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Abstract—Rheumatoid arthritis (RA) is a systemic autoimmune disease characterized by inflammation
and joint destruction. In this study, we explored the effect of berberine on rats with bovine type II col-
lagen-induced arthritis (CIA), an animal model for RA. Following treatment, berberine attenuates art-
hritic scores and suppresses collagen–specific immune responses in CIA rats. Compared with the un-
treated CIA group, berberine reversed pathological changes, which showed a significant improvement in
synovial hyperplasia and inflammatory infiltration. The expression levels of tumor necrosis factor
(TNF)-α, interleukin (IL)-1β, IL-6, IL-17 and vascular endothelial growth factor (VEGF) were obvi-
ously reduced in the sera of berberine-treated rats (all P<0.05). Moreover, berberine showed marked
inhibition of the expression of VEGF and CD34 (all P<0.05). Interestingly, berberine significantly
suppresses p-ERK, p-p38 and p-JNK activation (all P<0.05), which may partially explain the anti-RA
activity of berberine. These results suggest that berberine ameliorates CIA in rats associated with anti-
inflammatory and anti-angiogenic effects, which might be of great therapeutic value for RA.

KEYWORDS: berberine; collagen-induced arthritis; anti-angiogenic effect; vascular endothelial growth factor; anti-
inflammatory effect.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory
autoimmune disease that may lead to joint damage, syno-
vial membrane destruction, and cartilage and bone damage
[1]. The pain, swelling, stiffness, and tissue destruction that
accompany inflammatory disease result from a cascade of
events that is initiated and propagated by the production of
inflammation cytokines [2]. Pro-inflammatory cytokines
located in the synovium, including interleukin (IL)-6, IL-
1β, IL-17 and tumor necrosis factor (TNF)-α, have been
known to play a major role in the progression of joint
destruction and proliferation of synoviocytes [3]. A num-
ber of these cytokines were not randomly present but
formed a network or hierarchy which controlled their ex-
pression. The importance of pro-inflammatory cytokines
has been underscored by the success of biologics in
treating disease by blocking the effects of cytokines such
as TNF-α, IL-1β or IL-6, which are considered potential
disease targets involved in the pathogenesis of RA [4].

Improved understanding of the molecular mecha-
nisms supporting the pathogenesis of RA has placed new
emphasis on the role of angiogenesis in the chronic
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inflammatory disease. Angiogenesis, the process of new
blood vessel formation, is highly active in RA, particularly
during the earliest stages of the disease [5]. Newly formed
vessels can maintain the chronic inflammatory state by
transporting inflammatory cells to sites of synovitis, and
supply nutrients and oxygen to the pannus [6, 7]. Angio-
genesis is strictly regulated by many inducers and inhibi-
tors, and a number of pro-angiogenic factors have been
suggested to be involved in neovascularization in RA
joints. These include acidic and basic fibroblast growth
factors, transforming growth factor (TGF)-β, angiopoietin,
and placental growth factor (PlGF) in addition to vascular
endothelial growth factor (VEGF) [8].

Berberine is an isoquinoline derivative alkaloid isolated
from many medicinal herbs, such as Hydrastis canadensis
(goldenseal), Cortex phellodendri (Huangbai), and Rhizoma
coptidis (Huanglian) [9]. It has been used for the treatment of
various conditions such as diarrhea and other gastrointestinal
disorders for centuries in China, although its mechanism of
action remains undefined [10]. Besides its anti-inflammatory
effect, many studies have shown that berberine has anti-
tumor activity, in which mechanisms include inhibited cell
cycle progression, induced apoptosis, suppressed activation
of NF-κB and inhibited angiogenesis [11, 12].

In the present study, we investigated the impact of
berberine in CIA rat model. While special emphasis was
placed on ascertaining the effect of berberine on inflam-
matory disease attenuation, novel information was also
obtained concerning the relationship between berberine-
induced anti-angiogenic and anti-arthritic activities. The
results show that berberine has disease-modifying activity
that is at least partly attributable to the inhibition of inflam-
mation and neovasculature development. More interesting-
ly, berberine impacts additional mechanisms involved in
suppressing the activated expression of mitogen-activated
protein kinases (MAPKs) for p-ERK, p-p38, and p-JNK.

MATERIALS AND METHODS

Materials

Berberine (purity >99.98 %) was obtained from
Sigma-Aldrich (St. Louis, MO, USA), and was dissolved
in 0.05%DMSO (Sigma, St. Louis, MO, USA) to produce
a stock solution.

Animals

Eighty female SD rats (age 4–5 weeks, body weight
120±10 g) were purchased from the Laboratory Animal

Services Center of the Tongji Medical College, Huazhong
University of Science and Technology (Wuhan, China).
The animals were given a period of 1 week to adjust to
the new environment (room temperature, 20±1 °C; relative
humidity, 55±15 %; 12 h light/12 h dark illumination
cycle). Food and water were provided ad libitum through-
out the experiments. All animals were treated in accor-
dance with international ethical guidelines and the National
Institutes of Health Guide concerning the Care and Use of
Laboratory Animals.

Induction of Bovine Type II Collagen-Induced
Arthritis (CIA)

CIA was induced as previously reported [13, 14].
Briefly, rats were subcutaneously injected at the base of
the tail with 200 μg bovine type II collagen (CII;
Chondrex, Redmond, WA, USA) emulsified in complete
Freund's adjuvant (Difco Labs., Detroit, MI, USA). The
day of induction was designated as day 0. On day 7 after
primary immunization, all the rats were given an intrader-
mal booster injection of 100 μg CII in incomplete Freund's
adjuvant on the back. The onset of arthritis in ankle joints
usually became visually apparent between days 12 and 14.

Evaluation of CIA

Rats were clinically observed for characteristic
signs and symptoms. Arthritis severity was evaluated
by arthritis scores which were performed by two inde-
pendent, blinded observers. The rats were scored by
grading each paw, from 0 to 4 based on the erythema,
swelling, and rigidity of the joint (0=no erythema or
swelling; 1=erythema or swelling of one toe; 2=erythe-
ma or swelling of two or more of the toes; 3=erythema
and swelling of the entire paw; 4=complete erythema
and swelling of the entire paw and incapacity to bend
the ankle). All four legs were scored and the maximum
possible score reached 16 (4 points for each paw). The
threshold score of rats with established CIA was 2.

Berberine Treatment and Groups

In the therapeutic treatment protocol for established
CIA, rats were treated with berberine from the day after
onset of arthritis (day 14) until day 42 (the end of the
experiment). The route of berberine delivery was oral
administration intragastrically (200 mg/kg body weight)
using syringe feeding.

Experimental SD rats were divided into four groups
with equal number (n=10): normal control group
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(Normal), CIA model group (CIA), CIA rats treated
with PBS (Vehicle, orally administered), and CIA rats
treated with berberine (Berberine).

Body Weight and Paw Swelling Dimension
Observation

Rats were observed and their weights were recorded
every 2 days. The volume of swelling was alsomeasured in
both hind paws with a foot volume meter (TK-105;
Muromachi Kikai Co., Ltd., Tokyo, Japan) and the average
of the volume in each rat was calculated.

Collection of Sera

Blood samples were collected when animals were
killed (day 42) throughout the study and sera were pre-
pared by centrifugation for 20 min at 500×g in 4 °C.
Aliquots were stored frozen at −18 °C until analyzed.

Assessment of Type II Collagen-Specific Immune
Response

Antibody titers to type II collagen were assayed
by enzyme-linked immunosorbent assay (ELISA).
Nunc Maxisorb plates (Nunc, Roskilde, Denmark)
were coated with 100 μl of bovine nasal collagen II
(5 μg/ml in PBS) overnight at 4 °C, and then blocked
(PBS/0.05 % bovine serum albumin; this solution was
used for all further dilutions) for 2 h at 37 °C. Serum
samples were diluted 1:1,000, and 100 μl was added to
the coated 96-well plate and incubated at 37 °C for 2 h,
followed by a 2-h incubation with a horseradish per-
oxidase-linked goat anti-rat IgG antibody (KPL,
Gaithersburg, MD, USA) and mouse anti-rat IgG1,
IgG2a antibody (Southern Biotech, Birmingham, AL,
USA). At every step, plates were washed three times
with 0.01 mol/l PBS containing 0.05 % Tween 20.
Absorbance was read at 490 nm and values were
expressed as mean ± standard error of the mean
(SEM). Optical density was measured using Microplate
computer software (Bio-Rad Laboratories).

Histopathological Assessment

Rats were sacrificed by cervical dislocation fol-
lowing the termination of the experiment, and the right
hind knee was removed and fixed in 4 % neutral
buffered formalin for 24 h. Following decalcification
with 12.5 % EDTA (pH 7.0) for up to 1 month at 4 °C,
the right hind knee was paraffin-embedded. Tissue
sections (4 μm) were mounted on common slides for

staining with hematoxylin and eosin (H&E). All sec-
tions were randomized and evaluated by two trained
observers who were blinded to the treatment groups
and the arthritis severity of each rat.

Immunohistochemical (IHC) Analysis of the Synovial
Tissue

Sections (4 μm) from the paraffin-embedded, for-
malin-fixed synovial membrane tissues were fixed on
the charged slides for IHC analysis. Primary mouse
monoclonal antibodies to VEGF (dilution 1:100; Santa
Cruz Biotechnology, Santa Cruz, CA, USA) and rabbit
polyclonal antibodies to CD34 (dilution 1:100; Abcam,
Cambridge, MA) were used in the study. All slides
were deparaffinized with xylene and rehydrated
through graded ethanol ending with distilled water.
Then, endogenous peroxidase was blocked by 3 %
hydrogen peroxide for 15 min. Sections for VEGF
and CD34 for IHC analysis were subjected to micro-
wave antigen retrieval with 0.1 M citrate buffer
(pH 6.0) at 98 °C for 10 min, and were incubated
overnight at 4 °C in a humidified chamber, followed
by EnVision detection incubated for 30 min at room
temperature. Staining was visualized by incubating
with 3,3′-diaminobenzidine for 5 min at room temper-
ature, then counterstained with hematoxylin. Negative
(omission of primary antibody) and positive controls
(paraffin sections) were carried out in parallel.

The positive cells of immunostaining for VEGF were
reviewed and recorded according to the location of cyto-
plasm with or without positive nucleus and results are
presented blindly by two independent observers. One hun-
dred cells were randomly selected and counted from five
representative fields of each section, and the expression of
VEGF was assessed according to the percentage of immu-
noreactive cells.

Evaluation of Microvessel Density (MVD)

For quantitative evaluation of angiogenesis, syno-
vial tissue sections were immunostained with rabbit
anti-rat polyclonal antibody CD34. At low power field
(×40), tissue sections were screened, and five areas
with the most intense neovascularization were selected.
Microvessel counts of these areas were performed at
per high power field (HPF) (×200) by two investigators
simultaneously. An automated microvessels count/field
was computed in each spot, and the mean microvessel
count of the five most vascular areas was taken as the
MVD, which was expressed as the absolute number of
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microvessels/HPF. The MVD was measured based on
Weidner’s method [15].

Enzyme-Linked Immunosorbant Assay

Sera were obtained from the rats on day 42. The
expression levels of TNF-α, IL-1β, IL-6, IL-17 and VEGF
in sera were detected by ELISA assay (R&D, USA) ac-
cording to the manufacturer’s protocol. All experiments
were done in triplicate.

Western Blot Analysis

Synovial tissue was extracted from the hind paws
of the rats and were homogenized with lysis buffer
(25 mM Tris/HCl (pH 7.4), 150 mM KCl, 5 mM
EDTA, 1 % Nonidet P40, 0.5 % sodium deoxycholate
and 0.1 % SDS) containing 1 mM PMSF and a cocktail
of protease and phosphatase inhibitors (Cell Signaling
Technology Inc., USA) on ice for 30 min and centri-
fuged at 4 °C at 12,000×g for ~15 min. The superna-
tants were denatured with protein loading buffer fol-
lowing the determination of the protein concentration.
Protein (45 μg) was resolved on 12 % sodium dodecyl
sulfate-polyacrylamide gel, blotted onto a polyvinylidene
fluoride (PVDF) membrane and blocked for 2 h with 5 %
skimmed milk in Tris-buffered saline with Tween 20.
Membranes were incubated with the desired primary
antibody against p-ERK antibody (rabbit polyclonal
antibody, dilution 1:100), p-p38 antibody (rabbit
polyclonal antibody, dilution 1:200), p-JNK antibody
(rabbit polyclonal antibody, dilution 1:100) (Cell Sig-
naling Technology Inc., USA) or GAPDH antibody
(rabbit polyclonal antibody, dilution 1:2000) (Santa
Cruz Biotechnology Inc., USA) overnight at 4 °C
and then with the appropriate HRP-conjugated sec-
ondary antibody for 50 min. Following washing, the
membranes were visualized by enhanced chemilumi-
nescence detection. Optical density for each band was
assessed using ImageJ analysis software (National
Institutes of Health, Bethesda, MD, USA). Sample
loading was normalized by quantities of GAPDH
detected parallel.

Statistical Analysis

Data are expressed as means ± SEM, and ana-
lyzed by SPSS 13.0 software. Differences between
clinical and histological scores were analyzed with
Mann–Whitney tests. Other data were analyzed with
one-way ANOVA followed by Bonferroni's post-hoc

tests or Student’s t-test. P values less than 0.05 were
considered statistically significant.

RESULTS

Berberine Attenuates the Severity of Arthritis
and Suppresses Type II Collagen-Specific Immune
Responses in CIA Rats

To investigate the effect of berberine on arthritis, the
CIA model in SD rats was used. Oral administration of
berberine (200mg/kg bodyweight) once a day started from
day 14 to the end of the experiment. Clinical scores of CIA
rats were recorded every 2 days after first immunization.
As Fig. 1a shows, the highest clinical arthritis scores were
presented in CIA rats on day 24, and berberine treatment
significantly decreased the mean clinic arthritis scores
(P<0.05). Consistent with the arthritis scoring, the assess-
ment of paw swelling and body weight also showed ber-
berine to be highly effective compared with untreated rats
(P<0.05) (Fig. 1b and c). In addition, berberine adminis-
tration reduced serum anti-CII total IgG (P<0.05), IgG1
(P<0.05) and IgG2a (P<0.01) levels with statistical sig-
nificance relative to CIA group (Fig. 1d).

Berberine Treatment Prevents Arthritis Progression
and Inhibits the Synovial Inflammation in CIA

Macroscopic evidence of arthritis such as erythema or
swelling was shown in Fig. 2a and c, and berberine obvi-
ously attenuated arthritis severity in CIA rats on day 24 and
day 42. Representative histopathological lesions in the
synovial tissue of different groups were shown in Fig. 2b
and c. Synovial hyperplasia, disorganized arrangement,
infiltration of inflammatory cell, a number of small blood
vessels and pannus formation were observed in CIA group.
Histopathological changes were a significant improvement
in the berberine-treated group to a different extent on day
24 and day 42, in which the infiltration of inflammatory
cells and the hyperplasia of synovial cells were significant-
ly decreased (Fig. 2b and c).

Berberine Treatment Inhibited Pro-inflammatory
Cytokines in CIA

CIA is characterized by the marked expression of pro-
inflammatory cytokines. To ascertain whether berberine
inhibited this characteristic, CIA rats of different group
were bled on day 42. Pro-inflammatory cytokines includ-
ing TNF-α, IL-1β, IL-6, IL-17 and VEGF from sera were
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measured by ELISA. Berberine-treated rats showed signif-
icantly lower levels of TNF-α (P<0.01), IL-1β (P<0.01),
IL-6 (P<0.01), IL-17 (P<0.05), and VEGF (P<0.05) from
sera than those in CIA group (Fig. 3). These results suggest
that berberine may have a therapeutic effect in terms of
CIA severity by inhibiting the production of pro-inflam-
matory cytokines.

Berberine Ameliorates Angiogenesis in the Synovial
Tissue in CIA Rats

Angiogenesis is known to play a prominent role in
pannus formation in RA. Expression of VEGF and CD34 in
the synovial tissue of CIA rats on day 24 and day 42 was
observed by IHC staining (Fig. 4a and b), which are closely
related to new blood vessel formation. As Fig. 5a shows, the
rate of positive VEGF expression on day 42 was 72.56±
8.12 % in CIA rats and 40.42±5.88 % in berberine-treated
CIA rats, with a significant difference between them (n=10,
P<0.01). MVD measurement has been shown to be a
quantitative method of assessing angiogenesis. CD34 was
used to mark vascular endothelial cell or endothelial cell

clustering for MVD. The mean value of MVD was 60.28±
8.72/HPF in CIA rats on day 42, and MVD (38.85±6.1/
HPF) in berberine-treated group was obviously lower than
that in CIA group (n=10, P<0.01) (Fig. 5b). These results
suggest that berberine has a potent anti-angiogenesis activity
in vivo.

Disease Attenuation Following Berberine Treatment
Is Partly Attributable to Inhibition of p-ERK, p-p38
and p-JNK Activation

MAPK signaling pathway is a well-known key regu-
lator in inflammation and angiogenesis.

To investigate the potential mechanism through
which berberine exerts its anti-RA effect, we further de-
tected the protein expression levels of p-ERK, p-p38, and
p-JNK by western blot analysis on day 24 and day 42
(Fig. 6a). Compared with those in CIA rats, berberine
treatment significantly suppressed p-ERK, p-p38, and p-
JNK (all P<0.05) activation on day 24 and day 42
(Fig. 6b), which may partially explain the anti-RA activity
of berberine.

Fig. 1. Berberine relieves the severity of arthritis and suppresses type II collagen (CII)-specific immune responses in CIA rats. a Berberine significantly
decreased the mean arthritis scores compared with CIA rats. bBerberine treatment suppressed paw swelling in rats with CIA. cBerberine treatment increased
body weight compared with untreated rats. d Anti-CII (total IgG, IgG1 and IgG2a) levels in serum from berberine-treated rats were markedly decreased, and
the experiment was done in triplicate. Data are expressed as mean ± SEM (n=10). *P<0.05, **P<0.01, comparison with the CIA group.
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DISCUSSION

Berberine, a clinically important natural isoquinoline
alkaloid derived from the Berberis species, has been re-
ported to exhibit multiple pharmacological activities in-
cluding anti-inflammatory, anti-tumor, anti-hypertensive,
and anti-diabetic effects [16]. In the current study, we
observed the potential therapeutic effect of berberine on
CIA in rat. The results showed that berberine treatment
could effectively attenuate clinical symptoms, plasma
TNF-α, IL-1β, IL-6, IL-17, and VEGF levels, synovial
tissue VEGF production, and CD34 expression of CIA
rats. In addition, the inhibition of p-ERK, p-p38, and p-
JNK activation might be involved in anti-RA activity of
berberine. Our findings suggest that berberine exerts a
potent curative effect in CIA.

Pro-inflammatory cytokines including TNF-α, IL-
1β, IL-6, IL-17, and VEGF play critical roles in RA, and
these cytokines initiate, amplify, and perpetuate the inflam-
matory response in RA [17]. TNF-α, mainly produced by

monocyte/macrophages, can elicit the inflammatory cas-
cade in RA [18]. IL-6 also plays important roles in joint
inflammation and cartilage destruction in various forms of
arthritis, and elevated TNF-α and IL-6 were observed in
serum and synovial fluid from patients with RA [19]. IL-
1β promotes inflammation and destruction in the synovial
tissue, bone, cartilage and joints in patients with RA [20].
IL-1β is a crucial mediator in the generation of synovial
inflammation and pannus. In addition, increased level of
IL-1β in the synovial tissue was correlated with histolog-
ical features of arthritis [21]. IL-17 promotes inflammation
by enhancing the production of cytokines such as IL-1β,
TNF-α and IL-6 [22]. Plenty of evidence shows that IL-17
contributes to the inflammation in the pathogenesis of RA.
In CIA, reminiscent in several aspects to RA, IL-17 level is
elevated in inflamed synovium and could act on osteoblasts
[23]. IL-17 deficiency prevents the induction of CIA in
mice [24]. In line with the previous findings, this study
showed that berberine treatment caused a marked decrease
in the expression levels of TNF-α, IL-1β, IL-6, and IL-17

Fig. 2. Berberine prevents arthritis progression and inhibits synovium inflammation in CIA. aMacroscopic evidence of arthritis in different groups such as
erythema or swelling was observed on day 24 (×200). b Histological assessment of synovium in CIA rats treated with berberine on day 24 (×200). c Ma-
croscopic evidence of arthritis in different group such as erythema or swelling was observed on day 42 (×200). dHistological assessment of synovium in CIA
rats treated with berberine on day 42 (×200).

1794 Wang, Chen, Yang, Wang, Huang, Gao, Tu, and Rao



in sera of CIA rats. Furthermore, histopathological analysis
indicated that berberine treatment reduced the synovial
inflammation and bone destruction in CIA rats.

Angiogenesis, as a critical component of disease pro-
gression in RA, involves the formation and maintenance of
the infiltration of synovial membrane [25]. In recent years,
many studies have demonstrated that angiogenesis is an
essential event in perpetuating inflammatory and immune
responses, as well as supporting pannus growth and the
development of RA [26, 27]. VEGF is a dimeric glycopro-
tein that induces the proliferation and migration of endo-
thelial cells to form new blood vessels, and which increases
vascular permeability. Several recent reports have dem-
onstrated that VEGF is also implicated in the pathogen-
esis of RA [28, 29]. VEGF in the synovial fluids is
significantly more increased in RA than in osteoarthri-
tis, and serum levels of VEGF correlate well with RA
disease activity, particularly with swollen joint counts
[30]. VEGF protein and mRNA are expressed by syno-
vial macrophages and synovial fibroblasts in the syno-
vial tissues of RA patients, and cultured synovial cells
are able to secrete VEGF under hypoxic conditions or
when stimulated with IL-1, IL-6, IL-17, IL-18, prosta-
glandin, or TGF-β, or by CD40 ligation [31, 32]. Fur-
thermore, VEGF knockout mice showed reduced pa-
thology and synovial angiogenesis in antigen-induced
models of arthritis [33]. These findings strongly suggest
that the inhibition of the angiogenic action of VEGF is
likely to suppress rheumatoid inflammation. In the

Fig. 3. Berberine decreases the expression of pro-inflammatory cytokines in sera of CIA rats. Sera levels of TNF-α, IL-1β, IL-6, IL-17, and VEGF in
different group weremeasured by ELISA. All experiments were done in triplicate. Data are expressed as mean ± SEM. *P<0.05, **P<0.01, comparison with
the CIA group.

Fig. 4. Berberine reduced VEGF and CD34 expression in the synovium
of CIA rat model. a Expression of VEGF and CD34 in synovial tissue of
different group were observed by immunohistochemical staining on day
24 (×200). b Expression of VEGF and CD34 in synovial tissue of different
group were observed by immunohistochemical staining on day 42 (×200).
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present study, berberine reduced VEGF and CD34 ex-
pression in synovium of CIA rats by IHC staining
assessment, which was closely related to new blood
vessel formation. Besides the anti-inflammatory effect,
our results showed that berberine could inhibit angio-
genesis in the synovium tissue of CIA rats.

Modulation of angiogenesis may alter arthritis,
which to some extent is linked with the imbalance of

angiogenesis inducers and inhibitors in inflammation
states. Angiogenesis and inflammation are interdepen-
dent processes, and inflammatory mediators have sig-
nificant effects on angiogenesis [34]. For example, the
chronic transgenic delivery of PlGF to murine epider-
mis resulted in a significant increase in inflammatory
response. In addition, VEGF165 has a direct pro-inflam-
matory role in the pathogenesis of RA [35]. The

Fig. 5. Berberine decreased the vessel density in the synovial membrane of inflammation joint in CIA rats. a Berberine significantly reduced the VEGF
positive cells in synovium of CIA rats. bBerberine significantly decreased the vessel density in synovium of CIA rats. Data are expressed asmean ± SEM (n=
10). *P<0.05, **P<0.01, comparison with the CIA group.

Fig. 6. Berberine inhibits p-ERK, p-p38, and p-JNK activation in CIA. aBerberine suppressed p-ERK, p-p38 and p-JNK activation in synovium of CIA rats
by western blot. b The expression levels of p-ERK, p-p38 and p-JNK in different group were assessed with semiquantitative analysis. All experiments were
done in triplicate. Data are expressed as mean ± SEM. *P<0.05, **P<0.01, comparison with the CIA group.
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synovial fluid mononuclear cells of RA patients showed
a greater response to VEGF165 stimulation than the
peripheral blood mononuclear cells of healthy controls.
Moreover, anti-VEGF reduces the onset and severity of
arthritis as well as joint angiogenesis in mouse CIA
[36]. These findings suggest that VEGF may act as a
pro-inflammatory mediator and as an angiogenic stim-
ulator in RA joints, and thus, they indicate that VEGF is
an important link between angiogenesis and the inflam-
matory process. Most angiogenic mediators described
above, including growth factors, pro-inflammatory cy-
tokines and chemokines are abundantly produced in the
RA synovium. Furthermore, there are autocrine loops in
the RA synovium leading to the perpetuation of angio-
genesis associated with inflammation [37]. Disrupting
the formation of new blood vessel can prevent the
delivery of nutrients into the inflammatory site, and
can also contribute to vessel regression and disease
reversal. Therefore, the inhibition of angiogenesis has
been proposed as a novel therapeutic strategy for RA.

RA is a chronic autoimmune disease in which
imbalances in pro- and anti-inflammatory cytokines
promote the induction of autoimmunity, inflammation
and joint destruction [38]. A great number of pro-in-
flammatory cytokines including VEGF, TNF-α, IL-1β,
IL-6, IL-17 and IL-8 govern angiogenesis in RA. These
factors play important roles in the development of
neovasculature by interacting with each other. The
VEGF-dependent signaling system is necessary for
neoangiogenesis [39]. In this study, our data showed
that berberine could suppress the levels of TNF-α, IL-
1β, IL-6, IL-17, and VEGF in sera of CIA rats, sug-
gesting the inhibitory effect of berberine on the VEGF-
mediated signal pathway. MAPKs have been implicated
as playing key regulatory roles in the production of pro-
inflammatory cytokines and downstream signaling
events leading to joint inflammation and destruction
[40]. Recent studies had demonstrated that berberine
suppressed pro-inflammation response through the in-
hibition of the phosphorylation of MAPK activation in
macrophages via AMP-activated protein kinase stimu-
lation [41, 42]. Consistent with these findings, we also
observed that berberine could inhibit the phosphoryla-
tion of MAPKs, such as ERK, p38, and JNK, which
may partially explain the anti-RA effect of berberine.

In conclusion, our findings suggest that berberine
ameliorates CIA in rats contributed to anti-inflamma-
tory and anti-angiogenic effects, which are associated
with the reduction of arthritis severity, joint destruc-
tion, serum anti-type II collagen antibodies levels,

serum pro-inflammatory cytokines levels, and expres-
sion of VEGF and CD34 in rats with CIA. Notably,
these effects were at least partly due to the inhibition of
p-ERK, p-p38, and p-JNK activation. Further studies
are required to determine the pharmacological effects
and precise molecular mechanisms of berberine.
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