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ABSTRACT

Obesity is associated with a state of chronic, low-grade inflammation. It is considered that the paracrine loop involving free fatty acid (FFA)
and tumor necrosis factor (TNF)Ja between adipocytes and macrophages establishes an inflammatory vicious cycle that augments the
inflammatory changes and insulin resistance in obese adipose tissue. Paeoniflorin (PF), one of the major components of Paeony root, has been
shown to have anti-inflammatory effects in vivo. We investigated the effect of PF on the production of FFA and TNF« in the interaction
between adipocytes and macrophages. Coculture of 3T3-L1 adipocytes and RAW 264.7 macrophages markedly enhanced the production
of TNFa and FFA compared with the control cultures, however, treatment with PF dose-dependently inhibited the production. We
further examined the effects of PF on TNFa-stimulated adipocyte lipolysis and on FFA-induced macrophage TNFa expression. PF inhibited
TNFa-stimulated adipocyte lipolysis in a dose-dependent manner, which was compatible with suppressed phosphorylation of TNFa-activated
ERK1/2 and preserved downregulation of perilipin. Palmitate, one of the most important saturated FFAs, induced macrophage TNFa
upexpression, but PF partially attenuated the effect. These results indicate that PF exhibits anti-inflammatory properties by inhibiting
the vicious cycle between adipocytes and macrophages. PF may be useful for ameliorating the inflammatory changes in obese adipose tissue.
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O besity is recognized as a risk factor for insulin resistance,
cardiovascular diseases, and type 2 diabetes [Miranda et al.,
2005]. Elevated FFA and chronic, low-grade inflammation are two
mediators in the process [Fernandez-Real and Ricart, 2003; Lyon
etal., 2003; Dandona et al., 2005]. Recent studies have demonstrated
that obese adipose tissue is characterized by increased infiltration of
macrophages [Weisberg et al., 2003; Xu et al., 2003]. It is considered
that the paracrine loop involving adipocyte-derived free fatty acid
(FFA) and macrophage-derived tumor necrosis factor (TNF)a
establishes a vicious cycle that augments the inflammatory changes
and insulin resistance in obese adipose tissue [Suganami et al.,
2005]. TNFa, secreted from macrophages infiltrated into obese
adipose tissue, induces the release of FFA from adipocytes via
lipolysis; while FFA from adipocytes, plays a major role in the
activation of macrophages and TNFa expression. Therefore,
blocking the vicious cycle between adipocytes and macrophages
is, therefore, now regarded as an important pharmacological target
to prevent or treat obesity-associated diseases.

Paeoniflorin (PF) is one of the major components of Paeony root
and it has been widely studied as antioxidant [Sun et al., 2007],

antihyperglycemic agent [Hsu et al., 1997], cerebral and myocardial
ischemia/reperfusion injury protector [Liu et al., 2006b; Nizamut-
dinova et al., 2008], endothelium-dependent vasodilator [Goto et al.,
1996] and learning impairment attenuating agent [Ohta et al., 1994].
PF is effective for the treatment or control of chronic inflammatory
conditions such as rheumatism [Yamahara et al., 1982; Zhang
et al., 2008], dyslipidemia [Yang et al., 2004] and immunological
liver injury [Liu et al., 2006a]. The antiinflammatory action of PF
results from the disruption of the production of various inflamma-
tory factors (e.g., cytokines such as TNFa, IL-6, cyclooxygenase-2)
[Liu et al., 2006a; Zhang et al., 2008] and induction of lymphocytes
apoptosis [Tsuboi et al., 2004]. Because obesity-induced inflam-
mation entails an increase in the levels of proinflammatory
mediators and the numbers of inflammatory cells, PF which

elicits antiinflammatory responses, may have therapeutic
potential for the treatment of enhanced inflammatory responses
in obesity.

The aim of this study is to obtain in vitro evidences whether PF
could modulate the production of proinflammatory mediators in the
interaction between adipocytes and macrophages.
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MATERIALS

PF was purchased from the National Institute for the Control of
Pharmaceutical and Biological Products (Beijing, China), purity:
>980p (HPLC). Recombinant murine TNFa, dexamethasone, 3-
isobutyl-1-methylxanthine (IBMX), palmitate, PD98059, SP600125,
and BAY 11-7082 were obtained from Sigma-Aldrich (St. Louis,
MO). Antibodies against phospho-ERK1/2, phospho-P5g, phospho-
JNK phospho-IKKa/IKKB and IkBa were purchased from Cell
Signaling Technology Inc. (Danvers, MA); antibody against perilipin
A was from Affinity Bioreagents (Golden, CO). 2-Deoxy-p-[1->H]
glucose (2-DOG) was purchased from Amersham (Buckinghamshire,
UK). Unless otherwise specified, all other reagents were purchased
from Sigma.

CELL CULTURE

RAW264.7 macrophages and 3T3-L1 preadipocytes (American Type
Culture Collection, Manassas, VA) were maintained in Dulbecco’s
modified Eagle’s medium (GIBCO, Grand Island, NY) containing
10% fetal bovine serum. Differentiation of 3T3-L1 preadipocytes to
mature adipocytes was performed as described previously with some
modifications [Tafuri, 1996]. Briefly, the fibroblasts were grown
in DMEM containing 10% FCS, 25 mM glucose, 2 mM glutamine,
3.4 mg/ml NaHCO3, 3.6 mg/ml HEPES, 64 p.g/ml penicillin, 100 pg/
ml streptomycin (growth medium) at 37°C in 5% CO, atmosphere.
After confluence, the fibroblasts were maintained for another 2 days
(defined as day 0). Differentiation was induced by treating the cells
with standard differentiation inducers (DMEM containing 0.5 mM
IBMX, 1 pM DEX, 0.17 pM INS, and 10% FCS) for 48 h (from day
0 to day 2). The cells were re-fed with DMEM supplemented with
0.17 WM INS and 10% FCS for the following 48 h (from day 2 to day
4), then the medium was replaced by growth medium, changed every
2 days. Eight days after induction of differentiation, the cells that
accumulated large lipid droplets were used as hypertrophied 3T3-L1
adipocytes.

COCULTURE OF ADIPOCYTES AND MACROPHAGES

Differentiated 3T3-L1 adipocytes were cocultured with RAW
264.7 in the medium containing 2% fatty acid (FA)-free bovine
serum albumin for 24 h in coculture systems. Adipocytes and
macrophages were cocultured in a contact system as previously
described [Suganami et al., 2005]. Briefly, differentiated 3T3-L1
adipocytes were incubated overnight in DMEM with 0.5% bovine
serum albumin (BSA) in the absence of serum. RAW 264.7 cells
(2 x 10° cells/ml) were plated onto dishes with serum-starved and
hypertrophied 3T3-L1 cells by using transwell inserts with a 0.4-pm
porous membrane (Corning), and the coculture was incubated in
serum-free DMEM for 24 h. RAW264.7 and 3T3-L1 cells of equal
numbers to those in the coculture were cultured separately as
control cultures. PF was added to the coculture at various con-
centrations as shown in each figure. After 24 h of treatment, culture
supernatants were collected and stored at —20°C until measurement.

MEASUREMENT OF TNFe;, MCP-1, AND FFAS PRODUCTION

The concentrations of TNFa and MCP-1 in the culture supernatants
were determined by enzyme-linked immunosorbent assay (R&D
Systems), according to the manufacturer’s protocol. The concentra-
tions of FFAs in the medium were measured using an acyl-coenzyme
A oxidase-based colorimetric assay kit (NEFA-C, WAKO Pure
Chemicals).

LIPOLYSIS ASSAY

Differentiated 3T3-L1 adipocytes were incubated overnight in
DMEM with 0.5% bovine serum albumin (BSA) in the absence of
serum. The following morning, cells were treated as described in
Results. Glycerol content of the incubation medium was transferred
to another set of tubes and heated at 70°C for 10 min to inactivate
any enzymes released by the cells. Samples (25 pl) were then
assayed for glycerol using 175 ul of glycerol reagent (GPO Trinder
Reagent A, Sigma) in a flat-bottom 96-well plate. After incubation
for 5 min at 37°C, absorption was measured at 540 nm on a BioRad
plate reader. Glycerol concentrations were calculated according to
glycerol standard curve. Protein content was determined using the
BCA protein assay (Pierce, Rockford, IL).

IMMUNOBLOT ANALYSIS

Cells were washed twice with ice-cold PBS and harvested in a lysis
buffer (RIPA, 50 mM Tris-HCI, 150 mM NaCl, 1 mM EDTA, 1% Triton
X-100, 1% sodium deoxycholate, 0.1% SDS, 1 mM PMSEF, 5 pg/ml
Aprotinin, 5 pg/ml Leupeptin, pH 7.4). After sonication and
centrifugation, protein concentrations were determined in cell
lysates using BCA protein assay kit. Equal amounts of protein from
each sample were boiled in SDS-loading buffer for 5 min and loaded
and separated by SDS-polyacrylamide gel electrophoresis. Gels
were then blotted onto PVDF membranes (Amersham, Little
Chalfont, UK) by Western blotting. Blots were blocked for 2 h at
room temperature in Tris buffered saline, with 0.1% Tween 20 (TBS-
T) and 5% non-fat dried milk and subsequently incubated overnight
at 4°C in the presence of specific antibodies. Following washing
steps in TBS-T and incubation with secondary antibodies conjugated
to horseradish peroxidase, antigen-antibody complexes were
detected by chemiluminescence and exposed to high-performance
Kadak film. Films were scanned and specific bands were quantified
using the Qualityone Image software.

INDUCTION OF INSULIN RESISTANCE AND

GLUCOSE UPTAKE ASSAY

To induce insulin resistance, cells were chronically exposed to
10 ng/ml TNFa for 96 h [Iwata et al., 2001]. During the treatment
period, fresh TNFa or PF was added every 48 h. Cells were washed
three times with PBS, then incubated in Krebs-Ringer phosphate
buffer (KRP, 1.32 mM NacCl, 4.71 mM KCl, 47 mM CaCl,, 1.24 mM
MgS0,, 2.48 mM NasP0,, 10 mM HEPES, pH 7.4) with or without
100 nM insulin at 37°C. After 30 min, 0.5 wCi/ml 2-DOG (final
concentration) was added to the cells. After 10 min incubation, the
medium was aspirated and the cells were washed three times with
icecold KRP containing 10 mM glucose to terminate the reaction.
The cells were lysed with 0.1 N NaOH and the radioactivity taken up
by the cells was determined using a scintillation counter (Beckman
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Instruments). Dpm value was corrected by protein content in each
well which was measured with BCA protein assay Kkit.

REVERSE TRANSCRIPTION AND REAL-TIME POLYMERASE

CHAIN REACTION

Total RNA from 3T3-L1 cells was isolated with TRIZOL Reagent
and reverse transcription of 1 pg RNA was carried out with the
SuperScript III Reverse Transcriptase following Invitrogen’s proto-
col with Oligo dT primer. Quantitative PCR amplification and
detection were performed with SYBR Premix Ex Taq (TaKaRa, Shiga,
Japan), according to the manufacturer’s protocol on ABI Prism 7300
Sequence Detection System (Applied Biosystems, Foster City, CA).
Cycling parameters were 95°C for 10 s, then 40 cycles 0f 95°C for 5 s
and 60°C for 34 s. As a reference gene, the mRNA level of 36B4 was
determined in the real-time PCR assay for each RNA sample and
was used to correct for experimental variations. Quantifications
were performed in duplicate and the experiments were repeated
independently three times. Melting curves were performed using
Dissociation Curves software (Applied Biosystems) to ensure only
a single product was amplified. The following primer sequences
were used: TNFa 5-CACAAGATGCTGGGACAGTGA-3’ (forward),
5'-TCCTTGATGGTGGTGCATGA-3’ (reverse); 36B4, 5'-AAGCGCGT-
CCTGGCATTGTCT-3’ (forward), 5'-CCGCAGGGGCAGCAGTGGT-3’
(reverse).

STATISTICAL ANALYSIS

Data were expressed as the mean 4 SE. Statistical analysis was
performed using ANOVA followed by Dunnett’s #-test. A P value
<0.05 (two-sided) was considered to be statistically significant.

INHIBITORY EFFECT OF PF ON INFLAMMATORY CHANGES BY
COCULTURE OF ADIPOCYTES AND MACROPHAGES

To elucidate the effect of PF on the inflammatory interaction
between adipocytes and macrophages, we treated the coculture of
3T3-L1 adipocytes and RAW 264.7 macrophages with PF. Our
preliminary study had shown that the addition of PF at 1-100 mg/L
concentrations for 24 h did not affect adipocytes and macrophages
cell viability compared with vehicle (0.1% DMSO) alone (MTT assay,
data not shown). Coculture of differentiated 3T3-L1 adipocytes and
RAW264.7 cells showed an enhanced TNF« secretion over threefold
that of the macrophages alone (Fig. 1A). PF dose-dependently
suppressed the coculture-induced TNFa secretion. The MCP-1
secretion from RAW 264.7 macrophages or 3T3-L1 adipocytes was
very low when separately cultured, however, the coculture of these
cells in the contact system revealed a marked increase in MCP-1
level. PF treatment significantly decreased MCP-1 secretion level
even at the lower concentration (12.5 mg/L; Fig. 1B). Similar effects
of PF on FFA secretion were also observed. Coculture of these cells
in the contact system revealed a marked increase in FFA level
compared with that from adipocytes alone, but treatment of this
coculture with PF significantly inhibited the coculture-induced
FFA secretion (Fig. 1C). These results indicate that PF suppresses the
coculture-induced production of proinflammatory factors.
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Fig. 1. Effect of PF on inflammatory changes induced by coculture of 3T3-L1
adipocytes and RAW 264.7 macrophages. Differentiated 3T3-L1 adipocytes
were cocultured with RAW 264.7 macrophages (2 x 10° cells/well) for 24 h
with or without various concentrations of PF. Released TNFa (A) and MCP-1
(B) levels in the coculture medium were measured by ELISA, and that from
macrophages alone are used as a negative control. Secretion level of FFA (C)
was also measured as described in Materials and Methods Section, and
FFA from adipocytes alone was used as a negative control. The values are
means + SE of six tests. “P< 0.05 compared with non-treated coculture.

EFFECT OF PF ON TNFa-STIMULATED LIPOLYSIS IN

3T3-L1 ADIPOCYTES

Now that the paracrine loop involving FFA and TNFa between
adipocytes and macrophages establishes an inflammatory vicious
cycle, we then investigated the inhibiting targets of PF on TNFa-FFA
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inflammation cycle. We first explored the effect of PF on lipolysis in
TNFa-treated adipocytes. Triacylglycerol hydrolysis proportionally
releases glycerol and FFA from adipocytes, thus we assayed glycerol
release in the culture medium as an index of lipolysis. 3T3-L1
adipocytes were stimulated with TNFa in the presence or absence of
PF. As shown in Figure 2A, when 3T3-L1 adipocytes were pre-
incubated with PF at indicated concentration, then treated with
TNFa for 24 h, TNFa-stimulated glycerol release was blocked by PF
in a concentration-dependent manner.

In 3T3-L1 adipocytes or differentiated human adipocytes, the
activation of ERK1/2 appears to be a major pathway for the
regulation of TNFa-stimulated lipolysis [Souza et al., 2003], and
the phosphorylation of JNK and NF-kB may also participate in
this process [Ryden et al., 2004; Laurencikiene et al., 2007]. To
investigate the mechanisms by which PF inhibit TNFa-stimulated
lipolysis, we performed immunoblot analysis to examine the
phosphorylation of three mitogen-activated protein kinases
(MAPKs) and IKK/NF-kB pathway, including ERK1/2, p38, JNK
and IKK. As shown in Figure 2B, MAPK phosphorylation were
promoted in TNFa-stimulated adipocytes, but treatment with
50 mg/L PF inhibited the phosphorylation of ERK1/2, JNK, P38
(P<0.05). IKK phosphorylation and IkBa degradation were also
promoted by TNFq, treatment with PF partially reversed the effects
(P < 0.05). Perilipin coats the surface of intracellular lipid droplets
in adipocytes, has a firmly established function to modulate lipolysis
by limiting the lipase access to the triacylglycerol core stored within
the lipid droplets [Souza et al., 1998; Londos et al., 1999]. PF also
prevented the decrease in perilipin level in TNFa-treated adipocytes
(P < 0.05; Fig. 2C). In the lipolysis assay, we found that PD98059
(ERK inhibitor), but not SP600125 (JNK inhibitor) or BAY11-7085
(NF-kB inhibitor) significantly suppressed TNFa-induced lipolysis
in adipocytes. These results imply that PF exerts its antilipolytic
action mainly through blocking TNFa-activated ERK1/2 and
preventing the downregulation of perilipin.

EFFECT OF PF ON TNFa-INDUCED INSULIN RESISTANCE IN
3T3-L1 ADIPOCYTES

In addition to lipolysis acceleration, TNFa can induce adipocyte
insulin resistance [Stephens et al., 1997; Qi and Pekala, 2000]. From
Figure 3, treatment with 10 ng/ml TNFa for 96 h decreased the
insulin-stimulated 2-DOG uptake by 45.7%. Co-treatment with PF
antagonized the effect of TNFa and partially reversed TNFa-induced
decrease in 2-DOG uptake in a dose-dependent manner. These
results indicate that TNFa causes insulin resistance in 3T3-L1
adipocytes and PF antagonizes the effects.

EFFECT OF PF ON THE EXPRESSION OF TNFa INDUCED BY
PALMITATE IN RAW 264.7 MACROPHAGES

From above, PF attenuated FFA release from adipocytes stimulated
by TNFa. We then investigated whether PF could suppress FFA-
induced TNFa expression in macrophages. RAW 264.7 macrophages
were stimulated with palmitate, one of the most important saturated
FFAs produced most abundantly in 3T3-L1 adipocytes, in the
presence or absence of PF. From Figure 4, palmitate significantly
enhanced TNFa mRNA expression in RAW264.7 cells and PF
partially inhibited the effects. Moreover, ERK, JNK and NF-kB
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Fig. 2. PF attenuated adipocyte lipolysis stimulated by TNFo. A: 3T3-L1
adipocytes were preincubated with indicated concentrations of PF, 20 uM
PD98059 (PD), 10 wM SP600125 (SP), 10 wM BAY11-7085 (BAY) for 2 h, and
the cells were then treated for 24 h after the addition of 10ng/ml TNFa.
Glycerol release in the culture media was assayed. Data are expressed as
means + SE of six tests. B: 3T3-L1 adipocytes were pretreated with 50 mg/L PF
for 12 h. Cells were then stimulated with 10 ng/ml TNFqa, PF, or both for
another 5-15 min. Change of ERK, p38, JNK, IKK phosphorylation and IkBa
degradation were analyzed by Western blotting. Results are representative of
three individual experiments. C: Adipocytes were preincubated for 12 h with 50
mg/L PF, and then treated for 24 h in the presence of 10ng/ml TNFa, PF, or
both. The cells were lysed and perilipin protein expression was analyzed by
Western blot of whole cell lysates. Results are representative of three individual
experiments. “P < 0.05 versus 10 ng/ml TNFa alone.

inhibitor significantly suppressed palmitate-induced TNFoo mRNA
upexpression in RAW264.7 macrophages (P < 0.01). These obser-
vations, taken together, indicate that ERK, JNK and NF-«B pathway
are involved in palmitate-induced TNFa expression and PF may
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Fig. 3. Effect of TNFa and PF on 2-DOG uptake. Fully differentiated 3T3-L1
adipocytes were treated with TNFa (10 ng/ml) in the absence or presence of PF
at the indicated concentration for 96 h, and then [*H]2-DOG uptake was
measured as described under Materials and Methods Section. Means + SE for
six independent experiments are shown. “P< 0.05 versus 10ng/ml TNFo alone.

antagonize the effects of palmitate on RAW 264.7 cells through
MAPK and IKK/NF-«kB pathway.

It has been shown that paracrine interactions between adipocytes
and nonadipocyte cells such as macrophages augment the
inflammatory response of adipose tissue in obesity. For example,
adipocyte-derived FFA and macrophage-derived TNFa constitute a
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Fig. 4. Effect of PF on the expression of TNFa induced by palmitate in RAW
264.7 macrophages. RAW 264.7 cells were preincubated with indicated
concentrations of PF, 20 pM PD98059 (PD), 10 wM SP600125 (SP),
10 wM BAY11-7085 (BAY) for 2 h, and the cells were then stimulated
with palmitate (250 wM) for 24 h. TNFa expression was analyzed by real-
time PCR. The values are means = SE of four tests. “P< 0.05 compared with
palmitate alone.

vicious cycle [Weisberg et al., 2003; Suganami et al., 2005]. Our data
also showed that the coculture of 3T3-L1 adipocytes and RAW 264.7
macrophages resulted in a marked upregulation of the expression of
proinflammatory mediators, namely, TNFa, FFA, and MCP-1, which
were consistent with a previous report [Suganami et al., 2005]. We
originally found that PF significantly suppressed the coculture-
induced upregulation of MCP-1, TNFa, and FFA, suggesting that PF
might directly suppress chronic inflammatory responses in obese
adipose tissue.

Next we investigated the inhibiting targets of PF on TNFa-FFA
inflammation cycle. TNFa, a representative proinflammatory
cytokine, is implicated in the metabolic disturbances of chronic
inflammation and pathogenesis of insulin resistance. Several
laboratories have confirmed that TNFa can increase adipocyte
lipolysis and release of FFA [Petruschke and Hauner, 1993; Doerrler
et al., 1994; Green et al., 1994]. Besides, interstitial levels of TNFa
and FFA in adipose tissue are positively correlated [Orban et al.,
1999]. Therefore, TNFa plays an important role in elevated
circulating FFA concentrations in obesity and type 2 diabetes. In
the current study, we originally found that PF blocked adipocyte
lipolysis stimulated by TNFa. Some previous researches have
demonstrated that the ERK1/2 pathway in 3T3-L1 adipocytes and
the JNK, IKK pathway in differentiated human adipocytes,
participated in the regulation of TNFa-stimulated lipolysis [Zhang
et al., 2002; Souza et al., 2003; Ryden et al., 2004]. Our results also
showed that ERK inhibitor, but not JNK inhibitor or NF-«kB inhibitor
suppressed TNFa-induced lipolysis in 3T3-L1 adipocytes. Perilipin
is a substrate-associating protein and an active participant in
lipolytic modulation [Souza et al., 1998; Mottagui-Tabar et al.,
2003]. Downregulated perilipin is thought to account for the
increased lipolytic action of TNFa in differentiated adipocytes
[Souza et al., 1998; Zhang et al., 2002]. In our study, PF not only
attenuated the TNFa-stimulated ERK1/2 activation but also
preserved the TNFa-decreased barrier function of perilipin. These
two effects together predominantly account for the molecular basis
of the antilipolytic action of PF in TNFa-stimulated 3T3-L1
adipocytes. In view of the different mechanisms of TNFa-induced
lipolysis between 3T3-L1 adipocytes and human adipocytes, further
researches are needed to study the effect of PF on human adipocytes.
Additionally, NF-kB is a primary regulator of inflammatory
responses. Activation of the NF-«B pathway is involved in the
TNFa-induced proinflammatory cytokines production from adipo-
cytes (e.g., MCP-1 and IL-6) [Suganami et al., 2007]. Therefore, the
inhibition of NF-kB by PF may also play a role in the decreased
inflammatory interaction between adipocytes and macrophages
through reduced proinflammatory cytokines production from
adipocytes.

In addition to lipolytic acceleration, TNFa can act to render
adipocyte insulin resistance. We found that PF increased the insulin-
stimulated 2-DOG uptake in TNFa-treated adipocytes, suggesting
PF antagonizes the TNFa-induced insulin resistance. As we know,
mechanisms of TNFa to render adipocyte insulin resistance are
complex, which maybe related to the change of glucose transporter,
insulin signaling inhibition, ceramide generation, etc. [Stephens
et al., 1997; Qi and Pekala, 2000; Chavez and Summers, 2003].
Further studies are needed to elucidate the effects of PF. Yet from our
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data, attenuation of TNFa-stimulated activation of JNK and IKK
pathway by PF may play a part [Aguirre et al., 2000; Gao et al.,
2002].

Finally we also found that PF inhibited FFA-stimulated TNFa
expression in RAW264.7 macrophages. FFAs are important
adipocyte-derived paracrine mediators of inflammation in macro-
phages. Saturated FFAs, such as palmitate, a major FFA released
from 3T3-L1 adipocytes, can increase TNFa production and, thus,
induce inflammatory changes in RAW264.7 [Lee et al., 2003].
The precise mechanisms by which FFAs enhance TNFa expression
are currently unknown, but several lines of evidence demonstrate
that elevated FFA concentrations lead to the induction of increased
NF-kB binding activity in circulating mononuclear cells (MNCs)
[Tripathy et al., 2003] and palmitate could increase TNFa expression
through activation of MAP kinases and NF-kB in RAW 264.7
macrophages [Suganami et al., 2005; Suganami et al., 2007]. Thus,
the effect of PF on MAP kinases and NF-kB signaling pathway in
macrophages needs to be further elucidated. In addition, because of
the differences among several macrophage cell lines and normal
macrophages [Marantos et al., 2008], further studies are needed to
verify the effects of PF.

Moreover, PF significantly decreased MCP-1 secretion level in
the contact system (Fig. 1B). MCP-1 plays a crucial role in the
augmentation of inflammatory responses in obesity by enhancing
the migration of monocytes into adipose tissue and activation into
macrophages [Kamei et al., 2006]. Our results imply PF may prevent
the recruitment of monocytes into obese adipose tissue by reducing
the production of MCP-1 by adipocytes and macrophages in vivo.
Further studies are needed to clarify the effects of PF on the
migration of monocytes and the macrophage infiltration in vivo and
in vitro.

In summary, the results presented here showed that PF suppressed
the production of proinflammatory mediators by adipocytes
cocultured with macrophages. This effect of PF attributed not only
to blocking TNFa-stimulated adipocytes lipolysis, but also to
suppressing the production of TNFa in FFA-activated macrophages.
PF may have a potential to improve chronic inflammatory

conditions in obesity, and improve obesity-related insulin
resistance.
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