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High mobility group box 1 protein attenuates myocardial
ischemia reperfusion injury via inhibition of the p38
mitogen-activated protein kinase signaling pathway
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Abstract. The present study aimed to determine the effects
of high mobility group box 1 protein (HMGBI1) on myocar-
dial ischemia reperfusion (I/R) injury in rats following acute
myocardial ischemia and investigate the underlying molecular
mechanisms of these effects. Male Wistar rats were randomly
divided into the following groups (n=10/group): Sham
operation; I/R; HMGBS50 (50 ng/kg HMGBI before I/R);
HMGBI100 (100 ng/kg HMGBI before I/R); and HMGB200
(200 ng/kg HMGBI before I/R). Serum cardiac troponin I
(cTnl), interleukin (IL)-6 and tumor necrosis factor (TNF)-a
levels were subsequently measured. Myocardial levels of
malondialdehyde (MDA) and superoxide dismutase (SOD)
were also determined. Myocardial infarction size (IS) was
determined by 2,3,5-triphenyltetrazolium chloride staining.
Myocardial expression of hypoxia inducible factor (HIF)-1a
and phosphorylated p38 mitogen-activated protein kinase
(P-p38 MAPK) protein was measured using western blotting.
The results demonstrated that HMGBI significantly decreased
serum levels of cT'nl, IL-6 and TNF-a and myocardial IS in
I/R rats compared with the sham group (all P<0.05). HMGBI1
also significantly decreased and increased myocardial levels
of MDA and SOD, respectively (both P<0.05). HMGBI1
significantly increased myocardial expression of HIF-la
and decreased expression of P-p38 MAPK following I/R

Correspondence to: Professor Heng-Chen Yao or Professor
De-Yong Zhang, Department of Cardiology, Liaocheng People's
Hospital Affiliated to Shandong University and Clinical School of
Taishan Medical University, 67 Dongchang West Road, Liaocheng,
Shandong 252000, P.R. China

E-mail: yaohc66@126.com

E-mail: zhdyde@sina.com

“Contributed equally
Key words: high mobility group box 1 protein, acute myocardial

ischemia, ischemia reperfusion injury, hypoxia inducible factor la,
P38 mitogen-activated protein kinase, rats

(both P<0.05). These effects of HMGBI1 occurred in a dose-
dependent manner. The results of the current study indicate
that the cardioprotective effects of intravenous HMGBI are
associated with increased myocardial expression of HIF-1a
via inhibition of P-p38 MAPK expression, leading to inhibi-
tion of the P-p38 MAPK signaling pathway.

Introduction

Acute myocardial infarction (MI) is a leading cause of
mortality and morbidity worldwide. When acute MI occurs,
the rapid restoration of coronary artery blood flow via throm-
bolytic therapy or percutaneous coronary intervention is
essential. However, reperfusion itself can lead to myocardial
injury and an inflammatory response, which is called ischemia
reperfusion (I/R) injury (1). Therefore, attenuating myocardial
I/R injury is important in the treatment of acute MI.

Hypoxia inducible factor (HIF)-la is an important
transcription factor that serves an essential role in cellular
adaption to conditions of hypoxia and ischemia, which
enables cells to differentiate and survive under low oxygen
conditions (2). Furthermore, HIF-1la can restore oxygen
homeostasis through the induction of glycolysis, erythro-
poiesis and angiogenesis (3). A previous study by our group
demonstrated that increased myocardial expression of HIF-1a.
is associated with cardioprotection against I/R injury (4).
Therefore, increasing myocardial expression of HIF-1a may
attenuate myocardial injury following myocardial I/R.

High mobility group box 1 protein (HMGBI) is widely
expressed in various tissues, inclduing the liver, brain, spleen,
lung, heart and kidney, and can induce the production of
proinflammatory cytokines, including tumor necrosis factor
(TNF)-a and interleukin (IL)-6, in addition to acting as a
proinflmmatory cytokine itself (5). HMGBI serves a role in
numerous cardiovascular diseases, inclduing atherosclerosis,
myocardial I/R injury, heart failure and M1 (6-10). Extracellular
HMGBI can recognize tissue damage and initiate reparative
responses, in addition to participating in the pathogenesis of
inflammation and enhancing myocardial I/R injury (11,12).

p38 mitogen-activated protein kinase (p38 MAPK)
serves a role in the regulation of various cellular functions.
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Phosphorylated p38 MAPK (P-p38 MAPK) is the active form
of p38 MAKP. Inhibition of p38 MAPK activity can protect
the heart from I/R injury (13). However, the association
between p38 MAPK and HMGBI in myocardial I/R injury is
not yet clear.

Accumulating evidence (14-16) has demonstrated that
the administration of HMGBI after MI or acute global I/R
improves left ventricular function via cardiomyocyte regen-
eration. Our group recently reported that intravenous HMGBI1
protect the heart from I/R injury (17). However, a previous
study identified that increasing the dose of HMGBI did not
further recover heart function, although it did inhibit inflam-
matory reactions (18). The majority of previous studies (15,16)
administered HMGBI via direct intramyocardial injection in
various animal models.

Whether the cardioprotective effects of intravenous infu-
sion of HMGBI1 on myocardial I/R injury are associated
with the myocardial expression of HIF-la remains unclear.
Furthermore, the underlying molecular mechanisms by which
intravenous HMGBI protects the heart from I/R injury remain
to be identified. Thus, the present study aimed to evaluate the
effect of HMGBI pretreatment on the myocardial expression
of HIF-1a and investigate the underlying mechanisms of this
effect in a rat model.

Materials and methods

Animal groups. All animal procedures were performed
according to the Guide for the Care and Use of Laboratory
Animals published by the National Institutes of Health (19),and
were approved by the Institutional Review Board of Liaocheng
People's Hospital (Liaocheng, China). The rats were housed in
a temperature controlled room (temperature, 22+1°C) under a
12 h light/dark cycle with free access to food and water. Male
Wistar rats, (n=50; weight, 250-300 g; aged 5-11 weeks) were
provided by Shandong Lukang Pharmaceutical Co.,Ltd. (Jining,
China). The rats were divided into five groups (n=10/group) as
follows: i) Sham operation group (sham; administered 0.5 ml
normal saline intravenously only); ii) I/R group (adminis-
tered 0.5 ml normal saline intravenously; other treatment
described below); iii) HMGBS50 group (50 ng/kg recombinant
HMGBI administered intravenously 30 min before ischemia;
the recombinant HMGBI1 was purchased in Sino Biological
Inc. (Beijing, China; 10326-HO8H-50); iv) HMGBI100 group
(100 ng/kg recombinant HMGBI1 administered intrave-
nously 30 min before ischemia); and v) HMGB200 group
(200 ng/kg recombinant HMGBI1 administered intravenously
30 min before ischemia). All the HMGB groups underwent the
process of I/R.

Animal model of I/R. The rat I/R model was established
according to the method previously reported by our
group (20). Briefly, after anesthesia with sodium pentobar-
bital (60 mg/kg intraperitoneally), the rats were artificially
ventilated (55 breaths/min). A thermal pad was used to
maintain the rat's body temperature at 37+0.5°C. The rats
then underwent total ligation of the left anterior descending
coronary artery (LAD) for 30 min and subsequent reperfu-
sion for 180 min. Electrocardiography was used to record
changes in the heart rate and rhythm. The LADs of rats in
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the sham group were not occluded, with only a suture placed
at the origin of the LAD.

Biochemical analysis. Blood samples were collected from the
femoral vein and centrifuged at 1000 x g for 10 min at 4°C, and
the serum obtained was stored at -80°C until required. Serum
cardiac troponin I (cTnl), TNF-a and IL-6 levels were deter-
mined using ELISA kits (¢Tnl, KL15219; Shanghai Kanglang
Biotechnology Co., Ltd., Shanghai, China) (TNF-a, 69-30484;
IL-6, 69-30490; Wuhan Moschak Biotechnology Co., Ltd.,
Wuhan, China).

Measurement of myocardial malondialdehyde (MDA) and
superoxide dismutase (SOD) levels. The rats were sacrificed by
decapitation after anesthetization via intraperitoneal injection
of phenobarbital (60 mg/kg). The hearts were harvested and
washed with normal saline. Ischemic heart tissue (0.5 g) was
then homogenized at 0-4°C and the homogenate was centrifu-
gated at 1,200 x g for 30 min at 4°C. The supernatant was
obtained and stored at -80°C until required. The thiobarbituric
acid reactive substances assay was used to determine the level
of MDA and the xanthine oxide method was used to deter-
mine SOD activity. The MDA assay kit (A003-1) and SOD
assay kit (AOO1-3) were purchased from NanJing JianCheng
Bioengineering Institute (Nanjing, China) and used according
to the manufacturer's protocol.

Assessment of infarction size (IS). IS was assessed by Evans
blue dye and 2,3,5-triphenyltetrazolium chloride (TTC)
staining methods as described previously (21). Briefly, after
reperfusion, the LAD was occluded again and 1 ml 2.0%
Evans blue dye was injected intravenously. The heart was
excised, rinsed and the atria were trimmed off. The left
ventricle was sliced horizontally into five slices from apex to
base. The thickness of the slices were ~2 mm. The sections
were incubated in 1% TTC for 15 min at 37°C. Impaired,
infarcted and normal myocardium was stained red, white and
blue, respectively. The borders of the infarcted, ischemic and
nonischemic areas of the heart on the images captured were
traced and measured using Image-Pro Plus software (version
3.0; Media Cybernetics, Inc., Rockville, MD, USA). IS was
expressed as a percentage of the risk area volume as follows:
IS (%)=IS/risk area. Risk area referred to the myocardium that
was stained red by TTC.

Assessment of left ventricular function. A total of 4 weeks
following I/R, all rats underwent a transthoracic echocar-
diography using a Philips Sosnos 7500 ultrasound machine
(Philips Healthcare, Amsterdam, The Netherlands; probe
frequency 10 MHz). Left ventricular ejection fraction (LVEF),
left ventricular end diastolic diameter (LVEDD) and left
ventricular fractional shortening (LVFS) were measured.

Western blotting for HIF-1a and P-p38MAPK. Expression of
HIF-1a and P-p38MAPK protein was determined using western
blotting. The rats were sacrificed by decapitation following
anesthetization via intraperitoneal injection of phenobarbital
(Tianjin Jinyao Pharmaceutical Co., Ltd., Tianjing, China;
60 mg/kg). The hearts were harvested and washed with normal
saline. Ischemic heart tissue (0.5 g) was then homogenized at
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0-4°C. Homogenate were centrifuged at 780 x g at 4°C. The
bicinchoninic acid protein assay kit (Sigma-Aldrich; Merck
KGaA, Darmstadt, Germany) was used to determine protein
levels according to the manufacturer's protocol. Proteins
(50 pg/lane) were separated via SDS-PAGE (10% separation
gel, 5% spacer gel) and transferred onto polyvinylidene fluoride
membranes (Bio-Rad Laboratories, Inc., Hercules, CA, USA).
The membranes were blocked for 60 min at room temperature
in 5% non-fat milk in Tris-buffered saline-Tween-20 (TBST).
Subsequently, the membranes were incubated with the
following primary rabbit polyclonal antibodies overnight at
4°C: anti-HIF-1a (1:2,000; 14179), anti P-p38 MAPK (1:4,000;
9212) and anti-p-actin (1:5,000; 4967; all Cell Signaling
Technology, Inc., Danvers, MA, USA). The membranes were
then incubated with IRDye680® goat anti-rabbit IgG secondary
antibodies (1:2,000; 926-68029; LI-COR Bioscience, Lincoln,
NE, USA) at room temperature for 120 min after washing
with TBST. Protein bands were visualized using enhanced
chemiluminescence and the Fluor-S™ gel imaging system
(version no. 170-8195; Bio-Rad Laboratories, Inc.). Images of
every protein band were captured and the software was used
to calculate the density of every protein band. The quantity of
HIF-1o protein was expressed relative to B-actin expression.
P-p38 MAPK protein was expressed as a ratio to p38 MAPK
expression.

Statistical analysis. Data are expressed as the mean + standard
deviation. SAS software (version 6.121; SAS Institute, Inc.,
Cary, NC, USA) was used to analyze the data. The statistical
significance of differences in the mean between groups was
determined by one-way analysis of the variance. P<0.05 was
considered to indicate a statistically significant difference.

Results

HMGBI pretreatment decreases serum levels of cTnl, TNF-a
and IL-6 following I/R. As presented in Table I, serum c-Tnl,
TNF-a and IL-6 levels in the I/R group were significantly
higher compared with those of the sham group (all P<0.01).
Serum c-Tnl, TNF-a and IL-6 levels in the HMGBI100 and
HMGB200 groups were significantly lower compared with
those in the I/R group in a dose-dependent manner (all P<0.05;
Table I). Levels of ¢-Tnl, TNF-a and IL-6 in the HMGB50
group also decreased compared with the I/R group, but statis-
tical levels were not reached (Table I).

HMGBI pretreatment increases MDA and decreases SOD
levels after I/R. After I/R, MDA levels were significantly
higher and SOD levels were significantly lower in the I/R
group compared with the sham group (all P<0.01; Table I). The
I/R-induced increase in MDA and reduction in SOD levels
were significantly inhibited by 100 and 200 ng/kg HMGBI1
pretreatment (P<0.01 vs. the I/R group; Table I). Furthermore,
this effect occurred in a dose-dependent manner (HMGB100
vs. HMGB50, P<0.05; HMGB200 vs. HMGB100, P<0.01;
Table I).

IS after I/R is decreased by HMGBI pretreatment. TTC
staining was used to detect the infarcted area. IS was signifi-
cantly higher in the I/R group compared with that in the sham
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group (P<0.01; Table I and Fig. 1). IS in the three HMGBI1
treated groups were significantly decreased compared the I/R
group (all P<0.05; Table I and Fig. 1). Furthermore, ISs in the
HMGB200 group was significantly decreased compared with
the HMGB100 and HMGB50 groups (both P<0.05; Table I and
Fig. 1), indicating that the reduction in IS caused by HMGBI
was dose-dependent.

HMGBI pretreatment increases LVEF and LVFS, and
decreases LVEDD after I/R. As presented in Table II, LVEF
and LVFS decreased significantly while LVEDD increased
significantly in the I/R group compared with the sham group
(all P<0.01). Compared with the I/R group, LVEF and LVFS in
the HMGB100 and HMGB200 groups were increased signifi-
cantly, while LVEDD was significantly reduced (all P<0.05;
Table II).

HMGBI pretreatment increases HIF-1a and decreases P-p38
MAPK myocardial protein expression after I/R. HIF-1a
protein expression in the I/R group was significantly increased
compared with that in the sham group (P<0.01; Fig. 2). HMGBI1
pretreatment (100 and 200 ng/kg) further significantly
increased the expression of HIF-1la protein compared with
the I/R group (both P<0.01; Fig. 2). Similarly to the changes
observed in IS, myocardial expression of HIF-1a protein in
the HMGB200 group was significantly increased compared
with the HMGBS50 (P<0.01) and HMGB100 (P<0.05) groups
(Fig. 2).

Expression of P-p38 MAPK protein in the I/R group
was significantly increased compared with the sham group
(P<0.01; Fig. 3). The HMGB100 and HMGB200 groups
had a significantly decreased expression of P-p38 MAPK
protein compared with the I/R group (both P<0.05; Fig. 3).
Furthermore, myocardial expression of the P-p38 MAPK
protein in the HMGB200 group was significantly decreased
compared with the HMGB50 (P<0.01) and HMGBI100
(P<0.05) groups (Fig. 3).

Discussion

The present study identified the following: i) Myocardial
expression of HIF-1a was increased significantly in I/R rats
compared with the sham group; ii)) HMGBI could significantly
reduce IS, inhibit oxidative stress and increase myocardial
expression of HIF-1a; and iii) HMGBI reduced the expression
of P-p38 MAPK. These results suggest that HMGBI protects
the myocardium from I/R injury through increasing HIF-1a
protein expression, which may be contributed to its antioxida-
tive and anti-inflammatory properties, and through decreasing
P-p38 MAPK expression.

Previous studies have demonstrated that intramyocardial
injection of HMGBI can reduce local myocardial inflam-
mation, reduce collagen volume fraction, reduce myocardial
remodeling and improve cardiac function in animal MI
models (22-25). However, the effect of intravenous HMGBI1 on
myocardial I/R injury remains unclear. cInl is a biomarker of
cardiac injury. In the present study, the effects of three concen-
trations of intravenous HMGBI on I/R injury were investigated.
Serum cTnl levels in the HMGB200 group were significantly
reduced compared with the HMGB50 and HMGBI100 groups,
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Table I. Effect of HMGB1 pretreatment of IL-6, TNF-a, cTnl, SOD and MDA and IS after I/R.
Group

Variable Sham I/R HMGBS50 HMGB100 HMGB200
IL-6 (pg/ml) 149.39+14.02 398.23+17.15* 302.48+24.22* 276.68+£19.05*¢ 219.78+20.53*¢
TNF-a (pg/ml) 20.88+6.14 69.17+4.56" 58.43+3.57* 50.16+2.99*¢ 43.64+2.01+4
cTnl (ug/l) 0.13+0.12 75.87£7.71° 69.43+5.17* 60.19+5.71*¢ 49.36+5.08+4
SOD (U/mg) 138.9+29.70 68.91+21.90* 87.32+31.60° 98.01+£6.37*¢ 123.89+8.33%4
MDA (nmol/mg 2.94+0.13 9.78+0.34* 6.92+0.41% 6.19+0.26*¢ 3.47+0.25%¢
IS (%) 0.00+0.00 69.73+3.88* 55.17+£3.39* 44.39+4.59*¢ 19.71£5.14%¢

I/R, ischemia/reperfusion; HMGB1, high mobility group box 1 protein; IL-6, interleukin 6; TNF-a, tumor necrosis factor a; cTnl, cardiac
troponin I; SOD, superoxide dismutase; MDA, malondialdehyde; IS, infarction size. *P<0.01 vs. the sham group; "P<0.05 vs. the I/R group;

°P<0.05 vs. the HMGB50 group; ‘P<0.05 vs. the HMGB100 group.
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Figure 1. HMGBI pretreatment decreases infarction size after I/R. I/R,
ischemia/reperfusion; HMGBI, high mobility group box 1 protein. "P<0.01
vs. the sham group; "P<0.01 vs. the I/R group; “P<0.01 vs. the HMGB50
group; *P<0.05 vs. the HMGBI00 group.

which suggests that the cardioprotective effects of intravenous
HMGBI following I/R occur in a dose-dependent manner. In
addition, the results of the present study demonstrated that
intravenous HMGBI increasesd LVEF and LVFS, and reduced
LVEDD. Furthermore, HMGBI reduced myocardial IS. These
results suggest that HMGBI administered intravenously may
protect the heart against I/R injury and improve cardiac

function. However, the underlying molecular mechanism of
this effect remains unclear.

TNF-a and IL-6 are proinflammatory cytokines are
associated with I/R injury. TNF-a enhances the inflammatory
cascade by increasing the expression of other proinflammatory
cytokines, including IL-6 (26). In addition, TNF-a can cause
cardiomyocyte apoptosis and is associated with ventricular
remodeling (27). The results of the current study demonstrated
that myocardial I/R increased serum levels of TNF-a and
IL-6, and that HMGBI pretreatment reduced this increase.
Thus, the inhibition of proinflammatory cytokines, including
TNF-a and IL-6, may contribute to the cardioprotective
effects of HMGBI.

Previous studies have demonstrated that myocardial I/R
injury is associated with the increased generation of reac-
tive oxygen species (ROS) and thus oxidative stress (28).
ROS-mediated myocardiocyte apoptosis and necrosis may be
a determinant of IS (29). SOD and MDA levels are frequently
used to evaluate free radical metabolism, which is a compo-
nent of the process of oxidative stress. SOD levels reflect the
cellular capacity for scavenging/quenching free radicals. In
the current study, SOD levels were significantly decreased and
MDA levels were significantly increased in the heart tissue
of the I/R group compared with the sham group. HMGBI1
increased SOD and decreased MDA levels in the myocardium
in a dose-dependent manner, which was associated with a
decrease in IS. These results indicate that HMGBI also exerts
its cardioprotective effects via acting as an antioxidant.

HIF-1a can regulate the cellular response of hypoxia.
HIF-1a expression is increased in various organs and tissues
during ischemia, including the nervous system (30), and
myocardium (4,31). HIF-1a is required for the remote isch-
emic preconditioning of the heart (32). Postconditioning can
decrease IS, reduce apoptosis and upregulate HIF-1a (33). The
upregulation of HIF-1a can in turn enhance cardioprotection
from ischemic postconditioning (34). HIF-1a thus protects
against myocardial I/R injury (35). A partial deficiency in
HIF-1a can result in a complete loss of cardioprotection against
I/R injury (36). Our group previously reported that basic
fibroblast growth factor could enhance the myocardial expres-
sion of HIF-1a mRNA, thus decreasing IS and improving left
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Table II. Effect of HMGB1 on cardiac function after I/R.
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Group
Variable Sham I/R HMGB50 HMGB100 HMGB200
LVEDD (mm) 4.04+0.28 6.61+0.85° 6.21+1.03° 5.68+1.25%¢ 5.07+0.64*4
LVES (%) 37.9+2.28 18.23+1.85* 22.13+1.43* 27 472 35%¢ 32.07+2.64%¢
LVEF (%) 79.90+7.13 46.68+3.92° 45 .87+6.22° 65.49+5 .54 72.39+4 .98%4

I/R, ischemia/reperfusion; HMGB, high mobility group box 1 protein; LVEDD, left ventricular end diastolic diameter; LVFES, left ventricular
fractional shortening; LVEF, left ventricular ejection fraction. *P<0.01 vs. the sham group; "P<0.05 vs. the I/R group; ‘P<0.05 vs. the HMGB50

group; ‘P<0.05 vs. the HMGB100 group.

D G T T e -octin
1.2 - *#&§
1' PR .

HIF-a/p-actin
(]
[=2]

ol []

Sham IIR

HMGB50 HMGB100 HMGB200

Figure 2. HMGBI pretreatment increases myocardial HIF-1a protein expres-
sion after I/R. Western blot and quantification for HIF-1a protein expression.
I/R, ischemia/reperfusion; HMGBI1, high mobility group box 1 protein;
HIF-1a, hypoxia inducible factor-1a.. “P<0.01 vs. the sham group; “P<0.01 vs.
the I/R group; “P<0.01 vs. the HMGB350 group; *P<0.05 vs. the HMGB100

group.

ventricular function in rats following acute MI (4). Similarly,
the current study demonstrated that I/R significantly increased
myocardial expression of HIF-1a and that this expression was
further elevated by HMGBI pretreatment in a dose-dependent
manner. This increase in HIF-1a expression was associated
with inhibition of I/R-induced myocardial injury.

To the best of our knowledge, the present study is the
first report that HIF-1a may be associated with the cardio-
protective effects of intravenous HMGBI1. However, the
underlying molecular mechanisms of how HIF-la facilitates
the cardioprotective effects of HMGBI following I/R are
unclear. A previous study revealed that the upregulation
of HIF-1a was one of the first responses to myocardial I/R
injury at the molecular level (37). HIF-1a activation confers
protective effects against I/R injury through enhancing the
expression of genes associated with glycolysis, cell survival,
apoptosis, mitochondrial function, glucose metabolism and
resistance to oxidative stress (38). HIF-1a activation also

0 P P
P N oF
RS S
W s P-p3BMAPK

——— —— — —— —— ) 30N AP

1.4 - %

1.2 —
14

0.8 -

0.6 1

04 A

0.2 1

oL []

Sham I/IR

*#&S§

11

HMGB50 HMGB100 HMGB200

P-p38MAPK/P38MAPK

Figure 3. HMGBI pretreatment decreases myocardial P-p38 MAPK protein
expression after I/R. Western blot and quantification for P-p38 MAPK
protein expression. I/R, ischemia/reperfusion; HMGB, high mobility group
box 1 protein; P-p38 MAPK, phosphorylated p38 mitogen-activated protein
kinase. "P<0.01 vs. the sham group; “P<0.05 vs. the I/R group; “P<0.01 vs. the
HMGB50 group; *P<0.05 vs. the HMGB100 group.

results in activation of the inducible nitric oxide synthase
signaling pathway, which further stabilizes HIF-1a (39). The
stabilization of HIF-1a under normoxic conditions protects the
heart from acute I/R injury via triggering angiogenesis and
preserving cardiac function (36,40). A recent study suggested
that the acute stabilization of HIF-1a through pharmacological
or genetic mechanisms protected the heart from acute IR
injury by increasing aerobic glycolysis, inhibiting mitochon-
drial oxidative stress, activating hexokinase II and inhibiting
mitochondrial permeability (41).

p38 MAPK serves a role in numerous biological process,
including cell migration and death. A recent study demon-
strated that licochalcone D treatment enhanced cardiac
function, suppressed cardiac injury, reduced levels of proin-
flammatory factors and enhanced the antioxidant capacity of
myocardial tissue following I/R (37). This effect was associ-
ated with inhibition of the p38 MAPK signaling pathway (42).
p38 MAPK inhibition also protects mitochondria from I/R
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injury (43), and improves cardiac function and ventricular
remodeling following I/R (44). In the present study, the
myocardial expression of P-p38 MAPK in the I/R group was
significantly higher compared with that in the sham group,
suggesting that myocardial ischemia increases P-p38 MAPK
expression. The expression of P-p38 MAPK was decreased by
HMGBI treatment in a dose-dependent manner. These results
indicate that intravenous HMGBI protects the heart from I/R
injury via inhibition of P-p38 MAPK expression in ischemic
myocardium.

A limitation of the current study was the lack of a p38
MAPK inhibitor to confirm the role of p38 MAPK on the
cardioprotective effects of HMGBI following I/R. Thus, further
studies using a p38 MAPK inhibitor are required to confirm the
underlying mechanism by which intravenous HMGBI protects
the heart from I/R injury. In addition, HMGBI1 was adminis-
tered 30 min prior to the ligation of the coronary arteries in the
present study. In clinical settings, drugs are typically adminis-
tered several h after the onset of ischemia. Therefore, the effect
of HMGBI given several h after the ligation of the coronary
arteries requires further study in order to more closely emulate
the clinical treatment of ischemia.

In conclusion, the results of the present study on an
acute I/R rat model suggested that intravenous HMGBI1 was
associated with a reduced IS, inhibition of oxidative stress,
improvement of cardiac function, increased HIF-1a expression
and reduced expression of P-p38 MAPK. These results suggest
that intravenous HMGB1 may exert its cardioprotective effect
via upregulating myocardial HIF-1a protein expression, at
least in part, via the inhibition of the P-p38 MAPK signaling
pathway.
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