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Objective: Rheumatoid arthritis (RA) is a chronic inflammatory and destructive arthritis, characterized by
inflammatory infiltration and bone destruction. Huangqi Guizhi Wuwu Decoction (HGWD) is traditional
Chinese medicine, which has been applied in the treatment of RA in clinical. The aim of this study was to
investigate the therapeutic effect of HGWD on collagen-induced arthritis (CIA) mouse model.
Methods: DBA/1J female mice were used to establish the collagen-induced arthritis (CIA) model. HGWD
was administered intragastrically once a day for four weeks starting on the 22nd day after the first immu-
nization. The body weight, hind paw thickness and clinical score were measured every five days. Gait
analysis, histopathological staining, enzyme-linked immunosorbent assay (ELISA), ultrasound imaging
and micro-computed tomography imaging were performed to determine the effects of HGWD treatment
on inflammation and bone structure in this model. Moreover, Real-time PCR and Western blot analysis
were used to detect inflammatory factors mRNA and protein levels after HGWD intervention in RAW
264.7 cells.
Results: HGWD attenuated symptoms of arthritis, suppressed inflammatory synovium area and the
serum levels of inflammatory factors, inhibited joint space enlargement in the knee and ankle joints,
reduced numbers of osteoclasts, protected bone destruction, as well as improved motor function.
HGWD decreased the expression of mRNA for inflammatory factors and the protein expression levels
of p-NF-rB and IL-17.
Conclusion: These results suggested that HGWD suppresses inflammation, attenuates bone erosion and
maintains motor function in collagen-induced arthritis mice.
� 2024 Tianjin Press of Chinese Herbal Medicines. Published by ELSEVIER B.V. This is anopen access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

A chronic inflammatory autoimmune condition known as
rheumatoid arthritis (RA), which is characterized by synovial
hyperplasia, inflammatory infiltration, subsequent cartilage
destruction and bone erosion (Genovese et al., 2019; Klareskog,
Catrina, & Paget, 2009). These changes could lead to joint defor-
mity, disability, and low quality of life. There are nearly five million
people living with RA in China, representing a significant social
problem (Jin et al., 2017; Xie et al., 2019).

In clinic, RA is mainly treated by disease-modifying anti-
rheumatic drugs (DMARDs), such as methotrexate (MTX), lefluno-
mide and hydroxychloroquine. MTX is the most commonly used
DMARDs. The DMARDs may lessen symptoms and enhance the
quality of life in addition to limiting joint deterioration and main-
taining joint structure and functioning (Yap et al., 2018; He et al.,
2021). However, long-term usage of these medications does have
a number of negative effects, including but not limited to stomach
upset, diarrhea, interstitial pneumonitis and liver damage
(Kalashnikova et al., 2020).
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According to traditional Chinese medical philosophy, RA is clas-
sified as Bi syndrome, which is mainly caused by wind-cold-
wetness evil. The treatment of RA with traditional Chinese medi-
cine (TCM) has a long history. Meanwhile, TCM is less expensive,
effective, safe, and with fewer side effects.

Huangqi Guizhi Wuwu Decoction (HGWD), a classical prescrip-
tion of TCM, was derived from Synopsis of the Golden Chamber (Jin-
gui Yaolue in Chinese) by Zhongjing Zhang in Eastern Han Dynasty.
This formula includes five herbs, Hedysarum multijugum Maxim.
(Honghuayan Huangqi in Chinese), Cinnamomi Ramulus (Guizhi in
Chinese), Paeoniae Radix Alba (Baishao in Chinese), Zingiberis Rhi-
zoma Recens (Shengjiang in Chinese), and Jujubae Fructus (Dazao
in Chinese). HGWD has effects of invigorating qi and warming
meridians, activating blood and releasing ‘‘Bi”, dispersing damp-
ness and draining cold (Chen, Yuan, Kang, Zhang, & Liu, 2015;
Tang et al., 2023). It is also used to anti-inflammation and enhanc-
ing body immunity (Liu et al., 2019). HGWD could be used to treat
RA in clinic (Wang et al., 2020). However, how HGWD affects RA
has not been fully understood. Therefore, this study was designed
to investigate the treatment effects of HGWD on inflammation and
bone destruction in the collagen-induced arthritis (CIA) mouse
model.
2. Materials and methods

2.1. Preparation of Huangqi Guizhi Wuwu Decoction

The composition of HGWD is H. multijugum 9 g, Cinnamomi
Ramulus 9 g, Paeoniae Radix Alba 9 g, Zingiberis Rhizoma Recens
18 g, and Jujubae Fructus 15 g. All herbs were obtained from the
Chinese Pharmacy of Longhua Hospital, which is affiliated with
the Shanghai University of Traditional Chinese Medicine. The
method of preparing extracts of HGWD and HPLC quality was as
previously published article (Wang et al., 2022), and the results
were shown in Fig. S1 (supplementary materials).

2.2. Animals

A total of 32 specific pathogen-free DBA/1J female mice with 6–
8 weeks old (Animal Certificate of Conformity license number:
SCXK(Hu)2014–0042) were used in this experiment. They were
obtained and kept at the Shanghai Model Organisms Center
(Shanghai, China). The Shanghai Model Organisms Center’s Institu-
tional Animal Care and Use Committee examined and approved the
animal research.

2.3. Collagen-induced arthritis (CIA) model

The CIA model was created according to the methods previously
described (Brand, Latham, & Rosloniec, 2007). At 4 �C overnight,
Bovine Collagen Type II (Chondrex Inc, Cat No. #20021) was dis-
solved in 10 mmol/L acetic acid to 2 mg/mL. Then, this solution
was emulsified with an equivalent amount of complete Freund’s
adjuvant (Chondrex Inc, Cat No. #7001). The mice were given
100 lL of emulsion intradermally at the base of the tail (day 0, first
immunization). The mice were immunized again on day 21 with
bovine collagen type II emulsified in incomplete Freund’s adjuvant
(Chondrex Inc, Cat No. #7002). In this model, the first sign of
arthritis appears between 21 and 28 days after the first
immunization.

2.4. Groups and treatments

A total of 32 mice were randomly distributed into four groups
with eight animals in each group. The mice without CIA induction
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were used as a normal control group (control). On the 22nd day
after the first immunization, the mice which accepted CIA were
given 0.2 mL of saline orally and daily as a model group
(CIA + saline) or 0.2 mL of MTX (0.075 mg/mL, Shanghai Oriental
Medicine Science and Technology Industry Co., Ltd., Cat No.
#100138) intragastrically twice a week as a positive control
group (CIA + MTX) or 0.2 mL of HGWD (0.8 mg/kg) by gastric gav-
age once a day as a HGWD treatment group (CIA + HGWD) for
four weeks.

2.5. Arthritis assessment

Twenty-one days after the first immunization, we measured the
body weight, hind paw thickness and clinical score every five days.
Clinical score was based on visual observation, each paw was
scored 0–4 (Wang et al., 2018; Yabe et al., 2021). The following
scores were assigned: 0, no swelling (normal); 1, erythema and
minor swelling restricted to individual digits; 2, erythema and
mild swelling in multiple digits; 3, erythema and moderate swel-
ling; and 4, erythema and severe swelling. Each mouse’s ultimate
score was the total of the scores from all four paws. The clinical
score was assessed by two independent examiners blinded to the
whole group.

2.6. Gait analysis

Gait analysis was collected using the GaitScan system (Clever
Sys Inc, Washington, USA). Footprints were captured using a
high-speed camera and Bcam Cap Image Capture. These recorded
videos were analyzed using TreadScan TM 2.0 software (Clever
Sys Inc, Washington, USA). Each mouse was tested three times.
The data were shown as the mean from three tests from each
mouse.

2.7. Ultrasound imaging and analysis

The Vevo 2100 imaging system (FUJIFILM Visual Sonics Inc, Tor-
onto, Canada) was used to check the knee and ankle joints. They
were scanned using B-mode according to the methods previously
described (Jia et al., 2019; Xu et al., 2017). Three-dimensional
images were reconstructed and quantified from B-mode images
using VevoLab software (FUJIFILM Visual Sonics Inc, Toronto,
Canada).

2.8. Histology

Left ankle and knee joints were fixed in 4% paraformaldehyde
solution for 24 h, decalcified in 10% sodium ethylene diamine tet-
raacetic acid (EDTA) for 21 d, embedded in paraffin and sectioned
into 4 lm/slide. Alcian Blue/Orange G (ABOG) staining and
tartrate-resistant acid phosphatase (TRAP) staining were used to
observe histopathological changes.

2.9. Enzyme-linked immunosorbent assay (ELISA)

Serum samples were extracted from peripheral blood and
stored at �80 �C. The ELISA kit of TNF-a, IL-1b and IL-6 were all
from Elabscience Biotechnology (Elabscience Biotechnology Inc,
Wuhan, China. Cat No. #E-EL-M0049c, E-EL-M0037c and E-EL-
M0044c). All operations were carried out in accordance with the
manufacturer’s instructions.

2.10. Micro-Computed tomography (Micro-CT) image

Right ankle joints were fixed in 4% paraformaldehyde solution
for 24 h, then rinsed under running water for 2 h before being kept
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in 75% ethanol and scanned by micro-CT system (Scanco viva CT80,
Scanco Medical AG, Brüttisellen, Switzerland). Here are the set-
tings: tube voltage 55 kV, tube current 72 lA, exposure time
200 ms. Scanco’s supporting software was then used to rebuild
and evaluate three-dimensional pictures (Scanco Medical AG,
Brüttisellen, Switzerland).
2.11. Cell line and culture conditions

Murine macrophage (RAW264.7) cells were obtained from the
research group, which grown using DMEM (HyClone, Cat. No.
SH30022.01), supplemented with 10% fetal bovine serum (Gibco,
New York, USA. Cat. No. 10270–106) and added 1% penicillin/strep-
tomycin (Biological Industries, Cat. No. 03–031-1B). RAW264.7
cells were cultured at 37 �C and 5% CO2.
2.12. Cell viability assay

Viability of RAW264.7 was assessed by Cell Counting Kit-8
(CCK-8) assay. RAW264.7 cells were seeded in 96-well culture
plates at 1 � 104 cells/well. After 24 h, RAW264.7 treated with dif-
ferent concentrations of HGWD (0, 0.25, 0.5, 1, 1.5 and 2 mg/mL)
for another 24 h. Then, CCK-8 reagent (Dojindo, Kyushu Island,
Japan. Cat. No. NQ643) was added into each well and mixed fully
at 37 �C for 1 h. The absorbance was detected at 450 nm with a
microplate reader (BioTek Synergy 3, Vermont).
2.13. Real-time PCR

Total RNA from RAW264.7 was isolated using EZ-press RNA
Purification Kit (EZBioscience, Minnesota, USA. Cat. No.
B0004D). The cDNA was prepared using the Color Reverse Tran-
scription Kit with gDNA Remover (EZBioscience, Cat. No.
A0010GQ), and real-time PCR was performed using 2 � SYBR
Green qPCR Master Mix (ROX2 plus) (EZBioscience, Cat. No.
A0001-R2). The relative mRNA levels of the target genes were
determined using the 2�DDCt method. This experiment was
repeated three times.
2.14. Western blot

The RAW264.7 was collected, and the total protein was col-
lected. The protein was separated by 10% SDS-PAGE and trans-
ferred to PVDF membranes. Western blot was performed using
rabbit anti-p-NF-rB antibody (1:1 000; Cell Signaling Technology,
Boston, USA. Cat. No. 3033), anti-NF-rB antibody (1:1 000; Cell Sig-
naling Technology, Cat. No. 8242), rabbit anti-IL-17 antibody (1:1
000; Abcam, Cat. No. ab79056), and mouse anti-b-actin antibody
(1:2 000; Sigma, Missouri, USA. Cat. No. A2228). The protein bands
were visualized using ECL (Millipore, Massachusetts, USA. Cat. No.
WBKLS0500) and chemiluminescence detection system (Bio-Rad,
California, USA).
2.15. Statistical analysis

The data were shown as the mean values ± standard deviation.
GraphPad Prism 8.0.2 (GraphPad Software, La Jolla, CA) was used
for statistical analyses and representation. Differences between
multiple groups were compared using One-way analysis of vari-
ance (ANOVA) with Tukey’s multiple comparison test. The two-
way ANOVA comparison was done for multiple groups with differ-
ent time points. A statistically significant difference was defined as
P < 0.05.
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3. Results

3.1. HGWD attenuated symptoms of CIA mice

We employed a CIA model in DBA/1J mice to study the effects of
HGWD on RA (Fig. 1A). When compared to the control group, the
CIA model mice exhibited a modest drop in body weight from
day 26 to day 31, followed by an increase (Fig. 1B). In this model,
mice develop arthritic symptoms including varying degrees of
swelling of the toes, soles and ankle joints after booster immuniza-
tion (Day 21). After four weeks treatment, the hind paw thickness
and clinical score were significantly decreased in the MTX-treated
and HGWD-treated group compared with the saline-treated group
(Fig. 1C�E). These results suggested that HGWD can effectively
inhibit the symptoms of arthritis in this model.

3.2. HGWD improved motor function of CIA mice

Gait analysis revealed that the average speed of the model
group was lower than that of the control group (Fig. 2A). Groups
did not differ in swing time (Fig. 2B). The model and control groups
varied in stance time and print area in the right hind limbs. And
therapy may be able to reverse some of these alterations (Fig. 2C
and D). These combined results indicate that MTX or HGWD treat-
ment improves motor function in mice with the CIA model.

3.3. HGWD inhibited joint space enlargement in knee and ankle joint
of CIA mice

The Vevo 2100 imaging system was used to evaluate the vol-
ume of knee and ankle joint cavities in mice after treatment. The
results of ultrasound imaging and analysis showed that CIA mice
joint space enlarged. And HGWD-treated group performed similar
therapeutic effect on significantly inhibiting joint space enlarge-
ment in the knee and ankle joints of the CIA mice compared to
the MTX-treated group (Fig. 3).

3.4. HGWD reduces inflammation of CIA mice

To observe the effect of HGWD on the histopathology of the CIA
model, we performed ABOG staining on the knee and ankle joints
and quantified the area of inflammation. According to representa-
tive images of ABOG staining (Fig. 4A), we discovered that saline-
treated knee and ankle joints showed severe inflammatory infiltra-
tion, while MTX-treated and HGWD-treated knee and ankle joints
had dramatically decreased inflammatory synovium area (Fig. 4B).
There is a large amount of TNF-a expression around the ankle joint
in the saline group, and TNF-a expression was significantly
reduced in the MTX-treated and HGWD-treated group. (Fig. 4C
and D). In addition, we collected the serum of the mice and
detected the level of serum inflammatory factors by ELISA kit.
According to the findings, the serum TNF-a, IL-1b and IL-6 levels
were considerably lower in the treated group than in the saline
group (Fig. 5).

3.5. HGWD protected bone destruction of CIA mice

Three-dimensional reconstruction micro-CT images showed
that the talus, scaphoid, cuneiform and metatarsal bones of CIA
mice had severe bone erosion, while the degree of bone erosion
in the MTX group and the HGWD group were reduced compared
with the model group, and the bone structures in the two groups
were relatively complete (Fig. 6A). Furthermore, we performed
TRAP staining to assess bone destruction by osteoclasts. It was
found that the drug-treated group had fewer osteoclasts



Fig. 1. HGWD attenuated symptoms of CIA (mean ± SD, n = 8). (A) Schedule of experimental groups and drug administration. Body weight (B), paw thickness (C) and clinical
score (E) in each group over time. (D) Representative pictures of hind paws of each group on day 51. *P < 0.05 vs CIA + Saline group.

Fig. 2. HGWD improved gait function (mean ± SD, n = 8). Gait parameters of average speed (A), right hindlimb swing (B), right hindlimb stance (C), and right hindlimb print
area (D) in each group at day 51. *P < 0.05, **P < 0.01 vs CIA + Saline group.
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Fig. 4. HGWD reduces inflammation of knee and ankle joint. (A) Representative images of ABOG staining of knee and ankle joint (scale bar = 200 lm). (B) Quantification of
inflammatory area/ total area (mean ± SD, n = 8). (C) Representative images of TNF-a immunohistochemical staining of ankle joint. Scale bar = 200 lm in upper pictures; Scale
bar = 50 lm in bottom pictures. (D) Quantification of TNF-a positive area/ total area (mean ± SD, n = 3). ***P < 0.001 vs CIA + Saline group.

Fig. 3. HGWD inhibited joint space enlargement in knee and ankle joint of CIA mice. (A) Representative images of B mode and three-dimensional reconstructions of knee and
ankle joints. Quantification of joint space volume of knee (B) and ankle (C) (mean ± SD, n = 8). ***P < 0.001 vs CIA + Saline group.

Fig. 5. HGWD reduces levels of inflammatory factors of TNF-a (A), IL-1b (B), and IL-6 (C) in serum (mean ± SD, n = 8). ***P < 0.001 vs CIA + Saline group.
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surrounding the astragalus in the ankle joints than the saline-
treated group, according to TRAP staining (Fig. 6B and C).

3.6. HGWD suppressed mRNA and protein expression of inflammatory
factors in LPS-induced Raw264.7 cells

To further investigate the mechanism of HGWD action, we
examined its effect on LPS-induced Raw264.7 cells. Raw264.7
cells were pretreated with the different concentrations of
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HGWD, prior to stimulation with LPS (1 lg/mL). Then, the
inflammatory factors mRNA levels and the protein levels of p-
NF-rB, NF-rB and IL-17 were determined. We found that 0–
1.5 mg/mL HGWD did not affect cell viability, 2 mg/mL HGWD
inhibited cell viability (Fig. 7A). HGWD markedly decreased the
expression of mRNA for IL-1b, IL-6, TNF-a and iNOS (Fig. 7B�E).
And HGWD treatment significantly suppressed the protein
expression levels of p-NF-rB and IL-17 (Fig. 7F�H). These
changes were dose dependent.



Fig. 6. HGWD protected bone destruction. (A) Representative 3D micro-CT images of ankle joints (scale bar = 1 mm). (B) Representative TRAP staining images. Scale
bar = 200 lm in upper pictures; Scale bar = 50 lm in bottom pictures. (C) Quantification of number of TRAP-positive osteoclasts (mean ± SD, n = 8). ***P < 0.001 vs CIA + Saline
group.

Fig. 7. HGWD suppressed mRNA and protein expression of inflammatory factors. (A) Cell viability of Raw264.7 treated by different concentrations of HGWD for 24 h
(mean ± SD, n = 5). (B�E) mRNA levels of IL-1b, IL-6, TNF-a and iNOS in Raw264.7 (mean ± SD, n = 3). (F) Representative WB image. Quantitative analysis of IL-17 (G) and p-NF-
rB (H) protein expression (mean ± SD, n = 3). *P < 0.05, **P < 0.01, ***P < 0.001 vs CIA + Saline group.
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4. Discussion

HGWD, a classic TCM prescription, has been utilized in thera-
peutic settings in China for thousands of years (Liu et al., 2021).
The H. multijugum promotes blood circulation, removes blood sta-
sis and replenishes yang (Li, Cao, Yao, & Lei, 2021). Cinnamomi
Ramulus has the functions of replenishing spleen and kidney yang
to driving away cold and transporting water (Kim et al., 2016).
Paeoniae Radix Alba could nourish yin and blood (Duan, Pan, Bao,
& Peng, 2019). HGWD has been used in the treatment of blood sta-
sis, such as RA, numbness sensory disturbance, cervical spondylo-
sis, heart disease, and stroke (He et al., 2021; Pang et al., 2016).
Nowadays, it is becoming increasingly popular to use TCM to pre-
vent or treat chronic disease, due to the benefits of minor toxicity
and few side effects (Wei et al., 2020). MTX is known to be effective
slowing the progression of joint damage in RA patients, but it also
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has some adverse effects such as liver damage, gastrointestinal
symptoms, and bone marrow suppression (Zhai et al., 2021). There
are some clinical studies have revealed that HGWD coupled with
western medicine has superior treatment effects on RA patients
than the western medicine control group (Ma, Ma, & Zhao, 2016).
However, there are only a few animal experiments exploring treat-
ment for RA model. Against this background, we adopted CIA
mouse models to verify the effect of HGWD on RA. In this study,
we demonstrated that HGWD could suppress symptoms of arthri-
tis and preserve motor function through reducing inflammation
and bone destruction.

RA is a common chronic inflammatory disorder, and has more
synovial fluid, consisting of a large number of cytokines around
joint (Kim et al., 2018). Excessive synovial fluid stimulates inflam-
matory cells to produce the inflammatory factors, causing pain and
swelling in the joints (McInnes & Schett, 2011; Szekanecz et al.,
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1994). Meanwhile, inflammatory cells secrete many cytokines,
such as matrix metalloproteinases (MMPs) and adhesion mole-
cules, which play important role in the destruction of bone, further
leading to loss of function (Lee et al., 2012; Li, Zhang, Xu, Ding, & Li,
2015; Li et al., 2018). Hence, anti-inflammatory therapy is always
the preferred treatment option for RA patients in clinic (Ten
Klooster, de Graaf, & Vonkeman, 2019). Some previous study
reported that HGWD could decrease the expression of serum
inflammatory factors TNF-a, IL-1b in adjuvant arthritis rats (Xu,
Lin, & Wang, 2007), as well as serum cytokines such as TNF-a, IL-
1b, IL-2, IL-3, IL-6, IL-10, and IL-20 in CIA rats (Lin et al., 2022;
Liu, Li, & Wang, 2017; Liu et al., 2019; Yang & Feng, 2012). Network
pharmacology analysis showed that TNF and IL-17 signaling path-
ways were identified as key HGWD pathways in the treatment of
RA (Liu et al., 2020). Similar to those results, in this study, we
determined that HGWD markedly decreased the level of serum
TNF-a, IL-1b, IL-6, and diminished inflammatory area around knee
and ankle joints. Additionally, HGWD also significantly decreased
the expression of mRNA for inflammatory factors, including IL-
1b, IL-6, TNF-a and iNOS, and suppressed the protein expression
levels of p-NF-rB and IL-17. When the inflammation reduced,
paw swelling and joint space were obviously decreased. Apart from
these, we also found that HGWD protected against bone erosion.
Moreover, gait analysis displayed that HGWD improves CIA mice
motor function in average speed, stance time and print area. These
results may be due to pain relief by HGWD treatment.

5. Conclusion

In conclusion, we confirmed for the first time that HGWD has
therapeutic influences on the CIA mice model. HGWD could mark-
edly alleviate arthritis symptoms, suppress inflammation, attenu-
ate bone erosion and maintain motor function. And the
mechanism of HGWD may be through inhibition of the NF-rB/IL-
17 signaling pathways. This study provides a scientific basis for
the HGWD in the treatment of RA.
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