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Abstract. Garcinia angustifolia is a dry resin secreted by
Garcinia cambogia, which has the functions of breaking blood,
detoxifying, stopping bleeding and killing insects. It is used
for the treatment of cancer and brain edema. Gambogic acid
is the primary active ingredient. The present study aimed to
investigate the anti-inflammatory and antiproliferative effects
of gambogic acid on arthritis and the possible mechanisms.
It was demonstrated that gambogic acid decreased arthritic
scores in murine collagen-induced arthritic mice. The tumor
necrosis factor (TNF)-a, interleukin (IL)-1p, IL-6 and IL-18
concentrations, and caspase-3 and caspase-9 were significantly
inhibited by gambogic acid in arthritic mice. Gambogic acid
decreased matrix metalloproteinases (MMP)-2, MMP-9,
nuclear factor (NF)-kB and phosphorylated-p38 protein
expression, and increased tissue inhibitors of matrix metal-
loproteases-1 (TIMP-1) protein expression in arthritic mice.
Furthermore, the phosphoinositide 3-kinase (PI3K)/AKT
serine/threonine kinase (Akt) signaling pathway was induced
in arthritic mice treated with gambogic acid. The results
suggested that gambogic acid induced anti-inflammatory
effects in murine collagen-induced arthritis, through the
PI3K/Akt signaling pathway, and offers future potential for
application in arthritis patients.

Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune disease
characterized by polyarticularsynovitis (1). Its autoantigen is
not organ-specific, but a common component of many organs
and tissues, such as nucleus, mitochondria and so on, so it can
cause the damage of multiple organs and multiple tissues (2).
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Epidemiological survey shows that in China, the incidence rate
of RA is 0.32-0.38%, while in Europe, the United States and
Africa, it is up to 0.5-2.0%. Its pathogenesis is complex, influ-
enced by genetic and environmental factors (3). As the patients
with RA have high disability rate, it brings a great financial
burden to the patients themselves and the whole community,
which has becomethe hot topic during the last 10 years for
domestic and foreign scholars (3). The basic pathologic
changes of RA are synovial cell hyperplasia, thickening of
lining layer, infiltration of multiple inflammatory cells, pannus
formation and destruction of cartilage and bone tissue, eventu-
ally leading to joint deformity and loss of function (4).

RA is related to the signal transduction pathways of
multiple cytokines. In recent years, it has been found that
phosphoinositide 3 kinase (PI3K)/protein kinase B (PKB)
signaling pathway (PI3K/Akt pathway) is involved in a very
rapid signal transduction system from the membrane to
the nuclear and its downstream pathways Bad, caspase and
nuclear factor (NF)-xB are important pathways affecting
osteoarthritis (5). Recent studies have shown that the signal
transduction pathway ofkinase plays an important role in the
process of chondrocyte apoptosis (5,0).

PI3K/Akt/mTOR signal pathway plays an important role
in the proliferation and survivalof lymphocyte (7). However,
the literature has shown that PI3K/Akt/mTOR signal trans-
duction pathway isstudied in the pathological mechanisms
and treatment methods of malignant tumors. mTOR and PI3K
signals play an important role in regulation of B lymphocyte
morphology, metabolic activity, and cell cycle progression (8).

Gamboge is adry resinsecreted by Garcinia plant, Garcinia
hanbaryi Hook. f. It is produced mainly in Cambodia, India,
Thailand and Vietnam, as well as Guangdong and Hainan in
China(9).Ithas been documented for along time in our traditional
medicine, as Garcinia cold, Pickle, Sim, astringent, toxic, with
the functions of breaking blood, detoxifying, stopping bleeding
and killing insects, which has been used for the treatment of
crewels, scrofulaceum, and carbuncle, since ancient times (10).
It contains gambogic acid, neogambogic acid, allogambogic
acid, morellin, isomorellin, morellic acid, isomorellic acid and
so on, in which gambogic acid is the main active ingredient.
Gambogic acid (Fig. 1) has anti-inflammatory, antioxidation and
anticancer effects (11,12). Ma et al (13) showed that gambogic
acid inhibits osteoclast formation and ovariectomy-induced
osteoporosis. The purpose of this study is for the first time to
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elucidate the anti-inflammatory and antiproliferative effects of
gambogic acid on arthritis and the possible mechanisms.

Materials and methods

Animals and treatment. Collagen-induced arthritis in mice
was a common RA model using collagen II. Male DBA/1
mice (5-week-old) was purchased from Wenzhou Laboratory
Animal Center (Wenzhou, China) and kept in specific
pathogen-free conditions in Animal Center of Wenzhou
Medical University. This study gained ethical approval from
Chinese Traditional Medicine (Wenzhou, China). Arthritis
was induced and emulsified in complete Freund's adjuvant and
injected intradermally into the tail with 200 ug of collagen
IT (14). Meanwhile, in treatment with gambogic acid group,
mice were treatment with 2 mg/kg/3 day (intraperitoneal injec-
tion) for 28 days (15). All mice were randomly assigned into
three groups: Sham group, RA model group and GA group;
amount of very group is 10 mice.

ELISA analyzing. Serum from very mice after treatment with
gambogic acid at 28 days was collected and centrifuged at
1,500 g for 10 min. Serum was used to analyze inflammation
factors [tumor necrosis factor (TNF)-a, interleukin (IL)-18,
IL-6 and IL-18 concentrations] using ELISA kits (Nanjing
Jiancheng Biology Engineering Institute, Nanjing, China).

Then, tissue extracts were prepared from very mice after
treatment with gambogic acid at 28 days and extracted using
RIPA assay. Tissue extracts were prepared after treatment with
gambogic acid at 28 days and extracted using RIPA assay.
Protein quantified was measured using BCA assay. Briefly,
proteins were used to analyze caspase-3 and caspase-9 activity
using Commercial ELISA kits (Nanjing Jiancheng Biology
Engineering Institute).

Western blot analysis. Tissue extracts were prepared after
treatment with gambogic acid at 28 days and extracted using
RIPA assay. Protein quantified was measured using BCA
assay. Briefly, proteins were size fractionated by 8-12% sodium
dodecyl sulfate polyacrylamide gel electrophoresis and then
transferred to a polyvinylidene difluoride membrane. The
following antibodies were employed with matrix metallopro-
teinases (MMP)-2, MMP-9, NF-«B, phosphorylated (p-)p38,
tissue inhibitors of matrix metalloproteases-1 (TIMP-1), PI3K,
p-Akt and GAPDH (Santa Cruz Biotechnology Inc., Milan,
Italy) at 4°C overnight. Secondary anti-mouse IgG peroxidase
conjugate was used to incubate for 1 h at 37°C. Detection was
carried out with ECL Fast Pico (ECL-1002; Immunological
Sciences, Rome, Italy) and quantified the ImageJ software
system and Alliance LD (Uvitec, Cambridge, UK).

Statistical analysis. The data of statistical analysis are
presented as mean + SD and were compared by two-way anal-
ysis of variance with a Sidak's multiple comparison test post
hoc. P-value <0.05 considered to be statistically significant.

Results

Gambogic acid decreases arthritis scores in RA mice. To
examine whether the effects of gambogic acid on arthritis, we
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Figure 1. The structural formula of gambogic acid.
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Figure 2. Gambogic acid decreased arthritis scores in RA mice. 7P<0.01
compared with Sham, “P<0.01 compared with RA model. RA, rheumatoid
arthritis; Sham, sham control group; RA model, RA model group; GA,
gambogic acid group.

recorded arthritis scores in RA mice by gambogic acid. As
showed in Fig. 1, a significant increase of arthritis scores in
RA model mice. However, gambogic acid inhibited arthritis
scores at 21 or 28 days in RA mice (Fig. 2).

Gambogic acid decreases TNF-a, IL-183, IL-6 and IL-18
concentrations in RA mice. To investigate the anti-inflamma-
tion effects of gambogic acid on RA, TNF-a, IL-1f3, IL-6 and
IL-18 concentrations were measured using ELISA KITS. Fig. 3
showed that TNF-a, IL-1p, IL-6 and IL-18 concentrations in
RA model mice were significantly increased, compared with
control group. These inflammation factors were significantly
reduced in RA mice by gambogic acid for 28 days (Fig. 3).

Gambogic acid decreases caspase-3 and caspase-9 activity in
RA mice. To assess the involvement of caspases for cell apop-
tosis of RA treated by gambogic acid, caspase-3 and caspase-9
activity were analyzed using ELISA kits. As showed that
caspase-3 and caspase-9 activity of RA model was higher than
those of control group (Fig. 4). The high level of caspase-3 and
caspase-9 activity in RA model reduced by gambogic acid,
compared with RA model group (Fig. 4).

Gambogic acid decreases MM P-2 and MM P-9 protein expres-
sion in RA mice. Then, we analyzed MMP-2 and MMP-9
protein expression treated by gambogic acid. The result of
Fig. 5 showed that RA induced MMP-2 and MMP-9 protein
expression in mice model, compared with control group.
Certainly, gambogic acid significantly inhibited MMP-2 and
MMP-9 protein expression in RA model group, compared
with RA model group (Fig. 5).

Gambogic acid decreases NF-xB and p-p38 protein expression
in RA mice. To understand the anti-inflammation mechanism
of gambogic acid on RA, NF-«B and p-p38 protein expres-
sion were measured using western blot analysis. As showed in
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Figure 3. Gambogic acid decreased TNF-a, IL-1f3, IL-6 and IL-18 concentrations in RA mice. Gambogic acid decreased (A) IL-1f, (B) IL-6, (C) IL-18 and
(D) TNF-a, concentrations in RA mice. #P<0.01 compared with Sham, “P<0.01 compared with RA model. TNF, tumor necrosis factor; IL, interleukin; RA,
rheumatoid arthritis; Sham, sham control group; RA model, RA model group; GA, gambogic acid group.
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Figure 4. Gambogic acid decreased caspase-3 and caspase-9 activity in RA mice. Gambogic acid decreased (A) caspase-3 and (B) caspase-9 activity in RA
mice. P<0.01 compared with Sham, “P<0.01 compared with RA model. RA, rheumatoid arthritis; Sham, sham control group; RA model, RA model group;

GA, gambogic acid group.
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Figure 5. Gambogic acid decreased MMP-2 and MMP-9 protein expression in RA mice. Gambogic acid decreased MMP-2 and MMP-9 protein expression
by (A) western blot assays and (B and C) statistical analysis of MMP-2 and MMP-9 protein expression in RA mice. #P<0.01 compared with Sham, “P<0.01
compared with RA model. MMP, matrix metalloproteinase; RA, rheumatoid arthritis; Sham, sham control group; RA model, RA model group; GA, gambogic

acid group.

Fig. 6, NF-kB and p-p38 protein expression were significantly
induced in RA, model group, compared with control group.

Treatment with gambogic acid significantly suppressed NF-«kB
and p-p38 protein expression in RA mice, exhibited that
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Figure 6. Gambogic acid decreased NF-kB and p-p38 protein expression in RA mice. Gambogic acid decreased NF-kB and p-p38 protein expression by
(A) western blot assays and (B and C) statistical analysis of NF-xB and p-p38 protein expression in RA mice. ”P<0.01 compared with Sham, “P<0.01
compared with RA model. NF-«kB, nuclear factor-kB; p-, phosphorylated; RA, rheumatoid arthritis; Sham, sham control group; RA model, RA model group;

GA, gambogic acid group.
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Figure 7. Gambogic acid increased TIMP-1, PI3K/Akt singnaling pathway in RA mice. Gambogic acid decreased TIMP-1, PI3K and p-Akt protein expression
by (A) western blot assays and (B, C and D) statistical analysis of TIMP-1, PI3K and p-Akt protein expression in RA mice. "P<0.01 compared with Sham,
“P<0.01 compared with RA model. TIMP-1, tissue inhibitor of matrix metalloprotease-1; PI3K, phosphoinositide 3-kinase; RA, rheumatoid arthritis; p-,
phosphorylated; Sham, sham control group; RA model, RA model group; GA, gambogic acid group.

gambogic acid inhibited inflammation in RA mice through
NF-kB and p-p38 protein expression (Fig. 6).

Gambogic acid increases PI3K/Akt singnaling pathway
in RA mice. Furthermore, to investigate the anti-apoptosis
mechanism of gambogic acid on RA, TIMP-1 and PI3K/Akt
singnaling pathway were selected and analyzed in this study.
Fig. 7 showed that TIMP-1 and PI3K/Akt singnaling pathway
were suppressed in RA model group, compared with control
group. Gambogic acid could promote TIMP-1 and PI3K/Akt
singnaling pathway in RA mice. These data illuminated that
gambogic acid alleviated cell apoptosis in RA through TIMP-1
and PI3K/Akt singnaling pathway.

Discussion

RA is a systemic inflammatory autoimmune disease related to
the involvement of the surrounding joints, which is character-
ized by inflammation of the synovial tissue and progressive
destruction of the joints (16). Cytokine TNF-a plays an
important role in synovial inflammation and bone destruction
of RA (17). It is suggested that TNF-a induces synovial cells to
produce the expressions of many inflammatory cytokines (such
as IL-6 and IL-8) and collagenase (MMP), which is a key factor
for the persistence and progression of RA (18). In our study,
gambogic acid inhibited arthritis scores, and TNF-a, IL-1§,
IL-6 and IL-18 concentrations in RA mice. Wen et al (15)
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suggested that gambogic acid exhibits anti-psoriatic efficacy
through inhibition of inflammation.

NF-«B signal pathway plays an important role in the inflam-
matory process of RA (19). The transcription factor, NF-kB
may play an important role in the pathogenesis of infectious
diseases and autoimmune diseases by regulating the expres-
sion of various cytokines and cell adhesion molecules (6). The
activated transcription factor, NF-xB, binds to the kB site in the
promoter region of the corresponding inflammatory mediator
target gene, leading to the over-expression of the inflammatory
mediator gene (20). In recent years, we have found that NF-«xB
is activated in RA synovial tissue abnormally, and the NF-kB
pathway in RA synovial tissue and synovial fluid regulates the
expression of many inflammatory cytokines, such as cytokines
(TNF-a, IL-1, IL-6, IL-2, IL-12, IFN-v), adhesion molecules
(VCAM-1, ICAM-1), chemokines (IL-8, MIP-1a, MCP-1,
TIMP-1), and MMPs (MMP-1, MMP-3, MMP-13) (21). And
we also found that treatment with gambogic acid significantly
suppressed NF-kB and MMP-2 and MMP-9 protein expres-
sion in RA mice. Tang et al (11) suggested that gambogic
acid inhibits the growth of ovarian cancer tumors through
RELA/NF-xB p65 (p65) activity. Qi ef al (22) indicated that
gambogic acid suppressed lung metastasis of human breast
carcinoma cell through protein kinase C (PKC) mediated
MMP-2/9 expression inhibition.

p38 mitogen-activated protein kinase plays an important
role in normal cartilage cell physiology and pathogenesis
of osteoarthritis (23). P38 can regulate the proliferation and
survival of chondrocytes, balance the extracellular matrix
metabolism, and play a key role in the pathogenesis of
osteoarthritis cartilage degeneration induced by MMPs and
proinflammatory factors (24). Our results indicated that
gambogic acid significantly suppressed p-p38 protein expres-
sion in RA mice. Ma et al (13) demonstrated that gambogic
acid inhibits osteoclast formation in p38 and Akt signalling
pathways.

The abnormal mechanism of chondrocyte apoptosis
has not been elucidated and may be related to many signal
transduction pathways, in which PI3K/AKT signal transduc-
tion pathway has been considered as an important pathway
of chondrocyte apoptosis (25). PI3K is a membrane protein
that can directly or indirectly activate the downstream factor
AKT by accepting the afferent signals of tyrosine kinase
receptors, cytokine receptors, CD19, BCR, GPCR, etc. on the
membrane (26). The biological effects of AKT include protein
synthesis, anti-apoptosis, blocking the cytoplasm, regulating
cell growth cycle, glucose metabolism (glycolysis, glucose
conversion and glycogen synthesis) and neurodegenera-
tion (27). The anti-apoptotic effect of AKT is realized by the
following three ways: Playing anti-apoptotic effectby XIAP
factor; inhibition of Bax, Bcl-2, Bim and FOX01-induced
apoptosis; isolation of Bad (14-3-3) in the cytoplasm (27).
PI3K/Akt signal is involved in the regulation of B lymphocyte
proliferation and differentiation by the activation of mTOR,
and mTOR is a target molecule for rapamycin, which plays a
critical role in regulating cell growth and proliferation (28).
mTOR signal affects cell cycle, cell growth and cell prolifera-
tion. In many human cancers, the absence of some important
tumor suppressors (PTEN, TSC1/2, LKB1) in mTOR signal
pathway, cell mutations or the gene amplification in PI3CA
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(P110a subtype) and abnormalities caused by Akt activation
mutations, ultimately lead to cell proliferation, cell survival
and cell self-phagocytosis inhibition (8,29). Our data also
showed that gambogic acid could promote PI3K/Akt sing-
naling pathway in RA mice. Wang et al (30) identified that
gambogic acid suppresses multiple myeloma cell growth
through PI3K/Akt singnaling pathway.

In summary, this study reveals that gambogic acid prevents
inflammation and apoptosis in RA model mice through NF-xB
p65/MMP-2/9 and PI3K/Akt singnaling pathway. These find-
ings may be valuable in the further exploration of gambogic
acid in therapy for RA.
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