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1. Introduction

Isoproterenol (ISO) induces myocardial injuries in the form of ischemia and
infarction (MI). Simvastatin (SIM) is a lipid-soluble inhibitor of hydroxy-3-
methylglutaryl coenzyme A reductase with multiple reported therapeutic
benefits. The present study was designed to evaluate the effect of pre-
treatment with SIM on [SO-induced cardiac infarction in rats. Forty-eight rats
were divided into four groups. Group I (control) received normal saline.
Group II (SIM) received SIM (10 mg/kg body weight, orally by gavage) for 30
days. Group III (ISO) received ISO (5 mg/kg) intraperitoneally for 7 days to
induce cardiac injury. Group IV (ISO/SIM); received SIM (10 mg/kg body
weight, orally by gavage) for 30 days and in the last 7 days they received ISO
(5 mg/kg) intraperitoneally. Serological analysis for detection of cardiac
injury markers (troponin-T and creatine phosphokinase-MB “CPK-MB”) and
inflammatory markers (IL-6 and TNF-a) was done. Cardiac tissues were
processed for histological examination (H&E and Masson’s trichrome) and
for the immunohistological quantitative analysis of CD68. Administration of
ISO induced an increase in heart weight to body weight (HW/BW) ratio and
elevation of systolic and diastolic blood pressure. Serological analysis
revealed an increase of interleukin-6, troponin-T, (CPK-MB), and tumor
necrosis factor-a (TNF-a). Histopathological examination of heart tissue
revealed thickening of the left ventricle and inter-ventricular septum, large
focal areas of sub-endocardial degeneration, mononuclear cellular
infiltrations, and massive interstitial fibrosis. In addition, ISO-treated rats
exhibited significant up-regulation of CD68. Pre-treatment with SIM
significantly attenuated ISO-induced cardiac hypertrophy and necrosis,
alleviated the elevated biochemical parameters and CD68 expression, and
improved the heart histopathological changes. This study provides evidence
that SIM minimizes the ischemic effect of ISO on the heart of rats through
inhibition of inflammatory cellular infiltration, especially macrophages, as
confirmed by down-regulation of CD68.

© 2016 The Authors. Published by IASE. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

50% mortality rate within 4 years (Lopez, 1992;
Dickstein et al, 2008). Also, cardiomyocytes

Cardiac hypertrophy and ischemia represent
major causes of morbidity and mortality in the world
(Lorell and Carabello, 2000). Prolongation and
prevalence of hypertension lead to congestive heart
failure (CHF) and sudden death (Yung et al., 2004).
Heart failure (HF) is a major health burden
accounting for approximately 25% of all deaths in
developing countries and patients with HF have a
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hypertrophy has been reported to often occur after
myocardial infarction (MI) as an adaptive response
(Pfeffer and Braunwald, 1990; Richey and Brown,
1998). Ml is a complication of cardiovascular disease
and its prevalence is growing rapidly in developing
countries probably due to the acquisition of a
western lifestyle (Steyn et al., 2005).

Isoproterenol (ISO), a synthetic catecholamine
and beta-adrenergic agonist, has been found to
produce myocardial hypertrophy and MI due to
generation of highly cytotoxic free radicals, causing
cardiac dysfunctions, increased lipid peroxidation,
altered activities of cardiac enzymes and
antioxidants, resulting in infarct-like necrosis of the
heart muscle (Rathore et al, 1998). The
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pathophysiological and morphological alterations of
the myocardium following ISO administration have
been observed to be similar to those taking place in
human MI (Wexler, 1978).

Statins, hydroxyl-methylglutaryl coenzyme A
reductase inhibitors, are widely prescribed
cholesterol-lowering agents. They have been

reported to exert multiple protective effects on the
cardiovascular system decreasing the incidence of
myocardial infarction and ischemic stroke,
independent of their classical functions on
lipoproteins (Kapur and Musunuru, 2008; Koh et al.,
2011). Several studies have demonstrated that early
and chronic pre-treatment with statins can improve
myocardial perfusion and decrease the sizes of no-
reflow and infarction areas after ischemic
reperfusion. These effects were mainly through the
inhibition of myocardial inflammation and apoptosis
and the improvement of endothelial function
(Iwakura et al, 2006; Zhao et al, 2006;
Manickavasagam et al, 2007; Merla et al, 2007).
Simvastatin (SIM), a member of statins, has been
recognized to have antioxidant effects and is an
effective agent for preventing the development of
cardiac hypertrophy (Takemoto et al., 2001).

Macrophages belong to the mononuclear
phagocyte system (Sunderkotter et al.,, 1994) and are
derived from CD34+ bone marrow progenitors
(Lewis and Pollard, 2006). Monocytes enter the
blood stream and extravasate into injured tissues in
response to chemotactic signals (Sunderkotter et al.,
1994; Crowther et al, 2001; Lewis and Pollard,
2006). Macrophage activation up regulates
phagocytic, chemotactic, secretory, and angiogenic
functions (Porcheray et al., 2005). While neutrophil
response is associated with the early, acute
inflammatory events, macrophage cells continue to
be present during the proliferation phase and initial
deposition of collagen in a model of right ventricular
damage (Watts et al., 2008). Therefore, the current
study was designed to investigate the protective role
of SIM against ISO-induced cardiac hypertrophy and
infarction in rats focusing on its influence on
monocytes/macrophages.

2. Materials and methods
2.1. Experimental animals

Forty-eight adult male Wistar albino rats
weighing 190 * 20 g were supplied by the
Experimental Animal Centre at the College of
Medicine, King Saud University, Riyadh, Saudi
Arabia. The rats were maintained in controlled
environment (21-23°C and 40-50% humidity) on a
12-hour light/dark cycle with standard laboratory
food and water ad libitum. Rats were kept under
observation for one week before the onset of the
experiment for acclimatization and to exclude
infection. All the experimental procedures were
conducted according to the Guidelines for the Care
and Use of Laboratory Animals of the College of
Medicine Research Center (CMRC) at King Saud
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University and conform to the Guide for the Care and
Use of Laboratory Animals published by the National
Institutes of Health (NIH).

2.2. Chemicals

Mouse monoclonal anti-CD68 antibody [ED1] was
purchased from abcam (Cambridge, USA). ISO and
SIM were purchased from Sigma-Aldrich (St. Louis,
MO, USA). All other chemicals were of analytical
grade and obtained from standard commercial
supplies.

2.3. Experimental design

Forty-eight Rats were randomly allocated into
four groups (twelve in each) as follows:

e Group I (Control group): received normal saline,
orally, by gavage, for 30 days and intraperitoneally
for the last 7 days.

eGroup II (SIM group): received SIM (10
mg/kg/day) (Chen et al.,, 2015) dissolved in saline,
orally, by gavage, for 30 days and intraperitoneal
saline for the last 7 days.

eGroup III (ISO group): received normal saline,
orally, by gavage, for 30 days and daily ISO (5
mg/kg) intraperitoneally (Wan et al,, 2011) for the
last 7 days.

eGroup IV (ISO/SIM group): received SIM (10
mg/kg) dissolved in saline, orally, by gavage, for 30
days and daily ISO (5 mg/kg) intraperitoneally for
the last 7 days.

The doses were adjusted consistently as
indicated by any change in body weight (BW) to
maintain comparable dosage over the study period.
At the end of the experiment, blood samples were
collected, from retro-orbital plexus of the animals,
and centrifuged to separate serum. Sera were then
kept at -20°C for subsequent biochemical assays.
After that, the rats were anesthetized with sodium
pentobarbital (30 mg/kg, intraperitoneally) and
hearts were immediately excised, rinsed in ice-cold
normal saline, and then fixed in 10% buffered
formalin for processing.

2.4. Assessment of body weight, heart weight,
and blood pressure

The final BW along with the heart weight (HW)
was recorded, and the heart-to-body weight
(HW/BW) ratio was calculated and used to estimate
the degree of cardiac hypertrophy. The arterial blood
pressure (BP) was measured using the tail cuff
method (UGO BASILE, Italy) before and after the
administration of ISO with minimal stress and
restraint. Systolic and diastolic BP was measured
before and at the end of treatment period.

2.5. Serum biochemical analysis

Determination of serum levels of troponin-T and
creatine phosphokinase-MB (CPK-MB): Serum levels
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of troponin-T were measured using a Siemens
Dimension Xpand Plus instrument (IL, USA). Serum
levels of CPK-MB isoenzyme were determined with
an auto-analyser (ILab-300, bioMérieux Diagnostics,
Milan, Italy). Both troponin-T and CPK-MB are
cardiac injury markers.

Determination of serum levels of tumor necrosis
factor-alpha (TNF-a): The serum concentration of
TNF-a (an inflammatory cytokine) was measured
using enzyme-linked immunosorbent assay (ELISA)
kits following the instructions supplied by the
manufacturer (DuoSet Kits, R&D Systems,
Minneapolis, MN, USA).

Determination of serum levels of interleukin-6
(IL-6): Serum levels of IL-6 were measured by ultra-
sensitive ELISA (Quantikine HS Human IL-6
Immunoassay, R&D Systems, Minneapolis, MN, USA)
(Kaden, 2007).

2.6. Histopathological analysis

The excised heart tissues were fixed in 10%
buffered formalin at 4°C for 48 hours and processed
to prepare transverse, mid-ventricular sections. The
fixed tissues were embedded in in paraffin, sectioned
at 4 pm and stained with hematoxylin and eosin
(H&E) and Masson’s trichrome stains. The sections
were then examined and photographed using
Olympus Bx51 light microscope equipped with a
DP70 camera (Olympus, Tokyo, Japan).

2.7. Immunohistochemical analysis

Immunostaining of the heart sections for CD68 to
visualize monocytes/macrophages was performed

using streptavidin-biotinylated horseradish
peroxidase method (Novalink Max Polymer
detection system; Novocastra Laboratories,
Newcastle, UK). The procedure involved the

following steps: endogenous peroxidase activity was
inhibited by 3% H:0; in distilled water for 5
minutes, and then the sections were washed twice in
Tris-buffered saline (TBS, pH 7.6) (Sigma-Aldrich)
for 10 minutes. Nonspecific binding of antibodies
was blocked by incubation with protein block for 10
minutes (Novocastra). Sections were incubated with
mouse monoclonal anti-CD68 antibody [ED1]
(ab31630), diluted 1:100 for 1 hour at room tem-
perature. Sections were washed three times in TBS
and then incubated with biotinylated IgG
(Novocastra) for 30 minutes, followed by washing in
TBS and incubation with Novolink polymer
(Novocastra) for 30 minutes. Peroxidase was
detected with working solution of diaminobenzedine
(DAB) chromogen (Novocastra) for 10 minutes.
Sections were then washed in distilled water for 10
minutes. Counterstaining was carried out with
Mayer’s hematoxylin to stain the nuclei, and sections
were mounted in DPX (Dysterene, Plasticizer,
Xylene). For negative control sections, the same
procedure was followed with omission of incubation
in the primary antibody.
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2.8. Image analysis

High-resolution whole-slide digital scans of all
stained sections were created with a ScanScope
scanner (Aperio Technologies, Inc.). The digital slide
images were then viewed and analyzed using the
viewing and image analysis tools of Aperio’s
ImageScope software (Aperio Technologies, Inc.).
Five areas, each with the fixed size of 0.25 mm?, were
randomly selected per section. To quantify the
immunopositive reaction, the color deconvolution
(color separation) algorithm (Aperio Technologies,
Inc.) was set up (by color calibration) to detect and
quantify only the brown color of DAB positive
staining. The algorithm was then run on the selected
area to measure the percentage of immunopositive
reaction relative to the total analysis area.

The thickness of the wall of the left ventricle was
measured on the digital scans of H&E-stained slides,
using the linear measurement tool of Aperio’s Image
Scope software (Aperio technologies, Inc.). To
minimize error, thickness was measured at five
randomly chosen points per heart section and
averages were calculated.

The extent of fibrosis was measured on the digital
scans of Masson’s trichrome-stained slides. Five
areas, each with the fixed size of 0.25 mm?, were
randomly selected per section. Color deconvolution
(color separation) algorithm (Aperio Technologies,
Inc.) was then applied so as to select and measure
the area of only the green color of fibrous tissue (as
stained by Masson’s trichrome) and calculate its area
percentage relative to the total area of analysis. All
image analysis output results were finally exported
to Excel sheets and subjected to statistical analysis.

2.9. Statistical analysis

Data collected were subjected to statistical
analysis using IBM SPSS Statistics version 22
software. The homogeneity of variance was first
checked with Levene test. Analysis of variance
(ANOVA) was used for an overall comparison
between the groups followed by Bonferroni test
(when the homogeneity of variance assumption was
met) or by Games-Howell test (when the
homogeneity of variance assumption was not met)
as post-hoc tests for pairwise comparisons.
Differences were considered significant when P was
less than or equal to 0.05.

3. Results
3.1. BW, HW, HW/BW ratio and BP

Body weight of the control (group I) and treated
groups (groups, 11, III & IV) showed non-significant
(P>0.05) changes throughout the experiment. On the
other hand, ISO-injected rats (group III) exhibited
significant (P<0.01) increase in HW and HW/BW
ratio when compared with the control rats.
Treatment of the ISO-injected rats with SIM (group
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V) significantly (P<0.01) ameliorated both the HW
and HW/BW ratio as compared to [SO-injected rats
(group III). Treatment with SIM alone (group II)
produced a non-significant (P>0.05) effect on the
mentioned parameters when compared with control
rats (control group). Similarly, ISO administration

(group III) produced a significant (P<0.001)
elevation in systolic and diastolic BP. Oral
administration of SIM (group IV) significantly

(P<0.01) alleviated the altered BP levels when
compared with the ISO-treated rats (group III)
(Table 1).

Table 1: Mean BW, HW, HW/BW ratio and BP in the studied groups.

Parameter Control (Group I) SIM (Group II) ISO (Group III) ISO/SIM (Group IV)
BW (g) 230.10+7.82 229.80+7.13 240.71+9.50 234.22+6.86
HW (g) 0.86+0.02 0.84+0.02 1.40+0.05" 1.12+0.02##

HW/BW ratio 0.0037+0.00 0.0036+0.00 0.0058+0.00* 0.0047+0.00##
SBP (mmHg) 136.17+10.61 147.62+11.05 285.50+£7.58™ 229.63+£15.60##
DBP (mmHg) 79.52+3.49 100.64+2.75" 201.24+11.7™ 111.81+6.52##

Data are mean * SE (N=7). *P, 0.05; **P, 0.01; ***P, 0.001 vs control. ##P, 0.01 vs ISO group

3.2. Left ventricular wall thickness

H&E stained heart sections showed significant
increase of left ventricular wall thickness of ISO-
injected rats (group III) compared to the other three

groups (groups [, II, and 1V), and by SIM treatment
(group IV) the thickness significantly decreased
compared to ISO-injected rats (group III) (Table 1).

Table 2: Mean left ventricular wall thickness (um) in the studied groups.

Group I (Control)

Group II (SIM)

Group III (ISO)

Group IV (ISO/SIM)

Mean * SE 3.346 £ 0.082 3.481+£0.019 5.142 £ 0.161 4.022 £ 0.143
P1 1.000 0.000* 0.000*
P2 1.000 0.000* 0.000*
P3 0.000* 0.000* 0.000*

SE, standard error; P1, versus group I; P2, versus group II; P3, versus group III; * significant difference (P < 0.05)

3.3. Serum biochemical analysis

Serum levels of CPK-MB and troponin-T (Tables 3
and 4): Serum CPK-MB (Table 3) was significantly
elevated in ISO-injected rats (group III) compared to
control group (group I), but significantly decreased
after treatment with SIM (group IV). Treatment with
SIM alone (group II) produced no significant change
compared to control rats (group I). Similarly,
troponin-T (Table 4) was significantly elevated in
[SO-injected rats (group III) compared to control rats

(group 1), but significantly decreased by SIM
treatment (group IV). Treatment with SIM alone
(group II) produced no significant change compared
to control rats (group I).

Serum levels of TNF-a and IL-6 (Tables 5 and 6):
Serum inflammatory markers (TNF-a and IL-6) were
significantly elevated in ISO-injected rats (group III)
as compared to the other three groups (groups [, II,
and 1V), but significantly decreased by SIM treatment
(group IV).

Table 3: Mean serum CPK-MP levels (U/L) in the studied groups.

Group (Control)

Group II (SIM)

Group III (ISO)

Group IV (ISO/SIM)

Mean * SE 31.280 + 0.306 31.652 £ 0.456 182.646 £ 1.617 113.498 £ 1.368
P1 1.000 0.000* 0.000*
P2 1.000 0.000* 0.000*
P3 0.000* 0.000* 0.000*

SE, standard error; P1, versus group I; P2, versus group II; P3, versus group III;

Table 4: Mean serum troponin-T levels (p

* significant difference (P < 0.05)

/ml) in the studied groups.

Group I (Control)

Group II (SIM)

Group III (ISO)

Group IV (ISO/SIM)

Mean + SE 6.538 £ 1.469 6.330 + 0.499 48.834 £ 0.966 26.099 £ 0.711
P1 1.000 0.000* 0.000*
P2 1.000 0.000* 0.000*
P3 0.000* 0.000* 0.000*

SE, standard error; P1, versus group I; P2, versus group II; P3, versus group III;
* significant difference (P < 0.05)

3.4. Histopathological analysis

Light microscopic examination of H&E-stained
heart tissues from control (group I) and SIM-treated
(group II) rats showed normal microscopic features

of cardiomyocytes and interstitial connective tissue
without any evidence of necrosis or inflammation
(Fig. 1 A and B). In contrast, H&E-stained sections of
the heart from ISO-injected rats (group III) showed
wide sub-endocardial necrotic patches along with
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interstitial edema. In addition, focal areas of inflammatory cellular infiltration, and vacuolar
confluent necrosis of cardiac muscle fibers, degeneration were also observed (Fig. 1C).

Table 5: Mean serum TNF-a levels (pg/ml) in the studied groups

Group I (Control) ‘ Group II (SIM) Group III (ISO) Group IV (ISO/SIM)
Mean * SE 7.164 + 0.493 6.686 + 0.393 34.954 +1.226 15.350 + 0.940
P1 1.000 0.000* 0.000*
P2 1.000 0.000* 0.000*
P3 0.000* 0.000* 0.000*

SE, standard error; P1, versus group I; P2, versus group II; P3, versus group III;
* significant difference (P < 0.05)

Table 6: Mean serum IL-6 levels (pg/ml) in the studied groups

Group I (Control) Group II (SIM) Group III (ISO) Group IV (ISO/SIM)
Mean * SE 8.028 + 0.320 7.634+0.319 33.386 +3.061 13.664 + 0.652
P1 1.000 0.000* 0.000*
P2 1.000 0.000* 0.000*
P3 0.000* 0.000* 0.000*

SE, standard error; P1, versus group [; P2, versus group II; P3, versus group III;
* significant difference (P < 0.05)

In ISO/SIM group (group IV) there were only and interstitial edema and less inflammatory cellular
few, small focal areas of necrosis with mild infiltration (Fig. 1D) compared to ISO group (III).

ok ¥ T o o ST\ o A S A ST 7

Fig. 1: Heart sections stained with H&E. (A) Control group, and (B) SIM group showing normal histological architecture. (C) ISO group
showing patches of marked sub-endocardial myocardial cellular degeneration and necrosis (arrows), areas of complete loss of
cardiomyocytes and replacement with fibrous tissue infiltrated with inflammatory cells (asterisks), and areas of interstitial edema
(arrowheads) (D) ISO/SIM group showing marked decrease of myocardial degeneration, interstitial edema and inflammatory cellular
infiltration. [Scale bars =100 pm]

Masson’s trichrome stained heart sections from injected rats (group III) showed marked increase of
control (group I) and SIM (group II) rats showed the sub-endocardial fibrous tissue deposition,
normal sparse distribution of fibrous tissue, partially replacing necrotic myocardium (Fig. 2C),
restricted to the endomysium and wall of blood while SIM treatment (group IV) significantly reduced
vessels (Fig. 2 A and B). Heart sections from ISO- this interstitial fibrosis (Fig. 2D, Table 7).
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Fig. 2: Heart sections stained with Masson’s trichrome. (A) Control group, and (B) SIM group showing normal amount and
distribution of fibrous tissue (blue color) limited to the endomysium. (C) ISO group showing extensive fibrosis (blue color) in
the sub-endocardial areas (asterisks) replacing lost cardiomyoctes. (D) ISO/SIM group showing marked decrease of areas of

sub-endocardial fibrosis (asterisks). [Scale bars = 200 um]

Table 7: Mean area percent of fibrous tissue (as detected by Masson'’s trichrome) in the studied
Group II (SIM)

Group I (Control)

roups
Group IV (ISO/SIM)

Group III (ISO)

Mean * SE 2.180 +0.205 3.006 £ 0.453 22.268 +2.015 13.031 £ 3.273
P1 0.957 0.002* 0.112
P2 0.957 0.002* 0.119
P3 0.002* 0.002* 0.166

SE, standard error; P1, versus group [; P2, versus group II; P3, versus group III;
* significant difference (P < 0.05)

3.5. Immunohistochemical analysis

Immunostaining with anti-CD68 antibody
showed large areas of strongly immunopositive
inflammatory cells in necrotic areas of heart sections
from I[SO-injected rats (group III) (Fig. 3C) as
compared to either control (group I) or SIM (group
II) rats (Fig. 3 A and B). SIM treatment (group 1V)
significantly reduced these immunopositive patches
(Fig. 3D, Table 8).

4. Discussion

In the present study it was observed that ISO
administration leads to deleterious changes in the
myocardium. Hypertrophy of cardiomyocytes
contributes to left ventricular hypertrophy, which is
induced by hypertension (Zheng and Lu, 2015).
Therefore, elucidation of the mechanisms underlying
the development and regulation of cardiomyocytes
hypertrophy is of great importance in the prevention
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of cardiovascular diseases. Sustained adrenergic
stimulation is an important hallmark of the
maladaptive cardiac hypertrophy.

The cardiac hypertrophy induced by the fB1-
adrenergic receptor agonist, ISO, mimics this
sustained adrenergic stimulation and it represents
the widely used model (Molojavyi et al., 2010). ISO
has been reported to induce infarct-like necrosis of
the heart muscle (Ennis et al., 2003). It is also known
to generate free radicals and to provoke lipid
peroxidation leading to irreversible damage to the
myocardial cell membrane (Sathish et al,, 2003).

In addition, the activation of [-adrenergic
signaling induces different mechanisms including
enhanced protein synthesis and stimulation of
mitogen-activated protein kinases and
phosphatidylinositol-3 kinases, which contribute to
the hypertrophic phenotype (Zhang et al.,, 2003).

On the eighth day of ISO administration, in this
experiment, rats exhibited myocardial hypertrophy
as evidenced by the significant increase in HW and
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HW/BW ratio. In this context, Taylor and Tang
(1984) reported that maximum HW can be reached
on the eighth day of subcutaneous ISO
administration. The observed increase of HW in ISO-
injected rats might be attributed to the increase in
water content, edema of the interstitium, and
inflammatory cellular infiltration due to extensive
necrosis of cardiac muscle (Patel et al., 2010). The
[SO-induced cardiac hypertrophy, in this study, was
further confirmed by the increased thickness of the
left ventricular wall, mononuclear cellular

e

<y

infiltration, and the excessive fibrous tissue
deposition between cardiomyocytes of the left
ventricle. Pre-treatment with SIM significantly
decreased the HW of ISO-injected rats, which is
consistent with the observations of Liu et al. (2008)
who reported that SIM prevents cardiac hypertrophy
in vitro and in rats with pressure overload due to an
abdominal aortic constriction. Takayama et al
(2006) referred the attenuating effect of SIM on
cardiac hypertrophy to its anti-inflammatory role.

2 | S0yum -

Fig. 3: Heart sections immunostained for CD68. (A) Control group, and (B) SIM group showing few immunostained cells
(brown color) in the endomysium between myocardial cells. (C) ISO group showing large focal sub-endocardial patches with
strongly immunopositive collections of cells. (D) ISO/SIM group showing marked decrease of size of immunopositive cellular

patches. [Scale bars 50 um]

Table 8: Mean area percent of CD68 immunopositivity in the studied groups

Group I (Control)

Group II (SIM)

Group 111 (ISO) Group IV (ISO/SIM)

Mean * SE 5.098 + 0.462 3.550£0.472 48.665 * 1.355 15.767 £ 0.700
P1 0.167 0.000* 0.000*
P2 0.167 0.000* 0.000*
P3 0.000* 0.000* 0.000*

SE, standard error; P1, versus group I; P2, versus group II; P3, versus group III;
* significant difference (P < 0.05)

There is considerable controversy about the BP
changes due to the ISO-induced cardiac injury.
Multiple studies have demonstrated declined
pumping ability of the heart (Lin, 1973; Baldwin et
al, 1982) and depressed contractile ability of the
heart in ISO-induced hypertrophy (Vassallo et al,
1988; Bowling et al., 1990; Stein et al., 1996), while
others reported contractile function enhancement
(Cihak et al,, 1992; Tang and Taylor, 1996; Arthur
and Belcastro, 1997). In the present study, rats with
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hypertrophic hearts exhibited significant elevation in
both systolic and diastolic BP, which is in agreement
with Papparella et al. (2008), who reported
increased BP in angiotensin-II-treated rats. On the
other hand, SIM pre-treated rats that suffered from
[SO-induced hypertension showed decreased
systolic and diastolic BP. ISO has been reported to be
associated with increases in serum and myocardial
lipids, which in turn lead to coronary heart disease
(Prince and Rajadurai, 2005). Therefore, the
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ameliorative effect of SIM against I1SO-induced
cardiac hypertrophy might be partially connected to
its hypolipidemic and myocardial-enhancing effects.
On the contrary, Adameova et al. (2009) revealed
that SIM alleviates myocardial contractile
dysfunction in rat heart independent of its
cholesterol-lowering effects. Statins are well
accepted to not only have satisfactory lipid
regulatory effects, but also inhibit the proliferation
of vascular smooth muscle cells and cardiac
fibroblasts (Wang et al, 2013). Thus, the positive
therapeutic effects of statins are not limited to their
cholesterol-lowering effects.

Inflammatory response and cytokine elaboration
are integral components of the host immune
response to tissue injury and play an active role after
myocardial infarction (Nian et al, 2004). Cardiac
ischemia leads to many intracellular changes
involving disruption of mitochondrial membrane
potential, leading to the formation of oxygen free
radicals or ROS, initiating generation of different
oxygen intermediates that directly damage cellular
DNA, proteins and lipids and activating pathways of
stress response resulting in the production of TNF-«
that stimulates secretion of IL-6 that increases
production of NF-xB (Arslan et al, 2010). Cardiac
markers are the useful tool for detection of myocyte
damage and have great clinical importance (Jaffe et
al, 1996). Changes in cardiac markers (troponin-T
and CPK-MB) and inflammatory markers (IL-6 and
TNF-a) have been detected in this experiment. CPK-
MB and troponin are the early markers for detection
of myocardial ischemic injury (Goyal et al.,, 2010).
Administration of SIM could significantly return the
altered levels of both cardiac and inflammatory
markers as a result of to its anti-inflammatory effect
(Takayama et al., 2006).

Histopathological examination of heart tissue
from control (group I) and SIM (group II) groups
revealed clear integrity of the myocardial cells and
the endomysium without evidence of focal necrosis
or inflammatory cellular infiltration. Heart tissue
from ISO group (group III) showed sub-endocardial
edema, patches of myocardial degeneration and
cellular infiltration, in addition to extensive fibrosis.
Brooks and Conrad (2009) reported that treatment
with ISO resulted in marked myocyte loss and
increased fibrosis that were limited to the sub-
endocardium of the left ventricle free wall and
septum. Hypertension produces collagen deposition,
changes referred to as myocardial fibrosis, which
leads to depressed myocardial performance (Bu et
al, 2008). Some studies indicated that 1SO-induced
acute myocardial infarction after ischemia is caused
by myocardial hyperactivity and coronary
hypertension (Yeager and Ilams, 1981), the
inflammatory response (Steffens et al, 2009) and
cell apoptosis (Tanaka et al.,, 2004). In this study, the
reduced inflammatory cellular infiltration,
myocardial necrosis, and fibrosis in SIM pre-treated
rats (group IV) confirmed the cardio-protective
effect of SIM.
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After the expression of pro-inflammatory
cytokines, the process of myocyte apoptosis, induced
by TNF-a (Krown et al,, 1996) via binding to TNFR-1
that contains a death domain (Screaton and Xu,
2000) occurred in myocardium (Zhang et al., 2006).
Cardiac apoptosis can proceed via either death-
receptor or mitochondrial-dependent pathways,
either of which activates specific caspases resulting
in cell death. The death-receptor pathway proceeds
when extracellular cell signal ligands, such as TNF-q,
FasL, Apo-3L and TNF-related apoptosis-inducing,
bind to their specific cell membrane receptors
(Haunstetter and Izumo, 1998).

The present study also revealed increased
immune expression of the antibody to
monocyte/macrophage antigen CD68 in the heart of
[SO-injected rats, which confirms an increase of the
macrophages influx. This finding coincides with Chen
et al. (2013) who discovered an increase of number
of CD68* cells in spontaneous hypertension rats, and
with Chang et al. (2013) who confirmed that
monocytes/macrophages dominate the cellular
infiltrate for the first two weeks after MI and
participate in infarct wound healing.

Watts et al. (2008) demonstrated the role of
inflammation in right ventricular damage. They
found that heart sections showed clusters of CD68*
cells one day after pulmonary embolism.
Examination of heart sections one week after
pulmonary embolism showed that CD68* cells are
prevalent throughout the region of right ventricle
outflow tract. These cells were found throughout the
loose connective tissue region of the outflow tract by
week 3 after pulmonary embolism. The CD68* cells
appeared to be excluded where fibrous material was
observed at week after pulmonary embolism.

In ischemia-reperfusion injury, any inflammation
is likely harmful. Neutrophils and
monocytes/macrophages release proteolytic
enzymes and reactive oxygen species and exacerbate
the injury by harming myocytes that survived the
ischemic period. Preclinical studies have shown that
anti-inflammatory treatment can be beneficial
because it decreases the infarct size-to-area-at-risk
ratio after ischemia-reperfusion injury (Steffens et
al.,, 2009).

In conclusion, the findings of this study
demonstrate that SIM prevents ISO-induced cardiac
hypertrophy and infarction in rats through
attenuating influx of inflammatory cells as
monocytes/macrophages. Thus, SIM might be
considered a potential candidate as an anti-
inflammatory drug in myocardial ischemia and
infarction.

References

Adameova A, Harcarova A, Matejikova ], Pancza D,
Kuzelova M, Carnicka S, Svec P, Bartekova M, Styk
] and Ravingerova T (2009). Simvastatin
alleviates myocardial contractile dysfunction and
lethal ischemic injury in rat heart independent of



Muhammad Atteya / International Journal of Advanced and Applied Sciences, 3(7) 2016, Pages: 24-34

cholesterol-lowering effects.
Research, 58(3): 449-454.

Arslan F, Smeets MB, O'Neill LA, Keogh B, McGuirk P,
Timmers L, Tersteeg C, Hoefer IE, Doevendans
PA, Pasterkamp G and de Kleijn DP (2010).
Myocardial ischemia/reperfusion injury is
mediated by leukocytic toll-like receptor-2 and
reduced by systemic administration of a novel
anti-toll-like receptor-2 antibody. Circulation,
121(1): 80-90.

Arthur GD and Belcastro AN (1997). A calcium
stimulated cysteine protease involved in
isoproterenol induced cardiac hypertrophy.
Molecular and Cellular Biochemistry, 176(1-2):
241-248.

Baldwin KM, Ernst SB, Mullin W], Schrader LF and
Herrick RE (1982). Exercise capacity and cardiac
function of rats with drug-induced cardiac
enlargement. Journal of Applied Physiology,
52(3): 591-595.

Bowling N, Wyss VL, Gengo PJ], Utterback B,
Kauffman RF and Hayes ]S (1990). Cardiac
inotropic responses to calcium and forskolin are
not altered by prolonged isoproterenol infusion.
European Journal of Pharmacology, 187(2): 155-
164.

Physiological

Brooks WW and Conrad CH (2009). Isoproterenol-
induced myocardial injury and diastolic
dysfunction in mice: structural and functional
correlates. Comparative Medicine, 59(4): 339-
343.

Bu PL, Zhao XQ, Wang LL, Zhao YX, Li CB and Zhang Y
(2008). Tong-xin-luo capsule inhibits left
ventricular remodeling in  spontaneously
hypertensive rats by enhancing PPAR-gamma
expression and suppressing NF-kappaB activity.
Chinese Medical Journal-Beijing-English Edition,
121(2): 147-154.

Chang ], Nair V, Luk A and Butany ] (2013).
Pathology of myocardial infarction. Diagnostic
Histopathology, 19(1): 7-12.

Chen LY, Pan CS, Wei XH, Li L, Han JY and Huang L
(2013). Sang-qi Granula Reduces Blood Pressure
and Myocardial Fibrosis by Suppressing
Inflammatory Responses Associated with the
Peroxisome Proliferator-Activated Receptors and
Nuclear Factor kappa B Protein in Spontaneously
Hypertensive Rats. Evidence-Based
Complementary and Alternative Medicine, 2013:
Article ID 721729, 12 pages.

Chen Y-Q, Zhao L-Y, Zhang W-Z and Li T (2015).
Simvastatin reverses cardiomyocyte hypertrophy
via the upregulation of phosphatase and tensin
homolog  expression. Experimental and
Therapeutic Medicine, 10(2): 797-803.

Cihak R, Kolar F, Pelouch V, Prochazka ], Ostadal B
and Widimsky ] (1992). Functional changes in the

32

right and left ventricle during development of
cardiac hypertrophy and after its regression.
Cardiovascular Research, 26(9): 845-850.

Crowther M, Brown NJ, Bishop ET and Lewis CE

(2001). Microenvironmental influence on
macrophage regulation of angiogenesis in
wounds and malignant tumors. Journal of

Leukocyte Biology, 70(4): 478-490.

Dickstein K, Cohen-Solal A, Filippatos G, McMurray ],
Ponikowski P, Poole-Wilson PA, Stromberg A, van
Veldhuisen DJ, Atar D, Hoes AW, Keren A,
Mebazaa A, Nieminen M, Priori SG, Swedberg K
and Guidelines ESCCfP (2008). ESC guidelines for
the diagnosis and treatment of acute and chronic
heart failure 2008: the Task Force for the
diagnosis and treatment of acute and chronic
heart failure 2008 of the European Society of
Cardiology. Developed in collaboration with the
Heart Failure Association of the ESC (HFA) and
endorsed by the European Society of Intensive
Care Medicine (ESICM). European Journal of
Heart Failure, 10(10): 933-989.

Ennis IL, Escudero EM, Console GM, Camihort G,
Dumm CG, Seidler RW, Camilion de Hurtado MC
and Cingolani HE (2003). Regression of
isoproterenol-induced cardiac hypertrophy by
Na+/H+ exchanger inhibition. Hypertension,
41(6): 1324-13209.

Goyal SN, Arora S, Sharma AK, Joshi S, Ray R, Bhatia ],
Kumari S and Arya DS (2010). Preventive effect of
crocin of Crocus sativus on hemodynamic,
biochemical, histopathological and ultrastuctural
alterations in isoproterenol-induced
cardiotoxicity in rats. Phytomedicine, 17(3-4):
227-232.

Haunstetter A and Izumo S (1998). Apoptosis: basic
mechanisms and implications for cardiovascular
disease. Circulation research, 82(11): 1111-1129.

Iwakura K, Ito H, Kawano S, Okamura A, Kurotobi T,
Date M, Inoue K and Fujii K (2006). Chronic pre-
treatment of statins is associated with the
reduction of the no-reflow phenomenon in the
patients with reperfused acute myocardial
infarction. European Heart Journal, 27(5): 534-
539.

Jaffe AS, Landt Y, Parvin CA, Abendschein DR,
Geltman EM and Ladenson JH (1996).
Comparative sensitivity of cardiac troponin I and
lactate dehydrogenase isoenzymes for diagnosing

acute myocardial infarction. Clinical Chemistry,
42(11):1770-1776.

Kaden ] (2007). IL-6 determination in serum of
kidney graft recipients by a new bedside test: its
diagnostic  relevance. In  Transplantation
Proceedings, 39(2): 511-513.

Kapur NK and Musunuru K (2008). Clinical efficacy
and safety of statins in managing cardiovascular



Muhammad Atteya / International Journal of Advanced and Applied Sciences, 3(7) 2016, Pages: 24-34

risk. Vascular Health and Risk Management, 4(2):
341-353.

Koh KK, Sakuma I and Quon M] (2011). Differential
metabolic effects of  distinct statins.
Atherosclerosis, 215(1): 1-8.

Krown KA, Page MT, Nguyen C, Zechner D, Gutierrez
V, Comstock KL, Glembotski CC, Quintana PJ and
Sabbadini RA (1996). Tumor necrosis factor
alpha-induced apoptosis in cardiac myocytes.
Involvement of the sphingolipid signaling cascade
in cardiac cell death. Journal of Clinical
Investigation, 98(12): 2854-2865.

Lewis CE and Pollard JW (2006). Distinct role of
macrophages in different tumor
microenvironments. Cancer Research, 66(2):
605-612.

Lin YC (1973). Hemodynamics in the rat with
isoproterenol induced cardiac hypertrophy.
Research Communications in Chemical Pathology
And Pharmacology, 6(1): 213-220.

Liu ], Shen Q and Wu Y (2008). Simvastatin prevents
cardiac hypertrophy in vitro and in vivo via
JAK/STAT pathway. Life Sciences, 82(19-20):
991-996.

Lopez AD (1992). Assessing the burden of mortality
from cardiovascular diseases. World Health
Statistics Quarterly. Rapport Trimestriel de
Statistiques Sanitaires Mondiales, 46(2): 91-96.

Lorell BH and Carabello BA (2000). Left ventricular
hypertrophy: pathogenesis, detection, and
prognosis. Circulation, 102(4): 470-479.

Manickavasagam S, Ye Y, Lin Y, Perez-Polo R], Huang
MH, Lui CY, Hughes MG, McAdoo D], Uretsky BF
and Birnbaum Y (2007). The cardioprotective
effect of a statin and cilostazol combination:
relationship to Akt and endothelial nitric oxide
synthase activation. Cardiovascular Drugs and
Therapy, 21(5): 321-330.

Merla R, Ye Y, Lin Y, Manickavasagam S, Huang MH,
Perez-Polo R], Uretsky BF and Birnbaum Y
(2007). The central role of adenosine in statin-
induced ERK1/2, Akt, and eNOS phosphorylation.
American Journal of Physiology-Heart and
Circulatory Physiology, 293(3): H1918-H1928.

Molojavyi A, Lindecke A, Raupach A, Moellendorf S,
Kohrer K and Godecke A (2010). Myoglobin-
deficient mice activate a distinct cardiac gene
expression program in response to isoproterenol-
induced hypertrophy. Physiological Genomics,
41(2):137-145.

Nian M, Lee P, Khaper N and Liu P (2004).
Inflammatory cytokines and postmyocardial
infarction remodeling. Circulation Research,
94(12): 1543-1553.

Papparella I, Ceolotto G, Montemurro D, Antonello M,
Garbisa S, Rossi G and Semplicini A (2008). Green

33

tea attenuates angiotensin II-induced cardiac
hypertrophy in rats by modulating reactive
oxygen species production and the Src/epidermal
growth factor receptor/Akt signaling pathway.
The Journal of Nutrition, 138(9): 1596-1601.

Patel V, Upaganlawar A, Zalawadia R and Balaraman
R (2010). Cardioprotective effect of melatonin

against isoproterenol induced myocardial
infarction in rats: A biochemical,
electrocardiographic and  histoarchitectural

evaluation. European Journal of Pharmacology,
644(1-3): 160-168.

Pfeffer MA and Braunwald E (1990). Ventricular
remodeling  after = myocardial infarction.
Experimental observations and clinical
implications. Circulation, 81(4): 1161-1172.

Porcheray F, Viaud S, Rimaniol AC, Leone C, Samah B,
Dereuddre-Bosquet N, Dormont D and Gras G
(2005). Macrophage activation switching: an
asset for the resolution of inflammation. Clinical
and Experimental Immunology, 142(3): 481-489.

Prince PS and Rajadurai M (2005). Preventive effect
of Aegle marmelos leaf extract on isoprenaline-
induced myocardial infarction in rats:
biochemical evidence. Journal of Pharmacy and
Pharmacology, 57(10): 1353-1357.

Rathore N, John §, Kale M and Bhatnagar D (1998).
Lipid peroxidation and antioxidant enzymes in
isoproterenol induced oxidative stress in rat
tissues. Pharmacological Research, 38(4): 297-
303.

Richey PA and Brown SP (1998). Pathological versus
physiological left ventricular hypertrophy: a
review. ] Sports Sci, 16(2): 129-141.

Sathish V, Ebenezar KK and Devaki T (2003).
Synergistic effect of Nicorandil and Amlodipine
on tissue defense system during experimental
myocardial infarction in rats. Molecular and
Cellular Biochemistry, 243(1-2): 133-138.

Screaton G and Xu XN (2000). T cell life and death
signalling via TNF-receptor family members.
Current Opinion in Immunology, 12(3): 316-322.

Steffens S, Montecucco F and Mach F (2009). The
inflammatory response as a target to reduce
myocardial ischaemia and reperfusion injury.
Thromb Haemost, 102(2): 240-247.

Stein B, Bartel S, Kirchhefer U, Kokott S, Krause EG,
Neumann ], Schmitz W and Scholz H (1996).
Relation between contractile function and
regulatory cardiac proteins in hypertrophied
hearts. American Journal of Physiology-Heart and
Circulatory Physiology, 270(6): H2021-H2028.

Steyn K, Sliwa K, Hawken S, Commerford P, Onen C,
Damasceno A, Ounpuu S, Yusuf S and Africa Ili
(2005). Risk factors associated with myocardial
infarction in Africa: the INTERHEART Africa
study. Circulation, 112(23): 3554-3561.



Muhammad Atteya / International Journal of Advanced and Applied Sciences, 3(7) 2016, Pages: 24-34

Sunderkotter C, Steinbrink K, Goebeler M, Bhardwaj
R and Sorg C (1994). Macrophages and
angiogenesis. Journal of Leukocyte Biology, 55(3):
410-422.

Takayama N, Kai H, Kudo H, Mori T, Fukui D,
Takemiya K, Kawai Y, Koga M, Yasukawa H and
Imaizumi T (2006). Simvastatin attenuates
cardiac hypertrophy, but not myocardial fibrosis,
in spontaneously hypertensive rats with and
without large blood pressure variability. Journal
of Cardiac Failure, 12(8): S162.

Takemoto M, Node K, Nakagami H, Liao Y, Grimm M,
Takemoto Y, Kitakaze M and Liao JK (2001).
Statins as antioxidant therapy for preventing
cardiac myocyte hypertrophy. The Journal of
Clinical Investigation, 108(10): 1429-1437.

Tanaka M, Nakae S, Terry RD, Mokhtari GK, Gunawan
F, Balsam LB, Kaneda H, Kofidis T, Tsao PS and
Robbins RC (2004). Cardiomyocyte-specific Bcl-2
overexpression attenuates ischemia-reperfusion
injury, immune response during acute rejection,
and graft coronary artery disease. Blood,
104(12): 3789-3796.

Tang L and Taylor PB (1996). Altered contractile
function in isoproterenol-induced hypertrophied
rat heart. Journal of Hsypertension, 14(6): 751-
757.

Taylor PB and Tang Q (1984). Development of
isoproterenol-induced cardiac hypertrophy. Can ]
Physiol Pharmacol, 62(4): 384-389.

Vassallo DV, Vasquez EC and Cabral AM (1988).
Contractile performance of papillary muscles of
renovascular hypertensive and isoproterenol-
pretreated rats. Pharmacological Research
Communications, 20(1): 61-72.

Wan L-H, Chen ], Li L, Xiong W-B and Zhou L-M
(2011). Protective effects of Carthamus tinctorius
injection on isoprenaline-induced myocardial
injury in rats. Pharmaceutical Biology, 49(11):
1204-1209.

Wang Q, Cui W, Zhang H-L, Hu H-J, Zhang Y-N, Liu D-
M and Liu ] (2013). Atorvastatin suppresses

34

aldosterone-induced neonatal rat cardiac
fibroblast proliferation by inhibiting ERK1/2 in
the genomic pathway. Journal of Cardiovascular
Pharmacology, 61(6): 520-527.

Watts JA, Gellar MA, Obraztsova M, Kline JA and
Zagorski ] (2008). Role of inflammation in right
ventricular damage and repair following
experimental pulmonary embolism in rats.

International Journal of Experimental Pathology,
89(5): 389-399.

Wesxler BC (1978). Myocardial infarction in young vs
old male rats: pathophysiologic changes.
American Heart Journal, 96(1): 70-80.

Yeager JC and Iams SG (1981). The hemodynamics of
isoproterenol-induced cardiac failure in the rat.
Circulatory Shock, 8(2): 151-163.

Yung CK, Halperin VL, Tomaselli GF and Winslow RL
(2004). Gene expression profiles in end-stage
human idiopathic dilated cardiomyopathy:
altered expression of apoptotic and cytoskeletal
genes. Genomics, 83(2): 281-297.

Zhang ], Liao Y, Cheng X, Chen ], Chen P, Gao X and
Zhang Z (2006). Myosin specific-T lymphocytes
mediated myocardial inflammation in adoptive
transferred rats. Cellular and Molecular
Immunology, 3(6): 445-451.

Zhang W, Elimban V, Nijjar MS, Gupta SK and Dhalla
NS (2003). Role of mitogen-activated protein
kinase in cardiac hypertrophy and heart failure.
Experimental and Clinical Cardiology, 8(4): 173-
183.

Zhao JL, Yang Y], Cui CJ, You S] and Gao RL (2006).
Pretreatment  with simvastatin reduces
myocardial no-reflow by opening mitochondrial
K(ATP) channel. British Journal of Pharmacology,
149(3): 243-249.

Zheng H and Lu GM (2015). Reduction of prohibitin
expression contributes to left ventricular
hypertrophy via enhancement of mitochondrial
reactive oxygen species formation in spontaneous
hypertensive rats. Free Radical Research, 49(2):
164-174.



