *** = p < 0.001, SG/
Control versus AC+ SIS is *** = p < 0.001, SIS versus AC is
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versus AC+SIS is @@@ = p < 0.001, AC versus AC+SIS is
### = p < 0.001. SIS=Social isolation stress, AC=Acorus
calamus.
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tissue compared to SG rats. However, AC-treated SIS
rats revealed a significant increase (p < 0.05) in the
level of SOD in the brain homogenate compared to
SIS and SG rats (p < 0.001). Acorus calamus treat-
ment alone showed a significant (p < 0.001) increase
in brain TAO levels compared to SG and SIS rats
(Figure-6).

Neuronal assay of the mPFC

Social isolation stress rats exhibited significantly
fewer normal neurons compared to the SG (p <0.001)
and AC treatment groups (p < 0.05), suggesting degen-
erating neurons. Acorus calamus treatment in SIS rats
resulted in a significant increase in normal neurons
compared to SIS rats (p < 0.01) and AC-treated rats
(p <0.001) (Figure-7).
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Figure-6: Comparison of superoxide dismutase in rats of
different group. Values are expressed as mean £ SD (n = 6);
SG/Control versus SIS is *** = p < 0.001, SG/Control
versus AC is *** = p < 0.001, SG/Control versus AC+ SIS
is *** = p < 0.001, SIS versus AC is @@@ = p < 0.001,
SIS versus AC+SIS is @ = p < 0.05. SIS=Social isolation
stress, AC=Acorus calamus.
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Figure-7: Comparison of neurons in medial pre-frontal
cortex in rats of different group. Values are expressed
as mean £ SD (n = 6); SG/Control versus SIS is
*** = p < 0.001, SG/Control versus AC is * = p < 0.05,
SG/Control versus AC+SIS is ** = p < 0.01, SIS versus
AC is @@@ = p < 0.001, SIS versus AC+SIS is @@ =
p < 0.01, AC versus AC+SIS is ### = p < 0.001.
SIS=Social isolation stress, AC=Acorus calamus.

Discussion

Observation of anxiety and emotional, locomotor,
and exploratory activities in rats subjected to SIS
and AC treatment

In this study, we observed that SIS rats spent
less time in the center squares, displaying increased
anxiety-like behavior than SG rats, which was not
reversed by AC treatment. However, the locomo-
tor and exploratory activities of the SIS rats were
lower in the peripheral squares compared to the SG
rats, and this impairment was significantly improved
by AC treatment. These findings are consistent with
Grigoryan et al. [66], who evaluated behavioral alter-
ations and brain molecular changes in SIS mice.
The open-field test is the most reliable indicator of
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emotionality in rodents. Self-grooming is an important
behavior observed in rodents, primarily to maintain
body hygiene, thermoregulation, chemocommunica-
tion, and stress reduction [67]. Chronic restraint stress,
which has been well documented [68], is known to
disrupt emotional activities, aligning with the find-
ings of our study that emotional activities are sig-
nificantly reduced in SIS rats compared to SG rats.
In this study, AC treatment enhanced emotional
activities (grooming and rearing), which were sup-
pressed by SIS, consistent with Rauniar et al. [69].
In an acute oral toxicity test, raw and purified AC
at doses of up to 2000 mg/kg did not cause adverse
effects when administered for 14 d [70]. In addition,
the SIS rats showed a significantly higher immobil-
ity time in the TST than the SG rats, indicating anx-
iety- and depressive-like behavior, as demonstrated
in Grigoryan et al. [66]. However, AC treatment
reversed this behavior [71, 72].

Observation of learning abilities and memory reten-
tion in rats subjected to SIS and AC treatment

Social isolation stress rats exhibit symptoms
similar to human anxiety, depression, schizophrenia,
and memory loss [17, 18, 73]. Our findings showed
that the SIS rats displayed poor recovery of learning
behavior in the passive avoidance test compared to the
SG rats, which was improved by the antioxidant and
anti-inflammatory effects of AC treatment. This result
is consistent with a previous study that evaluated the
potential of AC [68].

Observation of antioxidant molecules and enzymes
in rat brain homogenate after being subjected to SIS
and AC treatment

Social isolation stress-induced for 8 weeks
caused an antioxidant imbalance, inducing reduced
production of ROS and decreased levels of SOD,
catalase, and GPx in the rat brain [66, 74]. Our study
confirmed that SIS caused oxidative damage in the rat
brain, with significantly lower SOD levels and TAO
activity compared to SG rats. However, AC treatment
in the SIS rats led to a highly significant increase in
TAO activity and a slight increase in SOD activity,
verifying the antioxidant potential of AC. Shukla
et al. [75] also demonstrated the efficacy of AC in
increasing SOD activity in rats with ischemia induced
by middle cerebral artery obstruction.

Changes in neuronal numbers in the mPFC of rats
subjected to SIS and AC treatment

The mPFC is crucial in integrating cognitively
and emotionally significant information [39, 40].
Social isolation stress significantly affects the pre-
frontal cortex of the brain [36]. The atrophy and
cell death of neurons in mPFCs subjected to stress
significantly influence cognitive and emotional pro-
cesses [41]. Social isolation stress resulted in a loss of
neurons associated with declining retrieval memory in
the mPFC compared to SG rats, which was reversed
by AC treatment (Figure-8). Currently, there is limited

; 20 a0 AL . ‘1";A ;'-f“-
Figure-8: Medial prefrontal cortex — under 20x, SG versus
others.

data on AC’s role in reversing neuronal degeneration
in the mPFC.

Conclusion

The rat model of SIS used in this study effec-
tively mimics human stress conditions. The long-term
effect of stress on neuronal loss, including cognitive
decline and accelerated aging, is well known. Thus, we
focused on the role of antioxidants, cognitive behavior,
and neuronal assays in the mPFC. Acorus calamus, the
promising drug in this study, exhibited antidepressant
and antioxidant potential against SIS in brain tissue.
The results indicate that AC effectively combats SIS-
induced neurotoxicity in animal models. Considering
the importance of social therapy during the COVID-19
pandemic, AC could serve as a valuable supplement in
combating SIS-induced psychiatric symptoms and in
addressing the challenges of our present-day lifestyle.
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