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a b s t r a c t

Background: Ginseng (Panax ginseng) is a widely used traditional herbal supplement that possesses
various health-enhancing efficacies. Various ginseng products are available in market, especially in the
Korean peninsula, in the form of drinks, tablets, and capsules. The different ginseng types include the
traditional red ginseng extract (RGE), white ginseng, and black red ginseng extract (BRGE). Their fer-
mented and enzyme-treated products are also available. Different treatment regimens alter the
bioavailability of certain compounds present in the respective ginseng extracts. Therefore, in this study,
we aimed to compare the antioxidant and immune-stimulating activities of RGE, BRGE, and fermented
red ginseng extract (FRGE).
Methods: We used an acetaminophen-induced oxidative stress model for investigating the reduction of
oxidative stress by RGE, BRGE, and FRGE in Sprague Dawley rats. A cyclophosphamide-induced immu-
nosuppression model was used to evaluate the immune-stimulating activities of these ginseng extracts
in BALB/c mice.
Results: Our results showed that most prominently, RGE (in almost all experiments) exhibited excellent
antioxidant effects via increasing superoxide dismutase, catalase, and glutathione peroxidase activities in
the liver and decreasing serum 8-hydroxy-20-deoxyguanosine, aspartate aminotransferase, and lactate
dehydrogenase levels compared with the groups treated with FRGE and BRGE. Moreover, RGE signifi-
cantly increased the number of white blood cells, especially T and B lymphocytes, and antibody-forming
cells in the spleen and thymus, and it also activated a number of immune cell subtypes.
Conclusion: Taken together, these results indicate that RGE is the best supplement for consumption in
everyday life for overall health-enhancing properties.
� 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. Introduction

Korean ginseng (Panax ginseng Meyer) is the most commonly
used herbal supplement throughout the Korean peninsula and in
other countries. The marvelous health-enhancing properties of
ginseng have been unraveled with the passage of time. The root of
ginseng is the treasure of all the biological properties that this plant
possesses. Ginseng is extensively used as an adaptogen owing to its
antistress and vitalizing properties [1]. In addition, Korean ginseng
has been reported to possess a number of healing properties for

various diseases such as inflammation, tumors, cancers, and other
pathological ailments [2e6].

Oxidative stress is an imbalance between the systemic mani-
festation of reactive oxygen species (ROS) and the biological ability
of the body to detoxify the reactive components which subse-
quently leads to cell damage [7]. It is widely associated with
pathological conditions such as cancer, Parkinson’s disease, Alz-
heimer’s disease, and cardiovascular diseases [8e10]. If the body is
unable to rapidly remove ROS, it results in the accumulation of ROS
in cells, which in turn damages the whole cell structure and
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ultimately leads to major pathological conditions. Previously,
ginseng has been reported for its antioxidative properties [11e16].
In the present study, we compared the antioxidative effects elicited
by three types of ginseng extracts, namely, red ginseng extract
(RGE), black red ginseng extract (BRGE), and fermented red ginseng
extract (FRGE). Immune suppression is a common pathological
condition encountered by almost all adults in today’s world, and it
is caused by high stress levels in studies, work, and emotional
conditions. Under immunosuppressed conditions, a person is easily
vulnerable to infectious diseases spread through the environment,
such as influenza, cough, and cold. Although the effects of ginseng
in enhancing the immune system have been reported [17,18], no
comparative study has been performed to identify the ginseng
extract most suitable for consumption in everyday life for
enhancing immunity.

Therefore, for the first time, we performed a comparative study
of the antioxidant and immune-stimulating properties of RGE,
BRGE, and FRGE. Our results showed that RGE elicited outstanding
antioxidant effects and immune-stimulating properties compared
with FRGE and BRGE.

2. Materials and methods

2.1. Materials

All commercially available kits for measuring the antioxidant
ability of the extracts were purchased from Cayman Chemical
(Michigan, USA). Earle’s balanced salt solution (EBSS), dieth-
ylaminoethyl-dextran, agar, 2-mercaptoethanol, cyclophospha-
mide (CY), and guinea pig complement serumwere purchased from
Sigma-Aldrich Co. (St. Louis, Mo., USA). Cell counting kit (CCK-8)
was purchased from Dojindo (Kumamoto, Japan). Roswell Park
Memorial Institute medium (RPMI) 1640 medium, fetal bovine
serum, and 4-(2-Hydroxyethyl)piperazine-1-ethanesulfonic acid
(HEPES) buffer were procured from Gibco BRL (Grand Island, NY,
USA). Ammonium-chloride-potassium lysing buffer was purchased
from Lonza (Walkersville, USA). Sheep red blood cells (SRBCs) were
purchased from South Pacific Sera Ltd. (Timaru, New Zealand).
Splenocyte morphology was measured by flow cytometry (BD
FACSCanto II; BD Biosciences, San Diego, CA, USA). Monoclonal
antibodies (MoAbs) against CD3e, CD4, CD8, and CD25, and
fluorochrome-labeled MoAbs, and isotype control IgGs were pur-
chased from BD Biosciences. The purified anti-mouse CD16/CD32 Fc
receptor, peridinin-chlorophyll a-proteineconjugated anti-mouse
CD3e (clone: 145-2C11), and R-phycoerythrin (R-PE)econjugated
anti-mouse CD45R/B220 (clone: RA3-6B2) were purchased from
BD Pharmingen Co. (San Diego, CA, USA). All other reagents and
chemicals used were obtained from Sigma-Aldrich Co.

2.2. Ginseng sample preparation

RGE (Rg1þ Rb1þ Rg3¼ 5.5 mg/g), BRGE (Rg1þ Rb1þ Rg3¼ 15
mg/g), and FRGE (Rg1 þ Rb1 þ Rg3 ¼ 7.5 mg/g) were purchased
from the local market and then were analyzed for ginsenosides,
maltol, arginine-fructose-glucose (AFG), and acidic polysaccharides
according to previously reported studies [19e21] by HPLC analysis
as shown in Table 1.

2.3. Experimental animals

For determining the antioxidant activity, 6-week-old male
Sprague Dawley (SD) rats were purchased from Koatech (Gyeonggi,
Korea) and acclimatized for 7 days. During the acclimatization
period, the general physical and behavioral symptoms were
observed. Only normal animals weighing 200e230 g on the first

day of administration were selected and used in the experiments.
Eight rats per group were used for each experiment. The animal
room was maintained at a temperature of 20 � 2�C, relative hu-
midity of 50 � 5%, and ventilation rates of 10e12 times/hr. The
illumination time was from 7:00 am to 7:00 pm, and illumination
was maintained at 150e200 Lux. The rats were provided ad libitum
access to water and food. The animal feed was procured from
Feedlab (Guri, Korea). All the experiments were carried out in
accordance with the ethical guidelines of the Animal Experimental
Ethics Committee, Kyungpook National University, Daegu, Korea
(IACUC-2018-51). For determining the immune-stimulatory activ-
ity, 6-week-old male BALB/c mice were purchased from Korea
Biological Link (Chungbuk, Korea). The acclimatization period, an-
imal room environment, and monitoring were the same as those
selected for SD rats. After acclimatization, mice weighing 22e23 g
were selected and used in the experiments. Six mice per group
were used for each experiment.

2.4. Ginseng sample administration

To investigate the reduction of oxidative stress by ginseng ex-
tracts in SD rats, acetaminophen (APAP) was used to induce
oxidative stress in rats (negative control group). The rats were
divided into five groups (with each group n¼ 8 animals) as follows:
normal group (fed saline only); negative control group (APAP con-
trol); RGE-treated group; BRGE-treated group; and FRGE-treated
group. The groups treated with RGE, BRGE, and FRGE were orally
fed ginseng extracts daily for 7 days at a dose of 500 mg/kg. For the
induction of oxidative stress 2 h after the last administration of
ginseng extracts, all groups, except the saline-fed group, were orally
administered 800 mg/kg of APAP. Food and water were withdrawn
after APAP treatment. The animals were euthanized after 24 h, and
blood and organs were collected for later experiments.

For investigating the immune-stimulatory activity of ginseng
extracts, CY was used to induce immunosuppression in mice
(negative control). Male mice were divided into five groups (with
each group n ¼ 6 animals) as follows: normal group (fed saline
only); negative control group (CY control); RGE-treated group;
BRGE-treated group; and FRGE-treated group. The RGE, BRGE, and
FRGE groups were orally fed ginseng extracts daily for 2 weeks at a
dose of 500 mg/kg. After 2 weeks of treatment, all groups were
intraperitoneally (i.p.) injected SRBCs (acting as antigen) for

Table 1
Amount of ginsenosides and other nonsaponin fractions in RGE, FRGE, and BRGE
determined by HPLC

Ginsenosides Red ginseng
extract (RGE) mg/g

Fermented red
ginseng extract
(FRGE) mg/g

Black red
ginseng extract
(BRGE) mg/g

Rg1 1.10 � 0.07 0.47 � 0.06 1.95 � 0.06
Re 1.57 � 0.17 3.39 � 0.06 5.04 � 0.11
Rf 0.95 � 0.01 Not detected 1.21 � 0.05
Rh1 0.87 � 0.09 0.12 � 0.01 0.33 � 0.15
Rg2(s) 1.83 � 0.15 1.10 � 0.04 1.50 � 0.24
Rb1 4.70 � 0.17 8.18 � 0.07 12.02 � 0.45
Rc 2.03 � 0.15 2.53 � 0.05 5.88 � 0.16
Rb2 1.76 � 0.15 0.49 � 0.06 4.94 � 0.32
Rd 0.67 � 0.04 2.36 � 0.12 2.39 � 0.03
Rg3(s) 2.13 � 0.05 0.96 � 0.04 1.34 � 0.10
Rg3(r) 0.83 � 0.02 0.53 � 0.02 0.65 � 0.04

1)AFG 44.38 � 2.13 6.98 � 0.28 8.01 � 1.03

Acidic
polysaccharide

64.29 � 1.84 41.24 � 1.44 49.94 � 1.23

Maltol 1.16 � 0.04 0.02 � 0.00 0.72 � 0.01

1) AFG level (elevated amounts) is shown in a box which is responsible for the
strong antioxidant and immune-stimulating properties of RGE.
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immune stimulation. On the next day (day 16), 24 h later, all groups,
except the saline-fed group, were injected CY (i.p.) at a single dose
of 50 mg/kg (immunosuppressant drug). Three days later, all ani-
mals were euthanized, and blood and organs were collected for
later experiments.

2.5. Assessment of serum 8-hydroxy-20-deoxyguanosine levels

For 8-hydroxy-20-deoxyguanosine (8-OHdG) measurement and
biochemical analysis, blood samples were collected from rats under
isoflurane respiratory anesthesia and placed in serum tubes. The 8-
OHdG assay kit (Cayman Chemical, Michigan, USA) was used for the
measurement of 8-OHdG levels. The content of 8-OHdG in the
samples were measured based on the competition of 8-OHdG and
Acetylcholinesterase (AChE) enzymeelabeled 8-OHdG for 8-OHdG
monoclonal antibody.

2.6. Preparation of liver homogenate

After euthanasia, the liver tissue was immediately extracted and
stored in physiological saline on ice until homogenization. The buffer
that was used for homogenization of liver tissue consisted of 10
mmol Tris-HCl and 1mmol ethylenediaminetetraacetic acid (pH 7.4).
Whole liver tissues were homogenized in 20 mL of homogenization
buffer, and then 10% homogenate was prepared relative to the liver
weight. After centrifugation at 1,500 rpm for 30 min at 4�C, the su-
pernatant was separated and stored at �80�C until further analysis.

2.7. Measurement of antioxidant enzyme levels in liver tissue

The activities of all antioxidant enzymes were analyzed using
specific enzyme assay kits. Superoxide dismutase activity (Cu/Zn,
Mn, and FeSOD) was measured by diluting the samples to 1:1000.
Catalase activity was measured by 4-amino-3-hydrazino-5-
mercapto-1,2,4-triazole (Purpald), and the sample was diluted to
1:1000. Glutathione peroxidase (GPx) assay was performed in the
presence of glutathione and oxidized glutathione, and GPx activity
was evaluated by differences in absorbance at different dihy-
dronicotinamide-adenine dinucleotide phosphate (NADPH) levels
(sample dilution of 1:20).

2.8. Evaluation of liver damage by serum biochemical analysis

The blood levels of aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and lactate dehydrogenase (LDH) in rats
were measured using a biochemical analyzer (HITACHI 7100,
HITACHI Ltd., Tokyo, Japan).

2.9. Measurement of IgM antibodyeproducing cells in the spleen

To determine the number of IgM antibodyeforming cells (AFCs)
in the spleen, SRBC was used as an antigen. For injection, SRBC was
centrifuged three times with EBSS solution (300 � g, 10 min,
4�C) and adjustedwith EBSS solution so that the SRBC concentration
would be 5 � 108 cells/mL. This suspension (0.5 mL) was intraperi-
toneally administered to all experimental animals for induction of
immune response. The next day, 50 mg/kg of CY was administered
i.p. to induce immunosuppression. At this time, no sample was
administered to prevent each sample from affecting CY metabolism.
On the third day after CY administration, all animals were eutha-
nized with excessive CO2 gas. Blood was collected from the heart,
and the spleen and thymus were excised. The spleen was lightly
pulverized with sterile syringes in ice-cold EBSS solution for anti-
body production and centrifuged (150 � g, 10 min, 4�C). The su-
pernatant was removed, and 3 mL of EBSS solution was added to

prepare a spleen cell suspension (SCS). SCS (200 mL) and 800 mL of
EBSS solution were mixed to prepare a fivefold diluted cell suspen-
sion. To prepare 0.5% agar solution, 0.5% agar was suspended in EBSS
solution, followed by the addition of 3% diethylaminoethyl-dextran
to dissolve it completely. Then, this solution was kept at 48�C in a
constant-temperature water bath. In a round-bottom tube (12 � 75
mm), 350 mL of agar solution, 100 mL of SCS, 25 mL of SRBC, and 25 mL
of guinea pig complement were mixed. The resultant solution (200
mL) was placed in a Petri dish (diameter 100 mm), which was then
covered with a cover glass (24 � 50 mm). After agar treatment for
around 20minutes, plaque formationwas induced by incubation in a
5% CO2 incubator at 37�C for 4 h. The number of plaques formed was
counted by a 10�magnificationmicroscope (IX-81; Olympus, Tokyo,
Japan), and the number of cells in the SCS was counted. Antibody
production was calculated as AFCs/106 splenocytes or AFCs/spleen.

2.10. Splenic cell subtype analysis

The spleen was lightly pulverized with sterile syringes in ice-
cold EBSS solution for antibody production and centrifuged
(150�g, 10 min, 4�C). The supernatant was removed by centrifu-
gation (300�g, 10 min, 4�C). Then, 2 mL of ammonium-chloride-
potassium lysing buffer was added to the SCS to hemolyse the red
blood cells (RBCs). Then, 5 mL of RPMI 1640 complete medium (10%
fetal bovine serum, 2 mM L-glutamine, 100 units of penicillin, 100
mg streptomycin, and 5 � 10�5 mM 2-mercaptoethanol) was added
and left at room temperature for 5 min. The supernatant was
removed by centrifugation (300� g, 5 min, 4�C) and washed twice
with RPMI 1640 medium again. Fc receptor blockade was per-
formed at 4�C for 15 min with a purified anti-mouse CD16/CD32 Fc
receptor (1 mg/tube) in the splenocytes monolayer. To determine
the number of T cells, peridinin-chlorophyll a-proteineconjugated
anti-mouse CD3e and 1 mg of R-PEeconjugated anti-mouse CD45R/
B220 were added to each well to measure the number of B cells.
After washing three times with 1 mL of phosphte-buffered saline
(PBS), 0.4 mL of PBS was added to each tube, mixed well, and
analyzed by flow cytometry.

2.11. Isolation of spleen and thymus and subtyping of immune cells
from non-SRBC mice model of immunosuppression by fluorescent
antibody cell sorting (FACS)

For investigating the immune-stimulatory activity of ginseng
extracts without injecting SRBC, male BALB/c micewere divided into
five groups (with each group n ¼ 6 animals) as follows: normal
group (fed saline only); negative control group (CY control); RGE-
treated group; FRGE-treated; and BRGE-treated groups. The RGE,
FRGE, and BRGE groups were orally fed ginseng extracts daily for 2
weeks at a dose of 500mg/kg. After 2 weeks of treatment, on day 15,
24 h later, after the last sample administration, all groups, except the
saline-fed group, were i.p. injected with CYat a single dose of 50mg/
kg (immunosuppressant drug). Three days later, all animals were
euthanized, and blood and organs were collected for later experi-
ments. For immune cell subtyping by FACS, thymocytes (extracted as
given in section 2.10 for splenocytes) were incubated with 10mL of
fluorescein isothiocyanate (FITC)-conjugated anti CD4, PE-Cy 5.5-
CD25, and PE-conjugated CD8 and CD4 for 30 min. Later, the
acquisition and analysis were performed by multicolor FACS using
CellQuest Pro software. The results are expressed as absolute no. of
cells in thymus (105).

2.12. Isolation of neutrophils and neutrophil migration assay

The neutrophils were isolated from the whole blood of non-
SRBC immune-suppressing mice model. The procedure was
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carried out using modified Histopaque gradient technique [22].
Isolation of neutrophils and neutrophil migration assay were per-
formed according to the protocol given by Ahmad et al [23]

2.13. Estimation of Th1/Th2 cytokines using ELISA

For determination of Th1/Th2 cytokines, i.e., interleukin (IL)-4,
IL-12 and interferon-g, 96-well plates were incubated with CD3
monoclonal antibody (mAb) at 0.5mg/mL overnight, and the next
day, MoAbs-based mouse interleukin enzyme-linked immunosor-
bent assay (ELISA) kits (R&D Systems, MN, USA) were used for
determination of their levels according to the manufacturer’s
instructions.

2.14. Statistical analysis

The data were expressed as mean � standard deviation. The
groups were analyzed using an analysis of variance followed by

the Dunnett’s test for multiple comparisons (SPSS version 20,
IBM, NY, USA). A p value less than 0.05 was considered statisti-
cally significant. There are some other significant marks shown
in the figures, and they are described in their respective figure
legends.

3. Results

3.1. Biochemical and liver tissue analysis for antioxidant
biomarkers

The blood levels of AST, ALT, and LDH in rats were measured by
biochemical methods. There were significant increases in the ac-
tivity of superoxide dismutase, catalase, and GPx in RGE- and FRGE-
treated groups compared with the control group (Figs. 1AeC).
Moreover, a significant decrease in 8-OHdG levels was observed in
the RGE-treated group compared with the FRGE- and BRGE-treated
groups and negative control group (Fig. 1D). AST and LDH levels
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Fig. 1. Effects of RGE, BRGE, and FRGE on oxidative and hepatic pathological parameters. (A) SOD activity in NC group as compared to the normal group, yp< 0.01 and SOD activity in
RGE- and FRGE-treated groups compared to the control group (NC), *p < 0.05. (B) CAT activity as compared to the normal group, yp < 0.01 and CAT activity in the RGE- and BRGE-
treated groups compared to the control group (NC), *p < 0.05. (C) GPx activity as compared to the normal group, yp < 0.01 and GPx activity in RGE-, BRGE-, and FRGE-treated groups
compared to the control group (NC), *p < 0.05. (D) 8-OHdG activity as compared to the normal group, yp < 0.01 8-OHdG levels in the RGE-treated group compared to the control
group (NC) (*) and BRGE- and FRGE-treated groups (#), *#p < 0.05. (E) AST levels in the control group (NC) compared to the normal group, yp < 0.01 and AST level in the RGE-treated
group compared to the control group (NC), *p < 0.05. (F) ALT levels in the control group (NC) compared to the normal group, yp < 0.01. (G) LDH levels in the control group (NC)
compared to the normal group, yp < 0.01 and LDH levels in RGE-treated group compared to the control group (NC), *p < 0.05.
8-OHdG, 8-hydroxy-20-deoxyguanosine; ALT, alanine aminotransferase; APAP, acetaminophen; AST, aspartate aminotransferase; BRGE, black red ginseng extract; CAT, catalase;
FRGE, fermented red ginseng extract; GPx, Glutathione peroxidase; LDH, lactate dehydrogenase; RGE, red ginseng extract; SOD, superoxide dismutase.
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showed a significant decrease in the RGE-treated group compared
with the other groups (Figs. 1E and 1G). No significant difference in
ALT levels was observed between the ginseng-treated groups and
control group (Fig. 1F).

3.2. Splenic antibody response to SRBCs

Antibody production is known to be the most sensitive indi-
cator of immunity and the most widely used marker for in vivo
studies [24]. When mixed with rabbit erythrocytes and comple-
ment in spleen cells of mice immunized with rabbit erythrocytes
was used as antigens, the antibody-producing B cells release
immunoglobulin. The released immunoglobulin binds to the he-
matopoietic RBCs, where the complement acts on the hemato-
poietic RBCs that produce the antibody [25]. The antibody
response of IgM to the T-dependent antigen SRBCs was evaluated
as shown in Fig. 2A. CY suppressed the number of AFCs in response
to the T-dependent antigen SRBCs when compared with the
normal group. When the data were expressed as AFCs � 103 per
spleen (Fig. 2B), there were 135 � 42 cells in the normal group,
which was significantly reduced to 19 � 6, 77 � 20, 50 � 11, and
48 � 12 in the CY control, RGE, BRGE, and FRGE groups, respec-
tively. Thereafter, the number of AFCs per million spleen cells was
evaluated, and a significant increase was observed in the RGE
(398%), BRGE (258%), and FRGE (247%) groups compared with the
CY control. Compared with BRGE and FRGE, RGE significantly
increased the number of cells by 37% (Fig. 2C).

3.3. Effects of RGE, FRGE, and BRGE on immune cells subtypes in
spleen tissue

As shown in Figs. 2DeE, the numbers of T and B lymphocytes
were significantly reduced in the CY control compared with the
normal group. In contrast, the numbers of T and B lymphocytes
were significantly increased in RGE- and FRGE-treated groups,
compared with the CY control group. The number of T and B lym-
phocytes was significantly increased in the RGE-treated group
compared with the FRGE-treated group. It was found that periph-
eral white blood cell, lymphocyte, and neutrophil counts in CY-
treated mice decreased significantly (Table 2).
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Fig. 2. Effects of RGE, BRGE, and FRGE on antibody-forming cells (AFCs) and splenic subpopulation in BALB/c mice treated with CY. (A) Decrease in splenocytes (x108) from the
normal group at **p < 0.01. Increase in splenocytes (x108) in the RGE- and BRGE-treated groups compared with the CY control at #p < 0.05. (B) Decrease in AFCs (x103)/spleen from
the normal group at **p < 0.01, increase in AFCs (x103)/spleen in the RGE-, BRGE-, and FRGE-treated groups compared with the CY control at ##p < 0.01, and $ significantly less than
RGE at p < 0.05. (C) Decrease in AFCs (x106)/spleen from the normal group at **p < 0.01, increase in AFCs (x106)/spleen in the RGE-, BRGE-, and FRGE-treated groups compared with
the CY control at ##p < 0.01, and $ significantly less than RGE at p < 0.05. (D) Decrease in the number of T-lymphocytes compared with the normal group at **p < 0.01, whereas
increase in the number of T-lymphocytes in RGE- and FRGE-treated groups compared with the CY control at #p < 0.05 and ##p < 0.01 and $ significantly less than RGE at p < 0.05.
(E) Decrease in the number of B lymphocytes compared with the normal group at **p < 0.01, whereas increase in the number of B lymphocytes in RGE- and FRGE-treated groups
compared with the CY control at ##p < 0.01 and $ significantly less than RGE at p < 0.05.
BRGE, black red ginseng extract; CY, cyclophosphamide; FRGE, fermented red ginseng extract; RGE, red ginseng extract.

Table 2
Effects of RGE, BRGE, and FRGE on Hematologic parameters in BALB/c mice

Groups White blood
cells (mL/103)

Lymphocyte
(mL/103)

Neutrophil
(mL/103)

Normal 4.86 � 1.49 3.37 � 0.94 0.27 � 0.12
CY control 1.59 � 0.39** 1.13 � 0.28** 0.12 � 0.04**
RGE 2.44 � 0.19## 1.82 � 0.22## 0.12 � 0.04
FRGE 2.15 � 0.16## 1.56 � 0.29# 0.12 � 0.04
BRGE 2.77 � 0.78# 2.06 � 0.67# 0.13 � 0.05

BRGE, black red ginseng extract; CY, cyclophosphamide; FRGE, fermented red
ginseng extract; RGE, red ginseng extract.
Decrease in white blood cells, lymphocytes, and neutrophils in CY control group
compared with the normal group at **p < 0.01. Increase in white blood cells and
lymphocytes in RGE-, BRGE-, and FRGE-treated groups compared with the CY
control at #p < 0.05 and ##p < 0.01.
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3.4. Effects of RGE, FRGE, and BRGE on immune cells subtypes in
thymus tissue

Analysis of the expression of immune cell subtypes (T and B) in
thymus tissue was performed by flow cytometry technique. As
shown in Figs. 3AeB, CD4þ/CD8þ (CD4 that are the helper T cells
and CD8 that are cytotoxic/killer T cells) [26] cells from thymus
were found to be significantly increased for the RGE group. More-
over, the amounts of CD4þCD25þ(markers for regulatory T cells)
[27] cells in thymus tissue were also significantly elevated for the
RGE group as indicated in Figs. 3CeD.

These results clearly indicate that RGE is potent as immune-
boosting extract because it caused the activation of T and B cells
subtypes in thymus tissues of mice.

3.5. Effects of RGE, FRGE, and BRGE on neutrophil migration and
Th1/Th2erelated cytokines

Neutrophil migration assay was performed to investigate the
effects of RGE, FRGE, and BRGE on chemotactic activity of
neutrophils [28]. As can be seen from Fig. 4A, the relative
migration activity was manifolds enhanced for RGE- and FRGE-
treated groups, indicating that both these extracts potently
activated the neutrophils to combat with CY-induced immune
suppression.

Then, to further strengthen our hypothesis that these extracts
activate the immune system, we checked the serum IL-12 levels
(Th1-related antiinflammatory cytokine) [29] which were elevated
for the RGE group, IL-4 (Th2-related antiinflammatory cytokine)
[30] which was elevated for all three extracts, and interferon-g
(Th1-related antiinflammatory-type soluble cytokine) [31] which
was elevated for both RGE and FRGE groups as can be seen in
Figs. 4BeD. These results strongly suggest that these ginseng ex-
tracts, especially both RGE and FRGE, are potent immune-
stimulating extracts.

4. Discussion

Although extensive industrialization has affected today’s lifestyle
in a positive manner and made life easy, it has shifted humans
toward a sedentary lifestyle with dependence on more synthetic
products for consumption, which has led to various health issues,
such as cardiovascular disorders, hypertension, and diabetes [32].
Therefore, these days, the orientation of scientific community is
shifted toward unraveling the biological properties in natural food
sources rather than the commercial ones and to introduce more
natural food products than synthetic ones. In our research, we aimed
to unravel the antioxidant and immune-stimulatory activities of
three different ginseng extracts in rats andmice. Although ginseng is
already reported for its antioxidant properties [13,33], our results
clearly revealed that RGE possess good antioxidative (Figs 1AeD,
E&F) and immune-stimulating (Figs 2AeE, 3AeD and 4AeD) activ-
ities among the three extracts. This fact is probably attributed to the
processing time of RGE. Since RGE is steamed and dried only once, it
contains 4.7e6.3 times more arginine-fructose-glucose (AFG) than
FRGE and BRGE. In addition, RGE contains 1.3e1.5 times more
polysaccharides than FRGE and BRGE, and it is clearly seen in Table 1.
AFG is a specific aminosugar that can be produced by chemical re-
action during the process of conversion of fresh ginseng to red
ginseng. The AFG content in red ginseng is 1.0e1.5%. The amount of
AFG as shown in Table 1 is manifolds higher than the other two
extracts, and this is the main reason for its strongest biological ac-
tivities. The levels of acidic polysaccharide, an immune activator, in
red ginseng are 4.5e7.5% [34]. Previous studies have also demon-
strated that AFG and polysaccharides derived from RGE exert anti-
oxidant effects against oxidative stresseinduced diseases [35e37].

Many previous studies have reported how the processing time
of ginseng (one time to many times) can change the composition of
single ginseng compounds called “ginsenosides” [13,38e41]. Some
studies have reported that excessive heat treatment of ginseng
denatures the ginsenosides present in it, whereas some studies
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have reported that extensive processing of ginseng makes some of
the important ginsenosides more bioavailable to the body than
ginseng boiled and dried once [42e44].

Black ginseng (BG) is obtained from red ginseng roots by nine
cycles of steaming at 98�C for 3 h [45,46]. Owing to this extensive
steaming process, some ginsenosides in BG, such as Rg3, Rg5, Rg6,
Rk3, Rs3, and Rs4, exhibit more potent biological activities than
those in RGE [47]. Many studies have reported strong biological
activities exhibited by BG [48e51]. In light of these findings, we can
conclude that BRGE also has strong antioxidant (Figs. 1BeC) and
immune-stimulating (Figs. 2AeC, 4C) activities, but not as strong as
RGE.

The process of fermentation generally enhances the effective-
ness of bigger pharmacological compounds via degradation into
small molecules, which makes it easier for their metabolic ab-
sorption. Recent studies on FRGE demonstrated that fermentation
of red ginseng by Lactobacillus fermentum increased the effective-
ness of ginsenosides present in ginseng, making it more bioavail-
able [52]. In addition, the conversion of some ginsenosides,
especially Rb1, Rb2, Rc, and Rd, to compound K was reported.
Compound K showed enhanced absorption by the intestinal
microflora compared with single ginsenosides [53]. Moreover, its
other beneficial biological activities such as antioxidant, anticancer,

and antidiabetic properties are already reported [11,54]. Our results
have shown that FRGE also exhibited good antioxidant (Figs. 1AeC)
and immune-stimulating (Figs. 2AeE, 4A, C and D) activities, but
again not as strong as RGE.

In a nutshell, we conclude that RGE possesses strong antioxi-
dant and immune-stimulating activity compared with BRGE and
FRGE owing to the processing condition that causes increased
amounts of AFG and other acidic polysaccharides present in it.
Nevertheless, the strong biological properties posed by both BRGE
and FRGE can also never be ignored, and further studies at mo-
lecular levels can justify their enhanced efficacies for various
pathological disorders.
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