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EXPERIMENTAL STUDY

The effects of dexmedetomidine on biomarkers of oxidative
stress and antioxidants in kidney
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ABSTRACT
BACKGROUND AND AIM: Cerebral ischemia not only disrupts brain functions, but also damages other organs.
We aimed to determine whether two different doses of dexmedetomidine (DEX) had protective effects against
the oxidative damage to kidneys.
MATERIALS AND METHODS: Forty-two rats were equally divided into 7 groups. The first group was the control
group. Second group members were operated to expose the cerebral artery without inducing cerebral ischemia.
The third and fourth groups were DEX treatments groups. The fifth, sixth and seventh group were operated to
induce cerebral ischemia. DEX was given to the groups at the 3rd, 24th and 48th hour.
RESULTS: MDA levels in the kidneys were higher in the group with cerebral ischemia. Significant reductions in
MDA levels were observed after treatment with DEX in the ISCH group (p < 0.05). Decreased GSH-Px activity
and reduced glutathione GSH levels in the kidneys were observed with DEX treatments. After treatment, there
was a significant increase in α-tocopherol and β-carotene levels (p < 0.01).
CONCLUSION: DEX administration during cerebral ischemia had a positive effect on oxidative stress and antioxidants in rat kidney (Tab. 1, Fig. 5, Ref. 31). Text in PDF www.elis.sk.
KEY WORDS: dexmedetomidine, oxidative stress, antioxidants cerebral ischemia, kidney.

Introduction
Cerebral ischemia-induced injury is one of the leading causes
of death in the world and leads to a high mortality and disability
rate. The long-term outcome for the brain in cerebral ischemiainduced injury includes neuronal diseases (1). Cerebral ischemia
not only impairs brain functions, but also leads to disturbances
occurring in other organs. Reperfusion injury may occur after
the reintroduction of oxygenated blood to ischemic tissues, due
to released free oxygen radicals and activated neutrophils (2). It
has been proposed that cerebral ischemia is a manifestation of an
underlying multi-system endothelial disorder affecting the small
vessels of the kidney, brain, heart, and retina (3), possibly mediated through inflammation (4). After acute inflammatory response,
secondary organ dysfunction and finally organ failure might occur, due to free oxygen radicals and leukocyte aggregation (5–7).
After the cerebral ischemic injury, the generation of reactive oxygen species (ROS) may contribute to the neurodegenerative dis-

ease process through alterations in the structure of DNA, RNA,
proteins and lipids (8, 9). The imbalance between the production
of ROS and their elimination by protective mechanisms leads to
oxidative stress. This response occurs in various pathophysiological conditions such as: aging, inflammation, cardiovascular and
neurodegenerative diseases, damaging many components including proteins, DNA/RNA and lipids (10, 11). Several agents were
used in animal studies to protect organs from ischemia induced
oxidative stress. An approved agent for the indicated clinical use
with protective effects against ischemia-reperfusion injury of the
kidney is dexmedetomidine, a selective and potent α2-adrenoceptor
agonist. It is frequently used for anesthesia in daily practice and
for sedation, anxiolysis, and analgesia in the intensive care unit
(12–15). In this experimental study, we aimed to determine whether
two different doses of dexmedetomidine had protective effects
against the oxidative damage to kidneys in the cerebral ischemia
induction model on rats.
Materials and methods
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Animals
All animal procedures and protocols were performed in accordance with The Guide for the Care and Use of Laboratory
Animals and were reviewed and approved by the local experimental animal ethical committee of Suleyman Demirel University (Protocol number: 09-07-15/04). Alldata about the animals
and induction of cerebral ischemia methods were given in our
previous study (15).
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Tab. 1. The effects of DEX4 (4 g/kg) and DEX40 (40 g/kg) treatments on lipid peroxidation (MDA), reduced glutathione (GSH), antioxidant vitamin concentrations and glutathione peroxidase (GSH-Px) activity in kidney of cerebral ischemia (ISCH)-induced rats (mean ± SD and n = 6).
Parameters
MDA
(μmol/g protein)
GSH
(μmol/g protein)
GSH-Px
(IU/g protein)
β-carotene
(μmol/g kidney)
α-tocopherol
(μmol/g kidney)
a

Control

Sham

DEX4

DEX40

ISCH

ISCH+DEX4

SCH+DEX40

19.50±0.97

19.50 ±1.76

18.40±1.95

16.90±1.32

20.30±1.69d

18.10±1.77c

17.30±1.65c

10.10±0.44

9.45±0.51

10.40±0.81

10.70±0.80

8.94±0.61a

10.10±0.77c

10.20±0.53c

23.30±1.14

23.40 ±3.22

24.10±2.59

23.00±1.52

22.20±1.95

24.90±3.38

24.60±1.61

0.81±0.10

0.75±0.14

0.67±0.11

0.69±0.04

0.82±0.12a

0.86±0.11d

0.86±0.13d

11.70±2.08

11.20±1.00

12.40±0.81

12.10±1.13

10.10±1.19b

12.10 ±1.77d

12.30±0.51d

p < 0.05 and b p < 0.01 versus control, sham, DEX4 and DEX40 groups, c p < 0.05 and d p < 0.01 versus ISCH group

Experimental design
The rats were equally divided into seven groups (n = 6), as
followed:
Control Group: Non-ischemic, non-supplemented rats receiving physiologic saline solution (0.9 % w/v) via intraperitoneal
injection (IP) at the 3rd, 24th and48th hour.
Sham Group: The group was operated to expose the cerebral
artery, and the incision was then closed without inducing cerebral ischemia. The rats in this group received physiologic saline
solution via IP injection at the 3rd, 24th and 48th hour after the
operation.
DEX4 Group: Non-ischemic rats treated with Dexmedetomidine (Precedex flk, Meditera Group, Turkey) 4 g/kg, via IP injection at the 3rd, 24th and 48th hour.
DEX40 Group: Non-ischemic rats treated with Dexmedetomidine 40 g/kg via IP injection at the 3rd, 24th and 48th hour.
Ischemic Group (ISCH): Cerebral ischemia was induced by
30 min of cerebral artery occlusion, then IP injection of physiologic saline solution was applied at the 3rd, 24th and 48th hours.
Ischemic + DEX4 Group (ISCH+DEX4): Ischemic rats, treated
with DEX 4 g/kg via IP injection at the 3rd, 24th and 48th hour
after cerebral ischemia induction.
Ischemic + DEX40 Group(ISCH+DEX40): Ischemic rats,
treated with DEX 40 g/kg via IP injection at the 3rd, 24th and 48th
hour after cerebral ischemia induction.
Twelve hours after the last DEX and physiological saline administration, all rats were sacrificed via cervical dislocation and
kidney samples were taken.
Preparation of kidney tissue samples
Kidneys were stored in a deep freeze (−85 °C) until processing.
kidney sample was placed on ice, and homogenized by an ultrasonic homogenization (SONOPULS HD 2070, Bandelin Electronic, Berlin,Germany). All preparation procedures were performed
on ice. The homogenates were analyzed for estimation of tissue
MDA, GSH levels, GPx activity and antioxidant vitamin levels.
Analyses of the kidney samples homogenates
Analyses of the study were performed by the Neuroscience
Research Centre (NÖROBAM) of SDU, after approval of the

NÖROBAM scientific committee (Protocol no: 13.06.2015-0201). The MDA levels were measured by the method of Placer et
al (16). The results were expressed as μmol/g protein in the kidney
samples. Tissue protein determination was achieved by the method
described by Lowry et al (17). The GSH contents in the kidney
samples were spectrophotometrically (UV1800, SHİMADZU,
Kyoto, Japan) measured by the method of Sedlak et al (18). GSHPx activities of the kidney were measured spectrophotometrically
according to method of the Lawrence at al (19). GSH-Px activity
and GSH level in the kidney were expressed as IU/g protein and
μmol/g protein, respectively. Vitamin E (α-tocopherol) concentrations were determined in the kidney samples by a modified method
of Desai (20). β-carotene concentrations in the tissue samples were
analyzed by a modified method of Suzuki and Katoh (21).
Statistical analysis
The results are presented as the mean ± standard deviation
.The SPSS Statistical program (17.0, SPSS Inc. Chicago, Illinois, USA) was used for the statistical analysis of the data. The
Mann–Whitney U test was used to establish the significance of
differences among the four groups. The significance level was
set at p < 0.05.
Results
Malonyldialdehyde values
The results showed that MDA levels in the kidney samples in
the cerebral ischemia group were significantly (p < 0.01) higher
than in the control, sham, DEX4 and DEX40 groups. Therefore,
the oxidative stress level in the kidney of the rats was higher because of the induction of cerebral ischemia. However, administrations of DEX4 and DEX40 caused decrease in the MDA level
of the rat’s kidney samples. In other words, the MDA levels in
the kidney samples were lower in the DEX4 and DEX40 groups
as compared to the control and the sham control groups (p <
0.05). The MDA levels were higher in the ischemia group (p <
0.05) compared to the control, sham, DEX4 and DEX40 groups.
However, the MDA levels in the ischemia + DEX4 and ischemia
+ DEX40groups were significantly (p < 0.05) lower than in the
ischemia group (Fig. 1).
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Fig. 1. The effects of DEX4 (4 g/kg) and DEX40 (40 g/kg) treatments
on MDA level kidney of cerebral ischemia (ISCH)-induced rats (mean
± SD and n = 6).

Fig. 4. The effects of DEX4 (4 g/kg) and DEX40 (40 g/kg) treatments
on α-tocopherol level kidney of cerebral ischemia(ISCH)-induced rats
(mean ± SD and n = 6).

Fig. 2. The effects of DEX4 (4 g/kg) and DEX40 (40 g/kg) treatments
on GSH level kidney of cerebral ischemia(ISCH)-induced rats (mean
± SD and n = 6).

Fig. 5. The effects of DEX4 (4 g/kg) and DEX40 (40 g/kg) treatments
on β-carotene level kidney of cerebral ischemia (ISCH)-induced rats
(mean ± SD and n = 6).

control groups. β-carotene, and α-tocopherol concentrations were
improved by the DEX4 and DEX40 administration (p < 0.001).
The kidney antioxidant vitamin concentrations were higher in the
ISCH + DEX4 and ISCH + DEX40 groups compared to the ISCH
group (p < 0.05) (Figs 4 and 5).
Discussion

Fig. 3. The effects of DEX4 (4 g/kg) and DEX40 (40 g/kg) treatments
on GSH-Px activity kidney of cerebral ischemia(ISCH)-induced rats
(mean ± SD and n = 6).

GSH-Px activity and GSH level
GSH concentration in the kidney samples (p < 0.05), and
GSH-PX activities in the kidney samples (p < 0.01), were significantly lower in the cerebral ischemia group compared to the control and sham control groups. The kidney GSH levels were also
higher in the DEX4 and DEX40 groups compared to the control
and sham control groups (p < 0.05). However, GSH concentration (p < 0.05) and GSH-Px activity in the kidney (p < 0.01) were
markedly increased by the two (DEX4 and DEX40) treatments
(Figs 2 and 3).
Antioxidant vitamin concentrations
β-carotene (p < 0.01) and α-tocopherol (p < 0.01) concentrations in the kidney samples were significantly higher in the DEX4,
DEX40 and ischemia groups compared to the control and sham
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In the current study it has been observed that there was an increase in the levels of MDA and a decrease in the levels of GSH
and GPx levels in the kidney tissue of the rats as the results of the
cerebral ischemia. These findings suggest that oxidative stress
response after cerebral iscemia plays an important role in the
remote organ injury. Magdi et al (22) reported that the ischemiareperfusion injury triggered a systemic inflammatory response
and multiple organ dysfunction due to free oxygen radicals and
leukocyte aggregation. Many defence systems were developed in
the body to prevent cellular damage of free radicals. These are
called antioxidant defence systems. Antioxidants prevent lipid
peroxidation and cell damage by inhibiting peroxidation chain
reactions or by eliminating free radicals. The main endogenous
antioxidants include superoxide dismutase, glutathione peroxidase,
catalase, β-carotene, α-tocopherol, ascorbic acid, glutathione, ceruloplasmin, transferrin and ferritin (29). The imbalance between
the production of reactive oxygen (ROS) species and elimination
by protective mechanisms leads to oxidative stress. Oxidative
stress is highly correlated with a wide variety of inflammatory and
metabolic disease states, including ischaemia (22–24).
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Ischemic injuries contribute to increased ROS production and
these are important problems that all the tissues are faced with
in the presence of inadequate tissue oxygenation. The free radicals attack cell membrane, protein, DNA or RNA, and extracellular matrix and change their structure and then cause multiple
organ dysfunctions involving kidney damage. Oxidative damage
induced by reactive oxygen species (ROS) plays an important
role in the pathogenesis of acute kidney injury (15, 25–27). Free
oxygen radicals lead to membrane lipid peroxidation and the final
product of this reaction is malondialdehyde (28). Oxidative damage is aggravated by a decrease in antioxidant enzyme activities
such as: glutathione and glutathione peroxidase, which acts as a
free radical scavengers in conditions associated with oxidative
stress (29). GSH can help maintain normal immune system function, and has a function in antioxidation and integrated detoxification. Therefore, GSH plays an important role in protecting
cells against oxidative injury (30). GSH-Px is a powerful reducing agent and can eliminate the damage caused by free radicals
in the cells. Dexmedetomidine, a highly selective and potent α2
adrenoceptor agonist, has sedative, analgesic, sympatholytic, and
hemodynamic stabilizing properties and has been widely investigated in a variety of ischemic models and it was shown to have
protective effect on brain, lung, intestine, liver, cardiac, testicular, and kidney tissues in animal models (12–15). Dex is already
in clinical use as a sedative for intensive care unit patients, who
require only mild sedation and it seems to enhance renal function
also in some clinical cases (31, 22).
In the current study it has been also observed that there was
an increase in the levels of MDA and a decrease in the levels of
GSH, and GPx levels in the kidney tissue of rats. These findings
suggest that oxidative stress response after cerebral ischemia
plays an important role in the remote organ injury. Increase of
oxidative stress and deterioration of systemic reactions cause a
remote organ dysfunction caused by cerebral ischaemia. Cerebral injury leads to oxidative stress or damage in remote organs,
by causing a decrease in the activities of antioxidant enzymes.
On contrast, DEX treatment significantly decreases MDA and increases GSH, GPx levels and antioxidant vitamin concentrations
in the kidney of cerebral ischemia-induced rats. This indicates
that DEX can alleviate renal oxidative injury in the kidney with
cerebral ischemia-induced rats. The increased antioxidant vitamin concentrations in the kidney were improved by the DEX4
and DEX40 administration. However, the treatment induced an
oxidative toxicity in the kidney.
Kocoglu et al. reported that dexmedetomidine can decrease
ischemic injury on kidneys and may increase tolerance to renal
injury under ischemic conditions (27).
Conclusion
To the best of our knowledge, the current study is the first to
compare the drug DEX with particular reference to its effects on
oxidative stress, and the antioxidant redox system in experimental
cerebral ischemia-induced oxidative injury in rats. By reducing the
inflammatory response, DEX was able to reduce a remote kidney

injury. We found out that the 4 mg/kg and 4 mg/kg doses of DEX
had a protective effect on the oxidative stress occured during cerebral ischaemia in the kidney. The progression of oxidative injuries
of the kidney induced by cerebral ischemia might be modulated
by dexmedetomidine as a potent antioxidant drug. However, there
is a need of further studies investigating the clinical use of DEX
for ischemic damages of the kidney.
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