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A B S T R A C T   

Since its outbreak in late 2019, the Coronavirus disease 2019 (COVID-19) pandemic has profoundly caused 
global morbidity and deaths. The COVID-19 pandemic caused by Severe Acute Respiratory Syndrome 
Coronavirus-2 (SARS-CoV-2) has major complications in cardiovascular and pulmonary system. The increased 
rate of mortality is due to delayed detection of certain biomarkers that are crucial in the development of disease. 
Furthermore, certain proteins and enzymes in cellular signaling pathways play an important role in replication of 
SARS-CoV-2. Most cases are mild to moderate symptoms, however severe cases of COVID-19 leads to death. 
Detecting the level of biomarkers such as C-reactive protein, cardiac troponin, creatine kinase, creatine kinase- 
MB, procalcitonin and Matrix metalloproteinases helps in early detection of the severity of disease. Similarly, 
through downregulating Renin-angiotensin system, interleukin, Mitogen-activated protein kinases and Phos-
phoinositide 3-kinases pathways, COVID-19 can be effectively controlled and mortality could be prevented. 
Ginseng and ginsenosides possess therapeutic potential in cardiac and pulmonary complications, there are 
several studies performed in which they have suppressed these biomarkers and downregulated the pathways, 
thereby inhibiting the further spread of disease. Supplementation with ginseng or ginsenoside could act on 
multiple pathways to reduce the level of biomarkers significantly and alleviate cardiac and pulmonary damage. 
Therefore, this review summarizes the potential of ginseng extract and ginsenosides in controlling the cardio-
vascular and pulmonary diseases by COVID-19.   

1. Introduction 

Recently, Coronavirus disease 2019 (COVID-19) started around 2019 
and is spreading very severely. There are at least 690 million cases of 
COVID-19 reported around the world. There were also 662 million 
people recovered from the disease, thanks to the rapid treatment and 
widespread vaccination around the globe. Vaccination has hindered the 
development of Severe Acute Respiratory Syndrome Coronavirus-2 
(SARS-CoV-2) and has reduced the mortality drastically. Several 
studies have reported that COVID-19 is not only a respiratory disease but 
can spread to other organs as well. Most cases are asymptomatic or with 
mild symptoms only, which does not help in early detection to control 
the spread of disease. Pulmonary injury is the first target for SARS-CoV- 
2, and symptoms begin with a mild flu and could leave to severe lung 
damage and multiple organ damage, then eventually leading to death. 
Through angiotensin converting enzyme (ACE) receptors, SARS-CoV-2 
affect the heart and lungs, and develop diseases such as pneumonia, 
acute respiratory distress syndrome (ARDS), and multiple organ 

damage. The immune response from pulmonary infection by COVID-19 
will compromise the activity of lungs and induce acute to severe lung 
injury [1]. Autopsies revealed pulmonary and airway-associated lesions 
and pathological studies found diffuse alveolar damage in patients [2]. 
ARDS will lead to fluid accumulation in the lungs and the inflammatory 
response will induce ground-glass opacification in lungs [3]. 
SARS-CoV-2 causes major damage to lungs, however there were several 
complications on heart and other organs when the disease is severe. In 
COVID-19 patients, about 69% had comorbidities specifically with 
cardiovascular disease, among them particularly males with hyperten-
sion exhibited cardiac damage with severity of COVID-19 [4]. High 
levels of cardiac troponin is reported on patients with cardiac injury, and 
this occurs up to 12% of all the patients, involvement of virus on car-
diomyocytes and systemic inflammation are the major mechanisms for 
cardiac injury [5]. Cardiopulmonary symptoms and cardiovascular ab-
normalities reported from patients after the acute phase of COVID-19 
[6], also cardiac disease is the major comorbidity in COVID-19 pa-
tients [7]. 
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Ginseng has been used as a medicine for over centuries traditionally, 
mainly in asian countries like Korea and China. Korean ginseng (Panax 
ginseng) contains the bioactive components ginsenosides, which has 
potential therapeutic effect against several disease. Structurally each 
ginsenoside are different, but most commonly ginsenoside have a sugar 
molecule attached to steroid skeleton and hence they are amphiphilic in 
nature[Fig. 1]. Ginseng and its components exert anti-inflammatory 
effect by targeting inflammasome stimulation, Panax ginseng inhibit 
NLRP3 inflammasome stimulation that might lead to reduced inflam-
matory responses [8]. Supplementation of ginseng can prevent throm-
bosis and reduced mortality in COVID-19 patients [9]. In pulmonary 
system, ginseng possess protective and therapeutic activity that is 
evident from multiple research. American ginseng on induced chronic 
obstructive pulmonary disease (COPD) exhibited preventive effect and 
ameliorated lung function through tumor necrosis factor alpha (TNF-α) 
and interleukin pathways (IL) in mice [10]. Panaxydol (a component of 
Panax ginseng), ameliorated acute lung injury in lipopolysaccharide 
(LPS)-induced injury in mice [11]. Ginseng and ginsenosides have po-
tential benefits in cardiovascular diseases and can help in healing car-
diac damage induced by COVID-19. Prophylactic supplementation of 

ginseng protected from cardiac dysfunction in chemotherapy, similarly 
ginsenoside Rg1 ameliorated cardiac remodeling in mice suggesting the 
potential effect of ginsenosides against cardiac damage [12]. Also, gin-
senoside Rg5 inhibited cardiac inflammation and protected the hearts of 
angiotensin II induced mice in hypertensive heart failure [13]. 
SARS-CoV-2 primarily affects the pulmonary system, but it could spread 
to heart and other organs. Based on the severity of these diseases, the 
virus will continue to spread, however it targets the respiratory system 
first followed by heart and other organs. This review is to focus on 
specific activities of ginseng and ginsenosides in preventing and 
ameliorating cardiac and pulmonary complications that arises due to 
COVID-19. In this review, we emphasize on significance of biomarkers 
and specific pathways that are involved in the pathogenesis of COVID-19 
and the significance of ginseng or ginsenosides in ameliorating the dis-
ease by controlling these parameters. 

2. Ginseng and ginsenosides on the biomarkers of COVID-19 

It is highly known that SARS-CoV-2 majorly affects the lungs, but can 
also affect the heart based on its severity. The virus attacks through the 

Fig. 1. List of the representative ginsenosides from Panax ginseng. Ginsenosides are expressed by Rx, where x is determined by the distance from the origin of thin- 
layer chromatography. Ginsenosides are generally divided into three groups: protopanaxadiols, protopanaxatriols, and oleanane (ginsenoside Ro). Protopanaxadiols 
have sugar moieties on the C-3 position of dammarane-type triterpene, such as ginsenosides Rb1(G-Rb1), Rb2(G-Rb2), Rb3(G-Rb3), Rc(G-Rc), Rd(G-Rd), Rg3(G-Rg3), 
and Rh2(G-Rh2). Protopanaxatriols have sugar moieties on the C-6 position of dammarane-type triterpene, such as ginsenosides Re(G-Re), Rf(G-Rf), Rg1(G-Rg1), Rg2 
(G-Rg2), and Rh1(G-Rh1). 
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pulmonary system first by preventing the oxygen reaching from the 
heart muscle, which might lead to damage in heart tissue. The earlier 
stage of the disease might be due to binding of ACE receptor 2 to the 
virus, leading to lung damage. Further clinical examination revealed 
that several patients had declined cardiac health who never had history 
of cardiac illness[Fig. 2]. Biomarkers such as cardiac troponin, creatine 
kinase (CK), creatine kinase-MB (CK-MB) and myoglobin can help in 
examining cardiac health specifically to heart attack and coronary artery 
blockage [14]. A meta-analysis study reported that severity and mor-
tality of COVID-19 patients could be reduced by identifying the level of 
these biomarkers [15]. In another study, Korean Red Ginseng (KRG) 
suppressed the biomarkers such as creatine kinase-MB and cardiac 
troponin I, thus preventing myocardial ischemia in guinea pigs [16]. A 
clinical study performed on 14 male adults in Taiwan, showed that 
supplementation with American ginseng has attenuated plasma CK ac-
tivity after downhill running exercise and there were no muscle soreness 
for any of the subjects studied [17]. Earlier, we also reported that sup-
plementation of red ginseng (Panax ginseng) in porcine has reduced the 
level of cardiac troponin I compared to the disease control (Isoproter-
enol induced myocardial infarction (MI)), indicating the protective ef-
fects of ginseng [18]. Similarly, in doxorubicin-induced myocardial 
dysfunction the cardiac troponin I level were ameliorated dose depen-
dently by treatment with KRG signifying the protective effects [19]. 
These studies on cardiac injury, suggests that targeting biomarkers of 
heart throughout the treatment and effective supplementation with 
ginseng could weaken the symptoms of cardiac injuries and improve the 
function of heart for COVID-19 patients. 

In COVID-19 patients and patients with lung injury C-reactive pro-
tein (CRP), procalcitonin (PCT), and creatine kinase (CK) help in 
detecting the severity of the disease. Several studies have reported that 
COVID-19 patients have reported the elevated levels of PCT and require 
emergency treatment [20]. Likewise, CRP is a protein that could be 
associated with the overproduction of inflammatory cytokines in 

COVID-19 patients. In another study, there was elevated levels of CRP 
up to 86% in patients with severe symptoms of COVID-19 [21]. Several 
findings suggest that estimation of CRP levels could predict the prog-
nosis and severity of the disease even before the disease progression and 
the indication of clinical symptoms [22]. A meta-analysis revealed that 
ginseng supplementation might help in reducing the CRP level signifi-
cantly in patients with elevated CRP levels [23]. Another study per-
formed on 90 participants revealed that after 12 weeks of low-dose 
supplementation with fermented ginseng powder has significantly 
reduced the high-sensitivity CRP (hs-CRP) compared to the placebo 
group [24]. A clinical study conducted on pneumonia patients revealed 
that there was significant decrease in the serum PCT level for patients 
who received two times of 100 mg/day of ginseng extract for 14 days. 
Furthermore, there were reduced levels of neutrophils and length of stay 
in hospital were reduced [25]. A study performed on male Wistar rats 
with both alcohol and aqueous extract of ginseng (300 mg/kg/day) for 
14 days, has shown substantial reduction in plasma CK levels and able to 
ameliorate eccentric exercise-induced muscle damage and inflammation 
[26]. In another study, supplementation of Panax ginseng along with 
salvia miltiorrhiza on healthy adult males had significantly reduced 
plasma concentration of CRP levels and ameliorated arterial stiffening 
induced by eccentric exercise [27]. Estimation of CRP levels are very 
crucial for cardiac and pulmonary related problems. Correspondingly, 
PCT and CK level are equally important to determine the proliferation of 
SAR-CoV-2. Ginseng and ginsenosides can augment the therapy for 
COVID-19 by effectively suppressing these biomarkers[Table 1]. Matrix 
metalloproteinases (MMPs) are calcium-dependent zinc-containing en-
dopeptidases that play an important role in tissue remodeling and serve 
as a biomarker for several lung related diseases. These enzymes act in 
the extracellular environment of cells and involved in degrading extra-
cellular matrix through cleavage of matrix and non-matrix proteins. 
Additionally, they play an important role in pathological process of 
tissue repair and remodeling, inflammation and angiogenesis [43]. 

Fig. 2. Biomarkers & enzymes involved in cardiac and pulmonary complications due to COVID-19. SARS-CoV-2 targets the respiratory system first with mild 
symptoms and then spread to cardiovascular system. The severe infection of the virus is stimulated by the over expression of biomarkers and enzymes. Abbreviation; 
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), Acute Lung Injury (ALI), Chronic Obstructive Pulmonary Disease (COPD), Acute Respiratory 
Distress Syndrome (ARDS), Matrix metalloproteinase (MMP), Tissue inhibitors of metalloproteinase (TIMP), Interleukin-6 (IL-6), Creatine kinase-myoglobin (CK- 
MB), Creatine kinase (CK), C-reactive protein (CRP), procalcitonin (PCT), Interleukins (ILs). 
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Furthermore, in COVID-19 patients, MMP3 was drastically higher and 
served as a tool for measuring the severity of disease in the COVID-19 
patients [44]. Similarly, in another study, levels of MMPs MMP-2, 
MMP-3, MMP-9, and MMP-12 were significantly increased in cerebro-
spinal fluid of patients with neurological syndrome [45]. As previously, 
described ginseng and its active component ginsenosides exhibit thera-
peutic activity on regulation on certain enzymes and downregulating the 
gene expressions. KRG and its active components could potentially 
inhibit 3T3-L1 adipocytes through inhibition of MMP-2 and MMP-9. 
Ginsenosides such as Rc, Rd, Rf, Rg1, Rg3 and F4 are found to inhibit 
expression of MMP-13 in interleukin-1β-treated chondrocytes [37]. In 
another study, ginsenoside Rb2 treated cells suppressed the 
ultraviolet-B-induced ROS level and expression of MMP-2 activity, 

indicating the therapeutic potential of ginsenoside Rb2 [38]. The disease 
progression of COVID-19 depends upon the level of above mentioned 
biomarkers, ginsenoside acts on these biomarkers in ameliorating the 
development of disease and might assist in the treatment for COVID-19 
related cardiac and pulmonary complications. 

3. Ginseng and ginsenoside on cardiac and pulmonary injury 

Panax ginseng has been used for several illness and multiple studies 
were performed to understand its therapeutic effect. Ginsenoside have 
potential anti-oxidant and anti-inflammatory activities that is supported 
with several in vitro and in vivo studies. Namely, in a study performed 
on Sprague-dawley rats, pretreatment with ginsenoside Rb2 has atten-
uated lung injury including inflammation and pulmonary edema. And, 
this potential activity might be through inhibiting TNF-α signaling 
pathway [46]. In another study performed on mice, KRG has attenuated 
the symptoms of cadmium induced lung injury. This study has also 
found that KRG could inhibit the upregulation of inflammatory signal of 
Mitogen-activated protein kinases (MAPK) [47]. In lung cancer cell line 
(A549), fermented black color ginseng has shown potential anti-lung 
cancer properties, furthermore it has inhibited the replication of 
SARS-CoV-2-infected Vero E6 cell and reduced the amount of viral RNA 
copies in the extracellular environment [48]. In another study, virus 
infected mice fed with ginseng extract for 180 days showed lower viral 
titers in the lung compared to control. Based on this study, ginseng 
supplementation can enhance immune responses in human ACE 2-trans-
genic mice infected with SARS-CoV-2 [49]. In a study conducted on 
subjects with acute respiratory illness, KRG treatment group had shorter 
duration of symptoms and frequency of cough compared to the placebo 
group [50]. A study conducted with 11 isolated ginsenosides (Rb1, Rb2, 
Rb3, Rc, Rd, Re, Rf, Rg1, Rg2, Rg3, and Rh2) from KRG extract, each of 
the ginsenoside showed reduction in total cell numbers in 
broncho-alveolar lavage fluid. Moreover, ginsenoside Rc, Re, Rg1 and 
Rh2 exhibited even more effect than others. Specifically, ginsenoside Re 
suppressed significantly on the lungs against inflammation possibly by 
blocking MAPKs, NF-kB/c-Fos signaling pathway [51]. In another study, 
modified KRG (Rh2-enriched KRG) demonstrated inhibition of lung 
cancer development and metastases by targeting cell death through 
multiple pathways [52]. Similarly, treatment with Rk1 and Rg5 could 
subside non-small cell lung carcinoma by suppressing the activation of 
Smad2/3, Nf-kB, ERK, p38 MAPK and c-Jun N-terminal kinase pathway 
[53]. Meanwhile, Panax notoginseng saponin (PNS) and the constituents 
ginsenosides Rg1 and R1 might aid in angiogenesis during cardiac injury 
[54]. Similarly, ginsenoside Rd ameliorated myocardial ischemia injury 
by modulating adipocytes and cardiomyocytes in isoproterenol induced 
heart failure in mice [55]. Ginsenoside Rc drastically improved cardiac 
function, by inhibiting enzymes such as lactate dehydrogenase, aspar-
tate aminotransferase and creatine-kinase isoenzyme in rats. This study 
suggested that ginsenoside Rc could possibly protect from cold 
exposure-induced myocardial damage [34]. Stem-leaf saponins from 
PNS diminished autophagy and apoptosis in the myocardial cells, this 
cardiac protective activity studies on mice might be exerted through 
PI3K/Akt/mTOR pathway [56]. Against myocardial ischemia/r-
eperfusion (I/R) injury in rats, ginsenoside Rb1 ameliorated the injury 
and improved cardiac function by inhibiting CK-MB, cardiac troponin I 
and cathepsin B through mTOR signaling pathway [57]. Also, in ginseng 
treated group, cardiac troponin I levels were significantly reduced 
compared to the non-treatment group and protected the cardiac tissue 
[58]. These findings implies the role of active constituents in ginseng 
towards defending cardiac injury. Either ginsenosides or the total 
extract of ginseng could be beneficial in treatment and enhance the 
cardiac activity in patients. 

Table: 1 
Role of Ginseng and Ginsenoside With Biomarkers Involved in Cardiac and 
Pulmonary Diseases  

Biomarker Ginseng extract/ 
ginsenosides 

Therapeutic role Reference 

Cardiac 
troponin 

KRG Myocardial (I/R) Injury [16] 
Panax ginseng Isoproterenol induced MI [18] 
KRG Doxorubicin induced MI [19] 
G-Rc M/I [28] 
G-F1 (metabolite of 
Re & Rg1) 

Myocardial oxidative stress 
and apoptosis 

[29] 

Saponins from Panax 
quinquefolius 

Cisplatin-induced 
cardiotoxicity 

[30] 

Panax ginseng Isoproterenol induced MI [18] 
G-Re Isoproterenol induced M/I 

injury 
[31] 

G-Rc Myocardial (I/R) Injury [32] 
CK American ginseng Exercise induced muscle 

damage 
[17] 

North American 
ginseng 

Exercise induced muscle 
damage and inflammation 

[26] 

Saponins from Panax 
quinquefolius 

Cisplatin-induced 
cardiotoxicity 

[30] 

Total ginseng M/I [33] 
CK-MB KRG M/I [16] 

G-Rc Cold-exposure induced 
myocardial injury 

[34] 

G-Rc M/I [28] 
Saponins from Panax 
quinquefolius 

Cisplatin-induced 
cardiotoxicity 

[30] 

G-Re Isoproterenol induced M/I 
injury 

[31] 

G-Rc Myocardial (I/R) Injury [32] 
G-Rb3 and G-Rb2 
combined treatment 

Myocardial (I/R) Injury [35] 

CRP Red ginseng Inflammation [23] 
Panax ginseng with 
salvia miltiorrhiza 

Eccentric exercise-induced 
vascular stiffening 

[27] 

Fermented ginseng 
powder 

Fatigue and renal protection [24] 

PCT Ginseng extract G155 Pneumonia [25] 
Ginseng extract Community acquired 

pneumonia 
[36] 

MMP KRG Adipogenesis [37] 
G-Rb2 Ultraviolet-B-induced 

Reactive oxygen species 
[38] 

G-Rg1 Sepsis-induced cardiac 
dysfunction 

[39] 

Total ginsenoside Bleomycin induced 
pulmonary fibrosis 

[40] 

G-Rh2 Hypoxic tumor in lung 
adenocarcinoma cells 

[41] 

G-Rg3 Nasopharyngeal carcinoma [42] 

Abbreviation; Ischemia and reperfusion (I/R), myocardial ischemia (M/I), 
myocardial infarction (MI), ginsenoside Rb2 (G-Rb2), ginsenoside Rb3 (G-Rb3), 
ginsenoside Rc (G-Rc), ginsenoside Re (G-Re), ginsenoside F1 (G-F1), ginseno-
side Rg1 (G-Rg1), ginsenoside Rg3 (G-Rg3), ginsenoside Rh2 (G-Rh2), Korean 
Red Ginseng (KRG), Creatine kinase-myoglobin (CK-MB), Creatine kinase (CK), 
C-reactive protein (CRP), procalcitonin (PCT), Matrix metalloproteinases 
(MMP). 
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4. Beneficial roles of ginseng and ginsenosides on signaling 
pathways involved in COVID-19 

Signaling pathways are very crucial for any viral infection and 
replication, hyper-activation of the signaling pathway helps in rapid 
spread of SARS-CoV-2 and initiate a strong inflammatory response. 
There are several pathways involved in COVID-19 and targeting multi-
ple pathways is required to control the clinical manifestations. The virus 
replicates rapidly in the host cells by deregulating PI3K/Akt/mTOR 
pathway, also increased pro-inflammatory response activates MAPK/ 
ERK pathway. Pulmonary infections from SARS-CoV-2 might be binding 
to ACE2 receptor present in the surface on alveolar cells, coronavirus 
penetrates intracellularly through renin angiotensin pathway and causes 
severe pulmonary and cardiac malfunctions[Fig. 3]. Similarly, cytokines 
are significantly increased among the COVID-19 patients, the role of 
interleukin pathway is one of the most important factors in early 
detection of the disease. 

4.1. Renin angiotensin pathway of ginseng and ginsenosides 

Renin-angiotensin system (RAS) is a hormone system that plays an 
important role in regulating blood pressure, electrolyte balance and 
systemic vascular resistance. To maintain this role, RAS is controlled by 
the activity of renin, ACE, and angiotensin receptor. Hyperactivity of 
renin, ACE or angiotensin receptor is a usual sign of abnormal cardiac or 
pulmonary action such as hypertension, left ventricular hypertrophy, MI 
and congestive heart failure. In COVID-19 disease, ACE2 acts as the 
cellular receptor for the virus in lungs and heart. In a study performed on 
hospitalized patients angiotensin receptor blockers and ACE inhibitors is 
associated with reduced risk of in-hospital mortality [59]. Similarly, in 
another study it was shown that an imbalance in the RAS could be linked 
to the severity of COVID-19 [60] [Table 2]. When hypotensive 
components-enriched fraction of red ginseng (HCEF-RG) was adminis-
tered orally to spontaneously hypertensive rats, there was decreased 
activity seen in renin, ACE and angiotensin II levels [61]. Likewise, 
Panax notoginseng (Burkill) F. H. Chen flower saponins (PNFS) inhibited 

the hyperactivity of RAS, while improving vascular endothelial function 
and reducing the blood pressure in rats with metabolic hypertension 
[62]. Besides, ginseng had cardio and renal protective effects on rats by 
downregulating NF-κB/PKC/AT1R, there was reduced content of 
angiotensin II type 1 receptor (AT1 receptor) in the heart tissue 
compared to the epinephrine treated group [63]. In another study, 
ginsenoside Rg5 had a ACE-inhibition action on wild-type AB line zebra 
fish, indicating ginsenoside Rg5 could enhance cardiac function in a 
dose-dependent manner [64]. 

4.2. Role of ginseng and ginsenosides in regulating MAPK/ERK pathway 

Mitogen-activated protein kinases (MAPK) or extracellular signal- 
regulated kinases (ERK) pathway includes many activated proteins 
through increased pro-inflammatory cytokine production. SARS-CoV-2 
has shown an increased level of MAPK-related biomarkers in the pa-
tients and these biomarkers might be helpful in identifying patients who 
are with risk of serious complications from the disease. Namely, the p38 
MAPK pathway plays a key role with inflammation implicated in heart 
and pulmonary systems, and SARS-CoV-2 might directly upregulated 
this pathway [65]. Similarly, downregulating MAPK pathway and or 
NF-κB pathway might attenuate the implications of COVID-19 infection 
[66]. Myocardial inflammation associated with infection of SARS-CoV-2 
upregulates MAPK pathways and complement system on patients [67]. 
Ginseng root extract fed to mice at 0.18g/kg for 10 days exerted 
anti-inflammatory and anti-oxidative activities through MAPK/NF-κB 
pathway and treatment of ginseng root extract had significantly 
inhibited phosphorylation of MAPKs [68]. Likewise, ginsenoside Rb1 
increased the phosphorylation of p38 MAPK and Akt, along with 
macrophage phagocytosis in mouse lung cells [69]. Gintonin isolated 
from ginseng, has shown to mediate signal transduction pathway via 
MAPH and NF-κB pathways exerting its anti-inflammatory activity [70]. 

Fig. 3. Pathways involved in COVID-19 and potential effect of ginseng and ginsenosides. Ginseng and ginsenosides exerts therapeutic activity by downregulating 
ACE2 receptor PI3K/Akt/mTOR and MAPK pathway, and by reducing overexpression of inflammatory responses. Abbreviation; Severe Acute Respiratory Syndrome 
Coronavirus 2 (SARS-CoV-2), Angiotensin converting enzyme (ACE), Angiotensin (Ang), Mitogen-activated protein kinases (MAPK), phosphoinositide3-kinase 
(PI3K), Protein kinase B (Akt), mammalian target of rapamycin (mTOR), Tumor necrosis factor alpha (TNF-α), Interleukin-6 (IL-6), Interleukin-8 (IL-8), Inter-
leukin beta (IL-β). 
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4.3. Role of ginseng and ginsenosides in regulating PI3K/Akt/mTOR 
pathway 

SARS-CoV-2 infection induced the activation of Akt pathway, and 
treatment with an Akt inhibitor, MK-2206, eradicated interleukin ex-
pressions, indicating the affect of SARS-CoV-2 for cytokines prduction 
through Akt pathway [71]. In another study, increased activation of 
PI3K in infected cells could increase mTORC1 signaling, furthermore 
replication of the virus was decreased by applying mTORC1 inhibitors 
[72]. In hospitalized patients, there was increased phosphorylation of 
PI3K pathway and it shows that Akt signaling pathway plays a crucial 
role with platelet activation in severely affected patients [73]. In a study 
performed on RAW264.7 cells, an ethanolic extract of panax ginseng 
berry calyx reduced protein kinase B (AKT) 1 and AKT2 activities, and 
immunoblotting studies revealed that this ethanolic extract blocked the 
AKT enzymes and it could attenuate macrophage-mediated inflamma-
tory response [74]. Similarly, Siberian ginseng extract inhibited 
mTORC1 pathway by downregulating phosphorylated S6K in brain, 
liver and muscle tissues on diabetes-induced obese mice [75]. In another 
study, KRG inhibited binding of fibrinogen and fibronectin to αIlb/β3 
through phosphorylation of VASP and dephosphorylation of PI3K and 
Akt pathways, indicating the potential benefits of total saponin in pre-
vention of platelet mediated thrombotic disease [76]. Pretreatment of 
ginsenoside Rb3 exhibited protective effects in HEK293 cells and renal 
injury through AMPK/mTOR signaling pathway, and ginsenoside Rb3 
alleviated cisplatin-induced nephrotoxicity through the same pathway 
[77]. 

4.4. Role of ginseng and ginsenosides in regulating Interleukin signaling 
pathway on COVID-19 

There are more than 50 interleukins involved in regulating immune 
response. Interleukin 2 (IL-2) controls the activities of lymphocytes and 
activated by CD4+T cells and CD8+ T cells. While Interleukin 6 (IL-6) 
functions as a pro-inflammatory cytokine, and could potentially serve as 
a marker for COVID-19 patients with severe infections. A meta-analysis 
study revealed that, IL-6 levels were drastically high in COVID-19 pa-
tients and resulted in unfavourable clinical outcome. This implies that 
determination of IL-6 levels could be a potential tool in COVID-19 pa-
tients [97]. Similarly, IL-6 levels when monitored daily basis on hospi-
talized patients, non-survivors group had about 10 fold higher values 
compared to the survivors group. In few days, because IL-6 reached a 
peak level in non-survivors group compared to survivors group, this data 
suggest that IL-6 could be a prognostic marker in COVID-19 patients 
[98]. In a study performed in Slovakia, the concentration of more than 
24 pg/mL of IL-6 predicted the development of hypoxemia requiring 
oxygen therapy. With IL-6 above 24 pg/mL can put a patient at risk of 
respiratory failure. Therefore, detection of IL-6 levels at early stage is 
crucial in predicting the severity of disease [99]. Aqueous extract of 
ginseng and ginsenoside Rb1 (Rb1) on cancer cachexia mice reduced the 
level of TNF-α and IL-6 levels, thereby ameliorating the induced 
inflammation in mouse model [91]. In aged mice, aqueous extract of 
KRG suppressed the mRNA expression in genes such as (IL)-1β, IL-8, 
tumor necrosis factor (TNF)-α, monocyte chemoattractant protein-1, 
and IL-6 in several organs. Furthermore, KRG inhibited NF-kB and 
AP1 protein levels, specifically in lung and kidney [93]. In another 
study, oral administration of KRG suppressed the IL-6 and IL-8 levels in 
respiratory syncytial virus (RSV) infected murine model. Namely, 
ginseng extract enhanced the survival rate in human lung epithelial cells 
against RSV and its replication [94]. Similarly, in 
formalin-inactivated-RSV mouse model, ginseng lowered IL-4 cells and 
reduced the levels of CD4+T (CD3+CD8-) cells, thereby increasing the 
ratio of CD8+/CD4+ T Cells [95]. Likewise, in asthma model of mice, 
ginsenoside Rb1 suppressed IL-4 level and ameliorated airway inflam-
mation and progression of asthma [96]. 

Table: 2 
Pathways for Ginseng and Ginsenosides Involved in Cardiac and Pulmonary 
Diseases  

Pathway Ginseng extract / 
ginsenosides 

Therapeutic role Reference 

RAS Panax notoginseng 
(Burkill) F. H. Chen 
flower saponins 

Metabolic hypertension [62] 

G-Rb1 Cardiac remodeling [78] 
G-Rg5 Heart failure [64] 
KRG Hypertension [61] 
Panax ginseng extract Epinephrine-induced MI [63] 
G-Rg1 and G-Rg3 Hypertension and cardio 

vascular protection 
[79] 

MAPK/ERK G-Rb3 COPD [80] 
Notoginsenoside R1 Enhancing cardiac 

function 
[81] 

G-Rg3 Lung injury [82] 
Ginseng root extract anti-inflammatory and 

anti-oxidative effect 
[68] 

Ginsenoside Compound 
K 

Anti-adipogenic effect [83] 

Gintonin Anti-inflammation 
activity 

[70] 

G-Rb1 Bacterial infection in 
bronchoalveolar cells 

[69] 

G-Rb1 Staphylococcus aureus- 
induced mouse 

[84] 

Acute lung injury 
G-Rh1 Asthma and allergic 

inflammation 
[85] 

PI3K/Akt/ 
mTOR 

G-Rg1 Sepsis-induced cardiac 
dysfunction 

[39] 

G-Rb1 Myocardial (I/R) Injury [86] 
G-Rg1 Non small cell lung 

cancer 
[87] 

Notoginsenoside R1 Enhancing cardiac 
function 

[81] 

Total saponin from KRG Platelet αIIb/β3- 
mediated thrombotic 
disease 

[76] 

Ginsenoside Compound 
K 

Anti-adipogenic effect [83] 

G-Rh1 Asthma and allergic 
inflammation 

[85] 

Panax ginseng berry 
calyx 

macrophage-mediated 
inflammatory response 

[74] 

G-Rb3 Cisplatin-induced 
nephrotoxicity 

[30] 

G-Rd Cardiac dysfunction [88] 
G-Rg1 alcohol-induced 

myocardial injury 
[89] 

Interleukin 
signaling 

Ginseng extract Community acquired 
pneumonia 

[90] 

G-Rb1 Cancer Cachexia [91] 
KRG Allergic rhinitis [92] 
KRG Anti-inflammatory and 

autophagy promoting 
activities 

[93] 

Panax KRG extract Respiratory syncytial 
virus 

[94] 

G-Rg6 Anti-inflammatory and 
lung damage 

[95] 

G-Rb1 Induced asthma [96] 

Abbreviation; Chronic Obstructive Pulmonary Disease (COPD), myocardial 
infarction (MI), ginsenoside Rb1 (G-Rb1), ginsenoside Rb3 (G-Rb3), ginsenoside 
Rc (G-Rc), ginsenoside Rd (G-Rd), ginsenoside Rg1 (G-Rg1), ginsenoside Rg3 (G- 
Rg3), ginsenoside Rg5 (G-Rg5), ginsenoside Rg6 (G-Rg6), ginsenoside Rh1 (G- 
Rh1), renin angiotensin system (RAS) pathway, Mitogen-activated protein ki-
nases (MAPK) pathway, extracellular signal-regulated kinases (ERK) pathway, 
Phosphoinositide 3-kinases (PI3K) pathway, protein kinase B (Akt) pathway, 
mammaliam target of rapamycin (mTOR). 
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5. Summary 

Several studies indicate that ginseng and ginsenosides can increase 
blood circulation, regulate lipid profile and ameliorate vasomotor tone 
in physiological and pathologic conditions related to cardiovascular 
diseases such as myocardial ischemia, cardiac inflammation. Therefore, 
we review ginseng and ginsenosides could effectively attenuate the these 
diseases by COVID-19. Therefore, ginseng or ginsenosides could likely 
regulate these pathways and mitigate the severe complications such as 
heart and lung. But, there is no precise report of ginseng could be 
effective in the treatment for diseases caused by COVID-19. Neverthe-
less, ginseng and ginsenosides could provide a basis for prevention of 
cardiac and pulmonary complications by COVID-19. 
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