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ABSTRACT

Acute stress triggers the hypothalamic pituitary adrenal (HPA) axis, which lead to in raised corticosterone levels and
promoting oxidative stress, hyperglycemia, and dyslipidemia. This study investigated the protective effects of clove oil,
olive oil, and Nigella sativa oil (NSO) against 2-hour restraint stress induced metabolic and oxidative disturbances in
rats. Rats were haphazardly assigned as control (water, 0.2ml/kg/day) and test group, (clove oil, olive oil and NSO
0.2ml/kg/day) for 21 days and then divided into unrestrained and restrained groups. For two days, restrained animals
were subjected to acute stress for two hours each day. Plasma corticosterone, glucose, and cholesterol levels were
measured, and brain oxidative stress was assessed via malondialdehyde (MDA) and antioxidant enzyme levels,
including superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx). 2 hour restraint stress
significantly increased corticosterone, glucose, cholesterol, and MDA levels while disrupting antioxidant enzyme
balance (p<0.01). Pretreatment with clove oil, olive oil, and NSO significantly (p<0.01) mitigated these effects,
restoring antioxidant defenses and normalizing metabolic parameters. These findings indicated that these oils are potent
natural compounds capable of alleviating acute stress induced endocrine, metabolic, and oxidative dysfunctions.
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INTRODUCTION

Stress is a perceived challenge to physiological homeostasis that activates coordinated responses in the central
and peripheral nervous systems, primarily through the HPA axis. Stress triggers the hypothalamic release of
corticotropin-releasing hormone (CRH), stimulating the anterior pituitary to secrete adrenocorticotropic hormone
(ACTH) that promotes corticosterone secretion from the adrenal cortex, the main glucocorticoid in rodents (de Kloet
and Joéls, 2024). Plasma corticosterone is widely used as a sensitive biomarker of HPA axis activity and stress
(Leistner and Menke, 2020).

Acute restraint stress disrupts the antioxidant protection mechanism and induces oxidative damage, leading to
cellular injury primarily through lipid peroxidation of the cell membranes. This membrane damage compromises
tissue integrity and further enhances the generation of reactive oxygen species (ROS). Endogenous antioxidant
defenses declined by excessive ROS production which results in damage to proteins, lipids, and nucleic acids
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(Bilgicli et al., 2019; Pal et al., 2023). A key outcome of oxidative stress is lipid peroxidation, commonly assessed
by malondialdehyde (MDA), a cytotoxic aldehyde that alters biomolecular integrity and contributes to disease
development (Zheng et al., 2024). The cellular antioxidant defense network, comprising enzymes like superoxide
dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx), shows a pivotal part in counteracting oxidative
stress. SOD catalyzes the conversion of superoxide radicals into hydrogen peroxide, then detoxified into water
through the rigorous actions of CAT and GPx (Jomova et al., 2024). Stress-induced oxidative imbalance impairs the
activities of these enzymes, thereby intensifying lipid peroxidation and increasing neuronal susceptibility to damage
(Dash et al., 2025).

Beyond oxidative injury, stress-induced glucocorticoid elevation also disrupts energy metabolism, promoting
gluconeogenesis and catecholamine-mediated hyperglycemia, and alters plasma lipid levels, particularly cholesterol
(Kuo et al., 2015). These days such effects of stress are mitigating with natural products due to their antioxidant and
metabolic modulatory properties. Clove (Syzium aromaticum, Eugenia caryophyllata and Eugenia aromaticum)
belonging to Mytraceae family, known to have curative effects. Chief active components of the clove are eugenol,
acetate derivative and beta-caryophyllene (Batiha et al., 2020). The olive tree, Olea europaea belongs to family
Oleaceae produces the olive fruits. Olive is an important component of Mediterranean diet is rich in
monounsaturated fatty acids (MUFAS) and phenolic compounds including oleuropein and hydroxytyrosol, which
provide neuroprotective and antioxidant benefits (Martinez-Zamora, et al, 2021). Nigella sativa Linn.,
taxonomically placed within the Ranunculaceae family. Nigella sativa L. (NSO) contains thymoquinone,
thymohydroquinone, carvacrol, and thymol, exhibiting antioxidant, anti-inflammatory, and neuroprotective effects
(Yimer et al., 2019; Alberts et al., 2024). Although the individual benefits of clove oil, olive oil, and NSO (oils) are
well documented, comparative studies on their effectiveness against restraint stress induced oxidative and metabolic
disturbances remain limited. This research attempts to assess the impact of two-hour restraint stress on plasma
corticosterone, glucose, and cholesterol levels, alongside brain oxidative stress markers, and to assess the potential
protective effects of these oils.

MATERIAL AND METHODS

Animals

The analysis was made on 48 adult Albino Wistar male rats (150-200 g) purchased from International Center
for Chemical and Biological Sciences, ICCBS, University of Karachi. Seven days prior to the testing, rats were
housed separately in their cages for familiarization with a temperature of 22 + 2 °C, 12-h light/dark cycle, permitted
to consume water and rodent diet.

Oils and Chemical Reagents

Clove oil (Roghan-e-Long) was purchased from Hamdard Laboratories Wagf Pakistan, olive oil was procured
from Haque Planters, Karachi, Nigella sativa oil was procured from a commercial supplier in Karachi, Pakistan,
whereas Sigma-Aldrich was the source of all other chemicals.

Experimental Procedure

Animals were arbitrarily consigned as control and test group for 21 days. Rats from both groups were then split
into two groups: unrestrained (n=6) rats and restrained rats (n=6).

e Unrestrained group: control (water,0.2ml/kg/day) and test group, (clove oil, 0.2ml/kg/day, olive ail,

0.2ml/kg/day and NSO, 0.2ml/kg/day)

e Restrained group: control (water,0.2ml/kg/day) and test group, (clove oil, 0.2ml/kg/day, Olive oil,

0.2ml/kg/day and NSO, 0.2ml/kg/day)

After three weeks of repeated administration of oils, animals in restraint were subjected to acute stress for two
hours for two days. After two hours of acute stress, the rats were returned from the restraining tubes to their home
cages. Animals were euthanized using guillotine decapitation, and plasma and brain tissues were gathered and
preserved at —70 °C for subsequent biochemical assessments. The study strictly followed the 1985 revision of the
NIH Guide for the Care and Use of Laboratory Animals (Pub. No. 85-23) to alleviate animal distress and limit
animal numbers. With reference No. 03363/SC-2015, the study was carried out with official approval from the
University of Karachi's Institutional Review Board (IRB).
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Restraint Stress

The restraint stress model, a widely validated non-nociceptive method, restricts caudal movement in rodents.
Animals were confined in sealed, ventilated polymer tubes (20 cm X 6.5 cm), permitting only minimal lateral
movement (Sadaf et al., 2026).

Biochemical Parameters
Corticosterone Estimation

Plasma corticosterone was quantified via a fluorimetric assay according to Sadaf et al., (2026), offering a
dependable measure of the physiological stress response.

Estimation of Lipid Peroxidation (LPO)

Estimation of lipid peroxidation (umoles of MDA/g of the brain) was followed by Sadaf et al., 2017. 100 pL of
brain homogenate mixed with 2 milliliters of TCA —TBA (0.375mg/dL), water bath were used for boiling of the
mixture for 20 minutes, cooled under chilled water and centrifuge for 10 minutes at 2700 x rpm. Light pink color
supernatant had observed and absorbance were taken at 532nm.

Estimation of Superoxide Dismutase (SOD) Activity

The procedure for SOD estimation was followed by Sadaf et al., 2017, based on inhibition of nitroblue
tetrazolium. Brain homogenate (10mg/100 mL, 0.5 milliliter) was added with sodium carbonate (1 mL of 50
millimole), nitroblue tetrazolium (0.4 mL of 24 micromole), Ethylenediaminetetraacetic acid (0.2 milliliter of 0.1
millimole), nitric acid and hydrocholoric acid (0.4 milliliter of 1 millimole). Absorbance difference were read at 560
nm at time zero and five minutes against control without homogenate each time. Unit/ g of the brain was utilized to
provide the activity of SOD in term to reduced 50% nitroblue tetrazolium.

Estimation of Catalase Activity (CAT)

For catalase estimation, the reaction mixture was made by pouring brain homogenate (10mg/100mL, 0.1
milliliter) with 1 milliliter of 0.01 molar Phosphate buffer (pH 7.4 and 0.4 milliliter of 0.2 molar H,SO,4). Room
temperature was used for the tube’s incubation for 1 minute and 30 seconds. 02 mL of 5% dichromate acetic acid
(C,H4Cr,04-2) used to end the reaction. Further incubation at 100°C was proceed for 15 minutes in a boiling water.
Hydrogen peroxide deprived control ran and absorbance were taken at 570 nanometer. An action of CAT in brain
noticed as micromoles of H,O, used/ min/ g of brain (Sadaf et al., 2017).

Estimation of Glutathione Peroxidase Activity (Gpx)

0.3 mL of brain supernatant was combined with 1 mL of the reaction mixture for the GPx assay, 0.2 mL of
glutathione (2 mM), 0.1 mL of sodium azide (10 mM), 0.3 mL of phosphate buffer (pH 7.4, 0.1 molar), 0.1mL of
H,0, (ImM) and incubated at room temperature for 15 minutes by pouring 0.5 ml 5% Trichloroacetic acid. A 5
minutes of spin at 1500 x g was required to made supernatant then 0.1mL of clear supernatant was followed by
phosphate buffer 0.2 mL (0.1M, pH 7.4) and 5, 5'-Dithiobis, 2-nitrobenzic acid 0.7mL (0.4 mg/mL) and
absorbance were recorded at 420 nm. An action of GPx signified as micromoles/ min/ g/ of brain (Sadaf et al.,
2017).

Estimation of Plasma Glucose and Cholesterol Levels
Plasma glucose levels were measured using the Innoline® kit (Merck) CBA086 and plasma cholesterol was
measured using the Innoline® kit (Merck) MAKO043.

Statistical Analysis
The mean + SD is used to express the results. ANOVA in two ways were performed using SPSS 23.0, with the
comparisons Tukey's post-hoc test, at p > 0.05, differences were deemed non-significant.

RESULTS

Impact of oils on plasma corticosterone level

Figure 1 represented Two hour restraint stress significantly elevated plasma corticosterone levels in rats, with
two-way ANOVA showed significant effects of stress, oils, and their interaction (p<0.01). Pretreatment with oils
significantly reduced corticosterone levels in both unrestrained and restrained rats. Among the treatments, N. sativa
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oil exhibited the greatest efficacy in attenuating stress-induced corticosterone elevation in restrained animals (Table
1).

Impact of oils on lipid peroxidation

Figure 2 represented two hour restraint stress increased lipid peroxidation, as indicated by elevated
malondialdehyde (MDA) levels in rat brain tissue. ANOVA test shown significant effect of stress, a significant
effect of oils and a stress x oil interaction was observed (p<0.01). Pretreatment with oils significantly reduced lipid
peroxidation in both unrestrained and restrained rats, with NSO and clove oil producing a greater reduction in MDA
levels in restrained animals (Table 1).

Impact of oils on superoxide dismutase activity.

Figure 3A represented Two-hour restraint stress significantly decreased superoxide dismutase (SOD) activity in
rats. Two-way ANOVA showed a significant effect of stress, significant effect of oils, and a significant stress x oil
interaction (p<0.01). In both uncontrolled and restrained rats, pretreatment with oils markedly raised SOD activity,
while olive and clove oil showing higher SOD levels in restrained animals (Table 1).

Impact of oils on CAT activity

Figure 3B represented Two-hour restraint stress significantly decreased catalase (CAT) activity in rats. An
ANOVA showed that stress has a substantial impact, significant effect of oils, and significant stress x oil interaction
(p<0.01). Pretreatment with oils significantly enhanced CAT activity in each group, while olive oil showing the
highest increase in restrained animals (Table 1).

Table 1. Impact of clove, olive, and NOS on plasma hormones, metabolites, and brain antioxidant levels.

Parameters Effect of | Effect of Oils | Stress x Oils | Major Observations (Tukey’s Test)
Stress Interaction
Plasma F=34.693, F=285.199, F=88.085, 2 h restraint increased corticosterone;
corticosterone df=1,20, df=1,20 df=1,20 clove oil, olive oil, and NSO
p<0.01 p<0.01 p<0.01 significantly reduced levels in both
groups; NSO most effective in
restrained rats
Lipid F=12.12, F=69.722, F=16.795, Restraint increased MDA; all oils
peroxidation df=1,20 df=1,20 df=1,20 reduced LPO; greater reduction with
(MDA) p<0.01 p<0.01 p<0.01 NSO and clove oil in restrained rats
Superoxide F=13.75, F=15.262, F=110.403, Restraint decreased SOD; oils restored
dismutase (SOD) | df=1,20 df=1,20 df=1,20 SOD; olive and clove oil showed
p<0.01 p<0.01 p<0.01 higher SOD in restrained rats
Catalase (CAT) F=32.447, F=63.792, F=28.250, Restraint  decreased ~ CAT;  oil
df=1,20 df=1,20 df=1,20 pretreatment further enhanced CAT,;
p<0.01 p<0.01 p<0.01 olive oil most effective in restrained
rats
Glutathione F=109.418, F=69.302, F=71.701, Restraint decreased GPx; all oils
peroxidase (GPx) | df=1,20 df=1,20 df=1,20 further elevated GPx; olive and clove
p<0.01 p<0.01 P<0.01 oil showed higher activity in restrained
rats
Plasma glucose F=59.077, F=174.204, F=55.303, Restraint elevated glucose; oils reduced
df=1,20 df=1,20 df=1,20 glucose in both groups; NSO and olive
p<0.01 p<0.01 p<0.01 oil more effective in restrained rats
Plasma F=18.698, F=225.291, F=39.418, Restraint increased cholesterol; oils
cholesterol df=1,20 df=1,20 df=1,20 reduced cholesterol; olive oil showed
p<0.01 p<0.01 p<0.01 greatest reduction in restrained rats
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Impact of oils on glutathione peroxidase activity

Figure 3C represented Two-hour restraint stress significantly decreased glutathione peroxidase (GPx) activity
in rats. ANOVA showed significant effects of oils, significant effect of stress x oil interaction (p<0.01).
Pretreatment with oils significantly elevated GPx activity in each group, while olive and clove oil produced higher
GPx levels in restrained animals (Table 1).

Impact of oils on plasma glucose and cholesterol levels

Figure 4A represent two-hour restraint stress significantly raised plasma glucose levels in rats. ANOVA
revealed significant effects of stress, oils, and their interaction (p<0.01). Pretreatment with oils significantly reduced
glucose levels in both unrestrained and restrained rats, with NSO and olive oil showed greater reductions in
restrained animals (Table 1).

Figure 4B represent two-hour restraint stress significantly elevated plasma cholesterol levels in rats. ANOVA
showed significant effects of stress, oils, and their interaction (p<0.01). Pretreatment with oils significantly reduced
cholesterol levels in both unrestrained and restrained rats, with olive oil produced the greatest reduction in restrained
animals (Table 1).
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Fig. 2. Impact of oils on brain MDA level.
Fig.1, 2, Values are mean + SD (n=6). Tukey’s test evaluated the significant difference; **p<0.01 with
respect to controls, **P<0.01 with respect to unrestrained control.
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Fig. 3. A, B, C. Values are mean = SD (n=6). Tukey’s test evaluated the significant difference; **p<0.01 with respect to controls,

"*P<0.01 with respect to unrestrained control.
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Fig. 4B. Impact of oils on cholesterol level.
Fig. 4 (A, B). Values are mean + SD (n=6). Tukey’s test evaluated the significant difference; **p<0.01
with respect to controls, *"P<0.01 with respect to unrestrained control..

DISCUSSION

Acute stress responses are influenced by multiple factors, notably elevated glucocorticoid secretion. Imbalance
of the (HPA) axis and subsequent alterations in the corticosterone cascade have been linked to the improvement of
various psychological disorders (Perveen et al., 2014). In the present study, exposure to 2 h of restraint stress
resulted in a significant increase in plasma corticosterone levels in animals. Repeated administration of clove oil and
NSO effectively attenuated this stress-induced corticosterone elevation. Whereas, NSO demonstrated superior
efficacy as compared to clove and olive oil in restrained animals. These findings also aligned with Mansi, 2006,
reported that Nigella sativa extract modulates the HPA axis through alterations in ACTH signaling and
corticosterone regulation. In contrast, olive oil produced a more pronounced reduction in corticosterone levels in
unrestrained animals. Supporting evidence indicated that olive oil and its bioactive constituent oleuropein
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significantly suppressed corticosterone release in rats subjected to restraint stress (Nafees and Mohammad, 2018).
Furthermore, eugenol, the principal active component of clove oil, has been shown to attenuated stress induced
corticosterone secretion via modulation of HPA axis activity (Sadaf et al., 2026). Collectively, these findings
suggested that clove oil, olive oil, and NSO exert protective effects against stress-induced hyperactivation of the
HPA axis and consequent corticosterone elevation.

Stress is a chief reason that disrupts cellular homeostasis, leading to extreme production of ROS and subsequent
oxidative damage (Pizzino et al., 2017). In recent experiment, 2-hour restraint stress significantly increased lipid
peroxidation (LPO) in the rat brain, as indicated via elevated malondialdehyde (MDA) levels, reflecting
compromised tissue integrity. The high lipid concentration in the brain is vulnerable to oxidative damage, elevated
oxygen consumption, and limited antioxidant defenses (Trofin et al., 2025). Pretreatment with oils markedly
reduced LPO whereas, NSO showing the greatest efficacy, followed by clove oil, and olive oil exhibiting
comparatively lower effects in restrained rats. Antioxidant compounds in these oils mitigate LPO by suppressing
ROS formation and propagation. Clove oil decreased MDA levels, in accordance with past study (Ahmed and
Mohammed, 2024), while olive oil, rich in phenolic components such as oleuropein and hydroxytyrosol, penetrates
the blood brain barrier and exerts neuroprotective effects through radical scavenging, inhibition of oxidative chain
reactions, and metal-chelating activity (Zhang et al., 2022). NSO’s protective effect has attributed to its bioactive
compounds and essential fatty acids, which helps to restore membrane integrity by replacing polyunsaturated fatty
acids damaged by oxidative stress (Zhang et al., 2022).

The current findings revealed that two hour restraint stress significantly decreased SOD, CAT and GPx
activities in restrained rats brain. The reduction in SOD may promote excessive superoxide radical formation and
could result from oxidative modification of its polypeptide chain SOD serves as a primary antioxidant defense by
catalyzing the dismutation of superoxide anions, thereby limiting free radical mediated damage to membranes
(Zheng et al., 2023). Pretreatment with oils significantly restored SOD activity and further enhanced CAT and GPx
levels. NSO was the most effective, likely due to its capacity to scavenge superoxide radicals, convert them to less
reactive hydrogen peroxide, and boost endogenous antioxidant enzymes (Sadaf et al., 2017). Its principal bioactive
component, thymoquinone, reduced lipid peroxidation and supports antioxidant defenses (Nainawat et al, 2025).
Clove oil, rich in eugenol, effectively scavenges superoxide radicals, enhancing SOD, CAT, and GPx activities, due
to its hydrophobic and phenolic structure aiding blood brain barrier penetration and radical neutralization (Singh and
Panwar, 2014). Olive oil, containing oleuropein and hydroxytyrosol, also elevated SOD and CAT activities, due to
its phenolic compounds that contributed to both direct radical scavenging and enhancement of endogenous
antioxidant defenses (Gongalves et al., 2024).

Acute stress (AS) mobilizes energy resources to meet increased metabolic demands to enhance survival
(Pavlickova et al., 2024). In the present study, 2-hour restraint stress significantly increased plasma glucose and
cholesterol levels. Stress-induced elevations in catecholamines and corticosterone activate the “fight-or-flight”
response, promoting glycogenolysis, basal metabolic rate, and glucose production. Additionally, glucocorticoids
stimulate hepatic gluconeogenesis, inhibit insulin-mediated glucose uptake, and alter glycogen metabolism,
collectively contributing to hyperglycemia and insulin resistance (Kuo et al., 2015; Godoy et al., 2018). Oxidative
stress mediated hyperglycemia further increases ROS generation, leading to protein glycation and tissue damage
(Gonzalez et al., 2023).

Pretreatment with oils significantly reduced plasma glucose and cholesterol levels. NSO and olive oil showed
superior effects as compared to clove oil in restrained rats. NSO strengthened antioxidant defences by raising
catalase (CAT) and superoxide dismutase (SOD) activities while lowering malondialdehyde (MDA) levels,
consistent with its hypoglycemic effects attributed to thymoquinone and flavonoids (Sultan et al., 2014;
Abbasnezhad et al., 2016). NSO also enhanced lipid profiles by decreasing total cholesterol and raising HDL-
cholesterol, likely due to its polyunsaturated fatty acid content (Moftah et al., 2018). Olive oil and its leaf extracts
contain oleuropein and hydroxytyrosol which slow down carbohydrate absorption, and improve lipid profile by
lowering triglycerides and LDL-cholesterol while increasing HDL-cholesterol (Malliou et al., 2018; Mansure et al.,
2023;). Clove oil exhibited moderate antihyperglycemic and hypolipidemic effects, primarily via eugenol-mediated
enhancement of glycolytic enzymes and inhibition of HMG-CoA reductase (Bilgicli et al., 2019). Furthermore,
clove ail, olive oil, and NSO demonstrated significant anti-stress activity in rats, possibly through the modulation of
corticosterone, MDA levels, antioxidant enzymes, and biochemical parameters.

CONCLUSION

Acute restraint stress increases corticosterone, glucose, cholesterol, and oxidative damage in rat brains.
Pretreatment with Nigella sativa oil (NSO) and olive oil effectively reduced these effects, while clove oil offered
moderate protection. NSO was most potent, likely due to thymoquinone, flavonoids, and PUFAs, whereas olive oil’s
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benefits are linked to oleuropein, hydroxytyrosol, and PUFAs. These oils restore antioxidant defenses and normalize
metabolic parameters. The study highlights their potential as natural agents against stress-induced metabolic and
oxidative disturbances.
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