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Ginseng has been traditionally used for several millennia in Asian countries, including Korea, China, and
Japan, not only as a nourishing and tonifying agent but also as a therapeutic agent for a variety of dis-
eases. In recent years, the various effects of red ginseng including immunity improvement, fatigue relief,
memory improvement, blood circulation improvement, antioxidation, mitigation of menopausal
women’s symptoms, and anticancer an effect have been reported in clinical as well as basic research.
Around the world, there is a trend of the rising consumption of health functional foods on the level of
disease prevention along with increased interest in maintaining health because of population aging and
the awareness of lifestyle diseases and chronic diseases. Red ginseng occupies an important position as a
health functional food. But till now, international ginseng monographs including those of the World
Health Organization have been based on data on white ginseng and have mentioned red ginseng only
partly. Therefore, the red ginseng monograph is needed for component of red ginseng, functionality
certified as a health functional food in the Korea Food and Drug Administration, major efficacy, action
mechanism, and safety. The present red ginseng monograph will contribute to providing accurate in-

formation on red ginseng to agencies, businesses, and consumers both in South Korea and abroad.
© 2018 The Korean Society of Ginseng, Published by Elsevier Korea LLC. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Overview

Ginseng has been traditionally used for several millennia in Asian
countries, including Korea, China, and Japan, not only as a nourishing
and tonifying agent but also as a therapeutic agent for a variety of
diseases including immune diseases, liver diseases, and cancer. Many
researchers have scientifically proven its diverse effects through
invitro studies, animal experiment models, and clinical research. The
efficacy of ginseng has been described as an adaptogen (substances
that enhance the “state of nonspecific resistance” in stress) activity
that maintains homeostasis by normalizing the overall function of
the body by nonspecifically increasing the body’s resistance to
external stress [1—3]. Ginseng is a plant in the family Araliaceae and
the genus Panax, with the scientific name of Panax ginseng Meyer. As a
perennial, it is a neutral plant. “Raw ginseng” refers to freshly har-
vested ginseng. Red ginseng is manufactured by steaming the fresh
ginseng without peeling the roots and then drying [4]. As for red
ginseng, the types and content of ginsenosides, which are the unique
components of ginseng, change during the process through which
raw ginseng is steamed with vapor and dried. Polysaccharides, which
take up the largest share among constituent components of ginseng,

likewise change physically and chemically, and the gelatinization of
starch makes long-term storage possible [5—7]. The functions of red
ginseng as a health functional food have been certified with the
enforcement of the Korean Health Functional Foods Act in 2004. Red
ginseng powder and red ginseng extract rank first as health func-
tional food materials. Claims for the immunity improvement, fatigue
relief, blood circulation improvement (by preventing blood platelet
aggregation), memory improvement, antioxidation, and improve-
ment of menopausal women’s symptoms functions of Korean red
ginseng (KRG) have been approved by the Korean Food and Drug
Administration (KFDA) [4]. Around the world, there is a trend of the
rising consumption of health functional foods on the level of disease
prevention along with increased interest in maintaining health
because of population aging and the awareness of lifestyle diseases
and chronic diseases. Red ginseng occupies an important position as
a health functional food. But till now, international ginseng mono-
graphs including those of the World Health Organization (WHO)
have been based on data on white ginseng and have mentioned red
ginseng only partly [8—11]. Therefore, the red ginseng monograph is
needed for component of red ginseng, functionality certified as a
health functional food in KFDA, major efficacy, action mechanism,
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and safety. The present red ginseng monograph will contribute to
providing accurate information on red ginseng to agencies, busi-
nesses, and consumers both in South Korea and abroad.

2. Characteristics and standards/specifications
2.1. Originating plant

The scientific name of ginseng is Panax ginseng C. A. Meyer. A
compound of the Greek words pan (“all”) and axos (“cure”) in ety-
mology, Panax means “curing all diseases”. “Ginseng” is understood
as a name given because the roots of the plant resemble the human
figure. The most widely used ginseng species worldwide are Korean
ginseng (Panax ginseng), which is native to the Korean Peninsula and
northern China, and American ginseng (Panax quinquefolius), which
is native to the United States and Canada. In general, only Panax
ginseng C. A. Meyer is called “Korean ginseng” or “ginseng.” Korean
ginseng and American ginseng are plants of disparate species that
differ in ginsenoside content patterns, and American ginseng does
not contain ginsenoside Rf [5,12]. Generally, ginseng roots aged 4
years or above are used for red ginseng because that is the historical
usage. Studies have reported differences in the content and biolog-
ical activity of ginsenosides according to the age of ginseng [13,14].

2.2. Ginseng roots used as raw materials should conform to the
“Ginseng Industrial Act” and should be aged more than 4 years

The dried ginseng seedlings, ginseng seedlings, dried ginseng
skin, and ginseng cake cannot be used.

2.3. Crude drug names and common names

Crude drug name is ginseng radix rubra. Common names are “red
ginseng,” “Korean Red Ginseng” (refers to a South Korean product
produced from ginseng cultivated in the country through tradi-
tional methods), “hongsam,” and “hongshen”.

2.4. History of red ginseng production

There are records of red ginseng production in Korea from
approximately a millennium ago, and red ginseng is presumed to
have actually been produced from even earlier times. Red ginseng is
widely known in Asia as a specialty produced for the first time
worldwide in Korea by processing ginseng. As for documentary
appearance of the term “red ginseng,” it is mentioned in the vol-
umes of the Annals of the Joseon Dynasty (Joseon Wangjo Sillok) from
the reign of King Jeongjo (1776—1800). The document describing
the process of producing red ginseng through steaming is the
Illustrated Record of the Chinese Embassy to Goryeo in the Xuanhe Era
(Xuanhe Fengshi Gaoli Tujing), which was penned by Chinese envoy
Xu Jing (Song Dynasty; 1091—1153) during the Goryeo Dynasty
after a visit to this Korean kingdom [15]. The record describing red
ginseng production methods in greater detail is the Collection of
Writings by Master Sohodang (Sohodangjip), written by Gim Taeg-
yeong (Joseon Dynasty; 1850—1927). Here, the author states that
red ginseng is produced by washing, steaming, spreading out on
bamboo colanders, and drying, with either the force of fire (the hot
force that can be felt from fire) or sunlight, raw ginseng roots aged 6
years or above. As far in modern documents, the Handbook to
Ginseng Management in the Empire of Korea (Han'guk Samjeong
Yoram) records, raw ginseng aged 6 years or above is classified by
size, directly steamed with vapor for 50—90 minutes according to
the size, sufficiently dried in drying rooms, and dried in sunlight for
4—5 days [15]. Ginseng turns red as it undergoes these steaming
and drying processes, thus leading it to be called “red ginseng.” The

period 1908—1996 saw a state monopoly system in which ginseng
was cultivated, and red ginseng was produced and sold under the
government’s strict management. Current red ginseng production
techniques have been developed by modernizing and standardizing
traditionally used red ginseng production methods.

2.5. Production methods

The red ginseng manufacturing process was registered with the
International Organization for Standardization (ISO) and interna-
tionally certified in April 2017 (ISO 19610). Raw ginseng aged 4—6
years is classified according to the thickness of the taproots,
washed, and cooked with vapor at 90—100°C for at least 80—100
minutes. Ginseng is then dried with hot wind at 45—55°C until the
moisture content is 15.5% or below. Subsequently, it is dried in
sunlight. After undergoing this manufacturing process, red ginseng
takes on a light red to dark brown color.

2.6. Packaging

Red ginseng is classified into different grades according to its
size, shape, and tissue compactness. It is then vacuum-packed and
can-packed. Can-packing makes possible storage for over 10 years.

2.7. Characteristics

While raw ginseng contains 70% moisture, red ginseng contains
15.5% or below of moisture and has a light red to dark brown color.
In the course of the steaming process, ginseng starch is gelatinized,
causing an increase in tissue compactness in main roots to lateral
roots. Red ginsengs are graded into Chun-sam, Ji-sam, and Yang-
sam according to their firmness of rhizome, proportion of tap-
roots to lateral roots, colors, characteristics of body tissues, etc. Red
ginseng powder is obtained by pulverizing red ginseng. Red
ginseng extract is produced by extracting and concentrating
ginseng with water or ethyl alcohol. In the case of red ginseng water
extract (red ginseng extract produced by Korea Ginseng Corpora-
tion), 75% of red ginseng taproots and 25% of rootlets and fine roots
are mixed, repeatedly extracted at 85°C for 12 hours with water
measuring 10—13 times the amount of ginseng, cooled, and
centrifuged to eliminate insoluble materials [15]. This extract is
concentrated at 50—60°C until 70—73°Brix are reached. Red
ginseng water extract is a blackish brown viscous liquid with
approximately 36% moisture, pH of 4.6 or below, and 70—72°Brix,
with water-insoluble materials amounting to 2% or below.

2.8. Standards/specifications

The marker components of red ginseng are managed in terms of
combinations of ginsenosides Rb1, Rg1, and Rg3, and red ginseng
must contain 2.5—34 mg/g of these components.

2.9. Hazardous material specifications

Lead should be 5 pg/g or below, arsenic should be 2.0 ug/g or
below, cadmium should be 0.3 pg/g or below, and mercury should
be 0.2 pg/g or below. The number of bacteria should be 3,000 or
below per 1 ml (in the case of red ginseng extract). Coliform bac-
teria should be negative. Ash should be 5% or below.

3. Components/chemistry
Ginseng contains saponins, which are triterpene glycosides called

“ginsenosides”; proteins, peptides, and alkaloids, which are nitroge-
nous compounds; polyacetylene, which is a fat-soluble component;
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Table 1
Chemical structures of protopanaxadiol ginsenosides

Type Name R1 (C-3) R2 (C-20)

PPD (16 types) Malnonylginsenoside Rb1 -glu-glu-mal -glu-glu-
Malnonylginsenoside Rb2 -glu-glu-mal -glu-ara(pyr)
Malnonylginsenoside Rc -glu-glu-mal -glu-ara(fur)
Malnonylginsenoside Rd -glu-glu-mal -glu
Ginsenoside Ral -glu-glu -glu-ara(pyr)-xyl
Ginsenoside Ra2 -glu-glu -glu-ara(fur)-xyl
Ginsenoside Ra3 -glu-glu -glu-glu-xylose
Ginsenoside Rb1 -glu-glu -glu-glu
Ginsenoside Rb2 -glu-glu -glu-ara(pyr)
Ginsenoside Rb3 -glu-glu -glu-xyl
Ginsenoside Rc -glu-glu -glu-ara(fur)
Ginsenoside Rd -glu-glu -glu
Notoginsenoside R4 -glu-glu -glu-glu-xyl
Koryoginsenoside R2 -glu-glu -glu-glu (C-25 OH)
Neoginsenoside L1 -glu-glu —12B-0-20(S)-ginsenoside Rg3
Neoginsenoside L2 -glu-glu —12B-0-20(R)-ginsenoside Rg3

Processed PPD (11 types) Ginsenoside Rg3(S,R) -glu-glu -H
Ginsenoside Rh2(S) -glu -H
Ginsenoside Rg5 -glu-glu -H (E)C20/22 double bond
Ginsenoside Rk1 -glu-glu -H C20/21 double bond
Ginsenoside Rz1 -glu-glu -H (Z)C20/22 double bond
Ginsenoside Rs1 -glu-glu-ac -glu-ara(pyr)
Ginsenoside Rs2 -glu-glu-ac -glu-ara(fur)
Ginsenoside Rs3 -glu-glu-ac -OH
Ginsenoside Rs4 -glu-glu-ac -H (E)C20/22 double bond
Quinquenoside R1 -glu-glu-ac or -glu-glu or

-glu-glu -glu-glu-ac

glu, B-D-glucopyranosyl; mal, malonyl; ara(pyr), a-L-arabinopyranosyl; ara(fur), a-L-arabinofuranosyl; xyl, B-D-xylopyranosyl; ac, acetyl.

polysaccharides and other flavonoids; and fatty acids [4,5,15]. Ginseng
contains 43 types of ginsenosides including protopanaxadiol-type
ginsenosides, Rb1, Rb2, Rc, and Rd; protopanaxatriol-type ginseno-
sides, Re, Rf, and Rg1; and oleanane-type ginsenoside, Ro. Red ginseng
changes inits principal components in the process through which raw
ginseng is steamed and cooked with vapor and dried, thus differing in
component patterns from both raw ginseng and white ginseng [15—
17]. In the red ginseng manufacturing process, the generation not
only of ginsenosides but also of arginine—fructose—glucose (AFG),
maltol, and panaxytriol as well as chemical changes to poly-
saccharides occur [5,6,15]. The generation mechanism of represen-
tative red ginseng—specific components is as follows:

3.1. Ginsenosides

As for red ginseng, new ginsenosides are generated in the pro-
cesses through which raw ginseng is steamed and dried so that the
types of ginsenosides increase in comparison with raw ginseng
(ISO, 19610). The content of originally existing hydrophilic ginse-
nosides (polar ginsenosides) Rg1, Re, Rb1, Rc, and Rd decreases but
that of low-hydrophilia transformed ginsenosides (less polar gin-
senosides) Rg2, Rh1, and Rg3 increases. The representative change
mechanism of ginsenosides in the red ginseng manufacturing
process is as follows:

3.1.1. Demalonylation

Malonyl-ginsenoside Rb1, malonyl-ginsenoside Rb2, malonyl-
ginsenoside Rc, and malonyl-ginsenoside Rd turn into ginsenoside-
Rb1, ginsenoside-Rb2, ginsenoside-Rc, and ginsenoside-Rd with the
elimination of malonyl in the red ginseng manufacturing process.

3.1.2. Deacetylation

With the elimination of the acetyl group from malonyl in
malonyl-ginsenosides, acetylated ginsenosides are generated.
Quinquenoside R1 is generated from malonyl-ginsenoside Rb1, Rs1

is generated from malonyl-ginsenoside Rb2, and Rs2 is generated
from malonyl-ginsenoside Rc.

3.1.3. Deglycosylation

Sugar elimination in carbon-20 (C-20) of dammarane saponins
generates typical stereoisomers. First, the elimination of sugar from
C-20in Rb1,Rb2, Rc, and Rd generates 20 (S/R) Rg3 stereoisomer. 20
(S/R) Rg2 is generated from protopanaxatriol-type (PPT) ginseno-
side Re, Rf is generated from 20-gluco-Rf, and 20 (S/R)-Rh1 is
generated from Rg1. Then sugar is eliminated from either C-3 or C-
6. Sugar elimination in C-3 of 20 (S/R) Rg3 generates 20 (S/R) Rh2,
and sugar elimination in C-6 of 20 (S/R) Rg2 generates 20 (S/R)-Rh1.
Sugar elimination in C-3 and C-6 of Rh2 and Rh1 generates proto-
panaxadiol-type (PPD) and PPT, respectively. Sugar elimination in
C-20 of Rs1 and Rs2 generates 20 (S/R) Rs3. Steaming and drying in
the red ginseng manufacturing process lead to sugar elimination in
C-20, C-6, and C-3 of ginsenosides, thus generating diverse ginse-
nosides that exist in red ginseng.

3.1.4. Dehydration

Sugar elimination in C-20 of ginsenosides is followed by dehy-
dration, and double bonds are generated in either C-20 and C-21 or
C-20 and C-22, thus generating positional isomers and geometric
isomers. Rg5, Rk1, and Rz1 are generated from Rg3; Rh3 is gener-
ated from Rh2; and Rs4 is generated from Rs3. F4, 20(E) F4, and Rg6
are generated from dehydration in C-20 of Rg2; Rg9, 20(Z) Rg9, and
Rg10 are generated from Rf; and Rk3 and Rh4 are generated from
Rh1.

As has been explained above, because of chemical changes in
the red ginseng manufacturing process, Rg3, Rh2, Rh4, and Rg5 are
generated as red ginseng’s unique components so that the types of
ginsenosides contained in red ginseng increase in comparison with
white ginseng. The types and content of transformed ginsenosides
differ according to the ginseng steaming and drying conditions.
Ginsenosides in red ginseng and their structures are summarized in
Tables 1 and 2 and in Fig. 1.
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Table 2
Chemical structures of protopanaxatriol-type and oleanane ginsenosides in red ginseng
Type Name R1 (C-6) R2 (C-20)
PPT (11 types) Ginsenoside Re -glu-rha -glu
Ginsenoside Rf -glu-glu -H
Ginsenoside Rg1 -glu -glu
Ginsenoside Rf2 -glu-rha -H (C25-0H)
Ginsenoside Rg2(S,R) -glu-rha -H
Ginsenoside Rh1(S,R) -glu -H
20-gluco-ginsenoside Rf -glu-glu -glu
Notoginsenoside R1 -glu-xyl -glu
Koryoginsenoside R1 -glu®-(E)-2-butenoyl -glu
Processed PPT (3 types) Ginsenoside Rg6 -glu-rha -H C20/21 double bond

Ginsenoside Rh4
20(E)-ginsenoside F4
Ginsenoside Ro
Polyacetyleneginsenoside Ro

Oleanane (2 types)

-glu -H (E)C20/22 double bond

-glu-rha -H (E)C20/22 double bond
-glucuronic acid-glu -glu
polyacetylene-glu-glu -glu

Glu, B-D-glucopyranosyl; rha, a-L-rhamnopyranosyl; xyl, B-D-xylopyranosyl.

3.2. Arginine—fructose—glucose

Raw ginseng contains large amounts of glucose, fructose, su-
crose, and maltose, which are nutrients, and diverse amino acids
such as arginine. In the red ginseng manufacturing process, because
of heat, Amadori rearrangement occurs between arginine and
either maltose or glucose so that AFG and arginine—fructose, which
are amino sugars, are generated (Fig. 2). Materials including maltol
are generated in amino sugars as the final products of the Maillard
reaction [18—20]. Decreases in the content of free sugars and amino

acids in red ginseng are caused by the generation of caramel col-
oring, which is a product of thermal degradation, following the
generation of amino sugars [20].

3.3. Polyacetylenes

Over 20 types of polyacetylene compounds including panaxynol
(heptadeca-1,9-diene-4,6-diyne-3-ol) and panaxydol (heptadeca-
1-ene-9,10-epoxy-4,6-diyne-3-ol), which are fat-soluble com-
pounds separated through petroleum ether fraction, have been

Ginsenoside RgS

OH

4
V4

RO

Ginsenoside Ro

Ginsenoside Rk1

OH OH

Polyacetylene Ginsenoside Ro

.
-
P’

Protopanaxadiol type

“ OR4
Protopanaxatriol type

Fig. 1. Structural formulas of ginsenosides in red ginseng.
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Fig. 2. Generation of AFG in the red ginseng manufacturing process.

found in ginseng roots. Panaxytriol (heptadeca-1-ene-9,10-
dihydroxy-4,6-diyne-3-ol) exists only in red ginseng (Fig. 3),
which is because the epoxy ring of panaxydol is subjected to hy-
drolysis due to heat [15,21,22].

3.4. Polysaccharides

The components contained in ginseng in the largest numbers
are polysaccharides, which have been reported to possess immune-

HO

Panaxynol

l Panaxydol
HO
H ==
H H HO  OH
Panaxytriol

Fig. 3. Generation of panaxytriol in the red ginseng manufacturing process.

regulatory and anticancer an effect [23]. In red ginseng, galactur-
onic acid is increased by heating because esterified galacturonic
acid is converted to unesterified galacturonic acid [6].

4. Health claims as a health functional food and mechanism
of action

In South Korea, for materials to be certified as health functional
foods, their functions must be proven with respect to or in the
materials’ standardization, safety, and basic and human studies.
Materials must demonstrate their functions as foods through
repeated intake in clinical trials, and pharmaceutical drugs must
manifest their effects in patients with particular diseases. Health
functional foods are evaluated for their effects through adminis-
tration to either healthy individuals or semi-healthy individuals (a
state in which people are neither in pain nor carrying diseases but
are either easily tired or do not feel themselves to be healthy) who
are not on medication in order to exclude the effects of medication.
Red ginseng has been certified for its six functions as a health
functional food [3]. But the mechanism of action of each of these
functions has yet to be clearly elucidated. So far, the mechanism
and supporting data that revealed the functionality of red ginseng
in the base research are as follows (Table 3):

4.1. Immunity improvement

In order to elucidate immune activity of red ginseng, numerous
in vitro and in vivo studies on ginsenosides, saponin fraction, and
polysaccharides have been conducted. Red ginseng activates mac-
rophages and natural killer cells [24—26], which are primarily
responsible for innate immunity, thus nonspecifically possessing
protective effects against external infection or hazardous materials.
In addition, red ginseng increases specific immune responses by
regulating the activity of immunocytes and cytokines, which act on
cell-mediated and humoral immunity [27—29]. The oral adminis-
tration of red ginseng extract to mice before infection with
the HIN1 virus increased mouse survival rates, increased the
interferon-gamma (IFN-y) content in both the bronchi and the
lungs, and decreased inflammation, thus exhibiting antiviral effects
[30—32]. When orally administered to mice for a long time, red
ginseng extract defended against infection with the highly patho-
genic H5N1 influenza virus, thus increasing survival rates [33]. The
administration of red ginseng extract before infection with the
respiratory syncytial virus increased CD11c¢'IFN-y*/CD11b~ DC,
which generates IFN-y and CDS8'IFN-y*/CD11b~CD11c™ DC (Th1
reaction induced), thus confirming that red ginseng promotes
innate immunity and adaptive immunity [34,35]. When post-
surgery gastrointestinal cancer patients were administered with
either 4.5 g/day of red ginseng powder for 6 months or 3 g/day of
red ginseng extract for 3 months, in comparison with the control
group (placebo), the red ginseng group increased overall in
numbers of CD4+, CD8~+ T cells, and B cells as well as in blood
interleukin (IL)-2 content. However, this group decreased blood IL-
10 content, thus improving immune functions that had weakened
after cancer surgery [36—38]. In a study on red ginseng intake and
the incidence of the common cold, in comparison with the control
group, the incidence rate decreased significantly in the group that
had taken red ginseng powder [39]. In a randomized controlled
trial, the administration of 3 g/day of red ginseng extract for 12
weeks to healthy individuals led to a significant decrease in the
number of times that the participants caught acute respiratory
diseases. These results confirm that red ginseng has protective ef-
fects against acute respiratory diseases [40]. When type 1 human
immunodeficiency virus-infected patients (AIDS patients) either
took medication and red ginseng together or took red ginseng alone



Table 3

Clinical data on red ginseng as a health functional food

Samples Design Participants Daily intake/ Results References
intake duration
Red ginseng Random (no placebo) 36 stomach cancer patients 4.5 g/6 months - The number of suppressor/cytotoxic cells, helper/inducer cells, NK cells, activated T cells, [36]
powder and 36 colorectal cancer and B cells in the red ginseng group increased significantly in the red ginseng group
patients
Red ginseng extract Random (no placebo) 25 healthy individuals and 3 g/3 months - IL-2 and decrease rate of IL-10 were higher in the red ginseng group than in the control group [37]
50 stomach cancer patients
Red ginseng extract Random (no placebo) 47 colorectal cancer 3 g/3 months - IL-2, IL-8, and IL-10 activity was regulated in the red ginseng group than in the control group [38]
patients
Red ginseng Case study 12,295 common cold No dose - The ratio of those who caught the common cold was significantly lower in the red ginseng group. [39]
powder patients
Red ginseng Random, double-blind, 24 male college students 2.5-4 g[3 weeks - The red ginseng group significantly recovered CK and GOT activity and the range of [43]
powder placebo-controlled study motion of related joints
Red ginseng extract Placebo-controlled study 24 students majoring in 3 g/8 weeks - Red ginseng intake did not affect the ability to perform aerobic or anaerobic exercise. [44]
physical education - O, max, %$V0,/VO, max, and plasma BCAA and blood lactic acid tended to decrease.
Red ginseng extract Random, double-blind, 18 healthy men 60 g/11 days - The red ginseng group decreased in blood CK, IL-6, insulin, and blood glucose. [45]
placebo-controlled study
Red ginseng extract Random, double-blind, control 87 healthy men and women 1.5 g, 3 g/8 - Suppression of platelet aggregation due to ADP and collagen inducement [52]
study aged 20-59 years weeks - No significant differences in blood coagulation (APTT and PT) and lipids
Red ginseng Case study 10 red ginseng product 1.6 g/4-5 years - Collagen-induced platelet aggregation was suppressed in the red ginseng group—APTT [53]
products takers and 7 non-red was significantly extended in the red ginseng group.
ginseng product takers
Red ginseng extract Random, double-blind, control 15 healthy men 200 mg/8 - The red ginseng group exhibited significant improvements in or on the 3-back task and the [62]
study weeks Corsi block-tapping test.
- There were significant improvements in social relationships in the WHO Quality of
Life-BREF as well.
Red ginseng Random, placebo-controlled, 31 Alzheimer’s disease 4.5g0r9.0g/12 - The high-dose red ginseng group improved significantly on both the ADAS and the CDR. [64]
powder open-label (open study) patients aged 50 years or  weeks
above taking medication
Red ginseng Double-blind, random, placebo- 15 healthy, smoking male 1.8 g/4 weeks - Time-dependent decrease in the 8-OHdG concentration in smokers who had taken red [74]
powder controlled students aged 19-31 years ginseng was clearly confirmed.
(smoked 20 cigarettes/day - Red ginseng intake significantly decreased the carbonyl content (protein oxidation) of peripheral
or above in the past 2 years) hemoglobin in comparison with the baseline.
Red ginseng extract Random, placebo-controlled 40 male college students 2.7 g/3 months - Red ginseng group exhibited significant effects in SOD, GPX, and MDA [47]
Red ginseng Random, double-blind, 57 healthy drinking and 3gor6g/8 - DNA damages, SOD, GPX, CAT, blood oxidized LDL, and urine 8-epi PGF2a improved [75]
powder placebo-controlled smoking adults aged 20-65 weeks in red ginseng groups
years
Red ginseng Random, double-blind, 82 menopausal women 3 g/12 weeks - SOD activity increased significantly in the red ginseng group. [76]
powder placebo-controlled aged 45-60 years - No effect on GPX, 8-OHdG, IL-6, AST, ALT, and y-GTP
Red ginseng Random, double-blind, 63 menopausal women 3 g/12 weeks - The red ginseng group exhibited significant improvements in Kupperman and menopause rating [77]
powder placebo-controlled aged 45-60 years index and total and LDL-cholesterol.
- No difference in the estradiol (E2) concentration
Red ginseng extract Random, double-blind, 26 menopausal women 0.9 g/8 weeks - The frequency of the occurrence of hot flash symptoms decreased significantly in the red ginseng group. [78]
placebo-controlled with hot flashes
Red ginseng Comparison before and after =~ 83 menopausal women 6 g/8 weeks - Follicle-stimulating hormones decreased and E2, red blood cell deformability, and ATP increased. [79]
powder intake
Red ginseng - 17 menopausal women 6 g/3 months - Vital energy deficiency (KI-deficiency), blood stasis (oketsu), and simplified menopausal index decreased [80]
powder to the levels of the healthy (i.e., without climacteric syndromes) menopausal women'’s group after red
ginseng intake.
- t-PAI-1 decreased significantly after red ginseng intake.
Red ginseng - Women with estrogen 6 g/30 days - The anxiety (A)-state in the Cornel Medical Index and the State-Trait Anxiety Inventory was found to [81]
powder levels of 10 pg/ml or below recover to levels of the menopausal women'’s group without climacteric syndromes and

the cortisol/DHEA-S ratio decreased significantly after red ginseng intake.
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ADP, adenosine diphosphate; ADAS, Alzheimer's Disease Assessment Scale; ALT, alanine aminotransferase; APTT, activated partial thromboplastin time; AST, aspartate aminotransferase; BCAA, branched-chain amino acid; CAT,
catalase; CDR, clinical dementia rating; CK, creatine kinase; DHEA, dehydroepiandrosterone; GOT, glutamic oxaloacetic transaminase; GPX, glutathione peroxidase; y-GTP, y-glutamyl transpeptidase; IL, interleukin; LDL, low-
density lipoprotein; MDA, malondialdehyde; NK, natural killer; PT, prothrombin time; SOD, superoxide dismutase.

D' A randomized, double-blind, and placebo-controlled trial.
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for a long time, decrease in the numbers of CD4+ T cells was
delayed, and the concentration of soluble CD8 was maintained,
thus confirming that red ginseng is effective for treating the AIDS
virus [41,42].

4.2. Fatigue relief

Red ginseng decreased the accumulation of lactic acid, which is
a muscle fatigue material generated after exercise tolerance has
been reached, and promoted the recovery of creatine kinase (CK),
which provides energy to muscles [43—45]. In addition, red ginseng
mitigated the development of central fatigue by decreasing the
generation of serotonin precursors, which are central fatigue ma-
terials [44,46]. When exercise tolerance has been reached, reactive
oxygen species are generated. Red ginseng increased antioxidant
enzyme activity, thus mitigating physical fatigue such as muscle
fatigue [47]. When the participants took 50 mg/day of red ginseng
powder for 3 weeks and performed continuous running for 45
minutes on sloped treadmills at the intensity of 70% VO, max
(maximal aerobic capacity) from the second week of intake, CK and
glutamic oxaloacetic transaminase liver function test figures, which
are indices of muscle fatigue, decreased [43]. When high dose of red
ginseng extract was taken, CK quickly recovered after exercise on
treadmills, and IL-6 decreased and insulin sensitivity improved in
the early stage of exercise as well [45]. When subjects took 3 g/day
of red ginseng extract for 8 weeks and simultaneously performed
endurance training at 60% VO, max, their ability to perform both
anaerobic and aerobic exercise was not affected, but the blood
lactate concentration decreased. Red ginseng intake decreased
branched-chain amino acid concentration both before and after
endurance exercise and suppressed the generation of serotonin,
thus mitigating central fatigue [44]. Male college students were
administered with 2.7 g/day of red ginseng powder for 3 months
and simultaneously subjected to regular exercise. When changes in
the activity of superoxide dismutase (SOD) and glutathione
peroxidase (GPX), which are antioxidant enzymes, and the
malondialdehyde (MDA) content during maximum exercise were
examined, SOD and GPX activity increased and blood MDA
decreased in the red ginseng group in comparison with the control
group, thus demonstrating that red ginseng mitigates fatigue
generated during exercise with its antioxidant [47]. Consisting of
recovery effects on muscle fatigue that is generated after exercise
tolerance has been reached, red ginseng’s relief of physical fatigue
has been certified acknowledged. The material’s effects on stress
and psychological fatigue will need to be proven in the future
through advanced research.

4.3. Aid to blood flow through the suppression of platelet
aggregation (blood circulation improvement)

Red ginseng inhibits platelet aggregation by regulating the
synthesis of prostacyclin (PGI,), which has an antagonistic mech-
anism toward platelet aggregation, as well as thromboxane A2
(TXAz) and serotonin, which promote platelet aggregation, thus
suppressing the generation of thrombi and improving blood cir-
culation. Red ginseng extract, saponins, and ginsenosides suppress
the generation of platelet-aggregating materials such as TXAj,
thrombin, and serotonin. In addition, they promote the generation
of PGI,, which suppresses platelet aggregation, thus inhibiting
platelet aggregation [48—51]. In a randomized controlled trial in
which red ginseng extract was administered for 8 weeks to a low-
dose group (1.5 g/day) and to a high-dose group (3.0 g/day), both
consisting of healthy individuals, when platelet aggregation tests
using adenosine diphosphate and collagen were conducted, red

ginseng intake was found to suppress platelet aggregation signifi-
cantly in both the low- and high-dose groups. However, there was
no significant change to prothrombin time, which is an exogenous
blood coagulation factor pathway, or to activated partial throm-
boplastin time (APTT), which is an endogenous blood coagulation
factor pathway. In addition, the total cholesterol, high-density li-
poprotein, low-density lipoprotein (LDL)-cholesterol, and neutral
fat levels were not affected [52]. Healthy individuals who had
steadily taken red ginseng products for 4—5 years showed more
inhibition of platelet aggregation using collagen than those who
had not taken such products. These individuals also exhibited
extended APTT, which is an endogenous blood coagulation factor
pathway [53]. When arteriosclerosis patients were administered
with 9 g/day of red ginseng powder for 1 month, the generation of
PGIy, which suppresses platelet aggregation, increased [54].

4.4. Aid to memory improvement

Red ginseng and ginsenosides strengthen cholinergic nerves by
promoting the generation and release of acetylcholine, which has
important effects on memory, thus exhibiting its effects on learning
and memory [55—57]. In an animal model in which memory dis-
orders had been induced by damages to the hippocampus, the oral
administration of red ginseng extract exhibited improvement ef-
fects in learning and spatial intelligence [58]. Red ginseng powder,
saponins, and ginsenosides improved memory in young mice and
aged mice [59,60] as well as in an ischemic memory disorder ani-
mal model [61]. When healthy individuals were administered with
200 mg/day of red ginseng extract for 8 weeks and subjected to
memory tests such as the 3-back task and the Corsi block-tapping
task, both the working memory and the subjective quality of
life improved, but no increase in intelligence was confirmed [62].
When Alzheimer’s disease patients receiving treatment were
administered with either 4.5 g/day or 9.0 g/day of red ginseng for 12
weeks, the high-dose red ginseng group significant improved on
both the Alzheimer’s Disease Assessment Scale and the Clinical
Dementia Rating, which are dementia measurement indices [63].

4.5. Aid to antioxidant activity

Red ginseng either decreases or eliminates the generation of
free radicals by regulating the activity of antioxidant enzymes
such as SOD, catalase, and GPX out of diverse factors that cause
oxidative damages and strengthening the synthesis of endogenous
antioxidants such as glutathione, thus decreasing oxidative dam-
ages [64—73]. The administration of either 1.8 g/day or 3 g/day of
red ginseng powder for 4 weeks to healthy smokers significantly
decreased the carbonyl content of 8-OHdG and peripheral hemo-
globin [74]. In a randomized controlled trial in which healthy
drinking and smoking adults aged 20—65 years were administered
with either 3 g/day or 6 g/day of red ginseng for 8 weeks, the tail
length and mobility of DNA, which are indices of the degree of
lymphocyte DNA damages, both decreased in the red ginseng
group. In addition, the activity of SOD, which is an antioxidant
enzyme, increased, and the activity of GPX and catalase increased
as well in the high-dose group. The concentrations of both blood-
oxidized LDL, which is an oxidant, and urine 8-epi prostaglandin
(PG) F2a, decreased in both the low- and high-dose groups [75]. In
menopausal women, the intake of 3 g/day of red ginseng powder
for 12 weeks significantly increased SOD activity but did not affect
blood GPX or 8-OHdG. While blood MDA decreased after red
ginseng intake, there was no statistical significance in comparison
with the control group [76].
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Table 4

Effects of ginseng on drug-metabolizing enzymes and drug delivery systems
Samples Study type Metabolisms Transporters  References
Ginsenoside Rd In vitro (R) CYP3A4 (|), CYP2D6 (| ), CYP2C19 (), CYP2C9 (|) [137]
Ginsenoside Rg3 In vitro (H) UGT1A7, UGT1A8, UGT2B7, UGT2B15: () [138]
Ginsenosides Rc and Rf In vitro (R) CYP2C9 (1), CYP3A4 (1) [139]
Ginsenoside F1 In vitro (H) CYP3A4 (), P-gp (-) [139]

CYP2D6 (1)
Compound K In vitro (H) CYP2C9 () [138]
PPD and PPT In vitro (H) CYP2C9 (1), CYP3A4 () [136]
Ginsenoside Rh2 (S) In vitro (H) CYP2A6 (), CYP2C9 (]), CYP3A4 (]) P-gp (1) [136,138]
In vivo (R)

Red ginseng extract (Korea Ginseng Corporation) 14 healthy men CYP2C19 (-), CYP2D6 (-), CYP1A2 (), CYP2C9 (), CYP3A4 (|) P-gp (-) [141]

(aged 2055 years)

H, human liver microsome; R, rat liver microsome; (-), no effects; (| ), inhibition; (1), stimulation.

4.6. Aid to menopausal women’s health

In a randomized controlled trial on menopausal women'’s sub-
jective symptoms such as hot flashes, insomnia, and depression, the
intake of 3 g/day of red ginseng for 12 weeks improved results on
both the Kupperman Index and the Menopause Rating Scale, which
are internationally certified survey evaluation methods that
comprehensively evaluate menopausal symptoms. While the total
cholesterol and LDL-cholesterol decreased significantly, the estro-
gen content was not affected [77]. In menopausal women admin-
istered with either 0.9 g/day (8 weeks) or 6 g/day (30 days) of red
ginseng, the frequency of the occurrence of hot flashes, which
constitute a menopausal symptom, decreased [78,79]. In women
with menopausal symptoms who had taken red ginseng, the stress
hormone ratio (cortisol/DHES-A) became similar to that of women
without menopausal symptoms, and red ginseng mitigated
menopausal stress and decreased tissue-type plasminogen acti-
vator inhibitor type 1, thus improving blood circulation [80,81]. Red
ginseng improved lowered sexual functions in menopausal women
as well [82]. In human studies on menopausal women, red ginseng
mitigated menopausal symptoms but did not affect the content of
hormones such as serum estrogen and prolactin [77,79,82]. These
results imply that red ginseng has no side effects or risks, unlike
hormone replacement therapy, which involves a high risk of the
development of breast cancer due to hormone increase. In addition,
red ginseng can improve the risk of cardiovascular disease due to a
decrease in estrogen in menopausal women.

5. Other effects

Besides its functions as a health functional food, diverse effects
of red ginseng have been elucidated in both cells and animals and
have been proven in clinical trials as well. In recent years, based on
clinical research, the effects of ginseng including red ginseng have
been evaluated through systematic examinations and meta-
analyses of the improvement of blood glucose levels [83], health
of menopausal women [84], erectile dysfunction (ED) [85], and
anticancer an effect [86]. The major effects of red ginseng, besides
those functions certified by the KFDA, and recent clinical studies
related to quality of life are as follows:

5.1. Improvement of blood glucose levels

The antidiabetic effect of red ginseng has been reported. When
type 2 diabetes patients with good regulation of blood glucose
were administered with 6 g/day of red ginseng powder for 12
weeks and measured for blood glucose, the glycemic index was
decreased and insulin sensitivity was increased in the red ginseng
group in comparison with the control group [87]. When subjects
with fasting blood glucose and postprandial blood glucose levels

slightly higher than normal levels or those recently diagnosed
with type 2 diabetes were administered with 5 g/day of red
ginseng powder for 12 weeks and subjected to oral glucose
tolerance tests, insulin and C-peptide levels were decreased, and
the blood glucose area under the curve tended to have decreased
in the red ginseng group. However, there were no changes to
glycated hemoglobin (HbA1c) [88]. Reay et al have reported that
200 mg/day of red ginseng extract administered for 8 weeks to
healthy individuals did not affect the HbAlc or insulin content
[89]. Reeds et al have reported that when participants with glucose
tolerance or those recently diagnosed with type 2 diabetes were
administered with 3 g/day of red ginseng for 2 weeks and then
with 8 g/day of the same material for 2 weeks, there was no effect
on glucose tolerance, pancreatic B cells’ functions, or insulin
sensitivity [90]. Researchers are mutually inconsistent in findings
on blood glucose improvement of red ginsengs because of differ-
ences in the intake, intake duration, and participant’s health status
and blood glucose-related index. In the future, it will be necessary
for clinical studies to study numerous individuals based on a
research design that satisfies health functional food standards.

5.2. Anticancer

Red ginseng has been reported to suppress angiogenesis and
cancer metastasis and to act on signaling pathways related to
anticancer activity. Rg3, Rh2, Rg5, Rs4 (acetylated Rg5), Rg1, Rf, and
PPD were found to block cell cycles or apoptosis through caspase-
activating signaling [91—98]. Red ginseng, ginsenoside, and acidic
polysaccharides showed anticarcinogenic effects in carcinogenesis
involving inflammation through diverse pathways including the
suppression of cyclooxygenase-2 (COX-2), inducible nitric oxide
(iNOS), and nuclear factor-kappa B (NF-«B) activity and the elimi-
nation of reactive oxygen species [99—101] and showed anticancer-
assisted effect when it was combined with an anticancer drug
[102—107]. In the results of both cohort studies and case-control
studies conducted to determine the effects of the intake of
ginseng and red ginseng on the development of cancer, the intake
of ginseng products including red ginseng was found to decrease
the relative risk of developing cancer. In addition, the risk of
developing stomach cancer, lung cancer, ovarian cancer, laryngeal
cancer, esophageal cancer, and pancreatic cancer decreased as the
frequency and duration of the intake of red ginseng and ginseng
products increased [108,109]. To determine the effects of red
ginseng on the development of cancer, chronic atrophic gastritis
patients were administered with 1 g/week of red ginseng extract
powder for 3 years and subjected to a tracking survey for 8 years
[110]. While the relative reduction of risk of developing cancer had
no statistical significance in the red ginseng group in comparison
with the control group, this risk did decrease significantly among
men in the red ginseng group. In this research, as in
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epidemiological surveys [108,109], red ginseng was found likewise
to exhibit effects of nonspecifically preventing the development of
cancer in men.

5.3. Men'’s health

Ginsenosides promoted the generation of nitric oxide (NO) in
endothelial cells and nerves around blood vessels in the corpora
cavernosa penis and increased the sensitivity of the smooth
muscles of blood vessels to NO [111,112]. Red ginseng extract
relaxed the smooth muscles of the corpora cavernosa penis
in vitro and increased the pressure inside rats’ corpora cavernosa
penis [113]. Rg1 generated NO in endothelial cells in a gluco-
corticoid receptor-dependent way [114] and increased NO release
and cyclic guanosine monophosphate (GMP) accumulation in
mice’s corpora cavernosa penis [115]. In seven clinical studies in
which randomized controlled trials were conducted on patients
with psychogenic, vasculogenic, or any other type of ED, the red
ginseng intake was 1.8 g/day, 2.7 g/day, or 3 g/day, and the intake
duration was 4-12 weeks. When these seven studies were sub-
jected to meta-analysis, in six of them, red ginseng was effective
for all types of ED and had significant effects on psychogenic ED
and sexual functions [116]. When 1.5 g/day of red ginseng pow-
der were administered for 12 weeks to varicocele patients and
the effects red ginseng on spermatozoa’s functions were studied,
the numbers, motility, and shapes of spermatozoa improved in
the red ginseng group in comparison with the control groups,
which had either received or had not received varicectomy [117].

5.4. Sleep time, mouth dryness, and hair loss

Red ginseng intake extended the total sleep time and either
increased sleep efficiency or extended stage 2 and stage 3 sleep
[118,119]. In a study of mouth dryness patients, red ginseng
improved mouth dryness in the secondary analysis of meno-
pausal women out of the participants [120]. Red ginseng intake
for 24 weeks increased both hair density and hair thickness in
both male-pattern hair loss and female-pattern hair loss patients
[121].

6. Effects in traditional Korean medicine

The history of the use of ginseng for medicinal purposes in Asia
goes back several millennia. The foremost Chinese pharmacological
text, Shennong’s Classic of Herbal Medicine (Shennong Bencaojing; ca.
100 BC) describes the pharmacological use of ginseng for the first
time [122]. It is recorded that ginseng is a life-preserving drug and
therefore leads to no harm even when it is consumed in large
quantities and over long periods. In traditional Korean medicine,
red ginseng is used for indicators such as ginseng. Possessing
both sweet and slightly bitter flavor and warm qi (vital force or vital
energy), ginseng enters the acupuncture meridians of the spleen,
lungs, and heart. It is used to arouse energy, to fortify gi in the
spleen and the lungs, to produce bodily fluids, to quench thirst, to
stabilize the mind, and to increase wisdom. The spleen and the
lungs in traditional Korean medicine are unrelated to the
anatomical organs of the same names in Western medicine [122].
Used for cases including fatigue due to deficient qi, loss of appetite,
diarrhea, shortness of breath, weak pulse, diabetes, febrile diseases,
forgetfulness, insomnia, and ED, ginseng is a representative
restorative for invigorating gi [123]. A drug preparation consisting
solely of ginseng, the deshentang (“ginseng-only decoction”) has
been used for the symptoms of mental and physical fatigue and the
utter lack of energy. In traditional Korean medicine, ginseng has
been used as a component of multiple-ingredient drug

preparations rather than as a single-ingredient drug preparation. It
has been used either to yield additional or synergistic actions with
other crude drugs mixed into multiple-ingredient drug prepara-
tions or to decrease the side-effects of crude drugs that possess
high therapeutic mechanism but are toxic and to increase these
drugs’ efficacy.

7. Precautions regarding intake

Precautions regarding the intake of ginseng when taking
pharmaceutical drugs (antidiabetic agents and anticoagulants) are
mentioned in “Drug interaction”. Contraindications to red ginseng
were not known. The WHO monographs and the German Com-
mission E state, “There are no contraindications regarding
ginseng.” [8,11]. While there is no clinical research on ginseng
intake during pregnancy, the plant has no effect whatsoever on
teratogenicity and mothers in animals. Although the effects of
ginseng intake on mothers and newborns during lactation have
not been proven, traditional Korean medicine has prescribed the
plant to women in cases of mental and physical weakness during
pregnancy as well as childbirth and postpartum care. Consultation
with physicians is necessary for the intake of ginseng by pregnant
and lactating women. While the effects of ginseng on children
have not been proven, traditional Korean medicine has used pre-
scriptions containing ginseng for children’s growth. On sale are
products that appropriately adjust adult intake to children’s
growth stages.

8. Daily intake and dosage

The determination of the intake of ginseng as a health functional
food is based on both the traditional intake of ginseng as a food and
effective doses in clinical research results. The most frequent ginseng
doses in traditional Korean medicine have been 2.7—4.5 g, and the
most frequent red ginseng powder dose in research conducted in the
past 10 years has been 3 g, found in nine cases [124]. In data on the
“fatigue relief and immunity improvement” functions, red ginseng
was in the powder form and amounted to 0.5—-5 g, with the daily
intake of 3—80 mg consisting of combinations of Rb1 -+ Rg1 + Rg3. As
for red ginseng extract, with the 3 g of red ginseng water extract
reviewed in the “aid to blood flow through suppression of platelet
aggregation” function as the standard, combinations of marker
components from the marker component specifications of red
ginseng water extract amounted to 2.4—23 mg. The intake for the
“memory improvement” and “antioxidation” functions likewise was
determined with red ginseng extract and powder as the standard.
Red ginseng’s functions regarding “fatigue relief and immunity
improvement” were approved up to the dose of 80 mg so that the
doses for the “aid to blood flow through suppression of platelet ag-
gregation (blood circulation improvement),” “memory improve-
ment,” and “antioxidation” functions were determined to be in the
range of 2.4—80 mg. As for the “aid to menopausal women’s health”
function, the daily intake was determined as 24—80 mg.

9. Intake duration

Ginseng has been used from over several millennia, and red
ginseng is recorded to have been produced and used from over
1,000 years but is presumed to have been used from even earlier
periods. Traditional Korean medicine has classified ginseng as a safe
crude drug ingredient, lacking toxicity even when taken for a long
time and extending human life. Based on clinical research, the Na-
tional Institutes of Health (NIH) in the United States have cautioned
that the intake of ginseng for 12 weeks or below is safe, but long-
term intake of the plant may not be safe [125]. They have stated
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that this is because hormone-like effects of ginseng may make long-
term use harmful. According to the WHO monographs, in research
on ginseng extract, ginseng components did not interact with either
estrogen receptors in mature rats’ uteri or progesterone receptors in
human uterine muscles, and ginseng extract was found not to affect
female hormones or male hormones in clinical research [8]. Red
ginseng did not affect female hormones or male hormones in not
only animal studies but also clinical research [77,79,82,117,126].

10. Safety/adverse events
10.1. Preclinical safety

Red ginseng extract is presumed to have no-observed-adverse-
effect levels (NOAEL) of 2,000 mg/kg or above in acute and subacute
toxicity tests using animals and did not exhibit genetic toxicity in
bacterial reverse mutation tests using microorganisms. Up to the
dose of 2,000 mg/kg, the samples did not affect or cause fetal
mortality rates, external abnormalities, abnormalities in the inter-
nal organs and skeletons, sex ratios, or surviving fetus body weight
in embryo—fetal development tests. Abnormalities such as mis-
carriages, preterm deliveries, and dystocia were not observed in
combined fecundity and maternal function tests, and no differences
whatsoever were observed between the control group and all
sample groups in the pregnancy duration, birth rates, sex ratios,
numbers of survivors, mortality rates, survival rates on the fourth
day of nursing, or weaning rates. There was no effect whatsoever on
motor skills or learning/memory related to the next generation’s
body growth and reproductive functions such as fertility rates and
fetal growth, thus showing that red ginseng does not cause
reproductive or developmental toxicity.

10.1.1. Single and repeated dose toxicity

When Institute of Cancer Researc (ICR) mice were administered
with up to 5,000 mg/kg, which is the limit dose for single oral
administration, of red ginseng water extract and observed for 14
days, no abnormalities were found in not only dead animals but
also general symptoms, body weight changes, feed/water intake,
autopsy findings, and histopathological findings [127]. The
repeated oral administration of either 50—2,000 mg/kg of red
ginseng water extract or 500, 1000, or 2000 mg/kg of red ginseng
extract (produced by the Korea Ginseng Corporation) to female and
male mice for 28 days did not lead to animal deaths or abnormal-
ities in general symptoms caused by the administration of the test
specimens during the test period; significant differences in body
weight changes, feed/water intake, biochemical blood tests, or or-
gan weight measurements; or unusual findings in the results of
gross autopsies [127,128]. Based on the results above, NOAEL are
presumed to be 2,000 mg/kg or above. When 0.625 g/kg, 1.25 g/kg, or
2.5 g/kg of red ginseng powder was mixed into feed and fed to
animals for 1-6 months, no significant differences were observed
in body weight changes, organ weight changes, biochemical blood
test results, or histopathological test results [129].

10.1.2. Genetic toxicity

Up to the maximum dose of 5,000 pg/plate, red ginseng extract
(produced by the Korea Ginseng Corporation) did not lead to the
existence of metabolic activation systems in the Salmonella (TA98
and TA100) and E. coli WP2 or to bacterial reverse mutation when
metabolic activation systems existed [130].

10.1.3. Reproductive/developmental toxicity
In doses of 20—2,000 mg/kg, freeze-dried powder of red ginseng
water extract (containing 0.61 £ 0.12% and 0.90 4 0.17% of Rb1 and

Rg1, respectively) was orally administered every day to male mice
for 63 days before mating, to female mice from 14 days before
mating to the last stage of pregnancy, and to female mice under-
going combined fecundity and maternal function tests from 2
weeks before cohabitation to pregnancy, delivery, and lactation
[131,132]. When generations FO and F1 were observed for clinical
symptoms, body weight changes, water/feed intake, estrus, sex
hormones in the blood, and organ weight, there were no unusual
changes, and the production, motility, and denaturation rates of
spermatozoa as well as the number of spermatozoa in the epidid-
ymides did not change. There were neither abnormalities in im-
plantation rates and fetal mortality rates nor external abnormalities
in embryo—fetal development tests. In addition, there were no
abnormalities in the internal organs or skeletons of surviving fe-
tuses obtained through autopsies in the last stage of pregnancy. As
for the effects on the next generation, there were no differences
from the control group in neonatal survival rates, growth-related
indices, reflex functions, and learning/memory [131,132]. When
0.625—2.5 g/kg of red ginseng powder was mixed into feed and fed
to animals for 6 months, no abnormalities were observed in the
blood biochemistry, organ weight, histopathological test results, or
appearances of generations F1 and F2 [129].

10.2. Adverse events

Ginseng roots (Panax ginseng) have grounds for a long history of
use and are medicinal ingredients or foods that have been
consumed safely without serious side-effects. As for adverse effects,
both German Commission E and Expanded Commission E mono-
graphs state, “none known.” [9,11]. As for adverse events involving
ginseng, insufficient information on the types and content of
ginseng makes evaluation of adverse events difficult. Ginseng
Abuse Syndrome has been reported to develop in cases in which
abnormally excessive doses (15 g/day or above) of ginseng have
been taken [8,133]. A systematic literature review evaluating safety
in randomized controlled trials of red ginseng, white ginseng, fer-
mented ginseng, and black ginseng administered to healthy in-
dividuals not on medication in the past 10 years (2005—2014) was
recently published [124]. Out of a total of 44 studies, 30 studies
were on the Korean Red Ginseng, thus taking up the largest share.
Twelve studies reported side-effects, 14 studies mentioned no side-
effects whatsoever, and three studies reported the absence of any
side-effect. Adverse effects reported after red ginseng intake con-
sisted of symptoms such as indigestion, diarrhea, headaches,
insomnia, palpitations, hot flashes, and mouth dryness, which were
identically observed in the placebo control group as well and whose
occurrence rates were the same for the placebo control group and
the red ginseng group. While many of the studies used small
numbers of participants and did not report safety in detail, there
were no significant differences between the placebo group and
either the red ginseng group or the ginseng group in the frequency
and symptoms of adverse events. The degree of adverse events was
light, and the symptoms disappeared once (red) ginseng intake was
temporarily suspended. With respect to cases in which red ginseng
increased body heat (the sense of heat caused by an increase in qi)
in Chinese subjects, according to the results of research on safety
following the intake of red ginseng, white ginseng, or American
ginseng by South Korean and Chinese individuals, there were no
differences in general symptoms or adverse events by ginseng type
or subject nationality [124]. After taking 3 g/day of white ginseng,
red ginseng, or American ginseng for 35 days, healthy individuals
were proven by the results of blood and biochemical tests to be
unaffected and did not experience any adverse event [134]. It has
been reported that, after menopausal women took ginseng, breast
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pain increased in seven cases and vaginal bleeding and sexual
desire increased in one case [8]. Although a study showing im-
provements in menopausal women'’s sexual functions reported two
cases of vaginal bleeding in the red ginseng group [82], other
studies on menopausal women did not report any adverse event
[77—81]. It is unlikely for vaginal bleeding in the red ginseng group
to have been due to hormone changes because red ginseng does not
affect hormone levels or estrogen receptors.

10.3. Drug interaction

Many in vitro studies have been conducted on the effects of
individual ginsenosides or red ginseng extract on cytochrome P
450 (CYP 450) enzyme and drug delivery systems (Table 4). The
saponin fraction of red ginseng suppressed CYP2E1 [135], but the
effects of individual ginsenosides on CYP activity were found not
to be identical (Table 4). Rg3, Rh1, and Rh2 or intestinal metab-
olome compounds K and PPT, which are aglycones, have been
reported to have greater effects in inhibiting CYP activity than
ginsenosides originally existing in ginseng [136—140]. When
healthy individuals took 3 g/day of red ginseng extract (produced
by the Korea Ginseng Corporation) for 2 weeks, CYP2C19 and
CYP2D6 activity levels were not affected; CYP1A2, CYP2C9, and
CYP3A4 activity levels were weakly suppressed but had no clinical
significance; and P-glycoprotein activity was not affected [141]
(Table 4). When taken by heart valve transplant patients for 6
weeks, red ginseng extract (1 g/day) did not affect warfarin’s
anticoagulation [142]. Based on these results, it can be shown that
there is no interaction between red ginseng and warfarin. While
precautions regarding the intake of red ginseng together with
anticoagulants take into consideration the possibility of a delay in
blood coagulation due to the material’s suppression of platelet
aggregation, healthy individuals’ intake of red ginseng extract for 8
weeks was found to suppress platelet aggregation but not to affect
blood coagulation systems such as prothrombin time and APTT
[52]. When the research above is summarized, according to in vitro
studies and clinical studies on effects of red ginseng on CYP and
uridine-5'-diphosphate (UDP) metabolism and drug delivery sys-
tems such as P-glycoprotein, red ginseng neither interacted with
drug metabolism and drug delivery systems nor affected meta-
bolism and efficacy of warfarin. Precautions regarding the com-
bined intake of red ginseng and antidiabetic agents can be
understood as concerning the material’s reported blood glucose
effects [87,88], which can cause low blood glucose, rather than its
effects on the metabolism or absorption of antidiabetic agents.
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