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Abstract 

Objective:   

The study was planned to measure markers of myocardial injury in experimental model of 

acute myocardial infarction.  

Material and Methods:  

This was a randomized experimental study. In the study, 40 male rabbits were included 

and distributed equally into five groups.  During first 14 days, G-1 and G-2 (control group 

and Iso-control group) animals got 1ml normal saline, while G-3, G-4 and G-5 animals got 

citric acid at the dose of 250 mg/kg, 500 mg/kg and 750 mg/kg body weight respectively. 

Isoproterenol (85mg/kg body weight) was injected subcutaneously for induction of acute 

myocardial infarction in experimental model except for G-1. Markers of myocardial injury 

like serum- CK-MB, LDH., SGOT and SGPT were analyzed in the study.   

Results:  
The data in the study shows that there was significant rise in myocardial injury markers 

such as CK-MB, LDH, SGOT and SGPT as compared to control-group indicating severe 

infarction and myocardial cell death. On the other hand, citric acid treated groups showed 

significant restoration of CK-MB, LDH, SGOT and SGPT as compared to Iso-control 

group.  

Conclusion: 

It is clear from this study that citric acid possesses cardio protective potential. It reduces 

the impact of ischemic injury to myocardium during acute attack of myocardial infarction, 

evident by reduced cardiac enzymes levels.  
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INTRODUCTION 

Cardiovascular disorder is the major problem faced by health care providers now a day. 

World Health Organization (WHO) reports indicate that, cardiovascular disorder is the 

number one cause of death worldwide (Kaptoge et al., 2019). The number of deaths per 

annum from cardiovascular disorder (CVD) is more than from any other disease (Thomas 

et al., 2018). Cardiovascular disorder is the most prevalent reason of disability and early 

death world-wide (Gheorghe et al., 2019). The growing incidence of cardiovascular 

disorder placed a great load on the general public health (Jagannathan et al., 2019). A 

global status report of cardiovascular disorder states that CVD alone is responsible for one 

fourth of total deaths in our country (Joseph et al., 2017). Twenty-nine percent premature 

deaths were due to CVD in Pakistan (Volgman et al., 2018). Pakistani with more than 5 

million patients of IHD bears a big burden (Bae et al., 2014). Citric acid is a weak acid of 

organic group that is found in nature. Naturally citric acid is found in many citrus fruits 

like orange, lime, grapefruit, lemon, apricot, plumcot, plum, peach, strawberry, cherry, 

mulberry and wolfberry (Zhao et al., 2015) Studies had proved the neuroprotective, 

hepatoprotective, hypolipidemic, antimicrobial effects of citric acid (Klimczak et al., 

2015; Weyda et al., 2014). Citric acid also offers protection from long term complication 

of diabetes mellitus like cataract and proteinuria (Abdel et al., 2014).  
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The study was designed to find role of citric acid in preventing acute attack of myocardial 

infarction in experimental rabbits. This study signifies the use of citric acid in dietary 

supplements and consumption of citric acid rich diet that provides protection from acute 

attack of myocardial infarction. 

 

MATERIALS & METHODS 

Study Design: This was a randomized experimental study.   

Place and Duration: The study was conducted at King Edward Medical University and 

University of Veterinary and Animal Sciences, Lahore for twenty-five weeks.  

Sampling Technique: Sample size was thirty two rabbits. Simple random sampling was 

done using lottery method. Only healthy male rabbit weighing 1.0 to 1.5 kg was included 

in this study. Any sick, female or rabbit weighing less than 1.0 kg were excluded from 

study.  

Procedure: Forty male rabbits were included in this study and distributed equally into five 

groups. During first 14 days, G-1 and G--2 (control group and Iso-control group) animals 

got 1 ml normal saline while G--3, G--4 and G--5 animals got citric acid at a dose of 250

mg/kg, 500 mg/kg and 750 mg/kg body weight respectively. Isoproterenol (dose=85mg/kg 

body weight) was injected subcutaneously for induction of acute myocardial infarction in 

experimental model except for G-1 on day 15.  

Blood sample was taken on day-17 to determine CK-MB, LDH, SGOT and SGPT in serum 

(Mohan et al., 2015).  

Statistical Analysis.  

The process of data analysis was finalized via SPSS Quantitative data was shown as mean 

± standard deviation. One way ANOVA and multiple comparison test L.S.D were utilized 

to compare the mean difference in CK-MB, LDH, SGOT and SGPT in study groups. The 

p value ≤ 0.05 was considered as statistically significant.   

 

RESULTS  

Effect of citric acid on CK-MB in rabbits.  

Standard value of CKMB was 771.12± 49.27, observed in control group. Spike in level of 

CKMB (1636.13± 147.87) was recorded, demonstrating severe cardiac injury in Iso-

control group. Noticeable recovery in CK-MB levels (1198± 93.89, 1032.63± 103.30 and 

893.12± 70.19) depicting reduced injury to cardiac tissue due to protective effect of citric 

acid was seen in citric acid treated groups respectively. Comparing the difference between 

Iso-control group and citric acid treated groups showed significant decline (p < 0.05) as 

shown in Table-1.  

 

Table 1.  Effect of citric acid on CK-MB (U/L) in rabbits (n=8).  

CK-MB 

(U/L) 

G-1 G-2 G-3 G-4 G-5 

Mean ± 

SD 

771.12± 

49.27 

1636.13± 

147.87 

1198± 

93.89 

1032.63± 

103.30 

893.12± 

70.19 
P <0.05 between G-2 versus G-3, G-4 and G-5 

 

Effect of citric acid on LDH in rabbits. The mean LDH calculated for control group was 

473.42± 16.00. The mean LDH value calculated in Iso-control group was 1011± 59.17 i.e., 

much higher than that of control group indicative of extensive damage and death of 

myocardial tissue. The mean LDH value calculated in citric acid treated groups were 698± 

13.6, 602.23± 17.21 and 613.36± 29.1 i.e., considerably lower in comparison to Iso-control 

group depicting far less infarcted cell death in myocardium associated with protective 

effect of citric acid. Comparing between Iso-control group and citric acid treated groups 

showed significant decline (p < 0.05) as shown in Table 2.  

 

Table 2. Effect of citric acid on LDH (U/L) in rabbits (n=8).  

LDH (U/L) G-1 G-2 G-3 G-4 G-5 

Mean ± SD 473.42± 

16.00 

1011± 

59.17 

698± 

13.6 

602.23± 

17.21 

613.36± 

29.1 
P <0.05 between G-2 versus G-3, G-4 and G-5 
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Effect of citric acid on SGOT in rabbits.  

The SGOT value observed in control group was 71.48± 6.10. There was sharp rise of 

SGOT value in Iso-control group 183.13± 15.17 that was almost double than that of 

control group evident of marked infarction.  While a significant reduced value of SGOT 

were measured for citric acid treated groups (108± 21.3, 101.63± 11.16 and 93.12± 7.48) 

that was much less than Iso-control group indicating protection under the effect of citric 

acid. Comparing the difference between Iso-control group and citric acid treated groups 

showed significant decline (p < 0.05) as shown in table-3.  

 

Table 3.  Effect of citric acid on SGOT (U/L) in rabbits (n=8).  

SGOT 

(U/L) 

G-1 G-2 G-3 G-4 G-5 

Mean ± SD 71.48± 

6.10 

183.13± 

15.17 

108± 

21.3 

101.63± 

11.16 

93.12± 

7.48 
P <0.05 between G-2 versus G-3, G-4 and G-5 

 

Effect of citric acid on SGPT in rabbits.  

Standard level of SGPT observed in control group animals was 104± 9.72. The SGPT level 

was 197.45± 11.81 in Iso-control group, approximately twice higher than the SGPT level 

in control group, indicating wide myocardial infarction. The SGPT levels for citric acid 

treated groups were 92.48± 6.21, 98.23± 16.4 and 87.63± 7.13, significantly lower than 

Iso-control group demonstrating protection under the effect of citric acid. Comparing the 

difference between Iso-control group and citric acid treated groups showed significant 

decline (p < 0.05) as shown in table-4.  

 

Table 4.  Effect of citric acid on SGPT (U/L) in rabbits (n=8).  

SGPT (U/L) G-1 G-2 G-3 G-4 G-5 

Mean ± SD 104± 9.72 197.45± 

11.81 

92.48± 6.21 98.23± 

16.4 

87.63± 

7.13 
P <0.05 between G-2 versus G-3, G-4 and G-5 

 

DISCUSSION 

Acute myocardial infarction is one of the major problems. WHO states that myocardial 

infarction (MI) is myocardial cell death due to ischemia (Firouzabadi et al., 2014). Surgical 

interventions like coronary angioplasty or administration of tissue plasminogen activator 

(tPA) for management of acute attack of MI is not free from life threatening complications 

(Reed et al., 2017).  So, discovery of any substance freely available in nature that can play 

preventive role in management of acute MI is of great importance today in the field of 

medicine to minimize the impact of ischemic injury, defer the onset of necrosis and limit 

the severity of infarction. Organic acids have abundant pharmacological effects and had 

proved helpful in avoiding the injury to myocardium through ischemia (Xu et al., 2020). 

Recently, it is shown that investigating hematological indices can be a useful indicator for 

evaluating cardiac patients along with other specific markers for cardiovascular diseases 

but their role in myocardial ischemia needs further evaluation (Khadija-Tul-Kubbra et al., 

2020). Isoproterenol is a cardiac stimulant agent used to induce myocardial ischemia in 

experimental model. CK-MB, LDH, SGOT and SGPT levels and certain hematological 

indices are indicators of myocardial injury (Jha et al., 2021; Govindasami et al., 2020).   

At day 17, markers of cardiac injury were highest in G-2 group (Iso-control group) 

revealing severe injury to myocardium. While citric acid treated groups showed highly 

significant decline in their CK-MB, LDH, SGOT and SGPT levels (p value < 0.05) when 

related to Iso-control group (G-2). These results confirmed the preventive effect of citric 

acid in acute myocardial injury. Further analysis of results showed that the maximum 

reduction in CK-MB level was observed by citric acid at 750 mg/kg dose and minimum 

decline was seen by 250mg/kg body weight of citric acid. The difference among the means 

of citric acid treated groups (G--3, G--4 and G--5) were also highly significant (p value < 

0.05). So, protective role of citric acid is concentration dependent. The administered 

concentration of citric acid is directly proportional to the protection offered by citric acid 

to myocardium during ischemia.   
During ischemia, myocardium faces numerous changes in its environment like changed 

myocardial membrane permeability, amplified oxidative stress, storm of inflammatory 

cells and excessive cytotoxic free radicals’ production (Wang et al., 2017). Researchers 

had proved that citric acid is a unique organic acid in nature equipped with antioxidant 
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anti-inflammatory and anti-platelet properties (Li et al., 2021; Wu et al., 2019). It is 

proposed that all these features of citric acid play their role and toughens myocardium to 

withstand against the oxidative stress, free radicals and inflammation during ischemic 

injury and protect it from necrosis. 

CONCLUSION 

It is clear from this study that citric acid possesses cardio-protective potential. It reduces 

the impact of ischemic injury to myocardium during acute attack of myocardial infarction, 

evident by reduced cardiac enzymes levels among animals treated with citric acid.  

However, the mechanism at cellular level responsible for this protective role of citric acid 

is an open area for further research.  
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