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ABSTRACT

Coronavirus has been spreading rapidly around the world since it broke out in China in 2019. Respiratory
diseases caused by coronavirus infection cause various diseases ranging from asymptomatic subclinical
infections to severe pneumonia and cardiovascular complications, leading to death. In this regard, natural
products are being studied to prevent various diseases caused by COVID-19. In current review, we would
like to present mechanisms related to the inhibition of heart disease in ginseng and ginsenoside against
SARS-CoV-2. In many previous studies, ginseng and ginsenoside are known to have antioxidant, blood
flow improvement, improvement of vascular and heart function, blood pressure control, suppression of
myocardial infarction and heart failure, and antiarrhythmia. Therefore, ginseng and ginsenoside have a
possibility to suppress cardiovascular complications caused by COVID-19. Many of research provide
evidence for ginseng and ginsenoside as treatments for the risk of cardiovascular complications. How-
ever, in this review, more specific contents on the proposition of the efficacy of ginseng and ginsenoside
for COVID-19 should be presented. Therefore, we hope that researches to reduce cardiovascular com-
plications of ginseng and ginsenoside for COVID-19 should be presented to reduce mortality for COVID-
19.

© 2022 The Korean Society of Ginseng. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The pandemic of COVID-19, caused by severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2), which recently occurred in
China, is highly contagious, threatening human health and causing
serious emergencies for public health around the world [1]. SARS-
CoV-2 was detected the most in the lungs, but significant amounts
were also detected in the heart, kidneys, and liver. COVID-19 vi-
ruses were also detected in heart tissue in 16 out of 22 deaths with
SARS-CoV-2 [2]. Therefore, SARS-CoV-2 can directly or indirectly
cause lesions in the heart, causing abnormal heart function. In
addition, the SARS-CoV-2 is known to be infected with heart cells
and cause arrhythmia and heart failure, causing very fatal damage
to health [3]. Recently, an autopsy of 39 patients who died of
COVID-19 revealed a very large amount of virus in the heart in 31%
of patients [4]. Moreover, COVID-19 exacerbated cardiovascular
disease (CVD) and caused heart complications that could cause
serious health damage [5]. When infected with COVID-19 virus,
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necrosis of heart cells occurs, leading to a variety of cardiovascular
complications, ranging from fatal diseases such as heart failure, in
which the heart cannot pump sufficient blood. These heart com-
plications are one of evident in COVID-19 virus infection, and heart
dysfunction is caused by COVID-19 complications, such as cardio-
myopathy, heart ischemia, and arteriosclerosis associated with
thrombosis [3].

Ginseng (or ginsenosides) has been widely used in Oriental
traditional medicine and has become increasingly popular in the
Western world for its tonic effect and various therapeutic effects on
cardiovascular, central nervous system, and endocrine. It was well
known that Panax ginseng is one of the most commonly greatly
used species of ginseng. For thousands of years, Generally, among
the diverse ginseng species, Panax ginseng (Korean ginseng), Panax
notoginseng (Chinese ginseng), Panax quinquefolius (American
ginseng) and Panax japonicum (Japan ginseng) are the most com-
mon [6]. Most of research on the pharmacological and therapuetic
functions of Panax ginseng has chiefly focused on ginsenosides [7].
Ginsenosides, an active compounds of ginseng, can be classified
into oleanolic acid type, protopanaxadiol type, and proto-
panaxatriol type based on the chemical structure (Fig. 1 and
Table 1).
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Fig. 1. Panax ginseng Meyer herb and chemical structures of ginsenoside-subtypes. The picture of Panax ginseng Meyer (A). Molecular structures of protopanaxadiol-type (B),

protopanaxatriol-type (C), and oleanolic acid-type (D).

Table 1
Classification of ginsenosides.

Subtype Ginsenoside

Ro

Ri

Rh3

Compound K (CK)
Ra (1,2,3)

Rb (1,2,3)

Rc

Rc

Rg3

Rh2

Oleanolic acid

Protopanaxadiol (PPD)

Protopanaxatriol (PPT)

In this regard, studies have been reported on the heart protec-
tion of ginseng or ginsenosides over the past few years, especially
the effect of protecting the heart from the occurrence of myocardial
infarction. This has been widely reported in ginseng components
such as ginseng extracts [8,9], ginsenoside Re [10], ginsenoside Rb1
[11—14], and ginsenoside Rg1 [15,16]. Studies showing that ginseng
and ginsenoside are pharmacologically therapeutic for cardiac
dysfunction have been reported using animal models [8—16G]. In
such studies ginseng or ginsenoside very significantly indicates that
it protects the heart by preventing heart failure. Above all, COVID-
19 virus enters the heart through ACE2 receptors, causing acute
cardiac injury and provides many evidences of cardiovascular
complications, such as systemic inflammation, coronary artery
disease, heart failure, heart arrhythmia, myocardial ischemia, and
intravascular thrombosis. Therefore, the present review aims to
scientifically provide the possibility for prevention of cardiac
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complications with ginseng and ginsenosides in COVID-19 infec-
tion, to help find ways to lower the mortality from COVID-19 [1].

2. Panax ginseng and ginsenosides against cardiac
pathogenesis of COVID-19

SARS-CoV-2, which was first reported in China in 2019, mostly
shows mild to moderate symptoms. However, sometimes SARS-
CoV-2 infections progress to severe organ damage and severe
pneumonia in about 15% of SARS-CoV-2 infections, and about 5%
eventually develop septic shock and multiple organ dysfunction,
such as heart and lungs, which has a fatal on life [4]. Respiratory
diseases usually occur during SARS-CoV-2 infection, but cardio-
vascular complications are caused by various mechanisms. The
mechanism of cardiovascular complications caused by COVID-19
infection is as follows [17] (Fig. 2).

2.1. Cardiac injury with SARS-CoV-2 and ginseng/ginsenosides

2.1.1. Ginsenosides on cardiac damage through ACE2 receptor with
SARS-CoV-2

A recent study found that SARS-CoV-2 binds to angiotensin-
conversion enzyme 2 receptor (ACE2), which is highly expressed
in the heart and lungs, and infects the heart and lung tissue. In this
regard, ACE2 expressed in the heart and lungs is an enzyme that
plays a very important role in maintaining cardiovascular function
normally. When infected with COVID-19, SARS-CoV-2 first binds to
ACE2 present in the cell membrane, enters the cell, and abnormally
changes the ACE2 signaling transduction, resulting in acute
myocarditis and lung damage [18]. That is, normally ACE2 were
expressed in the cell membranes of the heart and lungs, and re-
ceptor binding domain (RBD) of the SARS-CoV-2 spike glycoprotein
binds to each other with ACE2 and enters the heart and lung tissue
cells through interaction, thereby inhibiting the function of the
ACE2 can block SARS-CoV-2 virus infection [19] (Fig. 3).
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Fig. 2. A schematic diagram of cardiovascular complications caused by SARS-Cov-2. SARS-CoV-2 infection can cause various cardiovascular complications such as heart failure,

myocarditis, myocardial infarction and many others.
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Fig. 3. Schematic representation for the mechanism by which the SARS-CoV-2 invades the heart through binding with the angiotensin converting enzyme 2 receptor (ACE2) and by
which 20(S)-ginsenosides Rg3 and 20(R)-ginsenoside Rg3 inhibited the invasion of SARS-CoV-2. SARS-CoV-2 can directly infect cardiomyocytes, attaching to ACE2 through its spike

protein and entering the cell.

Ginsenosides are generally divided into three groups: proto-
panaxadiols, protopanaxatriols, and oleanane (ginsenoside Ro).
Protopanaxadiols have sugar moieties on the C-3 position of
dammarane-type triterpene, such as ginsenosides Rb1, Rb2, Rb3,
Rc, Rd, Rg3, Rh2, and Rh3. Protopanaxatriols have sugar moieties on
the C-6 position of dammarane-type triterpene, such as ginseno-
sides Rg1, Rg2, Re, Rf, and Rh1 [20—22]. In line with the above
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observations, 20(S)-ginsenoside Rg3, the main active ingredient of
panax ginseng, blocks RBD-ACE2 interaction through direct inhi-
bition of RBD of the SARS-CoV-2 spike glycoprotein. That is, RBDof
SARS-CoV-2 spike glycoproteins to cell membranes in the heart and
lung tissue were blocked by 20(S)-ginsenoside Rg3 and 20(R)-
ginsenoside Rg3 [19]. In addition, recent studies have shown that
20(S)-ginsenoside Rg3 and 20(R)-ginsenoside Rg3 effectively
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inhibited viral infection of SARS-CoV-2-like lentivirus and SARS-
CoV-2 virus in cells expressing receptors of human SARS-CoV-2
spike glycoprotein. These results indicate that 20(S)-ginsenoside
Rg3 and 20(R)-ginsenoside Rg3, which are the main active in-
gredients of panax ginseng, directly inhibit the RBD of SARS-CoV-2
spike glycoproteins, ultimately preventing a viral infection. That is,
treatment of 20(S)-ginsenosides Rg3 and 20(R)-ginsenoside Rg3
indicates the possibility that the risk of antiviral infection can be
reduced by inhibiting the interconnection between the RBD of
SARS-CoV-2 spike glycoproteins and ACE2 expressed in car-
diomyocytes [19]. On the other hand, unlike immune antibodies,
20(S)-ginsenoside Rg3 and 20(R)-ginsenoside Rg3 effectively
inhibit binding with ACE2 by targeting regions of receptors per
SARS-CoV-2 spike, which are not accessible to biomolecules. These
results indicate that 20(S)-ginsenoside Rg3 and 20(R)-ginsenoside
Rg3 can inhibit intracellular invasion of SARSCoV-2 to protect heart
following SARS-CoV-2 infection. This suggests that 20(S)-ginseno-
side Rg3 and 20(R)-ginsenoside Rg3 can effectively protect heart
and lung tissue against SARS-CoV-2 infections, which are currently
threatening human health worldwide.

2.1.2. Ginsneg/ginsenosides on systemic inflammation with SARS-
CoV-2

Inflammation is an immunological response to infection or
injury and is associated with numerous human diseases [9]. Normal
balance between inflammatory cytokines (TNF-o and IL-1)) and
anti-inflammatory cytokines (IL-2, IL-4, IL-10) in vivo is critical for
vivo homeostasis, and imbalance between inflammatory cytokines
and excessive production of such cytokines causes very serious
inflammatory diseases [20,21]. COVID-19, which is currently
spreading worldwide, causes acute systemic inflammatory re-
actions and cytokine storms, causing very serious damage. Espe-
cially, COVID-19 causes damage to the heart and lung tissues,
leading to death. Many studies have shown that very high levels of
inflammatory cytokines are produced in patients with COVID-19
[4,23] (Fig. 4).

On the other hand, through numerous previous studies, the
anti-inflammatory effect of ginsenoside, an active ingredient of

Myocardium

Lymphocytes

Fig. 4. SARS-CoV-2 can indirectly damage heart through systemic inflammatory re-
sponses and diminished blood supply (e.g., from blood clots and endothelitis, not
shown).
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ginseng, is widely known. In this regard, ginsenoside inhibited
cytokine expression (TNF-, IL-1, IL-6), indicating anti-inflammatory
action in macrophages, which are immune cells in the body [20,21].
Among them, the most widely known ginsenosides are Rb1, Rg1,
Rg3, Re, Rd, and Rh1. Kim et al. suggested the role of ginsenosides in
inflammatory responses and diseases [20]. Ginsenoside Rc is one of
the main protopanaxadiol-based saponins isolated from ginseng.
Such ginsenoside Rc represents anti-inflammatory action by
inhibiting p38/ATF-2 signals and TANK-binding kinase 1/IkB ki-
nase/interferon regulation factor-3. In addition, ginsenoside Rf in-
hibits the inflammatory mechanism in the p38/NF-kB-activated
condition. That is, ginsenoside Rf significantly reduced the pro-
duction of interleukin-1, interleukin-6, TNF-a, NO, and reactive
oxygen species, which are inflammatory cytokines in HT-29 intes-
tinal epithelial cells and macrophages [24]. In addition, anti-
inflammatory activity of ginsenoside Rb1 and Rg1 were reported
in previous studies. That is, the ginsenosides Rb1 and Rg1 exhibit
anti-inflammatory effects by inhibiting antioxidant and NO syn-
thesis [25,26]. In this regard, ginseng glycopeptide has been pre-
sented with anti-inflammatory efficacy in inflammatory pain
models induced by animals [27]. Taken together, these results
indicate the possibility of ginseng and ginsenosides-Rb1, Rg1, Rg3,
Re, Rd, Rh1, Rc, and Rf capable of reducing the inflammation by
SARSCoV-2.

2.1.3. Ginsneg/ginsenosides on coronary artery dysfunction with
SARS-CoV-2

Among the blood vessels in the heart, arteries are often even
coronary arteries. The heart serves as a pump that supplies oxygen
and nutrients through blood in the body. To function as this pump,
continuous oxygen and nutrients are required, and the heart cor-
onary artery supplies blood to the muscle of the heart. In cardiac
artery (coronary artery) plays a particularly important role in
vascular homeostasis [28,29]. A recent study reported that vascular
endothelial damage during SARS-CoV-2 has the most harmful ef-
fect in COVID-19 [30,31]. Such damage to vascular endothelial cells
can be caused by both intravascular thrombosis and direct viral
infection [32,33]. Among them, the mechanism of vascular damage
caused by SARS-CoV-2 infection usually appears to be due to
endothelial-mediated complications of COVID-19. In normal con-
ditions, vascular endothelial properties exhibit anticoagulant and
antithrombotic properties, and abnormal blood coagulation may
occur through the generation of the von Willebrand factor (vVWf),
and the production of thromboxane and plasma activator inhibitor-
1 (PAI-1) [34—36]. Vascular endothelial cell protects blood vessels
through the expression of peroxide dismutase and glutathione that
inhibit the progression of atherosclerosis [37,38]. On the other
hand, when intravascular inflammation occurs, vascular endothe-
lial cells are abnormally activated by inflammatory cytokines,
resulting in local oxidation stress. These results cause disease in
cardiovascular vessels, resulting in heart damage [39—41]. Recent
studies have shown that vascular endothelial dysfunction is caused
by SARS-CoV-2 infection. Hypoxia, hyperglycemia, inflammation
and ischemia are also associated with SARS-CoV-2 [42—44]. That is,
SARS-CoV-2 infection can cause very serious diseases such as
vascular damage. In many recent studies, biomarkers of vascular
damage indicators were identified in patients infected with SARS-
CoV-2 [45—48]. As such, SARS-CoV-2 infection can be one of the
very serious causes of vascular disease [49—52]. On the other hand,
Korean Red Ginseng extract was found to significantly improve NO
synthesis in animal experiments. Kim et al. reported that ginse-
noside, an active ingredient of ginseng, inhibited free radical
damage in blood vessels in the lung tissue and increased NO pro-
duction of vascular endothelial cells to enhance vascular function
[53]. In addition, ginsenoside (10 pg/ml) to the aortic endothelial



M.A. Hossain and J.-H. Kim

cells significantly increases NO secretion that can protect vascular
function by improving the 1-Arginine signaling. In addition, it was
well known that vascular function damaged by acetylcholine re-
covers normally when ginsenoside is treated. Also, other study
reported also that the protophanaxatriol group among ginseno-
sides can improve vascular function through NO generation by
improving the function of endothelial cells involved in NO pro-
duction [54]. In another study, Korean Red Ginseng proved to have
a relaxation effect of blood vessels through the generation of NO in
brain tissue with dose-dependently [55]. In addition, Chan et al.
proved that panax ginseng can improve vascular dysfunction by
suppressing genes related to arteriosclerosis in diabetes compli-
cations [56]. In general, ginseng intake can improve vascular health
from vasodilation and oxidative stress through anti-inflammatory
cytokine control. In addition, it was found that ginseng has the
effect of suppressing kidney failure by normalizing the vascular
function of kidney tissue [57]. Consistent with the above observa-
tions, ginseng extract is known to inhibit lipid accumulation in cells
and promote phosphorylation of PI3K/Akt/eNOS signaling path-
ways through overexpression of ET-1, thereby inhibiting endothe-
lial cell damage due to hyperlipidemia [58]. In addition,
ginsenoside Rb1 normalizes calcium metabolism in vivo and
in vitro vascular smooth muscle cells. That is, ginsenoside Rb1 ac-
tivates peroxisome proliferator active receptor (PPAR)) and inhibits
the Wnt/By catenin pathway to normalize the signaling related to
vascular function. And ginsenoside Rb1 restored vascular smooth
muscle function by inhibiting By catenin nuclear potential in
vascular smooth muscle cells [59]. These results indicate that gin-
senoside, an active ingredient in ginseng, has the effect of main-
taining and restoring vascular function. Taken together, these
results indicate the possibility of ginseng and ginsenosides capable
of inhibiting the vascular dysfunction by SARSCoV-2.

2.2. Arrhythmias with SARS-CoV-2 and ginseng/ginsenosides

The heart function is performed by repetition of contraction and
relaxation, but only when electrical stimulation is transmitted to
heart muscle cells. Cardiac arrhythmia occurs if there is an abnor-
mality in the generation or transmission of electrical signals in the
heart, or if an abnormal electrical signal occurs. In other words,
when arrhythmia occurs, regular contraction cannot continue,
causing abnormal heartbeat. SARS-CoV-2, which is currently
prevalent worldwide, has a very harmful effect on the heart. As a
result, heart arrhythmia occurs, which can be a fatal risk [60,61].
According to a recent study, cardiac arrest and arrhythmia symp-
toms appeared in many of COVID-19 patients following SARS-CoV-
2 infection [60]. Both tachycardia and arrhythmia occur during
SARS-CoV-2 infection, and the incidence of arrhythmia in COVID-19
patients was reported to be 16.7%. Among patients with SARS-CoV-
2, the rate of arrhythmia incidence was much higher when inten-
sive care unit (ICU) hospitalization was required than when ICU
hospitalization was not required [5]. On the other hand, antiar-
rhythmia drugs already used in clinical practice have side effects
that worsen arrhythmia, so recently, they are attempting to develop
antiarrhythmia durgs in natural herb without side effects. In this
regard, ginseng is evaluated for anti-arrhythmia by normalizing K+
current in guinea pig ventricular muscle cells. Also, ginsenoside Re
was confirmed to have an effect of inhibiting arrhythmia electro-
physiologically [62]. A recent study confirmed that ginsenoside is
effective in treating cardiac arrhythmia by inhibiting cell mem-
brane ion channels [63]. In many reports, ginsenosides are known
to normalize the activity potential of cell membranes. That is, in the
heart, L-type and T-type voltage dependent Ca2+ channels that
regulate the function of the heart exist in the myocardial cell
membrane. Among them, the L-type Ca + channel is the main
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channel of Ca2+ required for heart cells to excite. Ginsenoside Rb1
is known to normally regulate Ca2+ current on the guinea pig heart
[64]. In addition, in another study rats with myocardial infarction,
ginsenoside Rb1 played an effective role in normalizing heart
function by regulating the flow of L-type Ca2+ current and K+
current [65]. In addition, ventricular arrhythmia was significantly
improved when ginsenoside Re was administered in three doses
(i.e., 5, 10, and 20 mg/kg) in the rabbit isoproterenol-induced
arrhythmia model, thereby restoring heart function. In another
study, ginseng saponin effectively prevented the occurrence of
mouse ventricular arrhythmia with dose-dependently [66]. In
particular, ginseng saponin was found to inhibit ventricular
arrhythmia by normalizing Na + channel function in animal models
with heart disease [67]. In addition, ginsenoside Re was found to
have the effect of improving pathological arrhythmia by sup-
pressing Na+ and K+ passages [68]. In other studies, total ginse-
noside administration in mice with arrhythmia normalized the QRS
complex, and increased T-wave amplitude resulted in decreased
arrhythmia [69]. Also, it was reported that the co-administration of
ginseng and digitalis may increase the arrhythmic effect [70]. Taken
together, these results indicate the possibility of ginseng or ginse-
nosides capable of inhibiting the cardiac arrhythmias by SARSCoV-
2.

2.3. Heart failure with SARS-CoV-2 and ginseng/ginsenosides

Heart failure refers to a disease by the cardiac functional ab-
normality to receive and pump blood, resulting in poor blood
supply to the body. Acute heart failure during SARS-CoV-2 is a
major symptom of COVID-19. Recent reports indicate that acute
heart failure occurs in 23% of COVID-19 patients, and cardiomy-
opathy occurs in 33% of COVID-19 patients [71]. In present study, it
was reported that heart failure has occurred in 24% of patients
during SARS-CoV-2 infection, which is associated with an increased
risk of death in COVID-19 patients [72]. Another study reported that
SARS-CoV-2 causes various cardiovascular complications, including
myocardial infarction, heart failure, and cardiac death [73]. It is
known that heart failure occurs during SARS-CoV-2 infection,
causing the heart to interfere with blood circulation efficiently in
the body, but the exact pathogenesis is not known (Fig. 5).

Studies have shown that ginseng protects cardiac function in
acute left ventricular failure animal models, which can help prevent
heart failure [74]. Another study reported that panax ginseng helps
prevent serious heart failure and maintain heart function. On
treatment of ginseng, the mortality rate was significantly decreased
and cardiac function was in heart failure [75]. Ginsenoside, an
active ingredient of ginseng, is known to significantly suppress the
occurrence of left and right ventricular hypertrophy and heart
failure. Specifically, ginsenoside Rg1 maintained cardiac function
by preventing heart failure in animals. The mechanism of inhibiting
heart failure of ginsenoside Rgl is associated with the normal
regulation of ERK mitogen-activated protein kinase (MAPK) and
Kalinulin signaling [76]. In another study, oral administration of
ginseng effectively decreased the occurrence of heart failure in
animals and inhibited the hypertrophy of the left ventricle [77]. In
addition, in animal experiments, ginsenoside Rb1 significantly
inhibited right ventricular hypertrophy and consequently recov-
ered heart function [78]. In another study, ginseng significantly
suppressed heart failure by increasing the expression of PPAR in
streptozotocin-induced diabetic animal model. Therefore, ginseng
can be developed as a good treatment for heart failure without side
effects [79]. Taken together, these results indicate the possibility of
ginseng or ginsenosides capable of inhibiting the heart failure by
SARSCoV-2.
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Fig. 5. This schematic diagram illustrates the mechanisms of inhibition of ginseng by which COVID-19 induces heart failure. SARS-CoV-2 within the cardiomyocytes may cause
infiltrative cardiomyopathy leading to heart failure. Moreover, pro-inflammatory cells release cytokines TNF-a, IL-1p, IL-6 and many others.

2.4. Myocardial ischemia with SARS-CoV-2 and ginseng/
ginsenosides

In human, the heart is operated by coronary arteries receiving
oxygen and nutrients. If any of these coronary arteries are blocked
by thrombosis, the supply of oxygen and nutrition is rapidly
reduced, killing tissues or cells in the heart muscle. Such a disease is
called myocardial infarction. Myocardial ischemia is very closely
related to the occurrence of heart failure. Recently, human life-
threatening SARS-CoV-2 is widespread, that causes a risk of acute
respiratory syndrome due to severe respiratory infections. In
addition, SARS-CoV-2 causes myocardial infarction and increases
mortality [80]. In this regard, it is well known that COVID-19 is a
risk factor for myocardial ischemia and stroke [81]. Patients infec-
ted with SARS, which occurred worldwide several years ago, caused
myocardial damage, resulting in arrhythmia, cardiac dysfunction,
and heart failure, leading to death [82]. Evidence that SARS-CoV-2,
which is in vogue recently, causes myocardial damage is very well
known. In a study by Chen et al. indicators of myocardial injury and
inflammation were observed such as NT-proBNP, hs-CRP, and cTnl
in COVID-19 patients, indicating that there was damage to the heart
(Fig. 6).

Ginsenoside is known to protect the heart from doxorubicin-
induced cardiac damage and suppress heart hypertrophy [83]. In
other study, left ventricular hypertrophy was significantly sup-
pressed when ginsenoside Rg1 was administered, and heart func-
tion was restored in animals [84]. In addition, ginsenoside Rb1
inhibited myocardial infarction in an ischemic and reperfusion
injury, resulting in heart protection [85]. In addition, ginsenoside
Rg1, an active ingredient of ginseng, was confirmed to reduce left
ventricular hypertrophy. And Panax ginseng significantly inhibited
apoptosis of cardiomyocytes by controlling Bcl-2 and Caspace-3
[86]. In another study, ginsenoside Rg1 protected cardiomyocytes
from oxidative injury through antioxidant function [87]. And
ginseng saponin, panaxadiol, and panaxatriol significantly pro-
tected the heart from experimentally induced ischemia and
reperfusion damage [88]. Another study argued that ginseng
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inhibits cardiac hypertrophy and heart failure [89]. Moreover, the
ginsenoside Rb1 derivative, compound K, was shown to increase
heart function by maintaining NO production through Akt/phos-
phoinositol 3-kinase (PI3K) pathway [90]. Taken together, these
results indicate the possibility of ginseng or ginsenosides capable of
inhibiting the myocardial injury by SARSCoV-2.

2.5. Vascular thromboembolic risk with SARS-CoV-2 and ginseng/
ginsenosides

It is known that COVID-19 patients significantly increase their
risk of vascular thrombosis [91]. In particular, when a severe im-
mune response such as a cytokine storm occurs, the synthesis of
CRP or fibrinogen was increased due to overproduction of IL-6 in
the liver, which increases thrombogenesis. Both abnormal coagu-
lation and pathological diseases in the blood are potential factors
that increase the risk of vascular thrombosis [92]. In a study of 25
patients with COVID-19 pneumonia, thrombosis were increased in
10 patients with pulmonary embolism. Infection with SARS-CoV-2
results in pulmonary embolism, with patients showing an increase
in D-dimer levels [93]. In another study, the use of anticoagulants in
severe COVID-19 infection is effective in reducing mortality, so
prevention of thrombosis is considered very important in SARS-
CoV-2 patients [94]. In this regard, ginseng is known to have a
significant effect on preventing platelet aggregation. Korean Red
Ginseng has an inhibitory action against platelet aggregation, and
as a result, it plays an important role in preventing the occurrence
of arterial thrombosis in the body. This suggests that red ginseng
has a very beneficial effect on preventing cardiovascular disorders
caused by thrombosis [95]. Another study reported that ginseno-
side Rg3 inhibited the activity of AMP and extracellular signal
regulation kinase 2, consequently inhibiting platelet aggregation
via the inhibition of platelet aggregation signaling [96]. In another
study, ginseng also significantly improved microcirculation disor-
der by preventing white blood cells from adhering to blood vessel
and releasing various cytokines [97]. In addition, co-administered
with Korean Red Ginseng and warfarin showed anti-coagulant
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efficacy in patients [98]. And, total ginsenoside significantly
increased coronary perfusion flow in cardiac ischemia and reper-
fusion injury. These results indicate that total ginsenosides have a
protective action of heart tissue by normalizing the function of
coronary artery. These results indicate that ginseng or ginsenoside
has the action of suppressing a vascular injury caused by throm-
bosis. Taken together, these results indicate the possibility of
ginseng or ginsenosides capable of inhibiting the vascular throm-
bosis by SARSCoV-2. We summarized the effects of ginseng and
ginsenosides on the protection of cardiovascular diseases such as
myocardial ischemia, inflammation, heart failure, thrombosis,
arrhythmia as follows. (Table 2).

3. Discussion

The COVID-19 pandemic, which currently has a fatal damage on
human health worldwide, is bringing unprecedented challenges.
COVID-19, which began in Wuhan, Hubei Province, China in 2019, is
showing a global epidemic, and has sequentially spread beyond the
pandemic in the world, resulting in many infections and deaths.
Such COVID-19 causes harmful effects on the respiratory system,
cardiovascular system, digestive system and many others. Such
epidemics of COVID-19 presented a very high risk worldwide, but
there is no effective treatment yet. Red ginseng, a traditional
medicine, also has antiviral efficacy for a wide range of viral

Table 2

Effects of ginseng and ginsenosides on protecting cardiac disorders.
Ginseng Myocardial/ischemia Inflammation/heart failure Vascular disease/Thrombosis Arrhythmia
Ginsenoside
Panax ginseng (Total ginsenosides) [88] [74,75,79] [53,55,56,98] [69]
Ginsenoside Rg3 [19] [19] [96]
—20(S) and 20(R)
Ginsenoside Rb1 [85] [20] [59] [64,65]
Ginsenoside Rc [20]
Ginsenoside Re [20] [66,68]
Ginsenoside Rh2
Ginsenoside Rg1 [84] [25,26,76]
Ginsenoside Rf [24]
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diseases such as influenza virus, respiratory syncytial virus, rhino-
virus, human immunodeficiency virus and herpes simplex virus,
and so far, various animal and clinical studies have confirmed the
antiviral efficacy of ginseng [99]. As such, traditional medicine has a
long history in Asian countries such as Korea and China, contributes
a lot to the prevention and treatment of severe infectious diseases,
and its effectiveness has been proven. It was well known that
studies have suggested the antiviral efficacy of ginseng and ginseng
extracts. Therefore, if ginseng is conducive to COVID-19 or can
protect the heart and lungs, it will be possible to improve the
symptoms of COVID-19. However, there is still no direct evidence
that natural products such as ginseng will be significantly effective
for COVID-19 patients. In addition, there is no direct studies that
ginseng and ginsenosides prevent cardiovascular side effects such
as arrhythmia, myocardial infarction, heart failure, and vascular
thrombosis in COVID-19 patients. However, the present review
suggested that 20(S)-ginsenoside Rg3 and 20(R)-ginsenoside Rg3
effectively inhibited viral infections of SARS-CoV-2-like lentiviruses
and SARS-CoV-2 viruses in cells expressing receptors of human
SARS-CoV-2 spike glycoproteins [19]. And, it was suggested that
ginsenoside Rf inhibited the inflammatory mechanism related to
the p38/NF-kB-signaling and significantly reduced the production
of interleukin-1, interleukin-6, TNF-o, NO, and free radicals [24]. In
addition, it was presented that ginsenosides Rb1 and Rg1 exhibit
anti-inflammatory effects by inhibiting antioxidant and NO syn-
thesis [25,26]. In addition, red ginseng significantly enhances NO
synthesis and secretion of vascular endothelial cells, which is the
result of increased NO production by suppressing free radical
damage in blood vessels [53]. And, Korean Red Ginseng has vascular
relaxation effect through the production of NO [55], and that panax
ginseng suppresses genes related to arteriosclerosis, thereby
improving vascular dysfunction [56]. Also, ginseng saponin effec-
tively prevents ventricular arrhythmia [66], and ginsenoside Re
showed the effect of improving pathological arrhythmia in animal
models [68]. Futhermore, the treatment of Panax ginseng
decreased severe heart failure and mortality, and heart function
was significantly improved by the protection of heart failure in
ginseng-treated group. The present review suggested that ginse-
noside protected myocardial cells from oxidative injury, and
ginseng saponin significantly protected the heart from ischemia
and reperfusion damage. Also, the administration of ginseng in
animal has the effect of inhibiting heart hypertrophy and heart
failure. Therefore, this review will be an opportunity for ginseng
and ginsenoside to suggest a possibility for an applicability of
adjuvant therapy to COVID-19 patients in the future. However,
importantly, in order to use ginseng and ginsenosides for COVID-19
patients, it is judged that many scientific studies must be accu-
mulated in the future.

Declaration of competing interest

The authors have declared no conflict of interest.

Acknowledgments

This research was supported by Basic Science Research Program
through the National Research Foundation of Korea(NRF) funded by
the Ministry of Education(2019R1A6A1A03033084).

References

[1] Jayanta Talukdar ], Bhadra B, Dattaroy T, Nagle V, Dasgupta S. Potential of
natural astaxanthin in alleviating the risk of cytokine storm in COVID-19.
Biomed Pharmacother 2020;132:110886.

Journal of Ginseng Research 46 (2022) 321—-330

[2] Puelles VG, Liitgehetmann M, Lindenmeyer MT, Sperhake JP, Wong MN,
Allweiss L, Chilla S, Heinemann A, Wanner N, Liu S, Braun F, et al. Multiorgan
and renal tropism of SARS-CoV-2. N Engl ] Med 2020;383(6):590—2. Aug 6.
Topol EJ. COVID-19 can affect the heart. Science 2020;370(6515):408—9. Oct
23.

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients

infected with 2019 novel coronavirus in Wuhan, China. Lancet

2020;395(10223):497—506.

Bansal M. Cardiovascular disease and COVID-19. Diabetes & metabolic syn-

drome. Clinical Research & Reviews; 2020. p. 247—50.

Mahady GB, Gyllenhall C, Fong HH, Farnsworth NR. Ginsengs: a review of

safety and efficacy. Nutr Clin Care 2000;3:90—101.

World Health Organization. WHO monographs on selected medicinal plants.

Geneva: World Health Organization; 1999.

Maffei Facino R, Carini M, Aldini G, et al. Panax ginseng administration in the

rat prevents myocardial ischemiareperfusion damage induced by hyperbaric

oxygen: evidence for an antioxidant intervention. Planta Med 1999;65:614—9.

Kim TH, Lee SM. The effects of ginseng total saponin, panaxadiol and panax-

atriol on ischemia/reperfusion injury in isolated rat heart. Food Chem Toxicol

2010;48:1516—20.

[10] Liu Z, Li Z, Liu X. Effect of ginsenoside Re on cardiomyocyte apoptosis and
expression of Bcl-2/Bax gene after ischemia and reperfusion in rats.
J Huazhong Univ Sci Technolog Med Sci 2002;22:305-9.

[11] Wang Z, Li M, Wu WK, et al. Ginsenoside Rb1 preconditioning protects against
myocardial infarction after regional ischemia and reperfusion by activation of
phosphatidylinositol-3-kinase signal transduction. Cardiovasc Drugs Ther
2008;22:443-52.

[12] Guan L, Li W, Liu Z. Effect of ginsenoside-Rb1 on cardiomyocyte apoptosis
after ischemia and reperfusion in rats. ] Huazhong Univ Sci Technolog Med Sci
2002;22:212-5.

[13] Kong HL, Li ZQ, Zhao Y], et al. Ginsenoside Rb1 protects cardiomyocytes
against CoCl2-induced apoptosis in neonatal rats by inhibiting mitochondria
permeability transition pore opening. Acta Pharmacol Sin 2010;31:687—95.

[14] Wu Y, Xia ZY, Dou ], et al. Protective effect of ginsenoside Rb1 against
myocardial ischemia/reperfusion injury in streptozotocin-induced diabetic
rats. Mol Biol Rep 2011 Oct;38(7):4327—35.

[15] Zhu D, Wu L, Li CR, et al. Ginsenoside Rgl protects rat cardiomyocyte from
hypoxia/reoxygenation oxidative injury via antioxidant and intracellular cal-
cium homeostasis. ] Cell Biochem 2009;108:117—24.

[16] Wang XD, Gu TX, Shi EY, et al. Effect and mechanism of panaxoside Rg1l on
neovascularization in myocardial infarction rats. Chin ] Integr Med 2010;16:
162—6.

[17] Xiong T-Y, Redwood S, Prendergast B, Chen M. Coronaviruses and the car-
diovascular system: acute and long-termimplications. Eur Heart ] 2020;41:
1798-800.

[18] Brian DA, Baric RS. Coronavirus genome structure and replication. Coronavirus
Replication and Reverse Genetics 2005:1—-30.

[19] Zhang D, Hamdoun S, Chen R, Yang L, Ip CK, Qu Y, Li R, Jiang H, Yang Z,
Chung SK, Liu L, Wong VKW. Identification of natural compounds as SARS-
CoV-2 entry inhibitors by molecular docking-based virtual screening with
bio-layer interferometry. Pharmacol Res 2021;172:105820.

[20] Kim JH, Yi YS, Kim MY, Cho ]JY. Role of ginsenosides, the main active com-
ponents of Panax ginseng, in inflammatory responses and diseases. J. Ginseng
Res. 2017;41:435—43.

[21] Lu JM, Yao Q, Chen C. Ginseng compounds: an update on their molecular
mechanisms and medical applications. Curr Vasc Pharmacol 2009;7:293—-302.

[22] Kim ], Byeon H, Im K, Min H. Effects of ginsenosides on regulatory T cell di
erentiation. Food Sci Biotechnol 2018;27:227—-32.

[23] Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors for
mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective
cohort study. Lancet 2020;395(10229):1054—62. Mar 28.

[24] Ahn S, Siddiqi MH, Aceituno VC, Simu SY, Yang DC. Suppression of MAPKs/NF-
kB activation induces intestinal anti-inflammatory action of ginsenoside Rf in
HT-29 and RAW264.7 cells. Immunol Invest 2016;45:439—49.

[25] Zhou P, Lu S, Luo Y, Wang S, Yang K, Zhai Y, Sun G, Sun X. Attenuation of TNF-
a-induced inflammatory injury in endothelial cells by ginsenoside Rb1 via
inhibiting NF-kB, JNK and p38 signaling pathways. Front Pharmacol 2017;8:
464.

[26] Kim MK, Kang H, Baek CW, Jung YH, Woo YC, Choi GJ, Shin HY, Kim KS.
Antinociceptive and anti-inflammatory effects of ginsenoside Rf in a rat model
of incisional pain. ] Ginseng Res 2018;42:183—91.

[27] Luo H, Zhu D, Wang Y, Chen Y, Jiang R, Yu P, Qiu Z. Study on the structure of
ginseng glycopeptides with anti-inflammatory and analgesic activity. Mole-
cules 2018;23:1325.

[28] Gutiérrez E, Flammer AJ, Lerman LO, Elizaga ], Lerman A, Fernandez-Avilés F.
Endothelial dysfunction over the course of coronary artery disease. Eur Heart J
2013;34:3175-81.

[29] Kitta Y, Obata JE, Nakamura T, et al. Persistent impairment of endothelial
vasomotor function has a negative impact on outcome in patients with cor-
onary artery disease. ] Am Coll Cardiol 2009;53:323—30.

[30] Libby P, Liischer T. COVID-19 is, in the end, an endothelial disease. Eur Heart ]
2020;41:3038—44.

[31] Goshua G, Pine AB, Meizlish ML, et al. Endotheliopathy in COVID-19-
associated coagulopathy: evidence from a single-centre, cross-sectional
study. Lancet Haematol 2020;7:e575—82.

[3

[4

[5

(6

[7

[8

[9


http://refhub.elsevier.com/S1226-8453(22)00004-5/sref1
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref1
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref1
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref2
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref2
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref2
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref2
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref3
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref3
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref3
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref4
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref4
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref4
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref4
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref5
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref5
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref5
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref5
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref5
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref6
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref6
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref6
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref7
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref7
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref8
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref8
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref8
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref8
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref9
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref9
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref9
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref9
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref10
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref10
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref10
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref10
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref11
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref11
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref11
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref11
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref11
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref12
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref12
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref12
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref12
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref13
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref13
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref13
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref13
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref14
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref14
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref14
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref14
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref15
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref15
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref15
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref15
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref16
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref16
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref16
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref16
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref17
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref17
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref17
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref17
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref18
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref18
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref18
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref19
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref19
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref19
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref19
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref20
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref20
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref20
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref20
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref21
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref21
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref21
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref22
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref22
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref22
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref23
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref23
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref23
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref23
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref24
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref24
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref24
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref24
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref25
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref25
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref25
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref25
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref26
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref26
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref26
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref26
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref27
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref27
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref27
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref28
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref28
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref28
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref28
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref28
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref28
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref28
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref29
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref29
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref29
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref29
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref30
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref30
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref30
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref31
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref31
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref31
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref31

M.A. Hossain and J.-H. Kim

[32]

(33]

[34]

[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]

Varga Z, Flammer A], Steiger P, et al. Endothelial cell infection and endothe-
liitis in COVID-19. Lancet 2020;395:1417-8.

Klok FA, Kruip M, van der Meer NJM, et al. Confirmation of the high cumu-
lative incidence of thrombotic complications in critically ill ICU patients with
COVID-19: an updated analysis. Thromb Res 2020;191:148—50.

Croce K, Libby P. Intertwining of thrombosis and inflammation in athero-
sclerosis. Curr Opin Hematol 2007;14:55—61.

Liischer TF, Vanhoutte PM. Endothelium-dependent contractions to acetyl-
choline in the aorta of the spontaneously hypertensive rat. Hypertension
1986;8:344-8.

Wagner DD. The Weibel-Palade body: the storage granule for von Willebrand
factor and P-selectin. Thromb Haemostasis 1993;70:105—10.

Gimbrone Jr MA, Garcia-Cardena G. Endothelial cell dysfunction and the
pathobiology of atherosclerosis. Circ Res 2016;118:620—36.

Lubos E, Kelly NJ, Oldebeken SR, et al. Glutathione peroxidase-1 deficiency
augments proinflammatory cytokine-induced redox signaling and human
endothelial cell activation. ] Biol Chem 2011;286:35407—17.

Loffredo L, Martino F, Zicari AM, et al. Enhanced NOX-2 derived oxidative
stress in offspring of patients with early myocardial infarction. Int ] Cardiol
2019;293:56-9.

Xuan Y, Gao X, Holleczek B, Brenner H, Schottker B. Prediction of myocardial
infarction, stroke and cardiovascular mortality with urinary biomarkers of
oxidative stress: results from a large cohort study. Int J Cardiol 2018;273:
223-9.

Pennathur S, Heinecke JW. Oxidative stress and endothelial dysfunction in
vascular disease. Curr Diabetes Rep 2007;7:257—64.

Rubio-Gayosso I, Platts SH, Duling BR. Reactive oxygen species mediate
modification of glycocalyx during ischemia-reperfusion injury. Am ] Physiol
Heart Circ Physiol 2006;290:H2247—56.

Nieuwdorp M, Meuwese MC, Mooij HL, et al. Tumor necrosis factor-o. inhi-
bition protects against endotoxininduced endothelial glycocalyx perturbation.
Atherosclerosis 2009;202:296—303.

Zuurbier CJ, Demirci C, Koeman A, Vink H, Ince C. Short-term hyperglycemia
increases endothelial glycocalyx permeability and acutely decreases lineal
density of capillaries with flowing red blood cells. ] Appl Physiol 2005;99:
1471-6.

Uchimido R, Schmidt EP, Shapiro NI. The glycocalyx: a novel diagnostic and
therapeutic target in sepsis. Crit Care 2019;23:16.

Stahl K, Gronski PA, Kiyan Y, et al. Injury to the endothelial glycocalyx in
critically ill patients with COVID-19. Am ] Respir Crit Care Med 2020;202:
1178-81.

Rovas A, Osiaevi I, Buscher K, et al. Microvascular dysfunction in COVID-19:
the MYSTIC study. Angiogenesis 2021;24:145—57.

Buijsers B, Yanginlar C, de Nooijer A, et al. Increased plasma heparanase ac-
tivity in COVID-19 patients. Front Immunol 2020;11:575047.

Anderson TJ, Meredith IT, Yeung AC, Frei B, Selwyn AP, Ganz P. The effect of
cholesterol-lowering and antioxidant therapy on endothelium-dependent
coronary vasomotion. N Engl ] Med 1995;332:488—93.

Shahin Y, Khan JA, Samuel N, Chetter I. Angiotensin converting enzyme in-
hibitors effect on endothelial dysfunction: a meta-analysis of randomised
controlled trials. Atherosclerosis 2011;216:7—16.

Flammer AJ, Sudano I, Hermann F, et al. Angiotensin converting enzyme in-
hibition improves vascular function in rheumatoid arthritis. Circulation
2008;117:2262-9.

Penny WF, Ben-Yehuda O, Kuroe K, et al. Improvement of coronary artery
endothelial dysfunction with lipid lowering therapy: heterogeneity of
segmental response and correlation with plasma- oxidized low density lipo-
protein. ] Am Coll Cardiol 2001;37:766—74.

Kang SY, Kim SH, Schini VB, Kim ND. Dietary ginsenosides improve endo-
thelium dependent relaxation in the thoracic aorta of hypercholesterolemic
rabbit. Gen Pharmacol 1995;26:483—7.

Kang SY, Schini VB, Kim ND. Ginsenosides of the protopanaxatriol group cause
endothelium-dependent relaxation in the rat aorta. Life Sci 1995;56:1577—86.
Choi YD, Xin ZC, Choi HK. Effect of Korean red ginseng on the rabbit corpus
cavernosal smooth muscle. Int ] Impot Res 1998;10:37—43.

Chan GH, Law BY, Chu JM, Yue KK, Jiang ZH, Lau CW, Huang Y, Chan SW, Ying-
Kit Yue P, Wong RN. Ginseng extracts restore high-glucose induced vascular
dysfunctions by altering triglyceride metabolism and downregulation of
atherosclerosis-related genes. Evid Based Complement Alternat Med
2013;2013:13.

Lee HJ, Kim BM, Lee SH, Sohn JT, Choi JW, Cho CW, Hong HD, Rhee YK, Kim HJ.
Ginseng-induced changes to blood vessel dilation and the metabolome of rats.
Nutrients 2020;12:2238.

Chen X, Yao F, Song ], Fu B, Sun G, Song X, Fu C, Jiang R, Sun L. Protective
effects of phenolic acid extract from ginseng on vascular endothelial cell
injury induced by palmitate via activation of PI3K/Akt/eNOS pathway. ] Food
Sci 2020;85:576—81.

Zhou P, Zhang X, Guo M, Guo R, Wang L, Zhang Z, Lin Z, Dong M, Dai H, Ji X,
Lu H. Ginsenoside Rb1 ameliorates CKD-associated vascular calcification by
inhibiting the Wnt/beta-catenin pathway. ] Cell Mol Med 2019;23:7088—-98.
Bhatla A, Mayer MM, Adusumalli S, Hyman MC, Oh E, Tierney A, et al. COVID-
19 and cardiac arrhythmias. Heart Rhythm 2020;20:51547—5271.

Yu WL, Toh HS, Liao CT, Chang WT. A double-edged sword-cardiovascular
con- cerns of potential anti-COVID-19 drugs. Cardiovasc Drugs Ther
2020;17:1-10.

329

[62]

[63]

[64]

[65]

[66]

(67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

(771

(78]

[79]

(80]

(81]

[82]

(83]

[84]

(85]

(86]

(87]

(88]

Journal of Ginseng Research 46 (2022) 321—-330

Sala S, Peretto G, Gramegna M, Palmisano A, Villatore A, Vignale D, De
Cobelli F, Tresoldi M, Cappelletti AM, Basso C, et al. Acute myocarditis pre-
senting as a reverse Tako-Tsubo syndrome in a patient with SARS-CoV-2
respiratory infection. Eur Heart J 2020;41:1861—2.

Wang T, Zhang H. Review of anti-arrhythmic effects in Ginseng (in Chinese).
Chin ] Cardiac Pacing Electrophysiol 2004;18:309—10.

Zeng Q, Zhan S, Zhang W, Sun X, Zhong G. Research on ICa2+ current inhi-
bition effects of ginsenoside Rgl in myocyte of Guinea pig (in Chinese).
J Norman Bethune Univ Med Sci 1997;23:265—7.

Pei ], Zhang Y, Chen J, Huang J, Pu ]. Electrophysiological effect of ginsenoside
Rb1 on L-type calcium current and transient outward potassium current in
isolated rat ventricular myocytes (in Chinese). Mol Cardiol China 2011;11:
230—4.

Chen C, Zhang H. Effect of ginsenoside Re on triggering ventricular arrhythmia
in rabbits (in Chinese). ] Prac Med 2009;25:2237—40.

Xiao Y, Ma Z, Wang Y, Tang H, Zhao Y, Liang Q, Tang X, Xiao C, Gao Y. Study of
Shenfu pracparata on the toxicity effects of antiarrhythmia induced by aco-
nitine (in Chinese). Pharmacol Clin Chin Mater Med 2013;29:12—5.

Meng H, Yao M, Liu ]. Effects of ginsenoside Re on sodium and potassium
current in rat ventricular myocytes (in Chinese). World Chin Med 2013;8:
1147-9.

Lu W, Zhou ], Ma H, Lv G, You F, Ding A. Effects of astragaloside 1V, ginsenoside
and total saponins of panaxquinquefolium on mice with arrhythmia caused
by toad venom (in Chinese). ] Nanjing Univ Tradit Chin Med 2012;28:61—4.

Tachjian A, Maria V, Jahangir A. Use of herbal products and potential in-
teractions in patients with cardiovascular diseases. ] Am Coll Cardiol 2010;55:
515-25.

Zhou F, Yu T, Du R, et al. Clinical course and risk factors for mortality of adult
inpatients with COVID-19 in Wuhan, China: a retrospective cohort study.
Lancet 2020;395:1054—62.

Chen T, Wu D, Chen H, Yan W, Yang D, Chen G, Ma K, Xu D, Yu H, Wang H,
et al. Clinical characteristics of 113 deceased patients with coronavirus disease
2019: retrospective study. BMJ] 2020;368:m1091.

Boukhris M, Hillani A, Moroni F, Annabi MS, Addad F, Ribeiro MH, et al.
Cardiovascular Implications of the COVID-19 pandemic: a global perspective.
Can ] Cardiol 2020;16:1068—80.

Morishita S, Shoji M, Oguni Y, Ito C, Noguchi K, Sakanashi M. Effects of
"kyushin", a drug containing toad venom, on experimental congestive heart
failure in rabbits. Am ] Chin Med 1992;20:83—9.

You JS, Huang HF, Chang YL. Panax ginseng reduces adriamycin-induced heart
failure in rats. Phytother Res 2005;19:1018—22.

Deng ], Lv XT, Wu Q, Huang XN. Ginsenoside Rg1 inhibits rat left ventricular
hypertrophy induced by abdominal aorta coarctation: involvement of calci-
neurin and mitogen-activated protein kinase signalings. Eur J Pharmacol
2009;608:42—7.

Guo J, Gan XT, Haist ]V, Rajapurohitam V, Zeidan A, Faruq NS, Karmazyn M.
Ginseng inhibits cardiomyocyte hypertrophy and heart failure via NHE-1 in-
hibition and attenuation of calcineurin activation. Circ Heart Fail 2011;4:
79—-88.

Jiang QS, Huang XN, Dai ZK, Yang GZ, Zhou QX, Shi JS, Wu Q. Inhibitory effect
of ginsenoside Rb1 on cardiac hypertrophy induced by monocrotaline in rat.
J Ethnopharmacol 2007;111:567—72.

Tsai CC, Chan P, Chen 1, Chang CK, Liu Z, Lin JW. Merit of ginseng in the
treatment of heart failure in type 1-like diabetic rats. BioMed Res Int
2014;2014:484161.

Wanha W, Wybraniec M, Kapton-Cieslicka A, Kupczynska K, Dobrowolski P,
Michalski B, Darocha S, Domienik-Kartowicz J, D'Ascenzo F, Kazmierski M,
Januszek R, Bartus S, Witkowski A, Dudek D, Wojakowski W, Jaguszewski M].
Myocardial infarction in the shadow of COVID-19. Cardiol ] 2020;27:478—80.
Sawadogo NH, Sanou H, Greene JA, Duclos V. Promises and perils of mobile
health in Burkina Faso. Lancet 2021;398:738—9.

Yu CM, Wong RS, Wu EB, Kong SL, Wong ], Yip GW, Soo YO, Chiu ML, Chan YS,
Hui D, Lee N, Wu A, Leung CB, Sung ]J. Cardiovascular complications of severe
acute respiratory syndrome. Postgrad Med 2006;82:140—4.

Wu 'Y, Xia ZY, Dou J, Zhang L, Xu JJ, Zhao B, Lei S, Liu HM. Protective effect of
ginsenoside Rb1 against myocardial ischemia/reperfusion injury in
streptozotocin-induced diabetic rats. Mol Biol Rep 2011;38:4327—35.

Deng ], Wang YW, Chen WM, Wu Q, Huang XN. Role of nitric oxide in gin-
senoside Rg(1)-induced protection against left ventricular hypertrophy pro-
duced by abdominal aorta coarctation in rats. Biol Pharm Bull 2010;33:631-5.
Zhou H, Hou SZ, Luo P, Zeng B, Wang JR, Wong YF, Jiang ZH, Liu L. Ginseng
protects rodent hearts from acute myocardial ischemia-reperfusion injury
through GR/ER-activated risk pathway in an endothelial NOS-dependent
mechanism. ] Ethnopharmacol 2011;135:287-98.

Zhu D, Wu L, Li CR, Wang XW, Ma Y], Zhong ZY, Zhao HB, Cui J, Xun SF,
Huang XL, et al. Ginsenoside Rg1 protects rat cardiomyocyte from hypoxia/
reoxygenation oxidative injury via antioxidant and intracellular calcium ho-
meostasis. ] Cell Biochem 2009;108:117—24.

Guo ], Gan XT, Haist JV, Rajapurohitam V, Zeidan A, Faruq NS, Karmazyn M.
Ginseng inhibits cardiomyocyte hypertrophy and heart failure via NHE-1 in-
hibition and attenuation of calcineurin activation. Circ Heart Fail 2011;4:
79—-88.

Tsutsumi YM, Tsutsumi R, Mawatari K, Nakaya Y, Kinoshita M, Tanaka K,
Oshita S. Compound K a metabolite of ginsenosides, induces cardiac protec-
tion mediated nitric oxide via Akt/Pi3k pathway. Life Sci 2011;88:725-9.


http://refhub.elsevier.com/S1226-8453(22)00004-5/sref32
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref32
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref32
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref33
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref33
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref33
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref33
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref34
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref34
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref34
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref35
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref35
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref35
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref35
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref36
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref36
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref36
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref37
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref37
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref37
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref37
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref38
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref38
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref38
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref38
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref39
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref39
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref39
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref39
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref40
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref40
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref40
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref40
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref40
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref40
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref40
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref41
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref41
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref41
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref42
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref42
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref42
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref42
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref43
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref43
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref43
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref43
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref44
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref44
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref44
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref44
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref44
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref45
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref45
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref46
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref46
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref46
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref46
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref47
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref47
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref47
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref48
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref48
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref49
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref49
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref49
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref49
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref50
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref50
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref50
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref50
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref51
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref51
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref51
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref51
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref52
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref52
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref52
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref52
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref52
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref53
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref53
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref53
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref53
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref54
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref54
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref54
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref55
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref55
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref55
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref56
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref56
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref56
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref56
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref56
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref57
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref57
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref57
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref58
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref58
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref58
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref58
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref58
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref59
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref59
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref59
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref59
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref60
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref60
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref60
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref61
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref61
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref61
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref61
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref62
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref62
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref62
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref62
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref62
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref63
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref63
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref63
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref64
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref64
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref64
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref64
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref64
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref65
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref65
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref65
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref65
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref65
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref66
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref66
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref66
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref67
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref67
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref67
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref67
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref68
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref68
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref68
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref68
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref69
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref69
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref69
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref69
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref70
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref70
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref70
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref70
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref71
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref71
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref71
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref71
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref72
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref72
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref72
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref73
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref73
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref73
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref73
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref74
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref74
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref74
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref74
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref75
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref75
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref75
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref76
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref76
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref76
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref76
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref76
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref77
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref77
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref77
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref77
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref77
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref78
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref78
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref78
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref78
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref79
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref79
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref79
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref80
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref80
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref80
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref80
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref80
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref80
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref80
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref80
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref80
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref80
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref81
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref81
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref81
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref82
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref82
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref82
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref82
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref83
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref83
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref83
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref83
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref84
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref84
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref84
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref84
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref85
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref85
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref85
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref85
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref85
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref86
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref86
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref86
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref86
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref86
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref87
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref87
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref87
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref87
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref87
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref88
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref88
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref88
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref88

M.A. Hossain and J.-H. Kim

[89]

Lee DH, Cho HJ, Kim HH, Rhee MH, Ryu JH, Park JH. Inhibitory effects of total
saponin from Korean red ginseng via vasodilator-stimulated phosphoprotein-
Ser157 phosphorylation on thrombin-induced platelet aggregation. ] Ginseng
Res 2013;37:176—86.

[90] Jin YR, Yu]JY, Lee J], You SH, Chung JH, Noh JY, Im JH, Han XH, Kim TJ, Shin KS,

[91]

[92]

[93]

[94]

et al. Antithrombotic and antiplatelet activities of Korean red ginseng extract.
Basic Clin Pharmacol Toxicol 2007;100:170-5.

Xie Y, Wang X, Yang P, Zhang S. COVID-19 complicated by acute pulmonary
embolism. Radiology Cardiothoracic Imaging 2020;2:e200067.

Tang N, Li D, Wang X, Sun Z. Abnormal coagulation parameters are associated
with poor prognosis in patients with novel coronavirus pneumonia. ] Thromb
Haemostasis 2020;18:844—7.

Chen ], Wang X, Zhang S, et al. Findings of acute pulmonary embolism in
COVID-19 patients. Lancet Infect Dis. [doi.org/10.2139/ssrn.3548771].

Tang N, Bai H, Chen X, et al. Anticoagulant treatment is associated with
decreased mortality in severe coronavirus disease 2019 patients with coa-
gulopathy. ] Thromb Haemostasis 2020. https://doi.org/10.1111/jth.14817.

330

[95]

[96]

[97]

(98]

[99]

Journal of Ginseng Research 46 (2022) 321—-330

Lee YH, Lee BK, Choi Y], Yoon IK, Chang BC, Gwak HS. Interaction between
warfarin and Korean red ginseng in patients with cardiac valve replacement.
Int ] Cardiol 2010;145:275—6.

Yi XQ, Li T, Wang JR, Wong VK, Luo P, Wong 1Y, Jiang ZH, Liu L, Zhou H. Total
ginsenosides increase coronary perfusion flow in isolated rat hearts through
activation of PI3K/Akt-eNOS signaling. Phytomedicine 2010;17:1006—15.
Ahn CM, Hong SJ, Choi SC, Park JH, Kim JS, Lim DS. Red ginseng extract im-
proves coronary flow reserve and increases absolute numbers of various
circulating angiogenic cells in patients with first ST-segment elevation acute
myocardial infarction. Phytother Res 2011;25:239—49.

Trinh HT, Han SJ, Kim SW, Lee YC, Kim DH. Bifidus fermentation increases
hypolipidemic and hypoglycemic effects of red ginseng. ] Microbiol Biotechnol
2007;17:1127-33.

Im K, Kim ], Min H. Ginseng, the natural effectual antiviral: protective effects
of Korean Red Ginseng against viral infection. ] Ginseng Res 2016;40:309—14.


http://refhub.elsevier.com/S1226-8453(22)00004-5/sref89
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref89
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref89
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref89
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref89
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref90
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref90
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref90
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref90
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref91
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref91
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref92
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref92
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref92
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref92
https://doi.org/10.1111/jth.14817
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref95
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref95
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref95
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref95
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref96
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref96
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref96
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref96
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref97
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref97
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref97
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref97
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref97
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref98
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref98
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref98
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref98
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref99
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref99
http://refhub.elsevier.com/S1226-8453(22)00004-5/sref99

	Possibility as role of ginseng and ginsenosides on inhibiting the heart disease of COVID-19: A systematic review
	1. Introduction
	2. Panax ginseng and ginsenosides against cardiac pathogenesis of COVID-19
	2.1. Cardiac injury with SARS-CoV-2 and ginseng/ginsenosides
	2.1.1. Ginsenosides on cardiac damage through ACE2 receptor with SARS-CoV-2
	2.1.2. Ginsneg/ginsenosides on systemic inflammation with SARS-CoV-2
	2.1.3. Ginsneg/ginsenosides on coronary artery dysfunction with SARS-CoV-2

	2.2. Arrhythmias with SARS-CoV-2 and ginseng/ginsenosides
	2.3. Heart failure with SARS-CoV-2 and ginseng/ginsenosides
	2.4. Myocardial ischemia with SARS-CoV-2 and ginseng/ginsenosides
	2.5. Vascular thromboembolic risk with SARS-CoV-2 and ginseng/ginsenosides

	3. Discussion
	Declaration of competing interest
	Acknowledgments
	References


