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ABSTRACT 

The Biochemical effects of NAC pretreatment against 

isoproterenol induced Myocardial infarction was studied in male 

albino rats. The activities of mitochondrial enzymes and levels of 

antioxidants were estimated in heart mitochondria.  The levels of 

cholesterol, triglycerides and FFA were also estimated in the 

serum of control and experimental rats.Isoprotrenol levels of 

antioxidants and mitochondrial enzymes, and increased the levels 

of triglycerides, cholesterol, FFA. Treatment with NAC confirms 

the protective and inhibitory effect against isoproterenol induced 

lipid per oxidation. 
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INTRODUCTION  

Myocardial infarction a Killer disease is the cause of 

death and disability in all industrialized nations. It is 

the major origin of Chest pain in most Western 

Societies. The term Myocardial infarction is 

thought to reflect death of Cardiac myocytes due 

to prolonged ischemia. Myocardial infarction is an 

acute coronary syndrome that can occur during the 

natural course of coronary atherosclerosis.  

Induction of Myocardial infarction by isoproterenol 

is well established in animal model to study the 

protective role of various cardio protective agents. 

N-Acetyl Cysteine is one of the drugs taken as 

antipyretic agent. It has been observed that 

frequent intake of NAC reduces the risk of heart 

dysfunction and cardiac arrest.  NAC, a precursor 

generated by isoproterenol.  

Induction of myocardial infarction is accompanied 

by the generation of free radicals. The role of 

antioxidants and antioxidant enzymes in heart 

mitochondria has been studied. 

Rearrangement of lipid metabolism is of 

considerable importance in the development of 

ischemic heart disease.  Hence, the individual lipids 

in serum were estimated. 

NAC has been chosen for the present study 

because of its antioxidant nature directly or 

indirectly.  Therefore an attempt has been made in 

the present study, to evaluate the protective 
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efficacy of NAC on experimental myocardial 

infarction. 

It is hoped that the results would open new 

avenues enlightening on the protective role of NAC 

in the treatment of myocardial infraction. 

 

MATERIALS AND METHODS 

    Wistar strains of male Albino rats weighing 150 – 

250 g were used as the experimental model.  The 

animals were kept in well ventilated cages and 

were fed with commercial pelleted rat chow and 

water ad libitum.  

The rats were divided into four groups. 

Group 1:       Control 

Group 2: Administered isoproterenol (20 mg /100 g 

body wt, subcutaneously6 twice at an interval of 24 

hours) 

Group 3: NAC treated (75mg/kg body wt 

administered orally for 21 days) 

Group 4: NAC treated alone (75 mg / kg body wt 

administered orally for 21 days) 

Group 2 and 3 were also given isoproterenol at the 

above mentioned dose after pretreatment with 

NAC, twice at an interval of 24 hours (Wexler BC et 

al., 1978). 

The animals surviving after the second dose of 

isoproterenol administration were sacrificed by 

cervical decapitation and blood was collected and 

serum separated.  The heart was dissected out and 

washed in ice-cold saline and homogenized in 0.1 

M Tris – Hcl, pH 7.4 and used for various 

experiments. 

The Following Biochemical parameters have been 

estimated in Serum and in Heart Mitochondria 

namely, 

Proteins 

Antioxidant Enzymes 

Lipid Profile 

Mitochondrial Enzymes 

Statistics: The values are expressed as mean ± 

SD.Statistical difference was analyzed by students –

t-test and ‘P’values were determined. 

 

RESULT AND DISCUSSION 

   Mitochondria is the major oxygen consuming 

organelle of the myocardial cell, and they are 

known to reduce oxygen univalently.Mitochondria 

serve as a locus in the cell where free radical 

reactions may originate. Mitochondrial respiratory 

chain generates a large continuous flux of oxygen 

radicals. These oxygen radicals including super 

oxide anion, hydrogen peroxide, and hydroxyl 

radical and single oxygen, attack cellular 

macromolecules oxidizing membranous 

phospholipids and damaging protein and DNA. 

Lipid per oxidation is a major mechanism of oxygen 

free radical toxicity. The reactive radical species 

attack the membrane and converts 

polyunsaturated fatty acids into lipid peroxides. 

  

TABLE 1: Table 1 shows the levels of LPO, SOD, and Catalase in the tissue of control and experimental animals. 

 Values are expressed as mean ± SD for 6 rats in each group. 

Parameters Group 1 Group2 Group3 Group4 

LPO(n moles of TBARS/100 

mg ptn) 

  

3.82   ±   0.29 

 

5.37 ± 0.5 
a*** 

 

4.21± 0.38
 a***

 

                   b
NS

 

4.07  ±0.35 
a***

 

 

SOD(units/min/100 mg 

ptn) 

 

12.32 ±1.21 

 

 

6.57 ± 0.59
 a***

 

 

11.02± 1.07
 

a***
 

                  b
* 

10.72± 1.04
 

a***
 

Catalase(n moles of 

H2O2decomposed/min/100 

mg ptn)  

 

1.37 ± 0.11 

 

0.78 ± 0.07
 a***

 

 

 1.12±0.10
 a***

 

                  b
NS

 

1.23±0.11
 a***

 

Statistically significant variations 

‘a’ as compared to group 1 

‘b’ as compared to group 2 

*** P < 0.001
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In table 1, the level of LPO was found to be 

increased in the heart tissue during ISO 

administration in Group 2 rats. Lipid per oxidation 

has been shown to increase the level of LPO during 

myocardial ischemia. (Klonner RA etal., 1980). 

Group 3 and 4 rats  

Pretreated with NAC maintained the levels of LPO 

to near normal. 

SOD and Catalase was found to be decreased in ISO 

induced rats. The antioxidants regained the levels 

in treated rats. SOD and Catalase play a major role 

in eliminating Reactive oxygen Species. 

Table 2: Table 2 depicts the levels of Glutathione, Glutathione reductase and Glutathione-S-    Transferase in 

the mitochondrial tissue of control and experimental animals. 

       Values are expressed as mean ± SD for 6 rats in each group. 

Parameters Group 1 Group2 Group3 Group4 

GSH( n moles of GSH 

oxidized/mg ptn) 

  

7.21 ± 0.69 

 

4.24 ± 0.39 
a*** 

 

5.64± 0.52
 a**

 

                   b
***

 

5.73  ±0.53 
a***

 

GSH Reductase(n moles 

NADPH oxidized/min/mg 

ptn) 

 

1.98 ±0.17 

 

 

1.04 ± 0.97
 aNS

 

 

2.17± 0.97
 a*

 

                  b
* 

2.26± 0.18
 a*

 

GPX(µg GSH 

utilized/min/mg/ptn) 

 

1.27 ± 0.98 

 

0.93± 0.07
 aNS

 

 

 1.13±0.12
 a***

 

                  b
NS

 

1.17±0.09
 a***

 

GST(n moles CDNB 

conjugated min/mg ptn) 

 

63.12 ± 5.78 

 

42.7± 4.1
 a***

 

 

54.72±5.22
 a***

 

                  b
*
 

53.12±5.6
 a***

 

Statistically significant variations 

‘a’ as compared to group 1 

‘b’ as compared to group 2 

*** P < 0.001, **P<0.01,*P<0.1 and NS-Non significant

The level of Glutathione was found to be decreased 

in ISO treated rats, similar to the observation made 

by (Ebenezer KK etal. 2001).  The diminished 

Glutathione concentration may be due to either 

increased degradation or decreased synthesis of 

the total GSH (Jozwiak, et al., 1985.  The level of 

glutathione was significantly elevated in group 3 

and 4 rats following NAC administration.  NAC acts 

as a direct antioxidant and scavenger of free 

radicals generated from other sou8rces (Villa P et 

al., 1995).  The levels of glutathione peroxides and 

Glutathione reductase were found to be 

diminished in isoproterenol induced rats. The 

decreased activity may be due to lipid per 

oxidation and  

generation of free radicals by isoproterenol.  

Pretreatment with NAC in group 3 and 4 rats 

maintained the normal levels of glutathione 

reductase and glutathione peroxides.   

     Table 2 shows a significant decrease in the 

activity of glutathione- S – transferase in group 2 

rats when compared to group 1 rats.  Due to the 

decreased glutathione- S – transferase activity, the 

free radicals are not neutralized and hence 

myocardium shows enhanced susceptibility to the 

per oxidation in the presence of promotion of lipid 

per oxidation . NAC pretreatment brought back the 

glutathione- S – transferase activity in group 3 and 

4 rats to near normal level.    
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TABLE 3: The Levels of MDH, ICDH, and SDH in heart mitochondria of the Experimental animals. 

Values are expressed as mean ± SD for 6 rats in each group. 

Parameters Group 1 Group2 Group3 Group4 

MDH( nano moles of 

NADH oxidized/min/mg 

ptn) 

  

305.15 ± 22.3 

 

249.3±23.2 
a*** 

 

293.25±21.7
 a**

 

                   b
***

 

287.21±21.7 
a***

 

ICDH(nano moles of  α –

KG produced/hr/mg ptn) 

 

712.2 ±57.3 

 

 

607.2 ± 45.3
 a**

 

 

657.6±45.15
 aNS

 

                  b
NS 

671.7± 42.8
 a*

 

SDH(µ moles of 

Succinateoxidized/min/mg 

ptn)  

 

218.6 ± 18.5 

 

162.3± 14.7
 a***

 

 

192.7±13.3
 a***

 

                  b
NS

 

201.3±15.4
 a***

 

Statistically significant variations 

‘a’ as compared to group 1 

‘b’ as compared to group 2 

*** P < 0.001, **P<0.01,*P<0.1 and NS-Non significant

Mitochondria are seen as a compartmentalized 

system, with specific enzymes located within the 

inner and outer membrane.  Mitochondria 

consumes more than 90% of the oxygen used by 

cells, and mitochondrial respiratory chain leaks 

large amount of super oxide anion radicals, which 

react with membrane phospholipids to develop 

lipid per oxidation (Toshiho et al., 1995).  

     The activities of TCA cycle enzymes in heart 

mitochondria are presented in table 3.  The 

enzyme activities MDH, ICDH and SDH decreased 

significantly in group 2 rats received only 

isoproterenol, when compared to control and 

treated rats.  This is also evidenced by the 

observed reduction in MDH, SDH and ICDH 

(Manjula TS et al., 1993).  Reductions in the 

activities of these enzymes prove the defect in 

aerobic oxidation of pyruvate which might lead to 

low production of ATP molecules.  TCA cycle 

enzymes which are located in the outer membrane 

of mitochondria could have been affected by the 

free radicals produced by isoproterenol (L H. Opie 

J., 1985).   

     The activities of MDH, SDH and ICDH were 

increased in group 3 and 4 rats received both NAC 

and isoproterenol as compared to grou8p 2 rats.  

NAC pretreatment has been observed to increase 

the activity of TCA cycle enzymes.  The mechanism 

of action has been due to the inactivation enzymes 

cyclooxygenase and lipooxygenase, preventing the 

formation of lipid peroxides to protect against the 

injury mediated by free radical (Arstall MA et al; 

1995) 

TABLE 4:     The activities of NADH dehydrogenase, Cytochrome - C – oxidase and a- KGDH      were found on 

table 4. Values are expressed as mean ± SD for 6 rats in each group. 

Parameters Group 1 Group2 Group3 Group4 

NADH dehydrogenase( n 

moles of NADH 

oxidized/min/mg ptn) 

  

125.1 ± 9.7 

 

95.3±8.3 
a*** 

 

108.6±8.3
 a**

 

                   b
***

 

98.87±8.7 
aNS

 

 

Cyt-C-Oxidase(n moles 

min/mg ptn) 

 

0.27 ±0.017 

 

 

0.20 ±0.013
 a***

 

 

0.23±0.018
 a**

 

                    b
* 

0.21± 0.013
 aNS

 

α-KGDH (n moles of 

pot.ferrocyanide 

liberated/mg ptn)  

 

69.7 ± 6.2 

 

45.3± 3.7
 a***

 

 

58.3±5.1
 a***

 

                  b
*
 

60.3±3.8
 a***
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Statistically significant variations 

‘a’ as compared to group 1 

‘b’ as compared to group 2 

*** P < 0.001, **P<0.01,*P<0.1 and NS-Non significant

     Table 4 depicts decreased activity of NADH 

dehydrogenase, Cytochrome – C – oxidase and a- 

KGDH in isoproterenol treated rats.  The decreased 

activity in mitochondria was due to the 

unavailability of lipid for its functional activity 

(Varghese A et al., 1990). 

     NAC pretreatment was observed to increase the 

activity of Cyt-C-oxidase and NADH dehydrogenase 

due to reduced degradation of phospholipids.  It 

also preserves oxidative phosphorylation in 

mitochondria and facilitates the recovery of tissue 

ATP.  

 N-acetylcysteine also increases mitochondrial 

complex I and IV specific activities both invitro and 

in vivo in synaptic mitochondrial preparations from 

aged mice (Beck. 2001). 

 

Fig (1) the Levels of Cholesterol in Serum of Experimental Animals Values are expressed in mean ± SD for 6 rats 

in each Group 

 
 

Fig (2) the Levels of Triglycerides in Serum of Experimental Animals Values are expressed in mean ± SD for 6 

rats in each Group 
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Fig (3) the Levels of Free Fatty Acids in Serum of Experimental Animals Values are expressed in mean ± SD for 

6 rats in each Group 

 
The increase in the level of serum lipids due to 

isoproterenol administration is an evidence for its 

known hyperlipidemic effect. 

In isoproterenol treated rats, there was a 

significant increase in the levels of the lipids.  The 

elevation is significantly attenuated in group 4 rats.  

Similar results were also observed by (Sree Priya et 

al., 1998, Manjula TS et al., 1992). NAC reversed 

the levels of cholesterol probably by regulating 

cholesterogenesis and by its inhibitory effect lipid 

per oxidation, thereby reducing the levels of lipid 

components.   

Hypertriglyceridemia was observed in 

isoproterenol treated rats, and such a state was 

also reported in association with cardiovascular 

disturbances (Freedman DS et al., 1998).  The 

levels of triglycerides were reduced in group 4 rats 

when compared with group 2 rats.  The increased 

per oxidation of polyunsaturated fatty acids is 

recognized as one of the possible biochemical 

mechanisms for the genesis of membrane injury in 

the myocardium (Narasimhan L et al., 1990). 

A significant increase in free fatty acid in 

isoproterenol induced rats might have been due to 

the breakdown of membrane phospholipids 

(Narasimhan L etal., 1990).  The increased per 

oxidation of the membrane phospholipids releases 

free fatty acids the action of phospholipids A2 

(Chein KR et al., 1980). 

SUMMARY & CONCLUSION 

     The biochemical effects of N-acety1 cysteine 

pretreatment against isoproterenol induced 

myocardial infarction was studied in male Albino 

rats.  The activities of mitochondrial enzymes and 

levels of antioxidants were estimated in heart 

mitochondrial.  The levels of cholesterol, 

triglycerides and free fatty acids were also 

estimated in the serum of control and 

experimental rats.   

 Isoproterenol decreased the levels of antioxidants 

and activities of mitochondrial enzymes.  The levels 

of triglycerides, cholesterol and free fatty acids 

were increased in isoproterenol induced rats. 

Free radical generation may be the major 

pathogenic factor responsible for initiation of 

myocardial cell damage.  The lipid per oxidation 

and thiol depletion is responsible for the 

inactivation of mitochondrial enzymes in 

isoproterenol induction.   

Treatment with NAC confirms the protective and 

inhibitory effect against isoproterenol induced lipid 

peroxidation. 

NAC will shortly become the most talked nutrient 

supplement in the world  

because it directly addresses each of these 

concerns.  It may be said that NAC is the universal 

antioxidant because it activates and increase the 

potential of all the other antioxidants. 

0

5

10

15

20

25

30

35

x Group 1 Group 2 Group 3 Group 4



International Journal of Pharmaceutical Research & Development                                                ISSN: 0974 – 9446 

 

Available online on www.ijprd.com 

143 

REFERENCES 

1. Adair JC.Knoefel JE, Morgan N.Controlled trial 

of N-Acetyl Cysteine for patients with robable 

Alzhemer’s disease. Neurology 2001; 57(8): 

1515-1517. 

2. Al Makdessi S, A Andrieu JL, Herilier H, Faucon 

G. Sympathoadrenergic overactivity and lipid 

metabolism. J.Mol. Cardio. 1990; 25(2): 141-9. 

3. Albert KG, Bartley W. Free radical effects on 

membrane protein in myocardial ischemia. 

Biochem.J 1969; 11:763-765. 

4. Ames BN. Micronutrient deficiencies: A major 

cause of DNA damage .Ann. NY.Acad Sci .2000; 

889: 87-106. 

5. Andreassen OA, Dedeoglu A, Klivenyi P, Beal 

MF, Bush AI. N –acetyl- L-cysteine improves 

survival and preserves motor performance in 

an animal model of familial amylotrophic 

lateral sclerosis. Neuroreport 2000; 

11(11):2491-2493. 

6. Arstall MA, Yang J, Stafford J, Betts WH . N-

acetyl –cysteine in combination with 

Nitroglycerin and streptokinase for treatment 

of evolving acute myocardial infarction. 

Circulation .1995: 92:2811-2862. 

7. Baquer NJ, Mclean P. Evidence for the 

existence and functional activity of pentose 

phosphate pathway enzymes in the large 

particle fraction isolate from rat tissues. 

Biochem. Biophysics.  Res. Commun 1972; 

46:167-174. 

8. Bartosz G.  Aging of the erythrocyte –

sensitivity to oxidant factors.  Acta. Biol. Med. 

Germ 1981; 40:985-989. 

9. Back. Therapeutic Potential of MN- acetyl 

cysteine. Med. Hypotheses 2001; 56(4): 472-7. 

10. Bell JL, Baron DN. A colorimetric method for 

determination of isocitrate dehydrogenase. 

Clin. Chim. Acta. 1960; 5:740-747. 

11. Beutler E, Duron C, Kelly BM. Improved 

method for the determination of blood 

glutathione.  J .Lab. Clin.Med 1963; 65:882-

797. 

12. Bohr J, Maier K, Degenkolh B, Krombach F, 

Vogel Meier C. Antioxidative and clinical 

effects of high dose N- acetyl cysteine in fibroin 

allveolitis.   

13. Am.J.Respir. Crit. Care. Med 1997; 156:1897-

1901. 

14. Bonting SL. In “Membrane and Ion transport”. 

Bilterr EE, 5
th

 Edn, London, Wiley Interscience, 

1970:257-259. 

15. Brandstrip N, Kirk JE , Brunic.  The hexokinase 

and phosphoglucoisomerase acivities of aortic 

and pulmonary artery tissue in individuals of 

various ages. J.  Gerontal 1957; 12:166-71. 

16. Burnstein M, Scholnik HR, Marpheir R. Rapid 

method for the isolation of lipoproteins from 

human serum by precipitation with 

polyanions.  J.Lip.Res 1970; 11(6):583-595. 

17. Burton KP, Mccord JM, Chai G. Oxygen and 

reperfusion damage.  Am.J.Physiol 1984; 

284:776-783. 

18. Cai J, Nelson KC, Wu M,Sternberg P Jr, Jones 

DP. Oxidative Damage and protection of the 

RPE.  Prog. Retin. Eye. Res 2000; 19(2): 205-

221. 

19. Carllberg, Manervick B. Glutathione levels in 

rat brain. J.Biol.Cgen 1975; 250: 5475-5480. 

20. Chambers DE,   Parks DA, Roy R.  Xanthine 

oxidase as a source of free radical damage in 

myocardial ischemia.  Mol. Cell.cardiol 1985; 

17:145-152. 

21. Charles K, Friedberg MD. Diseases of the 

Heart, 3
rd

 Edn, Saunders Publications 1995: 

401-405. 

22. Chein KR, Abrams J, Seronni A. Accelerated 

Phospholipid degradation and associated 

membrane dysfunction in irreversible, 

ischemic liver cell injury. J. Boil. Chem 1978; 

253:4809-4817. 

23. ChirKov YY, Horowitz JD. N-acetyl-Cysteine 

potentate’s triglycerin-induced reversal of 

platelet aggregation. J.Cardiovasc. Pharmacol 

1996; 28(3): 375-380. 

24. Corr PB, Gross RW, Sobel BE. Reversal changes 

of SOD by cardioprotective drugs in myocardial 

infracted rats. Cir.Res 1984; 55: 135-154. 

25. Davreux CJ, Soric K, Nthens AB. NAC 

attenuates myocardial injury in the rat.  Shock 

1997; 8:432-438. 



International Journal of Pharmaceutical Research & Development                                                ISSN: 0974 – 9446 

 

Available online on www.ijprd.com 

144 

26. Ebenezar KK, Sathish V, Devaki T. Protective 

Role of arginine and Lysine on tissue defence 

System during Isoproterenol induced 

Myocaridal stress in rats. Biomedicine 2001; 

21(2 & 3): 71-76. 

27. Ebenezar KK, Sathish V, Devaki T. Effect of L-

arginine and L-lysine on lysosomal hydrolases 

and membrane bound phosphatases in 

experimentally induced myocardial infarction 

in rats.  Mol. Cell. Biochem 2003; 247(1-2):163-

9. 

28. Eric Boersma, Nestor Mercado, Don 

Poldermans. Acute Myacardial Infarction. The 

Lancet 2003; 361:847-858. 

29. Estabrook RW. In “Methods in Enzymology “, 

Estabrook RW and Pullman ME, 9
th

 Edn, 

Academic Press, New York 1967: 42-45. 

30. Farooqui MYH, Ahamed AE. Circadian 

Periodicity of tissue glutathione and its 

relationship with lipid peroxidation in rats. 

Life. Sci. 1983; 34:2413-2419. 

31. Fiske CH and Subbarow Y. Colorimetric 

determination of Phosphorus. J.Biol. Chem 

1925; 66:375-400. 

32. Flohe L, Gunzler WA, Ladenstein H. 

Glutathione Peroxidase. In “Glutathione 

Metabolism and Function “, Raven Press, New 

York, 1976: 115-138. 

33. Folch J, Less M and Sloane SH.  A simple 

method for the unkown and purification of 

total lipids from animal tissues. J. Biol. Chem 

1957; 226:497-509. 

34. Forman HJ, Boveris A. Superoxide radical and 

hydrogen peroxide in mitochondria.  In “Free 

radicals on Biology” London, Academic press, 

1982:65-90. 

35. Foster LB, Dunn RT. Stable Reagents for 

determination of serum triglycerides by a 

colorimetric Hantzsoh condensation method. 

J.Clin. Chem 1973; 19:338-339. 

36. Fralix TA, Heineman FW, Balahan R. Effect of 

work on intracellular calcium of the intactrat 

heart. Am.J.Physiol 1991; 261:54-59. 

37. Freedman DS, Gruchow HW, Anderson AJ, 

Rimm AA, Barboriak JJ. Relation of 

triglycerides levels to coronary artery disease. 

The Milkwaukee Cardiovascular data resistry. 

Am.J.Epidemiol 1988; 127:1118-1130. 

38. Frick MH, Manninen V, Huttunen JK. HDL 

cholesterol as a risk factor in coronary heart 

disease.  Drugs 1990; 40:7-12. 

39. Fuster V, Badimon L, badimon JJ, Chesebro JH. 

The pathogenesis of Coronary artery disease 

and the acute coronary syndromes (1). NEngl. 

J.Med 1992; 316:1371-1375. 

40. Gancedo JM, Gancedo C, Fructose-1, 6-bis 

phosphatase, phosphofructokinase nd 

glucose-6 PO4 dehydrogense from fermenting 

and nonfermenting yeasts. Arch. Microbial 

1971; 76(2):132-138. 

41. Geetja A, Manjula TS, Ramesh TG, Devi CS. 

Reversal of changes of myocardial lipds by 

chronic administration of aspirin in 

isoproterenol-induced myocardial damage in 

rats. Ind.J.Physiol. Pharmacol 1992; 36(1):47-

50. 

42. Goldstein JL, Brown MS. Progress in 

understanding the LDL receptor and HMG CoA 

reductase to memrane proteins that regulate 

the plasma cholesterol. J.Lipid.Res 1984; 

25:1450-1460. 

43. Grynberg A, Ziegler D, Rupp H. Effect of 

isoproterenol on the metabolism of 

myocardial fatty acids. J.mol.Cell. Cardiol 1987; 

19(2):147-150. 

44. Habig WH, Jacobyu D, Glutathione –S- 

transferase. The first enzymatic step in 

mercapturic acid formation. J.Biol.Chem 1981; 

249:7130-7139. 

 

45. Hazelton GA, Lang CA.Glutathione content of 

tissues in the ageing mouse.Biochem.J.1980; 

18: 25-30. 

46. Jozwiak Z , Jasnowska B.Changes in oxygen 

Metabolizing Enzyme and lipid peroxidation in 

human erythrocytes as a function of age of 

donor. Mechanisms.Age.1985; 32: 77-83 

47. Klonner RA, Braunwals E.Observations on 

Experimental Myocardial 

ischemia.Cardio.Vasc.Res. 1980; 14: 371- 395.  

48. Manjula TS, Shyamala Devi CS.Effect Of Aspirin 

in Isoproterenol induced changes in lipid 



International Journal of Pharmaceutical Research & Development                                                ISSN: 0974 – 9446 

 

Available online on www.ijprd.com 

145 

metabolism in rats.Ind.J.Med.Res.1993; 98: 30-

33. 

49. Narasimhan L, Parinandi,Weiss 

BK.Peroxidative modification of phospholipids 

in myocardial 

membranes.Arch.Biochem.Biophys. 1990; 

280:45-52. 

50. Toshiho OH, Marayasu Matsumoto, Naoyoki 

Taniguchi.Mitochondrial lipid peroxidation and 

SOD in rat Hypertensive target organs. 

51. Varghese A,Muralidharan D,Menon VP. 

Experimental Myocardial 

infarction.Ind.J.Exp.Biol.1990; 28:480-485. 

52. Villa P,Ghezzi P. Effect of NAC on Sepsis in 

mice.Eur.J.Pharmacol.1995; 292: 341-344 

 
 

 

 

***** 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


