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Effects of dexmedetomidine on myocardial
ischemia-reperfusion injury through
PI3K-Akt-mTOR signaling pathway
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Abstract. - OBJECTIVE: To explore the role
of dexmedetomidine (DEX) in myocardial isch-
emia-reperfusion (I/R) injury model and investi-
gate its specific molecular mechanism.

MATERIALS AND METHODS: The I/R rat
model was established by ligating the ante-
rior descending coronary artery for 30 min and
reperfusion for 120 min. In this experiment,
all rats were divided into sham operation (SH)
group, I/R group, DEX group and I/R + rapamy-
cin (RAP) group. After 120 min of I/R treat-
ment, left ventricular systolic pressure (LVSP),
left ventricular end-diastolic pressure (LVEDP),
maximal rates of rise and fall of left ventricular
pressure (xdp/dt__) and ischemic area were
detected. Serum samples of rats in each group
were collected. The levels of catalase (CAT), glu-
tathione peroxidase (GSH-PX), malondialdehyde
(MDA), superoxide dismutase (SOD), creatine
kinase (CK), CK-muscle/brain (CK-MB), tumor
necrosis factor (TNF) and interleukin-6 (IL-6)
were detected using enzyme-linked immuno-
sorbent assay (ELISA). The apoptosis of myo-
cardium in each group was detected according
to the instructions of terminal deoxynucleotidyl
transferase dUTP nick end labeling (TUNEL)
assay. The expressions of mammalian target
of rapamycin (mTOR), phosphorylated-mTOR
(p-mTOR), protein kinase B (Akt) and p-Akt in
myocardial tissues were detected via Western
blotting. Moreover, the messenger ribonucleic
acid (mRNA) expression level of mTOR in each
group was detected using reverse transcription-
polymerase chain reaction (RT-PCR).

RESULTS: Compared with SH group, LVSP
and zdp/dt__ in I/R group were significantly
decreased, whereas LVEDP was remarkably in-
creased in I/R group (p<0.01). After DEX admin-
istration, LVSP and =dp/dt__ were remarkably
increased, while LVEDP and infarction area were
markedly decreased (p<0.01). After treatment
with mTOR inhibitor rapamycin (RAP), LVSP
and xdp/dt__ were evidently decreased, while
LVEDP and infarction area were increased when
compared with those of DEX group (p<0.01).
Compared with SH group, the levels of CK, CK-
MB, TNF-a and IL-6 in I/R group were signifi-

cantly increased. However, the levels of these
molecules were significantly decreased after
DEX treatment in I/R rats. After the combina-
tion of DEX and RAP, the expression levels of
these indexes were significantly increased. No
significant differences were found between DEX
+ RAP group and model group, and between I/R
+ RAP group and model group. MDA level in I/R
group was significantly higher than that of SH
group, while the levels of SOD, CAT and GSH-
PX were notably lower (p<0.01). Compared with
I/R group, the level of MDA in DEX group was
significantly reduced, but the levels of SOD, CAT
and GSH-PX were markedly increased (p<0.05,
p<0.01). Meanwhile, compared with DEX group,
MDA level in I/R group was significantly in-
creased. However, the levels of SOD, CAT and
GSH-PX were remarkably decreased after the
application of combined DEX and mTOR in-
hibitor (p<0.01). After the addition of RAP, no
significant changes were found in each index
compared with I/R group. DEX could alleviate
myocardial cell apoptosis caused by I/R treat-
ment (p<0.01). The levels of p-mTOR and p-Akt
in I/R group were significantly increased when
compared with those of SH group. However, the
levels of these indexes in DEX group were evi-
dently higher than those of I/R group after DEX
administration based on myocardial I/R model
(p<0.01). After combination of DEX and RAP,
the latter canceled the effect of the former on
enhancing the expression of p-mTOR and the
phosphorylation level of mTOR. Furthermore,
there was no significant change in mTOR and
its mRNA expression in each group.

CONCLUSIONS: DEX can play a protective
role in myocardial I/R rats, improve the cardi-
ac function of I/R rats, eliminate oxygen free
radicals, relieve oxidative stress injury, inhib-
it inflammatory responses and reduce the re-
lease of CK and other substances. The myo-
cardial protection effects of DEX are mainly
achieved through the phosphatidylin-ositol-3-ki-
nase (PI3K)-Akt-mTOR pathway.
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Introduction

With the development of basic research and
clinical treatment, drug intravenous thrombolysis,
coronary artery bypass grafting and percutaneous
coronary angioplasty have been widely used in
clinical practice recently. Meanwhile, the progno-
sis of patients with coronary heart diseases has also
been significantly improved. However, subsequent
myocardial ischemia-reperfusion (I/R) injury seri-
ously restricts the success rate of these treatments'.
Zhang et al* have shown that myocardial I/R injury
may be related to oxygen free radical production,
inflammatory responses, calcium overload and
other factors. Dexmedetomidine (DEX) is a a.,-ad-
renoceptor agonist, which is mainly used in anes-
thesia and sedation®. Currently, some researches
have revealed that DEX can protect the heart in
many ways. It can also alleviate oxidative stress
and myocardial I/R injury. However, the specific
mechanism of its role is still unclear. In this study,
the myocardial I/R injury model was first estab-
lished. Moreover, we investigated the effects of
DEX on myocardial I/R as well as its relationship
with phosphatidylin-ositol-3-kinase (PI3K)-pro-
tein kinase B (Akt)-mammalian target of rapamy-
cin (mTOR) signaling pathway.

Materials and Methods

Drugs and Reagents

DEX was purchased from Jiangsu Hengrui
Pharmaceutical Co., Ltd. (Lianyungang, China);
chloral hydrate was bought from Shanghai Alad-
din Bio-Chem Technology Co., Ltd. (Shanghai,
China); creatine kinase (CK), CK-muscle/brain
(CK-MB), tumor necrosis factor-alpha (TNF-a),
interleukin-6 (IL-6), malondialdehyde (MDA),
superoxide dismutase (SOD), (GSH-PX) and cata-
lase (CAT) were purchased from Shanghai Yu-
anye Biotechnology Co., Ltd. (Shanghai, China);
bicinchoninic acid assay (BCA) kits were bought
from Beyotime Biotechnology Co., Ltd. (Shanghai,
China); and mTOR and phosphorylated-mTOR (p-
mTOR) antibodies were obtained from Santa Cruz
Biotechnology (Santa Cruz, CA, USA).

I/R Model Preparation

A total of 50 healthy male Sprague-Dawley
(SD) rats were anesthetized with chloral hydrate.
Needle electrodes were inserted into the limbs of
rats. The left common carotid artery of rats was
peeled off, and a plastic catheter containing anti-

coagulant and saline was inserted. Electrocardio-
grams and hemodynamic changes in rats were re-
corded. Subsequently, the left anterior descending
coronary artery of rats was found. A 4-0-suture
thread was then used to pass through the position
at 3-4 cm from the initial position of coronary ar-
tery. A small catheter was placed under the ligature
to block blood flow in the left anterior descending
coronary artery. After 30 min, blood flow supply
was resumed for 120 min. This study was approved
by the Animal Ethics Committee of Harbin Medi-
cal University Animal Center (Harbin, China).

Experimental Grouping

50 healthy male SD rats were randomly divid-
ed into 5 groups with 10 rats in each group, in-
cluding: (1) sham operation group (SH group), (2)
I/R group, (3) DEX treatment group (DEX group):
DEX (2.5 mL/kg) was given before ischemia, and
the rest procedures were the same as I/R group,
(4) DEX + rapamycin (RAP) group: RAP (1 mL/
kg) was given before the administration of DEX,
and the rest procedures were the same as DEX
group, and (5) I/R + RAP group: RAP (1 mL/kg)
was given before ischemia, and the remaining
procedures were the same as I/R group.

Hemodynamic Detection

A plastic catheter was first inserted into the
left ventricle along the common carotid artery.
Subsequently, left ventricular systolic pressure
(LVSP), left ventricular end-diastolic pressure
(LVEDP) and maximal rates of rise and fall of left
ventricular pressure (dp/dt_ ) were recorded us-
ing a physiological recorder.

Measurement of Myocardial
Infarction Area

The central area of myocardial infarction was
first found. Then, the apex of the heart parallel
to the atrioventricular groove was cut, followed
by incubation with triphenyltetrazolium chloride
(TTC) solution (Oxoid, Hampshire, UK) for 15
min. Subsequently, the infarction area appeared
white and could be distinguished from normal
myocardial tissues. Ischemic and non-ischemic
areas were separated, and the volume ratio of in-
farction area to the left ventricle was calculated as
myocardial infarction area.

Biochemical Index Detection

After myocardial I/R injury, whole blood was
collected from each rat, followed by centrifuga-
tion at 3000 rpm/min for 15 min. Subsequently,
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the supernatant was taken and stored in a refrig-
erator at -20°C. Serum levels of CAT, GSH-PX,
MDA, SOD, CK, CK-MB, TNF-a and IL-6 were
detected according to the instructions of enzyme-
linked immunosorbent assay (ELISA) kit (R&D
Systems, Minneapolis, MN, USA).

Terminal Deoxynucleotidyl Transferase
dUTP Nick End Labeling (TUNEL) Assay

In Situ Cell Death Detection Kit purchased
from Roche (Basel, Switzerland) was applied to
measure the apoptosis of paraffin sections. The
specific steps were as follows. Briefly, paraffin
sections were dewaxed, washed with phosphate-
buffered saline (PBS), added with protease K
working solution and immersed in sealing solu-
tion. Next, the sections were transparentized with
Triton X100/sodium citrate (0.1%). Subsequently,
Vectashield Hard Set was added to seal the sec-
tions. Finally, TUNEL was conducted with fluo-
rescein isothiocyanate (FITC) as fluorescent de-
veloper. TUNEL-positive cells were calculated
from 10 randomly selected fields.

Expressions of mTOR and p-mTOR via
Western Blotting

At the end of myocardial I/R in rats, the tis-
sues below the left ventricular ligature were first
treated into fragments in a liquid nitrogen cryo-
genic environment. Then, the tissues were lysed
in lysate containing 1% protease inhibitor. The
protein concentration was determined in strict
accordance with BCA kit. 50-pg protein sample
was boiled in loading buffer and separated by
sodium dodecyl sulphate-polyacrylamide gel
electrophoresis (SDS-PAGE) after denaturation.
Subsequently, PAGE gel containing proteins was
placed on NC membranes in a membrane trans-
fer tank. After sealing with 5% skim milk, the
membranes were incubated with primary anti-
bodies of mTOR, p-mTOR and internal reference
overnight. On the next day, the membranes were
incubated with fluorescence secondary antibodies
at room temperature for 2 h. After washing with
phosphate-buffered saline and Tween-20 (PBST),
immuno-reactive bands were detected by Odys-
sey system.

Real-Time Quantitative Polymerase
Chain Reaction (RT-qPCR)

TRIzol was first added to heart tissues and cells
(TRIzol kit, Thermo Fisher, Waltham, MA, USA).
Then, chloroform was added for centrifugation to
obtain the supernatant. Isopropanol was added to
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obtain total RNA. RNA samples were obtained
by treatment with 75% ethanol added with di-
ethyl pyrocarbonate (DEPC) (Beyotime, Shang-
hai, China). Complementary deoxyribose nucleic
acid (cDNA) chain was obtained as templates by
reverse transcription PCR. Primers, Taq poly-
merase, Taq buffer, DNTP mixture and ddH,O
were added to perform PCR amplification by a
PCR apparatus. Finally, the product was placed
on a quantitative PCR instrument to determine
the mRNA expression of target genes. Primer se-
quences used in this study were as follows: mTOR,
F: 5-CTGTAATTACATCCTCGACTG-3’, R:
5’-CGTGTCGTGGTTAGTCG-3’; GAPDH:
F: 5-CGCTCTCTGCTCCTCCTGTTC-3’, R:
5>-ATCCGTTGACTCCGACCTTCAC-3".

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 19.0 software (IBM, Armonk, NY, USA)
was used for all statistical analysis. Experimen-
tal data were represented by (X+s). ¢-test was used
to compare the difference between two groups.
p<0.05 and p<0.01 were considered statistically
significant.

Results

Effects of DEX on Cardiac
Hemodynamic Changes and Infarction
Area After I/R Treatment in Rats

As shown in Table I, LVSP and +dp/dt__ in
I/R group were significantly decreased when
compared with those of SH group. However,
LVEDP in I/R group was remarkably higher than
that of SH group (p<0.01). After the administra-
tion of DEX, LVSP and +dp/dt___ were mark-
edly increased, whereas LVEDP and infarction
area were significantly decreased (p<0.01). After
the treatment with mTOR inhibitor RAP, LVSP
and +dp/dt_  were evidently decreased, while
LVEDP and infarction area were significantly in-
creased when compared with those of DEX group
(p<0.01). Compared with I/R group, no signifi-
cant changes were found in the above indexes,
indicating that PI3K-Akt-mTOR inhibitor RAP
could inhibit the effect of DEX.

Effects of DEX on CK, CK-MB, TNF-.
and IL-6 after I/R Treatment in Rats

As shown in Table 11, the levels of CK, CK-MB,
TNF-a and IL-6 in I/R group were significantly
higher than those of SH group (»<0.01). However,
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Table I. Effects of DEX on cardiac hemodynamic changes and infarction area after I/R treatment in rats (X+ts, n=10).

Group LVSP/mmHg LVEDP/ +dp/dt__ / -dp/dt__ / Infarction
mmHg mmHg-s’ mmHg-s’ area/%
SH group 138.36+9.52 4.69+0.14 4218.11+186.46 -3469.32+195.25
I/R group 92.5647.33* 11.82+0.45* 2676.47+227.38*  -2000.18+166.47* 49.46+6.85
DEX group 128.12+8.83" 7.17+0.41* 3418.64+215.89" -2417.84+170.05* 24.52+3.18"
DEX + RAP group 99.89+7.63% 12.37+0.83% 2926.17+258.224 -2108.14+186.36*  48.23+6.82%
I/R + RAP group 97.75+7.49* 12.05+0.54» 2835.12+256.234 -2009.394210.514  46.68+4.67%
Note: *p<0.01 vs. SH group, *p<0.01 vs. I/R group and 2p<0.01 vs. DEX group.
Table Il. Effects of DEX on CK, CK-MB, TNF-a and IL-6 after I/R treatment
Group CK/U.L! CK-MB/U.L" TNF-o/ng-L"’ IL-6/ng-L"'
SH group 992.81+98.21 998.82+96.75 34.21£2.12 2.51+0.08
I/R group 3158.52+228.57* 3032.29+212.18* 121.26+11.71* 6.22+0.48*
DEX group 1387.58+152.52# 1517.17+217.244# 69.51+9.76# 3.19+0.26#
DEX + RAP group 2911.46+227.814 3121.25+248.28% 124.37+16.40% 6.17+0.26*
I/R + RAP group 2885.21+£283.744 2951.204+214.56* 118.27+17.41% 6.28+0.524

Note: *p<0.01 vs. SH group, /p<0.01 vs. I/R group and *p<0.01 vs.

the levels of CK, CK-MB, TNF-a and IL-6 were
significantly decreased after DEX administration
in I/R rats. After the combination of DEX and
RAP, the expression levels of these indexes were
obviously increased. However, there were no sig-
nificant differences between DEX + RAP group
and model group as well as between I/R + RAP
group and model group. The above results sug-
gested that RAP blocked the effects of DEX on the
expression levels of CK, CK-MB, TNF-a and IL-6.

Effects of DEX on Oxidative Stress
Indexes of I/R Injury

It was found that compared with SH group,
MDA level in I/R group was markedly increased,
whereas the levels of SOD, CAT and GSH-PX
were significantly decreased (p<0.01) (Table
I11). Compared with I/R group, MDA level was

Table Ill. Effects of DEX on oxidative stress indexes of I/R injury

DEX group.

significantly decreased in DEX group, while the
levels of SOD, CAT and GSH-PX were increased
(p<0.05, p<0.01). Compared with DEX group,
MDA level in I/R group was significantly in-
creased, while the levels of SOD, CAT and GSH-
PX were remarkably decreased after the combina-
tion of DEX and RAP (p<0.01). After the addition
of RAP, no significant change was found in each
index when compared with I/R group. This sug-
gested that RAP could block the effects of DEX
on the above indexes.

Effects of DEX on Myocardial
Cell Apoptosis

The results manifested that no TUNEL-posi-
tive cells were found in SH group. Moreover, the
apoptosis rate of DEX group was significantly
lower than that of I/R group (p<0.01) (Figure 1).

Group SOD/U.mL! MDA/pmol.L"’ CAT/U.-mg' GSH-PX/U.mg’'
SH group 115.81x18.84 9.49+1.21 51.72+2.61 18.94+2.58
I/R group 71.5445.43D 18.31+2.26Y 8.45+1.68" 12.11£1.74Y
DEX group 114.43£11.74% 11.14+1.21Y 46.28+2.85Y 15.18+1.55?
DEX + RAP group 79.81£7.32 16.75+1.64% 9.76+1.46% 11.21£1.18%
I/R + RAP group 78.19+10.26% 17.2242.25% 9.32+1.329 12.59+2.75%

Note: ” p<0.01 vs. SH group, ? p<0.05 vs. I/R group, ¥ p<0.01 vs. DEX group, ¥ p<0.05 and * p<0.01.
p group, = p
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Figure 1. Detection of the apoptosis of rat heart cells via
TUNEL assay. Note: Red indicates TUNEL-positive, and
blue indicates the nucleus (*»<0.01).

Effects of DEX on Phosphorylation
of m-TOR and Akt After Myocardial I/R
As shown in Figure 2-3, the levels of p-mTOR
and p-Akt in I/R group were evidently higher
than those of SH group (p<0.01). However, the
levels of these indexes were significantly higher
than those of I/T group after DEX administration
based on myocardial I/R model (p<0.01). After
the combination of DEX and RAP, the latter can-
celed the effect of the former on enhancing the
expression of p-mTOR and the phosphorylation
level of mTOR. However, no significant changes
were found in the expressions of mTOR and AKT
in each group. The above results indicated that
the protective effect of DEX on I/R injury was
related to PI3K-Akt-mTOR signaling pathway.
In this study, the results revealed that after the
establishment of I/R model, DEX treatment and
mTOR inhibitor treatment could not significantly
change the mRNA level of mTOR (Figure 4). This
suggested that the influence of DEX on PI3K-Akt-
mTOR signaling pathway could not affect the ex-
pression level of mTOR. However, it remarkably
promoted the phosphorylation level of mTOR.

6740

Figure 2. Effects of DEX on the expressions of mTOR
and p-mTOR in myocardial I/R rats. Note: *p<0.01 vs. SH
group, p<0.01 vs. I/R group and *p<0.01 vs. DEX group.

Discussion

At present, the treatment of coronary heart
disease is mainly to improve coronary artery
perfusion through surgery or medicine. How-
ever, ischemic myocardial cells usually release a
large number of inflammatory mediators during
the process of blood flow reperfusion. This may
cause metabolic dysfunction of myocardial cells,
degeneration and necrosis of myocardial cells and
oxidative stress reaction. Eventually, this results
in secondary cardiovascular damage, namely,
myocardial I/R injury*. Therefore, in-depth study
on the mechanism and treatment of MIRI is of
far-reaching significance for improving the prog-
nosis of cardiovascular diseases”.

DEX is widely used in clinical anesthesia. It
is reported that DEX has a significant improv-
ing effect on I/R injury®. In this study, the results
showed that LVSP and +dp/dt_ in I/R group
were significantly lower than those of SH group,
while LVEDP in I/R group was evidently higher
(p<0.01). After the administration of DEX, LVSP
and +dp/dt_ were remarkably increased, while
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Figure 3. Effects of DEX on the expressions of Akt and
p-Akt in myocardial I/R rats. Note: *p<0.01 vs. SH group,
#p<0.01 vs. I/R group and *p<0.01 vs. DEX group.

LVEDP and infarction area were markedly de-
creased (p<0.01). The above results indicated
that DEX could effectively improve the decline of
cardiac function caused by I/R injury, which also
exhibited a protective effect on myocardium’®.
Meanwhile, it was found that LVSP and +dp/dt-
. Were remarkably decreased, while LVEDP
and infarction area were increased after treat-
ment with RAP (p<0.01). Compared with those
of I/R group, the above indexes did not change
significantly. This indicated that PI3K-Akt-mTOR
signaling pathway might play an important role
in the cardio-protective mechanism of DEX. The
PI3K-Akt-mTOR signaling pathway is an impor-
tant membrane receptor pathway, which plays a
key regulatory role in various physiological be-
haviors of mammalian cells’. After activation of
PI3K-Akt-mTOR pathway, the anti-apoptosis ac-
tivity of myocardium can be affected by various
ways'?. Therefore, the cardio-protective effect of
DEX may be the role of PI3K-Akt-mTOR signal
transduction system. Myocardial I/R injury can
cause mitochondrial membrane damage. Mean-
while, it releases CK, CK-MB and other compo-
nents into the blood. Therefore, the changes of
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Figure 4. Effects of DEX on the mRNA expression level of
mTOR in myocardial I/R rats.

these indexes can reflect the degree of myocardial
cell damage''. At the same time, it is often accom-
panied by the release of multiple inflammatory
mediators in the process of myocardial I/R'* .
By inducing oxidative stress and cell apoptosis,
myocardial injury will continue to be affected'*
13, In this study, it was found that the levels of CK,
CK-MB, TNF-a and IL-6 in the blood of rats af-
ter myocardial I/R were significantly increased
(p<0.01). However, the levels of CK, CK-MB,
TNF-0 and IL-6 were remarkably decreased after
DEX administration in I/R rats. After the combi-
nation of DEX and RAP, the expression levels of
these indexes were significantly increased. How-
ever, there were no significant differences found
between DEX + RAP group and model group
as well as between I/R + RAP group and mod-
el group. At the same time, this study revealed
that a large number of myocardial cells showed
apoptosis after I/R treatment. On this basis, the
apoptosis rate of myocardial cells was signifi-
cantly decreased after the administration of DEX.
The above results denoted that DEX could reduce
the increased levels of CK, CK-MB, TNF-a and
IL-6 caused by I/R. Moreover, PI3K-Akt-mTOR
signaling pathway inhibitor blocked the effects
of DEX on the expression level of these index-
es. Meanwhile, DEX alleviated myocardial cell
apoptosis caused by I/R injury. Oxidative stress
is one of the key signs of I/R injury. When the
myocardium without blood circulation is supplied
again, a large number of oxygen free radicals will
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accumulate in the myocardium due to the lack of
systematic function of oxygen free radical scav-
engers. Excessive oxygen free radicals can cause
myocardial damage'*'">. Among them, MDA is an
important indicator of lipid peroxidation'®. Serum
levels of SOD, MDA, CAT and GSH-PX in rats
can reflect the oxidative stress in myocardium'”'®,
It was found in this study that MDA level in rat
serum was notably increased, while the levels of
SOD, CAT and GSH-PX were significantly de-
creased significantly after I/R injury (p<0.01).
On this basis, after the administration of DEX,
MDA level in rat serum was decreased. How-
ever, the levels of SOD, CAT and GSH-PX were
markedly increased (p<0.05, p<0.01). After the
application of DEX combined with RAP, MDA
level was significantly increased, while the levels
of SOD, CAT and GSH-PX were remarkably de-
creased (p<0.01). After the addition of RAP, there
was no significant change in each index compared
with I/R group. This suggested that RAP could
block the effects of DEX on the above indexes.
To further study the mechanism of DEX against
I/R injury, the phosphorylation level of mTOR
was detected by Western blotting' . According
to the results, the level of p-mTOR in I/R group
was significantly increased when compared with
that of SH group after I/R injury. However, it was
evidently increased in DEX group compared with
that of I/R group after DEX administration based
on myocardial I/R model (p<0.01). After the com-
bination of DEX and m-TOR inhibitor, the latter
canceled the effect of the former on enhancing
the expression of p-mTOR and the phosphory-
lation level of mTOR. The expression of mTOR
did not change significantly in each group. At the
same time, RT-qPCR results also showed that the
mRNA level of mTOR did not change significant-
ly among groups. This indicated that the effects
of DEX on I/R injury was related to PI3K-Akt-
mTOR pathway.

Conclusions

In this study we found that DEX, a a, recep-
tor agonist, plays a role in myocardial protection
against myocardial I/R in rats. It can improve
cardiac function in I/R rats, scavenge oxygen
free radicals, relieve oxidative stress injury, in-
hibit inflammatory responses and reduce the re-
lease of myocardial enzymes. Furthermore, the
effects of DEX on I/R injury are mainly achieved
through PI3K-Akt-mTOR pathway.
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