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Aims: Cardiovascular disease is the primary cause of mortality and morbidity, and its terminal phase is chronic
heart failure. The present study aimed to examine the protective impact of rosuvastatin on isoproterenol-induced
chronic heart failure and investigate plausible related mechanisms. Rosuvastatin, a drug with multiple pleiotropic
properties, has been examined for its cardioprotective effects in heart failure induced by isoproterenol.
Methods: Male Sprague Dawley rats were given isoproterenol 5 mg/kg once a day for 7 days to establish heart
failure by subcutaneous injection. Simultaneously, rosuvastatin (10 mg/kg) was orally administrated from day 1
to day 14. Protective effects were evaluated by heart grading and gross morphology, hemodynamic parameter,
cardiac troponin I, heart mitochondrial enzyme and lysosomal hydrolases and pro inflammatory cytokines levels
were analyzed.

Results: Rosuvastatin (10 mg/kg) significantly attenuated isoproterenol-induced hypertrophy, remodeling and
dysfunction of the ventricle, reduced the heart mitochondrial enzyme and lysosomal hydrolases and normalized
the increased hemodynamic and pro inflammatory cytokines levels.

Conclusions: The study highlights the preventive effects of, rosuvastatin, against heart failure. The results of the
research indicate that rosuvastatin has cardioprotective effects on the experimental model, which were supported
by several characteristics. However, further research is required to identify the precise molecular mechanisms and
signalling pathways of rosuvastatin's impact on heart failure.

1. Introduction

Heart failure (HF) is characterized by functional and structural car-
diac abnormalities, progressively leading to clinical signs and symp-
toms.! The sympathetic nervous system, the
rennin-angiotensin-aldosterone system, the natriuretic peptide system
and interactions between endothelial, monocytes/macrophages and
myocardial cells serve primary roles in HF pathophysiology.? ® These can
cause endothelial dysfunction, oxidative stress, inflammation, throm-
bosis, adverse cardiac remodeling and haemodynamic disorders*®. At
present, treatment of HF includes drug therapy, cardiac

resynchronization therapy, left ventricular assist devices, revasculariza-
tion, and lifestyle interventions.” Drug therapy that aims to adequately
decongest the volume overload state consists of angiotensin-converting
enzyme inhibitors/angiotensin-II receptor blockers, mineralocorticoid
receptor antagonists, beta-blockers, vasopressin antagonists, angiotensin
receptor-neprilysin inhibitors and diuretics.>° Common adverse effects
of pharmacotherapy include abnormal water homeostasis, worsening
kidney function, electrolyte disturbances and drug-drug interactions®.
Resistance to diuretics and the associated morbidities have led to the
development of effective and safe treatment strategies that maximize
decongestion but minimize the adverse impact on kidney function.®°
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Statins, which are also referred to as 3-hydroxy-3-methylglutaryl-co-
enzyme A reductase inhibitors, are widely used in the management of
coronary heart disease due to their efficacy in lowering cholesterol levels.
Apart from their cholesterol-reducing properties, statins have also been
found to have the ability to stabilize plaque, alleviate inflammation, and
protect against endothelial dysfunction. As a result, physicians have
increasingly relied on statins as a preferred treatment option for
addressing a range of cardiovascular diseases. With their multifaceted
benefits, statins have become a popular choice among physicians for
treating and managing various cardiovascular conditions.'® The newest
form of statin, rosuvastatin, not only hinders HMG CoA reductase, but it
also displays pleiotropic effects, including amplified endothelial func-
tion, anti-inflammatory, anti-thrombotic, and antioxidant capabilities,
and reduced risk of cardiovascular death and events.

Previous studies have reported that rosuvastatin can induce left
ventricular remodeling and improve cardiac function in rats with
experimental myocardial infarction.'’'? Several clinical trials have
demonstrated that treatment with rosuvastatin improves the prognosis of
patients with heart failure (HF).B’15 Patients with HF have been re-
ported to benefit from rosuvastatin treatment irrespective of cholesterol
levels, atherosclerosis or the root cause of HF.'® However, the exact
mechanism for this is yet to be elucidated.

In the present study, an isopropyl noradrenaline (ISO)-induced
chronic HF (CHF) rat model was established to investigate the roles of
rosuvastatin in left ventricular remodeling. The present study aimed to
explore the effects and possible mechanisms of Rosuvastatin as a pre-
ventative measure and treatment for HF to provide a theoretical basis for
its clinical use.

2. Materials and methods
2.1. Animal

The study included 24 adult male Sprague Dawley rats weighing
120-180 g. The animals were kept in the Animal House, Faculty of
Pharmacy Integral University Lucknow under standard conditions: in
polypropylene cages, housed at 24 + 2 °C, alternating light/dark cycle
every 12 h, daily performed examination and cleaning of animal cages
and free access to food and water. The animals were fasted for 12 h prior
to sacrifice. The animals were maintained and used following the Insti-
tutional Animal Ethics Committee.

Ethical approval

The entire experiment was conducted according to the guidelines of
CPCSEA. The research protocol was affirmed by the Institutional Animal
Ethical Committee (IAEC) with approval number (IU/IAEC/21/09) (Reg
n0.1213/PO/Re/S/08/CPCSEA, 5 June 2008) of faculty of pharmacy,
Integral University, Lucknow (U.P.) India.

2.2. Treatment protocol

Rats were weighed (150-180 g) and arbitrarily distributed into 4
groups with six rats in each group (n = 6) as mentioned below. They were
marked for individual identification and housed in their respective cages
for 7 days before dosing for acclimatization to the research facility
conditions.

Group I Normal Control group (NCG): Rats were administered with
normal saline 10 mg/kg p.o for 14 days.

Group II Isoproterenol Group (ISG): Isoproterenol (5 mg/kg/day, s.c.)
for 7 days

Group III Treatment group (TG): Rosuvastatin (10 mg/kg b.w.) dis-
solved in normal saline and administered orally (p.o.) by intubation
method once a day for 14 days and isoproterenol (5 mg/kg/day, s.c.)
for 7 days.
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Group IV Per se group (PSG): Rosuvastatin (10 mg/kg b.w.) dissolved
in normal saline and administered orally (p.o.) by intubation method
once a day for 14 days.

2.3. Gross morphology

For the evaluation of left ventricular wall and right ventricular free
wall thicknesses (LV and RV), intervascular septum (IVS) portions of
formalin stored or immediately excised hearts were manually cut. A
camera (Nikon) was used for taking digital images of the section of each
treatment group along with a metric scale. Morphometry of cross-
sectional heart images was carried out using NIH Image J technology
(NIH, USA) (Version. 1.8.0_112)."7

2.4. Grading of gross examination of rat heart

Grade Characteristics

No

Grade-0 No lesion

Grade-1 Inflammation and redness, capillary dilatation

Grade-2 Edema, capillary dilatation, ventricle portion yellowish

Grade-3 Scar formation, yellowish color of atrium and ventricle part of the heart
Grade-4 Diffuse heart, scar formation, and yellowish color of atrium and ventricle

part of the heart

2.5. Measurement of heart: body weight ratio

After the euthanization of the animals, their weight was measured
and recorded. The rats were placed on their backs and pinned to the
board with their limbs extended. To remove hair and dander, the mouse
was washed or moistened with a 70 percent concentration of ethanol.
Aortic root dissection was carried out directly above the aortic valves and
superior vena cava dissection was above the atria to remove the heart.
The heart was removed by pressing it on a Kim wipe. The heart was dried
completely. After weighing and documenting the dried heart, it was
fixed. This procedure was followed to ensure the accuracy and consis-
tency of the results.'®

2.6. Echocardiography measurements

The cardiac function of the rats was assessed using echocardiography,
which involved the use of intraperitoneal injection to anesthetize the rats
with chloral hydrate (5%, 0.7 mL/100 g, or 350 mg/kg). Subsequently,
pictures were taken using a Vivid 7 echocardiography device (GE
Healthcare Life Sciences, Chalfont, UK) and a 12-MHz linear transducer.
To obtain a two-dimensional short-axis image of the left ventricle and
capture two-dimensional targeted M-mode tracings, the level of the
papillary muscle was utilized. Left ventricular ejection fraction (LVEF),
left ventricular end-diastolic pressure (LVEDP), left ventricular fractional
shortening (LVFS), systolic left ventricular internal dimension (LVIDs),
and diastolic left ventricular internal dimension (LVIDd) were the
detecting indicators.'°

2.7. Lysosomal hydrolases

B-Galactosidase is an enzyme that catalysis the hydrolysis of
B-galactosidase, which includes lactose and the galactosidase similar to o-
nitrophenyl f-p-galactopyranoside (ONPG). The p-galactosidase gene
tasks well as an important gene for two significant reasons: its protein
residue is very steady and impervious to proteolytic metabolism in cell
lysates, and above all, the catalyst is effectively assayed.

2.7.1. Assay of f -glucosidase and f -galactosidase
The effect of p-glucosidase and f-galactosidase were tested by the
strategy depicted by Conchie et al (1967).%°
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2.7.2. Assay of a-galactosidase
The assay of a-galactosidase was tested by the methods of CZAR-
NECKI CM (1978).%!

2.7.3. Assay of cathepsin B
Cathepsin B action was tested by the method depicted by Barrett
(1972).%

2.7.4. Assay of cathepsin-D
Cathepsin-D activity was estimated by the procedure of Sapolsky et al
(1973).

2.8. Heart mitochondrial enzymes

Isolation of heart mitochondria.
The heart mitochondrial portions were separated by the modified
methods of Harrison (2015)%*

2.8.1. 1Assay of Isocitrate dehydrogenase (IDH)
The catalyst (enzyme) action was examined by the technique depicted
by Bell and Baron (1960).%°

2.8.2. Assay of a-ketoglutarate dehydrogenase (KDH)
The activity of the enzyme was assessed by the technique used by
Reed and Mukherjee (1 969).%6

2.8.3. Assay of succinate dehydrogenase (SDH)
This enzymatic assay was evaluated by the technique used by Slater
and Bonner (1952).%

2.8.4. Estimation of malate dehydrogenase (MDH)
The action of Malate dehydrogenase was evaluated by Mehler et al
(1948).%8

2.9. Measurement of pro-inflammatory cytokines in the serum

The levels of TNFa and IL6 in the serum were evaluated by employing
ELISA kit following the manufacturer's instructions.

2.10. Statistical analysis

The data was expressed as mean + SD (Standard Deviation). Statis-
tical analysis was performed by using one-way ANOVA followed by
Dunnett’s test: compare all vs. control (Graph Pad Instat, USA).

3. Result
3.1. Different treatment groups showing various grades of heart

The normal control group (NCG i.e., vehicle treated) and per se group
(PSG i.e., only rosuvastatin treated) showed no mark of necrosis or lesion
(Grade-0). The Isoproterenol control group (ISG) showed scar formation,
diffused heart, and an increase in necrosis was observed thus showing
grade-4 category heart damage. The TG (i.e., rosuvastatin treated)
showed a significant reduction in edema, dilatation of capillary and
formation of scar thus showing grade-1 category cardiac damage
(Table 1).

3.2. Effect of rosuvastatin on heart: body weight ratio

Heart:body weight ratio is determined by dividing the entire weight
of the heart by the complete weight of the body. This particular ratio is
computed mathematically. In the case of rats that were a part of the
isoproterenol group, it was discovered that the heart: body weight ratio
was statistically highly significant (p < 0.001) when compared to the
normal control group. The group that was administered with rosuvastatin
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Table 1

Different treatment groups showing various grades of heart.
Treatment Groups Grade
Normal Control (NCG) (a) Grade-0
Isoproterenol Control Group (ISG) (b) Grade-4
Treatment Group (TG) (c) Grade-1
Per se Group (PSG) (d) Grade-0

Normal control group (NCG i.e., vehicle treated) and per se group (PSG
i.e., only rosuvastatin treated) showed no mark of necrosis or lesion
(Grade-0). Isoproterenol control group (ISG) showed scar formation,
diffused heart, and an increase in necrosis was observed thus showing
grade-4 category heart damage. Treatment group (TG i.e., rosuvastatin
treated) showed significant reduction in edema, dilatation of capillary
and formation of scar thus showing grade-1 category cardiac damage.

displayed a very significant (p < 0.01) decrease in the heart: body weight
ratio when compared to the isoproterenol group. However, the per se
group did not show any significant (p > 0.05) change in terms of heart:
body weight ratio when compared to the normal control group (Fig. 1).

3.3. Effect of rosuvastatin on echocardiography measurement

Isoproterenol-induced hearts suffered considerable damage after the
experiment. The ISG group exhibited worse LVEF and FS than the normal
control group, indicating systolic dysfunction (Table 1). We observed a
gradual rise in LV diameters over time in the ISG group in the same
manner. The isoproterenol-induced hearts had a reduced infarcted area
in the treatment group. After 14 days of rosuvastatin treatment, the
echocardiography markers were found to be at normal levels. The find-
ings were effectively reversed by the rosuvastatin-treated (10 mg/kg).
The PSG group did not show any significant difference when compared to
the NCG group (Table 2).

3.4. Effect of rosuvastatin on left ventricular wall thickness, right
ventricular wall thickness and intraventricular septum thickness

The left ventricular wall thickness (LV) was observed to be
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Fig. 1. All values are expressed as mean + SD; (n = 6) in each group. Data was
subjected to one-way ANOVA followed by Dunnett’s test when normal control
group (NCG) was compared to isoproterenol control group (ISG), treatment
group (TG) was compared to isoproterenol control group (ISG), while per se
(PSG) was compared to normal control group (NCG). ™p>0.05, *p<0.05,

**p<0.01, ***p<0.001 when compared to normal control group (NCG),

*p<0.05, **p<0.01, ***p<0.001 when compared to isoproterenol control
group (ISG).
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Table 2
Ejection fraction, Fractional shortening, LV systolic diameter, LV diastolic
diameter, Infarct size of treatment group.

NCG ISG TG PSG
Ejection fraction (%) 64.6 32.3%## 49. 63.9"
Fractional shortening (%) 37.2 19.7### 31. 38.6™
LV systolic diameter (mm) 3.7 7.9%## 6.8%** 3.9™
LV diastolic diameter (mm) 7.8 12.7### 11.4%%* 12.4™
Infarct size (%) - 42 + 1.7%## 12 + 0.8%** -

The presented data is expressed in mean + SD, with a sample size of six in each
group. Statistical analysis was performed using one-way ANOVA followed by
Dunnett's test for normal control group (NCG) compared to isoproterenol control
group (ISG), treatment group (TG) compared to isoproterenol control group
(ISG), and per se (PSG) compared to normal control group (NCG). Results indicate
no significant difference ("*p>0.05) in comparison to the normal control group
(NCG), while *p<0.05, **p<0.01, and ***p<0.001 show significant differences
compared to the isoproterenol control group (ISG).

statistically highly significant (P<0.001) in isoproterenol group rats
(ISG) when compared to the normal control group (NCG). The
rosuvastatin-treated group showed a statistically very significant
(P<0.01) decrease in left ventricular wall thickness when compared to
isoproterenol group (ISG).

The right ventricular wall thickness (RV) was observed to be statis-
tically highly significant (P<0.001) in isoproterenol group rats (ISG)
when compared to the normal control group (NCG). The rosuvastatin-
treated group (TG) showed a statistically significant (P<0.05) decrease
in right ventricular wall thickness when compared to the isoproterenol
group (ISG).

The intraventricular septum thickness (IVS) was observed to be sta-
tistically highly significant (P<0.001) in isoproterenol group rats (ISG)
when compared to the normal control group (NCG). The rosuvastatin-
treated group (TG) showed a statistically very significant (P<0.01)
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decrease in IVS when compared to the isoproterenol group (ISG) per se
group (PSG) showed no significant (P > 0.05) difference in LV, RV and
IVS diameter when compared to the normal control group (NCG) (Fig. 2)

3.5. Effect of rosuvastatin on troponin

The result showed that all animals of isoproterenol treated group
(ISG) showed the presence of troponin in each animal when compared to
the normal control group (NCG), per se group (PSG) showed absence of
troponin in their blood when compared to normal control group (NCG),
while 1 animal showed presence of troponin in treatment group (TG)
when compared to isoproterenol treated group (ISG) (Table 3) (Fig. 3).

3.6. Effect of rosuvastatin on lysosomal hydrolase

Lysosomal hydrolase enzymes perform a significant part in the in-
flammatory process. Isoproterenol-induced MI results in increased lyso-
somal hydrolase action that may be accountable for infarcted heart and
tissue damage. It is postulated that stabilization of myocardial cell or
tissue membranes, predominantly the lysosomal membranes, may extend
the life of ischemic cardiac muscle and help in preventing MI.

The lysosomal hydrolases were estimated and the result suggests that

Table 3
Presence of troponin in the blood of each animal of different treated group where
-ve: negative: absence of troponin; +ve: positive: presence of troponin.

Treatment Group Number of Animals

1 2 3 4 5 6
NCG -ve -ve -ve -ve -ve -ve
ISG +ve +ve +ve +ve +ve +ve
TG -ve -ve +ve -ve -ve -ve
PSG -ve -ve -ve -ve -ve -ve
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Fig. 2. Left ventricular wall thickness, right ventricular wall thickness and intraventricular septum thickness in the different groups. All values are expressed as mean
=+ SD; (n = 6) in each group. Data was subjected to one-way ANOVA followed by Dunnett’s test when normal control group (NCG) was compared to isoproterenol
control group (ISG), treatment group (TG) was compared to isoproterenol control group (ISG), while per se (PSG) was compared to normal control group (NCG).
p>0.05, *p<0.05, **p<0.01, ***p<0.001 when compared to normal control group (NCG), *p<0.05, **p<0.01, ***p<0.001 when compared to isoproterenol control

group (ISG).
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Fig. 3 (b). Troponin-I rapid test kit (Double band indicates presence
of marker).

the enzymes a-Galactosidase, [-Galactosidase, p-Glucosidase,
Cathepsin-B, Cathepsin-D showed highly significant (p<0.001) increase
in isoproterenol group (ISG) when compared to the normal control group
(NCG). The treatment group (TG) showed a highly significant (p<0.001)
decrease in the level of a—-Galactosidase, f—Galactosidase, f—Glucosidase,
Cathepsin-B, Cathepsin-D when compared with the isoproterenol group
(ISG).

In the per se group (PSG) exposure of rats to rosuvastatin alone did not
produce significant alterations (p > 0.05) in the level of tissue
a-Galactosidase, p-Glucosidase, Cathepsin-B, Cathepsin-D and
B—Galactosidase level in comparison with animals of normal control
group (NCG) (Fig. 4).

3.7. Effect of rosuvastatin on heart mitochondrial enzymes

Numerous type of metabolic enzymes is present in mitochondria, such
as Isocitrate dehydrogenase (IDH), a-Ketoglutarate dehydrogenase
(KDH), Malate dehydrogenase (MDH), and Succinate dehydrogenase
(SDH) which were quantified in the various treated heart groups.

Mitochondrial enzymes present in the heart were estimated and the
isoproterenol group (ISG) showed a highly significant (p<0.001)
reduction in the level of MDH, KDH, IDH and SDH when compared with
the normal control group (NCG). The treatment group (TG) showed a
statistically highly significant (p<0.001) increase in the level of MDH,
KDH, IDH and SDH when compared with the isoproterenol group (ISG).
In the per se group (PSG) exposure of rats to rosuvastatin alone did not
produce alterations (P > 0.05) in the level of tissue MDH, IDH, KDH and
SDH when compared with animals of the normal control group (NCG)
(Fig. 5).

3.8. Effect of rosuvastatin on cytokines in the heart

Compared to the control group, the administration of ISO resulted in a
significant increase in the levels of TNF-a and IL-6 in the heart. However,
pretreatment with rosuvastatin was able to effectively reduce the ISO-
induced elevation of cardiac TNF-a. It is noteworthy that the PSG
group did not exhibit any significant changes in cytokine levels when
compared to the NCG group. These results suggest that rosuvastatin may
have potential therapeutic benefits in mitigating the adverse effects of
ISO-induced inflammation on the heart (Fig. 6).

4. Discussion

It is well known that ventricular hypertrophy followed by heart fail-
ure constitutes outcomes of abdominal aortic constriction induced by
pressure overload in rats.?%%" Previous studies on this model have shown
that p-adrenergic (AR) blockers and angiotensin-converting enzyme in-
hibitors suppress myocardial hypertrophy.>*> To the best of our
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knowledge, this model was used for the first time in the present study to
investigate the anti-myocardial hypertrophy effect of a novel HMG-CoA
reductase inhibitor, rosuvastatin, and the potential underlying molecu-
lar mechanisms of action.

The beneficial effects of rosuvastatin on left ventricular hypertrophy
(LVH) regression in various hypertrophy models have been shown.
Moreover, Rosuvastatin, a highly effective statin, has been found to have
anti-inflammatory and endothelium protective properties, in addition to
its well-established lipid-lowering advantages.>* Ke et al** and Du et al*®
demonstrated that pre- and post-conditioning with Rosuvastatin can
decrease ischemia/reperfusion myocardial damage.

Isoproterenol (5 mg/kg/d, 7 days) is a well-known cardiotoxic agent
due to its ability to induce cardiac hypertrophy, ventricular remodeling
and fibrosis according to numerous published researches®®*” Hypertro-
phy and fibrosis often lead to cardiac remodeling and diastolic heart
dysfunction. In addition, isoproterenol also causes severe myofibrillar
degeneration of the myocardial tissue.>® Following the previous study,
the present investigation demonstrated that hypertrophy and ventricular
remodeling participated in the pathogenesis of isoproterenol (5
mg/kg/d, 7 days)-induced rat heart failure. However, rosuvastatin (10
mg/kg) significantly alleviated the pathophysiological and morphologic
changes like cardiac hypertrophy, remodeling and dysfunction of the
ventricle, reduced the heart mitochondrial enzyme and lysosomal hy-
drolases and normalized the increased haemodynamic and
pro-inflammatory cytokines levels which strongly demonstrated the
protective effect of rosuvastatin on ventricular remodeling and hyper-
trophy in isoproterenol-induced heart failure rats.

The grading of the heart was analyzed and marks showed that the
rosuvastatin group showed a decrease in edema, dilation of capillary,
scar formation and yellowing of the heart when compared with the
isoproterenol group (ISG). The isoproterenol group showed a mark in the
necrotic grade when compared to the normal control group (NCG). The
per se group (PSG) showed no sign of necrosis and inflammation when
compared to the normal control group (NCG). These results may be due
to the anti-inflammatory properties of rosuvastatin.

The Heart/Body weight ratio was analysed which states that there
was an upsurge in the ratio of ISG when compared to the NCG group. This
may be due to the increment in the weight of the heart which might result
due to edema, and also due to penetration of inflammatory cells as broad
oedematous intramuscular spaces which has been observed just after the
4 h of initiation of myocardial infarction.>® The rosuvastatin group (TG)
showed a significant decrease in the ratio when compared with the
isoproterenol group (ISG). This could have confined the myocardium
against infiltration by declining the water content of the myocardium.
Henry and Stephens have reported that polyphenols do not favor water
creation in the heart tissues of mice in the study of chronic psychosocial
hypertension decline.*® The per se group (PSG) showed no significant
change in the heart: body weight ratio when compared to normal control
group (NCG).

Gross morphology estimation of the right ventricle (RV), left ventricle
(LV) and intraventricular septum (IVS) explain that heart wall weight
relies on the ventricular wall, septum width and the magnitudes of the
heart, which imitates remodeling and hypertrophic changes in the
heart.*! Results recommended that the isoproterenol (ISG) group caused
significant enhancement in LV, RV and IVS mass when compared with
normal control group (NCG). The Rosuvastatin group (TG) showed its
action on the geometric dimensions of the heart which was reflected by a
significant decline in LV, RV and IVS mass when compared with the
isoproterenol group (ISG). This study is concerned with the
isoproterenol-elicits cardiac hypertrophy model showing no modification
in cardiac function. Prevention of increase in LV, RV and IVS mass along
with the preservation of cardiac function by rosuvastatin is symptomatic
of its therapeutic potential in the developmental stage of cardiac hy-
pertrophy. The per se group (PSG) showed no significant changes in LV,
RV and IVS when compared to the normal control group (NCG).

Serum levels of the cardiovascular troponins (cTn), especially
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Fig. 4. The levels of Lysosomal hydrolases in the heart for different groups
were analyzed and reported as mean + SD values (n = 6). The data was
analyzed using one-way ANOVA followed by Dunnett’s test for comparisons
between the normal control group (NCG) and isoproterenol control group
(ISG), treatment group (TG) and isoproterenol control group (ISG), and per se
(PSG) and normal control group (NCG). The results showed that the difference
between the groups was not significant (nsp>0.05), but there were significant
differences when compared to the normal control group (NCG) (*p<0.05,
**p<0.01, ***p<0.001) and isoproterenol control group (ISG) (*p<0.05,
**p<0.01, ***p<0.001).
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Fig. 5. Mitochondrial enzyme levels (heart) in the different groups. All values are expressed as mean + SD; (n = 6) in each group. Data were subjected to one-way
ANOVA followed by Dunnett’s test when normal control group (NCG) was compared to isoproterenol control group (ISG), treatment group (TG) was compared to
isoproterenol control group (ISG), while per se (PSG) was compared to normal control group (NCG). "p>0.05, *p<0.05, **p<0.01, ***p<0.001 when compared to
normal control group (NCG), *p<0.05, **p<0.01, ***p<0.001 when compared to isoproterenol control group (ISG).
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Fig. 6. Pro-inflammatory cytokines in the serum in the
different groups. All values are expressed as mean + SD;
(n = 6) in each group. Data were subjected to one-way
ANOVA followed by Dunnett’s test when normal control
group (NCG) was compared to isoproterenol control
group (ISG), treatment group (TG) was compared to
isoproterenol control group (ISG), while per se (PSG) was
compared to normal control group (NCG). "p>0.05,
*p<0.05, **p<0.01, ***p<0.001 when compared to
normal control group (NCG), *p<0.05, **p<0.01,
***p<0.001 when compared to isoproterenol control
group (ISG).
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troponin I (cTnl), are generally utilized in the identification of intense
myocardial necrosis tissue and a variety of other cardiovascular ail-
ments.*? These ISO-actuated impacts in the heart are related to the
arrival of cTn from the myocardium, bringing about increments in serum
cTnl just after ISO administration. Serum levels of cTn are directly
confined to the level of myocardial injury.** One of the significant factors
in the assessment of the usefulness and sensitivity of ¢Tnl as a biomarker
of myocardial tissue injury is a comprehension of the low dose level and
timing at which both the myocardial tissue injury of intrigue and the
likely biomarker, can be identified.** ¢Tnl was affirmed similar to a
sensitive and specific biomarker for the recognition of myocardial ne-
crosis in rodents. When injury occurs in the heart, cTnl is quickly dis-
charged in the serum, cTnl is an important or gold marker and shows
better stability when stored at 4 °C, —20 °C and—80 °C. The period of
cTnl release in the blood serum is also sufficiently long in acute injury.
The rise in the level of serum cTnl shows a relationship with the
improvement of heart injuries and goes before maximal injury severity in
acute models of cardiovascular injury. Experiments on c¢Tnl in serum are
quick, explicit, basic, very accurate, moderately cheap, and simple to
perform, even though there is some proof that specialized improvement
in the measure is required at low concentrations of serum. The value of
cTnl as a biomarker is upgraded as it isn't communicated in nontarget
tissues and in light of the fact that ¢cTn connects among preclinical and
clinical investigations.*®

In any case, the utilization of heart troponins (cTn) in the evaluation
of cardiovascular injury in toxicological examinations is not yet
commonly acknowledged,*® and additional proof is required to help the
utilization of these effective new serum biomarkers by exploring their
complete and time-based chronological reactions in a range of various
types of cardiovascular injury instigated with an assortment of "model"
cardiotoxic compounds.”’ In the current study, rosuvastatin-treated
groups (TG) showed reduced secretion of troponin by stabilizing the
cellular membrane thus reducing degradation of the myofibrils which
leads to a reduction in the release of troponin in blood. The per se group
(PSG) showed no release of troponin showing no development of cardiac
injury.

Lysosomes are only single membrane-covered subcellular organelles
which are assumed to be the main depredatory sections in the endosomal
pathway. They possess an intricate hydrolase that works ideally at spe-
cific acidic pH values. The fundamental role played by the lysosomes in
cellular metabolism is displayed by the existence of around 40 enzymo-
pathies distressing the catabolism of glycolipids, neutral lipids and
phospholipids, proteins and complex carbohydrates where complex
macromolecular intermediates are stored inside the organelle, shifting
the homeostasis of the cell and thus resulting a disease state. Lysosomal
membranes are stated to possess large quantities of glycoproteins, which
perform an important role in upholding the lysosomal function and
structure.*® Oxygen free radicals are produced during ischemia, apart
from addition to the direct cardiac necrotic effect, it may also be
accountable for the cardiac injury through the discharge of lysosomal
enzymes.

The disintegration of the myocardial membrane noticed in the current
study may be because of increased outflow of the lysosomal hydrolases
into the cytosol from the enclosed sacs. This is concerning an earlier
description®® that the enzyme, cytosolic acid hydrolases released from
lysosomes and those released from the sarcoplasmic reticulum cause the
destruction and dysfunction of sarcolemma, mitochondria and other
cellular organelles. Measurement of this catalyst like acting hydrolytic
enzymes in blood circulation is commonly used as a marker of lysosomal
membrane integrity.>® The reduced level in the heart or lysosomal frac-
tion and increased level in serum of these catalytic enzymes are observed
in the current study, it may be either due to the intrusion of inflammatory
cells or may be due to isoproterenol-induced lysosomal fragility due to
Ca2*t overload. As it is stated that the release of lysosomal enzymes is
vital in the pathogenesis of ischemic cardiac injury and the associated
inflammatory cycle, the decrease of release in such enzyme would likely
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prove to be beneficial, indirectly approving the salubrious effect of the
sericin. Thus, treatment with rosuvastatin (TG) significantly increased
the level of hydrolytic enzymes in the heart thus justifying the mecha-
nism of action of rosuvastatin as it also possesses antioxidant potential,
which may play a key factor in maintaining the integrity of lysosome
membranes preventing the release of hydrolases enzyme in the circula-
tion. The per se group (PSG) showed an increase in the level of hydrolase
enzyme in the myocardium, showing that rosuvastatin inhibits the
release of these enzymes into the blood thus maintaining the level of
enzymes in the myocardium when compared to the normal control group
(NCGQ).

Mitochondria are significant subcellular organelles that are involved
in the processing of energy and are vulnerable to oxidative stress. Car-
diomyocytes are very rich in mitochondria, these are the most significant
organelles involved in myocardial damage.”' It may play a role in both
the reason and the outcome of oxidative cardiac damage. Literature in-
dicates that ISO causes necrosis in the heart by decreasing the antioxidant
potential, enhancing the creation of mitochondrial ROS and modification
of mitochondrial respiratory chain function via downregulation of
explicit mitochondrial respiratory enzyme actions.>?

Ischemia is related to a loss of myocardial energy production,
diminished oxygen uptake and mitochondrial respiration. The mecha-
nisms behind these variations are studied by evaluating the actions of
dehydrogenases of the TCA cycle and various respiratory enzymes like
IDH, SDH, MDH, and o-KDH. ISO has been stated to cause tissue hypoxia
where this action is caused by increasing the oxygen demand.>® In the
present study, the actions of TCA cycle enzymes were decreased in the
ISO-administered group (ISG). The decreased activities of TCA cycle
enzymes which are situated on the superficial membrane of mitochon-
dria and could be exaggerated by the excessive creation of free radicals
by ISO. The augmented oxygen free radicals are responsible for causing
myocardial reperfusion and/or ischemia.>® Free radicals and oxidants
activate the oxidation of lipids and protein, DNA, particularly oxidized
PUFA existing in the membrane, terminating in loss of cellular
integrity.55

In the present study, the effects of the TCA cycle enzyme or mito-
chondrial respiratory chain enzymes such as IDH, a-KDH, SDH and MDH
were significantly decreased in ISO administered group (ISG) of rats
when related to normal control group (NCG) rats. Inhibition of these
enzymes actions by ROS may influence the mitochondrial substrate
oxidation thus consequential in diminished oxidation of substrate mol-
ecules, reduced rate of transfer of reducing action is equal to a molecular
oxygen molecule and catabolism of cellular energy.”® Treatment with
rosuvastatin (TG) significantly increased the level of enzyme when
compared to the isoproterenol group (ISG). The per se group (PSG)
showed an increase in the level of mitochondrial enzyme in the
myocardium when compared to the normal control group (NCG).

Similarly, Ke et al’’ have demonstrated that Rosuvastatin pre-
conditioning can significantly reduce the accumulation of inflammatory
cells in the heart, which is often linked to an increase in the production of
inflammatory cytokines like TNF a and IFN-y, and abnormal regulation of
anti-inflammatory cytokines such as IL 4 and IL-10. The current inves-
tigation revealed that the administration of rosuvastatin to the ISG group
resulted in an increase in TNF-a and IL-6 levels along with the expression
of HMGBI1 and RAGE. These findings suggest that rosuvastatin's activa-
tion of HMGB1/RAGE may contribute to improved functional recovery.
However, further research is necessary to ascertain the impact of rosu-
vastatin on inflammatory cells.

The research conducted has yielded significant results that demon-
strate the effectiveness of rosuvastatin in improving the structure and
function of the left ventricle, commonly referred to as LVEF. The positive
impact of this drug on LVEF is attributed to several factors, such as the
duration of the administration of rosuvastatin. As per studies that suggest
a time-dependent correlation between rosuvastatin and LVEF improve-
ment,”® prolonged therapy may be more advantageous in enhancing
LVEF. Before its positive impact on cardiac tissue, rosuvastatin was
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believed to influence the expression of inflammatory cytokines and
serological markers. Despite the promising findings, further research is
necessary to gain a deeper understanding of the mechanism behind this
drug's effect on the LVEF. These findings have significant implications in
the field of cardiology and may lead to the development of more effective
treatments for individuals with cardiovascular diseases. As such, future
studies must continue to explore the potential benefits of rosuvastatin.

5. Conclusion

The study concludes by proposing an etiological hypothesis on the
role of rosuvastatin therapy in heart injury. It is noteworthy that these
findings may have practical implications, as they suggest that rosuvas-
tatin could be an innovative therapeutic strategy for diminishing the
incidence and advancement of other cardiovascular conditions.

This research displays the clinical correlation between rosuvastatin
therapy and heart injury, emphasizing the significance of understanding
the relationship between these factors. Moreover, the study highlights
the preventive effects of, rosuvastatin, against heart failure. The results of
the research indicate that rosuvastatin has cardioprotective effects on the
experimental model, which were supported by several characteristics.
However, further research is required to identify the precise molecular
mechanisms and signalling pathways of rosuvastatin's impact on heart
failure. Therefore, this research provides a foundation for future studies
in this field, which could potentially lead to the development of new
preventative and therapeutic strategies for individuals suffering from
heart disease. The findings of this study hold significant implications for
the clinical management of heart diseases and could potentially
contribute to the development of new treatment options.
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