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Abstract. Ginseng, namely the root of Panax ginseng Meyer, 
is a well-known traditional medicine that has been used in 
Asian countries for thousands of years. Ginseng saponins have 
been shown to exert a variety of prominent pharmacological 
effects in a number of diseases. The aim of the present study 
was to identify the anti-inflammatory effects of total saponins 
extracted from cultured wild ginseng roots (TSWG) on lipo-
polysaccharide (LPS)-stimulated RAW 264.7 macrophages. An 
elevated production of nitric oxide (NO) was detected in the 
RAW 264.7 cells in response to stimulation with LPS, as shown 
by NO detection assay using Griess reagent. However, pre-
treatment with TSWG inhibited the production of NO through 
the suppression of inducible NO synthase gene expression. 
Furthermore, the LPS-induced gene expression and production 
of tumor necrosis factor-α (TNF-α) and interleukin-1β (IL-1β) 
were significantly reduced by treatment with TSWG, as shown 

by ELISA, and western blot analysis and RT-PCR, respectively. 
In the LPS-stimulated RAW 264.7 cells, nuclear factor-κB 
(NF-κB) was translocated from the cytosol to the nucleus, while 
pre-treatment with TSWG induced the sequestration of NF-κB 
in the cytosol through the inhibition of the inhibitor of κB 
degradation, as shown by immunofluorescence staining. TSWG 
also contributed to the downregulation of mitogen-activated 
protein kinases and Akt in the LPS-stimulated RAW 264.7 
cells. Additionally, in the TSWG-treated RAW 264.7 cells, 
we observed the activation of nuclear factor (erythroid-
derived  2)-like  2 and an increase in heme oxygenase-1 
expression; these effects were associated with the inhibition of 
the generation of reactive oxygen species. The results from the 
present study indicate that TSWG exerts anti-inflammatory and 
antioxidant effects, suggesting that TSWG may be an effective 
therapeutic agent for inflammatory diseases and prevent cellular 
damage induced by oxidative stress.

Introduction

Inflammation, acts physiologically to protect normal host 
function. It is a complex defense response to eliminate foreign 
pathogens or damaged cells, and to initiate tissue healing 
involving the activation of various immune cells. Inflammation 
is mediated by a number of signaling molecules, including 
pro-inflammatory mediators and cytokines primarily gener-
ated through overactivated macrophages (1,2). The induction 
of pro-inflammatory gene expression in activated macrophages 
in response to a variety of stimuli, such as lipopolysaccharide 
(LPS), is mediated by the activation of cellular signaling path-
ways, such as nuclear factor-κB (NF-κB), phosphatidylinositiol 
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3-kinase (PI3K)/Akt and mitogen-activated protein kinases 
(MAPKs) (3,4). NF-κB is a transcription factor that plays a 
central role in the regulation of a number of inflammatory-
related cytotoxic factors, including inducible nitric oxide 
(NO) synthase (iNOS) and cyclooxygenase-2 (COX-2), and 
pro-inflammatory cytokines, including tumor necrosis factor-α 
(TNF-α) and interleukin-1β (IL-1β). The numerous pathway 
components, including PI3K/Akt and MAPKs, such as extra-
cellular signal-regulated kinase (ERK), c-Jun NH2-terminal 
kinase (JNK) and p38 MAPK play a crucial role in the expres-
sion of pro-inflammatory genes during the inflammatory 
process through the regulation of the nuclear translocation 
of NF-κB (5,6). Therefore, treatments aimed at inhibiting the 
NF-κB, PI3K/Akt and MAPK signaling pathways may be 
a feasible approach in the treatment of certain inflammatory 
diseases.

Several lines of evidence have revealed the participation of 
reactive oxygen species (ROS) in inflammation. Under physi-
ological conditions, ROS are formed as a natural byproduct 
of the normal metabolism of oxygen and play important roles 
in cell signaling and homeostasis. However, the excessive 
production of ROS, which may trigger a cascade of radical 
reactions, causes oxidative damage to cellular macromolecules, 
thereby resulting in significant damage to cell structures (4,7). 
During oxidative stress, various antioxidants and cytopro-
tective proteins, termed phase-2 detoxification enzymes, 
provide an anti-oxidant defense mechanism against oxidative 
stress-induced cellular damage. Heme oxygenase-1 (HO-1) 
is a representative phase-2 detoxification enzyme with anti-
inflammatory, antioxidant and cytoprotective functions that are 
regulated by the activation of nuclear factor (erythroid-derived 
2)-like 2 (Nrf2) , which interacts with the antioxidant response 
element (ARE) (8-10). A wide variety of natural compounds 
have been shown to activate Nrf2 and its downstream target 
genes, such as HO-1 for cytoprotection against ROS genera-
tion and cellular damage (11,12). Thus, ROS, as well as Nrf2/
HO-1 signaling may be an interesting target for the prevention 
or therapy of inflammation-related diseases.

Ginseng, the root of Panax ginseng C.A. Meyer, is a well-
known medicinal herb in used in traditional Asian medicine 
for over 2,000 years. It is held in high regard for its tonic 
properties. Ginseng has been reported to have a variety of 
biological properties, including antioxidant, anti-inflammatory, 
anti-allergic, anti-diabetic, immunomodulatory and antitumor 
properties, as well as cardiovascular and neuroprotective prop-
erties (13-21). Accumulating evidence has indicated that most 
of the pharmacological functions of ginseng are attributed to a 
variety of ginsenosides, which are triterpenoid saponins (22). 
Wild ginseng is not field-cultivated domestically, but grows 
naturally and is harvested from wherever is found. Commonly, 
cultivated ginseng is systematically farmed on open land and 
harvested after a 4-6-year cultivation period. On the other 
hand, wild ginseng grows in the wild and deep in the moun-
tains with fluctuating daily temperatures and minor exposure 
to direct sunlight and is very difficult to excavate. It is widely 
accepted that differences in environmental exposure may 
result in a variation of the bioactive compounds present in wild 
ginseng, known to be pharmacologically more effective than 
field-cultivated ginseng. For example, it has been shown that 
the concentrations of saponins found in wild ginseng are gener-

ally 2-6‑fold higher than those of field-cultivated ginseng (23). 
Moreover, previous studies have indicated that wild ginseng 
extract enhances the host defense, and has more prominent 
anti-inflammatory and anticancer activities than cultivated 
ginseng  (24,25). Additionally, wild ginseng may be more 
effective as an anxiolytic and anti-depressant than cultivated 
ginseng (26). However, wild ginseng is dilatory in growth and 
is more sensitive to environmental changes than cultivated 
ginseng. The resultant low yields and high costs hamper the 
efforts to meet the increasing market demand, and thus the 
use of wild ginseng in traditional medicine is very limited. On 
the other hand, cultured wild ginseng roots, the substitute for 
natural wild ginseng, are easily obtained by a plant cell culture 
technique. Cultured wild ginseng has been shown to contain 
similar or higher levels of ginsenosides than those found in 
cultivated ginseng, but in different ginsenoside ratios (27,28).

In this study, the anti-inflammatory properties of total sapo-
nins extracted from cultured wild ginseng roots (TSWG) were 
investigated. We examined the effects of TSWG on the produc-
tion of NO and pro-inflammatory cytokines, such as TNF-α 
and IL-1β, in LPS-stimulated mouse RAW 264.7 macrophages. 
We also determined whether there is a link between the 
activation of the NF-κB and MAPK signaling pathways and 
the anti-inflammatory properties of TSWG. Additionally, we 
investigated whether TSWG has any effect on the LPS-induced 
generation of ROS and the Nrf2/HO-1 signaling pathway.

Materials and methods

Preparation of TSWG. The tissue cultured wild ginseng 
adventitious roots were supplied by the Research Center for the 
Development of Advanced Horticultural Technology, Chunbuk 
National University (Cheongju, Korea), where large-scale 
cultures of wild ginseng adventitious roots have been devel-
oped. Air-dried roots of cultured wild ginseng were ground 
to pass through an 80-mesh sieve. The samples were extracted 
twice with methanol by refluxing at 80˚C for 2 h, and then 
the methanol extract was suspended in water and partitioned 
sequentially with n-hexane, chloroform, ethyl acetate and 
n-butanol. Subsequently, the water-saturated n-butanol fraction 
was evaporated to dryness in a vacuum. The recovered crude 
saponins were loaded onto a Diaion® HP-20 MCI gel (Sigma-
Aldrich Chemical Co., St.  Louis, MO, USA), and the sugar 
residues were then removed with 40% CH3OH. The fractions 
were eluted with 60-80% CH3OH, collected and then dried 
to obtain TSWG. TSWG was diluted with the medium, to the 
desired concentration prior to use.

Cell culture and MTT assay. RAW 264.7 murine macrophage-
like cells were purchased from American Tissue Culture 
Collection (ATCC, Manassas, VA, USA). The cells were 
grown in Dulbecco's modified Eagle's medium (DMEM) 
supplemented with 10%  fetal bovine serum (FBS) and 
1% (v/v) penicillin (100 U/ml)/streptomycin (100 µg/ml) under 
a humidified condition of 5% CO2 at 37˚C. An inflamma-
tory response was induced in the RAW 264.7 cells by LPS 
(purchased from Sigma‑Aldrich Chemical Co.). DMEM, FBS 
and penicillin/streptomycin were purchased from Gibco-BRL 
(Grand Island, NY, USA). Cell viability was measured based 
on the formation of blue formazan that is metabolized from 
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colorless 3-(4,5-dimethylthiazol‑2-yl)-2,5-diphenyltetrazolium 
bromide (MTT; Sigma-Aldrich Chemical Co.) by mitochon-
drial dehydrogenases, which are active only in live cells. 
Briefly, the RAW 264.7 cells (5x105 cells/ml) were seeded in a 
96-well plate. The cells were pre-treated with various concen-
trations of TSWG for 1 h and then stimulated with 100 ng/ml 
LPS for 24 h. Following incubation with TSWG and LPS, the 
cultured medium was changed to fresh medium and the cells 
were incubated with 0.5 mg/ml MTT solution for 3 h. The 
supernatant was discarded and the formazan blue, which was 
formed in the cells, was dissolved with dimethyl sulfoxide 
(DMSO). The optical density was measured at 540 nm using 
an enzyme-linked immunosorbent assay (ELISA) plate reader 
(Dynatech Laboratories, Chantilly, VA, USA).

Measurement of NO production. The concentrations of NO 
in the culture supernatants were determined by measuring the 
levels of nitrite, which is a major stable product of NO, using 
Griess reagent (Sigma-Aldrich Chemical Co.). For this purpose, 
the RAW 264.7 cells were seeded in each well of a 96-well 
plate. The cells were pre-treated with the indicated concentra-
tions of TSWG for 1 h and then stimulated with 100 ng/ml LPS. 
Following incubation for 24 h, the supernatant of each well was 
mixed with the same volume of Griess reagent, for 10 min at 
room temperature in the dark. Nitrite levels were determined 
using an ELISA plate reader at 540 nm, and nitrite concentra-
tions were calculated by referencing a standard curve generated 
with known concentrations of sodium nitrite.

Measurement of TNF-α and IL-1β production. The inhibitory 
effects of TSWG on the production of TNF-α and IL-1β were 
examined using ELISA kits (R&D Systems Inc., Minneapolis, 
MN, USA). The cell culture conditions were the same as those 
used for the nitrite measurement assay. Following incubation 
with TSWG and LPS for 24 h, the concentrations of TNF-α and 
IL-1β in the culture medium were determined using a selective 
ELISA kit, according to the manufacturer's instructions.

Reverse transcription-polymerase chain reaction (RT-PCR). 
The cells were either incubated with TSWG (400 µg/ml) alone 
for 24 h, or pre-treated with the indicated concentrations of 
TSWG for 1 h prior to stimulation with LPS for 24 h. Total RNA 
from the cultured cells was isolated using TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA). cDNA was synthesized from 
1 µg of total RNA, using AccuPower® RT PreMix (Bioneer, 
Daejeon, Korea) containing moloney murine leukemia virus 
reverse transcriptase. iNOS, IL-1β and TNF-α genes were 
amplified from the cDNA by PCR. A sample of each ampli-
fied product was subjected to 1.0% agarose gel electrophoresis 
and stained with ethidium bromide (EtBr, Sigma-Aldrich 
Chemical Co.) and visualized using ultraviolet (UV) illu-
mination. The glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) housekeeping gene transcript was used as a control. 
The primers used for PCR were as follows: iNOS forward, 
5'-ATG TCC GAA GCA AAC ATC AC-3' and reverse, 5'-TAA 
TGT CCA GGA AGT AGG TG-3'; IL-1β forward, 5'-GGG 
CTG CTT CCA AAC CTT TG-3' and reverse, 5'-GCT TGG 
GAT CCA CAC TCT CC-3'; TNF-α forward, 5'-TCT CAT 
CAG TTC TAT GGC CC-3' and reverse, 5'-GGG AGT AGA 
CAA GGT ACA AC-3'; and GAPDH forward, 5'-AGG CCG 

GTG CTG AGT ATG TC-3' and reverse, 5'-TGC CTG CTT 
CAC CAC CTT CT-3'.

Protein extraction and western blot analysis. For total protein 
extraction, the cells were lysed in lysis buffer [25 mM Tris-Cl 
(pH 7.5), 250 mM NaCl, 5 mM ethylenediaminetetraacetic 
acid (EDTA), 1% NP-40, 1 mM phenylmethylsulfonyl fluoride 
(PMSF) and 5 mM dithiothreitol (DTT)] for 1 h. The insoluble 
materials were discarded by centrifugation at 13,000 x g for 
20 min at 4˚C. In a parallel experiment, nuclear and cytosolic 
proteins were prepared using nuclear extraction reagents 
(Pierce, Rockford, IL, USA) according to the manufacturer's 
instructions. The protein concentration of the cell lysate was 
determined using detergent-compatible protein assay obtained 
from Bio-Rad (Hercules, CA, USA). Equal amounts of protein 
were separated by sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE). The separated protein was trans-
ferred onto nitrocellulose membranes (Schleicher & Schuell 
BioScience, Inc., Keene, NH, USA) and subsequently blocked 
with Tris-buffered saline (10 mM Tris‑Cl, pH 7.4) containing 
0.5% Tween-20 and 5% non-fat dry milk for 1 h at room temper-
ature. The proteins were probed with primary antibodies at 4˚C 
overnight. After probing with the primary antibodies (Table I), 
the membranes were incubated with horseradish peroxidase-
conjugated anti-rabbit immunoglobulin  G (IgG; sc-2004, 
1:1,000), anti-mouse IgG (sc-2005, 1:1,500) and anti-goat 
IgG (sc-2350, 1:1,500) as secondary antibodies (Santa Cruz 
Biotechnology, Inc., Santa Cruz, CA, USA). Immunoreactive 
bands were detected using the enhanced chemiluminescence 
(ECL) detection system (Amersham Corp.) and exposed to 
X-ray film. Primary antibodies were purchased from Santa Cruz 
Biotechnology, Inc., Cell Signaling Technology, Inc. (Danvers, 
MA, USA) and Abcam (Cambridge, UK) (Table I). Lamin B 
and actin were used as internal controls for the nuclear and 
cytosolic fractions, respectively.

Immunofluorescence staining. For the detection of the trans-
location of NF-κB p65, the RAW 264.7 cells were grown 
on glass coverslips for 24 h. The cells were pre-treated with 
400 µg/ml TSWG for 30 min prior to stimulation with 100 ng/
ml LPS. Following incubation for 30 min, the cells were fixed 
with 3.7% paraformaldehyde, treated with 0.2% Triton X-100 
and blocked with 2% bovine serum albumin (BSA). The cells 
were then sequentially incubated with anti-NF-κB p65 anti-
body (Table I), fluorescein isothiocyanate-conjugated donkey 
anti-rabbit IgG (1:500; #111-095-003, Jackson ImmunoResearch 
Laboratories, Inc., West Grove, PA, USA) and 4,6-diamidino-
2-phenylindole (DAPI; Sigma-Aldrich Chemical Co.) solution. 
They were then examined under a fluorescence microscope 
(Carl Zeiss, Jena, Germany).

Measurement of intracellular ROS generation. The intra-
cellular accumulation of ROS was determined using the 
fluorescent probe, 2',7'-dichlorodihydrofluorescein diacetate 
(H2DCFDA; Sigma-Aldrich Chemical  Co.). Briefly, the 
RAW 264.7 cells were pre-treated with 400 µg/ml TSWG for 
30 min prior to stimulation with 100 ng/ml LPS for 30 min. 
The cells were then incubated for 4 h at 37˚C in phosphate-
buffered saline (PBS) containing 20  mM H2DCFDA to 
label the intracellular ROS. ROS production in the cells was 
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monitored using a flow cytometer (FACSCalibur; Becton-
Dickinson, San Jose, CA, USA) using CellQuest Pro software, 
as previously described (29).

Data analysis. The results are expressed as the means ± stan-
dard deviation (SD). Differences in the mean values between 
groups were analyzed by one-way analysis of variance followed 
by Dunnett's test. A P-value of <0.05 was considered to indicate 
a statistically significant difference.

Results

Effect of TSWG on NO production in LPS-stimulated 
RAW 264.7 cells. Treatment of the cells with LPS alone mark-
edly induced NO production compared with the untreated 
controls, according to the NO detection assay using Griess 
reagent. However, pre-treatment with TSWG significantly 
suppressed the levels of NO production in the LPS-stimulated 
RAW 264.7 microglial cells, in a concentration-dependent 
manner (>400 µg/ml) (Fig. 1A). We then performed RT-PCR 
and western blot analysis to determine whether the inhibition 
of NO production by TSWG in the LPS-stimulated RAW 264.7 
cells was associated with decreased levels of iNOS, which 
produces NO as a key mediator of inflammation. TSWG did 
not induce iNOS expression at the mRNA and protein level in 
the unstimulated RAW 264.7 cells, while stimulation with LPS 
increased iNOS expression (Fig. 1B and C). However, TSWG 
induced a significant decrease in iNOS expression in the 
LPS-stimulated RAW 264.7 cells in a concentration-dependent 
manner. These results indicated that TSWG downregulated 
NO production in the LPS-stimulated RAW 264.7 cells by 
inhibiting iNOS expression. Additionally, TSWG regulated the 
expression of iNOS at the transcriptional level.

Table I. Antibodies used in the present study.

Antibody	 Dilution	 Product no.	 Species of origin and supplier

iNOS	 1:500	 SC-7271	 Mouse monoclonal, Santa Cruz Biotechnology, Inc.
TNF-α	 1:500	 #3707S	 rabbit polyclonal, Cell Signaling Technology, Inc.
IL-1β	 1:500	 SC-7884	 Rabbit polyclonal, Santa Cruz Biotechnology, Inc.
NF-κB p65	 1:500	 SC-109	 Rabbit polyclonal, Santa Cruz Biotechnology, Inc.
IκBα	 1:500	 SC-371	 Rabbit polyclonal, Santa Cruz Biotechnology, Inc.
Akt	 1:500	 SC-8312	 Rabbit polyclonal, Santa Cruz Biotechnology, Inc.
p-Akt	 1:500	 SC-101629	 Rabbit polyclonal, Santa Cruz Biotechnology, Inc.
ERK	 1:1,000	 SC-154	 Rabbit polyclonal, Santa Cruz Biotechnology, Inc.
p-ERK	 1:500	 #9106S	 Mouse monoclonal, Cell Signaling Technology, Inc.
p38	 1:1,000	 SC-535	 Rabbit polyclonal, Santa Cruz Biotechnology, Inc.
p-p38	 1:500	 #9211S	 Rabbit polyclonal, Cell Signaling Technology, Inc.
JNK	 1:1,000	 #9252S	 Rabbit polyclonal, Cell Signaling Technology, Inc.
p-JNK	 1:500	 #9255S	 Mouse monoclonal, Cell Signaling Technology, Inc.
Nrf2	 1:500	 SC-13032	 Rabbit polyclonal, Santa Cruz Biotechnology, Inc.
p-Nrf2	 1:500	 ab76026	 Rabbit monoclonal, Abcam, Inc.
HO-1	 1:500	 SC-136960	 Mouse monoclonal, Santa Cruz Biotechnology, Inc.
Lamin B	 1:500	 SC-6216	 Goat polyclonal, Santa Cruz Biotechnology, Inc.
β-actin	 1:1,000	 sc-1616	 Goat polyclonal, Santa Cruz Biotechnology, Inc.

Figure 1. Inhibition of nitric oxide (NO) production and inducible NO synthase 
(iNOS) expression by total saponins extracted from cultured wild‑ginseng 
roots (TSWG) in lipopolysaccharide (LPS)-stimulated RAW 264.7 cells. 
RAW 264.7 cells were pre-treated with the indicated concentrations of TSWG 
for 1 h and then stimulated with LPS (100 ng/ml) for 24 h. (A) NO produc-
tion was measured using Griess reagent. Values are the means ± SD. *P<0.05 
compared with the LPS group. (B and C) The mRNA and protein levels of 
iNOS were determined by RT-PCR and western blot analysis, respectively. 
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) and actin were used as 
internal controls for RT-PCR and western blot analysis, respectively.
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Cytotoxicity of TSWG. MTT assays were performed using the 
RAW 264.7 cells treated with TSWG for 24 h in the presence or 
absence of LPS (100 ng/ml), to exclude the possibility that the 
inhibition of NO production was due to cytotoxicity caused by 

TSWG. TSWG alone did not affect cell viability at the concen-
trations used to inhibit NO production (Fig. 2). Furthermore, 
co-treatment with TSWG and LPS had no cytotoxic effects. 
These results clearly indicated that the inhibition of NO 
production in the LPS-stimulated RAW 264.7 cells was not due 
to the cytotoxic effects of TSWG.

Effect of TSWG on the production of pro-inflammatory 
cytokines in LPS-stimulated RAW 264.7 cells. We further 
quantified the production of inflammatory cytokines, such 
as IL-1β and TNF-α in the culture medium using ELISA to 
identify the anti-inflammatory properties of TSWG. When 
the RAW 264.7 cells were treated with TSWG alone, there 
were no changes observed in the production of IL-1β and 
TNF-α. The production of IL-1β and TNF-α was markedly 
increased by LPS stimulation; however, pre-treatment with 
TSWG significantly decreased the production of cytokines 
in a concentration-dependent manner (Fig. 3A and B). Since 
cytokine secretion was reduced by treatment wit hTSWG, we 
evaluated whether the inhibitory effects of TSWG on TNF-α 
and IL-1β expression are associated with the inhibitory effects 
on the release of TNF-α and IL-1β. Our results indicated that 
the LPS-induced increase in the TNF-α and IL-1β mRNA 
levels was reversed by TSWG in a concentration-dependent 
manner (Fig. 3C). In a parallel experiment, the elevated protein 
levels of TNF-α and IL-1β resulting from stimultion with LPS 

Figure 2. Effects of total saponins extracted from cultured wild-ginseng roots 
(TSWG) and lipopolysaccharide (LPS) on the viability of RAW 264.7 cells. 
Cells were treated with the indicated concentrations of TSWG or LPS alone, 
or pre-treated with TSWG for 1 h prior to stimulation with LPS; after 24 h, 
cell viability was assessed by MTT reduction assay. The results are expressed 
as the percentage of surviving cells over the control cells (without the addition 
of TSWG). Each value indicates the mean ± SD of 3 independent experiments.

Figure 3. Inhibition of lipopolysaccharide (LPS)-induced tumor necrosis factor-α (TNF-α) and interleukin-1β (IL-1β) production and expression by total sapo-
nins extracted from cultured wild-ginseng roots (TSWG) in LPS-stimulated RAW 264.7 cells. RAW 264.7 cells were pre-treated with various concentrations of 
TSWG for 1 h and then stimulated with LPS (100 ng/ml) for 24 h. (A and B) The production of TNF-α and IL-1β was measured using corresponding ELISA kits. 
Values are the means ± SD. *P<0.05 compared with the LPS group. (C and D) The mRNA and protein levels of TNF-α and IL-1β were determined by RT-PCR 
and western blot analysis, respectively. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) and actin were used as internal controls for RT-PCR and western 
blot analysis, respectively.
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were also decreased following treatment with TSWG (Fig. 3D). 
Our results thus indicate that TSWG negatively regulates the 
production of pro-inflammatory cytokines, such as IL-1β and 
TNF-α at the transcriptional level.

Effect of TSWG on LPS-induced NF-κB translocation in the 
RAW 264.7 cells. Our results revealed that TSWG regulated 
the expression of iNOS and that of the pro-inflammatory cyto-
kines, TNF-α and IL-1β, at the transcriptional level. We then 
evaluated the expression of nuclear NF-κB p65, a subunit of 
NF-κB, and cytosolic IκBα to further characterize the mecha-
nisms of TSWG-mediated anti-inflammatory responses. We 
first investigated whof NF-κB p65. According to the results 
of western blot analysis, nuclear NF-κB p65 expression was 
not specifically increased by TSWG. However, the amount of 

NF-κB p65 in the nucleus was markedly increased following 
exposure to LPS for 30 min (Fig. 4A). However, pre-treatment 
with TSWG decreased the expression of nuclear NF-κB p65, 
causing its epxression to return to basal levels. In a parallel 
experiment, stimulation with LPS decreased IκBα expression 
in the cytosol; however, pre-treatment with TSWG somewhat 
amplified cytosolic IκBα expression in a concentration-depen-
dent manner. We visualized the location of NF-κB p65 in 
the cells by immunofluorescence staining, as experimental 
evidence of the TSWG-induced NF-κB inactivation. The 
cells in the control group and TSWG-treated group showed 
cytosolic NF-κB p65, while stimulation with LPS facilitated 
the NF-κB  p65 translocation to the nucleus; however, the 
cells in the TSWG pre-treated group showed that NF-κB p65 
was arrested in the cytosol (Fig. 4B). These results indicated 

Figure 4. Effects of total saponins extracted from cultured wild-ginseng roots (TSWG) on the lipopolysaccharide (LPS)-induced nuclear factor-κB (NF-κB) 
translocation and expression in RAW 264.7 cells. RAW 264.7 cells were pre-treated with the indicated concentrations of TSWG for 1 h prior to stimulation with 
100 ng/ml LPS for 30 min. (A) The expression of nucleic NF-κB p65 and cytosolic IκBα was measured using western blot analysis. Lamin B and actin were used 
as internal controls for the nuclear and cytosolic fractions, respectively. (B) The localization of NF-κB p65 was visualized by fluorescence microscopy following 
immunofluorescence staining with NF-κB p65 antibody (green). In addition, the cells were stained with 4,6-diamidino-2-phenylindole (DAPI) to visualize the 
nuclei (blue).
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that treatment with TSWG suppressed NF-κB activity in the 
LPS-stimulated RAW 264.7 cells by inhibiting the nuclear 
translocation of NF-κB and the degradation of IκBα.

Inhibition of LPS-induced Akt and MAPK activation by 
TSWG in LPS-stimulated RAW 264.7 cells. Previous studies 
have demonstrated that the PI3K/Akt and MAPK signaling 
pathways are involved in the expression of LPS-induced 
pro-inflammatory genes (3,4). We therefore investigated the 
effects of TSWG on the LPS-induced activation of Akt and 
MAPKs, such as ERK, JNK and p38 MAPK by western blot 
analysis. Stimulation with LPS for 1 h resulted in a significant 
increase in the phosphorylated forms of Akt, ERK, JNK and 
p38 MAPK compared with the control group without altering 
their unphosphorylated forms (Fig. 5). However, pre-treatment 
with TSWG for 1 h attenuated the phosphorylation of Akt and 
MAPKs in a concentration-dependent manner (Fig. 5). These 
results suggested that the TSWG-induced inactivation of Akt 
and MAPKs may cause the suppression of the inflammatory 
response in LPS-stimulated RAW 264.7 cells.

Suppression of LPS-induced ROS formation by TSWG in 
RAW  264.7 cells. Several studies have reported that the 
LPS-mediated activation of NF-κB leads to the enhanced 
production of ROS as a common second messenger, thereby 
contributing to the sustained oxidant production during chronic 
inflammation (5,6). The level of the generation of intracellular 
ROS was accordingly assessed to determine whether TSWG 
reduces the level of LPS-induced oxidative stress in RAW 264.7 
cells. LPS significantly enhanced ROS production, while pre-
treatment with TSWG considerably reversed the LPS-induced 
cellular production of ROS  (Fig.  6A). Treatment of the 
RAW 264.7 cells alone also decreased the ROS levels when 
compared with the untreated control cells. These results indi-
cated that TSWG was capable of abrogating the LPS-induced 
increase in ROS production in RAW 264.7 cells.

Induction of Nrf-2 and HO-1 expression by TSWG in 
RAW  264.7 cells. Since TSWG prevented the generation 
of ROS, we hypothesized that pre-treatment with TSWG 
may facilitate the expression of antioxidant enzymes in the 
RAW 264.7 cells. We then examined whether the expression 
of Nrf2 and HO-1 is regulated by TSWG. Following treatment 
with TSWG, the RAW 264.7 cells showed a gradual increase 
in the total, as well as in the phosphorylated Nrf2 levels in a 
time-dependent manner, and this strongly correlated with the 
increase in HO-1 expression (Fig. 6B). Thee results indicated 
that TSWG induced HO-1 expression throug the activation of 
Nrf2.

Discussion

Macrophage defensive systems play essential roles in teh host 
defense against bacterial infection by recognition of the threats 
through specific receptors, particularly the Toll-like receptor 4 
(TLR4) complex. However, the enhanced production of inflam-
matory molecules, including NO, ROS and cytokines by 
macrophages can cause damage to the host (30,31). In response 

Figure 5. Effects of total saponins extracted from cultured wild-ginseng 
roots (TSWG) on the activation of Akt and mitogen-activated protein kinases 
(MAPKs) induced by lipopolysaccharide (LPS) in RAW 264.7 cells. Cells 
were treated with TSWG 1 h prior to stimulation with LPS (100 ng/ml) for 1 h. 
Total proteins were subjected to 10% SDS-polyacrylamide gel electrophoresis, 
followed by western blot analysis using the indicated antibodies.

Figure 6. Effects of total saponins extracted from cultured wild-ginseng roots 
(TSWG) on the lipopolysaccharide (LPS)-induced generation of intracellular 
reactive oxygen species (ROS), and nuclear factor (erythroid-derived 2)-like 2 
(Nrf2) and heme oxygenase-1 (HO-1) expression in RAW  264.7 cells. 
(A) RAW 264.7 cells were treated with TSWG (400 µg/ml) for 30 min prior to 
stimulation with LPS (100 ng/ml) for 30 min. The cells were incubated with 
20 mM H2DCFDA at 37˚C for 30 min, and ROS generation was measured 
using a flow cytometer. Each point represents the mean of 2 independent 
experiments. (B) RAW 264.7 cells were treated with the indicated concen-
trations of TSWG for 24 h. The protein expression of Nrf2 and HO-1 was 
evaluated by western blot analysis. Actin was used as an internal control.
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to macrophage activation by LPS, the principal component 
of the outer membrane of Gram-negative bacteria (32), TLR4 
recruits downstream-associated adaptor molecules, including 
myeloid differentiation factor (MyD88) (33,34). The activation 
of the MyD88‑dependent pathway results in the rapid activa-
tion of the NF-κB, PI3K/Akt and MAPK pathways, which 
coordinately regulate inflammation-associated gene activities 
responsible for host defense. Furthermore, these pro-inflam-
matory products play key roles in the pathogeneses of various 
acute and chronic inflammatory diseases (35,36). Therefore, 
the suppression of the aberrant activation of macrophages may 
have valuable therapeutic potential for the treatment of various 
inflammation-associated diseases caused by macrophage acti-
vation.

Macrophages have been found to be activated in acute and 
chronic bacterial inflammatory diseases (1,2). The overproduc-
tion of NO in activated macrophages, a potent and critical 
mediator of inflammatory diseases, is mediated primarily by 
iNOS, causing tissue injury (2,37). Therefore, the modulation of 
the iNOS-mediated release of NO from macrophages is consid-
ered one of the strategies to develop therapeutic compounds 
against various inflammatory diseases. In this study, we 
demonstrated that TSWG exerted its anti-inflammatory effects 
by suppressing the LPS-induced iNOS mRNA and protein 
expression, and the subsequent production of NO in RAW 264.7 
cells (Fig. 1). These data indicated that the inhibition of NO 
production in response to TSWG was a result of an inhibition 
of iNOS gene expression at the transcriptional level. Activated 
macrophages also exert cytotoxic effects by releasing various 
pro-inflammatory cytokines, including TNF-α and IL-1β and 
ROS, that may participate in the inflammatory process (1,2). 
Moreover, ROS are important contributors to the production 
of TNF-α and IL-1β in LPS-stimulated macrophages (38,39). 
In response to LPS, the production of TNF-α and IL-1β was 
markedly upregulated, but treatment with TSWG significantly 
inhibited the induction of these cytokines by LPS (Fig. 3A 
and B). In addition, the results from the RT-PCR and western 
blot analysis revealed that TSWG decreased the TNF-α and 
IL-1β mRNA levels with a corresponding decrease in the 
protein levels (Fig. 3C and D). A prerequisite for the proper 
evaluation of the biological properties of candidate agents is 
the exact determination of cytotoxicity associated with the 
prolonged incubation of the cells. In the current study, the 
concentrations of TSWG used to inhibit the production of NO, 
TNF-α and IL-1β did not affect cell viability, as measured by 
MTT assay (Fig. 2), thereby indicating that the anti-inflam-
matory effects of TSWG on LPS-stimulated RAW 264.7 cells 
were not simply due to a cytotoxic action of TSWG.

There are several well established highly complex inflam-
matory signaling pathways. Among these, NF-κB is the major 
transcriptional factor in the production of pro-inflammatory 
molecules and TLRs are the major pattern recognition receptors 
to detect conserved microbial products (40,41). In unstimulated 
macrophages, NF-κB is retained in the cytoplasm by IκB; 
however, when LPS binds TLR4, IκB is rapidly phosphorylated 
by the IκB kinase complex, which results in IκB degrada-
tion and the translocation of NF-κB to the nucleus to initiate 
inflammatory-associated gene expression, including that of 
iNOS and pro-inflammatory cytokines (33,39,41). Moreover, 
upon the activation of Akt by PI3K, phosphorylated Akt 

promotes the activation of NF-κB and MAPKs to trigger the 
transcription of pro-inflammatory regulators in LPS-stimulated 
macrophages  (5,6,42). Thus, suppressing the activation of 
NF-κB by inhibiting IκBα degradation may be a target for anti-
inflammatory therapeutic candidates. To investigate whether 
the inhibition of NF-κB activation by TSWG was associated 
with the inactivation of the PI3K/Akt and MAPK pathways, the 
effects of TSWG on the LPS-induced nuclear translocation of 
NF-κB and the degradation of IκB were assessed. The results 
revealed that TSWG significantly attenuated the LPS-induced 
IκB degradation and the nuclear translocation of NF-κB p65 
in the LPS-stimulated RAW 264.7 macrophages (Fig. 4). Our 
results study also demonstrated that pre-treatment with TSWG 
significantly suppressed the phosphorylation of MAPKs, 
including ERK, JNK and p38 MAPK, as well as that of Akt 
in a concentration-dependent manner (Fig. 5). Taken together, 
these results indicated that the inhibition of NF-κB activity by 
TSWG was mediated through the inactivation of PI3K/Akt and 
MAPKs by the deficiencies in the phosphorylation of Akt or 
MAPKs. This may lead to the inhibition of pro-inflammatory 
mediators and cytokine expression in LPS-stimulated macro-
phages.

HO-1 is one of the phase II enzymes, which are protective 
proteins expressed to preserve cells against oxidative stress and 
inflammation. The de novo induction of this protein is mainly 
due to transcriptional activation mediated by Nrf2 through 
its interaction with ARE, a regulatory sequence for the tran-
scriptional activation of genes encoding various antioxidant 
enzymes and phase  II detoxifying enzymes. Moreover, it 
has been shown that HO-1 suppresses the production of pro-
inflammatory mediators, including iNOS, as well as that of 
cytokines in activated macrophages (8,10-12). Therefore, the 
activation of the Nrf2/HO-1 pathway is a promising target for 
the treatment of inflammatory, as well as oxidative stress-medi-
ated diseases. Our results indicated that TSWG induced HO-1 
expression in a concentration-dependent manner, which was 
associated with the activation of Nrf2 (Fig. 6B). Consistent with 
this, we found that the LPS-induced generation of intracellular 
ROS was markedly abolished by pre-treatment with TSWG 
in the RAW 264.7 cells (Fig. 6A). Our findings revealed that 
TSWG increased Nrf2 activation and HO-1 expression, which 
may lead to the prevention of oxidative stress, as well as the 
supportive negative regulation of pro-inflammatory molecules 
in LPS-stimulated RAW 264.7 cells.

In conclusion, the present data demonstrate that TSWG 
possesses anti-inflammatory properties, such as the suppression 
of NO, TNF-α and IL-1β production through the downregula-
tion of their corresponding gene expression in LPS-stimulated 
RAW 264.7 macrophages. TSWG also significantly inhibited 
the LPS-induced inflammation-associated signaling pathways, 
including the nuclear translocation of NF-κB and the phosphor-
ylation of Akt and MAPKs. In addition, TSWG suppressed the 
increased generation of intracellular ROS in LPS-stimulated 
RAW  264.7 cells and promoted HO-1 protein expression 
by promoting Nrf2 activation. Although further studies are 
required to clearly elucidate the exact mechanisms through 
which TSWG inhibits oxidative stress and the possible cross-
talk between the NF-κB and Nrf2/HO-1 signaling pathways, 
this study may provide a molecular basis for the therapeutic use 
of TSWG against various inflammatory diseases.
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