Pakistan J. Zool., pp 1-8, 2026.

DOI: https://dx.doi.org/10.17582/journal.pjz/20251201074741

Free Radical Scavenging Activity of Clove

Oil and Nigella sativa Oil Diminishes Anxiety

and Depression in Restrained Rats: A
Comparative Study

Sana Sadaf’?*, Mahinn Ali’, Shaista Emad**, Yousra Sarfaraz>5, Sarwat Yousuf?,

Sara Qadeer?®, Sheeza Sheikh?, Zehra Batool’ and Tahira Perveen?

!Department of Biochemistry, Faculty of Health and Medical Sciences, Hamdard
University, Karachi

’Neurochemistry and Biochemical Neuropharmacology Research Unit, Department
of Biochemistry, University of Karachi, Karachi

3Department of Surgery Unit IV, Dr. Ruth K.M Pfau Civil Hospital, Karachi.
‘Department of Biochemistry, Jinnah Medical and Dental College, Sohail University,
Karachi

’Department of Pathology and Laboratory Medicine, The Aga Khan University,
Karachi

*Department of Allied Health & Medical Sciences, Al-Kawthar University, Karachi
’The Panjwani Centre for Molecular Medicine and Drug Research, The International
Centre for Chemical and Biological Sciences, University of Karachi, Karachi

ABSTRACT

Stress has now been known as an imperative aspect in the development of major depressive, bipolar as
well as anxiety disorders. Antioxidant potential of clove and Nigella sativa L. oil (NSO) have become
more popular in folk medicine as a preventive measure to treat many diseases around the globe. Study
was intended to explore antioxidant potential-of clove oil and NSO on restraint stress and also stress-as-
sociated psychological and biochemical amendment in rats. Therapeutic effects of clove oil and NSO
were observed in unrestrained and 2 h restrained rats. Light dark box activity (LDA) and forced swim test
(FST) models were facilitated to monitor anxiety and depression. Stress-induced biochemical and hor-
monal changes were estimated by measuring lipid peroxidation (LPO), antioxidant enzyme levels as well
as plasma corticosterone levels. The results revealed that 2 h restraint stress significantly boosted anxiety
and depression in rats (p<0.01). Pretreatment with clove and NSO significantly reduced anxiety and de-
pression in restrained and unrestrained rats (p<0.01). It was also observed that stress-induced increase in
LPO and corticosterone levels significantly decreased in clove and NSO treated restrained rats. Similarly,
the activities of endogenous antioxidant enzymes are enhanced in restrained rats pretreated with clove and
NSO. To conclude that administration of clove and NSO may have beneficial effects to improve overall
stress related psychological ailments. Since these oils have lesser side effects, they may be a better choice
for therapeutic aspects.
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devastating health problem around globe and clues to
substantial surge in suicide chances (Li et al., 2020).
According to the WHO, depression leads nearly 4.3%
of the worldwide ailment encumbrance and is estimated
to be overgrown in 2030 (Dochert et al., 2017). The
pharmacological effectiveness of numerous plant species
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has served as reliable sources of therapy and have been
employed as complementary and alternative therapies
for managing the psychiatric conditions (Tang and Tang,
2019). Several plants based essential oils are known to
work efficiently in emotion homeostasis and to recover
physical and mental well-being (Fung et al., 2021).

Numerous evidences revealed that the stress has
substantial role in progression of neuro-psychiatric
complications comprising depression and anxiety
(Giglberger et al., 2025). The consequences of stressful
actions change the physiological, psychological, and
neurobehavioral responses that increase vulnerability to
dissimilar psychiatric diseases (Giovanniello et al., 2023).
Acute stress provokes the activation of hypothalamic-
pituitary-adrenal (HPA) axis, raises corticosterone level
and leads to significant production of free radicals (Spiers
et al., 2015). The reactive oxygen species (ROS) cause
oxidative stress. The free radicals have damaging effects
on brain causing psychotic ailments. Management with
antioxidant compounds have shown to diminish damaging
pathological conditions (Tumilaar et al., 2024). The
damaging effects of oxidative stress can be normalized
by using plant-based antioxidants components and their
phenolic and flavonoids compounds. Increasing the
antioxidant levels will potentially provide protection from
neuronal damage and mitigation from depression and
anxiety symptoms (Jomova et al., 2023).

Within the spectrum of medicinal flora, cloves
(Syzium aromaticum, Eugenia caryophyllata and Eugenia
aromaticum) belonging to Mytraceae family, are known
to have curative effects. Chief active components of
the clove are eugenol, acetate. derivative and beta-
caryophyllene (Batiha et al., 2020). Clove oil may protect
neurons, stimulate CNS; and enhance memory (Akbar et
al., 2021). Other therapeutic properties of clove oil include
anti-inflammatory, anti-hyperglycemic, antitoothache,
anesthetic and hypotensive activities (Kaur and Kaushal,
2019).

Nigella sativa Linn., taxonomically belong to the
Ranunculaceae family. A diverse sorts of flavonoids
and bioactive constituents notably thymoquinone
(TQ), thymohydroquinone, dithymoquinone, thymol
and carvacrol have been isolated form essential oils
of Nigella seeds (Ashfaq et al., 2021). Therapeutic
activities of Nigella sativa include increased cognitive
functions, analgesic, antidiabetic, antihypertensive,
anticancer, antiinflammatory, LDL cholesterol decreasing,
hepatoprotective, and antimicrobial activities (Alberts,
2024; Yimer et al., 2019). The study aimed to evaluate
the antioxidant effects of clove oil and Nigella sativa
oil (NSO) against restraint stress in rats. It is focused on
assessing their ability to reduce oxidative stress, improve

stress-induced behavioural and biochemical alterations.
The study also compared the effectiveness of both oils and
explored their potential as natural therapeutic agents for
stress management. Therefore, current study in rats was
intended to explore antioxidant activity of clove and NSO
proceeding stress related psychological and biochemical
alterations.

MATERIALS AND METHODS

Animals

Albino Wistar male rats (150-200g) were purchased
from Husein Ebrahim Jamal Research Institute of Chemis-
try, University of Karachi, Pakistan. Social contact of ani-
mals was avoided by kept them separately with ad libitum
admittance to good quality rodent food and normal drink-
ing water exposed to 12:12 h light/dark regime at main-
tained ambient temperature (22+2 °C).

Oils and reagent

Nigella sativa oil was acquired from (Amir’s oil),
Karachi. Clove oil (Roghan-E-Long) was supplied from
(Hamdard Laboratories, Waqf) Pakistan. Further chemi-
cals were purchased from Sigma-Aldrich Company, USA.

Experimental protocol

Rats (36) were divided into three groups like control,
clove oil and NSO groups. Once a day till three weeks the
oral doses of 0.2 ml/kg/day of clove oil and NSO (Ozturk
and Ozbek, 2005; Mehmet et al., 2005) were administered
to the oil treated groups. At the end of the treatment, each
group was divided into unrestrained (n=6) and restrained
rats (n=6). Restrained group were restraint for two days
(2 h/day) in specially designed closed aired plastic tubes
that limited the sidewise movement of animals (Sadaf et
al., 2017). Unrestrained group was housed in their cages
during course of the experiment. Behavioral analysis was
performed 24 h following the stress in both restrained
and unrestrained rats. After the behavioral analysis rats
were guillotined, and plasma samples were taken. After
guillotining, immediately whole brains were removed
from the cranium, kept at -70 °C for biochemical testing.

Behavioral assessment

Light dark box activity test (LDA)

LDA model described anxiety behavior in rats as
described by Yousufet al. (2018). The LDA comprised two
sections: One enclosed by black plastic and the other by
transparent material, both boxes having a size of 26 x 26 x
26 cm, and are attached through a middle gate 12 x 12 cm.
The time spent by animals in a black box were supposed
to depict anxiety like behavior. Therefore, animals first
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located in a light box and time consumed for 5 minutes
were recognized as an anxiolytic effect.

Forced swim test (FST)

Depressive behaviour of rats was assessed by the
method defined by Lopez-Rodriguez et al. (2004). The
FST setup used a 53 x 19 x 28 cm glass tank containing
18 cm of water. The water level was sufficient to prevent
the rats from standing or maintaining balance and faces
inescapable stress condition comparable to depressive
state of a living person. Therefore, rats were individually
housed in the tank for 5 min and their struggling time was
noted as an extent of depressive behavior.

Biochemical estimations

Corticosterone (CORT) estimation

The corticosterone concentration (pg/dL) was
measured in plasma by flurometry method (Misiak et al.,
2020; Sadaf et al., 2026). In a glass stopper test tube 200
pL plasma and 1500 pL dichloromethane were poured
and then centrifuged. After centrifugation aspirated layers
were moved to other tubes and poured 1 mL of ethyl sulfate
reagent was added in it. After an hour of incubation the
upper organic layers were separated from bottom layer of
ethyl sulfate reagent. The fluorescence of lower layer was
determined at 460 nm while that of upper layer at 570 nm.

Estimation of LPO, SOD, CAT and GPx activities

For estimation of lipid peroxidation «(LPO),
superoxide dismutase (SOD), -catalase (CAT) and
glutathione peroxidase (GPx ), the procedure described by
Sadaf et al. (2017) were followed.

Statistical analysis

Values are mean+SD. Two-way analysis of variance
(ANOVA) was done by using SPSS version 23. Post
hoc analyses through Tukey’s test showed p>0.05 was
measured as non-significant.

RESULTS AND DISCUSSION

An acute stress response can be a consequence of
several underlying mechanisms, including increased
exposure to glucocorticoid levels. Corticosterone cascade
involves in the dysregulation of HPA-axis and may cause
several psychological disorders (Perveen et al., 2014).
Results of the current study demonstrated that 2 h of restraint
stress significantly increased (F=87.505; df=1,20; p<0.01)
corticosterone levels in rat plasma. In restrained group
clove oil and NSO pretreatment attenuated the stressed-
induced increase of corticosterone level (F=113.912;
df=1,20; p<0.01). Whereas, in unrestrained group these

oils have also significant modulation (F=324.198; df=1,20;
p<0.01) on corticosterone levels with respect to their
control. Current result showed that NSO has more activity
in reducing corticosterone levels in restrained group as
compared to clove oil (Fig. 1). Results of current study
also aligned with the previous research which indicated
that an active components eugenol of clove oil and
thymoquinone of NSO reduced the stress increased plasma
corticosterone levels via HPA axis modulation (Jain et al,
2017; Siyall et al, 2020). Thus, clove oil and NSO reduce
corticosterone levels and decrease the effects of stress in
restrained groups.
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Fig. 1. Effect of clove oil and NSO on corticosterone level
in 2h restrained rats.

Values are mean+SD (n=6). Significant differences by
Tukey’s test ++p <0.01 from their respective unrestrained
control.

In current study, 2 h restraint stress increased anxiety
and depression-like symptoms as it is evident by significant
reduction of time spent in light compartment of LDA
(F=11.976; df=1,20; p<0.01) and decreased struggling
time in FST (F=140.0; df=1,20; p<0.01) in restrained
rats. Pretreatment with clove oil and NSO provided
significant protections against restraint stress by enhanced
time spent in the light compartment of LDA (F=30.814;
df=1,20; p<0.01). Whereas, in unrestrained group both
oils showed significant reduction of time spent (F=15.196;
df=1,20; p<0.01).) in light compartment as compared to
their controls. NSO showed more time spent in restrained
and unrestrained groups as compared to clove oil (Fig.
2A). The pretreated clove oil and NSO rats significantly
increased struggling time in restrained (F=37.998;
df=1,20; p<0.01) and unrestrained groups (F=1391.345;
df=1,20; p<0.01). However, the elevated struggling time
in FST were recorded by clove oil and NSO had similar
effects in unrestrained and restrained group (Fig. 2B).
Therefore, the results of current study showed anxiolytic
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and antidepressant activity of these oils with respect to
the results of restrained group. The daily use of NSO has
been shown to help in coping with stressful situations
(Perveen et al., 2014). Stress affects the regulation of
5-hydroxytryptamine, 5-HT (serotonin). Stress-induced
behavioural deficits in animals are widely used as the
animal model of depression. 5-HT plays an important role
in the modulation of various behaviours. The conventional
hypothesis of serotonergic functions alteration in the
brain associated with depression and anxiety. However,
increased 5-HT levels produce antidepressant effects.
(Perveen et al., 2014). It has previously been shown that
repeated treatment of NSO boosted tryptophan and 5-HT
levels while decreasing 5-Hydroxyindoleacetic acid levels
(Mesole et al., 2020). Stress-induced changes in brain
regional 5-HT levels could also be reversed by clove oil
component eugenol (Cecerska et al., 2022).
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Fig. 2. Effect of clove oil and NSO on light and dark box
activity (A) and forced swim test (B) in 2h restrained rats.
See Figure 1 for statistical details.

The pathogenesis of numerous neuropsychiatric
ailments including anxiety and depression has been
linked to oxidative stress (Abdelkhalek et al., 2020).
This study further illustrated that 2 h of restraint stress
induces oxidative damage by significantly augmented
(F=80.74; df=1,20; p<0.01) LPO in rat’s brain. MDA is a

biomarker of brain lipid peroxidation. Restrained rats had
higher MDA levels, which is one of the indicator of brain
lipid peroxidation, indicating that 2 h of restraint stress
compromised the integrity of brain tissues. However,
clove oil and NSO pretreated rats significantly reduced
(F=181.968; df=1,20; p<0.01) LPO levels and reversed the
effects of 2 h of restraint stress. The MDA lowering effect
of these oils (F=105.860; df=1,20; p<0.01) were also
comparable with respect to their control in unrestrained
group. However, reduction in MDA level was observed
more in NSO treated rats in both groups (Fig 3A). Clove
oil reduced oxidative damage by lowering MDA level
(Rahim et al., 2022). NSO contains bioactive components
and necessary fatty acids that inhibit cell membrane
oxidation and reduced LPO levels (Zhang et al., 2021).
Figure 3B, C and D showed modulatory impact of clove
oil and NSO on antioxidant enzyme activities. The result
for SOD, showed significant effect of stress (F=30.24;
df=1,20; p<0.01), significant effect of clove oil and NSO
in unrestrained group (F=42.579; df=1,20; p<0.01) and
significant association among stress, clove oil and NSO
(F=157.844; df=1,20; p<0.01) in restrained group (Fig 3B).
Data analysis for CAT revealed significant effect of stress
(F=65.237; df=1,20; p<0.01), significant effect of clove
oil and NSO (F=80.548; df=1,20; p<0.01) in unrestrained
group, and significant effect among stress, clove oil and
NSO (F=88.470; df=1,20; p<0.01) in restrained group
(Fig 3C). Data analysis for GPx showed significant effects
of stress (F=72.476; df=1,20; p<0.01) significant effect
of clove oil and NSO (F=82.90; df=1,20; p<0.01) in
unrestrained group and significant relation among stress,
clove oil and NSO (F=92.81; df=1,20; p<0.01) (Fig 3D).

The current study showed that 2 h restraint stress
decreased SOD and increased CAT and GPx activities.
Clove oil suppressed SOD generation and more significantly
scavenged superoxide radicals and significantly improved
the levels of SOD, CAT and GPx in restrained group and
unrestrained group as compared to NSO (Nisar et al.,
2021). Result of current study demonstrated that NSO
has also significant activity to enhanced SOD activity in
restrained group. It was observed that clove oil significantly
increased CAT and GPx activities in restrained group
whereas, NSO significantly enhanced the activities of CAT
and GPx in unrestrained groups which shown the potential
antioxidant activity of both oils. Antioxidant properties of
eugenol stops propagation of oxidative stress and can cross
blood brain barrier because of its hydrophobic nature that
raises endogenous antioxidant enzymes levels in the brain
(Pottoo et al., 2022). Repeated administration of NSO
decreased SOD level and increased CAT and GPx levels in
rats brain (Sadaf et al., 2017). The quinone structure of TQ
has strong redox properties. It can cross the blood
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Fig. 3. Effect of clove oil and NSO on brain MDA levels
(A), SOD (B) and CAT (C) and GPx (D) activities in 2 h
restrained rats.

See Figure 1 for statistical details.

brain barrier and protects CNS from damaging effects
of stress. Additionally, it has the competency to cross
morphophysiological barriers, leading to its effortless
access to subcellular compartments and enabling the
radical scavenging effects (Isaev et al., 2023).

Despite the fact that clove oil and NSO have been
studied for their diverse behavioral effects, only a few
studies outlined the effect of these oils on anxiety and
depression caused by oxidative stress (Sulakhiya et al.,
2016; Sung et al., 2024). Consequently, the result of the
present study demonstrated that 2 h restraint stress induced
oxidative stress and produced anxiety and depression which
were attenuated by antioxidant potential of clove oil and
NSO. Studies reported that eugenol and B-caryophyllene
of clove oil have antidepressanteffect due to its antioxidant
activity by decreasing LPO Sung et al., 2024). TQ also
exhibits antidepressant activity, which is attributed to its
antioxidant propertties, notably through the reduction of
thiobarbituric-acid reactive substances (TBARS) levels
(Bahi et al., 2014). The current outcomes of the research
proposed that NSO possesses stronger anxiolytic effects.
Both NSO and clove oil exhibited significant antidepressant
activity. Notably, clove oil exhibited superior antioxidant
potential in the restrained group as compared to NSO. In
addition, clove oil and NSO showed significant anxiolytic,
antidepressive and antioxidant activities in rats may be
due to possible modulation of corticosterone, MDA, and
antioxidant enzymes level.

CONCLUSION

Stress induced oxidative stress linked with anxiogenic
and depressive behaviors in rats ameliorated by antioxidant
potency of clove and NSO. These oils were found to be
more operative to scavenge free radicals in rats brain and
also exhibited imperative role to declined free radical
generated anxiety and depression. Further investigations
are needed to explore on active components of clove oil
and NSO for their antioxidant activities.
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