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Abstract. Ginseng, the root of Panax ginseng C.A. Meyer 
(Araliaceae), is a widely known traditional medicine that 
has been utilized throughout Asia for several thousand years. 
Ginseng saponins exert various important pharmacological 
effects regarding the control of a number of diseases. The 
aim of the present study was to identify the anti‑inflammatory 
effects of total saponins extracted from ginseng (TSG) on 
lipopolysaccharide (LPS)-stimulated mouse RAW 264.7 
macrophages. The inhibitory effects of TSG on LPS-induced 
nitric oxide (NO) production and LPS-induced tumor necrosis 
factor-α (TNF-α) and interleukin-1β (IL-1β) protein expres-
sion were determined by measuring the levels of nitrite 
and enzyme-linked immunosorbent assays, respectively. 
Furthermore, the effects of TSG on the mRNA expression 
levels and localizations of inducible NO synthase (iNOS), 
IL‑1β and TNF-α, and their upstream signaling proteins, 
including nuclear factor-κB (NF-κB) and mitogen-activated 
protein kinases (MAPKs), were investigated by reverse 
transcription-polymerase chain reaction and western blotting, 
respectively. Following stimulation with LPS, elevated levels 
of NO production were detected in RAW 264.7 cells; however, 
TSG pretreatment significantly inhibited the production of NO 
(P<0.05), by suppressing the expression of iNOS. In addition, 
LPS-stimulated TNF-α and IL-1β production was significantly 
reduced by TSG (P<0.05). In the LPS-stimulated RAW 264.7 
cells, NF-κB was translocated from the cytosol to the nucleus, 

whilst TSG pretreatment induced the sequestration of NF-κB in 
the cytosol by inhibiting inhibitor of κB degradation. TSG also 
contributed to downregulation of MAPKs in LPS-stimulated 
RAW 264.7 cells. These results suggested that TSG may exert 
anti‑inflammatory activity, and that TSG may be considered 
a potential therapeutic for the treatment of inflammatory 
diseases associated with macrophage activation. 

Introduction

Inflammation is of importance in the highly complex immune 
response mounted to defend against harmful stimuli, including 
pathogens, damaged cells or irritants. Macrophages, as critical 
participants in the inflammatory process, directly counteract 
the aforementioned stimuli (1,2). Under inflammatory condi-
tions, enzymes, cytokines and chemokines, in addition to 
signaling proteins at the site of the infected tissues and 
cells, are secreted by macrophages, causing inflammatory 
cells to migrate to sites of inflammation in order to resolve 
the abnormal conditions (1,2). The model most commonly 
used to investigate induced inflammation is the stimulation 
of macrophages by lipopolysaccharide (LPS) obtained from 
gram-negative bacteria (1). The binding of LPS to its cognate 
receptors, including Toll-like receptors on the mammalian 
cell surface, activates several signaling cascades that drive 
the expression of pro‑inflammatory mediators and cytokines, 
including nitric oxide (NO), prostaglandin E2, tumor necrosis 
factor-α (TNF-α) and interleukin (IL)-1β (2,3).

Additionally, excessive inflammatory responses may 
result in decreased expression of anti-inflammatory cyto-
kines (1,2,4,5). The pathogenesis of autoimmune diseases, 
which are characterized by chronic inflammation, may be 
influenced by pro- and anti-inflammatory factors, as well 
as dysregulation of inflammatory immune responses (5,6). 
Therefore, the utilization of different therapeutic strategies may 
be therapeutically beneficial for the treatment of inflammatory 
diseases; for example, bioactive agents could be used to inhibit 
the production of inflammatory factors by macrophages (4‑6). 
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Subsequent to stimulation with LPS, nuclear factor-κB 
(NF-κB) is activated as a result of the activation of the inhib-
itor of κB (IκB)-kinase complex inhibitor (7,8). Inhibitor of 
IκB phosphorylates IκB, causing IκB proteasomal degradation 
and the release of NF-κB (7,8). The liberated dimeric NF-κB 
then translocates to the nucleus and activates the transcrip-
tion of pro‑inflammatory target genes that encode regulatory 
proteins. This leads to physiological responses, including 
inflammatory or immune responses (7,8). Downstream targets 
of the LPS‑induced inflammatory cascades in macrophages 
are members of the mitogen-activated protein kinase (MAPK) 
family, including extracellular signal-regulated kinase (ERK), 
c-Jun NH2-terminal kinase (JNK) and p38 MAPK (2,3,7). 
When macrophages are stimulated with LPS, MAPKs are 
activated to produce inflammatory factors through the activa-
tion of multiple downstream signaling events (9,10). Therefore, 
targeting the NF-κB and MAPK signaling pathways is consid-
ered an attractive therapeutic strategy for the development of 
anti‑inflammatory therapeutic agents.

Ginseng, the root of Panax ginseng C.A. Meyer (Araliaceae), 
is a herbal medicine that has been shown to exhibit a variety 
of therapeutic effects, including neuroprotective, immuno-
modulating, anti-cancer and antioxidant activities (9). As part of 
traditional folk medicine, ginseng has been a popular plant-based 
medicine for 2,000 years in East Asian countries, and remains 
a popular natural medicine worldwide (11-13). The major active 
constituents of ginseng are the triterpenoid saponins, also 
known as total saponins extracted from ginseng (TSG), which 
have a four-ring, steroid-like structure with attached sugar 
moieties (14-16). TSG are the primary molecules responsible for 
the effects of ginseng. They possess pharmacological proper-
ties, including anti‑inflammatory, antioxidant and anti‑cancer 
effects (11-13). In addition, Kim et al (17) suggested that TSG 
may suppress NO production in LPS/interferon-γ-activated 
RAW 246.7 macrophages by inhibiting inducible NO synthase 
(iNOS) expression. Furthermore, TSG has been found to inhibit 
LPS-induced expression of iNOS, matrix metalloproteinase-9 
and pro-inflammatory cytokines in BV2 microglial cells, 
which is associated with the inactivation of NF-κB and MAPK 
signaling pathways (18). A recent study also demonstrated that 
TSG-associated recovery from LPS-induced depression-like 
behavior was associated with decreased production of various 
pro-inflammatory cytokines in LPS-challenged mice and 
RAW 264.7 cells (19). However, the anti‑inflammatory mecha-
nisms in macrophages have yet to be elucidated.

Therefore, in the present study, the anti-inflammatory 
effects of TSG were evaluated using an LPS-stimulated 
RAW 264.7 macrophage cell model. It was identified that 
TSG exerted curative effects on anti‑inflammatory activity 
by reducing iNOS production, and TNF-α and IL-1β expres-
sion. The effects of TSG on the NF-κB and MAPK signaling 
pathways were also investigated in the current study in order 
to elucidate the associated inhibitory mechanism. The results 
provide evidence in favor of the use of TSG as a potential 
anti‑inflammatory supplement.

Materials and methods

Preparation of TSG. For the preparation of TSG, air-dried 
ginseng roots were purchased from Dongeui University 

Hospital of Oriental Medicine (Busan, Korea). TSG was sepa-
rated and purified as described by Sugimoto et al (20). Briefly, 
samples were extracted twice with methanol (Sigma-Aldrich, 
St. Louis, MO, USA) by refluxing at 80˚C for 2 h. The 
methanol extract was then suspended in water and partitioned 
sequentially with n-hexane, chloroform, ethyl acetate and 
n-butanol. Subsequently, the water-saturated n-butanol frac-
tion was evaporated to dryness in a vacuum. The recovered 
crude saponins were loaded onto Diaion® HP-20/MCI GEL® 
CHP20P (Sigma-Aldrich), and the sugar residues were 
removed with 40% methanol. The fractions were eluted 
with 60-80% methanol, collected, and dried to obtain TSG. 
TSG was then diluted in Dulbecco's modified Eagle medium 
(DMEM; Gibco; Thermo Fisher Scientific, Inc., Waltham) 
MA, USA) to 0, 50, 100, 200 and 400 µg/ml, prior to use.

Cell culture. Mouse RAW 264.7 macrophages were purchased 
from the American Tissue Culture Collection (Manassas, 
VA, USA). RAW 264.7 cells (5x105 cells/ml) were grown in 
DMEM supplemented with 10% fetal bovine serum and 1% 
(v/v) penicillin (100 U/ml)/streptomycin (100 µg/ml) under 
humidified conditions (5% CO2 at 37˚C). In all experiments, 
the cells were treated with various concentrations of TSG 
(0, 50, 100, 200 or 400 µg/ml) for 1 h prior to exposure with 
100 ng/ml LPS (Lipopolysaccharides from Escherichia coli 
026:B6; Sigma-Aldrich) for 24 h under humidified conditions 
(5% CO2 at 37˚C). 

3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyl‑tetrazolium bromide 
(MTT) assay. Cell viability was measured based on the forma-
tion of blue formazan, which is metabolized from colorless 
MTT (Sigma-Aldrich) by mitochondrial dehydrogenases, 
enzymes that are only active in live cells (18). RAW 264.7 cells 
(5x105 cells/ml) were seeded in a 96-well plate. The cells were 
pretreated with various concentrations of TSG for 1 h and then 
stimulated by 100 ng/ml LPS for 24 h. Following incubation 
with TSG and LPS, the cultured media was replaced with 
fresh media and the cells were incubated with 0.5 mg/ml MTT 
solution for 3 h. The supernatant was then discarded and the 
formazan blue, which was formed in the cells, was dissolved 
with dimethyl sulfoxide (Sigma-Aldrich). The optical density 
was measured at 540 nm with an ELISA plate reader (MRX; 
Dynatech Laboratories, Chantilly, VA, USA). Cell viability was 
calculated as the percentage of surviving cells over control cells 
(no TSG added).

Measurement of NO production. 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). RAW 264.7 cells (5x105 cells/ml) were 
seeded in each well of a 96-well plate. The cells were pretreated 
with the indicated concentrations of TSG for 1 h and stimulated 
with 100 ng/ml LPS. Following an incubation period of 24 h, the 
supernatant from each well was collected by centrifugation at 
3,000 x g using the Smart R17 Refrigerated Micro Centrifuge 
(Hanil BioMed, Inc., Gwangju, Korea) for 20 min at 4˚C. 
The supernatant 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 (MRX; 
Dynatech Laboratories) at 540 nm, and nitrite concentrations 
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were calculated by referencing a standard curve generated by 
known concentrations of sodium nitrite (17). 

Measurement of TNF‑α and IL‑1β production. To measure the 
inhibitory efficacy of TSG on the production of TNF‑α and 
IL-1β, TNF-α and IL-1β ELISA kits (cat nos. MTA00B and 
MLB00C, respectively) were purchased from R&D Systems, 
Inc. (Minneapolis, MN, USA). The cell culture conditions were 
the same as for the nitrite measurement assay. After incubation 
with TSG and LPS for 24 h, the TNF-α and IL-1β concentra-
tions in cultured media were determined by a selective ELISA 
kit, according to the manufacturer's protocol. 

Reverse transcription‑polymerase chain reaction (RT‑PCR). 
The cells were incubated with TSG (400 µg/ml) alone for 24 h, 
or pretreated with the various concentrations of TSG for 1 h 
prior to LPS stimulation (100 ng/ml) for 24 h. Total RNA was 
isolated from cultured cells using TRIzol® reagent (Invitrogen; 
Thermo Fisher Scientific). Contaminating DNA was removed 
by treating the RNA samples with recombinant DNase I 
(DNA-free™ kit; Thermo Fisher Scientific, Inc.) The isolated 
RNA (1 µg) was used for cDNA synthesis using AccuPower® 
RT PreMix (Bioneer Corporation, Daejeon, Korea) containing 
Moloney murine leukemia virus reverse transcriptase. iNOS, 
IL-1β and TNF-α genes were amplified from the cDNA by 
PCR (5331 MasterCycler Gradient; Eppendorf, Hamburg, 
Germany). The PCR primers were as follows: iNOS forward, 
5'-ATG TCC GAA GCA AAC ATCAC-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 glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) forward, 5'-AGG CCG GTG CTG AGT ATG TC-3' 
and reverse, 5'-TGC CTG CTT CAC CAC CTT CT-3' (Bioneer 
Corporation). The PCR reaction was initiated at 94˚C for 
2 min, followed by 31 cycles of 94˚C for 30 sec, 30 sec 
annealing temperature, 72˚C for 30 sec, and a final extension 
step at 72˚C for 5 min. The annealing temperatures were 63˚C 
for iNOS, IL-1β and TNF-α, and 61˚C for GAPDH. Following 
amplification, the PCR products were separated by 1.5% 
agarose gel electrophoresis, stained with ethidium bromide 
(Sigma-Aldrich) and visualized by ultraviolet illumination. 

Protein extraction and western blot analysis. For total protein 
extraction, the cells were lysed by incubating with a lysis buffer 
[25 mM Tris-Cl (pH 7.5), 250 mM NaCl, 5 mM ethylene diami-
netetra acetic acid, 1% NP-40, 1 mM pheny-methylsulfonyl 
fluoride and 5 mM dithiothreitol; Sigma‑Aldrich] for 1 h at 
4˚C. Insoluble materials were discarded by centrifugation at 
13,000 x g using the Smart R17 Refrigerated Micro Centrifuge 
(Hanil BioMed, Inc.) for 20 min at 4˚C. In a parallel experiment, 
nuclear and cytosolic proteins were separated using nuclear 
extraction reagents (product no. 78833; Pierce Biotechnology, 
Inc., Rockford, IL, USA), according to the manufacturer's 
protocol. The protein concentration in the cell lysate was deter-
mined using a DC™ Protein Assay (Bio-Rad Laboratories, 
Inc., Hercules, CA, USA). Equal quantities of protein were then 
separated by 10% sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis at 90 V for 2 h. Separated protein was transferred 

to a nitrocellulose membrane (Schleicher and Schuell, Keene, 
NH, USA) and subsequently blocked with Tris-buffered 
saline (10 mM of Tris-Cl, pH 7.4) containing 0.5% Tween-20 
(TBST) and 5% nonfat dried milk for 1 h at room tempera-
ture. Subsequently, the membranes were probed with rabbit 
anti-iNOS (1:1,000; sc-509), -IL-1β (1:1,000; sc-7884), -p65 
(1:500; sc-109), -IκB-α (1:500; sc-847), -ERK (1:1,000; sc-154) 
and -p38 (1:1,000; sc-535), and goat anti-lamin B (1:1,000; 
sc-6216) and -actin (1:1,000; sc-1615) polyclonal antibodies, 
from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA), and 
rabbit anti-TNF-α (1:1,000; #3707), -JNK (1:1,000; #9252S) and 
phosphorylated (p)-38 (1:500; #9211S) polyclonal antibodies, and 
mouse anti-p-JNK (1:500; #9255) and -p-ERK (1:500; #9106S) 
monoclonal antibodies, from Cell Signaling Technology, Inc. 
(Danvers, MA, USA), overnight at 4˚C. After 2 h blocking 
with 5% non-fat milk in TBST (1.5 M NaCl, 20 mM Tris-Cl, 
0.05% Tween-20, pH 7.4), the membranes were incubated with 
horseradish peroxidase-conjugated anti-rabbit IgG secondary 
antibodies (1:1,000; RPN4301; GE Healthcare Life Sciences, 
Chalfont, UK) at room temperature for 2 h. Using an enhanced 
chemiluminescence detection system (GE Healthcare Life 
Sciences), immunoreactive bands were detected and exposed to 
X‑ray film.

Statistical analysis. Data are presented as the mean ± stan-
dard deviation. Differences in mean values between groups 
were analyzed by a one-way analysis of variance followed by 
Dunnett's-test. P<0.05 was considered to indicate a statisti-
cally significant difference. 

Results

TSG inhibits LPS‑induced NO production in RAW 264.7 
macrophages. To evaluate the anti-inflammatory activity 
of TSG, the effect of TSG on NO production stimulated by 
LPS was initially investigated in RAW 264.7 cells. Following 
pretreatment with various concentrations of TSG for 1 h, 
RAW 264.7 cells were stimulated with LPS for 24 h. Cell 
culture media were collected and NO levels were quantified 
using the Griess test. The addition of LPS to RAW 264.7 
cells resulted in an increase in NO production levels (Fig. 1). 
However, TSG was observed to significantly suppress 
LPS-induced NO production in a concentration-dependent 
manner (Fig. 1; P<0.05). 

TSG downregulates LPS‑induced iNOS expression in 
RAW 264.7 macrophages. Following the observation that NO 
production was inhibited by TSG, RT-PCR and western blot 
analysis were performed to determine whether the inhibition 
of NO production by TSG in the LPS-stimulated RAW 264.7 
cells was associated with decreased levels of iNOS mRNA and 
protein, as iNOS produces NO as a key mediator of inflam-
mation. In response to LPS treatment, mRNA expression of 
iNOS was induced; however, pretreatment with TSG inhibited 
this upregulation at a dose of 400 µg/ml (Fig. 2A). Similarly, 
pretreatment with TSG markedly suppressed the protein 
expression levels of iNOS in a concentration-dependent manner 
(Fig. 2B). The results indicate that TSG can downregulate NO 
production in LPS-stimulated RAW 264.7 cells via inhibition 
of iNOS expression at the transcriptional level.
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Effects of TSG on the viability of RAW 264.7 macrophages. 
In order to exclude the possibility that the inhibition of NO 
production was due to cytotoxicity caused by TSG treatment, 
MTT assays were performed in RAW 264.7 cells treated with 
TSG for 24 h in the presence or absence of LPS (100 ng/ml). 
As demonstrated in Fig. 3, at the same concentrations of TSG 
(50-400 µg/ml) used to inhibit NO and its production, TSG 
alone did not affect cell viability. Furthermore, co-treatment 
with TSG and LPS also did not demonstrate any cytotoxic 
effects. Thus, the results indicate that the inhibition of NO 
production in LPS-stimulated RAW 264.7 cells was not a 
result of the cytotoxic effects of TSG.

TSG reduces the production of pro‑inflammatory cytokines 
in LPS‑stimulated RAW 264.7 macrophages. The effects of 
TSG on pro-inflammatory cytokines, such as TNF-α and 
IL-1β, were analyzed using ELISA. As demonstrated in Fig. 4A 
and B, when RAW 264.7 cells were treated with TSG alone, 
there were no significant changes in the production levels of 

TNF-α or IL-1β, respectively (P>0.05). However, production 
of the two cytokines were increased in the culture media of 
LPS-stimulated RAW 264.7 macrophages, and these increases 

Figure 4. Inhibition of TNF-α and IL-1β production by TSG in LPS-stimulated 
RAW 264.7 macrophages. RAW 264.7 cells were pretreated with various con-
centrations of TSG for 1 h and then stimulated by LPS (100 ng/ml) for 24 h. 
(A) TNF-α and (B) IL-1β production were measured using the corresponding 
ELISA kits. Values are presented as mean ± standard deviation. *P<0.05 vs. LPS 
only treatment. TNF-α, tumor necrosis factor-α; LPS, lipopolysaccharide; 
TSG, total saponins extracted from ginseng; IL-1β, interleukin-1β.

  A

  B

Figure 1. Inhibition of NO production by TSG in LPS-stimulated RAW 264.7 
macrophages. RAW 264.7 cells were pretreated with the indicated concentra-
tions of TSG for 1 h and then stimulated by LPS (100 ng/ml) for 24 h. NO 
was measured using Griess reagent. Values are presented as mean ± standard 
deviation. *P<0.05 vs. LPS only treatment. NO, nitric oxide; LPS, lipopoly-
saccharide, TSG, total saponins extracted from ginseng.

Figure 2. Inhibition of iNOS expression by TSG in LPS-stimulated 
RAW 264.7 macrophages. RAW 264.7 cells were pretreated with the indicated 
concentrations of TSG for 1 h and then stimulated by LPS (100 ng/ml) for 
24 h. (A) mRNA and (B) protein expression levels of iNOS were determined 
by reverse transcription-polymerase chain reaction and western blot analysis, 
and GAPDH and actin were used as internal controls, respectively. LPS, lipo-
polysaccharide; TSG, total saponins extracted from ginseng; iNOS, inducible 
nitric oxide synthase; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

  A

  B

Figure 3. Effects of TSG and LPS on the viability of RAW 264.7 macro-
phages. Cells were treated with the indicated concentrations of TSG or LPS 
alone, or treated with TSG for 1 h prior to treatment with LPS. Following a 
24-h incubation period, cell viability was assessed using a 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide reduction assay. Cell 
viability was calculated as the percentage of surviving cells over control 
cells (no TSG added). Values are presented as mean ± standard deviation of 
three independent experiments. LPS, lipopolysaccharide; TSG, total saponins 
extracted from ginseng.
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were significantly reduced by treatment with TSG in a concen-
tration-dependent manner (P<0.05; Fig. 4). 

TSG downregulates LPS‑induced TNF‑α and IL‑1β mRNA 
and protein expression in RAW 264.7 macrophages. In a 
parallel experiment, RT-PCR and western blot analyses were 
performed to determine whether TSG was able to inhibit the 
expression of TNF-α and IL-1β cytokines at the transcrip-
tional or translational levels. As indicated in Fig. 5, treating 
RAW 264.7 macrophages with different concentrations of 
TSG prior to LPS treatment resulted in a dose-dependent 
decrease in the mRNA (Fig. 5A) and protein (Fig. 5B) levels 
of the two cytokines. Thus, the results indicate that TSG also 
inhibits the expression of these genes at the transcriptional 
level.

TSG blocks LPS‑induced NF‑κB activity in LPS‑stimulated 
RAW 264.7 macrophages. NF-κB is an important transcription 
factor that is required for the activation of pro‑inflammatory 
mediators and cytokines in LPS-stimulated macrophages. 
Under normal conditions, NF-κB is localized to the cytosol 
due to its binding with IκB. However, when cells are stimu-
lated by LPS, IκB protein is rapidly phosphorylated by IκB 
kinase and degraded, and the NF-κB is translocated into the 
nucleus (7). Therefore, to determine whether TSG prevents 
the translocation of NF-κB from the cytosol to the nucleus, 
western blot analysis was performed using the nuclear and 
cytosolic fractions of RAW 264.7 cells. Fig. 6A demonstrates 
that the protein expression level of the nuclear p65 subunit of 
NF-κB was markedly increased following exposure to LPS 
alone, indicating that LPS induced the translocation of NF-κB 
p65 from the cytosol to the nucleus. However, the LPS-induced 
accumulation of NF-κB p65 in the nuclear fractions was 
reduced by TSG pretreatment in a concentration-dependent 
manner (Fig. 6A). In addition, IκB-α exhibited minor 

degradation following exposure to LPS; however, TSG blocked 
the LPS-induced degradation of IκB-α in a dose-dependent 
manner (Fig. 6B). These findings indicate that TSG inhibits 
NF-κB activation in RAW 264.7 cells through the suppression 
of IκB degradation and the nuclear translocation of NF-κB.

TSG reduces LPS‑induced activation of MAPKs in 
LPS‑stimulated RAW 264.7 macrophages. As the MAPK 
signaling pathway is known to be important for the expression 
of pro‑inflammatory genes, MAPKs act as specific targets for 
inflammatory responses (9,10). To examine whether inhibition 
of the LPS‑induced inflammatory action by TSG is mediated 
through MAPK signaling pathways, the effects of TSG on the 
activation of MAPKs, including p38 MAPK, ERK and JNK, 
were investigated in LPS-stimulated RAW 264.7 cells. As 
indicated in Fig. 7, phosphorylation of p38 MAPK, ERK and 

Figure 7. Effects of TSG on the activation of mitogen-activated protein 
kinases induced by LPS in RAW 264.7 macrophages. Cells were treated 
with TSG 1 h prior to treatment with LPS (100 ng/ml) for 1 h. Total pro-
teins were subjected to 10% sodium dodecyl sulfate-polyacrylamide gels, 
followed by western blot analysis using the indicated antibodies. LPS, lipo-
polysaccharide; TSG, total saponins extracted from ginseng; p-, phosphate-; 
ERK, extracellular signal-regulated kinase; JNK, c-Jun NH2-terminal kinase; 
NF-κB, nuclear factor-κB; IκB-α, inhibitor of κB-α.

Figure 6. Effects of TSG on LPS-induced NF-κB translocation and expres-
sion in RAW 264.7 macrophages. RAW 264.7 cells were pretreated with the 
indicated concentrations of TSG for 1 h prior to 100 ng/ml LPS stimulation 
for 30 min. (A) Nucleic NF-κB p65 and (B) cytosolic IκBα protein expres-
sion were measured using western blotting. Lamin B and actin were used 
as internal controls for the nuclear and cytosolic fractions, respectively. 
LPS, lipopolysaccharide; TSG, total saponins extracted from ginseng; 
NF-κB, nuclear factor-κB; IκB-α, inhibitor of κB-α.

  A

  B

Figure 5. Inhibition of LPS‑induced TNF‑α and IL‑1β expression by TSG 
in LPS-stimulated RAW 264.7 macrophages. RAW 264.7 cells were pre-
treated with various concentrations of TSG for 1 h and then stimulated by 
LPS (100 ng/ml) for 24 h. (A) mRNA and (B) protein expression levels of 
TNF-α and IL-1β were determined by performing reverse transcription-poly-
merase chain reaction (RT-PCR) and western blot analysis, in which GAPDH 
and actin were used as internal controls, respectively. LPS, lipopolysaccha-
ride; TSG, total saponins extracted from ginseng; TNF-α, tumor necrosis 
factor-α; IL-1β, interleukin-1β; GAPDH, glyceraldehyde 3-phosphate dehy-
drogenase.

  A

  B
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JNK were induced by stimulation with LPS, whereas TSG 
attenuated the LPS-induced phosphorylation of these kinases 
in a dose-dependent manner. However, the total protein expres-
sion levels of the unphosphorylated MAPKs were unaffected 
by LPS and TSG treatment. These results suggest that TSG 
may block the LPS‑induced expression of pro‑inflammatory 
responses by inhibiting the MAPK signaling pathway.

Discussion

The inflammatory process is typically highly regulated, 
consisting of signals that initiate and maintain inflammation, 
and signals that inhibit the process (4,5). Due to the importance 
of activated macrophages in the initiation and amplification 
of a variety of inflammatory diseases, therapeutic methods 
to reduce the number of activated macrophages, inhibit their 
activation signals and/or specific macrophage receptors, or 
to selectively counteract macrophage products, are under 
investigation for controlling inflammatory diseases (1). In 
a previous study, it was demonstrated that TSG was able to 
exert anti‑inflammatory effects in LPS‑activated RAW 264.7 
macrophages (19). While this is in agreement with the results 
of the present study, the molecular mechanisms have not been 
well characterized. The current study also demonstrated that 
the anti‑inflammatory properties of TSG may be associated 
with a reduction in the activation levels of NF-κB and MAPK 
signaling pathways. 

NO is a highly reactive oxidant that is produced through 
the action of iNOS, and participates in diverse biological 
mechanisms as a potent pro‑inflammatory mediator (21,22). 
iNOS is present at low levels under normal physiological 
conditions, however, it is rapidly induced by pro‑inflammatory 
and mitogenic stimuli, including LPS (2,18). Numerous studies 
have revealed that excessive NO production is important in 
the pathogenesis of inflammation and can lead to tissue 
damage by reacting with reactive oxygen species (23,24). 
Several inhibitors of NO induction have been reported to 
exert anti‑inflammatory effects by preventing iNOS expres-
sion (17,18,22). In the present study, TSG was found to 
significantly reduce the production of NO in LPS‑stimulated 
RAW 264.7 macrophages by inhibiting mRNA and protein 
levels of iNOS, suggesting that the specific inhibition of the 
iNOS gene may be responsible for the anti-inflammatory 
capacity of TSG. An MTT assay confirmed that the inhibitory 
effects of TSG were not a result of cytotoxicity. 

Inflammatory disorders are characterized, among other 
events, by the production of significant quantities of free 
radicals, nitrogen reactive species and cytokines (7,21,23-25). 
TNF-α and IL-1β are considered to be critical cytokines in 
the inflammatory cytokine network, and are produced as a 
result of endotoxin exposure (2-5). Furthermore, TNF-α and 
IL-1β are important for promoting the expression of iNOS, in 
addition to the production of other cytokines, such as IL-6 
and IL-8 (21,25). Therefore, suppressing the overproduction 
and activity of pro‑inflammatory cytokines is necessary to 
reduce inflammation and its symptoms, and this method has 
proved to be successful in the treatment of certain inflamma-
tory diseases, including rheumatoid arthritis, obesity, diabetes 
mellitus, cancer and atherosclerosis (2,5,21,23). In the present 
study, it was demonstrated that TSG is able to significantly 

suppress TNF-α and IL-1β production. mRNA and protein 
expression levels of these cytokines were also significantly 
inhibited, suggesting that TSG exerts its anti‑inflammatory 
effects by suppressing pro-inflammatory cytokines at the 
transcriptional level.

As NF-κB and MAPK signaling molecules are key 
regulators of a variety of genes involved in inflammatory 
responses (8,25), the effects of TSG on the NF-κB and 
MAPK signaling pathways were investigated in LPS-induced 
RAW 264.7 macrophages, in order to further elucidate the 
underlying mechanisms of anti‑inflammation. Under normal 
physiological conditions, NF-κB is localizes in the cytosol as 
an inactive heterodimer consisting of three subunits: p50, p65 
and Iκ-B. Upon its activation by various stimuli, including LPS, 
the Iκ-B protein is phosphorylated and degraded, resulting in 
the liberation of NF-κB and enabling it to translocate to the 
nucleus (8,25). The translocation of NF-κB into the nucleus 
triggers the expression of target genes, including pro‑inflamma-
tory cytokines, adhesion molecules, chemokines and inducible 
enzymes, such as iNOS (26,27). The production of the afore-
mentioned genes acts as a positive autocrine feedback signal 
to augment NF-κB activation, and subsequently increases the 
production of these pro‑inflammatory factors (7,8,28). The 
results of the present study demonstrated that the translocation 
of the p65 subunit of NF-κB to the nucleus, in addition to the 
degradation of IκB-α, was markedly inhibited by pretreat-
ment with TSG. Thus, the data indicated that TSG may exert 
its anti‑inflammatory activity through NF-κB activation; by 
suppressing the degradation of IκB-α and the subsequent 
translocation of NF-κB p65 from the cytosol to the nucleus in 
LPS-stimulated RAW 264.7 cells. The present data provided 
a basis for modeling the effects of TSG in animal models, in 
order to facilitate the development of nutraceutical products 
and anti‑inflammatory drugs based on TSG.

The MAPK family is a group of serine and threonine 
kinases that are activated in response to diverse extracellular 
stimuli to mediate signal transduction from the cell surface 
to the nucleus (29). Upon the activation of MAPKs, transcrip-
tion factors that are present in the cytoplasm or nucleus are 
phosphorylated and activated. This activation leads to the 
expression of target genes that regulate cell growth, division, 
and/or differentiation (30,31). As described previously, in the 
LPS-stimulated signaling pathway of macrophages, MAPKs 
have demonstrated an association with LPS-stimulated iNOS 
and pro-inflammatory cytokine expressions (9,10). In the 
present study, it was identified that the phosphorylation levels 
of three MAPKs, ERK, JNK and p38 MAPK, were markedly 
increased in LPS-stimulated RAW 264.7 cells, compared with 
unstimulated cells; however, following TSG administration, 
the phosphorylation levels of the MAPKs markedly reduced 
in a dose-dependent manner. Therefore, it is postulated that 
attenuation of the phosphorylation levels of MAPKs by TSG 
may contribute to the inhibition of inflammatory reactions in 
LPS-stimulated RAW 264.7 cells. 

In conclusion, TSG has the ability to inhibit the produc-
tion of inflammatory cytokines, in addition to NO, in 
LPS-stimulated RAW 264.7 macrophages, by modulating 
the activation of intracellular signaling pathways, including 
NF-κB and multiple MAPK signaling pathways. Thus, TSG 
may be a potential candidate for the treatment of various 
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inflammatory diseases that are associated with the over‑acti-
vation of macrophages. 
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