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Abstract 

Hypertension is one of the most common cardiovascular disorders worldwide and is considered a major risk 

factor for stroke, myocardial infarction, heart failure, and renal diseases. Despite the availability of numerous 

antihypertensive agents, long-term therapy is often associated with adverse effects and poor patient 

compliance. Medicinal plants have gained increasing attention as alternative therapeutic agents because of 

their safety, affordability, and pharmacological effectiveness. Punica granatum, commonly known as 

pomegranate, is a medicinal plant widely used in traditional medicine systems for the treatment of various 

ailments. Although the fruit, peel, and seeds of Punica granatum have been extensively studied, the leaves 

also possess significant pharmacological activities due to the presence of bioactive phytoconstituents such 

as flavonoids, tannins, alkaloids, phenolic compounds, and glycosides. Recent studies have demonstrated 

that pomegranate leaves exhibit antioxidant, anti-inflammatory, vasodilatory, cardioprotective, and 

antihypertensive activities. The antihypertensive effect is mainly attributed to the reduction of oxidative 

stress, inhibition of angiotensin-converting enzyme, improvement of endothelial function, and modulation 

of lipid metabolism. This review summarizes the phytochemistry, pharmacological activities, possible 

mechanisms, and therapeutic potential of Punica granatum leaves in the management of hypertension. 
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Introduction 

Hypertension is a chronic and progressive cardiovascular disorder characterized by a sustained elevation in 

arterial blood pressure above the normal physiological range (Hall et al., 2012). It is considered one of the 

most prevalent non-communicable diseases worldwide and represents a major public health concern due to 

its association with increased morbidity and mortality. According to global health reports, millions of 

individuals suffer from hypertension, and the prevalence continues to rise because of rapid urbanization, 

unhealthy lifestyles, stress, aging populations, and dietary changes (Saxena et al., 2018). Persistent elevation 

of blood pressure exerts excessive force on blood vessel walls, resulting in vascular damage and impaired 
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circulation. If left untreated or poorly controlled, hypertension may lead to severe complications such as 

stroke, myocardial infarction, congestive heart failure, atherosclerosis, kidney failure, and other 

cardiovascular disorders. Because hypertension often remains asymptomatic during its early stages, it is 

commonly referred to as a “silent killer.” 

Several risk factors contribute to the development and progression of hypertension. Lifestyle-related factors 

such as obesity, excessive salt intake, consumption of fatty foods, smoking, alcohol intake, lack of physical 

activity, and chronic psychological stress significantly increase the risk of elevated blood pressure (Mayet 

and Hughes, 2003). In addition, genetic predisposition, advancing age, diabetes mellitus, renal diseases, 

endocrine disorders, and oxidative stress also play important roles in the pathogenesis of hypertension. The 

condition is associated with disturbances in vascular homeostasis, endothelial dysfunction, activation of the 

renin-angiotensin-aldosterone system (RAAS), increased sympathetic nervous activity, and excessive 

production of reactive oxygen species (ROS). These factors collectively contribute to vasoconstriction, 

inflammation, and increased peripheral vascular resistance, ultimately resulting in elevated blood pressure. 

Various classes of synthetic antihypertensive drugs including diuretics, beta-blockers, calcium channel 

blockers, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, and vasodilators are 

widely prescribed for the management of hypertension (Oparil et al., 2003). Although these drugs are 

effective in controlling blood pressure, their long-term use is often associated with several adverse effects 

such as dizziness, headache, fatigue, electrolyte imbalance, cough, hypotension, gastrointestinal 

disturbances, renal dysfunction, and metabolic abnormalities. In some cases, patients may also experience 

poor compliance due to the requirement for prolonged therapy and multiple drug administration. These 

limitations have encouraged researchers to explore safer and more effective alternative therapies from natural 

sources. 

Medicinal plants have been utilized since ancient times in traditional systems of medicine for the prevention 

and treatment of various diseases, including cardiovascular disorders (Rastogi et al., 2016). Herbal medicines 

are widely accepted because of their therapeutic effectiveness, lower incidence of adverse effects, 

affordability, and easy availability. Numerous medicinal plants contain bioactive phytoconstituents such as 

flavonoids, alkaloids, tannins, glycosides, terpenoids, and phenolic compounds that exhibit antioxidant, anti-

inflammatory, cardioprotective, vasodilatory, and antihypertensive properties (Shaito et al., 2020). In recent 

years, scientific interest in herbal antihypertensive agents has increased significantly due to their potential to 

manage hypertension through multiple mechanisms with improved safety profiles (Anwar et al., 2016). 

Among the various medicinal plants, Punica granatum, commonly known as pomegranate, has gained 

considerable attention for its diverse pharmacological properties (Jacinto, 2018). Punica granatum belongs 

to the family Lythraceae and is widely cultivated in tropical and subtropical regions throughout the world 

(Saeed et al., 2018). Different parts of the plant including fruits, peels, seeds, bark, flowers, and leaves have 

been extensively used in traditional medicine for the treatment of several ailments such as diarrhea, 

dysentery, diabetes, inflammation, infections, and cardiovascular diseases (Puneeth and Chandra, 2020). The 

plant is rich in valuable phytoconstituents including flavonoids, polyphenols, tannins, alkaloids, 

anthocyanins, glycosides, ellagic acid, gallic acid, and punicalagin, which are responsible for its therapeutic 

activities. 

Although the fruit and peel of Punica granatum have been widely investigated for their medicinal properties, 

the leaves also possess significant pharmacological potential. Pomegranate leaves contain a variety of 

phenolic compounds and antioxidants that help reduce oxidative stress and inflammation, both of which are 

major contributors to hypertension and cardiovascular damage (Holland and Bar-Ya’akov, 2018). 

Experimental studies have demonstrated that leaf extracts exhibit antioxidant, anti-inflammatory, 

antimicrobial, antidiabetic, cardioprotective, hypolipidemic, and vasodilatory activities. The 

antihypertensive activity of Punica granatum leaves is mainly attributed to their ability to scavenge free 

radicals, improve endothelial function, enhance nitric oxide production, inhibit angiotensin-converting 
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enzyme activity, and reduce lipid peroxidation. These mechanisms collectively contribute to lowering blood 

pressure and protecting cardiovascular tissues from damage. 

Therefore, the present review aims to provide a comprehensive overview of the pharmacological activity of 

Punica granatum leaves in the management of hypertension. The review discusses the phytochemical 

constituents, pharmacological properties, possible mechanisms of antihypertensive action, and therapeutic 

significance of pomegranate leaves as a promising natural remedy for cardiovascular disorders. 

Phytochemical Constituents of Punica granatum Leaves 

Punica granatum leaves contain numerous bioactive compounds responsible for their therapeutic activities. 

The major phytoconstituents present in the leaves include flavonoids, tannins, polyphenols, alkaloids, 

glycosides, saponins, terpenoids, and other phenolic compounds. Important phytochemicals such as ellagic 

acid, gallic acid, and punicalagin are also found in the leaves (Ranjha et al., 2023). These constituents possess 

strong antioxidant and free radical scavenging properties that contribute significantly to cardioprotective and 

antihypertensive activities. 

These phytochemicals possess strong antioxidant and free radical scavenging properties that contribute to 

cardioprotective and antihypertensive activities (Machado et al., 2023). 

Hypertension 

Hypertension is a chronic cardiovascular disorder characterized by a persistent elevation in arterial blood 

pressure beyond the normal physiological limit. Clinically, hypertension is generally defined as a sustained 

systolic blood pressure greater than 140 mmHg and diastolic blood pressure greater than 90 mmHg (Poulter 

et al., 2015). It is considered one of the most important risk factors for cardiovascular diseases and is 

associated with high rates of morbidity and mortality worldwide. Hypertension affects millions of people 

globally and contributes significantly to serious complications such as stroke, myocardial infarction, heart 

failure, kidney damage, peripheral vascular disease, and visual impairment (Hall and Hall, 2018). The 

condition is often asymptomatic during its early stages and therefore is commonly referred to as a “silent 

killer.” 

Hypertension is broadly classified into two major categories: primary (essential) hypertension and secondary 

hypertension. Primary hypertension accounts for nearly 90–95% of all hypertension cases and develops 

gradually without any identifiable underlying cause (Augustyniak et al., 2002). It is mainly associated with 

genetic, environmental, and lifestyle-related factors. Secondary hypertension, on the other hand, occurs due 

to identifiable medical conditions such as renal diseases, endocrine disorders, cardiovascular abnormalities, 

or drug-induced causes. Early diagnosis and proper management of hypertension are essential to prevent 

long-term cardiovascular complications and improve quality of life (Fujita, 2014). 

Causes of Hypertension 

The development of hypertension is influenced by multiple genetic, physiological, environmental, and 

lifestyle-related factors (Kokubo et al., 2019). Genetic predisposition plays an important role, as individuals 

with a family history of hypertension are at greater risk of developing the condition. Obesity and overweight 

are major contributing factors because excessive body fat increases cardiac workload and peripheral vascular 

resistance (Korner, 2007). Dietary habits such as excessive intake of sodium-rich foods, high-fat diets, and 

low consumption of fruits and vegetables are also strongly associated with elevated blood pressure. 

Psychological stress, anxiety, and emotional disturbances stimulate sympathetic nervous system activity, 

leading to increased secretion of stress hormones such as adrenaline and cortisol, which elevate blood 

pressure. Lifestyle factors including smoking, alcohol consumption, physical inactivity, and sedentary habits 

further increase the risk of hypertension by damaging blood vessels and impairing cardiovascular function 

(Fatma et al., 2024). Advancing age is another important factor, as aging is associated with reduced elasticity 

of blood vessels and increased arterial stiffness. 

Several pathological conditions also contribute to hypertension, including diabetes mellitus, chronic kidney 

disease, thyroid dysfunction, adrenal gland disorders, and hormonal imbalance. Excessive production of 
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reactive oxygen species and oxidative stress may damage vascular endothelial cells, resulting in impaired 

vasodilation and increased vascular resistance (Zheng et al., 2014). In addition, certain medications such as 

corticosteroids, oral contraceptives, and nonsteroidal anti-inflammatory drugs may induce secondary 

hypertension in susceptible individuals. 

Pathophysiology of Hypertension 

The pathophysiology of hypertension is complex and involves the interaction of multiple physiological 

mechanisms that regulate vascular tone and blood pressure (Flynn and Bakris, 2014). One of the major factors 

responsible for hypertension is increased peripheral vascular resistance due to narrowing or constriction of 

blood vessels. Endothelial dysfunction plays a critical role in this process. Under normal physiological 

conditions, endothelial cells produce nitric oxide, a potent vasodilator that helps maintain vascular relaxation 

and blood flow. However, in hypertension, endothelial dysfunction reduces nitric oxide availability, resulting 

in vasoconstriction and elevated blood pressure. 

Oxidative stress is another major contributor to the development of hypertension (Guzik and Touyz, 2017). 

Excessive generation of reactive oxygen species damages vascular tissues and promotes inflammation, lipid 

peroxidation, and endothelial injury. Reactive oxygen species also inactivate nitric oxide, further impairing 

vasodilation. Chronic inflammation within blood vessels contributes to vascular remodeling and stiffness, 

which increase peripheral resistance and blood pressure. 

Activation of the renin-angiotensin-aldosterone system (RAAS) also plays an important role in hypertension 

(Yuan et al., 2015). Renin released from the kidneys converts angiotensinogen into angiotensin I, which is 

further converted into angiotensin II by angiotensin-converting enzyme (ACE). Angiotensin II is a powerful 

vasoconstrictor that increases blood pressure by narrowing blood vessels and stimulating aldosterone 

secretion. Aldosterone promotes sodium and water retention, resulting in increased blood volume and 

elevated blood pressure. Enhanced sympathetic nervous system activity additionally contributes to increased 

heart rate, vasoconstriction, and cardiac output. Collectively, these mechanisms lead to sustained elevation 

of arterial blood pressure and progressive cardiovascular damage. 

Pharmacological Activities of Punica granatum Leaves 

Punica granatum leaves possess a wide range of pharmacological activities due to the presence of various 

bioactive phytoconstituents such as flavonoids, polyphenols, tannins, alkaloids, glycosides, terpenoids, and 

phenolic compounds (Machado et al., 2023). These phytochemicals exhibit significant therapeutic effects 

and contribute to the medicinal value of the plant. Among the important pharmacological activities of Punica 

granatum leaves are antioxidant, anti-inflammatory, cardioprotective, vasodilatory, and antihypertensive 

activities, which are particularly beneficial in the management of cardiovascular diseases and hypertension. 

Antioxidant Activity 

Punica granatum leaves exhibit strong antioxidant activity mainly due to the presence of polyphenols, 

flavonoids, tannins, and phenolic acids such as gallic acid and ellagic acid (Fellah et al., 2018). These 

compounds possess free radical scavenging properties and protect cells from oxidative damage caused by 

reactive oxygen species. Oxidative stress plays a major role in the pathogenesis of hypertension and 

cardiovascular disorders by damaging endothelial cells and promoting inflammation. Antioxidants present 

in pomegranate leaves neutralize reactive oxygen species, reduce lipid peroxidation, and improve antioxidant 

defense systems within the body. This protective effect helps maintain vascular integrity and reduces the risk 

of hypertension-related complications. 

Anti-inflammatory Activity 

The leaves of Punica granatum possess significant anti-inflammatory properties that contribute to 

cardiovascular protection. Inflammation is closely associated with the progression of hypertension and 

vascular dysfunction. Bioactive compounds present in pomegranate leaves inhibit the production and release 

of inflammatory mediators such as prostaglandins, cytokines, tumor necrosis factor-alpha, and interleukins 

(Bekir et al., 2013). The suppression of inflammatory pathways helps reduce vascular inflammation and 
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endothelial damage. In addition, flavonoids and tannins present in the leaves stabilize cell membranes and 

inhibit inflammatory enzyme activity, thereby protecting blood vessels from injury and reducing 

cardiovascular risk. 

Cardioprotective Activity 

Punica granatum leaves exhibit cardioprotective activity by protecting the heart and blood vessels against 

oxidative and inflammatory damage (Niewiadomska et al., 2023). The antioxidant compounds present in the 

leaves reduce lipid peroxidation and prevent oxidative stress-induced injury to cardiac tissues. The leaves 

also improve endothelial function, enhance blood circulation, and maintain vascular elasticity. Reduction in 

serum cholesterol and triglyceride levels further contributes to cardiovascular protection by preventing 

atherosclerosis and plaque formation in blood vessels. Experimental studies have shown that pomegranate 

leaf extracts can improve cardiac function and reduce the risk of cardiovascular diseases associated with 

hypertension. 

Vasodilatory Activity 

The vasodilatory activity of Punica granatum leaves plays a crucial role in lowering blood pressure. 

Bioactive constituents present in the leaves stimulate the production and availability of nitric oxide, which is 

an important vasodilator produced by endothelial cells. Nitric oxide relaxes vascular smooth muscles and 

promotes widening of blood vessels, thereby improving blood flow and reducing vascular resistance (Wang 

et al., 2018). The vasodilatory effect helps decrease systolic and diastolic blood pressure and reduces the 

workload on the heart. This mechanism significantly contributes to the antihypertensive potential of 

pomegranate leaves. 

Antihypertensive Activity 

Several experimental and pharmacological studies have demonstrated the antihypertensive activity of Punica 

granatum leaf extracts (Monir et al., 2020).  Ethanolic and hydroalcoholic extracts of the leaves have shown 

significant reduction in both systolic and diastolic blood pressure in experimental animal models. The 

antihypertensive effect is mainly attributed to antioxidant activity, vasodilation, inhibition of angiotensin-

converting enzyme activity, and improvement of endothelial function. Reduction of oxidative stress and 

vascular inflammation further contributes to lowering blood pressure and preventing cardiovascular 

complications. In addition, the hypolipidemic effect of pomegranate leaves reduces serum lipid levels and 

improves overall cardiovascular health, making the plant a promising natural remedy for hypertension 

management. 

Mechanism of Antihypertensive Activity 

The antihypertensive activity of Punica granatum leaves occurs through multiple pharmacological 

mechanisms that collectively contribute to blood pressure reduction and cardiovascular protection. The 

presence of bioactive compounds such as flavonoids, tannins, polyphenols, and phenolic acids plays an 

important role in modulating oxidative stress, vascular tone, endothelial function, and lipid metabolism. 

These mechanisms help improve cardiovascular function and prevent the progression of hypertension-related 

complications. 

Antioxidant Mechanism 

One of the major mechanisms responsible for the antihypertensive activity of Punica granatum leaves is their 

antioxidant property. Flavonoids and phenolic compounds present in the leaves scavenge reactive oxygen 

species and reduce oxidative stress within vascular tissues (Mayasankaravalli et al., 2020). Excessive 

oxidative stress damages endothelial cells and decreases nitric oxide availability, leading to vasoconstriction 

and elevated blood pressure. By neutralizing free radicals and improving antioxidant defense systems, 

pomegranate leaves help restore endothelial function and promote vascular relaxation, thereby lowering 

blood pressure. 
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ACE Inhibition 

Punica granatum leaf extracts may exert antihypertensive effects through inhibition of angiotensin-

converting enzyme (ACE) (Ali et al., 2023). ACE is responsible for converting angiotensin I into angiotensin 

II, a potent vasoconstrictor that increases blood pressure and stimulates aldosterone secretion. Inhibition of 

ACE reduces the formation of angiotensin II, leading to relaxation of blood vessels and decreased sodium 

and water retention. As a result, blood pressure is effectively lowered and cardiovascular stress is reduced. 

Nitric Oxide Enhancement 

Nitric oxide plays an essential role in maintaining vascular homeostasis and regulating blood vessel 

relaxation. Bioactive constituents of Punica granatum leaves enhance nitric oxide production and availability 

within endothelial cells. Increased nitric oxide levels promote vasodilation by relaxing vascular smooth 

muscles and improving blood circulation. This mechanism decreases peripheral vascular resistance and 

contributes significantly to blood pressure reduction. Enhanced nitric oxide activity also protects blood 

vessels from endothelial dysfunction and oxidative injury. 

Lipid Lowering Effect 

Punica granatum leaves also exhibit hypolipidemic activity, which contributes indirectly to their 

antihypertensive effects (El‐Hadary et al., 2019). Elevated serum cholesterol and triglyceride levels are major 

risk factors for atherosclerosis and cardiovascular diseases. The leaves help reduce total cholesterol, low-

density lipoprotein (LDL), and triglyceride levels while improving high-density lipoprotein (HDL) levels. 

Reduction in lipid accumulation prevents narrowing and hardening of blood vessels, improves blood 

circulation, and decreases cardiovascular risk associated with hypertension. 

Advantages of Herbal Antihypertensive Therapy 

Herbal antihypertensive therapy has gained considerable importance in recent years because of its therapeutic 

effectiveness, better safety profile, and reduced incidence of adverse effects compared to conventional 

synthetic medications (Shabana et al., 2024). Synthetic antihypertensive drugs, although effective in 

controlling blood pressure, are often associated with several side effects such as dizziness, fatigue, electrolyte 

imbalance, cough, gastrointestinal disturbances, renal dysfunction, and metabolic complications during long-

term use. In contrast, herbal medicines are generally considered safer and better tolerated by patients, making 

them more suitable for prolonged therapy in chronic conditions like hypertension. 

One of the major advantages of herbal antihypertensive therapy is the presence of multiple bioactive 

phytoconstituents that act through different mechanisms to control blood pressure and improve 

cardiovascular health (Jough et al., 2021). Medicinal plants contain compounds such as flavonoids, alkaloids, 

tannins, glycosides, terpenoids, and phenolic compounds that exhibit antioxidant, anti-inflammatory, 

vasodilatory, cardioprotective, and hypolipidemic activities. These combined therapeutic actions not only 

help reduce blood pressure but also protect against complications associated with hypertension, including 

atherosclerosis, endothelial dysfunction, oxidative stress, and cardiac damage. 

Herbal medicines are also considered cost-effective and easily accessible, especially in developing countries 

where a large proportion of the population depends on traditional systems of medicine for primary healthcare. 

The natural origin and wide availability of medicinal plants make herbal therapy an economical alternative 

to expensive synthetic drugs. Furthermore, herbal remedies are often culturally accepted and have been used 

traditionally for centuries, which enhances patient trust and compliance during treatment. 

Another important advantage of herbal antihypertensive therapy is improved patient compliance due to fewer 

side effects and better tolerability. Many medicinal plants provide gradual and sustained therapeutic effects 

without causing significant toxicity. Herbal formulations may also reduce the need for multiple drug therapy 

because of their multifunctional pharmacological properties (Lachovicz et al., 2025). In addition, several 

medicinal plants exhibit synergistic effects when used in combination with conventional antihypertensive 

drugs, thereby enhancing therapeutic outcomes and reducing required dosages of synthetic medications. 
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Medicinal plants such as Punica granatum possess potent antioxidant and free radical scavenging properties 

that help reduce oxidative stress, which is one of the major contributors to hypertension and cardiovascular 

disorders (Mokgalaboni et al., 2023). The anti-inflammatory and lipid-lowering effects of herbal medicines 

further contribute to vascular protection and improved endothelial function. Therefore, herbal 

antihypertensive therapy represents a promising and holistic approach for the prevention and management 

of hypertension and associated cardiovascular diseases. 

Limitations and Future Perspectives 

Despite the promising pharmacological and antihypertensive activities of Punica granatum leaves, several 

limitations still exist regarding their therapeutic application and scientific validation. Most of the available 

studies on the antihypertensive activity of pomegranate leaves have been conducted using experimental 

animal models or in vitro methods, while well-designed clinical studies in human subjects remain limited. 

Therefore, additional clinical investigations are necessary to establish the efficacy, safety, and therapeutic 

reliability of Punica granatum leaves in the management of hypertension in humans. 

Another major limitation is the lack of standardization of herbal extracts and formulations. Variations in 

geographical location, climatic conditions, harvesting time, extraction methods, and storage conditions may 

influence the phytochemical composition and therapeutic potency of the plant. As a result, achieving 

consistent quality, efficacy, and reproducibility in herbal preparations becomes challenging. Standardization 

of extraction procedures and identification of active phytoconstituents are essential for the development of 

reliable herbal antihypertensive formulations. 

Although Punica granatum leaves contain numerous bioactive compounds, the exact mechanisms 

responsible for their antihypertensive activity have not been fully elucidated. Further research is required to 

identify the specific phytochemicals involved and understand their molecular targets and pharmacological 

pathways (Benchagra et al., 2021). Detailed investigations on mechanisms such as angiotensin-converting 

enzyme inhibition, nitric oxide modulation, antioxidant activity, endothelial protection, and calcium channel 

regulation may provide better insight into their therapeutic potential. 

Toxicological and safety evaluations are also necessary before the widespread therapeutic use of Punica 

granatum leaf extracts. Long-term toxicity studies, dose optimization, pharmacokinetic analysis, and herb-

drug interaction studies should be conducted to ensure safe clinical application. Since many hypertensive 

patients are already receiving conventional medications, understanding possible interactions between herbal 

products and synthetic drugs is essential to avoid adverse effects or therapeutic failure (Akbari et al., 2022). 

 

Future research should focus on advanced pharmaceutical approaches for the formulation and delivery of 

Punica granatum leaf extracts. Novel drug delivery systems such as nanoparticles, liposomes, phytosomes, 

and nanoemulsions may improve bioavailability, stability, and therapeutic efficacy of the active constituents. 

In addition, large-scale randomized clinical trials are needed to validate the antihypertensive efficacy and 

long-term safety of pomegranate leaf preparations. Exploration of synergistic combinations of Punica 

granatum leaves with other medicinal plants may also provide enhanced therapeutic benefits in 

cardiovascular disease management. 

Conclusion 

Punica granatum leaves possess significant pharmacological activities including antioxidant, anti-

inflammatory, cardioprotective, vasodilatory, and antihypertensive effects. The presence of flavonoids, 

tannins, and phenolic compounds contributes to their therapeutic potential in hypertension management. 

Experimental studies indicate that pomegranate leaves can reduce oxidative stress, improve endothelial 

function, and lower blood pressure through multiple mechanisms. Therefore, Punica granatum leaves may 

serve as a promising natural source for the development of herbal antihypertensive formulations. However, 

further clinical and pharmacological studies are necessary to establish their efficacy and safety in humans. 
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