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ABSTRACT

Traditional medicinal practices have used natural products such as adaptogens to treat inflammatory,
autoimmune, neurodegenerative, bacterial, and viral diseases since the early days of civilization. Panax
ginseng Myer is a common herb used in East Asian countries for millennia, especially in Korea, China, and
Japan. Numerous studies indicate that ginseng can modulate the immune system and thereby prevent
diseases. Although the human immune system comprises many different types of cells, multiple studies
suggest that each type of immune cell can be controlled or stimulated by ginseng or its derivatives.
Provisional lists of ginseng's potential for use against viruses, bacteria, and other microorganisms suggest
it may prove to be a valuable pharmaceutical resource, particularly if higher-quality evidence can be
found. Here, we reviewed the role of ginseng as an immune-modulating agent in attempt to provide a
valuable starting point for future studies on the herb and the human immune system.
© 2020 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

Adaptogens are a unique class of “nutraceuticals,” an alternative
term for biologically active, plant-derived substances that can sta-
bilize homeostasis and normalize metabolic functions. Several
plants exhibit adaptogenic activity due to their diverse chemical
compounds. The term “adaptogen” was introduced by Nikolay
Lazarev, a prominent Russian scientist in 1940, when he described
Schisandra chinensis (Turcz.) Bail [1] although it has recently been
used as a functional term by some health authorities. Scientific
studies have demonstrated that adaptogens exhibit neuro-
protective, immune-modulating, anxiolytic, anti-fatigue, and

central nervous system—stimulating activities, and they may be
able to optimize hormone production and help balance physio-
logical stress responses [2].

Ginseng is a noted adaptogenic herbs that has been utilized as a
herbal remedy in East Asian countries since its discovery in the
mountains of Manchuria, China, more than 5,000 years ago [3]. A
member of the Araliaceae family, ginseng comprises 8 to 13 species
of the Panax genus, including P. ginseng, all of which are usually
recognized as “Asian or Chinese ginseng.” P. notoginseng is known
as “Sanchi” and P. quinquefolius is commonly called “American
ginseng” [4]. The genus name Panax is orginated from “panacea”
meaning a cure for all diseases. This terminology is at least partially
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true for ginseng as it has exerted its effective roles in a wide range
of pharmacological uses [5]. P. ginseng Meyer, and Korean Red
Ginseng (KRG) in particular, have been associated with diverse ef-
fects such as improvement of immunity, memory, and blood cir-
culation, fatigue relief, antioxidation, and mitigation of menopausal
symptoms. It also reportedly protects against cancer; cardiac dis-
eases; inflammatory conditions; bacterial, viral or other microbial
diseases; and neurological disorders [6]. The active components in
KRG include ginsenosides, phenolic compounds, alkaloids, pep-
tides, polysaccharides, and polyacetylene. Consumption habits of
ginseng vary from culture to culture. In South Korea, its roots are
distributed in four varieties. China, South Korea, Canada, and the US
are the major producers of ginseng, and the global market is worth
over $2 billion (USD) [7].

Ginseng as a dietary supplement modulates the immune system
comprises of a complex network of different cells and proteins that
protects the body from infections and can be divided into innate
and acquired aspects (Fig. 1). Innate immunity is a first-line of de-
fense instrument that onset the battle against intruding pathogens
within four hours of exposure to an infectious agent [8]. Adaptive or
acquired immunity is a second-line defense response that occurs
days to weeks after exposure to microbial antigens. This mecha-
nism is characterized by specificity, immunological memory, and
self/non-self-recognition. The immune system is fundamental to
survival; without it, our bodies would be vulnerable to attack by
myriad pathogens [9]. However, different diseases or conditions
can weaken an immune system through two forms of immuno-
deficiency disorders. Primary immunodeficiency disorders can be
caused by genetic mutations and are usually present at birth, while
secondary disorders may result from chronic conditions such as
diabetes and cancer. Malnutrition or prolonged use of immuno-
suppressants can also weaken the immune system [10]. Natural
products can act as immune-stimulating agents, and a number of
phytochemicals that can enhance immune function, such as fla-
vonoids, terpenoids, lignans, polyphenolics, sulfides, and saponins,
have been identified, and some potent and natural antioxidant
compounds are considered promising treatments for chronic dis-
eases [11]. Natural dietary supplements are comparatively safe and
cost-effective compared with synthetic products, which are often
linked to side effects such as anemia, nausea, vomiting, and hair
loss [12]. Ginseng may have the capability to play a pivotal role as a
dietary supplement that enhances immunity, and numerous in vivo

and in vitro investigations have revealed the anticancer, anti-
diabetic antioxidant, or adaptogenic properties of ginseng.
Ginsenoside-Rb1 from P. ginseng, for example, can inhibit the
formulation of tumor necrosis factor-alpha (TNF-a) lipopolysac-
charide (LPS)-stimulated RAW264.7 macrophages [13]. The results
of a 2006 research by Shepherd et al regarding the immunomod-
ulatory effect of P. notoginseng extract in the case of cultured
macrophages (RAW264.7 cells) suggested the inhibiting capability
of the extract on LPS-induced TNF-a and interleukin (IL)-6 pro-
duction in a pattern depending on concentration [14]. Ginsan, a
polysaccharide extract of P. ginseng, has been exhibited multiple
immunomodulatory effects, and can inhibit p38 MAP kinase and
the nuclear factor-kappa B (NF-kB) pathway [15]. In addition, the
anti-inflammatory effects of ginsenosides make them beneficial to
treat the inflammatory diseases [16].

Thousands of studies enumerate the role of ginseng in different
diseases, and recent reports emphasize its role as an immune-
modulating agent. Numerous in vitro, in vivo and clinical studies
have elicited a role for ginseng in fostering immune system ho-
meostasis and promoting the counteractions to illness and micro-
bial invasions. In 1969, Israel Brekhman, the first pharmacologist
who mentioned the P. ginseng as an adaptogen based on its
nonspecific and tonic effects [17]. Since then, P. ginseng has
demonstrated substantial promise as an adaptogen that can
enhance physical performance and stress-resistance and mitigate
the effects of aging through immunomodulatory effects [ 18]. In this
article, we describe the prospective adaptogenic effects of P.
ginseng on immune system modulation.

2. Effect of ginseng on innate immunity

Innate immunity is the first line of defense in opposition to
various pathogens and antigens. It is a nonspecific defense mech-
anism mediated by a diverse set of receptors that belong to families
of various proteins such as pattern-recognition receptors that
directly detect a pathogen-associated molecular pattern (PAMP).
Other proteins such as complement receptors and Toll-like re-
ceptors detect the products of PAMP recognition [19]. Both physical
impediments (e.g., skin and the mucous membranes), and chemical
impediments (acid in stomach, phagocytes, natural killer cells, cy-
tokines, inflammatory chemicals, and bacteriolytic lysozymes in
tears and saliva) are involved in this immune system. The innate

Innate Immune System

- Common Pathway i y

Macrophage - »
Mast cell
Natural killer cell T cell
Natural killer cell CD4+T cell
Dendritic cell
4 Neutrophil
£
s 124
Basophil
8 T cell =X
B cell Antibodies
Eosinophil

Adaptive Immune System
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immune network becomes activated immediately or within a few
hours of the appearance of an antigen. Unlike the adaptive immune
system, which depends on T and B cells, the innate immune system
is mediated by both myeloid cells (macrophages, dendritic cells,
neutrophils, and eosinophils and lymphoid cells, such as natural
killer cells [20]. Several investigations have reported that extract
from ginseng or its components exhibit immunomodulation effects
on innate immunity (Tables S1, S2, and S3). However, despite the
different kinds of components linked to innate immunity, we kept
our discussion limited to the consequences of ginseng on the
components of cellular immune system.

2.1. Macrophages

Macrophages are immune cells that detect, engulf, and destroy
pathogens and apoptotic cells via monocytic differentiation as they
leave the blood. These cells are derived largely from yolk sac pro-
genitors and myeloid cells that originate as hematopoietic stem
cells in bone marrow [21]. These large phagocytic cells are found in
all tissues, possess a substantial potential for autonomous self-
renewal, and are considered important combatants in the innate
defense system. Several investigations have claimed that ginseng
extracts, ginsenosides, and the polysaccharides from it exhibit
immunomodulating effects on macrophages. An aqueous extract
from P. ginseng reportedly stimulated inducible nitric oxide, a
reactive nitrogen species used against pathogens and synthesized
in a dose-dependent manner in murine macrophages (RAW264.7
cells) [22]. Another study of the same cell line showed that wild
ginseng extract upregulated the production of nitrate oxide (NO)
cytokines, including IL-6, IL-1a, IL-1B, TNF-a¢, granulocyte-
macrophage colony-stimulating factor, and the chemokines, e.g.,
macrophage chemotactic protein-1 [23]. The acidic fraction of
polysaccharides from KRG reportedly increased phagocytic initia-
tives of the reticulo-endothelial system and antitumor effects
against the solid formation of sarcoma-180 in Institute of Cancer
Research (ICR) mice [24]. However, polysaccharides from ginseng
can also trigger the fabrication of NO by activating inducible NO
synthase (iNOS), and change cytokines level, such as IL-1, IL-6, and
TNF-o [25]. Oligosaccharides co-cultured with RAW264.7 and
B16F10 melanoma cells produced a similar result in a pattern
depending of doses by activating the JNK, ERK, p38, and NF-kB
pathways [26]. In addition, saponins or ginsenosides, signatory
compounds of ginseng, enhanced phagocytic actions modulating
macrophage activity. A ginsenoside derivative known as 20S-
dihydroprotopanaxadiol upregulated macrophage phagocytic ac-
tivity and increased sodium nitroprusside—derived radicals in
RAW264.7 cells, and co-stimulatory expression of CD80 and CD86
in U937 cells [27]. Ginsenoside Rg3, in vitro and in vivo in-
vestigations, increased Fcy receptor-mediated macrophage
phagocytosis by enhancing the ERK1/2 and p38 MAPK pathways
[28]. Another study found that ginsenosides Rg5 and Rk1 along
with ginsenoside Rg3 elevated macrophage phagocytosis via ERK/
c-Jun pathway, and raised NF-kB transcriptional activity, cytokine
production (IL-6 and TNF-a), and MHC class I and II expression in
RAW264.7 cells [29]. Again, ginsenoside Rg1 adjusted the macro-
phage responses by tuning the NF-kB and mTOR pathways. In that
study, ginsenoside Rg1 augmented TNF-o, but diminished IL-6 in
both LPS- activate mouse peritoneal macrophages and RAW 264.7
cells [30]. However, an in vitro investigation of cytokine using
mouse macrophages found that Asian ginseng may not be capable
to invigorating the immune functions. That study reported that,
while the herb increased IL-12 expression at both the levels of
mRNA and protein, it failed to change mRNA levels of IL-1 B, IL-15,
MIP-1a or TNF-a, significantly [31].

2.2. Dendritic cells

Dendritic cells (DCs) derived from common myeloid stem-cell
progenitors process antigen materials to present antigenic pep-
tides to T cells in the messenger-like activity that resembles ele-
ments to both innate as well as adaptive immune responses among
the mammals. After activation, DCs move to the lymph nodes,
where they can communicate with naive T lymphocytes to trigger
more tailored immune responses against pathogens. They also
make the T cells tolerizeable to antigens that innate to the body and
thereby minimize autoimmune responses. Red ginseng extract
(RGE) in an in vitro study enhanced the activity of surface co-
stimulatory molecules, including CD80, CD40, and CD86, and ma-
jor histocompatibility complex (MHC) class II, on DCs (BMDCs)
originated from bone marrow, promoted the proliferation of allo-
geneic T cells, syngeneic CD4+ T cells and CD8+ T cells, and
increased the IL-2 and IFN-y generation [32].

Polysaccharides from ginseng also tend to show homogenous
outcomes in in vitro studies. Ginsan-, glucopyranoside-, and
fructofuranoside-containing polysaccharides enhance BMDC
maturation, upregulating the production of markers such as CD86
and MHC class I, and the IL-12 and TNF-« fabrication [33]. Similarly,
acidic polysaccharides (>99% purity) elevate the proliferation of
BMDCs proliferation at 200 pg/mL, morphologically promote dif-
ferentiation to DCs, and reduce phagocytosis by promoting differ-
entiation. They also increase the expression of CD40, CD86, CD83,
CD80, IL-12p70, TNF-0, and MHC class II [34]. Ginsenosides, the
principal effective components of ginseng, also have immuno-
modulatory consequences on DCs. In an in vitro study in which
CD14-+ monocytes cleansed from peripheral blood mononuclear
cells (PBMCs) of adult human treated with saponin from ginseng
roots enhanced the TNF-a, IL-6, IL-10 fabrication, and inhibited
both the production of TNF- « in LPS- sensitized monocytes and
ERK1/2 as well as JNK activity, although it had no effect on IL-1
levels [35]. Saponins also reportedly reduce DC maturation
markers, and the treatment of human PBMCs with saponin fol-
lowed by oxidized low-density lipoprotein can reduce the release of
cytokines such as TNF-o. and IL-12, as well as the maturation
markers CD40, CD86, CD1a, and HLA-DR [34]. In another in vitro
study, flower leaf—derived floralginsenoside Kc, floralginsenoside ],
and ginsenoside | showed suppressive consequences on the pro-
duction of LPS-actuated IL-12, and floralginsenoside Kc also
downregulated the production LPS-enliven IL-6 and TNF-« [36]. In
addition, ginsenosides Rg6 and F4 obtained from flowers and leaves
of steamed ginseng downregulated the production of IL-12 p20 in
dendritic cells sourced from bone marrow [37].

2.3. Natural killer cells

Natural killer (NK) cells are key combatants in the innate im-
mune system and a type of lymphocyte in circulation that can
identify cells that are neoplastic and infected with virus as like non-
self-elements through their recognition of MHC class I self-antigens
[38]. NK cells constitute 5—20% of circulating lymphocytes in cells
derived from bone marrow, as well as secondary lymphoid tissues
from the spleen, tonsils, and the lymph nodes. Subsets of these cells
express the upregulating Fc receptor, CD16, and most express CD56
in humans. Although NK cells resemble cytolytic functions of CD8+
cytotoxic T lymphocytes; but in contrary, these cells are “naturally”
cytotoxic, and do not need previous antigen exposure to induce
anti-tumor effects [39]. However, the oral administration of KRG for
two months stimulated NK cells activity and improved the lipid
profiles and impeded the steatohepatitis disease in Otsuka Long-
Evans Tokushima Fatty rats [40]. Daily dietary intake of CVT-E002
(ginseng extract) for four weeks augmented the number of NK
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cells in C3H juvenile (four-week-old) mice [41]. An in vitro study
using PBMCs from normal individuals and patients having acquired
immunodeficiency syndrome (AIDS) or chronic fatigue syndrome
reported that the NK cell activity was ameliorated in normal,
fatigued, and AIDS patients [42]. Several clinical studies have also
claimed that aqueous extract obtained from ginseng can enhance
NK cell activity. For example, a clinical trial involving 20 healthy
individuals found that daily oral intake of 1,000 mg of a ginseng
water extract for two weeks increased the cytotoxicity of NK cells
[32].

3. Role of ginseng on adaptive immunity

Adaptive, or acquired, immunity is a defense system that pro-
vides a more tailored repository of remembrance for both self-
antigens and extraneous antigens. This response system evolved
from immunologic memory and involves strictly modulated
communication among antigen-presenting cells and lymphocytes.
The signature combatants of lymphocytes are B and T cells that are
continuously produced from precursor stem cells located in the
thymus and bone marrow. The B lymphocytes and the antibodies
secreted from them collectively form the responses of humoral
immune complex while T lymphocytes are portion of the responses
derived from cell-mediated immune complex. These two cell types
are usually produced concurrently, and responses often take place
synergistically. The following section discusses the effects of
ginseng and its compounds on both humoral as well as cell-
mediated reactions of the acquired immune system (Tables S4
and S5).

3.1. Humoral immune response

The humoral immune response involves antibody-mediated
activation of B cells and antibodies produced by plasma cells. This
line of defense shields the host from invading pathogens through
phagocytosis, neutralization of infectivity, or toxic effects, and by
upregulating complementary activities [38]. Five classes of anti-
bodies, including immunoglobin (Ig) A, IgD, IgE, IgG, and IgM, are
derived from B cells. Alteration of the antibodies, or the organs from
which they are produced, affects the humoral immune reactions
and the interconnected defense system of the body. Several in vitro
as well as in vivo studies and clinical trials have evaluated the ef-
fects of ginseng and its compounds on humoral immune responses.
When ginseng radix from ginseng root extract was dispensed orally
to male BALB/c mice for five consecutive days, serum IgG levels
decreased while IgA levels increased and IgM levels remained
same. In this dose-dependent study, IL-10 and T-helper 1 (Th1)-
type cytokines (IL-2 and IFN-vy) secreted by regulatory T cells type 1
increased when Con A was stimulated in the spleen cells of mice
treated with ginseng, but levels of IL-4 (Th2-type cytokine) were
unchanged, and the activity of NK cell and the CD4+/CD3, CD8-+/
CD3 cells were reduced in the ginseng group [43]. When the extract
was administered in the same way in the same type of mice for 30
consecutive days, spleen cells decreased IgG and IgA production,
but mice medicated with ginseng and OVA immunization showed
no effect on IgG production in spleen cells. Besides, the secretion of
IL-2, IL-4, and IFN-y was suppressed whereas the production of IL-
10 remained the same in both ovalbumin-immunized and ginseng-
medicated mice compared with a control group [43]. In the case of
intraperitoneal injection for three consecutive days, an ethanol
extract with a concentration of 50% obtained from ginseng upre-
gulated IgM, IgG, and IgA, but reduced IgA at high doses in mice
spleens by enhancing synthesis of Th1-type (IL-2 and IFN-y) as well
as Th2-type (IL-4, IL-10) cytokine [44]. The signature compounds of
this herb, ginsenosides, can affect B-cell proliferation and antibody

production. In a mouse model study, the ginsenosides Rg1 and Rg3
increased IgA production compared with LPS alone but had no ef-
fect on IgM, IgG1, and IgG2b, with B cells differentiating into cells
producing IgA through germline transcript-o. expression [45].

3.2. Cell-mediated immune response

Naive T lymphocytes trigger the cell-mediated immune
response to fabricate effector T cells after encountering antigens
specific for that particular T cell. The cells that present antigens to
the innate immune complex communicate with helper T cells to roll
out this response, which detects and annihilates viruses, bacteria,
and cancer cells. Although the protective mechanism is not char-
acterized primarily by antibodies, it has a vital role in antibody
synthesis and delayed-type hypersensitivity [46]. However, studies
have found that ginseng and its compounds exhibit modulatory
effects on the cell-mediated immune response. KRG reportedly
induced immunosuppressive regulation in mice by promoting IFN-
Y + CD4 + T cells, IFN-y T-cell (reg) production, but did not influ-
ence the production of IL-4, IL-4+, and CD4+ cells [47]. Ginseng
extract can also stimulate a cellular immune response by enhancing
antibody production according to cytotoxicity. Ginseng root water
extract administered to mice for six days increased IgM and IgG
production capacity against sheep red blood cells [48]. Ginseno-
sides isolated from KRG can increase the secretion of T-cell growth
factor regulator IL-2 in phorbol 12-myristate 13-acetate (PMA)/
ionomycin (lo)-actuated EL-4 T cells in a dose-dependent manner
[49]. Dammarane triterpene 27-demethyl-(E,E)-20(22),23-dien-
3B,64,12B-trihydroxydammar-25 -one extracted from P. ginseng
leaves had a similar effect in case of cellular immune reactions
in vitro, and decreased the expression of IL-4 as well as IL-6 at
100 ng/mL on ConA-enliven splenocytes [50]. Ginsenosides Rc as
well as Rd also stimulated the cellular immune reactions by pro-
moting T-cell proliferation along with slightly increasing NK cell
activity. These two saponins also suppressed the multidrug resis-
tance efflux pump [51]. Ginsenoside Rg1 increased CD-+4 T-cell
proliferation and also the expression of IL.-4 mRNA in an in vitro
study, but diminished IFN-y mRNA expression. Besides, this
saponin induced the conversion of a Th1 pattern to a Th2 pattern
immune response [52]. Oligopeptides from ginseng administered
intragastrically to mice for 30 days also stimulated the augmenta-
tion of Th as well as T cells, secretion of IL-2, IL-12, and IL-6, and the
production of IgG1, IgG2b, and IgA [53]. However, multiple studies
confirm that P. ginseng exhibits immunomodulating consequences
on innate as well as adaptive immunity, indicating adaptogenic
behavior.

4. Antibacterial effects of ginseng

Antibiotics are primarily used to treat and prevent bacterial
infections. Unfortunately, antibiotic resistance is spreading in
different parts of the world and has become a major public health
threat. Antibiotic resistance can occur naturally, but overuse of
antibiotics is accelerating the process. A novel antimicrobial agent,
especially from a herbal source, may present opportunities to
address this problem, and numerous studies (Tables S6) have
revealed that ginseng extract or its components possess bacteri-
cidal properties. Helicobacter pylori is a Gram-negative bacterium
that infects 50% of the world's population. KRG extract has
exhibited a protective effect against this bacteria by reducing
cytotoxicity and DNA mutagenesis induced by H. pylori, and can
reduce proinflammatory activity in gastric mucosal cells [54]. Ba-
cillus cereus is a Gram-positive, spore-forming, facultative anaerobe
bacterium that expresses several virulence factors as emetic toxins
and enterotoxins. Ginseng treatment reportedly has a beneficial
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effect against B. cereus [55]. Na et al demonstrated that extract
yields in the form of ginsenosides exhibit impeding consequences
against B. cereus and Staphylococcus aureus, with methanol extracts
obtained from heated ginseng showing more antimicrobial activity
than the ethanol extracts [56]. Pseudomonas aeruginosa is a rod-
shaped, Gram-negative bacterium that causes infections in the
lungs (pneumonia), the blood, and other parts of the body after
surgery. This bacterium uses a cell-to-cell communication network
recognized as quorum sensing during the infectious process and N-
acylated homoserine lactone as a signal molecule. Another study
revealed that ginseng treatment permitted animals transmitted
with P. aeruginosa pneumonia to successfully remove bacterial in-
fections [57]. Another study suggested that ginseng application can
help to exterminate biofilm-linked chronic infections caused by
P. aeruginosa [58]. A gram-positive bacterium named S. aureus that
colonizes the skin, respiratory tract, and bloodstream, can trigger
different clinical infections. Ginsan, a polysaccharide from
P. ginseng that induces NO production and shows promising
phagocytic activity, can stimulate macrophages to enhance anti-
septicemic activity. Ginsan treatment can also increase proin-
flammatory cytokine production in the murine fibroblast cell line
1929 [59]. Sung et al reported that a combination of KRG saponins
with kanamycin and cefotaxime produced a synergistic action
against methicillin-resistant S. aureus [60]. Listeria monocytogenes
is a small, rod-shaped, Gram-positive, facultatively anaerobic bac-
terium that induces listeriosis (). One study suggested that all
ginseng extracts inhibit the growth of B. cereus, Salmonella enter-
itidis, Escherichia coli, and L. monocytogenes. However, among the
bacteria, B. cereuses was the most sensitive to ginseng extract by
subcritical water extraction at 190°C, suffering disrupted cell
membranes [61]. Streptococcus pneumoniae (pneumococcus) is a
Gram-positive bacterium that can induce community-acquired
pneumonia. A study of pneumococcal sepsis showed that mice
pre-treated with KRG (100 mg/kg) had significantly higher survival
rates and body weights compared with non-treated controls. KRG
pre-treatment also subdued Toll-like receptor (TLR) 4 and TNF-a
expression in RAW 264.7 macrophage cells and enhanced cell
survival using the signaling pathway of phosphoinositide 3-kinase
(PI3K)/AKT [62]. Porphyromonas gingivalis is a Gram-negative, rod-
shaped bacterium that causes periodontal diseases and colonizes
the gastrointestinal and respiratory tracts and the colon. One study
revealed that heat-transformed saponins can easily disrupt cell
integrity and display potential antibacterial activity against
P. gingivalis [63].

5. Anti-viral effect of ginseng

Viruses are submicroscopic infectious parasites that can repli-
cate only in living cells of animals, plants, fungi, or bacteria. They
are composed of genetic material (DNA or RNA) enclosed in a
protein coat and can cause organ-specific infectious diseases such
as the common cold, influenza, diarrhea, and hepatitis, as well as
autoimmune diseases, cancer, and immunodeficiency. Recent and
rapid epidemics of viral diseases around the world pose serious
threats to public health. As a result, new resources are being
directed to the development of vaccines to prevent infection, anti-
viral drugs to treat infection, and diagnostic products. However,
many vaccines that control viruses have yet to be approved, and
few viruses can be controlled by antiviral drugs. Herbal medicines
are considered novel antiviral alternatives [64]. Ginseng extract
may be an effective modulator for both natural and acquired im-
munity regarding viral infection. Influenza virus is the most com-
mon human respiratory pathogen, causing both seasonal, endemic
infections and periodic, unpredictable pandemics. Several in vitro
and in vivo studies have demonstrated the antiviral effects of

ginseng on influenza infection (Tables S7). Kang et al from Georgia
State University reported that KRG extract treatment can improve
the viability of human alveolar epithelial A549 cells upon H1N1
infection and decrease virus-induced cytokine secretion and reac-
tive oxygen species formation [65]. Park et al used mouse and ferret
models to support the use of ginseng as a dietary tool to enhance
immunity against the H5N1 influenza virus through interferon
(IFN)-alpha and -gamma (IFN-¢. and IFN-y) [66]. Moreover, KRG
extracts also act as mucosal adjuvants against influenza virus A/PR8
during viral infection [67]. Human immunodeficiency virus (HIV)
destroys and impairs the function of immune cells. An HIV-positive
patient is diagnosed with AIDS when CD4-+ cell counts fall < 200
cells/mm?®. Negative factor (nef) is a virulence factor that secures T-
cell activation and the establishment of a persistent state of infec-
tion early in the HIV life cycle. A few studies have reported that KRG
can increase the frequency of gross deletion in the nef gene, and as
a result it can delay the progression in HIV-1 patients (Table S7).
Other clinical studies have revealed a role for KRG in HIV patients
(Table S7). For an example, Young-Keol Cho and his team reported
that KRG intake of 4,082 4 3,928 g over 111.9 + 31.3 months can
decrease CD4 T-cell counts, significantly slowing the depletion of
CD4 T cells irrespective of HLA class [ [68]. Cho et al.'s study of 252
patients with a diagnosis of HIV-1 between 1986 and 2013 analyzed
survival duration of those who did and did not consume KRG. In 162
patients treated with 3,947 44,943 g of KRG for 86 + 63 months, a
significant correlation was seen between KRG amount and survival
duration. Annual CD4+ T-cell counts decreased significantly more
slowly in the KRG treatment group compared with the control
group (48 + 40 change in cells/pL vs. 106 + 162 change in cells/uL;
p < 0.001, respectively). Moreover, survival duration was signifi-
cantly longer in the KRG group compared with the non-KRG group
(101 £ 64 months vs. 59 + 40 months; p < 0.01, respectively) [68]. It
has been reported that ginsenosides Rh1 and Rb1 and compound K
can inhibit the cytoprotective effects that lead to long-term survival
[69]. Hepatitis B virus (HBV) is a double-stranded DNA virus that
infects over 300 million individuals per annum globally and is a
common reason for liver disease as well as liver cancer. Ginsenoside
Rg3 can significantly inhibit the secretion of HBsAg, HBeAg, and
viral particles in HBV-infected HepG2.2.15 cells [70]. Respiratory
syncytial virus (RSV) is a negative single-stranded RNA virus in the
Paramyxoviridae family. It is a major cause of severe respiratory
disease and lung inflammation (pneumonia) in infants. KRG ex-
tracts reportedly protected human epithelial cells from RSV-
induced cell death and viral replication, and an RSV-infected mice
model showed that the treatment with RGE ameliorated viral
clearance from lungs, improved IFN-y synthesis production, and
increased CD8+ T cells and CD11c + DCs [71]. Ginsenosides Re, Rf,
and Rg2 showed significant antiviral activities against rhinovirus
and coxsachievirus, Rg2 showed anti-enterovirus activity. More-
over, KRG, and ginsenosides Rb1 and Rg1 reduced feline calicivirus
and murine norovirus titer (Table S7).

6. Antifungal effects of ginseng

Skin, nail, and hair are usually infected with fungi, over 150
million people around the world experiencing serious cases, and
this infection can be fatal [72]. Most of the fungal infections are
caused by yeasts or dermatophytes, such as Epidermophyton,
Microsporum, and Trichophyton. However, the opportunistic fungal
organism Candida albicans can cause disease during immunosup-
pressive conditions. Multiple investigations have described the
consequences of ginseng or ginseng derivatives usage in case of
fungal infections. For example, a study by Linda A. Toth on
C. albicans infection found that ginseng extract did not significantly
change overall morbidity or mortality, but significantly reduced
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concentrations of some inflammatory cytokines in the kidney and/
or serum [73]. Another study, conducted by Sung and Lee, showed
that 100 mg/mL doses of ginsenosides had positive impacts on
C. albicans infection, compared with a positive control of ampho-
tericin B at a concentration of 2.5 mg/mL [74]. Sung et al described
the fungicidal effect of ginseng, with ginsenosides showing anti-
fungal activity by disrupting cell membranes [74]. P. ginseng and its
various constituents showed significant pharmacological and
therapeutic effects against viruses, bacteria or other microorgan-
isms, indicating its potential adaptogenic behavior.

7. Anticancer effect of ginseng

Medicinal herbs and the phytocompounds originated from them
are considered as beneficial complementary treatments for cancer,
the leading cause of death around the globe. Studies have revealed
that ginseng and its extracts, such as compound K and ginsenosides
Rh1, F2, Rg3, and Rp1, have anticancer properties (Table S8). KRG
can reportedly repress the viability of RMA cells in a dose-
dependent pattern and can suppress inflammatory cytokines fac-
tors such as IL-4 and IL-5 [75]. Liu et al reported that the ginse-
noside 20(R)-Rg3 can significantly inhibit cancer continuance in
ovarian cancer cells by diminishing the expression of hypoxia-
inducible factor-1a. [76]. In addition, ginsenoside Rd can down-
regulate expression of iNOS, COX-2, and NF-kB and suppress the
phosphorylation of extracellular signal-regulated kinase and, in
liver cancer, ginsenosides Rd and Rh2 can inhibit tumor migration
and metastasis [77]. Boo et al, who evaluated the effect of KRG
extract on immune modulation in a clinical setting, measured
circulating IL-2, IL-8, and IL-10 as immune modulators in curative-
surgery patients with advanced colon cancer. Their results showed
that ginseng extract had an immunomodulatory effect in all three
cases [78]. In addition, the study showed that ginsenosides Rg3,
Rg5, and Rk1 can significantly suppress human prostate cancer cells
both in case of in vitro and in vivo by provoking apoptotic cell death
and autophagy [66]. Ginseng administered long-term may decrease
the incidence of cancer [64], as suggested in a report by Yun et al on
stomach and lung cancers [79]. Despite these encouraging reports,
more research is required to evaluate the mechanism responsible
for ginseng's anti-cancer affects.

8. Effect of ginseng on autoimmune disease

Autoimmunity refers to the deregulated process of immune-
response pathogens and others factors that stimulate chronic in-
flammatory responses upregulating Th1 and Th17, TNF-« and the
generation of IL-17, IL-22, IFN-vy, and IL-21, which initiate inflam-
mation, producing antibodies, and leading to tissue injury [79].
However, in case of multiple sclerosis and other diseases related to
chronic inflammation, oral- or vehicle-administered aqueous
extract of North American ginseng decreased the clinical symptom
of autoimmune encephalomyelitis, circulating TNF-a levels, iNOS
levels in the central nervous system, and demyelination scores in
C57BL/6] mice immunized with the MOG(35—55) peptide [80]. In
mice with autoimmune encephalomyelitis (EAE), KRG and ginse-
nosides Rb1 and Rg1 ameliorated the condition by impeding Th1
and Th17 cells and activating regulatory T cells in mice [81]. KRG
extract alleviated rheumatoid arthritis in mice with collagen-
induced arthritis by regulating Th17 and promoting T-reg cells
reciprocally by suppressing STAT3 phosphorylation [82]. Ginseno-
sides Rb1, Rh1, Rg1, and Rg3 downregulated the humoral immunity
related to systemic lupus erythematosus blocking B-cell secretion
and proliferation. Highly pruritic chronic inflammatory disease
named atopic dermatitis (AD), elevates serum IgE levels, and
markedly increases levels of inflammatory cells [83]. The equipoise

of Th1 and Th2 is crucial regarding the pathogenesis of AD from an
immunological perspective, and controlling the delicate equilib-
rium among Th1, Th2, and Th17/22 and T-reg cells is crucial to the
control of AD. Cho et al suggested KRG can serve preventive as well
as therapeutic functions through modulating the immune network
at the early stages of AD. Oral KRG has been shown to obstruct the
progression of the cutaneous inflammation in an AD animal model
by hindering the DCs, thymic stromal lymphopoietin, and Th2 cy-
tokines [83].

9. Ginseng as an adjuvant

Adjuvants refer to agents or components with little or no anti-
genic effects or characteristics beyond enhancing the immunoge-
nicity of a medication or vaccine blended with it. It can also
decrease the dose needed to achieve protection [84]. Contemporary
studies have reported that adjuvants can upregulate or mature
antigen-presenting cells, improve their antigen-uptake capacity,
set off the synthesis of cytokines, turn on the inflammasomes,
enhance the biological half-life of vaccines, and promote local
inflammation and cellular recruitment. However, the selection of
adjuvant depends upon the parity of its efficacy and the side-
effects. Oral administration of KRG extract mixed with anionic
macromolecules extracted from codium fragile activated the
expression of COX-2, iNOS, and TLR-4, as well as IL-1, IL-6, TNF-a,
and IFN-y in peritoneal macrophage cells of immune-suppressed
mice at greater rates than observed with a ginseng-treated group
[85]. With vitamin C, KRG upregulated NK and T cells, and sup-
pressed the lytic cycle of virus, decreasing lung inflammation due to
H1NT1 infection [86]. As an adjuvant, Berry extract of ginseng pro-
moted bone marrow—derived DCs and Th1 and Tc1 cells, and
upregulated CD86, MHC class I and II, and the synthesis of IL-6, IL-
12, and TNF-a in spleen DCs [87]. However, saponins of ginseng
(ginsenosides) also exhibit immunomodulatory effects as an adju-
vant. As a vaccine adjuvant, orally applied ginseng leaf-stem sa-
ponins (GSLS) with live infectious bursal disease vaccine in chicken
enhanced both humoral and gut mucosal immune responses [88].
With selenium, the GLSL provoked IgB-specific serum antibody
responses (IgG, IgG1, and IgG2a) and promoted lymphocyte pro-
liferation and cytolytic activity of NK cells, along with the produc-
tion of cytokines (IFN-vy, IL-12, IL-5, and IL-10) by splenocytes in
mice against pseudorabies virus [89]. In case of foot-and-mouth
disease, GLSL as a vaccine supplement with a mixture of an oil-
induced higher IgG titer, and IFN-y (Th1 cytokine) and IL-5 (Th2
cytokine) levels produced by splenocytes that were subcutaneously
injected into immunized mice [90]. The orally administered GLSL
increased IgA + cells and intestinal intraepithelial lymphocytes in
chickens were vaccinated with live Newcastle disease [91]. The
ginsenoside Rg1 stimulated humoral and cellular responses against
Toxoplasmosis gondii in ICR mice subcutaneously immunized with
T. gondii recombinant surface antigen 1 [92]. As a vaccine adjuvant,
ginsenoside Rg1 triggered IgG, splenocyte proliferation, and mRNA
expression of cytokines IL-4, IL-10, IL-12, and IFN-vy, and tran-
scription factors GATA-3 and T-bet by splenocytes in C3H/HeB mice
[93]. In BALB/c mice, ginsenoside Rg1 as an adjuvant to subcu-
taneous immunization increased both Th1 (IgG1 and IL-5) and Th2
(IgG2a, IFN-y, and DTH) responses [94]. Ginsenoside Rd also
showed similar adjuvant activities in ovalbumin-immunized mice
by controlling the fabrication and the gene expression related to
Th1 and Th2 cytokines [95]. In ICR mice subcutaneously immunized
with inactivated H3N2 influenza virus antigen, ginsenoside Re
increased serum-specific IgG, IgG1, IgG2a, and IgG2b responses,
IFN-y and IL-5 secretions, and lymphocytes [96]. For a DC—based
vaccine, one study showed that M4 can be used as an adjuvant in
immunotherapy [97]. The ginsenosides Rg1, Re, Rg2, Rg3, and Rb1
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enhanced splenocyte proliferative responses and the production of
both IL-5 and IFN-y in mice subcutaneously immunized with
ovalbumin [98]. Ovalbumin co-administered with ginsomes (gin-
senoside Rb1, Rb2, Rc, and Rd—based nanoparticles) enhanced the
levels of IgG1, IgG2a, IgG2b, and IgG3, and T- and B-lymphocyte
proliferation in ICR mice [99]. Polysaccharides from ginseng also
enhanced humoral and cellular immune reactions by increasing
ovalbumin-specific Th1 (IL-2, IFN-y, and GM-CSF), and Th2 (IL-10)
cytokines [100].

10. Conclusion

Ginseng has opened new avenues in boosting immunity and
treating immunity-related disorders. Among all herbal supple-
ments, ginseng is the most widely studied, demonstrating prom-
ising beneficial effects with lower toxic effects and potential
adaptogenic effects on the immune system. However, most
immunomodulatory studies are limited to in vitro or animal
models, and few have examined the impact of ginseng in clinical
settings. Ginseng has been shown to enhance host immunity both
actively and passively, and possible uses as a vaccine adjuvant
against different infections, autoimmune conditions, and bacterial
or viral diseases, have been proposed. This review describes the
potential roles of ginseng in immunomodulatory therapy and
provides a foundation for further research of the potential role of
P. ginseng in treating immunity and immunodeficiency disorders.
Ginseng appears to be a promising immunomodulatory agent, and
resources should be devoted to studying the impact of ginseng on
the human immune system.

11. Future perspectives

This review epitomizes the available data about the adaptogenic
promises of P. ginseng with respect to the immune system. It is a
need to evaluate mechanistic approaches to confirm the role of
P. ginseng's adaptogenic properties on the human immune system.
Future clinical and pre-clinical studies should evaluate the immu-
nomodulatory effects of ginseng.
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