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INTRODUCTION

ABSTRACT

The present study investigated the probable role of simvastatin, 3-hydroxymethyl-
glutaryl coenzyme A (HMG-CoA) reductase inhibitor, in abrogated cardioprotection
in hyperhomocysteinemic (Hhcy) rat hearts. Isolated Langendorff's perfused normal
and Hhcy rat hearts were subjected to 30-min global ischemia (I) followed by 120-min
reperfusion (R). Assessment of myocardial damage was done by measuring infarct
size and analyzing the release of lactate dehydrogenase (LDH) and creatine kinase (CK-
MB) in coronary effluent. In addition, the oxidative stress in the heart was assessed by
measuring lipid peroxidation and superoxide anion generation. I/R produced myocardial
injury in normal and Hhcy rat hearts by increasing myocardial infarct size, LDH and CK
in coronary effluent and oxidative stress. Hhcy rat hearts showed enhanced myocardial
injury and high oxidative stress as compared to normal hearts. Treatment with
Simvastatin (10 uMol) afforded cardioprotection against I/R-induced myocardial injury
in normal and hyperhomocysteinemic rat hearts as assessed in terms of reductions in
myocardial infarct size, LDH and CK levels in coronary effluent and oxidative stress. The
reductions in the high degree of oxidative stress may be responsible for the observed
cardioprotection afforded by simvastatin against I/R-induced myocardial injury in normal
and hyperhomocysteinemic rat hearts.
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hypertension, myocardial infarction and chronic heart
failure.®®! Hhcy has been well reported to enhance the

I/R injury may be defined as the damage to myocardial tissue
when blood supply is restored after a period of ischemia,
resulting in oxidative damage, inflammation, intracellular
calcium overload, apoptotic and necrotic myocytes death
and cardiac dysfunction. Hhcy, a condition of elevated
serum homocysteine concentration, is considered as
an independent risk factor for various cardiovascular
disorders such as atherosclerosis, endothelial dysfunction,
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generation of reactive oxygen species (ROS), decrease
endothelail nitric oxide synthase (eNOS) expression and
consequently reduces the generation of NO to produce
cardiac dysfunction.” Statins, the HMG-CoA reductase
inhibitors, have been regarded as potent hypolipidemic
agents that accounts for their role in reducing cardiovascular
mortality and morbidity."*!"! Simvastatin, a potent inhibitor
of HMG-CoA reductase, has been well reported to be a potent
cardioprotective agent due to its antioxidant properties.!'?
Simvastatin has been noted to prevent aortic production of
ROS. Moreover, simvastatin showed inhibitions of protein
and lipid oxidation products such as thiobarbituric acid
reactive oxygen species (TBARS) confirming its antioxidant
potential.™ In addition, experimental studies have shown
that treatment with simvastatin resulted in reductions
of malondialdehyde (MDA) levels and increases in the
superoxide dysmutase (SOD) and NO levels accounting for
its cardioprotective potential.'"! In addition, simvastatin has
been reported to lessen myocardial contractile dysfunction
and lethal ischemic injury in isolated Langendorff-perfused
rat heart model.'>'%! Therefore, the present study was
undertaken to investigate the cardioprotective effect of

““ Journal of Advanced Pharmaceutical Technology & Research | Jul-Sep 2012 | Vol 3 | Issue 3 _ 193 I



Rohilla, et al.: Cardioprotective potential of simvastatin

simvastatin against I/R-induced myocardial injury in
hyperhomocysteinemic rat hearts.

MATERIALS AND METHODS

Drugs and Chemicals

The LDH and CK enzymatic estimation kits were purchased
from Vital Diagnostics, Thane, Maharastra, India. DTNB
and NBT were obtained from Loba Chem, Mumbai,
India. Simvastatin and 1,1,3,3-tetramethoxy propane were
procured from Sigma-Aldrich, USA. All other reagents used
in this study were of analytical grade.

Experimental Animals

The experimental protocol used in the present study was
approved by the Institutional Animal Ethical Committee.
Wistar albino rats of either sex weighing 175-225 gm were
used. They were housed in Institutional animal housing and
were maintained on rat feed (Kisan Feeds Ltd., Chandigarh,
India) and tap water ad libitum. The experimental protocol
was approved by the Institutional Animal Ethics Committee
of NIMS University, Jaipur (Registration No. 1302/ac/09/
CPCSEA).

Isolated Rat Heart Preparation

Rats were heparinized (500 IU i.p.) and sacrificed by
stunning. The heart was rapidly excised and immediately
mounted on a Langendorff apparatus.!'”? The heart was
enclosed in a double-walled jacket, the temperature of
which was maintained at 37°C by circulating hot water.
The preparation was perfused with Krebs-Henseleit
(K- H) solution (NaCl 118 mM; KCI 4.7 mM; CaCl,
2.5 mM; MgS0,.7H,0 1.2 mM; NaHCO, 25 mM; KH, PO,
1.2 mM; CH O, 1 mM) pH 7.4, maintained at 37 °C
and bubbled with 95% O, and 5% CO,. The coronary
flow rate was maintained at around 7 mL/min, and the
perfusion pressure was kept at 80 mmHg. Global ischemia
was produced for 30 min by blocking the inflow of
physiological solution and it was followed by perfusion
for 120 min.

Experimental Protocol

Eight groups each consisting of eight to ten animals were
employed in the present study. In all groups, each isolated
perfused heart was allowed to stabilize for 10 min by
perfusing with K-H solution [Figure 1].

Group I (Normal Control): Isolated normal rat heart was
perfused for 150 min using K-H solution after 10 min of
stabilization.

Group II (I/R-Control): Isolated normal rat heart after 10 min
of stabilization was subjected to 30 min of global ischemia

followed by 120 min of reperfusion.

Group III (Sim per se Normal Control): After 10-min

stabilization, the isolated normal rat heart was infused
with Simvastatin (10 uMol) for 10 min. Then the heart was
perfused for 150 min using K-H solution.

Group IV (Sim-treated I/R-Control): After 10 min of
stabilization, isolated normal rat heart was infused with
simvastatin (10 uMol) for 10 min. The heart was then
subjected to 30 min of global ischemia followed by 120 min
of reperfusion.

Group V (Hhcy control): The isolated Hhcy rat heart was
perfused for 150 min using K-H solution after 10-min
stabilization.

Group VI (Hhcy-I/R control): Isolated Hhcy rat heart after
10 min of stabilization was subjected to 30 min of global
ischemia followed by 120 min of reperfusion.

Group VII (Sim per se Hhcy-control): After 10-min
stabilization, the isolated Hhcy rat heart was infused with
simvastatin (10 puMol) for 10 min. Then the heart was
perfused for 150 min using K-H solution.

Group VIII (Sim-treated Hhcy-I/R Control): After 10 min
of stabilization, isolated Hhcy rat heart was infused with
simvastatin (10 pMol) for 10 min. The heart was then
subjected to 30 min of global ischemia followed by 120 min
of reperfusion.

Laboratory Assays

Myocardial infarct size was measured macroscopically
using triphenyl tetrazolium chloride (TTC) staining
employing volume method." The myocardial injury was
assessed by measuring the release of LDH and CK-MB
in the coronary effluent using the commercially available
enzymatic kits (Vital Diagnostics, Thane, Maharashtra,
India). The level of TBARS, an index of lipid peroxidation in
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Figure 1: Diagram showing schematic representation of experimental
protocol
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the heart was estimated according to the method of Ohkawa
et al.® The superoxide anion generation was assessed by
estimating the reduced nitroblue tetrazolium (NBT) using
the method of Wang ef al.?!]

Statistical Analysis

The results were expressed as mean + SD. The data obtained
from various groups were statistically analyzed using two-
way ANOVA followed by Tukey’s multiple-comparison test.
A Pvalue <0.05 was considered to be statistically significant.

RESULTS

Rats fed with L-methionine (1.7 g/kg/day, p.o.) for
4 weeks via oral gavage produced hyperhomocysteinemia
(22.15+1.85 pM/L) when compared with normal rats
(4.31+0.56 uM/L). In addition, L-methionine administration
did not produce mortality in rats.

Effect of Simvastatin in I/R-induced Myocardial Injury
in normal and Hyperhomocysteinemic Rat Hearts
Global ischemia followed by reperfusion significantly
increased LDH and CK release in the coronary effluent in
normal and hyperhomocysteinemic rat hearts. Maximum
release of LDH was noted immediately after reperfusion,
while maximum release of CK was noted at 5 min of
reperfusion [Figures 2 and 3]. In addition, I/R was noted to
increase the infarct size innormal and hyperhomocysteinemic
rat hearts [Figure 4]. Hyperhomocysteinemic rat hearts
showed enhanced myocardial injury when compared
with normal rat hearts subjected to I/R. Treatment with
simvastatin (10 uMol) significantly attenuated I/R-induced
myocardial injury in normal and hyperhomocysteinemic
rat hearts, as assessed in terms of reduction in myocardial
infarct size and decreased release of LDH and CK in
coronary effluent [Figures 2-4].
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Figure 2: Effect of simvastatin in I/R-induced increase in CK levels
Values are expressed as mean + S.D. a= P< 0.05 vs Normal Control;
b=P<0.05 vs I/R Control; c = P<0.05 vs Hhcy-Control; d = P< 0.05
vs I/R control; e = P<0.05 vs Hhcy-IR Control.

Effect of simvastatin in I/R-induced oxidative stress in
normal and hyperhomocysteinemic rat hearts

Lipid peroxidations, measured in terms of TBARS,
and superoxide anion generation, assessed in terms of
reduced NBT, were significantly increased in normal and
hyperhomocysteinemic rat hearts subjected to I/R [Figures
5 and 6]. In addition, hyperhomocysteinemic rat hearts
showed high oxidative stress when compared with normal
rat hearts subjected to I/R. Simvastatin treatment (10 uMol)
attenuated I/R-induced oxidative stress in normal and
hyperhomocysteinemic rat hearts, as assessed in terms
of reduction in TBARS and superoxide anion generation
[Figures 5 and 6].

DISCUSSION

Cardiovascular diseases correspond to the leading
cause of morbidity and mortality whose incidence is
continuously increasing worldwide.?>”! The myocardial,
vascular or electrophysiological dysfunction induced by
the restoration of blood flow to previously ischemic tissue
refers to I/R injury, the manifestations of which include
reperfusion arrhythmias, endothelial cell damage leading to
microvascular dysfunction, myocardial stunning, myocyte
death and infarction.*?! The increase in infarct size and the
release of LDH and CK have been well reported to be an
index of I/R-induced myocardial injury.?**! In the present
study, 30 min of ischemia followed by 120 min of reperfusion
produced myocardial injury, as assessed in terms of
increased infarct size in the heart and elevated release of
LDH and CK in the coronary effluent. The peak release
of CK was observed after 5 min of reperfusion whereas
the maximal release of LDH was noted immediately after
reperfusion, which are in accordance with the earlier
reports.?**1 Moreover, increase in lipid peroxidation and
superoxide anion generation have been reported to be
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Figure 3: Effect of simvastatin in I/R-induced increase in LDH levels
Values are expressed as mean + S.D. a= P<0.05 vs Normal Control;
b= P<0.05 vs I/R Control; ¢ = P<0.05 vs Hhcy-Control; d = P<0.05
vs I/R control; e = P<0.05 vs Hhey-IR Control.
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Figure 4: Effect of simvastatin in I/R-induced increase in infarct size
Values are expressed as mean + S.D. a = p< 0.05 vs normal control;
b= P<0.05 vs I/R Control; ¢ = P<0.05 vs Hhcy-Control; d = P< 0.05
vs I/R control; e = P<0.05 vs Hhcy-IR Control.
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Figure 6: Effect of simvastatin on I/R-induced increase in superoxide
anion generation Values are expressed as mean = S.D. a = P< 0.05
vs Normal Control; b= P<0.05 vs I/R Control; ¢ = P<0.05 vs Hhcy-
Control; d = P<0.05 vs I/R control; e = P<0.05 vs Hhcy-IR Control.

the indicators of oxidative stress.***l Lipid peroxidations,
measured in terms of TBARS, and superoxide anion
generation, assessed in terms of reduced NBT, were noted
to be increased as a result of I/R. These indicators suggest
the development of I/R-induced oxidative stress, which may
be responsible for the noted I/R-induced myocardial injury.

Administration of L-methionine (1.7 g/kg/day orally) in
rats for 4 weeks produced Hhcy.?! In the present study,
a marked increase in infarct size and release of LDH and
CK were noted in the hyperhomocysteinemic rat heart
when compared with the normal rat heart. Hhcy has been
noted to downregulate NO bioavailability by accumulating
asymmetric dimethylarginine, which is an endogenous
inhibitor of eNOS.P In addition, Hhcy has been reported
to produce high oxidative stress in the heart by activating
NADPH oxidase-mediated ROS generation.®¥ Hhcy-

Figure 5: Effect of simvastatin on I/R-induced increase in TBARS
levels. Values are expressed as mean + S.D. a = P< 0.05 vs Normal
Control; b = P< 0.05 vs I/R Control; ¢ = P<0.05 vs Hhcy-Control;
d=P<0.05 vs I/R control; e = P<0.05 vs Hhcy-IR Control.

induced oxidative stress may occur as a result of decreased
expression and activity of key antioxidant enzymes, as well
as increased enzymatic generation of superoxide anion.!
Thus, development of high degree of oxidative stress may be
responsible for the observed marked increase in myocardial
injury in the hyperhomocysteinemic rat heart. This
contention is supported by the fact that a marked increase
in lipid peroxidation and superoxide anion generation were
noted in hyperhomocysteinemic rat hearts when compared
with normal rat hearts.

Statins, commonly referred to as HMG-CoA reductase
inhibitors, have been widely accepted to possess
various pleiotropic effects in order to afford
cardioprotection.”*! Simvastatin, a potent member of statins,
has been well reported to inhibit HMG-CoA reductase
and show cardioprotection.’”? Numbers of studies have
demonstrated simvastatin to reduce myocardial injury
parameters in order to mimic cardioprotection. Treatment with
simvastatin has been noted to improve endothelial function in
mice.®® Moreover, simvastatin reduced the infarction volume
and ameliorated the ischemic damage in rats that further
confirmed its cardioprotective potential. Additionally, various
studies have reported that Simvastatin lessened myocardial
contractile dysfunction and lethal ischemic injury in isolated
Langendorff-perfused rat heart model.'>%¥41 The present
study investigated the cardioprotective potential of simvastatin
against I/R injury in normal and hyperhomocysteinemic
rat hearts when administered at the onset of reperfusion.
The data demonstrates that administration of Simvastatin
(10 uMol) at the onset of reperfusion results in significant
attenuation of I/R-induced myocardial injury in normal and
hyperhomocysteinemic rat hearts as assessed in terms of
reductions in myocardial infarct size and decreased release
of LDH and CK in coronary effluent, which is in accordance
of our earlier reports.F’]
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Further, numerous studies have reported that simvastatin
possesses cardioprotective effects due to its potent
antioxidant properties.l" In support, simvastatin has been
noted to reduce the activity of NADPH-CoQ reductase,
an enzyme required in generation of free radicals that
evidenced its potent role as an antioxidant.*! Moreover,
treatment with simvastatin prevented the aortic productions
of ROS along with inhibition of lipid oxidation products
such as TBARS. In addition, experimental studies have
shown that treatment with Simvastatin decreased MDA
levels and increased the SOD activity.l'**?l Furthermore,
another experimental study in rats showed that treatment
with simvastatin decreased oxidative stress in diabetic-
hypercholesterolemic rats that further confirmed its
antioxidant potential.** This contention is supported by the
results obtained in the present study that treatment with
simvastatin (10 uMol), markedly reduced the oxidative
stress in normal and hyperhomocysteinemic rat hearts
subjected to I/R, as assessed in terms of reductions in TBARS
and superoxide anion generation.

CONCLUSIONS

On the basis of the above discussion, it may be concluded that
I/R-injury prepares the myocardium susceptible to increased
infarct size and enhanced oxidative stress. Simvastatin, due
to its potent antioxidant effects, showed cardioprotection
in normal and hyperhomocysteinemic rat hearts. Further
studies are going on in our laboratory to reveal various
mechanisms possessed by statins in attenuating myocardial
injury in normal and hyperhomocysteinemic rat hearts.

ACKNOWLEDGMENT

We wish to express our gratitude to Respected Dr. Balvir Singh
Tomar ji, Honorable Chairman; Dr. (Mrs) Shobha Tomar ji, Honorable
Managing Director; Dr. K.C. Singhal ji, Honorable Vice Chancellor;
Dr. K.P. Singh ji, Honorable Registrar and Prof. Govind Mohan ji,
Director Pharmaceutical Sciences Division, of NIMS University
Shobha Nagar, Jaipur - 303121, Rajasthan for their praiseworthy
suggestions and constant support for excellant research area.

REFERENCES

1. BujaLM. Myocardial ischemia and reperfusion injury. Cardiovasc
Pathol 2005;14:170-5.

2. Rohilla A, Rohilla S, Kushnoor A. Myocardial postconditioning:
Next step to cardioprotection. Arch Pharm Res 2011a;34:1409-15.

3. Sanada S, Komuro I, Kitakaze M. Pathophysiology of myocardial
reperfusion injury: preconditioning, postconditioning, and
translational aspects of protective measures. Am J Physiol Heart
Circ Physiol 2011;301:H1723-41.

4. Mariappan G, Saha BP, Bhuyan NR, Bharti PR, Kumar D. Evaluation
of antioxidant potential of pyrazolone derivatives. ] Adv Pharm
Technol Res 2010;1:260-7.

5. Loscalzo ]J. Homocysteine trials-Clear outcomes for complex
reasons. N Engl ] Med 2006;54:1629-32.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Ciaccio M, Bellia C. Hyperhomocysteinemia and cardiovascular
risk: effect of vitamin supplementation in risk reduction. Curr Clin
Pharmacol 2010;5:30-6.

Tyagi N, Sedoris KC, Steed M, Ovechkin AV, Moshal KS,
Tyagi SC. Mechanisms of homocysteine-induced oxidative stress.
Am ] Physiol Heart Circ Physiol 2005;289: H2649-56.

Signorello MG, Viviani GL, Armani U, Cerone R, Minniti G,
Piana A, et al. Homocysteine, reactive oxygen species and nitric
oxide in type 2 diabetes mellitus. Thromb Res 2007;120:607-13.

Mutus B, Rabini RA, Staffolani R, Ricciotti R, Fumelli P, Moretti N,
et al. Homocysteine-induced inhibition of nitric oxide production
in platelets: a study on healthy and diabetic subjects. Diabetologia
2001;44:979-82.

Lahera V, Goicoechea M, de Vinuesa SG, Miana M, de las Heras N,
Cachofeiro V, et al. Endothelial dysfunction, oxidative stress and
inflammation in atherosclerosis: beneficial effects of statins. Curr
Med Chem 2007;14:243-8.

Rodriguez AL, Wojcik BM, Wrobleski SK, Myers DD ]Jr,
Wakefield TW, Diaz JA. Statins, inflammation and deep vein
thrombosis: a systematic review. ] Thromb Thrombolysis
2012;33:371-82.

Rohilla A, RohillaS, Singh G, Kumar A, Khan MU. Cardioprotection
with Simvastatin: An Appraisal. Int Res ] Pharm 2011b;2:23-7.

Delbosc S, Cristol JP, Descomps B, Mimran A, Jover B. Simvastatin
prevents angiotensin Il-induced cardiac alteration and oxidative
stress. Hypertension 2002;40:142-7.

Yin D, Liu M, Yang G, Huanga ], Gui M. Effects of simvastatin on
early oxidative stress and endothelial function in apolipoprotein
E-deficient mice. ] Nanjing Med Uni 2007;21:359-62.

Zheng X, Hu SJ. Effects of simvastatin on cardiohemodynamic
responses to ischemia—reperfusion in isolated rat hearts. Heart
Vessels 2006;21:116-23.

Adameova A, Harc¢aroval A, Matejikova ], Pancza D,
Kuzeloval M, Carnicka S, et al. Simvastatin alleviates myocardial
contractile dysfunction and lethal ischemic injury in rat heart
independent of cholesterol-lowering effects. Physiol Res
2009;58:449-54.

Langendorff O. Untersuchungen am uberlebenden
Saugethierherzen. Archiv fur die gesammte Physiologie des
Menschen und der Thiere Bonn 1895,61:291-332.

Krebs HA, Henseleit K. Untersuchungen uber die Harnstoffbildung
im Tierkorper. Hoppe-Seyler’s Zeitschrift fiir. Physiol Chemie
1932;210:33-66.

Parikh V, Singh M. Possible role of adrenergic component and
cardiac mast cell degranulation in preconditioning-induced
cardioprotection. Pharmacol Res 1999;40:129-37.

Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal
tissues by thiobarbituric acid reaction. Anal Biochem 1979;95:351-8.

Wang HD, Pagano PJ, Du Y, Cayatte AJ, Quinn MT, Brecher P,
et al. Superoxide anion from the adventitia of the rat thoracic aorta
inactivates nitric oxide. Circ Res 1998;82:810-8.

Jain DP, Pancholi SS, Patel R. Synergistic antioxidant activity of
green tea with some herbs. ] Adv Pharm Technol Res 2011;2:177-83.

Sharma US, Kumar A. In vitro antioxidant activity of Rubus
ellipticus fruits. ] Adv Pharm Technol Res 2011;2;47-50.

Yellon DM, Hausenloy DJ. Myocardial reperfusion injury. N Engl ]
Med 2007;357:1121-35.

Kharbanda RK. Cardiac conditioning: A review of evolving
strategies to reduce ischaemia-reperfusion injury. Heart
2010;96:1179-86.

Kaur H, Parikh V, Sharma A, Singh, M. Effect of amiloride a
Na+/ H+ exchange inhibitor on cardioprotective effect of ischaemic

preconditioning: Possible involvement of resident cardiac mast
cells. Pharmacol Res 1997;36:95-102.

““ Journal of Advanced Pharmaceutical Technology & Research | Jul-Sep 2012 | Vol 3 | Issue 3 _ 197 I



Rohilla, et al.: Cardioprotective potential of simvastatin

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Sharma A, Singh M. Possible mechanism of cardioprotective effect
of ischaemic preconditioning in isolated rat heart. Pharmacol Res
2000;41:635-40.

Rohilla A, Balakumar P. The infarct size-limiting effect of
ischemic postconditioning (IPOC) is suppressed in isolated
hyperhomocysteinemic (Hhcy) rat hearts: the reasonable role of
PKC-delta. Biomed Pharmacother 2009;63:787-91.

Rohilla A, Singh G, Singh M, Bala kumar P. Possible involvement of
PKC-delta in the abrogated cardioprotective potential of ischemic
preconditioning in hyperhomocysteinemic rat hearts. Biomed
Pharmacother 2010;64:195-202.

Ungvari Z, Csiszar A, Edwards JG. Increased superoxide
production in coronary arteries in hyperhomocysteinemia: Role
of tumor necrosis factor-a, NAD(P)H oxidase, and inducible nitric
oxide synthase. Arterioscler Thromb Vasc Biol 2003;23:418-24.

Devi S, Kennedy RH, Joseph L, Shekhawat NS, Melchert RB,
Joseph J. Effect of long-term hyperhomocysteinemia on myocardial
structure and function in hypertensive rats. Cardiovasc Pathol
2006;15:75-82.

Balakumar P, Singh AP, Ganti GS, Singh M. Hyperhomocysteinemia
and cardiovascular disorders: Is there a correlation? Trends Med
Res 2007;2:160-6.

Austin R, Lentz S, Werstuck G. Role of hyperhomocysteinemia in
endothelial dysfunction and atherothrombotic disease. Cell Death
Differ 2004;11:556-64.

Shah DI, Singh M. Possible role of Akt to improve vascular
endothelial dysfunction in diabetic and hyperhomocysteinemic
rats. Mol Cell Biochem 2007;295:65-74.

Ko JH, Kim PS, Zhao Y, Hong SJ], Mustoe TA. HMG-CoA Reductase
Inhibitors (Statins) reduce hypertrophic scar formation in a rabbit
ear wounding model. Plast Reconstr Surg 2012;129:252e-61e.

Birnbaum Y, Ye Y. Pleiotropic effects of statins: The role of

37.

38.

39.

40.

41.

42.

43.

eicosanoid production. Curr Atheroscler Rep 2012;14:135-9.

Rohilla A, Singh G, Khan MU, Khanam R. Amelioration of
myocardial ischemia reperfusion injury by simvastatin in rats. Int
Res ] Pharm 2011¢;2:51-5.

Tong XK, Nicolakakis N, Fernandes P, Ongali B, Brouillette J,
Quirion R, ef al. Simvastatin improves cerebrovascular function
and counters soluble amyloid-beta, inflammation and oxidative
stress in aged APP mice. Neurobiol Dis 2009;35:406-14.

Adameova A, Kuzeloval M, Faberova V, Svec P. Protective effect of
simvastatin and VULM 1457 in ischaemic-reperfused myocardium
of the diabetic-hypercholesterolemic rats. Pharmazie 2006;61:807-8.

Szarszoi O, Maly J, Ostadal P, Netuka I, Besik J, Kolaf F, et
al. Effect of acute and chronic simvastatin treatment on post-
ischemic contractile dysfunction in isolated rat heart. Physiol Res
2008;57:793-6.

Kettawan A, Takahashi T, Kongkachuichai R, Charoenkiatkul S,
Kishi T, Okamoto T. Protective effects of coenzyme q(10) on
decreased oxidative stress resistance induced by simvastatin. ] Clin
Biochem Nutr 2007;40:194-202.

Bayorh MA, Ganafa AA, Eatman D, Walton M, Feuerstein GZ.
Simvastatin and losartan enhance nitric oxide and reduce
oxidative stress in salt-induced hypertension. Am ] Hypertens
2005;18:1496-502.

Kuzelova M, Adameova A, Sumbalova Z, Paulikova I, Harcarova A,
Svec P, et al. The effect of simvastatin on coenzyme Q and
antioxidant/oxidant balance in diabetic-hypercholesterolaemic
rats. Gen Physiol Biophys 2008;27:291-8.

How to cite this article: Rohilla A, Khan MU, Khanam R.
Cardioprotective potential of simvastatinin the hyperhomocysteinemic
rat heart. ] Adv Pharm Tech Res 2012;3:193-8.

Source of Support: Nil, Conflict of Interest: Nil.

I 198 _ Journal of Advanced Pharmaceutical Technology & Research | Jul-Sep 2012 | Vol 3 | Issue 3 ““


azhars
Rectangle


