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Abstract

Background and Aim: Anxiety and depression are important health diseases in today's societies. Chronic
restraint stress disrupts the oxidant—antioxidant balance. Dexmedetomidine (Dex) is an a2-adrenergic receptor
agonist used as a preanesthetic drug. This study aimed to investigate the protective effects of dexmedetomidine
(Dex) against oxidative stress induced by chronic restraint stress in mouse kidney tissue.

Methods: In this experimental interventional study, 40 laboratory mice were divided into five groups (n=8):
1) Control, 2) Normal Saline (NS)-Stress, 3) Dex20-Stress, 4) Dex40-Stress, and 5) Dex80-Stress. The mice were
subjected to a chronic restraint stress model for 21 days, 3 hours daily. Animals in the Dex groups received the
drug at doses of 20, 40, and 80 nug/kg during the stress induction period. At the end of the study, serum levels of
corticosterone, urea, and creatinine, as well as the levels of antioxidant enzymes in kidney tissue were measured.

Results: Chronic restraint stress significantly increased serum levels of corticosterone, urea, and creatinine
compared with the control group (P<0.05). Dexmedetomidine reduced serum corticosterone levels from 283.20
ng/mL in the stress group to 80.70 ng/mL in the Dex-80 group (P<0.05). In addition, stress significantly increased
the level of the lipid peroxidation index and decreased the activities of the antioxidant enzymes SOD and GPX.
Administration of dexmedetomidine restored the levels of corticosterone and the activities of the antioxidant
enzymes SOD and GPX toward those observed in the control group (P<0.05).

Conclusion: The findings indicate that dexmedetomidine has antioxidant properties and can attenuate stress-
induced changes in serum urea, creatinine, and corticosterone levels, as well as MDA levels and the activities of
the antioxidant enzymes SOD and GPX in the kidney tissue of male mice subjected to chronic restraint stress.
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Extended Abstract

Background and Objective

Prolonged exposure to stress and a
sustained physiological response—without
resulting in adaptation—can lead to severe
consequences. Specifically, under stressful
conditions, the organism's energy demands
rise, thereby increasing the production of
free radicals (Nade VS, Yadav AV; 2010).

Dexmedetomidine (Dex) is a novel, highly
selective a2-adrenergic agonist widely used
in intensive care and anesthesia; there is a
growing trend toward using anesthetic
agents that—in addition to offering fewer
side effects and faster recovery—can
mitigate inflammatory responses through
antioxidant  properties. =~ While  the
neuroprotective  and  cardioprotective
effects of dexmedetomidine have been
reported, its potential to mitigate oxidative
stress-induced renal injury—particularly in
the context of chronic psychological
stress—has received limited investigation.
This study examined the protective effects
of the drug on oxidative stress status in the
renal tissue of mice subjected to chronic
restraint stress.

Methods

In this experimental intervention study, 40
male BALB/c mice weighing 25-30 g were
used. The mice were housed under identical
conditions—with free access to food and
water, a temperature of 22+2°C, and a
12/12-hour light cycle—at a density of five
animals per cage. The mice were randomly
assigned to five groups of eight: Group 1
(Control): received normal saline via
intraperitoneal injection for 21 days.

Group 2 (Stress — Normal Saline):
subjected to chronic restraint stress for 21
days. Group 3 (Stress — Dexmedetomidine
20): received dexmedetomidine via
intraperitoneal injection at a dose of 20
ug/kg of body weight during the chronic
restraint stress induction period. Group 4
(Stress — Dexmedetomidine 40): received

dexmedetomidine at a dose of 40 pug/kg of
body weight via intraperitoneal injection
during the chronic inhibitory stress
induction period. Group 5 (Stress -
Dexmedetomidine 80): received
dexmedetomidine at a dose of 80 pug/kg of
body weight via intraperitoneal injection
during the chronic restraint stress induction
period. At the end of the study period, 24
hours after the final injection, the animals
were anesthetized for surgery using
ketamine (40 mg/kg) and xylazine (10
mg/kg), and blood and kidney tissue
samples were collected from the animals in
the various groups. Plasma creatinine and
blood urea nitrogen (BUN) were both
determined spectrophotometrically using a
commercial kit (Zist-Shimi, Iran). Serum
corticosterone levels were measured using
commercial ELISA kits (Monobind, Iran).
The activities of SOD and GPX enzymes,
as well as TAC and MDA levels, were
measured using commercial kits (Zellbio
GmbH, Germany). SPSS-22 software was
used to analyze the data.

Results

An analysis of the results regarding serum
corticosterone concentrations in the various
study groups revealed a significant
difference between the stress group and the
control  group  (P<0.00, CI=/258).
However, a significant difference was
observed between the stress group and the
Dex-40 group (P<0.001, CI=/-55.87).
Statistical analysis of data related to serum
urea and creatinine factors showed that
serum urea concentration increased in the
stress group and this increase was
significant compared to the control group
(P=0.001, CI=%22.94). Furthermore, the
results regarding serum  creatinine
concentration revealed a  significant
difference between the control group and
the stress group (P=0.001, CI=Z44). An
analysis of the results regarding the activity
of the antioxidant enzyme SOD in the
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kidneys of the various animals revealed a
significant difference between the control
group and the stress group (P=0.016, CI=/.-
20.98). It was also found that there was no
significant difference between the control
group and the groups treated with
dexmedetomidine (P>0.05). Moreover, it
was determined that the results regarding
the activity of the antioxidant enzymes
GPX (P=0.001, CI= 7-36.82) and TAC
(P=0.003, CI=/ -22.61), as well as MDA
levels (P=0.001, CI= %.91.99), were similar.
Significant differences were observed for
all three measured parameters between the
control group and the stress group.

Conclusion

The present study demonstrated that
chronic restraint stress induces oxidative
stress in kidney tissue, and that oxidative
stress-induced damage is attenuated by
dexmedetomidine treatment. This study
demonstrated that chronic restraint stress
led to increased serum concentrations of
corticosterone, urea, and creatinine.
Furthermore, the activity of antioxidant

enzymes in kidney tissue decreased
significantly in the stress group, while the
level of lipid peroxidation increased. In the
present study, dexmedetomidine was
administered intraperitoneally to mice at
doses of 20, 40, and 80 pg/kg of body
weight. The results demonstrated the
beneficial effects of dexmedetomidine on
oxidative stress induced by chronic stress.
Furthermore, chronic restraint stress
increased renal tissue malondialdehyde
levels and significantly reduced the activity
of the renal antioxidant enzymes SOD and
GPX. In other words, chronic restraint
stress disrupts the oxidant-antioxidant
balance in kidney tissue, resulting in renal
damage; this is evidenced by the
relationship between serum markers of
kidney injury and alterations in renal
antioxidant enzymes. Conversely, the
administration of dexmedetomidine led to
an improvement in the parameters
evaluated. Based on this, it can be
concluded that dexmedetomidine, owing to
its antioxidant properties, is capable of
attenuating oxidative stress in renal tissue.
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