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Abstract 
Cardiovascular disease is the leading cause of morbidity and mortality in the world. Cardiotoxic effects 

can lead to heart failure, the inability of the heart to pump enough blood throughout the body which is 

due to cardiomyopathy. The present review is focusd on the plants that have been evaluated for 

cardioprotective activity against doxorubicin-induced cardiotoxicity. This review is based on pertinent 

papers that were retrieved by a selective search using relevant keywords in PubMed and Science Direct. 

The literature mainly focusing on natural products and herb extracts with therapeutic efficacies against 

experimental models both in vitro and in vivo was identified. Three phase screening was applied to 

select the most relevant studies that suit the objective of the review. Current evidence revealed that 

multiple molecules and signaling pathways, such as oxidative stress, iron metabolism, and 

inflammation, are associated with Doxorubicin (DOX) induced cardiotoxicity. Based on this 

knowledge, various strategies were proposed, and thousands of compounds were screened. A number of 

herbal extracts and natural products demonstrated potency in limiting DOX cardiotoxicity toward 

cultured cells and experimental animal models. This review, therefore, provided a useful resource to 

enable a thorough assessment of the profile of plants that have cardioprotective activity against 

doxorubicin-induced cardiotoxicity.  
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Introduction 

Cardiovascular diseases are the foremost 

cause of morbidity and mortality globally; more 

people die annually from cardiovascular diseases 

than from any other cause. An estimated 17.7 

million people died from cardiovascular diseases 

in 2015, representing 31% of all global deaths. 

Over three-quarters of cardiovascular disease, 

deaths take place in low- and middle-income 

countries. There are 32.4 million myocardial 

infarctions and strokes cases worldwide every 

year [1]. The progress in the management of 

myocardial infarction is a result of several major 

trends, including improvements in risk 

stratification, more widespread use of an 

invasive strategy, and implementation of care 

delivery systems prioritizing immediate 

revascularization year [2]. Myocardial infarction 

(i.e., heart attack) is defined pathologically as the 

irreversible death (necrosis) of myocardial cells 

secondary to prolonged lack of oxygen supply 

(ischemia) [3]. Oxygen demand can be reduced 

by decreasing cardiac exertion or, according to 

recent studies, by shifting myocardial 

metabolism to substrates that involve less 

oxygen per unit of adenosine triphosphate (ATP) 

produced. Among the pharmacological agents 

used in the treatment of infarction are nitro 

vasodilators, β-adrenergic receptor antagonists, 

calcium channel antagonists, and antiplatelet 

through percutaneous coronary intervention (or 

fibrinolysis), advances in antiplatelet agents and 

anticoagulants, and greater use of secondary 

prevention strategies such as statins [4].  

Doxorubicin is an anticancer drug which 

belongs to anthracycline antibiotics and is being 

used widely for the treatment of various 

hematological and solid tumor malignancies 

including breast cancer, leukemia, and sarcomas 

[5, 6]. However, its clinical uses are limited by a 

dose-dependent side effect of cardiotoxicity, 

which may lead to irreversible cardiomyopathy 

and eventually heart failure [7, 8]. The incidence 

of doxorubicin-related cardiotoxicity increases 
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sharply above a cumulative dose of 550 mg/m2 

body surface area. So, the maximum 

recommended a cumulative dose of Doxorubicin 

was tentatively set at 500 or 450 mg/square 

meters [9]. Doxorubicin-induced cardiotoxicity 

is mediated through different mechanisms 

including free radical production, calcium 

overloading, mitochondrial dysfunction, and 

peroxynitrite formation have been proposed [10-

11]. Doxorubicin is enzymatically reduced to its 

semi Quinone radical [12]. This Doxorubicin 

semi Quinone radical directly transfers its 

electron to molecular oxygen, generating 

superoxide radical and hydrogen peroxide [13]. 

As reactive oxygen species (ROS) play 

important roles in Doxorubicin-induced toxicity. 

Many compounds with antioxidant properties 

have been examined as potential therapeutic 

and/or protective agents [14]. Various 

phytoconstituents from plants were responsible 

for the cardioprotective activity as mentioned in 

table 1. 

Table 1. Phytoconstituents from plants were responsible for the cardioprotective activity 

Phytoconstituents Plant name Family 

Allicin,  sulfur compounds Allium sativum Liliaceae 
Flavonoids, carotenoids Anacardiumoccidentale Anacardiaceae 
Cardiac glycosides Antiaristoxicaria Moraceae 
Saponins-Shatavarins I–IV Asparagus racemosus Asparagaceae 
Triterpenes Ganodermalucidum Ganodermataceae 
Triterpenoid Leptadeniapyrotechnica Asclepiadaceae 
Cardiac glycosides Digitalis purpurea Scrophulariaceae 
Alkaloidal constituents, including 

berberine; bitter principles, including 

columbin, chasmanthin, palmarin and 

tinosporon, tinosporic acid and tinosporol 

Tinosporacordifolia 

 

 

Menispermaceae 

 

Caffeic acid Raphanussativus Cruciferae 
Protein Euryale ferox Nymphaeaceae 

Literature search strategy 

 Search terms like “cardioprotective” 

“doxorubicin” “cardiotoxicity” “adriamycin” 

“plants” were combined with suitable Boolean 

markers AND, OR and searched in databases 

PubMed and Science Direct. Studies which 

employed primary research, which suits the aim 

of the study, English language papers, the time 

period between 2004 to 2018 were included in 

the study. Abstracts, letters to the editor, short 

communications are excluded from the study. 

The articles thus obtained were screened by a 

three-stage process. In the first stage, the titles 

were evaluated for suitability of inclusion in the 

study. In the second stage, abstracts of suitable 

articles were evaluated for inclusion. In the third 

stage, the full paper of suitable articles was 

evaluated for inclusion. 

Plants and their cardio-protective activity 

against doxorubicin induced cardiotoxicity 

 Dried stigmas of Saffron methanolic 

extract restored inflammatory marker (lactate 

dehydrogenase), cardiac markers (C-reactive 

protein, troponin-T, and creatine kinase-

muscle/brain [MB]), and lipid peroxidase 

activity to normal levels in Doxorubicin Toxicity 

in Isolated Rabbit Hearts [15]. Ethanolic extract 

of Boswellia ovalifoliolata bark and leaf restored 

the doxorubicin-induced cardiotoxicity by 

attenuating oxidative stress and lipid 

peroxidation in the heart to the normal [16]. The 

administration of  Water extract of pomegranate 

aril, rind, and seeds in male Wistar albino rats 

possesses significant cardioprotective potential 

against doxorubicin-induced cardiotoxicity as it 

significantly increased in serum CK-MB, LDH, 

and cardiac marker enzymes, and prevented the 

depletion of antioxidant parameters[17]. 

 The treatment of Wistar Albino rats with 

green tea extract showed significant 

cardioprotective activity by bringing all the 

parameters such as cardiac markers (creatine 

kinase MB, lactate dehydrogenase, and aspartate 

aminotransferase), some antioxidant enzymes, 

interleukin (IL)-1 β, monocyte chemoattractant 

protein-1, myeloperoxidase, collagen-1, galectin-

3, and serum corticosterone to near normal level 

in doxorubicin-induced cardiotoxicity in 

rats[18]. The dry roots of Astragalus 

membranaceus elicited a significant 

cardioprotective activity by lowering the levels 
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of serum marker enzymes (aspartate 

aminotransferase, alanine aminotransferase, 

lactate dehydrogenase, and creatine 

phosphokinase) and lipid peroxidation and 

elevated the levels of glutathione. The 

cardioprotective effects of Astragalus 

polysaccharide in doxorubicin-induced oxidative 

damage may be due to an augmentation of the 

endogenous antioxidants and inhibition of lipid 

peroxidation of the membrane [19]. 

Cardioprotective effects of hydroalcoholic 

extract of raw garlic (Allium sativa) in 

doxorubicin-induced cardiotoxicity in rats is by 

significantly decreasing creatine kinase and 

lactate dehydrogenase and by increasing the 

heart rate. Garlic pretreatment increased the 

activity of Na+–K+ ATPase and decreased the 

activity of Ca+2 ATPase in the heart and aorta 

simultaneously along with decreasing the levels 

of cholesterol and triglycerides and increasing 

phospholipids in the heart and aorta [20]. 

 The aqueous extract of Allium cepa bulb 

significantly recovered the altered parameters 

(troponin-I, creatine kinase-MB, glutamate-

pyruvate transaminase, heart rate, R-R interval, 

and oxidative stress markers) in doxorubicin-

induced cardiotoxicity in Wistar albino rats [21]. 

Pretreatment with the aqueous leaf extract of 

Mangiferin (Mangifera indica L) prevented the 

elevation of serum marker enzymes, namely, 

lactate dehydrogenase, aspartate transaminase, 

alanine transaminase, and ALP (Alkaline 

phosphatase) in doxorubicin-induced 

cardiotoxicity in rats. The extract also attenuated 

lipid peroxidation in the heart and improved the 

imbalance in glutathione reductase, glutathione 

peroxides, superoxide dismutase, glutathione, 

and lipid profile caused by doxorubicin [22]. The 

ethanol and aqueous extracts of Terminalia 

arjuna bark significantly restored the level of 

total cholesterol, triglyceride, low-density 

lipoprotein, high-density lipoprotein and 

myocardial and serum of lactate dehydrogenase, 

creatine kinase, and aspartate aminotransferases 

which were altered by doxorubicin 

induction[23]. Ginkgo biloba phytosomes and 

proanthocyanidin extract significant restored 

doxorubicin depleted activities and levels of 

endogenous antioxidants (superoxide dismutase, 

catalase, glutathione peroxidase, glutathione 

reductase, and glutathione) heart homogenate. A 

significant decrease in doxorubicin-induced 

serum marker enzyme (aspartate 

aminotransferase, lactate dehydrogenase, and 

creatine phosphokinase) elevations and a 

significant attenuation of the doxorubicin 

elevated myocardial lipid peroxidation marker 

MPO demonstrates significant cardiac protection 

of G. biloba phytosomes and proanthocyanidin 

extract[24]. 

 Ficus racemosa stem bark  acetone 

extract improved cardiac function by increasing 

the heart rate, mean arterial pressure, 

contractility, and relaxation along with 

decreasing left ventricular end diastolic pressure 

and also significantly restored the reduced form 

of glutathione and endogenous antioxidant 

enzymes superoxide dismutase, catalase, and 

glutathione peroxidase from the heart, which 

were depleted after doxorubicin administration. 

It protects the heart from doxorubicin-induced 

cardiac injury by reducing oxidative stress and 

modulating hemodynamic and ventricular 

functions of the heart [25]. The ethanolic extract 

of Cranberry (Vaccinium macrocarpon) 

pretreatment reversed the lipid profile level, liver 

marker enzymes (SGPT and SGOT), cardiac 

marker enzymes (creatine kinase-MB and lactate 

dehydrogenase), and antioxidants (superoxide 

dismutase, catalase, glutathione peroxidase, and 

lipid peroxidase) to near normal than 

doxorubicin-induced rats [26].  

 Withania somnifera leaf extract preserves 

the integrity of myocardial cell membrane by 

maintaining the activities of cardiac Troponin I 

levels and serum lipid profiles, as well as the 

activities of marker enzymes of doxorubicin-

induced cardiac toxicity. Cardioprotective 

activity may be due to antilipoperoxidative and 

antioxidant effects [27]. Melissa officinalis 

exhibited significant cardioprotective activity by 

reversing the doxorubicin-induced cardiotoxicity 

in rats by increasing mean arterial pressure, heart 

rate, contractility, and relaxation along with 

decreased left ventricular end diastolic pressure, 

increased antioxidant enzymes, superoxide 

dismutase, catalase, and glutathione peroxidase 

and myocyte-injury-specific marker enzymes, 

creatine phosphokinase-MB, and lactate 

dehydrogenase in heart along with restoration of 

reduced glutathione and decreasing 

thiobarbituric acid reactive substances beside 

histopathological salvage of myocardium. The 

cardioprotective potential of M. officinalis is 

attributed to its potent antioxidant and free 

radical scavenging activity [28]. 
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 Pretreatment with ethanolic extract of 

Panax notoginseng saponins prevented the 

increase in serum and tissue lipid peroxidation, 

serum cardiac marker enzymes such as lactate 

dehydrogenase aspartate transaminase and 

alanine transaminase and the decrease in both 

enzymatic and non-enzymatic antioxidants in 

doxorubicin-treated mice [29]. Kolaviron and 

Garcinia kola seed extract significantly 

decreased the elevated levels of cardiac marker 

enzymes such as creatine kinase-MB, aspartate 

aminotransferase, alanine aminotransferase, 

lactate dehydrogenase and ALP in serum, 

doxorubicin-induced cardiotoxicity in Wistar 

rats [30]. Administration of plant extract of 

Taiwanese and Japanese yam (Dioscorea spp.) 

reduced the oxidative stress by decreased lipid 

peroxidation and reduced glutathione and also 

normalized the levels of cardiac marker enzymes 

such as creatine kinase, lactate dehydrogenase; 

SGOT, SGPT, and cardiac specify protein 

Troponin I in cardiotoxicity induced by 

doxorubicin. Taiwanese and Japanese yam 

(Dioscorea spp.) treated animals showed a lesser 

degree of cellular infiltration in histopathological 

studies [31]. Lycium barbarum elicited a 

significant cardioprotective effect by 

augmentation of the endogenous antioxidants 

and inhibition of lipid peroxidation of the 

membranes. Significant cardiotoxicity, increase 

serum marker enzymes (lactate dehydrogenase, 

glutamate oxaloacetate transaminase, and 

creatine kinase) by doxorubicin were reversed by 

pretreatment with aqueous extract of Lycium 

barbarum [32]. 

 Lyophilized hydroalcoholic extract of 

Moringa oleifera leaf exhibited significant 

cardioprotective effect by reducing effects on 

doxorubicin-induced cardiotoxicity. Chronic M. 

oleifera treatment resulted in significantly 

favorable modulation of the biochemical 

enzymes and prevented the deleterious 

histopathological and ultrastructural 

perturbations caused by doxorubicin [33]. 

Cardioprotective effect of strawberry fruits in 

doxorubicin-induced cardiotoxicity in rats is due 

to a decrease in the level of lipid peroxides and 

cardiac biomarker enzymes in the serum and 

heart [34]. Beetroot juice in increasing 

concentrations enhanced doxorubicin-induced 

cancer cell death, while lower concentrations of 

BRJ in combination with DOX proved to be the 

most effective combination for both 

cardioprotection and chemoprevention. These 

findings are clinically significant for potential 

use of BRJ in cardioprotection against DOX in 

patients with cancer. So BRJ can be a dietary 

nutritional supplement to reduce DOX-induced 

cardiotoxicity in cancer patients [35]. Significant 

cardioprotective effects were observed on 

protein, urea, creatinine, serum lipid profile, and 

antioxidants when treated with a hydroethanolic 

extract of Grape Seed and Skin against 

doxorubicin-induced chemotoxicity in rat heart 

[36]. The methanol extract of Acacia hydaspica, 

ameliorated the biochemical (creatine kinase-

myoglobin, SGOT, lactate dehydrogenase, serum 

glutamate pyruvate transaminase [SGPT], and 

total protein) and antioxidant parameters 

(catalase, superoxide dismutase, reduced 

glutathione, glutathione peroxidase, glutathione 

reductase, and MPO) levels significantly in 

doxorubicin-induced oxidative stress thereby 

offering significant cardioprotection [37]. 

 Diosgenin, a steroidal saponin of 

Dioscorea opposita, has been reported to have 

antioxidant activity. DOX treatment led to a 

significant decrease in the ratio of heart weight 

to body weight, and increases in the blood 

pressure and the serum levels of lactate 

dehydrogenase (LDH), creatine phosphokinase 

(CPK) and creatine kinase-myocardial bound 

(CK-MB), markers of cardiotoxicity. In the heart 

tissue of the DOX-treated mice, DOX reduced 

activities of antioxidant enzymes, including 

superoxide dismutase (SOD) and glutathione 

peroxidase (GPx), were recovered by diosgenin. 

Diosgenin also decreased the serum levels of 

cardiotoxicity markers, cardiac levels of 

thiobarbituric acid relative substances (TBARS) 

and reactive oxygen species (ROS), caspase-3 

activation, and mitochondrial dysfunction, as 

well as the expression of nuclear factor kappa B 

(NF-κB), an inflammatory factor [38]. 

Davallialactone (DAVA) extracted from 

mushroom Inonotus xeranticus significantly 

increased the viability of doxorubicin-injured 

H9c2 cells and inhibited ADR-induced ROS 

production, apoptosis, and the expression of 

Cu/Zn SOD and Mn-SOD. DAVA also inhibited 

the expression of the extracellular signal-

regulated kinase (ERK) and c-Jun N-terminal 

kinase (JNK), which was activated by ADR. In 

the in vivo animal model, treatment involving 

DAVA significantly reduced cardiomyocyte 

lesions [39].  
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 Bilberry extract significantly inhibited 

doxorubicin-provoked reduced glutathione 

depletion and accumulation of oxidized 

glutathione, malondialdehyde and protein 

carbonyls in cardiac tissues. This was 

accompanied by significant amelioration of 

reduced cardiac catalase, superoxide dismutase, 

and glutathione peroxidase activities; and 

increased cardiac myeloperoxidase activity in 

response to DOX challenge. Pretreatment with 

bilberry significantly guarded against a DOX-

induced increase in serum activities of lactate 

dehydrogenase, creatine phosphokinase, and 

creatine kinase-MB, as well as the level of 

troponin I [40]. Cannabidiol (CBD) exerts 

protective effects against doxorubicin-induced 

cardiotoxicity and cardiac dysfunction by (i) 

attenuating oxidative and nitrative stress, (ii) 

improving mitochondrial function, (iii) 

enhancing mitochondrial biogenesis, 

(iv)decreasing cell death and expression of 

MMPs and (v) decreasing myocardial 

inflammation [41]. 

 Honokiol is an active component 

extracted from the bark of Magnolia Officinalis, 

treatment protects the heart from Doxorubicin-

cardiotoxicity via facilitating mitochondrial 

respiration and exerting anti-oxidant and anti-

inflammation, effects, not only by repressing 

mitochondrial protein de-acetylation but also 

activating PPARγ signaling [42]. The aqueous 

Schisandra Chinensis fruit extract maintains near 

normal levels of cardiac biomarker enzymes 

(cardiac troponin-T, creatinine kinase, and 

lactate dehydrogenase) and antioxidant enzymes 

(glutathione, MPO, catalase, and superoxide 

dismutase). ADR cardiotoxicity is associated 

with the antioxidant deficit and SC treatment 

changes the antioxidant status of the heart to 

improve cardiac function [43]. Cryptotanshinone 

protects the energy production by increasing the 

complexes activities in ETC and the ATP 

generation. CRY also increases the MMP and 

inhibits the superoxide anion free radicals. The 

expressions of mitochondrial biogenesis-relative 

genes can be up-regulated by CRY. Remarkable 

augmentations of NO, iNOS, and increased 

activity of GSH-PX are detected after the 

treatment of CRY. However, these structural and 

functional protections are partly recovery [44]. 

 Baicalein, a natural antioxidant 

component of Scutellaria baicalensis, produced 

maximum cardioprotection as evidenced by 

significant restoration of endogenous 

antioxidants (superoxide dismutase, catalase, 

glutathione peroxidase, and reduced 

glutathione), myocyte-specific injury markers 

(myocardial lactate dehydrogenase and creatine 

kinase-MB isoenzyme), and decrease in lipid 

peroxidation marker Myeloperoxidase (MPO) 

Against Doxorubicin-Induced Cardiotoxicity 

[45]. Ethanolic extract of root of Rheum 

turkestanikum strongly protected the heart 

against doxorubicin-induced cardiotoxicity and 

elicits cardioprotective effects which could be 

related to antioxidant activities. Animals treated 

with root extract of Rheum turkestanikum 

showed a significant decrease in triglycerides, 

aspartate aminotransferase, ALP, antioxidant 

enzymes, namely, superoxide dismutase, lipid 

hydroperoxide, an increase in high-density 

lipoprotein cholesterol [46]. Theobroma cacao 

stem bark aqueous extract (TCAE) protects 

doxorubicin intoxication caused by a significant 

increase in concentrations of H2O2 generated, 

MDA and PC, XO, MPx and NOX activities 

with a concomitant decrease in CAT, SOD, GPx 

and GST activities, and in concentrations of 

GSH, AsA and α-Toc in the brain and cardiac 

tissues. Pre-, co- and post-treatment with TCAE 

significantly reversed the oxidative damage to 

the organs induced byDOX-intoxication. The 

result affirmed that T. cacao stem bark aqueous 

extract protected against DOX-induced oxidative 

damage in the brain and cardiac tissues of 

experimental rats [47]. 

 Administration of root extract of 

Oroxylum indicum reduced the oxidative stress 

by decreased lipid peroxidation and reduced 

glutathione and also normalized the levels of 

cardiac marker enzymes such as creatine kinase, 

lactate dehydrogenase; SGOT, SGPT, and 

cardiac specify protein Troponin I in 

cardiotoxicity induced by doxorubicin. 

Oroxylum indicum treated animals showed a 

lesser degree of cellular infiltration in 

histopathological studies [48]. Pretreatment with 

Simvastatin SIM and Lagenaria siceraria 

(H.L.S.S.E) significantly reduced the elevated 

cardiac toxicity biomarker enzyme level and 

raised the level of antioxidants viz CAT, GSH, 

SOD and decrease LPO in the extract treated 

groups as compared to the disease control group. 

In the histopathological studies, H.L.S.S.E and 

SIM showed protection against cardiotoxicity 

induced by doxorubicin [49]. Ganoderma atrum 

polysaccharide was found to possess 
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cardioprotective effects against doxorubicin-

induced cardiotoxicity in vivo, as evidenced by 

improving mitochondrial structure and function 

through the inhibition of mitochondrial apoptosis 

signal transduction pathway by maintaining the 

redox status, Bcl-2 family and mPTP opening 

[50]. 

 Pretreatment of Averrhoa bilimbi (BM) 

extract controlled doxorubicin-induced toxicities 

in terms of reduced serum CK-MB, LDH, 

cardiac tissue-TBARS and elevation of other 

enzymatic and non-enzymatic antioxidants and 

protected the body-weightloss and DNA-

fragmentation in heart tissue. Further, 

cardioprotection was established by 

histopathological examination. BM-extract 

treatment modulated the antioxidants both in 

heart and liver tissues of EAC-mice. For 

mechanistic approach, BM-extract showed in 

vitro antioxidant activity (measured by DPPH 

and FRAP assay) and inhibited intracellular 

generation of ROS and nitrite in RAW264.7 

cells [51]. The ethanolic extract of Lagenaria 

siceraria pretreatment reversed the lipid profile 

level, liver marker enzymes (SGPT and SGOT), 

cardiac marker enzymes (creatine kinase-MB 

and lactate dehydrogenase), and antioxidants 

(superoxide dismutase, catalase, glutathione 

peroxidase, and lipid peroxidase) to near normal 

than doxorubicin-induced rats [52]. 

 Treatment with date palm fruit extract 

restored the aforementioned parameters. 

Doxorubicin produced a significant increase in 

creatine kinase-MB and lactate dehydrogenase 

activities. It also decreased the activities of 

cardiac glutathione peroxidase and superoxide 

dismutase but increase levels of cardiac 

malondialdehyde and also of urinary 8-hydroxy-

2-deoxyguanosine. Cardiotoxicity of Dox also 

appeared in the elevation of serum total 

cholesterol, triglycerides, and low-density 

lipoprotein cholesterol levels, while the level of 

high-density lipoprotein cholesterol decreased. 

Histopathological studies revealed alteration of 

cardiac tissue structure by Dox [53]. 

 The hydroethanolic extract of Urtica 

parviflora leaf treatment significantly protected 

the myocardium by decreasing the elevated level 

of MDA; elevating the diminished levels of 

GSH, SOD, CAT, and HDL, with a concomitant 

decrease in the elevated levels of HDL, LDL, 

and TG. EEUP also significantly reduced the 

increased activities of AST, ALT, ALP, CPK, 

and LDH [54]. The extract of sea cucumber and 

valsartan significantly decreased the cardiac 

marker enzyme creatinine phosphokinase and 

lactate dehydrogenase and increased the levels of 

creatinine phosphokinase and lactate 

dehydrogenase of superoxide dismutase and 

catalase exhibiting cardioprotective activity 

against doxorubicin-induced cardiac damage 

[55]. Treatment with Hypericum hircinum 

significantly decreased the levels of LPO and 

marker enzymes, increased the levels of GSH 

and, reversed the changes in ECG and prevented 

the decrease in the heart weight in the DOX-

treated group. The results suggest that H. 

hircinum has the potential to prevent the 

cardiotoxic effects induced by DOX [56]. 

 The ethanolic extract of aerial parts of 

Thespesia populnea significantly suppressed the 

elevation of MPO levels, suppressed ST-segment 

elevation and severe myocardial necrosis and 

fibrosis with a sharp reduction in left ventricular 

contractility and a marked increase in left 

ventricular end-diastolic pressure induced by 

doxorubicin [57]. 

 The of aqueous leaf extract of Guazuma 

ulmifolia significantly decreased the cardiac 

marker enzyme (creatinine phosphokinase and 

lactate dehydrogenase) and increased the 

antioxidant enzymes (superoxide dismutase and 

catalase) signifying it is cardioprotective effect 

against the acute cardiac damage induced by 

doxorubicin in rats [58]. The ethanol extract of 

Buchanania axillaris, ameliorated the 

biochemical (creatine kinase-myoglobin, SGOT, 

lactate dehydrogenase, serum glutamate pyruvate 

transaminase [SGPT], and total protein) and 

antioxidant parameters (catalase, superoxide 

dismutase, reduced glutathione, glutathione 

peroxidase, glutathione reductase, and MPO) 

levels significantly in doxorubicin-induced 

oxidative stress thereby offering significant 

cardioprotection [59]. 

 Pretreatment with the ethanolic extract of 

the whole plant of Boerhaavia diffusa and Vit-E 

significantly protected myocardium from the 

toxic effects of Dox by reducing the elevated 

level of biomarker enzymes like LDH, CK-MB, 

biochemical parameters such as AST and ALT, 

the absence of cTnI and restoring of 

disorganized myocardial tissue to normal [60]. 

The ethanolic leaf extract of Ipomoea batatas 

(EEIB) significantly decreased the levels of 

cardiac markers like creatinine kinase (CK-MB), 
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CK, lactate dehydrogenase and lipid peroxides. 

In heart superoxide dismutase, catalase, tissue 

protein, and glutathione levels were significantly 

increased in the extract and ascorbic acid 

pretreated rats when compared to doxorubicin 

[61]. Gingerols and shogaols present in Zingiber 

officinale showed decrease in all the cardiac 

enzyme activities, i.e., cardiac Troponin I, 

creatine kinase-MB isoenzyme, lactate 

dehydrogenase, alanine transaminase, and 

aspartate transaminase against doxorubicin-

induced cardiac toxicity along with significant 

rises in the activity of glutathione peroxide, 

catalase, and superoxide dismutase apart from 

improvement in membrane cell integrity [62]. 

 Treatment with Solanum torvum 

significantly reversed the changes in ECG; 

decreased the levels of CK-MB and LDH; and 

increased the antioxidant defense enzyme levels 

of SOD and CAT. S. torvum treated animals 

showed a lesser degree of cellular infiltration in 

histopathological studies. The results suggest 

that S. torvum has the potential of preventing the 

cardiotoxicity induced by Doxorubicin [63].The 

methanolic extract of Piper longum Pretreatment 

ameliorated the effect of ADR on lipid peroxide 

formation and restored activities of marker 

enzymes. Activities of myocardial antioxidant 

enzymes like catalase, superoxide dismutase, 

glutathione peroxidase, glutathione reductase 

along with reduced glutathione were 

significantly lowered due to cardiotoxicity in rats 

administered with ADR. PLM pretreatment 

augmented these endogenous antioxidants. 

Histopathological studies of the heart revealed 

degenerative changes and cellular infiltrations in 

rats administered with ADR and pretreatment 

with PLM reduced the intensity of such lesions 

[64]. 

Conclusions 

The present review reveals the importance of 

medicinal plants in preventing and reversing 

cardiovascular diseases and makes an attempt to 

compile some of the cardioprotective plants. 

Medicinal plants and their supplements can help 

in lowering the risk of cardiovascular diseases. 

Secondary metabolites such as carotenoids, 

cardiac glycosides, alkaloids, flavonoids, 

polyphenolic compounds, saponins, terpenoids 

[triterpenes], fatty acids which are present in 

medicinal plants were considered as the 

responsible agents for potent cardio-protective 

activity. 
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