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Rheumatoid arthritis is an autoimmune disease that causes chronic joint inflammation and there is no cure.
Baicalin, as an ingredient in the roots of Scutellaria baicalensis, is supposed to possess an anti-inflammatory
effect. However, the protective effect of baicalin on collagen-induced arthritis requires further investigation.
A model of rheumatoid arthritis was established in 20 mice (8- to 10-weeks old). The mice were randomly di-
vided into 2 groups after modeling and then injected with saline or baicalin, respectively. The synovial fluids
and tissues were collected, and the pressure pain threshold and clinical arthritis score were measured. The lev-
els of tumor necrosis factor (TNF)-o,, interlukin-1f (IL-1p), IL-6, matrix metalloproteinases (MMP)-2, MMP-9, ni-
tric oxide synthase (iNOS), cyclooxygenase-2 (COX-2) and their downstream inflammatory mediators Janus ki-
nase 1 (JAK1)/signal transducer and activator of transcription 3 (STAT3), extracellular signal-regulated kinases
1/2 (ERK1/2), p38, Jun N-terminal kinases (JNK) activation were detected using enzyme-linked immunosorbent
assay (ELISA), and western blotting analyses. The mononuclear cells apoptosis ratio was calculated by flowcy-
tometry analyses.

Baicalin significantly reduced disease activities in a rheumatoid arthritis mouse model, which were reflected
by pressure pain thresholds and clinical arthritis scores. Relevant proinflammatory cytokines such as TNF-c,
IL-1B, IL-6, gelatinases (MMP-2, MMP-9) and inducible enzymes (iNOS, COX-2) were generally suppressed.
Moreover, baicalin treatment induced cells apoptosis in synovial fluid monocytes and markedly down regulat-
ed JAK1/STAT3 but not mitogen-activated protein kinases (MAPKs) expressions in synovium of arthritis.
These observations confirm the relief of rheumatoid arthritis by baicalin. Our results indicate the effect is re-
lated with the modulation of decreased proinflammatory cytokines and inflammatory markers. And the apop-
tosis promotion of monocytes in synovial fluid were also inhibited. Moreover, the molecular mechanism im-
plies suppressed JAK1/STAT3 signaling with baicalin treatment.
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Background

Rheumatoid arthritis is a systemic autoimmune disease which
is characterized by synovial hypertrophy, joint inflammation,
and tenderness of the small joints. It is estimated that around
0.5-1.0% of adults in developed country suffer from this dis-
ease and it is also an important cause of loss of productivi-
ty and limb-related disabilities especially in women [1]. The
pathophysiology of this disease has been briefly identified as
the following process: initially, some unknown genetic or en-
vironmental factor activates abnormal immune responses and
produces a lot of autoantibodies, such as rheumatoid factor,
and antibodies to citrullinated peptides. Then activated in-
flammatory cell infiltration occurs resulting in edema, vasodi-
lation, destruction of cartilage, and granulation tissue forma-
tion. In the late stage, all these changes results in ankylosis
and joint deformities [2,3].

During the disease progression, activated inflammatory cells
persistently secrete a large number of inflammatory media-
tors [e.g., IL-1a, IL-1B, IL-6, and tumor necrosis factor (TNF)-a],
chemokines, matrix metalloproteinases (MMPs) and so on [4].
All of these factors can cause further inflammation represent-
ed by the expression of inducible nitric oxide synthase (iNOS)
and cyclooxygenase-2 (COX-2) in tissues. These 2 inducible en-
zymatic pathways would produce mediators mainly as prosta-
glandins and nitric oxide (NO) to cause clinical symptoms [5].
All these chronic processes play a major role in the synovial
and joint damage. To suppress the chronic immune overreac-
tion of rheumatoid arthritis, the non-steroidal anti-inflamma-
tory drugs, disease-modifying anti-rheumatic drugs, and bio-
logical agents are widely used for the disease management [6].
However, the application of these treatments has been limit-
ed due to the high incidence of side effects like abnormal liver
function, birth defects, and relatively poor cost-effectiveness
in developing countries [7,8]. Thus, there is an urgent need to
conduct further studies for novel therapies.

Baicalin is a flavonoids compound mainly from the dry root of
Scutellaria baicalensis (called Huang-Qin in Chinese traditional
medicine). It was widely used in the past as a Chinese herb in
treatment of febrile diseases, memory loss, and hepatic dis-
orders [9]. Previous studies showed that it had anti-oxidative,
anti-inflammatory, anti-tumor, and anti-apoptotic activities but
the molecular mechanisms involved were complicated and re-
quired further investigation [10-13]. It has been suggested that
baicalin’s relief of joint inflammation is partially related to the
suppression of synovial nuclear factor kappa-light-chain-en-
hancer of activated B cells (NF-xB) p65 protein expression in
rats with rheumatoid arthritis [14]. However, other inflamma-
tory mediators and chemokines have not been identified and
some novel, related downstream pathways also need identi-
fication. Therefore, in this study, we used a collagen-induced
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rheumatoid arthritis mouse model to evaluate the potential
anti-inflammatory effect of baicalin and its possible molecu-
lar mechanisms.

Material and Methods

Rheumatoid arthritis model establishment and treatment
in mice

The 30 BALB/c male mice, between 8- to 10-weeks old, were
purchased and maintained in an environment at 21°C to 24°C
and 55% to 65% humidity with a 12-hour light-dark cycle. Food
and water were provided ad libitum. This study was conducted
in accordance with the National Institutes of Health Laboratory
Animal Care and Use Guidelines 8th edition. The animal ex-
periments were performed with protocols approved by the
Institutional Animal Care and Use Committee at Shandong
University (KYLL-2017(KS)-266). Rheumatoid arthritis mice
were efficiently induced by a collagen Il monoclonal antibody
cocktail (MD Biosciences, USA) injection intraperitoneally at a
dose of 5 mg/kg dissolved in phosphate buffered saline (PBS)
for consecutive 10 days. The total amount of collagen Il mono-
clonal antibody used was around 1.5 mg to 2 mg and the es-
tablishment of collagen antibody-induced arthritis (CAIA) was
confirmed and stable in about 2 weeks, which were described in
the company’s instruction and some previous reports [15-17].
The mice were also intraperitoneally injected with lipopolysac-
charide (LPS; Sigma, USA) at 100 pg per mouse in 200 pL ster-
ile PBS on day 1 or day 4.

Baicalin or saline treatment in the mice

The mice used in the experiment were randomly divided into
3 groups: the control group (n=10), the rheumatoid arthritis
model + saline treatment group (n=10), and the rheumatoid
arthritis model + baicalin treatment group (n=10). Mice of the
rheumatoid arthritis model + saline treatment group were in-
traperitoneally injected with 0.9% sodium chloride (Nanjing
Chemical Reagent, China) once per day for 5 consecutive days
following the establishment of the collagen-induced rheuma-
toid arthritis model. However, mice from rheumatoid arthritis
model + baicalin treatment group were injected with 30 mg/kg
baicalin (Jinsui Bio-Technology, China) for 5 consecutive days.
Mice in the control group were normal mice and only treated
once daily with 0.9% NaCl injection during the study period.

Measurement of pain threshold

The mean value of the pressure pain thresholds was measured
before and after modeling and after the 5 days of treatment. It
was measured using an electronic pressure pain detector follow-
ing the company’s instructions (Shanghai United Press, China).
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Measurement of clinical arthritis score

On each day of the 10 days establishment and 5 days treat-
ment, the mice were evaluated for arthritis score using a mac-
roscopic scoring system as followings: 11-15, severe arthritis
of the entire paw and digits; 6-10, more than 2 joints in-
volved; 1-5, 2 joints involved and 0, no signs of arthritis. And
the scores from each day were calculated in one after another.

Enzyme-linked immunosorbent assay (ELISA) assays

Following the treatment with baicalin or saline in the mice,
blood samples were collected from retro-orbital bleeds using
heparin-coated glass capillaries and stored at —80°C for anal-
ysis. TNF-a, IL-1B, and IL-6 ELISA assay kits were purchased
from Ryobi Biotech in Guangzhou, China. The standards and
mice serum were prepared and measured according to the
manufacturer’s instructions. Optical reagents density (OD) val-
ues were measured at 450 nm.

Western blotting

The synovium tissues and enriched synovial fluids from joints
were homogenized in RIPA buffer (Beyotime, China). A pierce
BCA protein assay kit (Thermo Fisher Scientific, USA) were used
to determine the protein concentration in lysates. Equal amounts
of protein (20 pg) were loaded into 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis and transferred on a poly-
vinylidene difluoride (PVDF) membrane (Bio-Rad Laboratories,
Germany). The PVDF membrane was blocked with 5% skimmed
milk in tris-buffered saline and Tween 20 (TBST) buffer on a
shaker for 1 hour at room temperature. The membrane was
then incubated with anti-MMP-2 (87809), anti-MMP-9 (13667),
anti-iNOS (13120), anti-COX-2 (12282), anti-JAK1 (Janus ki-
nase 1) (3344), anti-phospho-JAK1 (Tyr1022/1023) (3331), an-
ti-STAT3 (signal transducer and activator of transcription 3)
(4904), anti-phospho-STAT3 (Tyr705) (9131), anti-phospho-
p38 (Thr180/Tyr182) (4511), anti-p38 (8690), anti-phospho-JNK
(Thr183/Tyr185) (4668), anti-JNK (9252), anti-phospho-ERK1/2
(Thr202/Tyr204) (4370), anti- ERK1/2 (4695) from Cell Signaling
Technology, USA, and anti-B-actin (sc-130656, Santa Cruz
Biotechnology, USA) or anti-GAPDH (14c10) primary antibodies
overnight. After washing, the membrane was incubated with
secondary antibody (7074, Cell Signaling Technology, USA) for
1 hour on the shaker at room temperature. The membrane was
then incubated with chemiluminescence reagent (GE Healthcare
Life Sciences, UK). The relative quantity of the protein was mea-
sured using Image) software (National Institutes of Health, USA).

Hematoxylin-eosin staining

Following the 5 days treatment, the joint tissues were har-
vested and partially fixed in formalin overnight. Briefly, after
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paraffin embedding, slicing, slide preparation, deparaffiniza-
tion and rehydration, hematoxylin solution was used for stain-
ing with for 5min followed by 5dips in 1% acid ethanol (1%
HClin 70% ethanol) and immediately rinsed in distilled water.
Then the sections were stained with eosin solution for 3min
and followed by dehydration with graded alcohol and clearing
in xylene. The mounted slides were then examined by a pa-
thologist and photographed using a microscope.

Cell nucleus morphological detection

Synovial fluids were directly aspirated from the joints.
Mononuclear cells in synovial fluids were Mouse Monocyte
Isolation kit (Miltenyi Biotec, China). Target cells washed
and the cytospins were made within 30 minutes. Slides were
blocked with 10% bovine serum albumin (BSA) for 30 min-
utes in room temperature and followed by DAPI (4’,6-diamid-
ino-2-phenylindole) staining (Cell Signaling Technology, USA).
Fluorescence microscope was used to detect the morpholog-
ical changes of nucleus.

Cell apoptosis analysis

The APOAF Annexin V apoptosis kit (Sigma, USA) was used
for staining annexin V on the outside of the cells according to
the manufacturer’s protocol. All samples were quantified us-
ing a Canto Il flow cytometer (BD Biosciences, USA) and ana-
lyzed by FlowJo software 7.6 software (TreeStar, USA). Annexin
V-FITC with high affinity cells were recognized as apoptosis.

Statistical analysis

Summarized data are shown as mean + standard error of the
mean. SPSS for windows (version 17.0, SPSS, Chicago, IL, USA)
was used to perform the statistical analyses. Statistical sig-
nificance between 2 groups of interest was analyzed using
the unpaired Student’s t-test. One-way analysis of variance
(ANOVA) and the least significant difference (LSD) test were
used to analyze more than 2 subgroups. The significance lev-
el was P value <0.05. Each group of experiments were repeat-
ed at least 3 times in parallel.

Results

Protective effect of baicalin against disease activity in a
rheumatoid arthritis mouse model

After injection of collagen Il antibody, a mouse model of rheu-
matoid arthritis was well established. The disease onset (about
day 8) and its peak (day 10) can be easily evaluated from clin-
ical arthritis score. Furthermore, the clinical arthritis score sys-
tem was also used to verify the protective effect of baicalin in
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a mouse model. The dosage and period of baicalin treatment
from preliminary test was determined as 30 mg/kg for 5 days
because this schedule showed a remarkable decrease of dis-
ease activity during the whole steady and controlled disease
progression period (Supplementary Figure 1). Meanwhile, an
electronic pressure pain detector was used to access the dis-
ease activity after different treatments. Compared with normal
mice (n=10), a similar decrease of pain threshold was detect-
ed among the saline group (n=10) and the baicalin treatment
group (n=10). However, a significant increase of pain thresh-
old was recorded in the baicalin group just after 5 days treat-
ment (Figure 1A). Similarly, there was a significant decrement
of clinical arthritis score in the baicalin treatment group com-
pared with the saline treatment group during 5 consecutive
days (Figure 1B).

Reduction of the inflammatory mediators by baicalin in
rheumatoid arthritis mouse model

To further determine the effect of baicalin on the inflammation
in mice with rheumatoid arthritis, the local histopathological
changes of the ankle joint and systemic TNF-q, IL-1B, and IL-6
levels were investigated. An obvious reduction of swelling on
gross and less infiltration of inflammatory cells were observed
in articular cartilages. Furthermore, the limitation of cartilage
degradation and joint destruction were also confirmed from
the tissues samples of the rheumatoid arthritis mouse model
with baicalin treatment (Figure 2A). At the same time, a large
increase of TNF-q, IL-1B, and IL-6 levels in circulation were re-
corded after modeling (53.4+2.6 pg/mg vs. 243.6+6.74 pg/
mg, 3.9+1.8 pg/mg vs. 15.2+1.4 pg/mg and 3.3+0.8 pg/mg vs.
12.5+0.9 pg/mg). However, these elevated inflammatory factors
were significantly reversed in baicalin treatment group when
compared with the saline group (TNF-o: 177.2+5.7 pg/mg,
IL-1B: 6.940.8 pg/mg, and IL-6: 7.1+0.4 pg/mg) (Figure 2B-2D).
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Decreased MMP-2, MMP-9 expression in synovium but
increased induction of monocytes apoptosis by baicalin in
rheumatoid arthritis mouse model

Interestingly, MMP-2 and MMP-9 expressions in synovium
which are related with the dynamics of inflammatory cells,
were also decreased after baicalin therapy from western blot-
ting (Figure 3A-3C). The nuclear condensation change was a
precursor sign of apoptosis. After baicalin therapy, the nuclei of
infiltrated monocytes from rheumatoid arthritis mice showed
more condensations when compared with saline treatment
group (Figure 3D). Then the ratio of late apoptotic cells with
Annexin V-FITC with high affinity was quantified by flow cy-
tometry analysis. This confirmed that there were significantly
more apoptotic cells in the baicalin treatment group compared
to the saline control group (3.57+0.54% vs. 24.04+1.64%). Once
representative data was plotted (Figure 3E, 3F).

Decreased inflammatory markers expression in synovium
by baicalin in rheumatoid arthritis mouse model

Consistent with the development of inflammation in mice with
rheumatoid arthritis modeling, the inflammatory markers such
as iNOS and COX-2 protein levels were elevated in synovium
respectively. And baicalin therapy also significantly decreased
the production of iNOS and COX-2 compared with the saline
group (Figure 4A, 4B).

Downregulation of JAK1/STAT3 signaling by baicalin in
rheumatoid arthritis mouse model

The JAK1/STAT3 signaling was one of the most important down-
stream inflammatory mediators in rheumatoid arthritis. In or-
der to define the protective effect of baicalin against arthritis
progression on molecular levels, the phosphorylation of JAK1
and STAT3 expression were examined. We found that the ba-
icalin treatment significantly attenuated JAK1/STAT3 signaling
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i [l After modeling M RA+NaCl
[ After treatment [ RA+Ba
154 weEx wxax Kkyy KX *% **
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a- é 5]
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Ctrl RA-+NaCl RA+Ba DO D1 D2 D3 D4 D5

Figure 1. Relief of rheumatoid arthritis by baicalin evaluated by pain thresholds (A) and clinical arthritic scores (B) in a mouse model.
** Compared with control group P<0.01, # compared with saline treatment group P <0.01.
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Figure 2. Gross paw appearance and limited effect of cartilage degradation after baicalin treatment by immunohistochemical assays
(A). Reduction of the inflammation against tumor necrosis factor-o (B), interlukin-1 (C), and interlukin-6 (D) levels with
baicalin in a rheumatoid arthritis mouse model. ** Compared with control group P<0.01, ## compared with saline treatment

group P<0.01.

in the rheumatoid arthritis mouse model with baicalin ther-
apy compared to the saline treatment group (Figure 5A). A
quantitative calculation also showed a significantly reduction
of over-activated JAK1/STAT3 signaling from western blotting
analysis (Figure 5B, 5C).

Poor inhibitory effect on activation of p38, JNK and
ERK1/2 pathways by baicalin in rheumatoid arthritis
mouse model

Besides the JAK/STAT pathway, the role of the mitogen-activat-
ed protein kinases (MAPKs) expressions pathway was also ex-
plored. We found that the MAPKs pathway, including ERK1/2,
p38 and JNK activation, was confirmed from western-blot an-
alyzes after modeling. But no significant reduction of MAPKs
activation was observed after baicalin therapy (Figure 6A-6D).

Discussion

The results of this study suggested that baicalin treatment in
a collagen-induced arthritis model significantly decreased pain

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

thresholds and reduced clinical arthritic scores. These effects
were related to the suppressed levels of inflammatory factors
including TNF-a, IL-1B, and IL-6 in circulation, decreased in-
flammatory markers such as iNOS and COX-2, and impaired
induction of inflammatory cells apoptosis. These therapeu-
tic effects were accompanied with downregulation of JAK1/
STAT3 signaling but not MAPKSs like p38, JNK, and ERK1/2 ac-
tivations in pathogenic sites.

It has been widely accepted that inflammatory cell infiltration
in the joint synovium is one of the prominent characteristics
of progression of rheumatoid arthritis. These activated inflam-
matory cells continuously secrete proinflammatory factors like
IL-1B, IL-2, IL-6, TNF-a., IFN-y, and GM-CSF, and express MMPs
such as MMP-1, MMP-2, MMP-3, and MMP-9. These overex-
pressed inflammatory mediators could induce aggravation
of inflammation and cause the destruction of cartilage and
bones [18,19]. Among the inflammatory responses, IL-1B is
an important cytokine expressed by activated macrophages,
and plays an important role in many cellular activities such as
cell proliferation, differentiation, and even apoptosis [20]. IL-6
is regarded as an endogenous pyrogen especially prevalent
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Figure 3. Impaired matrix metalloproteinase (MMP)-2, MMP-9 expression and induction of monocytes apoptosis in synovium by
baicalin treatment in a rheumatoid arthritis mouse model. The MMP-2 and MMP-9 expression by western blotting (A, B) and
their quantification analyses (C). The nuclear morphological changes of monocytes detected by immunofluorescence (bar=40
um) (D). Once typical apoptosis detection by flow cytometry (E) and quantification analysis (F). ** Compared with saline

treatment group P<0.01.

in fever and in initial immune reactions induced by LPS [21].
TNF-a. has been identified as a key cytokine in the dysregu-
lated immune response, and its production is found to be cru-
cially required for the synergistic induction of NO synthesis in
LPS-treated macrophages [22]. These proinflammatory medi-
ators stimulate biological synthesis of NO and prostaglandins
to activate more immune cells and cause pain and destruc-
tion. Thus, with proinflammatory stimuli, iINOS expression is
highly induced to produce NO. Therefore, NO is thought to be
one of the core secondary mediators that acts as an important
activator of the inflammatory response and in the cascade of
proinflammatory cytokines such as TNF-q, IL-1f, and IL-6 [23].
Consistent with our findings in an arthritis mouse model, it
has been reported that short-term feeding of baicalin in older
rats induced the reduced production of iNOS to a greater ex-
tent in renal tissues [24]. Similarly, induced COX-2 appears to
be the dominant source of prostaglandins formation in inflam-
mation. It is known that in macrophages, LPS triggers induction

and activation of signal transduction pathways and leads to
transcriptional activation of the COX-2 gene [25]. But in pre-
vious experiments, it was confirmed that LPS-induced activa-
tion of macrophages would be attenuated by baicalin treat-
ment, however, this might be an indirect effect because as a
main metabolite of baicalin, baicalein has been shown to main-
tained higher activities [26,27]. Furthermore, other upstream
inflammatory mediators have been found in rheumatoid ar-
thritis such as IL-17. Yang et al. found that baicalin downregu-
lated the joint inflammation caused by IL-17, which is thought
to likely be produced by an expanded population of splenic
Th17 cells in experimental arthritis. IL-17 has been found to
suppress synovial expression of the cytokines IL-6 and TNF-o
[28]. Indeed, following excessive inflammatory markers pro-
duction in synovial fluid and serum, it can be detected at the
same time as inflammatory signals amplification,and occur-
rences of edema, pain, and impaired joint mobility. Our cur-
rent study results suggest that baicalin treatment improved
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Figure 4. Inhibition of inflammatory markers expression including nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2) in synovium
by baicalin treatment in a rheumatoid arthritis mouse model. The iNOS and COX-2 expression by western blotting (A, C) and
their quantification analyses (B, D). ** Compared with saline treatment group P<0.01, # compared with saline treatment

group P<0.01.

A Ctrl RA+NaCl RA-+Ba B
pJAK1 —— 6

JAK] S — — g
4

pos

<
T M — =

<

2

T —— —
Bactn S A —

Crl

C
*% 4 *¥*
g #
# 53 4
*¥ R
E 2
%1
0
RA+NaCl  RA+Ba Gl RA+NaCl  RA+Ba

Figure 5. Downregulation of Janus kinase 1 (JAK1)/signal transducer and activator of transcription 3 (STAT3), signaling by baicalin
in a rheumatoid arthritis mouse model. The changes of JAK1/STAT3 activation detected by western blotting (A) and their
quantification analyses (B, C). ** Compared with control group P<0.01, # compared with saline treatment group P<0.01.

rheumatoid arthritis through inhibition of most inflammato-
ry mediators and blocked those critical transformations rep-
resented by iNOS and COX-2 expression in the disease pro-
gression. Thus, baicalin treatment can have a wide and deep
suppressive effect on proinflammatory factors and its cascades
in chronic inflammatory diseases.

Moreover, it has been suggested that activated pro-inflamma-
tory cytokines can also increase expression of MMPs and fur-
ther stimulate the development of inflammation. IL-1f is one
of the crucial mediators in the initiation and progression of
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collagen-induced arthritis by accelerating MMPs expression
to stimulate destruction of articular cartilage and reduction in
the synthesis of collagen [29]. Meanwhile, the IL-6 inflamma-
tory signal is involved in the regulation of MMP-2 and MMP-
9 dependent cell migration and invasion abilities [30]. MMP-2
and MMP-9 are mainly produced by mesenchymal cells, mac-
rophages, and peripheral blood mononuclear cells. They are
identified as gelatinases and degrade fibrillar collagens, base-
ment membrane components, and stromal ECM molecules in
rheumatoid arthritis [31]. Their overexpression is closely relat-
ed to pathophysiological changes of joints. Our results show
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Figure 6. Activated mitogen-activated protein kinases (MAPKs) signaling including Jun N-terminal kinases (JNK), extracellular signal-
regulated kinases 1/2 (ERK1/2), were not regulated by baicalin in a rheumatoid arthritis mouse model. The changes of
phosphorylated p38, JNK, ERK1/2 expression detected by western blotting (A) and their quantification analyses (B-D).

** Compared with control group P<0.01, # compared with saline treatment group P<0.01.

that obvious suppressive effects in an arthritis mouse mod-
el induced by baicalin is encouraging for patients suffering
from osteoarthritis.

Baicalin has been shown to have anti-inflammatory effects on
not only systemic pro-inflammatory cytokines secretion mainly
related with NF-kB signaling [14], but also survival signaling of
involved inflammatory cells. Baicalin was previously suggested
to exert its dual-directional effect in different conditions such
as induction of malignant cell apoptosis in high proliferative
cancer cells [32] and preservation of endothelial cells viability
during ischemia reperfusion injury [33]. In our study, for the
first time, we found pathogenic mononuclear cells in synovial
fluid showed increased apoptosis after baicalin treatment and
this was accompanied with decreased JAK1/STAT3 from rele-
vant synovial tissues. The JAK/STAT signaling pathway plays a
significant role in various physiological processes, including im-
mune function and cell growth [34]. Although there is a large
amount of evidence for JAK/STAT pathway activation in syno-
vial tissues of rheumatoid arthritis, there is limited knowledge
regarding the protective role of baicalin treatment through JAK/
STAT signaling [35,36]. Consistent with previous reports that
the activity of the JAK/STAT pathway is negatively regulated
by suppressors of cytokine signaling proteins [37], our results

showed that among the various subtypes molecules of JAK
and STAT, the JAK1/STAT3 signaling was dramatically down-
regulated. The JAK1/STAT3 activation reportedly occurs when
IL-6 binds to cytokine receptors, inducing a conformational
change in the receptor. This recruits JAK into apposition and
result in transphosphorylation and subsequent STAT activation
which would bind with certain DNA sequence [34,38]. Others
also discovered that IL-1p and TNF-o can directly or indirectly
activate STAT3 activity in arthritis mice [39]. Diverse research
suggests that STAT3 may play a significant role in inflamma-
tory arthritis. It has been confirmed that its activation is re-
lated to developing joint pathology with synovial hyperplasia,
chronic inflammation, and secondary cartilaginous metapla-
sia [40]. Thus, the corresponding modulation of JAK1/STAT3
signaling pathway makes baicalin treatment become a use-
ful agent for treating rheumatoid arthritis based on molecu-
lar mechanisms. Besides that, MAPKs such as p38, JNK, and
ERK1/2 are widely believed to be involved in the pathogene-
sis of rheumatoid arthritis. Their expressions have been dis-
covered in the synovial tissue of rheumatoid arthritis patients
and their activation would further enhanced cell infiltration,
inflammation and cartilage destruction [41]. But our results
showed no obvious reduction in these MAPKs activation af-
ter baicalin treatment in the current models and implied that
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baicalin effect maybe independent of MAPKs pathway, but it
required more evaluation in other conditions.

In conclusion, the present study showed that baicalin limited
the joint destruction and reversed the pathophysiological alter-
ations including proinflammatory cytokines reduction, MMPs
inhibition, inflammatory markers attenuation, inflammato-
ry cells apoptosis with downregulated JAK1/STAT3 signaling
in rheumatoid arthritis. Because this study lacked long-time
treatment in a mouse model and consecutive records during
baicalin input, it remains to be determined whether there is a
curative effect of baicalin treatment. We need to do more in-
vestigations, especially self-control designed ones, in the fu-
ture. In a word, our results revealed that baicalin might be a
novel supplement for rheumatoid arthritis treatment in the

Supplementary Figure

ANIMAL STUDY

near future. The potential and promising applications of ba-
icalin will arise more interests and require more intensive re-
searches in the future.

Conclusions

Baicalin is a novel supplement for rheumatoid arthritis treat-
ment as it shows proinflammatory cytokines reduction, MMPs
inhibition, inflammatory markers attenuation, and inflamma-
tory cells apoptosis with downregulated JAK1/STAT3 signaling.
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* Compared with control group P<0.01.
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