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Introduction
Inflammation is a well-controlled physiological response 
evoked by injury and infection.  However, prolonged inflam-
mation is often harmful to health.  Upon activation, mac-
rophages, a key component of the immune system, release 
various inflammation-promoting factors.  Long-term macro-
phage activation in tissues increases the abnormal produc-
tion of inflammatory mediators such as tumor necrosis factor 
(TNF)-α, interleukin (IL)-6, IL-1β, nitric oxide and prosta-
glandin E2, stimulates a network of inflammatory signaling 
pathways and eventually leads to chronic low-grade inflam-

mation[1, 2].  As recent studies have confirmed that chronic low-
grade inflammation is closely associated with metabolic syn-
dromes[3, 4], anti-inflammatory therapy is a potential approach 
for treating cardiovascular disease and type 2 diabetes.

GPR120, an ω-3 fatty acid receptor, is abundantly expressed 
in monocytes, adipocytes and enteroendocrine cells [5].  
Research has shown that GPR120 interacts with the Gαq 
family of heterotrimeric G proteins to elevate intracellular 
calcium.  In turn, the calcium influx triggered by stimulated 
GPR120 increases the release of GLP-1, GIP and CCK in 
enteroendocrine L cells[6, 7].  Ligand-activated GPR120 also 
recruits β-arrestin2, leading to internalization of the GPR120-
β-arrestin2-TAB1 complex.  It has been reported that an 
increase in the level of GPR120-β-arrestin2-TAB-1 complex 
induces inactivation of TAK1 in macrophages and represses 
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activation of IKKβ/NF-κB and the JNK/AP1 pathway[8].  As 
a result, GPR120 activation inhibits lipopolysaccharide (LPS)-
induced release of pro-inflammatory cytokines and nitric 
oxide from macrophages[8].  An animal study showed that 
ω-3 fatty acids exert their anti-inflammatory effects through 
GPR120 expressed on liver Kupffer cells[9].  In addition, a selec-
tive GPR120 agonist was recently reported to improve insulin 
resistance by attenuating tissue chronic inflammation in obese 
mice, suggesting its potential in treating metabolic diseases[10].  

Ginsenosides are known to be responsible for the major 
health-promoting properties of ginseng, a widely used tra-
ditional Chinese medicine.  More than a hundred types of 
ginsenosides have been identified in the roots of different 
ginsengs, representing various pharmacological activities, 
including immune regulation and anti-tumor and anti-diabe-
tes effects[11–13].  Ginsenoside Rg3 and Re are reported to exert 
anti-inflammatory effects by directly inhibiting iNOS and 
TLR[14–16].  As one of the main bioactive components of ginseng 
extracts, Rb2 improves glucose metabolism in hepatocytes by 
activating AMPK[17] and reduces cholesterol and triacylglyc-
erol levels in 3T3-L1 cells by reducing oxidative damage[18].  
Most recently, researchers have found that Rb2 can upregu-
late GPR120 gene expression and exert anti-apoptosis effects 
in murine bone marrow-derived mesenchymal stem cells 
(BMMSCs)[19].  Although its regulatory activity on glucose and 
lipid metabolism has been demonstrated, the role of Rb2 in 
inflammation processes remains unclear.  Here, we investigate 
the effect of Rb2 on GPR120 expression in murine macro-
phages (RAW264.7 cells) and test its contribution to reducing 
the LPS-induced inflammatory response.  In addition, experi-
ments were designed to identify the novel anti-inflammatory 
mechanism of Rb2, which involves improving the efficacy of 
ω-3 fatty acid-induced GPR120 activation in LPS-stimulated 
RAW264.7 cells.

Methods and materials
Reagents
Ginsenoside Rb2 (purity >98.0%) was purchased from Tauto 
Biotech Co, Ltd (Shanghai, China).  Dulbecco’s Modified 
Eagle’s medium (DMEM), Fluo 4-AM and fetal bovine serum 
(FBS) for cell culture were obtained from Invitrogen (Carlsbad, 
USA).  5-Diphenyltetrazoliumbromide (MTT), lipopolysac-
charide (LPS) from Escherichia coli, probenecid, α-linolenic acid 
(ALA) and 3-(4,5-dimethylthiazol-2-yl)-2 were obtained from 
Sigma-Aldrich (St Louis, USA).  Primary antibody dilutions 
and sources were as follows: rabbit anti-iNOS (1:500) and goat 
anti-GPR120 (1:1000) were obtained from Santa Cruz Biotech-
nology (CA, USA); rabbit anti-COX-2, rabbit anti-IKKβ, rabbit 
anti-NF-κB, rabbit anti-p38, rabbit anti-JNK, rabbit anti-ERK, 
rabbit anti-phospho-IKKβ (Ser176/180), rabbit anti-phospho-
NF-κB (Ser536), rabbit anti-phospho-p38 (Thr180/Tyr182), 
rabbit anti-phospho-JNK (Thr183/Tyr185), and rabbit anti-
phospho-ERK (Thr202/Tyr204), all at 1:1000 dilution, were 
obtained from Cell Signaling Technology (MA, USA); mouse 
anti-β-actin (1:10000) was obtained from Sigma-Aldrich (MO, 
USA).  The secondary antibodies anti-mouse IgG, anti-goat 

IgG and anti-rabbit IgG (1:10000) were purchased from Jack-
son Laboratory.

Cell culture
RAW264.7 cells, a murine macrophage cell line, were pur-
chased from American Type Culture Collection (Manassas, 
USA) and maintained in DMEM supplemented with 10% FBS 
in a humidified incubator (5% CO2) at 37 °C.  

MTT assay for cell viability
Cell viability was determined using the MTT assay.  RAW264.7 
cells (2×104 cells/well) were plated in 96-well plates and cul-
tured overnight in growth medium.  The cells were then incu-
bated with Rb2 at the indicated concentrations in the absence 
or presence of ALA for 48 h before addition of the MTT 
reagent (0.5 mg/mL).  After incubation for 4 h, the medium 
was removed, and the formazan crystals formed were dis-
solved with 100 μL dimethylsulfoxide (DMSO).  Absorbance 
at a wavelength of 492 nm was measured using a FlexStation 3 
(Molecular Devices, USA).  

Calcium mobilization assay
A CHO cell line stably expressing GPR120 was seeded in 
96-well cell culture plates (Corning) and incubated overnight 
in 5% CO2 at 37 °C.  The cells were then incubated in Hank’s 
Balanced Salt Solution containing 3 μmol/L Fluo 4-AM (a 
calcium-sensitive dye) and 2.5 mmol/L probenecid for 90 min.  
The cells were then washed three times with Hank’s Balanced 
Salt Solution and subjected to equilibration for 10 min in 
Hank’s Balanced Salt Solution containing probenecid prior to 
the assay.  Intracellular calcium concentrations were measured 
as the difference between 585/525 ratios before and after addi-
tion of the test compounds using a Flexstation 3.0 plate reader 
(Molecular Devices).  EC50 and Emax values for each curve were 
calculated using Prism 5.0 (GraphPad Software).

Construction and transfection of short hairpin RNA (shRNA)
GPR120-specific shRNA (target sequence: 5′-GATCCCCGAA
ATGACTTGTCTGTTATTCTCGAGAATAACAGACAAGTC
ATTTCGTTTTTGGAT-3′) or negative control shRNA (target 
sequence: 5′-TTCTCCGAACGTGTCACGT-3′) was inserted 
into the GV102 expression vector (Genechem, China).  Plas-
mids were transiently transfected into RWA264.7 cells using 
X-tremeGENE HP DNA Transfection Reagent (Roche Diag-
nostic Systems, USA).  After 12 h, the medium was replaced 
with fresh complete culture medium before additional drug 
treatment.

RNA isolation and quantitative RT-PCR 
Total RNA was extracted from RAW264.7 cells using the 
TRIzol reagent (Invitrogen, USA) according to the manufac-
turer’s instructions.  Reverse-transcription reactions were 
performed using PrimeScript™ II 1st Strand cDNA Synthesis 
Kit (Takara, Japan) to obtain complementary DNA (cDNA).  
mRNA levels were quantified by real-time PCR using SYBR 
Green qPCR Master Mix (Biotool, China) and an ABI 7500 Fast 
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Real-Time PCR machine (Applied Biosystems, USA).  The 
primers used for PCR amplification are shown in Table 1.  The 
relative expression levels of target genes were normalized 
using ribosomal 18s RNA.

Enzyme-linked immunosorbent assay (ELISA)
ELISA was performed to assess cytokine production by 
RAW264.7 cells.  Cells were plated in 24-well plates (105 cells/
well).  After overnight incubation, the cells were pretreated 
with Rb2 (1 or 10 μmol/L) for 12 h prior to incubation with 
ALA (50 μmol/L) for 1 h.  The cells were then subjected to 
induction with LPS (100 ng/mL) for another 6 h.  The culture 
supernatants were collected and stored at -20 °C for cyto-
kine measurement.  The amounts of TNF-α and IL-6 were 
measured using ELISA kits according to the manufacturer’s 
instructions.  

Western blotting analysis
RAW264.7 cells (2×105 cells/mL) were plated in growth 
medium in 12-well plates.  After overnight incubation, the 
cells were pretreated with Rb2 (1 or 10 μmol/L) for 12 h prior 
to incubation with ALA (50 μmol/L) for 1 h.  Following LPS 
(100 ng/mL) induction for another 15 min (for MAPKs and 
IKK/NF-κB) or 24 h (for iNOS and COX-2), the cells were har-
vested and lysed in RIPA buffer (Beyotime, China).  The levels 
of protein expression were determined using Western blot 
analysis as previously described[20] and then quantified using 
ImageJ software (National Institutes of Health, USA).  The 
relative density of the target protein bands were normalized 
with the housekeeping protein β-actin (Actin).

Measurement of NO production
NO levels were assessed by measuring the nitrite concentra-
tion of the cell culture medium.  Briefly, RAW264.7 cells (2×105 
cells/mL) were plated in 12-well plate and cultured overnight 
in growth medium.  The cells were then pretreated with Rb2 
(1 or 10 μmol/L) for 12 h prior to incubation with ALA (50 
μmol/L) for 1 h; the cells were then subjected to LPS (100 
ng/mL) induction for another 12 h.  The nitrite levels in the 
medium were immediately detected using Total NO Assay 
Kit (Beyotime, China) according to the manufacturer’s instruc-
tions.

Statistical analysis
All data are expressed as the mean±standard deviation (SD) of 
at least 3 independent experiments.  The significance of differ-
ences among groups was assessed by one-way ANOVA analy-
sis followed by Dunnett’s test or Student’s t-test.  Differences 
were considered statistically significant at a level of P<0.05.  

Results
Rb2 dose- and time-dependently upregulated GPR120 gene 
expression in RAW264.7 macrophages
MTT assay results showed no obvious cytotoxicity of Rb2 (up 
to 100 μmol/L) toward RAW264.7 cells in the absence or pres-
ence of ALA (Figure 1).  We next investigated the influence 
of Rb2 on GPR120 expression in RAW264.7 macrophages by 
treating the cells with Rb2 (0.1–100 μmol/L) for 12 h followed 
by harvesting and lysis.  Subsequent Western blot analysis 
showed that expression of GPR120 was dose-dependently 
upregulated by Rb2 (Figure 2A).  Furthermore, real-time PCR 
results indicated that incubation of RAW264.7 macrophages 
with Rb2 (10 μmol/L) for 12 h led to a 2.8-fold increase in 
GPR120 mRNA expression (Figure 2B).  In addition, this 
increase in GPR120 expression stimulated by Rb2 was time 
dependent and began as early as 6 h (Figure 2E).  These results 
indicated that Rb2 upregulates GPR120 expression in a dose- 

Figure 1.  Effects of Rb2 on the viability of RAW 264.7 macrophages.  
RAW264.7 cells were incubated with various concentrations of Rb2 in 
the absence or presence of ALA (50 μmol/L) for 48 h.  Cell viability was 
determined by MTT assay.  The data are presented as mean±SD of three 
independent experiments.  ‘ns’ (no significant difference) means P>=0.05 
vs vehicle (DMSO) group which acts as control.

Table 1.   The primers used in RT-PCR. 

           Gene name                           Primer sequence (5′–3′)
 

GPR120	 Forward: CAACCGCATAGGAGAAATCT
	 Reverse: GGACTCCACATGATGAAGAA

18s	 Forward: TGTGCCGCTAGAGGTGAAATT
	 Reverse: TGGCAAATGCTTTCGCTTT

IL-1β	 Forward: GGTCAAAGGTTTGGAAGCAG
	 Reverse: TGTGAAATGCCACCTTTTGA

IL-6	 Forward: TAGTCCTTCCTACCCCAATTTCC
	 Reverse: TTGGTCCTTAGCCACTCCTTC

TNF-α	 Forward: ATGGGAAGGGAATGAATCCACC
	 Reverse: GTCCACATCCTGTAGGGCGTCT

iNOS	 Forward: GAGCGAGTTGTGGATTGTC
	 Reverse: CTCCTTTGAGCCCTTTGT

COX-2	 Forward: TGCCTGGTCTGATGATGTATG
	 Reverse: AGTAGTCGCACACTCTGTTGT
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and time-dependent manner in RAW264.7 macrophages.  

Rb2 enhanced the inhibitory effect of ALA on LPS-induced pro
duction of pro-inflammatory cytokines and NO in a GPR120-
dependent manner
LPS-induced macrophage activation leads to dramatic 

increases in TNF-α, IL-6 and IL-1β, which are important pro-
inflammatory cytokines[21].  ALA, a plant-derived ω-3 FFA, 
acts as an endogenous ligand for GPR120 and exerts an anti-
inflammatory effect.  Treatment of RAW264.7 cells with ALA 
for 1 h resulted in less LPS-induced production of TNF-α 
(46% decrease) and IL-6 (42% decrease).  Given the above 

Figure 2.  Effect of Rb2 on GPR120 expression in RAW264.7 macrophages.  RAW264.7 cells were incubated with Rb2 (0.1–100 μmol/L) or vehicle 
(DMSO) for 24 h.  The expression levels of GPR120 protein (A) in cell lysates were detected by Western blot analysis and mRNA (B) in cells were 
detected by quantitative RT-PCR.  The expression levels of GPR120 protein (C) and mRNA (D) in cells transfected with GPR120 shRNA or control shRNA 
were detected by Western blot analysis and quantitative RT-PCR, respectively.  (E) The induction of GPR120 by Rb2 behaved in a time-dependent 
manner as determined by Western blot analysis.  The data are presented as mean±SD of three independent experiments.  *P<0.05 vs vehicle (DMSO) 
group, control shRNA or ‘0 h’ group which acts as control.
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observations, we sought to evaluate whether upregulation 
of GPR120 induced by Rb2 would negatively influence the 
LPS-induced inflammation process in macrophages.  We 
therefore incubated RAW264.7 cells with Rb2 for 12 h prior 
to ALA treatment and then stimulated the cells with LPS.  In 
accordance with the expectation, pre-incubation with Rb2 
at the higher dose (10 μmol/L) significantly enhanced the 
reductions in TNF-α (74% decrease) and IL-6 (86% decrease) 
(Figure 3A, 3B).  Accordingly, mRNA expression of TNF-α, 

IL-6 and IL-1β also reached low levels in the Rb2 and ALA 
co-treated group (Figure 3C–3E).  In addition, LPS-induced 
production of NO, another important pro-inflammatory 
molecule, was decreased by 34% in the Rb2 (10 μmol/L) and 
ALA-co-treated group, which was significantly lower than 
that in the group treated with ALA alone (10% decrease) 
(Figure 3F).  However, Rb2 treatment alone had no anti-
inflammatory effect.  Furthermore, we used a calcium 
mobilization assay to assess the agonist response of Rb2 in 

Figure 3.  Rb2 enhanced reduction effect of ALA on inflammatory cytokines and NO production induced by LPS in RAW264.7 macrophages.  RAW264.7 
cells were transfected with either GPR120 shRNA or negative control shRNA for 12 h, then pretreated with Rb2 (1 and 10 μmol/L) or DMSO for 12 h 
prior to incubation of ALA (50 μmol/L) or DMSO for 1 h and finally stimulated with LPS (100 ng/mL) or DMSO for 24 h.  The production of cytokines TNF-α (A) 
and IL-6 (B) in culture supernatants were measured by ELISA, NO (F) in supernatant was measured by Total NO Assay Kit.  The mRNA expression 
levels of TNF-α (C), IL-6 (D), and IL-1β (E) in cells were detected by quantitative RT-PCR.  The data are presented as mean±SD of three independent 
experiments.  *P<0.05 vs ‘LPS alone’ group.  #P<0.05 vs ‘LPS plus ALA’ group.
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CHO cells stably expressing GPR120.  The data showed that 
ALA notably activated GPR120 (EC50=1.24 μmol/L), though 
Rb2 exhibited no significant agonist activity even at a high 
dose (Supplementary Figure 1).

To examine whether the increased expression of GPR120 is 
responsible for this enhancing effect of Rb2, we knocked down 
GPR120 expression in RAW264.7 cells using shRNA interfer-
ence.  The levels of GPR120 mRNA and protein were markedly 
decreased in RAW264.7 cells transfected with GPR120-specific 
shRNA (Figure 2C, 2D).  As a result, the cytokine-reducing 
effect was completely abrogated in the GPR120 shRNA trans-
fection group (Figure 3), demonstrating a key role for GPR120 
in enhancing the anti-inflammatory effect of Rb2 and ALA.

Rb2 enhanced the effect of ALA in repressing LPS-induced 
expression of iNOS and COX-2 in a GPR120-dependent manner
LPS-induced expression of iNOS and COX-2 results in 
increased production of NO and PEG2, respectively, which 
characterizes the inflammatory response in macrophages[22].

To further evaluate the contribution of Rb2 to inhibition of 
the LPS-induced inflammatory response in macrophages, pro-
tein and mRNA expression of iNOS and COX-2, two key pro-
inflammatory enzymes, was examined by Western blotting 
analysis (Figure 4A) and quantitative real-time PCR (Figure 
4B).  The expression levels of iNOS and COX-2 were strongly 
upregulated in response to LPS (100 ng/mL), and ALA (50 
μmol/L) treatment (1 h) alone slightly decreased the LPS-
induced expression of the two enzymes.  Pre-incubation with 
Rb2 (10 μmol/L) dramatically lowered the level of iNOS and 
COX-2 expression compared to ALA treatment alone.  How-
ever, the enhancement effect of Rb2 was completely abolished 
in GPR120-knocked down RAW264.7 cells.  

The Rb2-mediated enhancement of ALA repression of LPS-
induced IKKβ/NF-κB pathway activation depends on GPR120
GPR120 activation can inhibit LPS-induced IKKβ/NF-κB 
pathway activation.  To confirm that the anti-inflammatory 
activity of Rb2 occurs through GPR120, activation of IKKβ 
and NF-κB was determined by Western analysis.  ALA (50 
μmol/L) treatment slightly reduced the levels of phosphory-
lated IKKβ and NF-κB induced by LPS, and ALA-mediated 
suppression of IKKβ (Figure 5A)/NF-κB (Figure 5B) signaling 
in RAW264.7 macrophages was apparently enhanced by pre-
incubation with Rb2 for 12 h.  However, Rb2 pre-incubation 
did not reduce the phosphorylation of IKKβ and NF-κB 
induced by LPS in RAW264.7 cells transfected with GPR120-
specific shRNA.  Taken together, the results suggested that 
the enhancing effect on inflammation suppression by Rb2 is 
dependent on increased GPR120 expression.

JNK and p38, but not the ERK/MAPK pathway, are involved in 
the anti-inflammatory properties of Rb2 
LPS-induced activation of Toll-like receptor (TLR) 4 in mac-
rophages also triggers signaling cascades that phosphorylate 
MAPKs (ERK, JNK and p38).  MAPKs then activate down-
stream effector caspases, resulting in increased production 

of various inflammatory factors.  It has been reported that 
GPR120 activation blocks part of the MAPK pathways by 
inactivating transforming growth factor β-activated kinase 1 
(TAK1)[23].  Therefore, we investigated the enhancing effect of 
Rb2 on the ALA-mediated reduction of LPS-induced phos-
phorylation of MAPKs in RAW264.7 macrophages.  Western 
blotting results showed that ALA incubation for 1 h tended to 
decrease the high levels of MAPK (p-ERK, p-JNK and p-p38) 
phosphorylation stimulated by LPS.  Pre-treatment with 
Rb2 for 12 h dose-dependently amplified the reducing effect 
of ALA on JNK and p38 activation, leading to significantly 

Figure 4.  Rb2 enhanced the reduction effect of ALA on expression of 
iNOS and COX-2 induced by LPS.  RAW264.7 cells were transfected 
with either GPR120-specific shRNA or negative control shRNA for 12 h, 
then pretreated with Rb2 (1 and 10 μmol/L) or DMSO for 12 h prior to 
incubation of ALA (50 μmol/L) or DMSO and finally stimulated with LPS 
(100 ng/mL) or DMSO for 6 h (for RT-PCR) or 12 h (for Western blot).  
The expression levels of iNOS and COX-2 protein (A) were detected by 
Western blot and relative density was normalized by actin.  Relative mRNA 
expression levels (B) of iNOS and COX-2 were detected by quantitative RT-
PCR and were normalized by 18s.  The data are presented as mean±SD of 
three independent experiments.  *P<0.05 vs ‘LPS alone’ group.  #P<0.05 
vs ‘LPS plus ALA’ group.



198
www.nature.com/aps

Huang Q et al

Acta Pharmacologica Sinica

greater attenuation of inflammation induced by LPS than 
ALA treatment alone (Figure 6).  However, neither ALA alone 
nor ALA with Rb2 pre-treatment could prevent LPS-induced 
phosphorylation of ERK in RAW264.7 macrophages.

Discussion
In this study, we demonstrated that Rb2 could enhance the 
anti-inflammatory effect of ω-3 fatty acid in LPS-stimulated 
RAW264.7 cells by upregulating GPR120 expression.  We fur-
ther explored the GPR120 downstream signaling pathways 
involved in this enhancing effect of Rb2 and demonstrated 

that Rb2 pre-treatment enhanced the anti-inflammatory effect 
of ALA and that the enhancing effect was strictly dependent 
on GPR120 activation.

Omega-3 fatty acids exert anti-inflammatory actions in mac-
rophages by activating GPR120 and improve insulin sensitiv-
ity in mice fed a high-fat diet.  However, desensitization and 
degradation of the receptor following ligand binding limits 
sustained activation of GPR120 and consequently weakens the 
expected anti-inflammatory effects, which presents a critical 
challenge for the application of GPR120 agonists in long-term 
treatment[24].  

Accumulating evidence suggests that GPR120 activation 
is a feasible solution to ameliorating chronic inflammation 

Figure 5.  The Inhibitory effect of Rb2 on LPS-induced IKKβ/NF-κB signal 
pathway activation is GPR120 activation-dependent.  RAW264.7 cells 
were transfected with either GPR120 shRNA or negative control shRNA 
for 12 h, then pretreated with Rb2 (1 and 10 μmol/L) or DMSO for 
12 h prior to incubation of ALA (50 μmol/L) or DMSO for 1 h and finally 
stimulated with LPS (100 ng/mL) or DMSO for 15 min.  (A, B) Protein 
levels of phosphorylated IKKβ (p-IKKβ) and phosphorylated NF-κB (p-NF-
κB) were detected by Western blotting and relative density was normalized 
by total IKKβ (t-IKKβ) and total NF-κB (t-NF-κB), respectively.  The data are 
presented as mean±SD of three independent experiments.  *P<0.05 vs 
‘LPS alone’ group.  #P<0.05 vs ‘LPS plus ALA’ group.

Figure 6.  Different role of MAPKs in the anti-inflammatory process of 
Rb2.  RAW264.7 cells were transfected with either GPR120 shRNA or 
negative control shRNA for 12 h, then pretreated with Rb2 (1 and 10 
μmol/L) or DMSO for 12 h prior to incubation of ALA (50 μmol/L) or DMSO 
for 1 h and finally stimulated with LPS (100 ng/mL) or DMSO for 15 min.  
Protein levels of phosphorylated ERK (p-ERK), phosphorylated JNK (p-JNK) 
and phosphorylated p38 (p-p38) were detected by Western blot (A) and 
relative density was normalized by total ERK (t-ERK), total JNK (t-JNK) and 
total p38 (t-p38) (B), respectively.  The data are presented as mean±SD of 
three independent experiments.  *P<0.05 vs LPS alone group.  #P<0.05 vs 
‘LPS plus ALA’ group.
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and improving glucose metabolism.  Indeed, induction of 
GPR120 is expected to protect BMMSCs against dexameth-
asone-induced apoptosis[19] and increase glucose intake by 
myocytes[25].  These results indicate that modulation of gene 
transcription is another way to regulate GPR120 signaling 
and augment its anti-inflammatory effect.  We found that 
Rb2 markedly upregulated GPR120 expression in murine 
RAW264.7 macrophages in a time- and concentration-depen-
dent manner.  ALA is considered to perform this anti-inflam-
matory function in a more specific way, relying on GPR120 
activation[26], whereas DHA may exert anti-inflammatory 
effects through additional pharmacological activities toward 
PPARγ[27, 28], resolvin, protectin and maresin through its deriv-
atives[29, 30].  Our preliminary results showed that ALA slightly, 
but significantly, reduced LPS-induced phosphorylation of 
JNK in RAW264.7 cells at concentrations up to 50 μmol/L 
(data not shown).  Thus, to examine the enhancing effect of 
Rb2 with regard to inhibiting the LPS-stimulated inflamma-
tion response via GPR120 induction, we employed ALA at the 
concentration of 50 μmol/L.  

Next, experiments were designed to test the assumption 
that Rb2 has an anti-inflammatory effect due to increases in 
GPR120.  RAW264.7 cells, a murine macrophage cell line, 
were stimulated with LPS to establish an in vitro inflamma-
tory model, which is characterized as having an excessive 
inflammatory response and abnormally high levels of pro-
inflammatory cytokines[31].  Macrophages directly participate 
in the process of obesity-induced chronic low-grade inflam-
mation, which is tightly associated with macrophage infiltra-
tion into peripheral tissues and the pathogenesis of insulin 
resistance[32, 33].  Recent research has indicated that GPR120 
plays an important role in energy homeostasis, chronic inflam-
mation and insulin resistance and represents a promising 
target for obesity and type 2 diabetes (T2DM) therapy[34].  In 
the present study, LPS-induced production of NO, TNF-α and 
IL-6 as well as expression of iNOS and COX-2 tended to be 
reduced by ALA.  Incubation with Rb2 prior to ALA treatment 
dramatically amplified the inhibitory effect of ALA, leading 
to statistically significantly lower levels of these cytokines and 
pro-inflammatory enzymes than with ALA treatment alone.  
The results showed that Rb2 treatment might amplify the 
inhibitory effect of ALA on chronic inflammation in a GPR120 
activation-dependent manner.

The IKKβ/NF-κB pathway plays a critical role in TLR-
mediated inflammation, contributing to iNOS and COX-2 
expression and cytokine production in macrophages[35].  
GPR120 activation leads to inactivation of TAK1, which sub-
sequently represses the IKKβ/NF-κB and MAPKs/AP path-
ways stimulated by LPS via TLR4[8, 36].  To test whether Rb2 
exerts anti-inflammatory activity through a GPR120-mediated 
signaling pathway, we examined the IKKβ/NF-κB pathway 
by Western blotting.  The results showed that compared with 
ALA treatment alone, pre-incubation of RAW264.7 cells with 
Rb2 dose-dependently amplified the inhibitory effect of ALA 
on LPS-induced phosphorylation of IKK/NF-κB, JNK and 
p38.  Interestingly, the LPS-induced high level of phosphory-

lated ERK was not affected by ALA or Rb2.  However, Rb2 
alone had no influence on any of the inflammatory pathways 
activated by LPS.  We next studied whether Rb2 reduced the 
release of inflammatory factors by inducing GPR120 expres-
sion.  As expected, knocking down GPR120 abolished the anti-
inflammatory effect of Rb2 and ALA.  These results together 
highlight the fact that Rb2 exerts its anti-inflammatory prop-
erty largely by increasing the expression of GPR120 and sub-
sequently enhancing ALA-stimulated GPR120 activation.  

The underlying mechanism of ginsenosides with regard to 
inflammatory regulation remains unclear.  As an important 
bioactive ingredient, the regulatory effect of ginsenoside Rb2 
on inflammation in macrophages has not yet been reported.  
For the first time, we demonstrated that Rb2 could enhance 
the inhibitory effect of ω-3 fatty acid on the LPS-induced 
inflammatory process in RAW264.7 macrophages by increas-
ing GPR120 expression.  Furthermore, we proved that this 
enhancing effect of Rb2 was strictly dependent on GPR120 
activation.  Our study provides a new mechanism to explain 
the suppressing effect of ginsenosides on inflammation.  In 
addition, our results also suggest that the decreased response 
efficacy caused by receptor desensitization can be overcome 
by increasing GPR120 expression, indicating that GPR120 
remains a promising target for treating chronic inflammation 
and T2D.
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