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Abstract The root of Clematis chinensis Osbeck has been
used widely in rheumatoid arthritis in Chinese traditional
medicine and AR-6 is a triterpene saponin isolated from it.
In this present study, we investigated in vivo effects of oral
AR-6 in chronic rat adjuvant-induced arthritis (AA) and in
vitro effect in macrophage and synoviocytes cells. Arthritic
scores and serum inflammatory mediators were evaluated
19 days after AA induction by endermic injection of Fre-
und’s complete adjuvant in Sprague-Dawley(S-D) rats.
Oral administration of AR-6 to arthritic rats resulted in a
clear decrease of clinical signs compared to untreated
controls. The synoviocyte and macrophage response ex
vivo were then analyzed. Anti-arthritic effects of AR-6
correlated with significant decrease of NO and TNF-«
produced by peritoneal macrophages, ex vivo and in vitro.
AR-6 also significant decreased the proliferation of syno-
viocyte. These data indicate that AR-6 is a potential anti-
inflammatory therapeutic and preventive agent.
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Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune dis-
ease primarily presents as a chronic symmetric polyarthritis
associated with inflammation and cartilage destruction [1].
The initiating event of RA is followed by the induction of
an immune response that results in inflammation in the
synovial membrane, the lining of the joint, which is usually
composed of macrophage and fibroblast like cells known as
synoviocytes [2].

Rheumatoid arthritis is characterized by chronic
inflammation of synovial tissue and the destruction of
cartilage and bone in the joints [3]. Macrophages play an
important role in RA, as the rheumatoid synovium is
intensively infiltrated by macrophages and their numbers
correlate with clinical scores [2] and articular destruction in
RA [4]. Activation of the monocyte/macrophages in
arthritic patients is characterized by increased expression
of interleukin (IL)-1f, TNF-a, prostaglandins E, (PGE,)
and other pro-inflammatory mediators [3, 5]. Reports have
identified NO as another pro-inflammatory mediator of
arthritis in human and experimental animal studies [6, 7].
Increased concentrations of nitrites, stable metabolites of
NO, have been observed in the serum and synovial fluid of
patients with RA and osteoarthritis [7, 8]. Increased
inducible nitric oxide synthase (iNOS) activity and NO
production have also been detected in the blood mononu-
clear cells of RA patients and correlated with the tender
and swollen joint counts [7, 9].

These cells can produce proinflammatory cytokines,
including tumor necrosis factor-alpha (TNF-), interleukin-
1 (IL-1), interleukin-6 (IL-6), and interleukin-8 (IL-8), to
enhance synovial inflammation [4]. In addition, inducible
nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2),
intercellular adhesion molecule-1 (ICAM-1), and reactive
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oxygen species (ROS) are also known to be involved as
inflammatory mediators in the induction of arthritis by
augmentation of inflammation in RA [5-7].

Recently, many cytokine-targeted drugs have been
applied to the treatment of RA, for example, TNF-« inhib-
itors (etanercept, infliximab, and adalimumab), IL-1 recep-
tor antagonists, and nonsteroidal anti-inflammatory drugs
(NSAIDs). However, NSAIDs still have undesirable side
effects such as causing peptic ulcers [8]. AR-6 is a triterpene
saponin isolated from the root of Clematis chinensis Osbeck.
Clematis chinensis Osbeck has been frequently used to cure
RA and dermatitis glandularis erythematosa in ancient
China. However, the mechanism of this anti-inflammatory
activity remains unclear. In this present study, the effects of
AR-6 have been examined on the production of TNF-o, IL-
18, and IL-6 (as proinflammatory cytokines) both in vivo
and in vitro by enzyme-linked immunosorbent assay
(ELISA); we assayed the iNOS level in rats’ serum and NO
production in macrophage and the TNF-o-stimulated
hyperplasia of FLSCs (Fig. 1).

Materials and methods
Reagents
AR-6: prepared by School of Traditional Chinese Phar-

macy, China Pharmaceutical University. AR-6 was sus-
pended in distilled water or PBS before administration.

Fig. 1 Chemical structure of
AR-6
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Freund’s complete adjuvant: produced by Sigma Co, lot
number: 085K8912; MTT: produced by Sigma Co., lot
number: 6G086GO08; LPS: produced by Sigma Co., lot
number: 026D0603; Carrageenan: produced by Sigma Co.,
lot number: 073K0051; Concanavalin A: produced by
Sigma Co, lot number: 6F306F30;ELISA kit of rat’s IL-1:
produced by Jingmei Biotech Co. Ltd., lot number:
0506139; ELISA kit of rat’s IL-2: produced by Jingmei
Biotech Co. Ltd., lot number: 0506140; ELISA kit of rat’s
TNF-a: produced by Jingmei Biotech Co. Ltd., lot number:
0506141,070320.

Adjuvant arthritis (AA) induction and administration

Male Sprague-Dawley rats, weighing 150-180 g at receipt,
were purchased from the experimental animal center of the
Second Military Medical University, Shanghai, China.

Rats were housed in a standard laboratory under con-
trolled temperature of 18-22°C and maintained on 12-h
light/dark cycle with access to general food and water
ad libitum.

Adjuvant arthritis was induced by intradermal injection
of Freund’s complete adjuvant (0.1 ml/per rat) into the
right hind paw.

In primary AA rats’ model, AR-6 (32, 16, 8 mg/kg) was
administered once daily, for 5 consecutive days before
adjuvant injection; in secondary AA model, AR-6 (32, 16,
8 mg/kg) was administered once daily, from day 21 to
day 25.
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Primary and secondary arthritis indexes

Rats’ primary arthritis indexes were essayed on the 7th day
after AA was induced. Volumes of the right hind paws
were measured as an index of primary symptom, body
weights and organ indexes were essayed as well.

Rats’ secondary arthritis indexes ware essayed on the
25th day AA was induced. Paw swelling (ml) was calcu-
lated by subtracting the paw volume at day O from the
related one at day 15-21. Swollen ratio was calculated by
dividing the paw volume at day O from the paw swelling.
The mean swollen ratio was used to compare the data
among the control and model groups. Body weights and
organ indexes were essayed as well.

Evaluation of AA severity was performed by indepen-
dent observers with no knowledge of the treatment proto-
col. The results were analyzed and compared using the
Student r-test for paired data.

Inflammatory mediators in secondary AA rats

NOS in rats’ blood serum and PGE, in rats’ right hind paws
were assayed. NOS kit was used to assay iNOS in blood
serum. To detect other rat mediators (IL-1p, IL-6, TNF-«),
specific ELISA kits were used.

Primary cells culture of macrophages
and macrophage-derived inflammatory mediators

Macrophages were cultured in 24-well plates with 500 pl
RPMI 1640 medium with 10% FBS, penicillin (200 U/ml)
and streptomycin (0.2 mg/ml), as described by Mamani-
Matsuda [10].

Macrophages were stimulated by LPS and inflammatory
mediators in cell supernatant were assayed. Griess reaction
was used to assay NO in cell supernatant; ELISA kit was
used to detect concentration of TNF-a. The results were
analyzed and compared using the Student #-test for paired
data.

Primary cells culture of synoviocyte

Rats’ knee joint fibroblast synoviocyte cells (FLSCs) were
isolated from Sprague-Dawley rats as described by Youn
[11], with some minor modifications. Synoviums were
separated from joints and placed in a Petri dish containing
10 ml Hanks’ balanced salt solution with penicillin (100 U/ml)
and streptomycin (100 Ag/ml). The synoviums were tritu-
rated and were incubated in 0.1% collagenase-II (diluted
with Hanks’ balanced salt solution) at 37°C for 120 min.
Isolated cells were filtered through a 100 Am nylon mesh.
The cells were collected by centrifugation and resuspended
in DMEM with 10% heat-inactivated newborn calf serum.

The cells were plated in a 75 cm? tissue culture flask and
incubated at 37°C.

Cytotoxicity study

The cytotoxicity effect of AR-6 was investigated by MTT
reduction assay [12]. Briefly, 1 x 10° to 2 x 10° FLSCs
were incubated in 96-well plates in DMEM with AR-6
(0.1, 1, 10 pg/ml) in a 5% CO, incubator. After 72-h
incubation, 20 pl of MTT reagent (5 mg/ml) was added to
each well and the plate was then incubated for 4 h. The
amount of soluble formazone produced by cellular reduc-
tion of MTT was then determined by measuring the
absorbance at 490 nm with an ELISA reader.

Proliferation assay

The effect of AR-6 was investigated on the proliferation of
FLSCs as judged by MTT reduction assay [12]. 1 x 10* to
2 x 10* FLSCs were incubated in 96-well plates in
DMEM and stimulated by TNF-o with or without AR-6
(0.1, 1, 10 pg/ml) in a 5% CO, incubator. After 72-h
incubation, 20 pl of MTT reagent (5 mg/ml) was added to
each well and the plate was incubated for 4 h. The amount
of soluble formazone produced by cellular reduction of
MTT was then determined by measuring the absorbance at
490 nm on an ELISA reader.

Histological study on secondary arthritis mice

Male mice (weighing 18-22 g at receipt) were purchased
from experiment animal center of Nantong University.
Mice were housed in a standard laboratory under controlled
temperature of 18—-22°C and maintained on 12-h light/dark
cycle with access to general food and water ad libitum.

Adjuvant arthritis was induced by intradermal injection
of Freund’s complete adjuvant (0.1 ml/per rat) into the
right hind paw. To observe the effect on secondary AA
mice, AR-6 (32, 16, 8 mg/kg) was administered once daily
from day 21 to day 25.

On 25th day, mice were executed and the hind paws,
with skin on the upper side removed, were fixed in 4%
formaldehyde for 24 h and decalcified in an EDTA solu-
tion (pH 7.4). The paws were then dehydrated, embedded
in paraffin, sectioned, and stained with hematoxylin/eosin.

Statistical analysis

Data were analyzed by ANOVA followed by post hoc test
to compare the treatment groups with model group. A
difference was considered distinct difference at P < 0.05,
significant distinct difference at P < 0.01. All values
shown as mean £ SD.

@ Springer



116

Clin Exp Med (2010) 10:113-121

Results
Effect on Freund’s complete adjuvant-induced rats

Results of Fig. 2 indicate that AA severity significantly
decreased after oral ministration of AR-6, compared with
groups treated with 0.5% carboxymethylcellulose sodium
alone (P < 0.01). There were no particular behaviors,
clinical or physiological signs observed in animals treated
with all dose levels of AR-6, suggesting that these AR-6
doses probably have no toxic effects in vivo. Furthermore,
weight progression and organ indexes in AR-6-treated rats
(Fig. 2) were very similar to those of control animals,
while AA animals treated with dexamethasone had a sig-
nificant growth delay.

Fig. 2 The effect of AR-6 on 30

Effects on histopathology of secondary AA mice

In normal group, the articular cavities were very clean,
each of which has one to four layers of synovial cells. The
articular surfaces were smooth, and there were loose con-
nective tissues and fatty tissues under the synovial mem-
branes. In the model control group, there was obviously
hyperplasia in the synovial membranes of articular capsule.
Synovial cells became proliferated, enlarged in size and
disorderly arranged. The loose connective tissues under the
synovial membranes became hyperaemia, edema and
infiltrated with inflammatory cells. In AR-6-treated groups
(high and middle dose levels), there were no obviously
hyperplasia in the synovial membranes, with synovial cells
arranged in orders and weak hyperemia in the tissue under
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the synovial membrane, and there were few inflammatory
cells infiltrated into the synovial membranes. By compar-
ison, the effect of high and middle dose levels of AR-6-
treated group was better than that of the low dose-treated
group, and its result was also slightly better than the DX
and TGP groups (Fig. 3).

Inflammatory mediators in secondary AA rats

Results of Fig. 4 indicate that cytokines levels in serum and
PGE; in right hind paw of AA rats significantly decreased
in animals treated by oral AR-6, compared to those treated
with carboxymethylcellulose sodium alone.

Inhibition of macrophage-derived inflammatory
mediators by AR-6

As presented in Fig. 5, AR-6 have no significant effect on
the secretion of TNF-o and NO in freshly isolated perito-
neal macrophages from normal mice (P > 0.05).

AR-6 can significantly inhibit the over secretion of
TNF-o. and NO induced by LPS. These ex vivo data sug-
gest the role of macrophage inflammatory response as a
possible target for AR-6 in vivo.

Fig. 3 Photographs of
articulation slices of mouse.

a Normal hind paw histology of
rats, b histopathological finding
from the right hind paw in CIA
rats, ¢ histopathological finding
from the right hind paw in CIA
rats treated with CPA
(cyclophosphamide, 7 mg/kg),
d histopathological finding from
the right hind paw in CIA rats
treated with TGP (180 mg/kg),
e histopathological finding from
the right hind paw in CIA rats
treated with AR-6 (32 mg/kg),
f histopathological finding from
the right hind paw in CIA rats
treated with AR-6 (16 mg/kg),
g histopathological finding from
the right hind paw in CIA rats
treated with AR-6 (8 mg/kg).
All the magnification is 200x

Cytotoxicity assay and effect on the proliferation
of FLSCs stimulated by TNF-«

The cytotoxicity assay was conducted to determine whe-
ther AR-6 have a cytotoxicity effect on normal FLSCs.
Results were illustrated in Fig. 7. Dexamethasone exhibit
high cytotoxicity on FLSCs (P < 0.05); there was no sig-
nificant difference in cell viability between control and
AR-6-treated cells (n = 6 in each case).

To investigate whether AR-6 can inhibit the prolifera-
tion of FLSCs stimulated by TNF-o, a proliferation assay
was carried out. TNF-o significantly increased the prolif-
eration of untreated FLSCs (P < 0.01). In contrast, AR-6
significantly inhibited the proliferation of TNF-o stimu-
lated FLSCs, at concentrations of 10, 1 pg/ml (P < 0.05),
and 0.1 pg/ml (P < 0.01). Lower concentrations had a
better effect (P < 0.01) (Fig. 7).

Discussion

This present study evaluated anti-arthritic potential of AR-
6 in both in vivo and ex vivo rat models, which were very
close to its human counterpart. AR-6 has a wide range of
biological activities and a potential therapeutic interest in
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Fig. 4 The effect AR-6 on
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human. AR-6 significantly reversed growth delay and
prevented development of severe AA in rats (resumed in
Fig. 2). In further studies, AR-6 showed preventive effects
in vivo in its purified form. This property correlated with
AR-6-mediated inhibition of murine macrophage activa-
tion and inflammatory mediator release ex vivo and in vitro
(Figs. 3,4, 5, 6, and 7).
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To elucidate the effects of AR-6 on proinflammatory
cytokines such as TNF-o, IL-1f, and IL-6, ELISA assays
were performed. TNF-o and IL-1/ have been reported to be
involved in early joint swelling as well as in chronic joint
inflammation [13], and are considered key mediators in the
joint inflammation and in the destruction of cartilage and
bone in patients with RA [14-16]. TNF-a is a pivotal
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Fig. 5 The effect of AR-6 on TNF-« and NO excretion of normal
mice’s macrophages (x + S, n = 6). AR-6(H) AR-6 high dose group
(10 pg/ml), AR-6(M) AR-6 middle dose group (1 pg/ml), AR-6(L)
AR-6 low dose group (0.1 pg/ml)
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Fig. 6 The effect of AR-6 on LPS induced TNF-o and NO excretion
of mice’s macrophages (£, n = 6). P < 0.01 versus control;
*P < 0.05; **P < 0.05 versus model. AR-6(H) AR-6 high dose group
(10 pg/ml), AR-6(M) AR-6 middle dose group (1 pg/ml), AR-6(L)
AR-6 low dose group (0.1 pg/ml)

mediator in inflammatory arthritis including RA [17]. TNF-
o is an autocrine stimulator as well as a potent paracrine
inducer of other inflammatory cytokines such as IL-1f and

Fig. 7 The effect of AR-6 on TNF-« induced proliferation of rats
synovial fibroblasts cells (¥+S, n=4). *P <0.05; *P <0.01
versus control, *P < 0.05, **P < 0.05 versus model. AR-6(H) AR-6
high dose group (10 pg/ml), AR-6(M) AR-6 middle dose group (1 pg/
ml), AR-6(L) AR-6 low dose group (0.1 pg/ml)

IL-6. The blockade and inhibition of TNF-a reduces the
production of other inflammatory cytokines in cultured
synovial cells from RA patients [18]. IL-6 is a proinflam-
matory cytokine with a wide range of biological activities
in immune regulation, hematopoiesis, inflammation, and
oncogenesis [17]. IL-6 is known to be responsible for the
increase of serum g-globulin and the emergence of rheu-
matoid factors [19]. High levels of IL-6 have been
observed in both sera and synovial fluids from the affected
joints of patients with RA [20]. In present studies, AR-6
significantly reduced the production of IL-1f, IL-6, and
TNF-o.. These data indicated that AR-6 may have the
potential to regulate proinflammatory cytokines in
synoviocytes.

NO is a product of the enzymatic conversion of arginine
catalyzed by a family of three distinct synthases (NOS).
Expression of the inducible isoform of NOS (iNOS) and a
raised concentration of NO may play a key role as a
mediator of apoptosis in the pathogenesis of RA [21]. The
transcription of iNOS may be involved in the induction of
RA by augmentation of inflammation [22]. Our studies
have demonstrated that AR-6 significantly inhibits the
expression of iNOS in blood serum.

The synthesis of prostaglandins is initiated by the
cyclooxygenase-catalyzed oxidation of arachidonic acid
into prostaglandin H,. The main product of the cyclooxy-
genase path way, namely PGE,, plays a key role in the
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erosion of cartilage and juxtaarticular bone. Joints from RA
patients exhibited abundant PGE, expression, to higher
levels than those found in synovial tissues from osteoar-
thritis patients or nonarthritic synovial tissues; it also
showed that PGE, may induce over expression of cyto-
kines, such as TNF-o, IL-1f. Therefore, PGE,-targeted
therapy is under consideration for the treatment of RA by
inhibiting inflammation and angiogenesis [23-25]. During
this study, AR-6 effectively involved in the regulation of
the inflammatory process as a potential PGE, inhibitor.

Macrophages, once activated in vivo by auto antibody or
by antigen-specific T-cell-derived lymphokines, are the
major source of TNF-a, IL-1f, and iNOS-mediated NO
during immune response [9, 26]. Although essential for the
elimination of invasive antigens, chronic expression of NO
resulted in a variety of inflammatory disorders including
RA and many other autoimmune diseases [27]. In vitro, it
was showed that AR-6 inhibited the production of TNF-«
and NO from activated human macrophages [28]. In vivo,
present work confirmed the anti-inflammatory potential of
AR-6 as it clearly showed the anti-arthritic property of this
molecule corroborated decreasing NO and TNF-« produc-
tion capacity of macrophages ex vivo. We did not observe
any apparent toxicity in AR-6-treated macrophage. Finally,
ex vivo analysis of freshly isolated rat macrophages poin-
ted to AR-6 mediated lowering of their activation markers.

The exact mechanism of anti-inflammatory effects of
AR-6 in arthritis remains to be clarified. In addition to ex
vivo data, we clearly show that AR-6 decreased the pro-
duction of TNF-o, NO, major inflammatory and pro-
arthritic mediators of macrophages.

RA is now known to share many pathogenetic features
with osteoarthritis including synovial activation with the
release of proinflammatory cytokines into the synovial
fluid [29, 30].

The synovial reaction in RA patients is characterized
by abundance of many -cytokines, chemokines, and
growth factors [31]. In particular, some proinflammatory
cytokines, such as TNF-a, IL-1f, and IL-6, and media-
tors, including iNOS and PGE,, are known to play key
roles in the pathogenesis of RA [32]. Thus, in the
present study, the anti-inflammatory activity of AR-6,
which has been used for the Oriental treatment of
arthritis, on proinflammatory cytokines and mediators in
FLSCs stimulated by TNF-a (proinflammatory cytokines)
was investigated.

Recently, plant extracts have attracted more and more
interests with few side effects and low cytotoxicity [33]. In
order to determine the cytotoxicity of AR-6, a cytotoxicity
assay was carried out. We used adrenal cortex hormone
dexamethasone as a positive control in this study. As
expected, AR-6 did not show any cytotoxic effect on nor-
mal FLSCs even at high concentration (10 pg/ml).
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Synovial hyperplasia appears to be associated with
proinflammatory cytokines, especially TNF-«, which is
abundant in the synovial tissue of RA patients [34].
Therefore, the inhibitory effect of AR-6 on the proliferation
of FLSCs stimulated by TNF-o was evaluated. AR-6 sig-
nificantly inhibited the proliferation of cytokine-stimulated
FLSCs, suggesting an anti-inflammatory activity of AR-6
against RA synoviocytes.

In summary, AR-6 significantly inhibited the symptoms
and serum inflammatory mediators (TNF-u, IL-1, IL-6) in
AA rats and the TNF-o-stimulated hyperplasia of FLSCs,
AR-6 down-regulated the productions of TNF-« and NO in
LPS-stimulated macrophages. While other triterpene sapo-
nin may share some of anti-inflammatory properties of AR-6,
the absence of apparent toxicity, the preventive effect, and
the availability of therapeutic of this molecule further
enforce its interest, compared to most current immunosup-
pressor agents. Taken together, these results suggest that AR-
6 may be effectively applied to inflammatory diseases at the
level of proinflammatory cytokine and mediator regulation.
However, further basic investigation of AR-6 at several
levels is imperative for its application to RA in the future.

Acknowledgments We thank professor Yu-xin Wang and Depart-
ment of Pharmaceutical, School of Traditional Chinese Pharmacy,
China Pharmaceutical University.

Conflict of interest statement The authors declare that they have
no conflict of interest to the publication of this manuscript.

References

1. Sweeney SEFG (2004) Rheumatoid arthritis: regulation of
synovial inflammation. Int J Biochem Cell Biol 36:372-378

2. Tak PPST, Daha MR, Kluin PM, Meijers KA, Brand R et al
(1997) Analysis of the synovial cell infiltrate in early rheumatoid
synovial tissue in relation to local disease activity. Arthritis
Rheum 40:217-225

3. Choy EHPG (2001) Cytokine pathways and joint inflammation in
rheumatoid arthritis. N Engl J Med 344:907-916

4. Mulherin DFO, Bresnihan B (1996) Synovial tissue macrophage
populations and articular damage in rheumatoid arthritis. Arthritis
Rheum 39:115-124

5. Sano HHT, Maier JA, Crofford LJ, Case JP, Maciag T et al (1992)
In vivo cyclooxygenase expression in synovial tissues of patients
with rheumatoid arthritis and osteoarthritis and rats with adjuvant
and streptococcal cell wall arthritis. J Clin Invest 89:97-108

6. Miyasaka NHY (1997) Nitric oxide and inflammation arthritides.
Life Sci 61:2073-2081

7. Farrell AJBD, Palmer RM, Moncada S (1992) Increased con-
centrations of nitrite in synovial fluid and serum samples suggest
increased nitric oxide synthesis in rheumatic diseases. Ann
Rheum Dis 51:1219-1222

8. Ueki YMS, Tominaga Y, Eguchi K (1996) Increased nitric oxide
levels in patients with rheumatoid arthritis. J Rheumatol 23:230-236

9. Clair St EWWW, Lang T, Sanders L, Misukonis MA, Gilkeson
GS et al (1996) Increased expression of blood mononuclear cell



Clin Exp Med (2010) 10:113-121

121

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

nitric oxide synthase type 2 in rheumatoid arthritis patients. J Exp
Med 184:1173-1178

Mamani-Matsuda M, Kauss T, Abir Al-Kharrat J (2006) Thera-
peutic and preventive properties of quercetin in experimental
arthritis correlate with decreased macrophage inflammatory
mediators. Biochem Pharmacol doi:10.1016/j.bcp.2006.08.001
Youn J, Cho M-L, Kim Y-J, Yun HS, Park S-H, Jin C-Z, Paik
D-J, Kim H-Y (2005) New cyclooxygenase-2 inhibitor DFU
regulates vascular endothelial growth factor expression in rheu-
matoid synoviocytes. Immunol Lett 96:219-224

Takahashi KKH, Kobayashi S, Kimura I, Terasawa K et al (1996)
Antiproliferative effects of magnosalin derived from ‘shin-I’, a
Japanese sinomedicine, on cultured synovial cells of MRL/1 and
C57BL/6 J mice. Phytother Res 10:42—48

Warren JS (1990) Interleukins and tumor necrosis factor in
inflammation. Crit Rev Clin Lab Sci 28:37-59

Firestein GS (2003) Evolving concepts of rheumatoid arthritis.
Nature 423:356-361

Goronzy JJ (2005) Rheumatoid arthritis.
204:55-73

Arend WP (1995) Inhibition of the production and effects of
IL-1and TNF-o in RA. Arthritis Rheum 38:151-160

Choy EHS, Panayi GS (2001) Cytokine pathways and joint
inflammation in rheumatoid arthritis. New Engl J] Med 344:907-
916

Takeuchi T, Nakanishi T et al (2007) Serum protein profile of
rheumatoid arthritis treated with anti-TNF therapy (infliximab).
J Chromatogr B 855:66-70

Hirano T (1992) The biology of interleukin-6. Chem Immunol
51:153-180

Tan PL, Farmiloe S, Yeoman S, Watson JD (1990) Expression of
the interleukin 6 gene in rheumatoid synovial fibroblasts.
J Rheumatol 17:1608-1612

Van’t Hof RJHL, Wright PK, Ralston SH (2000) Nitric oxide is a
mediator of apoptosis in the rheumatoid joint. Rheumatology
39:1004-1008

Immunol Rev

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

McCartney-Francis NAJ, Mizel DE, Albina JE, Xie QW, Nathan
CF et al (1993) Suppression of arthritis by an inhibitor of nitric
oxide synthase. J Exp Med 178:749-754

Simon LSW, Graham DY et al (1999) Anti-inflammatory and
upper gastrointestinal effects of Celecoxib in rheumatoid arthri-
tis: a randomized controlled trial. JAMA 282:1921-1928

Myers LKK, Postlethwaite AE et al (2000) The genetic ablation
of cyclooxygenase 2 prevents the development of autoimmune
arthritis. Arthritis Rheum 42:2687-2693

LG R (1999) Prostaglandins and bone: physiology and patho-
physiology. Osteoarthritis Cartilage 7:419-421

Ma Y, Pope R (2005) The role of macrophages in rheumatoid
arthritis. Curr Pharm Des 11:569-580

Folkman J (1995) Angiogenesis in cancer, vascular, rheumatoid
and other disease. Nat Med 1:27-31

Mamani-Matsuda M, Rambert J, Malvy D, Lejoly-Boisseau H,
Daulouede S, Thiolat D et al (2004) Quercetin induces apoptosis
of Trypanosoma brucei gambiense and decreases the proinflam-
matory response of human macrophages. Antimicrob Agents
Chemother 48:924-929

Hammaker DSS, Firestein GS (2003) Signal transduction net-
works in rheumatoid arthritis. Ann Rheum Dis 62:86-89

Taylor PC (2003) Anti-cytokines and cytokines in the treatment
of rheumatoid arthritis. Curr Pharm Des 9:1095-1106
Feldmann M (1996) The cytokine network in rheumatoid
arthritis:definition of TNF alpha as a therapeutic target. J R Coll
Physicians Lond 30:560-570

Tanaka Y (2001) The role of chemokines and adhesion molecules
in the pathogenesis of rheumatoid arthritis. Drugs Today 37:477—
484

Latha MR, Geetha T, Varalakshmi P (1998) Effect of Vernonia
cinerea less flower extract in adjuvant-induced arthritis. Gen
Pharmacol Res 31:601-606

Di Giovine FS, Nuki G, Duff W (1988) Tumour necrosis factor in
synovial exudates. Ann Rheum Dis 47:768-772

@ Springer


http://dx.doi.org/10.1016/j.bcp.2006.08.001

	Effect and mechanism of AR-6 in experimental rheumatoid arthritis
	Abstract
	Introduction
	Materials and methods
	Reagents
	Adjuvant arthritis (AA) induction and administration
	Primary and secondary arthritis indexes
	Inflammatory mediators in secondary AA rats
	Primary cells culture of macrophages  and macrophage-derived inflammatory mediators
	Primary cells culture of synoviocyte
	Cytotoxicity study
	Proliferation assay
	Histological study on secondary arthritis mice
	Statistical analysis

	Results
	Effect on Freund’s complete adjuvant-induced rats
	Effects on histopathology of secondary AA mice
	Inflammatory mediators in secondary AA rats
	Inhibition of macrophage-derived inflammatory mediators by AR-6
	Cytotoxicity assay and effect on the proliferation  of FLSCs stimulated by TNF- alpha 

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


