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Abstract  The arachidonic acid (AA) pathway is 

important in cardiovascular and inflammatory illnesses. 

Phospholipase A2, a free form of AA, has been 

metabolized by cytochrome P-450 (CYP450) enzymes, 

namely the CYP2C (CYP2C6) family (the human analog 

to CYP2C9), responsible for oxidative stress. This results 

in the formation of significant mediators: 

epoxyeicosatrienoic acids (EETs), considered a novel 

therapeutic target for cardiovascular disease prevention. 

Fenofibrate,- PPAR-α agonist affects AA metabolism by 

CYP-450 epoxygenase, resulting in increased synthesis of 

endogenous EETs having cardioprotective effects. The 

present investigation sought to determine the effect of 

fenofibrate on CYP2C6 activity in rats with isoproterenol-

induced myocardial infarction. Administration of 

fenofibrate (100 mg/kg & 150 mg/kg) for four weeks 

appears to improve mean blood pressure, tachycardia, and 

cardiac marker enzymes (CK-MB, LDH, and α-HBDH). 

Fenofibrate dramatically lowered CYP2C6 activity by 

alleviating oxidative stress through lipid peroxidation 

(MDA) and restoring natural antioxidant enzymes (SOD, 

GSH, Catalase). Furthermore, fenofibrate administration 

restores membrane ATPase activity (Ca++ATPase and 

Na+/K+ATPase), electrolyte levels (Ca++, Na+, and K+), and 

prevents ST-segment elevation. Histopathological 

observations confirm these findings, indicating that the 

structural architecture of myofibers is preserved and 

neutrophil infiltration is reduced. According to the current 

findings, the reduction of CYP2C6 (Human CYP2C9) is an 

intriguing strategy for the treatment of myocardial 

infarction and provides novel perspectives for 

cardiovascular research. In-depth, clinical research is 

needed to understand the fully effective role of CYP 

enzymes and their efficacy in the regulation of 

cardiovascular diseases in individuals. 
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1. Introduction

Cardiovascular diseases (CVDs) are the leading cause of 

death worldwide, accounting for 17.9 million deaths in 

2019 (or 32% of all deaths worldwide) [1]. 85% of these 

deaths were caused by heart attacks and strokes. Moreover, 

of the 17 million premature deaths (those under 70) from 

noncommunicable diseases in 2019, 38% were related to 

CVDs[2]. Individuals with risk factors may exhibit 

elevated blood pressure, blood glucose, blood lipid levels, 

and obesity. These "intermediate risk factors" can be 

measured in primary care facilities and are associated with 

an increased risk of heart attack, stroke, heart failure, 

Myocardial infarction (MI), and other complications [3, 4]. 

Numerous drugs and antioxidants have been shown to 

reduce infarct size when administered before ischemia, but 
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the same treatments do not have any effect after reperfusion 

[5]. Consequently, identifying the source of Reactive 

oxygen species (ROS) during reperfusion is crucial for 

treating myocardial ischemia and reperfusion injury [6]. 

There is growing evidence that CYPs, or cytochrome P450, 

can produce ROS via their catalytic cycle, with or without 

substrate metabolism [7, 8]. Particularly, CYP2C9-

mediated generation of ROS plays a vital role as it reacts 

with NO in arteries to produce ONOO-, which decreases 

NO bioavailability and causes vasoconstriction and 

vascular dysfunction. Hence, ROS generated from CYPs is 

an important factor in the pathogenesis of MI [9, 10]. The 

likely mechanism points out that membrane-bound 

phospholipases, especially phospholipase A2, are 

responsible for the build-up of unesterified arachidonic 

acid (AA) during ischemic heart reperfusion. Prostacyclin 

(PGI2) and 12-hydroxyeicosatetraenoic acid (12-HETE), 

two well-characterized metabolites and their corresponding 

cardioprotective end products, can be produced by the 

traditional cyclooxygenase (COX) and lipoxygenase (LOX) 

pathways upon the metabolism of AA.[11-13]. On the other 

hand, the peroxisome proliferator-activated receptor α 

(PPAR-α) activator, reduced triglycerides and also 

influenced the CYP-dependent AA metabolism[14]. By 

preventing the production of ROS and acting as an anti-

apoptotic agent, epoxidation of AA, such as 5,6,8,9, 11,12, 

and 14,15 epoxyeicosatrienoic acid (EETs), has been 

demonstrated to lessen ischemia and/or reperfusion injury 

in the heart and vasculature, as well as endothelial and 

mitochondrial dysfunction [15, 16]. The primary synthesis 

of EETs is carried out by epoxygenases that are members 

of the CYP2C family, which includes CYP2B, 2E, 2C, and 

2J [16]. Research reports have demonstrated that CYP2C 

and 2J proteins are present in healthy rat hearts [17]. On the 

other hand, the expression of the CYP2 family especially 

the CYP2C6 (counterpart of human CYP2C9) family in 

myocardial damage is not well understood, which causes a 

detrimental effect on the heart [11, 16, 18], which may have 

important cardiovascular effects. Further, CYP and its 

arachidonic acid metabolites are crucial in modulating 

vascular tone [19]. In the setting of ischemic reperfusion 

injury, there was an observed increase in the levels of 

CYP2C6, 2E1, and 2J3 proteins within the ischemic zone 

of rat hearts. Additionally, CYP2C6 activity exhibited a 

significant rise in the ischemic area, while the activities of 

2E1 and 2J3 tended to increase during ischemia [20, 21]. 

Therefore, it appears plausible to analyze the impacts of 

different CYP subtypes in the context of ischemic heart 

conditions, as this could contribute to a better 

understanding of the involvement of CYP in myocardial 

injury. The current investigation delves into the effects of 

fenofibrate (FF), a peroxisome proliferator-activated 

receptor –(PPAR-α) agonist as an inhibitor of CYP2C6 [22, 

23], in the context of myocardial infarction. 

2. Methodology 

2.1. Chemicals and Kits 

Isoprenaline (Isoproterenol) hydrochloride is procured 

from Sigma Chemical Co. (St Louis, USA). Nebivolol and 

fenofibrate were received as gratis samples from Cadila 

Pharmaceuticals Ltd, Ahmedabad. Diclofenac and 4-

hydroxy diclofenac were obtained from pharmaceutical 

suppliers. The analytical-grade chemicals used in this study 

were Tris (hydroxymethyl) aminomethane hydrochloride 

(Tris-HCL), nicotinamide adenine dinucleotide phosphate 

hydrogen (NADPH), potassium chloride (KCl), 

magnesium chloride (MgCl2), ethylenediamine tetraacetic 

acid (EDTA), dithiothreitol (DTT), and triphenyl 

tetrazolium chloride (TTC). These chemicals were 

acquired from Himedia, Astron Chemicals, Ahmedabad, 

and SD Fine Chemicals, Mumbai. The conventional kits 

(Coral Clinical Systems) were used to perform each 

biochemical test. 

2.2. Animals 

Healthy albino wistar rats (male) weighing 200 ± 30 gm 

were used in the present study (generously provided by 

Zydus Cadila, Ahmedabad, India). The animals were kept 

in a 12:12 h light-dark cycle, using a polypropylene cage 

with a husk that was changed every 24 hours, and 

controlled temperature (23 ± 3°C) and relative humidity 

(54-55 ± 5-7%). Ad libitum tap water and a conventional 

pellet meal (VRK Nutritional Solutions, India) were fed to 

the animals. In compliance with the guidelines of the 

Committee for Control and Supervision of Experiments on 

Animals (CCSEA), the experimental protocol was 

approved by the Institutional Animal Ethical Committee 

(Protocol No: 1217). 

2.3. Experimental Design 

After acclimatization, the animals were divided into five 

groups, each with 8 animals. Group I (Normal Control) 

(NC), Group II (Model Control) (MC), Group III (Standard 

control) (SC) received Nebivolol (5mg/kg, p.o)., Group IV, 

& V Received fenofibrate (100mg/kg, p.o), (FF-1) (FF-2) 

(150 mg/kg, p.o) respectively once a day for 28 days. MI 

was induced by administration of isoproterenol (ISO) on 

the 27th day, in animals of Group II to Group V by 

administration of the first dose of ISO (85 mg/kg, S.C) 

followed by a second dose of ISO after 24 hours (on day 

28th). Induction of MI was confirmed by examination of the 

level of cardiac marker enzymes. During the treatment 

period of 28 days, rats of all the groups were fed with water 

ad libitum and a normal conventional laboratory pellet diet. 
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2.4. Non-invasive Blood Pressure (NIBP) 

Determination 

Rats underwent at least one week of training before their 

blood pressure was measured with the least amount of 

stress and restriction. The NIBP200A device with an 11mm 

tail cuff sensor (BIOPAC, CA, USA) was used to monitor 

the mean blood pressure (MBP) at the end of the study 

protocol. 

2.5. Electrocardiography 

After recording the NIBP, Lead II ECG was measured in 

anesthetized animals (Phenobarbitone 15 mg/kg, i.p) using 

needle electrodes. Electrodes were inserted under the skin 

in the right upper limb (-ve), right lower limb (neutral), and 

left upper limb (+ve). ECG was recorded using the MP36 

data acquisition system (BIOPAC, CA, USA), and changes 

in different parameters were analyzed. 

2.6. Biochemical Analysis 

After recording the ECG, the animals were sacrificed 

and blood samples were collected. The serum was 

separated from each sample and used for the biochemical 

analysis. After being quickly isolated, the hearts were 

weighed, and then cleaned with ice-cold phosphate-

buffered saline (pH = 7.4), blotted, and frozen at -80°C 

(CryoScientific, India) until they could be used again. 

Cardiac marker enzymes lactate dehydrogenase (LDH) and 

creatinine kinase-myoglobin binding (CK-MB) were 

evaluated in the serum using commercial kits based on 

IFCC methods. The activity of alpha-hydroxybutyric 

dehydrogenase (α-HBDH) was assayed in serum using a 

colorimetric method [24]. 

2.7. Biochemical Parameters in Heart Homogenate 

A known weight of heart tissue was homogenized in 

chilled Tris-HCl buffer (0.1 M, pH 7.4) using a Teflon 

pestle (EIE Instruments Pvt Ltd, 0603121) and centrifuged 

at 10,000 rpm at 0°C for 15 min (PlastoCraft Industries Pvt. 

Ltd, R4R-V/FA). The clear supernatant obtained was used 

for the determination of Na+/K+ATPase, Ca++ATPase, and 

Mg++ATPase activity by the method of Bonting et al. [25], 

Hjertén and Pan [26] and Ohnishi et al. [27] respectively. 

The concentrations of Na+ and K+ in the heart were 

estimated using commercial kits. Ca++ in the heart was 

measured by the O-cresolphthalein complexone method 

using a reagent kit. The levels of reduced glutathione (GSH) 

and malondialdehyde (MDA) content were estimated by 

the method of Moron et al. [28] and Botsoglou et al. [29] 

respectively. The activities of superoxide dismutase (SOD) 

and catalase (CAT) were measured by the method of Misra 

and Fridovich [30] and Weydert and Cullen [31] 

respectively.  

2.8. Activity of CYP2C6 

a) Isolation of the cytosolic fraction and cardiac 

microsomes: The multistep centrifugation method 

was employed for the fractionation of homogenate of 

rat hearts. A brief description of the procedure 

involved homogenization of the rat heart in buffer (50 

mM Tris–HCl, pH 7.4, 154 mM KCl, 1 mM EDTA, 1 

mM DTT) and centrifuged it at 10,000g for 20 

minutes at 4ºC. A 60-minute, 100,000-g, 4ºC 

recentrifuged part was used to extract the supernatant 

which was used for the cytosolic fraction. The 

microsomal fraction of the resultant pellet was 

employed, and it was suspended in 50 mM Tris–HCl 

buffer, pH 7.4, with 20% glycerol, 1 mM EDTA, and 

1 mM DTT.  

b) Assay for CYP activity: The CYP activity in rat 

cardiac microsomes was determined using specific 

substrates for CYP subfamilies. Rat heart microsomes 

were incubated at 37ºC for 3h with NADPH and 

substrate (Diclofenac for CYP2C6) concentrations 

were determined by high-performance thin layer 

chromatography (HPLC). Briefly, 0.1 mg microsomal 

protein, 100mM potassium phosphate buffer (pH 7.4), 

10mM MgCl2, and 5µl of 5mM diclofenac in 0.1M 

tris buffer (PH 7.5) were pre-incubated at 37˚C for 5 

min. The reaction was started by adding 1 mM 

NADPH and then incubated for 10 min. After that, the 

reaction was terminated by adding ethyl acetate and 

then drying the acetate layer. Dried residue was 

reconstituted in 25%(V/V) aqueous methanol & 

assayed by HPLC. HPLC condition: column- 

octadecyl-silica (ODS)-3 (3*250mm, 4µm) column 

temperature -40ºC, flow rate-1.5ml/min UV detection: 

280 nm mobile phase: A= 5mM ammonium formate 

containing 0.05% formic acid B= 95:5 

acetonitrile/methanol containing 0.05% formic acid 

[32, 33]. 

2.9. TTC Staining to Determine the Size of MI 

The heart tissues were cleaned three times with saline 

and wiped dry before being immediately frozen in a 

refrigerator at -20°C for 25 minutes. The tissues were then 

sliced into 3–6 mm pieces. The slices were kept in a 2% 

TTC solution dissolved in phosphate buffer saline (pH 7.4) 

for thirty minutes at 37°C. 

2.10. Histopathology 

At the end of the study protocol, the animals were 

sacrificed, and the hearts were removed and preserved in 

10% buffered formalin after being cleaned in cold 

phosphate-buffered saline (pH 7.4). Histopathology of the 

heart was blindly examined by M.D. Pathologist. 
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2.11. Statistical Analysis 

Results were presented as mean ± standard error of the 

mean (SEM). Using a computer-based fitting program 

(Graph pad, Prism software, Ver.05, San Diego, CA), 

statistical analysis of several biochemical parameters was 

performed using the Analysis of variance (ANOVA) and 

Dunnett's post hoc test. P<0.05 was used to determine the 

statistical significance of the data. 

3. Results 

3.1. Effect of Fenofibrate on Cardiac Markers 

CKMB, LDH, and α-HBDH levels were significantly 

(P<0.05) higher in model control animals (270.5±26.64, 

688.6±12.81 & 133.5±15.38; respectively) as compared to 

normal control animals (18.51±1.481, 297.6.7±9.44 & 

57.88±7.30; respectively). Treatment with nebivolol 

(5mg/kg) significantly (P<0.05) prevented a rise in CK-MB 

and LDH levels (94.09±2.599 & 307±10.91) as compared 

to model control animals. Similarly, FF-1 (100mg/kg), and 

FF-2 (150mg/kg) treated animals prevented a rise in CK-

MB, LDH & α-HBDH levels as compared to model control 

animals (Figure 1). However, a significant result was 

noticed with FF-1 in CK-MB (102±5.126) & LDH 

(364.34±14.64) while FF-2 presented a considerable 

decline (75.56±11.92) in α-HBDH level.  

3.2. Effect of Fenofibrate on ECG 

Figure 2 displays the ECG patterns of normal control and 

isoproterenol-treated rats, which indicated a significant 

(P<0.001) elevation in the ST segment, a sign of an 

infarcted myocardial and a pathological Q-wave. 

Treatment with FF-1 (100 mg/kg) and FF-2 (150 mg/kg) 

inhibited an increase in ST-segment elevation and QT 

interval that was statistically significant (P<0.05). 

3.3. Effect of Fenofibrate on Hemodynamic, 

Electrolytes and ATPase 

Model control animals showed a significant (P<0.05) 

increase in heart rate, ST-segment sodium, and calcium, 

while demonstrating a significant decrease in mean blood 

pressure and potassium levels as compared to normal 

control animals. Additionally, Na+/K+ATPase activity was 

significantly (P<0.05) decreased while Ca++ATPase 

activity and Mg++ATPase activity were significantly 

(P<0.05) increased in model control animals as compared 

to normal control animals. Nebivolol (5mg/kg) treatment 

significantly (P<0.05) prevented this damage by 

decreasing sodium, calcium, (109.7±16.95, 8.04±0.6155) 

and Ca++ATPase activity (5.644±0.4189) levels along with 

a significant increase in Na+/K+ATPase (3.289±0.1913) 

and Mg++ATPase (3.879±0.2153) activity as compared to 

model control animals. Further, FF-1(100mg/kg), and FF-

2 (150mg/kg) significantly (P<0.05) prevented damage by 

decreasing sodium, calcium, and Ca++ATPase activity, 

while also significantly increasing the mean blood pressure, 

and potassium levels along with Na+/K+ATPase and 

Mg++ATPase activity as compared to model control 

animals (Table 1). 

3.4. Effect of Fenofibrate on Anti-oxidant and Lipid 

Peroxidation 

The levels of SOD, GSH, & catalase were significantly 

(P<0.05) declined (5.786±0.9022, 3.987±0.1313, & 

38.675±5.871) while MDA levels were significantly 

(P<0.05) higher in model control animals (0.278±0.021) 

as compared to normal control animals. Nebivolol 

(5mg/kg) treated animals showed a significant (P<0.05) 

increase in SOD, GSH, and catalase levels, along with a 

decrease in MDA levels as compared to model control 

animals. Similarly, treatment with FF-1 (150mg/kg) 

resulted in a significant (P<0.05) increase in SOD 

(14.786±1.639), GSH (8.9786±0.8886), and catalase 

(78.768±16.67) levels as well as a decrease in MDA levels 

(0.12±0.02; respectively) as compared to model control 

animals (Table 2). 

3.5. Effect of Fenofibrate on CYP2C6 Activity 

Model control animals presented a significant (P<0.05) 

increase in concentration of CYP2C6 (1437.27±13.83) as 

compared to normal control (887.23±1.72) animals. 

Treatment with nebivolol exhibited a significant decline in 

the concentration of CYP2C6 (932.32±8.42) as compared 

to model control animals. Moreover, FF-1 (100mg/kg) & 

FF-2 (150mg/kg) significantly prevented the rise in 

CYP2C6 as compared to the model control group as shown 

in Figure 3. 
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Mean ± SEM (n = 8) was used to express the values. One-way analysis of variance (ANOVA) and Dunnet's Post Hoc test were used to conduct the statistical analysis. Significant results were defined as P values <0.05. 
The symbols # and * denote significant differences between the normal control group and the model control group, respectively, at P<0.05. 

Figure 1.  Effect of Fenofibrate on CK-MB, LDH, and α-HBDH activity in ISO-induced MI in rats 



 Advances in Pharmacology and Pharmacy 13(1): 78-89, 2025 83 

 

 

The normal control group: normal QRS interval, R-R interval, and S-T wave; the (ISO) isoproterenol group: increased QRS interval, T-wave inversion, and elevated S-T wave; the group treated with 5 mg/kg of 
nebivolol: restored QRS interval, and S-T wave; the group treated with 100 mg/kg and 150 mg/kg of fenofibrate (FF 1 & FF 2 respectively): restored QRS interval, QT-prolongation, T-wave, and S-T wave. 

Figure 2.  Representative images of Electrocardiographic changes in ISO-induced MI in rats 

Table 1.  Effect of Fenofibrate on hemodynamic, electrolytes, and ATPase in ISO-induced MI in Rats 

Groups HR MBP ST-segment Na+ K+ Ca++ Na+/K+ ATPase (mmol/L) Ca++ ATPase 

(mmol/L) 

Mg++ ATPase (mmol/L) 

NC 365.87±8.52 96.76±01 0.19±0.01 147.4 ±01.39 5.385±0.51 7.35±0.45 5.69±0.19 4.68±0.60 2.77±0.33 

MC 578.76±13.05 72.86±01.65# 0.447±0.03# 213.8±24.41# 3.09±0.39# 14.19±0.37# 2.79±0.18# 9.65±0.30# 5.68±0.35# 

Nebivolol 378.98±5.27 105.4±0.46* 0.19±0.01* 109.7±16.95* 8.23±1.46 8.04±0.62* 3.29±0.19* 5.64±0.42* 3.88±0.22* 

FF 1 421.45±8.56 83.35±1.3* 0.19±0.01* 82.27±10.91* 9.92±0.48* 11.33±0.65* 3.30±0.11* 5.77±0.59* 4.68±0.32* 

FF 2 407.567±5.25 97.35±0.54* 0.20±0.01* 78.45±5.73* 7.22±0.77* 9.65±0.93* 4.18±0.17* 4.89±0.39* 4.77±0.24 

The Mean ± SEM (n = 8) was used to express the values. One-way analysis of variance (ANOVA) and Dunnet's Post Hoc test were used to conduct the statistical analysis. Significant results were defined as P 
values <0.05. The symbols # and * denote significant differences between the normal control group and the model control group, respectively, at P<0.05. 
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Table 2.  Effect of Fenofibrate on anti-oxidant and lipid peroxidation in ISO-induced MI in Rats 

Groups SOD 

(U/mg of protein) 

GSH 

(µmol/mg of protein) 

Catalase 

(mmol of H2O2/min/mg of tissue) 

MDA 

(µmol/mg of protein) 

NC 17.986±1.213 8.897±0.5668 98.56±11.45 0.1345±0.01796 

MC 5.786±0.9022# 3.987±0.1313# 38.675±5.871# 0.2785±0.02098# 

Nebivolol 19.689±2.357* 6.685±0.9192* 98.876±16.39* 0.154±0.01868* 

FF 1 15.695±3.045* 10.956±0.315* 58.685±12.67 0.1432±0.03971 

FF 2 14.786±1.639* 8.9786±0.8886* 78.768±16.67* 0.1265±0.02743* 

Mean ± SEM (n = 8) was used to express the values. One-way analysis of variance (ANOVA) and Dunnet's Post Hoc test were used to conduct 
the statistical analysis. Significant results were defined as P values <0.05. The symbols # and * denote significant differences between the 
normal control group and the model control group, respectively, at P<0.05. 

 

Mean ± SEM (n = 8) was used to express the values. One-way analysis of variance (ANOVA) and Dunnet's Post Hoc test were used to conduct 
the statistical analysis. Significant results were defined as P values <0.05. The symbols # and * denote significant differences between the 
normal control group and the model control group, respectively, at P<0.05. 

Figure 3.  Effect of Fenofibrate on CYP2C6 activity in ISO-induced MI in rats 

3.6. Effect of Fenofibrate on TTC Staining 

When rat myocardium was stained with TTC, extensive 

areas of damaged tissue were seen (unstained) in the model 

control group. However, after treatment with FF-1 (100 

mg/kg) and FF-2 (150 mg/kg), the unstained area 

significantly decreased, as seen in Figure 4. 

3.7. Effect of Fenofibrate on Histopathology 

According to microscopic histology, the non-infarcted 

myocardium in the normal control group had normal 

myocardial architecture and was characterized by an 

ordered pattern, as seen in the figure 5. In contrast to the 

normal control animals, the histological examination of the 

rat hearts treated with ISO showed significant edema, 

confluent regions of myonecrosis, myofiber loss, and mild 

inflammation. However, compared to the model control 

group, the rats treated with FF (100 mg/kg, 150 mg/kg) 

showed a notable improvement in their anatomical features, 

particularly in terms of the degree of myonecrosis, decrease 

in cellular infiltration, and edema. 
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NC                 MC                  Nebivolol               FF 1             FF 2 

Figure 4.  TTC staining of hearts excised from experimental animals of ISO induced MI 

 

Figure 5.  Effect of BE on histopathological (H&E stain) changes in ISO-induced myocardial injury in rats (magnification 45x) edema( ) and 

inflammation ( ), myofiber loss ( ). 

4. Discussion 

The present investigation exhibited that fenofibrate, a 

CYP2C6 inhibitor, could potentially protect rats from acute 

myocardial injury induced by isoproterenol. It has been 

observed that injecting ISO subcutaneously leads to 

localized myocardial ischemia and hypoxia, as well as 

changes to myocardial ultrastructures and enzymes due to 

the release of catecholamines. Moreover, hypoxia and 

metabolic factors contribute to damage membranes with 

high calcium levels. The isoproterenol-induced myocardial 

damage model is more commonly embraced in 

cardiovascular research compared to the coronary ligation 

model and is technically easier to comprehend [34]. 

In the present investigation, CK-MB, LDH, and α-

HBDH which are elevated in cardiomyocytes, are 

important markers indicating myocardial damage. The 

current research specifies that isoproterenol-induced 

myocardial infarction significantly increased levels of CK-

MB, LDH, and α-HBDH in the bloodstream. This outcome 

aligns with previous studies [35, 36]. Furthermore, 

fenofibrate treatment showed a notable decrease in serum 

CK-MB, LDH, and α-HBDH levels compared to the ISO 

injury group, suggesting a potential protective function in 

acute myocardial injury. 

The typical regulation of the heart muscle's electrical 

activity is regulated through sodium, calcium, magnesium, 

and phosphorous. Under typical physiological conditions 

of a cell, Na+/ K+ATPases regulate the movement of Na+ & 

K+ ions across the membrane. The higher levels of 

potassium ions in the myocardial cytoplasm are regulated 

by the Na+/K+ATPase. As the activity of the 

Na+/K+ATPase decreased, levels of Na+ ions increased 

while levels of K+ ions decreased [37-40]. The inactivation 

of the enzymes attached to the membrane is associated with 

lipid peroxidation. This occurs due to the oxidation of "SH" 

groups in the enzyme's active site causing the peroxidation 

of the membrane lipids. Consequently, the Na+/K+ATPase 

and Ca++ATPase enzymes are inactivated by altering their 

conformation [41]. A drop in Ca++ATPase function could 

elevate free Ca++ levels inside cells and change both signal 

transduction pathways and cellular motility [42, 43]. Ca++ 

is essential in controlling the normal sensitivity and rhythm 

of the heart muscle, in addition to regulating its 
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diastolic/systolic function. Ca++ is involved in multiple 

physiological processes, serving as a secondary messenger 

within cells [43, 44]. In reaction to the onslaught of free 

radical assaults, the cardiac tissues of rats with myocardial 

infarction showed elevated levels of Na+ and Ca++ ions, 

with a decrease in K+ ions within the tissues [45]. Our 

results indicate that treating MI rats with fenofibrate 

significantly increased the activity of the Na+/ K+ATPase 

and decreased Mg++ and Ca++ ATPase enzymes in heart 

tissues. This could be because fenofibrate has a counter-

oxidative impact on the ROS produced by ISO. 

The heart's autonomic regulation processes and 

hemodynamic parameters are changed by the increased 

oxidative stress observed in ISO-treated rats. A 

compromised sympathetic and parasympathetic nervous 

system is indicated by a drop in mean blood pressure and 

an increase in heart rate in the current assessment. Previous 

research using animal models has shown that ROS directly 

contributes to the suppression of arterial baroreceptor 

activation [46]. Our findings suggest that ISO-induced 

significant abnormalities in the ECG are indicated by the 

elevation of the ST segment, prolongation of the QT 

interval, and attenuation of the QRS and PR intervals [47, 

48]. Fenofibrate prevented these changes caused by ISO by 

improving blood pressure, heart rate, and ECG. This 

amelioration might be due to the inhibition of sEH by 12-

(3-adamantan-1-yl-ureido) dodecanoic acid (AUDA) 

which increases the EET function, which has been reported 

to improve myocardial perfusion and contractility in 

experimental heart failure [14, 49]. 

The present study showed that fenofibrate has an 

antioxidant ability against reactive oxygen radicals 

produced in vivo, including peroxyl, hydroxyl, and 

superoxide radicals. The most often identified sources of 

ROS aging in cells are cyclooxygenase, eNOS, xanthine 

oxidase, and NADPH oxidase [50, 51]. It is still uncertain 

if fenofibrate prevents the level of superoxide that is 

CYP2C6-intervened and contributes to the cardiac damage 

caused by ISO. Therefore, fenofibrate's capacity to 

scavenge superoxide may play a crucial role in mitigating 

the generation of reactive oxidants through CYP2C6-

dependent mechanisms. The shift from unsaturated fats to 

glucose, which is the substrate used by the heart to consume 

energy, results in a loss of energy production, lipid 

adjustment, and a noticeable increase in intracellular lipid 

accumulation, all of which contribute to lipotoxic 

cardiomyopathy and worsen myocardial infarction [52, 53]. 

Fenofibrate markedly decreased superoxide levels in the 

ischemic myocardium while concurrently increasing 

antioxidant enzyme levels. The scavenging of the harmful 

free radicals generated during the ischemic injury is seen to 

have a significant impact on the recovery of hemodynamic 

and contractile capacities, reduced levels of LDH and CK, 

and reduced infarct area [14]. The therapeutic impact of 

fenofibrate in the ischemic heart may result from the 

suppression of superoxide production by CYP2C6 [12]. 

Consequently, results indicate that in the ischemic heart, 

fenofibrate also has an additional function by blocking 

CYP2C6 and scavenging superoxide and other related 

radicals. Lee et al.'s previous study showed that fenofibrate 

increases fatty acid β-oxidation enzymes by activating 

PPAR-α, enhancing fatty acid oxidation in the 

mitochondria, and controlling myocardial energy 

metabolism [47, 54]. The drop in MDA levels in the 

fenofibrate-treated animal indicated fenofibrate's 

antioxidant effects, as shown in previous research [47, 55]. 

Fenofibrate's impact on lipoprotein metabolism may 

contribute to some of its antioxidant qualities. 

5. Conclusions 

Administration of fenofibrate in MI rats results in 

remarkable improvements in hemodynamic functions, 

antioxidant levels, and cardiac marker enzymes. 

Additionally, the fenofibrate improved the activities of the 

Na+/K+, Mg2+, and Ca2+ ATPase enzymes and controlled 

the concentrations of the ions K+, Na+, and Ca2+ in the MI 

rats. These results align with the histopathological findings 

showing that fenofibrate protects against ISO-induced 

heart damage by maintaining cardiac structure during 

myocardial injury and mitigates MI injury in rats. 

Fenofibrate's noteworthy capacity to remove oxygen-free 

radicals, in addition to its ability to suppress CYP2C6, is 

what accounts for the observed impact. Therefore, it may 

be a viable therapeutic option for the treatment of MI in the 

future. Furthermore, to fully comprehend the therapeutic 

effects of fenofibrate concerning the CYP system against 

MI, further comprehensive molecular studies are still 

required. 
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