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Abstract. In this study, the dynamic expression of granule
membrane protein-140 (GMP-140), tissue-type plasminogen
activator (t-PA), high-sensitivity C-reactive protein (hs-CRP),
interleukin (IL)-6, matrix metalloproteinase (MMP)-9 and
tissue inhibitor of metalloproteinase (TIMP)-1 was observed
in a rat model of myocardial infarction. Out of 276 Wistar
rats, 6 were randomly selected as the control group, and
the rest were randomly divided into 18 groups, with 15 rats
in each group. The left coronary artery was ligated in
9 groups to establish the myocardial infarction model, and
the remaining 9 groups served as the sham-operated groups
without ligature. Of the surviving rats, 6 were randomly
selected from each myocardial infarction group and sham-
operated group, respectively, at 6, 12, 18, 24 and 36 h, and at
2, 3,5 and 7 days after successful modeling. Serum levels of
GMP-140, t-PA, hs-CRP, IL-6, MMP-9 and TIMP-1 were then
detected using an enzyme-linked immunoassay. The results
revealed that, after successful modeling, the serum levels of
GMP-140 and MMP-9 continually increased, reaching the
first peak at 18 h and the maximum peak on day 2. Levels
then decreased slightly, but remained higher than those of
the control group (p<0.05). The serum levels of hs-CRP and
IL-6 increased, reached a peak at 18 h, and then decreased
slightly, but were still significantly higher than those of the
control group (p<0.05). The serum level of t-PA decreased
significantly (p<0.05) and was restored to baseline by day 5.
The serum level of TIMP-1 started to decrease as of 24 h, but
was maintained until day 7 (p<0.05). In conclusion, in a rat
model of myocardial infarction, the thrombosis, inflamma-
tory reaction and tissue damage-related indicators GMP-140,
hs-CRP, IL-6 and MMP-9 increased significantly, while t-PA

Correspondence to: Dr Huijun Yin, Department of Cardiovascular
Disease, Xiyuan Hospital, China Academy of Chinese Medical
Sciences, Beijing 100091, P.R. China

E-mail: huijunyin@yahoo.com.cn

Key words: thrombosis, inflammatory reaction, tissue damage

and TIMP-1 decreased dynamically. Based on the dynamic
changes of each indicator, the optimal intervention time may
be determined.

Introduction

Granule membrane protein-140 (GMP-140), tissue-type plas-
minogen activator (t-PA), high-sensitivity C-reactive protein
(hs-CRP), interleukin (IL)-6, matrix metalloproteinase
(MMP)-9 and tissue inhibitors of metalloproteinase (TIMP)-1
play a significant role in the occurrence and development
of acute myocardial infarction (AMI) as the main related
indicators of thrombosis, inflammatory reaction and tissue
damage (1-7). For example, previous reports have revealed
that GMP-140 reaches its peak expression only 24 h after
AMI attack (8). However, although the dynamic changes of
these related indicators have been extremely significant in
helping to determine medication and blood sampling time,
there are few studies detailing these changes in the acute
phase of AMI. Therefore, the present study aimed to evaluate
dynamic changes in GMP-140, t-PA, hs-CRP, IL-6, MMP-9
and TIMP-1 in a rat model of AMI.

Materials and methods

Experimental protocol. A total of 276 male Wistar rats
weighing 180-200 g were purchased from the Institute of
Laboratory Animal Sciences, Chinese Academy of Medical
Sciences. The protocol was approved by the animal care and
ethics committee of the China Academy of Chinese Medical
Sciences. The control group comprised 6 randomly selected
rats, and the remainder were randomly divided into 18 groups,
with 15 rats in each group. The left coronary artery was ligated
in 9 of the 18 groups to establish the AMI model according
to Olivetti's methods (9,10). The rats were anesthetized by
intraperitoneal injection of urethane solution (20%) at a dose
of 0.6 ml/kg. The rats in the remaining 9 groups were sham-
operated, and did not undergo ligation. Of the surviving rats, 6
were randomly selected from each myocardial infarction and
sham-operated group at 6, 12, 18, 24 and 36 h, and at 2, 3,
5 and 7 days after successful modeling. Blood (4-5 ml) was
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Figure 1. Dynamic changes in serum GMP-140 at various time points.
“p<0.05, “p<0.01 compared to the sham-operated group; *p<0.05, “*p<0.01
compared to the 6 h model group; “p<0.05 , **p<0.01 compared to the day 2
model group. Data are expressed as the mean + SD.
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Figure 2. Dynamic changes in serum t-PA at various time points. "p<0.05,
“p<0.01 compared to the sham-operated group; *p<0.05, *“p<0.01 compared
to the 5 day model group; *p<0.05, **p<0.01 compared to the day 7 model
group. Data are expressed as the mean + SD.

drawn from the abdominal aorta after anesthetization with
20% urethane solution, and was centrifuged at 2,000 rpm for
15 min. The serum was collected and preserved at -20°C for
further analysis.

Enzyme-linked immunosorbent assay. The serum levels of
GMP-140, t-PA, hs-CRP, IL-6, MMP-9 and TIMP-1 were
detected using an enzyme-linked immunosorbent assay
(ELISA) according to the manufacturer's instructions. The
ELISA kit, GMP-140, t-PA, hs-CRP, IL-6, MMP-9 and
TIMP-1 were all provided by R&D Systems Co. (USA), sub-
packaged by Shanghai Boatman Biological Technology Co.,
Ltd. A Multiskan type 3 microplate reader (Thermo Scientific)
was used for detection.

Statistical analysis. Data are presented as the mean + SD. The
student's t-test was used for the measurement of paired group
data. The general linear model was used for comparison of
the same index at various time points. p<0.05 was considered
statistically significant.
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Figure 3. Dynamic changes in serum hs-CRP at various time points. “p<0.05,
“p<0.01 compared to the sham-operated group; *p<0.05, *p<0.01 compared
to the 18 h model group. Data are expressed as the mean + SD.
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Figure 4. Dynamic changes in serum IL-6 at various time points. “p<0.05,
“p<0.01 compared to the sham-operated group; “p<0.05, »*p<0.01 compared
to the 18, 24 and 36 h and day 2 model groups. Data are expressed as the
mean + SD.

Results

Thrombosis-related indicators

Dynamic changes in serum GMP-14. The serum GMP-140
levels were significantly increased at various time points in the
model groups compared to the sham-operated groups (p<0.05,
p<0.01) (Fig. 1). The serum GMP-140 levels were higher in
the 6 h to day 7 model groups compared to the control group,
higher in the 18 h and day 2 model groups compared to the
6 h group (p<0.05, p<0.01), and higher in the day 2 model
group compared to the 12 h and day 3 model groups (p<0.05,
p<0.01). Differences at other time points were not significant
(p<0.05). The serum GMP-140 levels continually increased,
reaching their first peak at 18 h and the maximum peak at
day 2. They then decreased slightly, but remained higher than
those of the control group.

Dynamic changes in serum t-PA. The serum t-PA levels
were significantly decreased in the 6 h to day 3 model groups
compared to the sham-operated groups (p<0.05) (Fig. 2)
The serum t-PA levels were lower in the 6 h to day 3 model
groups compared to the control group. However, in the day 5
and day 7 model groups (p<0.05) they were increased, though
without significance compared to the control group (p<0.05).
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Figure 5. Dynamic changes in serum MMP-9 at various time points. "p<0.05,
“p<0.01 compared to the sham-operated group; *p<0.05, ““p<0.01 compared
to the 6 and 12 h model groups; *p<0.05, **p<0.01 compared to the day 2
model group. Data are expressed as the mean + SD.

The serum t-PA levels significantly decreased and were
restored to baseline by day 5.

Inflammatory reaction-related indicators

Dynamic changes in serum hs-CRP. The serum hs-CRP
levels were significantly increased at various time points in
the model groups compared to the sham-operated groups
(p<0.05, p<0.01) (Fig. 3). The serum hs-CRP levels were
higher in the 6 h to day 7 model groups compared to the
control group, and higher in the 18 h model group compared
to the 6 and 36 h, day 3 and day 5 model groups, respectively
(p<0.05). Differences in comparison to the remaining model
groups were not significant (p<0.05). The serum hs-CRP
levels continually increased and reached their first peak at
18 h. They then decreased slightly, but remained higher than
those of the control group.

Dynamic changes in serum IL-6. The serum IL-6 levels
were significantly increased at various time points in the
model groups compared to the sham-operated groups (p<0.05,
p<0.01) (Fig. 4). The serum IL-6 levels were higher in the
6 h to day 7 model groups compared to the control group,
and higher in the 18, 24 and 36 h and day 2 model groups
compared to the 6 h, day 3, day 5 and day 7 model groups
(p<0.05, p<0.01). Differences in comparison to the remaining
model groups were not significant (p<0.05). The serum IL-6
levels continually increased and reached their first peak at
18 h. They began to decrease after day 3, but remained higher
than those of the control group.

Tissue damage-related indicators

Dynamic changes in serum MMP-9. The serum MMP-9
levels were significantly increased at various time points in
the model groups compared to the sham-operated groups
(p<0.05, p<0.01) (Fig. 5). The serum MMP-9 levels were
higher in the 6 h to day 7 model groups compared to the
control group, significantly higher in the 18,24 and 36 h, day 2
and day 3 model groups compared to the 6 and 12 h model
groups (p<0.01), and significantly higher in the day 2 model
group compared to the 6, 12 and 36 h, and day 3, day 5 and
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Figure 6. Dynamic changes in serum TIMP-1 at various time points. ‘p<0.05,
“p<0.01 compared to the sham-operated group; *p<0.05, *p<0.01 compared
to the control group. Data are expressed as the mean + SD.

day 7 model groups, respectively (p<0.05, p<0.01). The serum
MMP-9 levels continually increased, reaching their first peak
at 18 h and the maximum peak on day 2. They then decreased
slightly, but remained higher than those of the control group.

Dynamic changes in serum TIMP-1. The serum TIMP-1
levels were significantly decreased in the 24 h to day 7 model
groups compared to the sham-operated groups (p<0.05,
p<0.01) (Fig. 6), and were significantly decreased in the 24 h
to day 7 model groups compared to the control group (p<0.05,
p<0.01). The serum TIMP-1 levels started to decrease as of
24 h, but were maintained until day 7.

Discussion

Coronary atherosclerotic plaque rupture and subsequent
thrombogenesis may lead to acute occlusion of the coronary
arteries, which is the most predominant cause of AMI.
Currently, anti-coagulation and anti-platelet therapy are
essential treatments for the clinical prevention of re-occlusion
of coronary thrombosis (11). GMP-140, as a member of the
selectin family, is only expressed on the degranulated platelet
surface. As a marker of late-phase platelet activation and one
of the specific indicators presently known to most directly
reflect the degree of platelet activation (12), it is closely
correlated with thrombosis. A clinical study noted GMP-140
levels to be increased as of 12 h after AMI attack, reaching
a peak on day 2 (8). In this study, the serum GMP-140 level
in the AMI rats continued to increase 6 h after successful
modeling, reaching the first peak at 18 h and the maximum
peak on day 2. It then decreased slightly, although it remained
increased compared to the control group. After the successful
modeling of AMI, the blood vessels became occluded and
the vessel wall was injured, causing platelet aggregation,
fibrin deposition and thrombosis. Meanwhile, the t-PA-
mediated fibrolysis system was also initiated. Serum t-PA
levels significantly decreased, potentially due to their having
been exhausted by the activation of the fibrolysis system,
which may further promote the occurrence and development
of thrombosis. The t-PA levels were restored to baseline
levels by day 5. A study on balloon injury to the rabbit iliac
artery by More er al (13) also found that t-PA activation was



696

markedly decreased 2 h after surgery, and remained at a
lower level until returning to control group levels 7 days after
surgery.

Inflammatory reaction, the main cause of the occurrence
and development of atherosclerosis, is one of the primary
factors behind the occurrence of AMI (14). hs-CRP is capable
of reliably predicting the risk of cardiovascular diseases.
IL-6, with its extensive bioactivities, causes various biological
effects in the process of inflammatory reaction, anti-infection
and injury (15,16). The serum levels of hs-CRP and IL-6 were
increased in the successfully modeled rats, reaching a peak at
18 h. Afterwards, the serum hs-CRP level decreased some-
what, while the serum IL-6 level did not begin to decrease
until day 3. The levels of hs-CRP and IL-6 were increased
compared to the control group. The expression of the cyto-
kines GMP-140, t-PA, hs-CRP and IL-6 was significantly
increased 6 h after AMI, indicating that platelet activation,
fibrolysis and blood clotting system activation, as well as
a tissue inflammatory reaction, jointly participated in the
process after AMI. Of these, t-PA, which participates in the
activation of fibrolysis and the blood clotting system, was the
first to be restored to baseline levels, while platelet activation
and inflammatory reaction continued throughout the acute
phase of MI.

AMI may induce ventricular remodeling. It manifests not
only as pachyntic and necrotic myocardial cells, thickening
of coronary vessels and insufficient growth of capillaries, but
also in the destruction of the dynamic equilibrium between
the synthesis and degradation of collagen fibers, which further
results in impaired heart function and the occurrence of heart
failure. MMP is the main enzyme system to degrade the extra-
cellular matrix. TIMP is the endogenous specific inhibitor of
MMP. In this study, serum MMP-9 levels began to increase 6 h
after AMI, reaching the first peak after 18 h and the maximum
peak by day 2. They then decreased slightly, but remained
higher than those of the control group. Serum TIMP-1 levels
started to decrease 24 h after successful modeling, but were
maintained until day 7. MMP-9 was observed to participate
in the reconstitution that occurred in the first several hours to
several days after AMI, while changes in the serum TIMP-1
levels lagged slightly behind those of MMP-9. When the
relative balance between serum MMP-9 and TIMP-1 is not
maintained, it may aggravate tissue damage and the process
of ventricular remodeling (17).

Previous studies have revealed that tissue plasminogen
activator antigens can be used to predict the occurrence of
cardiovascular events after AMI (18), while the fibrolysis
and blood clotting system, as well as the metalloproteinases,
jointly participate in the pathophysiological process of left
ventricular remodeling after AMI (19). In this study, the
expression of t-PA and MMP-9 was increased compared to the
control group during the early phase of AMI after successful
modeling of rat myocardial infarction.

In conclusion, changes in thrombosis, inflammatory
reaction, and tissue damage indicators were observed for
7 days after AMI. Based on the dynamic changes of each
indicator, the optimal intervention time may be determined.
This provides fundamental reference data for experimental
studies. In future studies, more time points will be added and
analyzed, and indices such as heart function will be combined.
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