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Ischemia-reperfusion (I-R) injury remains the leading cause
of acute renal failure. The purpose of this experimental study was
to determine the role of dexmedetomidine on histologic alter-
ations induced by renal I-R in rats. In the present study, thirty
male Sprague-Dawley rats weighing 200–220 g were randomly
assigned into three groups: the sham-control group (group 1,
n = 10), the R/untreated group (group 2, n = 10), and the I-R/
dexmedetomidine-treated group (group 3, n = 10). For group
one, we performed a sham operation. The abdomen was
dissected, the right kidney was harvested, and then the left renal
pedicle exposed. Renal clamping was not applied. For group 2,
rats underwent left renal ischemia for 60 minutes followed by
reperfusion for 45 minutes. For group 3, the same surgical procedure
as in group 2 was performed, and dexmedetomidine (100 μg/kg,
intraperitoneal) was administrated at the starting time of reperfu-
sion. The rats were sacrificed after reperfusion, and the kidney
tissue was harvested. The histopathological score in the kidney
of the I-R/dexmedetomidine-treated group rats was significantly
lower than that of I-R/untreated group rats. This score in I-R/

untreated group rats was higher than the other two groups, which
was statistically significant. In the I-R/untreated group rats, kid-
neys of untreated ischemia rats showed tubular cell swelling, cellu-
lar vacuolization, pyknotic nuclei, medullary congestion, and
moderate to severe necrosis. Treatment with dexmedetomidine
shows normal glomeruli and slight edema of the tubular cells.
These findings provide the first evidence that dexmedetomidine
can reduce the renal injury caused by I-R of the kidney, and may be
useful in enhancing the tolerance of the kidney against renal injury.
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INTRODUCTION

Ischemia-reperfusion (I-R) injury remains the leading
cause of acute renal failure.[1] Hence, kidney injury caused
by ischemia and reperfusion is a major focus for both
fundamental and clinical research.[1] It has been demon-
strated histologically that acute tubular necrosis develops
during/after renal ischemia-reperfusion (I-R) injury.[2,3] The
organ dysfunction that accompanies this condition is gener-
ally associated with increased microvascular permeability,
interstitial edema, impaired vasoregulation, inflammatory cell
infiltration, and parenchymal cell dysfunction and necrosis.[4]
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Dexmedetomidine, a selective and potent α2-
adrenoceptor agonist, was approved by the U.S. Food and
Drug Administration in 1999 for sedation of patients hos-
pitalized in intensive care settings. Since then, a growing
number of research articles have emerged reporting other
possible indications, such as regional[5] and general[6]

anesthesia. Dexmedetomidine was reported to be effective
in protecting against focal ischemia in rabbits,[7] in cardiac
I-R injury in rats,[8] and in incomplete forebrain ischemia
in rats.[9] Despite its increased clinical use, many times in
critically ill patients,[10] the effect of dexmedetomidine on
renal I-R injury has not been yet investigated. The purpose
of this experimental study was to determine the role of
dexmedetomidine on histologic alterations induced by
renal I-R in rats.

MATERIALS AND METHODS

In the present study, thirty male Sprague-Dawley rats
weighing 200 to 220 g were used. All of the experimental
protocols were performed according to the guidelines for
the ethical treatment of experimentation animals.

Animals and Experimental Protocol

The rats were housed individually in cages and
were allowed free access to standard rat chow and water
before and after the experiments. The animal rooms
were windowless with temperature (22 ± 2°C) and
lighting controls. The animals were fasted overnight
before the experiments but were given free access to
water. They were anesthetized by 50 mg/kg ketamine
and 20 mg/kg xylazine body weight, i.p. The animals
were randomly separated into three groups, each con-
taining 10 rats:

• Sham-control group (group 1, n = 10). We per-
formed a sham operation. The abdomen was dis-
sected, the right kidney was harvested, and the left
renal pedicle exposed. However, renal clamping was
not applied.

• I-R/untreated group (group 2, n = 10). Rats were sub-
jected to the surgical procedures described below, and
underwent left renal ischemia for 60 minutes followed
by reperfusion for 45 minutes.

• I-R/dexmedetomidine-treated group (group 3, n = 10).
The same surgical procedure as in group 2 was performed.
Dexmedetomidine [Dexmedetomidine hydrochloride 100
μg/kg, i.p. (Precedex 100 mcg/2 ml, Abbott®, Abbott
Laboratory, North Chicago, Illinois, USA)] was adminis-
trated at the starting time of reperfusion.[11,12]

Ischemia Reperfusion Model

The abdomen was dissected under anesthesia, the
right kidney was harvested, and then the left renal artery
and vein were clamped with a hemostasis clip for 60 minutes.
The abdomen was closed during I-R. The clip was subse-
quently removed to permit reperfusion. Sham-operated
control rats underwent the same surgical procedure,
including dissection of the renal pedicle; however, renal
clamps were not applied. The rats were sacrificed after
reperfusion, and the kidney tissue was harvested.

Histopathological Evaluation

The extracted kidneys were fixed in 10% buffered
formalin, and embedded in paraffin. Sections were slided
to 5 μm-thick pieces and coded. The coded kidney
specimens were stained with hematoxylin and eosin and
examined in blinded fashion. Histological changes were
evaluated by quantitative measurement of tubulointerstitial
injury, which was assessed by counting the number of
necrotic and apoptotic cells, loss of tubular brush border,
tubular dilatation, cast formation, and neutrophil infiltration.
The scoring was 0 = none; 1 = 0–10%; 2 = 11–25%; 3 =
26–45%; 4 = 46–75%; and 5 = 76–100%.[13]

Statistical Analysis

All data were expressed as median ± standard error of
mean (SEM). Significance of differences was evaluated
using the Mann-Whitney U test. The level of statistical
significance was accepted as p less than 0.5.

RESULTS

The histopathological score of the rats in all groups
are presented in Figure 1. The histopathological score in
the kidney of I-R/dexmedetomidine-treated group rats was
significantly lower than that of I-R/untreated group rats
(p < 0.05). This score in I-R/untreated group rats was
higher than the other two groups, which was statistically
significant (p < 0.05 for all differences of the scores).

The sham-operated group did not show any morpho-
logical changes (see Figure 2A). By contrast, kidneys of
untreated ischemia rats showed tubular cell swelling,
cellular vacuolization, pyknotic nuclei, medullary con-
gestion, and moderate to severe necrosis (see Figure 2B).
Kidneys in the rats of the dexmedetomidine-injected group
showed normal glomeruli and slight edema of the tubular
cells (see Figure 2C).
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DISCUSSION

Acute renal failure produced by ischemia and reflow
is a clinical and experimental syndrome characterized by
major reductions in glomerular filtration rate, extensive
tubular damage, tubular cell necrosis, glomerular injury,
and signs of tubular obstruction with cell debris.[14–16]

Acute renal failure due to ischemia is a complex syndrome
involving renal vasoconstriction, extensive tubular dam-
age, tubular cell necrosis, glomerular filtration failure, and
glomerular injury.[17,18] Studies in animals have revealed a
number of factors that could contribute to the injury asso-
ciated with ischemic acute renal failure (ARF).[19] The
mechanisms proposed to explain the ischemia–reperfusion
injury include anoxia, release of reactive oxygen species
(ROS) during reperfusion, neutrophil accumulation, and
the subsequent release of additional ROS and lytic
enzymes.[18,20,21] In this study, we have reported (for the
first time, to our knowledge) that ischemia-reperfusion of
the rat kidney results in a significant renal injury, and the
administration of dexmedetomidine, a highly potent and
selective α2-adrenoreceptor agonist, administered at the
starting time of reperfusion of the kidney, can provide
varying degrees of protection against renal injury.

Dexmedetomidine has been widely investigated in a
variety of cerebral ischemia models. It has been reported

to protect against incomplete ischemia in rats[9] and
against focal ischemia in rabbits.[22] Decreased sympa-
thetic tone and inhibition of N-methyl-d-aspartate recep-
tor-mediated ion currents were believed to mediate the
reduction of necrotic cell death.[23] In a recent study,
Engelhard et al.[23] reported that dexmedetomidine
increased the concentration of the anti-apoptotic pro-
teins Bcl-2 and Mdm-2. It was also shown in their study
that neuroprotection mediated by the α2-agonist dexme-
detomidine might also involve apoptosis-regulating pro-
teins. In another study, Duminda et al.[24] suggested that
α2 adrenergic agonists reduce mortality and myocardial
infarction following vascular surgery. Frumento et al.[25]

showed a significant association between dexmedetomi-
dine infusion and improved postoperative renal function
in post hoc analysis of postoperative thoracic surgical
patients without renal disease, including indices of
glomerular filtration as well as urine flow rate. In the
present study, we found better histopathological struc-
ture in the kidney of dexmedetomidine-treated group
rats compared to the untreated group. In the untreated
group, the kidneys showed tubular cell swelling, cellular
vacuolization, pyknotic nuclei, medullary congestion,
and moderate to severe necrosis more apparently. Treat-
ment with dexmedetomidine prevented the injury, and
showed normal glomeruli and a slight edema of the
tubular cells.

The role of dexmedetomidine in the protection of
renal injury is not very clear. However, it was previously
reported that dexmedetomidine decreases the sympatheti-
cally mediated presynaptic release of norepinephrine in
the kidney, attenuates stress-induced increases in circulating
norepinephrine, and may maintain renal blood flow and
glomerular filtration.[26] Indeed, it is well established that
the administration of α2-adrenergic agonists can inhibit
the surgical stress response[27–29] and thereby protect the
kidney against the detrimental effects of adrenergic-
mediated vasoconstriction.[30] Dexmedetomidine could
promote renal arterial vasodilatation as well. There may be
direct vascular effects in the kidney also. Although we
have not studied the mechanisms by which dexmedetomi-
dine protects the kidney, we have found that it clearly
protects the kidney against I-R injury. This protection may
be related to the effects of dexmedetomidine explained
above.

As a result, it was shown for the first time that dexme-
detomidine reduces the renal injury caused by ischemia-
reperfusion. We conclude that, in conditions of renal
ischemia and consequent reperfusion such as arterial
occlusion, shock, and organ transplantation, dexmedeto-
midine may be useful in enhancing the tolerance of the
kidney against renal injury.

Figure 1. Histologic scores in groups. *p < 0.05 compared
with group 1. †p < 0.05 compared with group 2. Values are
mean ± SEM.
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