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Abstract: Objectives. It was observed that effect of simvastatin on both matrix metalloproteinase (MMP)-2,9 and

type I collagen mediating ventricular remodeling in rats after acute myocardial infarction (AMI). Methods. The

AMI model of rat was made by ligature of left anterior descending coronary artery, and the animals were divided in-

to three groups: simvastatin treatment group (MI-S), myocardial infarction control group (MI-C) and sham group

(Sham). The animals were feed four weeks. The mRNA expression of MMP-2 and MMP-9 in noninfarcted zone of

left ventricle (LV) were determined by reverse transcription-polymerase chain reaction (RT-PCR), and cardiac

type I collagen in noninfarcted zone were measured by immunohistochemistry, cardiac function was determined by

echocardiographyand hemodynamics analysis. Results. After four weeks, mRNA expression of MMP-2 and -9 and

type I collagen in LV post-myocardial infarction (M!) groups were more than Sham group (P<O. 05) ,and the in-

dices in MI-S group were significantly lowered than those in MI -C group (P < O. 05), while higher than Sham

group (P<0.05). Compared with Sham group, hemodynamics analysis showed that left ventricular end-diastolic

pressure (L VEDP) significantly increased (P< 0.01), while systolic blood pressure (SBP), diastolic blood pres-

sure (DBP), left ventricul~r systolic pressure (LVSP) and LV pressure:t dp/dtmax significantly decreased

(P<O. 05), and there was no change for heart rate (HR) in MI-C group. Compared with MI-C group, the

LVEDP significantly lowered (P < O. 05), and LV pressure:t dp/dtmax obviously increased (P < 0.05), while

HR, SBP, DBP and LVSP did not alter in MI-S group. Compared with Sham group, echocardiography showed.

that left ventricular end-diastolic diameter (L VEDd) significantly increased, and both fractional shortening (FS)

and ejection fraction (EF) significantly reduced (P < 0.05, respectively) in MI-C group. Compared with MI-C

group, simvastatin significantly decreased LV dilatation and improved LV function (P< 0.05). Conclusion. Sim-

vastatin could attenuate mRNA expression of MMP-2 and MMP-9 in LV 4 weeks after MI-rats, reduced collagen

synthesis, and improved cardiac function. [Life Science]ournal. 2005 ;2(1) :72 -76J (ISSN: 1097 - 8135).

activity of MMPs is increased in both experimental

MI and clinical dilated cardiomyopathy[6J. As ex-
tracellular matrix degradation may play an impor-
tant role in LV remodeling, MMP inhibiting has e-
merged as a potential therapeutic strategy for pa-
tients at risk for development of congestive heart
failure. Preliminary data proposed that administra-
tion of an MMP inhibitor may decrease left ventric-
ular enlargement in pacing-induced models of con-
gestive heart failure and in spontaneous heart failure
in rats[7]. The effects of MMP inhibition in the

post-MI period are incompletely understood. The
present study evaluated the effects of administration
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1 Introduction

~

The extent of primary ischemic necrosis as
well as the later effects of distending forces and the
cardiac tissue healing process influenced ventricular

dilatation after myocardial infarction (MI) [1- 3J.
The activity and dynamic expression of matrix met-
alloproteinases (MMPs) may affect lots of the mor-
phological changes that happen after MI at both in-

fracted and peri-infarcted wnes[4,5J. MMPs are
members of a family of enzymes that degrade spe-
cific extracellular matrix (ECM) components; the
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of oral simvastatin in early left ventricular remodel-
ing as assessed by transthoracic echocardiography
and hemodynamics after experimental MI in rats.

2 Materials and Methods

2.1 Infarction model and experimental groups
Wistar rats weighing 200 - 240 g were anes-

thetized by intraperitoneally injection of sodium
pentobarbital (30 mg/kg) intubated, and ventilat-
ed with a small-animal respirator. The left anterior
descending coronary artery was ligated proximately
with a 7 - 0 silk suture after a left anterior thoraco-
tomy. Sham-operated rats underwent the identical
procedure without ligation of coronary artery. The
following experimental groups were studied: CD

Sham-operated (Sham) (n = 10); (2)MI control
(MI-C) (n = 12); (J)MI simvastatin (MI-S) (n
= 12). Simvastatin (40 mg/kg body weight) was
given by gastric gavage 24 hours after the anesthe-
sia, then continued for 4 weeks (40 mg/kg per
day). An equal amount of normal saline was given
to the other two groups every day.
2.2 Measurement of MMP-2, 9 mRNA expres-

sion by RT-PCR
The infarcted heart was sectioned into nonin-

farcted zone by visual inspections. Total RNA was
reversely transcribed into first-strand cDNA after
isolation by using TRlzol reagent. MMP-2, 9 and
GAPDH gene expression were analyzed in nonin-
farcted area. The sense primer (S) and the anti-
sense primer (A) for MMP-2,9 were as follows:
MMP-2 S,S'-A~Gf -3' ,A,S'-
CbAGCAMAGC:'AI'CAfCD\C-3' (348bp-production).
MMP-9 S, S'-MCITTGlAGGGTCD:;fTCfG-3' ,A,
5'-cccrGTGAGTGGGTfGGAIT -3' (469bp-produc-
tion) .
GAPDH S, 5'-11ITGXIGACATCAAGMGGTGG-3',
A S'-CAcrAarrGTTGCTGIA-3' (213bp-produc-
tion) .

PCR amplification was performed by adding
each cDNA sample 2 fll to 20. S fll of reaction mix-
ture. Each cycle consisted of denaturation at 94. C
for 40 seconds, annealing for 40 seconds (MMP-
2,9 at 60.C, GAPDH at S6.C) , extension at n.c
for 1 min, and final extension at 72.C for S min.
Each PCR product was separated by electrophoresis
on a 1. S% agarose gel and tested by a digital image
analysis system (GSDSOOO, UVP, England) .
Each amplified cDNA fragment was counted for
semiquantitative evaluation by normalization with
the GAPDH band.
2.3 Measurement of type I collagen by immuno-

histochemistry
Paraffin-embedded myocardium specimens in

http://www.sciencepub. org

noninfarcted zone were serial sectioned into a thick-
ness of 3 flID. The section was incubated with pri-
mary antibodies [anti-rat type I collagen (Mono-
son) (1 : 100)] which were stored at 4'(;
overnight. Incubation with biotinylated second an-
tibody was performed at room temperature for 30
min. Immunoreactivity was evaluated under the mi-
croscope using the HPIAS-2000 software.
2.4 Echocardiography and hemodynamics analy-

sis
Two-dimensional echocardiography was per-

formed on each rat before surgery and 4 weeks after
surgery with a 10 MHz (short focus) transducer.
Long-axis, short-axis, and apical four-chamber im-
ages were measured. The LV end-diastolic and
end-systolic volumes (EDV and ESV, respectively)
were aJlculatedby the rmdified SimImn's method[8].
Cardiac output was calculated as (EDV -ESV ) /
1000 X heart rate; the LV ejection fraction (LVEF)
was determined as (EDV-ESV) /EDV X 100 % .
The fractional shortening (FS) was measured at
the short-axis image. Hemodynamic studies were
performed after the animals were anesthetized with
an intraperitoneal injection of 1. 0 g/kg urethan.
Through the right common carotid artery, a
catheter filled with heparin solution was inserted
into LV and hemodynamic data recorded.
2. 5 Statistic analyses

The data are given as mean:t SD. The multi-
variate ANOVA was used to determine the overall

difference between the three independent groups.
The statistical significance between groups was de-
termined using a post hoc BonferronilDunn test. A
value of P < O.OSwas considered significant.

3 Results

3.1 RT-PCR analysis of MMP-2,9 gene
Compared with Sham operation group, the

mRNA expression of MMP-2 and MMP-9 signifi-
cantly increased in noninfarcted zones of MI-C
group (P<O.OS). MMP-2 and MMP-9 expression
were obviously decreased in MI-S group
(P < O.OS), but still higher than those in Sham
operation group (p < O.OS) (Figure 1).
3. 2 Immunohistochemistry analysis of type I

collagen
Compared with Sham operation group, type I

collagen was markedly increased in noninfarcted
zone of MI-C group (p < 0.01). Compared with
MI-C group, type I collagen was significantly low-
ered in MI-S group (P<O. OS) (Figure 2).
3.3 Hemodynamics analysis

Table 1 displays hemodynamic data at 4 weeks
after operation. In the MI group, LV end-diastolic

. 73 . editor@sciencepub.net
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compared with the Sham operation group. LVEDP
decreased(P < 0.05) and :t dp / dt max significantly
increased (P < O.05) in the MI-S group compared
with the MI-C group. Other variables were not dif-
ferent between both MI groups.
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pressure (L VEDP) significantly increased (p <
O.01), systolic blood pressure (SBP), diastolic
blood pressure (DBP) , LV systolic pressure
(L VSP) and LV pressure maximal rate of rise and
fall (:t dp/dtmax) noticeably decreased
(p < 0.05) , while heart rate (HR) did not change

750
500

250
500

250
100 GAPDH

MMP9
MMP2

Sham MI-C MI-S

Figure 1. Effect of simvastatin treatment on mRNA expression of MMP-2, 9 in Sham group, non-infacted LV myocardium

of MI-C group and MI-S group 4 weeks post-MI. Quantitative analyses mRNA of MMP-2,9, * P<O.Ol vs. Sham group,
# P<O. 05 vs. MI-C group.
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Figure 2. Effect of simvastatin greatment on protein production of type I mllagen in Sham group (A) non-infacted LV my-

ocardiurn of MI-C group: (B) and MI-S group: (C) 4 weeks pcst-MI(rnagnificationx 200): (D) Quantitative image analy-

ses of type I mllagen production, * P< 0.01 vs. Sham group, # P< 0.05 vs. MI-C group.

Table 1. The effects of simvastatin treatment on hemodynamics

HR SBP DBP LVSP

Groups n (bpm) (mmHg) (mmHg) (mmHg)

Sham 10 361:!::23 125.7:1:8.3 99.1:!::9.0 131.9:1:8.3

MI - C 12 383 :1:25 109. 4 :1:9. I' 89. 7 :1:7. 8 * 113. 3 :1:10. 5 *

MI - S 12 377 :1:19 11O. 1:!::9. 6 * 90. 3 :1:7. 1 * 112. 8 :1:11. 1*

Compared to Sham group, * P < O. 05: Compared to MI -C group, # P < O.05

.
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LVEDP
(mmHg)

2.2:1: .0.3

22.5:1: 4. 7*

12.6:1:1.5*#

+ dp/dtmax

(mmHg/s)

6546:1: 631

4084 :1:449 *

4951 :1:381 * # )
J
J

J
J

}

-dp/dtmax

(mmHg/s)

5477:1: 485

2837:1: 251 *

3435:1: 358 * #
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Figure 3. Echocardiographic yews of LV from a sham-operated rat (Sham), an untreated MI rat (MI - C)
and a simvastatin-treated MI rat (MI-S) at end-diastolic (ED) and end-systolic (ES) dimension. The MI-S
rat has decreased left ventricular diastolic dimensions compared with the untreated MI-C rat.

3.4 Echocardiographic studies
Figure 3 shows representative short -axis e-

chocardiographic images from a Sham-operated ani-
mal, an untreated MI rat and a simvastatin-treated
MI rat. Compared with Sham operation group,
there were significantly increased LVEDd (P <
O.01), markedly decreased FS (P < 0.01) and EF
(P<O.O1) in the MI-C group. Although these pa-
rameters also differed from the Sham operation
group in the MI-S group, simvastatin significantly
attenuated LV dilatation and improved LV function
compared with the MI-C group (P<O. 05) (Table
2) .

Table 2. The effects of simvastatin treatment on echocardio-

graphic measurements

Groups n LVEDd (mm) EF (%) FS (%)
Sham 10 4.3 ::1::0.2 87.2::1::3. 5 53.4::1::3. 3

MI - C 12 7.8::1::0.4 * 42. 1::1::3.9 * 21. 2 ::I:: 2. 1*

MI-S 12 5.6::1::0.3# 49.7::1::4.1# 27.5::1::2.2#

Compared to Sham group, * P < O. 05; Compared to MI-C
group, # P< 0.05
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MMPs are a family of zinc-depending endopro-
teinases that specifically degrade ECM components.
They are important enzymes which degrade matrix
in the cardiac remodeling process after MI. The ac-
tivity increase of MMPs leads to reduction of ECM,
destruction of cardiac supporting structure and ven-
tricular dilatation[9]. MMPs modulate synthesis of
collagen, the rise of MMPs activity enhances fibro-
sis, and fall of MMPs activity decreases fibro-
sis[lO]. Clinical research confirmed[l1] that MMPs
were obviously associated with stability of
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atherosclerotic plaque, the plasm MMPs markedly
rose in patients with coronary heart disease, and in-
hibition of MMPs activity may increase plaque sta-
bility. The experimental study proposed that
MMPs participated in the remodeling process after
MI, and were activated 1 day after MI. Activity
and gene expression of MMP-2, 9 markedly in-

creased during remodeling process after MI[12,13],
and application of MMPs inhibitors could decrease
ventricular dilatation in rats after .MI and improve

cardiac performance[ 14-17]. It was further showed
that the rat with MMP-9 deficiency existed residual
necrosis expansion, the healing process retard after
MI[17,18] .

Statins are potent inhibitors of 3-hydroxy-3-
methylglutaryl coenzyme A reductase, which are
capable of lowering the serum cholesterol level and
are successfully used to treat hypercholesterolemia
and atherosclerosis. Moreover, the ability of statins
to lower the mortality and morbidity of cardiovas-
cular diseases has been ascribed not only to their
cholesterol-lowering activities but also to a number
of additional effects, including improving endothe-
lial cell function, enhancing fibrinolysis, and an-
tithrombotic activity. In addition, a number of im-
portant anti-inflammatory effects of statins have
been reported.

This study confirmed that mRNA expression
of MMP-2, 9 was significantly higher in MI rats,
and simvastatin could obviously decrease mRNA

expre&'Sion of MMP-2, 9. It was assumed that sim-
vastatin could not only stabilize atherosclerotic
plaque, lower the incidence of unstable angina and
MI, but also alleviate cardiac fibrosis, restrict de-

velopment of ventricular remodeling and heart fail-
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metalloproteinase inhibition with congestive heart failure
improves left ventricular geometry and pump function.
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for quantitation of the left ventricle by two-dimensional e-
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matrix degradation and metalloproteinase activation in the
failing heart: a potential therapeutic target. Cardiovasc
Res 2000:46(2) :225 - 38.
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matrix metalloproteinase activities remodels myocardial
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ure and improve prognosis patient with MI by in-
hibiting expression of MMPs. However, it is un-
known whether statins directly or indirectly inhib-
ited expression of MMPs.
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