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Eleutheroside E Ameliorates Arthritis Severity
in Collagen-Induced Arthritis Mice Model
by Suppressing Inflammatory Cytokine Release

Chunyan He,' Xiaohui Chen,' Chunyang Zhao,* Yanyan Qie,' Zhaowei Yan,* and

Xueming Zhu'*

Abstract—Rheumatoid arthritis is the most common arthritis and is mainly characterized by symmetric
polyarticular joint disorders. Eleutheroside E (EE), a principal active constituent of Acanthopanax se-
nticosus, is reported to have anti-inflammatory effect by inhibiting NF-kB activities. However, the ef-
fects of EE on rheumatoid arthritis (RA) severity are largely unknown. The purpose of this study was to
indicate whether EE could ameliorate arthritis and reduce inflammatory cytokine release in collagen-
induced arthritis (CIA) mice. The results showed that EE attenuated the severity of arthritis by reducing
the mean arthritis score and arthritis incidence. EE also significantly decreased the inflammatory cell
infiltration, pannus formation, cartilage damage, and bone erosion of CIA mice. Furthermore, EE caused
amarked decrease of the production of TNF-& and IL-6 in vivo and in vitro. These observations identify
a novel function of EE that results in inhibition of cytokine release, highlighting EE was a potential

therapeutic agent for RA.
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INTRODUCTION

Rheumatoid arthritis (RA) is characterized by chronic
and progressive inflammation of the synovial joints leading
to destruction of cartilage and articular bone [1]. Inflam-
matory cytokines, such as interleukin-6 (IL-6) and tumor
necrosis factor-o« (TNF-«) produced by inflammatory
cells, play key roles in the pathogenesis of RA [2]. Over-
production of IL-6 has been found in the synovial fluid and
blood of RA patients, and IL-6 levels correlate with disease

Chunyan He and Xiaohui Chen contributed equally to this work.

! Department of Clinical Laboratory, The Second Affiliated Hospital of
Soochow University, Suzhou, China

2 Department of Radiology, The Second Affiliated Hospital of Soochow
University, Suzhou, China

3 Department of Clinical Pharmacology, The First Affiliated Hospital of
Soochow University, Suzhou, China

4To whom correspondence should be addressed to Zhaowei Yan at
Department of Clinical Pharmacology, The First Affiliated Hospital of
Soochow University, Suzhou, China. E-mail: 1983joyjoy@163.com;
and Xueming Zhu at Department of Clinical Laboratory, The Second
Affiliated Hospital of Soochow University, Suzhou, China. E-mail:
doodou2007@gmail.com

activity [3, 4]. IL-6 can promote synovitis by inducing
pannus proliferation, resulting in infiltration of inflamma-
tory cells and synovial hyperplasia [5]. In terms of joint
erosion, IL-6 causes bone resorption by inducing osteoclast
formation and cartilage degeneration in synovial cells and
chondrocytes [6, 7]. Therefore, IL-6 is a pleiotropic cyto-
kine and a suitable target in the treatment of RA.

TNF-oc is now recognized as mediating a wide variety
of effector functions relevant to the pathogenesis of RA,
including endothelial cell activation and chemokine ampli-
fication, leading to leukocyte accumulation [8], osteoclast
and chondrocyte activation, promoting articular destruc-
tion [9]. Many experiments suggested that TNF-« had a
key role in the inflammation of the synovial joint seen in
RA. Therefore, IL-6 and TNF-« could be therapeutic tar-
gets of RA. Currently, protein-based biological agents
targeting to block IL-6 and TNF-« such as MRA,
infliximab, etanercept, and adalimumab are recognized as
effective treatments for RA.

Although protein-based biological agents provide
new insight to treat RA, some side effects were reported
during the clinical trial recently. Infliximab may reactivate
of latent Mycobacterium tuberculosis [10], increase risk of
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other infections, cause injection/infusion site reactions,
induce autoantibodies and autoimmune diseases [11, 12],
and worsen severe heart failure. The toxic effects of MRA
remain under investigation, particularly with respect to
cardiovascular safety. Additionally, protein-based biologi-
cal agents remain expensive, and the use of them requires
subcutaneous or intravenous administration. The challenge
for the future is to develop novel cheaper therapies using
small-molecule technology that can be given orally. Thus,
small molecule immune modulators extracted from Tradi-
tional Chinese Medicine (TCM) will provide new hopes to
treat RA in future.

Acanthopanax senticosus (Rupr. et Maxim) Harms is a
medicinal plant and belongs to the Araliaceae family, which
is widely distributed in the Changbai Mountains of Jilin
Province, PR. China. 4. senticosus has long been used as a
traditional medicine to treat rheumatoid arthritis, tumors,
diabetes, and hypertension and exhibit immunomodulating
activities in vivo [13—15]. Our group has previously reported
that eleutheroside E (EE) was an important active constituent
from A. senticosus [16]. In continuation of our previous study
and development of novel small molecule drugs to treat RA,
we testified the inhibitory effect of EE on macrophage acti-
vations and elucidated the beneficial effect of EE on colla-
gen-induced arthritis (CIA) mice for the first time in this
article. EE was found to significantly inhibit cultured macro-
phages to produce TNF-« and IL-6 in a dose- and time-
dependent manner. Considering the role of TNF-o and IL-6
in the pathogenesis of RA, we investigated the therapeutic
effect of EE on bone destruction in collagen-induced arthritis
mice model. The results of this study confirmed the anti-
inflammatory effect of EE in CIA mice, including reducing
swelling of the ankle and arthritis score, ameliorating bone
destruction, and decreasing inflammatory cytokines release.

MATERIALS AND METHODS

Reagents, Cell Line, and Cell Culture

Eleutheroside E (with its purity above 98 %) was
purchased from Sigma-Aldrich (Louis, MO, USA). Bovine
collagen type II, complete Freund's adjuvant, and incom-
plete Freund's adjuvant were purchased from Chondrex
(Redmond, WA, USA). THP-1 cell line was obtained from
the Institute of Hematology of Soochow University.
RPMI-1640, penicillin, streptomycin, and fetal bovine se-
rum were purchased from Gibco Life Technologies (Rock-
ville, MD, USA). THP-1 cells were cultured in RPMI-1640
with 10 % fetal bovine serum, 1,000 U/ml penicillin, and
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10 mg/ml streptomycin at 37 °C in a humidified atmo-
sphere of 5 % CO, in air.

CIA Induction

Male DBA/1 J mice (8 weeks old) were purchased from
Shanghai SLAC Laboratory Animal Co. Ltd (Shanghai,
China). Mice were randomly divided into five groups each
with six animals. CIA was induced by subcutaneous injection
with a 200 pl emulsion which contained 100 pg of bovine
collagen type II and 100 pul of CFA (5 mg/ml BCG) at the
back of the mouse. On day 21, 100 pl of booster emulsion
containing 50 g of bovine collagen type II and 50 ul [FA
was injected subcutaneously at the base of the tail.

Assessment of Arthritis

Mice were examined for signs of joint inflammation
and scored as follows: 0, no change; 1, significant swelling
and redness of one digit; 2, mild swelling and erythema of
the limb or swelling of more than two digits; 3, marked
swelling and erythema of the limb; and 4, maximal swell-
ing and redness of the limb and later, ankylosis. The
average macroscopic score was expressed as a cumulative
value for all paws, with a maximum possible score of 16.

Administration of Eleutheroside E

EE and tripterygium glycosides (TG, used as a posi-
tive control) were dissolved in 1 % sodium carboxymeth-
ylcellulose (CMC-Na), respectively. Both the compound
and vehicle were administered by oral gavage daily. CIA
mice received EE (15, 30, 60 mg/kg orally) or TG (15 mg/
kg orally) or vehicle (orally) daily, starting from 21 days
after first immunization for 3 weeks. The control group
was injected with vehicle alone.

Histological Assessment

Mice were sacrificed and the hind paws (including the
paw and ankle) were fixed in 10 % neutral formalin,
decalcified by immersing in 10 % EDTA solution for
2 days, and embedded in paraffin. Tissue sections (5 pm)
were stained with hematoxylin and eosin (H&E). The
treatment and clinical disease activity score of each sample
was not disclosed to the trained observer who scored the
histology slides. Sections were scored on microscopic al-
terations such as the infiltration of the synovium and
periarticular tissue with neutrophils and mononuclear cells
(inflammation), marginal zone pannus (pannus), bone re-
sorption (bone erosion), and cartilage damage (proteogly-
can loss, chondrocyte death, and collagen matrix
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destruction). The mean overall score was based on fore-
paw, knee, and joint parameters. All were scored on a 0—5
scale: 0 = no disease, 1 = minimal, 2 = mild, 3 = moderate,
4 = marked, 5 = severe. A mean score for each mouse was
determined for each parameter, and these were averaged to
determine group means.

Measurements of Cytokines

Sera were obtained from anesthetized animals by
retroorbital puncture at the end of the study. The levels of
TNF-«, IL-6, IFN-y, and IL-17A from sera were measured
by ELISA (HuShang Biological Technology Co.Ltd, Chi-
na) according to the manufacturer's instructions. The levels
of IL-2, IL-6, IL-8, IL-10, TNF-«, and IFN-y in culture
supernatant from THP-1 cells were measured by FCM
using a CBA cytokine kit (BD Cytometric Bead Array,
USA) according to the manufacturer's instructions.

Measurements of Anti-collagen Type II IgG

Serum levels of anti-collagen type II IgG (anti-CII
IgG) was measured by indirect ELISA. Bovine collagen
type II (10 pg/ml) was coated on 96-well polystyrene
microtiter plates (Yangzi Company, Jiangshu, China) and
incubated overnight at 4 °C in 0.01 mol/L PBS (1 mmol/L
KH,PO4, 10 mmol/L Na,HPO,4, 137 mmol/L NaCl,
2.7 mmol/L KCl, pH 7.4). After washing for three times
with washing buffer (PBST, 0.01 mol/l PBS, 0.05 % Tween
20), 200 ul per well of blocking buffer was added
(0.01 mol/LL PBS, 5 % skim milk) followed by incubation
at 37 °C for 2 h. The sera were diluted at 1:32,000 with
sample buffer (0.01 M PBST, 5 % skim milk), added to
wells in duplicate and incubated at 37 °C for 1 h. After-
wards, plates were washed three times followed by the
addition of 100 pl per well of goat anti-mouse IgG/HRP
(Abgent) at 1:2,000 dilution and incubation at 37 °C for
1 h. After washing three times, the substrate solution of
TMB (Amresco) was added and incubated at room tem-
perature for 10 min for color development which was
stopped with 50 pl per well of 2 M sulfuric acid. The
optical density (OD) of the color in each well of plates
was determined at 450 nm on an automated ELISA plate
reader. The results were expressed as A450+SD.

Radiographic Evaluations

Plain radiographs of paws were obtained using a
mammographic imager (Siemens Medical Solutions, Ger-
many). The joint destruction and bone erosion were scored
on a scale of 0—5 in a blind manner: 0, no damage; 1, minor

bone destruction observed in one enlightened spot; 2,
moderate changes, with two to four spots in one area; 3,
marked changes with two to four spots in more areas; 4,
severe erosions of the joint; and 5, complete destruction of
the joints.

Micro-computed Tomography (micro-CT) Analysis

Mice used in the micro-CT analyses were killed on
day 56. The hind paws (from the tip of the toes to the mid
of the tibia) were placed in phosphate-buffered saline con-
taining 0.1 % sodium azide and scanned using a SkyScan
micro-CT apparatus, operating at a resolution of
9 um voxel size. Three-dimensional reconstructions were
performed using NRECON software, and the images were
further processed with CT-analyzer software. The projec-
tion images were reconstructed into three-dimensional im-
ages using NRECON software and CT-analyzer (both from
SkyScan).

Statistics

Data were presented as the mean+SEM. Statistical
analyses were performed using SPSS 16.0. Statistical com-
parisons were performed using one-way analysis of vari-
ance or the Mann—Whitney U test. The differences be-
tween groups were determined using Student's unpaired ¢
test. P<0.05 was considered significant.

RESULTS

EE Treatment Attenuated the Severity of Arthritis
in CIA Mice

To investigate the effect of EE on arthritis, the CIA
model in DBA/1 mice was used. Oral administration of EE
once a day started from day 21 to day 42 after primary
immunization. TG was used as a positive control. As shown
in Fig. la, the severe swelling, erythema, and joint rigidity
were developed in the hind paws of vehicle-treated CIA
mice. In contrast, the incidence and severity of CIA were
significantly decreased in mice treated with EE and TG
compared to vehicle-treated mice. As shown in Fig. 1b
and c, compared to vehicle-treated CIA mice, 15 mg/kg
TG treatment and 30 and 60 mg/kg EE treatment obviously
decreased the arthritis scores and body weight loss in CIA
mice (P<0.01). Noticeably, the arthritis scores and body
weight loss of mice treated with 15 mg/kg EE were lower
than those of vehicle-treated mice, but the statistical differ-
ence was not significant (P>0.05). Further, hind paw
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Fig. 1. Effect of EE on arthritis scores, body weight and hind paw thickness of CIA mice. Mice were orally administered EE (15, 30, and 60 mg/kg, res-
pectively), or TG or vehicle for 3 weeks from 21st day after first immunization. TG served as a positive control. a Representative photographs of joint
swelling of the hind paws in mice treated with EE, TG, or vehicle in CIA; b cumulative arthritis scores in mice treated with EE, TG, or vehicle during the
progression of CIA; ¢ changes of body weight in mice treated with EE, TG, or vehicle during the progression of CIA; d the changes of hind paw thickness in
mice treated with EE, TG, or vehicle during the progression of CIA. Data were presented as mean+SEM (n=6); **P<0.01, ***P<0.001 as compared to
vehicle-treated mice. Similar results were observed in three separated experiments.

swelling was measured to analyze the beneficial effects of treated mice (P>0.05), which was consistent with the
EE in CIA mice, and the results were consistent with the results of arthritis scores and hind paw thickness. To further
arthritis scores. As shown in Fig. 1d, the hind paw thickness elucidate the effects of EE on periarticular bone integrity,
in CIA mice was significantly decreased from day 42 to day micro-CT analysis was performed on CIA mice treated
56 after 30 and 60 mg/kg EE treatment, but 15 mg/kg EE with EE, TG, and vehicle. As shown in Fig. 2b, obvious
treatment did not show the therapeutic effects in CIA mice. joint destruction in vehicle-treated mice, and EE (30—
The results indicated that EE treatment (30-60 mg/kg) was 60 mg/kg) or TG (15 mg/kg) treatment markedly prevented
effective to attenuate the severity of arthritis in CIA mice. bone erosions at the ankle joints. The results could suggest

that EE treatment (30-60 mg/kg) was an effective thera-
EE Treatment Reduced Bone Destruction in CIA Mice peutic approach to reduced joint destruction in CIA mice.

In order to observe the bone changes of hind paws
after EE treatment, radiographs of hind paws by mammog- EE Treatment Suppressed the Histopathological
raphy and micro-CT were taken. The representative mam- Changes in the Synovial Tissues of CIA Mice
mography radiographs of hind paws in vehicle-treated
mice showed typical changes of arthritis in CIA mice,
including articular destruction, joint displacement, and ir-

At the end of the experiment, the ankle and knee
joints of CIA mice were evaluated histologically. The

regular bony proliferation cloaking the entire ankle region Fig. 2. Reduced bone destruction assessed by radiology in EE-treated p
(Fig. 2a). After treating with EE (30-60 mg/kg) and TG CIA mice. a Representative mammography radiographs of the hind paws
(15 mg/kg) for 3 weeks, the mice showed markedly less of CIA mice on day 56. b Representative micro-CT images of the hind

bone destruction in hind paws from the radiographic find- paws of CIA mice on day 56 are shown. ¢ Radiological scores were det-
ermined as described in the “Materials and methods” section. Data were

ings (Fig. 2a) and mean r?'dlogr aphic §cores (Fig. 2c) (P< presented as mean+SEM (n=6); **P<0.01, ***P<0.001 as compared to
0.01). Noticeably, CIA mice treated with 15 mg/kg EE did vehicle-treated mice. Similar results were observed in three separated
not show significant differences compared with vehicle- experiments.
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severity of synovial inflammatory cell infiltration, forma-
tion of pannus, cartilage damage, and bone erosion was
scored semiquantitatively. The representative photographs
of H&E staining (Fig. 3a) showed marked infiltration of
inflammatory cells, pannus information, cartilage
damage, and bone erosion in the joints of vehicle-
treated CIA mice. However, the infiltration of inflam-
matory cells and formation of pannus in CIA mice
were significantly reduced after treating with EE (30—
60 mg/kg) and TG (15 mg/kg). Additionally, carti-
lage damage and bone erosion in the CIA mice were
also significantly inhibited by TG or EE (30-60 mg/
kg) treatment (Fig. 3b, P<0.001). Unsurprisingly,
CIA mice treated with 15 mg/kg EE did not show
significant differences compared to vehicle-treated
mice (P>0.05). In accordance with the clinical and
radiographic observation, EE dose-dependently
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inhibited the histological severity scores. These ob-
servations indicated that EE exerts preventive action
against arthritic diseases in vivo.

EE Treatment Decreased the Level of Anti-collagen I1
Antibody

Since autoantibodies to collagen II have been widely
reported in adult and juvenile rheumatoid arthritis [17], the
level of anti-collagen II antibody in sera of CIA mice was
detected after collagen II immunization for 56 days. As
shown in Fig. 4, the antibody level in vehicle-treated CIA
mice was high, and EE (30-60 mg/kg) and TG (15 mg/kg)
treatment were effective to reduce serum anti-collagen 11
antibody with statistical significance (P<0.01). Surprising-
ly, anti-collagen II antibody in mice treated with 15 mg/kg
EE was significant lower than those in vehicle-treated mice

@ Inflammation
@ Cartilage damage
3 Bone erosion
3 Pannus

Fig. 3. EE inhibits the histological changes in the joints of CIA mice. Paraffin sections of knee joints were stained with hematoxylin and eosin, and joint histology
was evaluated. a Representative photographs of sections from vehicle-, TG-, and EE-treated CIA mice, respectively. Arrow indicates the site of cartilage damage,
asterisk indicates the site of bone erosion, and circle indicates the site of synovium inflammation and pannus formation. b Pathological severity scores of infl-
ammatory cell infiltration, pannus extension, cartilage damage, and bone erosion in the joints of CIA mice. Pathological changes were scored on a 05 scale. Data
were presented as mean+SEM (n=6); ***P<0.001 as compared to vehicle-treated mice. Similar results were observed in three separated experiments.
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Fig. 4. Effects of EE on levels of anti-collagen II antibody in vivo. The
level of anti-collagen II IgG antibody in the serum was evaluated at study
termination (day 56) by ELISA. Data were presented as mean+SEM (n=
6); **P<0.01, ***P<0.001 as compared to vehicle-treated mice. Similar
results were observed in three separated experiments.

(P<0.001). The results could suggest that the production of
anti-collagen II antibody in CIA mice was effectively
inhibited by EE in low dosage (15 mg/kg).

EE Treatment Inhibited the Production of TNF-a, IL-6,
and IL-23 In Vivo

CIA is characterized by the marked expression of
inflammatory cytokines. To ascertain whether EE inhibited
the cytokine releases, vehicle-, TG-, and EE-treated mice
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with CIA were bled on day 56 after primary immunization.
TNF-«, IL-6, IL-17A, and IL-23 levels in sera were mea-
sured by ELISA. The EE-treated mice showed significant
lower levels of TNF-«, IL-6, and IL-23 in sera than those
from vehicle-treated mice (P<0.05) (Fig. 5). Compared to
naive DBA/I mice, vehicle-treated mice showed higher
level of TNF-«, IL-6, and IL-23 in sera. IL-17A was
undetectable in the sera from those mice. The results sug-
gested that EE might have a therapeutic effect on arthritis
severity by inhibiting the production of inflammatory
cytokines.

EE Inhibited the Production of TNF-« and IL-6 In Vitro

To confirm whether EE can inhibit the production of
inflammatory cytokines, a human monocytic leukemia cell
line, THP-1, was used to evaluate. THP-1 cells were in-
duced to differentiate into macrophage-like cells by adding
PMA for 24 h. Then, EE (20—160 pmol/L) were added to
co-cultured for another 48 h. The level of IL-2, IL-6, IL-8,
IL-10, TNF-«, and IFN-y in the supernatants were mea-
sured by flow cytometry. As demonstrated in Fig. 6a, PMA
could stimulate THP-1 cells to produce inflammatory cy-
tokines, mainly IL-6 and TNF-«, while IL-2, IL-8, IL-10,
and IFN~y were not detected. However, incubation with
EE revealed a partial inhibition of TNF-« release from
THP-1 cells at a concentration of 2040 pumol/L and a
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Fig. 5. EE treatment decreased the level of inflammatory cytokines in sera from CIA mice. Data were presented as mean+SEM (n=6), * P<0.05 as compared

to vehicle-treated mice.
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Fig. 6. TNF-« and IL-6 release from THP-1 cells was reduced by EE incubation. a CBA assay was performed to monitor the levels of six different infla-
mmatory cytokines in the culture supernatants. PMA could stimulate THP-1 cells to produce high level of TNF-« and IL-6, and EE incubation could ma-
rkedly reduce the release of TNF-oc and IL-6. TNF-o (b) and IL-6 (¢) were significantly inhibited by incubating with different concentrations of EE (20—
160 umol/L); (d) EE (160 pmol/L) could markedly inhibit the release of TNF-« at different time points (048 h); e different concentrations of EE (20—
160 umol/L) did not stimulate or inhibit the proliferation of THP-1 cells. Data were presented as mean+=SEM; *P<0.05, **P<0.01 as compared to baseline.
Similar results were observed in three separated experiments.
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nearly complete inhibition at concentration of 80 umol/L
and higher (Fig. 6b); besides, nearly 80 % IL-6 release by
THP-1 cells was inhibited at concentration of 160 wmol/L
(Fig. 6¢). The levels of TNF-« in supernatants from differ-
ent time points (EE was added for 2-48 h) showed that
160 umol/L EE could significantly inhibit TNF-x release
early at 2 h, and a nearly complete inhibition at 48 h
(Fig. 6d). To determine whether the inhibitory effect was
a result of the apoptosis or death of THP-1, the cell growth
inhibition was measured by MTT assay. As shown in
Fig. 6e, 20-160 umol/L EE did not cause cell death or
inhibition of cell proliferation. The results suggested that
EE could significantly inhibit THP-1 cells to release TNF-
o and IL-6 quickly and efficiently at a lower concentration.

DISCUSSION

RA is a chronic and systemic autoimmune disease
which is characterized by multi-joint synovitis and articular
damage [18]. CIA has become one of the most widely used
models to screen new drugs to treat rheumatoid diseases
because it has been proven to share various immunological
and pathological features with human RA [19]. Therefore,
CIA mice were used to demonstrate the therapeutic effect
of EE on arthritis severity in the current study.

EE, the principal active constituent of A. senticosus, is
known to have anti-inflammatory effect by suppressing the
gene expression of inflammatory proteins through
inhibiting NF-kB and AP-1 binding activities [20-22].
Consistent with the results, EE significantly inhibits cyto-
kine releases of activated whole blood cultures such as IL-
4, IL-5, 1L-6, IL-12, and IL-13 with high concentration
[15]. In addition, EE has also been reported to alleviate
behavioral alterations induced by sleep deprivation [23]
and to alleviate diabetes by improved hepatic glucose
metabolism in obese type 2 diabetic mice [24]. However,
as far as we know, the effects of EE on RA severity have
not yet been studied. To explore this, we have used the CIA
mice to elucidate the beneficial effect of EE on RA.

In our study, CIA was developed in most mice at
about 3 weeks following the primary immunization. Red
and swelling in the paws, formation of pannus, cartilage
damage and bone erosion, and joint deformation were
observed in vehicle-treated mice. EE could attenuate the
severity of arthritis by reducing the mean arthritis score as
well as arthritis incidence with a dose-dependent manner.
Besides, pathological and radiological results indicated that
the inflammatory cell infiltration, pannus formation, carti-
lage damage, and bone destruction of CIA mice were

improved significantly by EE treatment. These results sug-
gest that EE effectively prevents the arthritis progression
and decreases severity of arthritis in CIA mice. Further-
more, EE treatment caused a marked decrease in the ex-
pression of TNF-«, IL-6 in vivo and in vitro.

Inflammatory cytokines play critical roles in RA.
TNF-« can mediate a wide variety of effector functions
relevant to the pathogenesis of RA. Initial results of TNF
blocking antibodies in an open-label study showed signif-
icant improvements in measures of disease activity, includ-
ing reduction in swelling and tenderness in joints and a
reduced acute phase response, accompanying with de-
creased erythrocyte sedimentation rate (ESR) and C-reac-
tive protein (CRP) [25]. Visual analogue measures of the
general health of patients also improved. This study was
followed by a double-blind placebo-controlled trial
showed efficacy in individuals with active RA [26]. Sub-
sequently, longer term studies have also shown a reduction
in joint damage by a reduced number of erosions and less
joint-space narrowing [27]. IL-6, a B cell regulatory factor,
is likely the primary driver of the hepatic acute phase
response in RA. Excess production of IL-6 was found in
the synovial fluid and blood of RA patients and correlates
with the disease activity and joint destruction [4]. IL-6
promotes synovitis by inducing neovascularisation via
pannus proliferation, resulting in infiltration of inflamma-
tory cells and synovial hyperplasia [28]. In terms of joint
erosion, IL-6 causes bone resorption by inducing osteoclast
formation [6] and cartilage degeneration by producing
matrix metalloproteinases (MMPs) in synovial cells and
chondrocytes [7]. IL-6 deletion protects DBA/1 mice from
CIA, and neutralization of IL-6 using antibodies specific
for either the cytokine or the x-chain of its receptor (IL-6R)
ameliorates disease [29]. IL-6 inhibitor, a humanized mAb
specific for IL-6R, was shown to suppress disease activity
and erosive progression in patients with RA that is resistant
to traditional DMARDs [30]. Therefore, according to those
experiment data, we hypothesized that EE might amelio-
rate arthritis severity in collagen-induced arthritis mice
model by suppressing inflammatory cytokine release.

In addition to the function of inflammatory cytokine
in the pathogenesis of RA, the cellular and humoral re-
sponse to collagen type II results in the development of
synovial hyperplasia, infiltration of mononuclear cells and
cartilage degradation were also seen [31]. Anti-collagen II
antibodies have been found in serum and synovial fluid
and eluted from cartilage explants of RA patients. Studies
have demonstrated that the transfer of anti-collagen II
antibodies can induce disease in naive mice [32]. The
anti-collagen II antibodies form immune complexes,
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activating complement, which results in the infiltration of
activated neutrophils and macrophages and the production
of inflammatory cytokines. Anti-collagen antibodies have
been shown to appear early after immunization with type II
collagen, prior to joint swelling [33]. In our previous study,
we found that anti-collagen II antibodies had close corre-
lations with arthritis scores and hind paw thickness in CIA
mice (data not shown). Consistent with the results, EE
treatment could significantly reduce CII antibodies produc-
tion and relieve the severity of RA in CIA mice in this
study.

In our previous study, it was found that both prophy-
lactic and therapeutic treatment with EE (30 mg/mL) could
significantly reduce arthritis severity in CIA mice, suggest-
ing that EE could be used as therapeutic and prophylactic
agent to treat RA. The common phenomenon in China is
that patients do not seek medical help until they experience
signs and symptoms of RA. Therefore, the therapeutic
effect of EE may be used to better meet the patients’ needs.
Besides, in this study, we found treatment with as little as
30 mg/kg/day EE was able to significantly decrease all
arthritic parameters measured: clinical arthritis scores, dis-
ease incidence, histopathology, anti-collagen antibodies,
and cytokine production. However, 15 mg/kg EE treatment
did not show the same effect, suggesting that doses of
30 mg/kg/day may be required to reduce disease in CIA
mice. Considering the possible toxicity of EE, we have
tested the toxic effect of EE in vitro and in vivo. EE
(160 wmol/L) was added to co-culture with human PBMC,
murine splenocytes, and THP-1 cells for 48 h, respectively.
The cell proliferation was detected by MTT and the results
showed that EE (160 umol/L) was not toxic to primary
cells and transformed cell line. We also tested the toxicity
of EE (30 mg/kg) to immune cells in vivo. The body weight
and the weight of the livers, spleens, thymuses, and kid-
neys of CIA mice have measured after EE (30 mg/kg/day)
treatment for 3 weeks. The ratios of liver weight to body
weight, spleen weight to body weight, thymus weight to
body weight, and kidney weight to body weight did not
change obviously compared to naive DBA/1 J mice.
Therefore, 30 mg/kg EE is quite safe for mice.

CONCLUSION

In this study, we tested and verified the therapeutic
effect of EE, a compound isolated from 4. senticosus, in
CIA mice. The results showed an overall reduction in
arthritis scores, hind paw thickness, inflammation, bone
erosion, and cartilage destruction in the joints of CIA mice

He, Chen, Zhao, Qie, Yan and Zhu

treated with EE. In addition, EE could be taken orally and
be less expensive than biologic agents. Oral formulation
and low cost would be significant added values to develop
novel drugs.
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