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Background: Ischaemia–reperfusion (IR) injury, which can be encountered during surgical procedures involving the abdominal aorta,
is a complex process that affects distant organs, such as the heart, liver, kidney, and lungs, as well as the lower extremities. In this
study, we aimed to contribute to the limited literature by investigating the protective effect of dexmedetomidine, which was
administered through different routes, on kidney tissue in rats with spinal cord IR injury.
Methods: A total of 30 rats were randomly divided into five groups: control (C group), IR (IR group), IR-intraperitoneal
dexmedetomidine (IRIPD group), IR-intrathecal dexmedetomidine (IRITD group), and IR-intravenous dexmedetomidine (IRIVD
group). The spinal cord IR model was established. Dexmedetomidine was administered at doses of 100 µg/kg intraperitoneally, 3 µg/
kg intrathecally, and 9 µg/kg intravenously. Histopathologic parameters in kidney tissue samples taken at the end of the reperfusion
period and biochemical parameters in serum were evaluated.
Results: When examined histopathologically, tubular dilatation was found to be significantly reduced in the IRIVD, IRITD, and
IRIPD groups compared with the IR group (p = 0.012, all). Vascular vacuolization and hypertrophy were significantly decreased in the
IRIVD, IRITD, and IRIPD groups compared with the IR group (p = 0.006, all). Tubular cell degeneration and necrosis were
significantly reduced in the IRIVD, IRITD, and IRIPD groups compared with the IR group (p = 0.008, p = 0.08, and p = 0.030,
respectively). Lymphocyte infiltration was significantly decreased in the IRIVD and IRITD groups compared with the IR group
(p = 0.006 and p = 0.06, respectively).
Conclusion: It was observed that dexmedetomidine administered by different routes improved the damage caused by IR in kidney
histopathology. We think that the renoprotective effects of dexmedetomidine administered intravenously and intrathecally before IR in
rats are greater.
Keywords: dexmedetomidine, ischaemia–reperfusion, intrathecal, intravenous, rat

Introduction
Spinal cord ischaemia–reperfusion (IR) injury is a condition that can be encountered during spine, spinal cord, and
thoracoabdominal aorta surgeries.1,2 Damage due to ischaemia during surgery is aggravated by reperfusion, and delayed
death of tissue cells may occur. When the spinal cord is subjected to ischemic injury, the vascularity in the tissue is
impaired and the blood–spinal cord barrier (BSCB) is compromised. The BSCB is an important structure that provides
the integrity of the central nervous system, which is an important physiologic and metabolic structure between
microvascular structures, such as the blood–brain barrier and the surrounding tissues.3
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Spinal cord IR injury can lead to damage by the disruption of the BSCB and by the proinflammatory mediators
reaching the kidney tissue, where microcapillary structures are dense, through the circulation.4 In the clinic, no specific
treatment is available other than supportive treatment to alleviate acute kidney injury (AKI) or accelerate its recovery.

Dexmedetomidine, a new, highly selective α-2 receptor agonist, has taken its place in the clinic due to its short
elimination half-life, non-addictive metabolites, and dose-dependent sedative, anxiolytic, analgesic, and anti-
sympathomimetic properties.5,6 Many studies have reported that continuous infusion of dexmedetomidine reduces
renal IR injury in patients and rats.7,8

This study, in rats with spinal cord IR injury, aimed to contribute to the literature by assuming that dexmedetomidine,
which is applied through different routes of administration in kidney tissue, may have a protective effect.

Methods
The study was started after obtaining approval from the Gazi University Animal Experiments Local Ethics Committee
(Approval No.: G.Ü.E.T-20.047). The animal studies were carried out in line with the Guide for the Care and Use of
Laboratory Animals (National Institutes of Health, 1986). A total of 30 adult male Wistar albino rats (aged 10–12 weeks)
weighing 250–325 g were obtained from Gazi University Laboratory Animal Breeding and Experimental Research
Center (GUDAM).

All rats were illuminated between 8:00 and 20:00. They were housed in separate cages in a room with 25 ± 2°C and
55 ± 5% absolute humidity. Free access to feed and water was allowed before and after the experiments. The rats were
anesthetized with intramuscular 100 mg/kg ketamine (Ketalar 1 mL: 50 mg, Pfizer, Istanbul, Turkey) and provided with
a body temperature of 36 ± 0.1°C using a heating pad. The rats were randomized into five groups, with six animals in
each group using the closed-envelope method (Figure 1).

The IR model in which the abdominal aorta was clamped was used to generate the experimental IR. The abdomen
was dissected with a vertical incision, and the abdominal aorta was not clamped in the control group (C group, n = 6).

The vertical incision was opened and the aortic clamp time was 30 minutes, followed by an ischemic period, and
a 2-hour reperfusion period was performed after the clamp was opened in the ischaemia–reperfusion group (IR
group, n = 6).

After the vertical incision, 30 minutes before the IR procedure, intraperitoneal dexmedetomidine hydrochloride 100
µg/kg (Sedodamid 100 µg/2 mL, Koçak Farma®, Turkey) was administered in the IR-intraperitoneal dexmedetomidine
group (IRIPD group, n = 6).

Intrathecal dexmedetomidine hydrochloride 3 µg/kg was administered using the same surgical procedure in the IR-
intrathecal dexmedetomidine group (IRITD group, n = 6) as in the IRIPD group. During the intrathecal application, when
the subarachnoid area was entered with a microsyringe between the L5 and L6 vertebrae of the rat and a sudden slight
movement of the tail was observed, the drug was administered in 30 seconds, and the needle was withdrawn after waiting
for 15 seconds.

Intravenous dexmedetomidine hydrochloride 9 µg/kg was administered through the tail vein, using the same surgical
procedure in the IR-intravenous dexmedetomidine group (IRIVD group, n = 6) as in the IRITD group.

Figure 1 The rats were randomized into five groups.
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To prevent hypovolemia, an isotonic saline solution was administered hourly (3 mL/kg, i.p.). The abdomen was
covered with a moist sterile pad during the reperfusion period.

Previous studies were considered when deciding on dexmedetomidine doses.9,10

For the IR model, the abdomen was dissected under anaesthesia, the abdominal aorta was clamped using
a haemostasis clamp for 30 minutes, and then the clamp was removed and the abdominal aorta was reperfused for 2
hours. The rats were sacrificed using the intracardiac blood collection method under deep anaesthesia. Kidney tissue
samples were collected and kept in 10% formalin solution and serum samples at –80°C, and biochemical and
histopathologic tests were performed.

Histopathologic Analysis
Renal tissues were sliced and immersed in 10% buffered neutral formalin and embedded in paraffin for 24 hours. Also,
4-μm tissue sections taken from paraffin blocks were mounted on slides for staining with haematoxylin and eosin (H&E).
The samples were examined histopathologically under light microscopy. The scoring of each tissue sample represented
the mean score of 10 different fields.

Renal injury was evaluated by determining glomerular vacuolization (GV), tubular dilation (TD), vascular vacuoliza-
tion and hypertrophy (VVH), tubular cell degeneration and necrosis (THDN), Bowman space dilation (BSD), tubular
hyaline cylinders (THC), lymphocyte infiltration (LI), and tubular cell shedding (TCS) as follows: 0, no change; +1,
minimal change; +2, medium; and +3, severe.11,12

Biochemical Analysis
Oxidative Parameters
The renal tissue was first washed with cold deionized water to discard blood contamination and then homogenized in
a homogenizer. Measurements of cell content require an initial preparation of the tissues. The preparation procedure may
involve grinding the tissue in a ground-glass tissue blender using a rotor driven by a simple electric motor. The
homogenizer, a tissue blender similar to the typical kitchen blender, is used to emulsify and pulverize the tissue
(Heidolph Instruments GMBH & CO KGDiax 900 Germany) at 1000 U for about 3 min. After centrifugation at
10,000 g for about 60 min, the upper clear layer was removed. Superoxide dismutase (SOD) activity was measured
using Durak et al’s method.13 The SOD activity method is based on the measurement of the absorbance increase at 560
nm due to the reduction of nitro blue tetrazolium (NBT) to a diformazan precipitate (NBTH2). One unit of SOD activity
was defined as the enzyme protein amount causing 50% inhibition in the NBTH2 reduction rate, and results were
expressed in U/mg protein. For the measurement of malondialdehyde (MDA) levels, the thiobarbituric acid (TBA)
reactive substance assay was performed using Van Ye et al’s method.14 The reaction with TBA at 90–100°C was used to
determine the MDA level because MDA or similar substances react with TBA and produce a pink pigment with an
absorption maximum of 532 nm. To ensure protein precipitation, the sample at room temperature was mixed with cold
20% (wt/vol) trichloroacetic acid, and the precipitate was then centrifuged for 10 min at 3000 rpm and room temperature
to form a pellet. An aliquot of the supernatant was then placed into an equal volume of 0.6% (wt/vol) TBA in a boiling
water bath for 30 min. Following cooling, sample and blank absorbance were read at 532 nm, and the results were
expressed as nmol/mg protein, based on a graph where 1,1,3,3-tetra methoxy propane was used as the MDA standard.
The sample protein amount was determined using the Lowry method, and BSA was used as the standard protein.15

Homogenization of Tissues
The renal tissue collected in the Eppendorf tube was frozen immediately in liquid nitrogen and stored at –80° C in a deep
freezer until the time of the total antioxidant status (TAS), total oxidant status (TOS), and oxidative stress index (OSI)
analyses. The procedures were performed very quickly so that the tissues would not thaw. First, pieces (80–100 mg) were
cut with 22 lancets (PLUSMED®) from the renal tissues and weighed on a precision scale. The weighed tissue was
smashed in a porcelain bowl in the presence of liquid nitrogen, and the powdered tissue was immediately transferred to
a homogenization tube (099C S3, Glas-Col). A KCl solution (140 mM) was added per gram of tissue to achieve a 1/10
(w/v) dilution. To avoid increasing the temperature, the homogenization tube was placed in a flake-ice-filled glass beaker.
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A Glas-Col (K5424®) homogenizer was used at a speed of 50 rpm for 2 min to complete the process (pestle, 099C S21G,
Glas-Col). Homogenates were transferred to 1.5-mL Eppendorf tubes and centrifuged at 3000 rpm for 10 minutes (NF
048, NUVE). The supernatants obtained were transferred to new Eppendorf tubes.

Measurements of TAS/TOS
TAS Measurement
The TAS test kit (RelAssay Diagnostic®, Turkey) was used according to the manufacturer’s instructions to measure the
TAS levels. In brief, 30 μL of the sample was mixed with 500 μL of measurement buffer (reagent 1) in an Eppendorf
tube, and 2 μL of that mixture was used to measure the absorbance at 660 nm (A1) (NanoDrop® ONE, Thermo
Scientific). Then, 75 μL of coloured 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS) (reagent 2) was
added to the mixture, and incubation was performed at 37 °C for 5 min (ST 30, NUVE). The A2 measurement was
evaluated at an absorbance of 660 nm. Trolox Eq solution at a concentration of 1 mmol/L was used instead of samples to
obtain the standard values. A1 and A2 measurements were performed three times for each sample, and the average values
were calculated. The absorbance change (ΔAbs) was calculated by subtracting the first absorbance value (A1) from
the second absorbance value (A2). The TAS level was calculated using the formula given in the kit and expressed as
mmol Trolox Eq/L.

TAS ¼
ΔAbs H2O � ΔAbs sample½ �

ΔAbs H2O � ΔAbs standard½ �

TOS Measurement
The TOS test kit (RelAssay Diagnostic®, Turkey) was used according to the manufacturer’s instructions to measure the
TOS levels. In brief, 75 μL of the sample was mixed with 500 μL of measurement buffer (reagent 1) in an Eppendorf
tube, and 2 μL of that mixture was used to measure the absorbance at 530 nm (A1) (NanoDrop® ONE, Thermo
Scientific). Then, 25 μL of pro-chromogenic solution (reagent 2) was added to the mixture, and incubation was
performed at 37°C for 5 min (ST 30, NUVE). The A2 measurement was evaluated at an absorbance of 530 nm.
A standard solution containing 10 μmol/L of hydrogen peroxide (H2O2) equivalent/litre given in the kit was used for the
standard measurement. A1 and A2 measurements were performed three times for each sample, and the average values
were calculated. The absorbance change (ΔAbs) was calculated by subtracting the first absorbance value (A1) from
the second absorbance value (A2). The TOS level was calculated using the formula given in the kit and expressed as
mmol H2O2 Eq/L.

TOS ¼
ΔAbs sample½ �

ΔAbs standard½ �
� standard concentration 10μmol=L½ �

Oxidative Stress Index
The OSI, which is shown as an indicator of oxidative stress, is expressed as the ratio of TOS to TAS levels. When
calculating the OSI of the samples, TAS levels were multiplied by 100 to equalize the TOS levels and the units [20]. The
results were expressed as arbitrary units (AU).

OSI ¼
TOS; μmolH2 O2 Equiv:=L

TAS; mmol Trolox Equiv:=L�100

Statistical Analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS, Chicago, IL, USA) 20.0
program. The Shapiro–Wilk test and Q–Q plot test were used to assess data distribution. The results were analysed using
the Kruskal–Wallis test, with a Bonferroni-adjusted Mann–Whitney U post hoc test. The results were expressed as the
mean ± standard deviation (SD) and median (25–75%). A value of p < 0.05 was considered statistically significant.
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Results
When examined histopathologically, there was significantly more tubular dilatation in the IR group than in the C group
(p = 0.003). Tubular dilatation was significantly decreased in the IRIVD, IRITD, and IRIPD groups compared with the IR
group (p = 0.012, all). There was significantly more vascular vacuolization and hypertrophy in the IR group than in the
C group (p = 0.001). Vascular vacuolization and hypertrophy were significantly decreased in the IRIVD, IRITD, and
IRIPD groups compared with the IR group (p = 0.006, all). There was significantly more tubular cell degeneration and
necrosis in the IR group than in the C group (p = 0.008). Tubular cell degeneration and necrosis were significantly
decreased in the IRIVD, IRITD, and IRIPD groups compared with the IR group (p = 0.008, p = 0.08, and p = 0.030,
respectively). Lymphocyte infiltration was significantly greater in the IR group than in the C group (p = 0.001).
Lymphocyte infiltration was significantly decreased in the IRIVD and IRITD groups compared with the IR group (p =
0.006 and p = 0.06, respectively) (Table 1, Figures 2–6).

Biochemical Results
TAS levels showed statistically significant differences in all groups (p = 0.001). TAS levels in the IR group were
significantly lower than in the C group (p < 0.0001). TAS levels in the IR group were significantly higher than in the
IRIVD, IRITD, and IRIPD groups (p = 0.001, p = 0.001, and p = 0.009, respectively) (Table 2).

Similar to TAS levels, TOS levels were statistically significantly different in all groups (p < 0.0001). TOS levels were
significantly higher in the IR group than in the C and IRIPD groups (p < 0.0001 and p = 0.032, respectively). TOS levels
in the IRIVD, IRITD, and IRIPD groups were significantly lower than in the IR group (p < 0.0001, p < 0.0001, and p =
0.005, respectively) (Table 2).

OSI showed statistically significant differences in all groups (p < 0.0001). OSI in the IR and IRIPD groups were
significantly higher than in the C group (p < 0.0001 and p = 0.022, respectively). OSI in the IR group was significantly
higher than in the IRIVD, IRITD, and IRIPD groups (p < 0.0001, all) (Table 2).

The MDA levels were significantly higher in the IR group than in the C group (p < 0.0001) and were significantly
lower in in the IRIVD, IRITD, and IRIPD groups than in the C group (p < 0.0001, p < 0.0001, and p = 0.001,
respectively). SOD activity was significantly lower in the IR group than in the C group (p < 0.001) and significantly
higher in the IRIVD, IRITD, and IRIPD groups than in the IR group (p < 0.0001, p < 0.0001, and p = 0.007, respectively)
(Table 2).

Table 1 Renal Tissue Histopathological Findings [Median (25%-75%)]

Group C
(n=6)

Group IR
(n=6)

Group IRIVD
(n=6)

Group IRITD
(n=6)

Group IRIPD
(n=6)

P**

Glomerular vacuolization (GV) 0.00 (0–1) 1.00 (0–1) 0.50 (0–1) 0.00 (0–1) 0.00 (0–1) 0.795

Tubular dilatation (TD) 0.00 (0–1) 1.00 (1–2)* 0.50 (0–1)& 0.50 (0–1)& 0.50 (0–1)& 0.026

Vascular vacuolization ve hypertrophy

(VVH)

0.00 (0–0.25) 1.00 (1–1.25)* 0.00 (0–0)& 0.00 (0–0)& 0.00 (0–0)& 0.010

Tubular cell degeneration ve necrosis

(TCDN)

0.00 (0–1) 1.00 (1–1.25)* 0.00 (0–1)& 0.00 (0–1)& 0.50 (0–1)& 0.034

Bowman space dilatation (BSD) 0.00 (0–1) 1.00 (0.75–1) 0.00 (0–1) 0.50 (0–1) 0.00 (0–1) 0.370

Tubular hyaline cylinders (THC) 0.00 (0–1) 1.00 (0.75–1) 0.50 (0–1) 0.50 (0–1) 0.50 (0–1) 0.567

Lymphocyte infiltration (LI) 0.00 (0–0.25) 1.00 (1–1.25)* 0.00± (0–1)& 0.00 (0–1)& 1.00 (0–1) 0.010

Tubular cell shedding (TCS) 0.00 (0–0.25) 1.00 (0.75–1) 0.00 (0–1) 0.50 (0–1) 0.50 (0–1) 0.225

Notes: P**Significance level with Kruskal–Wallis test; p< 0.05. *p<0.05: Compared with Group C; &p<0.05: Compared with Group IR.
Abbreviations: Group C, group control; Group IR, group ischaemia-reperfusion; Group IRIVD, group ischaemia-reperfusion intravenous dexmedetomidine; Group IRITD,
group ischaemia-reperfusion intrathecal dexmedetomidine; Group IRIPD, group ischaemia-reperfusion intraperitoneal dexmedetomidine.
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Discussion
AKI due to spinal cord IR injury is a complication that can develop after major vascular surgeries, such as thoracoab-
dominal aortic surgery, causing negative outcomes as well as high costs and long-term treatment.16 Serious complications
such as this cause impaired blood flow in the aorta, decreased oxygen and nutrient delivery to the tissue, accumulation of
intracellular sodium, hydrogen, and calcium ions, and tissue acidosis, which leads to mitochondrial membrane depolar-
ization and adenosine triphosphate (ATP) depletion.17

Figure 3 Group IR, H&Ex100.
Abbreviations: g, glomerulus; dt, distal tubule; pt, proximal tubule; m, macula densa; inf, inflammation; conj, congestion; ↓, dilated tubule.

Figure 2 Normal kidney tissue, Group C, H&Ex100.
Note: Image shows histopathologic analysis of kidney samples.
Abbreviations: g, glomerulus; dt, distal tubule; pt, proximal tubule; C, cortex; ^, Bowman space; RC, renal cortex.

Figure 4 Group IRIVD, H&Ex100.
Abbreviations: g, glomerulus; dt, distal tubule; pt, proximal tubule; RC, renal cortex; m, macula densa.
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With reperfusion, the release of free radicals and proinflammatory cytokines occurs due to the development of
mitochondrial failure in kidney tissue. In ischemic conditions, mitochondria switch from aerobic to anaerobic metabo-
lism, ATP production decreases, and acid accumulation occurs in the tissue. With a decrease in ATP production, sodium
increases inside the cell, and potassium increases outside the cell, which initiates cell depolarization. The compensatory

Figure 6 Group IRIPD group, H&Ex100.
Abbreviations: g, glomerulus; dt, distal tubule; pt, proximal tubule; RC, renal cortex; ↓, dilated tubule.

Figure 5 Group IRITD, H&Ex100.
Abbreviations: g, glomerulus; dt, distal tubule; pt, proximal tubule; ^, Bowman space; ↓, dilated tubule.

Table 2 Rat Kidney Tissue Oxidant Status Parameters [Mean ± SD]

Group C
(n=6)

Group IR
(n=6)

Group IRIVD
(n=6)

Group IRITD
(n=6)

Group IRIPD
(n=6)

P**

TOS (IU/mg.protein) 13.63±1.40 18.80±1.69* 13.55±1.43& 14.25±1.77& 15.82±1.96*,& <0.0001

TAS (nmol/mL) 1.63±0.09 1.29±0.09* 1.58±0.12& 1.57±0.14& 1.51±0.15& 0.001

OSI (AU) 0.08±0.01 0.15±0.02* 0.09±0.01& 0.09±0.02& 0.11±0.01*,& <0.0001

SOD (ng/gram tissue) 1657.55±283.35 650.33±121.48* 1573.73±279.03& 1586.69±158.33& 1266.19±115.35& <0.0001

MDA (nmol/gram tissue) 1223.13±266.16 2426.50±256.75* 1352.66±275.25& 1471.84±107.92& 1606.75±235.99& <0.0001

Notes: P**Significance level with Kruskal–Wallis test; p< 0.05.*p<0.05: Compared with Group C; &p<0.05: Compared with Group IR.
Abbreviations: Group C, group control; Group IR, group ischaemia-reperfusion; Group IRIVD, group ischaemia-reperfusion intravenous dexmedetomidine; Group IRITD,
group ischaemia-reperfusion intrathecal dexmedetomidine; Group IRIPD, group ischaemia-reperfusion intraperitoneal dexmedetomidine, TOS, total oxidant status; TAS,
total antioxidant status; OSI, oxidative stress index; AU, arbitrary units; SOD, superoxide dismutase; MDA, malondialdehyde.
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increase in intracellular calcium causes proteolytic enzyme activation, which leads to apoptosis and necrosis, and
enzymatic activities, such as ATP-based phosphorylation, are also affected.18

During surgery, the body is exposed to surgical stress in which inflammatory, endocrine, metabolic, and immunologic
mediators are activated, and when IR is added during surgery, exaggerated reactive oxygen radical formation occurs.19 In
normal tissue physiology, the scavenging of reactive oxygen radicals can be achieved by various enzymatic mechanisms.
It has been shown that reperfusion of ischemic tissue may lead to an excessive increase in reactive oxygen species and
that this oxidative burst may mediate IR injury, and it has been reported that it may be accompanied by serious cellular
events such as lipid peroxidation.20

Major contributors to the damage caused by IR include the production of reactive oxygen radicals, the release of
proinflammatory cytokines that exacerbate inflammation and tissue damage, and the activation of immune cells that
cause cell death via apoptosis or necrosis.21 As the oxidative stress level and the severity of the inflammatory process
increase in the tissue subjected to IR, they may cause inflammatory activation both in that tissue and in distant organs that
have not been exposed to ischaemia, and the process may lead to multiorgan failure.22,23 Previous studies have also
shown that IR causes an increase in inflammatory mediators in local and distant organs.24 These cytokines can induce
tubular epithelial cell necrosis and renal tubular atrophy and eventually lead to IR injury–induced AKI.25–27

The balance between pathogenic mechanisms [eg prolonged ischaemia, cell death, and the production of proinflam-
matory mediators such as tumour necrosis factor (TNF)-α] and protective mechanisms (eg the production of extracellular
adenosine, haem oxygenase, leukotrienes) determines the outcome of AKI that develops as a result of IR injury.28

In most studies with spinal cord IR models, a reperfusion period is applied after a 30-minute ischaemia period in the
aorta.29 In the renal IR model in rats, functional impairment in renal functions develops during the reperfusion period,
which lasts approximately 6–24 hours.30 In our study, we preferred to apply a 30-minute ischaemia period followed by
a 2-hour reperfusion period.

TAS and TOS can provide accurate information by enabling the measurement of unknown markers in the serum,31,32

MDA is a useful indirect indicator that can show free radical–related damage,33,34 and SOD is an important antioxidant.35

TOS, TAS, OSI, MDA, and SOD were used to determine the oxidant–antioxidant level in our study. SOD and TAS levels
were found to be significantly higher in the IRIVD, IRITD, and IRIPD groups than in the IR group. TOS levels were
found to be significantly lower in the IRIVD, IRITD, and IRIPD groups than in the IR group, whereas they were found to
be significantly higher in the IRIPD group than in the C group. OSI, which is shown as an indicator of oxidative stress, in
the IR group was significantly higher than in the IRIVD, IRITD, and IRIPD groups. MDA levels were found to be
significantly lower in the IRIVD, IRITD, and IRIPD groups than in the IR group. Based on the findings of this study, it is
clear that dexmedetomidine treatment protects against oxidative stress, and dexmedetomidine can achieve an anti-
inflammatory effect by inhibiting the expressions of inflammatory factors in renal tissue and can inhibit the process of
oxidative stress damage.

Therapeutic approaches to preventing or treating AKI are limited, so preventive approaches are important.36 The
protective effects of dexmedetomidine have been demonstrated in preclinical studies in a wide variety of organ systems,
and it has been stated that this feature may be due to its anaesthetic effect and its anti-inflammatory and anti-apoptotic
properties.37–40

The effects of dexmedetomidine have been explained by various mechanisms. It acts on the locus caeruleus and
reduces the central sympathetic outflow and surgical stress response by stimulating presynaptic a2-adrenoceptors, which
prevent the release of noradrenaline in the sympathetic synapses.41 It decreases the genetic expression of proinflamma-
tory mediators, such as interleukin 1β (IL-1β), IL-6, and TNF-α, and the expression of TNF-α and IL-6 by inhibiting toll-
like receptor 4 (TLR-4), which initiates an innate immune response, after being activated by endogenous ligands secreted
from necrotic cells due to injury, and by down-regulating the activity of nuclear transcription factor B (NFκB) and
mitogen-activated protein kinase (MAPK).42 It increases the expression of anti-inflammatory IL-10 by decreasing the
phosphorylation of Janus kinase 2 (JAK2) and the signal transducer and activator of transcription (STAT)-3.43

The anti-inflammatory and anti-apoptotic effects of dexmedetomidine also improve histopathological results. In the
study by Kuzgun et al, it was observed that the proximal tubule and total cell damage scores were improved in the groups
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that received intraperitoneal dexmedetomidine (100 μg/kg) before the renal IR model in rats in which diabetes mellitus
was induced using streptozotocin.10

In another study examining the effects of dexmedetomidine on IR-induced kidney damage, intraperitoneal dexme-
detomidine (25 µg/kg) was injected 30 minutes before IR in one group. It was found that focal renal haemorrhage, focal
tubular necrosis, neutrophil infiltration, and vacuolar degeneration in renal tubular epithelial cells were significantly
lower than in the IR group.34

In this study, the effect of dexmedetomidine administered by different routes before spinal IR injury on kidney tissue
was examined histopathologically. Histologic damage, including TD, VVH, and THDN, was found to be less in the
dexmedetomidine groups than in the IR group. Lymphocyte infiltration was found to be decreased in the IRIVD and
IRITD groups. Lymphocyte infiltration also decreased in the IRIPD group, but no significant difference was found when
compared with the IR group.

The anti-inflammatory activity of dexmedetomidine may change in a dose-dependent manner. Xu et al reported that
intraperitoneal 25 μg/kg, 50 μg/kg, and 100 μg/kg dexmedetomidine decreased IR injury in a dose-dependent manner on
kidney and myocardial tissue, by reducing the inflammatory effect, in rats in which IR injury was created.44

In light of studies in the literature, considering that dexmedetomidine administered by different means might have an
anti-inflammatory effect, it was desired to contribute to the limited literature with this study. However, the study had
some limitations. One was the inability to apply a longer reperfusion time, such as 24 hours, to detect variations in
biochemical and histopathologic parameters. As stated in the literature, dexmedetomidine decreases the genetic
expression of proinflammatory mediators.42 Therefore, we did not measure inflammatory and apoptotic markers by
ELISA or by immunohistochemistry. Another was the failure to provide haemodynamic monitoring in the experimental
model.

Conclusions
In sum, dexmedetomidine, a selective α-2 adrenergic receptor agonist, had kidney protective effects because renal
oedema and inflammatory response decreased significantly when it was administered 30 minutes before an IR procedure
in rats with spinal cord IR injury. Furthermore, it was observed that dexmedetomidine had renal protective effects
because it improved histopathological results and decreased oxidative stress and lipid peroxidation markers in the groups
in which it was used. It was seen that this effect was greater with the intravenous and intrathecal administration of
dexmedetomidine.
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