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tive, on the Functional Activation of Macrophage-like Cells 
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Abstract − Ginsenoside Rp1 (G-Rp1) is a ginseng saponin derivative with chemopreventive and anti-cancer
activities. In this study, we examined the regulatory activity of G-Rp1 on the functional activation of macroph-
ages. G-Rp1 remarkably inhibited TNF-α production, LPS-induced cell cytotoxicity, NO production, ROS gener-
ation, and phagocytic uptake from lipopolysacchride (LPS)-activated RAW264.7 cells. According to structural
feature study using several G-Rp1 analogs, two carbohydrates (glucose-glucose) at R1 position were observed
to be highly effective, compared to other structural derivatives. Although the inhibitory activities of G-Rp1 on
macrophage functions were not remarkable, several points that G-Rp1 was known to be safe, and that this
compound was orally effective, suggest that G-Rp1 may be beneficial in treating macrophage-mediated immu-
nological diseases. 
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INTRODUCTION

Macrophages are a type of differentiated tissue cells
that originate from blood monocyte. The cells have sev-
eral functions such as 1) killing the pathogenic microor-
ganisms; and 3) the phagocytic uptake and processing/
presentation of antigens ingested to lymphocytes (Kinne
et al., 2000). Therefore, the activation of macrophages is
a key event for effective innate and adaptive immunity.
When the body is stimulated by pathologic stimuli or injury,
macrophages release 1) numerous pro-inflammatory
cytokines [eg. tumor necrosis factor (TNF)-α, and interleu-
kin (IL)-1]; 2) cytotoxic and inflammatory molecules [e.g.
nitric oxide (NO), and reactive oxygen species (ROS)];
and 3) phagocytic uptake of infected microorganisms
(Plenz and Robenek 1998). These beneficial effects, how-
ever, are critically dependent on the magnitude of the host
immune response, because large amounts of macroph-
age-derived inflammatory mediators can cause collateral
or severe damage linked to inflammatory diseases such
as septic shock, rheumatoid arthritis and arteriosclerosis

(Gracie et al., 1999; Kinne et al., 2000; Michaelsson et
al., 1995). The successful resolution of certain severe
conditions, therefore, depends on the effective regulation
of macrophage functions.

Ginseng-derived saponins have numerous
pharmacological efficacies and no in vivo toxicity according
to safety tests (Gillis 1997). Nonetheless, the development
of biologically-active ginsenosides for food or medicinal
purposes is limited and unqualified for patent status, since
the components are widely known. Because of the stated
limits of ginseng-derived ginsenosides, we aimed to syn-
thesize novel ginsenoside-originated compounds with
improved chemical stability and mass production rate.
Given these goals, ginsenoside (G)-Rp1 was prepared on
a large scale from crude ginsenosides (e.g., G-Rg5 and G-
Rk1) by means of a reduction with hydrogenation and was
verified to be chemically stable (Kumar et al., 2006; Yoo et
al., 2008). It was also demonstrated that G-Rp1 displayed
ten-fold more potent pharmacological activity in terms of
anti-cancer effects, compared with G-Rg3 and G-Rg5
(Kumar et al., 2006; Yoo et al., 2008). Furthermore, this
compound is also known to block the production of IL-1β at
the translational and transcriptional levels.

In addition to its known activities such as chemopre-
vention and anti-cancer effect (Cho et al., 2001b) as well
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as inhibition of IL-1β production (Kim et al., 2008, In revi-
sion), it is of interest whether this compound can nega-
tively modulate macrophage function. In this study,
therefore, we explored regulatory effects of G-Rp1 on
functionally activated events in macrophages such as
TNF-α production, NO secretion, ROS generation, and
phagocytic uptake.

MATERIALS AND METHODS

Materials 
G-Rp1 (Fig. 1) of 97% purity and its derivatives (G-Rp2,

G-Rp3 and G-Rp4) with more than 97% purity were pre-
pared using established protocols (Lee et al., 2006). The
stock solution of G-Rp1 (20 mM) was prepared using
100% dimethyl sulfoxide. Theophylline, pentoxifylline, cur-
cumin, 2, 7-dichlorodihydrofluorescein diacetate
(H2DCFDA), FITC-labeled dextran, ascorbate, and
lipopolysaccharide (LPS, E. coli 0111:B4) were purchased
from Sigma (St. Louis, MO). PP2, LY294002, and wort-
mannin were obtained from Calbiochem (La Jolla, CA).
Fetal bovine serum (FBS) was obtained from GIBCO
(Grand Island, NY). All other chemicals were Sigma grade.

Cell culture
RAW264.7 cells (the American Type Culture Collec-

tion, Rockville, MD) were maintained in complete

RPMI1640 medium (supplemented with 100 U/ml of peni-
cillin and 100 µg/ml of streptomycin, and 10% fetal bovine
serum). 

TNF-α release in vitro
The modulatory effect of G-Rp1 on TNF-α release was

determined as previously described (Cho et al., 2000).
RAW264.7 cells (2×106 cells/ml) were incubated with
LPS and various concentrations of G-Rp1 for 6 h. Super-
natants were collected and assayed for TNF-α content
using the mouse TNF-α enzyme-liked immunosorbent
assay (ELISA) kit (Amersham, Little Chalfont, Bucking-
hamshire, UK). 

MTT assay (colorimetric assay) for measurement of
cell viability

Effect of G-Rp1 on cell viability were determined by
conventional MTT assay, as previously reported (Ding et
al., 1998). 

NO assay 
RAW 264.7 cells were preincubated with or without

testing compounds (G-Rp1 and PP2, a Src kinase inhibi-
tor) for 30 min and continuously activated with LPS (1 µg/
ml) for 24 hours. Nitrite determination was carried out
using Griess reagent (Hong et al., 2003). The absor-
bance of the product dye was measured at 540 nm using
an ELISA reader.

Extraction of total RNA and semiquantitative RT-
PCR amplification

The total RNA from the LPS treated-RAW264.7 cells
was prepared by adding TRIzol Reagent (Gibco BRL),
according to manufacturer’s protocol. Semiquantitative
RT reactions were conducted using MuLV reverse tran-
scriptase as reported previously (Lee et al., 2006). The
primers (Bioneer, Daejeon, Korea) (Table 1) were used
as previously reported (Cho et al., 2001a). 

Immunoblotting
Cells (5×106 cells/ml) were lysed in lysis buffer (in mM:

Table I. Sequences of primers of the investigated genes in
a RT-PCR analysis

Gene Primer sequences

iNOS
F 5`-CCCTTCCGAAGTTTCTGGCAGCAGC-3`

R 5`-GGCTGTCAGAGCCTCGTGGCTTTGG-3`

GAPDH
F 5'-CACTCACGGCAAATTCAACGGCAC-3'

R 5'-GACTCCACGACATACTCAGCAC-3'
Fig. 1. Chemical structure of ginsenoside (G)-Rp1, G-Rp2, G-
Rp3 and G-Rp4.
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20 TRIS-HCl, pH 7.4, 2 EDTA, 2 EGTA, 50 β-glycero-
phosphate, 1 sodium orthovanadate, 1 dithiothreitol, 1%
Triton X-100, 10% glycerol, 10 µg/ml leupeptin, 10 µg/ml
aprotinin and 10 µg/ml pepstatin, 1 benzimidine and 2
hydrogen peroxide) for 30 min rotating at 4oC. Lysates
were clarified by centrifugation at 16,000 × g for 10 min at
4oC. Soluble cell lysates were immunoblotted and total
levels of iNOS and β-actin were visualized as previously
reported (Bai et al., 2005).

ROS determination
The level of intracellular ROS was determined by the

change in fluorescence resulting from the oxidation of the
fluorescent probe H2DCFDA (Lee et al., 2006). Briefly,
5×105 cells/well were incubated with G-Rp1 for 30 min
and then with LPS (1 µg/ml) for additional 6 h. After final
incubating with 50 µM of H2DCFDA for 1 h, intracellular
ROS level was determined using flow cytometry.

DPPH assay
DPPH scavenging activity of G-Rp1 was examined

according to the method previously described (Lee et al.,
2007). In brief, the reaction mixtures containing various
concentrations of G-Rp1 and 100 mM DPPH solution in a
96-well microtiter plate were incubated at 37oC for 30
min, and absorbance was measured at 490 nm.

Phagocytic uptake
To measure the phagocytic activity of RAW264.7 cells,

a previously reported method was used with slight modifi-
cations (Plenz and Robenek 1998). RAW264.7 (1×106

cells/ml) cells were preincubated with or without hydro-
quinone for 30 min, and further incubated for 6 h. Finally,
the cells were further incubated with FITC-dextran (1 mg/
ml) for 30 min at 37oC. The incubation was stopped by
addition of 2 ml of ice-cold PBS, and the cells were
washed four times with cold PBS. After fixing the cells
with 3.7% formaldehyde, phagocytic uptake was ana-
lyzed on a FACScan (Beckton-Dikinson, San Jose, CA,
USA).

Statistical analysis 
A Student’s t-test and one–way ANOVA were used to

determine the statistical significance of differences
between values for the various experimental and control
groups. Data expressed as means ± standard errors
(SEM) are taken from at least three independent experi-
ments performed in triplicate (Figs. 2A, 2D, 3A, and 3B).
The data (Figs. 2B, 2C, 3C and 3D) are representative of
three different experiments with similar results. P values

of 0.05 or less were considered to be statistically signifi-
cant.

RESULTS AND DISCUSSION

Acute and chronic inflammation responses are mainly
managed by functional activation of macrophages and
are regarded as serious conditions at certain states. Pop-
ular diseases such as cancer, autoimmune diseases
(such as rheumatoid arthritis) and atherosclerosis are
thought to be caused by these inflammatory responses
(Lee et al., 2008a). To prevent serious diseases, there-
fore, it is considered that non-toxic and strong immuno-
suppressive agents should be developed. 

Based on these, we prepared novel ginsenoside deriv-
atives from saponins, ethnopharmacologically safe and

Fig. 2. Effect of G-Rp1 on the production of TNF-α in LPS-acti-
vated RAW264.7 cells. (A and B) RAW264.7 cells (2×106 cells/
ml) were incubated with indicated concentrations of G-Rp1, G-
Rg3, and positive drugs (pentoxifylline, prednisolone and
dbcAMP) in the presence or absence of LPS (1 µg/ml) for 6 h.
Secreted level of TNF-α in culture supernatant was deter-
mined by ELISA. * p<0.05 and **p<0.01 represent significant
difference compared to control.
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effective principles from Panax ginseng, and found that
these compounds blocked the production of IL-1β, a
proinflammatory cytokine, by suppressing NF-κB activa-
tion pathway (Kim et al., 2008, In revision). This finding
led us to additionally explore as to whether G-Rp1 was
able to negatively modulate total functional activation of
macrophage under inflammatory responses.

Our data strongly suggested that G-Rp1 may act as a
strong immunosuppressive, anti-inflammatory agent
capable of negatively modulating macrophage functions.
As Fig. 2A shows, G-Rp1 strongly suppressed produc-
tion of TNF-α, a representative proinflammatory cytokine
released from activated macrophages, without altering
cell viability (data not shown). In contrast, G-Rg3 did not
diminish TNF-α production, suggesting that simple treat-
ment of ginsenoside did not affect cytokine production
from LPS-activated macrophages. Positive control drugs
(pentoxifylline, prednisolone and dbcAMP) also dis-
played significant inhibitory activity on TNF-α production
(Fig. 2B). G-Rp1 was also found to block IL-1β produc-
tion at both transcriptional and transcriptional levels (Kim
et al., 2008, In revision). The inhibitory activity (IC50 =
34.2 µM) of G-Rp1 on TNF-α production was compara-
ble or higher to other clinically available drugs such as
SDZ62-434 (IC50 = 42 µM), davallialactone (IC50 = 33
µM), pentoxifylline (IC50 = 228 µM) and theophylline (IC50

= 452 µM), as reported previously (Cho et al., 2000; Lee
et al., 2008b; Vandana et al., 2006).

Inflammation includes necrotic cell damages induced

by reactive species such as NO and ROS (Jung et al.,
2006). Treatment of RAW264.7 cells with LPS causes
cell death of these cells due to the generation of NO and
ROS. Indeed, anti-oxidative agents are reported to pro-
tect LPS-induced cell death of RAW264.7 cells (Wang et
al., 1984). Therefore, whether G-Rp1 was able to amelio-
rate cell damage was examined using LPS-treated
RAW264.7 cells by MTT assay. As Fig. 3 depicts, this
compound dose-dependently abrogated LPS-induced cell
death, as shown in the case of curcumin, suggesting that
cell death-causing reactive molecules could be sup-
pressed by G-Rp1. Indeed, G-Rp1 strongly inhibited NO
production in RAW264.7 cells under LPS stimulation. As
Fig. 4 shows, G-Rp1 dose-dependently blocked NO
release and at 40 µM, this compound also down-regu-
lated iNOS protein as well as iNOS mRNA, as shown in
the case of IL-1β. Similarly, a Src kinase inhibitor, PP2
dose-dependently suppressed NO production in LPS-

Fig. 3. Cytoprotective effects of G-Rp1 on LPS-induced cell
death of RAW 264.7 cells. RAW264.7 cells (1 × 106) were pre-
treated with various concentrations of G-Rp1 or curcumin in
the presence or absence of LPS (1 µg/ml) for 24 h. The viabil-
ity of cells was measured by MTT assay. * p<0.05 and
**p<0.01 represent significant difference compared to control
(LPS alone). 

Fig. 4. Effects of G-Rp1 on the production of NO in LPS-
induced RAW 264.7 cells or peritoneal macrophages. (A)
RAW264.7 cells (1 × 106) were pretreated with various con-
centrations of G-Rp1 or PP2 in the presence or absence of
LPS (1 µg/ml) for 24 h. The level of NO was determined by
Griess reagent as described in Materials and Methods. (B)
iNOS protein level from G-Rp1-treated RAW264.7 cells acti-
vated by LPS was determined by immunoblotting analysis
(Upper panel). iNOS mRNA level from G-Rp1-treated
RAW264.7 cells activated by LPS was determined by semi-
quantitative RT-PCR (Lower panel). The results show one rep-
resentative experiment out of three. * p<0.05 and **p<0.01 rep-
resent significant difference compared to control. 
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treated RAW264.7 cells (Fig. 4A), as reported previously
(Lee et al., 2008, In press).

Scavenging effect of G-Rp1 on ROS generation
induced by LPS was also investigated. G-Rp1 signifi-
cantly blocked ROS generation at 40 µM (Fig. 5A). How-
ever, since G-Rp1 did not have direct radical scavenging
effect, according to DPPH assay (Fig. 5B). Therefore,
these results suggest that the neutralizing effect of G-Rp1
at higher concentration seemed to be due to up-regula-
tion of cellular redox components such as glutathione.
Meanwhile, standard anti-oxidative drugs, ascorbate and
α-tocopherol displayed strong radical scavenging activity
in both LPS-induced ROS generation and DPPH assays
(data not shown).

Since phagocytosis is a representative of inflammatory
responses (Wang et al., 1984), regulatory role of G-Rp1
on phagocytic uptake of FITC-dextran was also explored.

As Fig. 6A shows, G-Rp1 dose-dependently suppressed
the dextran uptake up to 70%, suggesting that this com-
pound was able to block initial response of macrophage
activation. Although we cannot explain exact mechanism
of this effect, the inhibition seems to be due to suppress-
ing actin cytoskeleton reorganization. This is possible
because 1) G-Rp1 blocked actin polymerization induced
by β1-integrin ligation in U937 cells (data not shown) and
2) actin polymerization inhibitors such as cytochalasin B
have also been reported to block phagocytic uptake
(Haberzettl et al., 2007; Miller et al., 2003). Meanwhile,
two PI3K inhibitors (wortmannin and LY294002) signifi-
cantly suppressed the phagocytic uptake of FITC-dext-
ran (Fig. 6B), as reported previously (Choo et al., 2008).

Fig. 5. Effects of G-Rp1 on ROS generation in LPS-induced
RAW 264.7 cells. (A) RAW264.7 cells (1 × 106) were pre-
treated with various concentrations of G-Rp1 in the presence
or absence of LPS (1 µg/ml) for 30 min. The level of ROS gen-
erated was determined by flowcytometric analysis as
described in Materials and Methods. (B) Anti-oxidative effects
of G-Rp1 and ascorbate were examined by DPPH assay as
described in Materials and Methods. **p<0.01 represents sig-
nificant difference compared to control. 

Fig. 6. Effect of G-Rp1 on the phagocytic uptake of FITC-
labeled dextran. (A and B) RAW264.7 cells (1 × 106) were
incubated with in the indicated concentrations of G-Rp1 or
positive control drugs (wortmannin and LY294002) in the pres-
ence or absence of 1 mg/ml of FITC-labeled dextran for 30
min. The uptake level of dextran was determined by flow cyto-
metric analysis as described in Materials and Methods. *
p<0.05 and **p<0.01 represents significant difference com-
pared to control.
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Recently, immunosuppressive effects of ginsenosides
or their metabolites such as compound K, G-Rh1, G-Rb1,
G-Rb2, G-Rh2, and 20(S)-protopanaxatriol have been
reported. These compounds are found to block NO pro-
duction, TNF-α release, and PGE2 secretion both at the
transcriptional and translational levels (Bae et al., 2006;
Cho et al., 2001b; Shin et al., 2006). Interestingly, the
inhibitory target of these compounds is regarded to be a
series of signaling cascade for NF-κB and AP-1 activa-
tion pathways including JNK and protein kinase A, but not
the activation of glucocorticoid receptor (Bae et al., 2006;
Choi et al., 2007). Therefore, we also looked over struc-
tural feature of G-Rp1 using its derivatives (Fig. 1). Unlike
inhibitory pattern of other anti-inflammatory ginsenosides
with simple aglycone structures, a simple form (G-Rp2) of
G-Rp1 with single glucose moiety at R1 position dis-
played weaker activity than G-Rp1 on NO production
(Fig. 7). Furthermore, G-Rp3 with no carbohydrate moi-
ety at R1 position and two moieties (Glucose and Rham-
noside) exhibited higher activity than G-Rp4 with single
glucose moiety. Finally, carbohydrate moiety at R1 rather
than R2 seems to greatly contribute to the inhibitory activ-
ity of G-Rp1. Due to limitation of derivative number, how-
ever, we cannot finish full structure-activity relationship
study. Further study, therefore, will be followed as soon
as we make additional derivatives.

Conclusively, we found that G-Rp1 inhibited TNF-α
production, LPS-induced cell cytotoxicity, NO production,
ROS generation, and phagocytic uptake from activated

RAW264.7 cells. Preliminary structure-activity relation-
ship study using several G-Rp1 analogs indicated that
two carbohydrates at R1 position and no carbohydrate at
R2 position were observed to show the highest activity,
compared to other structural derivatives. Although the
inhibitory activities of G-Rp1 on macrophage functions
were not higher, several points that G-Rp1 was known to
be safe, and that this compound was orally effective, sug-
gest that G-Rp1 may be beneficial in treating macroph-
age-mediated immunological diseases.
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