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Abstract 
Cardiovascular diseases (CVDs) remain the leading cause of morbidity and mortality globally. In recent years, 
medicinal plants have gained significant attention due to their cardioprotective potential and minimal side effects. 
This comprehensive review explores the therapeutic effects of various medicinal plants on cardiac conditions such as 
myocardial infarction, hypertension, atherosclerosis, and heart failure. Phytochemicals like flavonoids, alkaloids, 
saponins, and polyphenols play key roles in exerting antioxidant, anti-inflammatory, antihypertensive, and lipid-
lowering effects. The review highlights evidence from in vitro, in vivo, and limited clinical studies, emphasizing the 
need for further investigation. These plant-based therapies may offer promising adjunct or alternative strategies for 
conventional cardiac treatments. 
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INTRODUCTION 
1.1. Global burden of cardiac diseases 
The main cause of death worldwide and a significant contribution to a worse quality of life are 
cardiovascular diseases (CVDs), which include peripheral artery disease, heart failure, ischemic heart 
disease, stroke, and many other cardiac and vascular illnesses [1,2].  An estimated 17.8 million deaths 
globally were attributed to CVD in 2017, which translates to 330 million years of lost life and an 
additional 35.6 million years of impairment [1, 2].  Cardiologists, other doctors, and public health 
specialists may benefit greatly from these summary indicators of health when combined with information 
on the prevalence of CVD and risk factors.  They provide vital population-level data that may direct 
global, regional, national, and subnational efforts to prevent, treat, and manage CVD and risk factors. 
 These data's trends provide a helpful indicator of where progress has halted and where CVD mortality 
and burden are rising or falling globally.  For instance, low- and middle-income countries (LMIC) account 
for about 80% of all deaths from CVD worldwide, and their burden of risk factors and CVD is increasing 
due to a continuing epidemiological change [3, 4, 5].  Compared to high- or low-income nations, middle-
income countries have a higher rate of CVD mortality. 
1.2 Limitations of conventional cardiac therapeutics 
The inaccuracy and unreliability of symptom categorization, which is now dependent on a doctor's 
consultation, is one of the primary drawbacks of a symptom-driven therapy approach [6].  A poor 
concordance of just 54–56% was seen when two cardiologists were asked to describe the NYHA class of 
patients with mild to moderate symptoms. [7, 8]  Others have proposed using self-reported NYHA 
classification, which would let the patient choose their own classification; however, a research found that 
this classification did not correlate well with physician classifications [9].  This problem can be resolved 
by using more objective measures of activity tolerance, such the 6-minute walk test (6MWT) or the 
cardiopulmonary exercise test, which is now the gold standard. However, these tests might be challenging 
to get on a regular basis. 
 There is significant variability between 6MWT distance and NYHA class, according to a comprehensive 
meta-analysis.  Additionally, research demonstrated that class III and IV functional capacity could be 
distinguished more clearly by the NYHA categorization system than class I and II functional capacity [10].  
While there was no discernible correlation in a retrospective analysis from the Evaluation Study of 
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Congestive Heart Failure and Pulmonary Artery Catheterization Effectiveness (ESCAPE) trial, there was 
only 42% agreement between the NYHA classification and the more sophisticated and precise VO2 max 
levels in cardiopulmonary exercise testing in another study with 145 participants. [11,12]  Although a 
more standardized method of gathering a patient's medical history or the use of a particular questionnaire 
may assist increase accuracy and dependability, it is impossible to overlook the fact that a number of 
variables unrelated to heart failure may affect how symptoms are perceived.  Therefore, emerging 
technologies, such as activity monitors and innovative sensors that offer continuous, real-time activity 
information, may be a superior measure. However, these devices must be verified in carefully planned 
clinical studies. 
It is evident that symptomatic HF patients get insufficient treatment, notwithstanding the limitations of 
the symptomatic evaluation of HF.  Providers may mistakenly think that patients with more severe illness 
may be "beyond help," whereas those with milder symptoms have minimal morbidity and death. [13] 
The scope of HF undertreatment is shown by recent findings from the Change the Management of 
Patients with Heart Failure (CHAMP-HF) experiment.  Just 1% of patients were getting all GDMT at 
target dosages in real-world settings, while 27%, 33%, and 67% of patients were not administered beta-
blockers, MRAs, or ACEI/ARB/ARNIs, respectively. [14]  It is widely recognized that poorer results result 
from underusing prescribed pharmaceutical classes and from failing to uptitrate these medicines. [15, 16] 
Even in patients with severe heart failure, GDMT and other cutting-edge treatments have shown positive 
benefits on the cellular and myocardial levels. [17, 18]  However, the existing treatment alternatives can 
only alter the underlying pathophysiology in the absence of scar and fibrosis, since rejuvenative therapies, 
including stem cells, have not been able to provide long-term, sustained effects. 
Reverse remodeling is an option for some individuals with viable but malfunctioning myocardium.  Based 
on cardiac MRI with gadolinium imaging, a small investigation of patients with ischemic heart failure 
revealed that 19% and 60% of patients with NYHA I or II, respectively, exhibited a dysfunctional but 
viable myocardium [19]. The condition may not advance as quickly or may even regress with proper 
medical care and reduction of risk factors that affect contractility, preload, and/or afterload, resulting in 
remission or recovery [20]. 
1.3 Role of medicinal plants in cardiovascular health 
Traditional drugs that are often used to treat CVDs are costly and have adverse effects [21, 22].  Therefore, 
a more effective, affordable, and safe substitute is needed.  Accordingly, the most important treatment 
option for cardiovascular illness is medicinal plants.  CVDs are more likely to be treated using medicinal 
herbs.  Because more people are aware of how herbs enhance health and quality of life, herbal therapy 
has been widely accepted in the medical community [23].  An alternate and potential method of 
preventing CVD is the use of phytochemicals and plant-based whole meals, according to mounting data 
[24].  Arrhythmia, congestive heart failure, cerebral and venous insufficiency, atherosclerosis, angina 
pectoris, and systolic hypertension have all been treated with herbal remedies [25, 26].  In addition to 
therapeutic herbs, exercise is believed to provide cardioprotective effects [27]. 
Important cardiovascular disease markers including oxidative stress and inflammatory mediators may be 
effectively prevented, controlled, or blocked by natural substances, according to recent research [28].  The 
qualities of the bioactive chemicals that medicinal plants possess are what give them their therapeutic 
qualities [29].  Carotenoids, tocotrienols, polyphenols, sulforaphane, catechin, quercetin, resveratrol, 
diosgenin, isoflavones, and flavonoids are among the plant bioactive substances that have been shown to 
protect CVD [30].  A healthy diet lowers the incidence of cardiovascular diseases, according to 
epidemiological research and some clinical trials [31].  In contrast to diets rich in saturated fat, a research 
found that diets high in polyunsaturated and monounsaturated fat protect CVD [32].  According to a 
different research, eating more foods high in phytochemicals is substantially linked to a decreased risk of 
having a high LDL-C/HDL-C ratio, which is a predictor of CVD risk.  Consuming insoluble polyphenols 
may lower the LDL-C/HDL-C ratio, according to a randomized clinical research conducted on 
hypercholesterolemia patients [33]. 
It has been shown that the cardioprotective properties of medicinal plants lessen harm to endothelial 
cells, vascular smooth muscle cells, cardiomyocytes, and macrophages and monocytes [34].  Certain 
medications, including diuretics, hypolipidemic, anticoagulants, antioxidants, and anti-inflammatory 
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drugs, may have an impact on the cardiovascular system [35].  For example, by lowering the quantity of 
free radicals in the body, antioxidant mechanisms of action are the main way to lessen the impact of 
cardiovascular disease [36].  Modification of inhibitor kappa B kinase-beta (IKK-β) kinase activity may be 
useful in reducing inflammatory activities, which effectively protect against cardiovascular disease.  By 
phosphorylating IB and activating the transcription factor nuclear factor-kappa B (NF-B), IKK causes 
inflammation.  IKK is thus a prospective target for cardiovascular disease prevention and treatment [37].  
It is advised to employ anticoagulant activity to avoid thrombotic events in a variety of cardiovascular 
conditions, such as atrial fibrillation stroke prevention, acute coronary syndrome secondary prevention, 
and therapy [38].  Any substance that lowers blood levels of lipids and lipoproteins (lipid-protein 
complexes) is known as hypolipidemic activity, or lipid-lowering medication.  Elevated levels of some 
lipoproteins, namely low-density lipoprotein (LDL) and very low-density lipoprotein (VLDL), have been 
linked to an increased risk of heart attacks, strokes, and coronary artery disease [39].  Nevertheless, no 
research has been done on the scientific foundation for elucidating the molecular mechanism of herbal 
medicines' possible cardioprotection by cell and molecular technology [36].  It is important to pay 
attention to the negative effects of herbal remedies and medication interactions; no herbal remedy 
regimen should be started without carefully weighing the possible outcomes [40].  Additionally, the 
scientific study of phytochemicals in nanoforms is insufficient.  Current research shows that natural-based 
nanoformulations are very successful in preventing and treating CVD, either by themselves or in 
conjunction with other synthetic or herbal medications.   
2. Phytochemicals in Cardioprotection 
2.1 Phytochemicals Derived from Plants in the Prevention and Management of CVD 
 Research on the prevention or treatment of cardiovascular disease has focused a lot of emphasis on 
natural products and herbal therapies [41].  This urge is driven by several reasons.  Specifically, the 
possibility of cost-effective therapy has been contrasted with the widely held perception that existing 
conventional therapies are safe and effective.  Numerous medicinal plants have been utilized to treat 
cardiovascular disease as a result of these findings.  Examples of plants that have been used to treat 
cardiovascular diseases include the aerial parts of Achillea arabica [42], the root, leaf, and stem part of Ageratum 
conyzoides [43], Artemisia absinthium leaves, stalks, and stems [44], Chrysanthemum x morifolium flowers [45], and 
Clerodendrum volubile leaves [46].  Ajuga integrifolia (Ethiopia) [47], Leonurus cardiaca (Europe) [48], Pogostemon 
elsholtzioides (Eastern Himalaya) [49], Ballota glandulosissinia (Turkey) [50], and Clerodendrum volubile (Nigeria) 
[51] are among the Lamiaceae plant species that are also used as medicinal plants for cardiovascular 
treatment [52] (Figure 1).  Cardioprotective properties have been discovered in a number of terrestrial 
plants, including Terminalia arjuna, Ocimum sanctum L., Allium cepa (onion), Curcuma longa L., Commiphora 
mukul, Trigonella foenum-graecum L., and Allium sativum L. (garlic) [53].  Daucus carota contains bioactive 
substances that are utilized to treat cardiovascular disease, such as daucoside, sesquiterpenoids, carotene, 
xanthophylls, and daucosol [54].  By monitoring the activity of cardiac enzymes such lactate 
dehydrogenase (LDH), cardiac protein, lipid peroxidises, and transaminases, Muralidharan et al. [55] 
investigated cardiac protection.  Additionally, the investigation demonstrated the cardioprotective effects 
of Nerium oleander (NO) concentrate [56].  Similarly, NO flowers had remarkable cardioprotective action, 
according to a research by Gayathri et al. [57] that examined the cardioprotective capacity of NO flowers 
in rats that were given isoproterenol to produce oxidative myocardial stress.  A research was carried out 
to evaluate the cardioprotective potential of Amaranthus viridis Linn [58], and the findings revealed that it 
has cardioprotective effect by reducing cardiac enzyme levels in the rat population treated with the plant.  
According to some research, the seeds and leaves of Ginkgo biloba have a cardioprotective effect.  Panda 
and Naik [59] used extracts of Ginkgo biloba and Ocimum sanctum in rats with isoproterenol-induced 
cardiac necrosis for comparative research.  Serum enzyme levels in normal rats were found to be lower 
than those in rats with myoproterenol-induced cardiac necrosis.  Ginkgo biloba dosages of 50 mg/kg body 
weight and 100 mg/kg body weight when compared to the combination administration of 50 mg/kg body 
weight of Ocimum sanctum and 100 mg/kg body weight of Ginkgo biloba, Ocimum sanctum showed 
significant protection against cardiovascular disease.  Extracts from the roots, fruit, and stem of Tinospora 
cordifolia were discovered to possess cardioprotective qualities.  Tinospora cordifolia's cardioprotective 
qualities are attributed to a variety of phytoconstituents [60, 61].  Among the plants used to prevent CVD 
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are Nerium oleander, Amaranthus viridis, Ginkgo biloba, Terminalia arjuna, Daucus carota, Picrorhiza kurroa, 
Salvia miltiorrhiza, Tinospora cordifolia, Mucuna pruriens, Andrographis paniculata, and Hydrocotyle Asiatica. 
 

 
Figure 1 mportant plants used in the treatment and prevention of cardiovascular diseases: (a) Daucus 
carota, (b) Nerium oleander, (c) Amaranthus Viridis, (d) Ginkgo biloba, (e) Terminalia arjuna, (f) Picrorhiza kurroa, 
(g) Salvia miltiorrhiza, (h) Tinospora cordifolia, (i) Mucuna pruriens, (j) Hydrocotyle asiatica, (k) Bombax ceiba, and 
(l) Andrographis paniculata. [60] 
3. Medicinal Plants and Their Mechanisms in Cardiac Disorders 
Herbal extracts and their derivatives offer beneficial effects by modulating key molecular pathways 
involved in the development of hypertension and atherosclerosis—two major contributors to 
cardiovascular disease. These natural remedies are rich in multiple bioactive compounds and therefore 
exhibit a variety of cellular actions. Their therapeutic potential includes antioxidant, vasorelaxant, anti-
inflammatory, anti-proliferative, and diuretic activities. Additionally, herbal medicines can prevent 
vascular smooth muscle cell (VSMC) phenotypic switching, mitigate endothelial dysfunction, inhibit 
platelet aggregation, suppress lipid peroxidation, reduce reactive oxygen species (ROS) formation, and 
counter macrophage-driven atherogenesis. Due to this extensive range of mechanisms, herbal 
preparations are valuable in managing multiple forms of cardiovascular disease. 
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For instance, Salvia miltiorrhiza (commonly known as Red sage), widely used in traditional Chinese 
medicine, is employed to treat various cardiovascular conditions such as coronary heart disease, 
myocardial infarction, atherosclerosis, and angina. Its dried root (Danshen) is the primary medicinal 
component. The plant contains both lipid-soluble compounds (Tanshinones) and water-soluble phenolics 
[61]. Extracts of S. miltiorrhiza demonstrate potent antioxidant properties and a strong capacity to 
neutralize free radicals, which contribute to its cardioprotective and vasoprotective effects [62]. 
One of its active constituents, Salvianolic acid B, has been found effective in preventing fibrosis and 
ischemia–reperfusion injury [63]. Danshen also appears to protect against the harmful effects of 
homocysteine, a known risk factor in vascular diseases [64]. When combined with Pueraria montana var. 
lobata (Kudzu), it demonstrates significant anti-hypertensive effects [65]. In clinical settings, 
administration of Danshen capsules (1000 mg twice daily for 12 weeks) significantly lowered systolic blood 
pressure and pulse rate in individuals with mild to moderate hypertension already on conventional 
treatment. It has shown good tolerability and safety in such populations [66]. 
Another herb, Astragalus membranaceus (also listed as Astragalus propinquus), is recognized for its primary 
active compound, Astragaloside IV, which is known for its antioxidant activity and protective effects in 
ischemic heart conditions [67]. Extracts of this plant help preserve cardiac function by enhancing energy 
metabolism and limiting oxidative stress, as observed in ischemia-reperfusion models in rats [68]. It 
improves cardiac outcomes by reducing levels of oxidative stress markers like malondialdehyde (MDA), 
maintaining superoxide dismutase (SOD) activity, and lowering myocardial cell damage due to free 
radicals [69]. Furthermore, it promotes new blood vessel formation in ischemic tissue [70]. Astragaloside 
IV has also demonstrated positive inotropic effects, improving left ventricular ejection in congestive heart 
failure patients [71], while the plant's polysaccharides have been linked to reduced insulin resistance, as 
well as anti-obesity and lipid-lowering properties [72]. 
Allium sativum (Garlic) is a well-established herb in cardiovascular care due to its wide-ranging benefits, 
including reduction of hypertension, oxidative stress, inflammation, and lipid abnormalities [73]. By 
lowering total cholesterol and LDL levels, reducing lipid accumulation in arterial walls, and inhibiting 
VSMC proliferation, garlic contributes to atherosclerosis prevention and lipid control [74]. 
Crataegus oxyacantha (commonly known as Hawthorn) exerts antihypertensive effects via endothelial nitric 
oxide synthase (eNOS)-mediated vasorelaxation [75], while Crocus sativus (Saffron) acts as a vasodilator 
by blocking calcium channels in an endothelium-independent manner and activating eNOS [76]. Other 
plants, such as Hibiscus sabdariffa (Roselle), lower blood pressure by inhibiting angiotensin-converting 
enzyme (ACE) [77], and Camellia sinensis (Tea) enhances vascular function by improving brachial artery 
flow-mediated dilation [78]. 
Rosmarinus officinalis (Rosemary) has been shown to protect against cerebral ischemia and stroke-related 
injuries by improving localized blood flow and reducing inflammation. It does so by suppressing the 
expression of inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2), and other inflammatory 
mediators [79]. 
In addition to their use in treating hypertension and atherosclerosis, medicinal plants are also used in 
managing heart failure and arrhythmias. Digitalis, derived from the dried leaves of the foxglove plant, 
serves as a potent Na⁺/K⁺-ATPase inhibitor. By causing cellular depolarization, it promotes smooth 
muscle contraction and vasoconstriction, ultimately enhancing myocardial contractility [80]. 
4. Experimental and Clinical Evidence 
4.1 In Vivo Preclinical Evaluations of Gynostemma pentaphyllum 
The primary bioactive compounds in Gynostemma pentaphyllum, known as gypenosides, have 
demonstrated significant potential in preventing atherosclerosis. A study in Wistar rats evaluated a 
combination of G. pentaphyllum gypenosides and Fermentum rubrum (referred to as HG) and reported 
stronger anti-atherosclerotic effects than those of the statin simvastatin, underscoring the therapeutic 
promise of G. pentaphyllum [81]. In rats with fatty liver disease, this HG mixture also alleviated oxidative 
stress and reduced serum pro-inflammatory cytokines, revealing its protective effects against 
atherosclerosis [82]. 
Further research highlighted the anti-inflammatory and antioxidant properties of gypenosides in a rat 
model of ischemia–reperfusion injury, where treatment resulted in decreased apoptosis and improved 
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cardiac function. This effect was achieved by blocking ER-stress and apoptosis pathways, particularly by 
inhibiting CHOP and activating the PI3K/Akt signaling cascade [83]. In another study using the same 
injury model, pretreatment with gypenosides reduced myocardial infarct size, improved left ventricular 
function, and prevented oxidative damage. Notably, mitochondrial integrity was preserved, preventing 
the release of cytochrome c and supporting the cytoprotective effects of gypenosides in acute myocardial 
infarction [84]. 
Since diabetes is closely associated with cardiovascular complications, G. pentaphyllum extracts were 
evaluated for their effects on blood glucose in diabetic mice. These extracts inhibited α-glucosidase activity 
and modulated GLUT2 protein expression, suggesting a potential role in glycemic control [85]. 
G. pentaphyllum is also frequently used in China for managing metabolic conditions like hyperlipidemia, 
fatty liver, and obesity. The plant showed the ability to regulate lipid metabolism, elevate 
phosphatidylcholine levels, and reduce trimethylamine N-oxide concentrations in both plasma and liver 
tissues of rats [86]. In another experiment, heat-processed ethanol extracts of the plant significantly 
reduced obesity in mice by activating AMP-activated protein kinase (AMPK), indicating its usefulness as 
a fat-reducing supplement [87]. 
Anti-hyperlipidemic activity of gypenosides was confirmed in rats with poloxamer P407-induced 
hyperlipidemia. Gypenosides administered orally (250 mg/kg) for 4 and 12 days significantly reduced 
plasma triglyceride levels by 53% and 85%, respectively, and total cholesterol levels by 10% and 44%. 
LDL levels were also lowered while HDL levels increased. These effects were comparable to atorvastatin 
and were linked to the reversal of lipoprotein lipase inhibition [88]. Similar lipid-lowering effects were 
noted in obese Zucher rats [89]. 
A novel extraction method yielded a G. pentaphyllum extract rich in gypenoside L, gypenoside LI, and 
ginsenoside Rg3. In a high-fat diet-induced obesity model, this extract significantly suppressed body weight 
gain, fat accumulation, and adipocyte hypertrophy. Lipid profiles improved, including reductions in 
triglyceride, total cholesterol, and LDL cholesterol without changes in HDL cholesterol. Mechanistically, 
the extract activated AMPK and downregulated key adipogenic markers including C/EBPα, PPARγ, 
SREBP-1c, and others while upregulating fat oxidation genes such as CPT and HSL [90]. 
4.2 G. pentaphyllum in Clinical Research 
Currently, clinical studies involving G. pentaphyllum remain limited. A search of clinicaltrials.gov reveals 
only four registered studies using its extract—three on diabetes and one on obesity. 
Actiponin, a proprietary G. pentaphyllum extract used as a dietary supplement, was tested in a 
randomized, double-blind trial involving 80 obese individuals. Administered at a dose of 450 mg/day for 
12 weeks, the supplement significantly reduced body weight with no reported side effects compared to 
placebo [91]. 
In another study, a water extract of G. pentaphyllum (1 mg/kg) was given to cardiovascular disease 
patients and healthy controls. The extract significantly inhibited platelet aggregation, suggesting a role in 
preventing cardio-cerebrovascular events. However, caution is needed for use in individuals with bleeding 
disorders or low platelet counts [92]. 
Given the link between anxiety and cardiovascular disease risk, G. pentaphyllum’s anti-anxiety potential 
was evaluated. In animal studies, its ethanol extract reduced stress-induced anxiety-like behavior. These 
findings were validated in a double-blind clinical trial involving 72 stressed individuals. Participants 
receiving 200 mg of the extract twice daily for 8 weeks showed decreased anxiety without any side effects, 
pointing to its safety and efficacy [93]. 
Although preclinical findings are promising, human studies remain sparse. Nevertheless, several trials 
involving individuals with type 2 diabetes have demonstrated beneficial effects. In one study, 24 drug-
naïve patients consumed 6 g of G. pentaphyllum tea daily for a week, resulting in significant 
improvements in fasting glucose, insulin, and HbA1c levels [94]. A follow-up trial with 16 patients 
confirmed these findings, and another study showed enhanced glycemic control when G. pentaphyllum 
was combined with sulfonylurea drugs [95]. These results suggest the plant may improve insulin sensitivity 
both as monotherapy and adjunct therapy [96]. 
 
 



International Journal of Environmental Sciences 
ISSN: 2229-7359 
Vol. 11 No. 17s, 2025 
https://theaspd.com/index.php 
 

690 
 

4.3 Safety, Toxicity, and Side Effects 
Safety studies conducted in rats have shown high tolerance to G. pentaphyllum. Single doses up to 5000 
mg/kg and repeated doses of 1000 mg/kg/day for 90 days did not induce any mortality or signs of toxicity. 
While some blood chemistry parameters differed from controls, all remained within physiological ranges 
[97]. Another long-term animal study using up to 750 mg/kg reported no toxicity [98]. 
In a Phase I clinical trial, healthy participants were given 50, 200, or 400 mg of G. pentaphyllum extract 
twice daily for two months. No significant immune or biochemical disturbances were observed, indicating 
good safety at these doses [99]. In a separate study involving 537 patients with bronchitis, mild adverse 
effects such as gastrointestinal discomfort, dizziness, blurred vision, and tinnitus were reported but were 
not severe enough to discontinue treatment [100]. Most recently, a placebo-controlled clinical trial with 
72 healthy individuals confirmed the absence of side effects from ethanolic extract use [101]. 
Overall, G. pentaphyllum appears safe and well-tolerated at therapeutic doses used in both preclinical 
and clinical settings 
5. Molecular Mechanisms of Action 
Numerous medicinal plants have been shown to have cardio-protective qualities, and these effects have 
been linked to the bioactive chemicals found in these plants. 
For generations, people have used medicinal plants to treat illnesses in humans [102]. Throughout their 
history, medicinal plants have made significant contributions to human health because they contain 
components that have therapeutic potential [102].  Conventional medications have shown promise in 
treating cardiovascular diseases, but they are not without adverse effects, which limits their usage [102] 
and calls for alternate searches. 
The cardio-protective function of medicinal plants, which are thought to be inexpensive and safe, is due 
to their nutritional content, namely phytochemicals, which have the ability to restore and maintain a 
balanced bodily system [103].  Various studies have shown the cardio-protective properties of medicinal 
herbs, suggesting that the antioxidant potentials may be the mechanism.  According to epidemiological, 
clinical, and experimental research, reducing the production of free radicals and increasing endogenous 
antioxidants may significantly reduce the risk of myocardial infarction [104].  Nonetheless, a number of 
studies have shown proof that medicinal plants have significant functions. 
In addition to their antioxidant function, medicinal plants have been shown to have anti-inflammatory 
and cardioprotective properties. 
5.1 The function of antioxidants 
The body produces free radicals as a consequence of normal aerobic metabolic activities, radiation 
exposure, redox cycling materials, and other environmental factors [105].  As oxygen is gradually reduced 
in vivo, ROS such superoxide anion, hydrogen peroxide, and hydroxyl radical are created [105].  
According to reports, ROS is a key mediator in the development of cardiovascular disorders as well as 
other illnesses including diabetes and neurological diseases [105].  Oxidative stress results in the 
progressive oxidation of macromolecules including DNA, proteins, and lipids when the generation of 
free radicals beyond the antioxidant defense system's threshold [106].  Enzymes including glutathione 
peroxidase, superoxide dismutase, catalase, and reduced glutathione are part of the human antioxidant 
defense system [107].  Nevertheless, the benefits of the endogenous antioxidant system may be enhanced 
by exogenous antioxidants like vitamin E and ascorbic acid. 
Studies have shown that cardiovascular illness is associated with a decrease in the endogenous antioxidant 
enzyme [108].  In the pathophysiology of CVD, elevated ROS production is often accompanied by 
increased lipid peroxidation, which damages the vascular membrane [34,79].  Targeting oxidative stress 
would significantly enhance the therapy of CVD since ROS production is crucial to heart pathophysiology 
(Figure 3).  Moreover, antioxidants may reduce cellular damage and apoptosis via a radical-scavenging 
mechanism when oxidative stress is the underlying cause [109].  For instance, cardiac dysfunction may be 
lessened by therapeutic intervention that suppresses the production of free radicals and/or increases the 
activity of endogenous antioxidant enzymes [109].  Antioxidants' use in pharmacology is the subject of 
much research.  Because of their many health advantages, antioxidants have lately become more and more 
popular.  It has been shown that they reduce the risk of heart disease. 
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CONCLUSION 
Medicinal plants offer promising therapeutic potential in the prevention and management of various 
cardiovascular diseases due to their diverse bioactive constituents, such as flavonoids, alkaloids, tannins, 
and saponins. These phytochemicals exhibit cardioprotective actions including antioxidant, anti-
inflammatory, antihypertensive, hypolipidemic, and antithrombotic effects. This review underscores the 
significance of integrating herbal remedies with conventional therapies to enhance treatment outcomes 
and reduce drug-related side effects. However, despite the wealth of preclinical evidence supporting the 
efficacy of medicinal plants, large-scale and well-controlled clinical trials are still needed to validate their 
safety and effectiveness. With proper standardization and scientific validation, medicinal plants could 
become a cornerstone in complementary and alternative cardiovascular care, offering accessible and 
sustainable solutions for global heart health challenges. 
Acknowledgment: Grateful to all my o-authors for their timely contribution 
Conflict of interest: No Conflict of interest were found. 
Ethical approval: No need of ethical approval. 
 
REFERENCES 

1. GBD 2017 Causes of Death Collaborators : "Global, regional, and national age-sex-specific mortality for 282 causes of 
death in 195 countries and territories, 1980-2017: a systematic analysis for the Global Burden of Disease Study 2017". 
Lancet 2018; 392: 1736. 

2. GBD 2017 DALYs and HALE Collaborators : "Global, regional, and national disability-adjusted life-years (DALYs) for 
359 diseases and injuries and healthy life expectancy (HALE) for 195 countries and territories, 1990-2017: a systematic 
analysis for the Global Burden of Disease Study 2017". Lancet 2018; 392: 1859 

3. Fuster V. : "Global burden of cardiovascular disease: time to implement feasible strategies and to monitor results". J Am 
Coll Cardiol 2014; 64: 520. 

4. Yusuf S., Reddy S., Ounpuu S. and Anand S. : "Global burden of cardiovascular diseases: part I: general considerations, 
the epidemiologic transition, risk factors, and impact of urbanization". Circulation 2001; 104: 2746. 

5. Mensah G.A., Moran A.E., Roth G.A. and Narula J. : "The global burden of cardiovascular diseases, 1990-2010". Glob 
Heart 2014; 9: 183. 

6. Kim HW, Shin DH, Kim J, Lee GH, Cho JW. Assessing the performance of ChatGPT's responses to questions related to 
epilepsy: a cross-sectional study on natural language processing and medical information retrieval. Seizure: European 
Journal of Epilepsy. 2024 Jan 1;114:1-8. 

7. Raphael C, Briscoe C, Davies J et al. Limitations of the New York Heart Association functional classification system and 
self-reported walking distances in chronic heart failure. Heart. 2007;93:476–82. doi: 10.1136/hrt.2006.089656. [DOI] 
[PMC free article] [PubMed] [Google Scholar] 

8. Goldman L, Hashimoto B, Cook EF, Loscalzo A. Comparative reproducibility and validity of systems for assessing 
cardiovascular functional class: advantages of a new specific activity scale. Circulation. 1981;64:1227–34. doi: 
10.1161/01.CIR.64.6.1227. [DOI] [PubMed] [Google Scholar] 

9. Goode KM, Nabb S, Cleland JG, Clark AL. A comparison of patient and physician-rated New York Heart Association 
class in a community-based heart failure clinic. J Card Fail. 2008;14:379–87. doi: 10.1016/j.cardfail.2008.01.014.  

10. Yap J, Lim F, Gao F et al. Correlation of the New York Heart Association classification and the 6-minute walk distance: 
a systematic review. Clin Cardiol. 2015;38:621–8. doi: 10.1002/clc.22468. [DOI] [PMC free article] [PubMed] [Google 
Scholar] 

11. Rostagno C, Galanti G, Comeglio M et al. Comparison of different methods of functional evaluation in patients with 
chronic heart failure. Eur J Heart Fail. 2000;2:273–80. doi: 10.1016/S1388-9842(00)00091-X. [DOI] [PubMed] [Google 
Scholar] 

12. Guglin M, Patel T, Darbinyan N. Symptoms in heart failure correlate poorly with objective haemodynamic parameters. 
Int J Clin Pract. 2012;66((12)):1224–1229. doi: 10.1111/j.1742-1241.2012.03003.x. 

13. Butler J, Gheorghiade M, Metra M. Moving away from symptoms-based heart failure treatment: misperceptions and real 
risks for patients with heart failure. Eur J Heart Fail. 2016. pp. 350–2. [DOI] [PubMed] 

14. Greene SJ, Butler J, Albert NM et al. Medical therapy for heart failure with reduced ejection fraction: The CHAMP-HF 
Registry. J Am Coll Cardiol. 2018;72:351–66. doi: 10.1016/j.jacc.2018.04.070. [DOI] [PubMed] [Google Scholar] 

15. Gislason GH, Rasmussen JN, Abildstrom SZ et al. Persistent use of evidence-based pharmacotherapy in heart failure is 
associated with improved outcomes. Circulation. 2007;116:737–44. doi: 10.1161/CIRCULATIONAHA.106.669101. 
[DOI] [PubMed] [Google Scholar] 

16. Ouwerkerk W, Voors AA, Anker SD et al. Determinants and clinical outcome of uptitration of ACE-inhibitors and beta-
blockers in patients with heart failure: a prospective European study. Eur Heart J. 2017;38:1883–90. doi: 
10.1093/eurheartj/ehx026. 

17. Mann DL, Barger PM, Burkhoff D. Myocardial recovery and the failing heart: myth, magic, or molecular target? J Am 
Coll Cardiol. 2012;60:2465–72. doi: 10.1016/j.jacc.2012.06.062. [DOI] [PMC free article] [PubMed] [Google Scholar] 



International Journal of Environmental Sciences 
ISSN: 2229-7359 
Vol. 11 No. 17s, 2025 
https://theaspd.com/index.php 
 

692 
 

18. Martens P, Beliën H, Dupont M et al. The reverse remodeling response to sacubitril/valsartan therapy in heart failure 
with reduced ejection fraction. Cardiovasc Ther. 2018;36:e12435. doi: 10.1111/1755-5922.12435. [DOI] [PubMed] 
[Google Scholar] 

19. Bourantas CV, Nikitin NP, Loh HP et al. Prevalence of scarred and dysfunctional myocardium in patients with heart 
failure of ischaemic origin: A cardiovascular magnetic resonance study. J Cardiovasc Magn Reson. 2012;13:53–17. doi: 
10.1186/1532-429X-13-53. [DOI] [PMC free article] [PubMed] [Google Scholar] 

20. Jaiswal A, Le Jemtel TH, Samson R, Mancini D. Sustained cardiac recovery hinges on timing and natural history of 
underlying condition. Am J Med Sci. 2018;356:47–55. doi: 10.1016/j.amjms.2018.02.008 

21. Shoaib S. Cardioprotective effect of gemmotherapeutically treated Withania somnifera against chemically induced 
myocardial. Pakistan Journal of Botany . 2010;42(2):1487–1499. [Google Scholar] 

22. Jahan N., Ali S. Cardioprotective and antilipidemic potential of Cyperus rotundus in chemically induced cardiotoxicity. 
International Journal of Agriculture and Biology . 2012;14(6) [Google Scholar] 

23. Panda V. S., Naik S. R. Evaluation of cardioprotective activity of Ginkgo biloba and Ocimum sanctum in rodents. 
Alternative Medicine Review . 2009;14(2):p. 161. [PubMed] [Google Scholar] 

24. Hamer M., O’Donovan G., Stamatakis E. Association between physical activity and sub-types of cardiovascular disease 
death causes in a general population cohort. European Journal of Epidemiology . 2019;34(5):483–487. doi: 
10.1007/s10654-018-0460-2. [DOI] [PMC free article] [PubMed] [Google Scholar] 

25. Pop R. M., Popolo A., Trifa A. P., Stanciu L. A. Phytochemicals in cardiovascular and respiratory diseases: evidence in 
oxidative stress and inflammation. Oxidative Medicine and Cellular Longevity . 2018;2018:3. doi: 
10.1155/2018/1603872.1603872 [DOI] [PMC free article]  

26. Sangwan R., Chaurasiya N., Misra L., et al. Phytochemical variability in commercial herbal products and preparations of 
Withania somnifera (Ashwagandha) Current Science . 2004;86:461–465. [Google Scholar] 

27. Vasanthi H., Shrishrimal N., Das D. Phytochemicals from plants to combat cardiovascular disease. Current Medicinal 
Chemistry . 2012;19(14):2242–2251. doi: 10.2174/092986712800229078. [DOI] [PubMed] [Google Scholar] 

28. Salas-Salvadó J., Becerra-Tomás N., García-Gavilán J. F., Bullo M., Barrubes L. Mediterranean diet and cardiovascular 
disease prevention: what do we know? Progress in Cardiovascular Diseases . 2018;61(1):62–67. doi: 
10.1016/j.pcad.2018.04.006. [DOI] [PubMed] [Google Scholar] 

29. Kim Y., Youjin J., Giovannucci E. L. Association between dietary fat intake and mortality from all-causes, cardiovascular 
disease, and cancer: a systematic review and meta-analysis of prospective cohort studies. Clinical Nutrition . 
2021;40(3):1060–1070. doi: 10.1016/j.clnu.2020.07.007. [DOI] [PubMed] [Google Scholar] 

30. Delshad Aghdam S., Siassi F., Nasli Esfahani E., et al. Dietary phytochemical index associated with cardiovascular risk 
factor in patients with type 1 diabetes mellitus. BMC Cardiovascular Disorders . 2021;21(1):1–11. doi: 10.1186/s12872-
021-02106-2. [DOI] [PMC free article] [PubMed] [Google Scholar] 

31. Shah S. M. A., Akram M., Riaz M., Munir N., Rasool G. Cardioprotective potential of plant-derived molecules: a scientific 
and medicinal approach. Dose-Response . 2019;17(2) doi: 10.1177/1559325819852243. [DOI] [PMC free article] 
[PubMed] [Google Scholar] 

32. Ciumărnean L., Milaciu M. V., Runcan O., et al. The effects of flavonoids in cardiovascular diseases. Molecules . 
2020;25(18):p. 4320. doi: 10.3390/molecules25184320. [DOI] [PMC free article] [PubMed] [Google Scholar] 

33. Nuttall S., Kendall M., Martin U. Antioxidant therapy for the prevention of cardiovascular disease. Quarterly Journal of 
Medicine . 1999;92(5):239–244. doi: 10.1093/qjmed/92.5.239. [DOI] [PubMed] [Google Scholar] 

34. Hua F., Shi L., Zhou P. Phytochemicals as potential IKK-β inhibitor for the treatment of cardiovascular diseases in plant 
preservation: terpenoids, alkaloids, and quinones. Inflammopharmacology . 2020;28(1):83–93. doi: 10.1007/s10787-019-
00640-2. [DOI] [PubMed] [Google Scholar] 

35. De Caterina R. The current role of anticoagulants in cardiovascular medicine. Journal of Cardiovascular Medicine . 
2009;10(8):595–604. doi: 10.2459/JCM.0b013e32832e490b. [DOI] [PubMed] [Google Scholar] 

36. Rozman D., Monostory K. Perspectives of the non-statin hypolipidemic agents. Pharmacology & Therapeutics . 
2010;127(1):19–40. doi: 10.1016/j.pharmthera.2010.03.007. [DOI] [PubMed] [Google Scholar] 

37. Mashour N. H., Lin G. I., Frishman W. H. Herbal medicine for the treatment of cardiovascular disease: clinical 
considerations. Archives of Internal Medicine . 1998;158(20):2225–2234. doi: 10.1001/archinte.158.20.2225.  

38. Hesari M., Mohammadi P., Khademi F., et al. Current advances in the use of nanophytomedicine therapies for human 
cardiovascular diseases. International Journal of Nanomedicine . 2021;16:p. 3293. doi: 10.2147/IJN.S295508. [DOI] 
[PMC free article] [PubMed] [Google Scholar] 

39. Maaliki D., Shaito A. A., Pintus G., El-Yazbi A., Eid A. H. Flavonoids in hypertension: a brief review of the underlying 
mechanisms. Current Opinion in Pharmacology . 2019;45:57–65. doi: 10.1016/j.coph.2019.04.014 

40. Cabral C. E., Klein M. R. S. T. Phytosterols in the treatment of hypercholesterolemia and prevention of cardiovascular 
diseases. Arquivos Brasileiros de Cardiologia . 2017;109:475–482. doi: 10.5935/abc.20170158 

41. Waltenberger B., Mocan A., Šmejkal K., Heiss E. H., Atanasov A. G. Natural products to counteract the epidemic of 
cardiovascular and metabolic disorders. Molecules . 2016;21(6):p. 807. doi: 10.3390/molecules21060807. [DOI] [PMC 
free article] [PubMed] [Google Scholar] 

42. Mais B., Yaser A. M., Ream N. Hypolipidemic effect of Achillea biebersteinii ethanolic extract in hamsters with diet-
induced hypercholesterolemia. International Journal of Pharmacognosy and Phytochemical Research . 2016;8:1555–
1559. [Google Scholar] 



International Journal of Environmental Sciences 
ISSN: 2229-7359 
Vol. 11 No. 17s, 2025 
https://theaspd.com/index.php 
 

693 
 

43. Atawodi S. E., Adepoju O. A., Nzelibe H. C. Antihyperglycaemic and hypolipidemic effect of methanol extracts of 
Ageratum conyzoides L (Asteraceae) in normal and diabetic rats. Tropical Journal of Pharmaceutical Research . 
2017;16(5):989–996. [Google Scholar] 

44. Bora K. S., Sharma A. Evaluation of antioxidant and free-radical scavenging potential of Artemisia absinthium. 
Pharmaceutical Biology . 2011;49(12):1216–1223. doi: 10.3109/13880209.2011.578142. [DOI] [PubMed] [Google 
Scholar] 

45. Gao T., Zhu Z.-Y., Zhou X., Xie M.-L. Chrysanthemum morifolium extract improves hypertension-induced cardiac 
hypertrophy in rats by reduction of blood pressure and inhibition of myocardial hypoxia-inducible factor-1alpha 
expression. Pharmaceutical Biology . 2016;54(12):2895–2900. doi: 10.1080/13880209.2016.1190764. [DOI] [PubMed] 
[Google Scholar] 

46. Akinpelu B., Apata J., Iwalewa E., Oyedapo O. Evaluation of anti-hyperlipidemic potential of ethanolic leaf extract of 
Clerodendrum volubile P. Beauv. IFE Journal of Science . 2016;18(3):789–800. [Google Scholar] 

47. Citoğlu G. S., Coban T., Sever B., İşcan M. J. J. O. E. Antioxidant properties of Ballota species growing in Turkey. Journal 
of Ethnopharmacology . 2004;92(2-3):275–280. doi: 10.1016/j.jep.2004.03.012. [DOI] [PubMed] [Google Scholar] 

48. Hailu W., Engidawork E. Evaluation of the diuretic activity of the aqueous and 80% methanol extracts of Ajuga remota 
Benth (Lamiaceae) leaves in mice. BMC Complementary and Alternative Medicine . 2014;14(1):1–8. doi: 10.1186/1472-
6882-14-135. [DOI] [PMC free article] [PubMed] [Google Scholar] 

49. Ritter M., Melichar K., Strahler S., et al. Cardiac and electrophysiological effects of primary and refined extracts from 
Leonurus cardiaca L.(Ph. Eur.) Planta Medica . 2010;76(6):572–582. doi: 10.1055/s-0029-1240602. [DOI] [PubMed] 
[Google Scholar] 

50. Kumar G. S., Kattimani S., Sarkar S., Sekhar Kar S. Prevalence of depression and its relation to stress level among medical 
students in Puducherry, India. Industrial Psychiatry Journal . 2017;26(1):86–90. doi: 10.4103/ipj.ipj_45_15. [DOI] [PMC 
free article] [PubMed] [Google Scholar] 

51. Michel J., Abd Rani N. Z., Husain K. A review on the potential use of medicinal plants from Asteraceae and Lamiaceae 
plant family in cardiovascular diseases. Frontiers in Pharmacology . 2020;11:p. 852. doi: 10.3389/fphar.2020.00852. 
[DOI] [PMC free article] [PubMed] [Google Scholar] 

52. Dwivedi S., Udupa N. Terminalia arjuna: pharmacognosy, phytochemistry, pharmacology and clinical use. A review. 
Fitoterapia . 1989;60(5):413–420. [Google Scholar] 

53. Zaini R., Clench M. R., Le Maitre C. L. Bioactive chemicals from carrot (Daucus carota) juice extracts for the treatment 
of leukemia. Journal of Medicinal Food . 2011;14(11):1303–1312. doi: 10.1089/jmf.2010.0284. [DOI] [PubMed] [Google 
Scholar] 

54. Muralidharan P., Balamurugan G., Kumar P. Inotropic and cardioprotective effects of Daucus carota Linn. on 
isoproterenol-induced myocardial infarction. Bangladesh Journal of Pharmacology . 2008;3(2):74–79. [Google Scholar] 

55. Hitit M., Corum O., Corum D. D., et al. A cardioprotective role of Nerium oleander with the expression of hypoxia-
inducible factor 2A mRNA by increasing antioxidant enzymes in rat heart tissue. Acta Scientiae Veterinariae . 
2018;46(1):p. 8. [Google Scholar] 

56. Gayathri V., Ananthi S., Chandronitha C., Ramakrishnan G., Sundaram R. L., Vasanthi H. R. Cardioprotective effect 
of Nerium oleander flower against isoproterenol-induced myocardial oxidative stress in experimental rats. Journal of 
Cardiovascular Pharmacology and Therapeutics . 2011;16(1):96–104. doi: 10.1177/1074248410381759. [DOI] 
[PubMed] [Google Scholar] 

57. Saravanan G., Ponmurugan P., Sathiyavathi M., Vadivukkarasi S., Sengottuvelu S. Cardioprotective activity of 
Amaranthus Viridis Linn: effect on serum marker enzymes, cardiac troponin and antioxidant system in experimental 
myocardial infarcted rats. International Journal of Cardiology . 2013;165(3):494–498. doi: 10.1016/j.ijcard.2011.09.005 

58. Mridula K., Parthibhan S., Kumar T. S., Rao M. In vitro organogenesis from Tinospora cordifolia (Willd.) Miers-a highly 
valuable medicinal plant. South African Journal of Botany . 2017;113:84–90. 

59. Upadhyay A. K., Kumar K., Kumar A., Mishra H. S. Tinospora cordifolia (Willd.) Hook. f. and Thoms.(Guduchi)–
validation of the Ayurvedic pharmacology through experimental and clinical studies. International Journal of Ayurveda 
Research . 2010;1(2):p. 112. doi: 10.4103/0974-7788.64405 

60. Bachheti RK, Worku LA, Gonfa YH, Zebeaman M, Deepti, Pandey DP, Bachheti A. Prevention and Treatment of 
Cardiovascular Diseases with Plant Phytochemicals: A Review. Evid Based Complement Alternat Med. 2022 Jul 
4;2022:5741198. doi: 10.1155/2022/5741198. Retraction in: Evid Based Complement Alternat Med. 2023 Nov 
1;2023:9806430. doi: 10.1155/2023/9806430. PMID: 35832515; PMCID: PMC9273387. 

61. Gao S., Liu Z., Li H., Little P. J., Liu P., Xu S. (2012). Cardiovascular actions and therapeutic potential of tanshinone IIA. 
Atherosclerosis 220 (1), 3–10. 10.1615/IntJMedMushr.v6.i1.20 [DOI] [PubMed] [Google Scholar] 

62. Gardner C. D., Taylor-Piliae R. E., Kiazand A., Nicholus J., Rigby A. J., Farquhar J. W. (2008). Effect of Ginkgo biloba 
(EGb 761) on treadmill walking time among adults with peripheral artery disease: a randomized clinical trial. J. 
Cardiopulm. Rehabil. Prev. 28 (4), 258–265.   10.1097/01.HCR.0000327184.51992.b8 [DOI] [PMC free article] 
[PubMed] [Google Scholar] 

63. Gauhar R., Hwang S.-L., Jeong S.-S., Kim J.-E., Song H., Park D. C., et al. (2012). Heat-processed Gynostemma 
pentaphyllum extract improves obesity in ob/ob mice by activating AMP-activated protein kinase. Biotechnol. Lett. 34 
(9), 1607–1616. 10.1007/s10529-012-0944-1 [DOI] [PubMed] [Google Scholar] 

64. Gerry C. J., Schreiber S. L. (2018). Chemical probes and drug leads from advances in synthetic planning and methodology. 
Nat. Rev. Drug Discov. 17 (5), 333–352.   10.1038/nrd.2018.53 [DOI] [PMC free article] [PubMed] [Google Scholar] 



International Journal of Environmental Sciences 
ISSN: 2229-7359 
Vol. 11 No. 17s, 2025 
https://theaspd.com/index.php 
 

694 
 

65. Gou S. H., Huang H. F., Chen X. Y., Liu J., He M., Ma Y. Y., et al. (2016). Lipid-lowering, hepatoprotective, and 
atheroprotective effects of the mixture Hong-Qu and gypenosides in hyperlipidemia with NAFLD rats. J. Chin. Med. 
Assoc. 79 (3), 111–121.   10.1016/j.jcma.2015.09.002 [DOI] [PubMed] [Google Scholar] 

66. Gou S. H., Liu B. J., Han X. F., Wang L., Zhong C., Liang S., et al. (2018). Anti-atherosclerotic effect of Fermentum 
Rubrum and Gynostemma pentaphyllum mixture in high-fat emulsion- and vitamin D3-induced atherosclerotic rats. J. 
Chin. Med. Assoc. 81 (5), 398–408.   10.1016/j.jcma.2017.08.018 [DOI] [PubMed] [Google Scholar] 

67. Grosse Y., Loomis D., Lauby-Secretan B., El Ghissassi F., Bouvard V., Benbrahim-Tallaa L., et al. (2013). Carcinogenicity 
of some drugs and herbal products. Lancet Oncol. 14 (9), 807–808. 10.1016/S1470-2045(13)70329-2 [DOI] [PubMed] 
[Google Scholar] 

68. Guerrero-Garcia C., Rubio-Guerra A. F. (2018). Combination therapy in the treatment of hypertension. Drugs Context 
7, 212531.   10.7573/dic.212531 [DOI] [PMC free article] [PubMed] [Google Scholar] 

69. Gui Q. F., Xu Z. R., Xu K. Y., Yang Y. M. (2016). The Efficacy of Ginseng-Related Therapies in Type 2 Diabetes Mellitus: 
An Updated Systematic Review and Meta-analysis. Medicine (Baltimore) 95 (6), e2584.   
10.1097/MD.0000000000002584 [DOI] [PMC free article] [PubMed] [Google Scholar] 

70. Gurovic M. S. V., Viceconte F. R., Pereyra M. T., Bidegain M. A., Cubitto M. A. (2018). DNA damaging potential of 
Ganoderma lucidum extracts. J. Ethnopharmacol. 217, 83–88.   10.1016/j.jep.2018.02.005 [DOI] [PubMed] [Google 
Scholar] 

71. Harvey A. (2000). Strategies for discovering drugs from previously unexplored natural products. Drug Discovery Today 5 
(7), 294–300. 10.1016/S1359-6446(00)01511-7 [DOI] [PubMed] [Google Scholar] 

72. Hashiguchi M., Ohta Y., Shimizu M., Maruyama J., Mochizuki M. (2015). Meta-analysis of the efficacy and safety of 
Ginkgo biloba extract for the treatment of dementia. J. Pharm. Health Care Sci. 1, 14.   10.1186/s40780-015-0014-7 
[DOI] [PMC free article] [PubMed] [Google Scholar] 

73. He M., Pan H., Chang R. C., So K. F., Brecha N. C., Pu M. (2014). Activation of the Nrf2/HO-1 antioxidant pathway 
contributes to the protective effects of Lycium barbarum polysaccharides in the rodent retina after ischemia-reperfusion-
induced damage. PloS One 9 (1), e84800.   10.1371/journal.pone.0084800 [DOI] [PMC free article] [PubMed] [Google 
Scholar] 

74. Heleno S. A., Barros L., Martins A., Queiroz M. J. R., Santos-Buelga C., Ferreira I. (2012). Fruiting body, spores and in 
vitro produced mycelium of Ganoderma lucidum from Northeast Portugal: A comparative study of the antioxidant 
potential of phenolic and polysaccharidic extracts. Food Res. Int. 46 (1), 135–140. 10.1016/j.foodres.2011.12.009 [DOI] 
[Google Scholar] 

75. Heriansyah T., Nurwidyaningtyas W., Sargowo D., Tjahjono C. T., Wihastuti T. A. (2019). Polysaccharide peptide (PsP) 
Ganoderma lucidum: a potential inducer for vascular repair in type 2 diabetes mellitus model. Vasc. Health Risk Manage. 
15, 419. 10.2147/VHRM.S205996 [DOI] [PMC free article] [PubMed] [Google Scholar] 

76. Hikino H., Konno C., Mirin Y., Hayashi T. (1985). Isolation and Hypoglycemic Activity of Ganoderans A and B, Glycans 
of Ganoderma lucidum Fruit Bodies1. Planta Med. 51 (4), 339–340.   10.1055/s-2007-969507 [DOI] [PubMed] [Google 
Scholar] 

77. Hong S. Y., Kim J. Y., Ahn H. Y., Shin J. H., Kwon O. (2012). Panax ginseng extract rich in ginsenoside protopanaxatriol 
attenuates blood pressure elevation in spontaneously hypertensive rats by affecting the Akt-dependent phosphorylation 
of endothelial nitric oxide synthase. J. Agric. Food Chem. 60 (12), 3086–3091.   10.1021/jf204447y [DOI] [PubMed] 
[Google Scholar] 

78. Hong J. M., Shin D. H., Lim Y. A., Lee J. S., Joo I. S. (2013). Ticlopidine with Ginkgo Biloba extract: a feasible 
combination for patients with acute cerebral ischemia. Thromb. Res. 131 (4), e147–e153.   
10.1016/j.thromres.2013.01.026 [DOI] [PubMed] [Google Scholar] 

79. Hori T., Ridge R. W., Tulecke W., Del Tredici P., Tremouillaux-Guiller J., Tobe H. (1997). Ginkgo biloba: a global 
treasure: from biology to medicine  

80. Huang T. H., Li Y., Razmovski-Naumovski V., Tran V. H., Li G. Q., Duke C. C., et al. (2006). Gypenoside XLIX isolated 
from Gynostemma pentaphyllum inhibits nuclear factor-kappaB activation via a PPAR-alpha-dependent pathway. J. 
Biomed. Sci. 13 (4), 535–548.    

81.  Saman H, Khalil-ur-R , Zahoor-ul-hassan D, Nazish J, Mansoor H, Zafar IK, Kafeel A, Khalid M, Ehsan EV. 
Cardioprotective effect of gemmotherapeutically treated withania somnifera against chemically induced myocardial injury 
Pak. J Bot. 2010;42:1487–1499. 

82. Hertog MG, Feskens EJ, Hollam PC, Katan MB, Kromhout D. Dietary antioxidant flavonoids and risk of coronary heart 
diseases: the Zutphen elderly study. Lancet. 1993;342:1007–1020. 

83. Yousefi K, Soraya H, Fathiazad F, Khorrami A, Hamedeyazdan S, Maleki-Dizaji N, Garjani A. Cardioprotective effect of 
methanolic extract of Marribum vulgare L. On isoprotenol-induced acute myocardial infarction in rats. Indian J Exp Biol. 
2013;51:653–660. 

84. inkel T. Signal transduction by ROS in non-phagocytic cells. J leukoc Biol. 1999;65:337–340.  
85. Sizuki YJ, Forman HJ, Sevanian A. Oxidants as stimulators of signal transduction. Free Radic Biol Med. 1997;22:269–

285.  
86. Wolin MS. Interactions of oxidants with vascular signaling systems. Artrioscler throm vasc. Biol. 2000;20:1430–1442.  
87. Lassegue B, Clempus RE. Vascular NAD(P)H oxidases: specific features, expression and regulation. Am J Physiol Regul 

Integr Comp Physiol. 2003;285:277–297.  
88. Touyz RM, Schiffrin EL. Ang 11-stimulated superoxide production is mediated via phospholipase D in human vascular 

smooth muscle cells. Hypertension. 1999;34:976–982.  


