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EXPERIMENTAL STUDY

The protective effects of dexmedetomidine on liver injury-
-induced myocardial ischemia reperfusion
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Abstract: Purpose: The aim of this study was to evaluate the effect of dexmedetomidine (100 μg/kg-ip) on liver 
injury-induced myocardial ischemia and reperfusion (IR) in rats.
Materials and methods: Twenty-four Wistar Albino rats were separated into four groups. There were four experi-
mental groups (Group C (Control; n = 6), Group IR (ischemia–reperfusion, n = 6), Group D (Dexmedetomidine; 
n = 6) that underwent left thoracotomy and received ip dexmedetomidine without IR administered via 100 μg/
kg ip route 30 minutes before ligating the left coronary artery, and Group IR-D (IR-Dexmedetomidine; n = 6). 
A small plastic snare was threaded through the ligature and placed in contact with the heart. To produce IR, a 
branch of the left coronary artery was occluded for 30 min followed by two hours of reperfusion. However, after 
the above procedure, the coronary artery was not occluded or reperfused in the control rats. At the end of the 
study, liver tissue was obtained for histochemical and immunohistochemical determination.
Some part of tissue samples were stained with Masson-trichrome for the evaluation of ultrastructural changes 
and inducible nitric oxide synthase (iNOS) expression was evaluated in other part of samples for immunohis-
tochemical examination.
Results: Histopathological changes were detected in Group IR when compared with Group C. iNOS expres-
sion was found to be increased and stronger particularly in the vascular wall, perisinusoidal space and hepa-
tocytes around vena centralis in this group compared to the control group. Perivascular oedema was detected 
to be decreased in Group IR-D compared to Group IR. It was also observed that the impairment in the radial 
arrangement of hepatocytes signifi cantly recovered in Group IR-D. The immunoreactivity was found to be sig-
nifi cantly decreased in the assessment of iNOS expression in the same group when compared with Group IR. 
Conclusion: Administration of dexmedetomidine ameliorates liver injury induced by myocardial ischemia and 
reperfusion (Fig. 8, Ref. 33). Text in PDF www.elis.sk.
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Cardiac surgery with cardiopulmonary bypass inevitably 
causes a systemic infl ammatory response and ischemia–reperfu-
sion (IR) injury affecting multiple organs (1, 2). Hepatic injury 
in cardiac surgery is a rare complication but it is associated with 
signifi cant morbidity and mortality (3).

One of the important remote organ injuries in myocardial 
IR may be liver injury, which is believed to be a consequence of 
free-radical generation in the liver (4–6). The incidence of liver 
injury is increasing worldwide. Viral infection, alcohol or drug 
toxicity, and many other factors including IR can cause damage 
to hepatocytes. Therefore, these factors may cause infl ammatory 
and oxidant reactions in the liver (7–10). 

It is possible that IR injury can lead to remote organ injury, 
including liver damage (11).

Dexmedetomidine, a selective and potent α2- adrenoceptor ag-
onist, was approved by the U.S. Food and Drug Administration in 
1999 for sedation of patients hospitalized in intensive care settings. 
Since then, a growing number of research articles have emerged re-
porting other possible indications such as regional and general an-
esthesia (12, 13). Dexmedetomidine was reported to be effective in 
protecting against focal ischemia in rabbits, in cardiac and kidney 
IR injury in rats, and in incomplete forebrain ischemia in rats (14–
17). Despite its increased clinical use, many times in critically ill 
patients, the effects of dexmedetomidine on liver injury induced by 
left coronary artery (LAD) IR have not been yet investigated (18). 

The aim of this study was to investigate histochemical and 
immunohistochemical changes and the preventive role of dex-
medetomidine against these changes in remote organ liver of rats 
during an experimental model of myocardial IR injury.

Materials and methods

Animals and experimental protocol
The experiments were performed in adherence to National Insti-

tutes of Health guidelines on the use of experimental animals. Twen-
ty-four male Wistar rats, weighing from 250 to 350 g, were housed at 
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constant temperature under 12/12 h periods of light and dark expo-
sure. Animals were allowed access to standard rat chow and water ad 
libitum during the acclimatization period of at least 5 d prior to being 
used in these experiments. The protocols of this experimental study 
were approved by the Animal Ethics Committee of Gazi University.

The rats were anesthetized with ketamine (80 mg/kg ip) and 
xylazine (5 mg/kg i.p.) The trachea was cannulated for artificial 
respiration. The chest was shaved, and each animal was fi xed in a 
supine position on the operating table. The chest was opened by left 
thoracotomy followed by sectioning the fourth and fifth ribs about 
2 mm to the left of the sternum. Positive-pressure artificial respira-
tion was started immediately with room air, using a volume of 1.5 
ml/100 g body weight at a rate of 60 strokes/min. Sodium heparin 
(500 IU/kg) was administered through the tail peripheral vein.

After the pericardium was incised, the heart was exteriorized 
by gentle pressure on the right side of the rib cage. An 8/0 silk 
suture attached to a 10-mm micropoint reverse-cutting needle was 
quickly placed under the left main coronary artery. The heart was 
then carefully replaced in the chest and the animal was allowed 
to recover for 20 min.

There were four experimental groups (Group C (Control; n = 6), 
Group IR (ischemia-reperfusion, n = 6), Group D (Dexmedetomi-
dine; n = 6) that underwent left thoracotomy and received ip Dexme-
detomidine without IR (Precedex 100 μg, /2 ml, Abbott®, Abbott Lab-
oratory, North Chicago, Illinois, USA) administrated via 100 μg/kg 
intraperitoneal route 30 minutes before ligating the LAD (19), and 
Group IR-D (IR-Dexmedetomidine; n = 6). A small plastic snare was 
threaded through the ligature and placed in contact with the heart. 
The artery could then be occluded by applying tension to the liga-
ture (30 min), and reperfusion was achieved by releasing the tension 
(120 min) (11). However, after the above procedure, the coronary 
artery was not occluded or reperfused in the control rats. All rats were 
sacrificed and the liver tissues were quickly removed after 150 min.

Histopathological evaluation
All tissues were transferred immediately to 10 % formal sa-

line for 72 hours, dehydrated in graded alcohols and embedded 

in paraffi n wax. 4-μm sections were cut on a microtome (Leica 
SM 2000, Germany) and mounted on polylizine-coated sides 
(Menzel-Glaser, Braunschweig, Germany). Some part of tissue 
samples were stained with Masson-trichrome for the evaluation of 
ultrastructural changes, and inducible nitric oxide synthase (iNOS) 
expression was evaluated in other part of samples for immunohis-
tochemical examination. The slides were incubated overnight at 
37 °C. Then for 1 h at 60 °C, they were de-waxed by two chances 
of xylene (10 minutes each) and placed in 100 %, 96 % and 80 % 
ethanol for 10 minutes each, followed by two 5-minute changes 
of distilled water. Then tissues were circumscribed with a pap pen 
(Super PAP Pen, PN IM3580, Becman Coulter Company, France). 
After washing with distilled water and with phosphate buffer sa-
line (PBS, pH = 7.4), endogenous enzymes were blocked using 
hydrogen peroxide for 10 minutes. Following a PBS wash, slides 
were blocked using ready to use Ultra block (Cat: 859043, Lot: 
903532A, İnvitrogen, USA) for 10 minutes, prior to application of 
a 1 : 50 concentration of i-NOS (Cat: sc-651, Lot: H1308, Santa 
Cruz, USA) for 1 hour. Two PBS rinses preceded secondary anti-
body (Cat: 859043, Lot: 903532A, Invitrogen, USA) application 
for 10 minutes. After washing with PBS, slides were exposed to 
streptavidin peroxidase (Cat: 859043, Lot: 903532A, Invitrogen, 
USA) for 10 minutes. Then AEC (3-Amino-9-EthylCarbazole, Lot: 
911667A, Invitrogen, USA) was used as chromogen. Afterwards, 
the slides were counterstained with Mayer’s haematoxylin. Slides 
were examined with Photo-light microscope (DCM4000 Image 
Analyze System, DFC280 Plus Camera and QWin Programme, 
Leica, Weetlar, Germany).

Results 

The walls of the venae centralis, the surrounding connective 
tissue and the hepatocytes in radial arrangement were observed 
to be normal in the control group. The structures of nuclei and 
nucleoli of hepatocytes and the sinusoids were also normal. While 
the immunohistochemical staining revealed a weak or intermedi-
ate iNOS expression in hepatocytes around venae centralis, the 
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Fig. 1 A,B. Hepatic tissue in the control group : Vena centralis, : 
Hepatic chords (Masson-Trichrome AX100,BX400).
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Fig. 2 A,B. INOS expression() in hepatic tissue in the control group 
: Vena centralis, : Hepatic chords (Immunoperoxidase-Hematoxyl-
line AX100, BX400).
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Fig. 3 A,B. Hepatic tissue in Group IR : Vena centralis, : Hepatic 
chords (Masson-Trichrome AX100,BX400).
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Fig. 4 A,B. INOS expression () in hepatic tissue in Group IR : 
Vena centralis, : Hepatic chords ((Immunoperoxidase-Hematoxyl-
line AX100, BX400).
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Fig. 5 A,B: Hepatic tissue in Group D : Vena centralis, : Hepatic 
chords (Masson-Trichrome AX100,BX400).
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Fig. 6 A,B. INOS expression () in hepatic tissue in Group D. : 
Vena centralis, : Hepatic chords ((Immunoperoxidase-Hematoxyl-
line AX100, BX400).
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Fig. 7 A,B. Hepatic tissue in Group IR-D : Vena centralis, : He-
patic chords (Masson-Trichrome AX100,BX400).
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Fig. 8 A,B. INOS expression () in hepatic tissue in Group IR-D : 
Vena centralis, : Hepatic chords ((Immunoperoxidase-Hematoxyl-
line AX100, BX400).
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immunoreaction was negative in other hepatocytes (Figs 1 A,B 
and 2 A,B). 

In Group IR, an increase in the connective tissue around venae 
centralis and degeneration in the endothelial cells were noted. An 
impairment in the radial arrangement of hepatocytes and cytoplas-
mic fragmentation were observed. The structures of the nuclei and 
the nucleoli of the hepatocytes were also found to be impaired. 
There was a signifi cant decrease in sinusoids, and a structural de-
generation was noted. iNOS expression was stronger particularly in 
vessel walls and perisinusoidal space, and the hepatocytes around 
venae centralis was found to be increased when compared with 
the control group (Figs 3 A,B and 4 A,B). 

In Group D, a signifi cant perivascular oedema around all venae 
centralis and sinusoidal dilation were noted. A diffuse degeneration 
and an impairment in the radial arrangement of the hepatocytes 
were observed. In the assessment of iNOS expression, an atypically 
strong immunoreaction decreasing peripherally in the cytoplasm 
of hepatocytes was detected in this group (Figs 5 A,B and 6 A,B). 

A decreased perivascular oedema was observed in Group IR-D 
compared to Group IR. It was also noted that the impairment in the 
radial arrangement of the hepatocytes signifi cantly recovered in 
Group IR-D. The immunoreactivity was found to be signifi cantly 
decreased in the assessment of iNOS expression in the same group 
(Figs 7 A,B and 8 A,B). 

Discussion 

Ischemia is mainly a local event, but after revascularization, 
the mediators from the ischemic tissue enter the systemic circula-
tion and affect other organ systems. It has been concluded that the 
systemic effects of IR injury are caused by activated neutrophils, 
complement system, and proinfl ammatory and vasoactive media-
tors such as eicosanoids, nitric oxide, cytokines, and oxygen free 
radicals (19, 20). The remote effects of IR are most frequently 
observed in the pulmonary, renal, hepatic and cardiovascular 
systems, and can result in the development of the systemic inf-
lammatory response and multiple organ dysfunction syndromes, 
both of which account for 30-40 % of the mortality in intensive 
care units (21, 22).

In the pathophysiology of IR-induced end-organ injury, all 
authors agree with the significance of oxidant/antioxidant sta-
tus. For instance, Parlakpinar et al (23) reported that IR plays a 
causal role in kidney injury, and aminoguanidine (a specific iNOS 
inhibitor) exerts renal-protective effects, probably by inhibiting 
NO production and antioxidant activities. Colak et al suggested 
that melatonin may have protective effects against hepatic injury 
induced by myocardial IR (4).

We suggest that the administration of dexmedetomidine may 
have positive effects on liver injury induced by myocardial IR. 
The effect of dexmedetomidine in IR models depends on se-
veral factors such as the route of administration (intravenous 
(24), intraperitoneal (15, 17), dosage, type of ischemic tissue 
or organ, duration and temperature of ischemia, timing of ad-
ministration (before (15, 17, 25) or after (16) ischemia), and the
species itself.

Therefore, the effects of anesthetic or sedative agents possibly 
already being used in anesthesia become an important issue for 
reducing the IR injury (15, 26–29) 

Kocoglu et al suggested that dexmedetomidine was associa-
ted with reduced infarct size in IR injury in regional ischemia, but 
had no effect on the incidence of arrhythmias in a rat model (15). 

We determined that administration of dexmedetomidine en-
hanced erythrocyte deformability during hepatic IR injury in a 
previous experimental study (26).

Tufek et al (27) demonstrated that dexmedetomidine markedly 
reduced the oxidative stress in serum, liver, and remote organs in-
duced by hepatic IR injury, and ameliorated the histopathological 
damage in liver. 

Inducing testicular injury by torsion, Shiraishi et al (30) found 
that NO production by iNOS contributed to necrotic or apoptotic 
germ cell death in rats. The overexpression of iNOS that produces 
a toxic level of NO has also been previously reported in apoptotic 
germ cells of mice testis (31) . Similarly, we found signifi cant ele-
vations in iNOS levels in liver tissues after myocardial IR injury. 
These pathological fi ndings were well correlated with previously 
reported studies. 

Hanci et al (28) suggested that the other mechanisms may 
explain the effect of dexmedetomidine on endothelial nitric oxide 
synthase (eNOS) and iNOS levels. In this study, eNOS and iNOS 
levels were found to be signifi cantly lower in dexmedetomidine 
groups compared with torsion/ detorsion (T/DT) groups.

Previous studies reported that another anesthetic agent, pro-
pofol, attenuates germ cell-specifi c apoptosis and decreases NO 
biosynthesis through downregulation of iNOS expression in tes-
ticular T/DT (32) .

Tufek et al (27) investigated the effects of dexmedetomidine 
on kidney and lung injury induced by hepatic IR and Gu et al (33) 
carried out an experimental study about the effects of dexmedeto-
midine on lung injury induced by renal IR previously. 

The upregulation of iNOS in Group IR means that IR process 
stimulates DNA damage. However, in Group IR-D, it was shown 
that iNOS was signifi cantly downregulated. This fi nding shows that 
dexmedetomidine has protective effects on IR-related cell damage. 
Furthermore, the decrease in iNOS expression in Group IR-D also 
shows the benefi cial effect of dexmedetomidine on cellular stress. 

In conclusion, the results of this study clearly demonstrate 
that iNOS is signifi cantly upregulated in experimental liver injury 
induced by myocardial IR in rats. However, it was observed that 
dexmedetomidine may have protective effects on these alterations 
in liver injury when given before induction of ischemia. Other as-
pects of these fi ndings including clinical signifi cance and practical 
applications merit further experimental and clinical investigation. 
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