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Abstract

Purpose: To study the effect of dexmedetomidine on myocardial ischemia-reperfusion injury (MI/RI)-
induced imbalance on oxidant-prooxidant status and apoptotic changes in rats.

Methods: Ninety (90) male Wistar rats were randomly divided into three groups — sham, model and
post-treatment. In model rats, the anterior descending branch of the left coronary artery was ligated for
25 min, prior to their being subjected to reperfusion for 2 h. Rats in the post-treatment group were
Subjected to ligation at the anterior descending branch of the left coronary artery for 25 min, but they
were intravenously injected with dexmedetomidine at a dose of 10 ug/kg prior to reperfusion. There was
no ligation in the sham group. Malondialdehyde (MDA), glutathione peroxidase (GSH-Px) and
superoxide dismutase (SOD) were assayed. Lactate dehydrogenase (LDH) and creatine kinase
isoenzyme (CK-MB) levels were also evaluated. Apoptosis was measured with TdT-mediated dUTP
nick end labeling (TUNEL) assay.

Results: Compared with the sham group, MDA level in the model group was significantly rose, while
SOD and GSH-Px activities were markedly decreased (p < 0.05). Moreover, there were higher LDH and
CK-MB activities in model rats than in the sham rats, but they were significantly lower in the post-
treatment group than in the model group (p < 0.05). Apoptosis was higher in model rats than in sham
operation rats, but was markedly decreased in post-treatment rats than in model rats (p < 0.05).
Conclusion: Post-treatment with dexmedetomidine exerts myocardial protective effect via significant
reduction in oxidative stress-induced myocardial injury and apoptosis.

Keywords: Dexmedetomidine, Myocardial ischemia-reperfusion injury, Antioxidant status, Programmed
cell death

This is an Open Access article that uses a fund-ing model which does not charge readers or their
institutions for access and distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited.

Tropical Journal of Pharmaceutical Research is indexed by Science Citation Index (SciSearch), Scopus,
International Pharmaceutical Abstract, Chemical Abstracts, Embase, Index Copernicus, EBSCO, African
Index Medicus, JournalSeek, Journal Citation Reports/Science Edition, Directory of Open Access Journals
(DOAJ), African Journal Online, Bioline International, Open-J-Gate and Pharmacy Abstracts

INTRODUCTION in peoples’ lifestyle, the incidence of coronary
heart disease has continued to increase [1]. At

Coronary atherosclerotic heart disease present, thrombolytic therapy and percutaneous
constitutes a serious threat to human life and coronary intervention are important methods for
health. Due to improved economy and changes the treatment of coronary heart disease.
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However, myocardial ischemia-reperfusion injury
(MI/RI) has become a serious problem in clinical
cardiology [2]. It is known that MI/RI is serious
pathophysiological change in myocardial tissue
caused by the restoration of blood supply, which
results in severe myocardial injury, irreversible
damage, and even myocardial death [3].

When MI/RI occurs, myocardial cells are
damaged to different degrees, cellular structure
is destroyed, and cell apoptosis is accelerated
[4]. Therefore, it is important to evolve ways of
effectively reducing MI/RI so as to reduce the
incidence of ischemic heart diseases and
complications. Ischemic post-treatment refers to
the phenomenon of myocardial protection
through transient and intermittent ischemia-
reperfusion treatment after ischemia for a period
of time, and before the beginning of reperfusion
[5]. Dexmedetomidine is a new type of a2
receptor agonist. It has been found that
dexmedetomidine pre-treatment exerts protective
effects on myocardium, but very little is known
about the effect of dexmedetomidine pre-
treatment on the myocardium [6]. This study was
aimed at investigating the influence of
dexmedetomidine on oxidative stress and
apoptosis induced by MI/RI in rats.

EXPERIMENTAL

Animals

Ninety (90) healthy male Wistar rats were
obtained from Shanghai Ruitaimosi
Biotechnology Co. Ltd, with production license
SCXK (Shanghai) 2016-0001. The mean weight
of the rats was 211 + 39 g.

Approval for this study was obtained from the
Animal Ethical Committee of First Affiliated
Hospital of Jiamusi University, 348 Dexiang
Street, Jiamusi City, Heilongjiang Province,
China (approval no. 201831997), and the
research was done in line with Principles of
Laboratory Animal Care [7].

Main equipment and reagents

The main instruments and reagents used, and
their sources (in brackets) were: low temperature
refrigerator (Shanghai Precision instrument Co.
Ltd., Model: DW-40L158); low temperature and
high speed centrifuge (Shanghai Precision
instrument Co. Ltd., model: GL-2050MS); Animal

respirator (Shanghai Yuyan Scientific
Instruments Co. Ltd., Model: SAR-1000); paraffin
slicer (Hubei Xiaogan Kuohai Medical

Technology Co. Ltd., model: KH-Q350); optical
microscope (Shanghai  Optical instrument

Factory, Model: SG-51); SOD assay kit (Nanjing
Senbeijia Biotechnology Co. Ltd., specification:
100T), and MDA assay kit (Beijing Baiaolaibo
Technology Co. Ltd., specification: 100T). The
others were GSH-Px assay kit (Shanghai
Suobao Biotechnology Co. Ltd., specification:
50T); LDH assay kit (DOJINDO Laboratories,
specification: 100T); CK-MB assay kit (Shanghai
Yiyan Biotechnology Co. Ltd., specification: 96T);
TUNEL apoptosis analysis kit (Beijing Baiaolaibo
Technology Co. Ltd., specification: 50T), and
dexmedetomidine (Jiangsu Hengrui Pharma-
ceutical Co. Ltd., production batch number:
20170248, specification: 2 mL: 200 g).

Animal grouping

The 90 rats were assigned to three groups
(30/group) using the digital random table method:
sham operation, model and dexmedetomidine
post-treatment groups. In the model group, the
anterior descending branch of the left coronary
artery was ligated for 25 min, and the rats were
subjected to reperfusion for 2 h. Rats in the post-
treatment group were similarly ligated in the
anterior descending branch of the left coronary
artery for 25 min, but were intravenously injected
with dexmedetomidine at a dose of 10 pg/kg
prior to reperfusion. There was no ligation in the
sham operation group.

Treatment indices
Parameters of redox status

Malondialdehyde (MDA) in each group was
determined using TBARS procedure. Glutathione
peroxidase (GSH-Px) and SOD were assayed
colorimetrically. The activites LDH and CK-MB
were assayed using automatic biochemical
analyzer. Pathological changes in
cardiomyocytes in each group were determined
histologically using H & E staining.

Apoptosis

Apoptosis in rats in each group was measured
using TUNEL assay.

Statistical analysis

All statistical analyses were done with SPSS
software package version 22.0. Single factor
variance analysis and LSD-t test were used for
comparing measurement data. Count data were
compared with x? test, while Ridit test was used
to compare grade data. Values of p < 0.05 were
taken as indicative of statistical significance
difference.
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RESULTS
Oxidative stress

Table 1 shows that model rat MDA concentration
was markedly increased, while superoxide
dismutase and glutathione reductase activities
were markedly reduced, relative to sham
operation rats (p < 0.05). However, this trend
was reversed in the post-treatment group,
relative to model rats (p < 0.05).

Table 1: Oxidative stress indices (mean + SD, n =30)

GSH-Px SOD

Group (U/mL) (pg/mL) MDA (U/L)
Sham 22.62 69.16 £ 574.54

2.29 2.53 49.36
Model 13.91 43.28 798.34

1.132 2.982 67.112
Post- 15.78 £ 55.49 + 677.63 +
treatment 1.4820 1.433 61.0920
F 217.211 870.703 105.814
P-value < 0.001 < 0.001 < 0.001

apP < 0.05, vs sham rats; °p < 0.05, vs model rats
LDH and CK-MB activities

The activities of LDH and CK-MB were markedly
higher in model rats than in sham rats, but they
were markedly decreased in the post-treatment
group than in the model rats (p < 0.05; Table 2).

Table 2: LDH and CK-MB levels (mean = SD, n = 3)

Group LDH (KU/L)  CK-MB (U/mL)
Sham 0.11+£0.02 15.22 + 2.1
Model 1.33+0.142 107.19+7.782
Post-treatment  0.76 £+ 0.062®> 85.82 + 8.06 20
F 1421.063 1604.481
P-value <0.001 <0.001

ap < 0.05, vs sham rats; ®p < 0.05, vs model rats
Pathological changes in myocardial cells

As shown in Figures 1A -1C, cardiomyocytes in
sham rat were in orderly arrangement, with intact
cell membranes, and there was no inflammatory
infiltration. In the model group, the arrangement
of cardiomyocytes was disordered, with widened
spaces between muscle fibers, and high level of
red blood cell exosmosis. Moreover, there was
high level of inflammatory cell infiltration. In
contrast, cardiomyocyte damage was less in
post-treatment rats than in model rats.

Apoptosis

Apoptosis in model rats was markedly higher
than in sham operation rats, but was significantly
lower in post-treatment rats than in model rats (p
< 0.05; Figure 2 and Table 3).
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Figure 1: Pathological changes in cardiomyocytes of
rats in the three groups. A: Sham group; B: Model
group; C: Post-treatment group

Figure 2: Effect of treatments on apoptosis in the
three groups of rats. A: Sham operation group; B:
model group; C: post-treatment group.

Table 3: Apoptosis among the rats (mean + SD, n
=30)

Apoptosis
Group (quantity)
Sham 0.71+0.06
Model 38.54 +2.062
Post-treatment 26.38 + 2.06 2°
F 3953.564
P-value < 0.001

ap < 0.05, vs sham rats; ®p < 0.05, vs model rats
DISCUSSION

Myocardial ischemia-reperfusion injury (MI/RI) is
one of the most common problems encountered
in clinical cardiac surgery. The mechanism
involved is complex, and it is thought to be
closely related to oxidative stress, inflammatory
reaction, autophagy and apoptosis [8]. At
present, many types of drugs such as sodium
and hydrogen exchange inhibitors and calcium
antagonists are used in clinical management of
MI/RI. Dexmedetomidine is a new type of a2
receptor agonist which has sedative, analgesic,
anti-anxiety, oxidative stress-reducing, and
inflammatory response-lowering effects in the

central nervous system. In addition,
dexmedetomidine inhibits sympathetic nerve
activity, relaxes blood vessels, and reduces

blood pressure [9]. In this study, the effect of
dexmedetomidine post-treatment on oxidative
stress and apoptosis induced by MI/RI was
studied.

Oxidative stress is a disequilibrium in redox

status, and it is associated with free radical
generation in the body [10]. Under normal
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physiological conditions, the oxidation and
antioxidant reactions are in a state of balance,
resulting in a dynamic balance between ROS
generation and their clearance. This is beneficial
and harmless to the body. However, when MI/RI
occurs, this homeostasis is broken, and the rate
of production of oxygen free radicals is
significantly higher than the rate at which they
are scavenged, resulting in lipid peroxide-
induced damage to the cell membrane, cell injury
and apoptosis [11].

The enzyme, GSH-Px, protects the structure and
function of the cell membrane from damage by
lipid peroxides. In addition, SOD is an important
antioxidant enzyme which plays a key role in the
neutralization of oxygen free radicals.
Malondialdehyde (MDA) is the final product of
lipid oxidation which increases membrane
damage. It is an important index for indirect
assessment of the extent of lipid peroxidation
and membrane damage [12]. In the present
study, model rat MDA was significantly
increased, while the activities of SOD and GSH-
Px were markedly decreased, when compared
with the sham operation group. The pattern of
changes in MDA and antioxidant enzymes
indicate that MI/RI-induced redox imbalance can
be significantly alleviated by post-treatment with
dexmedetomidine.

Under normal conditions, LDH, a cytoplasmic
enzyme, is present in high levels in myocardial
tissue. However, when myocardial ischemia
occurs, the release of inflammatory mediators is
increased; large numbers of free radicals are
generated, the permeability of the cell membrane
is increased, and serum LDH level is increased.

Lactate dehydrogenase (LDH) is a sensitive
index of cardiomyocyte injury [13]. Skeletal
muscle and myocardium are rich in CK-MB,
which is the most sensitive index of myocardial
tissue damage [14]. In the sham rats, the
cardiomyocytes were arranged neatly, the cell
membrane was intact, and there was no
inflammatory infiltration.

However, in model rats, there was disorderly
arrangement of cardiomyocytes, with wide
spaces between muscle fibers, and pronounced
red blood cell exosmosis, Moreover, there was a
high degree of inflammatory cell infiltration.
There was less cardiomyocyte damage in post-
treatment rats than in model rats. These results
suggest that the post-treatment  with
dexmedetomidine  maintained the  cellar
morphology and structure of normal myocardial,
and reduced myocardial injury.

Apoptosis is one of the mechanisms involved in
MI/RI. Studies have found that almost all cases
of acute myocardial infarction are associated with
presence of typical apoptotic cells in the
myocardium [15].

Studies by Han et al [16] reported that inhibition
of cardiomyocyte apoptosis significantly reduced
MI/RI in patients, and that apoptosis was
associated with the severity of MI/RI. It was
found that apoptosis was significantly higher in
model rats than in sham operation rats, while
apoptosis was lower in post-treatment rats than
in model rats. These results suggest that post-
treatment with dexmedetomidine exerts inhibitory
effect on cardiomyocyte apoptosis in rats.

Limitations of the study

There were no differences in concentrations of
dexmedetomidine in this study. Thus, the effect
of different concentrations of dexmedetomidine
on oxidative stress and apoptosis after
myocardial ischemia-reperfusion injury in rats is
not yet clear.

CONCLUSION

Post-treatment with dexmedetomidine
significantly reduces apoptosis and myocardial
injury caused by oxidative stress. Thus,
dexmedetomidine exerts protective effects on the
myocardium. This provides a basis for the
development of other drugs.
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