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Abstract
Objectives. Following ischemia/reperfusion injury, antioxidant defense mechanisms may remain insufficient 
depending on the duration of ischemia which is caused by any reason (MI, after percutaneous coronary inter-
vention, during cardiac surgery). After that, free oxygen radicals increasing within the cell cause structural dete-
rioration. Cytokines which activate a series of reactions that cause tissue damage and inflammatory response are 
released during reperfusion of ischemic tissues. In this study, we aimed to compare the effects of dexmedetomidine 
and ketamine in cardiac ischemia/reperfusion injury.
Material and Methods. The study included 18 rats randomly divided into three groups. Group I/R (n = 6): con-
trol, Group I/R-K (n = 6): ketamine, and Group I/R-D (n = 6): dexmedetomidine. Before the 10 min surgery, after 
the 20 min ischemia and 20 min reperfusion period, hemodynamic parameters were compared among the three 
groups. After the 45  min ischemia and 120  min reperfusion period, tissue samples were obtained from the rat 
hearts, and MDA, SOD, GSH-Px, IL-1β and TNF-α levels were compared. 
Results. MDA and GSH-Px levels were significantly higher in the control group compared to the ketamine and 
dexmedetomidine groups. However, both levels were similar in the ketamine and dexmedetomidine groups. SOD 
levels were significantly lower in the ketamine and dexmedetomidine groups compared to the control group, but 
they were similar in the ketamine and dexmedetomidine groups. IL-1β levels were similar in all groups. TNF-α 
levels were significantly lower in the ketamine and dexmedetomidine groups compared to the control group. They 
were similar in the ketamine and dexmedetomidine groups.
Conclusions. According to our study, it can be concluded that dexmedetomidine and ketamine have similar effects 
on reducing myocardial ischemia reperfusion injury. Dexmedetomidine provides better heart rate control but 
causes hypotension, so, because of cardiac depression, we think that its clinical use may necessitate further inves-
tigation (Adv Clin Exp Med 2014, 23, 5, 683–689).
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Coronary artery disease (CAD) is one of the 
most common causes of morbidity and mortali-
ty at the present time and is also responsible for 
about half of the deaths in developed countries. 
CAD is the result of the accumulation of athero-
matous plaques within the walls of the coronary 
arteries. The deposition of the plaque in the lumen 

of an artery causes a narrowing of the lumen of the 
artery by decreasing its diameter. Atherosclerotic 
plaques reduce the blood flow due to narrowing of 
the lumen and coronary artery vasospasm.

Ischemia/reperfusion (I/R) injury consti-
tutes the basis of the pathophysiology due to an-
gina pectoris, myocardial infarction (MI), cerebral 
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ischemia, thrombotic stroke, hemorrhagic shock, 
and surgical procedures such as organ transplan-
tation as well as thrombolytic therapy. When these 
tissues are trying to provide the necessary ener-
gy for vital functions via anaerobic metabolism 
in an ischemia area, increased metabolic residues 
and metabolic asidosis occur in this area due to re-
duced perfusion. Cell membrane permeability is 
increased and then cell swelling occurs. The oxi-
dation of metabolites is spread to the whole body 
by systemic circulation after reperfusion flow [1].

Free oxygen radicals are the most important 
toxic substance as a result of the oxygen to reach the 
site of ischemia [2]. In normal healthy conditions, 
formation of free oxygen radicals and protective an-
tioxidant mechanisms to clean the free oxygen rad-
icals are in a state of equilibrium. Antioxidant de-
fense systems try to eliminate the excessive amount 
of free oxygen radical production. If the amount of 
free oxygen radicals is increased, antioxidant de-
fense systems may be inadequate and severe reper-
fusion injury may occur. Various markers are used 
for detection of the damage. For the determination 
of the level of lipid peroxidation, malondialdehyde 
was measured in this study. On the other hand, in 
order to determine the degree of response of the su-
peroxide radicals and H2O2, superoxide dismutase 
and glutathione peroxidase levels were also mea-
sured in heart tissue in this study.

We aimed to investigate the association between 
the effects of adjuvant analgesics in balanced anes-
thesia with ketamine and dexmedetomidine and sys-
temic cytokines such as interleukin-1 beta (IL-1β), 
tumor necrosis factor-alpha (TNF-α), malondialde-
hyde (MDA), glutathione peroxidase (GSH-Px) and 
superoxide dismutase (SOD) levels in a model of rat 
cardiac ischemia/reperfusion (I/R).

Material and Methods 

Sample Collections
All animal procedures were approved by the 

institutional committee on the care and use of ani-
mals of our institution. Eighteen male Wistar rats 
(275–335 g) provided by the animal laboratory of 
our institute were used in the experiments. There 
were three groups in the study: I/R-K, I/R-D and 
control groups. Before the experiments, the animals 
were fed on standard rat chow and water ad  libi-
tum and housed in identical cages with controlled 
temperature and 12-hour light/dark cycle for at 
least one week. The study was based on an in vi-
vo, randomized, controlled, single-blind, prospec-
tive, experimental I/R model. The study included 
18 rats divided into 3 groups randomly. Group I/R 

(n  =  6): control, Group I/R-K (n  =  6): ketamine, 
and Group I/R-D (n = 6): dexmedetomidine. We 
performed temporary occlusion of the left anteri-
or descending artery with a snare. After the 45 min 
ischemia, a  120  min reperfusion period was per-
formed by loosening the snare. One mg/kg/min of 
intravenous ketamine (Ketalar® 500 mg vial of in-
jectable Pfizer, Turkey) was infused in the I/R-K 
group. After 1 µ/kg intravenous dexmedetomidine 
loading dose in 10 min, 1 µ/kg/h infusion of dex-
medetomidine (Precedex® IV concentrate for solu-
tion for infusion vial containing 200 mg/2 mL, Ab-
bott, Turkey) was given in the standard volume to 
the I/R-D group [3]. 

Before the 10  min surgery, after the 20  min 
ischemia and 20 min reperfusion period, hemody-
namic parameters were compared among the three 
groups. After the 45 min ischemia, 120 min reper-
fusion period, tissue samples were obtained from 
the rat hearts, and MDA, SOD, GSH-Px, IL-1β, 
TNF-α levels were compared. 

Biochemical Analysis
The determination of the level of lipid perox-

idation was assessed with MDA, the extent of an-
tioxidant response against superoxide radical was 
determined by SOD levels and GSH-Px levels, in 
fighting with H2O2, were measured in the heart tis-
sue. In addition, tissue protein levels were also calcu-
lated in order to express these results numerically. 

Measurements of MDA, SOD 
and GSH-Px Levels

The MDA levels were calculated using the 
method described by Draper HH [4]. We calculat-
ed superoxide dismutase activity using the method 
described by Sun et al. [5]. We measured the activ-
ity of the GSH-Px enzyme according to the meth-
ods described by Paglia and Valen [6]. 

Measurements of TNF-α 
and IL-1β Levels

Proinflammatory tissue cytokines (TNF-α, 
IL-1β) levels were measured using commer-
cial ELISA kits according to the manufacturer’s 
instructions.

Statistical Analysis
The Statistical Package for the Social Scienc-

es statistical software package version 15 for Win-
dows (Statistical Package for the Social Sciences, 
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Chicago, IL, USA) was used for statistical analyses. 
Continuous variables were given as mean ± stan-
dard deviation and categorical variables were de-
fined as percentages. The data was tested for nor-
mal distribution using the Kolmogorov-Smirnov 
test. To compare continious variables, a  one-way 
analysis of variance test or Kruskall-Wallis test was 
used as appropriate. When a significant difference 
was observed between the 3 groups, post hoc tests 
(Tukey test or Mann-Whitney U) were used for the 
determination of the difference between couples. 
A Pearson correlation test was used to evaluate the 
degree of association between examined variables. 
To compare categorical variables, a chi-square test 
was used. Statistical significance was defined as 
p < 0.05. 

Results 
There was no statistically significant difference 

between the weights of the rats (p > 0.05). There 
was no statistically significant difference between 
the heart rate of the rats 10 min before the surgery 
(Table 1). In all groups, average values of heart rate 
(HR), SBP (systolic blood pressure) and DBP (di-
astolic blood pressure) were lower in the 20  min 
after LAD occlusion and 20 min after reperfusion 
than 10 min before surgery. After 20 min of LAD 
occlusion, HR, SBP and DBP were compared to the 
average values of these groups. There were statisti-
cally significantly lower values in the I/R-D group 
(p < 0.005). In addition, 20 min after reperfusion, 
HR, SBP, mean arterial pressure (MAP) and the 
mean values of DBP were statistically significant 
in the I/R-D group compared to the I/R-K group 
(p < 0.005) (Table 1).

Table 1. The comparison of the weights of the rats and hemodynamic parameters of both groups

Group IR (n = 6) Group IR-K (n = 6) Group IR-D (n = 6) P**

Weight (g) 297.33 ± 16.23 293.50 ± 15.42 312.83 ± 22.13 0.183

HR BS 284.67 ± 13.02 282.17 ± 16.67 287.17 ± 11.04 0.823

AO 117.33 ± 7.91+ 127.50 ± 11.33+ 91.83 ± 15.42 *,&,+ < 0.0001

AR 127.50 ± 7.09+ 140.17 ± 12.04+ 113.67 ± 10.80 &,+ 0.002

SBP BS 109.83 ± 5.35 109.17 ± 7.68 106.00 ± 4.43 0.510

AO 83.00 ± 6.63+ 90.50 ± 7.61+ 70.33 ± 4.68 *,&,+ < 0.0001

AR 88.50 ± 5.09+ 101.50 ± 6.38 *,+ 81.50 ± 5.05 &,+ < 0.0001

DBP BS 73.33 ± 6.53
(65–82)

79.33 ± 7.94
(68–88)

73.67 ± 7.71
(62–82)

0.318

AO 61.00 ± 3.69+
(58–67)

63.83 ± 6.59+
(56–71)

48.33 ± 5.74 *,&,+
(42–58)

0.001

AR 63.50 ± 4.14+
(58–68)

72.00 ± 3.41 *
(68–76)

59.17 ± 6.58 &,+
(50–68)

0.001

MAP BS 83.83 ± 8.42
(69–93)

89.00 ± 7.85
(78–97)

84.50 ± 6.53
(75–92)

0.463

AO 68.33 ± 4.28+
(63–74)

72.83 ± 6.59 +
(64–81)

61.33 ± 12.74+
(50–85)

0.100

AR 71.50 ± 4.32+
(65–77)

81.67 ± 3.93 *
(77–87)

66.67 ± 6.06 &,+
(58–74)

< 0.0001

IR – ischemia/reperfusion; K – ketamine; D – dexmedetomidine; SBP – systolic blood pressure; DBP – diastolic blood pres-
sure; MAP – mean arterial pressure; HR – heart rate; BS – 10 min before surgery; AO – 20 min after left anterior descending 
coronary artery occlusion; AR – 20 min after reperfusion. 
Values are mean ± SD.  
P**: significance level p < 0.05 with ANOVA. 
* p < 0.05 – compared with Group I/R. 
& p < 0.05 – compared with Group I/R-K. 
+ p < 0.05 – compared with 10 min. before surgery.
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In our study, MDA levels in the I/R group 
were significantly higher than the I/R-K and I/R-D 
groups (p < 0.0001). MDA levels were not statis-
tically significant in the I/R-K and I/R-D groups. 
The levels of GSH-Px in the I/R group were sig-
nificantly higher than the I/R-K and I/R-D groups 
(p  <  0.0001). The levels of GSH-Px were similar 
in the I/R-K and I/R-D groups. The levels of SOD 
in the I/R group were significantly higher than the 
I/R-K and I/R-D groups. The levels of SOD in the 
I/R-K and I/R-D groups were similar. The levels 
of IL-1β were similar in all groups in our study 
(p  =  0.209). In contrast, the levels of TNF-α in 
the I/R group were significantly higher than the 
I/R-K and I/R-D groups. The levels of TNF-α in 
the I/R-K and I/R-D groups were not different 
(p = 0.002) (Table 2).

Discussion 
In order to maintain a healthy life, pro-oxidant 

and antioxidant defense mechanisms should work 
in a balanced way due to possible development of 
serious damage to any cell. Ischemia is seen for 
many reasons such as MI, percutaneous coronary 
intervention and cardiac surgery. After ischemia to 
reperfusion, antioxidant defense mechanisms may 
be insufficient depending on the duration and in-
crease of free oxygen radicals in cells, so it can re-
sult in damage to various degrees [7]. Depending 
on reperfusion injury in myocardial cells, some-
times the damage is caused as much as by isch-
emia, sometimes it is seen frequently. Because free 
oxygen radicals are more responsible for reperfu-
sion injury, tissue damage may be reduced by de-
creasing free oxygen radicals in the ischemic area.

Although there are significant improvements to 
protect the body from ischemia/reperfusion injury 
in the myocardial tissue, the ideal drug, technique, 

solution and methods for this period have not been 
clearly defined during reperfusion yet. This situa-
tion may be due to the complexity or the patho-
physiology of ischemia-reperfusion injury.

Studies have focused on the inhibition of the 
production of free oxygen radicals in the patho-
genesis of the cell injury, determining the role of 
antioxidant mechanisms and the trials of antioxi-
dant free radical scavenger therapies [8].

Vitamins, ACE inhibitors, NO donors, ade-
nosine, Na+-H+ exchanger inhibitors, glutamate, 
aspartate, aprotinin, methylprednisolone, Ca++ 
channel blockers, ATP-sensitive K+ channel open-
ers and glucose-insulin-K+ solutions, prostaglan-
dins, glutathione, N-acetylcysteine, pentoxifylline, 
C1 esterase inhibitors, endothelin-1 receptor an-
tagonists and various anesthetic agents have been 
used in previous studies for this purpose.

There are limited studies on the effect of ket-
amine and dexmedetomidine on cardiac I/R injury. 
We aimed to contribute to the topic in our exper-
imental study. We aimed to provide a  temporary 
occlusion of the LAD artery that gives the dom-
inant myocardial perfusion, then started reperfu-
sion by eliminating the provision of temporary oc-
clusion, meanwhile hemodynamic and biochemical 
changes in rats following drugs was established for 
the purpose of identification. The same anesthet-
ic medications and surgical techniques are used in 
this study for all groups, the hemodynamic and ar-
terial pressure and heart rate did not differ between 
the records 10 min before surgery.

This result is also an indication that the prac-
tices are the same on all the subjects. After 20 min 
of LAD occlusion, HR, SBP and DBP were com-
pared to the average values of these groups, there 
were statistically significantly lower values in the 
I/R-D group. In addition, 20  min after reperfu-
sion, HR, SBP, MAP and the mean values of DAB 
were statistically significant in the I/R-D group 

Table 2. The comparison of oxidative status parameters of both groups

IR Group (n = 6) IR-K Group (n = 6) IR-D Group (n = 6) P**

MDA (mmol/g) 0.87 ± 0.09 0.44 ± 0.05* 0.40 ± 0.12* < 0.0001

SOD (U/g) 599.89 ± 183.66 400.83 ± 54.42* 432.73 ± 92.97 0.0298

GSH-Px (U/g) 64.55 ± 11.57 40.85 ± 6.77* 41.88 ± 5.28* < 0.0001

IL-1β (ng/mg) 16.19 ± 7.24 12.77 ± 5.17 10.22 ± 3.67 0.209

TNF-α (ng/mg) 17.84 ± 3.44 12.83 ± 2.38* 10.73 ± 2.65* 0.002

IR – ischemia/reperfusion; K – ketamine; D – dexmedetomidine; MDA – malondialdehyde; SOD – superoxide dismutase; 
GSH-Px – glutathione peroxidase; IL-1β – interleukin-1 beta; TNF-α – tumor necrosis factor-alpha. 
Values are mean ± SD. 
P**: significance level p < 0.05 with ANOVA. 
* p < 0.05: compared with Group I/R.
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compared to the I/R-K group. These results sup-
ported that dexmedetomidine is an effective agent 
for controlled hypotension as it reduces HR and 
MAP, does not cause reflex tachycardia and blocks 
sympathetic system response  [9]. The mean val-
ues of HR, SBP, MAP and DBP were significant-
ly higher in the I/R-K group than the I/R-D group. 
These findings support the stimulant effect of ket-
amine on the cardiovascular system. In all groups, 
the average values of HR, SBP and DBP were low-
er in 20 min after LAD occlusion and 20 min af-
ter reperfusion than 10 min before surgery. We be-
lieve that the main reason for this condition was 
the unmet oxygen and energy demand of the myo-
cardium by the occlusion of the LAD and CAD 
and arterial pressures were lower due to myocar-
dial depression.

Ketamine increases arterial blood pressure and 
heart rate by approximately 30% with a stimulat-
ing effect on the cardiovascular system and this 
condition returns to normal within 20–30  min. 
Sloan et al. [10] reported that the infarct area mea-
sured in the group treated with high-dose ket-
amine was significantly smaller than in the group 
receiving low-dose ketamine. The ECG and hemo-
dynamic parameters were similar in both groups 
after 20  min ischemia and 2-h reperfusion. Reg-
ueiro et al. [11], compared sevoflurane, ketamine, 
midazolam and atropine after 75 min LAD occlu-
sion. In the sevoflurane group, hemodynamic sta-
bility was better and total mortality and ventricu-
lar arrhythmias were less reported. In their study 
assessing the infarct area and cardiac output, Mül-
lenheim et al. [12] reported that ketamine potenti-
ated the protective effect of ischemic precondition-
ing in the heart. The authors demonstrated that 
dexmedetomidine may rarely cause bradycardia 
and sinusal arrest. It also decreased oxygen con-
sumption and reduced the level of serum lactate in 
an ischemic heart. Dexmedetomidine led to blood 
flow from the non-ischemic zone to the ischemic 
zones during acute occlusion. It also causes an in-
crease in the endocardial-epicardial blood flow 
ratio, shown to be 35% in previous experimental 
studies [13, 14].

In the event of intraoperative tachycardia re-
fractory to esmolol during revascularization, dex-
medetomidine has been reported to decrease heart 
rate [15]. Dexmedetomidine supresses central ad-
renergic hormone secretion, and thus reduces the 
levels of plasma catecholamines causing the sup-
pression of cardiac stimulant effects during the 
stress response in the surgery. Dexmedetomidine 
is also shown to have strong anesthetic and anal-
gesic effects [16, 17].

In myocardial I/R studies, it has been shown 
that free oxygen radicals increased significantly in 

myocardial cells during reperfusion. An increase of 
free oxygen radicals in the cell membrane is one of 
the most important cell injuries affecting the lipids 
of the cell structure. Some authors believe that lip-
id peroxidation plays a key role in I/R injury [18]. 
Free oxygen radicals initiate the lipid peroxidation 
of polyunsaturated fatty acids by a hydrogen atom 
ultimately making hydroperoxides. As a  result of 
these reactions, the cell membrane loses fluidity 
and the membrane loses its integrity. This condi-
tion leads to a release of cell fractions into the en-
vironment and then leads to cell death. On the oth-
er hand, the subcellular structures released to the 
environment trigger inflammatory events, and the 
cellular damage gets worse [19]. One of the most 
important markers of lipid peroxidation in tissues 
used as an indicator is determination of the level of 
MDA [20]. High levels are an indicator of higher 
lipid peroxidation. 

In our study, MDA levels in the I/R group were 
significantly higher than in the I/R-K and I/R-D 
groups. In the I/R-K and I/R-D groups, the MDA 
levels were compared with each other and the I/R-D 
group was found to be lower, but they were statis-
tically similar. This result is an indicator that ket-
amine and dexmedetomidine are effective in reduc-
ing I/R injury. Salman et al.  [21] found that after 
I/R with ketamine infusion, plasma MDA levels de-
crease and it can reduce lipid peroxidation in mus-
cle tissue. Öksüz et al. [22] compared the cardiopro-
tective effect of propofol and ketamine, and MDA 
levels were lower in both groups than in the control 
group. Our results are similar to the literature.

One of the major markers that can be used in 
decreasing ischemia/reperfusion injury hypothesis 
is glutathione peroxidase. Glutathione acts as a nat-
ural cleaner against superoxide anions and tries to 
protect the integrity of the cell against oxidation. 
A decrease in glutathione peroxidase activity leads 
to severe cell damage with an increase in hydro-
gen peroxide  [23]. The increase in the activity of 
glutathione peroxidase is an indicator of clean-
ing hydrogen peroxide. So there is a  reduction in 
the probability of occurrence of damage to the cell 
membrane due to superoxide radicals. In our study, 
the levels of GSH-Px in the I/R group were signifi-
cantly higher than in the I/R-K and I/R-D groups. 
The levels of GSH-Px were similar in the I/R-K and 
I/R-D groups. These results show that ketamine 
and dexmedetomidine reduces oxidative stress.

One of the other hypotheses that can be used 
in ischemia/reperfusion injury is superoxide dis-
mutase. Superoxide dismutase catalyzes the con-
version of free oxygen radicals and H2O2. It is 
found in an all aerobic cells. The activity of this 
enzyme increases the situations of increased oxi-
dative stress. It is the first defense system against 
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oxygen toxicity in the body  [24]. The increase in 
activity of this enzyme indicates that there are 
large amounts of superoxide radicals and a power-
ful cleaning action in this area. 

In our study, the levels of SOD in the I/R group 
were significantly higher than in the I/R-K and 
I/R-D groups. The levels of SOD in the I/R-K and 
I/R-D groups were similar. Ketamine and dexme-
detomidine reduced the oxidative stress in the en-
vironment, and associated with this, SOD enzyme 
activity had a lower rate of increase. 

When activated, tissue macrophages release 
free oxygen radicals, lysosomal enzymes, myelo-
peroxidase, TNF-α, IL-2 and IL-6, and these proin-
flammatory cytokines can be used as indicators of 
I/R injury [25, 26]. The levels of IL-1β were not dif-
ferent between the groups in our study. In contrast, 
the levels of TNF-α in the I/R group were signifi-
cantly higher than in the I/R-K and I/R-D groups. 
The levels of TNF-α in the I/R-K and I/R-D groups 
were not different. This result may indicate a de-
creased triggering role of neutrophil activation in 
reperfusion injury.

Riha et al. [27] demonstrated that cardiac tro-
ponin-I and CK-MB levels were found to be lower 
in dexmedetomidine and ketamine anesthesia. En-
gelhard et al. [3] found that the induction of apop-
tosis began after I/R 30  min of ischemia and af-
ter 240 min reperfusion. This effect is reduced by 
dexmedetomidine and ketamine anesthesia. A ket-
amine-medetomidine combination can provide 
hemodynamic control during hemorrhagic shock 
because of the high MAP and low HR. 

The main limitation of our study is the rela-
tively small sample sizes in each animal group. 
This may increase the questionability of the study 
results.

In this experimental study, dexmedetomidine 
and ketamine reduced myocardial ischemia reper-
fusion injury, which is similar to previous findings. 
In addition, dexmedetomidine provides a  better 
control of heart rate but may cause hypotension. 
This anesthetic agent should be used with caution 
in clinical practice because of this effect. We be-
lieve that these findings should be supported with 
larger series of clinical studies. 
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