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Abstract KH-red ginseng/chlorella (KH-RG/C) is the mixed material of the Korean red ginseng powder (Panax ginseng,
75%) and extract of Chlorella vulgaris (25%). To evaluate the effects of KH-RG/C on endurance capacity and immune
regulation, the forced swimming test (FST) was conducted. The immobility time in the FST was significantly decreased in
KH-RG/C treated group compared with the DW-treated group at the 3 and 10 days, respectively. In the analysis of the blood
biochemical parameters, KH-RG/C treatment significantly increased the glucose level. However, the lactic dehydrogenase
level decreased. Although KH-RG/C increased aspartate aminotransferase, it was not different significantly. And KH-RG/C
had no affects in the alanine aminotransferase, and blood urea nitrogen levels. In splenocytes and macrophages, KH-RG/C
also did not affect the interleukin (IL)-2, IL-4, and IL-12 production. These results suggest that KH-RG/C may influence to
immune regulation through increasing the physical endurance capacity without effect in activation of immune cells.
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Introduction

KH-red ginseng/chlorella (KH-RG/C) composed of Korean
red ginseng powder (KRGP, Panax ginseng) and extract of
Chlorella vulgaris (CVE). KRGP is a product made by
applying some processing to 6-year-old P. ginseng Radix.
P. ginseng and its constituents have been shown to exhibit
both anti-stress and antioxidant activity (1,2), and to exert
various benefits relating to stress and the immune system
(3). Ginseng has been well known to have a variety of
ginsenosides that show diverse biological activities (4).
Ginsenoside Rg3 is one of protopanaxadiol ginsenosides
by steaming to prepare Korean red ginseng (5). Rg3 is well
known as a potent ginsenoside which has anti-stress effect
(6) and inhibitory effects on ovarian cancer (7), bladder
cancer (8), and gastric cancer (9). C. vulgaris (CV) is a
fresh water unicellular microscopic algae, widely used as a
food supplement in the forms of tablets, capsules, extract
liquid, or a food additive in Japan (10). Numerous human and
animal experiments have documented various pharmacological
effects of CV and CVE, which includes improvement in
hypertension (11), lipid metabolism, enhancing anti-tumor
(12), antibacterial activities (13), and promotion of dioxin
excretion (14).

Fatigue, defined as a loss of force-generating capacity,
may develop for a variety of reasons and involve both

central and peripheral factors. Fatigue is the most frequent
symptom experienced by children/adolescents with cancer
(15). Fatigue patients were almost fallen immunity function.
The forced swimming test (FST) has been used as anti-
fatigue and endurance tests (16,17). Glucose (Glc), blood
urea nitrogen (BUN), lactate dehydrogenase (LDH), creatine
kinase (CK), aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and total protein (TP) are blood
biochemical parameters related to fatigue. Energy for exercise
is derived initially from the breakdown of glycogen and,
later, from circulating glucose released by the liver and
from nonesterified fatty acids (18). As is commonly known,
glucose levels are decreased immediately after exercise.
The blood urea nitrogen test is a routine test used primarily
to evaluate renal function. Serum lactate dehydrogenase
and creatine kinase are known to be accurate indicators of
muscle damage. Total protein is a rough measure of serum
protein. Protein measurements can reflect nutritional state,
kidney disease, liver disease, and many other conditions
(18). FST exposure produces a variety of time-dependent
neurochemical, endocrine, and immune alterations in the
rat (19). Therefore, it was analyzed that the blood biochemical
parameters related to fatigue in blood after FST to
investigate the immune-enhancing effect of KH-RG/C.

Cytokines play an important role in mucosal humoral
and cell-mediated immunities. T-helper cells are divided
into 2 subgroups, of T helper 1 cells (Th1) and T helper 2
cells (Th2), according to their cytokine production profiles
(20). Th1 cells play a critical role in the regulation of
cellular immunity through the secretion of interleukin-2
(IL-2) and interferon-γ (IFN-γ). On the other hand, Th2
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cells regulate humoral immunity through the production of
IL-4 and IL-10 (21,22). Various cytokines such as IL-2, IL-
4, and IL-12 are related to immune reaction, directly or
indirectly.

In the present study, the anti-immobility effect of KH-
RG/C during the FST was examined. After the FST, the
effects of KH-RG/C on the body weight, the energy source,
the muscle damage, liver function, and renal function were
estimated. In addition, it was evaluated that the effect of
KH-RG/C on the production of IL-2, IL-4, and IL-12 in
mouse splenocytes and macrophages for certifying the
immune function of KH-RG/C.

Materials and Methods

Reagents A 20 (R)- and 20 (S)-ginsenoside-Rg3 (Rg3)
isolated from red ginseng was kindly provided by Dr.
Deok-Chun Yang (Department of Oriental Medicinal
Material and Processing, College of Life Science, Kyung
Hee University, Seoul, Korea). Absolute ethanol (EtOH) was
purchased from Merck (Darmstadt, Germany). Fluoxetine
hydrochloride (20 mg/capsule) was purchased from Myung In
Pharm Co., Ltd. (Seoul, Korea). Thioglycollate (TG) and
Concanvalin A (Con A) were purchased from Difco
Laboratories (Detroit, MI, USA). Hanks balanced salt
solution (HBSS), fetal bovine serum (FBS), RPMI 1640
medium, 100 U/mL penicillin, and 100 mg/mL streptomycin
were purchased from Gibco BRL (Grand Island, NY, USA).
Avidin-peroxidase, 2, 2-azino-bis (3-ethylbenzthiazoline-6-
sulfonic acid) (ABTS), Dulbecco’s modified Eagle’s medium
(DMEM), and other reagents were obtained from Sigma-
Aldrich (St. Louis, MO, USA). Anti-mouse IL-2 (MAB702)/
IL-4 (MAB404)/IL-12 (MAB419) antibody (Ab), biotinylated
anti-mouse IL-2 (MAB702)/IL-4 (BAF404)/IL-12 (BAF419)
Ab, and recombinant (r) mouse IL-2 (402-ML)/IL-4 (404-
ML)/IL-12 (419-ML)/interferon (IFN)-γ (485-MI) were
purchased from R&D Systems (Minneapolis, MN, USA).

Preparation of KH-RG/C KH-RG/C composed of KRGP
(75%) and CVE (25%), respectively. KRGP (100%) was
purchased from the Korea Ginseng Corp. (Seoul, Korea). It
was decocted with distilled water (DW) for 3 hr. The
decoction was filtered, lyophilized, and kept at 4oC. CVE
was prepared to lyophilize the heat-treated water extracts
of CV, supplied by Daesang Corp., WellLife (Seoul, Korea).
KH-RG/C and Rg3 were dissolved in DW and EtOH,
respectively.

Animals Male ICR strains of mice (4-week-old) were
purchased from the Dae-Han Experimental Animal Center
(Eumsung, Korea) and the animals were maintained in the
College of Pharmacy, Wonkwang University. Food and water
were provided ad libitum for 10 days. They were allowed
at least 1 week to adapt to the laboratory environment
before experiments. The mice were housed 7/cage in a
laminar air-flow room maintained at a temperature of 22±1
oC and relative humidity of 55±10% throughout the study.
No animal was used more than once. The research was
conducted in accordance with the internationally accepted
principles for laboratory animal use and care as found in
the US guidelines.

Treatment of KH-RG/C and reagents For in vivo study,
0.8, 8, and, 80 mg/kg KH-RG/C, 10 mg/kg Rg3, and 1 g/
kg EtOH (solvent of Rg3) were administrated by oral for
10 days. Rg3 was used as active compound because KH-
RG/C was mixed as 3:1 of KRGP and CVE. Rg3 is also
one of unique active ingredient in Korean red ginseng (23).
To compare the each immobility time, fluoxetine, which is
a stronger antidepressant (24), was used as positive control.
Because of the hepatic toxicity (24), fluoxetine was treated
1 hr before to get FST at 3 and 10 days. In in vitro study,
the concentration of 0.8, 8, and 80 µg/mL KH-RG/C,
10 µg/mL Rg3, and 0.5% EtOH was used.

Forced swimming test (FST) During the 6 min in the
FST, the duration of immobility was measured as previously
described by Porsolt et al. (25). The apparatus consisted of
2 Plexiglas cylinders (height, 25-cm; diameter, 10-cm)
placed side by side in a Makrolon cage filled with water
(10 cm height) at 23-25oC. ICR mice (n=10/group) were
dropped individually into Plexiglas cylinders. Two mice
were tested simultaneously for a 6 min period inside
vertical Plexiglas cylinders; a nontransparent screen placed
between the 2 cylinders prevented the mice from seeing
each other. The total duration of immobility, after a delay
of 2 min, was measured during a period of 4 min. Each
mouse was considered to be immobile when it ceased
struggling and remained floating motionless in the water,
making only those movements necessary to keep its head
above water. DW-treated group used as a control group of
KH-RG/C or fluoxetine-treated group. EtOH-treated group
used as a control group of Rg3-treated group.

Preparation and ingredient analysis of blood serum
Changes in several blood biochemical parameters in the
mice were measured after the FST. Blood samples were
collected by cardiac puncture under ether anesthesia after
the last FST. After an anesthetization, blood was withdrawn
into syringes from the heart. Then, serum was prepared by
centrifugation at 900×g at 4oC for 10 min. The contents of
Glc, TP, LDH, CK, and BUN were determined by an
autoanalyzer (Hitachi 747; Hitachi, Tokyo, Japan). AST
and ALT activity were determined with an ALT/GPT kit
(Sigma-Aldrich) and AST/GOT kit (Sigma-Aldrich),
respectively.

Splenocytes culture The ICR mice spleen was removed
aseptically and teased into a single cell suspension in RPMI
1640 supplemented with 10% FBS, 2 mM L-glutamine,
penicillin (100 U/mL), streptomycin (100 mg/mL), and
50 µM 2-ME (Sigma-Aldrich). Red blood cells were
removed by lysis with 0.14 M Tris-buffered NH4Cl. The
remaining cells were washed 3 times in the culture medium
(RPMI 1640 medium). The cells were then cultured in
RPMI 1640 medium at 5×106 cells/dish in 60×15 mm petri
dishes. Cells were stimulated with KH-RG/C (0.8, 8, and
80 mg/mL), Rg3 (10 mg/mL), and EtOH for 24 hr in the
absence and presence of Con A.

Macrophage cultures TG-elicited macrophages were
harvested in 3 days after intraperitoneal (i.p.) injection of
2.5 mL TG to mice and isolated. Using 8 mL of HBSS,
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which contained 10 U/mL heparin, performed peritoneal
lavage. Then, the cells were distributed in DMEM, which
was supplemented with 10% heat-inactivated FBS, in
either 96-well tissue culture plates (3×105 cells/well)
incubated for 3 hr at 37oC in an atmosphere of 5% CO2,
washed 3 times with HBSS to remove non-adherent cells,
and equilibrated with DMEM that contained 10% FBS
before treatment.

Cytokine assay The production of IL-2, IL-4, and IL-12
was assayed using a sandwich enzyme-linked immunosorbent
assay (ELISA) following the instructions of the manufacturer
(26). Briefly, 96-well ELISA plates (NUNC, Ros kilde,
Denmark) were coated overnight at 4oC with anti-mouse
IL-2, IL-4, and IL-12 monoclonal absorbance at 1.0 mg/
mL in PBS at pH 7.4. The plates were washed in PBS
containing 0.05% Tween-20 and blocked with PBS
containing 1% BSA, 5% sucrose, and 0.05% NaN3 for 1 hr.
After additional washes, sample or standards of IL-2, IL-4,
and IL-12 were added and incubated at 37oC for 2 hr. After
washing the wells, avidin-peroxidase was added, and the
plates were incubated for 20 min at 37oC. Wells were again
washed, and ABTS substrate was added. Color development
was measured at 405 nm using an automated microplate
ELISA reader (Molecular Devices, Sunnyvale, CA, USA).
A standard curve was run on each assay plate using
recombinant IL-2, IL-4, and IL-12 in serial dilutions.

Statistical analysis The results were expressed as mean±
standard error mean (SEM) of independent experiments,
and statistical analyses were performed by one-way
analysis of variance (ANOVA) with Tukey and Duncan
post-hoc test to express the difference among the groups.
All statistical analysis was done using the Statistical
Package for Social Sciences (SPSS) statistical software
(SPSS windows version 11.5). For all tests, p<0.05 was
considered to indicate statistical significance.

Results and Discussion

Effect of KH-RG/C on the body weight The body weight
was evaluated at 1, 3, and 10 days after oral administration
of KH-RG/C (0.8, 8, and 80 mg/kg), Rg3 (10 mg/kg,
active compound of KH-RG/C), or 1 g/kg EtOH (solvent
of Rg3) for 10 days. Fluoxetine (200 mg/kg, positive control)
was treated 1 hr before to get FST at 3 and 10 days. The
KH-RG/C or fluoxetine-treated groups did not affect on the
body weight. However, the Rg3- or EtOH-treated group
significantly decreased the body weight compared with the
DW-treated group in ICR mice for 10 days (Fig. 1). These
results were in accord with the report of Lieber and
DeCarli (27) and they reported that a chronic intake of
EtOH decreased the rate of weight gain, dietary intakes,
and induced alcohol toxicity.

Effect of KH-RG/C on the FST The 4-week-old male
ICR mice were divided into 7 groups of DW, KH-RG/C
(0.8, 8, and 80 mg/kg), Rg3 (10 mg/kg), or fluoxetine (200
mg/kg) to match the swimming time in each group. Dose
and duration of fluoxetine administration was determined
in preliminary experiments (data not shown). DW, KH-
RG/C, Rg3, or EtOH was administered orally for 10 days.

Especially, fluoxetine was orally administered to mice at
the 3 and 10 days. The immobility time was measured at
the 3 and 10 days after the administration of DW, KH-RG/
C, Rg3, or fluoxetine. At the 3 and 10 days, the immobility
time was significantly decreased in the administration
group of the KH-RG/C, Rg3, or fluoxetine compared with
the DW-treated group (Fig. 2). Previous studies reported
that oral administration of CVE (100 mg/kg) and KRGP
(1,000 mg/kg) decreased significantly the immobility time
(28,29). But, CVE and KRGP concentration are very
higher dose than that of KH-RG/C (0.8, 8, and 80 mg/kg).
In addition, KH-RG/C reduced immobility time better than
CVE and KRGP. Therefore, these results indicate that KH-
RG/C has a synergistic effect on immobility time when CVE
and KRGP was combined. Interestingly, an administration
of KH-RG/C for 3 days decreased the immobility time
more effective than that for 10 days; however Rg3
decreased the immobility time by time-dependant manner.
Solvent of Rg3, EtOH also decreased the immobility time

Fig. 1. Effect of KH-RG/C on the body weight. Values are the
mean±SEM.

Fig. 2. Effect of KH-RG/C on the immobility time in the FST.
Values are the mean±SEM. Significant difference from the *DW-
treated group and from #EtOH group at p<0.05.
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by time-dependent manner. This result may be effect by
EtOH. But, further investigation is necessary to more
precisely clarify the regulatory mechanism of KH-RG/C
and Rg3.

Effect of KH-RG/C on blood biomarker In general,
the swimming exercise is known to induce biochemical
changes in blood. The Glc, TP, LDH, and CK levels are
blood biochemical changes related to fatigue. The effect of
KH-RG/C on the energy source was investigated by
checking the Glc and TP levels in mice serum. The Glc
level was increased in 0.8 and 80 mg/kg. However it was
observed significantly the increase in the 80 mg/kg KH-
RG/C or fluoxetine-treated groups compared with the DW-
treated group (Table 1). The decreased TP level may reflect
inadequate nutrition status (30). The TP level was not
changed in KH-RG/C (0.8, 8, and 80 mg/kg) or fluoxetine.
In Rg3- and EtOH-treated group, TP level was decreased
and it might reflect the result of EtOH, according to the
reports EtOH inhibited the intake of nutrition (27). In the
previous report, the Glc level was not changed in the CVE-
treated group compared with the DW-treated group (28).
Also, KRGP had no significant effect on the Glc level in
healthy volunteer (29). However, the Glc level was significantly
increased by oral administration of KH-RG/C (80 mg/kg).
Probably, this result suggests that KH-RG/C may act as an
energy source. The CK and LDH for the muscle damage
were also evaluated. In the present study, the CK level was
increased in the fluoxetine-treated group compared with the
DW-treated group, but this difference was not statistically
significant. The KH-RG/C-treated groups compared with
the DW-treated group in the CK level did not show
significant differences (Table 1). The LDH level tended to
decrease by oral administration of KH-RG/C (0.8, 8, and
80 mg/kg) in a dose dependent manner (Table 1). Because
4 mice of the EtOH-treated group died, the observation of
the CK and LDH in the EtOH-treated group was
exccepted. These results indicate that KH-RG/C may act
on the improvement of fatigue through the changes of the
Glc and LDH levels. However, the further studies to clarify
the detailed mechanisms involved in the anti-fatigue
activities of KH-RG/C are necessary to support the present
findings.

Effect of KH-RG/C on liver and renal function Liver
function tests represent a broad range of normal functions

performed by the liver. Damage of the hepatic cells results
in elevation in the AST and ALT levels. In the present
study, the AST and ALT levels was evaluated except the
EtOH-treated group. The AST level was increased in the
KH-RG/C, Rg3, and fluoxetine-treated group compared
with the DW-treated group. ALT level in the KH-RG/C-
treated groups and Rg3-treated group were similar to those
in the DW-treated group. However the AST and ALT
levels in fluoxetine-treated group were statistically significant
compared with the DW-treated group. In the previous
study, CVE was not affected to the AST and ALT level in
the serum (28) and Korean P. ginseng extract decreased in
AST as the exposure time increased (5 and 16 days) (31).
In the present study, KH-RG/C and Rg3 increased the AST
level and these results indicate that KH-RG/C may affect
liver function. However, there are lots of reports about the
anti-hepatotoxic effects of CV, ginseng, KRGP, or Rg3 (31-
33). Further study is needed to clarify the effects of KH-
RG/C on liver function. Similarity, the BUN level was
increased in the KH-RG/C-treated groups (0.8, 8, and
80 mg/kg) or Rg3-treated groups. However, this result was
not significant compared with the DW-treated group (Table
2). On the other hand, this level was decreased in the
EtOH- and fluoxetine-treated group compared with the
DW-treated group and fluoxetine decreased the BUN level
significantly. EtOH is well-known to induce hepatotoxicity.
Four mice died in EtOH-treated group during the study.
However, the Rg3-treated group kept alive all and did not
have hepatotoxicity and nephrotoxicity. These results were

Table 1. Effect of KH-RG/C on the glucose (Glc), total protein (TP), creatine kinase (CK), and lactase dehydrogenase (LDH)
levels in mouse serum

Drugs (mg/kg) Glc (mg/dL) TP (g/dL) CK (IU/L) LDH (IU/L)

KH-RG/C 

DW 206.1±9.61) 5.4±0.1 171.5±25.3 978.2±91.80

0.8 247.0±11.7 5.3±0.1 162.7±14.2 1,242.8±167.20.

8 216.8±6.80 5.2±0.1 212.8±22.6 936.5±107.9

80 *296.3±11.3* 5.3±0.1 174.3±40.8 856.0±135.8

Rg3 192.4±17.1 4.9±0.1 0.155±19.9 1,304.0±295.40.

EtOH 213.0±20.6 4.7±0.1 NA NA

Fluoxetine 0318.2±17.1* 5.4±0.1 258.9±49.3 1,235.3±60.200,

1)Values are the mean±SEM; NA, not applicable; *Significantly different from the DW-treated group (p<0.05).

Table 2. Effect of KH-RG/C on liver and renal function1)

Drugs (mg/kg) AST (IU/L) ALT (IU/L) BUN (mg/mL)

KH-RG/C 

DW 94.8±2.6 34.3±0.9 29.4±0.6

0.8 122.3±5.20 34.2±3.0 33.0±0.6

8 108.3±10.6 28.0±0.7 33.2±1.4

80 115.8±15.1 32.4±1.9 32.8±1.0

Rg3 139.7±6.40 33.0±1.2 30.0±1.0

EtOH NA NA 26.4±0.6

Fluoxetine 260.1±8.7* 114.3±6.3* *23.0±0.6*

1)AST, aspartate aminotransferase; ALT, alanine aminotransferase;
BUN, blood urea nitrogen.*Significantly different from the DW-
treated group (p<0.05).
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in accordance with the literature. In the previous reports,
Rg3 has neuroprotective, nephroprotective, hepatoprotective
effects, and anti-cancer activites (34-36). Interestingly, the
AST and ALT levels were increased by oral administration
of fluoxetine, whereas the BUN level was decreased. The
BUN level may be lower with liver disease, because of
reduced hepatic synthesis (37). Fluoxetine-induced
hepatotoxicity have been reported previously, but the
mechanisms is unknown (38).

Effect of KH-RG/C on IL-2 and IL-4 production in
mouse splenocytes An immune response can be broadly
categorized into a cellular or humoral mediated response.
The production of IL-2 and IFN-γ lead to Th1-type cellular
response, while the production of IL-4 and IL-6 lead to Th2-
type humoral immunity. Th1 cells play a role in inflammatory
processes, macrophage activation, and delayed sensitivity,
whereas Th2 cells help B cells to synthesize antibodies
(39). To examine the effect of KH-RG/C on cytokine
production in splenocytes, KH-RG/C or Rg3 were treated
in mouse splenocytes on the absence and presence of Con
A (5 mg/mL). The cells were incubated for 24 hr. The
production of IL-2 and IL-4 were measured in the cell
culture supernatants by ELISA (Fig. 3). KH-RG/C or Rg3

did not affect the IL-2 and IL-4 production in the absence
and presence of Con A. In normal mice, CVE administration
produces no effects in the levels of IFN-γ, IL-2, IL-4, and
IL-10, whereas CVE administration in Listeria monocytogenes
infected mice induced secretion of IFN-γ and IL-2. These
results show that CVE is a biological response modifier
(40). Therefore, to examine the effect of KH-RG/C on
cytokine production in various experimental models was
needed.

Effect of KH-RG/C on IL-12 production in mouse
peritoneal macrophages The invasion of phagocytic
cells by intracellular pathogens induces the copious
production of IL-12. This cytokine selectively drives the
differentiation of Th1 development and inhibit the Th2
responses (41). For observing the effect of KH-RG/C on
IL-12 production in mouse peritoneal macrophages, KH-
RG/C or Rg3 were treated in mouse peritoneal macrophages
on the absence and presence of murine rIFN-γ (1×107 U/
mL). The cells were incubated for 24 hr without cell death
(data not shown). KH-RG/C or Rg3 decreased IL-12
production without rIFN-γ also KH-RG/C in combination
with rIFN-γ did not affect IL-12 production. However, Rg3
with rIFN-γ decreased IL-12 production compared with the
EtOH-treated group on mouse peritoneal macrophages
(Fig. 4). Further studies will be needed to elucidate the
mechanism on IL-12 production of Rg3. In this study, KH-
RG/C effected decrease of the IL-12 production or not.
Therefore, it was thought that KH-RG/C had no effect on
activation of splenocytes and macrophages.

These results showed that the duration of immobility in
FST was shortened by administration of KH-RG/C. In
general, the swimming exercise is known to induce
biochemical changes in blood. In our earlier study, the
immune-enhancing effect of several herbs such as pilopool
and P. ginseng using a FST and human lymphocytes were
established (16,42). These reports suggest that decrease of
immobility time means promotion of immunity function.
In our study, energy source, Glc level was significantly
increased by KH-RG/C. But, previous studies reported that

Fig. 3. Effect of KH-RG/C on IL-2 (A) and IL-4 (B)
production in mouse splenocytes. Mouse splenocytes (5×106

cells/dish) were stimulated with KH-RG/C, Rg3, or EtOH in the
absence and presence of Con A. The cells were incubated for 24
hr. Values are the mean±SEM of 3 independent experiments
duplicate in each run.

Fig. 4. Effect of KH-RG/C on IL-12 production in mouse
peritoneal macrophages. The cells (2.5×105 cells/well) were
stimulated with KH-RG/C, Rg3, or EtOH in the absence and
presence of rIFN-γ. Values are the mean±SEM of 3 independent
experiments duplicate in each run.
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CVE and KRGP were not changed Glc levels. In addition,
KH-RG/C reduced immobility time better than CVE and
KRGP. Therefore, these results indicate that KH-RG/C has
a synergistic effect on immobility time. In this study, KH-
RG/C had no effect on cytokine production from splenocytes
and macrophages.

In conclusion, these results suggest that KH-RG/C may
influence to immune regulation through increasing the
physical endurance capacity without the direct activation of
immune cells. Therefore, further studies will be needed to
elucidate whether the immune cell activation in this
experimental model is related to the immobility behavior.
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