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BACKGROUND AND PURPOSE
Chronic inflammation in adipose tissue is critical in the onset and development of insulin resistance and type 2 diabetes.
Macrophage infiltration into adipose tissue and pro-inflammatory polarization play key roles in adipose tissue inflammation. The
fruit hull of mangosteen (Garcinia mangostana) is used in traditional medicine to treat various inflammatory diseases. However, its
role in regulating adipose tissue inflammation is unexplored. This study was designed to identify xanthones from G. mangostana,
which could ameliorate adipose tissue inflammation.

EXPERIMENTAL APPROACH
Expressions of inducible NOS, cytokines, chemokines and components of the NF-κB and MAPKs pathways were evaluated using
Western blotting, immunofluorescence, quantitative real-time PCR or ELISA. The migration of macrophages towards adipocytes
was tested using Transwell experiments in vitro. A murine model of LPS-induced acute inflammation was used to examine effects
of 1,3,6,7-tetrahydroxy-8-prenylxanthone (TPX) on inflammatory responses in adipose tissue in vivo.

KEY RESULTS
From a series of xanthones isolated from G. mangostana, TPX was identified as a potent inhibitor of LPS-induced NO production
and IL-6 secretion in RAW264.7macrophages. TPX ameliorated LPS-induced inflammatory responses in RAW264.7 macrophages,
and TNF-α-mediated inflammation in 3T3-L1 adipocytes, through inhibitingMAPKs and NF-κB activation and promoting sirtuin 3
expression. TPX also blocked RAW264.7 macrophages migration towards 3T3-L1 adipocytes in co-cultures. Furthermore, TPX
alleviated LPS-induced adipose tissue inflammation in vivo by reducing pro-inflammatory cytokines and preventing the pro-
inflammatory polarization of macrophages.

CONCLUSIONS AND IMPLICATIONS
Taken together, our results indicate that TPX disrupts the inflammatory responses between macrophages and adipocytes, and
attenuates adipose tissue inflammation.

Abbreviations
Ccl11, chemokine (C-C motif) ligand 11; CM, conditioned media; Cxcl10, C-X-C motif chemokine 10; DAPI, 40,
6-diamidino-2-phenylindole; iNOS, inducible NOS; MCP-1, monocyte chemotactic protein-1; MIP-1α, macrophage
inflammatory protein 1-α; SIRT3, sirtuin3; TPX, 1,3,6,7-tetrahydroxy-8-prenylxanthone.
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Introduction
Chronic low-grade inflammation in adipose tissue, character-
ized as elevated circulating cytokines levels, such as TNF-α,
IL-6 and monocyte chemotactic protein-1 (MCP-1; also
known as CCL2) and adipose tissue derangements, plays a
key role in the onset and development of insulin resistance
and type 2 diabetes (Weisberg et al., 2003; Shoelson et al.,
2006; Hosogai et al., 2007). Macrophages that infiltrate the
adipose tissue, not adipocytes, produce the majority of
cytokines in response to obesity (Weisberg et al., 2003). These
macrophages consist of classically activated macrophages
(M1) and alternatively activated macrophages (M2). M1
macrophages, expressing both F4/80 and CD11c but not
CD206, produce pro-inflammatory cytokines. M2 macro-
phages, expressing F4/80 and CD206 but not CD11c, produce
anti-inflammatory cytokines, such as arginase 1 (ARG1;
Lumeng et al., 2007; Zeyda and Stulnig, 2007). There is emerg-
ing evidences indicating that the infiltration of macrophages
and M1 macrophages polarization in adipose tissue are the
major pathogenic factors involved in insulin resistance
(Weisberg et al., 2003; Hosogai et al., 2007; Lumeng et al.,
2007). Adipose tissue inflammation is the major pathogenic
factor for the development of insulin resistance compared to
hepatic inflammation in diet-induced obese mice (van der
Heijden et al., 2015). Therefore, ameliorating adipose tissue
inflammation may provide a promising therapeutic strategy
for treatment of insulin resistance and type 2 diabetes.

Adipose tissue inflammation is a dynamic processes con-
trolled bymultiple mechanisms. Chemokines are a superfam-
ily of small proteins with an important role in inflammatory
reactions (Mantovani et al., 2004). Chemokines are involved
in cellular interactions and tropism in situations frequently
associated with inflammation (Lazennec and Richmond,
2010). Chemokines secreted from adipose tissue, such as
MCP-1 and macrophage inflammatory protein 1-α (MIP-1α;
also known as CCL3), recruit circulating monocytes into
adipose tissues, where they then differentiate into
macrophages. MCP-1 also promotes the proliferation of macro-
phages in adipose tissue in situ (Amano et al., 2014). NF-κB, a
transcriptional factor of pro-inflammatory cytokines, mediates
adipose tissue inflammation (Vitseva et al., 2008). Activation
of MAPKs in adipocytes also increases the secretion of
pro-inflammatory cytokines (Johnson and Lapadat, 2002). In
addition, altering the inflammatory signalling inmacrophages,
through NF-κB and MAPKs pathways, has been shown to be
sufficient to modulate adipose tissue inflammation (Wellen
and Hotamisligil, 2005; Bensinger and Tontonoz, 2008).
Sirtuins are NAD+-dependent deacetylases, and there are
seven sirtuin isoforms (SIRT1 to 7) in mammalian cells.
SIRT3 is primarily located in mitochondria and plays an
anti-inflammatory role in macrophages (Xu et al., 2016).

Mangosteen (Garcinia mangostana) is a type of tree that is
widely distributed in Southeast Asia. The fruit hull of mango-
steen has been used as a traditional anti-inflammatory agent,
to treat skin infections, wounds and diarrhoea (Tewtrakul
et al., 2009). An extract of mangosteen was reported to have
an anti-inflammatory effect on dextran sulfate sodium-
induced colitis in mice (Chae et al., 2017). α-Mangostin and
γ-mangostin are the major xanthones from G. mangostana
that have been demonstrated to have an anti-inflammatory

effect (Chen et al., 2008; Tewtrakul et al., 2009). In the present
study, a series of xanthones from G. mangostana were
screened and 1,3,6,7-tetrahydroxy-8-prenylxanthone (TPX)
was identified to inhibit LPS-induced inflammatory
responses in RAW264.7 macrophages and TNF-α-induced
inflammation in 3T3-L1 adipocytes, and to suppress adipose
tissue inflammation in LPS-treated mice.

Methods

Cell culture
Mouse-derived RAW264.7 macrophages (American Type
Culture Collection, Manassas, VA, USA) were cultured in
DMEM with 10% FBS. Cells were maintained in a humidi-
fied incubator with 5% CO2 at 37°C.

3T3-L1 pre-adipocytes (American Type Culture Collec-
tion) were grown in DMEM supplemented with 10% FBS in
a humidified incubator with 5% CO2 at 37°C. 3T3-L1 cells
were induced to differentiate as reported previously (Lin
et al., 2012). Briefly, 2 day post-confluent 3T3-L1 pre-
adipocytes were stimulated for 72 h with 0.5 mM IBMX,
1 μM dexamethasone and 5 μg·mL�1 insulin in DMEM
supplemented with 10% FBS. Cells were subsequently
treated with DMEM supplemented with 10% FBS and 5-
μg·mL�1 insulin. The differentiation of 3T3-L1 cells was

confirmed by microscopic observation and Oil-Red O stain-
ing as described previously (Christy et al., 1989; Kohn et al.,
1996). After being fully differentiated, adipocytes were
pre-incubated with TPX for 6 h and then incubated with
TNF-α (15 ng·mL�1) for the indicated time. All treatments
were performed on day 8 of differentiation.

Macrophage migration assay
Migration assays were performed using Transwell inserts with
an 8 μm membrane pore size (Millipore). 3T3-L1 adipocytes
were pre-incubated with or without TPX (20 μM) for 6 h.
Subsequently, the adipocytes were incubated with TNF-α
(15 ng·mL�1) for 24 h. RAW264.7 macrophages were
seeded onto the inserts at a density of 5 × 104 cells per
well. The 3T3-L1-conditioned media (CM) were transferred
to 24 well plates containing inserts. After migration for 4 h
at 37°C, the macrophages in the lower compartment were
fixed with 4% formaldehyde for 20 min and counted as
described previously (Marcotorchino et al., 2012).

After being fully differentiated, 3T3-L1 adipocytes were
further incubated with migration media (serum free, 0.2%
endotoxin and free fatty acid-free BSA in DMEM) for 24 h,
and then the CM was transferred to 24 well plates containing
inserts. The RAW264.7 macrophages were pre-incubated
with or without TPX (20 μM) for 4 h. Subsequently, the
RAW264.7 macrophages were seeded onto the inserts at a
density of 5 × 104 cells per well. After migration for 4 h at
37°C, the macrophages in the lower compartment were fixed
and counted as described above.

LPS-induced adipose tissue inflammation mice
model
All animal experiments were approved by the Animal Ethical
and Welfare Committee of University of Macau (No. ICMS-
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AEC-2014-06). All procedures involved in the animal
experiments were carried out in accordance with the
approved guidelines and regulations. Animal studies are re-
ported in compliance with the ARRIVE guidelines (Kilkenny
et al., 2010; McGrath and Lilley, 2015). Male C57BL/6 mice
(8–10 weeks old) were obtained from the Faculty of Health
Science, University of Macau (Macau, China). C57BL/6 mice
have been shown to be suitable for the generation of amurine
model of adipose tissue inflammation model, as induced by a
single injection of LPS (Karkeni et al., 2015). The mice were
housed in plastic cages with five mice per cage and were fed
a regular chow diet (Guangdong Medical Lab Animal Centre,
Guangzhou, Guangdong, China) and water ad libitum under
standard conditions (specific-pathogen-free) with air filtra-
tion (22 ± 2°C, 12 h light/12 h dark). To assess the impact of
TPX on acute inflammation, the mice were randomly divided
into three groups according to body weight (n = 7 in each
group). The TPX group of mice were i.p. injected with TPX
(20 mg·kg �1, dissolved in PEG 400: distilled water, 6:4 v.v-1),
and the LPS and control group mice were i.p. injected with
vehicle solution (PEG 400: distilled water, 6:4 v.v-1) once a
day for 5 days. On the sixth day, the control group mice were
injected i.p. with PBS, and the LPS and TPX group mice were
injected i.p. with LPS (4 mg·kg�1, serotype O111:B4). Four
hours after the LPS injection, the blood was collected from
mice under anaesthesia (inhalation of 3% isoflurane gas at
0.5 L·min�1). Then the mice were euthanized by carbon
dioxide inhalation, and the epididymal adipose tissues were
dissected and stored at �80°C.

MTTassay
RAW264.7 cells were seeded into 96-well plates at a density of
1 × 104 cells per well and incubated overnight. Then the cells
were treated with different concentrations of TPX (5, 10 and
20 μM) with or without LPS (1 μg·mL�1) for 24 h. Cell viabil-
ity was determined by the MTT assay, as described previously
(Liu et al., 2016).

Measurement of NO production
RAW264.7 cells were seeded into 24-well plates (1 × 105 cells
per well) and allowed to adhere for 24 h. The cells were then
treated with different concentrations of TPX (5, 10 and
20 μM) or vehicle (DMSO) for 1 h, followed by stimulation
with 1 μg·mL�1 LPS. DMSOwas used as vehicle, with the final
concentration of DMSO being maintained at 0.1% of all
cultures. After 18 h incubation, the supernatant was
collected to determine NO content using Griess reagent
(Liu et al., 2016).

Real-time RT-PCR
Total RNA was isolated from cells and epididymal adipose tis-
sue using TRIzol Reagent (Invitrogen, Carlsbad, CA, USA), fol-
lowing the manufacturer’s instructions. The cDNA was
synthesized from 1 μg RNA using the SuperScript III First-
Strand Synthesis System for RT-PCR. The qPCR experiments
were conducted on Step-One plus real-time PCR System using
SYBR green PCR Master Mix with gene specific primers
(Supporting Information Table S1). The 18S RNA was used
as an internal control.

Western blot analysis
Western blot analysis was performed as described previously
(Wang et al., 2016). In brief, protein concentration was mea-
sured using a BCA protein assay kit. Equal amounts of protein
(15–30 μg) were separated by SDS-PAGE and transferred to
PVDF membranes (Bio-Rad, Hercules, CA, USA). After being
blocked with 5% non-fat milk for 1 h, the blots were probed
with specific primary antibodies (Supporting Information-
Table S2) overnight at 4°C and then incubated with horserad-
ish peroxidase conjugated secondary antibody for 1 h at room
temperature. The immune-blotting signals were detected
using SuperSignal West Femto Maximum Sensitivity
Substrate under visualization in a ChemiDoc™ MP Imaging
System (Bio-Rad). The intensity of individual bands of the
Western blots was quantified using Image J densitometry
software and expressed relative to a reference protein signal,
as a measure of relative abundance of protein in the different
samples. The relative abundance of the TPX-treated groups
was then normalized to that of the model group (LPS alone,
set as 1.0).

Determination of cytokines
The cell medium and mice serum were centrifuged at 1500 g
for 10 min at 4°C, and the supernatant was collected. The cell
medium, mice serum and epididymal adipose tissue lysates
were used for the determination of TNF-α, IL-6 and MCP-1
using commercial ELISA kits, according to themanufacturer’s
instructions. The cytokine levels in epididymal adipose tissue
were further normalized to protein content.

Luciferase reporter assay
The pNFκB-Luc pathway reporter, containing NF-κB binding
sites in the promoter region, was purchased from Addgene.
RAW264.7 cells cultured overnight in 3.5 cm dish were
transfected with an NF-κB luciferase reporter gene or a wild-
type Renilla luciferase control reporter vector (pRL-TK) at a ra-
tio of 50:1 in serum-free DMEM for 6 h using TurboFect
Transfection Reagent (Thermo Scientific), according to the
manufacturer’s instructions. After 16 h of transfection, the
cells were seeded overnight in a 24-well plate at a density
of 1 × 105 cells per well. Then the cells were pretreated
with TPX (20 μM) for 1 h followed by stimulation with LPS
(1 μg·mL�1) for 1 h. The cells were lysed for the Firefly/Renilla
luciferase activity assay using a dual-luciferase assay kit
(Promega, Madison, WI, USA). The luminescence intensities
of firefly luciferase and Renilla luciferase were measured with
SpectraMax M5 microplate reader (Molecular Devices,
Sunnyvale, CA, USA), and the transcriptional activity was
determined by the ratio of firefly luciferase to Renilla luciferase.

NF-κB immunofluorescence
After being incubated on chamber slides overnight,
RAW264.7 cells were pretreated with TPX (20 μM) for 1 h
and then stimulated with LPS (1 μg·mL�1) for 1 h. The cells
were fixed immediately in 4% formaldehyde for 20 min,
washed with PBS (pH 7.4) and then permeabilized with
0.5% Triton X-100 (Bio-Rad) for 20 min at room temperature.
The slides were then incubated with a primary antibody
against NF-κB p65 (1:100 dilution) at 4°C overnight. The
slides were washed with PBS and incubated with Texas Red-
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conjugated anti-rabbit IgG secondary antibody at 1:1000
dilution at room temperature for 1 h. Finally, the slides were
washed and stained with 40,6-diamidino-2-phenylindole
(DAPI) for the nuclei of cells. The translocation of p65 into
the nucleus was determined by confocalmicroscopy (Olympus,
Tokyo, Japan).

Silencing of SIRT3 in macrophages
The shRNA targeting SIRT3 (mouse, sc-61556), scrambled
shRNA (mouse, sc-108060) and shRNA transfection reagent
(sc-108061) were purchased from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). RAW264.7 cells at 50% confluency
were transfected with 4 μg shRNA for 6 h according to the
manufacturer’s protocol. Cells were switched to fresh
medium and incubated for an additional 42 h. Then
cells were selected with 10 μg·mL�1 puromycin for 14 days.
Thereafter, cells were pooled together for further
experiments.

Statistical analysis
The data and statistical analysis comply with the recommen-
dations on experimental design and analysis in pharmacol-
ogy (Curtis et al., 2015). The operator and data analysis were
blinded. Data were analysed using GraphPad Prism 6.0 soft-
ware. All experimental data are presented as mean ± SEM,
and each experiment was performed a minimum of three
times. Significant differences between groups were
determined using a one-way ANOVA with Dunnet’s multiple
comparisons test; P < 0.05 was considered to represent a
significant difference.

Materials
DMEM and puromycin were purchased from Life
Technologies/Gibco Laboratories (Grand Island, NY, USA).
FBS was obtained from HyClone (Logan, UT, USA). LPS
(Escherichia coli, serotype 0111: B4), DAPI, IBMX, dexametha-
sone, insulin and Griess reagent were purchased from Sigma-
Aldrich (St. Louis, MO, USA). ELISA kits for MCP-1, IL-6 and
TNF-α were obtained from Neobioscience (Shenzhen,
China). Antibodies against iNOS, COX-2, SIRT3, p65,
p-p65, p-IKK-α/β, IKK-α, IKK-β, p-IκB-α, IκB-α, p-p38,
p38, p-ERK and ERK were purchased from Cell Signaling
Technologies (Beverly, MA, USA). Antibodies against p-JNK,
JNK, PPARα, PPARβ, PPARγ, α-tubulin, GAPDH and
histone H3 were obtained from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). Oligonucleotide primers, SuperScript
III First-Strand Synthesis System and TRIzol Reagent were
purchased from Invitrogen (Carlsbad, CA, USA). BCA
protein assay kit, SYBR green PCR Master Mix, TurboFect
Transfection Reagent and SuperSignal West Femto
Maximum Sensitivity Substrate were obtained from Life
Technologies/Thermo Fisher Scientific (Grand Island, NY,
USA). Plasmids of pNF-κB-luc and pRL-TK were purchased
from Addgene (Cambridge, MA, USA). The dual-luciferase
assay kit was obtained from Promega (Madison, WI, USA).
Triton X-100, PVDF membranes were purchased from Bio-
Rad (Hercules, CA, USA). TPX was separated from the
pericarps of G. mangostana (Liu et al., 2016), and its purity
was determined to be ≥99.8% by HPLC-UV and 1H NMR
spectrum (Supporting Information Figure S1).

Nomenclature of targets and ligands
Key protein targets and ligands in this article are
hyperlinked to corresponding entries in http://www.
guidetopharmacology.org, the common portal for data from
the IUPHAR/BPS Guide to PHARMACOLOGY (Harding
et al., 2018) and are permanently archived in the Concise
Guide to PHARMACOLOGY 2017/2018 (Alexander et al.,
2017a,b).

Results

Identification of anti-inflammatory xanthones
from the pericarps of G. mangostana
Fourteen xanthones from the pericarps ofG. mangostanawere
chosen (Supporting Information Table S3). First, the non-
cytotoxic concentrations of these xanthones on RAW264.7
cells were evaluated by the MTT assay, to determine the max-
imum safe dosage (Supporting Information Table S3). Next,
the anti-inflammatory effect of the above xanthones was
evaluated by determining their effects on LPS-stimulated
NO production and IL-6 secretion in RAW264.7 cells. TPX
(Figure 1A) was the only one with an inhibitory effect in both
assays (Supporting Information Figure S2A, B). In these
assays, indomethacin was used as a positive control and had
IC50 values of 3.9 ± 0.3 and 5.1 ± 0.1 μM on NO production
and IL-6 secretion, respectively. TPX had no observable effect
on cell viability up to 20 μM, with or without the presence of
LPS (Supporting Information Figure S2C, D). Therefore, TPX
was the only compound that was investigated further.

TPX suppresses LPS-stimulated inflammatory
responses in RAW 264.7 cells
The anti-inflammatory effect of TPX was investigated in LPS-
stimulated RAW264.7 cells. TPX inhibited NO production in
a dose-dependent manner (Figure 1B). Real-time RT-PCR
analysis revealed TPX treatment significantly suppressed the
LPS-induced increase in iNOS mRNA (Figure 1C). Consis-
tently, TPX reversed LPS-induced increase in iNOS protein
in a dose-dependent manner (Figure 1D), which was further
supported by the immunostaining results (Figure 1E, F). Next,
we evaluated whether TPX inhibited LPS-stimulated eleva-
tion of pro-inflammatory cytokines in RAW264.7 cells. The
ELISA results showed that TPX significantly suppressed the
levels of IL-6 and TNF-α in LPS-stimulated macrophages
(Figure 1G, H). Furthermore, real-time RT-PCR results showed
that the mRNA levels of IL-6, TNF-α and IL-1β were markedly
reduced by TPX treatment, compared with those of LPS treat-
ment alone (Figure 1I–K). The mRNA and protein levels of
COX-2 were increased after LPS treatment, and TPX signifi-
cantly blocked this increase in COX-2 (Supporting Informa-
tion Figure S3A, B). Taken together, the above data indicate
that TPX suppresses LPS-stimulated inflammatory responses
in macrophages.

TPX suppresses LPS-induced inflammation in
macrophages through the MAPKs and NF-κB
pathways
MAPKs and NF-κB signalling pathways are key regulators of
inflammation (Qian et al., 2015). As expected, LPS treatment
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Figure 1
TPX suppressed inflammatory responses in LPS-treated RAW264.7 macrophages. (A) Chemical structure of TPX. (B) Cells were treated with TPX at
different concentrations range from 5 to 20 μM in the presence of LPS (1 μg·mL�1) for 18 h. NO production was determined by Griess reagent
(n = 9). Cells were pretreated with vehicle or TPX (20 μM) for 1 h, followed by treatment with LPS (1 μg·mL�1) for 6 h. (C) The mRNA level of iNOS
was analysed by real-time RT-PCR, normalized to 18S (n = 6). (D) The expression of iNOS protein was determined by Western blotting (n = 5).
α-Tubulin was used as an internal loading control. Data were normalized to the mean value of the LPS group. (E) The immunostaining of iNOS
in the different groups. Nuclei were stained with DAPI. (F) The percentage of iNOS positive cells was evaluated from the immunostaining images
(n = 5). Cells were pretreated with different concentrations of TPX for 1 h and then stimulated with LPS (1 μg·mL�1) for 18 h. The levels of IL-6 (G)
and TNF-α (H) were determined by ELISA kits (n = 6). Cells were pretreated with TPX (20 μM) for 1 h and then stimulated with LPS (1 μg·mL�1) for
6 h. The mRNA levels of IL-6 (I), TNF-α (J) and IL-1β (K) were analysed by real-time RT-PCR, and normalized to 18S (n = 6). Data are expressed as
means ± SEM. #P < 0.05 versus DMSO, *P < 0.05 versus LPS.
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increased the phosphorylation of p38, JNK and ERK; remark-
ably, TPX blocked the phosphorylation of p38, JNK and ERK
(Figure 2A). With regard to the NF-κB pathway, the phosphor-
ylation of IKKα/β, IκBα and p65 were increased remarkably by
LPS stimulation, and these effects were reversed by TPX treat-
ment (Figure 2B). Since the nuclear translocation of the NF-κB
transcriptional subunit p65 is a critical step for the activation
of the NF-κB signalling pathway, we then investigated
whether TPX affected the subcellular compartmentalization
of p65. The confocal microscopic analysis revealed a greater
proportion of p65 translocated to the nucleus in LPS-stimulated
RAW264.7 cells; while pretreatment with TPX significantly
reduced this nuclear accumulation of p65 (Figure 2C, D). The
Western blot analysis further confirmed the above result
(Figure 2E, F). The NF-κB luciferase reporter assay further
confirmed that the NF-κB transcriptional activity was inhibited
by TPX treatment compared to LPS treatment alone (Figure 2G).
These results demonstrate that TPX suppresses the activation
of the MAPKs and NF-κB signalling pathways.

TPX suppresses LPS-induced inflammation
through activating SIRT3
SIRT3 has been reported to modulate the activation of the
MAPKs and NF-κB signalling pathways in an inflammatory
model (Koyama et al., 2011).We found that LPS treatment de-
creased the expression of SIRT3 protein compared to vehicle
control, and TPX significantly increased SIRT3 expression in
LPS-treated macrophages (Figure 3A). To further verify that
the anti-inflammatory effect of TPX is mediated through
SIRT3, a SIRT3 silenced RAW264.7 cell line (SIRT3 silence)
was generated using shRNA targeting SIRT3. The SIRT3
silence cell line expressed about 50% less SIRT3 protein
compared with that of the cells expressing scrambled shRNA
(scrambled) (Figure 3B). LPS induced a significantly higher
level of NO and iNOS expression in SIRT3-silenced cells
compared with those in scrambled cells (Figure 3C, D).
Additionally, SIRT3-silenced cells expressed higher level of
IL-6 (Figure 3E). In contrast, the anti-inflammatory activity
of TPX was partially blocked in LPS-induced SIRT3-silenced
cells (Figure 3C–G). These data indicate that SIRT3, at least
partially, mediates the anti-inflammatory effect of TPX in
LPS-stimulated macrophages.

TPX prevents TNF-α-induced inflammation in
adipocytes through an effect on the MAPKs and
NF-κB signalling pathways
TNF-α produced by macrophages plays a critical role in the
induction of inflammation in adipocytes (Watanabe et al.,
2016). Phosphorylated JNK, ERK and p38 levels were elevated
in TNF-α-stimulated 3T3-L1 adipocytes, and TPX significantly
reversed the activation of JNK, ERK and p38 (Figure 4A). Phos-
phorylation and degradation of NF-κB signals were observed
in TNF-α-stimulated 3T3-L1 adipocytes (Figure 4B). TPX
strongly inhibited TNF-α-induced phosphorylation of IκBα,
p65 and IKKα/β compared to adipocytes only treated with
TNF-α (Figure 4B). Moreover, TPX significantly increased
SIRT3 protein expression in TNF-α-treated adipocytes
(Figure 4C). Thus, TPX alleviates TNF-α mediated inflamma-
tion in adipocytes, presumably through promoting the

expression of SIRT3 and inhibiting the activation of the NF-κB
and MAPKs pathways.

TPX prevents the migration of macrophages to
adipocytes in vitro
To examine the functional consequences of the inhibitory
effect of TPX on adipocyte inflammation, macrophage migra-
tion experiments were performed using co-cultures of 3T3-L1
adipocytes and RAW264.7 macrophages (Karkeni et al.,
2015). RAW264.7 macrophages were seeded into the upper
insert well of the chemotaxis chamber and incubated in the
presence of DMEM or adipocyte CM in the lower chamber
(Figure 5A, B). Adipocyte CM significantly induced macro-
phage chemotaxis in comparison to DMEM, and a more pro-
nounced effect was observed with CM plus TNF-α (Figure 5A).
However, macrophage migration was suppressed when the
cells were exposed to the CM from adipocytes treated with
TNF-α and TPX (Figure 5A; Supporting Information Figure
S4A), indicating that TPX might inhibit the TNF-α-induced
expression of chemoattractants in adipocytes. Furthermore,
pretreatment of the macrophages with TPX also prevented
their migration to adipocyte CM (Figure 4B; Supporting
Information Figure S4B). To confirm that TPX modulates
LPS-mediated chemokine expression in macrophages, the
mRNA levels of chemokines were assessed. As expected, LPS
treatment significantly increased the level of MCP-1 and the
mRNA expression levels of MCP-1, MIP-1α, C-X-C motif che-
mokine 10 (Cxcl10), chemokine (C-C motif) ligand 11
(Ccl11) and chemokine (C-X3-C motif) ligand 1(Cx3cl1),
whereas TPX significantly decreased the expressions of these
chemokines compared with LPS-treated alone (Figure 5C–H).
These results indicate that TPX interferes with macrophage
chemotaxis when either macrophages or adipocytes are
exposed to TPX.

TPX treatment attenuates LPS-mediated
inflammatory responses in epididymal adipose
tissue
To examine the effects of TPX on inflammatory responses in
adipose tissue in vivo, a mouse model of LPS-induced acute
inflammation was implemented (Figure 6A). TPX treatment
had no effect on the body weights of the mice (Supporting
Information Figure S5). As shown in Figure 6B–D, a signifi-
cant increase of TNF-α, IL-6 and MCP-1 levels in serum was
observed after LPS treatment, whereas 5 day TPX administra-
tion significantly reduced the cytokine levels in these
LPS-treated mice. Consistently, TPX ameliorated LPS-
induced increase in cytokines in epididymal adipose tissue,
as assessed by ELISA kits (Figure 6E–G) and real-time
RT-PCR (Figure 6H–M).

To assess the underlying mechanisms, real-time RT-PCR
was performed to evaluate the mRNA expressions of
chemokines and macrophage markers in epididymal adipose
tissue. The mRNA levels of chemokines including MCP-1,
MIP-1α, CXCL10, CCl11 and CCL5 were significantly ele-
vated in LPS-treated adipose tissue, and pretreatment with
TPX strongly suppressed the expression levels (Figure 7A–E),
which indicated TPX could prevent LPS-inducedmacrophage
infiltration into adipose tissue. The mRNA levels of, F4/80
and CD68 were significantly elevated in LPS-treated adipose
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Figure 2
TPX blocked MAPK phosphorylation and inhibited NF-κB activity in LPS-treated RAW264.7 macrophages. Cells were treated with TPX in the ab-
sence or presence of LPS (1 μg·mL�1) for the indicated time. (A) The protein levels of phospho-ERK, ERK, phospho-p38, p38, phospho-JNK and
JNK were detected by Western blot analyses (n = 6). α-Tubulin was used as internal loading control. Data were normalized to the mean value
of the LPS group. (B) The protein levels of phospho-IKKα/β, IKKα, IKKβ, phospho-IκBα, IκBα, phospho-p65 and p65 were detected by Western blot
analyses (n = 6). α-Tubulin was used as internal loading control. Data were normalized to the mean value of the LPS group. (C) Cells were
pretreated with or without TPX (20 μM) for 1 h and then exposed to LPS (1 μg·mL�1) for another 1 h. The immunostaining of p65 was detected.
Nuclei were stained with DAPI. (D) The percentage of cells undergoing p65 nuclear translocation was quantified (n = 6). (E) The protein level of
p65 in nuclear and cytoplasmic fractions was determined by Western blotting. Histone 3 and α-tubulin were used as internal loading controls. (F)
The relative expression of p65 in the nuclear fraction was quantified (n = 6). Data are normalized to the mean value of LPS group. (G) RAW264.7
cells were co-transfected with a NF-kB luciferase reporter gene and pRL Renilla luciferase control reporter vector, then the cells were pretreated
with TPX for 1 h followed by activation with LPS for 1 h. The transcriptional activity was expressed as the ratio of firefly to Renilla luciferase inten-
sities in the cell lysates (n = 6). Data are expressed as means ± SEM. #P < 0.05 versus DMSO, *P < 0.05 versus LPS.
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tissue, and pretreatment with TPX obviously suppressed the
expression levels (Figure 7F–H), which further indicated
TPX prevents LPS-induced macrophage accumulation in
adipose tissue. Interestingly, TPX treatment suppressed the
expression of the M1 macrophage marker CD11c (Figure 7I),
while elevated expressions of the M2 macrophage markers
ARG1 and CD206 (Figure 7J, K), which suggested TPX pro-
motes a shift in macrophages towards an anti-inflammatory
M2 phenotype.

As shown in Figure 8A, the iNOS expression was increased
after LPS injection, and TPX reduced the iNOS level in epidid-
ymal adipose tissue. SIRT3 expression was markedly reduced
after LPS injection in epididymal adipose tissue, and TPX sig-
nificantly reversed this decrease in SIRT3 (Figure 8A). Regard-
ing theMAPKs pathway, the phosphorylation of p38 and ERK
was increased following LPS injection, and TPX significantly
blocked the phosphorylation of p38 and ERK (Figure 8B).
Compared to the control group, the phosphorylation of

Figure 3
The anti-inflammatory effect of TPX in RAW264.7 macrophages is partially mediated through SIRT3. (A) The protein expression of SIRT3 was de-
termined byWestern blotting (n = 6). α-Tubulin was used as an internal loading control. Data were normalized to the mean value of the LPS group.
(B) SIRT3 expression in SIRT3 silenced RAW264.7 macrophages (SIRT3 silence) and control cells (scrambled) was determined by Western blotting
(n = 6). α-Tubulin was used as an internal loading control. Data were normalized to themean value of scrambled group. (C) Cells were treated with
20 μM TPX in the presence of LPS (1 μg·mL�1) for 18 h. NO production was determined by Griess reagent (n = 6). (D) iNOS abundance was mea-
sured byWestern blotting (n = 6). Data were normalized to the mean value of the scrambled LPS group. Cells were pretreated with TPX for 1 h and
then stimulated with LPS (1 μg·mL�1) for 18 h. The levels of IL-6 (E), TNF-α (F) and MCP-1 (G) were determined by ELISA kits (n = 6). Data are
expressed as means ± SEM. #P < 0.05 versus DMSO, *P < 0.05 versus LPS, &P < 0.05 versus scrambled LPS, $P < 0.05 versus scrambled TPX.
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IKKα/β, IκBα and p65 was increased markedly by LPS
stimulation, while being significantly suppressed by the
TPX treatment (Figure 8C). These data demonstrated that
TPX prevents LPS-induced inflammatory responses in adi-
pose tissue through increasing SIRT3 expression and blocking
the activation of the NF-κB and MAPKs signalling pathways.

Discussion
Obesity is associated with chronic inflammation in adipose
tissue. There is a clear correlation between the onset of insu-
lin resistance and type 2 diabetes and macrophage infiltra-
tion into adipose tissue and pro-inflammatory cytokine
secretion from adipose tissue. Anti-inflammatory therapies
have been proved to improve insulin sensitivity in animals
(Yuan et al., 2001; Lin et al., 2016). NO is a mediator and

regulator of inflammatory responses, and is mainly produced
in macrophages by iNOS (Qian et al., 2015). IL-6 is a multi-
functional cytokine produced by different cell types and is
an important autocrine and paracrine regulator of adipose tis-
suemetabolism (Mohamed-Ali et al., 1997). Currently, several
xanthones have been found to show inhibitory effects on
either NO production or IL-6 secretion. TPX was the only
one active in both assays, which suggests that it has potential
as an anti-inflammatory molecule. Moreover, TPX was
verified to suppress inflammatory responses in adipose tissue
in vivo. The anti-inflammatory activity of xanthones from
G. mangostana was observed previously; β-mangostin was
reported to suppress carrageenan-induced peritonitis (Syam
et al., 2014) and α-mangostin attenuated brain inflammation
in peripheral LPS-treated mice (Catorce et al., 2016). However,
the results of this study are the first to show a direct effect of a
xanthone on adipose tissue inflammation.

Figure 4
TPX prevented TNF-α-induced inflammatory changes in adipocytes. Differentiated 3T3-L1 adipocytes were treated with TPX for 6 h and subse-
quently stimulated with TNF-α (15 ng·mL�1). (A) The protein levels of phospho-ERK, ERK, phospho-p38, p38, phospho-JNK and JNK were de-
tected by Western blot analyses (n = 6). α-Tubulin was used as an internal loading control. Data were normalized to the mean value of the
TNF-α group. (B) The protein levels of phospho-IKKα/β, IKKα, IKKβ, phospho-IκBα, IκBα, phospho-p65 and p65 were detected by Western blot
analyses (n = 6). α-Tubulin was used as an internal loading control. Data were normalized to the mean value of the TNF-α group. (C) The protein
expression of SIRT3 was determined by Western blotting, and α-tubulin was used as an internal loading control (n = 6). Data were normalized to
the mean value of the TNF-α group. Data are expressed as means ± SEM. #P < 0.05 versus DMSO, *P < 0.05 versus TNF-α.
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The bioavailability and metabolism of xanthones, espe-
cially α-mangostin, have been investigated in rodents and
humans (Gutierrez-Orozco and Failla, 2013). The bioavail-
ability of α-mangostin was low when administered p.o. but
relatively high when injected i.p. or i.v. The concentration
of α-mangostin in fat tissue was 0.0391 ± 0.0825 μg·g�1

150 min after an i.v. injection of 5 mg·kg�1 in mice (Choi
et al., 2014). The median lethal dosage of α-mangostin after

i.p. administration was 150.0 mg·kg�1, which was mainly
metabolized via liver and small intestine by phase II reaction
such as glucuronide and sulfate conjugations (Bumrungpert
et al., 2009). Until now, the bioaccessibility and metabolism
of TPX had not been investigated. In our preliminary study,
an i.p. injection of a high dose of TPX (40mg·kg�1) caused se-
vere diarrhoea in mice. Thus, the dose of TPX used in our
in vivo study was set at 20 mg·kg�1.

Figure 5
TPX decreased the migration of RAW264.7 macrophages towards 3T3-L1 adipocytes. (A, B) Procedures of the macrophage migration experi-
ments. (A)Macrophagemigration assays using DMEM (migration media) or CM from adipocytes treated with vehicle, TNF-α (15 ng·mL�1)
or TNF-α (15 ng·mL�1) + TPX (20 μM) for 24 h. Migrated RAW264.7 macrophages were visualized by DAPI staining and quantified
(n = 6). (B) RAW264.7 cells were treated with vehicle or TPX (20 μM) for 4 h, and the detached cells were used for the migration assay in the
presence of DMEM or CM. Migrated RAW264.7 macrophages were visualized by DAPI staining and quantified (n = 6). (C) Cells were pretreated
with TPX for 1 h and then stimulated with LPS (1 μg·mL�1) for 18 h. The levels of MCP-1 were determined by an ELISA kit (n = 6). RAW264.7 mac-
rophages were pretreated with TPX (20 μM) for 1 h and then stimulated with LPS (1 μg·mL�1) for 6 h. The mRNA levels of MCP-1 (D), MIP-1α (E),
Cxcl10 (F), Ccl11 (G) and Cx3cl1 (H) were analysed by real-time RT-PCR, and normalized to 18S (n = 6). Data are expressed as means ± SEM,
#P < 0.05 versus DMSO, *P < 0.05 versus LPS, &P < 0.05 versus DMEM.

A xanthone attenuates adipose tissue inflammation

British Journal of Pharmacology (2018) 175 1590–1606 1599



NF-κB is a primary regulator of inflammatory responses in
a variety of physiological and pathological processes
(Suganami et al., 2007). NF-κB dimers are located in cytosol
under normal conditions, combined with its inhibitor
protein IκBα (Fan et al., 2015). In response to inflammatory
stimuli, NF-κB is activated through the phosphorylation and

subsequent degradation of IκBα by IKK complex (Joo et al.,
2009). The activated NF-κB dimer dissociates from IκBα and
subsequently translocates to the nucleus, where it induces
the expression of various inflammatory genes (Soromou
et al., 2012). In the present study, TPX was found to suppress
LPS-induced activation of IKKα/β, IκBα and p65, prevent the

Figure 6
TPX ameliorates LPS-mediated inflammatory responses in epididymal adipose tissue of mice. (A) The procedure used to produce the mouse model
of LPS-mediated acute inflammation. The serum levels of IL-6 (B), TNF-α (C) and MCP-1 (D) were determined by ELISA kits. The epididymal adi-
pose tissue levels of IL-6 (E), TNF-α (F) and MCP-1 (G) were determined by ELISA kits. (H–M) Results of real-time RT-PCR analyses of pro-inflamma-
tory cytokines expression in epididymal adipose tissue. Data are expressed as means ± SEM (n = 7). #P < 0.05 versus DMSO, *P < 0.05 versus LPS.
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translocation of NF-κB/p65 from cytoplasm to nucleus and
inhibit NF-κB transcriptional activity in macrophages,
resulting in a reduction in its downstream genes including
iNOS, COX-2 and TNF-α. These data suggested that
xanthones might be a new class of inhibitors of the NF-κB
signalling pathway. Low-level NF-κB activation has been
identified in adipose tissue, which shares a similar time
course of activation as immune cells (McArdle et al., 2013).
In adipocytes, TNF-α activates the NF-κB signalling pathway
to induce lipolysis, stimulate cytokine expression and
promote insulin resistance (Wellen and Hotamisligil, 2003).
TPX significantly inhibited TNF-α-induced activation of the
NF-κB signalling pathway in adipocytes. MAPKs are a large
family of seine/threonine kinases that mediate the inflamma-
tory signalling upon extracellular stimulation, and include
ERK, p38 and JNK (Qian et al., 2015). These cytoplasmic en-
zymes can phosphorylate and activate various transcription
factors in the cytoplasm or nucleus (Hommes et al., 2003).
TPX suppressed the phosphorylation of ERK, p38 and JNK
in LPS-stimulatedmacrophages, TNF-α-stimulated adipocytes
and LPS-treated mice. These finding suggested that TPX
might suppress inflammatory responses in macrophages
and adipocytes through an effect on the NF-κB andMAPK sig-
nalling pathways, to attenuate adipose tissue inflammation.

Activators of the PPARs have been shown to exert anti-
inflammatory activity in various cells by inhibiting the
expression of pro-inflammatory genes such as cytokines,
metalloproteases and acute-phase proteins (Delerive et al.,
2001). The transcriptional factors NF-κB and activator protein
1 are known to be downstream components of PPARβ signal-
ling and are critical for LPS-mediated gene induction (Xu
et al., 2013). PPARβ activation inhibited LPS-induced MAPK
and NF-κB activation (Planavila et al., 2005; Xu et al., 2013).
We found that PPARs expressions were rapidly down-
regulated after stimulation with LPS, and TPX treatment
significantly promoted PPARα and PPARβ expressions in
LPS-treated macrophages (Supporting Information Figure S6),
which suggests that the anti-inflammatory and M2
macrophage polarizing effects of TPX might be mediated
through PPARs.

A deficiency in SIRT3 and the accompanying mitochon-
drial protein hyperacetylation were reported to be associated
with the development of metabolic syndrome and hepato-
cyte injury (Chang et al., 2016; Liu et al., 2017). RAW264.7
macrophages with SIRT3 knockdown expressed higher iNOS
protein and transcript levels of inflammatory cytokines,
which led to an elevated inflammatory state (Xu et al.,
2016). SIRT3 has been reported to suppress MAPK activation

Figure 7
Effect of TPX on the expressions of chemokines and macrophage markers in epididymal adipose tissue. Results of real-time RT-PCR analyses for
pro-inflammatory chemokines in epididymal adipose tissue, including MCP-1 (A), MIP-1α (B), Cxcl10 (C), Ccl11 (D) and Ccl5 (E). Real-time
RT-PCR analyses for macrophage markers in epididymal adipose tissue are also shown, including F4/80 (F), CD68 (G), CD11c (H), CD206 (I)
and Arg-1 (ARG1; J). Data are expressed as means ± SEM (n = 7). #P < 0.05 versus DMSO, *P < 0.05 versus LPS.
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in various models of inflammation (Sundaresan et al., 2009;
Kim et al., 2015). Overexpression of SIRT3 in H9c2 cells
inhibited NF-κB nuclear translocation, which stimulated
SOD2 gene expression and consequently conferred cells with
resistance against oxidative insults (Chen et al., 2013). Con-
sistently, our data showed that the SIRT3 level was decreased
in LPS-treated macrophages and TNF-α-treated adipocytes, as
well as in adipose tissue from LPS-treated mice, which corrob-
orates that SIRT3 represents an inflammatory target protein.
Interestingly, TPX significantly increased SIRT3 expression
in LPS-treated macrophages, TNF-α-stimulated adipocytes
and LPS-treated mice, but not SIRT1 (data not shown). SIRT3,
at least partially, mediates the inhibitory effect of TPX on
inflammatory responses in macrophages. Further studies are
needed to determine how TPX regulates SIRT3 expression.

Inflammatory chemokines are the main participants in
the recruitment and activation of circulating monocytes in
inflammatory responses (Mantovani et al., 2004). MCP-1
and MIP-1α, known to possess strong chemoattractant
activity, are produced predominantly by macrophages and
endothelial cells (Kanda et al., 2006). MCP-1 is a potential
stimulus for macrophage proliferation in obese adipose

tissue, which contributes to obesity-associated adipose tissue
inflammation (Amano et al., 2014). MIP-1α, involved in the
acute inflammatory state in the recruitment and activation
of polymorphonuclear leukocytes, is robustly up-regulated
in white adipose tissue of obese mice and infiltrated macro-
phages secrete MIP-1α in inflamed fat (Zhuge et al., 2016). In
adipose tissue, both adipocytes and the infiltrated immune
cells are responsible for secretion of MCP-1. The secretion of
MCP-1 from adipocytes directly triggers the recruitment of
macrophages to adipose tissue, and the infiltrated macro-
phages may in turn secrete a variety of chemokines and other
cytokines that further promote a local inflammatory response
and affect gene expression in adipocytes, resulting in sys-
temic insulin resistance (Kanda et al., 2006). Here, we found
that MCP-1, MIP-1α, Cxcl10, Ccl11 and Ccl5 levels were
elevated in LPS-stimulated macrophages and adipose tissue,
and TPX reversed these increases in chemokine levels. It is
proposed that the reduced number of macrophages in adi-
pose tissue of TPX-treated mice is likely through TPX
blocking their infiltration from the circulation and inhibiting
their local proliferation. An in vitro chemotaxis assay with
adipocyte CM was conducted to assess the ability of

Figure 8
TPX inhibited LPS-mediated MAPK phosphorylation and NF-κB activity in epididymal adipose tissue. (A) The protein levels of iNOS and SIRT3 in
adipose tissue were detected byWestern blot analyses. α-Tubulin was used as an internal loading control. Data were normalized to the mean value
of the LPS group. (B) The protein levels of phospho-ERK, ERK, phospho-p38 and p38 were detected by Western blot analyses. GAPDH was used as
an internal loading control. Data were normalized to the mean value of the LPS group. (C) The protein levels of phospho-IKKα/β, IKKβ, phospho-
IκBα, IκBα, phospho-p65 and p65 were detected by Western blot analyses. α-Tubulin was used as an internal loading control. Data were normal-
ized to the mean value of LPS group. Data are expressed as means ± SEM (n = 7). #P < 0.05 versus DMSO, *P < 0.05 versus LPS.
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macrophages to migrate towards adipocytes. Our results
showed that the CM from TPX-treated adipocytes inhibited
macrophage migration, and that the chemotactic ability
towards CM from differentiated adipocytes was impaired in
TPX-treated macrophages. In a previous study it was demon-
strated that chemokines induce macrophage migration to
adipose tissue via MAPKs signalling (Wang et al., 2014). It
was supposed TPX impairs chemokines-induced migration
of macrophages through inhibiting NF-κB and MAPK
activation and promoting SIRT3 expression.

Activated, infiltrated macrophages are a prominent
source of pro-inflammatory cytokines, which block insulin
action in adipose tissue and subsequently cause systemic
insulin resistance. Therefore, preventing the infiltration of
macrophages into adipose tissue could ameliorate obesity-
linked inflammation and insulin resistance, providing a ther-
apeutic target for metabolic syndrome. Indeed, macrophage
numbers and pro-inflammatory cytokine levels in intra-
abdominal adipose tissue were increased in LPS-treated mice.
Remarkably, TPX treatment decreased pro-inflammatory
cytokine levels in serum and epididymal adipose tissue and
significantly reduced the expression of the macrophage
markers F4/80 and CD68 in LPS-treatedmice, which indicates
that TPX reducedmacrophage accumulation in adipose tissue
after LPS stimulation. Furthermore, TPX treatment sup-
pressed the expressions of M1 macrophage marker CD11c,
while elevating those of the M2 macrophages, including
ARG1 and CD206, suggesting a shift towards an anti-
inflammatory phenotype. However, further studies are
needed to determine the anti-inflammatory effect of TPX in
diet-induced obese animals, such a Western diet-fed mice
and/or genetically obese animals, such as ob/ob mice. More-
over, adipose tissue inflammation is associated with insulin
resistance; and the effect of TPX on energy homeostasis and

insulin sensitivity should be evaluated using obese animal
models.

In conclusion, TPX, a xanthonederived fromG.mangostana,
was shown to have anti-inflammatory effects in LPS-treated
macrophages and TNF-α-treated adipocytes in vitro and these
effects were further authenticated in a murine model of
LPS-induced acute inflammation in vivo. TPX ameliorates
inflammatory responses in macrophages and adipocytes,
possibly through inhibiting NF-κB and MAPK signalling
pathways (Figure 9). The current results demonstrate that TPX
is involved in preventing macrophage accumulation and
promoting a macrophage shift toward an anti-inflammatory
phenotype in adipose tissue. TPX could be a candidate for
treating adipose tissue inflammation and related metabolic
disorders and warrants further investigation.
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Table S1 Real-Time PCR primer sequences.
Table S2 Antibodies for immunoblotting.
Table S3 Compounds isolated from the pericarps of Garcinia
mangostana
Figure S1 Top: The chemical profile of TPX analyzed by
HPLC-UV. The accurately weighed TPX was dissolved in
methanol (100 μg·mL�1) and sonicated for 1 h. After filtered
by 0.45 μmMillipore membrane, 20 μL filtration was injected
into an Agilent SB C18 column (250 × 4.6 mm, 5 μm) which
was maintained at 35 °C for gradient elution with water (A)
and acetonitrile (B). The elution program was set as follows:
0-40 min, 95-0% A, 5-100% B. The detection wavelength
was set at 254 nm. Representative chromatogram was ana-
lyzed using a Waters Empower system and the purity of TPX
(99.8%) was determined by the peak area. Bottom: 1H NMR
spectrum for TPX recorded in d6-DMSO. NMR spectrum was
recorded on an ASCEND 600MHz/54mmNMR spectrometer.
The chemical shift (δ) values are given in ppm with
tetramethylsilane as internal standard, and coupling con-
stants (J) are in Hz.
Figure S2 Screening of xanthones in LPS stimulated
RAW264.7 cells. Cells were treated with different compounds
from G. mangostana, ranging from 1.25 to 20 μM in the pres-
ence of LPS (1 μg·mL�1). (A) NO production was determined
using Griess reagent. (B) The levels of IL-6 were determined
by ELISA kit. (C, D) The cytotoxicity of TPX on RAW264.7

cells with or without LPS. RAW264.7 cells were treated with
TPX ranging from 5 to 20 μM in the presence or absence of
LPS (1 μg·mL�1) for 24 h. Cell viability was determined by
MTT assay. Data are normalized to the mean value of control
group. 1, 1.25 μM; 2, 20 μM; 3, 20 μM; 4, 5 μM; 5, 5 μM; 6, 2.5
μM; 7, 2.5 μM; 8, 5 μM; 9, 10 μM; 10, 2.5 μM; 11, 5 μM; 12,
1.25 μM; 13, 1.25 μM; 14, 2.5 μM. Data are expressed as
means ± SEM (n = 9). #P< 0.05 versus DMSO, *P< 0.05 versus
LPS.
Figure S3 TPX inhibited LPS-induced COX-2 expression in
RAW264.7 cells. (A) Cells were pretreated with the vehicle
or TPX (20 μM) for 1h before treatment with LPS (1 μg·mL�1)
for 6 h. The mRNA level of COX-2 was analyzed by real-time
RT-PCR, normalized by 18S. (B) The protein level of COX-2
was detected by Western blot analysis. Data are normalized to
the mean value of LPS group. GAPDH was used as an internal
loading control. Data are expressed as means ± SEM (n = 6).
#P < 0.05 versus DMSO, *P < 0.05 versus LPS.
Figure S4 Transwell assay of macrophage migration. (A)
Representative images of migrated macrophages in Figure 5A.
(B) Representative images of migrated macrophages in
Figure 5B.
Figure S5 Effects of TPX on body weight in LPS-treatedmice.
Data are expressed as means ± SEM (n = 7).
Figure S6 The protein expressions of PPARs were determined
byWestern blotting and GAPDHwas used as an internal load-
ing control. Data are normalized to the mean value of LPS
group. Data are expressed as means ± SEM (n =5). #P < 0.05
versus DMSO, *P < 0.05 versus LPS.
Figure S7 Schematic diagram of the in vitro experimental
designs.
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