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Abstract : Macrophages play an important role in the first line of immunologic effects against tumor cells. The effects
of nonsaponin red ginseng (NSRG) components on macrophage functions like tumoricidal activity, phagocytic activity,
and NO production in young (8-weeks-old) and aged (82-weeks-old) male C57BL/6 mice were assessed in vitro, respec-
tively. The treatment of tumor cells (melanoma B16 cells) with the supernatants of NSRG-treated macrophages resulted
in an increase of cytotoxicity at 300 µg/ml in the aged mice, whereas the supernatants did not have a cytotoxic effect in
the young mice. It was observed that the supernatants induced the increase of tumor cell proliferation at 150 µg/ml in the
young mice, suggesting that the supernatants contain growth factors rather than cytotoxic molecules. In addition, NSRG
alone had a direct cytotoxic effect on the B16 tumor cells. NSRG had no effect on the NO production by the macrophages
in the young mice, while it significantly increased the level of NO release in the aged mice. There was no difference in
the phagocytic activities of the macrophages by NSRG in both groups of mice. These results suggest that NSRG has dif-
ferential effects on the macrophage functions in young and aged mice.
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INTRODUCTION

Red ginseng (Panax ginseng C.A. Meyer Radix Rubra)
is prepared by sequential events of steaming and drying of
the root of White ginseng (Ginseng Radix Alba). The heat
process during the red ginseng preparation has been found
to causes some changes in the composition of ginsenos-
ides.1) Hiromichi et al. suggests that pharmacological
actions of ginseng roots may be derived from its non-
saponin fractions as well as from ginsenosides, which is
more well-known as active ingredients.2) Moreover, sev-
eral previous studies have also demonstrated the biological
activities of NSRG.2) For example, acidic polysaccharides
from non-saponin red ginseng components (NSRGs) has
been shown to prevent obesity or hyperlipemia by enhanc-
ing immunity against cancer, inhibiting lipolysis and low-
ering intestinal absorption of cholesterol or fatty acids.3,4)

Larina et al. also showed that saponin-free fraction from
Ginseng significantly improves an oxygen-dependent anti-

microbial function of neutrophils.5)

Macrophages have been known as an important compo-
nent of host defense mechanism against bacterial infec-
tions and tumorigenesis tumor cells (lymphoma and
mastocytoma).6,7) In vitro studies have shown that mac-
rophages can be activated by non-specific extracellular
signaling to kill tumor cells and this suggest that mac-
rophages might be important in host defense against neo-
plastic cells in vivo.8) Peritoneal macrophages, one of
tissue-specific macrophages, can be stimulated by a vari-
ety of agents, such as IFN-γ, lipopolysaccharides, and
other microbial products.9,10) Some of these molecules
have been also shown to trigger the release of tumor
necrosis factor-α (TNF-α), interleukin-1 (IL-1), IL-6, and
NO (nitric oxide), and to induce tumoricidal activity in
macrophages. Activated macrophages also exhibit
increases in their phagocytic activity and the release of
various molecules such as cytokines and reactive oxygen
intermediates, in order to carry out strong nonspecific
immune responses.11,12)

Aging is a natural phenomenon, accompanied by phys-
ical and memory dysfunction, and is also believed to be
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concomitant with immune dysfunction.13,14) Even though
there have been several reports on the age-related pheno-
type changes in immune cell, the effects of immunomod-
ulators on aged cells have not been studied well.
Therefore, it would be interesting to examine the differ-
ences in the macrophage function between young and
aged mice. In this study, we determined whether the mac-
rophage response to NSRG in aged animals is different
from that of young ones.

MATERIALS AND METHODS

NSRG preparations
Six-year Korean red ginseng was obtained from the

Korean Society of Ginseng. 100 g of 6-year red ginseng
was extracted three times with 1000 ml of MeOH for 4 h
under reflux. The resulting extract 13.5 g, was subjected
to filtration and concentration. 10 g of this was dissolved
in 100 ml of water and was extracted 3 times with 100 ml
ether. The supernatant was dehydrated by Na2SO4, and
was decompressed for concentration within 40oC yielding
830 mg of the powder (Fig. 1). The water saturated frac-
tion was extracted three times with 100 ml ethylacetate
and was separated with ethylacetate (EtOAc fr.) and
water. The water fraction was extracted three more times
with 100 ml n-BuOH, filtered and concentrated yielding a
1.4 g saponin fraction. Finally, 10.2 g of the H2O fraction
was obtained by the decompression followed by the con-
densation of the remaining supernatants (Fig. 1).

Aged mice housing and feeding
Male C57BL/6 mice (7 weeks old) were obtained from

the Charles River Breeding Laboratories (Japan). The ani-

mals were randomly distributed into five per group. The
aged (82 weeks) and young (8 weeks) C57BL/6 male
mice were used in this study. The mice were provided
with water and food, ad libitum and quarantined under 12
h light : 12 h dark photoperiod in the animal care facility
of the Sungkyunkwan University, Suwon, Korea. Animal
care was performed following the Institute for Laboratory
Animal Research (ILAR) guideline.

Chemicals
Unless stated otherwise, all chemicals were purchased

from the Sigma Chemical Co. (St. Louis, MO). The RPMI
1640 medium and fetal bovine serum (FBS) were pur-
chased from GIBCO (Grand Island, NY). The XTT {2,3-
Bis (2-methoxy-4-nitro-5-sulfophenyl) -2H-tetrazolium-5-
carboxanilide inner salt} cell viability assay kit was pur-
chased from WelGENE (Daegu, South Korea). All the tis-
sue culture reagents and NSRG were assayed for any
endotoxin contamination using the Limulus lysate test (E-
Toxate, Sigma), and the endotoxin levels were found to be
<10 pg/ml.

Macrophage-mediated tumoricidal activity and cell
viability

The assay for macrophage-mediated tumoricidal activ-
ity was determined using a modification of the method
reported by Mosmann et al.15) Briefly, macrophages (1
×105cells/well) incubated in either medium alone or in
medium supplemented with various doses of NSRG for
24 h in 96-well plates. The culture supernatants of mac-
rophages were treated with B16 melanoma cells (5×104

cells/well). After incubation of cells for 24 h, 20 µl of
phenazine methosulphate (PMS; electron-coupling reagent)
and 25 µl of XTT was added to each well. The cells were
further incubated for 3 h to allow XTT formazan produc-
tion. The absorbances were determined with a microplate
reader (Menlo Park, CA, USA) at a test wavelength of
450 nm and a reference wavelength of 690 nm. 

NBT assay for phagocytosis
Phagocytosis was measured by nitro blue tetrazolium

(NBT) reduction assay.16) Peritoneal macrophages were
seeded in 96-well plates at a density 5×104 cells per well,
treated with various concentration of NSRG and cultured
for 24 h. The cultured media was then removed and 50 µl
of 5×106 particles/mL zymosan and 0.6 mg/mL NBT was
added into each well. After an additional incubation for 1
h, wells were washed with cold D-PBS two times and the
optical density of reduction product of NBT, a purple

Fig. 1. Various solvent fraction of red ginseng. 10.2 g of the H2O
soluble fraction was obtained from six-year Korean red
ginseng as described in Materials and Methods.
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insoluble formazan, was determined at 540 nm using a
microplate reader. It was not required to solubilize the for-
mazan before taking the measurement of absorbance.

Nitrite determination 
The cells were treated with various doses of NSRG for

24 h and the accumulation of nitrite in culture superna-
tants was measured using the assay system described by
Ding et al.17) 100 µL aliquots of culture supernatants were
mixed with an equal volume of Griess reagent (mixture at
1:1 of naphthylethylenediamine dihydrochloride and 1%
sulphanilamide in 5% H3PO4) and incubated at room tem-
perature for 10 min. Nitrite concentration was calculated
from a NaNO2 standard curve.

Statistical analysis
Each experiment was repeated at least two times, and

the results of one representative experiment are shown.
The results were expressed as means±S.E.M. and ana-
lyzed via ANOVA. The significant values are represented
by an asterisk (*p<0.05 and **p<0.01).

RESULTS AND DISCUSSION

Effects of NSRG on macrophage-mediated tumor-
icidal activity and tumor cell cytotoxicity

The immune system may play an important role in
aging and the changes in the immune status are associated
with treatment of various immunomodulators.18) This
study examined the immunomodulatory effects of NSRG
on the functions of macrophage in young and aged mice.
We previously reported that NSRG increased NK cell
tumoricidal activity at 100 and 300 µg/ml.19) Therefore
we choose these concentrations to determine the immuno-
modulatory effects of NSRG on peritoneal macrophages
from the old and young mice.

To examine whether NSRG enhances the production of
tumoricidal components of macrophages against target
tumor cells, macrophages from the old and young mice
were treated with NSRG for 24 h, and the culture super-
natant was added to B16 tumor cells for 24 h. B16 cells
were used as target tumor cells since they are either TNF-
α or NO sensitive. As shown in Fig. 2, NSRG-treated
supernatant enhanced the production of tumoricidal com-
ponents from macrophages in aged mice at 300 µg/ml.
However, it increased the cell proliferation at 150 µg/ml,
suggesting that growth factors were produced rather than
cytotoxic molecules in macrophages of young mice.
Though NSRG-treated macrophages in young mice pro-

motes cell proliferation in B16 tumor cells, this effect
should be confirmed in both normal cells and various
tumor cell lines to examine whether this effect is cell type
specific or not. These results suggest that NSRG induced
the production of different molecules from activated mac-
rophages in young and old mice. The present results also
showed that NSRG has a direct cytostatic or cytotoxicity
of B16 tumor cells (Fig. 3).

Effects of NSRG on nitric oxide production
Activated macrophages have been known to produce

various cytokines such as TNF-α, IL-1, IL-6 and nitrite

Fig. 2. Effects of NSRG on macrophage-mediated tumoricidal
activity in the young and aged mice. The peritoneal
macrophages (1×105cells/well) from the young and old
mice were treated with NSRG and the culture super-
natants were added in B16 tumor cells (1×104cells/well)
for 24 h. Macrophage-mediated tumoricidal activity was
determined by XTT assay. The data represents the
means±S.E.M. of quadruplicate experiments. *p<0.05,
**p<0.01; significantly different from the control super-
natant treatment.
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that are involved in tumoricidal activity. Since NO is
related to cytostatic or cytotoxic function of macrophages
against a variety of tumors,12,20) we examined the effects
of NSRG on NO production from macrophages in the old
and young mice, respectively. As shown in Fig. 4, NSRG
significantly increased NO production in old mice in
dose-dependant manners. With increasing amount of NO
released, the supernatant from NSRG-treated macroph-
ages slightly increased tumoricidal activity at 300 µg/ml
in aged mice, while NSRG had no effect on both NO pro-
duction and tumoricidal activity in young mice. These
data indicate that NO might be involved in tumoricidal
activity of NSRG-treated macrophage in old mice. 

Effects of NSRG on Phagocytosis
Phagocytosis is the primary role of macrophage, which

leads macrophage to enhance a diverse range of antimi-
crobial and cytotoxic responses including generation of
respiratory bust, secretion of inflammatory mediators and
antigen presentation. In this study, we examined the effects
of NSRG on phagocytosis of macrophages from the old
and young mice. Our data demonstrate that treatment with
NSRG resulted in no effect on phagocytosis of macroph-
age from the both mice (data not shown).

Age-related involution brings about many alterations in
immune system. Despite the fact that thymic atrophy and
diminished output of T lymphocytes are the most recog-

nized changes, it is increasingly evident that the effects of
aging on altering immune system are widespread, extend-
ing from hematopoietic stem cells and earlier lymphoid
progenitors to mature lymphocytes in secondary lymphoid
organs and immune cells.21-25)

It has been reported that aging-associated immunologi-
cal alterations can be found in lymphoid organs as well as
in cellular components of immune system, and T cells are
especially more susceptible to the effects of aging.26)

Hiromoto et al. has been reported that there is a signifi-
cant difference of gene expression in murine thymic aged-
related cell cycle genes.27) These data indicated that expres-

Fig. 3. Effects of NSRG on the cell viability of B16, a mouse
melanoma cells. The B16 tumor cells (4×104cells/well)
were treated with NSRG for 24 h. Cell viability was
determined by XTT assay. The data represents the
means±S.E.M. of quadruplicate experiments. *p<0.05,
**p<0.01; significantly different from the control super-
natant treatment.

Fig. 4. The effects of NSRG on production of nitrite in peritoneal
mcarophages from the young and aged mice. Macrophages
(1×104cells/well) were treated with various concentration
of in NSRG for 24 h. Culture supernatants were collected
and the levels of nitrite were measured as described in
Materials and Methods. The data represents the mean±
S.E.M. of quadruplicate experiments. **p<0.01; signifi-
cantly different from the control (no treatment). 
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sion of some genes is exclusive in thymus from 4 to 40
weeks old mice, while other genes are expressed at differ-
ent ages. In addition, it has been recently known that total
antibody production, frequency of antibody-producing
cells, and proliferative response of spleen T cells were
enhanced in aged mice, whereas some antigen-specific
antibody responses were decreased.18) Our results also
showed that NSRG has several different effects on func-
tions of macrophage because of age-related alterations in
immune system. 

In summary, NSRG has cytotoxic effects on B16 tumor
cells directly. The supernatant of NSRG-treated macroph-
ages increased tumoricidal activity and NO production in
aged mice, whereas it had no effect in young mice at same
concentration. However, the culture supernatant of NSRG-
stimulated macrophage increased B16 cell proliferation in
young mice. This suggests that NSRG might induce the
production of different type of molecules from macroph-
ages in young and old mice. In addition, it appears that
NSRG mediates cellular activities such as cell growth or
cell death at different ages. 

Many researchers have believed that nutritional effects
of natural products are similar in young and old age. If
one have good immunological effects in young, it might
be good for the old. However, because our data suggest
that NSRG has differential immunomodulating effects on
macrophages in young and aged mice, nutritional intake
for elder people might need to be considered to select
proper immunomodulators and NSRG is more useful for
old people to treat cancer.
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