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Abstract

This study was conducted to examine the influence of acute streptozotocin-induced diabetes on cardiac remodelling and function in mice
subjected to myocardial infarction (MI) by coronary artery ligation. Echocardiography analysis indicated that diabetes induced deleterious
cardiac functional changes as demonstrated by the negative differences of ejection fraction, fractional shortening, stroke volume, cardiac output
and left ventricular volume 24 hrs after MI. Temporal analysis for up to 2 weeks after MI showed higher mortality in diabetic animals because
of cardiac wall rupture. To examine extracellular matrix remodelling, we used fluorescent molecular tomography to conduct temporal studies
and observed that total matrix metalloproteinase (MMP) activity in hearts was higher in diabetic animals at 7 and 14 days after MI, which corre-
lated well with the degree of collagen deposition in the infarct area visualized by scanning electron microscopy. Gene arrays indicated temporal
changes in expression of distinct MMP isoforms after 1 or 2 weeks after MI, particularly in diabetic mice. Temporal changes in cardiac perfor-
mance were observed, with a trend of exaggerated dysfunction in diabetic mice up to 14 days after MI. Decreased radial and longitudinal sys-
tolic and diastolic strain rates were observed over 14 days after MI, and there was a trend towards altered strain rates in diabetic mouse hearts
with dyssynchronous wall motion clearly evident. This correlated with increased collagen deposition in remote areas of these infarcted hearts
indicated by Masson’s trichrome staining. In summary, temporal changes in extracellular matrix remodelling correlated with exaggerated
cardiac dysfunction in diabetic mice after MI.
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function

Introduction

It is well-established that diabetes confers an elevated risk of cardio-
vascular disease, including heart failure [1, 2]. Moreover, diabetes is
confirmed as an independent risk factor for the development of heart
failure after initial MI [3, 4], and it has been proposed that diabetes
elevates the mortality caused by heart disease by 2–4 times [1]. The
incidence of MI and subsequent events is dictated by numerous

cardiac remodelling events [5]. Diabetes not only increases the inci-
dence of initial MI but also the rate and the degree of cardiac remod-
elling events that take place after MI [6]. Nevertheless, precisely how
diabetes impacts upon cardiac remodelling after MI remains to be
conclusively established.

One important remodelling event involves changes in the synthe-
sis and degradation of the cardiac extracellular matrix (ECM) [7, 8]. A
normal, well-ordered collagen network plays important roles in car-
diac function as a structural support and in providing elasticity, but
the progressive loss of this network and subsequent fibrosis are
clearly detrimental [9]. MI-induced cardiac remodelling is associated
with a robust activation of matrix metalloproteinases, which degrade
collagen. Numerous studies using both transgenic animals and phar-
macological inhibitors have demonstrated that altered activity of
matrix metalloproteinases in the heart is associated with adverse
cardiac remodelling [10–14]. Importantly, a large number of matrix
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metalloproteinase isoforms are expressed in the heart, and they have
been reported to be activated in different regions of the heart at
different times after MI [15]. Excessive activation of matrix metallo-
proteinases in the infarct area after MI causes a reduction in the colla-
gen cross-linking network, resulting in cardiac rupture [11, 16, 17].
Excessive degradation of the ECM is also known to be associated
with thinning of the cardiac wall as well as accelerated slippage of
cardiomyocytes and dilation of the left ventricle [18–20].

This study was designed to investigate the influence of diabetes,
induced by acute streptozotocin administration, on temporal changes
in cardiac remodelling and function after ischaemic injury. In particu-
lar, our work focused on ECM remodelling by studying matrix
metalloproteinase expression and activation, collagen synthesis and
structure and the consequent development of cardiac dysfunction.

Materials and methods

Generation of diabetic mice and induction of MI

Diabetes was induced in male C57BL6 mice (aged 8–10 weeks) via a
single-dose intraperitoneal injection of 150 mg/kg streptozotocin
(STZ; Sigma-Aldrich, St. Louis, MO, USA) in 0.1 M citrate buffer, pH
4.1 [21]. Animals were confirmed as diabetic when the blood glucose
level reached > 300 mg/dl, 4 days after the STZ administration (STZ
animals). Control animals received the citrate buffer only as vehicle
(VEH) treatment. Four days after injection of STZ, blood glucose lev-
els in animals were tested and found to be 142.14 ± 5.88 mg/dl in
VEH-injected and 514.06 ± 14.84 mg/dl in STZ-injected mice. These
animals were randomly separated into sham and MI groups and MI
was induced in the MI animals as previously described [22]. The
sham animals underwent the same procedure except for the ligation
of the suture around the coronary artery. To induce MI, the ligation
was made at 2 mm below the tip of the left atrium, resulting in an
infarct area of ~30–40% of the left ventricle. The heart samples were
collected post mortem after spontaneous death or killed on days 1, 3,
7 and 14 after MI. After the surgery, all dead animals were subjected
to autopsy, and cardiac rupture was confirmed by the presence of
blood pool in the chest cavity. The Animal Care Committee of Institut
Pasteur Korea approved all experimental procedures described below,
which were carried out according to the Guide for the Care and Use of
Laboratory Animals (NIH, publication No. 86-23, revised 1996).

Masson’s trichrome staining and infarct area
calculation

Infarct area was examined by staining heart sections with the stan-
dard Masson’s trichrome method as previously described [23]. Seven
5 lm sections of frozen heart isolated at days 3, 7 and 14 after MI
were prepared from the top to the apex of the heart. Each stained sec-
tion was scanned and quantified using ImageJ software (NIH,
Bethesda, MD, USA). The infarct area was measured as the ratio (%)
of the infarct area divided by the entire left ventricular (LV) area.

Echocardiography analysis

Images were obtained using the Vevo2100 (Visual Sonics, Toronto,
ON, Canada) equipped with an MS550D transducer (Visual Sonics,
Toronto, ON, Canada). The mice were lightly anaesthetized using 1.5%
isofluorane mixed with 100% O2 during the time of imaging. The
images were obtained from the B-mode long-axis view and the M-
mode of the parasternal short-axis view. All parameters were averaged
over at least three cardiac cycles for analysis. Speckle-tracking cardiac
strain analysis was performed with Vevostrain software (Visual Sonics,
Toronto, ON, Canada) incorporated into the Vevo2100 from the movies
acquired from the B-mode long-axis view. The tracking quality was
visually inspected, and the tracing was confirmed as acceptable when
the traced line moved along with the moving heart image for at least
three cardiac cycles. These cardiac cycles were used for the analysis.
Left ventricular end-diastolic diameter (LVEDd), end-systolic diameter
(LVEDs), end-diastolic area (LVEAd) and end-systolic area (LVEAs)
were measured. LV end-diastolic volume (LVEDV) and end-systolic vol-
ume (LVESV) were calculated using the following formulae:
LVEDV = 1.047 9 LVEDd3 and LVESV = 1.047 9 LVEDs3. Per cent
ejection fraction (%EF) and fractional area change (%FAC) of the LV
were calculated as follows: %EF = [(LVEDV � LVESV)/LVEDV] 9

100; %FAC = [(LVEAd � LVEAs)/LVEAd] 9 100.

Matrix metalloproteinase activity analysis using
fluorescent molecular tomography

The degree and site of matrix metalloproteinase activation in the heart
was analysed ex vivo with an FMT system, Visen FMT2500, using the
MMPSense680 probe (Perkin Elmer, Waltham, MA, USA). It is a near-
infrared fluorescence agent activated by key matrix MMPs, including
MMP2, �3, �9 and �13. The animals were anaesthetized with 3%
isofluorane and injected with 0.1 nmol/g MMPSence680 via retro-
orbital injection 24 hrs prior to excision of the heart and imaging. This
technique allows the rapid visualization and quantification of matrix
metalloproteinase activity. The heart was excited at 680 nm and the
emission detected at 700 nm. Tomographic reconstruction extracted
information based on the fluorescence signal and this was integrated
into quantitative data using proprietary software (Perkin Elmer).

Scanning electron microscopy analysis of
collagen structure

Samples for SEM were fixed in 2% glutaraldehyde in 0.1 M
sodium cacodylate buffer pH 7.3 for at least 2 hrs, rinsed in
the buffer and dehydrated in a graded ethanol series. The sam-
ples were critical point dried in a Bal-tec CPD030 (Bal Tec, Los
Angeles, CA, USA) critical point dryer, mounted on aluminium
stubs, gold coated in a Denton Desk II sputter coater and exam-
ined in an FEI XL30 SEM (Philips, Markham, ON, Canada). SEM
analysis was then performed as fee for service by Mr. Douglas
Holmyard from Mount Sinai Hospital, Pathology and Laboratory
Medicine.
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Gene arrays for determining expression of matrix
metalloproteinase and tissue inhibitors of
metalloproteinase isoforms

RNA was isolated using RNeasy Fibrous Tissue Mini Kit (Qiagen,
Valencia, CA, USA) from the infarct area of heart samples, which were
immediately immersed in RNAlater RNA stabilization reagent (Qiagen)
after isolation from the animals. RNA quality was improved with
RNeasy MinElute Cleanup Kit (Qiagen), and sample integrity was con-
firmed via OD 260/280 nm reading between 1.8 and 2.0. Equal
amounts of RNA (0.8 lg) were reversed transcribed with RT2 First
Strand cDNA kit (SABiosciences, Frederick, MD, USA) and subse-
quently analysed for numerous ECM-related matrix metalloproteinase
and TIMP genes in a customized PCR Array following manufacturer’s
instructions (SABiosciences), and analysed using PT2 Profiler PCR
Array Analysis software, version 3.4 (Qiagen, Valencia, CA, USA).

Statistical analysis

Comparison of survival rates between the VEH and STZ groups
was performed by Kaplan–Meier analysis. All other data are
expressed as the mean ± SEM and were analysed using t-test or
one-way ANOVA followed by Tukey post hoc test, and differences
were determined to be statistically significant when P < 0.05.
Gene array analysis was performed following manufacturers’
instructions and using software provided from SABioscence for
this purpose. The data presented represent a mean of delta–
delta Ct, which is based on a 95% confidence interval between
comparisons.

Results

Cardiac function was first assessed 1 day after MI by echocardiogra-
phy. The negative percentage change in ejection fraction, fractional
shortening and stroke volume were significantly larger in STZ-treated
mice compared with the VEH-treated control mice demonstrating a
worsen cardiac dysfunction induced by diabetes (Fig. 1, *P < 0.05).
It should also be noted that STZ-treated mice had a lower heart rate.
Although the MI resulted in ventricular dilation in control mice, the
net change in end-diastolic and end-systolic left ventricular (LV) vol-
umes were significantly greater in STZ-treated mice compared with
the VEH-treated control mice (Fig. 1, *P < 0.05). These data suggest
that diabetes accelerated progressive ventricular dilation.

Kaplan–Meier survival analysis indicated that the mortality rate of
STZ mice after MI was significantly higher than that in the VEH mice
(Fig. 2A, P < 0.05). This was particularly noticeable at 1 week after
infarction as the decline in the survival of VEH mice occurred princi-
pally within the first week after MI and stabilized afterwards, whereas
the survival rate of STZ mice continued to decline until day 14 after
MI (Fig. 2A). Post mortem analysis was performed on all animals
and the presence of cardiac wall rupture was evident as cause of
death. Analysis of the infarct area with Masson’s trichrome staining
suggested no significant change in the size of the infarct after MI
between the groups (Fig. 2B). An apparent increase in collagen accu-
mulation (blue staining) over time is evident in the infarct area of
VEH hearts, but this was not observed in STZ hearts (Fig. 2B). The
temporal extent and location of matrix metalloproteinase activation in
the heart was analysed using fluorescent molecular tomography
(FMT). A higher level of matrix metalloproteinase activity was
observed in STZ mice, notably at 7 and 14 days after MI (Fig. 2C and
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Fig. 1 Changes in cardiac functions 24 hrs after MI. Difference in echocardiographic measurements between sham and MI animals are shown for

vehicle (VEH) animals (shown in white) and diabetic (STZ) animals (shown in black bar). n � 4/group. * indicates P < 0.05 versus its own sham

group. EDLVV: end-diastolic left ventricular volume, ESLVV: end-systolic left ventricular volume.
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D, *P < 0.05). This correlated well with the extent of collagen stain-
ing in the infarct area shown in Fig. 2B. In terms of localization,
matrix metalloproteinase activation was predominately limited to the
infarct area in both VEH and STZ hearts (Fig. 2C). We used scanning
electron microscopy to study the collagen network structure in heart
samples collected on day 7 after MI. Both VEH and STZ sham-oper-
ated hearts showed a healthy fine mesh-like collagen weave as
expected (Fig. 2E). The infarcted VEH hearts exhibited an increase in
the density of the collagen mesh composed of thin collagen fila-
ments, whereas the infarcted STZ hearts showed a more disorga-
nized collagen scaffold composed of numerous larger collagen fibres
(Fig. 2E).

We used custom gene arrays to determine changes in the expres-
sion of various matrix metalloproteinase and TIMP isoforms that reg-
ulate collagen turnover. Figure 3A (1 week after MI) and 3F (2 weeks
after MI) allow the comparison of these genes among all four groups,
with the sham-operated VEH group acting as control in all cases. To
clearly highlight up- or down-regulation of genes between individual
groups, we have displayed direct 2-group analysis in Fig. 3B–E and G
–J. MI in VEH mice induced expression of MMP2, �8, �9 and �14 at
1 week after MI (Fig. 3B) and MMP2, �3 and �14 at 2 weeks after
MI (Fig. 3G). A decrease in TIMP4 expression was seen after 1 week
(Fig. 3B), and increases in TIMP2 and three expressions were seen
after 2 weeks (Fig. 3G). Diabetes alone induced a widespread

Fig. 2 ECM remodelling is enhanced in STZ mice after MI. (A) Kaplan–Meier analysis shows that the decline in the survival rate of VEH and STZ

mice is similar up to day 7 after MI. The survival rate stops declining starting day 7 after MI in VEH mice, but the STZ mice continue to show a

decline in survival rate up to day 14 after MI. The survival rate of the STZ animals is significantly lower compared with that of VEH mice
(P < 0.05). (B) Masson’s trichrome staining of the frozen heart sections for visualizing the infarct area indicate myocytes in red, collagen in blue

and area with dead myocytes without collagen deposition in white. (C) Fluorescent molecular tomography (FMT) was used to assess the location

and degree of matrix metalloproteinase activation in the heart after MI at different time-points. Representative FMT images for each treatment group

at indicated times after MI. (D) Matrix metalloproteinase activity peaks on day 3 after MI in VEH hearts, whereas the peak is seen on day 7 in STZ
hearts (*P < 0.05 versus sham, **P < 0.05 versus STZ). (E) Scanning electron microscope analysis demonstrates a disturbance in the fine collagen

mesh network on day 7 after MI. The disturbance is much greater in STZ animals. Scale bars: 5 lm. n � 3/group.
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increase in matrix metalloproteinase and TIMP isoforms 1 week after
MI (Fig. 3C), but, with the exception of TIMP3 and TIMP4, these
genes returned to normal levels after 2 weeks (Fig. 3H). In the pres-
ence of diabetes, MI induced a similar pattern of gene expression
changes as in non-diabetic mice (Fig. 3D and I), but with an overall
greater magnitude of increase in matrix metalloproteinase gene
expression at 1 week after MI (Fig. 3E) and a clear elevation of TIMP4
expression after 2 weeks (Fig. 3J).

Echocardiography analysis over 2 weeks following MI demon-
strated the development of LV dilation in both VEH and STZ animals
as indicated by an increase in end-diastolic (Fig. 4A) and end-systolic
(Fig. 4B) LV volumes. These changes were apparent after 1 day and
became progressively worse over time. Importantly, the degree of
dilation was significantly greater in STZ animals compared with VEH
animals (Fig. 4A and B, *P < 0.05). Temporal effects of diabetes on
cardiac function after MI were assessed using fractional shortening
(FS) (Fig. 4C) and cardiac output (CO) (Fig. 4D). Changes in FS after

MI as a consequence of diabetes were maximal at day 1 and were
maintained throughout the study period (Fig. 4C, *P < 0.05).
Changes in CO, also manifested at 1 day, were maintained after
7 days, but returned to the same value as non-diabetic mice after
14 days (Fig. 4D, *P < 0.05). Ejection fraction values to indicate the
heart function over the period of days 0–14 after MI were also
assessed and can be summarized as follows: 38.2 ± 1.8, 38.2 ± 1.8,
27.9 ± 4.2 and 21.5 ± 7.5 in control mice at days 0, 1, 7 and 14
respectively. Corresponding values at these time-points in STZ mice
were 50.9 ± 2.9, 26.1 ± 2.1, 32.8 ± 3.1 and 27.2 ± 4.1.

Speckle-tracking echocardiography analysis was used to provide a
detailed analysis of changes in cardiac performance. At 14 days after
MI, we observed that MI decreased radial and longitudinal systolic and
diastolic strain rates in both VEH- and STZ-treated mice, but there was
no significant difference between two groups (Fig. 5A and B, *P < 0.05
versus sham). LV synchronicity was examined by an established method
of calculating the wall delay [24, 25]. This analysis divides the heart into

Fig. 3 Real-time PCR gene array. Fold changes at 1 week (A) and 2 weeks (F) after MI are shown with the sham-operated VEH group acting as con-

trol. The fold change in genes between individual groups is shown at 1 week (B–E) and 2 weeks (G–J) after MI. (B and G) Sham versus MI in VEH
mice; (C and H) VEH versus STZ mice; (D and I) Sham versus MI in STZ mice; (E and J) MI in VEH versus STZ mice. n > 3 mice for each experi-

mental group.
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six separate segments (basal, mid and apex from the posterior and
anterior walls) and calculates the difference in the time it takes for each
segment of the heart to reach its peak strain. Results showed that wall
delay increased after MI, and diastolic delay was significantly increased
in STZ animals 14 days after MI demonstrating augmented LV dyssyn-
chrony (Fig. 5C and D, *P < 0.05 versus sham, **P < 0.05 versus
VEH). The representative images depicting wall delay are shown in
Fig. 5E, and the patterns shown in Fig. 5F provide a clear visual example
of dyssynchronous wall motion in the STZ mice 14 days after MI.

Wall motion is influenced by the degree of fibrosis; hence, we
examined the amount of collagen accumulation in the area remote
from the infarct by staining heart sections with Masson’s trichrome.
There was a small, but significant increase in collagen deposition in
STZ hearts compared with VEH hearts at 7 and 14 days after MI
(Fig. 6A and B).

Discussion

MI induces a complex series of remodelling events that involve a
combination of initially compensatory changes, but which ultimately
coalesce to bring heart failure [5, 26–28]. However, precisely how the
presence of diabetes influences remodelling and cardiac function
remains to be fully established. It is well-established from epidemio-
logical and experimental data that diabetic patients or animal models
have a higher propensity to develop severe cardiac dysfunction
and also have a significantly higher mortality rate after the incident MI
[2–4]. In this study we chose to use an acute period of diabetes
induced by single injection of streptozotocin [29] to examine the influ-
ence on cardiac remodelling and function after MI induced by ligation
of the left descending coronary artery [22].

Cardiac function and LV dimensions were evaluated using serial
echocardiography. We found that diabetic mice had significantly
impaired cardiac function after MI. This effect was associated with
greater decrease in ejection fraction, fractional shortening, stroke vol-
ume and with increased ventricular dilatation in the STZ recipients rel-
ative to the vehicle controls. These data were in agreement with
previously published studies regarding the cardiac dysfunction in
experimental small and large animal diabetes after MI [30, 31]. These
changes did not manifest in significant changes in cardiac output,
likely owing to the fact that ventricular size of STZ animals was
greater and the STZ mice had a lower heart rate. Nevertheless, overall
changes in cardiac function induced by MI is clearly exacerbated in
the STZ mice.

An extremely important component of LV remodelling leading to
the progression of heart failure involves the reorganization of the car-
diac ECM [7, 8, 32]. In human beings, various forms of heart failure
are associated with distinct patterns of changes in matrix metallopro-
teinase and collagen isoforms, although all ultimately manifest as
fibrosis [33–35]. Our current study indicated that STZ animals suffer
from enhanced and accelerated LV remodelling after MI. The first and
most apparent evidence for this was a higher mortality rate, which by
observation was found to be mostly caused by cardiac wall rupture.
We used scanning electron microscopy to examine changes in colla-
gen networks [36, 37]. The changes observed were higher accumula-
tion of collagen in the infarct area of VEH animals. The VEH hearts
also demonstrated a better organization of the reconstructed collagen
scaffold and formation of a mature scar in the infarct area by 1 week
after MI. A further increase in the mortality rate seen in the STZ ani-
mals may have been caused by an intense degradation of collagen
scaffold holding the ventricular wall intact and an abrogated formation
of scar in the infarct area. The STZ animals also demonstrated a
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higher matrix metalloproteinase activity for a longer duration of time,
and this may have contributed to the delay in mature scar formation.

We also observed exaggerated dilation of the left ventricle in dia-
betic mice after MI. Interestingly, it has been reported that the loss of
collagen fibroskeleton is associated not only with cardiac rupture but
also with myocyte slippage leading to the dilation of the LV [18–20].
In this study, both VEH and STZ hearts developed LV dilation as
shown by an increase in endocardial volume during diastole and sys-
tole, but the degree of LV dilation was much more severe in STZ
hearts. Again, a greater degree of collagen network decomposition
seen in the STZ-diabetic heart without formation of a thick mature

scar may be in part responsible for the greater progression of LV
chamber dilation. Another reason leading to an intensive dilation of
the LV in STZ heart is that these animals also exhibited a greater
decrease in FS and cardiac output on day 1 after MI. The LV dilation
is known to be initially a compensating mechanism of the heart to vol-
ume overload caused by MI to sustain a normal CO [15]. Indeed, the
initial significant decrease in CO observed on day 1 after MI was
brought back to the normal level by day 14 in both VEH and STZ ani-
mals. LV dilation most likely contributed to the compensated increase
in CO, and STZ hearts may have compensated for the greater
decrease in cardiac output by a greater dilation of the LV.
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A major driving force in collagen degradation and remodelling is
changes in the expression and activity of matrix metalloproteinase
and TIMP isoforms [36, 38]. Elevated activity of matrix metallopro-
teinase isoforms occurs after MI in a temporal and spatial manner,
and various studies in animal models have shown that genetic dele-
tion or pharmacological inhibition of matrix metalloproteinase pre-
vents cardiac rupture or dysfunction after MI in mice [11, 39, 40].
Increased expression and activity of matrix metalloproteinase is well-
established to occur in the infarcted heart, and overexpression of
matrix metalloproteinase can exacerbate MI-induced dysfunction
[13]. In our study we used fluorescent molecular tomography to
examine cardiac matrix metalloproteinase activity in a temporal and
spatial manner after MI in both VEH and STZ-diabetic mice. The latter
showed elevated matrix metalloproteinase activity at 1 week after MI
in the infarct area, and our gene expression analyses suggested
this was correlated specifically with higher MMP3, �8, �9 and �13
levels after 1 week. It has been reported previously that increased
matrix metalloproteinase activation is associated with the incidence of
cardiac wall rupture [11, 41]. Prolonged degradation of the ECM con-
tributes to the slippage of viable cells and wall thinning and with a
very little ECM support, the heart is not able to resist the stress gener-
ated during pumping and the cardiac wall ruptures [36]. Cardiac wall

rupture has been previously reported to occur within the first week
after MI [11], consistent with the finding of our current study.

MI is known to induce fibrosis in the remote area of the heart
over time [13], and this leads to detrimental effects on perfor-
mance. We used speckle-tracking echocardiography to conduct car-
diac strain analysis, allowing examination of the deformation of the
LV wall and changes in overall LV contraction and relaxation in the
mouse [24]. In agreement with previous work, this study also dem-
onstrated that MI induces a reduction in the ability of the heart to
deform as the heart contracts and dilates [24]. MI also caused the
development of dyssynchronic cardiac wall motion in both VEH and
STZ animals; however, STZ animals exhibited a greater disturbance
in the synchronic motion of the cardiac wall. In the heart, a normal
collagen fibroskeleton not only serves as the structural framework
of the organ but also gives structural integrity to coordinate con-
traction of individual myocytes into overall heart contraction [7].
We suggest that the greater disturbance in the synchronic move-
ment of the heart in diabetic animals may be caused by a greater
remodelling of the ECM. This information has translational signifi-
cance as it has also been reported previously that patients exhibit-
ing a higher degree of cardiac fibrosis are more likely to develop
cardiac dyssynchrony. Indeed, cardiac resynchronization therapy
has been recently demonstrated to improve the function of the
heart and survival in heart failure patients [25]. Notably, it would
be interesting to further analyse the type of collagen deposition in
the heart of these animals [7].

In summary, STZ mice exhibited a poorer outcome after MI.
These mice showed a significantly higher activity of matrix metallo-
proteinase for an extended time period in the infarct area after MI.
This was partly explained by an overall elevation in matrix metallo-
proteinase isoform expression in the infarct area. This was associ-
ated with a poor scar formation in the infarct area with an
extensive degradation of the collagen skeletal framework. These
hearts were more susceptible to cardiac wall rupture and subse-
quently higher mortality rate. These animals also exhibited a
greater LV dilation with a greater disturbance in the synchronicity
of movement of the heart, developing a severe cardiac dysfunction.
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Fig. 6 Collagen deposition in the remote area after MI. (A) Representa-
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MI. n � 4/group. * indicates P < 0.05 versus its own sham group.
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