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Abstract.

BACKGROUND: It has been found that baicalin have anti-inflammatory effects since it reduces the elevated levels of pro-
inflammatory cytokines. Meanwhile, it has also been shown that baicalin brings positive effects against rheumatoid arthritis
(RA). However, little is observed on its beneficial effects on adjuvant arthritis.

OBJECTIVE: To consider the anti-inflammatory influence of baicalin on adjuvant arthritis rats and its related autophagy
mechanism.

METHODS: In this research, there are six groups of rats, each has 10 rats in it. These groups are normal group (normal
saline), model group (normal saline), dexamethasone group (0.125 mg/kg dexamethasone), low-dose baicalin group (50 mg/kg
baicalin), medium-dose baicalin group (100 mg/kg baicalin) and high-dose baicalin group (200 mg/kg baicalin). The degrees of
adjuvant-induced swelling in rats’ feet were measured every 4 days and the arthritis scores were calculated every 7 days. The
inflamed joint tissues were taken after rats were sacrificed. The rat’ joints showed pathological changes, which were observed
by HE staining. The relative expression levels of inflammatory factors IL-6, IL-1, IL-17, TNF-o, COX2, and COX1 in the
rats’ snovial tissues were detected by RT-PCR. As for the expression levels of autophagy markers Beclinl, Atg5, Atg7, Atgl2,
microtubule-associated protein-light chain3-II (LC3-II), Bcl-2, and Bax in the synovial tissue, they were discoverd by Western
blot.

RESULTS: Baicalin could significantly inhibit the inflammatory response of adjuvant arthritis rats.

CONCLUSIONS: RT-PCR studies showed that the different doses of baicalin could inhibit the expression of TNF-a, IL-6, IL-1,
IL-17, COX2 and COX1 in the synovial tissue (P < 0.05 or P < 0.01). Western blot studies showed that the different doses of
baicalin could reduce the expression of Atg5, Atg7, Atgl2, LC3-II, Beclinl and Bcl-2 proteins, and increase the expression of
Bax proteins in the synovial tissue.
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1. Introduction

Rheumatoid arthritis (RA) is an autoimmune disease often accompanied by synovitis and joint destruc-
tion [1], which is characterized by the continuous proliferation of fibroblast-like synovial cells (FLSs),
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Fig. 1. Chemical structure of baicalin.

inflammatory cell infiltration and joint destruction [2], this will cause the gradual destruction of bones
and cartilage [3]. At present, 5 to 50 per 100,000 people suffer from the disease in developed countries
every year [4]. Various drugs are now used as treatment for RA in clinic, but most of them have serious
adverse reactions after long-term use [5].

Baicalin, a kind of flavonoids (Fig. 1), is mainly separated from the dried root of Scutellariae Radix,
and it has been reported that the leaves of Cerasus tomentosa (Thunb) contain baicalin. Studies have
shown that the compounds baicalein and baicalin in scutellaria can be used as drugs for the treatment of
autoimmune diseases, including rheumatoid arthritis and inflammatory bowel disease [6]. Wall (Cerasus
tomentosa) contains baicalin [7,8] with antioxidant, anti-inflammatory and anti-tumor effects [9,10].
Bai et al. [11] confirmed that baicalin could lead to a reduction in the expression of NF-xB protein
in the synovial fibroblasts as well as synovial tissue, and alleviate the inflammation of joints in the
collagen-induced arthritis of rats. Baicalin has an obvious positive effect in improving the swelling of
ankle and inhibit the differentiation of Th17 cells in vivo in rats arthritis model [12]. The synovial tissue in
RA has a high level of autophagy that can stimulate the secretion of inflammatory cytokines, proliferation
of synovial cells and anti-apoptosis [13]. Meanwhile, the increase of autophagy in synovial tissue has
shown a correlationship that is positive with the severity of RA disease [14]. Kim et al. [15] found that
inhibiting the autophagy of cells could increase the apoptosis of cells. Therefore, autophagy may be
regarded as a potential possibility for the treatment of RA.

In this research, baicalin was used to treat rats which have adjuvant arthritis, then the expression of
autophagy-related factors. The changes in inflammatory factors and the levels of apoptosis-related factors
were investigated for the purpose of exploring the anti-inflammatory effect and the autophagy-related
mechanism of baicalin in rats with adjuvant arthritis.

2. Method
2.1. Experimental animals and materials

2.1.1. Experimental animals

Sixty male Wistar rats, aged from 6 to 7 weeks and weighing 200 £+ 20 g, were purchased from
Changchun Yisi Laboratory Animal Technology Co., Ltd., China), and raised under specific pathogen-
free (SPF) conditions, and at constant temperature (24°C) and 45%-55% relative humidity in our
laboratory. After the experiment, each rat was injected intraperitoneally with 25% urethane and sacrificed
by anesthesia.

2.1.2. Experimental materials
Baicalin (baicalin extract with 95% purity, No. Rf20090814, Xi’an Reifen Bioengineering Co., Ltd.,
China); Dexamethasone Tablets (No. 151101, Guangdong South China Pharmaceutical Group Co., Ltd.,
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China). Freund’s complete adjuvant (FCA, No. 76J00110, Beijing Dingguo Changsheng Biotechnology
Co., Ltd., China; Antibodies for S-actin (ab8227), LC3-II (ab48394), Beclin1(ab62557), HRP-conjugated
seondary antibodies (ab205718) were purchased from Abcam (Cambridge, UK). Antibodies for Bcl-2
(A16776), Bax (A15646), Atg5 (A0203), Atg7 (A0691), Atgl2 (A17045) were purchased from AB
clonal (Wuhan, China); ECL substrate chemiluminescent solution (E411-03, Vazyme, China); GAPDH,
IL-6, IL-1, TNF-, COX1 and COX2 primers (Beijing Dingguo Changsheng Company, China); reverse
transcription cDNA kit and high pure total RNA rapid extraction kit (BioTake, USA).

2.2. Establishment of adjuvant arthritis model in rats, grouping and administration

Wistar rats are established after one week of adaptive feeding, 10 male Wistar rats are assigned to
each group, and there are 60 rats in total. As for groups, there are normal group (CON), model group
(MOD), dexamethasone group (0.25 mg/kg dexamethasone) (DXMS), low-dose baicalin group (50 mg/kg
baicalin), medium-dose baicalin group (100 mg/kg baicalin) and baicalin high-dose group (200 mg/kg
baicalin), 10 rats in each group. Normal rats were excluded, those in the other group were subcutaneously
injected with 0.2 mL Freund’s complete adjuvant on their right hind plantar to induce the inflammation
for 12 days. After the establishment of adjuvant arthritis model in rats, rats in the different baicalin
and dexamethasone groups were intragastrically given the corresponding agents once daily, and an
equal volume of saline were given to the normal group and model control group rats in the same way,
successively for 28 days, during which all the rats were carefully observed.

2.3. Observation indicators

Swelling degree: During the experiment, the volume of the right hind plantar was measured every 4
days and the degree of toe swelling was calculated.

Foot swelling(ml) =Vt —Vo

Where Vo and V' stand for some point of view the plantar of volume before and after inflammation,
separately.

Arthritis index: After the establishment of arthritis model, the pathological changes of rat foot joints
were examined daily. The macroscopical signs of arthritis were qualitatively scored every 7 days since
the first signs of arthritis were found. The scoring criteria were the same as the one in the Journal of
Experimental Medicine [16]. O point: normal ankle joint; 1 point: swelling of small toe joint; 2 points:
swelling of both toe joint and plantar; 3 points: swelling below ankle joint; 4 points: all swelling including
ankle joint. 4 Points was the highest score for one foot, and 16 was that for one rat, and the arthritis score
of each rat’s four feet was calculated as arthritis index [16].

Histopathological evaluation: The rats were sacrificed and their right hind ankle joints were taken. The
right posterior ankle joint was fixed with 10% neutral formaldehyde, 10% EDTA was decalcified, and the
decalcification solution was replaced every 4 days. After decalcification, the ankle joint was dehydrated
for 24 hours. The joints were paraffin-embedded, sliced continuously at 5 micron thick and the slices
were stained with HE. Observe the pathological changes of rats’ joints under an optical microscope.

2.4. Detection of IL-17, IL-6, TNF-q, IL-1, COX-2 and COX-1 mRNA by RT-PC

In order to extract the total mRNA of the synovial tissue, a RNA extraction kit was used in the
experiment. Otal RNA was used as the template for the reverse transcription of cDNA under the conditions
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Table 1
RT-PCR primer sequences

Primer name Primer sequence (5°-3") Fragment length/bp

GAPDH Forward primer: GGCAAGTTCAACGGCACAG 124
Reverse primer: GCCAGTAGACTCCACGACAT

TNF-« Forward primer: ATGTGGAACTGGCAGAGGAG 127
Reverse primer: AGTAGACAGAAGAGCGTGGTG

IL-18 Forward primer: GGATGATGACCTGCTAGT 148
Reverse primer: CACTTGTTGGCTTATGTTCTGTC

IL-6 Forward primer: CCAACTTCCAATGCTCTCCTAAT 125
Reverse primer: CGAGTAGACCTCATAGTGACCTT

IL-17 Forward primer: CGCCGAGGCCAATAACTTTC 104
Reverse primer: GGTTGAGGTAGTCTGAGGGC

COX2 Forward primer: CCCGCCCCATCTAACATCTC 234
Reverse primer: CCCCACATGGAGGAATAGGC

COX1 Forward primer: GCCAGTATTAGCAGCAGGTATC 121

Reverse primer: GCCGAAGAATCAGAATAGGTGTT

proposed by the instructions of reverse transcription cDNA kit (42°C for 50 min and 72°C for 10 min).
RT-PCR reaction system (25 pl): 12.5 ul of 2 x Taq Master mix, 9.5 ul double distilled water, 1 ul
upstream primer, 1 pL. downstream primer and 1 uL cDNA. The reversely transcripted cDNA functioned
as the template for the PCR amplification, the reaction conditions used were as follow: pre-denaturation
at 94°C for 3 min, followed by 20 cycles of denaturation at 94°C for 30 s and annealing at 65°C for
30 s and extension at 72°C for 1 min, fully extended at 72°C for 10 min. After the completion of PCR
procedures, the electrophoresis of the samples was performed at 100 V for 40 min (see Table 1 for the
sequences of PCR primers). Then the semi-quantitative analysis of the target gene mRNA was carried
out, and the data were analyzed according to the absorbance ratio of the target gene band to the GAPDH
band. The above experiments were reduplicated at least three times.

2.5. Western blot analysis

Cell lysis buffer, Phenylmethanesulfonyl fluoride (PMSF) and phosphatase inhibitor were used to
extract the total protein from the synovial tissue. BCA protein concentration determination kit was used
to quantitatively analyze the extracted proteins. Specific procedures: preparation of concentrated glue and
separation gel (12% SDS-polyacrylamide gel; loading 50 ug protein, electrophoresis (80 V for 30 min,
100 V for 15 h); transmembrane (PVDF membrane, 100 V for 1 h); blocking: 5% skim milk powder
at room temperature for 1 h; incubation with the primary antibodies at 4°C overnight: diluted rabbit
anti-rat antibodies with TBST, Bcl-2, Bax, Atg5, Atg7, Atgl2, LC3-I1, Beclinl and -actin; recovery of
the primary antibodies, washing the membranes three times with TBST, 10 min each time; incubation
with the second antibodies HRP-labeled goat anti-rabbit IgG (1:10000 dilution) at room temperature for
1 h; washing the membranes with TBST three times, 10 min each time; Immunoassay with enhanced
chemiluminescent substrate kit, and3-actin was used as a protein loading control. Use Image J software
to quantify the density of specific bands. The above experiments were reduplicatd at least three times.

2.6. Statistical analysis
Graphpad Prism5 software was used for the statistical analysis. The swelling degree of rat’s plantar and

arthritis index were expressed as mean =+ s, and one-way ANOVA was used to compare samples between
groups. P < 0.05 was considered meaningful in statistics.
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Table 2
Effect of baicalin on the plantar swelling in rats (mean + s, n = 10, ml)
Groups 4d 8d 12d 16d 20d 24d 28d
Normal 005+ 006+ 007 011 007+ 005+ 0.02+
0.07 0.06 0.04 0.08 0.05 0.09 0.05
Model 082+ 081+ 081+ 081+ 080+ 083+ 0.84+
0.08%#  0.05%#%  0.09%#* 0.077% 0.06%% 0.09%% 0.077#
Dexamethosone 074+ 061+ 049+ 036+ 025+ 015+ 0.06 &
0.09 0.04* 0.08" 0.07"* 0.07** 0.05" 0.05"*
Low-dose baicalin 081+ 082+ 079+ 078+ 071+ 066+ 0.62+

0.07 0.03 0.04 0.04 0.11% 0.09** 0.09**
Medium-dose baicalin 081+ 078+ 070+ 062+ 054+ 052+ 043+
0.06 0.04 0.11* 0.08** 0.08** 0.08** 0.09**
High-dose baicalin 077+ 069+ 060+ 053+ 045+ 042+ 037+
0.08 0.08"" 0.04** 0.09** 0.07** 0.10** 0.07**

3. Results
3.1. Effect of baicalin on the toe swelling of rats

After completing the intradermal injection process of Freund’s adjuvant into the rats’ right hind plantar,
the acute local inflammation of the plantar was observed during the first 4 days, followed by a series of
secondary inflammations such as the swelling of the side and forelimb plantar, nodules on the tail and red
spots on the ear. Compared with that in the normal group, the joint swelling degree of the rats’ joints in
the model group at different time points (4, 8, 12, 16, 20, 24 and 28 days) was significantly different (P <
0.01), suggesting that the establishment of rat adjuvant arthritis model was successful; compared with
that in the model group, the toe swelling degree of adjuvant arthritis rats in baicalin-treated groups was
significantly reduced (P < 0.05 or P < 0.01), in which the reduced swelling degree was more significant
in high-dose baicalin group at 20 days after the administration (P < 0.01); on the 12th day after the
administration, compared with that in the model group, the toe swelling degree of rats in dexamethasone
group was significantly reduced (P < 0.01) and that in baicalin-treated groups was significantly reduced
on the same day as well (P < 0.05 or P < 0.01), and the effect on the degree of reduction in the joint
swelling in the baicalin-treated groups was less than that in dexamethasone group (Table 2).

3.2. Effect of baicalin on the arthritis index in adjuvant arthritis rats

Comparing with the arthritis index of rats in the normal group, that in the model group witnessed
a significant increase on the 14th, 21st and 28th day after the administration of Freund’s complete
adjuvant (P < 0.01); and meanwhile the arthritis index of rats in the baicalin-treated groups witnessed a
significant decrease on the 21st and 28th day after the administration of Freund’s complete adjuvant in a
dose-dependent manner (P < 0.01), of which the arthritis index in the high-dose baicalin group was most
significantly decreased (P < 0.01), indicating that baicalin could improve the inflammatory symptoms of
adjuvant arthritis rats in varying degrees (Table 3).

3.3. Observation of pathological changes of ankle joint by HE staining

The HE staining results showed that the structure of ankle joint, the lining of cartilage, the space of
joint and the morphology of bone tissue of rats were normal, and no inflammatory cell infiltration in the
synovium of rats in the normal group; in the model group, the joint tissue of was significantly abnormal,
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Table 3
Effect of baicalin on the arthritis index in adjuvant arthritis rats (mean £ s, n = 10)
Groups Arthritis indexes
7d 14d 21d 28d

Normal 0.00 0.00 0.00 0.00
Model 6.60 £ 0.52##  7.10 £ 0.83%%  7.70 £ 0.67%#  7.90 £ 0.57%%
Dexamethasone 3.30 £ 0.67*" 2.70 £ 0.48** 1.50 £ 0.53** 0.10 & 0.03**
Low-dose baicalin 6.40 £ 0.52 6.60 £+ 0.84 5.80 + 0.63** 5.50 & 0.53**
Medium-dose baicalin ~ 6.30 & 0.48 590 £ 0.57** 5.20 £ 0.42** 4.90 4+ 0.32**

High-dose baicalin 5.90 £+ 0.74* 470+ 0.82** 4104+ 0.57""  3.50 £ 0.53*"

-y

Fig. 2. Effects of baicalin on the ankle joint tissue of rats (40X); A: normal group (the ankle tissue of normal rats); B: model
group (the ankle tissue of adjuvant arthritis rats); C: dexamethasone group (the ankle tissue of adjuvant arthritis rats); D-F:
50 mg/kg baicalin group, 100 mg/kg baicalin group and 200 mg/kg baicalin group, respectively (the ankle tissue of adjuvant
arthritis rats).

the synovium was significantly proliferated, and the infiltration of inflammatory cells, the vasodilation and
the erosion of cartilage as well as bone were found; compared with that in the model group, the chronic
inflammation of synovial tissue of adjuvant arthritis rats, characterized by inflammatory cell infiltration,
cartilage destructionpannus formation, and bone erosion, was significantly improved in baicalin-treated
groups in a dose-dependent manner (Fig. 2).

3.4. Effects of baicalin on the expression levels of inflammatory factor mRNA in the synovial tissue

As the Fig. 3 shows, the expression trends of TNF-q, IL-13, IL-6, IL-17 and COX2 mRNA in the
synovial tissue of rats were similar in the different groups, and the expression of COX1 in different groups
did not change significantly in statistics (P > 0.05); comparing with the rats in the normal group, the
expression levels of IL-173, IL-6, IL-17, TNF-a and COX2 in the model group was significantly increased
(P < 0.01); meanwhile the expression levels of TNF-a, IL-14, IL-6, IL-17 and COX2 in baicalin-treated
groups were remarkably decreased in a dose-dependent manner (P < 0.05 or P < 0.01).

3.5. Effects of baicalin on the expression levels of autophagy-related and apoptosis-related proteins

Western blot was used to disclose the expression of Bcl-2, Bax, LC3-II, Beclinl, Atg5, Atg7 and
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Fig. 3. Effects of baicalin on the expression levels of inflammatory factor mRNA (mean + s, n = 10). CON group: the normal
group; MOD group: the model group; DXMS-treated group: the dexamethasone group; baicalin-treated groups: respectively,
received baicalin 50, 100, and 200 mg/kg. ## P < 0.01, vs the normal group; * P < 0.05, ** P < 0.01, vs the model group.
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Fig. 4. Effects of baicalin on the expression levels of autophagy-related proteins (mean =+ s, n = 10). CON group: the normal
group; MOD group: the model group; DXMS-treated group: the dexamethasone group; baicalin-treated groups: respectively,
received baicalin 50, 100, and 200 mg/kg. # P < 0.05, ## P < 0.01, vs the normal group; *P < 0.05, **P < 0.01, vs the
model group.
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Fig. 5. Effects of baicalin on the expression levels of apoptosis-related proteins (mean =+ s, n = 10). CON group: the normal
group; MOD group: the model group; DXMS-treated group: the dexamethasone group; baicalin-treated groups: respectively,
received baicalin 50, 100, and 200 mg/kg. #P < 0.05, ## P < 0.01, vs the normal group; * P < 0.05, **P < 0.01, vs the
model group.

Atg12 proteins in the synovial tissues of rats in the different groups. Compared with those in the normal
group, the expression levels of LC3-1I, Beclinl, Atg5, Atg7, Atgl2 and Bcl-2 proteins in the synovial
tissue of rats in the model group were significantly increased, but the expressions of Bax proteins were
significantly decreased (P < 0.05 or P < 0.01). In comparison with those in the model group, the
expression levels of LC3-II, Beclinl, Atg5, Atg7, Atgl2 and Bcl-2 proteins in dexamethasone group
were significantly decreased (P < 0.05 or P < 0.01), while those of Bax protein experienced a huge
increase (P < 0.01); and the expression levels of LC3-II, Beclin-1, Atg5, Atg7, Atgl2 and Bcl-2 proteins
in baicalin-treated groups witnessed a huge decrease (P < 0.05 or P < 0.01), while Bax proteins were
significantly increased in a dose-dependent manner (P < 0.05 or P < 0.01) ( Figs 4 and 5).

4. Conclusion

The results of joint pathological tissue, foot swelling and arthritis index could be seen in this experiment,
after administration of baicalin, inflammatory cell infiltration and synovial hyperplasia was alleviated,
foot swelling and arthritis index witnessed a huge decrease, which illustrates the fact that baicalin has
strong anti-inflammatory and anti-rheumatoid activities. These years, it has been reported that baicalin’s
anti-inflammatory mechanism might be related to its regulation of autophagy.

Autophagy is the transport of damaged or obsolete organelles and proteins to lysosomes for the
decomposition of proteins under the stress of endoplasmic reticulum (ER), hypoxia, starvation, heat
shock and microbial infection to maintain intracellular balance [17]. Autophagy protects cells from the
damage caused by viruses or bacteria, and regulates apoptosis, immune response and inflammation [18].
Beclin-1 is a homologue of yeast Atg 6 and a key gene to initiate autophagy [19]. Once the beclin-1
gene is activated, Atg7 initiates Atg5-Atgl?2 binding and LC3-I lipid reaction to form LC3-II [20,21],
marking the occurrence of autophagy. LC3-II is a marker of autophagy and is widely used to monitor the
autophagic activities of cells. Therefore, Beclinl and LC3 play an essential role in autophagy.

Studies have shown that autophagy can also reduce inflammatory responses through apoptosis, there
is a complex interaction between autophagy and apoptosis, and the inhibition of autophagy can induce
the apoptosis of various cancer cells [22]. Kato et al. [23] have found that the activation of autophagy
can restrict the endoplasmic reticulum of fibroblasts to protect cells from apoptosis, which can promote
the massive proliferation of rheumatoid arthritis fibroblast-like synoviocytes (RA-FLS) to increase the
release of inflammatory factors, leading to the exacerbation of the inflammatory reaction in arthritis.
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Recent studies have indicated that autophagy is participate in the pathogenesis of RA by modulating
synovial fibroblasts, immune cells, and pro-inflammatory cytokines, etc. [24]. At the same time, autophagy
and immune cells coordinate with each other to adjust the emancipate of inflammatory cytokines such as,
tumor necrosis factor (TNF), interleukin (IL), cyclo-oxygen-ase (COX), etc. RA-FLS and inflammatory
cells can secrete a large number of cytokines, such as TNF-, IL-17, IL-6 and IL-1, and are participated
in the occurrence and development of diseases [25]. COX-2 is an important prostaglandin synthase in
inflammations, and can be stimulated by inflammatory cytokines or bacterial lipopolysaccharides to be
highly expressed in RA-FLS and inflammatory cells [26], suggesting that RA-FLS and inflammatory
cells can promote the expression of inflammatory cytokines by activating autophagy [20].

The Western blot detection of expression levels of autophagic proteins Beclin-1, Atg5, Atg7, Atgl2 as
well as LC3-II proteins was used for the monitoring of the autophagic level of tissues dynamically in this
study. Compared with those in the normal group, the expression levels of autophagic proteins Atg5, Atg7,
Atgl2, Beclin-1 and LC3-II increased in the synovial tissue of rats in the model group, indicating that
there was the activation of autophagy in the joint tissue of adjuvant arthritis rats; the expression levels of
autophagic proteins decreased after the intervention with baicalin, showing that baicalin could inhibit the
autophagy of synovial tissue in adjuvant arthritis rats.

Moreover, the inhibition of autophagy is related to the increase of apoptosis [26]. Increased apoptosis,
reduces inflammation. Autophagy participates in both the induction and inhibition of inflammations.
The activation of autophagy contributes to the secretion of inflammatory cytokines such as TNF-« and
IL-6 [27]. Therefore, baicalin was administered intragastrically to rats with adjuvant arthritis. According
to the result, it is illustrated that the expression levels of autophagy-related proteins, anti-apoptotic factor
Bcl-2 protein and inflammatory factors (IL-1, IL-6, IL-17, TNF-« and CX-2) increased significantly,
while those of pro-apoptotic factor Bax protein decreased in the model group; after the intervention
with baicalin, the expression levels of anti-apoptotic factor Bcl-2 protein and inflammatory factors
decreased, while those of pro-apoptotic factor Bax protein increased, suggesting that baicalin may play
an anti-inflammatory effect by restraining autophagy and inducing apoptosis.
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