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Abstract

Purpose: To study the effect of dexmedetomidine pretreatment on a rat model of myocardial ischemia-
reperfusion injury (IRI)

Methods: Three groups of SD rats (n = 48, mean body weight = 275 + 25 g) were used (16 rats each):
sham, IRI, and dexmedetomidine groups. Ischemia-reperfusion injury (IRI) was established via ligation
of left anterior coronary artery. Rats in dexmedetomidine group were treated with single i.p. injection of
dexmedetomidine (100 ug/kg) 30 min before induction of IRI. Serum levels of IL-1B, IL-6 and TNF-a
were determined by enzyme-linked immunosorbent assay (ELISA). Western blotting was used to
determine the protein expressions of bcl-2 and bax, while histopathological changes in rat myocardial
tissue were determined with H&E staining.

Results: Serum TNF-a, IL-16 and IL-6 levels were significantly up-regulated in IRI rats, relative to sham
rats, but were decreased by dexmedetomidine (p < 0.05). Dexmedetomidine significantly reduced the
level of malondialdehyde (MDA) in myocardial tissues of IRI rats, but it increased superoxide dismutase
(SOD) activity (p < 0.05). It also markedly increased bcl-2 protein level, while the protein expression of
bax was decreased (p < 0.05). Results of H & E staining showed that dexmedetomidine significantly
mitigated IRI-induced damage.

Conclusion: Dexmedetomidine mitigates myocardial IRl in rats through suppression of inflammatory
and apoptotic changes, and enhancement of physiological antioxidant potential. This finding may be
useful for the management of myocardial ischemia-reperfusion injury.
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INTRODUCTION

transplants and myocardial
important consideration in ischemia

infarction. An
is the

Organs and tissues differ in their ischemic
tolerance. Prolonged and persistent ischemia
causes severe necrosis in tissues [1-3]. Blood
deprivation from organs influences the clinical
prognosis of stroke, hemorrhagic shock, organ

restoration of blood perfusion, and this has
become the primary strategy for clinical
treatment of ischemic diseases [4]. However,
studies have shown that restoration of blood flow
after hypoperfusion does not result in reduction
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or recovery from IRI. It leads to dysfunction in
cell metabolism and/or exacerbation of tissue
damage. Although restoration of blood flow to an
ischemic organ is vital for mitigation of
permanent tissue lesion, reperfusion may
exacerbate tissue injury in excess of that due to
ischemia alone. Ischemia-reperfusion injury (IRI),
a common pathological event during anesthesia,
refers to blood re-flow caused by ischemia of

myocardial  tissue/cells, which leads to
myocardial tissue injury [5,6]. It has been
reported that apoptosis, inflammation and

oxidative stress may contribute to IRl [7].
Reperfusion of ischemic tissues leads to local
and systemic inflammatory responses that may
lead to aggravated microvascular dysfunction
and altered tissue barrier function.
Dexmedetomidine is a highly selective o2-
receptor agonist which has shown great promise
as an analgesic and a sedative. There are
reports that dexmedetomidine effectively reduced
the concentrations of circulating catecholamines,
cardiac load and myocardial  oxygen
consumption. The drug has also been
demonstrated to be effective against myocardial
IRl [8]. Dexmedetomidine alleviated visual
dysfunction caused by hypoxia-reoxygenation
(H/R) in rats via activation of a2-adrenergic
receptors [9]. The present research was aimed at
investigating the influence of dexmedetomidine
pretreatment on myocardial IRl in rats.

EXPERIMENTAL
Materials

Dexmedetomidine was purchased from Shanghai
Rongweida Industrial Co. Ltd. Hematoxylin was
obtained from Chuzhou Shinuoda Biological
Technology Co. Ltd. Eosin solution was product
of Shanghai Jizhi Biochemical Technology Co.
Ltd, while RIPA buffer was produced by Harbin
Xinhai Gene Testing Co. Ltd; BCA kit was
supplied by Guangzhou Weijia Tech. ELISA kit
was bought from Nanjing Saihongrui Biological
Technology Co. Ltd., while bax and bcl-2
antibodies were obtained from Shenzhen Haodi
Huatuo Biotechnology Co. Ltd. Oven was
purchased from Beijing Wokai Biotechnology Co.
Ltd. Table centrifuge was bought from Beckman
Coulter Trading Co. Ltd. (China). Light
microscope was product of Olympus Sales and
Service Co. Ltd. (Beijing). Sterile workbench was
purchased from Hangzhou Nuoding Scientific
Equipment Co. Ltd.

Rats

Specific pathogen-free Sprague Dawley rats
used in this study (n = 48; mean body weight =

275 £ 25 g) were obtained from Wuxi Xinrun
Biotechnology Co. Ltd. The rats were given feed
and water ad libitum under equal light/dark
photoperiod, and maintained at a temperature of
25 + 5 °C and 55 % humidity. The rats were
adapted to lab atmosphere for one week prior to
starting the research which received approval
from Ethical Committee of The Eighth People's
Hospital of Hengshui City (approval no.
201980321), and was conducted according to
"Principles of Laboratory Animal Care" (NIH
publication no. 85-23, revised 1985) [10].

Experimental design

Three (3) groups of rats were used (16
animals/group): sham, IRI, and dexmedetomidine
groups. Ischemia-reperfusion injury (IRI) was
established via blockage of left anterior coronary
artery. Rats in dexmedetomidine group were
treated with single ip. injection  of
dexmedetomidine (100 pg/kg) 30 min before
induction of IRI, while those in sham group
received equivalent volume of normal saline
intraperitoneally.
Histopathological examination of rat
myocardial tissue

Excised myocardial tissue was fixed with 10%
formaldehyde and then embedded with paraffin.
Then, 5 ym thick tissue sections were stained
with H&E and examined under light microscopy.
Pathological changes in rat myocardial tissue
were recorded and analyzed with ImageJ
analysis software.

Determination of protein expressions of
apoptosis-related genes

Protein expression levels of bcl-2 and bax in
ischemic myocardial tissues of rats were
measured with Western blotting. Rat myocardial
tissue was homogenized in PBS and lysed with
ice-cold RIPA buffer mixed with PMSF (1:10, v:
v). The lysate protein content was measured with
BCA method. Thereafter, 50-ug protein portions
were resolved with SDS-PAGE and electro-
transferred to PVDF membrane. Then, the
membrane was incubated with 5 % fat-free milk
solution (for sealing). Thereafter, membrane
incubation was done for 12 h at 4 °C with the
appropriate 1° antibodies diluted 1: 1000,
followed by incubation with HRP-linked 2°
antibody for 45 min at room temperature. Then,
blot development was done with X-ray film, while
ImagedJ Launcher software was employed for
band grayscale analysis. Extent of protein
expression was normalized to B-actin which
served as standard.
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Measurement of levels of

cytokines

inflammatory

Abdominal aortic blood (2 mL) was drawn from
each rat and centrifuged at 3500 rpm to obtain
serum, and the cytokines were assayed with their
respective ELISA kits.

Determination of antioxidant status in rat
myocardial tissue

Ischemic myocardial tissue of each rat was
homogenized with ice-cold PBS and spun at
3500 rpm for 10 min to obtain a clear
supernatant. The level of MDA and activity of
SOD in the supernatant were determined with
thiobarbituric acid and xanthine oxidase reaction
methods, respectively.

Malondialdehyde assay

Exactly 0.1 mL of 10 % tissue homogenate was
thoroughly mixed with 0.1 mL of anhydrous
ethanol, 0.1 mL of reagent 1, and 0.1 mL of 10
nmol/mL standard solution. Then, 3 mL of
reagent 2 and 1 mL of reagent 3 were serially
added and incubated in a water bath at 95 °C for
45 min. The mixture was centrifuged at 3500 rpm
for 10 min to obtain clear supernatant, the
absorbance of which was read at 532 nm.

Superoxide dismutase (SOD) assay

Tissue homogenate (1 %) was diluted with
distilled water, followed by serial additions of
reagents 1, 2, 3 and 4 (1.0, 0.1, 0.1 and 0.1 mL,
respectively. The resultant mixture was
thoroughly mixed, followed by incubation in a 37-
°C water bath for 42 min. Then, 2 mL of
colorimetric reagent was added and incubated
for 20 min at room temperature, after which
absorbance was read at 550 nm.

Statistical analysis

Measurement data are expressed as mean *
SEM. Statistical analysis was performed with
SPSS (version 23.0). Groups were compared
using SNK-q test and Student’s t-test. Statistical
significance was assumed at p < 0.05.

RESULTS

Influence of dexmedetomidine on histology of
rat myocardial tissue

The results of H & E staining (Figure 1) showed
that rats in the sham group exhibited normal
architecture of myocardial tissue. The cells were
neatly and compactly arranged, with large and

round nuclei having visible nucleoli. In contrast,
myocardial tissue cells of IRI rats were highly
disorganized and vacuolated, with pyknotic
nuclei. The cell structure was markedly distorted,

and they appeared triangular, rectangular,
spindle-shaped or irregular. However,
dexmedetomidine significantly repaired the

damage caused by IRI.

Figure 1: Comparison of pathological changes in rat
myocardial tissue. (A): H & E staining of myocardial
tissues of rats in sham group; (B): Results of H&E
staining of myocardial tissues of rats in IRI group; and
(C): Results of histopathological examination of
myocardial tissues of IRl rats pretreated with
dexmedetomidine

Effect of dexmedetomidine on protein
expressions of apoptosis-related genes

Pretreatment of IRI rats with dexmedetomidine
markedly increased the protein expression of bcl-
2, but it reduced bax protein expression (Figure
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Figure 2: Effect of dexmedetomidine on protein
expressions of apoptosis-related genes. (A): Protein
levels of bcl-2 and bax; and (B): quantified Western
blotting results. *P < 0.05, vs sham; #p < 0.05, vs IRI
Effect of dexmedetomidine on levels of
inflammatory cytokines in rat serum

As shown in Table 1, the cytokine levels were
markedly higher in IRI rat than in sham operation
rats. However, dexmedetomidine significantly
reduced the serum levels of these pro-
inflammatory cytokines, when compared to the
corresponding levels in IRl rats (p < 0.05).

Effect of dexmedetomidine on antioxidant
status of rat myocardial tissue

The serum MDA level of IRI rats was markedly
higher than that of the sham operation group,
while SOD activity in IRI rats was markedly
reduced, when compared to sham operation rats.
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However, dexmedetomidine significantly reduced
the level of MDA in myocardial tissues of IRI rats,
while it raised SOD activity (p < 0.05; Table 2).

Table 1: Serum levels of inflammatory cytokines in the
rats (mean + SD, n = 16)

IL- IL- TNF-
Group 18(ng/mL) 6(ng/mL) «a(ng/mL)
1.70 £
Sham 2.68 £ 0.45 0.32 1.09+0.24
2.58 + 197 £
IRI 3.72+0.38 0.38" 0.26
Dexmedeto 207 1.64 £
midine 3.03 £ 0.34*% 0.30# 0.22#
F 29.060 27.820 54.650
P-value < 0.001 < 0.001 < 0.001

*P < 0.05, vs sham; #p < 0.05, vs IRl rats

Table 2: MDA level and SOD activity among the
groups (mean £ SD, n = 16)

Group MDA (nmol/mL) SOD (U/mL)
Sham 1.92 £ 0.49 86.41 £ 6.81
IRI 4.10 £ 0.44 43.52 +2.417
Dexmedetomidine 2.83+0.57* 65.36 + 4.49%
F 75.860 305.170
P-value <0.001 < 0.001

*P < 0.05, vs sham; #p < 0.05, vs IRl rats

DISCUSSION

Reperfusion  injury, sometimes called IRI
or reoxygenation injury, is due to tissue lesion
arising from post-ischemia restoration of blood
flow. Research on the prevention and treatment
of myocardial IRI has attracted huge attention in
recent times. This has led to sustained effort at
discovering novel factors that can effectively
reduce the risk associated with the disease.

Dexmedetomidine is widely used as an
anesthetic agent. It has been reported to
effectively protect the heart, kidney, lung and
other vital organs in animal models of IRI through
regulation of inflammatory responses, and
inhibition of caspase-3 and cell apoptosis [11].
Studies have shown that the wuse of
dexmedetomidine in patients with cardiovascular
diseases during surgery results in maintenance
of hemodynamic stability, facilitation of
intraoperative management, and reduction of risk
associated with cardiac injury [12].

In this study, a rat IRl model was generated via
ligation of the anterior branch of left coronary

artery. The results obtained showed that
dexmedetomidine significantly repaired
pathomorphological damage in myocardial

tissues of IRl rats. These results indicate that
dexmedetomidine may significantly alleviate

myocardial IRI in rats. Previous studies showed
that reperfusion induced by ischemia or hypoxia
caused cell necrosis and apoptosis, thereby
making apoptosis a likely underlying mechanism
[13].

It has been established that bax is a pro-
apoptotic gene, while bcl-2 functions as an anti-
apoptotic gene. The homodimer, bcl-2-bcl-2 and
heterodimer, bcl-2-bax, are produced when the
expression level of bcl-2 is increased, so as to
block cell apoptosis [14]. However, when the
level of expression of bax is increased, bax-bax
homodimer is produced, thereby resulting in a
pro-apoptotic role [15]. In this study, pretreatment
of IRI rats with dexmedetomidine markedly
increased bcl-2 protein, and markedly reduced
that of bax. These results suggest that
dexmedetomidine may inhibit apoptosis of
myocardial tissue cells of IRI rats.

Interleukin-18  (IL-18) promotes  neutrophil
aggregation and adhesion; IL-6 regulates
inflammatory response, while TNF-a facilitates
the infiltration of inflammatory cells in ischemic
areas. It has been reported that IL-13, IL-6 and
TNF-a are involved in acute myocardial infarction
and IRI [16]. Inflammatory response is partially
responsible for the damage caused by IRI. The
results of this study showed that the IRI-induced
increases in serum IL-1B, IL-6 and TNF-a were
markedly decreased by dexmedetomidine. It is
likely that dexmedetomidine may effectively block
inflammatory response in IRI rats as a way of
protecting the myocardial tissue from damage.
Oxidative stress has been speculated as a likely
mechanism involved in  myocardial IRI.
Superoxide dismutase (SOD) and MDA are
sensitive indicators of oxidative stress [17]. In
patients with myocardial IRlI, MDA level and
glutathione peroxidase activity are markedly
elevated, while SOD activity is significantly
reduced by dexmedetomidine administration [18].
Dexmedetomidine markedly reduced the level of
MDA in myocardial tissues of IRI rats, and
markedly increased SOD activity, an indication
that dexmedetomidine may significantly alleviate
oxidative stress-induced myocardial injury in IRI
rats.

CONCLUSION

Dexmedetomidine mitigates myocardial IRI in
rats through suppression of inflammatory and
apoptotic changes, and enhancement of
physiological antioxidant potential. Thus, the
compound can potentially be developed for
management of myocardial IRI.
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