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Abstract

Objectives: It was aimed to evaluate histological effects of different doses of dexmedetomidine on lung
injury induced by liver ischemia-reperfusion in rats.
Materials and methods: Forty rats were included into the study in Inonu University Animal laboratory
at 2013, In Group 1, the liver was manipulated and no occlusion of the vessels of the liver was
performed. In IR Group 2, 60 min of ischemia and 60 min of reperfusion were applied. In Group 3, 10
µg/kg of dexmedetomidine was injected into the peritoneal cavity 30 min before ischemia. In Group 4,
100 µg/kg of dexmedetomidine was administered via intraperitoneal route 30 min before ischemia.
Further procedures in groups 3 and 4 were the same as those of group 2. After the experiment was
completed, the rats were killed and then histologic assessments were performed to the lung tissues.
Results: Histopathological damage score in group 2 was higher than in group 1. Although lung damage
was recognized as alleviated in group 3, the lesions did not completely improve. However, treatment with
100 µg/kg of dexmedetomidine was more effective than 10 µg/kg of dexmedetomidine injection in respect
to protection of alveolar structures. The difference was found to be statistically significant between
group 3 and group 4 in terms of histopathological damage score.
Conclusions: The present study suggests that dexmedetomidine administration may be beneficial for
preventing lung injury induced by hepatic IR.
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Introduction
The liver is highly sensitive to ischemia/reperfusion injury
(IR), which occurs clinically during hemorrhagic shock,
disseminated intravascular coagulation, liver transplantation
and surgery involving this organ [1]. Liver IR injury causes a
systemic inflammatory response [2]. The intensity of this
inflammatory reaction in postischaemic tissue can be so great
that the injury response to reperfusion is also manifested in
remote organs. These remote effects of IR are most frequently
observed in the lung and can result in the development of acute
lung injury (ALI) or acute respiratory distress syndrome
(ARDS) both of which are important causes of mortality in
critically ill patients for which the mortality rate is 40-50% [3].

Dexmedetomidine is a potent and selective α2-adrenergic
receptor agonist with sedative, analgesic and hemodynamic
properties. It has been used as an adjunct to anesthesia,
analgesia and intensive care unit sedation. Previous studies
showed that, in addition to it’s anesthetic property,

dexmedetomidine also has anti-inflammatory and anti-
apoptotic effects [4,5]. Despite it’s increasing clinical use, the
effects of dexmedetomidine on lung injury induced by liver
ischemia-reperfusion have yet to be adequately investigated
[6]. The purpose of this experimental study was to evaluate
histological effects of different doses of dexmedetomidine on
lung injury induced by liver ischemia-reperfusion in rats.

Methods
In this forty Spraguee Dawley male rats with mean weight of
250-350 g were used as prospective at Inonu University,
Faculty of Medicine, Multidisciplinary Laboratory of
Experimental Animals in 2013, with permission no. 2013/A-80
from Inonu University, Medical School, Ethical Committee of
Laboratory Animal Research. The rats were housed in
transparent polycarbonate cages in a gloomy room with air
conditioning and temperature ranging 22°C ± 2°C, and a
rotation of light illumination for 12 h and dark illumination for
the other 12 h. All rats were fed with standard pelleted feeds,
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and provided with fresh tap water. Rats were anesthetized as
with urethane (1.2 g/kg) route intraperitoneally (i.p.). The rats
were allocated randomly to one of four groups.

Sham control Group (Group 1, n=10): The liver was
manipulated following laparotomy and no occlusion of the
vessels of the liver was performed. IR Group (Group 2, n=10):
The segmental (70%) hepatic warm ischemia model was used
after the laparotomy [7]. Following an ischemia period of 60
min, the atraumatic microvascular clamp was removed.
Reperfusion period was maintained for 60 min. Drugs were
administered as double blind, IR+10 µg/kg of
dexmedetomidine Group (Group 3, n=10): 10 µg/kg of
dexmedetomidine was injected into the peritoneal cavity 30
min before ischemia. Further procedures were the same as
those of group 2. IR+100 µg/kg of dexmedetomidine Group
(Group 4, n=10): 100 µg/kg of dexmedetomidine was
administered via intraperitoneal route 30 min before ischemia.
Further procedures were the same as those of Group 2. The
removed lung tissues were stored in a deep freezer at -80°C
after the reperfusion period until histological assessments were
performed. At the end of the procedures, the animals were
sacrificed via cardiac puncture.

Histopatological evaluations
The lung tissues were fixed in 10% formalin for 24 h and were
embedded in paraffin. Paraffin blocks were cut at 5 μm,
mounted on slides and stained with hematoxylin-eosin (H-E).
Sections were examined under X20 magnification for severity
of lung injury such as inflammatory cell infiltration,
hemorrhage, thickened of alveolar wall and congestion. Lung
damage was semi-quantitatively graded for this analysis as
absent (0), mild (1), moderate (2), and severe (3), for each
criterion. The maximum score was 12. All sections were
examined by a histologist blinded to the grouping of the
animals using a Leica DFC280 light microscope and a Leica Q
Win and Image Analysis system (Leica Micros Imaging
Solutions Ltd., Cambridge, UK).

Statistical evaluation
Statistical analysis was carried out using the SPSS for
Windows version 13.0 (SPSS Inc., Chicago, IL., USA)
statistical program. All data are expressed as median ±
(minimum-maximum). Normality values for continued
variables in groups were determined by the Shapiro Wilk test.
The variables did not show normal distribution (P<0.05).
Kruskal-Wallis and Mann-Whitney U tests were used for
comparison of variables among the studied groups. P <0.05
was regarded as significant.

Results
The Sham-control Group (Group 1) showed a normal
pulmonary structure (Figure 1A). However, in the IR group
(Group 2), histopathological changes were observed such as
hemorrhage, interstitial congestion and accumulation of
inflammatory cell. Moreover the alveolar septa were markedly

thickened (Figure 1B). A statistically significant increase in
histopathological damage score was found in the IR Group
(Group 2) in comparison with the Sham-control Group
(P=0.001).

Figure 1. The histopathological damage score of all groups (Data are
expressed median ± (min-max)), A) Sham-control: Histopathological
damage score; 0.50 (0-2); B) IR group; Histopathological damage
score: 8.00 (6-11)a; C) IR+10 µg/kg of dexmedetomidine group;
Histopathological damage score 6.00 (5-7)b; D) IR+100 µg/kg of
dexmedetomidine group: Histopathological damage score 5.00
(4-6)b,c; [aP=0.001 vs. Group Sham-control; bP=0.003 vs. Group IR;
cP=0.022 vs. Group IR+10 µg/kg of dexmedetomidine].

On the other hand, although lung damage was recognized as
alleviated in IR+10 µg/kg of dexmedetomidine Group (Group
3), the lesions did not completely improve. Degenerative
alterations like interstitial congestion, inflammatory cell
infiltration and thickening of the inter-alveolar septain some
areas were still present in this Group (Figure 1C). However,
reduction in thickening of interalveolar septa is seen in
treatment with 100 µg/kg of dexmedetomidine. Therefore,
treatment with 100 µg/kg of dexmedetomidine was more
effective than treatment with 10 µg/kg of dexmedetomidine
injection in respect to protection of alveolar structures (Figures
1C and 1D). The difference was found to be statistically
significant between group 3 and group 4 in terms of
histopathological damage score (P=0.022). The
histopathological damage score was demonstrated in Figure 1.

Discussion
It has been demonstrated in this study that hepatic IR caused
structural changes in the lungs whereas dexmedetomidine
significantly decreased these changes. However, 100 μg/kg
dose of dexmedetomidine was more effective than 10 μg/kg
dose of dexmedetomidine. Liver transplantation and surgery
involving this organ, hemorrhagic shock, disseminated
intravascular coagulation may lead to hepatic IR injury [1].
Lung injury is one of the most severe complications after
hepatic IR and a major concern in the ICU [8-10]. Lung injury
pathogenesis following hepatic IR is observed to be multi-
factorial. Inflammatory leukocytes and reactive oxygen species
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(ROS) are IR-induced remote organ injury mediators. Remote
organ injury is caused by ROS either directly via oxidative
stress or indirectly through the release of proinflammatory
cytokines such as tumor necrosis factor (TNF)-α, interleukin
(IL)-1β, and IL-6 from the reperfused liver [11,12].
Inflammatory mediators are generated via postischaemic
tissues which can activate the circulating neutrophils. The
activated neutrophils are accepted as mediators of IR induced
remote organ injury [12]. We showed a significant increase
inflammatory cell in the lungs after liver IR.

It is not clear how dexmedetomidine provides a protective
effect against lung injury induced by liver ischemia-
reperfusion. We are aware of the various physiological changes
induced by dexmedetomidine suggesting a powerful anti-
inflammatory effect. As an example, the administration of
dexmedetomidine decrease cytokine production in
experimental models such as tumor necrosis factor-α and
interleukin-6 [13,14]. The aforementioned data are in
accordance with those of various clinical studies carried out on
critically ill septic or postoperative major surgery patients
[15,16]. Therefore, the anti-inflammatory effects of
dexmedetomidine might be responsible for the prevention of
liver IR induced lung injury in rats. In our study we
investigated whether or not dexmedetomidine prevents lung
injury induced by liver IR. We found that dexmedetomidine
decreases hemorrhage, interstitial congestion and accumulation
of inflammatory cells. It is suggested as a result of these data
that modulation of cytokine production might be one of the
mechanisms of anti-inflammatory effects of dexmedetomidine.

Tüfek et al. [6] have not determined any statistically significant
difference hystopathologically between IR and IR
+dexmedetomidine Groups in their study in which they
examined the effects of dexmedetomidine on liver and remote
organs against hepatic IR. The reason for these results is
thought to be due to variations in the experimental design,
included differences in; the duration of ischemia; and the
ketamine (ischemia and reperfusion durations are 30 minutes
each. Whereas the durations in our study were 60 minutes
each. In addition, they have used ketamine which has anti-
inflammatory capacity in all groups as anesthetic). The optimal
dose of dexmedetomidine for a specific therapeutic effect
without adverse reactions is unknown. For the anti-
inflammatory actions of dexmedetomidine, Nishina et al. [17]
found that clinically relevant doses of dexmedetomidine did
not affect chemotaxis or phagocytic action but that high doses
induced neutrophil apoptosis. The dose of dexmedetomidine
was chosen based on our previous published study protocol.

This study has certain limitations. The first limitation is that
there was no negative control since it is not possible to perform
this type of surgical intervention in rats without anesthesia.
Second, we chose to use i.p. injections of dexmedetomidine
rather than the systemic administration of this drug with
intravenous infusion. However, the systemic effects with i.p.
injections of dexmedetomidine have been shown to be
effective [18,19]. In conclusion, the present study suggests that
dexmedetomidine administration may be beneficial for

preventing lung injury induced by hepatic IR. Measurement of
biochemical markers of liver functions and cytokines are
needed to better clarify the role of dexmedetomidine on lung
injury induced by liver ischemia-reperfusion.
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