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Abstract. Myocardial cells in patients with diabetes mellitus 
(DM) experience more severe reperfusion injury following 
heart ischemia compared with those in patients without DM. 
The inflammatory response plays a key role in the process 
of myocardial ischemia‑reperfusion (I/R) injury in diabetic 
patients. Dexmedetomidine (DEX) exhibits anti‑inflammatory 
properties, indicating it is an effective treatment for diabetic 
myocardial I/R injury. C57BL/6 mice underwent 30 min of 
myocardial ischemia followed by 2 h of reperfusion. H9c2 
cardiomyocytes were subjected to oxygen‑glucose depriva‑
tion/reoxygenation (OGD/R) injury. DEX was administered 
at the onset of myocardial reperfusion in the mice or during 
reoxygenation of the H9c2 cells. Additionally, in an in vitro 
experiment, the Toll like receptor (TLR) 2 agonist Pam3CSK4 
(PAM) was co‑administered with DEX. Analysis of in vivo 
data demonstrated that DEX reduced serum inflamma‑
tory factor levels, myocardial infarction area and structural 
tissue damage following myocardial I/R in diabetic mice. 
Immunohistochemical staining and western blot analysis 
revealed that DEX decreased TLR2 expression after myocar‑
dial I/R in these mice. Western blot analysis also demonstrated 
that DEX reduced the expression of NF‑κB and TNF‑α. 
Analysis of in vitro data indicated that DEX increased the 
viability of H9c2 cells after OGD/R under high‑glucose 
conditions. DEX achieved this by inhibiting NF‑κB activation 
through downregulation of TLR2 expression, thereby reducing 
the inflammatory response. However, the effects of DEX 
in H9c2 cells were reversed by the application of the TLR2 
agonist PAM. DEX may have protected the hearts of diabetic 

mice from I/R injury by reducing inflammation through the 
downregulation of the TLR2 signaling pathway.

Introduction

Diabetes mellitus (DM) is a metabolic disease, and its high 
incidence has attracted worldwide attention. Type 2 DM 
accounts for >95% of all cases of DM (1). DM is a recognized 
factor that leads to poor prognosis in patients with acute 
myocardial infarction (AMI) (2). Patients with DM have an 
increased risk of ischaemic heart disease and an increased 
mortality rate due to myocardial infarction (3,4). Compared 
with those of non‑diabetic patients, the hearts of patients with 
DM are more sensitive to reperfusion injury (5). After reperfu‑
sion therapy, diabetic patients often experience more severe 
reperfusion injury (6). Numerous factors affect the occurrence 
and development of diabetic myocardial ischemia‑reperfusion 
(I/R) injury, including the course of DM, myocardial mito‑
chondrial dysfunction, cardiac endothelial barrier function 
and myocardial microangiopathy (7,8). As the understanding 
of diabetic myocardial I/R damage has deepened, researchers 
have found that the development of this disease involves 
multiple factors and multiple processes, among which inflam‑
mation and oxidative stress play key roles (9). Hyperglycaemia 
aggravates inflammation and is among the main factors 
that increase diabetic I/R damage (10). Therefore, reducing 
myocardial I/R damage in patients with DM has become a 
major challenge faced by clinicians (11).

The main obstacle of I/R injury is the positive feedback 
loop between inflammation and cardiomyocyte death: The 
interaction of leukocytes with cardiomyocytes and endothe‑
lial cells leads to cardiomyocyte death, which activates and 
attracts leukocytes and releases cytokines  (12). Toll‑like 
receptors (TLRs) are pattern recognition receptors and play 
an important role in the induction of innate immunity and the 
inflammatory response (13). TLRs are activated by adaptor 
proteins and associated kinases for intracellular signal trans‑
duction. These kinases cause further activation of downstream 
kinases, including IκB‑α kinase, an inhibitor of NF‑κB, 
leading to the release of NF‑κB, the translocation of NF‑κB 
to the nucleus and an increase in inflammatory cytokine gene 
expression, resulting in a proinflammatory response (14). At 
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present, an increasing number of studies have shown that 
TLR2 plays a key role in myocardial I/R (15,16). A study by 
Favre et al (17) demonstrated that the myocardial infarction 
area in TLR2‑knockout mice after 30 min of ischemia and 
60 min of reperfusion was reduced compared with that of mice 
without TLR2 knockout. Therefore, the present study aimed to 
explore whether the TLR2‑NF‑κB pathway is involved in the 
process of myocardial I/R in diabetic mice to further explore 
feasible protective measures.

Dexmedetomidine (DEX) is a highly selective α2 adren‑
ergic receptor agonist with a favorable sedative effect that does 
not cause respiratory depression (18). Studies have suggested 
that DEX has a protective effect against I/R injury (19,20). 
Specifically, DEX protects organs during injury, inhibits 
proinflammatory signal transduction pathways and reduces 
cell death. Several studies have indicated that DEX can treat 
I/R damage in the context of DM (21,22). Cheng et al (23) 
suggested that DEX postprocessing increased the phosphory‑
lation of GSK‑3β in the hearts of diabetic rats by activating 
the PI3K/Akt signalling pathway, thereby inhibiting apoptosis 
and oxidative stress of the myocardium and reducing myocar‑
dial I/R injury. Li et al (24) demonstrated that DEX reduced 
myocardial I/R injury in DM rats, which was associated 
with the inhibition of endoplasmic reticulum stress‑induced 
cardiomyocyte apoptosis. The diabetic myocardial I/R injury 
process is complex, and additional mechanisms by which DEX 
can treat DM myocardial I/R injury still need to be further 
studied. At present, to the best of our knowledge, DEX has not 
been reported to reduce myocardial I/R injury in diabetic mice 
by inhibiting TLR2‑mediated inflammation.

Therefore, the present study aimed to determine the 
mechanism by which DEX regulates the TLR2 signalling 
pathway during myocardial I/R injury in the context of DM. It 
was hypothesized that DEX exerts its cardioprotective effect 
by downregulating the TLR2 signalling pathway to inhibit 
inflammation.

Materials and methods

Animals. A total of 42 male C57BL/6 mice (age, 4 weeks old; 
16‑18 g) were purchased from Hangzhou Ziyuan Laboratory 
Animal Technology Co., Ltd. and raised in a specific 
pathogen‑free environment at the Animal Experiment Center 
of Sir Run Run Shaw Hospital, with free access to water 
and feed (constant temperature, 24‑26˚C; constant humidity, 
55‑60%, 12:12 h day:night cycle). The animal experimental 
protocol was approved (approval no. SRRSH202104015) 
by and agreed upon by the Experimental Animal Ethics 
Committee of Sir Run Run Shaw Hospital (Hangzhou, 
China). All animal protocols followed in accordance with the 
ARRIVE guidelines.

Establishment of a diabetic mouse model. Male C57BL/6 mice 
were given free access to a standard diet for 7 days and fed 
a high‑fat diet (HFD; containing 60% energy from fat, 20% 
energy from carbohydrates and 20% energy from protein) for 
4 weeks. After 12 h of fasting, mice received intraperitoneal 
injections of streptozotocin (STZ; MilliporeSigma) dissolved 
in 0.1 M citrate buffer (pH 4.5) at a dose of 50 mg/kg body 
weight for 2 consecutive days. At 3 days and 1 week after STZ 

injection, fasting blood glucose was measured through the tail 
vein. Mice with a blood glucose level >11.1 mM were defined 
as having DM.

Experimental groups. Diabetic mice were randomly assigned 
to three groups (n=14 per group): Diabetic sham (SHAM), 
I/R and DEX‑treated I/R (DEX). Mice in the SHAM and I/R 
groups received an equal volume of saline via continuous 
intravenous infusion. In the DEX group, DEX (Jiangsu 
Hengrui Pharmaceutical Co., Ltd.) was dissolved in saline 
and administered via continuous intravenous infusion 
at 6 µg/kg/h, initiated immediately at the onset of reperfusion 
and maintained throughout the 2‑h reperfusion period (no 
loading dose). The selected dose was based on the clinically 
relevant maintenance infusion range of DEX and on body 
surface area‑based interspecies dose conversion, as previously 
described (25,26). A total of seven mice per group were used 
for infarct size measurement, and the remaining seven were 
used for other experiments.

Establishment of a myocardial I/R mouse model. The 
mice continued HFD eating for 4 weeks (until they grew to 
9 weeks old). The mice were intraperitoneally anaesthetized 
with sodium pentobarbital (50 mg/kg; i.p.) and perioperative 
analgesia was provided with sufentanil (20 µg/kg, i.v.) (27,28). 
Anaesthetic and analgesic depth was continuously assessed 
during surgery, and additional sufentanil was administered 
if nociceptive reflexes or movement responses to surgical 
stimulation were observed. After tracheal intubation, an 
animal ventilator was used for mechanical ventilation (tidal 
volume, 20 ml/kg; frequency, 100 beats/min; HX‑300). Body 
temperature was continuously monitored using a rectal probe 
and maintained at 37.0±0.5˚C with a heating pad. Peripheral 
oxygen saturation was continuously monitored using a pulse 
oximeter throughout the procedure. The right external jugular 
vein was opened, and a PE10 catheter was inserted. After 
the heart was exposed, the left anterior descending coronary 
artery was ligated 2 mm below the left auricle with a 6‑0 silk 
suture. A small polypropylene tube was placed between the 
ligature and the anterior descending branch of the left coro‑
nary artery. Ischemia was confirmed by observing the change 
in colour of the myocardial tissue in the ischemic area (the 
normal myocardium was pink, and the ischemic myocardium 
was pale). Reperfusion was achieved by loosening the knot. 
The artery was occluded for 30 min by tightening the ligature. 
After 30 min of ischemia, the ligature was loosened to allow 
reperfusion for 2 h. Mice in the SHAM group underwent 
the same surgical procedures, apart from tying the 6‑0 silk 
suture. At the end of reperfusion, mice were euthanized by an 
overdose of sodium pentobarbital (100 mg/kg; intraperitone‑
ally). Mortality was confirmed by the absence of respiration 
and cardiac activity, after which terminal blood collection and 
tissue harvesting were performed.

Infarct size determination. At the end of the experiment, the 
silk thread was ligated again. A 2% Evans blue solution (2 ml; 
Beijing Solarbio Science & Technology Co., Ltd.) was infused 
from the catheter. The left ventricular risk area was identified 
from the normal myocardium by the absence of blue staining. 
The heart was then frozen at ‑20˚C for 30 min and cut into 
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2‑mm‑thick slices parallel to the atrioventricular groove. The 
heart slices were then incubated with 1% triphenyltetrazolium 
chloride (MilliporeSigma) in 0.1 M phosphate buffer (pH 7.4) 
at 37˚C for 30 min. The infarcted tissue in the area at risk 
(AAR) was stained white, and the non‑infarcted tissue was 
stained red. After 24 h of fixation with 4% paraformaldehyde, 
the infarct size was analysed using Adobe Photoshop CC 2017 
(Adobe).

Detection of IL‑6, IL‑10 and MCP‑1 by ELISA. After 120 min 
of reperfusion, blood was collected from the abdominal aorta 
and centrifuged at ~10,000 x g for 10 min at 4˚C. To assess 
the early systemic inflammatory response, the supernatant 
was collected and serum levels of interleukin‑6 (IL‑6), inter‑
leukin‑10 (IL‑10) and monocyte chemoattractant protein‑1 
(MCP‑1) were measured by ELISA using commercial kits: 
Mouse IL‑6 ELISA Kit (Cat.  No.  F10830), Mouse IL‑10 
ELISA Kit (Cat. No. F1087), and Mouse MCP‑1 ELISA Kit 
(Cat. No. F11130) (Shanghai Xitang Biological Technology 
Co., Ltd.) according to the manufacturer's instructions.

Pathological examination. After blood collection, mice were 
euthanized with a high dose of anesthetic. Cardiac tissue was 
fixed in 4% paraformaldehyde at 4˚C overnight, dehydrated, 
paraffin‑embedded, sectioned to 5‑µm thickness and mounted 
on slides. The paraffin‑embedded sections were stained with 
H&E according to the procedure recommended by the supplier 
(Beyotime Institute of Biotechnology). Images were observed 
and acquired using a light microscope (Nikon Corporation).

Immunohistochemistry assay. Sections were deparaffinized 
and rehydrated in xylene and ethanol, followed by antigen 
retrieval by microwave in 0.1 mol/l citrate buffer, and then 
placed in 3% hydrogen peroxide solution (29). After blocking 
with 2.5% BSA (MilliporeSigma) at room temperature 
for 1  h, sections were incubated with anti‑TLR2 (1:200; 
cat.  no. Ab209216; Abcam) overnight at 4˚C, followed by 
secondary antibody (1:200; Santa Cruz Biotechnology, Inc.). 
Stained with 3,3'‑diaminobenzidine tetrahydrochloride 
(DAB; Beijing Zhongshan Jinqiao Biotechnology Co., Ltd.), 
then dehydrated in ethanolic xylene and sealed in neutral 
resin. Images were captured under a light microscope (Nikon 
Corporation).

Western blot assay. Cardiac tissue was cut into small pieces, 
placed in cold RIPA buffer (MilliporeSigma) containing 
protease inhibitors, homogenized, centrifuged at ~13,000 x g 
for 20 min at 4˚C. The total protein concentration was quanti‑
fied by using a BCA protein assay kit (Thermo Fisher Scientific, 
Inc.). Equal amounts of protein (30 µg/lane) were separated by 
10% SDS‑polyacrylamide gel electrophoresis and transferred 
to PVDF membranes. The membranes were blocked with 
5% skim milk for 2 h, then incubated in primary antibodies 
overnight (TLR2 (1:1,000; cat. no. Ab209216; Abcam), NF‑κB 
P65 (1:1,000; cat.  no.  Ab7970; Abcam), TNF‑α (1:1,000; 
cat. no. Ab6671; Abcam), IκB‑α (1:1,000, cat. no. 4814; Cell 
Signaling Technology, Inc.) and β‑actin (1:1,000, cat. no. 4970; 
Cell Signaling Technology, Inc.). Bands were detected with 
a secondary antibody conjugated to horseradish peroxidase 
(1:10,000; cat.  no.  BL003A; Biosharp Life Sciences) and 

incubated for 2  h at room temperature. The signals were 
visualized by enhanced chemiluminescence reagents (Thermo 
Fisher Scientific, Inc.). The gray value was calculated using 
ImageJ software (version 1.52k; National Institutes of Health), 
and the ratio of the optical density of each target band to the 
optical density of the internal reference protein band was used 
as the result of statistical analysis.

Cell culture and H/R cell model preparation. H9c2 cardiomy‑
ocytes, a rat embryonic myocardial cell line, were purchased 
from the Cell Bank of the Chinese Academy of Sciences. Cells 
were cultured in DMEM supplemented with 10% fetal bovine 
serum (FBS; Gibco, Thermo Fisher Scientific, Inc.), strepto‑
mycin and penicillin. All the experimental cells were grown in 
a 95% air and 5% CO2 in a 37˚C incubator. Cells were used for 
experiments when they reach 70‑80% confluency according to 
the experimental design.

H9c2 cells were adapted to low glucose DMEM and 
stimulated with 33 mM high glucose (HG) for 24 h to simulate 
hyperglycemia. Cells were exposed to hypoxic conditions (95% 
N2 and 5% CO2) for 3 h in medium without glucose and serum. 
Following hypoxia, cells were reoxygenated in high or low 
glucose medium under normoxic conditions (reoxygenation) 
for 6 h to simulate reperfusion. DEX or Pam3CSK4 (PAM; 
0.5µM; InvivoGen) was added to the media at the same time.

Determining the optimal concentration of DEX and assess 
whether DEX alleviates hypoxia and reoxygenation damage 
in the context of HG. The cells were divided into five groups: 
The control group (CON), HG group, oxygen‑glucose depriva‑
tion and reoxygenation group (OGD), HG + OGD group and 
HG + OGD + DEX group. In the HG + OGD + DEX group, 
cells were treated with 0.01, 0.1, 1, 10 and 100 µM DEX for 6 h 
after 3 h of hypoxia.

Effect of DEX on hypoxia and reoxygenation damage by 
inhibiting TLR2 expression. Cells were divided into four 
groups: The HG group, HG + OGD group, HG + OGD + DEX 
group and HG + OGD + DEX + PAM group. After 3 h of 
hypoxia, 1 µM DEX or 1 µM DEX + 0.5 µM PAM was added 
to the reoxygenated medium for incubation for 6 h.

Cell Counting Kit‑8 (CCK‑8) assay. Cell viability was assessed 
by CCK‑8 assay (Dojindo Laboratories, Inc.). H9c2 cells were 
seeded in 96‑well plates at a density of 1x10^4 cells/well and 
allowed to adhere overnight before treatment. The cells were 
processed by modelling procedure. Subsequently, the cells 
were treated with 100 µl of CCK‑8 solution at 37˚C for 1‑3 h. 
The absorbance at 450 nm was read with a microplate reader 
(Bio‑Rad Laboratories, Inc.).

Immunofluorescence. H9c2 cells were seeded onto slides and 
modeled as aforementioned. Cells were fixed in 4% parafor‑
maldehyde at room temperature for 15 min, permeabilized 
with 0.1% Triton X‑100 for 15 min and blocked with BSA at 
room temperature for 30 min. The samples were incubated 
overnight at 4˚C with primary rabbit anti‑NF‑κB p65 antibody 
(1:100; cat. no. Ab7970; Abcam). DyLight 594‑conjugated 
donkey anti‑rabbit IgG (1:200; Jackson ImmunoResearch 
Laboratories, Inc.) was used as secondary antibody. Cells 
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were stained with DAPI (1  µg/ml; Beyotime Institute of 
Biotechnology) at room temperature. Immunofluorescence 
was observed and captured using a Nikon epifluorescence 
microscope (Nikon Corporation).

Western blotting of cellular proteins. Proteins were isolated 
from cells, and a large volume of proteins was loaded, electro‑
phoresed and transferred to PVDF membranes. The expression 
of TLR2, NF‑κB, TNF‑α and β‑actin was detected using the 
same protocol as aforementioned for the analysis of mouse 
myocardial tissue.

Statistical analysis. The data are shown as the mean ± standard 
deviation. Differences between groups were determined by 
one‑way analysis of variance followed by Dunnett's or Tukey's 
post hoc test. P<0.05 was considered to indicate a statistically 
significant difference. GraphPad Prism 7.0 (Dotmatics) and 
SPSS 21.0 (IBM Corp.) were applied for data analysis.

Results

DEX protects against I/R‑induced myocardial injury 
in diabetic mice. To examine the effects of DEX on 
I/R‑induced myocardial injury in diabetic mice, myocar‑
dial tissue injury in diabetic mice was detected by Evans 
blue/TTC double staining and H&E staining. DEX signifi‑
cantly reduced the area of myocardial infarction induced 
by I/R in diabetic mice (Fig. 1A). Evans blue/TTC double 
staining demonstrated that the AAR/left ventricular (LV) 
area was not different between the DEX group and the I/R 
group (Fig. 1B). DEX significantly reduced the ratio of the 
infarct region/AAR caused by I/R compared with that in 
the myocardial I/R group of diabetic mice (Fig. 1C). H&E 
staining demonstrated that in the I/R group, myocardial 
fibres were disordered and broken and interstitial enlarge‑
ment, oedema and the necrosis of myocardial cells were 
observed, accompanied by round, dissolved or absent nuclei. 
These morphological changes were reversed in the DEX 
group. H&E staining further revealed that DEX improved 
the morphology of cardiomyocytes after I/R (Fig. 1D).

DEX decreases the levels of IL‑6 and MCP‑1 and increases 
the level of IL‑10 in diabetic mice. ELISA was used to detect 
the levels of IL‑6, IL‑10 and MCP‑1 in the serum. DEX 
reduced the increase in the inflammatory factors IL‑6 and 
MCP‑1 induced by I/R (Fig. 2A and C). Furthermore, DEX 
significantly increased the level of the anti‑inflammatory 
factor IL‑10 and inhibited the inflammatory response caused 
by I/R (Fig. 2B).

DEX reduces the inflammatory response to myocardial I/R 
in diabetic mice by inhibiting the TLR2 pathway. To explore 
how DEX reduced myocardial I/R injury in the diabetic mice, 
immunohistochemical (IHC) staining and western blot assays 
of myocardial tissue were performed. Representative immuno‑
histochemical staining images showed that TLR2 expression 
was markedly increased in the I/R group compared with 
the SHAM group, whereas DEX treatment reduced TLR2 
staining intensity (Fig.  3A). Quantitative analysis further 
confirmed that I/R significantly increased the positive staining 

area of TLR2, and DEX significantly attenuated this increase 
(Fig. 3B). Western blot assays of the myocardial tissue also 
demonstrated that I/R increased the expression of downstream 
NF‑κB and TNF‑α. However, DEX inhibited the expression of 
NF‑κB and TNF‑α (Fig. 3C‑F).

DEX reduces OGD/R‑induced damage to H9c2 cells under HG 
conditions. The optimal concentration of DEX was explored 
for subsequent experiments by detecting cell viability, and the 
experimental results demonstrated that 1 µM DEX was the 
best concentration (Fig. 4A). The expression levels of TLR2, 
NF‑κB and TNF‑α in the HG + OGD group of H9c2 cells were 
significantly increased compared with those in the HG group 
and OGD group. OGD/R in the context of HG aggravated the 
expression of inflammatory factors. However, DEX reduced 
the expression of TLR2, NF‑κB and TNF‑α after OGD/R 
under HG conditions (Fig. 4B‑E).

DEX reduces OGD/R‑induced damage to H9c2 cells under 
HG conditions through the TLR2‑NF‑κB pathway. To further 
determine the molecular mechanism by which DEX protects 
against OGD/R‑induced damage in the context of HG, the 
TLR2 agonist PAM was added along with DEX. DEX reduced 
the TLR2, NF‑κB and TNF‑α expression caused by OGD/R 
under HG conditions and increased IκB‑α. The use of PAM 
prevented the effect of DEX. Therefore, it was hypothesised 
that DEX inhibits the inflammatory response by inhibiting the 
activation of NF‑κB mediated by TLR2 (Fig. 5A‑E).

Effect of DEX on the activation of NF‑κB. To explore the 
effect of DEX on NF‑κB downstream of TLR2, fluorescently 
labelled NF‑κB was used to observe its status. When H9c2 
cells underwent OGD/R under HG conditions, NF‑κB entered 
the nucleus after activation. DEX inhibited the activation of 
NF‑κB and reduced the inflammatory response. Furthermore, 
PAM reactivated the translocation of NF‑κB into the nucleus, 
preventing the effect of DEX (Fig. 6A and B).

Discussion

The pesent study revealed the protective effect of DEX against 
myocardial I/R injury and H9c2 cardiomyocyte OGD/R injury 
in diabetic mice under a background of HG. In vivo experi‑
ments revealed that DEX reduced the area of myocardial 
infarction caused by I/R injury in diabetic mice, improved 
the morphology of cardiomyocytes observed by myocardial 
H&E staining, reduced serum inflammatory factor levels, and 
reduced myocardial TLR2 and NF‑κB protein expression. In 
cellular experiments, PAM, an agonist of TLR2, was added. 
The results demonstrated that PAM prevented the inhibition 
of TLR2 by DEX and promoted the activation of NF‑κB to 
produce inflammatory factors. In short, DEX reduced diabetic 
myocardial I/R injury and its mechanism may be mediated 
by inhibition of the TLR2‑NF‑κB signalling pathway. These 
results indicate that DEX may have certain therapeutic value 
when myocardial I/R injury occurs in patients with DM.

The risk of heart failure and death after diabetic myocar‑
dial ischemia is 2‑3 fold higher when compared with that in 
non‑diabetic patients (30). A large number of studies have 
shown that myocardial I/R injury in the context of DM is more 
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serious compared with that in non‑diabetic patients (31,32) 
and that the protective effects of drugs are reduced (33,34). 
The present study established a type 2 DM model in B6 mice 
through feeding and STZ induction. Diabetic B6 mice were 
directly used as a sham operation control group, and diabetic 
mice were used to establish a myocardial infarction model 
to simulate clinical myocardial I/R injury. In cellular experi‑
ments, CCK‑8 and western blot assays verified that OGD/R 

damage under a HG background was more serious when 
compared with that in the absence of HG.

TLRs are a class of innate immune system receptors that 
can bind endogenous ligands derived from a variety of patho‑
gens and induced by injury (35). TLR2 is used as a microbial 
sensor to trigger inflammation and immune responses 
and induce a variety of signalling pathways, including the 
NF‑κB signalling pathway, after ligand binding  (36). The 

Figure 1. DEX protects against I/R‑induced myocardial injury in diabetic mice. (A) Evans blue/TTC double staining of the myocardium in diabetic mice. 
The white part represents ischaemic infarcted myocardium, the red part represents ischaemic non‑infarcted myocardium and the blue part represents 
normal myocardium. (B) Quantification of the area at risk/left ventricular area. (C) Quantification of the infarct region/area at risk. (D) Representative 
images of cardiomyocytes stained with H&E. Scale bar, 60 µm. Compared with the SHAM group, ***P<0.001; compared with the I/R group, ##P<0.01; n=6. 
IR, ischemia‑reperfusion.
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Figure 2. Effects of DEX on the levels of IL‑6, IL‑10 and MCP‑1 in diabetic mice. (A-C) Statistical representations of the serum levels of IL‑6, IL‑10 and 
MCP‑1, respectively. Compared with SHAM group, *P<0.05 and ***P<0.001; Compared with IR group, #P<0.05, ##P<0.01, n=5. DEX, dexmedetomidine. 
MCP‑1, Monocyte Chemoattractant Protein‑1; IR, ischemia‑reperfusion.

Figure 3. Effect of DEX on myocardial inflammation induced by I/R in diabetic mice. (A) Representative images and quantitative analysis of TLR2 IHC 
staining in the myocardium. Scale bar=60 µm. The yellow area represents the positive area. (B) Statistical graph of the TLR2‑positive area by IHC staining. 
ImageJ image analysis software was used to measure the grey values for semiquantitative analysis. (C) Western blot analysis of TLR2, NF‑κB, TNF‑α 
and β‑actin. (D-F) Statistical representations of the relative expression of TLR2, NF‑κB and TNF‑α, respectively. Compared with SHAM group, *P<0.05; 
Compared with IR group, #P<0.05 and ##P<0.01; n=6. DEX, dexmedetomidine; I/R, ischemia reperfusion; IHC, immunohistochemical.
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Figure 4. DEX reduces OGD/R‑induced damage to H9c2 cells under HG conditions. (A) After H9c2 cell modelling, Cell Counting Kit‑8 assays were used to 
detect cell viability. (B) Western blot analysis of TLR2, NF‑κB, TNF‑α and β‑actin was carried out. (C-E) Statistical representations of the relative expression 
of TLR2, NF‑κB and TNF‑α, respectively. Compared with the CON group, *P<0.05, **P<0.01 and ***P<0.001; compared with the HG + OGD group, #P<0.05, 
##P<0.01 and ###P<0.001; n=5. DEX, dexmedetomidine; OGD/R, oxygen‑glucose deprivation/reoxygenation; HG, high‑glucose.

Figure 5. DEX reduces OGD/R‑induced damage to H9c2 cells under HG conditions through the TLR2‑NF‑κB pathway. (A) Western blot analysis of TLR2, 
NF‑κB, TNF‑α and β‑actin. (B‑E) Statistical representations of the relative expression of TLR2, NF‑κB, IκB‑α and TNF‑α, respectively. Compared with 
the HG + OGD group, *P<0.05, **P<0.01 and ***P<0.001; compared with the HG + OGD + DEX group, #P<0.05 and ##P<0.01; n=5. DEX, dexmedetomidine; 
OGD/R, oxygen‑glucose deprivation/reoxygenation; TLR, toll like receptor; HG, high‑glucose; PAM, Pam3CSK4.
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TLR2‑NF‑κB signalling pathway can induce the expression 
of pro‑inflammatory mediators and induce an inflammatory 
response, leading to an increased cerebral infarction area and 
aggravated brain damage (37). Arslan et al (38) also found that 
inhibiting TLR2 can reduce the inflammatory response caused 
by myocardial I/R, reduce myocardial infarction and protect 
heart function and structure. NF‑κB, a key protein downstream 
of TLR2, is a dimeric redox‑sensitive transcription factor 
composed of p50 and p65 (39). It responds quickly to external 
changes and plays an important role in I/R injury. Under 
normal circumstances, NF‑κB and IκB‑α in the cell form an 
inactive complex. Upon I/R injury, NF‑κB is activated through 
the classic NF‑κB activation pathway: IκB‑α is activated by 
its kinase through phosphorylation and is degraded, resulting 
in the disassociation of NF‑κB p65 from the cytoplasmic 
NF‑κB/IκB‑α complex (40). Then, NF‑κB p65 is activated, 
exposing the nuclear localization domain, after which nuclear 
translocation occurs and target gene expression is initiated. A 
large number of inflammatory factors, such as TNF‑α, IL‑1β 
and IL‑6, are released to trigger an inflammatory response and 
participate in I/R injury (41). TNF‑α plays an important role 
in the production and activation of inflammation. The experi‑
mental results revealed that both myocardial I/R injury and 
OGD/R injury under HG conditions in diabetic mice signifi‑
cantly increased the expression of TLR2, NF‑κB and TNF‑α. 
Therefore, the present study used the TLR2‑NF‑κB pathway 
as a target for diabetic myocardial I/R injury.

In vivo and in vitro experiments have shown that DEX can 
inhibit the expression of TLR2 and activation of NF‑κB and 
reduce I/R injury in a HG background. I/R injury is related to 
the activation of NF‑κB, and NF‑κB inhibitors can reduce I/R 
injury (42). Activated NF‑κB induces the release of multiple 
inflammatory mediators, including pro‑IL‑1β and IL‑18 (43). 
Research by Bao et al (44) demonstrated that DEX can prevent 
the activation of NF‑κB caused by lipopolysaccharide; reduce 
the levels of TNF‑α, IL‑6, IL‑1β and MCP‑1; and increase 

the level of IL‑10. As the initiation factor of the inflamma‑
tory cascade, TNF‑α promotes the release of a variety of other 
inflammatory factors, decreases muscle strength and further 
damages myocardial tissue. As an important cytokine, IL‑6 
participates in the immune and inflammatory responses of the 
body. Post‑traumatic activation of neutrophils can aggravate 
the production of inflammatory mediators, which can effec‑
tively predict the severity of tissue damage. MCP‑1 is secreted 
by cells in response to pro‑inflammatory cytokines. IL‑10 can 
inhibit the release of inflammatory mediators from mono‑
cytes and macrophages. The research results of the present 
study show that DEX inhibited the activation of myocardial 
NF‑κB in diabetic mice, inhibited secretion of the downstream 
inflammatory factor TNF‑α, decreased serum levels of the 
pro‑inflammatory factor IL‑6 and chemokine MCP‑1, and 
increased levels of the serum anti‑inflammatory factor IL‑10.

To further verify that the role of DEX in diabetic 
myocardial I/R injury is mediated through the TLR2‑NF‑κB 
pathway, the TLR2 agonist PAM was used. DEX reduced 
the expression of TLR2, inhibited the dissociation of cyto‑
plasmic NF‑κB/IκB‑α, inhibited NF‑κB nuclear transfer and 
reduced secretion of the inflammatory factor TNF‑α. PAM 
prevented the protective effects of DEX. DEX was identi‑
fied to reduce isoflurane‑induced neurotoxicity by inhibiting 
the TLR2/NF‑κB signalling pathway (45). Therefore, it was 
hypothesised that the protective effects of DEX in the OGD/R 
model under HG conditions were mediated through the 
TLR2‑NF‑κB pathway.

Although DEX is a highly selective α2‑adrenergic receptor 
(α2‑AR) agonist, and its anti‑inflammatory actions have 
been attributed to α2‑AR‑mediated neuroimmune modula‑
tion (46). The present study suggested that suppression of the 
TLR2‑NF‑κB inflammatory axis plays a key role in the cardio‑
protective effects of DEX under hyperglycemic conditions. 
Importantly, pharmacological activation of TLR2 with PAM 
prevented the inhibitory effects of DEX on NF‑κB activation 

Figure 6. Effect of DEX on the activation of NF‑κB. (A) Changes in the NF‑κB immunofluorescence staining intensity of H9c2 cells. NF‑κB p65 is stained red, 
and DAPI was used to stain the nuclei blue. Original magnification, x400. (B) Statistical graph of the NF‑κB fluorescence intensity in the nucleus. Compared 
with the HG + OGD group, ***P<0.001; compared with the HG + OGD + DEX group, ##P<0.01; n=3. DEX, dexmedetomidine; HG, high‑glucose; OGD/R, 
oxygen‑glucose deprivation/reoxygenation; PAM, Pam3CSK4.
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and inflammatory cytokine production, supporting the notion 
that TLR2 signaling is a key downstream determinant of the 
observed anti‑inflammatory phenotype.

The present study used DEX after myocardial ischemia for 
two reasons. First, the time frame of DEX administration in the 
present study is clinically relevant. After diabetic patients with 
myocardial infarction come to a hospital, DEX is continuously 
infused as a sedative or anaesthetic adjuvant during myocar‑
dial reperfusion. DEX can activate central and peripheral 
presynaptic membrane α2 receptors, leading to a reduction 
in the synthesis and release of norepinephrine, reducing heart 
rate, improving myocardial oxygen consumption during 
ischemia and making it easier to reach myocardial oxygen 
during reperfusion  (18). Furthermore, DEX balances the 
supply and demand of lactic acid and improves lactic acidosis 
after myocardial infarction (47). Perioperative application of 
low‑dose DEX can reduce the use of opioid analgesics and 
sedatives in cardiovascular surgery, maintain haemodynamic 
stability and reduce myocardial I/R injury (48,49). DEX also 
has a partial analgesic effect  (50). Second, the inflamma‑
tory response mediated by the TLR2 signalling pathway is 
significantly upregulated during myocardial I/R injury. The 
experimental results of the present study revealed that DEX 
treatment can inhibit the expression of TLR2 and the activa‑
tion of NF‑κB. This reduces the release of inflammatory 
factors, reduces the infarct size and improves the morphology 
of cardiomyocytes. These effects of DEX are beneficial to 
recovery from myocardial I/R injury, indicating its potential 
therapeutic prospects in AMI.

In conclusion, the present study found that DEX protects 
against myocardial I/R injury in a hyperglycaemic back‑
ground by inhibiting the TLR2‑NF‑κB signalling pathway. 
The present study is the first to propose the important role of 
the TLR2‑NF‑κB signalling pathway in the pathogenesis of 
myocardial I/R injury under the background of HG, providing 
a basis for the clinical application of DEX in patients with 
diabetic myocardial I/R injury.
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