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Abstract. – OBJECTIVE: The aim of this study 
was to investigate the effect of ulinastatin (UTI) 
on myocardial ischemia-reperfusion injury (MI-
RI) through the c-Jun N-terminal kinase (JNK) 
signaling pathway and p38 mitogen-activated 
protein kinase (MAPK) signaling pathway.   

MATERIALS AND METHODS: Healthy adult 
male Sprague-Dawley (SD) rats were random-
ly divided into 5 groups, including the sham 
group (n=10), MIRI group (model group, n=10), 
UTI group (n=10), UTI + JNK inhibitor SP600125 
(UTI+SP600125 group, n=10) and UTI + p38 
MAPK inhibitor SB203580 (UTI+SB203580 group, 
n=10). Hemodynamics, myocardial infarction 
and the messenger ribonucleic acid (mRNA) 
expressions of p38 MAPK, JNK, superoxide dis-
mutase (SOD), malondialdehyde (MDA), nitric 
oxide (NO), tumor necrosis factor-α (TNF-α), 
interleukin-6 (IL-6), and high-sensitivity C-re-
active protein (hs-CRP) were compared among 
groups. The protein levels of p38 MAPK and 
JNK in serum were detected via Western blot-
ting. Furthermore, the correlations of serum p38 
MAPK and JNK with TNF-α were analyzed.  

RESULTS: In the UTI group, the left ventricu-
lar systolic pressure (LVSP), the left ventricular 
end-diastolic pressure (LVEDP) and maximal rate 
of increase of the left ventricular pressure (+dp/
dtmax) were significantly higher than those of the 
model group. However, the maximal rate of the 
decrease of the left ventricular pressure (-dp/dt-
max), infarction area and ischemia area were sig-
nificantly smaller than those of the model group. 
LVSP, LVEDP and +dp/dtmax in UTI+SP600125 
group and UTI+SB203580 group were markedly 
higher than those of the UTI group. Meanwhile, 
the mRNA expressions of p38 MAPK and JNK 
in the UTI group were significantly lower than 
those of the model group. However, the mR-
NA expression levels of p38 MAPK and JNK in 
UTI+SP600125 group and UTI+SB203580 group 
were remarkably higher than the UTI group. Be-
sides, the UTI group showed a markedly higher 

level of SOD and significantly lower levels of 
MDA, NO, TNF-α, IL-6 and hs-CRP than the model 
group. Furthermore, UTI+SP600125 group and 
UTI+SB203580 group showed significantly high-
er levels of MDA, NO, TNF-α, IL-6 and hs-CRP 
than the UTI group. The protein levels p38 MAPK 
and JNK were remarkably lower in the UTI group 
than those of the model group. However, they 
were remarkably higher in UTI+SP600125 group 
and UTI+SB203580 group than the UTI group. In 
addition, both p38 MAPK and JNK proteins were 
positively correlated with TNF-α (r=0.983 and 
0.892, p=0.043 and p=0.033).  

CONCLUSIONS: UTI may inhibit MIRI caused 
by p38 MAPK signaling pathway and JNK signal-
ing pathway by down-regulating TNF-α expres-
sion, thereby protecting and improving MIR.
Key Words:
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Introduction

Currently, the morbidity rate of myocardial in-
farction is increasing in the clinic. Myocardial inju-
ry after infarction has always been a major concern 
worldwide. To adopt more effective therapeutic mea-
sures, the pathogenesis of myocardial injury should 
be studied thoroughly. However, it is believed that 
the pathological conduction pathway of myocardi-
al injury is complex. Meanwhile, a few researches 
have elucidated the pathogenesis of myocardial inju-
ry. Therefore, its treatment is still in the exploration 
stage1,2. Previous studies3,4 have indicated that the 
pathological mechanism of ischemia-reperfusion 
is mainly related to free radicals and inflammato-
ry response. Therefore, the drugs used are mostly 
to scavenge free radicals and inhibit inflammation. 
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Ulinastatin (UTI) is widely applied in the 
treatment of shock, immunoregulation and tumor 
chemotherapy. Clinical studies5-7 have found that 
UTI possesses a potential inhibitory effect on in-
flammation and protective effect in cerebral isch-
emia-reperfusion injury. However, the exact role 
of UTI in myocardial ischemia-reperfusion injury 
(MIRI) has not been studied comprehensively.

In the present study, the MIRI model was es-
tablished to explore the protective mechanism of 
UTI in MIRI through the c-Jun N-terminal kinase 
(JNK) signaling pathway and p38 mitogen-acti-
vated protein kinase (MAPK) signaling pathway.

Materials and Methods

Materials
Animals: a total of 50 healthy adult male 

Sprague-Dawley (SD) rats weighing 200-230 g 
were enrolled in this study. All rats were fed un-
der the temperature of 20-28°C and humidity of 
55-70%, with free access to water and food. This 
study was approved by the Animal Ethics Com-
mittee of the Animal Center of Sanmen Hospital 
of Traditional Chinese Medicine.

Drugs and reagents: UTI (NMPN H19990134, 
Guangdong Techpool Biochemical Pharmaceuti-
cal Co., Ltd., Guangzhou, China), JNK inhibitor 
SP600125 (Cell Signaling Technology, Danvers, MA, 
USA), p38 MAPK inhibitor SB203580 (Cell Signal-
ing Technology, Danvers, MA, USA), tumor necrosis 
factor-α (TNF-α), interleukin-6 (IL-6), high-sensitivi-
ty C-reactive protein (hs-CRP), superoxide dismutase 
(SOD), and malondialdehyde (MDA) assay kits (Ji-
ancheng, Nanjing, China), and anti-mouse JNK and 
p38 MAPK immunohistochemistry kits (Sigma-Al-
drich, St. Louis, MO, USA).

Animal Grouping and Drug 
Administration 

All rats were randomly divided into 5 groups 
using a random number table, including the sham 
group (n=10), MIRI group (model group, n=10), 
UTI group (n=10), UTI + JNK inhibitor SP600125 
(UTI+SP600125 group, n=10) and UTI + p38 
MAPK inhibitor SB203580 (UTI+SB203580 
group, n=10). The rats in the UTI group were 
treated with UTI injection (10000 U/kg). The rats 
in the sham group and model group were treated 
with an equal amount of normal saline. Mean-
while, the rats in the other two groups were intra-
venously injected with UTI+SP600125 (0.2 mg/
kg) and UTI+SB203580 (0.2 mg/kg).

Modeling
The MIR model was established at 1 h after 

drug administration. The rats were first anesthe-
tized with urethane (1 g/kg, 20%), and the trachea 
was cut open and connected to a ventilator (respi-
ratory frequency: 90 times/min, tidal volume: 12 
mL). Electrocardiogram monitoring was then per-
formed. Subsequently, the skin was cut between 
the 3rd and 4th intercostal spaces at the left ster-
nal border, and the thoracic cavity was opened to 
squeeze out the heart. The left anterior descending 
coronary artery was ligated at the junction of the 
pulmonary arterial cone and left auricle. After that, 
the heart was placed back into the thoracic cavity. 
In the sham group, the thoracic cavity was opened 
and threaded. However, the left anterior descend-
ing coronary artery was not ligated8.

Observation Indexes
Hemodynamic indexes: cardiac function in-

dexes, such as left ventricular systolic pressure 
(LVSP), left ventricular end-diastolic pressure 
(LVEDP) and maximal rate of the increase/de-
crease of left ventricular pressure (±dp/dtmax), 
were measured at 120 min after reperfusion using 
a physiological recorder.

Myocardial infarction: coronary artery was 
blocked at 2 h after reperfusion. 2 mL Evans blue 
(2%) was injected through the internal carotid ar-
tery. Ischemic tissues (no blue) and non-ischemic 
tissues (blue) were then observed. Subsequently, the 
heart was taken out, sliced and sucked dry. Ischemic 
myocardial sections were incubated with TIC phos-
phate buffer (5%) at 37°C for 15 min, followed by ob-
servation of infarction tissues. The mass of necrotic 
region (gray-white) and non-necrotic region (dark 
red) was detected: ischemia area = percentage of the 
mass of ischemic tissues in the mass of left ventricle, 
and infarction area = percentage of the mass of in-
farction tissues in the mass of left ventricle9.

The mRNA levels of JNK and p38 MAPK in 
myocardium were determined via Polymerase 
Chain Reaction (PCR)10,11.

Determination of SOD, MDA, nitric oxide 
(NO), TNF-α, IL-6, and hs-CRP content: at 120 
min after reperfusion, 4 mL of blood was collect-
ed from the femoral artery, followed by centrif-
ugation at 3000 rpm for 10 min. Meanwhile, the 
serum was collected to detect TNF-α, IL-6, and 
hs-CRP via enzyme-linked immunosorbent assay 
(ELISA; R&D Systems, Minneapolis, MN, USA). 
NO, SOD and MDA were determined via nitrate 
reductase method, xanthine oxidase method and 
thiobarbituric acid method, respectively.
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The protein expressions of JNK and p38 MAPK 
in myocardium were determined via immunohis-
tochemistry11.

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 18.0 software (SPSS Inc., Chicago, IL, 
USA) was used for all statistical analysis. Mea-
surement data were expressed as (χ–±s). The t-test 
was performed to compare the difference between 
the two groups. Enumeration data were expressed 
as n, and chi-square test was performed to com-
pare the differences among different groups. 
p<0.05 was considered statistically significant.

Results

Effects of UTI on Hemodynamics 
and Infarction Area in MIRI Rats 

In the UTI group, LVSP, LVEDP and +dp/dt-
max were significantly higher than those of the 
model group (p<0.05). However, -dp/dtmax, in-
farction area and ischemia area were significantly 
smaller than those of the model group, display-
ing significant differences (p<0.05). In addition, 
LVEDP and -dp/dtmax in UTI+SP600125 group 
and UTI+SB203580 group were remarkably high-

er than those of the UTI group, and the differenc-
es were statistically significant (p<0.05; Table I).

Comparison of p38 MAPK 
mRNA among Groups

The mRNA level of p38 MAPK was signifi-
cantly lower in the UTI group than that of the 
model group (p<0.05). However, it was mark-
edly higher in the UTI+SP600125 group and 
UTI+SB203580 group when compared with the 
UTI group (p<0.05; Table II).

Effect of UTI on mRNA of JNK in MIRI Rats
The mRNA level JNK in the UTI group was 

markedly lower than that of the model group, while 
it was remarkably higher in the UTI+SP600125 
group and UTI+SB203580 group than the UTI 
group (p<0.05; Table III).

Effects of UTI on SOD, MDA 
and NO in MIRI Rats

SOD level in the UTI group was remarkably higher 
than the model group, while it was significantly low-
er in the UTI+SP600125 group and UTI+SB203580 
group than the UTI group (p<0.05). MDA and NO 
levels were markedly lower in the UTI group than 
those of the model group (p<0.05). However, they 
were remarkably higher in the UTI+SP600125 group 
and UTI+SB203580 group when compared with the 
UTI group (p<0.05; Table IV).

Table I. Effects of UTI on hemodynamics and infarction area in MIRI rats (χ–±s).

Group 	 LVSP/	 LVEDP/	 +dp/dtmax/	 -dp/dtmax/	 Infarction	 Ischemia
	 mmHg	 mmHg	 mmHg.s-1	 mmHg.s-1	 area/%	 area/%
			 
Sham group	 145.78±11.09	 4.34.45±0.43	 4365.69±497.78	 -3678.67.78±387.43		
Model group	 92.43±9.78	 13.09±1.23	 2689.65±286.78	 -1943.97±209.67	 49.89	 45.89
UTI group	 128.56±10.98*#	 7.54±0.98*#	 3587.78±398.76*#	 -2698.67.89±234.78*#	 25.89*#	 25.78*#

UTI+SP600125	 101.87±10.78	 12.09±1.21	 2898.53±297.67	 -2123.87±209.78	 43.78	 40.89
UTI+SB203580	 100.53±11.09	 11.99±1.09	 2909.87±308.75	 -2232.78±212.78	 45.89	 39.87

Note: *p<0.05 vs. model group, #p<0.05 vs. UTI+SP600125 group and UTI+SB203580 group.

Table II. Effect of UTI on p38 MAPK mRNA in MIRI rats 
(χ–±s).

Note: *p<0.05 vs. model group, #p<0.05 vs. UTI+SP600125 
group and UTI+SB203580 group.

Group 	 No.	 p38 MAPK 
		  mRNA (%)

Sham group	 10	 0.19±0.05
Model group	 10	 0.39±0.26
UTI group	 10	 0.23±0.11*#
UTI+SP600125	 10	 0.31±0.23
UTI+SB203580	 10	 0.30±0.11

Table III. Effect of UTI on JNK mRNA in MIRI rats (χ–±s).

Note: *p<0.05 vs. model group, #p<0.05 vs. UTI+SP600125 
group and UTI+SB203580 group.

Group 	 No.	 JNK mRNA (%)

Sham group	 10	 1.09±0.05
Model group	 10	 2.34±0.26
UTI group	 10	 1.26±0.11**#
UTI+SP600125	 10	 2.00±0.23
UTI+SB203580	 10	 1.98±0.11
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Effects of UTI on Inflammatory 
Factors in MIRI Rats

The levels of TNF-α, IL-6 and hs-CRP in the 
UTI group were remarkably lower than those in 
the model group (p<0.05). However, they were 
significantly higher in the UTI+SP600125 group 
and UTI+SB203580 group than those of the UTI 
group (p<0.05; Table V).

Effects of UTI on the Protein Expressions 
of p38 MAPK and JNK in MIRI Rats

The protein levels of p38 MAPK and JNK 
in the UTI group were remarkably lower than 
those of the model group (p<0.05). However, they 
were remarkably higher in the UTI+SP600125 
group and UTI+SB203580 group than UTI group 
(p<0.05; Table VI).

Correlation Between p38 MAPK 
Protein and TNF-α

The protein level of p38 MAPK was positively 
correlated with TNF-α (r=0.983, p=0.043; Figure 1).

Correlation Between JNK 
Protein and TNF-α

The protein expression of JNK was positively 
correlated with TNF-α (r=0.892, p=0.033) as well 
(Figure 2).

Discussion 

MIR is a common cardio-cerebrovascular dis-
ease in clinical practice. Oxygen and nutrients can 
be delivered to tissue cells through blood circula-
tion in the human body, thereby ensuring normal 
metabolism. However, insufficient tissue blood 
perfusion will lead to ischemic injury. Therefore, 
it is necessary to restore tissue blood perfusion as 
soon as possible to avoid ischemic injury in tissue 
cells12,13. It has been found in clinic that metabolic 
disturbance and structural damage occurs in the 
body even after blood reperfusion is restored. This 
may further lead to tissue damage, namely isch-
emia-reperfusion. The disease is mainly correlated 
with the expression of oxygen free radicals. In the 
case of excessive expression of free radicals in the 
body, lipid peroxidation occurs in unsaturated fatty 
acids, eventually resulting in myocardial injury14,15.

Table IV. Effects of UTI on SOD, MDA and NO in MIRI rats (χ–±s).

	 SOD (U/mL)	 MDA (nmol/mL)	 NO (μmol/mL)

Sham group	 338.78±31.09	 3.53±0.45	 119.34±10.34
Model group	 72.23±6.89	 7.93±0.77	 156.23±16.45
UTI group	 298.65±30.86**#	 4.32±0.27*##	 123.54±11.09**##

UTI+SP600125	 121.56±10.21	 7.09±0.87	 153.12±12.76
UTI+SB203580	 119.78±11.33	 7.21±0.79	 150.98±11.09

Note: **p<0.01 vs. model group, *p<0.05 vs. model group. #p<0.05 vs. UTI+SP600125 group and UTI+SB203580 group. ##p<0.01 
vs. UTI+SP600125 group and UTI+SB203580 group.

Table V. Effects of UTI on inflammatory factors in MIRI rats (χ–±s).

	 TNF-α (pg/mL)	 IL-6 (pg/mL)	 hs-CRP (μg/mL)

Sham group	 8.23±31.09	 243.43±21.45	 3.41±10.34
Model group	 20.98±6.89	 843.23±81.77	 9.89±16.45
UTI group	 10.98±30.86**##	 323.21±30.27*##	 4.01±11.09*##

UTI+SP600125	 17.34±10.21	 678.76±32.87	 7.67±12.76
UTI+SB203580	 17.32±11.33	 706.76±0.79	 7.88±11.09

Note: **p<0.01 vs. model group, *p<0.05 vs. model group. ##p<0.01 vs. UTI+SP600125 group and UTI+SB203580 group.

Table VI. Effects of UTI on p38 MAPK and JNK proteins 
in MIRI rats (χ–±s).

	 p38 MAPK 	 JNK
	 protein	 protein

Sham group	 0.87±0.09	 0.45.43±0.04
Model group	 11.98±2.09	 1.59±0.11
UTI group	 3.98±3.32**##	 0.57±0.03*#
UTI+SP600125	 10.34±1.09	 1.03±0.01
UTI+SB203580	 12.32±1.12	 1.10±0.01

Note: **p<0.01 vs. model group, *p<0.05 vs. model group. 
#p<0.05 vs. UTI+SP600125 group and UTI+SB203580 group. 
##p<0.01 vs. UTI+SP600125 group and UTI+SB203580 group.
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The pathogenesis of MIRI has not been com-
prehensively studied. Currently, it is generally 
believed that MIR is correlated with the JNK sig-
naling pathway and p38 MAPK signaling pathway. 
The JNK signaling pathway is an important com-
ponent of the MAPK pathway. According to clini-
cal studies, it is mainly associated with inflamma-
tion and immunoregulation, which transmits stress 
response in cells. After the activation of JNK in 
the cytoplasm, inflammation- and apoptosis-relat-
ed genes can be promoted. In addition, scholars16,17 
have found that excessive activation of the JNK 
signaling pathway will also lead to neuronal isch-
emic injury. P38 MAPK is also an important com-
ponent of MAPK, which is mainly associated with 
cellular stress and injury response. It can transmit 
extracellular stimulus signals to the nucleus, thus 
playing an important role in clinical phenomena 
such as free radical damage and apoptosis18,19. UTI 
is a hydrolysis inhibitor in the urine and can inhibit 
the expression of the myocardial depressant factor 
in vivo. Meanwhile, it facilitates the stability of the 
cell membrane and organelle membrane, which 
can promote systemic circulation during shock as 
well. Clinical studies have also found that UTI is 
associated with the expression of inflammation- 
and immunoregulation-related factors, protecting 
the myocardium through scavenging oxidative free 
radicals.

Myocardial ischemia can destroy the integrity 
of the mitochondrial membrane, thus damaging the 
ultrastructure of myocardial cells. This is manifest-
ed as significantly enlargement of ischemic tissues 
and infarction tissues20. In the present research, it 
was found that the infarction and ischemia areas in 
the UTI group were markedly smaller than those 
of the model group. Meanwhile, significant differ-

ences were observed between the UTI+SP600125 
group and UTI+SB203580 group. These results 
indicated that UTI could remarkably improve the 
symptoms of infarction and protect myocardial 
cells from injury. Both p38 MAPK and JNK stay 
at low levels in normal myocardial tissues. Howev-
er, they are significantly up-regulated after MIR. 
In the present study, the results demonstrated that 
the mRNA and protein levels of p38 MAPK and 
JNK in the UTI group were remarkably lower than 
those of the model group after reperfusion. Mean-
while, they showed significant differences from 
the UTI+SP600125 group and UTI+SB203580 
group. These findings suggested that UTI could 
also inhibit the degree of myocardial apoptosis and 
improve cardiac function. Furthermore, it might 
regulate myocardial injury in MIR through p38 
MAPK and JNK pathways. It’s worth noting that 
the effect of UTI is temporary and generally ends 
after the administration. 

MIRI is associated with excessive expression 
of inflammatory factors and the release of oxida-
tive free radicals. Clinical reports have revealed 
that the levels of inflammatory factors (such as 
TNF-α) and oxidative free radicals (such as MDA 
and SOD) are up-regulated in MIRI, and TNF-α, 
and IL-6 can induce IRI. Therefore, they have al-
ways been used as important indexes for the de-
gree of myocardial injury. In the present work, the 
levels of inflammatory factors in the UTI group 
were markedly lower than those of the mod-
el group. Meanwhile, they also showed signifi-
cant differences from UTI+SP600125 group and 
UTI+SB203580 group. The levels of MDA, SOD 
and NO in the UTI group were remarkably low-
er than those of the model group as well. These 
findings suggested that UTI could significant-

Figure 1. Correlation between p38 MAPK protein and 
TNF-α.

Figure 2. Correlation between JNK protein and TNF-α.
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ly reduce the expression levels of inflammatory 
factors and improve the ability to scavenge free 
radicals. Moreover, p38 MAPK and JNK were 
found positively correlated with TNF-α in this 
study. In other words, a higher level of TNF-α in 
vivo corresponded to higher expressions of p38 
MAPK and JNK. All these results indicated that 
the mechanism of p38 MAPK and JNK signaling 
pathways might be related to TNF-α.

The results of this work were similar to those 
of previous clinical tests. For example, Li et al21 
explored the protective mechanism of UTI in cere-
bral ischemia-reperfusion injury. They have found 
that UTI can inhibit JNK signal transduction path-
way by up-regulating HSP70 expression, thereby 
protecting against cerebral injury caused by isch-
emia-reperfusion. Wang et al22 observed the effects 
of UTI on inflammatory mediators and myocardial 
injury in acute myocardial infarction patients com-
plicated with MIRI after direct percutaneous cor-
onary intervention. Their findings have indicated 
that the application of UTI before and after PCI can 
inhibit the release of inflammatory mediators and 
alleviate inflammatory response during MIR.

The deficiency of this study was that the cor-
relations of p38 MAPK and JNK with inflam-
matory factors IL-5 and hs-CRP were not fully 
investigated. Therefore, further in-depth studies 
were still needed.

Conclusions

We found that UTI can inhibit the expressions 
of inflammatory factors and improve oxygen free 
radical scavenging capacity by down-regulating 
the expressions of p38 MAPK and JNK, thereby 
improving MIRI.
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