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Viral infections are known as one of the major factors causing death. Ginseng is a medicinal plant that
demonstrated a wide range of antiviral potential, and saponins are the major bioactive ingredients in the
genus Panax with vast therapeutic potential. Studies focusing on the antiviral activity of the genus Panax
plant-derived agents (extracts and saponins) and their mechanisms were identified and summarized,
including contributions mainly from January 2016 until January 2022. P. ginseng, P. notoginseng, and
P. quinquefolius were included in the review as valuable medicinal herbs against infections with 14 types
of viruses. Reports from 9 extracts and 12 bioactive saponins were included, with 6 types of proto-
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ar?t/iv\‘//ior;lsactivity panaxadiol (PPD) ginsenosides and 6 types of protopanaxatriol (PPT) ginsenosides. The mechanisms
ginseng mainly involved the inhibition of viral attachment and replication, the modulation of immune response
ginsenosides by regulating signaling pathways, including the Janus kinase (JAK)/signal transducer and activator of

transcription (STAT) pathway, cystathionine y-lyase (CSE)/hydrogen sulfide (H,S) pathway,
phosphoinositide-dependent kinase-1 (PDK1)/ protein kinase B (Akt) signaling pathway, c-Jun N-ter-
minal kinase (JNK)/activator protein-1 (AP-1) pathway, and nuclear factor kappa-light-chain-enhancer of
activated B cells (NF-kB) pathway. This review includes detailed information about the mentioned
antiviral effects of the genus Panax extracts and saponins in vitro and in vivo, and in human clinical trials,
which provides a scientific basis for ginseng as an adjunctive therapeutic drug or nutraceutical.
© 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/).

Panax ginseng
mechanism of action

1. Introduction

Viruses are small and simple agents that reproduce only in living
cells and contain only one type of nucleic acid (DNA or RNA).
However, viral infections are known as one of the major factors
causing death and numerous infectious diseases, such as diarrhea,
hepatitis, and the common cold, around the world [1]. Some viruses
infect animals and have an impact on socio-economic industries
[2]. Currently, vaccination and antiviral agents have provided pro-

Abbreviations: ARI, acute respiratory illness; BG, black ginseng; BVDV, bovine
viral diarrhea virus; CHB, chronic hepatitis B; CSFV, classical swine fever virus;
CVBs, group B coxsackieviruses; DAA, direct-acting antiviral therapies; EBV, the
Epstein-Barr virus; EV, enterovirus; EV71, human enterovirus 71; GCRV, grass carp
reovirus; GSLS, Ginseng stem-leaf saponins; HAART, highly active antiretroviral
drug therapy; HBV, hepatitis B virus; HCV, Hepatitis C virus; HIV-1, human im-
munodeficiency virus type 1; HP, highly pathogenic; HSV, herpes simplex virus;
HVJ, hemagglutinating virus of Japan; IFN-1, type-I interferon; JAK, janus kinase;

JNK, c-Jun N-terminal kinase; KRG, Korean Red Ginseng; KSHV, Kaposi's sarcoma-
associated herpesvirus; MHV-68, murine gammaherpesvirus 68; NDV, Newcastle
disease virus; NK, natural killer; PPD, protopanaxadiol; PPT, protopanaxatriol;
PNAB, PEGylated nanoparticle albumin-bound; PNR, P. notoginseng root water
extract; PRRSV, porcine reproductive and respiratory syndrome virus; RSV, respi-
ratory syncytial virus; RV, rotavirus; STAT, signal transducer and activator of
transcription.
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tection against viral pathogens, which also exert side effects such as
drug resistance and genetically linked mutants with ensuing ther-
apeutic failure [3,4]. Therefore, there is an urgent need for novel
and efficient drugs to treat challenging viral infections.

The genus Panax contains a group of prized medicinal herbs that
have a long history and a wide range of applications [5]. Of the 17
Panax species, Panax ginseng Meyer. (Korean ginseng), Panax noto-
ginseng (Burkill) EH. Chen (Chinese ginseng), and Panax quinque-
folius L. (American ginseng) are valuable ginseng botanicals [6]
against viral infection. The root of P. ginseng as traditional medicine
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Table 1
Saponins or Ginseng Extracts Possessing Antiviral Activity and Their Mechanisms of Action
In vitro/ Saponin/Extract Cell line used/Animals/ Viruses Antiviral Activity Mechanism of Action Ref.
In vivo Enrolled subjects
/Clinical
trials
In vitro Ginseng Extract MDCK cells, CHO cells A/Nanchang/8002/ Reduced the viral titer Interact with viral hemagglutinin [23]
2009 HIN1 (NC2) proteins to prevent the
attachment of the virus with a. 2-3’
sialic acid receptors
Ginsenoside Rb1 Rhabdomyosarcoma (RD) cells EV71 strains IC50 = 0.1495 uM Reduced EV71-induced viral [45]
SHAPHC695F/SH/CHN/ protein-1 (VP-1) expression
10 (695F)
Ginsenoside Rb2 MDBK cells BVDV ECs0 = 57.76 pg/mL Inhibition of BVDV replication and [87]
Ginsenoside Rb3 ECsp = 60.25 pug/mL proliferation
20(R)- Vero cells MHV-68 ICs0 = 2.77 uM Inhibition of MHV-68 [59]
ginsenoside Rh2 multiplication
Ginsenoside Rg3 Huh7 and Huh7.5.1 cells HCV Inhibited HCV propagation and the Rescued the HCV-induced Drp1- [76]
expression of HCV core protein mediated aberrant mitochondrial
fission via mitophagy
Grass CO epithelial cells GCRV Restrained the GCRV virus replication ~ Promoted immune-related genes [78]
in the IFN-I pathway
HepG2.2.15 cells HBV ICs50 = 96 UM, inhibiting HBsAg secretion Stimulation of TRAF6/TAK1 [71]
ICs0 = 89 M, inhibiting HBeAg secretion degradation and inhibition of JNK/
AP-1 signaling
Mouse NIH3T3 fibroblast, MHV-68 IC50 = 25.24 + 4.42 uM (20(R)-Rg3) Inhibition of MHV-68 lytic [61]
Vero, BC-3 and Raji cells IC50 = 10.82 + 1.56 puM (20(S)-Rg3) replication and viral proliferation
by suppressing the p38 and JNK
signaling pathways
Vero cells HSV-1, HSV-2 ICs0 = 35 UM / [60]
Ginsenoside Rg1 Marc-145 cells PRRSV strains (XH-GD, ECsg = 75.05 uM (XH-GD) Reduced mRNA levels of the [18]
JXA1, VR2332 and ECs0 = 71.33 uM (JXA1) proinflammatory cytokines and
HNLY) ECs0 = 55.05 uM (VR2332) inhibited the activation of the NF-
ECsp = 94.21 uM (HNLY) kB signaling pathway
Ginsenoside Rg2, Vero cells EV71, CVB3 and HRV3 Exhibited significant antiviral activities / [46]
Re and Rf against EV71, CVB3 and HRV3
20(S)- Hela cells CVB3 ICs5¢ = 2.74 pg/ml, inhibition of CVB3 / [42]
protopanaxtriol replication
Korean Red HEp2 and A549 cells RSV A2 strain Protected HEp2 cells from RSV-induced Inhibition of CVB3 replication, the [90]
Ginseng Extract cell death formation of ROS and
(KRGE) inflammatory cytokine genes
HEp2 and RAW264.7 cells Inhibition of viral replication and [91]
the production of pro-
inflammatory cytokines
PBMCs, NK cells, BCBL-1 cells The influenza A virus /| Enhanced the activation of [29]
subtype 1 /[HIN1 strain immune cells and repressing viral
reactivation to the lytic cycle
0CD20015-V009 MDCK and RAW 264.7 cells  Influenza A/PR/8/34 Decreased the virus replication Stimulation of the antiviral [25]
(H1NT1) virus response
Panax MDCK, YAC-1 and RAW 264.7 Influenza A/PR/8/34 Inhibition of viral protein and viral Stimulation of pro-inflammatory [24]
notoginseng cells (H1N1) virus, KBPV-VR- mRNA cytokines and the
Water Extract 32 (H3N2) phosphorylation of type-I IFN-
related proteins
In vivo Ginsenoside Rb1 BALB/c mice A/Nanchang/8002/ Resulted in minimal weight loss and Interact with viral hemagglutinin [23]

Ginsenoside-Rb2

Ginsenoside Rgl

20(S)-
protopanaxtriol

Korean Red
Ginseng Extract
(KRGE)

two-day-old suckling mice

BALB/c mice
LLCMK-2 cells, BALB/c mice

piglets

BALB/c mice

BALB/c mice

C57BL/6 wild-type and
Gulo(—/—) mice

2009 H1N1 (NC2)

EV71 strains
SHAPHC695F/SH/CHN/
10 (695F)

RV-SA11

HVJ

PRRSV JXA1

CVB3

RSV A2 strain

The influenza A virus
subtype 1/H1N1 strain

184

complete protection over lethal infection

The survival rate of Rb1 group was 100%

Reduced virus titers in the bowels of RV-
infected mice

Protected against the lethal infection of
HVJ in mice with a survival rate of 71.4%
Protected lung injury, decreased viral
load in serum and tissues, and improved
survival rate

Decreased virus titers and pathological
changes in the hearts

lowered lung viral loads
Prevented mouse body weight loss

proteins to prevent the
attachment of virus with o 2-3’
sialic acid receptors

Reduced EV71-induced viral [45]
protein-1 (VP-1) expression and
activated innate immunity

Enhanced the resistance of [53]
immature host against RV

Activation of mucosal immune [50]
cells

/ [18]

Inhibition of CVB3 replication and [42]
protected against CVB3-induced
cardiac injury and inflammatory

cell infiltration

Stimulation of IFN-y production  [90]
Stimulation of IFN-y production [91]
and types of immune cells

migrating into the lung

Inhibition of lung inflammation  [29]

and pro-inflammatory cytokine
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BALB/c mice, ferrets HP H5N1 influenza

virus A/Vietnam/1203/

04 (clade 1)
H1N1, H3N2, H5NT,
and H7N9 strains

Fermented
Ginseng Extract

Wild-type BALB/c and C57BL6
and mutant mice (CD4 T cell-
deficient; CD8 T, B cell and
MHCII deficient)

Black Ginseng ~ BALB/c mice H1N1 (A/California/04/
Extract 2009) virus

Panax BALB/c mice Influenza A/PR/8/34
notoginseng (H1NT1) virus

Water Extract

Panax BALB/c mice CVB3

notoginseng

Saponins and Piglets PRRSV strains (NJGC)

notoginsenoside

R1
Clinical KRGE 252 HIV-1 patients HIV-1
trials 68 HIV-1 patients
46 HIV-1 patients
KRG powdered 38 CHB patients HBV
capsule
CVT-E002 198 enrolled subjects, Phase I Influenza and RSV

clinical trials

Increased the survival and decreased the
virus-induced inflammation in Gulo(—/
—) mice

Protected mice and ferrets from lethal
infections by HP H5N1 influenza virus

Induced the IFN-a. and -y antiviral [27]
cytokines

Protected against weight loss with 100% Inhibition of viral replication and [26]
survival rates during primary infection lung inflammation

and developed immunity against

secondary viral infection

Protected mice from lethal infections Mediated host innate immune [28]
responses by binding of the
influenza virus particle
Decreased mortality and prevented Stimulation of NK cell activity [24]
weight loss
Alleviated myocarditis and decreased the Enhanced the expression of CSE/ [41]

viral mRNA expression
Decrease the incidence and severity of
immunopathological damages induced

H,S pathway
Strengthened the immune system [19]

by PRRSV

Decreased CD4" T-cell count / [34]
Decreased in CD4™ T cells and on serum [35]
sCD8 levels

Lowered high-level resistance mutations [36]
Downregulated the well-correlated [70]
marker with fibrosis

The overall relative risk of ARI was [31]

reduced by 89%

ICs0 represents the half maximal inhibitory concentration; ECso represents the half maximal effective concentration.

has been utilized for first aid, health care, and cardiovascular dis-
ease in Asian countries for thousands of years [7]. The root of
P. notoginseng, known as Sanqi or Sanchi in China, originated from
ethnic minorities in southwest China approximately 500 years ago
[8]. P. quinquefolium, grown in North America, has the functions of
drug prevention and medical treatment [9]. Ginseng extract con-
tains a series of active phytochemicals, including saponins, poly-
saccharides, flavonoids, and polyphenols [10]. Ginsenosides are
triterpenoid saponins, believed to be the major pharmacologically
active ingredients with tremendous antiviral effects in the genus
Panax [11]. Most known ginsenosides belong to the four-ring
dammarane family. Dammarane-type ginsenosides can be classi-
fied into two groups according to the positions at which the sugar
moiety is attached: the protopanaxadiol (PPD) and proto-
panaxatriol (PPT) groups [12]. The typical PPD type, including
ginsenosides Rb1, Rb2, Rb3, Rh2, and Rg3, has a -OH attached at
C—3 and/or C—20 of the sugar moiety, while the typical PPT type,
including ginsenosides Rg1, Rg2, Re and Rh1, has an «-OH attached
at C—6 and/or a 8-OH attached at C—20 of the sugar moiety (Fig. 1)
[10,13].

Numerous recent studies have focused on the antiviral activity
in genus Panax as the emergence of new virus strains, including
SARS-CoV-2 and diverse virus mutations. Thus, it is necessary to
update the review of research in this field. This review aims to
summarize the current knowledge regarding the antiviral capacity
and mode of action of the genus Panax and their main bioactive
saponins (Table 1).

2. Porcine reproductive and respiratory syndrome virus
(PRRSV)

PRRS was one of the most epidemic porcine contagious diseases
identified in Europe in 1991 [14] and causes massive economic
losses in the modern pig industry [15]. PRRSV is the positive-sense
RNA virus with a single-strand of the Arteriviridae family that
causes PRRS [16]. The European genotype and the North American
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genotype are two well-known PRRSV genotypes [17]. Ginsenoside
Rg1 was reported to suppress type 2 PRRSV adhesion, propagation,
as well as inflammatory responses by reducing the production of
pro-inflammatory cytokines (IL-6, IL-8, and TNF-o) and NF-kB
signaling pathway in PRRSV-infected Marc-145 cells and porcine
alveolar macrophages (PAMs). In addition, Rg1 treatment improved
clinical outcomes in 4-week-old piglets by preventing lung injury,
decreasing viral load in serum and tissues, and improving the
survival rate [18]. Intraperitoneal injection with P. notoginseng sa-
ponins and notoginsenoside R1 protected against PRRSV-induced
immunopathological damage, including elevated weight loss, the
body temperature, and anemia in PRRSV-infected piglets. Further-
more, the saponin components strengthened the immune response
by upregulating the levels of albumin, IgG, and IgM in PRRSV-
infected piglets [19]. These findings could provide a theoretical
framework for further research on ginseng as a broad-spectrum
anti-PRRSV medicament.

3. Influenza virus

Influenza viruses are enveloped viruses of the Orthomyxoviridae
family, with antigenic differences in their nucleocapsid and matrix
proteins classifying them as A, B, and C [20]. Among them, influenza
Avirus is the most frequent cause of clinical respiratory pathogen in
human, and novel mutant strains such as H7N9, HON2, H5N1,
H3N2, and H1N1 cause annual epidemics [21,22]. Different ginse-
nosides, including Rb1, Rb2, Rb3, Rgl, PPT, and PPD, have been
identified for their role in the 2009 HIN1 pandemic. The ginse-
nosides protect BALB/c mice from weight loss and mortality, and
the representative ginsenoside Rb1 prevented the 2009 pandemic
H1NT1 influenza virus (2009 pdm H1N1) from entering into the host
cells. Mechanistic investigations indicated that ginsenoside Rb1
interacted with viral hemagglutinin protein and blocked the virus
from adhering to 2-3’ sialic acid receptors on the cell surfaces. This
interaction requires sugar motifs attached to a ginsenoside back-
bone, and the lack of sugar motifs resulted in the absence of
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Fig. 1. Structures of saponins present in this review.

antiviral effect. Rb1 exhibited more significant antiviral activity
than Rh2, possibly because Rh2 has only one carbohydrate moiety
at position R1, whereas Rb1 has two separate carbohydrate chains
(Fig. 1) [23].

P. notoginseng root water extract (PNR) has been shown to
prevent HIN1-induced mortality and weight loss in BALB/c mice by
increasing the natural killer (NK) cell activity of splenocytes and
activating the type-I interferon (IFN-1) mediated immune response
in macrophages. PNR-induced IRF3 phosphorylation through
TANK-binding kinase 1 (TBK1) triggers the release of IFN-1, which
interacts with a component of the JAK/STAT pathway to activate the
phosphorylation of STAT1 and stimulation of the IFN-stimulated
genes. As a result, the viral protein and viral mRNA expression
were decreased by pretreatment of A/PR8/34-infected RAW 264.7
cells with PNR (Fig. 2) [24]. Similarly, a water extract of P. ginseng
mixed with other herbal medicines (OCD20015-V009) also im-
proves the survival of BALB/c mice exposed to HIN1. OCD20015-
V009 induced the antiviral potential of RAW 264.7 cells by phos-
phorylating the type-I IFN-related proteins (STAT1 and TBK-1) and
triggering the production of proinflammatory cytokines (TNF-o. and
IL-6) (Fig. 2) [25]. It has been reported that compared to non-
fermented ginseng extracts, fermented red ginseng extracts con-
taining various active components, such as PPT, PPD, Rh2, and
Compound K, showed more potent antiviral activity against various
influenza virus strains H5N1, H3N2, HIN1, and H7N9. Moreover,
fermented ginseng protected against A/WSN/1933 (H1N1) virus in
both wild-types (C57BL/6 and BALB/c mice) and mutant mice (CD4
T cell-deficient, CD8 T cell-deficient, B cell-deficient and MHCII
deficient). In addition, fermented red ginseng extracts exhibited
modest viral neutralizing efficacy by suppressing hemagglutination
and neuraminidase activity. It is hypothesized that the combined
effects of multiple substances in fermented ginseng samples may
have such antiviral effects against influenza strains of various
subtypes. Mice that survived the initial infection or were shielded
from it would establish robust immunity against the secondary
infection with homologous and dissimilar strains [26]. The effects
of ginseng extract on protective immunity from lethal infections
against highly pathogenic (HP) H5SN1 were also proven in mice and
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ferrets [27]. During the early stage of infection, black ginseng (BG)
significantly increased the granulocyte-macrophage colony-stim-
ulating factor (GM-CSF) which is required for immune homeostasis
in the lung. BG stimulated the production of T cell growth factors IL-
2 and IFN-y, which boosted immune function, limited viral repli-
cation, and euthanized virus-infected host cells upon viral infec-
tion. During the recovery phase of infection, the production of IL-10
stimulated by BG relieved the excessive inflammatory responses
and minimized potential host tissue injury. Due to its ability to
enhance immune responses, black ginseng may be developed as an
oral alternative antiviral adjunctive therapy for the prevention of
influenza A virus infections [28]. A report showed that ginseng
extract and vitamin C synergistically activate immune cells such as
T and NK cells, suppressed HIN1 virus replication, and increased
the survival rate of vitamin C-depleted Gulo (—/—) mice. In the HE-
stained lungs, the administration of red ginseng and vitamin C
reduced the lung inflammation with the induction of TNF-a and
IFN-v (Fig. 3) [29]. The environmentally friendly synthesis of quasi-
silver nanoparticles (AgNPs) with an aqueous ginseng extract was
developed as a biomaterial applications, and it was also found to be
virucidal against the influenza A virus (strain A/PR/8) [30]. In terms
of over-the-counter preparations, two randomized, double-blind,
and placebo-controlled trials were conducted to determine that
orally administrating P. quinquefolius water extract (CVI-E002)
twice daily could prevent acute respiratory illness caused by the
influenza A virus [31].

4. Human immunodeficiency virus type 1 (HIV-1)

For HIV-1, the invention of highly active antiretroviral drug
therapy (HAART) has proven beneficial in 80-90% of HIV/AIDS pa-
tients; however, long-term HAART causes many adverse effects and
ultimately results in virological treatment failure with a high fre-
quency of resistance mutations in HIV-1-infected patients [32,33].
Recent research found that long-term Korean Red Ginseng (KRG)
consumption improved HIV-1 patient survival prior to HAART by
slowing the decline in CD4+ T cell count [34—36] and postponing
the appearance of resistance mutations in HIV-1 patients [37].
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Fig. 2. A schematic of the antiviral mechanism against influenza A virus infection in vitro. ("1’ represents activation, stimulation or upregulation, whereas ‘ T’ represents inhibition,

decrease or downregulation).

Concurrent therapy with KRG and HAART has been presumed to be
a potential regimen for treating HIV-1 disease [38].

5. Enterovirus (EV)

Coxsackieviruses numbered enteroviruses, rhinoviruses, echo-
viruses and poliovirus are members of the genus Enterovirus (EV) of
the family Picornaviridae [39], of which the first three were
included in this review.

5.1. Coxsackievirus

Coxsackievirus, especially Group B Coxsackieviruses (CVBs), are
known to be associated with subacute, acute, and chronic virus-
induced myocarditis [40]. P. notoginseng saponins (PNS) treatment
reduced serum levels of IL-6 and TNF-«, which alleviated myocar-
dial injuries in CVB3-induced myocarditis. In addition, PNS inhibi-
ted CVB3 replication by activating the CSE/H,S pathway during the
early stage of the disease and protected the cardiac cells from H,0;-
mediated apoptosis [41]. In addition, the administration of 20(S)-
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protopanaxtriol reduced mononuclear cell infiltration, relieved
myocardium damage, and decreased the plasma levels of creatine
kinase (CK) and lactase dehydrogenase (LDH) in CVB-induced mice,
which suggests 20(S)-protopanaxtriol as a possible therapeutic
option for viral myocarditis [42].

5.2. Enterovirus

Hand, foot, and mouth disease (HFMD) is widespread in infants
and children, and it has typical clinical features of fever, a loss of
appetite, and a blistering skin rash [43]. As the causative pathogen
of HFMD, the enterovirus A species human enterovirus 71 (EV71)
can induce apoptosis and autophagy in neural cells, which is
associated with fatal neurological complications [44]. Kang et al
demonstrated that Rb1 exhibited complete protection from EV71-
induced paralysis and protection. Rb1 restricted EV71 replication
mainly through inducing cell-mediated immune responses such as
TNF-a, [FN-v, and IL-10, as well as humoral immune responses such
as IgA and IgGs. Meanwhile, Rb1 acted as an immune stimulant in
EV71-infected cells by potentiating IFN-f production and IFN-$
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Fig. 3. In vivo efficacy of antiviral protection against influenza A virus infection.

downstream effectors MxA [45]. However, the PPT-type ginseno-
sides Re, Rf, and Rg2 exhibited no significant antiviral activity in the
treatment of EV71 infection, implying that the antiviral effect of
ginsenosides against EV71 is structure-dependent [46].

5.3. Rhinovirus

Rhinovirus infection can lead to bronchiolitis, early wheezing
illness, and even severe exacerbation of asthma [47]. Despite being
discovered over 50 years ago, rhinovirus has no approved antiviral
medication or vaccine [48]. The PPT-type ginsenosides Rf and Rg2
are significantly effective in the treatment of human rhinovirus 3
(HRV3) infection, with lower toxicity than the commonly used
antiviral drug ribavirin [46].

6. Hemagglutinating virus of Japan (HVJ)

HV], which is known to cause pneumonia, is one of the most
prevalent and important naturally occurring infections of mice [49].
Among dammarane-type ginsenosides (Rb1, -Rb2, -Rd, -Re, and
-Rg2) and oleanolic acid-type ginsenoside (Ro, Rb2), oral adminis-
tration of Rb2 provided the most effective protection against fatal
HV] infection in mice by inhibiting viral growth in the lungs and
enhancing mucosal immunity. In a comparison of the growth in-
hibition effect against HV] infection, only 20(S)-ginsenoside-Rg3
elicited partial protection, rather than 20(R)-ginsenoside-Rg3 [50].

7. Rotavirus (RV)

Rotavirus is an envelope-free virus of the family Reoviridae in
the subfamily Sedoreovirinae and belongs to the genus Rotavirus
[51]. RVs are a major cause of viral gastroenteritis in human infants
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and children under 5 years of age [52]. Consecutive oral adminis-
tration of the ginsenoside Rb2 showed a significant reduction in
RV-induced diarrhea and virus growth in the bowels, which exer-
ted a better antiviral effect than its hydrolytic product 20(S)-gin-
senoside Rg3 with the higher suppression of the total diarrhea

HBV

l TLRs

]

Cell membrane

|

FMAPK | (INK?
| |
I

AP-1

Nucleus

Fig. 4. A schematic of the antiviral mechanism of Rg3 against HBV in vitro.
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score than with ginsenoside Rb2. The antiviral activity of 20(S)-
ginsenoside Rg3 was associated with the activation of mucosal
immune systems [53]. However, 20(R)-ginsenoside Rg3, an
epimeric type of 20(S)-ginsenoside Rg3, was inactive.

8. Herpesvirus

The herpesviruses have been classified into three subfamilies
Alphaherpesvirinae, Betaherpesvirinae, and Gammaherpesvirinae,
and infected a large proportion of the human population. It is
composed of a lipid envelope, tegument, an icosahedral nucleo-
capsid, and a core containing double-stranded DNA [54,55].

8.1. Murine gammaherpesvirus 68 (MHV-68)

MHV-68 has been used as an experimental model for human
gammaherpesvirus pathogenesis, such as the Epstein-Barr virus
(EBV) and Kaposi's sarcoma-associated herpesvirus (KSHV) [56,57].
EBV and KSHV are characterized by their ability to establish a
lifelong latent infection in lymphocytes as well as induce lym-
phoproliferative diseases. Both are oncoviruses [58]. 20(R)-Ginse-
noside Rh2 was found to impede the replication and proliferation of
MHV-68 by suppressing the expression of the lytic gene KSHV K8a,
which is required for viral replication. In addition, 20(R)-ginseno-
side Rh2 blocked the reactivation of KSHV by suppressing the
mRNA level of KSHV replication and transcription activator and
viral DNA amplification [59,60]. Furthermore, the ginsenoside iso-
mers 20(R)- and 20(S)-Rg3 have been reported to possess signifi-
cant antiviral efficacies against human gammaherpesvirus and
murine model virus MHV-68 through suppressing the p38 and JNK
signaling pathways, but 20(S)-ginsenoside Rg3 was more effective
than 20(R)-ginsenoside [61].

8.2. Herpes simplex virus (HSV)

HSV belongs to the Alphaherpesvirinae subfamily. Herpes sim-
plex virus type 1 (HSV-1) causes gingivitis and other oral infections
and is extremely common in the human population [62]. Infection
with type 2 (HSV-2) leads to genital ulcer disease and neonatal
herpes and results in global sexual and reproductive health emer-
gencies [63]. No vaccines against HSV are available [64], and com-
mon treatment with nucleoside analog drugs, such as acyclovir, is
associated with drug resistance [65]. The prevalence of acyclovir-
resistant HSV accounted for 17% of HSV-1-infected patients, and
alternative antiviral options remain an unmet need in this clinical
setting [66]. Previous studies have shown that the administration of
KRG regulated vaginal and systemic HSV infectivity. Additionally,
local lymph nodes and the infected tissues showed elevation of the
granzyme B and FasL pathways, further enhancing NK cell activity
[67]. Recent studies have shown that ginsenoside 20(S)-Rg3 has an
antiviral effect against both HSV-1 and HSV-2 and the potential to
prevent increased drug resistance when used together with vala-
cyclovir. The possible mechanism for the protective effects of 20(S)-
Rg3 may involve the prevention of virus-host interaction by bind-
ing with a viral attachment protein or an epidermal growth factor
receptor [60]. Thus, it is desirable to develop new anti-HSV agents
that can replace or complement acyclovir.

9. Hepatitis B virus (HBV)

Chronic HBV infection has caused progressive liver damage, life-
threatening cirrhosis, and hepatocellular carcinoma [68]. Although
current therapies can maintain viral suppression and reduce the
risk of liver-related complications, lifetime treatment is associated
with limited efficacy, high costs, drug resistance, and numerous
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potential side effects [69]. Patients with chronic hepatitis B (CHB)
were administered antiviral agents and KRG powder capsules
resulted in the downregulation of the non-invasive fibrosis sero-
logic markers (type IV collagen, hyaluronic acid, and transforming
growth factor-8), indicating that ginseng extract has the potential
to be a complementary therapy for chronic hepatitis B [70].

Rg3 is thought to have anti-hepatitis B potential in patients with
HBV-induced liver disorders by inhibiting HBV surface antigen
(HBsAg), HBV envelope antigen (HBeAg), viral particle formation,
and viral replication. The anti-hepatitis B action of Rg3 was con-
nected to the suppression of the TLR-myeloid differentiation pri-
mary response gene 88 (MyD88)-dependent pathway through the
reduction of TNF receptor-associated factor 6 (TRAF6)/ trans-
forming growth factor activated kinase-1 (TAK1) signaling. In
addition, Rg3 blocked JNK and p38 mitogen-activated protein ki-
nases (MAPK) phosphorylation that influence AP-1 activity with
the downregulation of c-Jun/JunB complex, and reduced the level of
inflammatory cytokines (IL-8 and TNF-a). It could be concluded
that Rg3 exhibited HBV proliferation by modulating the JNK/AP-1
pathway (Fig. 4) [71]. Since then, no relevant studies have re-
ported the antiviral effect of Rg3 on HBV.

10. Hepatitis C virus (HCV)

HCV is the leading cause of end-stage liver disease [72]. Direct-
acting antiviral (DAA) therapies, including sofosbuvir, have revo-
lutionized HCV treatment and have proven efficacy [73]. Unfortu-
nately, abnormal mitochondrial dynamics caused by HCV and DAA
may contribute to persistent HCV infection [74,75]. Ginsenoside
Rg3 displayed anti-HCV activity with a reduction in HCV RNA and
the HCV core protein. Rg3 inhibited HCV propagation effectively
through restoring HCV-induced degradation of cytoplasmic p21
and abnormal mitochondrial fission via the downregulation of
dynamin-related protein 1. Rg3 treatment rescued the abnormal
mitophagy caused by HCV infection or DAA treatment. These re-
sults imply that ginsenoside Rg3 may interact with sofosbuvir in a
complementary and synergistic manner [76].

11. Grass carp reovirus (GCRV)

GCRV, a dsRNA virus, belongs to Group C of the Aquareoviruses
and is a pathogen causing a high mortality rate among grass carp,
seriously affecting the grass carp cultivation industry [2,77]. Gin-
senoside Rg3 appears to be effective against GCRV infection in grass
carp ovarian epithelial cells (CO) in the early stage. Rg3 treatment
boost host immune activity by triggering immune-related genes in
the IFN-I pathway (IRF7, IRF3, Myd88, and IFN-I) and decreasing the
expression of pro-inflammatory cytokines TNF-o. In addition, gin-
senoside Rg3 cells exhibited higher antioxidant responses than
GCRV-infected cells, including total antioxidant capacity, superox-
ide dismutase, catalase, and glutathione contents [78].

12. Newcastle disease virus (NDV)

NDV belongs to the Paramyxovirus family [79], which infects
various species with varying degrees of susceptibility in addition to
domesticated avian species [80]. Ginseng stem-leaf saponins
(GSLS), which contains various ginsenosides (Rg1, Re, Rb1, Rb2, Rf,
Rc, and Rd) promoted significantly higher antibody responses
among chickens immunized with live Newcastle disease (ND)
vaccines. It showed that oral administration of GSLS solution before
vaccination increased NDV-specific hemagglutination inhibition
titer, lymphocyte proliferation, intestinal mucosal IgA + cells, and
intestinal intraepithelial lymphocytes, which suggested GSLS as an
immune potentiating effect on the NDV vaccine [81,82] .
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13. Pestivirus

The genus Pestivirus within the Flaviviridae family contains
bovine viral diarrhea virus (BVDV) and classical swine fever virus
(CSFV) [83,84]. BVDV infection has generated considerable eco-
nomic losses in the cattle industry and has become a severe labo-
ratory contaminant in fetal bovine serum [85]. Infection with CSFV
leads to contagious febrile viral swine disease with high morbidity
and mortality [86]. Ginsenosides Rb2 and Rb3 were reported to
inhibit BVDV and CSFV replication and proliferation in MDBK cells.
Rb2 significantly reduced the translation process mediated by the
Pestivirus internal ribosome entry site (IRES) through luciferase
reporter assay, which might be responsible for the antiviral
mechanism of Rb2 [87].

14. Respiratory syncytial virus (RSV)

RSV belongs to the family of Pneumoviridae, genus Orthopneu-
movirus [88]. RSV leads to severe acute lower respiratory infection
(ALRI), resulting in a major cause of hospital admission and sig-
nificant mortality in children [89].

The underlying mechanisms by which P. ginseng extract pro-
vides protective efficacy against RSV in vivo and in vitro are through
the inhibition of viral replication and cell death, the blockage of the
induction of proinflammatory cytokines and immune cells
migrating into the lung, the enhancement of antiviral IFN-y pro-
duction, the reduction of weight loss and lung disease in mice
[90—92]. Based on the results, the consumption of P. ginseng extract
in healthy individuals is of great benefit due to the prevention and
alleviation of unexpected RSV infections.

A placebo-controlled clinical trial showed that P. quinquefolius
(CVT-E002) was effective in preventing acute respiratory illness
(ARI) symptoms due to RSV [31], with no serious adverse events
reported in phase II clinical trial [93], which indicated that
P. quinquefolius was well tolerated and merits additional evaluation
for treating ARI.

15. Coronavirus

Coronaviruses, resulting in severe acute respiratory syndrome
(SARS), Middle Eastern respiratory syndrome (MERS), and coro-
navirus disease 2019 (COVID-19), tend to mutate and recombine
easily due to the low fidelity of RNA replication, which results in
increasing the evolution and diversity of the virus in the wild
[94,95]. Panax ginseng was shown to be effective against SARS in
the 2002/2003 epidemic and also COVID-19 [96]. PEGylated
nanoparticle albumin-bound (PNAB) was reported to suppress H4-
mediated NET, NF-kB and SREBP2-mediated cytokine storms in
SARS-CoV-2 ICU patients. Furthermore, these nanotherapeutics
could alleviate blood clot formation and vascular inflammation
[97]. This finding supports the promising capability of PNAB-
steroidal ginsenoside nanotherapeutics as potential tools for
treating patients with severe COVID-19.

16. Conclusion and future prospects

The widespread epidemic of viral infections has become a
serious public health problem. Synthetic drugs have shown
remarkable success in alleviating viral infections; however, the
serious side effects cannot be ignored. Long-term therapy with
antiviral nucleoside analogs or hormones results in severe anemia,
potential liver damage, and drug resistance. The present review
summarizes that 12 bioactive saponins and extracts from three
kinds of Panax species exhibit various antiviral efficacies through
multiple mechanisms, such as directly inhibiting viral adsorption
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and replication and improving host immunity by activating the
immune response.

As a result of the differences in processing conditions and Panax
species, variations in saponin constituents may result in the gen-
eration of distinct antiviral activities [10,98]. RG is prepared by
steaming fresh ginseng before drying it, whereas black ginseng
(BG) is made by repeating the same procedure nine times. The 7-
fold higher levels of acid polysaccharides in BG than RG may be
possible to explained why BG exhibited greater effectiveness
against the influenza virus [28]. The anti-influenza properties of
ginseng fermentation have been reported to be enhanced by the
conversion of the main ginsenosides (Rb1, Rb2, Rc) into their me-
tabolites by cleaving the sugar moieties at C-3, C-6, or C-20 has
been reported to improve the effects of [10,26]. As a result, further
research into the conversion of active ingredients caused by
different processing methods is warranted, providing a more reli-
able scientific basis for ginseng processing.

Among all saponins, Rg3 offers the broadest spectrum of anti-
viral efficacy against HVJ, RV, HSV, HBV, HCV, and GCRYV infections.
Notably, Rg3 possesses two epimers from which 20(S)-ginseng
saponins can be formed naturally, whereas 20(R)-ginseng saponins
can only be obtained through enzyme conversion and microbial
transformation from their corresponding 20(S)-isomers [10,61,99].
The isomers exhibit different stereospecificities in their pharma-
cological effects owing to the different spatial orientation of the
hydroxyl group on the chiral center at carbon-20 [61]. For their
distinctive chemical structures, 20(S)-Rg3 exerts more effective
antiviral activity against human gammaherpesviruses, as well as
MHV-68 [61]. The majority of the antiviral research also showed
that 20(S)-Rg3 proved to be more effective against HSV, RV, and HJV
than 20(R)-Rg3 [50,53,60]. However, there is still controversy on
which configuration provides the better biological effect. According
to Wright et al, 20(R)-protopanaxadiol, but not 20(S)-proto-
panaxadiol, exhibited partial protection against HSV [60]. Wang
et al discovered that 20(R)-ginseng saponins exerted more potent
bioactivities including antifatigue, antioxidative, and antitumor
properties [99]. Future research should focus on the structure-
activity relationship of 20(R)-ginseng saponins or 20(S)-ginseng
saponins and their underlying mechanisms of antiviral action, as
well as clinical trials to assess their efficacy against various viral
infections.

Moreover, KRG or Rg3 combined with other antiviral drugs, such
as HAART and valacyclovir, have shown more positive effects
against HIV and HSV infection, respectively, suggesting that Panax
species plants can be used as adjunctive antiviral therapeutic
agents or nutritional supplements to address serious problems
such as viral mutation and drug resistance.
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