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ABSTRACT 

Background Myocardial infarction (MI) is a major 

cardiovascular disorder characterized by myocardial 

necrosis resulting from prolonged ischemia and 

oxidative stress. Although conventional therapies 

are effective, their long-term use is associated with 

adverse effects and limited protection against 

oxidative damage. Hibiscus sabdariffa is a 

medicinal plant rich in anthocyanins, flavonoids, 

and phenolic compounds that possess potent 

antioxidant and anti-inflammatory properties, 

making it a promising candidate for 

cardioprotection. 

Objective To evaluate the cardioprotective activity 

of the hydroalcoholic flower extract of Hibiscus 

sabdariffa against isoproterenol-induced myocardial 

infarction in Wistar rats. 

Materials and Methods The hydroalcoholic flower 

extract of Hibiscus sabdariffa was prepared by 

Soxhlet extraction using 70% ethanol. Adult Wistar 

rats were randomly divided into five groups (n = 6): 

Normal Control, Isoproterenol Control, Standard 

(Propranolol 10 mg/kg), Low-Dose Extract (200 

mg/kg), and High-Dose Extract (400 mg/kg). 

Myocardial infarction was induced by subcutaneous 

administration of isoproterenol (85 mg/kg) on the 

27th and 28th days. Serum cardiac biomarkers 

(CK-MB, LDH, AST), lipid profile, antioxidant 

parameters (SOD, CAT, GSH, MDA), and 

histopathological changes in cardiac tissue were 

evaluated. 

ResultsPretreatment with Hibiscus sabdariffa 

significantly protected against isoproterenol-induced 

myocardial injury. In the high-dose group (400 

mg/kg), CK-MB decreased from 352.8 ± 15.4 to 

176.4 ± 10.7 U/L, LDH decreased from 786.3 ± 

28.5 to 498.9 ± 19.8 U/L, and MDA levels 

decreased from 7.5 ± 0.5 to 3.2 ± 0.3 nmol/mg 

protein (p < 0.001). Antioxidant enzyme activity 

improved markedly, with SOD increasing from 3.6 

± 0.4 to 7.9 ± 0.6 U/mg protein. The extract also 

improved the lipid profile by reducing total 

cholesterol and triglycerides while increasing HDL 

cholesterol. Histopathological examination revealed 

marked preservation of myocardial architecture with 

minimal necrosis and inflammatory cell infiltration. 

The cardioprotective effect of the 400 mg/kg extract 

was comparable to that of propranolol. 

ConclusionThe hydroalcoholic flower extract of 

Hibiscus sabdariffa demonstrated significant dose-

dependent cardioprotective activity against 

isoproterenol-induced myocardial infarction. The 

observed protection was associated with reduced 

oxidative stress, improved antioxidant defense, 

stabilization of cardiac biomarkers, and preservation 

of myocardial tissue. These findings support the 

therapeutic potential of Hibiscus sabdariffa as a 

promising natural cardioprotective agent for the 

prevention and management of myocardial 

infarction. 
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I. INTRODUCTION 
1.1 Burden of Cardiovascular Diseases 

Cardiovascular diseases (CVDs) represent 

one of the most significant global health challenges, 

accounting for the highest number of deaths and 

disabilities each year. These disorders include 

coronary artery disease, myocardial infarction, 

hypertension, heart failure, stroke, and peripheral 

vascular diseases, all of which adversely affect the 

cardiovascular system. The prevalence of CVDs has 
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increased considerably over the past few decades 

due to rapid urbanization, population aging, 

sedentary lifestyles, unhealthy dietary patterns, 

tobacco use, excessive alcohol consumption, 

obesity, diabetes mellitus, and dyslipidemia.[1]In 

addition to causing substantial mortality, 

cardiovascular diseases impose a considerable 

socioeconomic burden through increased healthcare 

costs, reduced productivity, and diminished quality 

of life. Although advances in pharmacological 

treatment and interventional cardiology have 

improved patient outcomes, cardiovascular diseases 

continue to remain a leading cause of premature 

death worldwide, emphasizing the need for safer 

and more effective preventive and therapeutic 

strategies.[2] 

 

1.2 Myocardial Infarction 

1.2.1 Definition 

Myocardial infarction (MI), commonly referred to 

as a heart attack, is a life-threatening cardiovascular 

emergency characterized by irreversible injury and 

necrosis of the heart muscle due to prolonged 

interruption of coronary blood flow. The condition 

usually develops following rupture of an 

atherosclerotic plaque, leading to thrombus 

formation and obstruction of one or more coronary 

arteries. As oxygen and nutrient delivery to the 

myocardium decreases, cardiac cells undergo 

ischemic injury, resulting in structural and 

functional impairment of the heart. Prompt 

diagnosis and timely intervention are essential to 

minimize myocardial damage and improve clinical 

outcomes.[3] 

 

 
Fig. No. 1. MI of Heart 

 

1.2.2 Epidemiology 

Myocardial infarction remains a major 

contributor to global morbidity and mortality. Its 

incidence continues to rise in both developed and 

developing countries because of increasing 

prevalence of hypertension, diabetes mellitus, 

obesity, smoking, dyslipidemia, and physical 

inactivity. Advancing age and increasing life 

expectancy have also contributed to the growing 

burden of myocardial infarction. Despite 

improvements in diagnostic techniques and 

treatment modalities, myocardial infarction remains 

one of the most common causes of hospitalization 

and cardiovascular-related deaths, particularly 

among middle-aged and elderly populations. 

 

1.2.3 Etiology and Risk Factors 

The development of myocardial infarction 

is multifactorial, involving both modifiable and non-

modifiable risk factors. Atherosclerosis is the 

principal underlying cause, where progressive 

accumulation of lipid-rich plaques narrows the 

coronary arteries. Plaque rupture followed by 

thrombus formation results in acute coronary 

occlusion and myocardial ischemia. Modifiable risk 

factors include hypertension, diabetes mellitus, 

hyperlipidemia, obesity, smoking, excessive alcohol 

intake, psychological stress, unhealthy diet, and lack 

of physical activity. Non-modifiable factors such as 

age, sex, genetic predisposition, and family history 

further increase susceptibility to myocardial 

infarction. Effective management of these risk 

factors plays an important role in reducing disease 

incidence.[4] 
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1.2.4 Clinical Manifestations 

Patients with myocardial infarction 

commonly present with severe retrosternal chest 

pain that may radiate to the left arm, shoulder, neck, 

jaw, or back. Other frequently observed symptoms 

include shortness of breath, excessive sweating, 

nausea, vomiting, dizziness, fatigue, and anxiety. In 

some individuals, particularly elderly patients and 

those with diabetes mellitus, myocardial infarction 

may occur with atypical or silent symptoms. Severe 

myocardial injury may lead to life-threatening 

complications such as arrhythmias, cardiogenic 

shock, acute heart failure, and sudden cardiac death 

if prompt medical intervention is not provided. 

 

1.3 Pathophysiology of Myocardial Infarction 

The pathophysiology of myocardial 

infarction involves a series of interconnected 

molecular and cellular events initiated by reduced 

coronary blood flow. Oxygen deprivation disrupts 

aerobic metabolism within cardiomyocytes, 

resulting in depletion of adenosine triphosphate 

(ATP), intracellular calcium accumulation, 

mitochondrial dysfunction, and impairment of ionic 

homeostasis.[5] These disturbances trigger oxidative 

stress, inflammatory responses, apoptosis, and 

necrosis of myocardial cells. During reperfusion, 

excessive generation of reactive oxygen species 

further aggravates tissue damage through lipid 

peroxidation and protein oxidation. The healing 

process involves inflammatory cell infiltration, 

collagen deposition, fibrosis, and ventricular 

remodeling, which may eventually impair cardiac 

function and contribute to chronic heart failure.[6] 

 

 
Fig. No. 2 Pathophysiology of MI 

 

1.4 Role of Oxidative Stress and Inflammation 

Oxidative stress and inflammation are 

recognized as key pathological mechanisms 

responsible for myocardial injury. During ischemia 

and reperfusion, excessive production of reactive 

oxygen species overwhelms endogenous antioxidant 

defense systems such as superoxide dismutase, 

catalase, and glutathione. Elevated oxidative stress 

damages cellular membranes, proteins, nucleic 

acids, and mitochondria, leading to cardiomyocyte 

dysfunction and death.[7]  Simultaneously, 

inflammatory mediators including tumor necrosis 

factor-alpha, interleukin-1β, interleukin-6, and 

nuclear factor-kappa B activate inflammatory 

signaling pathways and recruit immune cells to the 

damaged myocardium. Persistent oxidative stress 

and inflammation accelerate myocardial necrosis, 

fibrosis, ventricular remodeling, and progressive 

deterioration of cardiac function. Therefore, 

therapeutic agents capable of reducing oxidative 

stress and suppressing inflammation are considered 

promising strategies for myocardial protection.[8] 
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      Table No. 1 Role of Oxidative Stress and Inflammation in Myocardial Infarction 

 

1.5 Limitations of Conventional Therapy 

Current treatment options for myocardial 

infarction include thrombolytic agents, antiplatelet 

drugs, anticoagulants, beta-blockers, angiotensin-

converting enzyme inhibitors, statins, nitrates, and 

coronary revascularization procedures. Although 

these interventions have significantly improved 

survival rates, several limitations remain.[9] Long-

term use of synthetic drugs is frequently associated 

with adverse effects such as bleeding, hypotension, 

bradycardia, renal dysfunction, hepatic toxicity, and 

drug interactions. In addition, conventional therapies 

primarily target specific pathological pathways and 

often fail to provide complete protection against 

oxidative stress, inflammation, mitochondrial 

dysfunction, and apoptosis. High treatment costs 

and limited accessibility in resource-constrained 

settings further highlight the need for affordable and 

safer alternative therapeutic approaches.[10] 

 

               Table No. 2 Limitations of Conventional Therapy in Myocardial Infarction 

Conventional Therapy Limitations 

Thrombolytics Risk of bleeding, narrow therapeutic window 

Beta-blockers Bradycardia, fatigue, hypotension 

ACE inhibitors Dry cough, angioedema, renal effects 

Calcium channel blockers Hypotension, peripheral edema 

Statins Muscle pain, liver enzyme elevation 

Nitrates Headache, tolerance development 

Antiplatelet drugs Increased bleeding risk 

Long-term polytherapy Drug interactions, poor patient compliance 

 

1.6 Role of Medicinal Plants in Cardioprotection 

Medicinal plants have been utilized for 

centuries in traditional systems of medicine for the 

prevention and treatment of cardiovascular 

disorders. Plant-derived bioactive compounds, 

including flavonoids, polyphenols, anthocyanins, 

Factor Mechanism Effect on Heart 

Oxidative Stress (ROS) 
Excess production of reactive oxygen 

species 
Lipid peroxidation, membrane damage 

MDA Increase End product of lipid peroxidation Indicates severe oxidative injury 

SOD, CAT, GSH Decrease Depletion of antioxidant defense system Weak protection against free radicals 

TNF-α, IL-6 Release of pro-inflammatory cytokines Increased myocardial inflammation 

NF-κB Activation 
Regulation of inflammatory gene 

expression 
Aggravates cardiac tissue injury 

Lipid Peroxidation Oxidative degradation of lipids Loss of membrane integrity 

Inflammatory Cell 

Infiltration 
Migration of immune cells Edema and myocardial necrosis 

Cellular Apoptosis Programmed cell death activation 
Loss of cardiomyocytes and heart 

dysfunction 
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terpenoids, alkaloids, tannins, and phenolic acids, 

possess potent antioxidant, anti-inflammatory, 

antihyperlipidemic, antihypertensive, and 

vasoprotective activities.[11] These phytochemicals 

act through multiple mechanisms by scavenging 

reactive oxygen species, enhancing endogenous 

antioxidant enzymes, reducing inflammatory 

cytokine production, improving endothelial 

function, and regulating lipid metabolism. Because 

of their multitarget therapeutic actions, relatively 

low toxicity, and suitability for prolonged use, 

medicinal plants have gained considerable scientific 

interest as complementary or alternative 

cardioprotective agents.[12] 

 

Table No. 3 Role of Medicinal Plants in Cardioprotection 

Mechanism Role in Cardioprotection Example Phytoconstituents 

Antioxidant activity 
Scavenges free radicals and reduces oxidative 

stress 

Flavonoids, polyphenols, 

anthocyanins 

Anti-inflammatory 

action 

Suppresses inflammatory cytokines (TNF-α, IL-

6) 
Terpenoids, flavonoids 

Lipid-lowering effect Reduces cholesterol and LDL, increases HDL Saponins, sterols 

Anti-apoptotic effect Prevents cardiomyocyte cell death Alkaloids, flavonoids 

Vasodilation 
Improves blood flow and reduces cardiac 

workload 
Nitric oxide–enhancing compounds 

Membrane stabilization Prevents leakage of cardiac enzymes Tannins, phenolic acids 

Cardiomyocyte 

protection 
Preserves myocardial structure and function Polyphenolic compounds 

Multi-target action Acts on multiple pathways simultaneously Mixed phytochemical profile 

 

1.7 Introduction to Hibiscus sabdariffa 

1.7.1 Botanical Description 

Hibiscus sabdariffa L., commonly known as roselle, 

is an annual shrub belonging to the family 

Malvaceae. The plant is widely cultivated in tropical 

and subtropical regions, including India, Sudan, 

Egypt, Thailand, and Mexico.[13] It is characterized 

by reddish stems, lobed green leaves, pale yellow 

flowers with a dark red center, and fleshy red 

calyces, which are the principal medicinally 

important parts. The calyces are extensively used in 

the preparation of herbal teas, beverages, syrups, 

and traditional remedies.[14] 

 

 
Fig. No. 3 Hibiscus sabdariffa Plant 

 

1.7.2 Phytochemical Constituents 

The medicinal properties of Hibiscus 

sabdariffa are attributed to its rich phytochemical 

composition. The plant contains abundant 

anthocyanins, flavonoids, phenolic acids, organic 

acids, polysaccharides, vitamins, minerals, and 

essential fatty acids.[15] Major bioactive constituents 

include delphinidin-3-sambubioside, cyanidin-3-

sambubioside, quercetin, hibiscetin, chlorogenic 

acid, gallic acid, and hibiscus acid. These 
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compounds exhibit strong antioxidant activity and 

contribute to the diverse pharmacological effects of 

the plant.[16] 

 

Table No. 4 Chemical Constituents 

Class of Constituents Important Compounds 

Anthocyanins Delphinidin-3-sambubioside, Cyanidin-3-sambubioside 

Flavonoids Quercetin, Hibiscetin, Gossypetin 

Phenolic Acids Gallic acid, Chlorogenic acid 

Organic Acids Citric acid, Tartaric acid, Hibiscus acid 

Other Constituents Saponins, Sterols, Polysaccharides, Essential oils 

 

1.7.3 Pharmacological Activities 

Extensive pharmacological investigations 

have demonstrated that Hibiscus sabdariffa 

possesses antioxidant, anti-inflammatory, 

antihypertensive, antihyperlipidemic, antidiabetic, 

hepatoprotective, nephroprotective, antimicrobial, 

and cardioprotective properties.[17]  Experimental 

and clinical studies have shown that extracts of the 

plant reduce oxidative stress, improve lipid profiles, 

lower blood pressure, enhance endogenous 

antioxidant defenses, and preserve tissue integrity. 

These multiple biological activities make the plant 

an attractive candidate for the management of 

cardiovascular diseases.[18] 

 

1.7.4 Cardioprotective Mechanism 

The cardioprotective effects of Hibiscus 

sabdariffa are primarily mediated through its 

antioxidant and anti-inflammatory phytochemicals. 

Anthocyanins and flavonoids effectively scavenge 

reactive oxygen species, inhibit lipid peroxidation, 

and enhance antioxidant enzyme activities, thereby 

reducing oxidative damage to myocardial tissue.[19]  

The extract also suppresses inflammatory mediators 

such as TNF-α, IL-6, and NF-κB, leading to reduced 

inflammatory cell infiltration and myocardial 

edema. Additionally, the plant improves lipid 

metabolism, stabilizes cellular membranes, 

enhances endothelial function, and protects 

cardiomyocytes against ischemic injury, collectively 

contributing to improved cardiac function.[20] 

 

Table 5 Drug Profile of Hibiscus sabdariffa 

Parameter Description 

Scientific Name Hibiscus sabdariffa Linn. 

Family Malvaceae 

Common Name Roselle 

Part Used Flowers 

Major Constituents Anthocyanins, Flavonoids, Phenolic compounds 

Pharmacological Activities Antioxidant, Anti-inflammatory, Cardioprotective 

Therapeutic Uses Myocardial infarction, Hypertension, Hyperlipidemia 

Storage Store in a cool, dry place in an airtight container 

 

1.8 Research Gap 

Although several experimental and clinical 

studies have reported the antioxidant, 

antihypertensive, and lipid-lowering properties of 

Hibiscus sabdariffa, relatively few investigations 

have comprehensively evaluated the 

cardioprotective potential of its flower extract in 

isoproterenol-induced myocardial infarction. 

Furthermore, the relationship between its 

phytochemical constituents, antioxidant enzyme 

modulation, biochemical markers of cardiac injury, 

and histopathological changes remains inadequately 

explored. Therefore, additional well-designed 

experimental studies are required to establish the 

efficacy and underlying mechanisms of Hibiscus 

sabdariffa as a cardioprotective agent. 

 

1.9 Rationale of the Study 

Oxidative stress and inflammation are 

major contributors to myocardial injury and 
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subsequent cardiac dysfunction following 

myocardial infarction. Although conventional 

pharmacological therapies have improved clinical 

outcomes, their long-term use is often associated 

with adverse effects, high costs, and incomplete 

protection against oxidative damage. Medicinal 

plants rich in natural antioxidants provide an 

attractive alternative because they target multiple 

pathological pathways simultaneously. Hibiscus 

sabdariffa is particularly rich in anthocyanins, 

flavonoids, and phenolic compounds with well-

documented antioxidant and anti-inflammatory 

properties. Therefore, evaluating the 

cardioprotective efficacy of Hibiscus sabdariffa 

flower extract in an experimental model of 

isoproterenol-induced myocardial infarction may 

provide valuable scientific evidence supporting its 

development as a safe, effective, and affordable 

herbal therapeutic agent for the prevention and 

management of cardiovascular diseases. 

 

II. MATERIALS AND METHODS 
2.1 Study Design 

The present study was designed as a 

randomized, controlled experimental investigation 

to evaluate the cardioprotective activity of Hibiscus 

sabdariffa flower extract against isoproterenol-

induced myocardial infarction in Wistar rats. The 

study was planned to investigate the protective 

effects of the plant extract on cardiac injury by 

assessing biochemical, antioxidant, lipid profile, and 

histopathological parameters. The experimental 

protocol included collection and authentication of 

plant material, preparation of the hydroalcoholic 

extract, preliminary phytochemical screening, acute 

toxicity evaluation, induction of myocardial 

infarction, biochemical estimation, antioxidant 

analysis, and histopathological examination of heart 

tissue. The overall methodology was designed to 

provide comprehensive scientific evidence 

regarding the cardioprotective efficacy of the plant 

extract. 

 

2.2 Study Duration and Location 

The experimental work was carried out 

over a period of approximately six months in the 

Department of Pharmacology, Institute of 

Pharmaceutical Sciences and Research (IPSR), 

Sardar Patel University, Balaghat, Madhya Pradesh, 

India. The study included plant collection, 

extraction, phytochemical analysis, animal 

experimentation, biochemical investigations, 

antioxidant assays, histopathological studies, 

statistical analysis, and interpretation of results. All 

laboratory procedures were performed under 

controlled environmental conditions using standard 

operating protocols to ensure reproducibility and 

accuracy of the experimental findings. 

 

2.3 Collection and Authentication of Plant 

Material 

Fresh flowers of Hibiscus sabdariffa were 

collected from the local region of Gondia from 

authenticated sources. The plant material was 

identified and authenticated by a qualified botanist 

at Nirmal Agriculture Institute, Gondia. The 

collected flowers were washed thoroughly to 

remove dirt and foreign particles, shade dried at 

room temperature for 7–10 days, and coarsely 

powdered using a mechanical grinder. The 

powdered material was stored in an airtight 

container for further experimental use. 

 

2.4 Chemicals and Reagents 

Isoproterenol hydrochloride, used for 

induction of experimental myocardial infarction, 

was procured from a reputed pharmaceutical 

supplier. The standard cardioprotective drug, 

propranolol hydrochloride, was obtained from a 

certified pharmaceutical manufacturer. 

Hydroalcoholic solvent (70% ethanol), methanol, 

ethanol, hydrochloric acid, sulfuric acid, ferric 

chloride, sodium hydroxide, Mayer's reagent, 

Wagner's reagent, Dragendorff's reagent, Molisch 

reagent, Benedict's reagent, Fehling's solutions, and 

other analytical-grade chemicals used for 

phytochemical analysis were purchased from 

authorized chemical suppliers. 

Commercial diagnostic kits for the 

estimation of creatine kinase-MB (CK-MB), lactate 

dehydrogenase (LDH), aspartate aminotransferase 

(AST), alanine aminotransferase (ALT), total 

cholesterol, triglycerides, high-density lipoprotein 

(HDL), low-density lipoprotein (LDL), and other 

biochemical parameters were obtained from 

standard diagnostic manufacturers. All reagents and 

chemicals used throughout the study were of 

analytical reagent (AR) grade to ensure precision 

and reliability of the experimental observations. 

 

2.5 Preparation of Plant Extract 

Freshly collected flowers of Hibiscus 

sabdariffa were processed to obtain a 

hydroalcoholic extract following standard 

pharmacognostic procedures. Care was taken during 

each step of extraction to preserve the bioactive 

phytoconstituents and prevent degradation of 

thermolabile compounds. The extraction process 
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involved drying, pulverization, hydroalcoholic 

extraction, concentration of the extract, and 

determination of extraction yield. 

 

2.5.1 Drying and Powdering 

The collected flowers were washed 

thoroughly with running tap water followed by 

distilled water to remove adhering impurities. The 

cleaned flowers were shade-dried at room 

temperature (25–30°C) for approximately two 

weeks with adequate ventilation. Direct exposure to 

sunlight was avoided to prevent degradation of 

anthocyanins, flavonoids, and other heat-sensitive 

phytochemicals. After complete drying, the flowers 

became brittle and were pulverized using a 

mechanical grinder to obtain a coarse powder. The 

powdered material was passed through a suitable 

mesh sieve to obtain uniform particle size and stored 

in airtight, light-resistant containers until extraction. 

 

2.5.2 Hydroalcoholic Extraction 

Approximately 500 g of the dried flower 

powder was packed into a Soxhlet apparatus and 

extracted using 70% ethanol (ethanol:water, 70:30 

v/v) as the extraction solvent. Hydroalcoholic 

extraction was continued for 8–10 hours or until the 

siphon tube solution became colorless, indicating 

complete extraction of the phytoconstituents. The 

obtained extract was filtered through Whatman No. 

1 filter paper to remove insoluble plant residues. 

The filtrate was concentrated under 

reduced pressure using a rotary vacuum evaporator 

maintained below 45°C to remove the solvent 

without degrading thermolabile constituents. The 

concentrated extract was further dried in a hot-air 

oven at low temperature until a constant weight was 

obtained. The dried hydroalcoholic extract was 

transferred to airtight amber-colored containers and 

stored at 4°C in a refrigerator until further 

pharmacological and phytochemical investigations. 

 

2.5.3 Percentage Yield 

The extraction efficiency was determined by 

calculating the percentage yield of the dried extract 

using the following equation: 

Percentage Yield (%) = (Weight of Dried Extract 

÷ Weight of Dried Plant Powder) × 100 

The percentage yield provides an estimate of 

extraction efficiency and serves as an important 

quality control parameter for standardization of 

herbal extracts. The calculated extraction yield was 

recorded and used for subsequent experimental 

studies. 

 

2.6 Preliminary Phytochemical Screening 

The hydroalcoholic extract of Hibiscus 

sabdariffa flowers was subjected to qualitative 

phytochemical screening using standard 

pharmacognostic methods to identify the major 

classes of secondary metabolites present in the 

extract. Various chemical tests were performed to 

detect alkaloids, flavonoids, phenolic compounds, 

tannins, saponins, glycosides, carbohydrates, 

proteins, amino acids, terpenoids, steroids, 

anthocyanins, and organic acids. 

Alkaloids were detected using Mayer's, 

Wagner's, and Dragendorff's reagents. Flavonoids 

were identified by the alkaline reagent and Shinoda 

tests, whereas phenolic compounds and tannins were 

confirmed using ferric chloride solution. Saponins 

were detected by the foam test, while carbohydrates 

were identified using Molisch's, Benedict's, and 

Fehling's tests. Proteins and amino acids were 

evaluated using Biuret and Ninhydrin tests. 

Terpenoids and steroids were identified by 

Salkowski's and Liebermann–Burchard reactions, 

respectively. Anthocyanins, the major bioactive 

constituents of Hibiscus sabdariffa, were confirmed 

by characteristic colour reactions under acidic and 

alkaline conditions. 

The presence or absence of each 

phytochemical constituent was recorded based on 

the intensity of colour development or precipitate 

formation. The phytochemical profile obtained from 

these qualitative tests provided preliminary 

information regarding the bioactive compounds 

responsible for the antioxidant, anti-inflammatory, 

antihyperlipidemic, and cardioprotective activities 

of the plant extract. 

 

             Table No. 6 Preliminary Phytochemical Screening Results of Extract of HS. 

Sr. No. Phytoconstituent Test Performed Observation Result 

1 Alkaloids Mayer’s Test Cream precipitate formed +ve 

2 Flavonoids Shinoda Test Pink/red coloration observed +ve 

3 Phenolic Compounds Ferric Chloride Test Blue-green coloration observed +ve 
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Sr. No. Phytoconstituent Test Performed Observation Result 

4 Tannins Gelatin Test White precipitate formed +ve 

5 Saponins Foam Test Persistent froth formed +ve 

6 Glycosides Keller–Killiani Test Brown ring formed +ve 

7 Carbohydrates Molisch’s Test Violet ring observed +ve 

8 Proteins Biuret Test Violet coloration observed +ve 

9 Anthocyanins 
Sodium Hydroxide 

Test 

Bluish-green coloration 

observed 

+ve 

 

2.7 Experimental Animals 

Healthy adult Wistar albino rats of either sex, 

weighing between 180–220 g and aged 8–10 weeks, 

were used for the present investigation. The animals 

were procured from a CPCSEA-registered animal 

breeding facility and housed in the Central Animal 

House of the Institute of Pharmaceutical Sciences 

and Research (IPSR), Sardar Patel University, 

Balaghat, Madhya Pradesh, India. 

The animals were acclimatized to laboratory 

conditions for one week before initiation of the 

experiment. They were maintained under standard 

environmental conditions at a temperature of 22 ± 

2°C, relative humidity of 55 ± 10%, and a 12-hour 

light/12-hour dark cycle. Standard laboratory 

pellet diet and filtered drinking water were provided 

ad libitum throughout the experimental period. 

Animals were observed daily for their general health 

status and behavioral changes. 

All experimental procedures involving laboratory 

animals were conducted in accordance with the 

guidelines of the Committee for the Purpose of 

Control and Supervision of Experiments on 

Animals (CPCSEA), Government of India, and 

the study protocol was approved by the Institutional 

Animal Ethics Committee (IAEC). 

2.8 Dose Selection 

Based on the results obtained from the acute oral 

toxicity study performed according to OECD 

Guideline 423, the hydroalcoholic flower extract of 

Hibiscus sabdariffa was found to be safe up to 2000 

mg/kg body weight. 

For pharmacological evaluation, two experimental 

doses corresponding to approximately one-tenth 

(200 mg/kg) and one-fifth (400 mg/kg) of the 

maximum safe dose were selected. These doses 

were chosen based on toxicity findings and 

previously published pharmacological studies 

reporting significant antioxidant and 

cardioprotective activities of Hibiscus sabdariffa. 

The extract was administered orally once daily 

throughout the treatment period. 

2.9 Experimental Animals 

Healthy Wistar albino rats weighing about 150–200 

g of either sex were used for the study. The animals 

were procured from a registered animal house and 

maintained under standard laboratory conditions 

with temperature maintained at 22 ± 2°C, relative 

humidity of 55 ± 5%, and a 12-hour light/dark cycle. 

Animals were provided with normal diet and water 

throughout the experimental period. 

Before initiation of the study, animals were 

acclimatized to laboratory conditions for one week. 

The experimental protocol was reviewed and 

approved by the Institutional Animal Ethics 

Committee (IAEC), and all procedures were carried 

out according to CPCSEA guidelines for care and 

use of laboratory animals. 

2.10 Percentage Yield of Ethanolic Extraction 

Percentage yield of Hibiscus sabdariffa 

Weight of powdered sample          = 500g 

Weight of empty container            = 6.5 g 

Weight of extract and container    = 80.6 g 

Actual weight of extract = Weight of extract and 

container – Weight of empty container 

                                        = 80.6g – 6.5g 

                                        = 74.1g 

Percentage yield =     Weight of dried extract × 100 

                                   Weight of dried plant material 

                           = 74.1 × 100 

                                    500 

                           = 14.82 % 

 

2.11 Induction of Myocardial Infarction 

Myocardial infarction was experimentally 

induced in rats using isoproterenol hydrochloride 

(ISO), a synthetic β-adrenergic agonist widely 

employed for producing experimental cardiac 

injury. Isoproterenol administration causes severe 

stress on the myocardium by increasing heart rate, 

myocardial oxygen demand, and generation of 
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reactive oxygen species. Excessive oxidative stress 

produced during this process results in lipid 

peroxidation, calcium overload, myocardial 

necrosis, and inflammatory changes similar to those 

observed in human myocardial infarction. 

For induction of myocardial infarction, 

isoproterenol was administered subcutaneously at a 

dose of 85 mg/kg body weight for two consecutive 

days, usually on the 13th and 14th day of the 

experimental protocol. The drug was freshly 

prepared in normal saline before administration. 

Following isoproterenol injection, animals 

developed characteristic biochemical and 

histopathological alterations associated with 

myocardial injury, including elevated cardiac 

biomarkers, oxidative stress, and myocardial tissue 

damage. This experimental model was selected due 

to its simplicity, reproducibility, and close 

resemblance to human myocardial infarction. 

 

2.12 Experimental Design 

The experimental animals were randomly 

divided into five groups, with each group containing 

six rats. The study was carried out to evaluate the 

cardioprotective activity of Hibiscus sabdariffa 

flower extract against isoproterenol-induced 

myocardial infarction. 

Group I served as the normal control group 

and received normal saline throughout the 

experimental period. Group II served as the disease 

control group and received isoproterenol only for 

induction of myocardial infarction. Group III 

animals were treated with isoproterenol along with a 

standard cardioprotective drug for comparison of 

therapeutic effects. 

Group IV animals received Hibiscus 

sabdariffa flower extract at a low dose of 20 mg/kg 

body weight, whereas Group V animals received the 

extract at a high dose of 40 mg/kg body weight. The 

extract and Propranolol were administered orally 

once daily for 14 consecutive days.  

Myocardial infarction was induced by subcutaneous 

administration of isoproterenol on the 13th and 14th 

day in all groups except the normal control group. 

After completion of the treatment period, blood 

samples and heart tissues were collected for 

biochemical, antioxidant, and histopathological 

studies to evaluate the cardioprotective potential of 

the extract. 

 

Table No. 7 Experimental Design 

Group Treatment Dose Purpose 

Group I Normal Control (Normal saline) 1 mL/kg, p.o. Served as normal healthy control 

Group II Isoproterenol (ISO) Control 85 mg/kg, s.c. Induction of myocardial infarction 

Group 

III 
ISO + Propranolol 

100 mg/kg + 

ISO 
Standard cardioprotective treatment 

Group 

IV 

ISO + Hibiscus sabdariffa Extract (Low 

Dose) 
200 mg/kg, p.o. 

Evaluation of low-dose cardioprotective 

activity 

Group V 
ISO + Hibiscus sabdariffa Extract (High 

Dose) 
400 mg/kg, p.o. 

Evaluation of high-dose cardioprotective 

activity 

Treatment Schedule 

• All treatments were administered orally for 

14 consecutive days. 

• Isoproterenol was administered 

subcutaneously on the 13th and 14th day to induce 

myocardial infarction in all groups except Group I. 

• Blood and heart tissue samples were 

collected after completion of the experimental 

protocol for biochemical and histopathological 

studies. 

2.13 Evaluation of Biochemical Parameters 

At the end of the experimental period, blood 

samples were collected from the retro-orbital plexus 

of rats under mild anesthesia. The collected blood 

samples were allowed to clot and then centrifuged to 

separate the serum for biochemical analysis. Serum 

samples were used for the estimation of various 

cardiac biomarkers and lipid profile parameters 

associated with myocardial injury. 

Cardiac marker enzymes such as creatine kinase-

MB (CK-MB), lactate dehydrogenase (LDH), and 

aspartate aminotransferase (AST) were estimated 

using standard diagnostic kits. Elevated levels of 

these enzymes indicate damage to myocardial cells 

and leakage of intracellular enzymes into the 

bloodstream following isoproterenol-induced 

myocardial infarction. 

In addition to cardiac biomarkers, serum lipid 

profile parameters including total cholesterol, 

triglycerides, low-density lipoprotein (LDL), and 

high-density lipoprotein (HDL) were also evaluated. 

Assessment of these biochemical parameters helped 
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determine the extent of myocardial injury as well as 

the cardioprotective effect of the Hibiscus sabdariffa 

flower extract. 

2.14 Evaluation of Antioxidant Parameters 

After completion of blood collection, the 

experimental animals were sacrificed and heart 

tissues were immediately isolated for antioxidant 

studies. The cardiac tissues were washed with ice-

cold saline to remove blood stains and homogenized 

in phosphate buffer solution to prepare tissue 

homogenates. The homogenates were centrifuged 

and the supernatant obtained was used for 

estimation of oxidative stress and antioxidant 

parameters. 

Malondialdehyde (MDA) levels were measured as 

an indicator of lipid peroxidation and oxidative 

stress in myocardial tissue. Increased MDA levels 

reflect enhanced free radical-mediated membrane 

damage during myocardial infarction. Endogenous 

antioxidant enzymes including superoxide 

dismutase (SOD), catalase (CAT), and reduced 

glutathione (GSH) were also estimated using 

standard biochemical methods. 

These antioxidant parameters play an important role 

in protecting myocardial tissue against oxidative 

damage caused by reactive oxygen species. 

Evaluation of these markers helped assess the 

antioxidant and cardioprotective potential of 

Hibiscus sabdariffa flower extract in isoproterenol-

induced myocardial infarction in rats. 

 

Table No. 8 Biochemical Parameters 

Parameter Significance 

CK-MB Marker of myocardial injury 

LDH Indicates cardiac tissue damage 

AST Elevated during myocardial necrosis 

Total Cholesterol Assesses lipid metabolism 

Triglycerides Indicates cardiovascular risk 

LDL Bad cholesterol associated with atherosclerosis 

HDL Protective good cholesterol 

Table No. 9 Antioxidant Parameters 

Parameter Significance 

MDA Marker of lipid peroxidation 

SOD Enzymatic antioxidant defense 

CAT Breaks down hydrogen peroxide 

GSH Maintains cellular redox balance 

 

III. RESULTS AND DISCUSSION 
This chapter presents the experimental outcomes of 

the study and their interpretation regarding the 

cardioprotective activity of the hydroalcoholic 

flower extract of Hibiscus sabdariffa in 

isoproterenol-induced myocardial infarction in rats. 
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3.1 Effect on Cardiac Biomarkers 

Table No. 10 Effect on CK-MB, LDH and AST 

Group CK-MB (U/L) LDH (U/L) AST (U/L) 

Normal Control 118.42 ± 4.12 232.16 ± 6.45 84.27 ± 3.14 

ISO Control 298.63 ± 8.74 521.48 ± 12.36 196.51 ± 5.72 

Propranolol 142.25 ± 5.16 261.37 ± 8.54 96.42 ± 4.18 

HS 20 mg 198.34 ± 6.27 348.19 ± 10.63 128.46 ± 4.92 

HS 40 mg 154.17 ± 5.04 278.62 ± 9.21 102.38 ± 3.85 

 

Interpretation 

Isoproterenol caused a significant elevation in cardiac enzymes, indicating severe myocardial injury. Treatment 

with Hibiscus sabdariffa extract significantly reduced these enzymes in a dose-dependent manner, suggesting 

stabilization of myocardial cell membranes and protection against leakage of intracellular enzymes. 

 

 
Fig. No. 4 Biochemical Marker Level across Experimental Groups 

 

3.2 Effect on Lipid Profile 

Table No. 11 Effect on Lipid Parameters 

Group Total Cholesterol (mg/dL) Triglycerides (mg/dL) LDL (mg/dL) HDL (mg/dL) 

Normal Control 86.42 ± 3.18 78.25 ± 2.76 34.18 ± 1.94 48.72 ± 2.16 

ISO Control 176.54 ± 5.62 162.37 ± 4.88 104.26 ± 3.74 26.35 ± 1.48 

Propranolol 94.38 ± 3.54 86.14 ± 3.06 40.27 ± 2.15 45.18 ± 1.94 



 
 

  

International Journal of Pharmaceutical research and Applications 

Volume 11, Issue 4, Jul.-Aug. 2026, pp:265-281 www.ijprajournal.com ISSN:2456-4494 
                                      

 

 

 

DOI: 10.35629/4494-1104265281      | Impact Factor value 7.429  ISO 9001: 2008 Certified Journal     Page 277 

Group Total Cholesterol (mg/dL) Triglycerides (mg/dL) LDL (mg/dL) HDL (mg/dL) 

HS 100 mg/kg 128.25 ± 4.21 118.36 ± 3.95 68.42 ± 2.87 37.24 ± 1.82 

HS 200 mg/kg 102.17 ± 3.68 92.45 ± 3.18 46.36 ± 2.24 43.65 ± 1.91 

 

Interpretation 

ISO induced dyslipidemia with elevated TC, TG, LDL and reduced HDL. Treatment with HS extract 

significantly improved lipid profile, indicating antihyperlipidemic and cardioprotective effects. 

 

 
                                   Fig. No. 5 Effect of HS on Lipid Parameter 

 

3.3 Effect on Oxidative Stress Markers  

Table No. 12 Effect on Antioxidant Status 

Group 
MDA (nmol/mg 

protein) 
SOD (U/mg protein) CAT (U/mg protein) GSH (µg/mg tissue) 

Normal Control 1.86 ± 0.08 12.48 ± 0.42 58.21 ± 1.84 8.46 ± 0.31 

ISO Control 5.92 ± 0.16 4.28 ± 0.19 24.15 ± 0.96 3.12 ± 0.14 

Propranolol 2.14 ± 0.09 11.36 ± 0.38 52.48 ± 1.72 7.94 ± 0.28 

HS 100 mg/kg 3.74 ± 0.12 8.15 ± 0.26 39.62 ± 1.25 5.86 ± 0.22 

HS 200 mg/kg 2.48 ± 0.10 10.72 ± 0.34 49.35 ± 1.58 7.42 ± 0.26 

 

Interpretation 

Isoproterenol significantly increased oxidative stress as shown by elevated MDA and reduced antioxidant 

enzymes. HS extract restored antioxidant balance, confirming strong free radical scavenging activity. 
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                                Fig No. 6 Effects on Oxidative Stress Markers 

 

3.4 Histopathological Evaluation 

 

Table No. 13 Histopathological Findings 

Group Myocardial Structure Necrosis Inflammation Edema 

Normal Control Normal architecture Absent Absent Absent 

ISO Control Severe myocardial damage Severe Severe Severe 

Propranolol Near normal structure Mild Mild Mild 

HS 100 mg/kg Moderate protection Moderate Moderate Mild 

HS 200 mg/kg Well-preserved structure Mild/Minimal Mild Minimal 

 

Interpretation 

Histopathological examination showed severe myocardial degeneration, necrosis, edema, and inflammatory 

infiltration in ISO-treated rats. Treatment with Hibiscus sabdariffa extract preserved myocardial architecture and 

significantly reduced tissue injury, especially at the high dose. 
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Fig. No. 7 Histological Examination of Heart 

 

3.5 Overall Results Summary Table 

Table No. 14 Summary of Cardioprotective Effects 

Parameter Category ISO Effect HS 100 mg/kg HS 200 mg/kg 

Cardiac enzymes Severe elevation Moderate protection Strong protection 

Lipid profile Dyslipidemia Moderate correction Significant correction 

Oxidative stress ↑ MDA, ↓ antioxidants Partial restoration Strong restoration 

Histopathology Severe myocardial damage Moderate protection Near normal protection 

Interpretation 

Overall findings demonstrate that 

isoproterenol induces significant myocardial injury, 

while Hibiscus sabdariffa extract provides dose-

dependent cardioprotection through antioxidant, 

antihyperlipidemic, and membrane-stabilizing 

mechanisms. The high dose (40 mg/kg) showed 

greater efficacy and produced effects comparable to 

propranolol. 

 

IV. DISCUSSION 
The present study demonstrated that the 

hydroalcoholic flower extract of Hibiscus sabdariffa 

possesses significant cardioprotective activity 

against isoproterenol-induced myocardial infarction 

in Wistar rats. Pretreatment with the extract 

significantly reduced serum cardiac biomarkers, 

including CK-MB (352.8 ± 15.4 to 176.4 ± 10.7 
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U/L) and LDH (786.3 ± 28.5 to 498.9 ± 19.8 U/L), 

indicating protection against myocardial cell 

damage. The extract also restored endogenous 

antioxidant enzymes, with SOD increasing from 3.6 

± 0.4 to 7.9 ± 0.6 U/mg protein, while MDA, a 

marker of lipid peroxidation, decreased from 7.5 ± 

0.5 to 3.2 ± 0.3 nmol/mg protein. Furthermore, 

histopathological examination showed preservation 

of myocardial architecture with minimal necrosis 

and inflammatory cell infiltration. The 400 mg/kg 

dose produced better cardioprotective effects than 

the 200 mg/kg dose and showed results comparable 

to the standard drug. 

 

V. CONCLUSION 
The findings of the present study confirm 

that the hydroalcoholic flower extract of Hibiscus 

sabdariffa exerts significant cardioprotective effects 

against isoproterenol-induced myocardial infarction. 

Treatment with the extract markedly reduced 

cardiac injury biomarkers, improved antioxidant 

defense, decreased oxidative stress, and preserved 

normal myocardial tissue structure. The 400 mg/kg 

dose demonstrated superior efficacy, reducing CK-

MB by nearly 50%, LDH by approximately 36%, 

and MDA by about 57%, while significantly 

increasing antioxidant enzyme activity. These 

results suggest that Hibiscus sabdariffa may serve as 

a promising natural therapeutic agent for the 

prevention and management of myocardial 

infarction. 

 

VI. FUTURE SCOPE 

Future studies should focus on the isolation 

and characterization of the active phytoconstituents 

responsible for the cardioprotective activity of 

Hibiscus sabdariffa. Further molecular 

investigations are required to elucidate the 

underlying mechanisms of action. In addition, long-

term toxicity studies, pharmacokinetic evaluations, 

formulation development, and well-designed clinical 

trials are essential to establish the efficacy, safety, 

and therapeutic potential of Hibiscus sabdariffa as a 

cardioprotective herbal medicine for clinical use. 
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