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ABSTRACT

Obijective: Ischemia/reperfusion (I/R) injury is an important cause of myocardial damage by means of
oxidative, inflammatory, and apoptotic mechanisms. The aim of the present study was to examine the
potential cardio-protective effects of dexmedetomidine in a diabetic rat model of myocardial I/R injury.

Methodology: A total of 18 streptozotocin (55 mg/kg) induced diabetic Wistar Albino rats were randomly
divided into three equal groups as follows: the diabetic I/R group (DIR) in which myocardial I/R was
induced by ligating the left anterior descending (LAD) coronary artery for 30 min, followed by 2 hours
of reperfusion following left thoracotomy, the diabetic I/R dexmedetomidine group (DIRD) which were
given 100 pg/kg dexmedetomidine intraperitoneally 30 min before I/R induction by the same method and
the diabetic control group (DC) which underwent sham operations without tightening of the coronary
sutures. As a control group (C), 6 healthy age-matched Wistar Albino rats underwent sham operations
similar to DC group. After the operation the rats were sacrificied and the myocardial tissues were
histopathologically examined.

Results: Microscopic myonecrosis findings were significantly different among groups (p=0.008).
Myonecrosis findings were significantly higher in DIR compared to C, DC and DIRD groups (p=0.001,
p=0.007 and p=0.037 respectively). Similarly microscopic inflammatory cell infiltration degrees showed
significant differences among groups (p<0.0001). Compared to C, DC and DIRD groups, the microscopic
inflammatory cell infiltration was significantly higher among DIR group (p<0.0001, p<0.0001 and
p=0.009 respectively). Also myocardial tissue edema was significantly different among groups (p=0.002).
The microscopic myocardial tissue edema levels were significantly higher in DIR group than C and DIRD
groups (p<0.0001 and p=0.022 respectively). Tissue edema was also more prominent in DC compared
to C group (p=0.022)

Conclusion: Taken together our data indicate that dexmedetomidine may be helpful in reducing
myocardial necrosis, myocardial inflammation and myocardial tissue edema resulting from ischemia/
reperfusion injury.
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INTRODUCTION

Despite the current optimal therapy, the mortality
and morbidity of patients with ischemic heart
disease (IHD) remain high,' particularly in patients
with diabetes mellitus (DM).> Myocardial infarct
size is a major determinant of prognosis in patients
with THD, and development of novel strategies to
limit infarct size is of great clinical importance.
Clinical studies have shown that DM increased
the susceptibility of myocardium to ischemia-
reperfusion (I/R) injury.>* The mortality rate in
various clinical settings of I/R injury, including acute
myocardial infarction,>® and coronary artery bypass
grafting,”® is higher in patients with DM. Diabetes
not only renders the heart more vulnerable to
ischemic insult but also abolishes or compromises
the effectiveness of cardioprotective interventions
such as ischemic pre-conditioning.” These available
clinical evidences strongly support the notion that
DM increases the sensitivity of the heart to I/R
injury and elimination of reperfusion injury may
further improve the outcome of diabetic patients
with THD.

Dexmedetomidine (DEX) is a highly selective
and potent 02- adrenergic agonist with sedative,
analgesic, anxiolytic, and sympatholytic effects with
lack of respiratory depression. DEX was reported
to be protective in I/R injury due to transient
global or focal cerebral ischemia in both animal
and human studies'®'" and cardiac I/R injury in
animals'*"® possibly due to its sympatholytic,’® anti-
inflammatory' and antioxidant effects.'>

Altough the cardioprotective effect of DEX against
I/R injury was shown in animal models without
diabetes,'>" its potential role in cardioprotection
against I/R injury in diabetics has not been studied
so far. So we conducted this study to investigate the
potential cardioprotective effect of DEX against I/R
injury in diabetic rats.

METHODOLOGY

Animals and Experimental Protocol

This study was conducted in the GUDAM
Laboratory of Gazi University with the consent of
the Experimental Animals Ethics Committee of
Gazi University. All animals received human care
in compliance with the "Principles of Laboratory
Animal Care" formulated by the National Society
for Medical Research and the "Guide for the Care
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and the Use of Laboratory Animals" prepared by the
National Academy of Science and published by the
National Institute of Health (NIH publication Nr.
85-23, revised in 1985).

In the study, 24 male Wistar Albino rats weighing
between 200 and 250 g, raised under the same
environmental conditions, were used. The rats were
kept at 20-21°C in cycles of 12 hours of daylight and
12 hours of darkness and had free access to food
until two hours before the anesthetic procedure.
The animals were randomly separated into four
groups, each containing six rats.

Diabetes was induced by a single IP injection of
streptozotocin (Sigma Chemical, St. Louis, MO,
USA), at a dose of 55 mg/kg body weight. The blood
glucose levels were measured 72 hours and 4
weeks following this injection. Rats were classified
as diabetic if their fasting blood glucose (FBG)
levels exceeded 250 mg/dl, and only animals with
FBGs of > 250 mg/dl were included in the diabetic
groups (diabetes only, diabetes plus ischemia-
reperfusion and diabetes plus dexmedetomidine-
ischemia-reperfusion). The rats were kept alive for
four weeks after streptozotocin injection to allow
the development of chronic diabetes before they
were exposed to I/R as described previously.'¢

Rats were anesthetized with an IP injection of 100
mg/kg of ketamine. The trachea was cannulated
for artificial respiration. The chest was shaved and
each animal was fixed in a supine position on the
operating table. The chest was opened by a left
thoracotomy followed by sectioning the fourth and
fifth ribs about 2 mm to the left of the sternum.
Positive-pressure artificial respiration 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 peripheral vein in the tail.

After the pericardium was incised, the heart was
exteriorized with 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 DC (diabetes-control; n=06),
Group DIR (diabetes-ischemia-reperfusion; n=06)
and Group DIRD (diabetes-ischemia-reperfusion-
dexmedetomidine; n=06), which underwent left
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thoracotomy and received IP dexmedetomidine
(Precedex 100 pg/2 ml, Abbott®, Abbott Laboratory,
North Chicago, IL, USA) administrated via 100 pg/kg
IP route 30 min before ligating the LAD.'”" 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
ligature (30 min), and reperfusion was achieved by
releasing the tension (120 min).?** However, after
the above procedure, the coronary artery was not
occluded or reperfused in the control and diabetic
control rats.

All the rats were given ketamine 100 mg/kg IP
and intracardiac blood samples were obtained. At
the end of the reperfusion period, all rats were
sacrified under anesthesia and myocardial tissue
was harvested for histopathological analyses.

Histological determinations

All of the specimens were fixed in 10% buffered
neutral formalin and embedded in paraffin. To
visualize myocardial lesions at different levels,
the entire heart was cut into four segments from
apex to bottom. The segments were embedded in
paraffin and 4-um thickness cross-sections were cut
from each segment.

The slides were stained with Hematoxylin-Eosin
(Bio-optica, Milano, Italy) for the evaluation of
the tissues’ histological features. The slides were
evaluated under light microscope for myonecrosis,
inflammatory cell infiltration and edema. A
minimum of 10 fields for each slide were examined
and graded for severity of changes using scores on
a scale of severe (+++), moderate (+ +), mild (+)
and nil (-).*

Statistical Analysis

The Statistical Package for the Social Sciences
(SPSS, Chicago, IL, USA) 20.0 software was used
for the statistical analysis. Variations in blood

Table 1: Histopathological findings of the heart tissue (Mean + SD)

glucose levels, and histopathological examination
between study groups were assessed using the
Kruskal-Wallis test. The Bonferroni-adjusted Mann-
Whitney U test was used after significant Kruskal-
Wallis to determine which groups differed from the
others. Results were expressed as mean =+ standard
deviation (Mean * SD). Statistical significance was
set at a p value of <0.05 for all analysis.

RESULTS

Blood glucose measurements were 88.5 = 8.0,
338.7 = 40.3, 348.2 * 52.6 and 343.8 * 50.5 mg/
dL for Group C, DC, DIR and DIRD, respectively.
Blood glucose levels after 4 weeks were 106.33 +
5.68, 321.00 * 40.09, 359.00 = 33.02 and 475.50
* 63.49 mg/dL for Group C, DC, DIR and DIRD.
Serum glucose was detected to be significantly
lower in Group C when compared to Groups DC,
DIR and DIRD (p<0.0001).

Light microscopic myonecrosis findings were
significantly different among groups (p=0.008).
Myonecrosis were significantly higher in Group DIR
compared to Groups C, DC, and DIRD (p=0.001,
p=0.007 ve p=0.037 respectively), (Table 1, Figure
1-4).

Similarly light microscopic inflammatory cell
infiltration degrees showed significant difference
among groups (p<0.0001). Compared to Groups
C, DC and DIRD, the microscopic inflammatory
cell infiltration were significantly higher among
Group DIR (p<0.0001, p<0.0001 and p=0.009
respectively), (Table 1, Figure 1-4). Also myocardial
tissue edema was significantly different among
groups (p=0.002). The light microscopic myocardial
tissue edema levels were significantly higher in
Group DIR than Groups C and DIRD (p<0.0001,
p=0.022 respectively) tissue edema was also more
prominent in Group DC compared to Group C
(p=0.022), (Table 1, Figure 1-4).

|
Myonecrosis 0.0£0.0* 017 +£0.41* 0.83 £ 0.41 0.33 +0.52* 0.008
Inflammatory cell infiltration 0.0+£0.0* 0.17 £+ 0.41* 1.17 £ 0.41 0.50 + 0.55* <0.0001
Edema 0.17 £ 0.41* 1172041+ 2.00 £0.63 1.00 + 1.10* 0.002

* p<0.05: When compared with Group DIR; +p<0.05: When compared with Group C
p**: Statistical significance was set at a p value < 0.05 for Kruskal-Wallis test
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Figure 1: Normal structured myocardial tissue fibers in the control
group, H&E x200

Figure 2: Mild inflammatory cell infiltration and myonecrosis of
myocardial tissue in the diabet control group, H&E x200

Figure 3: Extensive inflammatory cell infiltration and edeme of
myocardial tissue in the diabetic ischemia reperfusion group, H&E
x200

DISCUSSION

The novel finding of this study is that the
administration of DEX before induction of ischemia
significantly mitigates the myocardial injury
induced by I/R in diabetic rat heart. Altough the
cardioprotective effect of DEX against I/R injury
were shown in the previous experimental non-
diabetic heart models,'>" these findings can not
be generalised to diabetic heart where I/R injury
is much more prominent. Our aim in this study
was not to explore the potential mechanisms by
which DEX exerts cardioprotection against I/R
injury, rather we aimed to find out if DEX had any
cardioprotective effect in diabetic population. We
have shown for the first time that DEX also exerts
cardioprotective effects in an experimental model
of diabetic rat heart against I/R injury. Our results
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Figure 4: Mild inflammatory cell infiltration and myonecrosis
of myocardial tissue in the diabetic ischemia reperfusion
dexmedetomidine group, H&E x200

clearly demonstrated that DEX given before the
induction of I/R, significantly decreases the amount
of myonecrosis, inflammatory cell infiltration and
tissue edema in the myocardial tissue of diabetic rat
heart detected histopathologically.

Altough it is well known that diabetic heart is
especially susceptible to I/R injury the underlying
mechanisms responsible for the increased injury
in diabetic myocardium are not fully understood.
However, it appears that excessive oxidative stress
induced by hyperglycemia plays a major role.
In fact, a feature common to all cell types that
are damaged by hyperglycemia is an increased
production of reactive oxygen species (ROS),
particularly increased production of mitochondrial
ROS by hyperglycemia is recognized as a major
cause of I/R injury in the diabetic myocardium.??
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Moreover, new interesting data came from studies of
peroxynitrite and nitrotyrosine in the hyperglycemic
oxidative stress in the heart. Acute exposure to high
glucose especially under pathological conditions
like ischemia, increases inducible nitric oxide
synthetase (iNOS) gene expression, paralleled by a
simultaneous increase of both nitric oxide (NO) and
superoxide (O, ) production. The interaction of O,
with NO is very rapid and leads to inactivation of NO
and production of the potent oxidant peroxynitrite
(NOO), which causes damage to cellular structures,
such as lipids, DNA, mitochondria, ion channels,
transporters, enzymes and receptors.” Increased
plasma nitrotyrosine levels were observed in
diabetic subjects?*?** and furthermore, increased
nitrotyrosine formation has been detected during
acute myocardial infarction in working rat hearts
during hyperglycemia? Frustaci et al.? showed a co-
localization of nitrotyrosine and ischemic damage
within the heart of diabetic patients indicating that
the two events are correlated. The observation
that the increased apoptosis of myocytes in heart
biopsies from patients with diabetes,? as well as in
hearts from STZ-induced diabetic rats® is selectively
associated with the levels of nitrotyrosine found
in those cells, suggests that the oxidative damage
and apoptosis of myocardial cells are part of the
mechanism by which hyperglycemia exerts its
damaging action in diabetes.?

Hyperglycemia-dependent myocardial oxidative
damage could be amplified by consequent
inflammatory process which is also aggrevated by
hyperglycemia. Animal studies showed increased
levels of proinflammatory cytokines (tumor necrosis
factor-o (TNF-a), IL-6, IL-18) and peroxynitrite (an
index of oxidative stress) in the myocardium of
hyperglycemic mice. The level of the inflammatory
cytokines were found to be strictly correlated with
the blood glucose levels and cause eventually to
myocardial apoptosis and greater infarct size.?

During the pathophysiologic process of reperfusion,
damage to and dysfunction of endothelial cells
within the coronary artery are early and important
events?”’ that lead to the subsequent apoptosis
of cardiomyocytes during the I/R period.*®
Hyperglycemic conditions not only aggravate
endothelial cell dysfunction by inhibiting their
proliferation and dispersal, but also decrease the
expression of the anti-apoptotic protein survivin,
resulting in apoptosis The results
of the above mentioned findings suggest that

in vivo.?
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hyperglycemia, both by amplifying oxidative stress,
inflammatory insult and apoptotic responses to
myocardial ischemia, increases the amount of
myocardial damage and prognosis of patients
undergoing I/R stress. Clinical data also confirms
the increased susceptibility of diabetic heart to I/R
injury. In multiple studies, diabetes was found to
be associated with an increased cardiac morbidity
and mortality following surgical or nonsurgical
(angioplasty and vascular stenting) revascularization
techniques.>”® I/R injury following myocardial
revascularization is considered as one of the
major factors contributing towrds development of
adverse outcomes in diabetic population. Indeed,
the mortality rate of diabetic patients after acute
myocardial infarction suffering from I/R injury is
approximately four to six fold that of nondiabetic
patients.®® So inhibition of inflammation and
reducing oxidative stress would be a potential target
for reducing I/R injury dependent worse outcomes
in diabetic population.

Although the exact mechanism of DEX in preventing
I/R injury has not been clarified, there are some
opinions on how this drug exhibits its preventive
properties for I/R injury. In recent years, a line of
studies demonstrated that DEX possesses anti-
inflammatory effects, apart from its anesthetic
property.'#?$31 Qiao et al** and Taniguchi et al®?
found that DEX may lessen systemic inflammation
and increase survival rate in sepsis and endotoxin-
induced shock in rats. Can et al' also reported the
anti-inflammatory effect of DEX in spinal cord injury
in rats. Venn et al.?* and Memis et al.>* demonstrated
that DEX sedation significantly decrease cytokine
(IL-1B, TNF-0, and IL-6) production in critically
ill patients. Peng et al.>®> demonstrated that high
dose DEX pretreatment significantly decresed
the microglial production of LPS stimulated pro-
inflammatory mediators like NO, prostaglandin
E,, IL-1Bb, and TNF-a and the expression of iNOS
messenger RNA. Similar effects were reported
in activated macrophage® and cecal ligation and
puncture model rats.?! As exessive iNOS expression
and associated inflammatory cytokine release are
critically involved in the I/R injury pathogenesis,
this anti-inflammatory effects leading to decreased
oxidative stress may be the main protective
factor of DEX against I/R injury. Our results are
concordant in a manner with the previous findings
indicating anti-inflammatory effect of DEX after
I/R injury as we also observed that the amount of
inflammatory infiltrate and tissue edema, most
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probably accured due to tissue inflammation, was
significantly reduced by DEX. However our study
was not primarily focused on the mechanism by
which DEX exert cardioprotection thus we can not
exclude the possibility that decreased myonecrosis
itself, occured due to other mechanisms, might be
the cause of decreased inflammatory infiltrate seen
in DIRD group.

Anotherpossibleexplanationforthecardioprotective
effect of DEX might be the sympatholysis which is
one of dexmedetomidine’s properties as a result
of its effect via a2- adrenoceptors. Experimental
and clinical studies suggest that catecholamines
promote the progression of myocardial damage
after I/R injury.’® Previous studies reported
that myocardial ischemia rapidly and massively
increased the norepinephrine (NE) concentration
in the myocardial tissue.?” Alfa2-adrenergic agonists
like DEX have been reported to have protective
effects on the ischemic myocardium and attenuate
plasma NE levels.?® Alfa2-adrenoreceptors also
exist at sympathetic nerve endings, and cardiac
presynaptic a2-adrenoreceptor stimulation
decreased NE release from sympathetic nerve
endings.?® Thus, 02- adrenoreceptor stimulation
would attenuate the elevation of NE concentration.
The attenuation of NE release by DEX may prevent
potential destructive effects of excess metabolism
caused by NE by means of prohibiting increased
free oxygen radical production and reduce oxygen
consumption.® Anotherlocation of a2-receptors are
on blood vessels, and DEX causes vasoconstriction
due to its a2- agonist property. Maier et al!
suggested that this effect may improve perfusion of
ischemic tissue by increasing vascular resistance in
non-ischemic tissue causing ‘‘reverse steal effect”.
Another explanation for the cardioprotective
effect of DEX is that, DEX alters the myocardial
oxygen balance. In previous studies DEX has been
reported to improve myocardial oxygen balance
by increasing the ischemic-non-ischemic blood
flow ratio and maintaining the oxygen balance in
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the regional ischemic hearts in dogs.>® Thus, it can
be considered that DEX might exert myocardial
protection resulting from the attenuation of
the catecholamine response to ischemic stres,
redistributing myocardial blood flow and maintain
the myocardial oxygen balance.

LIMITATIONS

This study has certain limitations that need
commenting. First of all only one dose of DEX was
tested. However the dose of DEX were based on
previous studies demonstrating cardioprotective
effect.? Also our study was not conducted to
find out the mechanism by which DEX exert for
cardioprotection however our results clearly
demonstrated that DEXwhen given before induction
of ischemia significantly decreases myocardial tissue
necrosis, inflammatory infiltrate and tissue edema
in diabetic rat heart. Different dosages, alternative
time protocols and researches primarily focusing on
the potential protective mechanisms for myocardial
injury induced by I/R in diabetic heart should be
investigated in future studies.

CONCLUSION

Taken together our data indicate that
dexmedetomidine may be helpful in reducing
myocardial necrosis, myocardial inflammation and
myocardial tissue edema resulting from I/R injury
in a diabetic rat model. Our findings may stimulate
further studies aiming to conclude the protective
effect of DEX especially in diabetic patients who
require a coronary artery by-pass operation and so
a clinical implication might be obtained.
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