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ABSTRACT
Introduction: Acute Myocardial Infarction (AMI) is the 
most critical event in cardiovascular disorders and arises 
as a consequence of myocardial ischemia due to coronary 
occlusion. Oxygen free radicals have become attractive 
candidates to explain injuries in the heart with growing 
appreciation that free radicals such as Malondialdehyde 
(MDA) which is the end product of lipid peroxidation may 
accumulate during ischemia at low oxygen tension. 

Aim: This study was done to note any changes in the MDA 
levels in the AMI in comparison with the controls

Materials and Methods:  A prospective study was done at 
Kakatiya Medical College, Waranagal, India between April 2010 
to March 2011. Blood samples of 30 patients diagnosed as AMI 

(admitted within 12 hours after onset of ischemic pain) were 
collected and subjected to serum MDA, CKMB, Aspartate 
Transaminase (AST), Lactate dehydrogenase (LDH).

Results: There was significantly increased mean values in 
serum MDA levels in (p < 0.001) in the study group as compared 
to controls. MDA levels significantly correlated with, CK-MB, 
AST and LDH. 

Conclusion: The MDA values are significantly increased in AMI 
indicating oxidative stress associated with AMI. Hence, another 
potential area of treatment to reduce extent of damage. At their 
best cut off values CK-MB and MDA had high sensitivity and 
specificity and good discriminatory capacity in identifying AMI. 
Though, AST and LDH exhibited good sensitivity, they lack 
specificity to act as good markers.

INTRODUCTION 
Acute myocardial infarction (AMI) arises as a consequence 
of myocardial ischemia due to coronary occlusion and 
is the most critical event in cardiovascular disorders [1]. 
Malondialdehyde (MDA) an end product of lipid peroxidation 
may accumulate during ischemia at low oxygen tensions 
[2].

MDA is produced as a byproduct of polyunsaturated fatty 
acid peroxidation and arachidonic acid metabolism and is 
highly reactive. MDA readily combines with several functional 
groups on molecules including proteins, lipoproteins, and 
DNA [3]. Polyunsaturated fatty acid peroxides further react 
to form MDA. MDA can be found in most biological samples 
as a result of lipid peroxidation [4].

Oxidative stress is the most important contributor to the 
progression of atherosclerosis [5]. Myocardial antioxidants 
prevent thrombosis, myocardial damage and arrhythmias 
during AMI by delaying and inhibiting oxidative damage [6].

Pro-oxidant and anti-oxidant imbalance mechanism may lead 
to lipid peroxidation and tissue damage due to prolonged 
oxidative stress [7]. As the condition advances from unstable 

angina to ST-segment elevation myocardial infarction lipid 
and protein oxidation increases gradually [8]. Myocardial 
Infarction (MI) with greater elevation of MDA levels may cause 
peroxidative damage and platelet aggregation [9].

This study was done to note any changes in the MDA levels 
in the AMI in comparison with the controls. Also, to find out 
if there is any correlation between the MDA levels with those 
of CK-MB, AST and LDH.

MATERIALS AND METHODS
A prospective study was done at Kakatiya Medical 
College, Waranagal, Telangana, India, in the Department 
of Biochemistry between the period of April 2010 to March 
2011 after obtaining Institution Ethics Committee approval. 
An informed consent was taken from all the patients prior 
to the study. The subjects were selected on the basis of 
following inclusion and exclusion criteria.

Inclusion criteria

Cases:

•	 Blood	 samples	 of	 30	 patients	 diagnosed	 as	 AMI	
(admitted within 12 hours after onset of ischemic pain) 
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were collected before the start of treatment and any 
medication.

•	 CPK-MB	level	above	25	IU/L.

Controls:

•	 Age	matched	30	controls.	

•	 Healthy	 male	 subjects	 in	 the	 age	 group	 of	 40	 to	 65	
years, attending the blood banks, and also from other 
sources.

•	 CPK-MB	level	within	physiological	limits.

•	 No	history	or	clinical/laboratory	evidence	of	myocardial	
infarction.

exclusion criteria:

•	 Patients	with	gout

•	 Patients	diagnosed	with	any	acute	infections,

•	 Patients	with		liver	diseases,	pulmonary	diseases,	renal	
diseases, neoplastic diseases

•	 Patients	with	valvular	heart	diseases,

•	 Patients	with	history	of	smoking

•	 Patients	with	diabetes	mellitus,

•	 Obese	patients	with	body	mass	index	>32	kg/m2.

•	 Patients	with	hypertension

Sample collection: 5 ml of blood samples were taken and 
equally distributed into plain tubes and citrated vials. Clotted 
blood in the plain tubes was subjected to centrifugation. 
Care was taken to prevent hemolysis of the blood samples. 
The clear serum was separated and used for the following 
biochemical investigations.

Serum MDA

Serum CK-MB

Serum Aspartate Transaminase (AST)

Serum Lactate Dehydrogenase (LDH)

Serum MDA estimation:[10]

Principle: Method is based on the detection of aldehydes 
formed by the degradation of hydroperoxides including MDA 
which is used as a standard. These aldehydes form adducts 
with thiobarbituric acid to form a pink colour complex which 
has an absorption maxima at 532 nm.

Reagents:

1. Trichloroacetic Acid (TCA): 20%

2. Thiobarbituric Acid (TBA), 0.67% (w/v)

Procedure: The reaction mixture contained 1ml of 0.67% 
TBA, 500 μL TCA and 100 μL of serum.

This was incubated at 1000C for 20 minutes and centrifuged 
at 12,000 rpm for 5 minutes. The absorbance of the 
supernatant was read at 532 nm against a distilled water 
blank.

MDA was determined by using a molar extinction co-efficient 
of 1.56X105 /M/cm and the values were expressed as nm.

CK-MB level analysis was done by Immuno-inhibition method 
using the kit manufactured by Trans Asia Biomedicals LTD 
in technical collaboration with ERBA Diagnostics Mannheim 
GmbH, Mallaustr, Mannheim/Germany [11]. 

AST level analysis was done by Kinetic IFCC (International 
Federation of Clinical Chemistry) method. 

LDH level analysis was done by Deutsche Gesellschaft fur 
Klinische Chemie (DGKC) method using the kit manufactured 
by Trans Asia Bio-medicals Ltd. [12] .

STATISTICAL ANALySIS
Statistical packages SPSS version 16, MedCalc 11.0.1.0 
were used for the analysis of data. Microsoft Word and 
Microsoft Excel were used to generate the graphs, tables 
etc.

RESULTS  
There are significantly increased mean values in serum 
MDA levels in (p<0.001) in the study group as compared to 
controls as seen in the [Table/Fig-1].

Mean±SD values of serum CKMB for the control group and 
the study group were 11.8±2.2 and 123±27 respectively.  
There are significantly increased mean values in serum CK-
MB levels in (p<0.001) in the study group as compared to 
controls.

Mean±SD values of serum AST for the control group and 
the study group were 26.5±7.2 and 54.7±14.2. Mean±SD 
values of serum LDH levels were 270.1±99.9. There are 
significantly increased mean values in serum AST and 
LDH levels (p<0.001) in the study group as compared to 
controls. 

In this study the MDA levels are significantly correlated with, 
CK-MB, AST and LDH.

At their best cut off values CK-MB and MDA had high 
sensitivity and specificity and good discriminatory capacity 
in identifying AMI. Though, AST and LDH exhibited good 
sensitivity, they lack specificity to act as good markers 
[Table/Fig-2-4].

Parameter

Controls
n = 30

Study group
n = 30

Comparison

mean ± Sd mean ± Sd p-value

Serum MDA 
(nmoles/L)

214.6±43.2 463.0±70.1 p <0.001

[Table/Fig-1]: Comparison of serum malondialdehyde values 
between the control group and the study group.

Parameters CK-mB AST ldH

MDA *0.856 *0.726 *0.682

[Table/Fig-2]: Correlation (r) values between MDA with CK-MB, 
AST, LDH in the study group using pearson correlation.
*correlation is significant at the 0.01(2- tailed)
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the measurement of MDA levels is complicated and time 
consuming as compared to the assay of xanthine oxidase 
activity [18].

Jain AP et al., reported plasma levels of MDA and nitrite were 
significantly elevated in the patients of AMI compared to the 
control group (7.29 ± 3.28 v/s 4.57 ± 0.63 nmol/ml and 12.85 
± 8.71 v/s 0.97 ± 0.25 μM respectively), thereby indicating that 
oxygen free radicals cause endothelial damage in them [15].

Peroxidation of lipids is a chain of reaction which is catalyzed 
invivo by heme compounds and lipoxygenases found in 
platelets, leucocytes, etc., Lipid peroxides formed in this 
reaction degraded to form a characteristic product such 
as MDA. Peroxidation provides  continuous supply of the 
radicals which  causes damage to tissues in vivo causing 
atherosclerosis, cancer, inflammatory disease, aging, etc., 
[19].

Thus, MDA which is an end product of lipid peroxidation, is 
commonly used as a marker of oxidative stress.

Free radical mediated peroxidation of unsaturated fatty acids 
and auto-oxidation is reflected by MDA [20]

LIMITATION 
A small sample size was one of the short comings of the 
study. 

CONCLUSION
The MDA values are significantly increased in AMI indicating 
oxidative stress associated with AMI. Hence, it is another 
potential area of treatment to reduce extent of damage. The 
oxidative stress markers MDA showed good correlation with 
CK-MB, AST and LDH, confirming ROS mediated damage 
to the cardiac myocyte membrane.

CK-MB, and MDA are good markers in identifying AMI. They 
all can be used together as multiple markers to increase 
their efficiency as markers of AMI. The AST and LDH though 
exhibited good sensitivity, lack specificity. Hence they should 
not be used as individual markers.

REFERENCES
 Nikolic-Heitzler V, Rabuzin F, Tatzber F, Vrkic N, Bulj N, Borovic [1]

S, et al. Persistent oxidative stress after myocardial infarction 
treated by percutaneous coronary intervention. Tohoku J Exp 
Med. 2006;210:247-55.

 Halliwell B. Tell me about free radicals, doctor: A review. J R Soc [2]
Med. 1989;82:747-52.

 Changing patterns in clinical care of patients with acute [3]
myocardial infarction. Braunwald: Heart Disease: A Textbook of 
Cardiovascular Medicine. 6th ed. p 1114.

 Gayatri S and Kathyaini R. Xanthine oxidase-oxidase stress [4]
marker in acute MI patient: a study at a teaching hospital in 
Telangana. International Journal of Clinical Biochemistry and 
Research. 2017;4(3):249-52.

 Dewan BD, Malhotra KC, Gupta SP. Epidemiological study of [5]
coronary heart disease in rural community of Haryana. Indian 
Heart J. 1974;26:68-78.

DISCUSSION 
In this study, we analyzed the levels of MDA, CK-MB, AST, 
LDH. For this, we collected samples from 30 patients of AMI 
and 30 age and sex matched apparently healthy controls.

Increased level of MDA in AMI patients was highly significant 
as compared to controls. Similar findings were observed in 
other studies [13-18].

Dev Sarkar P et al., study showed increased levels of MDA 
in high alcoholic Coronary Artery Disease (CAD) patients 
as compared to non-alcoholic CAD and healthy controls, 
because alcoholics seem to have still greater degree of 
oxidative stress. The estimation of lipid peroxidation along 
with lipid profile in the CAD patients is very useful as it may 
serve as a useful monitor to judge the prognosis of the 
patient [14].

Gerittsen WB et al., study showed significant differences in 
the lipid peroxidation parameter MDA between the groups 
investigated in favour of OPCAB surgery. Parameters of 
oxidative stress are significantly increased during and after 
CABG with the use of ECC [17]. 

Raghuvanshi R et al., reported highly significant levels of 
MDA in the blood of patients with myocardial infarction 
has been found and it may also be used as the marker of 
the ischemic myocardial syndrome, but increase in MDA 
levels is much less than that of xanthine oxidase. Moreover, 

Parameters
Best cut 
off value

Sensitivity Specificity AUROC

MDA (n/moles) 262 88% 90% 0.990

CK-MB	(U/L) 86 96.7% 100% 1.000

AST	(U/L) 31 96.7% 23.3% 0.965

LDH	(U/L) 379 90% 16.7% 0.912

[Table/Fig-3]: Sensitivity,	Specificity	and	AUROC	of		MDA,	CK-MB,	
AST and LDH in the study group.

[Table/Fig-4]: Comparison of Receiver Operator Characteristics 
(ROC) of MDA, CK-MB, AST and LDH.



Routhu Kathyaini et al., Malondialdehyde an Oidative Stress Marker www.njlm.net

National Journal of Laboratory Medicine. 2017 Oct, Vol-6(4): BO13-BO1616

 [6] Werns SW, Walton JA, Hsai HH. Evidence of endothelial 
dysfunction in angiographically normal coronary arteries with 
coronary artery disease. Circulation. 1982;79:287-91.

 Ross R. The pathogenesis of atherosclerosis: An update. N Engl [7]
J Med. 1986;314:488-500. 

 Nigam PK. Biochemical markers of myocardial injury. Indian J [8]
Clin Biochem. 2007;22(1):10-17. 

 Reaven GM, Lithell H, Landsberg L. Hypertension and [9]
associated metabolic abnormalities- the role of insulin 
resistance and the sympathoadrenal system. N Engl J Med. 
1996;334(6):374-81.

 Christenson RH, Azzazy HM. Biochemical markers of the acute [10]
coronary syndromes. Clin Chem. 1998;44:1855-64.

 ALGani FA .  Significance of total creatine kinase and creatine [11]
kinase-MB levels in patients with acute myocardial infarction. Int 
J Biol Med Res. 2011;2(3):762-65. 

 Infusino I, Panteghini M. Standardization in clinical enzymology. [12]
JIFCC. 2009;20(3):01-07.

 Patil N, Chavan V, Karnik ND. Antioxidant status in patients with [13]
acute myocardial infarction. Indian J Clin Biochem. 2007;22:45-
51.

 Dey Sarkar P, Ramprasad N, Dey Sarkar I, Shivaprakash TM. [14]
Study of oxidative stress and trace element levels in patients 
with alcoholic and non-alcoholic coronary artery disease. Indian 

  AUTHOR(S):
1. Dr. Routhu Kathyaini
2. Dr. Sowmya Gayatri
3. Dr. Md. Dawood Suleman

PARTICUlARS OF CONTRIBUTORS:
1. Associate Professor, Department of Biochemistry, 

Kakatiya Medical College, Warangal, Telangana, India.
2. Assistant Professor, Department of Biochemistry, RVM 

Institute of Medical Sciences and Research Center, 
Laxmakkapally, Telangana, India.

3. Professor and Head, Department of Biochemistry, 
Gandhi Medical College, Hyderabad, India.

NAme, AddReSS, e-mAIl Id OF THe
CORReSPONdINg AUTHOR:
Dr. Routhu Kathyaini,
H.No. 1-7-882/A1, Nandi Hills, Hunter Road, 
Hanmakonda, Warangal-506001, 
Telangana, India.
E-mail: resdoc555@gmail.com 

FINANCIAl OR OTHeR COmPeTINg INTeReSTS:  
None.

Date of Publishing: Oct 01, 2017

J Physiol Pharmacol. 2007;51141-46.
	 Jain	AP,	Mohan	A,	Gupta	OP,	Jajoo	UN,	Kalantri	SP,	Srivastava	[15]

LM. Role of oxygen free radicals in causing endothelial damage 
in acute myocardial infarction. J Assoc Physicians India. 
2000;48:478-80.

 Kairamkonda SR, Suryakar AN, Katkam RV, Ankush RD. [16]

Oxidative stress in acute myocardial infarction. Solapur Med J. 
2005;2:42-46.

 Gerritsen WB, van Boven WJ, Boss DS, Haas FJ, van Dongen [17]

EP, Aarts LP. Malondialdehyde in plasma, a biomarker of global 
oxidative stress during mini-CABG compared to on- and off-
pump CABG surgery: A pilot study. Interact Cardiovasc Thorac 
Surg. 2006;5:27-31.

 Raghuvanshi R, Kaul A, Bhakuni P, Mishra A, Misra MK. [18]

Xanthine oxidase as a marker of myocardial infarction. Indian J 
Clin Biochem. 2007;22:90-92.

 Baynes JW. Oxygen and life. In: Baynes JW, Dominiczak MH, [19]

editors. Medical Biochemistry. 2nd ed. Philadelphia: Elsevier 
Mosby; 2005.pp.497-506.

 Lazzarino G, Raatikainen P, Nuutinen M, Nissinen J, Tavazzi B, [20]

Di Pierro D, et al. Myocardial release of malondialdehyde and 
purine compounds during coronary bypass surgery. Circulation. 
1994;90:291-97.


