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ABSTRACT 
 

Background: Myocardial ischemia is associated with myocardial damage and necrosis. The pathogenesis of myocardial 
damage includes increased oxidative stress and diminished antioxidant defense. 
Aim: To assess levels of oxidative stress and scavenger enzyme system in experimental model of ischemia.   
Study design: This was a randomized experimental study.  
Place and duration: King Edward Medical University and University of Veterinary & Animal Sciences, Lahore for six months.  
Methodology: Thirty male rabbits were randomly divided into three groups. Control--group: animals got normal saline 1ml per 
oral for 14 days. ISO--group: animals got normal saline 1ml per oral for 14 days.  CA+ISO--group: animals got citric acid 500
mg/kg body weight per oral for 14 days. Myocardial infarction was induced on 15th day in CA-group and CA+ISO-group by two doses 
of isoproterenol, administered subcutaneously at the interval of 24 hours. (isoproterenol dose= 85mg/kg body weight). To 
measure cTn-I (serum cardiac troponin I), tissue SOD (Super -oxide dismutase), CAT(catalase), GPx (glutathione peroxidase), 
GR (glutathione reductase), MDA (Malondialdehyde) and GSH (total reduced glutathione) animal serum was obtained from 
blood sample. SPSS was utilized to analyze the data. Quantitative data was shown as mean ± standard-deviation. One way 
analysis of variance and multiple comparison test LSD was applied. p value ≤0.05 was considered as statistically significant.   
Result: ISO--group showed significant decline in the level of SOD, CAT, GPx, GR and GSH as compare to control—group. ISO-
group showed significant rise in the level of cTn-I and MDA. CA-group showed significantly recovery in SOD, CAT, GPx, GR and 
GSH levels in comparison to ISO-group. CA-group also showed significant decline in levels of cTn-I and MDA.  
Practical implication :Consumption of citric acid or diet rich in citric acid enhances the scavenger enzymes capability thus 
protects from acute myocardial infarction. 
Conclusion:  It is concluded that citric acid possess strong anti-oxidant potential. It improves the anti-oxidant capability of 
myocardium in term of GSH content and level of scavenger enzymes in ischemic myocardium that help myocardium to battle 
against free radical injury and survive during ischemic condition.   
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INTRODUCTION 
 

Cardiac ischemia generates oxidative stress by augmenting the 
production of reactive oxygen species (ROS). ROS is highly 
reactive variety of oxygen that damages the cellular-proteins and 
nucleic acids1. MDA: a product of lipid peroxidation, produced by 
disintegration of polyunsaturated fatty acids under the action of 
reactive species of oxygen2.  MDA is a renowned marker of 
oxidative stress in myocardium and drastic spike has been 
observed in MDA levels during ischemia. Additionally, researchers 
reported double and triple rise in MDA levels during acute 
myocardial infarction (AMI)3. 

During oxidative stress there is imbalance between reactive 
free radicals and antioxidant defensive/ free radical scavenger 
system that leads to pathogenesis of AMI (acute myocardial 
infarction)4. Anti-oxidants/ free radical scavenging enzymes system 
comprises of SOD, CAT, GPx and GR5. These are scavengers that 
protect cells from reactive variety of oxygen. SOD is of two types, 
cytosolic and mitochondrial. Mitochondrial variety is meganaise 
dependent6. SOD normalizes highly reactive superoxide radicals 
by converting them into hydrogen peroxide (H2O2)

7,8. Later on 
hydrogen peroxide (H2O2) is neutralizes into water and oxygen by 
GSH 9. While detoxifying the Free radicals GSHRed converts to 
GSHOxi. GSHOxi is inactive one10. Here comes the enzyme GR. The 
GR shifts GSHOxi to GSHRed form11. Whenever there is ischemic 
condition like AMI the free radicals production is augmented and 
the levels of SOD, CAT, GPx and GR diminish severely12,13.  

Therefore, maintaining adequate levels of free scavenger 
enzymes and improving the endogenous antioxidant capacity 
could be beneficial during AMI. It may prolong the ability of 
myocardium to with stand against ischemic phase and reduce the 
damage to myocardium done by free radicals.  
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Citric acid: a weak acid comes from organic group with 

strong anti-oxidant potential. Citrus fruits are abundant with citric 
acid like orange, lemon and wolfberry. Researchers also reported 
hepatoprotective, neuroprotective, hypolipidemic, anti-platelet, 
antimicrobial and Anti-inflammatory properties of citric acid14,15 .  
Research gap; Anti-oxidant effects of CA were not studied yet.  
Significance of study ; This study showed consumption of citric 
acid or citrus fruits enhance the anti-oxidant capacity of 
myocardium and protect from acute myocardial infarction.  
 

METHODOLOGY  
 

This  randomized experiment study was conducted at King Edward 
Medical University and University of Veterinary and Animal 
Sciences, Lahore for a period of six months. Simple random 
sampling was done by lottery method.  Only healthy rabbits of 
male gender weighing 1.0 to 1.5 kg were included in this study. 
Any rabbit of female gender, sick of weighing less than 1.0 kg was 
excluded from study.  

Thirty male rabbits were arranged for this study and 
randomly divided into three groups. Control--group: animals got 
normal saline 1ml per oral for 14 days. ISO--group: animals got 
normal saline 1ml per oral for 14 days. CA+ISO--group: animals got 
citric acid 500 mg/kg body weight per oral for 14 days. Myocardial 
infarction was induced on 15th day in ISO-group and CA+ISO-group by 
two doses of isoproterenol, administered subcutaneously at the 
interval of 24 hours. (isoproterenol dose= 85mg/kg body weight). 
Animals were anesthetized with intra-peritoneal administration of 
thiopental sodium, 50 mg/kg b.w. and then sacrificed. Rabbit heart 
was removed and washed in ice-cold saline and shifted to lab to 
measure tissue MDA, SOD, CAT, GPx, GR and GSH. Blood 
sample was collected for to measure cTn I16.   
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Statistical Analysis: SPSS was applied to analyze the data. 
Quantitative data was shown as mean±standard deviation. One 
way analysis of variance and multiple comparison test LSD was 
applied to compare the mean difference in cTn I, MDA, SOD, CAT, 
GPx, GR, GSH. The p value ≤ 0.05 was considered as statistically 
significant.   
 

RESULT 
 

Effect of citric acid on cT-I: The control group showed normal 
levels of cTn-I (216±11.20 pg/ml). While ISO-group developed 
significant rise in the acute myocardial injury biomarker, cTn-I  
(1000±13.6 pg/ml). Citric acid treatment significantly reduces the 
ischemic injury thus decrease the cTn-I levels to 482±9.34 pg/ml. 
Comparing the difference between ISO--group vs CA--group 
shows significant decline (p <0.05) as shown in table-1.  
Effect of citric acid on MDA: The MDA value observed in control 
group was 63 ± 8.09 mmol/g tissue.  ISO--group developed 
significant oxidative stress indicated by surge in MDA levels  217 ± 
10.2mmol/g tissue. Citric acid treatment drastically reduces the 
oxidative stress on myocardium evident by decrease MDA levels 
148±7.5mmol/g tissue. The p < 0.05 verifies the significance of 
difference among ISO--group vs CA—group. As shown in table-2.  
Effect of citric acid on GR: The normal value of GR is observed 
in control group was 89± 2.3 U/mg protein. While dropped value of 
GR in ISO-group (26± 2.0 U/mg protein) shows significant collapse 
in scavenger enzyme system. The rise in value of GR in citric acid 
treated group (53 ± 3.1 U/mg protein) shows considerable recovery 
of scavenger enzyme. System. Significant p value (p< 0.05) 
present effect recovery of GR in citric acid treated animals vs. ISO-
group animals. As shown in table-3.  
Effect of citric acid on GPx: GPx at normal level (245± 13.5 
U/mg protein) can be observed in control group.  
The ISO-group shows sharp fall in GPx level (13 ± 3.8 U/mg 
protein) indicating significant drop in scavenger enzyme system. 
While an upsurge in value of GR (226± 8.6 U/mg protein) in citric 
acid treated group demonstrated noticeable recovery of scavenger 
enzyme system. The p < 0.05  indicate significant difference 
among the results of citric acid treated group and ISO-groups. As 
shown in table-3.  
Effect of citric acid on CAT: The control group has normal levels 
of CAT i.e. 22+2.7 U/mg protein.  
ISO-group developed significant decline (9.4+ 3.5 U/mg protein) in 
scavenger enzyme system predicted by significant low levels of 
CAT. Citric acid treated group developed significantly retrieval 
shown by spike in value of CAT (18+2.3 U/mg protein). As shown 
in table-3. 
Effect of citric acid on SOD: The control group shows normal 
levels of SOD (24±5.2 U/mg protein). ISO-group showed low levels 
of SOD (13±3.8 U/mg protein) because of significant weakening of 
scavenger enzyme system. Citric acid treated group showed SOD 
levels near normal (21±4.4 U/mg protein) leads to significant 
recovery of scavenger enzyme system. Comparison of groups 
gives significant p value. (p < 0.05). As shown in table-3.  
Effect of citric acid on GSH: Normal GSH levels (215±13.01 
pmol/mg tissue) can be seen in control group. ISO-group showed 
low levels of GSH (167±7.9 pmol/mg tissue) because of severe 
oxidative stress on myocardium because of ischemia. Citric acid 
treated group showed improved GSH levels (181±6.3 pmol/mg 
tissue) because of significantly recovery of scavenger enzyme 
system. Significant p value (p < 0.05) was seen on comparison 
among experimental groups. As shown in table-3. 
 
Table 1. Effect of citric acid on Cardiac Troponin -I                    

 Control group ISO-group CA+ISO-
group 

cTn-I  (pg/ml) 216 ±11.20 1000±13.6 482±  9.34 
P <0.001 between CA+ISO-group vs ISO-group , Control group vs ISO-group 

 
Table 2.  Effect of citric acid on Malondialdehyde.  

 Control group ISO-group CA+ISO-

group 

MDA mmol/g tissue 63 ± 8.09 217 ± 10.2 148 ± 7.5 
P <0.001 between CA+ISO-group vs ISO-group , Control group vs ISO-group 

 
Table 3. Effect of citric acid on Scavenger enzyme system.    

 Control group ISO-
group 

CA+ISO-
group 

GR   U/mg protein 89± 2.3 26± 2.0 53 ± 3.1 

GPX U/mg protein 245±  13.5 128± 11.0 226± 8.6 

CAT U/mg protein 22+2.7 9.4+ 3.5 18+2.3 

SOD U/mg protein 24 ± 5.2 13 ± 3.8 21 ± 4.4 

GSH pmol/mg tissue 215 ± 13.01 167 ± 7.9 181 ± 6.3 

P <0.001 between CA+ISO-group vs ISO-group, Control group vs ISO-group 

 

DISCUSSION 
 

cTn-I is the most sensitive diagnostic marker for acute myocardial 
infarction. It is the 1st cardiac marker that appears just 4 to 8 hours 
after the onset of AMI, reaches to maximum after 12 to 18 hours 
and return to normal in 5 to 10 days. It is used in clinical settings to 
confirm the AMI findings on ECG. Its quantitative value is directly 
proportional to extent of damage produced to myocardium. Higher 
value is associated with more severe damage and vice versa. The 
animals treated with citric acid showed a significant decline in cTn-I 
levels as compare to ISO-group, indicating that the lesser damage 
of myocardium due to anti-oxidative effect of citric acid. Many 
researchers support these findings 17,18.  

The high levels of MDA in ISO-group is suggestive of 
oxidative stress developed during cardiac ischemia. The results 
showed that ischemic condition may double the production of 
super oxide, hydrogen peroxide and MDA or slow down the 
destruction/ neutralization of super oxide, hydrogen peroxide and 
MDA. On the other hand reduced levels of MDA in myocardium in 
citric acid treated animals indicate citric acid may arrest the 
pathway of MDA synthesis in myocardium. These results are in 
line with earlier reported data19,20. 

The comparison of scavenger enzymes SOD, CAT, GR and 
GPx among different study groups demonstrated that the citric acid 
treatment enhance the levels of these anti-oxidant enzymes within 
ischemic myocardium and successfully reduce the cardiac injury 
by providing protection to myocardium against ROS during 
ischemia. While untreated groups revealed low levels of scavenger 
enzymes within ischemic myocardium associated with severe 
injury to myocardium by ROS during ischemia. Many researchers 
along with their teams also reported similar alteration during 
studying the cardioprotective effect on animal model 21,22.  

Also the ischemic myocardium suffers from deficiency of 
GSH. But citric acid treatment elevated the level of GSH in 
ischemic myocardium significantly, that render the extent of injury 
to myocardium. This data also validate the previous study on 
melatonin for cardioprotection 23.   
 

CONCLUSION 
 

So it is concluded that citric acid possess strong anti-oxidant 
potential. It improves the anti-oxidant capability of myocardium in 
term of GSH content and level of scavenger enzymes in ischemic 
myocardium that help myocardium to battle against free radical 
injury and survive during ischemic condition.  
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