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Abstract

Purpose: To investigate the protective effects of Zhuifengtougu (ZFTG) on rheumatoid arthritis (RA)
using collagen-induced arthritis (CIA) mouse model

Methods: DBA/1 mice were randomly divided into 7 treatment groups (n = 8): normal, positive control
(CIA mice), CIA mice + total glucosides of peony (TGP), CIA mice + cyclophosphamide (CPA), CIA
mice + 100 mg/kg ZFTG, CIA mice + 200 mg/kg ZFTG, and CIA mice + 400 mg/kg ZFTG. The serum
levels of interleukin (IL)-18, IL-6, IL-10, IL-17 and tumor necrosis factor (TNF)-awere measured by
enzyme-linked immunosorbent assay (ELISA). Western blot was used to determine the protein
expression of B-cell ymphoma 2 (BCL-2), p53 and first apoptosis signal receptor (Fas).

Results: Following drug administration, the arthritic index in CIA mice administered low-dose, medium-
dose, or high-dose ZFTG (1.53 — 1.87), TGP (1.75 + 0.42), or CPA (1.52 + 0.36) was reduced
significantly (p < 0.05), compared with positive control group (5.66 + 0.73; p < 0.01). Levels of IL-18, IL-
6, IL-17 and TNF-a in serum and expression of Bcl-2, p53, and Fas were also significantly decreased (p
< 0.05) in CIA mice administered ZFTG, TGP, or CPA, whereas IL-10 levels increased.

Conclusion: These results suggest that ZFTG exhibit anti-rheumatic activity in CIA mice via modulation
of inflammatory cytokines (IL-18, IL-6, IL-10, IL-17 and TNF-a) and downregulation of the expressions of
Bcl-2, p53, and Fas. Thus, ZFTG is a potential candidate drug for the treatment of RA.

Keywords: Zhuifengtougu pill, Rheumatoid arthritis, Cytokines, Bcl-2, Fas, p53

This is an Open Access article that uses a funding model which does not charge readers or their institutions
for access and distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0) and the Budapest Open Access Initiative
(http://www.budapestopenaccessinitiative.org/read), which permit unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly credited.

Tropical Journal of Pharmaceutical Research is indexed by Science Citation Index (SciSearch), Scopus,
International Pharmaceutical Abstract, Chemical Abstracts, Embase, Index Copernicus, EBSCO, African
Index Medicus, JournalSeek, Journal Citation Reports/Science Edition, Directory of Open Access Journals
(DOAJ), African Journal Online, Bioline International, Open-J-Gate and Pharmacy Abstracts

INTRODUCTION

immunosuppressants are  commonly

used

The global incidence of RA, a common chronic
autoimmune disease, is 1 % [1,2]. Disability
associated with RA poses a serious problem to
patients in terms of ability to work, overall health,
and quality of life [3-5]. The etiology and exact
mechanisms of RA are not well understood. Non-
steroidal anti-inflammatory drugs and

treatments for RA. Some natural plant extracts
such as Tripterygium wilfordii and Sinomenine
could also offset the immune imbalance in RA.
Research on traditional Chinese medicine (TCM)
for effectively treating RA has been ongoing for
some time and continues to grow. However,
systematic theoretical support for TCM in the
treatment of RA is lacking.
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Most traditional Chinese medicine prescriptions
consist of a variety of herbs. Zhuifengtougu
(ZFTG), a Chinese patent medicine (approval
number: Z20083219), is prepared from 24
Chinese medicinal materials including Radix
AconitiPreparata, Radix AngelicaeDahuricae,
and Radix Paeoniae Rubra. The ZFTG
prescription, coming from the famous ancient
Chinese medical manuals, has been proved to
have therapeutic effects on osteoarthropathy in
the clinic.

The present study was to investigate the
protective effects of ZFTG on RA using CIA
mouse model and evaluate the potential clinical
application of ZFTG for RA.

EXPERIMENTAL
Experimental animals

Male DBA/1 mice (Changzhou Cavens
Experimental Animal Company, China) were fed
standard chow and water and housed in a
controlled environment (20 — 26 °C, relative
humidity 40 — 70 % 12 h light/dark cycle). All
treatment of mice was in accordance with Guide
for the Care and Use of Laboratory Animals by
National Research Council [6]. The animal
experimental protocols were approved by the
The First Affiliated Hospital of Chongging
Medical University Ethics Committee on Animal
Research (approval no. CM20170038).

Drugs

ZFTG (approval number 220083219, 0.26 g/pill,
Hunan Dekang Pharmaceutical Ltd by Share,
Ltd.) was first crushed into powder, and then
ZFTG powder (2.5, 5 or 10 g) was dissolved in
0.9 % NaCl to obtain low-dose, medium-dose,
and high-dose suspensions (0.05, 0.1 and 0.2
g/mL, respectively). To prepare Type 1l collagen
(Cll) emulsion, CIl (Sigma Reagent Company,
USA) was dissolved in ethylic acid (0.1 mol/L)
and emulsified with Freund's Complete Adjuvant
(Sigma Reagent Company, USA). Oscillatory
emulsification was obtained (1 mg Cll per 1 mL)
and stored at 4 °C. Total glucosides of peony
(TGP; Li-Hua Pharmaceuticals, Ningbo) and
cyclophosphamide (CPA; Hengrui Pharma,
Jiangsu) were suspended in 0.9 % NacCl.

Induction of CIA mice and drug treatment

Fifty-six eleven-week-old male DBA/1 mice were
randomly divided into 7 groups (n = 8): normal;
CIA (positive control); CIA + TGP; CIA + CPA;
CIA + 100 mg/kg ZFTG; CIA + 200 mg/kg ZFTG;
CIA + 400 mg ZFTG. The mice were immunized

with 200ug collagen via injecting into the base of
mice tail, and same volume of 0.9 % NaCl were
injected into the mice of normal group. The day
of primary injection was set as day 1.

Booster injection of the same collagen emulsion
was performed via intraperitoneal injection on
day 21. Besides, mice in ZFTG treatment groups
received once daily intragastric administration of
ZFTG (100, 200, or 400 mg/kg, respectively) for
4 weeks. Mice in CIA + TGP and CIA + CPA
groups received equal volume daily intragastric
administrations of control treatment (TGP or
CPA, respectively) over the same period of time.
Mice in normal and CIA groups received daily
intragastric administrations of the same volume
of 0.9 % NaCl (4 mL).

On day 28, after CIA was induced, the body
weight of mice in each group was determined
every 8 days. The arthritis index scores of mice
were evaluated by a blinded observer following a
previously reported method [7] in which severity
was scored for each limb every 3 days, using a
scale ranging from 0 — 4, where 0 = no swelling.
The maximum possible score for each mouse
is16.0n day 49, the mice were euthanized and
the knee joints obtained. Following standard
methods [8], H & E staining (hematoxylin and
eosin) was carried out. Histopathological damage
was scored by a blinded observer. Synovial
hyperplasia was evaluated with a
semiquantitative scoring system (scale ranging
form 0-4, where 0 = without hyperplasia, 1 = low
hyperplasia, 2 = medium hyperplasia, with 2 — 4
layers of synovial cells affected, 3 = severe
hyperplasia, with = 4 layers of synovial cells
affected, 4 = total destruction of joint
architecture, defined as erosion of cartilage and
bone, as well as disappearance of joint space.

Evaluation of serum levels of
inflfammatory cytokines and expressions
of Bcl-2, Fas, and p53

On day 28-35, blood samples were obtained
from the orbital plexus. Serum levels of IL-1p, IL-
6, IL-10, IL-17 and TNF-a were determined with
ELISA kits (Jingmei Biotech, Beijing). On day 42-
49, the synovial tissues of knee joints were
extracted. Protein expressions of Bcl-2, Fas, and
p53 were determined by Western blot (Sai Bao

Biotechnology, = Shanghai) as  described
previously [9].

Statistical analysis

Data are presented as mean +* standard

deviation (SD) and were analyzed by one-way
analysis of variance (ANOVA) to determine
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significant difference. P < 0.05 was set as the
significance threshold. SPSS 17.0 was employed
for statistical analyses.

RESULTS

Body weight and arthritic index of mice CIA
group

As shown in Figure 1A, the body weight of mice
in normal and CIA groups was 18 *+ 1g at the
beginning of the experiment and naturally
increased to 22 + 1 gat day 21. Following booster
immunization on day 21, the body weight of mice
in CIA group stopped growing, while the body
weight continued to increase in the normal mice,
leading to a significant (p < 0.05) difference
between these two groups at all time points
assessed from day 35 through day 70. However,
the overall effect size was modest. There were
no deaths in either group.

Following immunization on day 21, the mean
arthritis index in the CIA mice increased

gradually over time (Figure 1B). Arthritis index
scores were recorded for a total of 10 CIA mice

every 8 days.
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Figure 1: A: Body weight changes in CIA mice and
normal group (*p < 0.05, **p < 0.01 CIA group vs
normal group) A Normal, o CIA. B: Mean arthritis
index in CIA mice

Effects of ZFTG on CIA mice

After ZFTG treatment for 4 weeks, the mean
body weight of mice in CIA + ZFTG groups (high-

Table 1: Effect of ZFTG on CIA mice (Mean = SD, n = 8)

dose: 21.9 = 0.6 g, medium-dose: 21.7 + 0.4 g,
low-dose: 21.8 + 0.5 g) was similar that in CIA
group (21.8 = 0.6 g), while the body weight of
mice in CIA + CPA group (18.8 + 0.7 g) was
significantly decreased (Table 1).The arthritis
index scores in CIA + ZFTG groups (high-dose:
1.53 £ 0.27, medium-dose: 1.62 = 0.33, low-
dose: 1.87 + 0.41), CIA + TGP group (1.75 £
0.42), and CIA + CPA group (1.52 + 0.36) were
significantly lower than that in CIA group (5.66 £
0.73, p < 0.01). The swelling ratio remarkedly
increased in CIA group (48.5 £ 7.2, p < 0.01)
compared with normal group, while ZFTG, TGP,
or CPA administration could significantly
suppress the enhanced swelling ratio induced by
Cll (p < 0.01). It should be noted that there was
no significant difference in the arthritis index,
swelling ratio, and synovial hyperplasia between
CIA+ 200 mg/kg ZFTG group and CIA + 400
mg/kg ZFTG group.

Swelling ratio: (post-inflammatory foot volume /
pre-inflammatory foot volume —1) x100%;
synovial hyperplasia : 0 = without hyperplasia, 1
= low hyperplasia, 2 = medium hyperplasia, with
2-4 layers of synovial cells affected, 3 = severe
hyperplasia, with = 4 layers of synovial cells
affected4 = total destruction of joint architecture;
## p < 0.01 CIA group vs normal group; * p <
0.05; ** p < 0.01 CIA + ZFTG vs CIA group

SERUM LEVELS OF CYTOKINES TNF-A,
IL-1B, IL-6, IL-10 AND IL-17

Compared with normal group, serum levels of
pro-inflammatory cytokines TNF-a, IL-1(3, IL-6,
and IL-17 in CIA group increased significantly,
and that of anti-inflammatory cytokine IL-10
decreased remarkedly (Figure 2). After
administration of ZFTG, CPA, or TGP, serum
levels of TNF-q, IL-183, IL-6, and IL-17 in ZFTG,
CPA, or TGP treatment groups decreased and
that of IL-10 increased (p< 0.01).The effects of
ZFTG on CIA mice were dose-dependent.

Group Dose Body Arthritis Swelling ratio Synovial
(mg/kg) weight (g) index (%) hyperplasia score
Normal NA 22.4+0.7 0 0.33x2.1 0
CIA NA 21.8+0.6 5.66£0.73## 485 7.2## 2.87 £0.61 ##
CIA + CPA 20 18.8+£0.7 1.52£0.36 ** 8.3x£3.7* 0.43+£0.13**
CIA + TGP 1 22.1+0.5 1.75+£0.42 ** 11.6 £3.2* 0.56 + 0.25 **
CIA + ZFTG high 400 21.9+0.6 1.53+£0.27 ** 10.8£2.1* 0.39 £ 0.21 **
dose
CIA + ZFTG medium 200 21.7+£04 1.62 £0.33** 13.6 £ 3.4 ** 0.46 £ 0.33 **
dose
CIA + ZFTG low dose 100 21.8+0.5 1.87 £0.41 ** 154 £ 3.1* 0.61 + 0.27 **
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Figure 2: Serum levels of IL-18, IL-6, IL-10, IL-17 and
TNF-a (mean = SD; 8 mice in each group); (#p< 0.05,
##p < 0.01 ZFTG group vs CIA group; ***p< 0.001 CIA
group vs normal group)

Expressions of p53, Bcl-2 and Fas

Compared with normal group, protein expression
of Bcl-2, p53, and Fas in synovial tissues was
upregulated significantly in CIA group (Figure 3).
Following administration of ZFTG, protein
expression of Bcl-2, p53, and Fas was clearly
downregulated (p < 0.05). Following
administration of CPA or TGP, Bcl-2, p53, and
Fas expression was down regulated even more
markedly.
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Figure 3: Western blot analyses of Fas, Bcl-2,
and p53 expression (each group n = 8). B: The
expression of FAS; C: Expression of Bcl-2; D:
Expression of p53 (#p< 0.05, ##p< 0.01 ZFTG
group vs CIA group; **p< 0.01 CIA group vs
normal group)

DISCUSSION

The CIA model has been recognized as a typical
rheumatoid arthritis animal model. Zhang et al
[10,11] found that symptoms (redness and
swelling) appeared on the posterior foot and
ankle joint 24 days after inflammation, then
progressed to the anterior foot and tail and
continued to aggravate, eventually leading to

joint deformity. These clinical manifestations and
pathological changes are closely related to RA.
The symptoms of CIA mice in this study are
consistent with these previous reports.

TGP and CPA have been used for the treatment
on RA in the clinic. In this study, CIA mice given
medium-dose and high-dose ZFTG (200 and 400
mg/kg) displayed profound reductions in arthritis
index scores, swelling ratio scores, and synovial
hyperplasia compared with positive control CIA
mice. ZFTG did not cause obvious body weight
changes or behavioral abnormalities, indicating
that administration of ZFTG at doses of 200 and
400 mg/kg may not induce toxicity.

Previous research indicated that pro-
inflammatory cytokines such as TNF-a and IL-6
can cause destruction of cartilage and bone
during RA aggravation. Increasing evidence
shows that TNF-a plays an important role in RA
and other inflammatory forms of arthritis. In
addition, levels of other inflammatory cytokines
may be modulated by TNF-a. For example, when
TNF-a is blocked or inhibited in RA patients, IL-
18 and IL-6 decrease correspondingly [12]. IL-6,
a pro-inflammatory cytokine, plays an extensive
role in immune regulation, inflammation, and
oncogenesis. Compared with the normal one,
level of IL-6 in sera and synovial fluid was higher
in RA patients.

IL-17 is secreted mainly by activated memory
CD4 T cells. Following secretion of high levels of
IL-17, vessels proliferate, synovium thickens, and
pannus formation may occur, leading to arthritis
and bone destruction [13,14]. By contrast, IL-10,
which is secreted by macrophages, mast cells,
and many other cell types, blocks NKL-OPG
signaling and inhibits the formation of
osteoclasts. Previous studies indicated that RA is
associated with T helper cell (Thl/Th2)
imbalance. IL-10 and IL-17 are key players in
maintaining Th1/Th2 balance, the observation of
modulated levels of IL-10 and IL-17 in RA may
help explain the mechanism of anti-bone
destruction from the perspective of cytokines and
molecular biology [15]. ZFTG significantly altered
the levels of IL-1(3, IL-6, IL-17, TNF-a, and IL-10
consistent with the results in previous studies on
effective medications for RA treatment.

Abnormal cell apoptosis can lead to hyper-
proliferation and hypertrophy of synovial tissue,
thereby promoting the occurrence of RA.
Fibroblast-like synoviocytes (FLS) are the most
important cell type among RA synovial cells.
Although the exact mechanism of excessive
proliferation remains to be elucidated, lack of
apoptosis may be a cause [16]. The abnormal
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proliferation and lack of apoptosis of FLS are
closely related to synovial hyperplasia and
thickening and may be associated with the
pathogenesis of RA [17]. These abnormalities
are related to abnormal expression of Fas, p53,
Bcl-2 and other genes. Research has found that
the expression of anti-apoptotic proteins,
including Bcl-2, is markedly increased in RA-
FLS, suggesting that the apoptosis of FLS was
inhibited in CIA mouse model.

Increased expression of p53 could also be
detected in RA-FLS. The increased expression of
p53 could enhance the apoptosis of fibroblasts
[18]. Fas in combination with Fas ligand (FasL)
can lead to apoptosis. Impaired cell apoptosis
and overexpression of Fas may lead to multiple
genetically based diseases. In RA-FLS, there are
large quantities of reactive T, B lymphocytes
which own low level of apoptosis [19]. After Fas
antibody treatment, 50 % of T cells were
apoptotic, suggesting that most RA patients with
synovial infiltrating T cells expressed Fas
antigen. The increased expression of Fas may
indicated the enhanced inflammatory response in
synovial tissues.

ZFTG treatment may modulate abnormal
expression of Fas, p53, and Bcl-2.Following
treatment with ZFTG, TGP, or CPA, pathological
changes in the synovium of CIA mice can be
significantly reduced. The mechanism may be
related to increased expression of Bcl-2 and Fas
in the synovial cells, which induces apoptosis of
the synovial cells and restores the balance of cell
proliferation and apoptosis. The expression of
p53 protein in the CIA group was high before
drug administration, indicating that ZFTG may
inhibit hyperplasia of synovial cells and induce
apoptosis by inhibiting the expression of p53.

CONCLUSION

The results of the present study indicates that the
levels of anti-Cll antibodies and pro-inflammatory
cytokines are altered in CIA mice. Mice treated
with ZFTG, TGP, or CPA exhibited reduced
arthritis index scores, swelling ratio scores,
histological arthritic scores, levels of pro-
inflammatory cytokines (IL-18, IL-6, IL-17 and
TNF-a) and expression of anti-Cll genes(Bcl-2,
Fas, and p53). This suggests that ZFTG
treatment may be effective in managing the
development and progression of RA, possibly by
increasing the serum levels of the main pro-
inflammatory cytokines and decreasing anti-
apoptotic proteins.
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