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Abstract

Chemotherapy-induced cardiotoxicity is a significant concern in cancer treatment,

as certain chemotherapeutic agents can have adverse effects on the cardiovascu-

lar system. This can lead to a range of cardiac complications, including heart failure,
arrhythmias, myocardial dysfunction, pericardial complications, and vascular toxic-

ity. Strategies to mitigate chemotherapy-induced cardiotoxicity may include the use
of cardioprotective agents (e.g., dexrazoxane), dose adjustments, alternative treatment
regimens, and the implementation of preventive measures, such as lifestyle modifi-
cations and the management of cardiovascular risk factors. Ginsenosides, the active
compounds found in ginseng (Panax ginseng), have been studied for their potential
cardioprotective effects in the context of chemotherapy-induced cardiotoxicity. In this
review, we investigate the cardioprotective effect of ginsenosides in chemotherapy-
induced cardiotoxicity. Ginsenosides have been shown to possess potent antioxidant
properties, which can help mitigate the oxidative stress and inflammation associ-

ated with chemotherapy-induced cardiac injury. They can modulate the expression

of antioxidant enzymes and reduce the production of reactive oxygen species, thereby
protecting cardiomyocytes from damage. Ginsenosides can also inhibit apoptosis
(programmed cell death) of cardiomyocytes, which is a key mechanism underlying
chemotherapy-induced cardiotoxicity. Modulation of ion channels, improvement

of lipid profiles, anti-platelet and anti-thrombotic effects, and promotion of angio-
genesis and neovascularization are another important mechanisms behind potential
effects of ginsenosides on cardiovascular health. Ginsenosides can improve various
parameters of cardiac function, such as ejection fraction, fractional shortening, and car-
diac output, in animal models of chemotherapy-induced cardiotoxicity. The cardio-
protective effects of ginsenosides have been observed in preclinical studies using
various chemotherapeutic agents, including doxorubicin, cisplatin, and 5-fluorouracil.
However, more clinical studies are needed to fully elucidate the therapeutic potential
of ginsenosides in preventing and managing chemotherapy-induced cardiotoxicity

in cancer patients.
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Introduction

Chemotherapy-induced cardiotoxicity refers to damage to the heart caused by certain
chemotherapy drugs [1]. This is a significant concern in cancer treatment, as it can
lead to various cardiac complications, including heart failure, arrhythmias (abnormal
heart rhythms), hypertension (high blood pressure), myocarditis (inflammation of
the heart muscle), etc. [2]. The risk and severity of cardiotoxicity can depend on sev-
eral factors, including the type of chemotherapy drug, dosage, duration of treatment,
combination with other treatments, and the patient’s overall health and pre-existing
heart conditions [3]. There are several classes of chemotherapy drugs known to poten-
tially cause cardiotoxicity, with varying mechanisms of action such as anthracyclines,
alkylating agents, antimetabolites, monoclonal antibodies, tyrosine kinase inhibi-
tors, and proteasome inhibitors [4—6]. The management of chemotherapy-induced
cardiotoxicity involves a multidisciplinary approach, including oncologists, cardiolo-
gists, and other healthcare professionals. Strategies may include monitoring (regular
heart function monitoring before, during, and after chemotherapy), dose adjustment
(modifying the dose or schedule of the chemotherapy drug), medication (such as ACE
inhibitors, beta-blockers, or dexrazoxane), lifestyle changes (encouraging a healthy
lifestyle, including a balanced diet, regular exercise, and avoiding tobacco and exces-
sive alcohol) [7-9]. Ginseng, a traditional herbal remedy used for centuries in East
Asia and North America, has been investigated for its potential cardioprotective
effects [10]. It contains several active components, including ginsenosides, which are
believed to be responsible for most of its health benefits [11]. Ginsenosides are the
primary active compounds found in ginseng (Panax ginseng), a widely used medici-
nal herb with a long history of traditional use in Asian countries. Ginsenosides are a
diverse group of triterpene saponins that have been extensively studied for their vari-
ous pharmacological properties, including their potential therapeutic applications in
cardiovascular diseases [12—14]. In this review article, we assessed the cardioprotec-
tive effect of ginsenosides in chemotherapy-induced cardiotoxicity.

Chemotherapy-induced cardiotoxicity

Chemotherapy-induced cardiotoxicity refers to the adverse effects of chemotherapy
drugs on the function and structure of the heart (Table 1). Mechanisms of chemo-
therapy-induced cardiotoxicity are summarized in Fig. 1. These effects can lead to a
decline in cardiac performance and even heart failure in some cases. Cardiotoxicity
is a concerning side effect of certain chemotherapeutic agents and can significantly
impact a patient’s quality of life and survival [2].

The specific types of cardiotoxicity and their characteristics include (Fig. 2):

1. Cardiomyopathy: this is the most common form of cardiotoxicity, characterized by
a decrease in cardiac function, particularly left ventricular systolic function. It can
lead to heart failure and is often associated with anthracyclines, a common class of
chemotherapeutic drugs [15].
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Table 1 Some key points about chemotherapy-induced cardiotoxicity

Aspect Information

Definition Damage to the heart muscle caused by certain chemotherapy drugs
Mechanism Interference with cardiac cell function, leading to heart dysfunction

Risk factors Pre-existing heart conditions, high doses of chemotherapy, certain drugs
Common Chemotherapies Doxorubicin, trastuzumab, fluorouracil, paclitaxel

Types of cardiotoxicity Acute (within days to weeks), chronic (months to years), delayed
Symptoms Shortness of breath, chest pain, fatigue, swelling in legs

Monitoring Echocardiograms, EKGs, biomarkers like troponin and BNP

Management Cardioprotective medications, monitoring heart function, lifestyle changes
Prevention Limiting cumulative doses, cardioprotective drugs, monitoring heart function
Prognosis Varies depending on drug, dose, patient factors

Mechanisms of
Chemotherapy-Induced
Cardiotoxicity
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Fig. 1 Mechanisms of chemotherapy-induced cardiotoxicity
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2. Arrhythmias: chemotherapy can disrupt the electrical conduction system of the
heart, leading to abnormal heart rhythms. These arrhythmias can be life-threatening
and require immediate medical attention [16].

3. Myocardial ischemia and infarction: some chemotherapy drugs can damage the
blood vessels supplying the heart, leading to reduced blood flow and oxygen supply
to the heart muscle, resulting in ischemia or myocardial infarction (heart attack) [17].

4. Pericardial disease: chemotherapy can cause inflammation or fluid accumulation in
the pericardium, the sac surrounding the heart [18]. This can lead to pericarditis or
pericardial effusion, causing chest pain and potentially impacting heart function [19].

5. Vascular toxicity: chemotherapy may damage blood vessels, leading to endothelial
dysfunction and vascular disorders such as Raynaud’s phenomenon or peripheral
vascular disease [20].

6. Cardiac autonomic neuropathy: some chemotherapeutic agents can damage the
nerves supplying the heart, leading to abnormal heart rate and blood pressure con-
trol [7, 21, 22].
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Fig. 2 Overview of chemotherapy-induced cardiotoxicity

The risk factors for developing chemotherapy-induced cardiotoxicity include:

— Type and dose of chemotherapy: certain chemotherapeutic agents, such as anthra-
cyclines and trastuzumab, are more cardiotoxic than others (Table 2). Higher
cumulative doses and longer duration of treatment also increase the risk.

— Previous cardiac disease: patients with pre-existing heart conditions or risk fac-
tors, such as hypertension or diabetes, are more susceptible to cardiotoxicity from
chemotherapy.

— Age: older patients tend to have a higher risk of cardiotoxicity, possibly due to age-
related changes in cardiac function and decreased cardiac reserve [23].

— Radiation therapy: combined radiation therapy to the chest area can further
increase the risk of cardiotoxicity [24].

— Genetic predisposition: certain genetic variations may influence an individual’s
susceptibility to cardiotoxicity [1, 15, 25].

Management and prevention strategies for chemotherapy-induced cardiotoxicity
include:
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Table 2 List of the most important chemotherapy drugs with cardiotoxicity
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Chemotherapy agent

Mechanism of
cardiotoxicity

Risk factors

Monitoring
recommendations

Anthracyclines (e.g., doxo-
rubicin, epirubicin)

Trastuzumab

Tyrosine kinase Inhibitors
(e.g., sunitinib, sorafenib)

Alkylating agents (e.g.,
cyclophosphamide)

Proteasome inhibitors
(e.g., bortezomib)

- Generation of free radi-
cals leading to oxidative
stress

- Interference with topoi-
somerase I3 leading to
DNA damage

- Cumulative dose

- Prior cardiac disease
- Older age

- Radiation therapy

- Inhibition of HER2 signal- - Prior anthracycline

ing in cardiomyocytes

- Inhibition of VEGF
signaling
- Hypertension

- Myocardial injury and
fibrosis

- Mitochondrial dysfunc-
tion
- Oxidative stress

exposure
- Older age
- Hypertension

- Underlying cardiovascu-
lar disease

- High-dose regimens

- Underlying cardiovascu-
lar disease

- Baseline and periodic
echocardiography or
MUGA scans

- Cardiac biomarkers
(troponin, BNP)

- Baseline and periodic
echocardiography or
MUGA scans

- Baseline and periodic
monitoring of blood
pressure, ECG, echocardi-
ography

- Baseline and periodic
monitoring of cardiac
function

- Baseline and periodic
monitoring of cardiac
function

— Cardiac monitoring: regular cardiac assessments, including echocardiograms and
electrocardiograms, are crucial for early detection of cardiotoxicity. Close moni-
toring allows for prompt intervention and adjustment of chemotherapy regimens
if necessary [26].

— Cardioprotective medications: medications such as angiotensin-converting
enzyme (ACE) inhibitors or beta-blockers may be prescribed to protect the heart
and improve cardiac function [27, 28].

— Adjustments to chemotherapy: in some cases, reducing the dose or changing the
chemotherapy regimen may be necessary to minimize cardiotoxic effects [21].

— Cardiac rehabilitation: cardiac rehabilitation programs can help improve cardio-
vascular health and reduce the impact of cardiotoxicity through supervised exer-
cise, education, and lifestyle modifications [29, 30].

— Risk factor management: controlling cardiovascular risk factors, such as hyper-
tension, diabetes, and dyslipidemia, is essential to minimize the overall cardiac
risk in patients undergoing chemotherapy [31-33].

Ginsenosides

Ginsenosides are the primary active compounds found in ginseng, a plant that has
been widely used in traditional Chinese medicine for thousands of years. Ginseng
comes in various species, such as Panax ginseng (Korean or Asian ginseng), Panax
quinquefolius (American ginseng), and Panax notoginseng, each containing different

Page 5 of 24
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profiles and concentrations of ginsenosides. These compounds are believed to be
responsible for the plant’s medicinal properties [34, 35].

Structure and classification

Ginsenosides are classified as triterpenoid saponins, which means they are glycosides
(molecules where a sugar part is bound to a non-sugar part) of triterpene derivatives.
The structure of ginsenosides consists of a steroidal-like backbone attached to one or
more sugar moieties. The variation in the number and position of the sugar moieties, as
well as the structure of the aglycone (non-sugar) part, accounts for the diversity of gin-
senosides [36]. The main types of ginsenosides are summarized in Table 3. Ginsenosides

are also commonly classified into two main groups based on the aglycone structure:

— Rb group (including Rb1, Rb2, Rb3, etc.): characterized by a dammarane-type struc-
ture with a 20(S)-protopanaxadiol group.

— Rg group (including Rgl, Rg2, Rg3, etc.): characterized by a dammarane-type struc-
ture with a 20(S)-protopanaxatriol group.

There are more than 150 identified ginsenosides, and ongoing research continues to
discover new variants and investigate their unique effects [36—38].

Biological effects and potential health benefits
Ginsenosides are thought to underlie most of the therapeutic properties attributed to
ginseng, including:

— Anti-inflammatory effects: they can modulate the immune system by reducing the
production of pro-inflammatory cytokines [39].

— Antioxidant properties: ginsenosides can help reduce oxidative stress by neutralizing
free radicals and enhancing the body’s own antioxidant defenses [40].

— Cardiovascular health: they may offer cardioprotective effects by improving blood
circulation, reducing blood pressure, and possessing anti-platelet activities [41].

Table 3 Classification of ginsenoside, structure, and example

Ginsenoside type Structure Examples
Protopanaxadiol (PPD) - Dammarane-type triterpene structure -Rb1
- Two sugar moieties attached -Rb2
-Rc
-Rd
Protopanaxatriol (PPT) - Dammarane-type triterpene structure -Re
- One sugar moiety attached - Rf
-Ra1l
Oleanane-type - Oleanane-type triterpene structure -Ro
- One or two sugar moieties attached
Ocotillol-type - Ocotillol-type triterpene structure -F11
- One sugar moiety attached -F12
Floralginsenoside - Dammarane-type triterpene structure -Rg6
- Ester-linked fatty acid moiety - Rk3

- Rh4
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— Neuroprotective effects: some ginsenosides can provide protection against neurode-
generative diseases by promoting neural growth, reducing amyloid-beta peptide tox-
icity in Alzheimer’s disease, and exhibiting anti-apoptotic properties [42].

— Anti-cancer properties: ginsenosides may inhibit tumor growth through various
mechanisms, including inducing apoptosis in cancer cells, inhibiting angiogen-
esis (formation of new blood vessels that feed tumors), and modulating pathways
involved in cancer cell proliferation.

— Improving mental performance and mood: ginsenosides can enhance cognitive func-
tion and may help in the treatment of depression and anxiety [43, 44].

Considerations and interactions

While ginsenosides offer various health benefits, their effects can differ significantly
depending on the specific ginsenoside, its concentration, and the individual’s unique
health profile. Moreover, ginseng and ginsenosides can interact with certain medica-
tions, including blood thinners, diabetes medications, and drugs metabolized by certain
liver enzymes. Therefore, it is important for individuals to consult with healthcare pro-
viders before starting any ginseng supplement, especially if they have pre-existing health
conditions or are taking other medications [40, 45].

Cardioprotective effect of ginsenosides

Ginsenosides, have been extensively studied for their cardioprotective effects (Fig. 3).
These natural compounds exert a variety of actions on the cardiovascular system, offer-
ing potential benefits in the prevention and treatment of heart diseases [46]. The car-
dioprotective effects of ginsenosides are attributed to several mechanisms, including
antioxidant activity, anti-inflammatory effects, modulation of ion channels and blood
pressure, improvement in lipid profiles, and protection against myocardial ischemia—
reperfusion injury. Various mechanisms were proposed for cardioprotective effect of
ginsenosides [47, 48]. We reviewed the main proposed mechanisms for cardioprotective
effect of ginsenosides.

Antioxidant activity

The antioxidant activity of ginsenosides plays a significant role in their cardioprotec-
tive effects [40]. Oxidative stress, which involves the production of reactive oxygen
species (ROS) exceeding the body’s antioxidant defense capacity, is a key factor in the
development and progression of cardiovascular diseases. It contributes to endothelial
dysfunction, inflammation, atherosclerosis, hypertension, and myocardial infarction.
Ginsenosides have strong antioxidant properties, helping to neutralize harmful free
radicals and reduce oxidative stress, a key factor in the development of cardiovascular
diseases [49, 50]. By combating oxidative stress, ginsenosides can protect the heart and
blood vessels from damage. Ginsenosides have demonstrated potent antioxidant proper-
ties that can mitigate oxidative stress and thereby offer protection against various heart
conditions. Ginsenosides can directly scavenge free radicals and reactive oxygen species,
reducing oxidative damage to cellular components such as lipids, proteins, and DNA.
This protective effect helps maintain the integrity and function of cardiac cells and blood
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Fig. 3 Cardioprotective mechanisms of ginsenosides

vessels [51]. Ginsenosides can also upregulate the expression of endogenous antioxidant
enzymes, such as superoxide dismutase (SOD), catalase (CAT), and glutathione perox-
idase (GPx) [52]. By boosting the body’s own antioxidant defense mechanisms, ginse-
nosides help to neutralize ROS more effectively and maintain redox balance. Oxidative
stress can activate inflammatory pathways, contributing to the development of athero-
sclerosis and other cardiovascular disorders. Ginsenosides have been shown to inhibit
the production of pro-inflammatory cytokines and adhesion molecules, partly by modu-
lating signaling pathways such as NF-«B, which are activated by oxidative stress. This
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anti-inflammatory action complements the direct antioxidant effects of ginsenosides
and contributes to their overall cardioprotective benefits [53, 54].

Endothelial dysfunction is an early marker of cardiovascular disease and involves
reduced bioavailability of nitric oxide (NO) and impaired vasodilation. Oxidative stress
plays a critical role in endothelial dysfunction [55]. Ginsenosides can enhance endothe-
lial function by reducing oxidative damage and improving NO bioavailability, leading to
better vasodilation and blood flow. Atherosclerosis, characterized by the accumulation
of lipids and fibrous elements in the large arteries, is a major risk factor for cardiovascu-
lar diseases. Oxidative modification of LDL cholesterol is a key step in the development
of atherosclerosis. Ginsenosides, through their antioxidant activity, can prevent the oxi-
dative modification of LDL, thus reducing the formation of atherosclerotic plaques [56,
57].

Anti-inflammatory effects

Inflammation is a key underlying mechanism in the development and progression of car-
diovascular diseases, including atherosclerosis, myocardial infarction, and hypertension
[58]. By modulating the body’s inflammatory response, ginsenosides can help mitigate
the risk and severity of these conditions. Chronic inflammation contributes to the pro-
gression of cardiovascular diseases. Ginsenosides can modulate the immune response
and reduce inflammation, thereby offering protection against vascular inflammation
and atherosclerosis (the buildup of plaque in the arteries) [57]. The anti-inflammatory
effects of ginsenosides contribute significantly to their cardioprotective properties. Gin-
senosides have been shown to suppress the production of pro-inflammatory cytokines
such as tumor necrosis factor-alpha (TNF-a), interleukin-6 (IL-6), and interleukin-1beta
(IL-1pP) [59, 60]. These cytokines play significant roles in the inflammatory process asso-
ciated with cardiovascular diseases. The nuclear factor kappa-light-chain-enhancer
of activated B cells (NF-kB) pathway is a critical regulator of inflammation. Ginseno-
sides can inhibit the activation of the NF-kB pathway, thereby reducing the expression
of genes involved in inflammation and immune responses [39]. Endothelial dysfunction,
a precursor to atherosclerosis, involves the increased expression of adhesion molecules
that facilitate the attachment and migration of inflammatory cells into the vessel wall
[55]. Ginsenosides can reduce the expression of these adhesion molecules, decreas-
ing the infiltration of monocytes/macrophages and the development of atherosclerotic
lesions. Ginsenosides can modulate the activity of various immune cells, including mac-
rophages, lymphocytes, and dendritic cells [61]. By influencing the behavior of these
cells, ginsenosides can help shift the immune response from a pro-inflammatory state
to a more balanced or anti-inflammatory state. By reducing inflammation, ginsenosides
can help prevent the initiation and progression of atherosclerosis, a major cause of heart
attacks and strokes [57]. Post-myocardial infarction, inflammation plays a crucial role in
tissue damage and repair [62]. Ginsenosides can potentially reduce excessive inflamma-
tory responses, promoting better healing and reducing the risk of heart failure. Inflam-
mation contributes to the development of hypertension. The anti-inflammatory effects
of ginsenosides may help in managing blood pressure levels, thereby offering protection
against hypertension-related cardiac damage [63, 64].
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Modulation of ion channels and blood pressure

Certain ginsenosides influence the activity of ion channels in heart cells, which can help
regulate heart rhythm and prevent arrhythmias. Additionally, some studies have shown
that ginsenosides can help lower high blood pressure, a major risk factor for heart dis-
ease, by improving vascular relaxation and reducing arterial stiffness. Ginsenosides have
shown promising potential in modulating ion channels and regulating blood pressure,
which are critical aspects of cardioprotection. Ion channels, including calcium (Ca*"),
potassium (K*), and sodium (Na*) channels, play vital roles in maintaining cardiac func-
tion and vascular tone [65]. Dysregulation of these channels can lead to various cardio-
vascular diseases, including hypertension, arrhythmias, and heart failure. Ginsenosides
can exert protective effects on the heart and blood vessels through their interaction with
these ion channels and their impact on blood pressure regulation. Ginsenosides can
modulate calcium channels in cardiac and smooth muscle cells [45, 66]. By inhibiting
L-type Ca®" channels, ginsenosides can reduce Ca®* influx, which leads to vasodilation
and decreased cardiac contractility. This can help lower blood pressure and reduce the
workload on the heart [67]. Activation of K channels in vascular smooth muscle cells by
ginsenosides can lead to hyperpolarization and relaxation of these cells, contributing to
vasodilation and blood pressure reduction. Additionally, modulation of K* channels in
cardiac cells can influence heart rate and protect against arrhythmias [43].

Although less studied, there is evidence that ginsenosides can also affect Na* channels,
potentially contributing to their cardiovascular effects. Ginsenosides have been observed
to exert antihypertensive effects through multiple mechanisms, including direct vaso-
dilation mediated by ion channel modulation and indirect effects such as antioxidative
and anti-inflammatory actions. By promoting vasodilation and improving endothelial
function, ginsenosides can help lower blood pressure. This is of particular importance in
the prevention and management of hypertension, a major risk factor for cardiovascular
diseases. The cardioprotective effects of ginsenosides related to ion channel modulation
and blood pressure regulation include prevention of hypertension, protection against
arrhythmias, maintain the electrical stability of cardiac cells, and reduction of cardiac
workload [47, 63, 68].

Improvement in lipid profiles
Ginsenosides may also positively impact lipid metabolism, leading to reduced levels
of total cholesterol, low-density lipoprotein (LDL) cholesterol, and triglycerides, while
increasing high-density lipoprotein (HDL) cholesterol. A healthier lipid profile is asso-
ciated with a lower risk of coronary heart disease. Ginsenosides have been associated
with improvements in lipid profiles, which is an important aspect of cardioprotection.
Dyslipidemia, characterized by elevated levels of total cholesterol, low-density lipopro-
tein cholesterol (LDL-C), triglycerides (TG), and decreased high-density lipoprotein
cholesterol (HDL-C), is a well-established risk factor for cardiovascular disease (CVD).
By influencing lipid metabolism, ginsenosides can help mitigate this risk, contributing to
the prevention and management of CVD [56, 69].

Ginsenosides can influence the absorption of lipids from the diet and modulate the
biosynthesis of cholesterol in the liver [56]. For instance, certain ginsenosides may
inhibit the activity of enzymes involved in cholesterol synthesis, such as HMG-CoA
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reductase, leading to reduced levels of cholesterol. Ginsenosides may enhance the excre-
tion of cholesterol by converting it to bile acids and promoting its elimination, thereby
reducing circulating cholesterol levels. By increasing the expression of LDL receptors on
hepatocytes, ginsenosides can enhance the clearance of LDL-C from the bloodstream,
effectively lowering LDL-C levels. Ginsenosides have been reported to activate LPL, an
enzyme that plays a crucial role in the hydrolysis of triglycerides in lipoproteins. This
activity can lead to a decrease in triglyceride levels and an increase in HDL-C levels [70,
71]. The improvement in lipid profiles by ginsenosides contributes to cardioprotection in

several ways:

— Reduction in atherosclerosis risk: lower levels of LDL-C and triglycerides, along with
higher levels of HDL-C, can reduce the risk of atherosclerosis, a major cause of coro-
nary artery disease, heart attacks, and strokes [57].

— Prevention of plaque formation: by decreasing the concentration of atherogenic lipo-
proteins in the blood, ginsenosides can help prevent the initiation and progression of
plaque formation in the arteries [57].

— Improvement in endothelial function: a healthier lipid profile, particularly higher
HDL-C levels, is associated with improved endothelial function, which is crucial for
vascular health and the prevention of CVD [47, 72].

Protection against myocardial ischemia-reperfusion injury

Myocardial ischemia—reperfusion injury occurs when blood supply returns to the heart
after a period of ischemia (lack of oxygen) and can cause significant damage to heart tis-
sue. Ginsenosides have been shown to provide protection against this kind of injury by
reducing cell death and improving heart function post-reperfusion [73].

Myocardial ischemia—reperfusion injury occurs when blood supply to the heart is
restored after a period of ischemia (lack of blood flow). While reperfusion is neces-
sary to salvage the ischemic myocardium, the sudden return of blood to the previously
deprived tissues can paradoxically cause additional damage through oxidative stress, cal-
cium overload, inflammation, and endothelial dysfunction. Ginsenosides have demon-
strated potential in protecting against myocardial ischemia—reperfusion injury, thereby
contributing to cardioprotection. Ginsenosides exert potent antioxidant effects, reduc-
ing oxidative stress by scavenging free radicals and enhancing the body’s antioxidant
defense system [74, 75]. This is particularly important in the context of ischemia—rep-
erfusion injury, where the generation of reactive oxygen species (ROS) upon reperfusion
plays a pivotal role in myocardial damage [76]. By mitigating oxidative stress, ginseno-
sides can help minimize the cell injury and apoptosis triggered by ROS. Inflammation
is a hallmark of ischemia—reperfusion injury, contributing significantly to the extent
of myocardial damage [75]. Ginsenosides have been shown to inhibit the activation of
pro-inflammatory pathways and reduce the infiltration of inflammatory cells into the
ischemic myocardium. By modulating the inflammatory response, ginsenosides can
alleviate the extent of injury and promote a more favorable healing environment. Cal-
cium overload is another critical factor in the pathogenesis of myocardial ischemia—rep-
erfusion injury [77]. Ginsenosides can modulate the activity of ion channels, including
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calcium and potassium channels, helping to stabilize intracellular calcium levels and
prevent calcium-induced cellular injury during reperfusion. Endothelial dysfunction
contributes to the impaired vasodilation and microvascular obstruction observed in
myocardial ischemia—reperfusion injury. Ginsenosides can improve endothelial func-
tion, promoting vasodilation and thereby improving blood flow to the ischemic regions.
This effect can help mitigate the no-reflow phenomenon, in which blood flow fails to
adequately return to the ischemic tissues after reperfusion [78]. Ginsenosides have been
shown to possess anti-apoptotic properties, protecting cardiac cells from programmed
cell death triggered by ischemia—reperfusion injury. This is achieved through the regula-
tion of apoptotic signaling pathways, including the inhibition of pro-apoptotic proteins
and the activation of survival signaling cascades. Several studies have reported that gin-
senosides can reduce the size of myocardial infarction (area of dead tissue) induced by
ischemia—reperfusion injury. This effect is likely a cumulative result of their antioxida-
tive, anti-inflammatory, ion-modulating, and anti-apoptotic actions [75, 79, 80].

Anti-platelet and anti-thrombotic effects

Ginsenosides can also prevent blood clots by inhibiting platelet aggregation and hav-
ing anti-thrombotic properties, further contributing to their cardioprotective effects.
Ginsenosides have shown promising anti-platelet and anti-thrombotic effects, contrib-
uting to their cardioprotective properties. Platelet aggregation and thrombosis (blood
clot formation) play pivotal roles in the development of cardiovascular diseases, such as
myocardial infarction (heart attack) and stroke. By inhibiting platelet aggregation and
preventing thrombus formation, ginsenosides can help reduce the risk of these cardio-
vascular events [81, 82].

Ginsenosides can inhibit platelet aggregation, a crucial step in thrombus (blood clot)
formation. Platelet aggregation is a complex process involving various signaling path-
ways, including the activation of platelet receptors and the subsequent rise in intracellu-
lar calcium levels, leading to platelet activation and aggregation [83]. Ginsenosides have
been reported to interfere with the activation of platelets by various agonists, such as
adenosine diphosphate (ADP) and collagen. This effect can be attributed to the modula-
tion of signaling pathways involved in platelet activation [81]. Some ginsenosides can
inhibit the mobilization of calcium within platelets, a crucial step for platelet activation
and aggregation. By preventing calcium release, ginsenosides can reduce platelet aggre-
gation. Ginsenosides may also affect the initial step of platelet adhesion to the vascular
endothelium, further contributing to their anti-platelet action [47, 84].

The anti-thrombotic effects of ginsenosides are closely related to their anti-plate-
let activity, but also involve additional mechanisms that inhibit the overall process of
thrombus formation:

— Enhancement of fibrinolysis: fibrinolysis is the process of breaking down blood clots,
and ginsenosides have been suggested to enhance this process. By promoting the
breakdown of fibrin, the primary component of blood clots, ginsenosides can help
prevent the development of thrombosis [85].
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— Inhibition of coagulation factors: preliminary research indicates that ginsenosides
may also influence the coagulation cascade, which is responsible for the formation
of blood clots. By modulating the activity of certain coagulation factors, ginsenosides
could contribute to reduced clot formation [86—88].

Angiogenesis and neovascularization

The formation of new blood vessels can have beneficial impacts on cardiovascular health
in certain situations, especially in chemotherapy-induced cardiotoxicity [89]. Ginseno-
sides like Rb1 and Rgl can stimulate the growth of new blood vessels, a process known
as angiogenesis, which might improve cardiovascular health by enhancing blood supply
to the heart and promoting tissue repair after cardiac damage. Angiogenesis, the forma-
tion of new blood vessels from pre-existing ones, and neovascularization, which refers
more broadly to the formation of functional blood vessels, are essential mechanisms for
restoring blood supply to ischemic (blood flow-restricted) tissues, such as those affected
by myocardial infarction (heart attack) or peripheral artery disease. Ginsenosides can
stimulate the expression of angiogenic growth factors, such as vascular endothelial
growth factor (VEGF), fibroblast growth factor (FGF), and angiopoietin [90, 91]. These
factors play critical roles in initiating and promoting the angiogenic process by stimulat-
ing the proliferation, migration, and differentiation of endothelial cells, which form the
lining of new blood vessels. Ginsenosides have been found to activate several intracel-
lular signaling pathways that are involved in angiogenesis, including the PI3K/Akt and
MAPK/ERK pathways [92, 93]. Activation of these pathways leads to endothelial cell
survival, proliferation, and migration, all of which are essential for the formation of new
blood vessels. By improving endothelial cell function, ginsenosides contribute to the for-
mation of stable and functional blood vessels. This includes effects on endothelial cell
adhesion, organization into tubular structures (a key step in vessel formation), and the
release of factors that recruit supporting cells, such as smooth muscle cells, to stabilize
the newly formed vessels [94—96].

Treatment outcomes by ginsenosides

Cardioprotective effects of ginsenosides against chemotherapy-induced cardiotoxicity
are summarized in Table 4. This table summarizes the cardioprotective effects of various
ginsenosides against chemotherapy-induced cardiotoxicity in different study models,
including in vivo and in vitro experiments. The results demonstrate that ginsenosides
can reduce cardiac damage markers, inflammation, and oxidative stress, while improving
cell viability, antioxidant defenses, and mitochondrial function. Additionally, ginseno-
sides can inhibit apoptosis, autophagy, and fibrosis, and regulate cell survival pathways,
including the PI3K/Akt pathway. These findings suggest that ginsenosides may be useful
adjunct therapies to reduce the cardiotoxic effects of chemotherapy and improve treat-
ment outcomes in cancer patients.
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Table 4 Cardioprotective effects of ginsenosides against chemotherapy-induced cardiotoxicity

Study model Chemotherapy Type of Route of Outcome Refs.
drug (dosage) ginsenoside administration

In vivo/mice Doxorubicin Ginsenoside Rb1 Oral Improved survival [97]
(20 mg/kg) (20 mg/kg) rate and body

weight in doxoru-
bicin-treated mice
Attenuated cardiac
dysfunction, myo-
cardium hypertro-
phy, and interstitial
fibrosis

Reduced oxidative
stress and cardio-
myocyte mitochon-
drion injury
Mechanism of
action: suppression

of autophagy and
ferroptosis
In vitro/HI9C2 cells  Doxorubicin Ginsenoside Rb1 Oral Reduced cardiac [98]
(1-5 puM/L) (50, 100, 200, damage markers:
400 uM) CK, CK-MB, cTnT,
LDH, and MPO

Increased anti-
oxidant defenses:
SOD, GSH, and
decreased MDA
Anti-inflammatory
effects: decreased
TNF-q, IL-13, COX-2,
and iNOS
Anti-apoptotic
effects: decreased
Bax, Bad, Caspase-3,
Caspase-8, and
Caspase-9, and
increased Bcl-2
Improved cell via-
bility and reduced
DNA fragmentation
Inhibited expres-
sion of CYP1AT,
CYP1A2, and AhR
genes

Activated PI3K/

Akt pathway and
inhibited GSK-3(3

In vivo/rat Doxorubicin Ginsenoside Rg3 Oral
(20 mg/kg) (10 mg/kg)
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Study model Chemotherapy Type of Route of Outcome Refs.
drug (dosage) ginsenoside administration
In vivo/mice Doxorubicin (3 mg/  20(S)-ginsenoside  Intragastric Reduced cardiac

kg)

Rh2 (Rh2) (5, 10,
20 mg/kg)

damage mark-
ers: LDH, CK, and
CK-MB
Downregulated
expression of car-
diac stress genes:
a-SKA and b-MHC
Anti-apoptotic
effects: decreased
mMRNA expression
of Bax, Caspase 3,
and Caspase 9
Reduced
oxidative stress:
decreased ROS and
Ca2+overload
Improved mito-
chondrial function:
increased ATP
production, MMR
capacity, and
decreased mtDNA
Reduced
mitochondrial
damage: decreased
mitochondrial
membrane depo-
larization
Increased Caspase
3/7 activity, sug-
gesting a potential
role in regulating
apoptosis
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Table 4 (continued)

Study model Chemotherapy Type of Route of
drug (dosage) ginsenoside administration

Outcome

In vivo/mice Doxorubicin (6 mg/  Ginsenoside Rg'1 Intragastric
kq) (50 mg/kg)

In vivo/mice Doxorubicin Ginsenoside Rg Oral

(15 mg/kg) (180 mg/kg)

Reduced cardiac
structural damage:
decreased myofi-
brillar degeneration
and disruption, and
cardiac fibrosis
Inhibited
autophagy: sup-
pressed conversion
of LC3A to LC3B,
and decreased
expressions of ATG5
and sequestosome
1 (P62)

Reduced endoplas-
mic reticulum (ER)
stress: decreased
ER dilation, and
cleaved ATF6 and
IRET protein expres-
sion

Activated unfolded
protein response
(UPR): increased
expressions of
spliced X-box
binding protein 1
(XBP1s) and GRP78
(ER chaperone)
Regulated glu-
tamine metabo-
lism: increased
glutamine fructose-
6-phosphate
amidotransferase
(GFATT)

Inhibited cell
growth and prolif-
eration: decreased
TIFT, mRNA
translation, and
phosphorylated
ribosomal protein
S6 kinase beta-1
(p-P70S6K)

Reduced cardiac
damage markers:
LDH and CK-MB
Decreased inflam-
mation and fibrosis
in the heart
Inhibited apoptosis:
decreased Cyt.

C and cleaved
caspase-3
Activated cell
survival path-
ways: increased
phosphorylation
of Akt and Erk, and
increased Bcl-2 and
Bax ratio

Page 16 of 24
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Table 4 (continued)

Study model Chemotherapy Type of Route of Outcome Refs.
drug (dosage) ginsenoside administration
In vitro/H9C2 cells  Doxorubicin (25,5, Ginsenoside Rg2 Oral Increased cell [101]
10, 15,20 uM) (100, 200, 250, 300, viability and
350, 400 uM) decreased apop-
totic rate in HOC2
cells

Reduced oxidative
stress: decreased
ROS
Activated cell
survival pathways:
increased p-Akt/
Akt ratio and
upregulated Akt
phosphorylation
Inhibited p53
expression, but not
p-p53
In vitro/HIC2 cells ~ Adriamycin Ginsenoside Rb1 (0, Oral Promoted cell [102]

(2.67 umol/L) 25,50, 100, 200 puM) proliferation and
survival: amelio-
rated proliferation
of injured cells,
increased Ki67 and
PCNA
Reduced inflam-
mation: decreased
inflammatory
cytokines, IL-143,
IL-6, and TNF-a
Inhibited apoptosis:
decreased p53,
Bax, and cleaved-
caspase3, and
increased Bcl-2
Activated cell
survival pathways:
increased p-PI3K
and p-AKT
Regulated miRNA
expression:
increased expres-
sion of miR-130b
Inhibited PTEN, a
negative regulator
of cell survival
pathways
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Study model

Chemotherapy
drug (dosage)

Type of

ginsenoside

Route of
administration

Outcome Refs.

In vivo/mice

In vivo/mice

Doxorubicin (2 mg/  Ginsenoside Rh2

kg)

Doxorubicin (3 mg/  20(S)-ginsenoside

kg)

(20, 30 mg/kg)

Rh2 (Rh2) &5, 10,
20uM

Injected every
other day

Oral

Reduced cardiac [103]
tissue damage:
decreased cardiac
histopathological
changes

Inhibited cell death:
decreased apopto-
sis and necrosis
Prevented fibrosis:
decreased fibro-
blast to myofibro-
blast transition and
endothelial-mesen-
chymal transition
Inhibited inflam-
mation: decreased
expression of IL-183,
TNF-a, and IL-6
Reduced Toll-like
receptor (TLR)
expression:
decreased TLR2,
TLR6, TLR7, TLRS,
TLR11,and TLR13
Inhibited TGF-3
signaling:
decreased Smad2
and Smads3 pro-
teins

Reduced caspase
3 activation:
decreased cleaved
caspase 3

Reduced cardiac [69]
damage markers:
decreased serum
CKand LDH at
doses of 10 and

20 mg/kg
Decreased AST
levels at various
doses of Rh2
Enhanced anti-
oxidant defenses:
increased SOD, CAT,
and GSH

Reduced oxidative
stress: decreased
MDA

Protected myocar-
dial cells: decreased
histopathological
changes
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Table 4 (continued)

Study model Chemotherapy Type of Route of Outcome Refs.
drug (dosage) ginsenoside administration
In vitro/HI9C2 cells, Doxorubicin 20(S)-ginsenoside  Pretreatment, Increased cell
(1-2 uMm) Rh2 (Rh2) and 5, 10, intragastric, and viability at concen-
20uM injected trations of 5, 10,
and 20 uM
Suggests that

ginsenoside Rh2
may have a protec-
tive effect on cells
and promote cell
survival, which
could be beneficial
in reducing the
cardiotoxic effects
of doxorubicin

In vitro/A549 cells  Doxorubicin 20(S)-ginsenoside  Invitro incubation  Synergistically [69]
(1-2 uM) Rh2 (Rh2) &5, 10, increased antitu-
20uM mor activity when
combined with
doxorubicin

Suggests that gin-
senoside Rh2 may
be a useful adjunct
therapy to enhance
the effectiveness
of doxorubicin in
treating cancer
while also reducing
its cardiotoxic side
effects

Conclusion

While chemotherapy-induced cardiotoxicity can be a serious issue, it is important
to note that not all chemotherapy treatments carry this risk, and the benefits of can-
cer treatment often outweigh the potential heart risks. Ginseng, a traditional medici-
nal herb, has been suggested to have potential cardioprotective effects. Ginsenosides,
the active compounds found in ginseng, are believed to have potential cardioprotective
effects, which means they may help protect the heart from various forms of damage and
disease. These effects are attributed to the diverse range of biological activities exhib-
ited by different ginsenosides. The antioxidant activity of ginsenosides is believed to be
a key mechanism behind their potential cardioprotective effects. The anti-inflammatory
effects of ginsenosides are also believed to contribute significantly to their cardioprotec-
tive potential. Modulation of ion channels by ginsenosides is another important mech-
anism behind their potential effects on cardiovascular health, particularly regarding
the regulation of blood pressure. Ginsenosides have also been suggested to potentially
improve lipid profiles, which can have a positive impact on cardiovascular health. Ginse-
nosides have been found to exhibit anti-platelet and anti-thrombotic effects, which can
contribute significantly to cardioprotection. The promotion of angiogenesis and neo-
vascularization by ginsenosides also represents a therapeutic potential of these natural
compounds in cardioprotection.
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Limitations

While the existing evidence suggests that ginsenosides may have a cardioprotective effect
in chemotherapy-induced cardiotoxicity, there are several limitations to the current
research that need to be addressed. Firstly, the majority of studies on the cardioprotec-
tive effects of ginsenosides have been conducted in animal models or in vitro experi-
ments, and there is a lack of clinical trials in human subjects. Therefore, the translational
value of these findings to the clinical setting remains uncertain. Secondly, the current
research on ginsenosides and chemotherapy-induced cardiotoxicity has primarily
focused on a limited number of chemotherapeutic agents, especially doxorubicin. Fur-
ther studies are needed to investigate the cardioprotective effects of ginsenosides in the
context of other chemotherapeutic agents and treatment regimens. Thirdly, the potential
interactions between ginsenosides and other medications, including chemotherapeutic
agents, have not been well studied. Therefore, more research is needed to determine the
safety and efficacy of ginsenoside treatment in combination with other therapies. Finally,
the quality and consistency of ginsenoside preparations can vary widely depending on
the source and method of extraction, which may impact their cardioprotective effects.
Standardization of ginsenoside preparations and more rigorous quality control meas-
ures are needed to ensure the reliability and reproducibility of research findings. Overall,
while the current evidence suggests that ginsenosides may have a cardioprotective effect
in chemotherapy-induced cardiotoxicity, further research is needed to address these
limitations and fully elucidate the therapeutic potential of ginsenosides in this context.

Acknowledgements
Not applicable.

Author contributions

In this study, all authors contributed to the design, writing, and review of the manuscript. HZZ managed and supervised

the project. MTHG contributed to data collection and management. AA contributed to update of data and complete the
final article. FSN contributed to search and data collection. HS contributed to search and data collection and editions of

manuscript.

Funding
This study did not receive any funding in any form.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 7 April 2024 Accepted: 9 December 2024
Published online: 21 December 2024

References
1. Abdul-Rahman T, Dunham A, Huang H, Bukhari SMA, Mehta A, Awuah WA, et al. Chemotherapy induced cardio-
toxicity: a state of the art review on general mechanisms, prevention, treatment and recent advances in novel
therapeutics. Curr Probl Cardiol. 2023;48(4): 101591.
2. Florescu M, Cinteza M, Vinereanu D. Chemotherapy-induced cardiotoxicity. Maedica. 2013;8(1):59-67.



Zare-Zardini et al. BioMedical Engineering OnLine (2024) 23:128 Page 21 of 24

20.

21

22.

23.
24.

25.

26.

27.

28.

29.

30.

32.

33

34.

Al-Hussaniy HA, Alburghaif AH, Alkhafaje Z, Al-Zobaidy MAJ, Alkuraishy HM, Mostafa-Hedeab G, et al. Chemother-
apy-induced cardiotoxicity: a new perspective on the role of Digoxin, ATG7 activators, Resveratrol, and herbal
drugs. J Med Life. 2023;16(4):491-500.

Briasoulis A, Chasouraki A, Sianis A, Panagiotou N, Kourek C. Cardiotoxicity of Non-Anthracycline Cancer Chemo-
therapy Agents. J Cardiovasc Dev Dis. 2022;9(3):66.

Mudd TW Jr, Khalid M, Guddati AK. Cardiotoxicity of chemotherapy and targeted agents. Am J Cancer Res.
2021;11(4):1132-47.

Morelli MB, Bongiovanni C, Da Pra S, Miano C, Sacchi F, Lauriola M, et al. Cardiotoxicity of anticancer drugs:
molecular mechanisms and strategies for cardioprotection. Front Cardiovasc Med. 2022. https://doi.org/10.3389/
fcvm.2022.847012.

Trapani D, Zagami P, Nicolo E, Pravettoni G, Curigliano G. Management of cardiac toxicity induced by chemother-
apy. J Clin Med. 2020;9(9):2885.

Tajiri K, Aonuma K, Sekine I. Cardio-oncology: a multidisciplinary approach for detection, prevention and manage-
ment of cardiac dysfunction in cancer patients. Jpn J Clin Oncol. 2017;47(8):678-82.

Curigliano G, Lenihan D, Fradley M, Ganatra S, Barac A, Blaes A, et al. Management of cardiac disease in cancer
patients throughout oncological treatment: ESMO consensus recommendations. Ann Oncol. 2020;31(2):171-90.
Ratan ZA, Haidere MF, Hong YH, Park SH, Lee JO, Lee J, et al. Pharmacological potential of ginseng and its major
component ginsenosides. J Ginseng Res. 2021;45(2):199-210.

Tian M, Li LN, Zheng RR, Yang L, Wang ZT. Advances on hormone-like activity of Panax ginseng and ginsenosides.
Chin J Nat Med. 2020;18(7):526-35.

Zare-Zardini H, Taheri-Kafrani A, Amiri A, Bordbar AK. New generation of drug delivery systems based on gin-
senoside Rh2-Lysine- and Arginine-treated highly porous graphene for improving anticancer activity. Sci Rep.
2018;8(1):586.

Zare-Zardini H, Alemi A. Assessment of a new ginsenoside Rh2 nanoniosomal formulation for enhanced antitu-
mor efficacy on prostate cancer: an in vitro study. Drug Design Dev Ther. 2020;14:3315-24.

Zare-Zardini H, Taheri-Kafrani A, Ordooei M, Amiri A, Karimi-Zarchi M. Evaluation of toxicity of functionalized
graphene oxide with ginsenoside Rh2, lysine and arginine on blood cancer cells (K562), red blood cells, blood
coagulation and cardiovascular tissue: In vitro and in vivo studies. J Taiwan Inst Chem Eng. 2018;93:70-8.

Stone JR, Kanneganti R, Abbasi M, Akhtari M. Monitoring for chemotherapy-related cardiotoxicity in the form of
left ventricular systolic dysfunction: a review of current recommendations. JCO Oncol Pract. 2021;17(5):228-36.
Viganego F, Singh R, Fradley MG. Arrhythmias and other electrophysiology issues in cancer patients receiving
chemotherapy or radiation. Curr Cardiol Rep. 2016;18:1-11.

Badescu MC, Badulescu OV, Scripcariu DV, Butnariu LI, Bararu-Bojan I, Popescu D, et al. Myocardial ischemia related
to common cancer therapy-prevention insights. Life. 2022;12(7):1034.

Chahine J, Shekhar S, Mahalwar G, Imazio M, Collier P, Klein A. Pericardial involvement in cancer. Am J Cardiol.
2021;145:151-9.

Ghosh AK, Crake T, Manisty C, Westwood M. Pericardial disease in cancer patients. Curr Treat Options Cardiovasc
Med. 2018;20(7):60.

Cameron AC, Touyz RM, Lang NN. Vascular complications of cancer chemotherapy. Can J Cardiol.
2016;32(7):852-62.

Avila MS, Siqueira SRR, Ferreira SMA, Bocchi EA. Prevention and treatment of chemotherapy-induced cardiotoxic-
ity. Methodist Debakey Cardiovasc J. 2019;15(4):267-73.

Angsutararux P, Luanpitpong S, Issaragrisil S. Chemotherapy-induced cardiotoxicity: overview of the roles of oxida-
tive stress. Oxid Med Cell Longev. 2015;2015: 795602.

Reddy P, Shenoy C, Blaes AH. Cardio-oncology in the older adult. J Geriatr Oncol. 2017;8(4):308-14.

Liu D-W, Fu Y-R, Liu S-H, Chen MY-C, Hsu R-J, Hsu W-L. The risk of cardiovascular toxicity caused by cancer
radiotherapy—a narrative review. Ther Radiol Oncol. 2022;6:4.

Montisci A, PalmieriV, Liu JE, Vietri MT, Cirri S, Donatelli F, et al. Severe cardiac toxicity induced by cancer therapies
requiring intensive care unit admission. Front Cardiovasc Med. 2021. https://doi.org/10.3389/fcvm.2021.713694.
Huang W, Xu R, Zhou B, Lin C, Guo Y, Xu H, et al. Clinical manifestations, monitoring, and prognosis: a review of
cardiotoxicity after antitumor strategy. Front Cardiovasc Med. 2022;9: 912329.

Dong H, Yao L, Wang M, Wang M, Li X, Sun X, et al. Can ACEI/ARB prevent the cardiotoxicity caused by chemo-
therapy in early-stage breast cancer?—a meta-analysis of randomized controlled trials. Transl Cancer Res.
2020;9(11):7034-43.

Omland T, Heck SL, Gulati G. The role of cardioprotection in cancer therapy cardiotoxicity: JACC: cardiooncology
state-of-the-art review. JACC CardioOncology. 2022;4(1):19-37.

Taylor RS, Dalal HM. The role of cardiac rehabilitation in improving cardiovascular outcomes. Nat Rev Cardiol.
2022;19(3):180-94.

Winnige P, Viysoky R, Dosbaba F, Batalik L. Cardiac rehabilitation and its essential role in the secondary prevention
of cardiovascular diseases. World J Clin Cases. 2021;9(8):1761-84.

. Truong J, Yan AT, Cramarossa G, Chan KK. Chemotherapy-induced cardiotoxicity: detection, prevention, and man-

agement. Can J Cardiol. 2014;30(8):869-78.

Cadeddu Dessalvi C, Deidda M, Noto A, Madeddu C, Cugusi L, Santoro C, et al. Antioxidant approach as a cardio-
protective strategy in chemotherapy-induced cardiotoxicity. Antioxid Redox Signal. 2021,34(7):572-88.

Kazemian H, Mehrad-Majd H. Recent advances in the prevention and treatment of chemotherapy-induced
cardiotoxicity. Res Biotechnol Environ Sci. 2023;2(2):24-9.

Farhangfar SD, Fesahat F, Miresmaeili SM, Zare-Zardini H. Evaluating the blood toxicity of functionalized graphene-
arginine with anticancer drug ginsenoside Rh2 in balb/c mouse model with breast cancer. Iranian J Pediatr
Hematol Oncol. 2022. https://doi.org/10.18502/ijpho.v12i1.8356.


https://doi.org/10.3389/fcvm.2022.847012
https://doi.org/10.3389/fcvm.2022.847012
https://doi.org/10.3389/fcvm.2021.713694
https://doi.org/10.18502/ijpho.v12i1.8356

Zare-Zardini et al. BioMedical Engineering OnLine (2024) 23:128 Page 22 of 24

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,
45,

46.

47.

48.

49.

50.

51.

52.

53.
54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Farhangfar SD, Fesahat F, Zare-Zardini H, Dehghan-Manshadi M, Zare F, Miresmaeili SM, et al. In vivo study of
anticancer activity of ginsenoside Rh2-containing arginine-reduced graphene in a mouse model of breast cancer.
Iran J Basic Med Sci. 2022,25(12):1442-51.

Shi Z-Y, Zeng J-Z, Wong AST. Chemical structures and pharmacological profiles of ginseng saponins. Molecules.
2019;24(13):2443.

Qi LW, Wang CZ, Yuan CS. Ginsenosides from American ginseng: chemical and pharmacological diversity. Phyto-
chemistry. 2011,72(8):689-99.

Piao XM, Huo Y, Kang JP, Mathiyalagan R. Diversity of ginsenoside profiles produced by various processing tech-
nologies. Molecules. 2020;25(19):4390.

Jang WY, Hwang JY, Cho JY. Ginsenosides from Panax ginseng as key modulators of NF-kB signaling are powerful
anti-inflammatory and anticancer agents. Int J Mol Sci. 2023;24(7):6119.

Hyun SH, Bhilare KD, In G, Park CK, Kim JH. Effects of Panax ginseng and ginsenosides on oxidative stress and
cardiovascular diseases: pharmacological and therapeutic roles. J Ginseng Res. 2022;46(1):33-8.

Parmar SA, Mayasa V, Nelson VK, Divecha J. A systemic review of ginseng and its activity on coronary heart disease.
Pharmacol Res Modern Chin Med. 2024;12: 100480.

Li J, Huang Q, Chen J, Qi H, Liu J, Chen Z, et al. Neuroprotective potentials of Panax ginseng against Alzheimer’s
disease: a review of preclinical and clinical evidences. Front Pharmacol. 2021;12: 688490.

Lee CH, Kim JH. A review on the medicinal potentials of ginseng and ginsenosides on cardiovascular diseases. J
Ginseng Res. 2014,38(3):161-6.

Peng Y, Pan W, Cao X, Liu C. Potential oral health benefits of ginseng and its extracts. Int Dent J. 2023;73(4):473-80.
Kim JH. Pharmacological and medical applications of Panax ginseng and ginsenosides: a review for use in cardio-
vascular diseases. J Ginseng Res. 2018;42(3):264-9.

Sarhene M, Ni JY, Duncan ES, Liu Z, Li S, Zhang J, et al. Ginsenosides for cardiovascular diseases; update on pre-
clinical and clinical evidence, pharmacological effects and the mechanisms of action. Pharmacol Res. 2021;166:
105481.

Tang M-M, Zhao S-T, Li R-Q, Hou W. Therapeutic mechanisms of ginseng in coronary heart disease. Front Pharma-
col. 2023. https://doi.org/10.3389/fphar.2023.1271029.

Liu L, Hu J, Mao Q, Liu C, He H, Hui X, et al. Functional compounds of ginseng and ginseng-containing medicine
for treating cardiovascular diseases. Front Pharmacol. 2022. https://doi.org/10.3389/fphar.2022.1034870.
Morshed MN, Ahn JC, Mathiyalagan R, Rupa EJ, Akter R, Karim MR, et al. Antioxidant activity of Panax ginseng to
regulate ROS in various chronic diseases. Appl Sci. 2023;13(5):2893.

Xie J-T, Shao Z-H, Vanden Hoek TL, Chang W-T, Li J, Mehendale S, et al. Antioxidant effects of ginsenoside Re in
cardiomyocytes. Eur J Pharmacol. 2006;532(3):201-7.

Li X, Cao D, Sun S, Wang Y. Anticancer therapeutic effect of ginsenosides through mediating reactive oxygen spe-
cies. Front Pharmacol. 2023. https://doi.org/10.3389/fphar.2023.1215020.

Kim HJ, Lee SG, Chae IG, Kim MJ, Im NK, Yu MH, et al. Antioxidant effects of fermented red ginseng extracts in
streptozotocin-induced diabetic rats. J Ginseng Res. 2011;35(2):129-37.

Batty M, Bennett MR. The role of oxidative stress in atherosclerosis. Cells. 2022;11(23):3843.

Kang H, Kim B. Bioactive compounds as inhibitors of inflammation, oxidative stress and metabolic dysfunctions
via regulation of cellular redox balance and histone acetylation state. Foods. 2023;12(5):925.

Mudau M, Genis A, Lochner A, Strijdom H. Endothelial dysfunction: the early predictor of atherosclerosis. Cardio-
vasc J Afr. 2012;23(4):222-31.

JinW, Li C,Yang S, Song S, Hou W, Song Y, et al. Hypolipidemic effect and molecular mechanism of ginsenosides: a
review based on oxidative stress. Front Pharmacol. 2023;14:1166898.

Xue Q, He N,Wang Z, Fu X, Aung LHH, Liu Y, et al. Functional roles and mechanisms of ginsenosides from Panax
ginseng in atherosclerosis. J Ginseng Res. 2021;45(1):22-31.

Henein MY, Vancheri S, Longo G, Vancheri F. The role of inflammation in cardiovascular disease. Int J Mol Sci.
2022,23(21):12906.

Im DS. Pro-resolving effect of ginsenosides as an anti-inflammatory mechanism of Panax ginseng. Biomolecules.
2020;10(3):444.

Ma CH, Chou WC, Wu CH, Jou IM, Tu YK, Hsieh PL, et al. Ginsenoside Rg3 attenuates TNF-a-induced damage in
chondrocytes through regulating SIRT1-mediated anti-apoptotic and anti-inflammatory mechanisms. Antioxi-
dants. 2021;10(12):1972.

You L, Cha S, Kim M-Y, Cho JY. Ginsenosides are active ingredients in Panax ginseng with immunomodulatory
properties from cellular to organismal levels. J Ginseng Res. 2022;46(6):711-21.

Frangogiannis NG. The inflammatory response in myocardial injury, repair, and remodelling. Nat Rev Cardiol.
2014;11(5):255-65.

Moini Jazani A, Arabzadeh A, Haghi-Aminjan H, Nasimi Doost Azgomi R. The role of ginseng derivatives against
chemotherapy-induced cardiotoxicity: a systematic review of non-clinical studies. Front Cardiovasc Med.
2023;10:1022360.

Wan'Y, Wang J, Xu JF, Tang F, Chen L, Tan YZ, et al. Panax ginseng and its ginsenosides: potential candidates for the
prevention and treatment of chemotherapy-induced side effects. J Ginseng Res. 2021;45(6):617-30.

Zhao J, Li M, Xu J, Cheng W. The modulation of ion channels in cancer chemo-resistance. Front Oncol. 2022.
https://doi.org/10.3389/fonc.2022.945896.

Han AY, Ha SM, Shin YK, Seol GH. Ginsenoside Rg-1 prevents elevated cytosolic Ca(2+) via store-operated Ca(2+)
entry in high-glucose-stimulated vascular endothelial and smooth muscle cells. BMC Complem Med Ther.
2022;22(1):166.

Shi L, Luo J, Wei X, Xu X, Tu L. The protective role of ginsenoside Rg3 in heart diseases and mental disorders. Front
Pharmacol. 2024. https://doi.org/10.3389/fphar.2024.1327033.

Yan Z, Zhong L, Zhu W, Chung SK, Hou P. Chinese herbal medicine for the treatment of cardiovascular diseases —
targeting cardiac ion channels. Pharmacol Res. 2023;192: 106765.


https://doi.org/10.3389/fphar.2023.1271029
https://doi.org/10.3389/fphar.2022.1034870
https://doi.org/10.3389/fphar.2023.1215020
https://doi.org/10.3389/fonc.2022.945896
https://doi.org/10.3389/fphar.2024.1327033

Zare-Zardini et al. BioMedical Engineering OnLine (2024) 23:128

69.

70.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Wang H, Yu P, Gou H, Zhang J, Zhu M, Wang Z, et al. Cardioprotective effects of 20(S)-Ginsenoside Rh2 against
doxorubicin-induced cardiotoxicity in vitro and in vivo. Evid Based Complement Altern Med. 2012;2012: 506214.
CecariniV, Cuccioloni M, Gong C, Liu Z, Bonfili L, Angeletti M, et al. Role of Panax ginseng and ginsenosides in
regulating cholesterol homeostasis. Food Biosci. 2023;56: 103256.

Jing YS, Ma YF, Pan FB, Li MS, Zheng YG, Wu LF, et al. An insight into antihyperlipidemic effects of polysaccharides
from natural resources. Molecules. 2022;27(6):1903.

Kwon B, Song Y, Kim JG, Lee D, Lee SH, Cho YK, et al. Preventive effects of ginseng against atherosclerosis and
subsequent ischemic stroke: a randomized controlled trial (PEGASUS trial). J Ginseng Res. 2022;46(4):585-91.
Chen J,Huang Q, Li J,Yao Y, Sun W, Zhang Z, et al. Panax ginseng against myocardial ischemia/reperfusion injury: a
review of preclinical evidence and potential mechanisms. J Ethnopharmacol. 2023;300: 115715.

Zeng X, Li J, Li Z. Ginsenoside Rd mitigates myocardial ischemia-reperfusion injury via Nrf2/HO-1 signaling path-
way. Int J Clin Exp Med. 2015;8(8):14497-504.

Feng Q Ling L, Yuan H, Guo Z, Ma J. Ginsenoside Rd: a promising target for ischemia-reperfusion injury therapy (a
mini review). Biomed Pharmacother. 2024;171: 116111.

Moris D, Spartalis M, Spartalis E, Karachaliou GS, Karaolanis Gl, Tsourouflis G, et al. The role of reactive oxygen spe-
cies in the pathophysiology of cardiovascular diseases and the clinical significance of myocardial redox. Ann Transl
Med. 2017;5(16):326.

DengY, Chen Q Wang T, Wang S, Li R, Wang Y, et al. Myocardial ischemia/reperfusion injury: mechanism and
targeted treatment for ferroptosis. Anatol J Cardiol. 2024;28(3):133-41.

Ye J, LyuT-J, Li LY, Liu Y, Zhang H, Wang X, et al. Ginsenoside Re attenuates myocardial ischemia/reperfusion
induced ferroptosis via miR-144-3p/SLC7A11. Phytomedicine. 2023;113: 154681.

CuiY-C, Pan C-S,Yan L, Li L, Hu B-H, Chang X, et al. Ginsenoside Rb1 protects against ischemia/reperfusion-
induced myocardial injury via energy metabolism regulation mediated by RhoA signaling pathway. Sci Rep.
2017,7(1):44579.

Zheng Q, Bao X-Y, Zhu P-C, Tong Q, Zheng G-Q, Wang Y. Ginsenoside Rb1 for myocardial ischemia/reperfusion
injury: preclinical evidence and possible mechanisms. Oxid Med Cell Longev. 2017;2017:6313625.

Irfan M, Lee YY, Lee KJ, Kim SD, Rhee MH. Comparative antiplatelet and antithrombotic effects of red ginseng and
fermented red ginseng extracts. J Ginseng Res. 2022;46(3):387-95.

Irfan M, Kim M, Rhee MH. Anti-platelet role of Korean ginseng and ginsenosides in cardiovascular diseases. J
Ginseng Res. 2020;44(1):24-32.

Kwon H-W, Shin J-H, Rhee MH, Park C-E, Lee D-H. Anti-thrombotic effects of ginsenoside Rk3 by regulating cCAMP
and PI3K/MAPK pathway on human platelets. J Ginseng Res. 2023;47(6):706-13.

Endale M, Lee W, Kamruzzaman S, Kim S, Park J, Park M, et al. Ginsenoside-Rp1 inhibits platelet activation and
thrombus formation via impaired glycoprotein VI signalling pathway, tyrosine phosphorylation and MAPK activa-
tion. Br J Pharmacol. 2012;167(1):109-27.

Liu JW, Wei DZ, Du CB, Zhong JJ. Enhancement of fibrinolytic activity of bovine aortic endothelial cells by ginseno-
side Rb2. Acta Pharmacol Sin. 2003;24(2):102-8.

Irfan M, Jeong D, Kwon H-W, Shin J-H, Park S-J, Kwak D, et al. Ginsenoside-Rp3 inhibits platelet activation and
thrombus formation by regulating MAPK and cyclic nucleotide signaling. Vascul Pharmacol. 2018;109:45-55.

Kim K, Park K-I. A review of antiplatelet activity of traditional medicinal herbs on integrative medicine studies. Evid
Based Complement Altern Med. 2019,2019:7125162.

Zhou Q, Jiang L, Xu C, Luo D, Zeng C, Liu P, et al. Ginsenoside Rg1 inhibits platelet activation and arterial thrombo-
sis. Thromb Res. 2014;133(1):57-65.

Dessalvi CC, Deidda M, Mele D, Bassareo PP, Esposito R, Santoro C, et al. Chemotherapy-induced cardiotoxicity:
new insights into mechanisms, monitoring, and prevention. J Cardiovasc Med. 2018;19(7):315-23.

ZhangYJ, Zhang XL, Li MH, Igbal J, Bourantas CV, Li JJ, et al. The ginsenoside Rg1 prevents transverse aortic
constriction-induced left ventricular hypertrophy and cardiac dysfunction by inhibiting fibrosis and enhancing
angiogenesis. J Cardiovasc Pharmacol. 2013;62(1):50-7.

Kwok HH, Chan LS, Poon PY, Yue PY, Wong RN. Ginsenoside-Rg1 induces angiogenesis by the inverse regulation of
MET tyrosine kinase receptor expression through miR-23a. Toxicol Appl Pharmacol. 2015;287(3):276-83.
Ghafouri-Fard S, Balaei N, Shoorei H, Hasan SMF, Hussen BM, Talebi SF, et al. The effects of Ginsenosides on PI3K/
AKT signaling pathway. Mol Biol Rep. 2022;49(7):6701-16.

Arafa E-SA, Refaey MS, Abd EI-Ghafar OA, Hassanein EH, Sayed AM. The promising therapeutic potentials of ginse-
nosides mediated through p38 MAPK signaling inhibition. Heliyon. 2021;7(11): e08354.

Yang B-R, Cheung K-K, Zhou X, Xie R-F, Cheng P-P, Wu S, et al. Amelioration of acute myocardial infarction by
saponins from flower buds of Panax notoginseng via pro-angiogenesis and anti-apoptosis. J Ethnopharmacol.
2016;181:50-8.

Khurana R, Simons M, Martin JF, Zachary IC. Role of angiogenesis in cardiovascular disease. Circulation.
2005;112(12):1813-24.

Chan L-S, Yue PYK, Mak NK, Wong RN. Role of microRNA-214 in ginsenoside-Rg1-induced angiogenesis. Eur J
Pharm Sci. 2009;38(4):370-7.

ZhaiY, Bai J, Peng Y, Cao J, Fang G, Dong Y, et al. Ginsenoside Rb1 attenuates doxorubicin induced cardiotoxicity by
suppressing autophagy and ferroptosis. Biochem Biophys Res Commun. 2024;710: 149910.

Zhang Y, Wang Y, Ma Z, Liang Q Tang X, Tan H, et al. Ginsenoside Rb1 inhibits doxorubicin-triggered HIC2 cell
apoptosis via aryl hydrocarbon receptor. Biomol Ther. 2016;25(2):202.

Xu Z-M, Li C-B, Liu Q-L, Li P, Yang H. Ginsenoside Rg1 prevents doxorubicin-induced cardiotoxicity through the
inhibition of autophagy and endoplasmic reticulum stress in mice. Int J Mol Sci. 2018;19(11):3658.

Zhu C,WangY, Liu H, Mu H, Lu'Y, Zhang J, et al. Oral administration of Ginsenoside Rg1 prevents cardiac toxicity
induced by doxorubicin in mice through anti-apoptosis. Oncotarget. 2017,8(48):83792.

Qiu B, Mao M, Ma Z, Deng B, Shen L, Zhou D, et al. Ginsenoside Rg2 attenuates doxorubicin-induced cardiomyo-
cyte apoptosis via the PI3K/Akt pathway. Rev Bras. 2022;32(3):433-9.

Page 23 of 24



Zare-Zardini et al. BioMedical Engineering OnLine (2024) 23:128 Page 24 of 24

102. PiY,Chen X, Zhang X, Cai H. Ginsenoside RB1 alleviates ADR-induced H9c2 cell injury by regulating MIR-130B. Acta

Pol Pharm. 2021;78(6):825.
103. Hou J,YunY, Cui C, Kim S. Ginsenoside Rh2 mitigates doxorubicin-induced cardiotoxicity by inhibiting apoptotic

and inflammatory damage and weakening pathological remodelling in breast cancer-bearing mice. Cell Prolif.
2022;55(6): €13246.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.



	A review of cardioprotective effect of ginsenosides in chemotherapy-induced cardiotoxicity
	Abstract 
	Introduction
	Chemotherapy-induced cardiotoxicity
	Ginsenosides
	Structure and classification
	Biological effects and potential health benefits
	Considerations and interactions

	Cardioprotective effect of ginsenosides
	Antioxidant activity
	Anti-inflammatory effects
	Modulation of ion channels and blood pressure
	Improvement in lipid profiles
	Protection against myocardial ischemia–reperfusion injury
	Anti-platelet and anti-thrombotic effects
	Angiogenesis and neovascularization

	Treatment outcomes by ginsenosides
	Conclusion
	Limitations
	Acknowledgements
	References


