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Subchondral bone lesions, as the crucial inducement for accelerating cartilage degeneration, have been considered as the initiating
factor and the potential therapeutic target of knee osteoarthritis (KOA). Acupotomy, the biomechanical therapy guided by
traditional Chinese meridians theory, alleviates cartilage deterioration by correcting abnormal mechanics. Whether this me-
chanical effect of acupotomy inhibits KOA subchondral bone lesions is indistinct. ,is study aimed to investigate the effects of
acupotomy on inhibiting subchondral bone resorption and to define the possible mechanism in immobilization-induced KOA
rabbits. After KOA modeling, 8 groups of rabbits (4w/6w acupotomy, 4w/6w electroacupuncture, 4w/6w model, and 4w/6w
control groups) received the indicated intervention for 3 weeks. Histological and bone histomorphometry analyses revealed that
acupotomy prevented both cartilage surface erosion and subchondral bone loss. Further, acupotomy suppressed osteoclast activity
and enhanced osteoblast activity in KOA subchondral bone, showing a significantly decreased expression of tartrate-resistant acid
phosphatase (TRAP), matrix metalloproteinases-9 (MMP-9), and cathepsin K (Ctsk) and a significantly increased expression of
osteocalcin (OCN); this regulation may bemediated by blocking the decrease in osteoprotegerin (OPG) and the increase in NF-κB

receptor activated protein ligand (RANKL). ,ese findings indicated that acupotomy inhibited osteoclast activity and promoted
osteoblast activity to ameliorate hyperactive subchondral bone resorption and cartilage degeneration in immobilization-induced
KOA rabbits, whichmay bemediated by the OPG/RANKL signaling pathway. Taken together, our results indicate that acupotomy
may have therapeutic potential in KOA by restoring the balance between bone formation and bone resorption to attenuate
subchondral bone lesions.

1. Introduction

Although cartilage degeneration is the most typical
pathological feature of knee osteoarthritis (KOA) [1]; the
critical role of subchondral bone lesions in KOA has
gradually become an area of focus in recent years [2, 3].
Increasing evidence implies that subchondral bone lesions
may be the initiating factor in KOA [4, 5]. Subchondral

bone lesions were accompanied by a reduced ability of
cushioning mechanical stress, which induced and
accelerated the overlying cartilage degeneration under
abnormal mechanical stress [6, 7]. Clinical studies have
confirmed that inhibiting subchondral bone lesions can
effectively relieve cartilage erosion [8, 9], which implied
that subchondral bone was a potential therapeutic target
for protecting cartilage and treating KOA.
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During the course of KOA, persistent abnormal load
within the joint leads to subchondral bone microfractures,
which initiate bone remodeling [10]. Bone remodeling is the
result of disrupting the balance between bone formation and
bone resorption. In the early-stage KOA, due to the ab-
normal activation of osteoclasts [11] in the subchondral
bone, bone remodeling is mainly characterized by hyper-
active bone resorption [12]. Osteoprotegerin (OPG)/NF-κB

receptor activated protein ligand (RANKL) is the critical
pathway to regulate bone remodeling [13, 14], which is
mainly realized by regulating osteoclast activity. RANKL
binds to RANK to accelerate osteoclast precursor differ-
entiation and promote osteoclast maturation [15]. OPG can
inhibit osteoclast activity by blocking the binding of RANK
and RANKL [16]. Studies confirmed that bone resorption
can be effectively alleviated by regulating OPG/RANKL
pathway [17, 18].

Inhibition of subchondral bone resorption as a thera-
peutic target for KOA has been carried out extensively. Bone
loss inhibitors, such as bisphosphonates, are potentially
effective modalities for KOA treatment by inhibiting sub-
chondral bone resorption [19]. However, the latest meta-
analysis showed that the clinical efficacy of bisphosphonates
remains to be verified [20]. ,us, nonpharmacological
therapies to inhibit subchondral bone resorption deserve
extensive investigation.

Acupotomy is a biomechanical therapy under the
guidance of traditional Chinese meridians theory. Acupo-
tome, also referred to as miniscalpel-needle acupuncture, is a
fairly recent development in the practice of acupuncture.
Acupotome combines the characteristics of acupuncture
needle insertion and surgical incision and has a definite
clinical effect on KOA. ,e biomechanical effect of acu-
potomy is the unique superiority that distinguishes it from
other KOA therapies. Preliminary studies [21–24] have
confirmed that acupotomy can prevent cartilage degener-
ation and delay KOA pathological procession by correcting
the abnormal mechanical stress in KOA joints. Is the
chondroprotective effect of acupotomy related to the inhi-
bition of KOA subchondral bone resorption? Is it mediated
by the OPG/RANKL signaling pathway to regulate osteoclast
activity in subchondral bone?

Based on this hypothesis, we established the KOAmodel
rabbits with Videman’s extended immobilization method to
explore whether acupotomy intervention could alleviate
KOA subchondral bone lesions by inhibiting bone resorp-
tion, to observe the changes in activity biomarkers of os-
teoclasts and to evaluate the effect of the OPG/RANKL
signaling pathway in subchondral bone.

2. Methods

2.1. Ethics Statement. Animal experiments were strictly
handled in conformity to the recommendations in the
Guidance Suggestions for the Care and Use of Laboratory
Animals of Beijing University of Traditional Chinese
Medicine (Beijing, China).,e protocol was approved by the
Committee on the Ethics of Animal Experiments of Beijing
University of Traditional Chinese Medicine. All operations

are carried out under pentobarbital anesthesia to ensure that
pain was minimized.

2.2. Reagents and Materials. Disposable acupuncture nee-
dles (specification: 0.25× 25mm) were purchased from
Beijing Research Taihe Pharmaceutical Co., Ltd. (Beijing,
China). ,e HZ series disposable acupotome (specification:
0.4× 40mm) was purchased from Beijing Outstanding
Huayou Medical Instrument Co., Ltd. (Beijing, China).
Resin bandages (5#: 150mm× 1800mm) were purchased
from Hengshui Kangjie Medical Instrument Co., Ltd.
(Hebei, China). Orthopedic casting tapes (160 series tape:
5.0 cm× 360 cm) were purchased from Suzhou Connect
Medical Technology Co., Ltd. (Jiangsu, China). ,e HANS
acupoint nerve stimulator (LH202H) was purchased from
Beijing Huawei Industry Development Co., Ltd. (Beijing,
China).

Anti-OCN, anti-MMP-9, and anti-GAPDH antibodies
were purchased from Abcam Biotechnology Co. Ltd. (USA).
Anti-OPG and anti-RANKL antibodies were purchased
from Bioss Biotechnology Co. Ltd. (USA). Horseradish
peroxidase- (HRP-) conjugated secondary antibodies were
provided by Beijing Zhongshan Golden Bridge Biotech-
nology Co. Ltd. (Beijing, China). Bicinchoninic acid (BCA)
protein assay kit and Chemiluminescence ECL reagent were
provided by Beyotime Biotechnology Co. Ltd. (Shanghai,
China). ,e mouse polymer method detection kit was
purchased from Beijing Zhongshan Golden Bridge Bio-
technology Co. Ltd. (Beijing, China). TRIzol Reagent and
Reverse Transcription kit were provided by ,ermo Fisher
Biotechnology Co. Ltd. (USA). PCR SYBR Green Master
Mix was provided by Promega Biotechnology Co. Ltd.
(USA). ,e commercial TRAP kit was provided by Sigma
Biotechnology Co. Ltd. (Missouri, USA).

2.3. Animals and Study Design. Fifty-six male New Zealand
white rabbits (6 months old) weighing approximately 2.5 kg
were provided by the Laboratory Animal Center of Beijing
Keyu Technology Co., Ltd. (Beijing, China). Rabbits were
acclimatized for one week before the experiment began and
were given unlimited food and water. Animals were raised in
separate cages, with the temperature and humidity main-
tained at (22± 2)°C and 50%–60%, respectively. ,e rabbits
were randomly divided into 8 groups as follows: KOA in-
duced by immobilization for 4 or 6 weeks with vehicle
treatment (4w model group, n� 7; 6w model group, n� 7),
blank control group compared with the 4w or 6w Model
group with vehicle treatment (4w control group, n� 7; 6w
control group, n� 7), KOA induced by immobilization for 4
weeks or 6 weeks with acupotomy treatment (4w acupotomy
group, n� 7; 6w acupotomy group, n� 7), and KOA induced
by immobilization for 4 weeks or 6 weeks with electro-
acupuncture treatment (4w electroacupuncture group, n� 7;
6w electroacupuncture group, n� 7).

2.4. Induction of KOA Rabbits. ,e modified Videman
method was performed to induce the KOAmodel. Before the
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operation, each rabbit was fasted and deprived of water for
10 to 16 hours; then, the rabbits were anesthetized by in-
travenous injection of 3% sodium pentobarbital (30mg/kg)
into the ear marginal vein. After anesthesia was completed,
each rabbit was posited supinely on the operating table with
the left hind leg exposed. ,e left hind leg was fixed with the
resin bandage from the groin to the toe to maintain the
extended position of the knee joint, and additional double
layers of orthopedic casting tapes were wrapped to reinforce
the fixation; the antibiting bandage was then applied at the
outermost layer. During the immobilization period, ex-
tremity swelling and mold shedding were observed at all
times, adjusting and refixing as necessary. ,e KOA model
was established after effective immobilization for 4 weeks in
the 4w model group, the 4w acupotomy group, and the 4w
electroacupuncture group, and for 6 weeks in the 6w model
group, the 6w acupotomy group, and the 6w electro-
acupuncture group. Rabbits in the 4w/6w control group did
not undergo any operation.

2.5. Acupotomy and Electroacupuncture Interventions.
After removing the bandages in the 4w/6w acupotomy
groups, acupotomy intervention was performed once a week
for 3 weeks. We selected four points as the fixed intervention
points, located at the tendons of vastus medialis, vastus
lateralis, rectus femoris, and biceps femoris. In addition, 1-2
knot nodes of muscle fibers in the extensor and flexor groups
around the knee joint were selected according to individual
conditions. After routine disinfection, the acupotome was
pierced to release these points. ,e specific operations on
each point were as follows. (1) ,e acupotome was inserted
into the tendons by vertical insertion into the skin, and the
blade of the acupotome was parallel to the longitudinal axis
of the tendons. ,e local adhesion to the direction of ten-
dons and bone connection was released by longitudinal
dredging and transverse stripping, with 1-2 strikes per point;
then, pressing the points for several minutes after the
acupotome was withdrawn. (2) ,e acupotome was inserted
into the knot nodes of muscle fibers by searching and lo-
cating the knot nodes of muscle fibers around the knee joint
by palpation. ,e acupotome was inserted into the skin
vertically, and the blade of the acupotome was parallel to the
longitudinal axis of the muscle fibers.,e local adhesion was
released by longitudinal dredging and transverse stripping,
with 1-2 strikes per point; then, pressing the points for
several minutes after the acupotome was withdrawn.

After removing the bandages in the 4w/6w electro-
acupuncture groups, electroacupuncture intervention was
performed every other day for 3 weeks. We selected four
acupoints as the needle insertion points, namely, Xuehai
(SP10), Liangqiu (ST34), Neixiyan (EX-LE4), and Waixiyan
(EX-LE5). After routine disinfection, the needles were
inserted into the four acupoints. Electroacupuncture in-
tervention was performed with Han’s acupoint nerve
stimulator, which connected SP10 and ST34, EX-LE4 and
EX-LE5, respectively. Waveforms with dense and dense
waves: frequency 2/100Hz, intensity 3mA, 15min each. In
the 4w/6w control groups and 4w/6w model groups, only

grabbing and fixing were administered. Animals were hu-
manely sacrificed after the indicated intervention.

2.6. Cartilage Histology and Mankin Score. ,e cartilage-
subchondral bone complex samples of the central weight-
bearing area of the femur were fixed in 4% paraformalde-
hyde (Boster, Wuhan, China) for 24 hours at 4°C. All the
samples were decalcified in neutral 10% EDTA (Boster,
Wuhan, China) for 4 weeks. All samples were embedded in
paraffin after dehydration with gradient alcohol and sub-
mersion in xylene and paraffin. ,e paraffin-embedded
samples were sectioned from the sagittal position into 5 μm
thick sections. For histological analysis of cartilage, the
sections were stained with safranin O and fast green
(Solarbio, Beijing, China). ,e sections were evaluated for
pathology of cartilage degeneration with a modified Mankin
scoring system [25] by a double-blinded, independent
pathologists.

2.7. Subchondral BoneMorphometric Parameter Calculation.
To analyze the morphometric parameters of subchondral
bone, the sections were stained with hematoxylin and eosin
(HE) (Solarbio, Beijing, China) using standard protocols.
Five fields were taken from each section and photographed
under an optical microscope. Bone tissue static parameters
including tissue area (T.Ar), trabecular area (Tb.Ar), and
trabeculae perimeter (Tb.Pm) were performed using Image
pro plus 6.0 (IPP) software. According to the T.Ar, Tb.Ar,
and Tb.Pm data, the following parameters were quantified to
represent the bone structure: percent of trabecular area (BV/
TV), trabecular number (Tb.N), and trabecular separation
(Tb.Sp) using bone histomorphometry [26].

2.8. Tartrate-Resistant Acid Phosphatase (TRAP) Staining.
,e osteoclast biomarker TRAP was applied to visualize
the activity of osteoclasts. ,e sections were stained with a
commercial TRAP kit according to the standard proto-
cols. In general, after dewaxing with xylene and recon-
stituting with gradient ethanol, the sections were fixed
with TRAP fixative solution at 4°C for 90 seconds and then
incubated with an AS-BI Buffer, GBC staining solution,
and TRAP Buffer mixture at 37°C for 60min. Nuclei were
counterstained for 2min in hematoxylin solution. ,ree
continuous sections from one sample were stained, and
five fields were randomly selected from each section.
TRAP-positive stained cells were quantified in sub-
chondral bone regions.

2.9. Western Blot Analysis of OPG and RANKL. All soft
tissues were stripped from the tibia. In the central weight-
bearing area of the tibia, the cylindrical cartilage-sub-
chondral bone complex tissues (∅� 8mm, Height� 10mm)
were intercepted with the circular drill. ,e cartilage was
quickly separated from the subchondral bone at low tem-
perature with a bone rongeur, and then the samples were
quickly placed in liquid nitrogen. Total proteins were
extracted from the subchondral bone using ultrasonication
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in RIPA lysis buffer containing 1% protease inhibitor
cocktails (Beyotime Biotechnology, Shanghai, China), and
then the protein concentrations were calculated with a
bicinchoninic acid (BCA) protein assay kit (Beyotime
Biotechnology, Shanghai, China). Equal quantities (50 μg) of
proteins were separated by electrophoresis using 12% so-
dium dodecyl sulfate-polyacrylamide electrophoresis (SDS-
PAGE) (Solarbio, Beijing, China) gels and then transferred
to 0.45 μm PVDF membranes (Millipore, USA). Subse-
quently, the membranes were blocked with 5% nonfat milk
for 2 hours at room temperature (RT) and then incubated
with primary antibodies against OPG (1 : 500), RANKL
(1 : 500), and GAPDH (1 :1000) on a shaker at 4°C overnight.
After washing in TBST, the membranes were incubated with
horseradish peroxidase- (HRP-) conjugated secondary an-
tibodies for 1 hour at RT. Finally, the bands were emerged
with chemiluminescence ECL reagent.,e grayscale value of
the protein bands was analyzed using Image J software
(Rockville, USA).

2.10. Real-Time PCR Analysis of OPG, RANKL, and Ctsk.
,emethod of obtaining subchondral bone samples was the
same as described above. Total RNA was extracted from the
subchondral bone using TRIzol Reagent. RNA was reverse-
transcribed into cDNA using the reverse transcription kit.
For real-time PCR, cDNA amplification was handled using
qPCR SYBR Green Master Mix. Based on the published
sequences, specific PCR primers for OPG, RANKL, and
Cathepsin K (Ctsk) were constructed. ,e relative expres-
sion of the target genes was calculated by the 2−ΔΔCt method
and normalized to the mRNA expression of GAPDH.
Primer pairs were 5′-ATCATTGAATGGACAACCCAGG-
3′ and 5′-TGCGTGGCTTCTCTGTTTCC-3′ for OPG, 5′-
GGTTCCCATAAAGTGAGTCTGT-3′ and 5′-TTAAAAG
CCCCAAAGTATG-3′ for RANKL, and 5′-CTTCCAAT-
ACGTGCAGCAGA-3′ and 5′-TCTTCAGGGCTTTCT-
CGTTC-3′ for Ctsk, and 5′-CCACTTTGTGAAGCTCAT-
TTCCT-3′ and 5′-TCGTCCTCCTCTGGTGCTCT-3′ for
GAPDH, respectively.

2.11. Immunohistochemistry Analysis of OPG, RANKL, OCN,
and MMP-9. Paraffin-embedded samples were prepared to
detect the distribution of OPG, RANKL, osteocalcin (OCN)
and matrix metalloproteinases-9 (MMP-9) in subchondral
bone. Immunohistochemical staining was carried out using
standard protocols. Briefly, the sections sustained the heat-
induced antigen retrieval in citrate buffer (Solarbio, Beijing,
China) for 15min, incubated with anti-OPG, anti-RANKL,
anti-OCN, or anti-MMP-9 primary antibodies overnight,
incubated with HRP-conjugated secondary antibody for
20min, and developed using the chromogenic reaction
(brown) with DAB (Solarbio, Beijing, China) in the dark for
5–8min. Five fields were randomly selected for each section.
,e sections stained with OPG and RANKL were counted to
determine the number of positively stained cells, and the
average optical densities of OCN and MMP-9 were
calculated.

2.12. Statistical Analysis. Statistical analysis was performed
with SPSS software (version 20.0, SPSS, Inc., Chicago, IL,
USA) and was presented as the mean± SD. Multiple com-
parisons of differences between groups were achieved by the
least significant difference (LSD) test, and those among
multiple groups were assessed by performing one-way
ANOVA. Differences were regarded as statistically signifi-
cant at P< 0.05 and P< 0.01.

3. Results

3.1. Acupotomy Intervention Alleviated KOA Cartilage
Damage. Safranin O-Fast Green staining detected no
pathological erosion in the superficial cartilage in the 4w/6w
control group (Figures 1(A1) and 1(B1)). In the 4w model
group, the content of proteoglycan decreased in the cartilage,
which was manifested by the partial deletion of Safranin O
staining. Obvious cracks, fibrosis, and a disordered ar-
rangement of chondrocytes were detected in the superficial
cartilage (Figure 1(A2)). In the 6w model group with ex-
tensive exfoliation, prominent reduction of chondrocytes,
continuous extension of fractures, and marked atrophy and
necrosis of chondrocytes, large-scale deletion of Safranin O
staining was detected in the superficial cartilage
(Figure 1(B2)). ,e reduced deletion of Safranin O staining,
relief of the disordered chondrocyte arrangement, and few
cracks and fibrosis in the superficial cartilage were observed
in the 4w/6w acupotomy compared with the corresponding
4w/6w model group (Figures 1(A3) and 1(B3)). No signif-
icant changes in the deletion of Safranin O staining, relief of
disordered chondrocyte arrangement, reduction of chon-
drocyte loss, atrophic chondrocytes and cracks in the su-
perficial cartilage were observed in the 4w/6w
electroacupuncture compared with the corresponding 4w/
6w model group (Figures 1(A4) and 1(B4)). However, de-
letion of Safranin O staining was significantly reduced in the
4w/6w acupotomy groups compared with the corresponding
4w/6w electroacupuncture groups. Moreover, the Mankin
score results revealed that it was significantly increased in the
4w/6w model group (P< 0.01) compared with the corre-
sponding 4w/6w control group, while it was significantly
decreased (P< 0.01) in the 4w/6w acupotomy and electro-
acupuncture compared with the corresponding 4w/6w
model groups (Figure 1(c)). Furthermore, it was significantly
decreased (P< 0.01) in the 4w/6w acupotomy compared
with the 4w/6w electroacupuncture groups (Figure 1(c)).
,ese results suggested that both acupotomy and electro-
acupuncture interventions alleviated the cartilage damage in
the KOA rabbits. ,e earlier the intervention, the better the
effect. Moreover, the protective effect of acupotomy on KOA
cartilage was better than that of electroacupuncture.

3.2. Acupotomy Intervention Inhibited Subchondral Bone Loss
in KOA Rabbits. ,e subchondral bone morphometric
parameters calculated by HE stained sections are presented
in Figures 2(a) and 2(b). Tb.Ar, Tb.Pm, Tb.N, and BV/TV
weremarkedly decreased, and Tb.Sp wasmarkedly increased
in the 4w/6w model group (P< 0.01) compared with the
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corresponding 4w/6w control group, while Tb.Ar, Tb.Pm,
Tb.N, and BV/TV were significantly increased (P< 0.01) and
Tb.Sp significantly decreased in the 4w/6w acupotomy and
electroacupuncture compared with the corresponding 4w/
6w model groups. Moreover, except for Tb.Ar in the 6w
acupotomy group, Tb.Ar, Tb.Pm, Tb.N, and BV/TV were
markedly increased and Tb.Sp markedly decreased in the
4w/6w acupotomy group (P< 0.01) compared with the
corresponding 4w/6w electroacupuncture group
(Figures 2(c), 2(d), and 2(f)–2(h)). ,ese data indicated that
in KOA rabbits induced by immobilization for 4 weeks,
lesions began to appear in the microstructure of subchondral
bone, mainly manifested as trabecular destruction and bone
mass reduction, which were gradually aggravated until
model establishment for 6 weeks. After acupotomy or
electroacupuncture intervention, the relevant parameters of
subchondral bone structure were significantly altered, in-
dicating that both interventions could effectively inhibit the

subchondral bone resorption of KOA rabbits. Apparently,
acupotomy can better inhibit the hyperactive bone re-
sorption in KOA subchondral bone.

3.3. Acupotomy Intervention Enhanced Osteoblast Activity in
KOA Subchondral Bone. Immunohistochemical analysis
detected low expression of OCN in subchondral bone in the
4w/6w control group (Figures 3(A1) and 3(B1)). Both 4w
and 6w model groups showed higher expression of OCN
(P< 0.01) compared with the 4w and 6w control group
(Figures 3(A2) and 3(B2)). As expected, the expression of
OCN in the 4w/6w acupotomy and electroacupuncture
groups was markedly higher (P< 0.01) than in the corre-
sponding 4w/6w model group, while it was significantly
increased (P< 0.01, P< 0.05) in the 4w/6w acupotomy
group compared with the 4w/6w electroacupuncture group
(Figures 3(A3)-3(A4) and 3(B3)-3(B4)). ,ese results
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Figure 1: Acupotomy intervention alleviated KOA cartilage damage. (a) (b) Staining of cartilage with Safranin O-Fast green (magnifi-
cation× 400). A1: 4w control group, A2: 4w model group, A3: 4w acupotomy group, A4: 4w electroacupuncture group; B1: 6w control
group, B2: 6w model group, B3: 6w acupotomy group, B4: 6w electroacupuncture group. (c) Analysis of the Mankin score. Values are
means± SEMs. n� 6 per group. Compared with the corresponding control group: ∗P< 0.05 and ∗∗P< 0.01; compared with the corre-
sponding model group: #P< 0.05 and ##P< 0.01; compared with the corresponding electroacupuncture group: ▲P< 0.05 and ▲▲P< 0.01.
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Figure 2: Continued.
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indicated that OCN was compensatorily activated in the
KOA damaged subchondral bone. ,e upregulation of
OCN after the acupuncture or electroacupuncture inter-
vention indicated that both delayed bone resorption by
enhancing osteoblast activity of KOA subchondral bone.
Acupotomy intervention could clearly better enhance os-
teoblast activity by upregulating OCN expression in KOA
subchondral bone.

3.4. Acupotomy Intervention Suppressed the Activity of Os-
teoclasts in KOA Subchondral Bone. ,e MMP-9 immuno-
histochemical staining results were consistent with the
TRAP staining results. TRAP-positive and MMP-9-positive
cells were occasionally observed in the subchondral bone in
the 4w/6w control group (Figures 4(A1)–4(D1)).,e number
of TRAP-positive cells and MMP-9-positive cells in sub-
chondral bone was significantly increased in the 4w/6wmodel
group (P< 0.01) compared with the corresponding 4w/6w
control group. It was apparent from the results that the
number of TRAP-positive and MMP-9-positive cells in-
creased in a more pronounced manner in the 6w model
group, indicating the occurrence of more robust subchondral
bone resorption (Figures 4(A2)–4(D2)). Both the 4w/6w
acupotomy and electroacupuncture groups showed signifi-
cantly lower (P< 0.01) expression of TRAP and MMP-9
compared with the corresponding 4w/6w model groups.
Moreover, the expression of TRAP and MMP-9 in the 4w/6w
acupotomy group was markedly lower (P< 0.01) than in the
corresponding 4w/6w electroacupuncture group
(Figures 4(A3)–4(D3) and 4(A4)–4(D4)). ,e expression of
Ctsk mRNA further confirmed the results. However, there
was no difference (P> 0.05) in the expression of Ctsk mRNA
between the 4w/6w acupotomy and electroacupuncture
groups (Figure 4(g)). ,ese results indicated that TRAP,
MMP-9, and Ctsk were overexpressed in the subchondral
bone of immobilization-induced KOA rabbits, which

signified that the osteoclasts were highly active and that bone
remodeling had occurred mainly with bone resorption. By
downregulating the expression of TRAP, MMP-9, and Ctsk,
acupotomy or electroacupuncture intervention inhibited the
activity of osteoclasts to suppress subchondral bone
resorption.

3.5. Acupotomy Intervention Regulated the OPG/RANKL
Pathway in KOA Subchondral Bone. Changes in the ex-
pression of OPG and RANKL were quantified using real-
time PCR, Western blot and immunohistochemistry. ,e
results of the real-time PCR assay demonstrated that mRNA
expression of OPG was significantly decreased (P< 0.01,
P< 0.05) in the 4w/6w model group compared with the
corresponding 4w/6w control group, while it was signifi-
cantly increased (P< 0.01) in the 4w/6w acupotomy and
electroacupuncture groups compared with the 4w/6w model
group. However, acupotomy intervention further effectively
promoted the mRNA expression of OPG (P< 0.01) com-
pared with electroacupuncture intervention (Figure 5(a)).
As expected, mRNA expression of RANKL in the 4w/6w
model group was significantly increased (P< 0.01) compared
with the corresponding 4w/6w control group, while it was
significantly decreased (P< 0.01) in the 4w/6w acupotomy
and electroacupuncture groups compared with the 4w/6w
model group. Acupotomy intervention further effectively
suppressed the mRNA expression of RANKL (P< 0.01,
P< 0.05) compared with electroacupuncture intervention
(Figure 5(b)). ,e immunohistochemical staining of OPG
and RANKL further confirmed the results (Figure 6). ,e
expression levels of OPG and RANKL proteins were con-
sistent with those of mRNA results between the 4w/6w
model and control groups. Only OPG protein expression
was significantly upregulated (P< 0.05) between the 4w
acupotomy and 4w model group, while there was no dif-
ference (P> 0.05) between the 6w acupotomy group and 6w
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Figure 2: Acupotomy intervention inhibited subchondral bone loss in KOA rabbits. (a) (b) HE staining of subchondral bone (magni-
fication× 40). A1: 4w control group, A2: 4w model group, A3: 4w acupotomy group, A4: 4w electroacupuncture group; B1: 6w control
group, B2: 6w model group, B3: 6w acupotomy group, B4: 6w electroacupuncture group. (c) Analysis of Tb.Ar in subchondral bone. (d)
Analysis of Tb.pm in subchondral bone. (e) Analysis of T.Ar in subchondral bone. (f ) Analysis of Tb.N in subchondral bone. (g) Analysis of
BV/TV in subchondral bone. (h) Analysis of Tb.Sp in subchondral bone. Values are means± SEMs. n� 6 per group. Compared with the
corresponding control group: ∗P< 0.05 and ∗∗P< 0.01; compared with the corresponding model group: #P< 0.05 and ##P< 0.01; compared
with the corresponding electroacupuncture group: ▲P< 0.05 and ▲▲P< 0.01.
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model group. ,ere was no difference (P> 0.05) in OPG
protein expression between the 4w/6w electroacupuncture
group and the 4w/6w model group. OPG protein expression
also did not significantly differ (P> 0.05) in the 4w/6w
acupotomy and electroacupuncture groups (Figures 5(c)–
5(e)). RANKL protein expression was significantly decreased
(P< 0.01) in the 4w/6w acupotomy and 6w electro-
acupuncture groups compared with the 4w/6wmodel group.
Only RANKL protein expression was significantly decreased
(P< 0.05) in the 6w acupotomy group compared with the 6w
electroacupuncture group (Figures 5(c), 5(d), and 5(f)). ,e
immunohistochemistry and Western blot results also
showed that the ratio of OPG/RANKL significantly de-
creased in the 4w/6wmodel group compared with the 4w/6w
control group (Figures 5(g) and 6(g)), indicating highly
active osteoclasts in KOA subchondral bone and strong bone
resorption. ,e ratio of OPG/RANKL was also significantly

increased in the 4w/6w acupotomy compared with the
4w/6wmodel group.,ese results suggested that acupotomy
inhibition of subchondral bone resorption might be exerted
by reducing the activity of osteoclasts via the OPG/RANKL
pathway in KOA rabbits.

4. Discussion

Subchondral bone lesions play an indispensable effect in the
KOA process, which is thought to be crucial for accelerating
cartilage degeneration. Under physiological conditions, the
subchondral bone serves as a mechanical support for ar-
ticular cartilage, which can buffer and disperse mechanical
stress from the joint to prevent cartilage injury by localized
stress concentration [27]. Continuously abnormal me-
chanical load induced by KOA in the knee joint is the most
common initiator of subchondral bone lesions [10]. When
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Figure 3: Acupotomy intervention enhanced the expression of OCN in KOA subchondral bone. (a, b) Immunohistochemical staining of
OCN (magnification× 400). A1: 4w control group, A2: 4wmodel group, A3: 4w acupotomy group, A4: 4w electroacupuncture group; B1: 6w
control group, B2: 6w model group, B3: 6w acupotomy group, B4: 6w electroacupuncture group. (c) Optical density values of OCN. Values
are means± SEMs. n� 6 per group. Compared with the corresponding control group: ∗P< 0.05 and ∗∗P< 0.01; compared with the
corresponding model group: #P< 0.05 and ##P< 0.01; compared with the corresponding electroacupuncture group: ▲P< 0.05 and
▲▲P< 0.01.
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this abnormal mechanical load exceeds the physiological
endurance of the subchondral bone, it will eventually lead to
subchondral bone microfracture and initiate bone remod-
eling [28]. Subchondral bone lesions will weaken its me-
chanical strength and the ability to buffer mechanical stress
accordingly [29], which increases the risk of cartilage injury
and accelerates the KOA process. Previous studies have
found that the increased subchondral bone loss was posi-
tively correlated with the level of cartilage erosion in KOA
[30, 31].

Promoting the repair of damaged cartilage remains the
core of KOA therapy. Strategies were proposed to alleviate
KOA cartilage degeneration by inhibiting subchondral bone
remodeling, including estrogens, bisphosphonates, stron-
tium ranelate, and cathepsin K inhibitors. However, the
present clinical efficacy of bone metabolism therapy still has
certain limitations. ,e currently available anti-osteoporotic
drugs can improve the radiographic structure of sub-
chondral bone by inhibiting bone resorption to a certain
extent, but none of them can retard the progress of KOA in
clinical practice [12]. ,e role of mechanical load in sub-
chondral bone remodeling and injury repair has been of
gradual concern. Studies have shown that a suitable me-
chanical load can effectively inhibit KOA-induced sub-
chondral bone osteoporosis and decrease bone mass
[32–34], thereby retarding KOA procession. Based on evi-
dence showing that mechanical loads were involved in the
pathogenesis in bones and regulated bone remodeling
[35, 36], biomechanical therapy has become an emerging
method for KOA treatment by affecting subchondral bone.
However, whether acupotomy as biomechanical therapy is
sufficient to prevent or reverse KOA-induced subchondral
bone lesions has not been directly investigated. ,e bio-
mechanical effects of acupotomy have been confirmed in our
preliminary studies [21–24]. It is well known that muscle

dysfunction, characterized by weakenedmuscle strength and
reduced coordination of muscle groups, is a crucial cause of
KOA knee mechanical imbalance [37]. We chose tendons
around the knee as the acupotomy intervention points to
correct the abnormal mechanical environment in the knee
joint by regulating the mechanical function of muscle-
tendons, followed by effectively activating integrin β1 [22],
the crucial mechanical receptor of chondrocytes, and the
downstream FAK-PI3K mechanical signaling pathway [21],
which inhibited the degradation of the chondrocyte extra-
cellular matrix and promoted chondrocyte proliferation in
KOA rabbits [24]. Can this intra-articular benign me-
chanical load ameliorate KOA subchondral bone lesions
through the OPG/RANKL mechanical signaling pathway
after acupotomy intervention? Does the inhibition of benign
mechanical loading on subchondral bone remodeling con-
tribute to chondroprotective effects of acupotomy?

Immobilization of the knee joint is a widely used method
for KOA model induction [38], which has been applied in
research on acupuncture treatment of KOA. In previous
studies, we found that immobilization of the knee joints of
rabbits induced joint rigidity, as measured by passive range
of motion (PROM), and the cartilage eroded integrally with
extensive bone marrow edema in subchondral bone as
observed by MRI [24], accompanied by reduced expression
of COL-II and Aggrecan in cartilage [21]. Further, cartilage
oligomeric matrix protein (COMP), the biomarker of KOA
cartilage degradation, markedly increased in the serum of
rabbits [24], which was consistent with the changes in serous
COMP observed in KOA patients [39]. In this study, obvious
cartilage erosion, significant deletion of Safranin O staining,
and subchondral bone destruction were observed after 4 or 6
weeks of immobilization. ,ese indicators suggested that
OA-like cartilage lesions and subchondral bone destruction
could be duplicated in rabbits with immobilized knee joints
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Figure 4: Acupotomy intervention suppressed the expression of TRAP, MMP-9, and Ctsk in KOA subchondral bone. (a, b) TRAP staining
(magnification× 400). A1: 4w control group, A2: 4w model group, A3: 4w acupotomy group, A4: 4w electroacupuncture group; B1: 6w
control group, B2: 6w model group, B3: 6w acupotomy group, B4: 6w electroacupuncture group. (c, d) Immunohistochemical staining of
MMP-9 (magnification× 400). C1: 4w control group, C2: 4w model group, C3: 4w acupotomy group, C4: 4w electroacupuncture group; D1:
6w control group, D2: 6w model group, D3: 6w acupotomy group, D4: 6w electroacupuncture group. (e),e analysis of TRAP-positive cells
in subchondral bone. (f ) Optical density values of MMP-9. (g) Real-time PCR analysis of Ctsk. Values are means± SEMs. n� 6 per group.
Compared with the corresponding control group: ∗P< 0.05 and ∗∗P< 0.01; compared with the corresponding model group: #P< 0.05 and
##P< 0.01; compared with the corresponding electroacupuncture group: ▲P< 0.05 and ▲▲P< 0.01.
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similar to the phenomena observed in human clinical cases
(Figure 1).

Evidence shows that cartilage surface defects, deletion of
Safranin O staining, and disorder of the chondrocyte ar-
rangement, as determined by morphological observation,
gradually worsened in KOA cartilage induced by immobi-
lization for 4 and 6 weeks; these symptoms were accom-
panied by a continuous increase in the Mankin score,
indicating the rapid development of KOA. We found that
both the acupotomy and electroacupuncture intervention
successfully protected against cartilage degeneration and
effectively decreased the Mankin score. However, the en-
hancement of correction of the abnormal mechanics by
acupotomy seemed to be more effective in slowing cartilage
erosion, and neither intervention could fully reverse the
pathological changes in cartilage. ,ese data further support
the direct effect of acupotomy and electroacupuncture on
promoting KOA cartilage repair (Figure 1).

As reported previously in numerous studies, enhanced
bone resorption was the most typical pathological charac-
teristic of KOA subchondral bone [40], which was man-
ifested by a marked decrease in Tb.N and BV/TV and a
marked increase in Tb.Sp [34, 41]. ,e studies clarified that
ameliorating the subchondral bone structure of KOA by
inhibiting the decrease in Tb.N and BV/TV and the increase
in Tb.Sp was an effective approach to relieve KOA cartilage
degeneration [42, 43]. HE staining was used to probe into the
effects of acupotomy intervention on bone structure [43].
,e obvious subchondral bone destruction in the Model
group showed that Tb.Ar, Tb.Pm, Tb.N, and BV/TV were
significantly decreased and Tb.Sp was significantly in-
creased. Moreover, by observing the subchondral bone
changes in the KOA model induced by 4 or 6 weeks of
immobilization, bone destruction gradually increased.
Further research of bone structural properties proved that
acupotomy or electroacupuncture-treated rabbits had ob-
servably increased BV/TV and Tb.N and decreased Tb.Sp
compared with the rabbits in the Model group. However,

whether in the 4- or the 6-week group, the effect of acu-
potomy on subchondral bone destruction inhibition was
superior. To our knowledge, this is the first study to show
that acupotomy intervention in immobilization-induced
KOA rabbits improves the morphometric parameters of
subchondral bone, suggesting that acupotomy can inhibit
KOA subchondral bone loss. According to the pathological
Mankin score of cartilage in each group, the reduction of
subchondral bone loss was accompanied by the improve-
ment of cartilage damage, suggesting that acupotomy in-
tervention alleviated KOA cartilage degeneration by
inhibiting subchondral bone lesion. Compared with elec-
troacupuncture, acupotomy shows a superior effect in
suppressing KOA subchondral bone remodeling by cor-
recting the abnormal mechanical load in the joint (Figure 2).

What are the underlying mechanisms of acupotomy
intervention in suppressing subchondral bone lesions? ,e
initiation of KOA subchondral bone remodeling is coupled
with disruption of the balance between bone resorption and
bone formation [44]. Osteoclasts are first activated to en-
hance bone resorption in the damaged bone area [3, 45].
Subchondral bone loss, characterized by decreased Tb.N and
BV/TV and increased Tb.Sp, is the secondary result of
hyperactive bone resorption by osteoclasts in early-stage
KOA [46]. Activating osteoclasts is a central event and
driving force in the pathogenesis of subchondral bone lesion,
while inhibiting osteoclast activity contributes to preventing
bone resorption and KOA procession [40, 47]. By combining
with RANK, RANKL promotes osteoclast maturation and
differentiation, and it activates signaling pathways related to
osteoclastogenesis, thus promoting the expression of oste-
oclast-specific genes including TRAP, MMP-9, and Ctsk
[48]. Studies have shown that, by downregulating the ex-
pression of MMP9, TRAP [49], and Ctsk [50], osteoclas-
togenesis can be inhibited and osteoclast activity can be
confined to reduce KOA subchondral bone resorption. In
our study, osteoclasts were typically activated, showing that
the expression of TRAP and MMP-9-positive cells and Ctsk
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Figure 5: Acupotomy intervention upregulated the expression of OPG and downregulated the expression of RANKL in KOA subchondral
bonemeasured by real-time PCR andWestern blot. (a, b) Real-time PCR analysis of OPG and RANKL. (c–f)Western blot assay of OPG and
RANKL. (g) Ratio of OPG/RANKL measured by Western blotting. Values are means± SEMs. n� 6 per group. Compared with the
corresponding control group: ∗P< 0.05 and ∗∗P< 0.01; compared with the corresponding model group: #P< 0.05 and ##P< 0.01; compared
with the corresponding electroacupuncture group: ▲P< 0.05 and ▲▲P< 0.01.
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mRNA were significantly increased in subchondral bone of
KOA rabbits. In addition, osteoclast activity continued to
increase with extension of the immobilization, which was
consistent with the variation in morphometric parameters of
subchondral bone. Further analysis of the osteoclast activity
indicated that acupotomy or electroacupuncture-treated
rabbits had a significant reduction of TRAP and MMP-9-
positive cells and Ctsk mRNA expression. In both the 4-
week and 6-week immobilization-induced KOA rabbits,
acupotomy was more advantageous in confining osteoclast
activity than electroacupuncture. Our results further cor-
roborated the finding that acupotomy intervention was
sufficient to inhibit KOA subchondral bone lesions by
downregulating the expression ofMMP9, TRAP, and Ctsk to
suppress osteoclast activity (Figure 4).

To further confirm that acupotomy suppressed bone
resorption, expression of the osteoblast-specific gene OCN
was examined. Osteoblasts are essential for bone formation,
and OCN is indispensable for osteoblast differentiation [51].
,e content of OCN is a direct response to osteoblast activity
and the bone formation rate. Although osteoblasts were
compensatorily activated in KOA subchondral bone, it was
completely insufficient to reverse the continuous increase in
hyperactive osteoclasts. Furthermore, with an extension of
immobilization, osteoblast activity continued to decrease, as
reflected by the reduction of OCN expression, suggesting
that the balance between bone resorption of osteoclasts and
bone formation of osteoblasts was broken in immobiliza-
tion-induced KOA rabbits. A previous study has indicated
that low expression of OCN is observed in KOA subchondral
bone with severe bone loss, resulting in a reduction of bone
formation [52], while increasing the content of OCN can
effectively promote osteoblast activity in damaged bone [53].
Our study demonstrated that acupotomy and

electroacupuncture effectively promoted bone formation by
activating OCN expression. In both 4-week and 6-week
immobilization-induced KOA rabbits, acupotomy was more
advantageous in promoting osteoblast activity than elec-
troacupuncture. Our results further corroborate the finding
that acupotomy intervention was superior for restoring the
dynamic balance of osteoclastic bone absorption and oste-
oblastic bone formation in KOA subchondral bone
(Figure 3).

How acupotomy intervention regulates osteoclast ac-
tivity remains to be determined. ,e maturation, differen-
tiation, and osteoclast activity were mediated by the OPG/
RANKL pathway. ,e actions of OPG and RANKL in
damaged subchondral bone have been closely investigated
since elevated expression of RANKL and declining ex-
pression of OPG have been observed in KOA [54]. Studies
have revealed that blockade of the increase in RANKL and
decrease in OPG protects against hyperactive osteoclasts and
inhibits bone resorption [55, 56]. In addition, the OPG/
RANKL ratio is one of the best characterized biomarkers
associated with the bone destruction pathology [57]. As
reported previously in numerous studies, OPG/RANKL is a
mechanically sensitive signaling pathway [58, 59]. Benign
mechanical stimulation can increase the OPG/RANKL ratio
in KOA subchondral bone, which effectively inhibits oste-
oclast activity and bone resorption [60]. Our previous
studies [21] have confirmed that acupotomy intervention
activates the FAK-PI3K mechanical pathway to relieve KOA
cartilage degeneration by correcting abnormal mechanical
stress. However, whether this benign mechanical stimula-
tion can promote subchondral bone recovery from KOA-
induced bone resorption by the OPG/RANKL pathway
remains to be explored. In our study, increased expression of
RANKL mRNA and protein and decreased expression of
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Figure 6: Acupotomy intervention upregulated the expression of OPG and downregulated the expression of RANKL in KOA subchondral
bone measured by immunohistochemistry. (a) (b) Immunohistochemical staining of OPG (magnification× 200). A1: 4w control group, A2:
4wmodel group, A3: 4w acupotomy group, A4: 4w electroacupuncture group; B1: 6w control group, B2: 6wmodel group, B3: 6w acupotomy
group, B4: 6w electroacupuncture group. (c, d) Immunohistochemical staining of RANKL (magnification× 200). C1: 4w control group, C2:
4w model group, C3: 4w acupotomy group, C4: 4w electroacupuncture group; D1: 6w control group, D2: 6w model group, D3: 6w
acupotomy group, D4: 6w electroacupuncture group. (e) Expression of OPG-positive cells in subchondral bone. (f ) Expression of RANKL-
positive cells in subchondral bone. (g) Ratio of OPG/RANKL measured by immunohistochemistry. Values are means± SEMs. n� 6 per
group. Compared with the corresponding control group: ∗P< 0.05 and ∗∗P< 0.01; compared with the corresponding model group: #P< 0.05
and ##P< 0.01; compared with the corresponding electroacupuncture group: ▲P< 0.05 and ▲▲P< 0.01.
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OPG mRNA and protein were measured in KOA sub-
chondral bone. Immobilization for 6 weeks revealed higher
RANKL and lower OPG expression, suggesting an en-
hancement of osteoclast activity and stronger bone re-
sorption. ,e results obtained with real-time PCR and
immunohistochemical staining showed that acupotomy or
electroacupuncture-treated rabbits had significantly de-
creased expression of RANKL and markedly increased ex-
pression of OPG. However, the Western blot results showed
that acupotomy intervention upregulated the decrease in
OPG protein and downregulated the increase in RANKL
protein, while electroacupuncture intervention had a poor
effect. As expected, the OPG/RANKL ratio determined by
Western blotting and immunohistochemistry was roughly
consistent with the expression of the osteoclast-specific
genes TRAP, MMP-9, and Ctsk. ,ese data confirmed that
the benign mechanical stress after acupotomy intervention
effectively inhibited the increase in RANKL and the decrease
in OPG of KOA subchondral bone. Acupotomy, a biome-
chanical therapy, can extensively confine hyperactive oste-
oclasts via the OPG/RANKL mechanical signaling pathway
to inhibit bone resorption in KOA subchondral bone
(Figures 5 and 6).

,e present study has the following limitations. First, a
positive drug group was not set as the control group for
acupotomy, but rather the electroacupuncture group. Based
on many reports [12, 20], bone metabolism regulators
represented by bisphosphonates can only inhibit sub-
chondral bone resorption in the KOA animal model, and the
efficacy in the clinic has been disappointing. Considering the
use of KOA subchondral bone as the entry point to explore
the mechanism of acupotomy treatment of KOA from the
biomechanical perspective and to comprehensively evaluate
the operability in this study, electroacupuncture may be the
most appropriate control group at present. Electro-
acupuncture, as a usual and effective therapy, is also a
nonsurgical and nonpharmacological intervention to treat
KOA. Moreover, the position of the intervention points of
the electroacupuncture and acupotomy is close. If there is a
more feasible biomechanical therapy that can be used as a
control group in the future, we will continue to conduct in-
depth research. Second, we successfully established the KOA
model by 6-week immobilization in the previous study,
which was consistent with early and mid-stage KOA lesions.
In the current study, in view of the dynamic pathological
changes of subchondral bone in the development of KOA,
we established immobilization-induced KOA models for 4
and 6 weeks to evaluate the therapeutic effects of acupotomy
on subchondral bone lesions from the onset of KOA to early
and mid-stage KOA. In subsequent studies, we should
continue to extend the duration of knee immobilization to 8
or even 12 weeks to dynamically observe the regulatory effect
of acupotomy on subchondral bone remodeling during the
entire pathogenesis of KOA.

5. Conclusion

In summary, we found that acupotomy inhibited osteoclast
activity and promoted osteoblast activity to ameliorate

hyperactive subchondral bone resorption and relieve car-
tilage degeneration in immobilization-induced KOA rabbits,
which may be mediated by the OPG/RANKL signaling
pathway. ,e mechanical effect of acupotomy exerts
chondroprotective effects by mitigating KOA subchondral
bone lesions, which might supply original insights into the
treatment of KOA with acupotomy and a novel therapeutic
approach in the biomechanical treatment of KOA.
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Background. Osteoporosis is a major disease that affects the quality of life of middle-aged and old people, so it is very important to
find efficient and safe drugs to treat osteoporosis. )e purpose of this study was to investigate the therapeutic effect of naringin on
postmenopausal osteoporosis in ovariectomized (OVX) rats.Methods. Chinese biomedical databases, CNKI, PubMed, EMBASE,
andWan Fang were searched for articles from inception to March 2020. Two independent researchers screened articles according
to inclusion criteria. RevMan 5.3 was used for data analysis. Results. Ten studies were included in the systematic review. )e bone
mineral density (BMD) significantly increased after naringin treatment (weighted mean difference, 0.06; 95% CI, 0.03–0.09;
P< 0.01). )ere was no significant increase in BMD after estrogen treatment compared with naringin (weighted mean difference,
0.00; 95% CI, −0.00 to 0.01; P � 0.06). )e trabecular bone volume (BV/TV) (weighted mean difference, 2.09; 95% CI, 1.85–2.34;
P< 0.01) and trabecular thickness (Tb.)) (weighted mean difference, 6.65; 95% CI, 6.55–6.74; P< 0.01) significantly increased
after using naringin. Conclusions. Naringin had been shown to promote bone formation in OVX rats. However, the mechanism of
naringin needs more research to confirm.

1. Background

Osteoporosis is a global public health problem, which pri-
marily threatens postmenopausal women and senior citizens
[1]. )e pathological characteristics of osteoporosis include
bone mineral density (BMD) reduction, bone microstruc-
ture deterioration, and matrix protein degradation, resulting
in an increased bone fragility and risk of fracture [2]. It not
only reduces the quality of life of the elderly, but also causes
huge financial burden to patients’ families and society.
Postmenopausal osteoporosis is the most common type of
osteoporosis [3]. At menopause, estrogen withdrawal ac-
celerates bone remodeling with a net increase in bone re-
sorption, which leads to bone loss and even osteoporosis
[4, 5]. )e ovariectomized (OVX) rats are the most com-
monly used animal models to study postmenopausal

osteoporosis. In fact, so far, a fully curative treatment for
osteoporosis has yet to be developed. In an effort to discover
new drugs that treat osteoporosis effectively, much focus has
been put on the pursuit of natural-based products because of
their availability, cost-effectiveness, and biological activity.

Naringin, a polymethoxylated flavonoid glycoside, is the
main bioactive flavonoid extracted from citrus fruits [6, 7]
and has a positive effect on osteoporosis caused by post-
menopause, glucocorticoid, orchidectomy, and aging [8].
Studies have shown that naringin can promote the differ-
entiation and proliferation of various types of cells [9–12]
and improve the bone mass in an osteoporotic rat model [9].
Naringin also promotes osteoclast apoptosis through the
mitochondrial-mediated apoptotic pathway, so as to inhibit
bone loss in OVX rat models and exhibit antiosteoporotic
pharmacological activity [13, 14].
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)emain purpose of this systematic review was to collect
and analyze all the data available to investigate the thera-
peutic effect of naringin on postmenopausal osteoporosis in
OVX rats.

2. Methods

2.1. Selectionof Studies. All articles published in Chinese and
English databases from their inception to March 2020 were
searched, including Chinese Biomedical databases, CNKI,
PubMed, EMBASE, andWan Fang. Search keywords were as
follows: ovariectomized, ovariectomy, ovariectomies, bone
diseases, osteoporosis, bone loss, bone mineral density,
naringin (And or OR). Meanwhile, the references of selected
articles were used as a supplement. )ere were no language
restrictions. )is review followed the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
reporting criteria [15]. )e Stroke )erapy Academic In-
dustry Roundtable (STAIR) list was used for methodological
quality assessment in our study [16].

2.2. Inclusion and Exclusion Criteria. Studies were included
if they met all of the following criteria: studies with (1)
experimental and control groups; (2) OVX-induced bone
loss and osteoporosis; (3) evaluation of therapeutic effects of
naringin. Exclusion criteria were as follows: (1) duplicate
articles; (2) studies without control groups; (3) studies
without the use of BMD; (4) all clinical case reports and only
in vitro studies.

2.3. Data Extraction. According to inclusion criteria, two
investigators (Z. Z. and W. X.) independently scrutinized all
articles and the reference list of all relevant articles was also
screened to identify other potential data sources. Data were
also extracted from these studies independently by two
investigators (Z. Z. andW. X.) using a spreadsheet, including
column names of the first author, publication date, the age
and species of animal studies, experimental designs, nar-
ingin treatment dosage, administration time, and inter-
vention protocols. If two authors disagreed on the choice of
research and data interpretation, inconsistencies were settled
by discussion with another independent investigator (Y. L.).
)e final results needed to be discussed with all the inves-
tigators to reach a consensus.

2.4. StatisticalAnalysis. Statistical analyses were performed
using RevMan 5.3 (Cochrane Collaboration, Oxford,
United Kingdom). Heterogeneity among studies was
assessed using the I2 statistic [17]. I2 <50% meant that the
homogeneity of the study was high and there was no
significant heterogeneity, so the fixed effect model should
be used. Otherwise, the random effect model was used.
P< 0.05 indicated significant differences between groups.
Continuous variable data were analyzed with the relative
risk or weighted mean difference and its 95% confidence
interval (CI).

3. Results

3.1. Selection of Studies. A total of 241 related studies were
selected by searching the databases and the literature ref-
erences of the articles retrieved. After deleting duplicates, 47
studies remained by reading their titles and abstracts. A
thorough review of the remaining 47 articles was carried out,
of which 37 articles were excluded. )e reason for exclusion
was the absence of BMDmeasurements, being clinic reports,
or studies only in vitro. Ultimately, 10 studies (three studies
were published in Chinese and seven studies were published
in English) were selected [8, 9, 18–25] for this systematic
review. )e flow diagram of the study selection process is
shown in Figure 1.

3.2. Characteristics of the Included Studies. Characteristics of
the studies are shown in Table 1. Eight studies used Sprague-
Dawley (80%) female rats, one study [18] used C57/BL6j
(10%) female rats, and another study [21] did not specify
which animal model to use.)e age range of OVX in rats was
1∼6 weeks, except for one study which did not report the age
of the rats. In a total of 10 studies, the animal sample size
ranged from 20 to 75, and the median sample size was 48
rats. All the studies were administered by oral gavage. )e
daily dosage range of naringin was 1–1500mg/kg. )e
duration of naringin administration varied from 2 to 13
weeks. In all studies, BMD was used to evaluate the results. 3
studies provided data on trabecular bone volume (BV/TV)
and trabecular thickness (Tb.)).

3.3. Risk of Bias. In general, the methodological quality of
the studies was not high. None of the studies included any
description of sample size calculation or inclusion and ex-
clusion criteria. All studies had reported randomization;
however, none of them described allocation concealment.
Further, none of the studies reported on their sources of
funding or support or any potential conflicts of interest.
Table 2 shows the risk of bias reported for each publication
included in this meta-analysis.

3.4. BMD BV/TV Tb.2 Changes after Using Naringin.
Due to the high heterogeneity of the study, we adopted the
random effect model. Compared with the blank control
group, the BMD significantly increased after naringin
treatment (ten studies, n� 101; weighted mean difference,
0.06; 95% CI, 0.03–0.09; P< 0.01) (Figure 2). Besides, in
studies where estrogen treatment served as the positive
control group, we found that there was no significant in-
crease in BMD after estrogen treatment compared with
naringin (three studies, n� 32; weighted mean difference,
0.00; 95% CI, −0.00 to 0.01; P � 0.06) (Figure 3).

Only three studies [8, 21, 22] used BV/TV, Tb.) as
outcome measures. )e BV/TV (%) values significantly
increased after using naringin (three studies, n� 31;
weighted mean difference, 2.09; 95% CI, 1.85–2.34; P< 0.01)
(Figure 4). )ere was a statistically significant difference in
Tb.) (um) values between the two groups. )e weighted
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mean difference was found to be 6.65, with 95%
CI� 6.55–6.74 and P< 0.01 (Figure 5).

4. Discussion

Osteoporosis is an age-related disease that affects millions of
people. Although the application of traditional Chinese
medicine in the treatment of osteoporosis has a long history,
its specific mechanism is not known yet [26]. )e research
on the monomer of traditional Chinese medicine still re-
mains in basic research. For this, we focus our attention on
animal models.

OVX is mainly used to establish animal models of os-
teoporosis [27]. OVX reduces the level of estrogen and
induces bone loss in animals, which is similar to post-
menopausal bone loss [28], including rapid bone loss and
bone resorption, as well as similar bone reactions to therapy
with estrogen, bisphosphonates, tamoxifen, and calcitonin.
)ese wide-ranging similarities make OVX animal models
widely used as clinically relevant models of postmenopausal
bone loss in women [29]. )e OVX rat model was approved
by the US Food and Drug Administration (FDA) as a
preclinical model [30]. Systematic reviews of animal ex-
periments can improve the accuracy of clinical trial effec-
tiveness prediction, reduce the risk of negative results, and
also determine when clinical results of animal experiments
can be accepted and terminate unnecessary clinical trials.

As far as we know, this is the first meta-analysis to report
the effect of naringin on bone mass in OVX rats. We used
random effect models to study. )e results showed that the
BMD value of the experimental group increased signifi-
cantly, indicating that naringin could promote bone for-
mation in OVX rats and improve osteoporosis caused by

estrogen deficiency. In addition, the effect of naringin in
OVX rats was not significantly different from that of es-
trogen, suggesting that the mechanism of naringin may be
the same as that of estrogen, giving us a new direction of
research. Compared with the control group, the BV/TV and
Tb.) values of naringin treated group were significantly
higher, which also proved the effect of naringin on bone
formation.

BMD is an important sign of bone quality, which is of
great significance in medicine [31]. It is of great significance
in the occurrence, diagnosis, treatment, prognosis, and
follow-up observation of osteoporosis, osteomalacia, fibro-
sis, and other diseases that affect calcium and phosphorus
metabolism [32]. BMDwas calculated by x-ray absorption of
bone. In all ten studies, most of the studies were conducted
with dual energy x-ray absorptiometry (DEXA).

With the help of image processing software, regions of
interest (ROI) can be selected on the scanning image of
micro-CT for threshold segmentation, so that cortical bone
and cancellous bone can be segmented and extracted into
different tissue regions, respectively [33]. Finally, various
morphological characteristics of cortical bone and cancel-
lous bone (trabecular bone) can be studied and analyzed. In
general, when the bone tissue in the ROI is the same, the BV/
TV value can reflect the bone mass, which is a common
index for evaluating the bone mass of cortical bone and
cancellous bone [34]. For the cancellous bone in the med-
ullary cavity, the BV/TV value can reflect the trabecular bone
mass of different samples. )e increased value indicates that
bone metabolism is greater than catabolism and bone mass
increases, thereby indirectly reflecting bone metabolism. It
has the same value in evaluating bone mass and bone
metabolism in the middle part of long bone.

)e porous trabecular structure connected with tra-
becular bone is regularly arranged in accordance with the
stress curve and has nonuniform anisotropy. )is ar-
rangement can increase the bone strength [35]. It can be said
that the bone mass of the bone trabeculae is closely related to
its microstructure. )erefore, the microstructural analysis of
trabecular bone is very important in bone analysis. Micro-
CT can perform nondestructive 3D imaging of trabecular
bone microstructure and display the microstructure of
trabecular bone, making it possible to analyze the topology
of trabecular bone microstructure [36]. Tb.) is one of the
main indexes to evaluate the spatial structure of trabeculae
[37]. When bone catabolism is greater than bone anabolism,
such as in the case of osteoporosis, the Tb.) value decreases,
whereas it increases when bone anabolism is greater than
bone catabolism.

Functions of naringin in bone development are largely
unknown. Many studies have reported the potential
mechanism of naringin promoting osteogenesis. Wang et al.
observed that coadministration of AMPK and Akt inhibitors
partly reversed naringin effects in vivo, suggesting that the
osteogenic activity of this flavonoid is in part via its stim-
ulation of the Wnt/b-catenin signaling upon interaction
with AMPK and Akt [20]. Studies found that naringin in-
hibits osteoclast formation and bone resorption by the
suppression of RANKL-induced activation of NF-kB and

240 of records identified through database
searching Chinese biomedical databases (n = 84),

CNKI (n = 81), PubMed (n = 37), EMBASE (n = 7),
Wan Fang (n = 31)

1 of additional records 
identified through 
references or other 

sources

115 of records a�er duplicates removed

79 of records excluded a�er 
reading titles and abstracts

47 of full-text articles assessed for eligibility

37 of studies excluded a�er 
perusing full text

10 of studies included in quantitative 
synthesis (meta-analysis)

3 studies in Chinese
7 studies in English

Figure 1: Flow diagram of the article selection process for review of
Chinese biomedical databases, CNKI, PubMed, EMBASE, and
Wan Fang.
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Table 1: Characteristics of the included studies.

Study Animals Age, mo Sample
size Experimental group Control group Duration, wk

Pang et al
2010

C57/BL6J
mice 1 10/10/10/

10/10

A :OVX+naringin (200mg/kg
daily); B : OVX+naringin

(400mg/kg daily)

A: sham vehicle (2% ethanol); B :
OVX+ vehicle; C :OVX+ 17b-
estradiol (E2, 2 ug/g daily)

6

Shangguan
et al. 2017

SD rats (body
weight,
220± 8 g)

6 12/12/12/
12

A :OVX+naringin (200mg/kg
daily); B : OVX+naringin

(100mg/kg daily)

A: sham group (physiological
saline solution, 6ml/kg daily); B :
OVX group (physiological saline

solution, 6ml/kg daily)

12

Li et al. 2014
SD rats (body

weight,
230± 10 g)

6 10/10/10/
10/10/10

A :OVX+naringin (40mg/kg
daily); B : OVX+naringin
(100mg/kg daily); C :

OVX+naringin (200mg/kg
daily)

A: sham group (H2O); B :OVX
group (H2O); C :OVX+E2 (22.5

ug/kg daily)
12

Song et al.
2016

SD rats (body
weight,

240± 12 g)
3 18/18/18/

18

A :OVX+naringin (40mg/kg
daily); B : OVX+naringin
(100mg/kg daily); C :

OVX+naringin (300mg/kg
daily)

B : OVX group (normal saline) 8

Wang et al.
2015 Unclear 1 5/5/5/5 A :OVX naringin (5 nM); B :

OVX naringin with PTH
A: sham vehicle; B : OVX vehicle

(PBS) 6

Sun et al.
2015

SD rats (body
weight,

230± 10 g)
3 15/15/15/

15/15

A :OVX naringin (300mg/kg
daily); B : OVX naringin plus
treadmill exercise (300mg/kg

daily + EX)

A: sham group (H2O); B :OVX
vehicle; C :OVX exercise 12

Li et al. 2013 SD rats (body
weight, 220g) 3 6/6/6/6

A :OVX+naringin (60mg/kg
daily); B : OVX+naringin
(300mg/kg daily); C :

OVX+naringin (1500mg/kg
daily)

A :OVX vehicle (PBS) 8

Li et al. 2012 SD rats (body
weight, 280g) 4 12/12/12/

12/12

A :OVX+naringin (4mg/kg
daily); B : OVX+naringin (2mg/

kg daily)

A: sham group (H2O); B :OVX
vehicle (H2O); C :OVX+E2 13

Wang et al.
2016

SD rats (body
weight,

230± 25 g)
6 10/10/10/

10/10

A :OVX+naringin (1mg/kg
daily); B : OVX+naringin

(10mg/kg daily); C :
OVX+naringin (100mg/kg

daily)

A: sham group; B :OVX+N 4

Zhao et al.
2016

SD rats (body
weight,

230± 20 g)
Unclear 15/15 A :OVX+naringin (300mg/kg

daily) A :OVX vehicle (normal saline) 2

Table 2: Risk of bias.

Study Sample size calculation

Inclusion
and

exclusion
criteria

Randomization Allocation concealment

Reporting
of animals
excluded
from

analysis

Blinded
assessment
of outcome

Reporting
potential
conflicts of
interest

Pang et al 2010 Unclear Unclear Yes Unclear Unclear Yes No
Shangguan
et al. 2017 Unclear Unclear Yes Unclear Unclear Yes No

Li et al. 2014 Unclear Unclear Yes Unclear Unclear Yes No
Song et al. 2016 Unclear Unclear Yes Unclear Unclear Yes No
Wang et al.
2015 Unclear Unclear Yes Unclear Unclear Yes No

Sun et al. 2015 Unclear Unclear Yes Unclear Unclear Yes No
Li et al. 2013 Unclear Unclear Yes Unclear Unclear Yes No
Li et al. 2012 Unclear Unclear Yes Unclear Unclear Yes No
Wang et al.
2016 Unclear Unclear Yes Unclear Unclear Yes No

Zhao et al. 2016 Unclear Unclear Yes Unclear Unclear Yes No

4 Evidence-Based Complementary and Alternative Medicine



ERK [38]. Fan et al. revealed that naringin is able to promote
BMSC differentiation into osteoblasts, via the upregulation
of miR-20a, and the downregulation of PPARc [39]. Wu

et al. demonstrated that naringin increased BMP-2 ex-
pression via PI3K, Akt, c-Fos/c-Jun, and AP-1-dependent
pathways, which can induce osteoblast proliferation,

ExperimentalStudy or subgroup Control
Mean SD Total Mean SD Total

Weight
(%)

0.232 0.016 12 0.224 0.012 12 9.9
Li 2013 
Li 2012 

Li 2014 
Pang 2010 
ShangGuan 2017 
Song 2016 
Sun 2015 
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Figure 2: BMD changes after naringin treatment.
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Figure 3: Comparison of the effects of naringin and estrogen on BMD.
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Figure 4: BV/TV changes after naringin treatment.
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Figure 5: Tb.) changes after naringin treatment.
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differentiation, and maturation in cultured osteoblasts [40].
In this study, we hypothesized that the mechanism of
naringin should be similar to estrogen. Naringin exerted
antiosteoporotic effects by binding to estrogen receptors
(ERs), which may replace the estrogen replacement therapy
(ERT) in clinical use [41], but more experiments were
needed to confirm this hypothesis [42].

)e STAIR list was used in this systematic review, which
was concise and contained the basic criteria that focus on
high quality, such as sample size calculation, randomization,
allocation concealment, and blinded outcome assessment.

)is meta-analysis also had many limitations. First,
despite the best efforts we had made, there was no way to
ensure that all relevant studies were found. Second, the
quality evaluation of this research is low. )ere was a lack of
calculation of sample size, explanation of random allocation
method, and reports of animals excluded from analysis. At
the same time, there were biases caused by publication bias.
In particular, systematic reviews of animal studies were more
susceptible to publication bias than clinical studies [43].
)ird, all results (BMD, BV/TV, and Tb. )) were highly
heterogeneous in this study, indicating that the results may
not be convincing. For BV/TV and Tb.) index, it was
difficult to establish a unified ROI, which resulted in a large
heterogeneity between the studies. )e different time of
OVX and the different dosage and durations of naringin
treatment in rats may lead to higher heterogeneity. However,
due to the small number of studies, there was limited ability
to consider subgroup analyses. Fourth, this study did not
accurately infer the optimal concentration of naringin in
OVX rats and could not provide guidance for future animal
experiments, so more research and analysis are needed.

5. Conclusions

In OVX rats model, the BMD, BV/TV, and Tb. ) values of
naringin treatment group were significantly increased,
which proved that naringin promoted bone formation. At
the same time, we speculated that themechanism of naringin
was the same as estrogen, which needs more research to
confirm.
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Crinum asiaticum Linn. has been used in )ai traditional medicine to relieve inflammatory symptoms and treat osteoarthritis.
)ere have been reports on its potent anti-inflammatory property but nothing on the effects of different pretreatments on its
chemical properties and anti-inflammatory activity. Pretreatment of herbal raw materials is an important step which affects the
overall quality of )ai traditional medicine. )e objectives of this study were to investigate different treatments of C. asiaticum
leaves prior to ethanolic extraction and to compare the extracts for their anti-inflammatory activity and chemical properties. )e
treatments included hot air drying in an oven, microwave drying, traditional grilling on a charcoal stove before drying in an oven,
and temperature shock in hot and cold water before hot air drying. )e anti-inflammatory activity and chemical properties of the
extracts were analyzed using the established methods. Results showed that 95% ethanolic extract of hot air oven-dried leaves had
the highest anti-inflammatory activity and total phenolic and lycorine contents. We recommend hot air drying as a preextraction
treatment for C. asiaticum leaves for its simplicity, best retention of the herbal quality, and suitability for scaling up to an
industrial process.

1. Introduction

Inflammation is a primary physiologic response of tissue to
pathogens, cell injury, and damaged tissues. Proin-
flammatory cytokines, inflammatory mediators such as
nitric oxide (NO), prostaglandin E2 (PGE2), and tumor
necrosis factor-alpha (TNF-α) produced during the in-
flammatory process cause damage of cell, tissue, and organ
[1, 2]. Regarding the pathophysiology of inflammatory
diseases, osteoarthritis (OA) is the most common chronic
degenerative disease among elderly people. )e inflamma-
tory mediators such as nitric oxide, IL-1, TNF-α, and COX-2

contribute to cartilage and joint degeneration [3]. Nonste-
roidal anti-inflammatory drugs (NSAIDs) are the common
treatment for OA pain and inflammation. However, adverse
effects have been observed in elderly patients [4].

Crinum asiaticum L. (Amaryllidaceae family) has long been
used in Southeast Asian and)ai traditional medicine to relieve
pain and as a treatment for inflammatory diseases. According to
ethnopharmacology, Southeast Asian countries useC. asiaticum
for treatments of wounds, swellings, pain injuries, and inflamed
joints, and as an antidote for poisons or toxins [5–7]. In )ai
traditional medicine, C. asiaticum leaf is a plant component in
Phra-aung-kob-phra-sean remedy commonly used to treat
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injurious, inflamed joints [8], and ankle pain and for post-
partum care [9].

Local practitioners grill C. asiaticum leaves on a charcoal
stove until they are softened and hot before covering the
localized pain areas. However, the effects of this traditional
heating treatment on the inflammatory activity of the leaves
have not been elucidated.

Previous researches have reported on the bioactivity of
C. asiaticum leaves including antioxidation [10] and anti-
inflammation by inhibiting nitric oxide production [11]. An
in vivo study on leaf extract also showed a significant anti-
inflammatory effect [12]. Among the phytochemical com-
ponents in C. asiaticum, lycorine is the most common of
Crinum alkaloids that exerts potent immunological, anti-
tumor, and anti-inflammatory activities [13–15] and de-
creases autophagy in osteoclasts in vivo [16]. )ese studies
have reported on the potent anti-inflammatory effect of
C. asiaticum but so far no study has been done on the effects
of different preextraction treatments on its chemical
properties and anti-inflammatory activity. Our study was
designed to fill this gap in knowledge.

Traditional )ai doctors usually have their own methods
of preparation before they apply the herbs. )ese may in-
volve heating, grilling, or pounding the fresh herb for topical
applications, or boiling it in water or alcohol, if it is to be
taken internally. )ese pretreatment techniques are applied
for several reasons, for example, for long-term storage,
quality control, increasing efficacy, and reducing the toxicity
of the herbs [8].

Preextraction treatments are physical preparations of the
herb which include cleaning, size reduction, and drying
prior to solvent extraction. Ethanolic extraction with 95%
ethanol is usually an extraction method of choice for most
herbal materials for the purpose of scientific studies on their
bioactive components and efficacy against target diseases.
However, the quality of herbal extracts is usually influenced
by the treatment of the herbs before extraction, especially the
drying process. Drying temperature and time and how the
drying process is applied to the fresh herb can have a
profound effect on the chemical composition of the extracts
and hence medicinal efficacy [17, 18].

In this research, we applied four methods of pretreat-
ments to get C. asiaticum leaves ready for ethanolic ex-
traction and to evaluate what effects each of them has on the
chemical and anti-inflammation properties of the herb. )e
first method was grilling on a charcoal stove, a common
practice in the)ai traditional medicine.)e secondmethod
was hot air drying in an oven in which the temperature and
time could be conveniently controlled in order to minimize
damage to the leaves. )e third method was microwave
drying which employs direct electromagnetic heating to the
material enabling ease of temperature control and faster
drying to better retain herbal qualities. )e fourth method
was temperature shock in water which might help preserve
color and some important substances in the leaves. We then
compared the effects of the four preextraction treatments of
C. asiaticum leaf on its anti-inflammatory activity, as de-
termined by the inhibition of NO, PGE2, and TNF-α pro-
duction, and its chemical properties such as total phenolic

compound and lycorine content. From the results, we
recommended the most suitable treatment that would best
preserve the quality of C. asiaticum leaves for the devel-
opment of an anti-inflammation product for pain relief in
OA patients.

2. Material and Methods

2.1. Plant Materials and Preextraction Treatment Methods.
C. asiaticum leaves were collected from the Faculty of
Medicine, )ammasat University, Pathum )ani, )ailand.
)e specimen voucher (SKP-008 03 01 01) was deposited at
the herbarium of Southern Center of )ai Medicinal Plants,
Faculty of Pharmaceutical Sciences, Prince of Songkla
University,)ailand.)e concept diagram of the steps in the
experiments is shown in Figure 1.

Fresh leaves were cleaned with water and sliced into
medium-size pieces before being subjected to the following
four different preextraction treatments:

(1) Hot air drying in an oven (CAA) with the oven set at
40°C for 10 hours.

(2) Microwave drying (CAM) with a microwave power
of 80°MhZ for 20 minutes.

(3) Traditional grilling on a charcoal stove before drying
in an oven (CAG): the leaves were placed on the grid
of a charcoal stove and grilled lightly for 15 minutes
before drying in a hot air oven at 40°C for 8 hours.

(4) Temperature shock in hot and cold water before hot
air drying (CAC): the leaves were dipped in a water
bath at 100°C for 5 seconds and then immediately
plunged into an ice-cold water bath (0°C) for 15
seconds before drying in a hot air oven at 40°C for 8
hours.

2.2. Maceration and Extraction Method. )e dried leaves
from each preextraction treatment (40 g) were macerated
with 95% ethanol for three days and filtered through a
Whatman No. 1 filter paper. )e maceration was repeated
twice and the extracts were combined. )e crude extract was
dried in a rotary evaporator.

2.3. Reagents and Chemicals. Standard lycorine
(purity > 98%) was purchased from Chem Faces (Wuhan,
China). Dimethyl sulfoxide (DMSO), phosphoric acid,
triethylamine, and purified water were prepared by Milli
Q® system from Millipore (Bedford, MA, USA). Aceto-
nitrile HPLC grade was purchased from RCI Lab Scan
(Bangkok, )ailand). Murine macrophage leukemia cell
line (RAW 264.7: ATCC® TIB-71™) was purchased from
American Type Culture Collection (ATCC®, VA, USA).
Fetal bovine serum (FBS) was purchased from Gibco®(OK, USA). Dulbecco’s Modified Eagle’s Medium
(DMEM), phosphate buffer saline (PBS), and penicillin-
streptomycin (P/S) were purchased from Biochrom (MA,
Germany). 3-(4, 5-Dimethyl-2-thiazolyl)-2, 5-diphenyl-
2H-tetrazolium bromide (MTT) was purchased from
Sigma (MO, USA).
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2.4. Instruments. )e HPLC system (Agilent® 1200; AgilentTechnologies, USA) consisted of a solvent degasser
(G1322A), an autosampler (G1329A), a quaternary solvent
pump (G1311A), a photodiode array detector (G1315D), and
a column oven (G1316A). )e chromatographic data were
processed by the Chemstation® software version B.04.01
SP1.

2.5. Anti-Inflammatory Activity by Inhibition of Nitric Oxide
Production from RAW 264.7 Cells and Cytotoxicity by MTT
Assay. Anti-inflammatory activity by inhibition of nitric
oxide production in RAW264.7 cells was determined
according to the method of Tewtrakul and Itharat, with
slight modifications [19]. Briefly, RAW264.7 cells were
cultured in DMEM medium with 10% fetal bovine serum
(FBS), penicillin (100 units/mL), and streptomycin (100 µg/
mL) and incubated at 37°C under 5% CO2. )e cells were
seeded into 96-well plate and incubated for 24 hours. )e
cells were treated with LPS (lipopolysaccharide) at the final
concentration of 5 ng/mL. A sample solution was added and
incubated for 24 hours. )e supernatant was transferred to a
new 96-well plate and Griess reagent was added. )e plate
optical density (OD) was measured with a microplate reader
at a wavelength of 570 nm. )e viability of the treated cells
was determined by MTT solution. )e OD was measured at
570 nm. )e %inhibition and %toxicity were calculated. )e
half inhibitory concentration (IC50) was determined by
regression analysis using GraphPad Prism software (CA,
USA).

2.6. Anti-Inflammatory Activity by Inhibition of TNF-α
Production from RAW 264.7 Cells. Inhibitory effects on the
TNF- α production from RAW 264.7 cells were evaluated by
using Quantikine®mouse TNF-α ELISA test kit (Darmstadt,
Germany) according to the method of Makchuchit et al. [20]

with slight modifications. In brief, the cells were seeded in
96-well plates at a density of 1× 105 cells/well and incubated
for 24 hours. After that, the medium was replaced with fresh
medium containing 5 ng/mL of LPS and test samples at
various concentrations and incubated for 24 hours. )e
supernatant was transferred into 96-well ELISA.)eODwas
measured at 450 nm. Inhibition percentage of TNF-α pro-
duction was calculated and the Prism program used for
calculating IC50 values.

2.7. Anti-Inflammatory Activity by Inhibition of Prostaglan-
dins E2 (PGE2) from RAW 264.7 Cells Line. RAW264.7
macrophage cells were seeded in 96-well plates with 1× 105
cells/well and incubated for 18–20 hours. Afterward, the
medium was replaced by a fresh medium containing 0.08 μg/
mL of LPS with various concentrations of sample and in-
cubated for 24 hours. )e supernatant was transferred into
96-well PGE2 ELISA plate (Cayman Chemical Company).
)e absorbance was measured at 420 nm. Inhibition per-
centage of PGE2 production was calculated and the Prism
program used to calculate IC50 values.

2.8. Determination of Total Phenolic Content. )e total
phenolic content of the extracts was determined by the
modified Folin–Ciocalteu method [21]. A 20 μL aliquot of
the extracts was mixed with 100 μL of Folin–Ciocalteu’s
reagent and 80 μL of sodium carbonate. )e plate was
mixed well and allowed to stand at room temperature to
develop color for 30 minutes. )e absorbance was mea-
sured at 765 nm. Total phenolic content was expressed
as mg gallic acid equivalents (GAE)/g. It was calculated
from a calibration curve of gallic acid standard solutions
(ranging from 2.5 to 100 μg/mL). All tests were performed
in triplicate.

C. asiaticum leaves

Cleaned and sliced into medium size

Hot air drying in an
oven at 40°C for 10 hr.

Microwave drying at
80MhZ for 20 min.

Traditional grilling on
a charcoal stove
grilled lightly for

15min

Temperature shock in
hot and cold water at
100°C for 5 seconds/
0°C for 15 seconds 

Drying in an oven
at 40°C for 8 hr.

Drying in an oven
at 40°C for 8 hr.

Preextraction
treatments 

Maceration and extraction

Bioactivity assay and chemical properties test

CAA CAM CAG CAC

Figure 1: Concept diagram of the steps in the experiments; CAAmeans C. asiaticum extract of hot air drying in oven method, CAMmeans
C. asiaticum extract of microwave drying method, CAG means C. asiaticum extract of traditional grilling on a charcoal stove method, and
CAC means C. asiaticum extract of temperature shock method.

Evidence-Based Complementary and Alternative Medicine 3



2.9. Determination of Lycorine Content by HPLC

2.9.1. Preparation of Standard and Sample Solution. A stock
standard solution of lycorine was prepared at a concen-
tration of 0.5mg/mL in DMSO. A calibration curve was
constructed by using the serially diluted standard solution at
the concentrations of 50, 100, 150, 200, 300, and 500 µg/mL.
For sample solutions, each C. asiaticum extract obtained
from various preextraction treatments was dissolved in
DMSO to produce a sample solution containing 10mg/mL
of the extract.

2.9.2. Chromatographic Conditions. Chemical constituents
of the crude extract were separated along a C18 reverse-
phase column (Zorbax® C18, 4.6× 250mm, 5 microns). )e
mobile phase consisted of 0.1%v/v triethylamine in water
adjusting pH to 3.0 with phosphoric acid (A) and aceto-
nitrile (B). Gradient elution was programmed as follows:
0–5min, 5%B; 25min, 30%B; 25.1–30min, 80%B;
30.1–35min, 5%B. )e flow rate was set at 1mL/min.
Samples (10 µL) were injected into the HPLC system and
detected by using a diode array detector at the wavelength of
290 nm.

2.9.3. Validation of the HPLC Method. Validation of the
HPLC method was conducted according to the guideline of
the International Conference on Harmonization (ICH 2005)
[22]. )e validation parameters included selectivity, line-
arity, accuracy, precision, limit of detection (LOD), and limit
of quantitation (LOQ).

2.10. Statistical Analysis. )e evaluations of anti-inflammatory
activities were conducted in triplicate and the results were
expressed as mean±SEM. )e IC50 values were calculated by
using the Prism program.)e data were analyzed using one-way
ANOVA and Tukey’s multiple comparison tests. )e results of
the HPLC analysis were expressed as mean±SD. )e level of
statistical significance was taken at P< 0.05.

3. Results

3.1. Extraction of the Dried Leaves of C. asiaticum. Yields (%)
of the ethanolic extracts of C. asiaticum leaves obtained from
different preextraction treatments are shown in Table 1. )e
highest yield was obtained from the grilling method (CAG;
25.75%). Other methods, CAM, CAA, and CAC, yielded
24.23%, 22.88%, and 21.53%, respectively.

3.2. Anti-Inflammatory Activity by Inhibition of Nitric Oxide
Production fromRAW264.7Cells. As shown in Table 2, CAA
showed the highest inhibitory activity with IC50 value of
16.66± 1.42 µg/mL. CAM, CAG, and CAC exerted anti-
inflammatory activity with IC50 values of 20.42± 0.57,
21.35± 0.56, and 22.48± 1.09 µg/mL, respectively. All of
them exhibited anti-inflammatory activity significantly less
than the positive control, prednisolone
(IC50 �1.05± 0.13 μg/mL). Lycorine, a major component of

C. asiaticum, exerted potent activity with IC50 value of
0.40± 0.01 μg/mL. On the contrary, diclofenac was not active
in this pathway. )e results demonstrated that CAA could
affect significantly lower levels of NO production compared
with CAG and CAC (Table 1).

3.3. Anti-Inflammatory Activity by Inhibition of TNF-α
Production from RAW 264.7 Cells. )e results in Table 1
showed that CAA exerted the highest activity with IC50 value of
25.21± 1.11µg/mL. CAM, CAG, and CAC showed anti-in-
flammatory activity with IC50 values of 37.60± 0.58,
46.36± 0.48, and 45.63± 1.54µg/mL, respectively. However, all
of them have significantly less (p< 0.05) anti-inflammatory
activity than prednisolone (IC50� 0.07± 0.00μg/mL). Lycorine
showed inhibition of 14.0% at the concentration of 0.8μg/mL.
Higher lycorine concentrations showed >30% cytotoxicity to
RAW 264.7 cell. On the contrary, diclofenac was not active in
this pathway. )e results showed that CAA could significantly
lower the level of TNF-α production when compared with
CAM, CAG, and CAC (p< 0.05).

3.4. Anti-Inflammatory Activity by Inhibition of PGE2 Pro-
duction from RAW 264.7 Cells. As shown in Table 1, all
extracts of C. asiaticum were not active in this pathway.
However, prednisolone, the positive control, showed strong
anti-inflammatory activity with IC50 value of 0.07± 0.00 μg/
mL. All extracts were significantly different from prednis-
olone (p< 0.05) in this respect. Diclofenac showed potent
inhibition with IC50 value of 0.004± 0.001 μg/mL while
lycorine was not active in this pathway.

3.5. Cytotoxicity of Extracts on RAW 264.7 Cells by MTT
Assay. Cytotoxicity on RAW 264.7 cells of the ethanolic ex-
tracts from different preextraction treatments of C. asiaticum
leaf was determined by MTT assay. As shown in Table 2, all
extracts were not toxic at all concentrations. Lycorine showed
cytotoxicity at a concentration greater than 1μg/mL.

3.6. Total Phenolic Content. As shown in Table 1, CAA had
the highest total phenolic content with the value of
23.20± 1.36mg GAE/g. CAM, CAG, and CAC showed total
phenolic content of 14.53± 0.63, 13.10± 1.02, and
12.01± 0.84mg GAE/g, respectively.

3.7. High-Performance Liquid Chromatography (HPLC)
Analysis andMethod Validation. )e HPLC system showed
good separation of lycorine from other substances in the
extract, the peak of lycorine matched that of the standard
peak at RT� 5.8, and the blank (DMSO) showed no peak at
the same RT in the standard (Figure 2). )e chromatograms
of the crude extracts and standard solutions paralleled those
of the UV spectrum of the lycorine peaks. Peak purity of
lycorine in the sample chromatograms was assessed by
comparing the UV spectra at the start, apex, and end of the
peak of lycorine standard. )e results showed that the UV
spectrum of each sample (CAA, CAM, CAG, and CAC) was
similar to that of the lycorine standard (Figure 3).
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)e HPLC system for lycorine analysis showed ex-
cellent linearity via the coefficient of determination
(r2 �1) within the range of 50–500 μg/mL (Table 3). LOD
and LOQ of lycorine were 1 and 3.25 μg/mL, respectively
(Table 3). )e accuracy of the method was presented as %
recovery intraday and interday within 99.76–101.96% and
99.07–100.62%, respectively (Table 4). )e precision RSD
% values were lower than 2%, exhibiting a great precision
of the method (Table 4). )e good linearity, accuracy, and
precision of the HPLC method signify its suitability for
the determination of lycorine in the ethanolic extracts of
C. asiaticum leaves after different preextraction treat-
ments. )e comparative values of lycorine content of
C. asiaticum leaf extracts after different preextraction
treatments are shown in Figure 4. CAA, CAM, CAG, and
CAC show the contents to be 34.40 ± 0.41, 21.05 ± 0.28,
17.71 ± 0.13, and 17.48 ± 0.24 mg/g, respectively.

4. Discussion

Osteoarthritis is a common ailment among the elderly in
)ailand and elsewhere. )e overproduction of NO, TNF-α,
and PGE2 are found in inflamed articular tissues and human
chondrocytes in OA patients [23, 24]. In addition, oxidation
can lead to tissue injury, cartilage, and joints degeneration
[25].

C. asiaticum, amedicinal plant in Phra-aung-kob-phra-sean
remedy, has long been used to treat injuries and joint in-
flammation.)ai traditional/folk medicine uses grilled leaves of
the herb for this purpose.)e guidelines for certification of folk
medicine describe that fresh leaves are grilled lightly by fire from
a charcoal stove then pressed andwrapped around the pain area
[26].

Previous phytochemical studies on C. asiaticum reported
that alkaloids, coumarins, glycosides, triterpenes, phenolics, and
flavonoids are constituents of C. asiaticum leaf [27, 28].
Lycorine is one of the major Crinum alkaloids [14, 28]. A
previous study reported that ethanolic extract of the leaves
exerted in vitro anti-inflammatory activity by the inhibition of
nitric oxide production [11]. Leaf extract also showed a
significant anti-inflammatory effect in vivo [12, 29]. Another
study reported that methanol and chloroform extracts of hot
air-dried leaf of C. asiaticum exerted antinociceptive effect [27].

To date, there has been no report on the effects of different
preextraction treatments on its chemical properties and anti-
inflammatory activity. Our research addressed this gap of
knowledge by comparing the effects of four preextraction
treatments of the leaf on its anti-inflammatory activity and
chemical properties.

All extracts prepared by different preextraction treat-
ments showed inhibition of NO production. )e extract
obtained from hot air oven-dried leaves (CAA) exerted the
highest activity with IC50 value of 16.66± 1.42 µg/mL. )is
compares well with the result from a previous study showing
IC50 value of 9.99± 0.00 µg/mL [11]. All extracts showed less
inhibitory activity than the positive control, prednisolone.
Extract fromCAA also exerted the highest activity on TNF-α
production with IC50 value of 25.21± 1.11 µg/mL. Extracts
from other preextraction treatments exerted less activity
with IC50 higher than 35 µg/mL. All extracts exerted less
inhibition of TNF-α production than prednisolone. Diclo-
fenac was not active in TNF-α pathway. None of the extracts
inhibited PGE2 production. Our study showed that lycorine
exerted strong anti-inflammatory activity by inhibiting NO
production, but it only slightly inhibited TNF-α and PGE2
production in RAW264.7 cells. A previous study reported
that lycorine from ethanolic extract of Crinum yemense
inhibited LPS-induced iNOS but not COX-2 gene expression
[30]. From another previous research [31], lycorine inhibited
NO production in RAW 264 cells with IC50 value of
1.2± 0.4 µM as compared with our result of 0.4 µg/mL or
1.43 µM. )e difference in the results may be caused by the
different assay procedures such as the concentrations of
seeded cells in 96-well plates and the concentrations of LPS
for inducing the nitric oxide production in RAW264.7 cells.

For the phytochemical study, we investigated the effect
of various preextraction treatments of C. asiaticum leaf on
total phenolic and lycorine contents. )e CAA extract
showed the highest total phenolic content (23.20± 1.36mg
GAE/g), as compared to the result in a previous research of
60.28± 0.38 TAE/g [10].)e difference may be due to factors
such as season, temperature, and soil composition for plant
growth as well as processing methods.

Phenolic compounds contribute to antioxidant activity
[32, 33]. Oxidative stress activates inflammatory mediators
linked to the overproduction of ROS involved in several chronic

Table 1: Yields (%w/w), anti-inflammatory activity by the inhibitory effect on three pathways in RAW 264.7 cells, and %total phenolic
content of the ethanolic extracts from different preextraction treatments of C. asiaticum.

Sample %yields
Anti-inflammatory activity by inhibitory effect on
three pathways in RAW 264.7 cells (IC50± SEM)

(μg/mL)
%Total phenolic content (mg GAE/g)

NO TNF-α PGE2
CAA 22.88 16.66± 1.42 25.21± 1.11 >100 23.20± 1.36
CAM 24.23 20.42± 0.57 37.60± 0.58∗ >100 14.53± 0.63∗
CAG 25.75 21.35± 0.56∗ 46.36± 0.48∗ >100 13.10± 1.02∗
CAC 21.53 22.48± 1.09∗ 45.63± 1.54∗ >100 12.01± 0.84∗
Prednisolone — 1.05± 0.13 0.07± 0.00 0.07± 0.00 —
Diclofenac — >100 >100 0.004± 0.001 —
Lycorine — 0.40± 0.00 >0.8 >0.8(t) —
∗Significant difference (p < 0.05) compared with CAA analyzed by Tukey’s multiple comparison test. (t)Cytotoxicity was observed at a higher concentration.
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Figure 2: Continued.
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inflammatory diseases [34]. )erefore, phenolic compounds
may contribute to the anti-inflammatory activity via their an-
tioxidant effect. A recent study reported the antioxidant activity
of ethanolic extracts of C. asiaticum leaf and bulk [35].

Lycorine content in ethanolic extracts of C. asiaticum
leaves obtained from various preextraction treatments was
determined using a validated HPLC method. )e method
showed good specificity, accuracy, and precision. CAA
extract showed the highest lycorine content
(34.40± 0.41mg/g) which was significantly higher than that
of CAM, CAG, and CAC extracts (p value< 0.05). Our re-
sults showed CAA extract exerted the highest inhibitory
activity on NO production from LPS-induced RAW 264.7

cells. Lycorine has been shown to have a potent inhibitory
activity on NO production. )is suggested that lycorine may
be the responsible marker of C. asiaticum leaves for in-
hibitory activity on NO production. NO, one of the in-
flammatory mediators important in the inflammation
process which have a destructive effect on articular cartilage,
helps bring about osteoarthritis which is the most common
chronic degenerative disease. Additionally, lycorine has
potent immunological, antitumor, and anti-inflammatory
activities [14, 15] and has been shown to decrease autophagy
in osteoclasts in vivo [16]. )erefore, lycorine is most likely
the responsible active compound in C. asiaticum extract thus
supporting the traditional use of C. asiaticum in the miti-
gation of joint pain.

Due to lycorine cytotoxicity to RAW264.7, its inhibitory
activity on TNF-α and PGE2 production could not be
demonstrated, though it exerted inhibition at a concentra-
tion higher than 0.8 μg/mL. However, lycorine is not the
only active compound in C. asiaticum; there are other
compounds [36, 37] but they have not been investigated,
which should be a subject for future research.

Results of this study confirmed our hypothesis that
different preextraction treatments affected the anti-
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Figure 2: HPLC chromatograms of blank (DMSO) (a), standard lycorine solution (0.5mg/mL) (b), CAA extract at 10mg/mL (c), CAM
extract at 10mg/mL (d), CAG extract at 10mg/mL, (e) and CAC extract at 10mg/mL (f) by using HPLC analysis with mobile phase
consisting of 0.1%v/v triethylamine in water adjusting pH to 3.0 with phosphoric acid (A) and acetonitrile (B). Gradient elution was
programmed as follows: 0–5min, 5%B; 25min, 30%B; 25.1–30min, 80%B; 30.1–35 min, 5%B and detected at the wavelength of 290 nm.)e
chromatograms of standard lycorine solution (b) and crude extracts solutions (c), (d), (e), and (f) show similar peaks at RT� 5.8.
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Figure 3: Comparing the UV absorption spectra of peak start, peak apex, and peak end at RT� 5.8 of lycorine standard (a), overlaying UV
spectrum of each sample solution (CAA, CAM, CAG, and CAC) (b) by using HPLC analysis.

Table 3: Linearity, range, LOD, and LOQ of lycorine.

Validation parameters Lycorine
Linear equation (y� ax + b) y� 8.2971x+ 46.55
Linearity (r2) 1
Range (µg/mL) 50–500
LOD (µg/mL) 1
LOQ (µg/mL) 3.25
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inflammatory activities and chemical properties of
C. asiaticum leaves. )e extract obtained after hot air (40°C)
oven drying (CAA) showed the highest inhibitory activity on
NO and TNF-α production, and total phenolic and lycorine
contents. Extracts from other preextraction treatments were
significantly lower, especially the traditional grilling on a
charcoal stove (CAG) and temperature shock in hot and cold
water before hot air drying (CAC). It appears that in the case
of charcoal stove, factors such as high temperature, smoke,
and ashes formed on the leaf surface may cause the deg-
radation of the active compounds. Charcoal on the grilled
leaf may adsorb the chemical constituents causing a decrease
in total phenolic content and other bioactive components
[38]. For the CAC method, the leaves were directly dipped
into boiling water (approx. 100°C) and then ice water
(approx. 0°C). )is process may cause the degradation and
leaching of some bioactive compounds. )e extract from the
CAC method showed the lowest lycorine content. )e
microwave drying method (CAM) is the technique that
transforms electromagnetic energy into thermal energy. )e
electromagnetic energy may affect some compounds at the
molecular level and the rapid heating of the material may
cause thermal degradation of heat-sensitive components. A
previous report showed that total phenolic content was
decreased by microwave heating [39, 40]. Moreover, another
study revealed that lycorine was unstable to light, oxygen,
and heat. Since ring C of this alkaloid contains a double bond
and at least one hydroxyl group, amino function and aro-
matization of this ring do occur under a variety of reaction
conditions [41]. Hence, the results of our study suggested

that different preextraction treatments affect the anti-in-
flammatory activity and chemical properties of C. asiaticum
leaves differently, some of which are quite detrimental.

Results of this study support the use of C. asiaticum in
)ai traditional medicine for pain relief in osteoarthritis.
Hot air drying in an oven at 40°C for 10 hours should be
recommended as a preextraction treatment for
C. asiaticum leaves for its simplicity and best retention of
the herbal quality. It can also be easily scaled up to in-
dustrial level for further development of C. asiaticum as a
drug to treat joint pain in osteoarthritis. However, more
study may be needed to investigate other bioactive
compounds in the extract and the mechanisms through
which they mitigate the pain.

5. Conclusion

Our study showed that air drying at 40°C is the best pre-
extraction treatment for C. asiaticum leaves prior to 95%
ethanolic extraction. It produced the extract with the highest
anti-inflammatory activity as shown by its ability to inhibit
nitric oxide and TNF-α production in RAW264.7 cells and
was not toxic to the cells. )e extract also had the highest
total phenolic and lycorine contents which are antioxidants
that influence its anti-inflammatory activity. )erefore, this
study supports the traditional use of C. asiaticum to mitigate
joint pain and hot air drying should be used as the preex-
traction treatment.
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Table 4: Accuracy and precision validation of the analytical method for lycorine.

Lycorine Spiked concentration
(μg/mL)

Measured concentration
(μg/mL; mean± SD) % RSD % accuracy

Intraday (n� 3)
100 99.82± 1.20 1.21 99.82
150 152.93± 1.83 1.19 101.96
300 299.29± 1.38 0.46 99.76

Interday (n� 9)
100 99.07± 1.03 0.89 99.07
150 150.93± 2.42 1.44 100.62
300 300.08± 1.16 0.38 100.03
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Figure 4: Comparison of lycorine contents (mg/g of extract) of the
ethanolic extracts of C. asiaticum leaves after different preex-
traction treatments by using HPLC analysis. ∗Significant difference
(p< 0.05) compared with CAA analyzed by Tukey’s multiple
comparisons test.
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Until now, there is no treatment that cause complete cure of the chronic inflammatory and degenerative disease, osteoarthritis
(OA). Moreover, the underlying mechanisms of OA development and progress are not fully elucidated, and the present
pharmacological treatment alternatives are restricted and associated with adverse side effects. -us, the present study was
conducted to evaluate the role of platelet-rich plasma (PRP) in the remedy of OA in the rat model in terms of inflammation, ankle
histopathological alterations, and oxidative stress. OA was induced in male Wistar rats by injection of MIA (2mg)/50 µL isotonic
saline in the right ankle joint for two successive days in each rat. After the 2nd MIA injection, the osteoarthritic rats were allocated
into two groups such as the MIA group (group 2) and MIA+PRP group (group 3). -e MIA+PRP group was treated with PRP
(50 µL) by injection into the ankle joint of the right hind limb of each rat at days 14, 21, and 28 after the 2nd injection of MIA. -e
same equivalent volume of saline, as a substitute of PRP, was injected into the ankle joint of each rat of the normal control group
(group 1) and MIA group (group 2) at the same tested periods. Swelling of joint, bodyweight, total leucocytes count (TLC), and
morphological as well as histological changes of ankle joints were evaluated. Serum lipid peroxides (LPO), glutathione (GSH), and
glutathione S-transferase (GST) levels were examined as biomarkers of oxidative stress. Serum tumor necrosis factor-α (TNF-α),
interleukin-17 (IL-17), and interleukin-4 (IL-4) were investigated by ELISA as biomarkers of inflammation. In addition, magnetic
resonance imaging (MRI) was carried out to investigate the soft tissues in joints. -e obtained results revealed that PRP reduced
LPO and increased GSH and GST levels in osteoarthritic rats. Also, PRP significantly diminished serum TNF-α and IL-17 levels,
while it increased IL-4 serum levels in rats with MIA-induced OA. Morphological observations, histological analysis, and MRI
revealed a gradual diminishing in joint inflammation and destruction of cartilage in PRP-injected osteoarthritic rats. Based on
these results, it can be suggested that PRP has antiarthritic potential in MIA-induced OA, which may be mediated via suppression
of inflammation and oxidative stress.
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1. Introduction

Osteoarthritis (OA), the main pervasive and destructive
joint maladies, is a chronic inflammatory joint disease,
which is characterized by alterations in synovial membrane,
loss of joint cartilage, thickening of the joint capsule, and
finally leading to pain, lameness due to stiffness of joints [1].

OA is a main reason of lameness and a popular trouble in
all types of animal especially equine and pet animals. It can
influence various joints. In performance and racing equines,
it frequently influences the high mobility joints such as
fetlock and carpal joints; although in equines utilized for less
hard activities, it is more popular in the low motion joints,
for example, the distal tarsal and pastern joints [2].

OA is initiated by several causes, and though elderly, it is
the utmost common cause related to the OA progress; other
etiological factors such as mechanical and hereditary factors
also lead to OA progress. Moreover, OA is distinguished by
the gradual damage of articular cartilage and osteophytes
formation and is related to cartilage deterioration and
subchondral bone alterations, which produce long-lasting
pain and functional restrictions in the joint [3].

Although now accessible, clinical treatments for OA that
incorporates usual analgesics and calming nonsteroidal anti-
inflammatory drugs (NSAIDs) are unavailing in decelerating
disease development, and they slightly improve signs by di-
minishing pain and increasing jointmotion. Furthermore, their
long-lasting usage has been restricted by their harmful aspect
effects, and surgical interferences are ultimately needed [4].

Platelets-rich plasma (PRP) acts like a biologic incentive
to affect cartilage restoration. Despite the verity that the
mixture of growth factors essential to the PRP regenerative
properties is ambiguous, the transforming growth factor-β1
(TCF-β1) has been proposed to promote stem cells, pro-
liferation of chondrocyte, and restrict catabolic action [5].

PRP has achieved publicity as a clinical treatment in soft
and hard tissues in all surgical fields, most prominently in
acute surgical conditions and in the lasting wound man-
agement. Surgeons are utilizing PRP to take benefit of fibrin
clot that help in hemostasis accompanied by growth factors
supplying in this form to enhance wound healing [6].

-e accomplishment of this curative sits is not only
restricted to the characteristic of PRP but also to its reliable
treatment. Improper use of PRP can promote an ineffectual
biological reply and inappropriate clinical outcomes. -us,
intraarticular injection that extends to the cartilage and the
synovial membrane successfully improves the joint envi-
ronment, slows joint pain progression, and adjusts the
clinical symptoms [7].

-erefore, the purpose of the existing work was to assess
the efficacy of intraarticular ankle injection of PRP in
ameliorating inflammation, joint damage, and oxidative
stress induced bymonosodium iodoacetate- (MIA-) induced
ankle OA in the rat model.

2. Materials and Methods

2.1. Animals. -irty male Wistar rats were used in the
current investigation. -eir weights ranged from 100 g to

120 g, being 7–9 weeks of age. -e animals were obtained
from the Laboratory Animal Unit of Helwan Farm, Holding
Company for Biological Products and Vaccines (VAC-
SERA), Egypt. Animals were retained under observance for
about 10 days prior to the beginning of the research to
eradicate any infections. -e animals were kept in cages
made from polypropylene with ventilated covers of stainless
steel in the Animal House of Department of Zoology,
Faculty of Science, Beni-Suef University, Egypt, at standard
temperature (20–25°C) and ordinary daily lighting cycle
(10–12 h/day) and were supplemented balanced standard
diet and water ad libitum.

2.2. Induction of Osteoarthritis. Under anesthesia using
ketamine (70mg/kg) and xylazine (7mg/kg), OA was in-
duced by injecting 50 μL physiological saline containing
2mgMIA (2mg/50 μL) (Sigma-Aldrich, St. Louis, MO) with
a 21-gauge needle into the ankle joint of the right hind leg on
2 succeeding days, as formerly illustrated [8].

2.3. PRP Preparation. PRP was prepared using the double
spin method in accordance with the manner of Pacheco et al.
[9] and Asjid et al. [10] with some modifications. Blood was
collected by puncture of the heart of 5 healthy rats and kept
in tubes with anticoagulant (3.8% sodium citrate). -e
technique was performed under sterile condition, in a
Biobase vertical laminar flow cabinet (Biobase model: BBS
V1300; NO-51, South Gongye Road, Jinan, Shandong
Province, China). Lysing platelets were averted to preclude
their ability loss to excrete growth factors. Samples of blood
were centrifuged at 1000 round per minute (rpm) for ten
minutes to separate RBCs, WBCs, and platelet cells. -e
upper part of the supernatant, up to the fog zone edge, which
corresponds to plasma and platelets, was collected into new
tubes. PRP was obtained by centrifugation of these tubes at
2000 rpm for 10 minutes and disposal of the supernatant,
merely the lower 20% of the plasma was reaped (PRP or
plasma rich in platelets). Around, the upper 80% of the
plasma was taken away and kept into another tube con-
sidered as PPP (plasma poor in platelets). -e residual
material including the platelet pellet was resuspended,
producing the PRP that was deemed appropriate for the
study’s aim. PRP prepared in this experiment was utilized
within 6 hours. PRP was activated by adding 50 μL 10%
calcium chloride (LABiTec GmH, Germany) (0.025mol/L)
to 3ml blood. PRP was administrated by intraarticular in-
jection immediately after activation.

2.4. AnimalGrouping. After the accommodation period, the
Wistar rats were randomly allocated into three groups (10
rats/each group).

2.4.1. Normal Control Group. It is composed of normal rats
that were injected with 50 µL isotonic sterile saline in the
ankle joint of the right hind limb of each rat at 14, 21, and 28
days.
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2.4.2. MIA Group. Rats in this osteoarthritic group were
injected with MIA in the ankle joint of the right hind limb in
two consecutive days. -e rats within this group were also
injected with 50 µL isotonic sterile saline in the ankle joint of
the right hind limb at 14, 21, and 28 days after MIA injection.

2.4.3. MIA-PRP Group. -is osteoarthritic group were in-
jected with MIA in the ankle joint of the right hind limb in
two consecutive days and also injected with PRP (50 µL) into
the ankle joint of the right hind limb at 14, 21, and 28 days
after injection of MIA.

-e bodyweight wasmeasured once a week. At the end of
experimental periods, under diethyl ether anesthesia, we
collected blood samples from jugular vein. A portion of
blood from every rat was collected in tubes having ethyl-
enediamine tetra acetic acid (EDTA) solution (50ml of 15%
EDTA/2.5ml blood) for leukocytes count. Another portion
of blood was collected in tubes having no anticoagulant and
allowed to coagulate and then centrifuged at 3000 rpm for
15min. -e clear nonhaemolysed supernatant sera were
quickly aspirated and preserved at −20°C until utilized.

2.5. Ankle Measurement. -e alterations in the transverse
and anteroposterior diameters of the osteoarthritic and
normal ankles were observed. Ankle diameters were mea-
sured using a micrometer [11]. -e measurements were
recorded every week (on the day zero till the end of ex-
periment) after MIA injection. Also, the right legs were
photographed by a camera.

2.6. Magnetic Resonance Imaging (MRI). -e right hind legs
of normal, MIA, andMIA-PRPWistar rats were subjected to
random scan by MRI before and after treatment. Rats were
chosen from every group and scanned after anesthesia by
ketamine and xylazine (70mg/kg ketamine and 7mg/kg
xylazine). -e rats were examined on a 1.5 Tesla whole body
MR scanner (Philip Medical System, Intera) with an ex-
tremity coil. -e rats were located sited in prone situation
with the hind legs expanded caudolaterally through using
tape to fix the rat, so that the right ankle joint was placed in
the middle of the scanning coil. MR images were obtained
with a sequence of T1 weighted in coronal slice orientation
by the succeeding series parameters (TR� 3000ms,
TE� 15ms, and slice thickness� 2mm).

2.7. Detection of Total Leukocytes Count. TLC was assessed
by using Turk’s solution that composed of a stain (gentian
violet) and 1% acetic acid [12].

2.8. Detection of Serum Cytokines. TNF-α, IL-17, and IL-4
levels were assayed by utilizing special ELISA (enzyme-
linked immunosorbent assay) kits obtained from R and A
systems, USA.

2.9. Detection of Serum Oxidative Stress and Antioxidant
Defense Markers. Serum lipid peroxides (LPO) and

glutathione (GSH) levels were detected based on the pro-
cedures of Preuss et al. [13] and Beutler et al. [14], re-
spectively, with some minor alterations. -e activity of
serum glutathione S-transferase (GST) was determined in
accordance with Mannervik et al. [15].

2.10.Histopathological Examination. After sacrifice (42 days
after MIA injection), the right ankles were removed and
placed in 10% buffered formalin for 48 hours. Decalcifica-
tion was performed with 10% formic acid which was
replaced twice weekly for two weeks. -e end point of
decalcification was assessed physically with a surgical blade.
After complete decalcification, the samples were washed
with phosphate buffer solution (PBS), dehydrated in a
graded ethanol series, and embedded in paraffinwax. Sagittal
sections measuring 5 µm in thickness were prepared and
stained with hematoxylin and eosin (H&E) [16]. Histo-
pathological examination of synovial inflammation, carti-
lage, and bone damages were performed by a pathologist
blindly.

2.11. Statistical Analysis. Statistical analysis was achieved by
using SPSS v.25. Results were expressed as mean± standard
error (SE), and all statistical comparisons were performed by
Duncan’s test post hoc. Values of p< 0.05 were deemed
significant; however, those of p> 0.05 were deemed
nonsignificant.

3. Results

3.1.Morphological Feature. -emorphological alterations in
the right ankles of the normal control, osteoarthritic group
(MIA group), and osteoarthritic-treated group (MIA+PRP
group) are shown in Figures 1–4. -e right legs showed
noticeable swelling and redness at the 1st week (Figure 2) and
6th week (Figure 3) after injection of MIA when compared
with those of normal control groups (Figure 1). -ese
worsened signs were more distinct at the 1st week (acute
inflammation). -e remedy of osteoarthritic rats with PRP
resulted in a significant improvement of these morpho-
logical symptoms as shown in Figure 4 (at the 6st week).

3.2. Effect on Bodyweight. -e changes of bodyweight in the
normal control, MIA-administered group, and MID+PRP-
administered group through six weeks after MIA adminis-
tration are shown in Figure 5. -e MIA-administered group
exhibited a significant decrease (p< 0.05) in the bodyweight at
periods 4, 5, and 6 weeks; the recorded percentage decreases
were −6.8%, −16.5%, and −19.8%, respectively, as compared
to the normal control group.

-e remedy of the osteoarthritic rats with PRP produced
a significant increase (p< 0.05) in bodyweight at the 5th and
6th weeks; the recording percentage changes were 6.9% and
15.9% in comparison with the MIA group.

3.3. Alterations in Ankle Swelling Indices. As compared with
normal control animals, MIA rats exhibited a significant
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increase in the right ankle anteroposterior and transverse
diameters at all check periods except at zero time
(Figures 6(a) and 6(b)). On the other hand, the MIA+PRP
group exhibited a marked decrease in the right ankle
anteroposterior and transverse diameters at all check
timepoints after MIA injection. -e effect PRP on ante-
roposterior diameter was significant at the 4th, 5th, and 6th
weeks after MIA injection, while the effect on transverse
diameter at the 3rd, 4th, 5th, and 6th weeks in comparison with
MIA control. -e ameliorating effects were more pro-
nounced at the period extended to 6 weeks. Hence, PRP
treatment yielded obvious influences on the swelling rate of
ankle.

3.4. MRI Evaluation of OA. MRI of the normal ankle joint
demonstrating normal anatomy of the joint and foot is
shown in Figure 7(a). On the other hand, MRI of an os-
teoarthritic ankle joint after MIA injection reflects the in-
creased diameter of the joint and displays extensive soft
tissue edema in acute osteoarthritis (Figure 7(b)) and soft
tissue edema decreased in chronic osteoarthritis
(Figure 7(c)). In contrast, the treatment with PRP exhibited
mostly low signals and diminished diameter of the joint
(Figure 7(d)), showing an effective suppression of inflam-
mation and curative outcome.

3.5. Effect on TLC. TLC was significantly raised (p< 0.05) in
the MIA-induced osteoarthritic group when compared with
the normal control group. Osteoarthritic rat’s treatment
with PRP resulted in a marked improvement (p< 0.05) in
TLC (Figure 8).

3.6. Effect on Serum TNF-α (@1 Cytokine), IL-17 (@17
Cytokine), and IL-4 (@2 Cytokine) Levels. -e serum TNF-
α and IL-17 levels were significantly (p< 0.05) increased in
MIA-induced osteoarthritic rats when compared to normal
control rats. -e remedy of MIA-induced osteoarthritic rats
with PRP resulted in a significant (p< 0.05) reduction of the

Figure 2: Ankle joint of osteoarthritic rat on 1st week.

Figure 3: Ankle joint of osteoarthritic rat on 6th week.

Figure 4: Ankle joint of osteoarthritic rat treated on PRP 6th week.
Figure 1: Ankle joint of normal control rat.
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raised TNF-α and IL-17 levels (Figures 9 and 10). In contrast
to TNF-α and IL-17, the IL-4 level in serum was extensively
lessened (p< 0.05) in MIA-induced osteoarthritic rats. -e
remedy of osteoarthritic rats with PRP markedly boosted
(p< 0.05) the lessened IL-4 level (Figure 11).

3.7. Effect on Antioxidant Defense and Oxidative Stress.
Administration of MIA significantly elevated serum oxi-
dative stress as evidenced by the significant increase
(p< 0.05) in the serum LPO level and obvious lessening
(p< 0.05) in the serum GSH level and GST activity when
compared to normal control rats. Treatment with PRP
hindered oxidative stress induced by MIA as recognized by
marked decrease (p< 0.05) in the serum LPO level and raises

(p< 0.05) of the diminished serum GSH level and GST
activity when compared to the MIA group; hence, PRP
diminished oxidative stress and enhanced antioxidant de-
fense mechanism (Table 1).

Data are expressed as mean± standard error. Number of
noticed samples in every group is 6. Means, which have the
similar superscript symbol (s), are not significantly different.
Percentage changes were estimated by the MIA group with
the normal control group and the PRP group with the MIA
group.

3.8. Histopathological Changes. Hematoxylin and eosin-
stained sections of ankle joint tissues from normal control
rats revealed no inflammation and normal histological

(c) (d)

Figure 7: T1-weighted MR images of the right ankle joints of normal control, MIA, and MIA+PRP groups showing normal joint and foot
anatomy (Figure 7(a)), enlarged diameter of the joint with extensive soft-tissue edema in acute osteoarthritic rats (Figure 7(b)), and reduced
soft tissue edema in chronic osteoarthritic rats and still enlarged joint diameter as compared to the normal control (Figure 7(c)). In contrast,
PRP treatment revealed a diminished diameter of the joint resembling that of normal control (Figure 7(d)). (a) Normal control. (b) Acute
OA (MIA group). (c) Chronic OA (MIA group). (d) MIA-PRP group.
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structure of the joint (bone, cartilage, and fibrous joint
capsule) (Figure 12(a)). However, stained sections of oste-
oarthritic control rats (MIA) revealed marked histopatho-
logical changes in the form of synovial hyperplasia with
infiltration of a large number of inflammatory cells (lym-
phocytes, macrophages, and sometimes plasma cells), ex-
tensive pannus formation, and severe cartilage and bone
destruction (Figure 12(b)). On the other hand, osteoarthritic
rats treated with PRP showed mild to moderate degree of
osteoarthritis (Figures 12(c) and 12(d)). Microscopically,
MIA rats showed synovitis characterized by proliferating
synovial lining cells, in 2-3 layers, as well as proliferation of
the underlying blood vessels, which was associated with
perivascular edema and diffused cellular infiltration com-
posed of mononuclear cells. In many tissue specimens, the
inflammatory cellular exudate extended to involve the whole
periarticular soft tissues such as connective tissue and
muscles. -ere was synovial sloughing in some areas of
synovial membrane and mild proliferative lesions of fi-
broblast-like cells. Pannus formation was in the form of
single or multiple proliferating granulation tissue containing
hyperplastic synoviocytes and inflammatory cells at the
articular cartilage margin and at the cartilage-bone level.-e
articular cartilages of some arthritic rats had uneven ar-
ticular surface and demonstrated superficial fibrillation
accompanied by cell death or proliferation and in some cases
extended to the midzone portion of the articular cartilage.
Moreover, the articular bone destruction was visualized by
osteoclast activity and fibroplasia. However, osteoarthritic
rats treated with PRP showed the previously mentioned
histopathological lesions of arthritis but with mild to
moderate degree.

4. Discussion

OA is a lasting progressive joint disease. Its origin is mul-
tifactorial and characterized by gradual articular cartilage
damage, subchondral bone sclerosis, and synovitis [17].
Existing therapy alternatives involve analgesics, intra-
articular hyaluronic acid, corticosteroid, NSAIDs, and PRP
injection as well as physical treatment and surgical inter-
ferences [18].

-erefore, in the current investigation, the influence of
intraarticular PRP administration on MIA-induced osteo-
arthritic rats was evaluated, and the roles of oxidative stress,
antioxidant defense mechanism, and the inflammatory
status were scrutinized.

MIA-induced osteoarthritis is a usually used experi-
mental model for preclinical investigations. Because the
duration of testing is short, its application is simple, and it is
similar to animal and human OA, and this model is used
commonly to assess curative agents [19]. In our study, the

bodyweight loss is used as the clinical outcome associated
with OA. -e osteoarthritic rats showed a significant de-
crease in the bodyweight at the 4th, 5th, and 6th weeks when
compared to the normal control rats. -ese results are in
accordance with the previous study, which reported that
progressive lessening of bodyweight has been achieved be-
tween arthritic animals throughout the progress of arthritis
[20]. Also, it was reported that the injection of MIA caused a
marked reduction in bodyweight when compared with
normal animals [21]. No obvious variations were noticed in
bodyweight between the MIA-induced OA and normal
control at the first 3 weeks, while the PRP-treated group
exhibited a significantly (p< 0.05) higher bodyweight than
the MIA group at the 5th and 6th weeks. -e bodyweight rate
elevated in this period, proposing that the rats were under
fewer stress and/or in fewer pain.

In the present study, significant increases in both the
right ankle anteroposterior and transverse diameters in the
MIA group were noticed at all periods after MIA admin-
istration relative to the normal control group. -ese results
are in accordance with previous publications that revealed
that MIA injection increased the ankle anteroposterior and
transverse diameters [22]. In the current study, PRP pro-
duced a significant decrease in the elevated values of the
right ankle anteroposterior and transverse diameters when
compared to MIA animals after the 4th and 3rd weeks, re-
spectively. In parallel with this study, Aniss et al. (2020)
stated that the treatment of rats with PRP for six weeks in
CFA-induced arthritis results in the decline of paw swelling
[23].

Over the previous years, the diagnostic use of MRI in the
osteoarthritis study has advanced from a technique to one of
the applications for imagining of soft tissue and changes of
the bone in arthritic joints [24]. -e synovial membrane of
arthritic rats with early OA is characterized with hyperplasia
and increased vascularization. MRI also depicts hyperemia
of the synovial membrane prior to damaging lesions of the
cartilage and bone. However, the usual usage of MRI is
restricted due to it is expensive and time consuming [25]. In
this work, magnets with low field strength 1.5 Tesla lead to
poor anatomic resolution. Extra shortage involved an in-
capability to illustrate the underlying pathology relating to
alterations in hydrogen content in osteoarthritic joints. -e
final aim of this investigation was to assess the data ofMRI in
the perspective of a collection of physiologic (bodyweight
and ankle measurement), biochemical (oxidative stress and
cytokines), cellular (TLC), and parameters of histology. -is
assessment was not aimed at defining if MRI could replace
for any one indicator of disease development but to define if
alterations in MRI images could be related with any other
systemic actions. In our study, boosts intensity of MRI signal
in the right hind paw strongly reflected rises in ankle

Table 1: Serum LPO, GSH level and GST activity in normal control, MIA, and MIA-PRP groups.

Groups LPO (nmol/100mL/hr) % GSH (×102) (nmol/100mL) % GST (nmol/L) %
Normal 0.12± 0.02c ـ 78± 8a ــ 303± 40a ـ
MIA 0.79± 0.05a 543 27± 6b −100 130± 16b −57
MIA+PRP 0.33± 0.06b −64 93± 7a 250 298± 25a 130
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measurement and leucocytic counts. -ese last inflamma-
tory replies peaked among days 3 and 14 after adminis-
tration of MIA. After treatment of osteoarthritic rats with
PRP, the intensity of the signals of MRI subside at 4–6th

week, similar to the reduction detected in ankle measure-
ments and morphological changes, demonstrating that the
inflammatory response was in diminution in osteoarthritic
rats treated with PRP. -e TLC data showed a profound
leukocytosis in theMIA-induced osteoarthritic animals.-is
leukocytosis is attributed to inflammation induced by MIA
[26]. In the existing study, it was found that in the PRP-
treated osteoarthritic group, the elevated TLC declined
markedly near to their normal levels. PRP has an anti-in-
flammatory effect which is mostly related to reduction in
TLC [27]. New experiments have suggested a role of oxi-
dative stress in the pathogenesis of OA.

Oxidative stress is always created, influencing cells and
the extracellular matrix. Excessive ROS levels, in com-
bination with the antioxidant reduction, take part in the
development of disease (Figure 12) [28, 29]. In the current
investigation, the induction of OA using MIA was pro-
duced via various mechanisms. One of these mechanisms
was the beginning of oxidative stress as illustrated by
marked increase in the serum LPO level in association
with marked decrease in the serum GSH level and GST
activity. -is is in line with the observation of previous

report, which found that MIA or its metabolites yield free
radicals which attack lipid components, resulting in
formation of LPO [30]. Amplified free radical production
from inflammatory site leads to reinforced osteoarthritis
and the decreased level of cellular antioxidant [31]. In the
current study, the GSH level and GSTactivity in the MIA-
induced osteoarthritic rats was significantly decreased as
compared to the normal control rats. Similar effects on
GSH and GST levels were revealed in plasma of MIA-
induced osteoarthritic rats [32]. In the current investi-
gation, intraarticular injection of PRP to MIA-induced
osteoarthritic rats markedly diminished the serum LPO
level, while it noticeably elevated the GSH and GST levels.
-ese attained data confirmed the antioxidant charac-
teristic of PRP. -is effect has been studied in previous
publications [33, 34] that stated that PRP might forbid
oxidative stress via the incitation of the transcription
nuclear erythroid 2-related factor (Nrf-2) antioxidant
response element signaling. Furthermore, several growth
factors released from PRP can stimulate T cell which can
reduce ROS production and raise the resistance level to
oxidation [35]. -e increase in the oxidative stress
stimulates DNA damage and expression of proapoptotic
protein (p53); thus, it activates the intrinsic pathway of
apoptosis [36] in addition to necrosis leading to cartilage
erosion and bone damage (Figure 13).
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Figure 12: Photomicrographs of H&E-stained sections of the hind right leg ankle of normal control (a), MIA rats (b), andMIA+PRP rats (c
and d) (H&E X100). -e normal histological image (a) showed the normal histological structure of the synovial membrane (s), articular
cartilage (c), and bone (b). Photomicrographs of ankle joint of MIA rats illustrated hyperplasia of synovial membrane (s), infiltration of
inflammatory cells (i), marked pannus formation (p), damage of cartilage (c), and bone erosion (b). -e photomicrographs of hind ankle
joints of PRP-treated rats (c and d) revealed mild to moderate arthritis pathology, respectively.
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Other suggested mechanism for MIA-induced osteoar-
thritis is the motivation of inflammatory cytokines. In-
flammation and inflammatory response are considered as
crucial factors that begin and hasten the OA development
(Figure 13). It is extensively believed that inflammatory
cytokines are essential mediators in the troubled metabolism
and boosted tissue catabolism in OA joint [37]. -e long-
lasting inflammatory process is mediated via a complicated
cytokine network [38]. In the OA pathogenesis, there is an
important reason that inflammatory mechanisms play a vital
role in OA [39]. In the current study, the concentrations of
TNF-α and IL-17 (proinflammatory cytokines) in addition
to IL-4 (anti-inflammatory cytokine) were detected in the
serum of all rat groups to check the inflammatory status.
Current data demonstrated that the MIA group exhibited an
obvious increment in levels of TNF-α and IL-17 in rat serum
and a significant decrease in the serum IL-4 level when
compared to the normal control rats evidencing the in-
flammation induction in the joints of rats (Figure 13). Like to
the existing results, former data proved that MIA signifi-
cantly increased levels of IL-17 and TNF-α in serum of rats
[40], whereas the serum IL-4 level was notably diminished
after MIA injection as compared with normal control rats
[41]. -ese increments in the concentrations of proin-
flammatory cytokines may mirror their critical role in the
arthritis progress pathophysiology in animal models [42].
-e MIA injection to the rats provokes the increase in the
inflammatory cytokines, while it suppresses the anti-in-
flammatory cytokines, thereby developing the inflammation
process. In addition to the necrotic effects of TNF-α, it
activates the tumor necrosis factor receptor or death

receptors, thereby activating the extrinsic pathway of apo-
ptosis (Figure 13) [43, 44]. Furthermore, the inflammatory
environment and the increased levels of TNF-α and IL-17
could result in a decrease in the formation and release of
growth factors (GFs) such as transforming growth factor
(TGF) leading to reduced chondrogenesis and formation of
chondrocytes frommesenchymal stem cells (Figure 13) [45].
-e osteoarthritic rats treated with PRP showed a significant
decline in serum TNF-α and IL-17 levels when compared to
the elevated level of the osteoarthritic control animals, while
they exhibited a significant elevation of the lowered serum
IL-4 level. -us, PRP may counteract cartilage erosion by
inhibiting the TNF-α (proinflammatory cytokine) and in-
creasing the anti-inflammatory cytokine IL-4 level (Fig-
ure 13) [46, 47].

-e pannus formation, degeneration of cartilage, sy-
novial hyperplasia, and inflammation exhibited that the
MIA-induced osteoarthritis model is closely similar to hu-
man OA [22]. -erefore, in the current work, a rat model of
MIA-induced osteoarthritis was established and utilized by
ankle intraarticular injection of MIA. MRI and histological
examinations performed in this study exhibited that the OA
rats exposed obvious deterioration of joint structure and
reduced ankle joint space. Furthermore, according to
analysis of histopathology results of the ankle joint, synovial
hyperplasia, cartilage destruction, erosion of bone, and in-
flammatory cells were observed in the MIA rats. -ese
phenomena were also illustrated in former studies [48, 49].
In the current study, the treatment with PRP obviously
declined swelling of paw and osteoarthritis induced by MIA
as compared with MIA control rats. -is investigation
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Figure 13: -e roles of inflammation and oxidative stress in MIA-induced osteoarthritis and effects of treatment with PRP. GFs, growth
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further verified its curative effect by histopathological
evaluation. It was evidenced effective in diminishing hy-
perplasia of synovial membrane, cartilage destruction, and
bone erosion degree. -ese results are in agreement with the
previous study [23].

5. Conclusion

Intraarticular injection of PRP offers trust for osteoarthritis
improvement. Intraarticular PRP treatment diminishes
manifestations of OA due to its anti-inflammatory effects
and antioxidant effects. -ough, additional studies are ne-
cessitated to evaluate PRP effectiveness in human beings.
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Rheumatoid arthritis (RA) is a disorder triggered by autoimmune reactions and related with chronic inflammation and severe
disability. Bone Marrow-derived Mesenchymal Stem Cells (BM-MSCs) have shown a hopeful immunomodulatory effect towards
repairing cartilage and restoring joint function. Additionally, indomethacin (IMC), a nonsteroidal compound, has been con-
sidered as a potent therapeutic agent that exhibits significant antipyretic properties and analgesic effects. 'e target of the current
research is to assess the antiarthritic efficacy of BM-MSCs (106 cells/rat at 1, 6, 12 and 18 days) and IMC (2mg/kg body weight/day
for 3 weeks) either alone or concurrently administered against complete Freund’s adjuvant-induced arthritic rats. Changes in paw
volume, body weight, gross lesions, and antioxidant defense system, as well as oxidative stress, were assessed. 'e '1 cytokine
(IL-1β) serum level and'2 cytokine (IL-4) and Nrf-2 ankle joint expression were detected. In comparison to normal rats, it was
found that the CFA-induced arthritic rats exhibited significant leukocytosis and increase in paw volume, LPO level, RF, and IL-1β
serum levels. In parallel, arthritic rats that received BM-MSCs and/or IMC efficiently exhibited decrease in paw edema, leu-
kocytosis, and enhancement in the antioxidant enzymatic levels of SOD, GPx, GST, and GSH in serum besides upregulation of
Nrf-2 and anti-inflammatory IL-4 expression levels in the ankle articular joint. Likewise, these analyses were more evidenced by
the histopathological sections and histological score. 'e data also revealed that the combined administration of BM-MSC and
IMC was more potent in suppressing inflammation and enhancing the anti-inflammatory pathway than each agent alone.'us, it
can be concluded that the combined therapy with BM-MSC and IMC may be used as a promising therapeutic choice after
assessing their efficacy and safety in human beings with RA, and the antiarthritic effects may bemediated viamodulatory effects on
'1/'2 cytokines, ozidative stress, and Nrf-2.

1. Introduction

Rheumatoid arthritis (RA) is a predominant inflammatory
disorder that is accompanied by a relapsing and remitting
course of joint inflammation and synovitis, swelling,

autoantibody production, bone dysfunction, and cartilage
degradation [1]. RA is accompanied with systemic and
additional extraarticular complications of some organs in-
cluding the lungs and heart. Such systemic manifestations
reduce the quality of life and are responsible for disability,
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early mortality, and socioeconomic costs [2]. 'e prevalence
of RA is more common in the aged people; around 1.3
million adults are suffering from RA as reported by the
National Health Institutes [3]. Probably, more than 1%
around the world has been established with RA [4]. Up till
now, the pathogenesis of RA is unknown; several etiological
causes have been involved such as genetic, as well as en-
vironmental, factors, infectious agents, heat shock proteins,
and sex hormones. Nonetheless, such causes, by themselves,
are insufficient to explain the etiology [5]. Among other
models, arthritis induced in rodents via injection with
Complete Freund’s adjuvant (CFA), shares the majority of
disease similarities with that of human; thus, this makes it
the most appropriate model for inducing arthritis, and it is
recommended for studying and testing various therapeutic
agents against RA [6–8]. Currently, there is no optimal
therapy for RA except for systemic immune suppressants.
'emost widely used medications such as nonsteroidal anti-
inflammatory drugs (NSAIDS) besides the biological agents
(e.g., antitumor necrosis-α antibody) are helpful in relieving
the symptoms, but serious adverse reactions are associated
with extended use of these medications. Furthermore, these
drugs are costly, and not all patients are reacting well to them
[9].

Because of these restrictions, the need for other treat-
ment modalities has emerged in an attempt to develop a
treating agent that is as effective as those conventional drugs
but devoid of their serious side effects. One of these recently
tried approaches is the use of mesenchymal stem cells
(MSCs). Bone marrow-derived MSCs (BM-MSCs) are
nonhematopoietic multipotential progenitor cells that have
positive effects on the reconstruction and integration of the
host tissue. 'ey are capable of differentiating into various
mesenchymal tissues, including osteocytes, chondrocytes,
and adipocytes, thus repairing the cartilage and bone si-
multaneously [10]. Also, BM-MSCs modulate immune cell
responses such as natural killers (NK), antigen presenting
cells, T lymphocytes, and B lymphocytes [11, 12]. BM-MSCs,
thus, were of considerable importance for both the diagnosis
and recognition of the inflammatory autoimmune diseases
as well. In osteoarthritis, for example, normal BM-MSCs can
help restore damaged cartilage and minimize the low-grade-
related synovial inflammation recently verified by a human
clinical trial [13]. Such advantages introduced them as a
novel therapeutic choice and a promising tool for the
prolonged RA treatment.

Moreover, indomethacin (IMC), l-(p-chlorobenzoyl)-5-
methoxy-2 methylindol-3-acetic acid), is one of the NSAIDs
that were extensively used in both inflammation and pain
management. It was introduced in 1963 as a potent agent in
treatment of many inflammatory disorders including oste-
oarthritis, ankylosing spondylitis, gout, acute musculo-
skeletal disorders, degenerative joint diseases, and RA. IMC
has prominent analgesic, anti-inflammatory, and antipyretic
properties via inhibiting the activity of cyclooxygenase and,
thereby, inhibiting the synthesis of inflammatory mediators
[14]. However, therapeutic effects of IMC in reducing in-
flammation and edema are brilliant, whereas the extended
use of these NSAIDs may result in serious side effects,

including gastrointestinal harms and cardiovascular toxicity.
'us, configuring new dosing approaches and reducing the
side effects of NSAIDs became of growing importance [15].
'erefore, in our study, we administered IMC at a lower
dose (0.2mg/kg body weight (b.w.)) day after day to adjust
and control this limitation.

In conductance with the previous literature, the present
study aimed to assess the combinatory antiarthritic efficacy
of BM-MSCs and IMC, in comparison with the supple-
mentation of each alone in CFA-induced arthritis in Wistar
rats. 'e study also tried to scrutinize the roles of IL-1β ('1
cytokine), IL-4 ('2 cytokine), oxidative stress, antioxidant
defense system, and Nrf-2 in the antiarthritic effects.

2. Materials and Methods

2.1. Animals. 'e recent experiment was conducted in the
period of October 2018 to October 2019 in Egypt, in the
Faculty of Science at Beni-Suef University. It included 50
Wistar rats of male gender (120–150 g in weight; 10–12
weeks old). Rats were bought from Egyptian Organization
for Biological Products and Vaccines (VACSERA), Helwan
Station, Cairo, Egypt. 'e animals were overseen for two
weeks before the starting of the experiment to exclude any
intercurrent infection. Rats were accommodated in cali-
brated cages of polypropylene and kept in controlled cir-
cumstances with a humidity around (55± 5%); also, room
temperature of (22± 2°C), and 12-hour lighting and 12-hour
darkness cycle. Animals were given drinking water and fed
rat chow diet ad libitum. 'e experimental animals used in
the current research were treated in accordance with the
Canadian Council’s Principals and Guidelines of Animal
Care and Experimental Animal Ethics Regional Committee,
Faculty of Science, University of Beni-Suef, Egypt, which
approved the experimental work. All attempts were made to
minimize the number of struggling animals during the study
as possible.

2.2. Induction of Arthritis. For arthritis induction, animals
were inoculated by a subcutaneous injection of 0.1mL/rat
CFA solution (Sigma Chemical Co., St Louis, Mo., USA) into
the footpad of the right hind paw as described by Sne-
khalatha et al. [16] at dose of 1mg/kg·b.w. For more ex-
tensive severity of arthritis, a booster dose (0.1mL) of
emulsion was administered in the second day.

2.3. Animal Grouping. 'e experimental design contained
five groups, each consisting of ten rats and described as
follow:

Group 1 (normal): it consists of healthy rats that were
given the equivalent volumes carboxy methylcellulose
(CMC) daily and orally for 3 weeks and Dulbecco’s
Modified EaglesMedium (DMEM) intravenously at the
1st, 6th, 12th, and 18th days.
Group 2 (CFA): it is composed of CFA-induced ar-
thritic rats and was orally given the equivalent volumes
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CMC daily and orally for 3 weeks and DMEM intra-
venously at the 1st, 6th, 12th, and 18th days.
Group 3 (CFA+BM-MSCs): this group consists of
CFA-induced arthritic rats that received four doses of
BM-MSCs (1× 106 cells/rat/dose) by intravenous in-
jection through lateral tail vein per rat [17]. Each dose
suspended in 0.2ml DMEM (Dulbecco’s modified
Eagles medium). Doses were given at the 1st, 6th, 12th,
and 18th days after CFA injection.
Group 4 (CFA+ IMC): this group is composed of CFA-
induced arthritic rats supplemented orally with IMC
daily in a dose of 2mg/kg body weight (b.w.). IMC was
freshly prepared immediately before administration by
dissolving in 5mL of 1% CMC for three weeks. IMC
was acquired from Sigma Chemical Company (Sigma
Chemical Co., St Louis, Mo., USA).
Group 5 (AIA+BM-MSCs + IMC): this group consists
of CFA-induced arthritic rats that were concurrently
supplemented with BM-MSCs and IMC as described in
groups 3 and 4.

2.4. Isolation andCulture of BM-MSCs. In the current study,
our method of isolation, as well culture of BM-MSCs, is
based on the procedure of Chaudhary and Rath [18] and our
previous publication in 2020 [19].

2.5. Assessment of Arthritis Severity (Represented by Paw
Edema). For monitoring of arthritis development, paw
volume is measured as a pointer of paw edema and swelling
rate. Measurements were taken at various times at day 7, 14,
and 21 following arthritis induction by CFA, and day 0 was
the first of CFA injection. Hind paw volume was calculated
depending on the water replacement method by subtracting
the difference in water volume before and after applying the
paw in a calibrated cylinder containing specific volume of
isotonic saline. Edema or swelling for the CFA rats was
compared to the nonarthritic normal group, while the ar-
thritic-treated rats were compared to the CFA group. 'e
rats were anesthetized by ether inhalation before
measurement.

2.6. Histopathological Investigation. At the end of the study,
at day 21 after induction of arthritis, rats were sacrificed and
right hind leg ankle joints of 4 rats from each group were
detached and placed for 48 hours in formalin 10% buffered.
Decalcification of bone was performed using 10% formic
acid. 'is solution was changed two times per week and for
two weeks, and the end of the decalcification process was
physically considered using a surgical blade. When decal-
cification completed, the specimens washed away with PBS,
then dehydrated with a graded ethanol series, and embedded
in wax cubes made of paraffin. Finally, 5 µm thicknesses
sagittal sections were prepared and then stained with hae-
matoxylin and eosin (H & E).

Histological checkups were blindly performed by a
pathologist including synovial inflammation, cartilage, and

bone damages. Sections were graded in accordance with the
system described by Sancho et al. [20] for inflammation
(mononuclear cell infiltration), synovial hypertrophy
(pannus formation), and erosion of bone, as well as de-
struction of cartilage. A scale of 0–3-point was used for each
parameter (0 grade was considered normal, grade 1 was
considered mild inflammation, grade 2 was moderate in-
flammation, and grade 3 for severe inflammation), and 12
was the maximum possible score.

2.7. Detection of IL-4 by RT-PCR. 'e mRNA expression
level of IL-4 in relation to the housekeeping gene β-actin
(β-actin) was determined using semiquantitative Reverse
transcription-polymerase chain reaction (RT-PCR).

2.7.1. Ribonucleic Acid (RNA) Isolation. RNA was extracted
totally from 3 ankle joints of three different rats in each
group using the 'ermo Scientific GeneJET RNA extraction
kit purchased from 'ermos Fisher Scientific Inc.,
Rochester, New York, USA, according to the manufacturer’s
instructions. In liquid nitrogen, samples were homogenized
and then lysed in lysis buffer solution that contains gua-
nidine thiocyanate, a chaotropic salt which protects RNA
from endogenous RNases. 'e obtained lysate was then
mixed with ethyl alcohol and loaded on a purification
column. Both the chaotropic salt and the ethyl alcohol made
RNA bind to the silica membrane as the lysate is spun
through the column. Impurities were subsequently removed
away from the membrane by washing the column with
washing buffer solution. 'en, pure RNA was eluted under
low ionic strength conditions with nuclease-free water. Also,
the amount of purified RNA was quantified by using a UV
Spectrophotometer according to the following formula:
RNA μg/μl�O.D. 260 nm X (40 μg RNA/ml)× dilution
factor/1000. To ensure the high purity of the isolated RNA,
we checked the purity of RNA and should be ranged between
1.8 and 2.0. By the end, 0.5 μg of purified RNA was used for
production of complementary deoxyribonucleic acid
(cDNA) kept at −20°C, for further assay of the mRNA.

2.7.2. Reverse Transcription-Polymerase Chain Reaction (RT-
PCR) Analysis. cDNAwas prepared by reverse transcription
and amplified by using the 'ermo Scientific Verso 1-Step
RT-PCR ReddyMix kit obtained from'ermo Scientific Inc,
Rochester, New York, USA. 'e final reaction volume was
50 μl. 'e mixture of reaction consisted of 2X 1-Step PCR
Reddy Mix (25 μl), Verso Enzyme Mix (1 μl), RT Enhancer
(2.5 μl), sense primer (10 μM) (1 μl), anti-sense primer
(10 μM) (1 μl), nuclease-free water (17.5 μl), and template
RNA (2 μl). 'e PCR tubes of the reaction were located in a
double-heated led thermal cycler, and a sequence of reac-
tions occurred including verso inactivation at 95°C for 2min
followed by 35 cycles initial denaturation at 95°C for 20 sec,
then at 50–60°C for 30 sec, and at 72°C for 1min, finally,
followed by 1 cycle at 72°C for 5min. After that, we separated
the PCR products by electrophoresis on agarose gel (1.5%),
and the cDNA bands were observed using a UV
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transilluminator in a dark chamber. Gel images were in-
vestigated and analyzed by scanning densitometry (Gel Doc.
Advanced ver 3.0).'e primer sequences for IL-4 mRNA are
as follows: forward: 5′GGAACACCACGGAGAACG3′ and
reverse: 5′GCACGGAGGTACATCACG3′. 'e primer se-
quences for β-actin mRNA are as follows: forward:
5′TCACCCTGAAGTACCCCATGGAG3′ and reverse:
5′TTGGCCTTGGGGTTCAGGGGG3′. All the primers
used in this experiment were synthesized by Sangon Biotech
(Shanghai, China) [21].

2.8. Hematological Parameters and Cytokine Analysis in
Blood. By the end of experiment (after 21 days), the rats
were anesthetized under mild diethyl ether and blood was
obtained from the jugular vein. Part of the blood was col-
lected in tubes containing ethylenediamine tetraacetic acid
solution (EDTA) (50 µL of 15% EDTA 2.5mL blood) for
total and differential leukocyte counting. Total count of
leukocyte (TLC) was calculated through a gentian solution
diluted sample loaded on a Neubauer hemaocytometer slide
for counting, while differential count of leukocyte (DLC) was
prepared using Giemsa stain [9].

Although, the other remaining amount of blood was
collected directly in pipes without anticoagulant and
centrifuged for 15 minutes at 3000 rpm. 'e clear non-
hemolyzed supernatant or sera of different samples were
quickly removed andmaintained at −30°C. Determination of
serum RF and 1L-1β levels was performed in normal and
arthritic control, as well as the arthritic-treated rats, using
specific enzyme-linked immunosorbent assay (ELISA). 'e
kits were purchased from R & D Systems (R & D Systems,
Inc., Minneapolis, MN, USA) in accordance with standard
procedures.

2.9. Oxidative Stress and Antioxidant System. 'e malon-
dialdehyde (MDA) level was used as an indicator of the lipid
peroxides (LPO) level in tissues [22]. Also, the glutathione
(GSH) content in serum was determined according to the
method of Beutler et al. [23]. Moreover, the antioxidant
enzymes including glutathione peroxidase (GPx), super-
oxide dismutase (SOD), and glutathione-S-transferase
(GST) activities in sera were assessed based on the methods
reported by previous publications [24–26].

2.10. Western Blot Analysis. 'e western blot technique was
used to determine the amount of Nrf-2 protein. In short,
proteins were extracted from 3 ankle joints of the right hind
leg of three rats in each group using ice-cold radio-
immunoprecipitation assay (RIPA) buffer (Beyotime Bio-
technology, China) containing 0.1 percent
phenylmethylsulfonyl fluoride. Equivalent protein amounts
(30 μg) were divided using 10% sodium dodecyl sulfate
polyacrylamide (SDS-PAGE) gel electrophoresis. Next, the
proteins loaded on the gel were shifted onto membranes of
polyvinylidene fluoride (PVDF). 'en, overnight, the
membrane was probed at 4°C with the Nrf-2-specific pri-
mary antibody (cat. no. 68817; 'ermo Fisher Scientific).

After washing with tris-buffered saline with Tween 20
(TBST) for three times, the blots were prepared for incu-
bation with horseradish peroxidase-conjugated secondary
antibodies (1:5000, Santa Cruz Biotechnology, CA) at room
temperature 25°C for 30 minutes. 'e blots were washed
again, and then, the signal of the chemiluminescence was
visualized with an X-ray film [27].

2.11. Statistical Analysis. Statistical research was carried out
with the package of statistics for social science version 22
(SPSS, Chicago, IL) statistical program. Comparisons among
the mean of different groups were carried out according to
one-way analysis of variance (ANOVA) followed by Tukey’s
postmultiple comparison test. Values are expressed as the
mean± standard error of mean (mean± SE). P< 0.05 was
regarded a statistically significant result.

3. Results

3.1. Treatments Effect on Paw Volume. Rats of all arthritic
groups developed arthritis after CFA induction. 'e CFA-
induced arthritic rats exhibited significant (P< 0.05) in-
crease in paw volume (edema) maintained for 21 days when
compared with the normal group (Figure 1). In contrary, by
the end of the experiment, the BM-MSCs- and/or IMC-
treated arthritic rats distinctly reduced the paw edema with
inhibition percentages of 36.97, 40.20, and 57.98 %, re-
spectively, in comparison with the CFA-induced arthritic
group (Figure 1).

3.2. Effect of Treatments onGross Lesions of the PawandAnkle
Joint. Edema and redness of the right hind paw and ankle
joint acted as external measures for determining the severity
of the arthritic inflammatory model. 'e CFA-induced
arthritic control group displayed gradual decrease in both of
them following BM-MSCs and/or IMC treatments
(Figure 2).

3.3. Histopathological Changes and Arthritic Score

3.3.1. Histopathological Changes. Hematoxylin and eosin (H
& E) stained sections of the right hind leg ankle joint from
normal control rats showed no inflammation. In contrast,
the CFA-induced arthritic rats exhibited striking histo-
pathological alterations in the form of hyperplasia of the
synovium with infiltration of a large number of inflam-
matory cells, severe formation of pannus, and widespread
cartilage destruction. On the other side, the CFA-induced
arthritic rats treated with IMC showed less severe patho-
logical arthritis with moderate inflammation, while both rats
treated with BM-MSCs and those in concurrently admin-
istered group (BM-MSCS plus IMC) showed mild degrees of
arthritis (Figure 3).

Microscopically, CFA-induced arthritic rats revealed
synovitis characterized by proliferation of the synovial
membrane, arranged in 2 to 3 cell lining layers besides
proliferation of the underneath vessels of blood that linked
with perivascular edema and diffused infiltration of
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Figure 2: Continued.
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Figure 1: Effect of BM-MSCs and/or IMC on right hind paw volume in CFA-induced arthritic rats. Means, which have different symbols,
are significantly different at P< 0.05.
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(a) (b)

(c)

(e)

(d)

Figure 3: Photomicrographs of (H & E 200×) stained sections of right hind leg ankle joints show histopathological effects of BM-MSCs and/
or IMC treatments on CFA-induced arthritic rats. Ankle joint section from normal rat (a) shows normal structure of the synovial membrane
(s), cartilage (c), and bone (b). Ankle joint section from CFA-induced arthritic rat (b) shows the substantially expanding synovial membrane
with sever pannus formation (p). Ankle joint section from CFA+BM-MSCs rat (c) shows the synovial membrane with mild infiltration and
pannus formation (p). Ankle joint section from CFA+ IMC rat (d) shows moderate infiltration and pannus formation. Ankle joint section
fromCFA+BM-MSCs plus IMC rat (e) shows nearly normal histological structure of the hind ankle joint with a normal synovial membrane
and mild cellular infiltration.

(e)

Figure 2: Effect of BM-MSCs and/or IMC on gross lesions in CFA-induced rats showing (a) normal rat, (b) CFA-induced arthritic rat, (c)
CFA+BM-MSCs-treated rat, (d) CFA+ IMC-treated rat, and (e) CFA+BM-MSCs + IMC-treated rat.
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mononuclear cells. In many samples, the exudates of the
inflammatory cells spread to involve entire periarticular soft
tissues of the connective tissue and muscles. 'ere was
detachment in some regions of the synovial membrane and
mild proliferative lesions of fibroblast-like cells. Also, the
pannus development was in the form of one or more
proliferating granulation tissues containing inflammatory
cells and hyperplastic synovitis at the joint-cartilage
boundary and at the cartilage-bone level. Many arthritic rats’
articular cartilage had an irregular articular surface and
displayed superficial fibrillation followed by cell death or
proliferation, which, in some cases, spread to the articular
cartilage’s mildly formed part. In addition, osteoclast activity
and fibroplasia visualized the joint bone injury. In contrast,
arthritic rats treated with BM-MSCs, as well as the con-
currently administered group BM-MSCS plus IMC, showed
the aforementioned histopathological arthritis lesions but
with mild degrees, while arthritic rats treated with IMC
showed moderate degrees of those lesions (Figure 3).

3.3.2. Histopathologic Score of Arthritis. Histopathologic
analysis comprising synovitis (synovial hyperplasia), pannus
formation, cartilage destruction, and bone erosion were
scored by a blinded observer on a 0–3 scale in H & E-stained
sections. 'e present data revealed that the arthritic-treated
rats significantly exhibited decrease in the total histopath-
ological score as compared to those in arthritic control; the
treatment with BM-MSCs + IMC was the most potent
(Figure 4). In detail, all cures obviously lessened the syno-
vitis, decreased pannus formation, and reduced cartilage
degradation compared to CFA rats. However, bone erosion
in treated rats displayed a nonsignificant change (P> 0.05)
compared with the CFA animal group (Figure 4).

For each score, means, which have different symbols, are
significantly different at P< 0.05.

3.4. Assessment of Total and Differential Leukocyte (TLC and
DLC) Count. TLC was significantly (P< 0.05) increased in
the CFA-induced arthritic group with a change percentage
of 212.07% when compared to those of the normal control
group. However, the CFA-induced arthritic rats supple-
mented with BM-MSCs and/or IMC showed a marked
decline of leukocytosis to close normal levels, and the BM-
MSCs + IMC-treated group was the most potent to over-
come the elevation of leukocyte total count (Figure 5).
Furthermore, differentiation of leukocytes showed a no-
ticeable rise in lymphocyte, as well as neutrophil, count in
the CFA-rats two times more than normal rats. However, the
BM-MSCs either alone or BM-MSCs plus IMC to arthritic
rats significantly improved all leukocytes’ counts (lym-
phocyte, as well as neutrophil and others) near to normal
ranges, while IMC supplementation alone
declined lymphocyte, neutrophil, and eosinophil count
clearly and did not significantly affect monocyte and ba-
sophile counts in comparison with the CFA-indued arthritic
group (Table 1). 'e treatment with BM-MSCs + IMC was
the most effective in decreasing the elevated lymphocyte and
neutrophil counts.

Means, which have different symbols, are significantly
different at P< 0.05.

3.5. Effect on LPO and Antioxidant Status. Table 2 shows the
effect of BM-MSCs and/or IMC treatments on oxidative
stress and antioxidant defense system markers in serum
samples of CFA-induced arthritic rats.

'e MDA level showed a ten-fold increase (989.52%) in
CFA-induced rats as compared with the normal rats. On the
other hand, the treatment of arthritic rats with BM-MSCs
and/or IMC treatments decreased (P< 0.05) the elevated
LPO level significantly in all treated groups with change
percentages of −72.99%, −61.06%, and −46.37% for BM-
MSCs plus IMC-, BM-MSCs alone-, and IMC alone-treated
groups, respectively. Hence, BM-MSCs plus IMC followed
by BM-MSCs seemed to be more efficient in improving the
LPO level in arthritic animals.

Synovitis Bone erosion Cartilage
degradation

Pannus Total

CFA
CFA + BM-MSCs

CFA + IMC
CFA + BM-MSCs + IMC

a

c

a

b

bc

b
ab

ab
a

aaa
a

b
ab

ab

a

b
abb

0

2

4

6

8

10

12

H
ist

op
at

ho
lo

gi
ca

l s
co

re
 (g

ra
de

s)

Figure 4: Effect of BM-MSCs and/or IMC on the arthritic score in
CFA-induced rats.
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'e administration of CFA to Wistar rats significantly
(P< 0.01) decreased the serum GSH content (−19.75%).
While the treatment of CFA-induced arthritic rats with IMC
did not significantly (P> 0.05) affect the GSH level (6.18%),
the treatment with BM-MSCs alone or in combination with
IMC produced a significant (P< 0.05) increase in the low-
ered GSH level.'e combinatory effect of BM-MSCs was the
most potent in increasing the GSH level.

'e activities of antioxidant enzymes including SOD,
GPx, and GST activities exhibited significant decreases in
CFA-induced arthritic rats; the recorded percentage changes
were −54.19%, −58%, and −34.71%, respectively, as com-
pared to normal animals.

SOD activity significantly increased (P< 0.01) in CFA-
induced arthritic rats treated with BM-MSCs + IMC
(112.68%), while it was not significantly (P> 0.05) decreased
as a result of treatments with either BM-MSCs (49.30%) or
IMC (64.79%).

GPx activity exhibited significant increase (P< 0.01) in
CFA-induced arthritic rats treated with BM-MSCs, IMC,
and BM-MSCs + IMC recording percentage decreases of
69.00, 66.00, and 121.00%, respectively, as compared with
CFA-induced arthritic control.

'e lowered GST activity in serum of CFA-induced
arthritic rats showed an increase as a result of treatment with
BM-MSCs, IMC, and BM-MSCs + IMC. But, the effect was
significant only due to treatment with the combination of
BM-MSCs and IMC.

Overall, the BM-MSCs + IMC was the most potent in
suppressing the LPO level and enhancing the antioxidant
defense system.

3.6. Effect of Treatments on IL-1β and RF Expression Levels.
IL-1β and RF concentrations in serum were estimated using
a standard ELISA and represented as in Figures 6 and 7.
CFA-induced arthritic rats had significantly (P< 0.05) ele-
vated IL-1β and RF level recording percentage changes of
289.67% and 419.74%, respectively, as compared with those
in the normal control group. On the other hand, admin-
istrations of MSCs and/or IMC lead to significant reductions
in IL-1β and RF levels. 'e concurrent administration was
the most efficient than BM-MSC than IMC drug in both IL-
1β and RF concentration levels.

3.7. Evaluation of the IL-4 m-RNA Expression Level and
Protein Level ofNrf-2 inAnkle Joints. IL-4 mRNA expression
determined in the articular ankle joint by PCR is represented
in Figure 8. Data exhibited significant downregulation
(P< 0.05) of the IL-4 level in CFA animals (−33%) as
compared with the normal. Otherwise, IL-4 levels in arthritic
rats administered with BM-MSCS plus IMC, BM-MSCs
alone, and IMC alone were significantly upregulated re-
cording percentage changes of 58, 100, and 108%, respec-
tively, in comparison with arthritic control rats.

Table 1: Effect BM-MSCs and/or IMC on DLC count of CFA-induced arthritic rats.

Leukocyte

Groups Lymphocyte (%)
change Neutrophil (%)

change Monocyte (%)
change Eosinophil (%)

change Basophile (%) change

Normal 613± 46bc – 325± 14b – 114± 29ab – 68± 23a – 15±8b –
CFA 1913± 204a 2.12 980± 97a 2.0 153± 31a 0.35 425± 124b 5.24 71± 20a 3.68
CFA+BM-MSCs 761± 40bc −0.60 434± 51b −0.56 74±5b −0.52 92± 18a −0.78 23± 12b −0.67
CFA+ IMC 838± 0.0b −0.56 480± 30b −0.51 156± 11a 0.02 156± 30a −0.63 45± 11ab −0.37
CFA+BM-MSCs + IMC 445± 44c −0.77 431± 40b −0.56 83± 10b −0.46 98± 17a −0.77 29±7b −0.59
(i) Data are expressed as mean± standard error. Number of samples in each group is eight. (ii) For each type of leucocytes, means, which have different
superscript symbols, are significantly different at P< 0.05. (iii) Percentage (%) changes were calculated by comparing the arthritic group with normal and
arthritic-treated groups with the arthritic group.

Table 2: Effect of BM-MSCs and/or IMC on lipid peroxides and antioxidant status of CFA-induced arthritic rats.

Parameters

Groups
MDA

(nmole/L)×

10

%
change

GSH (nmole/
L)× 102

%
change

SOD (U/
L)× 10

%
change GPx (U/L) %

change
GST (U/L)×

102
%

change

Normal 1.8± 0.6d — 43.74± 0.94a — 15.5± 1.6a — 87.00± 3.06a — 9.35± 1.19a —
CFA 19.1± 3.6a 961.11 35.1± 1.97b −19.75 7.1± 0.9b −54.19 36.17± 7.39c −58 6.11± 0.42b −34.71
CFA+BM-
MSCS 7.4± 0.5bc −61.26 42.07± 1.17a 19.86 10.6± 0.7ab 49.30 61.00± 3.87b 69 7.97± 0.15ab 30.45

CFA+ IMC 10.2± 1.9b −46.60 37.27± 0.96b 6.18 11.7± 1.2ab 64.79 60.00± 5.29b 66 7.64± 0.82ab 25.11
CFA+BM-
MSCs + IMC 5.2± 0.6cd −72.77 43.22± 1.75a 23.13 15.1± 2.5a 112.68 80.00± 5.51ab 121 10.18± 1.15a 66.74

(i) Data are described as mean± standard error. Number of samples in each group is eight. (ii) For each parameter, means, which have different superscript
symbols, are significantly different atP < 0.05. (iii) Percentage (%) changes were calculated by comparing the CFA-arthritic control group with normal and
comparing the arthritic-treated groups with the CFA-arthritic group.
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'e Nrf-2 protein level in the ankle joint was measured
by the western blotting technique that showed marked
decline (−63%) in the CFA-induced arthritic rats compared
to the normal rats, whereas the supplementation with BM-
MSCS plus IMC, BM-MSCs alone, and IMC alone markedly
alleviated the Nrf-2 level of these groups with a percentage of
increase 249, 127, and 149%, respectively, in comparison
with arthritic control rats (Figure 9).

4. Discussion

RA is considered an autoimmune inflammatory syndrome
causing synovial proliferation, progressive erosion of bone,
and destruction of the articular cartilage. 'e disease affects
the quality of life and has a striking impact on societal and
economic cost and is considered as an important cause of
premature death [28, 29]. Nowadays, treatment with stem

cells is considered as one of the most promising signs for the
proximate future. 'is form of therapy could boost or even
reverse certain degenerative diseases and probably have
applications in alternative and regenerative medicine
[19, 30]. MSCs are a remarkable and effective tool in bone
and cartilage tissue repair, as they can differentiate into
several connective tissues including fat, cartilage, and bone.
In addition, they have immunomodulatory and anti-in-
flammatory effects, self-renewal ability, stemming mainte-
nance, and plasticity for allo- and xenotransplant
applications [31]. Also, the use of IMC in the treatment of
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Figure 7: Effect of BM-MSCs and/or IMC on the RF level (mIU/
mL) in CFA-induced animals. Means, which have different sym-
bols, are significantly different at P< 0.05.
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RA has attracted many researchers because of their anal-
gesic, anti-inflammatory, and antirheumatic influences on
the inflammatory disorders. 'is directed us to evaluate the
usefulness of the combination of BM-MSCs plus IMC agents
on CFA-induced arthritis as a convenient, easy, and repli-
cable model with short duration of the experiment.

Severe paw swelling (edema), synovial proliferation,
accumulation of neutrophils, and bone, as well as cartilage,
damage are a marked features of the CFA-induced arthritis
model [32]. Here, the right hind paw volume was estimated
weekly, and CFA-induced arthritic rats exhibited increased
paw volume and swelling in comparison with normal ani-
mals. 'e current data showed that the supplementation of
the arthritic rats with BM-MSCs and/or IMC either alone or
combined successfully reduced the hind paw volume by the
end of the experiment in relation to arthritic rats; thus, the
tested agents efficiently suppressed the inflammation inside
tissues. Similarly, the research of a previous publication [33]
revealed that treatment with IMC decreased the injected paw
and contralateral paw edema by 35% and 30%, respectively.
Such macroscopic investigation was more elucidated via
further microscopic examination of paw sections and their
histological score. Histopathologically, rats in the CFA-ar-
thritic control group exhibited severe stage of inflammation
described as invasion of leukocytes, synovial hyperplasia,
cartilage degradation, and bone resorption. Conversely,
animals supplemented by IMC greatly alleviated the joint
damage and displayed moderate stage of these lesions.
Furthermore, the BM-MSCs-treated arthritic group and
BM-MSCs + IMC-treated arthritic group afforded a signif-
icant protection against those alterations and exhibited mild
stage of such lesions where normal joint space, less infil-
tration of leukocytes, and an intact appearance of the car-
tilage were detected. Such observations were more
elucidated by the histological score that exhibited a signif-
icant reduction in the total score by treatments in this order:
BM-MSCs plus IMC>BM-MSCs> IMC as compared to
CFA-induced arthritic control rats. Particularly, BM-MSCs
plus IMC treatment markedly declined the synovitis, sup-
pressed pannus formation, and reduced degradation of the
cartilage as compared to arthritis control rats, while bone
resorption was not significantly changed. Hence, such
findings obviously evidenced the potency of the tested agents
in suppressing the inflammatory reactions inside tissues and
illustrated the suppressed inflammatory reactions and paw
swelling induced by arthritis.

Likewise, changes in body weight are a valuable index for
evaluating disease course and response to an anti-inflam-
matory drug under research. In the present study, after two
weeks of adjuvant injection, the CFA-induced arthritic rats
showed observable loss of weight in comparison to normal
animals. 'is finding is in agreement with Da Silva et al. [33]
who reported that the adjuvant administered rats developed
a significant body weight loss 8 days after injection com-
pared with the healthy control group. 'is could be at-
tributed to loss of appetite and loss of weight as a result of
CFA injection and expansion of arthritis as the study of Da
Silva et al. [33] illustrated. On the other hand, supple-
mentation of rats with BM-MSCs and/or IMC treatments

either alone or concurrently resulted in remarkable reduc-
tion of weight loss in regard with the arthritic group. 'e
BM-MSCs plus IMC was more efficient (44.53%) than IMC
(36.97%) and BM-MSCs (34.45%). Our results were entirely
consisting with the study of Moases Ghaffary and Abtahi
[34] who reported a significant reduction in the average
body weight of RA rats when compared with the normal
control rats but the extent of weight loss was significantly
restricted in RA rats received both caffeine pulsed MSCs and
unpulsed MSCs therapies, compared to the vehicle-treated
RA animals. Also, Da Silva et al. [33] stated that the weight
gain of IMC-treated arthritic rats was higher than untreated
arthritic rats but still lower than normal rats. Overall, the
macroscopic examinations such as inhibited paw volume
and alleviated body weight, as well as the microscopic re-
sults, suggested the first indication of the protective and anti-
inflammatory action of BM-MSC and/or IMC treatments as
therapeutic targets for RA.

In the same line, leukocytes pass to inflammatory sites in
response to chemotactic stimuli, causing tissue swelling and
oedema, thereby playing a critical role in pathogenesis of
both acute and chronic inflammatory disorders [35]. In
relation to TLC, as well as DLC, our data revealed that the
AIA animals exhibited sever leukocytosis with concomitant
increase of lymphocytes, as well as neutrophils comparing to
normal animals. 'ese results are in accordance with Pinal
et al. [36] who establishedmarked leukocytosis in rats on day
21 after arthritis induction and the study of Franch et al. [37]
who explored leukocytosis with higher number and per-
centage of both neutrophils and lymphocytes in adjuvant-
induced rats regarding to normal. Side by side, Pinal et al.
[36] informed that leukocytosis and neutrophilia were de-
tected as a result of CFA injection. Such fluctuations in
leukocytes are likely due to the inflammatory process present
in arthritis involving the fenestration of the microvascula-
ture, element leakage into the interstitial space, and the
transfer of white blood cells into inflamed tissues [38]. In this
study, our data revealed that these changes were returned
near to normal levels in animals treated with test drugs in
comparison to the arthritic rats. 'e BM-MSCs plus IMC
and BM-MSCs rats efficiently reversed their alleviated
counts to normal ranges whereas the IMC significantly
improved neutrophils, lymphocytes, and esinophils but
decreased monocytes, as well as basophils, slightly when
compared to the normal group. 'ese results recommended
the potential anti-inflammatory and anti-arthritic effec-
tiveness against the disease development and progression.

Another factor of RA pathogenesis which cannot be
ignored is oxidative stress. Former studies of Holley and
Cheeseman [39] and Ali et al. [40] illustrated that accu-
mulation of macrophages and granulocytes in the inflamed
region facilitates the formation of reactive oxygen species
(ROS) and free radical species (FR), such as superoxide
(O−2) and hydrogen peroxide radicals (H2O2). Reactive
oxidants are formed in many compartments inside the cell,
either normally from internal metabolism or due to external
exposure to toxic or pathological insults [41, 42]. In normal
conditions, ROS are produced in a restricted way, and some
have useful purposes such as acting as essential regulators of
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both physiological and pathophysiological outcomes [43].
'ey are developed in response to physiological indications
to control processes such as division of the cell, autophagy,
stress, immune function response, and inflammation as
essential signaling molecules [42]. Inversely, uncontrolled
oxidant production results in oxidative stress which also
impairs cellular functions and causes cancer, chronic dis-
ease, and toxicity development [44, 45]. It is not surprising
that the role of oxidative stress or ROS in arthritis serves as a
mediator in the pathogenesis of cartilage destruction and
tissue damage. A common feature which defines the oxi-
dative stress present in rats is lipid peroxidation or LPO
production. MDA is regarded a prooxidant component and
used to determine LPO. Generating ROS/RNS is normally
stabilized by endogenous antioxidants involving SOD, GSH,
GPx, and GST. 'e first line of antioxidants, GSH and SOD,
catalytically scavenge the free radicals (O2

− and H2O2). SOD
converts the O2

− to H2O2 and is widely used during the toxic
effects of O2

− to protect cell damage. Endogenous antioxi-
dant GPx reduced the H2O2 to form oxidized glutathione
and water in the presence of GSH [39]. Imbalance in this
process during an exacerbated cell response results in cel-
lular dysfunction and excessive pathological circumstances
including bone and cartilage degradation [46, 47]. Fur-
thermore, injection of CFA into rats induces substantial
release of ROS and FR at the site of inflammation [48]. Our
findings offer good support to these studies because we
observed a significant increase in the level ofMDA in parallel
with marked reduction of antioxidant levels of GSH, GPx,
GST, and SOD in serum samples of arthritic control animals
in comparison with normal animals. Elevation in MDA
levels may be due to extreme accumulation of leukocytes in
the blood and inflamed regions that raise LPO production
rates and suppress the antioxidant protection system. 'ese
observations were also in accordance with our histological
analysis showing damage of tissue and intense infiltration of
immune cells.

Regarding to the treated groups, the supplementation
with BM-MSCs and/or IMC decreased the oxidative damage
significantly via suppressing the LPO level in all treated
animals. 'is is in full agreement with the case study of
Nejad-Moghaddam et al. [49] who treated the lungs of a
subject previously exposed to sulfur mustard gas utilizing
MSCs and reported that favorable results were attributed to
the antioxidant properties of MSCs, and this was evidenced
by reduced LPO levels in the sputum. Moreover, the anti-
oxidant defense mechanism of BM-MSCs and/or IMC
therapeutic agents against oxidative stress was achieved
mainly via activation of GPx enzyme that played a crucial
role in reducing oxidative stress by the elimination of H2O2
used as a cell death inducing oxidative stimulus. 'is finding
is in consistent with the study of Chang et al. [50] who
showed that MSC treatment upregulated the GPx expression
in small bowel ischemia/reperfusion (I/R) injury, septic lung
injury, sever acute pancreatitis, and Friedreich’s ataxia.

Also, Stavely and Nurgali [51] and Kim et al. [52]
revealed that MSC can also promote activity of GPx in fi-
broblasts during oxidative stimuli. Besides, Huang et al. [53]
proved that IMC drug was highly effective in enhancing the

GPx activity in the AIA animal model. However, the SOD, as
well as GST, activities were increased slightly but were not
significant in improving the antioxidant processes GPx
enzyme. In the current research, it was concluded that BM-
MSCs plus IMC was the most potent than either BM-MSCs
or IMC in enhancing the antioxidant defense system on the
expense of the oxidative stress in tissues and, thereby,
inhibiting the subsequent inflammatory processes.

Furthermore, another indicator of the oxidative damage
in the body is nuclear erythroid 2-related factor (Nrf-2)
protein that was detected in the current study in ankle joint
articular tissue. 'e former data clearly illustrated the
pronounced amelioration of the oxidative stress biomarkers,
as well as the ability of the tested drugs in scavenging FR and
neutralizing ROS. Nrf-2 is a principal regulator of cellular
replies against environmental disorders, and it is probable
that Nrf-2 activation can protect against factors triggering
autoimmune pathogenesis. Activating this signaling path-
way, which contributes to detoxification and protective
manners, has prompted a wealth of studies on the potential
health benefits and therapeutic application of Nrf-2 [54].

Nrf-2 is a key transcription factor that regulates intra-
cellular redox balance. 'e latter acts as a sensor of oxidative
stress mainly present in the cytoplasm; when the level of
ROS is elevated, the transcription of antioxidative stress
proteins, including SOD−1, NQO−1, and HO−1, is enhanced.
'ese genes play a vital role in prevention of oxidative stress
and tissue damage [38, 55]. Nrf-2-targeted genes include
genes involved in the synthesis and conjugation of GSH,
metabolism of heme and iron, and metabolism and trans-
port of drugs, as well as antioxidant proteins, enzymes, and
transcription factors.

Our current research detected a marked downregulation
of the Nrf-2 expression level in ankle joint articular tissues of
CFA-induced arthritic rats as compared with the normal
rats, thus elevating the oxidative damage in this group. On
the contrary, the administration of BM-MSCs and IMC
either alone or combined together to the arthritic rats
produced apparently upregulated expression levels of Nrf-2
in ankle joint tissues as compared to the arthritic control.
'is finding supports our supposing of the antioxidant effect
of the current investigated therapies. In another way,
Yoshinaga et al. [56] stated that IMC may be an appropriate
therapeutic strategy for choroidal neovascularization (CNV)
because of its antiangiogenic effect and that the Nrf-2 sig-
naling is a contributing underlying mechanism. In addition,
Wang et al. [57] found that BM-MSCs transplantation in
Spinal Cord Injury (SCI) in rats significantly increased the
expression of Nrf-2 protein, thereby inhibiting oxidative
stress triggered by SCI and promoting spinal cord repair.
Overall, these results validate our choice of using BM-MSCs
or IMC either alone or combined in inflammatory condi-
tions as reference drugs via their ability of upregulating the
Nrf-2 pathway and, therefore, suppressing the oxidative
stresses occurred as a result of the disease development
(Figure 10).

Furthermore, RA is an autoimmune illness that is well
known with formation autoantibodies in serum, as well
synovial fluid (SF), samples in 50–80% of RA patients. RF
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was the first described autoantibody system in RA and fo-
cused on Fc portion of human IgG. Despite its suboptimal
specificity, the RF occurrence was considered so represen-
tative for RA and included in the criteria of the ACR
classification in 1987 [58]. 'en, it has been included in the
2010 American College for Rheumatology European League
Against Rheumatism (ACREULA) classification criteria.
However, the RF has been studied for decades, and its role in
the pathogenesis of RA remains incompletely known. RF is
likely to exert its pathogenic properties via the creation of
immune complexes. 'en, proinflammatory cytokines, such
as TNF-α and IL-1β, are stimulated and contributing in
chronic inflammation and bone destruction [59].

Additionally, cytokines play a crucial role in the path-
ogenesis of the disease. RA is well known for the ongoing
influx of immune cell (monocytes and lymphocytes) into the
joints [60]. 'e process of inflammation is tightly controlled
frequently, utilizing both mediators that induce and sustain
inflammation which called inflammatory cytokines (TNF-α,
IL-1β, and IL-6) and mediators that shut down the process
and called anti-inflammatory cytokines (IL-10 and IL-4). In
chronic states of inflammation, an inequality between the
two mediators resulting in cellular damage, cartilage and
bone destruction, and inflammation [61].

IL-1β, the most significant cytokine in pathogenic ar-
thritis progression, has been reported to be correlated with
disease behavior such as morning stiffness period [62]. 'is

'1 cytokine is mainly secreted by macrophages and plays a
dominant role in infiltration of inflammatory cells, as well as
destruction of bones and cartilage. It also stimulates nuclear
factor-B ligand receptor activator on macrophages to dif-
ferentiate into osteoclasts which resorb and damage the
bone. In addition, IL-1β prompts the production of in-
ducible nitric oxide (iNOS), prostaglandins (PGE-2), and
matrix metalloproteinase (MMP), thus inducing the deg-
radation of the cartilage (Figure 10) [63, 64]. In comparison,
IL-4 is an anti-inflammatory cytokine produced by '2
helper and reduces IL-1 and TNF-α production and inhibits
cartilage damage. Similarly, the data reported by Chomarat
et al. [65] suggested that IL-4 inhibited the development of
IL-1 and increased the expression of its receptor antagonism,
and both actions would decrease inflammation in synovial
culture samples from patients with RA. Hence, IL-4 could be
considered as a potential tool for treating autoimmune
diseases as evidenced by its protective effect in murine
models of RA [66, 67].

In harmony with all our preceding results, data of the
arthritic control group showed a significant elevation in the
RF level detected in serum in parallel with a remarkable
upregulation of IL-1β and downregulation of the IL-4
protein level expressed in joint articular tissues as compared
to the normal one. 'ese findings are a strong indicator of
prominence of the inflammatory pathway on the expense of
the anti-inflammatory one as a result of CFA administration.

Figure 10: Schematic diagram showing the immunodulatory effect of BM-MSCs plus IMC administered concurrently in CFA-induced
arthritis.
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However, the rats supplemented with BM-MSC and IMC
either alone or concurrently exhibited a noticeable shift
toward the anti-inflammatory pathway and predominance
of'2 on'1 as evidenced by the apparent upregulated IL-4
and downregulated IL-1β expression level in joints ac-
companied with a significant decline of the RF level in sera of
the treated rats compared to the CFA arthritic rats. In ac-
cordance with our study, Hoogduijn et al. [68] added that
MSCs can alter the cytokine secretion profile of immune
cells such as raising the secretion of suppressive cytokines
(IL-4 and IL-10) and decreasing the secretion of TNF-α and
interferon-c (IFN-c) secretion. Besides, it was reported by
Selleri et al. [69] and Zhang et al. [70] that the coculture of
macrophages with MSCs induces production of M2 mac-
rophages, which upregulates the phagocytic activity and
secretion of '2 cytokines and downregulates levels of '1
cytokines, such as IL-1β, IFN-c, TNF-α, and IL-12. Such
modulation of the immune response suggests their en-
hancement of '2 signaling which directly inhibits the '1
cascade reaction via suppressing the inflammation propa-
gation (Figure 10). Nrf-2, which has enhanced suppression
by the effect of BM-MSCs and IMC, is able to suppress
oxidative stress and inflammation and activate the antiox-
idant defense system (Figure 10). 'ese results represented
and introduced a clear interpretation of the efficiency of BM-
MSC and/or IMC as antiarthritic and anti-inflammatory
agents in overcoming the course of RA.

5. Conclusions

Taken together, the present study evidenced that the con-
comitant treatment with BM-MSCs and IMC administration
is more effective in producing anti-inflammatory and an-
tiarthritic effects other than use of each alone during the
course of RA in CFA-induced arthritic Wistar rats. 'is
suggestion was supported through the obvious inhibition of
the inflammatory signs such as hind paw swelling, weight
loss, oxidative stress (LPO), and inflammatory cytokines (RF
and IL-1β). Moreover, this tested combination succeeds to
monitor the disease progression through alleviation of the
antioxidant enzyme levels (GPx, SOD, GSH, and GST) and
upregulation of '2 anti-inflammatory cytokine (IL4) and
Nrf-2 in joint articular tissues as well. Likewise, the com-
bined treatment alleviated the synovitis, pannus formation,
and cartilage destruction occurred as a result of the disease.
Eventually, BM-MSCs concurrently administered with IMC
could provide an additional promising therapeutic strategy
for RA. However, further research should be performed to
clarify the mechanisms of the antirheumatic activity of BM-
MSCs plus IMC specifically to overcome RA.
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*e genus of Trigonella has long been used for the treatment of arthritis and inflammatory disorders. *is study was aimed to
investigate the immunomodulatory activities of ethanol and n-hexane extracts of T. gharuensis in the rat model of rheumatoid
arthritis. Freund’s complete adjuvant (FCA) model was used to induce arthritis in rats. Arthritis was induced on day 0, while
treatment which was started on day 8 continued for twenty days. Arthritic development and paw edema were determined using an
arthritic scoring index and plethysmometer, respectively. Histopathology was evaluated using H&E staining. RNA extraction,
reverse transcription, and polymerase chain reaction (RT-PCR) were performed to determine expression levels of proin-
flammatory markers such as TNF-α, NF-ĸB, IL-6, IL-1β, COX2, and anti-inflammatory cytokine IL-4. Prostaglandin E2 level
(PGE2) was evaluated using ELISA. Blood analysis and biochemical parameters were also determined. *e significance level was
set as P< 0.05. Treatment with extracts reduced paw edema, arthritic progression, and histopathological parameters. Expression
levels of abovementioned proinflammatory cytokines and COX2 were downregulated, while IL-4 was upregulated. PGE2 levels
were found reduced with extract treatment. Blood parameters were nearly normalized in treatment groups. Extract treatment did
not alter biochemical parameters. Both extracts had effects comparable with piroxicam. In conclusion, extracts of T. gharuensis
ameliorated experimentally induced arthritis that may be ascribed to its immunomodulatory effects.

1. Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory and
autoimmune disorder that presents with bone erosion,
cartilage damage, and inflammation. Major symptoms in-
clude varying degrees of joint stiffness, pain, and swelling,
while systemic symptoms include fever, fatigue, and weight
loss [1].

Various cytokines and proinflammatory mediators are
involved in the pathogenesis of RA. *ese cytokines are
released by activated macrophages and fibroblasts. Tumor
necrosis factor (TNF-α) stimulates IL-6 which is responsible
for activation of chondrocytes and fibroblasts in articular
cartilage. *is leads to erosion of collagen and proteoglycans

resulting in joint destruction. IL-1β in diseased synovial
membrane is considered responsible for pannus formation
and bone erosion. IL-6 stimulates production of nuclear
factor kappaB (NF-ĸB) which, in turn, activates osteoclasts,
abnormal apoptosis, and proliferation of synovial cells [2].
Likewise, augmented levels of COX2 activate PGE2 pro-
duction which leads to angiogenesis and articular cartilage
destruction along with pain and inflammation [3].

Nonsteroidal anti-inflammatory drugs (NSAID) and
opiates have been extensively used for the symptomatic
treatment of arthritis [4]. Adverse effects of NSAIDs include
gastric perforation and bleeding due to reduced prosta-
glandin production [5]. Continued use of opiates poses a
serious risk of respiratory depression, dependence, and
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tolerance [6]. Corticosteroids are associated with peptic
ulcer, osteoporosis, precipitation of diabetes, and higher
susceptibility to infections due to immunosuppressive
properties [7]. Other drugs used to treat autoimmune dis-
orders, such as DMARDs and cytokines antagonist, have
been associated with increased susceptibility to infections
seen in the patients [8].

Due to many adverse effects of synthetic drugs, modern
research focuses on the use of medicinal plants for treatment
of inflammation and arthritis due to their easy availability
and lower cost value [9]. Trigonella gharuensis is an herb of
worldwide distribution [10]. It belongs to the second largest
family of flowering plants, i.e., fabeaceae [11]. Our previous
study has established anti-inflammatory properties of
T. gharuensis using different paw edema models of acute
inflammation such as carrageenan, histamine, serotonin-
induced paw edema models, and xylene-induced ear edema
model. Moreover, GCMS analysis in our study showed that
both extracts possessed considerable constituents respon-
sible for anti-inflammatory and antioxidant properties [12].
Our current study focuses on antiarthritic potential of
T. gharuensis using FCA-induced chronic model of in-
flammation in arthritic rats.

2. Methodology

2.1. Plant Collection and Identification. T. gharuensis was
collected from Quetta district of Balochistan. It was identified
by Department of Botany, University of Balochistan (UOB),
Quetta, Pakistan. *e voucher specimen (TG-RBT-05) was
kept in the herbarium of university [12].

2.2. Preparation of Extracts. Herb was dried under shade. It
was then chopped followed by grinding. Maceration was
done by soaking powder into ethanol and n-hexane, re-
spectively. *e mixtures were kept at 25°C. *e mixtures
were filtered and then concentrated at 37°C in a rotary
evaporator (IKA Germany) under reduced pressure. After
that, extracts were dried in an incubator at 40°C. *e EETG
(ethanolic extract of T. gharuensis) and NHTG (n-hexane
extract of T. gharuensis) were dissolved in 1% Tween 80
before administration.

2.3. TestAnimals. Sprague Dawley rats (6–8 weeks old) were
placed in animal house of *e University of Lahore, Lahore.
*ey were acclimatized with environment for one week
under controlled humidity conditions (60–70%) and tem-
perature 25°C± 2, respectively. Food and water access was
freely provided. Light and dark cycles were maintained.
Approval from the Institutional Research Ethics Committee,
*e University of Lahore (IREC-2017-23), was taken for the
experiment.

2.4. Evaluation of Antiarthritic Activities. *irty rats were
distributed into 5 groups. Vehicle control (group 1) and
arthritic control (group 2) were given vehicle, i.e., 1% Tween
80 in water [13]. EETG (group 3) and NHTG (group 4) were

given extracts (400mg/kg b.w., p.o., each) [14]. Piroxicam
was given (10mg/kg b.w., i.p.,) to group 5. FCA (0.15ml) was
injected into left paws of all the animals (subplantar region)
except vehicle control group at 0 day. Animals were treated
with extracts, and piroxicam was started from day 8 till day
28. Treatment with EETG, NHTG, and piroxicam was
commenced at day 8 and ended on day 28 [15].

2.5. Arthritic ScoreMeasurement. Different parameters such
as inflammation, redness, and erythema were observed on
different day intervals of 8, 15, 22, and 28 using macroscopic
criteria. Score 0 was given to normal, score 1 to minimal,
score 2 to mild, score 3 to moderate, and score 4 to severe
changes [16].

2.6. Paw Volume Assessment. Digital water displacement
plethysmometer was used to measure paw edema of all
groups at days 0, 8, 15, 22, and 28.

2.7. Histopathological Evaluation. On day 28, all rats were
sacrificed. Ankle joints were cut longitudinally and placed in
formalin (10%) for fixation. Formic acid was used for de-
calcification of samples. Tissues were cut into thin slices, and
paraffin wax was used for embedding the tissues. H&E
(hematoxylin and eosin) staining was used. *e slides were
examined by a blinded histopathologist for presence of
pannus formation, bone erosion, and inflammation. Scoring
criteria were followed as mentioned previously [15].

2.8. Determination of mRNA Expression Levels of TNF-α, NF-
κB, IL-6, IL-1β, COX2, and IL-4. Conventional PCR was
used to assess mRNA expression levels of cytokines involved
in pathogenesis of RA. First, blood samples were taken for
RNA extraction, and it was achieved using TRizol reagent
according to protocol. *e extracted RNA samples were
quantified through a nanodrop spectrophotometer. cDNA
was synthesized using kit manufacturer’s protocol (*ermo
Scientific, America). GAPDHwas used as reference. Primers
of TNF-α and GAPDHwere designedmanually. Sequence of
primers such as IL-6, IL-1β, NF-κB, IL-4, and COX2 was
selected from previously published studies [17–19], as
mentioned in Table 1. cDNA (2 µl) was mixed with forward-
reverse primer mix (1 µl), nuclease-free water (3 µl), and
PCR Master Mix (6 µl). *ermal cycle was programmed for
denaturation (95°C for 10 s), annealing (58°C and 60°C for
20 s), and extension (72°C for 30 s) cycles.

2.9. Determination PGE2Levels. PGE2 levels were measured
from serum using ELISA kit (Elab Science E-EL-0034 96T).
Optical density was measured using ELISA reader (BioTek,
ELx-800) 450 nm length.

2.10. Evaluation of Hematological Parameters. Blood sam-
ples were collected through intracardiac puncture. Auto-
mated hematology analyzer (Sysmex XT-1800i) was used to
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evaluate hemoglobin content and levels of RBCs, WBCs, and
platelets.

2.11. Biochemical Parameters. Serum was separated from
blood. Different biochemical parameters such as urea, cre-
atinine, aspartate aminotransferase (AST), alanine trans-
aminase (ALT), and alkaline phosphatase (ALP) were
analyzed by an automated chemistry analyzer (Humalyzer
3500) by following kit manufacturer’s protocols (Analyticon
Biotechnologies AG, Germany).

2.12. Statistical Analysis. All values were expressed as
mean± SEM. Data were analyzed using Graph Pad Prism (v
6.0). One-way ANOVA followed by Tukey’s post hoc test
was used for comparison. Significance level was observed as
P< 0.05.

3. Results

3.1. T. gharuensis Inhibited Arthritic Development. *e ar-
thritic progression was induced by using FCA, and it was
measured throughmacroscopic criteria.*e increased trend of
arthritic development was continued in the diseased control
group because no treatment was provided to this group. Table 2
shows that (P< 0.001) arthritic score was reduced at days 15,
22, and 28, respectively, with extract treatment as compared to
the positive control group. *e piroxicam also significantly
reduced (P< 0.001) arthritic score at different day intervals
which is comparable to EETG and NHTG groups.

3.2. T. gharuensis Prevented PawEdema. Remarkable edema
was observed in the FCA-induced model, and it was mea-
sured through digital water plethysmometer on different day
intervals such as 15, 22, and 28. *e values of vehicle control
group were considered zero because there was no induction
of disease in this group. Table 3 shows increased trend in
inflammation, and score was continued until the 28th day of
this experimental study in the positive control group. EETG,
NHTG, and piroxicam treatment significantly (P< 0.001)
reduced paw edema when compared with the arthritic
control group. *e results of extracts treatment were
comparable to the piroxicam group.

3.3. T. gharuensis Significantly Reduced Histopathological
Parameters. EETG, NHTG, and piroxicam showed signif-
icant inhibition of inflammation, bone erosion, and pannus

formation in comparison to the arthritic control group
(Table 4). H&E staining picture revealed that aggregates of
inflammatory cells presented in the arthritic control group
were markedly reduced in piroxicam- and extract-treated
groups.

3.4. T. gharuensis Downregulated Proinflammatory and
Upregulated Anti-Inflammatory Cytokines. *e collected
blood sample on the 28th day was processed for mRNA
expression levels. Table 5 shows that significant levels of
proinflammatory markers such as TNF-α, IL-6, IL-1β, NF-
ĸB, and COX2 were increased in the positive control group.
*e augmented levels of these cytokines were markedly
reduced (P< 0.001) in EETG and NHTG extract- and pir-
oxicam-treated groups in comparison to the positive control
group. Levels of anti-inflammatory cytokines such as IL-4
decreased in the positive control group. IL-4 levels were
increased in extract- and piroxicam-treated group in con-
trast to the positive control group.

3.5. T. gharuensis Significantly Reduced PGE2 Levels.
Increased (P< 0.001) serum PGE2 levels were noticed in the
arthritic control group as compared to the vehicle control
group. Significant reduction (P< 0.001) in PGE2 levels was
observed in piroxicam-, EETG-, and NHTG-treated groups,
as presented in Figure 1.

3.6. T. gharuensis Modulated Hematological Parameters.
*e reduction in hematological parameters, such as RBC and
Hb levels, were seen in the positive control group. *ese
parameters were nearly normalized in treatment groups as
compared to the positive control group. Similarly, elevated
WBC and platelets levels were observed in the arthritic
control groups which were nearly normalized after treat-
ment with extracts and the reference drug in contrast to the
positive control group (Table 6).

3.7.T. gharuensisNearlyNormalizedBiochemicalParameters.
*e serum was separated from the blood sample, and dif-
ferent hepatic markers such as ALT and AST along with
renal parameters such as urea and creatinine were measured
through commercially available kits. Table 7 shows that
T. gharuensis extracts and piroxicam did not alter liver and
renal parameters. Statistically nonsignificant differences
were found in AST, ALT, urea, and creatinine levels when
groups were compared with each other.

Table 1: Primer sequences.

Genes Forward primer Reverse primer Product size Reference
IL-4 5′-CACCTTGCTGTCACCCTGTT-3′ 5′-TCACCGAGAACCCCAGACTT-3′ 231 [18]
IL-6 5′-CCCACCAAGAACGATAGTCA-3′ 5′-CTCCGACTTGTGAAGTGGTA-3′ 247 [26]
TNF-α 5′-AGTCCGGGCAGGTCTACTTT-3′ 5′-GGAAATTCTGAGCCCGGAGT-3′ 202 NM_012675.3
NF-κB 5′-TGAGATCCATGCCATTGGCC-3′ 5′-AGCTGAGCATGAAGGTGGATG-3′ 207 [18]
COX2 5′-CCAGATGGCCAGAGGACTCA-3′ 5′-TGTGAGTCCCGAGGGAATAGA-3′ 237 [18]
IL-1β 5′-GCTGTCCAGATGAGAGCATC-3′ 5′-GTCAGACAGCACGAGGCATT-3′ 293 [19]
GAPDH 5′-GTCATCAACGGGAAACCCAT-3′ 5′-ATCACAAACATGGGGGCATC-3′ 197 NM_017008.4
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Table 4: T. gharuensis attenuated histopathological parameters.

Parameters Vehicle control Arthritic control Piroxicam EETG NHTG
Infiltration of inflammatory cells 0.000± 0.000 2.573± 0.073 1.566± 0.073∗∗∗ 1.917± 0.154∗∗∗ 2.083± 0.083∗
Pannus formation 0.000± 0.000 3.405± 0.073 2.522± 0.103∗∗∗ 2.583± 0.083∗∗∗ 2.583± 0.083∗∗∗
Bone erosion 0.000± 0.000 2.543± 0.073 2.073± 0.073∗∗ 2.083± 0.083∗∗ 2.167± 0.105∗

Value of normal paw is considered as zero. EETG, ethanolic extract of T. gharuensis (400mg/kg); NHTG, n-hexane extract of T. gharuensis (400mg/kg);
piroxicam (10mg/kg). Values were denoted as mean± SEM. ∗∗P< 0.01 and ∗∗∗P< 0.001 when compared with the arthritic control group.

Table 5: T. gharuensis downregulated proinflammatory and upregulated anti-inflammatory cytokines.

Markers Vehicle control Arthritic control Piroxicam EETG NHTG
TNF-α 32.40± 1.777 49.97± 1.967### 33.72± 1.033∗∗∗ 34.29± 1.538∗∗∗ 35.38± 0.571∗∗∗
NF-κB 33.01± 1.538 52.59± 0.679### 34.82± 1.226∗∗∗ 39.08± 1.365∗∗∗ 41.25± 0.690∗∗∗
IL-6 32.65± 1.741 39.61± 1.178## 31.99± 1.033∗∗ 33.86± 0.850∗∗ 33.61± 1.195∗∗
IL-1β 33.09± 1.462 51.79± 1.439### 31.99± 1.226∗∗∗ 34.46± 1.239∗∗∗ 35.83± 0.649∗∗∗
COX2 33.89± 1.699 55.96± 1.300### 34.07± 0.878∗∗∗ 31.06± 0.791∗∗∗ 34.73± 0.499∗∗∗
IL-4 33.95± 1.001 22.49± 0.505### 29.72± 0.724∗∗∗ 31.82± 0.551∗∗∗ 33.16± 0.427∗∗∗

EETG, ethanolic extract of T. gharuensis (400mg/kg); NHTG, n-hexane extract of T. gharuensis (400mg/kg); piroxicam (10mg/kg). Values were denoted as
mean± SEM. ∗P< 0.05, ∗∗P< 0.01 and ∗∗∗P< 0.001 when compared with the arthritic control group. ##P< 0.01 and ###P< 0.001.

Table 2: T. gharuensis extracts attenuated arthritic development.

Days Vehicle control Arthritic control Piroxicam EETG NHTG
Day 8 0.000± 0.000 2.999± 0.073 3.003± 0.073 3.083± 0.083 3.083± 0.083
Day 15 0.000± 0.000 3.389± 0.073 2.245± 0.110∗∗∗ 2.833± 0.105∗∗∗ 2.833± 0.106∗∗
Day 22 0.000± 0.000 3.499± 0.122 2.495± 0.172∗∗∗ 2.667± 0.105∗∗ 2.917± 0.153∗
Day 28 0.000± 0.000 3.489± 0.149 2.093± 0.073∗∗∗ 2.533± 0.105∗∗∗ 2.500± 0.129∗∗∗

EETG, ethanolic extract of T. gharuensis (400mg/kg); NHTG, n-hexane extract of T. gharuensis (400mg/kg); piroxicam (10mg/kg). Values were denoted as
mean± SEM. ∗P< 0.05, ∗∗P< 0.01 and ∗∗∗P< 0.001 when compared with the arthritic group.

Table 3: T. gharuensis extracts significantly reduced paw edema in arthritic rats.

Days Vehicle control Arthritic control (ml) Piroxicam (ml) EETG (ml) NHTG (ml)
Day 8 0.000± 0.000 0.938± 0.012 0.953± 0.012 0.937± 0.008 0.932± 0.014
Day 15 0.000± 0.000 1.138± 0.015 0.773± 0.007∗∗∗ 0.770± 0.013∗∗∗ 0.863± 0.006∗∗∗
Day 22 0.000± 0.000 1.232± 0.010 0.699± 0.006∗∗∗ 0.737± 0.009∗∗∗ 0.727± 0.010∗∗∗
Day 28 0.000± 0.000 1.372± 0.008 0.622± 0.007∗∗∗ 0.630± 0.007∗∗∗ 0.670± 0.017∗∗∗

Value of normal paw is considered as zero. EETG, ethanolic extract of T. gharuensis; NHTG, n-hexane extract of T. gharuensis (400mg/kg); piroxicam (10mg/
kg). Values were denoted as mean± SEM. ∗∗∗P< 0.001 when compared with the arthritic control group.
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Figure 1: EETG, NHTG (400mg/kg, each), and piroxicam (10mg/kg) significantly reduced PGE2 levels as compared to the control group.
∗∗ ∗P indicates <0.001 as compared to the arthritic group while ### presents comparison between control and arthritic groups.

4 Evidence-Based Complementary and Alternative Medicine



4. Discussion

Medicinal plants have proved to be safer and cheaper in
comparison to synthetic medicines for the treatment of
arthritis. Rheumatoid arthritis is characterized by bone
damage, deformity, hyperplasia, pannus formation, and
inflammation in the joints [20, 21]. *e preferred model
used for this study is FCA-induced model due to its
similarities with arthritic disorder seen in human. Etha-
nolic and n-hexane extracts of T. gharuensis extracts are
shown to reduce paw edema and arthritic progression.
*ese results are further supported by the histopathological
investigations which showed clear amelioration of hall-
marks of RA.

After FCA immunization, different cytokines are re-
leased by activated macrophages and monocytes which, in
turn, release various cytokines such as TNF-α, IL-6, and IL-
1β. *ese cytokines aggravate inflammation, bone erosion,
and cartilage destruction in joint tissues [22]. *ese cyto-
kines also stimulate NF-ĸB, a transcriptional factor, which
promotes bone resorption by activating osteoclasts and
proliferation of synovial cells in joints. *is factor also
worsens the symptoms of RA by favoring*1 response [17].
Hence, NF-ĸB inhibitors might be useful therapeutically and
efficacious in ameliorating symptoms of RA. Our study
showsmarked decreased in the levels of TNF-α, IL-6, NF-ĸB,
and IL-1β in extract-treated groups in comparison to the
arthritic group.

*e COX2 and prostaglandins are crucial mediators
which are involved in pain and swelling. TNF-α and IL-1β
increase levels of COX2 and PGE2 in activated synovial
cells. COX2 also activates process of bone erosion in
juxta-articular cartilage. *e extracts in current study
reduced the levels of COX2 and PGE2 which might be
responsible for the amelioration of inflammation and
cartilage damage found in the study.

Immunomodulatory potential of T. gharuensis is
further validated by augmented levels of IL-4 in EETG-,

NHTG-, and piroxicam-treated groups in contrast to the
arthritic group. One of the reasons for the development of
RA is imbalance between the levels of proinflammatory
and anti-inflammatory cytokines. Elevation in the levels of
proinflammatory cytokines or reduction in the levels of
anti-inflammatory cytokines might lead to imbalance and
result in development of RA. IL-4 mediates an anti-in-
flammatory response in RA. IL-4 inhibits *1 response
and favors *2 immunomodulatory cells. *erapy with
recombinant IL-4 has proved to inhibit cytokine pro-
duction [17, 23]. *is study showed significant elevation
in the expression levels of IL-4 in extract-treated groups,
probably in an attempt to ameliorate *1 response.

Arthritic patients were found to have altered hemato-
logical picture with increased levels of WBCs and platelets,
while reduced RBC count and Hb levels. *e anemia may be
attributed to inadequate erythropoiesis by the bone marrow
and disorganized deposition of iron in synovial tissue and
reticuloendothelial system [24, 25]. Increased WBC and
platelet counts may be ascribed to overactive immune re-
sponse. Treatment with T. gharuensis extracts led to nor-
malisation of these values in the blood picture. In order to
determine the safety of the plant extracts, biochemical pa-
rameters such as AST, ALT, urea, and creatinine were
measured. *e increased levels of these markers are indic-
ative of liver injury and kidney dysfunction, respectively.*e
results showed no significant differences among all the
groups which deemed that extracts were safe to use. *e
inferences of current study are in line with the study of
Shabbir et al. [18].

Previously, we published the identification of phyto-
chemical constituents in both plant extracts using GCMS
analysis. *e data showed the presence of different anti-
inflammatory compounds in the extracts, e.g., ethyl-
palmitate, phytol, n-hexadecanoic acid, ethyl linoleate,
nanocosane, and coumarin. Presence of these constituents
might be responsible for anti-inflammatory activities of both
the extracts [12].

Table 6: T. gharuensis nearly normalized hematological parameters.

Parameters Control Arthritic control Piroxicam EETG NHTG
RBC (106/Ul) 8.293± 0.310 5.650± 0.365### 8.399± 0.332∗∗ 7.360± 0.365∗∗ 7.337± 0.304∗∗
Hb (g/dl) 13.999± 0.129 11.93± 0.241### 12.58± 0.207∗∗ 14.02± 0.425∗∗∗ 13.67± 0.353∗∗
WBC (103/Ul) 10.13± 0.325 15.19± 0.246### 11.99± 0.225∗∗∗ 12.88± 0.209∗∗∗ 13.25± 0.324∗∗
Platelets (103/Ul) 782.7± 26.82 1434± 17.24### 1018± 31.31∗∗∗ 910.8± 15.84∗∗∗ 1099± 34.13∗∗∗

EETG, ethanolic extract of T. gharuensis (400mg/kg); NHTG, n-hexane extract of T. gharuensis (400mg/kg); piroxicam (10mg/kg). Values were denoted as
mean± SEM. ∗∗P< 0.01 and ∗∗∗P< 0.001 when compared with the arthritic control group. ###Difference between vehicle control group and positive control
group.

Table 7: Evaluation of biochemical parameters.

Biochemical parameters Vehicle control Arthritic control Piroxicam EETG NHTG
Urea (mg/dl) 27.01± 0.609 27.10± 0.846 25.98± 0.391 27.67± 0.421 26.17± 0.477
Creatinine (mg/dl) 0.829± 0.200 0.835± 0.014 0.839± 0.030 0.866± 0.021 0.858± 0.020
AST (IU/L) 95.99± 1.712 97.88± 1.510 93.99± 1.182 98± 0.617 96.71± 1.34
ALT (IU/L) 30.29± 0.549 31.63± 0.470 33.69± 0.321 33.17± 0.654 33.17± 0.792
Value of normal paw is considered as zero. EETG, ethanolic extract of T. gharuensis (400mg/kg); NHTG, n-hexane extract of T. gharuensis (400mg/kg);
piroxicam (10mg/kg). Values were denoted as mean± SEM.
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5. Conclusion

Amelioration of joint inflammation confirmed that
T. gharuensis extracts possessed significant immunomodu-
latory and antiarthritic potential in the FCA-induced ar-
thritic rat model. T. gharuensis extracts significantly reduced
paw edema, arthritic progression, and histopathological
parameters. *e attenuation of RA might be ascribed to
downregulation of proinflammatory markers such as TNF-
α, IL-1β, IL-6, NF-ĸB, and COX2 and upregulation of anti-
inflammatory IL-4. Moreover, PGE2 levels were also found
reduced after treatment with plant extracts.
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Background. Osteoarthritis of the knee is the most common form of arthritis. Identifying effective and safe herbal formulations
that are locally available is viewed as a priority for sustainable development in a region. &is study aimed to evaluate the efficacy
and safety of &ai herbal formulation-6 (THF-6) in comparison with oral diclofenac in patients with moderate-to-severe os-
teoarthritis of the knee. Methods. &is randomized, double-blind, active-controlled, noninferiority trial randomly assigned
patients with osteoarthritis of the knee to receive either THF-6 or diclofenac for four weeks.&e primary outcomemeasure was the
change from baseline in knee pain as measured by a 100mm visual analog scale (VAS). Secondary outcome measures included
knee stiffness, a stair climb test, the Knee Injury and Osteoarthritis Outcome Score, and safety parameters. Outcomes were
assessed on a biweekly basis. Modified intention-to-treat (MITT) and perprotocol (PP) analyses were applied. Results. A total of
200 patients were enrolled of whom 175 (87.5%) were included in the MITTanalysis and 153 (76.5%) in the PP analysis.&emean
change in VAS pain did not differ between the two groups, and the upper limit of the two-sided 95% confidence interval (CI) for
comparison between the two groups was within the prespecified margin of 10mm for noninferiority (MITT analysis: mean
difference� 0.86, 95% CI� -4.39 to 6.10, p � 0.748; PP analysis: mean difference� 1.98, 95% CI� -3.61 to 7.56, p � 0.486).
Significant improvement was observed in all the efficacy parameters in both groups. Dyspepsia was the most common adverse
event: 23 patients in the THF-6 group and 28 in the diclofenac group (p � 0.417). Conclusions. THF-6 offers an alternative to oral
diclofenac for the short-term treatment of osteoarthritis of the knee. It was shown to be noninferior to oral diclofenac in relieving
knee pain. &is trial is registered with ChiCTR-IPR-15007213.

1. Introduction

Osteoarthritis is the most common form of arthritis,
commonly affecting knee joints and causing pain, functional
disability, and reduced quality of life [1, 2]. Osteoarthritis of
the knee is one of the leading causes of global disability

among older adults [3]. &e burden of disease on the
healthcare system, in addition to its impacts on individual
patients, has been increasing worldwide over the past three
decades [4, 5]. Nearly half of the population may develop
symptomatic osteoarthritis of the knee by age 85, and the
lifetime risk is doubled among obese individuals [6]. With
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increasing life expectancy, osteoarthritis of the knee is an-
ticipated to cause even more economic challenges in the
future that every country and international community
needs to grapple with [7].

Nonsteroidal anti-inflammatory drugs (NSAIDs) are
one of the most widely used medications for the manage-
ment of knee pain in patients with osteoarthritis of the knee
[8]. &e efficacy of oral NSAIDs, diclofenac in particular, for
symptomatic relief of knee osteoarthritis has been well
established in the literature [9]. &anks to their good an-
algesic and antiphlogistic effects, NSAIDs are recommended
by several international and national guidelines as the initial
oral medication of choice in the treatment of symptomatic
osteoarthritis of the knee with moderate-to-severe pain
intensity [10, 11]. Several NSAIDs, including oral diclofenac,
are available as over-the-counter medications in many
countries, so the use of this drug is particularly widespread
[12, 13].

Given the large number of people affected with osteo-
arthritis of the knee and societal trends in population aging
and obesity [14], identifying effective and safe therapeutic
options that are available in a region is viewed as a priority
for sustainable development in a country [15]. In this regard,
herbal medicine could be a promising approach to be
employed in developing such therapeutic options [16].
Several herbal extracts and formulations have been dis-
covered and proven that they can bring about therapeutic
benefits in terms of pain and mobility in patients with os-
teoarthritis of the knee [17–19]. In &ailand, the &ai herbal
formulation-6 (THF-6) comprising six herbal materials, all
of which are locally available in &ailand, has traditionally
been used to augment longevity as well as for the treatment
of muscle and joint pain [20–22]. Although anecdotal evi-
dence exists supporting the efficacy and tolerability of THF-6
in the treatment of osteoarthritis of the knee [22], scientific
proof of its benefits is required to verify its therapeutic
potential.

&e present study was designed to clinically assess the
efficacy and safety of THF-6 in comparison with the stan-
dard drug, oral diclofenac, for the treatment of moderate-to-
severe osteoarthritis of the knee.

2. Methods

2.1. Trial Design and Setting. &is prospective, randomized,
double-blind, double-dummy, and active-controlled trial
was conducted at the Faculty of Medicine, Chiang Mai
University,&ailand.&e trial followed the OARSI Clinical
Trials recommendations for the design, conduct, and
reporting of clinical trials for osteoarthritis of the knee
[23]. It was prospectively registered with the Chinese
Clinical Trials Registry (ChiCTR-IPR-15007213). &e
clinical trial protocol and related documents were ap-
proved by the Research Ethics Committee of the Faculty of
Medicine, Chiang Mai University (EC273/2015). &e full-
trial protocol (in &ai) is available from the corresponding
author upon reasonable request. Written informed con-
sent was obtained from all patients prior to their partic-
ipation in the trial.

2.2. Trial Participants. Eligible patients were 45 years of age
or older with osteoarthritis in one or both knees for more
than three months. &e disease was diagnosed according to
the American College of Rheumatology criteria [24] with
radiographic confirmation (Kellgren–Lawrence grade 2 or
higher). Patients were eligible for inclusion if they had os-
teoarthritic knee pain of at least moderate intensity (defined
as a pain score of ≥35mm at baseline on a 100mm visual
analog scale (VAS)) [25]. Patients were excluded if they also
had any other underlying arthritis (e.g., rheumatoid arthritis
or gouty arthritis), signs or symptoms of active inflamma-
tion at the knee, a condition requiring knee surgery in the
next few months, or a recent knee injury; had used intra-
articular corticosteroid injections in the previous six weeks;
had used symptomatic slow-acting drugs for osteoarthritis
(e.g., glucosamine sulfate or chondroitin sulfate) within the
previous four months or had discontinued those drugs for
less than six months; had a history of an allergic reaction to
oral NSAIDs or herbal ingredients in THF-6; or had a
history of gastrointestinal ulcer, perforation, or hemorrhage.
Other exclusion criteria were pregnancy or lactation and any
clinically significant abnormalities of blood chemistry (in-
cluding serum uric acid of >9mg/dL) or other hematological
parameters.

2.3. Sample Size Determination. With 69 patients per group,
the trial was estimated to have 90% power at a two-sided
alpha level of 0.05 based on a noninferiority margin of 10
[26, 27] and assuming a mean difference (MD) of 0 and a
standard deviation (SD) of 20 [28]. Anticipating a 30%
premature discontinuation or poor compliance, a total of
200 patients (100 per group) were planned to be enrolled in
this trial.

2.4. Trial Interventions. &e THF-6 (given at the dose of
1,500mg/day) consisted of six herbs: fruit of Streblus asper
Lour, stems of Tinospora cordifolia (Willd.) Miers, corms of
Cyperus rotundus, bark of Albizia procera (Roxb.) Benth,
bark ofDiospyros rhodocalyx Kurz, and fruit of Piper nigrum
Linn [21]. &e components and preparation of THF-6 are
summarized in Table S1. &e THF-6 capsules (250mg/
capsule) were manufactured by the Department of Phar-
maceutical Sciences and Medicinal Plant Innovation Center,
Faculty of Pharmacy, Chiang Mai University, in compliance
with the &ai Pharmacopoeia standards and requirements.
High-performance liquid chromatography and thin-layer
chromatography were used for quality control of THF-6.

Diclofenac (Voltaren®) (25mg/tablet) was purchased
from Olic &ailand limited and used as an active control in
this trial. Placebo tablets of THF-6 and diclofenac were
manufactured by the Department of Pharmaceutical Sci-
ences and Medicinal Plant Innovation Center, Faculty of
Pharmacy, Chiang Mai University.

2.5. Trial Procedures and Outcome Assessments. &e trial
consisted of a one-week run-in phase followed by a four-
week treatment phase (Figure 1). During the one-week run-

2 Evidence-Based Complementary and Alternative Medicine

http://www.chictr.org.cn/enindex.aspx


in period, eligible patients were instructed to discontinue all
pain relief medications (including NSAIDs and other an-
algesics). At the beginning of the treatment phase, eligible
patients with at least moderate pain intensity were randomly
assigned in a 1 :1 ratio to receive either THF-6 (1,500mg/
day) or diclofenac (75mg/day) (Figure 1). &e treatment
group assignment was based on a randomization list pre-
pared in advance by independent research staff with the use
of a computer-based random number generator. Sequen-
tially numbered, opaque envelopes containing the list were
employed to safeguard allocation concealment. &e enve-
lopes were opened only after each patient had met the el-
igibility criteria at the end of the run-in phase. Both patients
and outcome assessors were blinded to the treatment
allocation.

In the THF-6 group, patients took two capsules of THF-6
(250mg/capsule) and one placebo diclofenac tablet three
times a day after meals. In the diclofenac group, patients
took two placebo THF-6 capsules and one diclofenac tablet
(25mg/tablet) three times a day after meals. Enrolled pa-
tients were instructed to avoid other analgesics, anti-in-
flammatory drugs (including other NSAIDs), and other
treatment modalities (e.g., acupuncture) while participating
in the trial. Omeprazole tablets (20mg/tablet) were prepared
as rescue therapy in case of adverse gastrointestinal con-
sequences following the administration of the study drugs.
Patients were prematurely withdrawn from the trial if they
developed intolerable knee pain necessitating other medi-
cations or treatment modalities, used other analgesics or
anti-inflammatory drugs, had severe adverse drug reactions
or allergic reactions to the study drugs, or were lost to
follow-up.

&is trial assessed efficacy outcomes for pain, function,
and global assessment according to the recommendations of
a core domain set for outcome measurement in clinical trials
of knee osteoarthritis [29, 30]. Outcome assessment was
performed on a biweekly basis, that is, at the end of the one-
week run-in phase (baseline) and at the end of Week 2 and
Week 4 (Figure 1).

&e primary efficacy metric was the change from
baseline in knee pain as measured by a horizontal 100 mm
VAS (rated on a scale of 0 to 100, with higher scores in-
dicating worse knee pain) [31]. &e secondary efficacy
outcomes included VAS stiffness (rated on a scale of 0 to 100,
with higher scores indicating more severe stiffness), a 10-
step stair climb test (SCT) (time in seconds to ascend and
descend a flight of 10 steps) [32], the Knee Injury and

Osteoarthritis Outcome Score (KOOS) (which included 42
items across five domains; each item was rated on a 5-point
Likert scale and transformed to a scale of 0 to 100, with
higher scores indicating fewer knee problems) [33, 34], and
the patient’s and the physician’s opinions of overall im-
provement on a 100 mm VAS (rated on a scale of 0 to 100,
with higher scores indicating better improvement). In pa-
tients with bilateral osteoarthritis of the knee, efficacy
outcomes were assessed only for the knee with worse
symptoms at baseline.

Adverse events observed by the investigators or reported
by the patients following a nondirective question were
recorded. Drug compliance was assessed by counting
returned unused medications at each visit. Any patient
taking less than 70% of the allocated dose of study drugs was
regarded as noncompliant.

2.6. Statistical Analysis. Analyses of efficacy outcomes were
conducted using the perprotocol (PP) and the modified
intention-to-treat (MITT) approaches, with the last obser-
vation carried forward method. For the safety evaluation, all
patients who had received at least one dose of study drugs
were analyzed. Statistical analysis was performed using SPSS
version 22.0. A p value of <0.05 was considered to indicate
statistical significance.

Continuous variables are presented as mean± SD.
Within-group comparisons were conducted to determine
any differences in the mean values of each variable between
baseline and the two consecutive follow-up visits; a repeated
measures ANOVA, with the least significant difference
(LSD) test, was applied. For between-group comparisons,
mean changes from baseline were compared using Student’s
t-test. Patients were classified as having had a response if
their VAS pain scores decreased by 50% or more from
baseline [35]. Dichotomous variables are reported as fre-
quencies; the chi-squared test or Fisher’s exact test, as ap-
propriate, was used to compare the distribution of
dichotomous variables between the two groups.

For assessment of noninferiority, a comparison between
the THF-6 group and the diclofenac group on VAS pain was
conducted, with a prespecified noninferiority margin of
10mm [26, 27]. Noninferiority was declared if the upper
limit of the two-sided 95% confidence interval (CI) for the
MD of VAS pain did not exceed a margin of 10mm.

3. Results

From February 2016 to July 2016, a total of 349 patients were
screened for eligibility and 200 underwent randomization,
100 of whom were allocated to each arm (Figure 2). Pre-
dominant reasons for screening failure were that the patient
did not meet the inclusion criteria (115 patients, 77.2%) and
that the patient had abnormal laboratory results (31 patients,
20.8%). &e mean age of the enrolled patients was
61.1± 6.1 years; 85.5% were women and 86% had osteoar-
thritis in both knees. Baseline demographic and clinical
characteristics of the patients were comparable between the
two groups (Table 1). Of the 200 patients randomized, 175

Participants 
(n = 200)

Screening Baseline Assessment Assessment

Week –1 0 1 2 3 4

Treatment phaseRun-in phase

Group 2: diclofenac (n = 100)

Group 1: THF-6 (n = 100)

Figure 1: Study design.
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Assessed for eligibility 
(n = 349)

Randomized 
(n = 200)

Allocated to THF-6 
(n = 100)

Follow-up on week 4 
(n = 82), with adequate 

compliance (n = 78)

Follow-up on week 4 
(n = 86), with adequate 

compliance (n = 75)

Allocated to diclofenac 
(n = 100)

Withdrawal (n = 16) Withdrawal (n = 9)

Withdrawal (n = 5)Withdrawal (n = 2)

Follow-up on week 2 
(n = 84)

Follow–up on week 2 
(n = 91)

Excluded (n = 149)

Analyzed
MITT (n = 84)
PP (n = 78)(ii)

(i)
Analyzed

MITT (n = 91)
PP (n = 75)(ii)

(i)

Figure 2: Flow diagram of the progress through all phases of this two-arm, randomized-controlled study (enrollment, intervention al-
location, follow-up, and data analysis).

Table 1: Demographic and clinical characteristics of the enrolled patients.

THF-6 (n� 100) Diclofenac (n� 100)
Age (years) 62.0± 6.1 60.3± 6.1
Female sex (%) 87 84
BMI (kg/m2) 26.0± 4.7 25.7± 6.3a

Location of osteoarthritis (n)
Right knee 9 7
Left knee 5 7
Both knees 86 86

Kellgren–Lawrence grade (n)
Grade 2 62 68
Grade 3 68 73
Grade 4 56 45

Duration of osteoarthritis of the knee (years) 4.9± 4.7 4.7± 4.3
Underlying disease (n)
Hypertension 43 50
Dyslipidemia 27 30
Diabetes mellitus 13 12
Miscellaneous 7 12
None 49 37

Baseline measures
VAS pain (mm) 60.0± 14.8 61.9± 15.7
VAS stiffness (mm) 54.9± 20.2 56.9± 22.3
KOOS
Pain 49.5± 14.3 51.4± 17.1
Other knee symptoms 55.2± 15.3 53.7± 18.3
Activities of daily living 51.3± 16.7 53.3± 18.3
Sport and recreation function 24.4± 19.4 26.8± 20.4
Knee-related quality of life 32.1± 15.8 32.0± 17.6

SCT (sec) 12.1± 5.9 11.5± 5.6
an� 99. KOOS, Knee Injury and Osteoarthritis Outcome Score; SCT, 10-step stair climb test; VAS, visual analog scale.
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(87.5%) were included in the MITTanalysis and 153 (76.5%)
in the PP analysis (Figure 2).

With regard to the primary endpoint, the mean change
in VAS pain was not statistically significantly different be-
tween the two groups, and THF-6 (1,500mg/day) was found
to be noninferior to diclofenac (75mg/day) in both the
MITTand PP analyses.&e upper limit of the two-sided 95%
CI for the comparison between the THF-6 group and the
diclofenac group was within the prespecified margin of
10mm for noninferiority (Figure 3).

None of the mean changes in any of the efficacy outcome
measures differed statistically significantly between the two
groups (Table 2). Significant improvements in all efficacy
parameters among patients receiving THF-6 as well as those
receiving oral diclofenac were observed by the end of Week
2, and significant improvements continued to be seen at the
end ofWeek 4 (Figures S1 and S2).&ere were 42 responders
(50%) at the end of the four-week treatment with THF-6
compared to 40 (44%) with oral diclofenac (MITT analysis:
42/84 vs. 40/91, p � 0.423; PP analysis: 39/78 vs. 36/75,
p � 0.805). Overall improvement self-assessed by the pa-
tients was similar in both groups: no statistically significant
difference between the two groups was observed at the end of
the treatment phase (MITT analysis: 63.57± 22.46 vs.
64.20± 22.92, p � 0.859; PP analysis: 63.65± 21.86 vs.
63.00± 23.71, p � 0.859). Upon completion of this trial, the
physician’s assessment of overall improvement did not differ
between the two groups (Figure S3).

Dyspepsia was the most common adverse event re-
ported in both groups: 23 patients (23%) in the THF-6
group and 28 (28%) in the diclofenac group (relative
risk � 0.821, 95% CI � 0.510 to 1.323, p � 0.417). Overall,
the proportion of patients reporting any adverse events in
the safety population was fairly similar between the two
groups (Table 3). All the adverse events reported were
mild to moderate in intensity. Adverse events led to the
premature discontinuation of 14 patients in the THF-6
group and 12 patients in the diclofenac group (χ2 (1,
n � 200) � 0.177, p � 0.674). Gastrointestinal intolerance
was the major reason for discontinuation of therapy (9 in
the THF-6 group vs. 6 in the diclofenac group, χ2 (1,
n � 200) � 0.649, p � 0.421). During the trial, there was
only one serious adverse event, hospitalization due to
pesticide exposure, which was judged as definitely un-
related to the study drug.

4. Discussion

In this randomized-controlled trial, THF-6 offered the
potential to achieve analgesic efficacy with acceptable safety
profiles in patients with moderate-to-severe osteoarthritis of
the knee. In both the MITTand PP analyses, the upper limit
of 95% CIs of MD in VAS pain was within the predefined
noninferiority margin of 10mm.&is allowed us to conclude
that THF-6 was noninferior to oral diclofenac (75mg/day)
in terms of knee pain relief. Oral administration of THF-6
also resulted in significant improvement, comparable to oral
diclofenac, across several outcome measures. As THF-6 and
oral diclofenac displayed comparable efficacy and safety, it

seems appropriate to consider THF-6 an alternative for the
treatment of moderate-to-severe osteoarthritis of the knee.

&e present clinical trial was designed to evaluate the
efficacy and safety of THF-6 versus oral diclofenac for the
short-term treatment of symptomatic osteoarthritis of the
knee. In clinical practice, pain relief medications, including
oral NSAIDs, are typically prescribed on an as-needed basis
for a short duration due to safety concerns [36]. Most
randomized-controlled trials evaluating the effects of
pharmacological interventions, especially oral NSAIDs, of-
ten last only a few weeks with only a small number of trials
going beyond four weeks of treatment [26]. &erefore, the
present trial design, with a treatment duration of four weeks,
can be considered appropriate for determining the effects of
THF-6 in symptomatic osteoarthritis of the knee.

With respect to osteoarthritic knee pain of moderate-to-
severe intensity, this trial demonstrated that THF-6 was
comparable to oral diclofenac in relieving pain symptoms.
An average reduction of around 26mm on a 100mm VAS
pain scale with THF-6 treatment can be considered a
clinically important improvement [37]. A 50% decrease in
pain score, which represents a reasonable cut-off value for
indicating a clinically meaningful pain reduction from the
patient’s perspective, was observed in approximately half of
the patients in the THF-6 group [35].&ese findings support
the efficacy of THF-6 in osteoarthritic knee pain relief.

Even though the precise mechanism of THF-6’s action
has not yet been elucidated, the herbal constituents in the
formulation have been shown individually to possess several
pharmacological activities, perceivably contributing to the
beneficial effects of THF-6 in the treatment of symptomatic
osteoarthritis of the knee. Previous comprehensive literature
reviews of C. rotundus have found that the plant extracts
have a broad range of pharmacological activities, including
anti-inflammatory, antinociceptive, antiarthritic, and anti-
oxidant activities [38–40]. P. nigrum also exhibits various
pharmacological activities, for example, anti-inflammatory,
antinociceptive, antiarthritic, and antioxidant activities, in
both in vitro and animal experiments [41–43]. S. asper
contains a number of bioactive compounds which possess
anti-inflammatory and antioxidant properties [44, 45]. &e
crude extracts and isolated compounds of T. cordifolia have a
wide range of pharmacological effects, including anti-in-
flammatory, antioxidant, antiarthritic, and analgesic prop-
erties [46, 47] as does A. procera [48–50]. As a result, it is
reasonable to assume that the favorable outcomes following
THF-6 administration in this trial might be attributable to
the combined and possibly synergistic pharmacological
activities of the several herbal ingredients in the formulation.
Further research is warranted to ascertain the mechanisms
of THF-6’s action as well as understanding the molecular
basis of its effects in symptomatic relief of osteoarthritic knee
pain.

In this trial, the overall safety profiles of both phar-
macological interventions were more or less the same.
Around one-fourth of the patients in each group experi-
enced gastrointestinal adverse events following drug ad-
ministration. Dyspepsia was the most common adverse
event in both groups and its frequency did not differ between
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the groups. Nine patients in the THF-6 group discontinued
treatment early due to gastrointestinal adverse conse-
quences, as did six patients in the diclofenac group. &ese
findings are not surprising given that similar gastrointestinal
tolerability problems with oral diclofenac, particularly
dyspepsia, have been regularly observed in other clinical
trials assessing the safety and tolerability of oral NSAIDs
[51, 52]. Based on its safety profile as described above, THF-6
should be used with caution, especially in patients at high
risk of upper gastrointestinal complications.

&ere were limitations to this trial. First and foremost,
there was no placebo comparison in the trial where a
subjective outcomemeasure was used as a primary endpoint.
In the context where standard therapy is widely used to treat
a condition, a placebo comparison might not be possible due
primarily to ethical reasons [53]. In such a context, non-
inferiority design could be applied to compare the inter-
vention under investigation with another active treatment

provided that the reference treatment’s efficacy is well
established [54], as is the case for oral diclofenac [9]. &is is
of particular relevance in the present trial where the target
groups had baseline knee pain of moderate-to-severe in-
tensity. To minimize the risk of bias in the assessment of
subjective outcomes, this trial assessed knee symptoms using
several different measures to help ensure a comprehensive
evaluation and also included a 10-step SCTmeasure which is
less subject to contextual effects [55]. It should also be ac-
knowledged that the MITT approach may be prone to at-
trition bias associated with the exclusion of some patients
from the analysis [56, 57]. Notwithstanding, it does not
necessarily bias trial results [58]. In noninferiority trials, a PP
analysis typically yields a more conservative estimate of
treatment effects; therefore, the MITTapproach is less likely
to have a significant impact on estimated treatment benefits
especially when both PP and MITT analyses consistently
support noninferiority, as is the case of the present study
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Figure 3: Noninferiority analysis of VAS pain.

Table 2: Efficacy outcome assessments.

THF-6 Diclofenac Mean difference (95% CI) p valuea

Mean change of VAS pain (mm)
MITT analysis −26.31± 16.93 −27.16± 18.14 0.86 (−4.39 to 6.10) 0.748
PP analysis −26.05± 17.38 −28.03± 17.58 1.98 (−3.61 to 7.56) 0.486

Mean change of VAS stiffness (mm)
MITT analysis −22.52± 17.70 −23.26± 19.12 0.74 (−4.77 to 6.25) 0.791
PP analysis −22.53± 17.82 −23.28± 18.10 0.75 (−4.98 to 6.49) 0.795

Mean change of SCT (sec)
MITT analysis −3.35± 3.55 −3.42± 4.33 0.07 (−1.12 to 1.26) 0.148
PP analysis −3.44± 3.61 −3.27± 4.09 −0.17 (−1.40 to 1.06) 0.786

Mean change of KOOS pain
MITT analysis 14.88± 14.98 15.77± 15.89 −0.89 (−5.50 to 3.73) 0.705
PP analysis 15.24± 15.29 15.77± 14.54 −0.53 (−5.30 to 4.24) 0.827

Mean change of KOOS other symptoms
MITT analysis 12.29± 14.92 15.29± 16.90 −3.00 (−7.77 to 1.77) 0.216
PP analysis 12.49± 15.17 16.01± 16.22 −3.53 (−8.54 to 1.49) 0.167

Mean change of KOOS activities of daily living
MITT analysis 13.25± 15.22 14.46± 17.78 −1.21 (−6.17 to 3.75) 0.640
PP analysis 13.62± 15.23 14.05± 16.76 −0.44 (−5.55 to 4.67) 0.866

Mean change of KOOS sport and recreation function
MITT analysis 15.18± 17.28 18.57± 21.23 −3.39 (−9.20 to 2.41) 0.250
PP analysis 15.64± 17.48 19.27± 21.79 −3.63 (−9.91 to 2.66) 0.256

Mean change of KOOS knee-related quality of life
MITT analysis 8.42± 16.23 13.71± 19.65 −5.30 (−10.70 to 0.10) 0.054
PP analysis 9.38± 16.30 13.95± 18.01 −4.56 (−10.05 to 0.92) 0.102

aStudent’s t-test. KOOS, Knee Injury and Osteoarthritis Outcome Score; SCT, 10-step stair climb test; VAS, visual analog scale.
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[59]. Lastly, it is notable that the trial length of four weeks
may not be long enough to determine long-term adverse
outcomes of THF-6, including cardiovascular complications
[60]. On the basis of the evidence currently available, this
trial does not guarantee the safety of long-term use of THF-
6.

5. Conclusions

THF-6 offers an alternative to oral diclofenac for the short-
term treatment of moderate-to-severe osteoarthritis of the
knee. Administration of THF-6 was shown to be noninferior
to oral diclofenac in relieving knee pain. None of the out-
come measures assessed in this trial favored either THF-6 or
oral diclofenac with respect to symptomatic osteoarthritis of
the knee.
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Objective. To systematically evaluate the clinical efficacy of Xueshuantong injection (Panax notoginseng saponins) in preventing
deep venous thrombosis (DVT) of lower extremity after orthopedic surgery.Methods.1e randomized controlled trials (RCTs) of
Xueshuantong injection in prevention of lower extremity DVT after orthopedic surgery were retrieved from CNKI, Wanfang
database, VIP, PubMed, and Cochrane Library by August 2020. Revman5.2 was used to analyze the results. Results. A total of 20
articles including 2336 patients were included.1e results of meta-analysis showed that the incidence of DVT in the experimental
group was lower than that in the control group; after operation, the D-dimer (Ddimer), thrombin time (APTT), and prothrombin
time (PT) in the experimental group were significantly improved compared with those in the control group, and the difference
between the two groups was statistically significant. Conclusion. Xueshuantong injection can effectively prevent the formation of
lower extremity DVT after orthopedic surgery and antagonize the postoperative hypercoagulable state of blood, which has high
clinical value.

1. Background

DVT is a common perioperative complication of fractures,
with a potential disability rate and fatality rate of 40%∼70%
for patients with traumatic fractures [1–4]. If venous
thrombosis is not treated in time, it may cause swelling, pain,
and dysfunction of affected limbs in mild cases, and in severe
cases, pulmonary embolism will occur and even life-
threatening when thrombus enters the pulmonary circula-
tion [5–9]. According to current research reports, the in-
cidence of DVTafter fracture surgery is as high as 9%∼62%.
1e Guidelines of the American College of Chest Physicians
(ACCP) and the American College of Orthopedic Surgeons
(AAOS) all suggest that if there are no contraindications, the
drugs or physical methods should be used to prevent venous
thromboembolism after fracture surgery [10, 11]. Xue-
shuantong injection (Panax notoginseng saponins) has

antiplatelet aggregation effect and is widely used in ortho-
pedic surgery for thromboprophylaxis [12, 13]. At present,
the clinical studies on Xueshuantong injection to prevent
venous thrombosis of lower extremity after fracture surgery
are mainly concentrated in China. In contrast, there is a lack
of meta-analysis on the prevention of DVT after fracture
with Xueshuantong injection. 1erefore, the purpose of this
meta-analysis is to examine the efficacy of Xueshuantong
injection in the prevention of DVT by summarizing the
existing clinical studies.

2. Data and Methods

2.1. Retrieval Strategy. According to the PRISMA, two re-
searchers independently searched PubMed, Cochrane Li-
brary, CNKI, Wanfang, and VIP. To conduct a
comprehensive search, studies published prior to August 15,
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2020, were investigated without language limitations. 1e
search terms used were as follows: “Xueshuantong” and
“fracture” and “deep venous thrombosis of lower” or “DVT.”
All corresponding articles were downloaded into Note-
Express (version 3.0, Beijing, China) for further
investigation.

2.2. Inclusion Criteria. According to the guidelines for the
prevention of venous thromboembolism in Chinese or-
thopedic surgery, color Doppler ultrasound examination has
gradually superseded venography as the primary diagnostic
procedure, which is a preferred method for the diagnosis of
DVTwith high sensitivity and accuracy. DVTscreening was
required for all patients before and after treatment. (1) Study
type: randomized controlled trial, blinded or not, complete
data, and language limited to Chinese/English. (2) Subjects:
patients with fractures confirmed by imaging examination
and requiring surgical treatment. (3) Intervention measures:
Xueshuantong injection or Xueshuantong injection com-
bined with other drugs was used in the experimental group,
while lowmolecular weight heparin sodium (LMWH), other
anticoagulants, or blank control were used in the control
group. (4) 1e following indices in the articles must contain
at least one of the following: incidence of DVT, D-D, PT, and
APTT.

2.3. Exclusion Criteria. (1) Non-RCT study. (2) Repetitive
articles. (3) Nonoriginal research. (4) Patients with DVT
before the surgery, included patients with conditions that
may easily cause DVT. (5) Studies such as reviews, animal
experiments, and case reports that were considered to be
irrelevant to the theme.

2.4. Data Extraction. Two researchers (Shu-ting Yan and
Feng Gao) independently searched and extracted the data.
When the opinions were different, they discussed together or
asked another author for advice (Tai-wei Dong). 1is in-
formation is provided and arranged in Table 1.

2.5. Literature Quality Evaluation. Two researchers inde-
pendently evaluated each of the included articles according
to the bias risk assessment tool in the Cochrane Handbook.
Evaluation contents: (1) whether the random sequence is
generated properly. (2) Whether the random distribution is
hidden. (3) Whether the blind method is used. (4) Whether
the result data are reported completely. (5) Whether there is
selective report. (6) Whether there is other bias.

2.6. Statistical Analysis. 1e analysis was performed by
RevMan5.2 software. I2 test (p � 0.1) was used for hetero-
geneity analysis between included study results. I2< 50%
indicated no statistical significance for heterogeneity among
studies, and the fixed effect model was used for heterogeneity
analysis; I2≥ 50% showed that the heterogeneity among the
studies was statistically significant, and random effect model
analysis was used. In the continuous variable study, the

weighted average difference (WMD) was used as the effect
indicator, and the risk ratio (RR) was used as the effect
indicator of the dichotomous variable. For each study, we
calculated the risk ratios (RRs) with their 95% confidence
interval (CI), and p< 0.05 indicated a statistically significant
difference. Begg’s test was used to assess publication bias
using STATA 13.0 statistical software (Stata Corp, College
Station, TX, USA), and p< 0.1 indicated a statistically sig-
nificant difference.

GRADE profiler software was used to input and quantify
the quality of evidence for the included outcome indicators.

3. Result

3.1. Results of Study Retrieval. Studies took place between
2006 and 2019 (Table 1). A total of 270 potentially corre-
sponding studies were identified by our primary search, and
223 articles were exempted for repeat. 1en, a full-text re-
view was conducted on the remaining 47 articles. A total of
27 studies were exempted for the following reasons: 18
articles had vague diagnoses, 6 articles are not RCTs, and the
results of the 3 articles are inconsistent. Twenty studies had
adequate index data to permit the calculation of effect sizes
for inclusion in this meta-analysis (Figure 1). Of the 20
included studies, 2336 patients with fractures underwent
fracture surgery (1175 cases in the experimental group and
1161 cases in the control group) and used in this meta-
analysis.

3.2. Literature Quality Evaluation. All trials were RCTs of
participants according to Cochrane risk of bias estimation.
Particular information on distribution was absent frommost
articles. All studies did not use blinding of participants and
consequence assessment. All articles had integral outcome
data with a low risk of attrition bias and low risk of reporting
bias as detailed results are given (Figure 2).

3.3. Meta-Analysis Results

3.3.1. Comparison of DVT Incidence. A total of 17 articles
reported the incidence of DVT. 1e fixed effect model was
used for analysis. 1e results showed that the incidence of
DVTafter fracture surgery could be significantly reduced by
using Xueshuantong injection (RR� 0.42, [95% CI (0.32,
0.55)], p< 0.00001; Figure 3). 1ere was no statistically
significant heterogeneity among the individual trials
(I2 � 36%, p � 0.07).

3.3.2. D-D. 10 studies measured D-D levels in patients after
fracture surgery. 1ere was a statistically significant degree
of heterogeneity among individual studies (I2 � 99%,
p< 0.00001); therefore, a random effect model was per-
formed for a meta-analysis, which showed that Xue-
shuantong injection or it combined with other treatment can
reduce patients’ D-D level (MD� −0.51 [95% CI (−0.67.88,
−0.35)]; Figure 4).
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3.3.3. PT. Nine studies observed PT levels in patients after
fracture surgery. 1ere was a statistically significant degree of
heterogeneity among individual studies (I2� 99%,
p< 0.00001); therefore, a random effect model was performed
for ameta-analysis, which showed that Xueshuantong injection
or it combined with other treatment can improve patients’ PT
level (MD� 2.40 [95% CI (1.35, 3.44)]; Figure 5).

3.3.4. APTT. A total of 9 articles measured APTT.1ere was
a statistically significant degree of heterogeneity among
individual studies (I2 � 98%, p< 0.00001); therefore, a ran-
dom effect model was performed for a meta-analysis, which
showed that Xueshuantong injection or it combined with
other treatment can improve patients’ APTT level
(MD� 2.67 [95% CI (0.53, 4.81)]; Figure 6).

3.3.5. Publication Bias Was Assessed Based on the Incidence
of DVT. 1e incidence of DVTincluded in the literature was

evaluated (Figure 7). Funnel plot results indicate that there is
a certain publication bias in the study of Xueshuantong
injection in the prevention of lower extremity deep vein
thrombosis after orthopedic surgery. In order to further
evaluate whether there is publication bias, STATA 13.0
software was used for the Begg test, and the results showed
that Z� 0.87, p � 0.387, in which p< 0.05, had statistical
difference, indicating no publication bias (Figure 8).

3.3.6. Sensitivity Analysis. 1e sensitivity analysis was car-
ried out for the studies with I2> 50%. After each study was
excluded one by one, the systematic evaluation was con-
ducted. 1e change of I2 was not significant, and the results
did not change, indicating that the systematic evaluation was
stable, and the results were reliable.

3.3.7. Grading Evaluation of Evidence Quality. GRADE was
used to grade the evidence quality of the included literature.

Table 1: Principal characteristics of the studies included in the meta-analysis.

No. Included
study

Sample
size (T/C)

Experimental group Control group Treatment
course
(days)

Evaluation
indicatorsTreatment Age (years) Treatment Age (years)

1 Cai [14] 58/54 Xueshuantong injection 56.6 LMWH 56.6 14 ①④⑤
2 Deng [15] 31/29 Xueshuantong injection 44± 1.6 45± 1.5 7 ①

3 He and
Cao [16] 40/40 Xueshuantong

injection + LMHC 62.87± 1.65 LMHC 62.45± 1.28 14 ①④⑤

4 Huang[17] 104/104 Xueshuantong
injection +Tongmaidan 67 LMHC 68 7 ①②

5 Jia and
Tang [18] 80/80 Xueshuantong injection 84.30± 1.61 Conventional

treatment 84.21± 1.58 7 ①②④⑤⑥

6 Li [19] 31/31 Xueshuantong injection 52.2± 8.9 Conventional
treatment 50.5± 10.6 6 ①②④

7 Li et al.
(2014) [20] 60/60 Xueshuantong injection 57.93± 2.68 LMWH 58.79± 2.97 14 ①④⑤

8 Li [21] 62/63 Xueshuantong
injection + rivaroxaban 35.1± 9.1 Xueshuantong

injection 34.7± 8.9 14 ①②⑥

9 Huang
[22] 40/40 Xueshuantong

injection + LMHC 59.3± 3.3 LMHC 60.0± 2.9 7 ①

10 Liu [23] 40/40 Xueshuantong injection LMHC 14 ⑦

11 Liu [24] 160/160 Xueshuantong injection 76.5± 5.3 Conventional
treatment 76.5± 5.3 7 ①②④⑤⑥

12 Liu [25] 62/62 Xueshuantong injection 65.91± 12.25 Rivaroxaban 65.89± 12.22 14 ①②⑥

13 Pan and
Tang[26] 43/36 Xueshuantong injection 52.6± 1.1 LMHC 51.8± 1.5 14 ①⑥

14 Wang [27] 62/62 Xueshuantong injection 71.69± 5.02 Rivaroxaban 72.16± 6.21 14 ①②⑥

15 Wang [28] 130/130 Xueshuantong injection 46.62± 12.15 Conventional
treatment 46.15± 12.12 3 ①③

16 Wu [29] 40/40 Xueshuantong injection 73.45 LMHC 70.58 14 ③

17 Yang [30] 36/36
Xueshuantong

injection + low-frequency
physiotherapy

46.5± 5.3 Conventional
treatment 45.4± 4.1 14 ②④⑤

18 Ye et al.
([31] 38/38

Xueshuantong
injection + electric

acupuncture
68± 5 LMHC 66± 3.4 14 ①②③

19 Zeng et al.
([32] 30/30 Xueshuantong injection 61.23± 4.82 LMHC 61.34± 4.34 14 ①②④⑤⑥

20 Zhao ([33] 28/26 Xueshuantong
injection + LMHC 45.62± 18.89 LMHC 45.20± 15.48 10 ①②③⑥

Note. ①: DVT; ②: D-D; ③: therapeutic effect; ④: PT; ⑤: APTT; ⑥: hemorheology; ⑦: curative effect.
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1e incidence of DVTwas the key outcome indicator, while
D-D, PT, and APTTwere the important outcome indicators.
1e results showed that the incidence of DVT was of
moderate quality, and the other three indexes were all of low
quality (Figure 9).

4. Discussion

1e results of meta-analysis showed that the incidence of
DVT and the level of D-D, PT, and APTT in the experi-
mental group were better than those in the control group.
1e difference between the two groups was statistically
significant, suggesting that Xueshuantong injection has
played a great advantage in the prevention of deep venous
thrombosis of lower limbs.

1e incidence rate of DVTis caused by congenital factors
in the postoperative stage of fracture, such as surgical
correction, infection, and activity level [34, 35], especially in

large department of orthopedics operations, such as total hip
replacement and total knee replacement, the risk of hip
fracture is the largest [36, 37]. For patients with traumatic
fracture, huge external energy such as falling injury or traffic
injury may lead to vascular damage. In addition, immobility
combined with long-term bed rest will slow down venous
return, making patients prone to DVT, which may lead to
lower limb paralysis or even death [38, 39]. Although low
molecular weight heparin calcium, rivaroxaban, and other
anticoagulants are widely used in patients with traumatic
fracture, the incidence of perioperative DVT is still very
high, so there are great challenges in exploring the pre-
vention of postoperative DVT in fracture patients [40–42].
Traditional Chinese medicine (TCM) classifies DVT into the
categories of “blood stasis syndrome,” “femoral swelling,”
“pulse obstruction,” and “edema.” 1e main pathological
factors are blood stasis. Due to surgical trauma and bed rest,
the blood is damaged, the vein is damaged, the blood does

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outocme assessment (detection bias)

Incomeplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

1007525 500
(%)

Low risk of bias

High risk of bias
Unclear risk of bias

Figure 2: Document quality evaluation chart.

Records identified through
database (n = 270): CNKI (n = 99);
WanFang (n = 136); VIP (n = 29);
Cochrane (n = 0); PubMed (n = 6)

Records after duplicates removed (n = 47)

Articles screened (n = 47)

43 full-text articles assessed for
eligibility

Meta-analysis (n = 20)

4 records excluded

23 full-text articles
excluded, with reasons

(i)

(ii)
(iii)

Research content does
not match (n = 14)
Non- “RCT” (n = 6)
Outcome indicators are
inconsistent (n = 3)

Figure 1: Document screening flowchart.
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Huang, 2018 1.15854 0.214 104 0.198 104 13.2 –0.48 [–0.53, –0.42]
Jla, 2018 0.9 0.21 80 1.52 0.41 80 12.8 –0.62 [–0.72, –0.52]
Li, 2012 0.23 0.18 31 1.17 0.19 31 –0.94 [–1.03, –0.85]
Li, 2017 0.15862 0.04357 62 0.31419 0.08978 63 13.4 –0.16 [–0.18, –0.13]
Liu, 2014 0.92 0.23 160 1.53 0.43 160 13.0 –0.61 [–0.69, –0.53]
Wang, 2019 0.20616 0.01988 62 0.28822 0.01741 62 13.4 –0.08 [–0.09, –0.08]
Yang, 2018 0.92 0.22 36 1.53 0.42 36 11.9 –0.61 [–0.76, –0.46]
Ye, 2016 1.89 1.87 76 2.39 2.69 38 2.3 –0.50 [–1 .45, 0.45]
Zhao, 2018 0.92 0.54 26 1.59 0.98 28 –0.67 [–1.09, –0.25]

Total (95% Cl) 637 602 100.0 –0.51 [–0.67, –0.35]

Favours (experimental) Favours (control)

Study or subgroup Experimental
Mean SD Total

Control
Mean SD Total

Weight
(%)

Mean difference
IV, random, 95% CI

Mean difference
IV, random, 95% CI

1.63413

12.9

7.0

–0.5 0.5 1–1 0
Heterogeneity: tau2 = 0.05, chi2 = 865.84, df = 8 (P < 0.00001); I2 = 99%
Test for overall effect: Z = 6.17 (P < 0.00001)

Figure 4: Forest map of D-D level in patients with Xueshuantong injection after fracture prevention.

Cai, 2011 16 58 13 54 9.3 1.15 [0.61, 2.15]
Deng, 2006 31 7 29 5.0 0.13 [0.02, 1.02]
He, 2019 4

1
40 12 40 8.3 0.33 [0.12, 0.95]

Huang, 2018 1

1

1

1

104 3 104 2.1 0.33 [0.04, 3.15]
Jla, 2018 0 80 6 80 4.5 0.08 [0.00, 1.34]
Li, 2012 31 4 31 2.8 0.25 [0.03, 2.11]
Li, 2014

15
60 17 60 11.8 0.88 [0.49, 1.60]

Li, 2017
6

62 28 63 19.3 0.22 [0.10, 0.49]
Liang, 2014 40 5 40 3.5 0.20 [0.02, 1.64]
Liu, 2014 2 160 11 160 7.6 0.18 [0.04, 0.81]
Liu, 2019 4 60 7 60 4.9 0.57 [0.18, 1.85]
Pan, 2019 43 4 36 3.0 0.21 [0.02, 1.79]
Wang, 2019 2 62 5 62 3.5 0.40 [0.08, 1.98]
Wang2, 2019 130 6 130 4.2 0.17 [0.02, 1.37]
Ye, 2016 4 76 4 38 3.7 0.50 [0.13, 1.89]
Zeng, 2018 2 30 8 30 5.6 0.25 [0.06, 1.08]
Zhao, 2018 0 26 1 28 1.0 0.36 [0.02, 8.42]

Total (95% Cl) 1093 1045 100.0 0.42 [0.32, 0.55] 
Total events 61 141

Favours (experimental) Favours (control)

Study or subgroup Control
Events Total

Experiemental
Events Total

Rish ratio
M-H, fixed, 95% CI

Rish ratio
M-H, fixed, 95% CI

Weight
(%)

Heterogeneity: chi2 = 25.04, df = 16 (P = 0.07) ; I2 = 36%
Test for overall effect: Z = 6.16 (P < 0.00001) 0.005 10 2000.1 1

Figure 3: Forest map of incidence rate of DVT after Xueshuantong injection for preventing fracture.

Cai, 2011 13.32 0.76 58 13.41 0.86 54 11.3 –0.09 [–0.39, 0.21]
He, 2019 13.72 2.19 40 12.78 2.08 40 10.4 0.94 [0.00, 1.88]
Jla, 2018 15.72 80 11.9 0.84 80 11.3 3.82 [3.49, 4.15]
Li, 2012 11.45 0.76 31 9.36 0.98 31 11.2 2.09 [1.65, 2.53]
Li, 2014 16.75 1.84 60 16.8 1.98 60 10.9 –0.05 [–0.73, 0.63]
Liu, 2014 15.64 0.74 160 11.91 0.85 160 11.4 3.73 [3.56, 3.90]
Liu, 2019 16.5 1.1 60 12.3 1.5 60 11.1 4.20 [3.73, 4.67]
Yang, 2018 15.64 0.73 36 11.91 0.84 36 11.2 3.73 [3.37, 4.09]
Zeng, 2018 15.97 0.65 30 12.95 0.57 30 11.3 3.02 [2. 71, 3.33]

Total (95% Cl) 555 551 100.0 2.40 [1.35, 3.44]

Study or subgroup Experimental
Mean SD Total

Control
Mean SD Total

Weight
(%)

Mean difference
IV, random, 95% CI

Mean difference
IV, random, 95% CI

1.24

0–2 2–4 4
Favours (experimental) Favours (control)

Heterogeneity: tau2 = 2.51, chi2 = 645.81, df = 8 (P < 0.00001); I2 = 99%
Test for overall effect: Z = 4.49 (P < 0.00001)

Figure 5: Forest map of PT level in patients with Xueshuantong injection after fracture prevention.
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not pass through, the blood away from the pulse is blocked,
and the reflux is not smooth, which leads to thrombosis.
Blood stasis can cause skin temperature to rise and become
painful for a long time. According to the patient’s consti-
tution, kidney tonifying, heat clearing, dampness removing,
and other methods are used. Xueshuantong injection is a
traditional Chinese medicine injection made of total sapo-
nins extracted from Panax notoginseng, which belongs to a

modern dosage form of Chinese patent medicine [43].
Modern research shows that the main effective component
of Xueshuantong injection is Panax notoginseng saponins,
which can be widely used to treat various diseases, such as
atherosclerosis, acute lung injury, cancer, and cardiovascular
diseases [44–46]. In the related basic research and clinical
application, its exact curative effect has been confirmed.

From the results of this study, the use of Xueshuantong
injection in the prevention of lower limb venous thrombosis
after fracture surgery was significantly lower than that of the
control group, worthy of further study. In this meta-analysis,
we mainly studied the efficacy of Xueshuantong injection to
prevent the incidence of DVT in patients after fracture surgery
in China and made a systematic analysis. On the basis of
comparing the incidence of DVT, we also included the
commonly used clinical observation indexes such as D-D, PT,
and APTT, so as to observe the effect of Xueshuantong in-
jection more comprehensively. However, there are still some
deficiencies in this meta-analysis: (1) Although all the included
literatures mentioned the method of randomized grouping,
some of them lacked a detailed description of the concealment
of the randomized scheme; (2) the number of included liter-
atures was small, all of themwere Chinese literatures, and there
were some problems such as large sample size gap between
literatures, insufficient detailed basic data, and incomplete

2
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Figure 7: Funnel plot of incidence rate of DVT after Xueshuantong injection for preventing fracture.

Cai, 2011 29.07 3.16 58 30.96 3.28 54 13.3 –1.89 [–3.08, -0.70]
He, 2019 30.47 5.22 40 29.87 5.89 40 11.7 0.60 [–1.84, 3.04]
Jla, 2018 36.42 1.85 80 29.71 1.57 80 13.7 6.71 [6.18, 7.24] 
Li, 2012 32.04 8.09 31 32.35 9.17 31 8.9 –0.31 [–4.61, 3.99]
Li, 2014 30.14 5.32 60 33.67 6.84 60 12.1 –3.53 [–5.72, -1.34]
Liu, 2014 36.33 1.98 160 29.62 1.6 160 13.8 6.71 [6.32, 7.10]
Yang, 2018 36.33 1.97 36 29.62 1.59 36 6.71 [5.88, 7.54] 
Zeng, 2018 34.68 3.73 30 30.44 1.81 30 13.0 4.24 [2.76, 5.72] 

Total (95% Cl) 495 491 100.0 2.67 [0.53, 4.81] 
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Test for overall effect: Z = 2.44 (P = 0.01)

Figure 6: Forest map of APTT level in patients with Xueshuantong injection after fracture prevention.
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Figure 8: Begg’s regression diagram with incidence of DVT.
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unification of treatment cycle; (3) all the included literatures
were published articles. If there are no unpublished results,
studies with negative results may be missed, and there is a risk
of reducing the strength of the argument. 1erefore, the evi-
dence strength of the conclusion of this study needs to be
further improved, and more high-quality RCTs are needed to
verify, so as to obtain a more accurate conclusion on the effect
of Xueshuantong injection in preventing lower extremity deep
vein thrombosis after fracture surgery, so as to provide good
clinical guidance for the prevention of lower extremity deep
vein thrombosis after fracture surgery.
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Jisuikang (JSK) is an herbal formula composed of many kinds of traditional Chinese medicine, which has been proved to be
effective in promoting the rehabilitation of patients with spinal cord injury (SCI) after more than ten years of clinical application.
However, the mechanisms of JSK promoting nerve regeneration are yet to be clarified.+e aim of this study was to investigate the
effects of JSK protecting neurons, specifically the regulation of NgR/RhoA/ROCK signal pathway. +e motor function of rats was
evaluated by the BBB score and inclined plate test, Golgi staining and transmission electron microscope were used to observe the
microstructure of nerve tissue, and fluorescence double-labeling method was used to detect neuronal apoptosis. In this study, we
found that JSK could improve the motor function of rats with SCI, protect the microstructure (mitochondria, endoplasmic
reticulum, and dendritic spine) of neurons, and reduce the apoptosis rate of neurons in rats with SCI. In addition, JSK could
inhibit the expression of Nogo receptor (NgR) in neurons and the NgR/RhoA/ROCK signal pathway in rats with SCI.+ese results
indicated JSK could improve the motor function of rats with SCI by inhibiting the NgR/RhoA/ROCK signal pathway, which
suggests the potential applicability of JSK as a nerve regeneration agent.

1. Introduction

Spinal cord injury (SCI) is a disease with severe damage to
the central nervous system, which has a complex patho-
logical process and is difficult to recover in the later stage.
+e incidence of SCI is increasing year by year, so it is urgent
to find a treatment to reduce the disability rate [1, 2].
However, traditional Chinese medicine has been concerned
by more and more clinicians and scholars because of its
advantages of multitargets and low side effects. +e path-
ogenesis core of SCI is “deficiency of kidney governor, stasis
of governor pulse, and dereliction of duty of cardinal
command.” JSK is a compound prescription of traditional
Chinese medicine established under the guidance of this
theory, which is very effective in the clinical treatment of SCI
[3, 4].

In China, Buyang Huanwu decoction, as an important
representative herbal formula for the treatment of SCI, has
the function of restoring nerve and has a history of hundreds
of years [5, 6]. However, the mechanism of Buyang Huanwu
decoction is not clear, mainly related to thioredoxin system
[7], glutamate [8], cAMP/CREB/RhoA signal pathway [9],
apoptosis-related proteins [10], etc. JSK is formed by the
addition and subtraction of Buyang Huanwu decoction,
which is in line with the current clinical characteristics of
SCI. After a large number of clinical tests, JSK has achieved
satisfactory clinical efficacy, and part of its mechanism has
been explained by animal and cell experiments [3, 4, 11–14].
Astragalus membranaceus, Salvia miltiorrhiza, and Lig-
ustrazine are the main pharmacological components of JSK
and have important therapeutic effects. Astragalus mem-
branaceus has antioxidant and neuroprotective effects in
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vivo, which provides the possibility for improving the
symptoms of SCI [15–17]. Salvia miltiorrhiza has the effects
of promoting blood circulation [18], antioxidation, and anti-
inflammation [19], neuroprotection [20], etc. Ligustrazine
can protect SCI by inhibiting inflammatory cytokines [21],
inhibiting apoptosis [22, 23], and scavenging oxygen free
radicals [24].

SCI is generally considered to be a devastating injury,
and the growth of axons in the central nervous system is
limited, so it could not be recovered. However, Aguayo et al.
transplanted part of the peripheral nerve tissue into the
transected spinal cord and found that the axons of the
central nervous system could grow into the transplanted
tissue, suggesting that neurons could grow after the adult
central nervous system was damaged, but it was limited by
the environment [25, 26]. Other studies have shown that the
white matter homogenate of the central nervous system
limits the growth of nerve axons [27], and oligodendrocytes
and myelin sheath of the central nervous system can induce
the collapse of the growth cone [28]. +ese proteins that
inhibit axon growth are called myelin-associated inhibitors
(MAIs), which mainly include neurite outgrowth inhibitor
(Nogo), myelin-associated glycoprotein (MAG), and oli-
godendrocyte myelin glycoprotein (OMgp) [29]. Nogo re-
ceptor (NgR) can specifically bind to the above three kinds of
MAIs and inhibit axonal regeneration [30], and the ex-
pression of NgR is directly related to the ability of central
nervous cell regeneration [31], so NgR is considered to be
one of the important targets for promoting axonal regen-
eration. In addition, the NgR/RhoA/ROCK signal pathway is
an important way to inhibit neuronal axonal regeneration.
+erefore, in this study, the development of NgR/RhoA/
ROCK signal pathway in rats with SCI in different time
periods and the intervention effect of JSK were studied to
explore part of the mechanism of improving SCI.

2. Methods and Materials

2.1. Chemicals. Prednisone (Tianjin Chemical Company,
Tianjin, China) was dissolved and diluted in salt solution
(final concentration is 0.3%), pentobarbital sodium (China
Pharmaceutical Group Shanghai Chemical Reagents Co.
LTD), and paraformaldehyde (Nanjing Fumace Biotech-
nology Co. LTD); JSK was composed of milkvetch root
(30 g), Chinese angelica (12 g), red peony root (12 g),
earthworm (10 g), Cistanche deserticola (10 g), Salvia mil-
tiorrhiza (10 g), Szechwan lovage rhizome (10 g), peach seed
(10 g), safflower (10 g), etc. (Pharmacy, Affiliated Hospital of
Nanjing University of Chinese Medicine). JSK (crude drug
1.25 g/mL) was prepared by boiling, steam boiling, and
concentration.

2.2. Animals. +e animals used in this study were from the
Animal Experimental Center of Nanjing University of
ChineseMedicine, and the research scheme was approved by
the Animal Ethics Committee of the affiliated Hospital of
Nanjing University of Chinese Medicine. +e experimental
procedure follows the National Institutes of Health Guide

for the Care and Use of Laboratory Animals (Institute of
Laboratory Animal Resources 1996). Eighty female SD rats
with weight of 180∼200 g were purchased from Qinglong-
shan Animal Breeding Farm in Nanjing, and the experi-
mental animal license number was SYXK (SU) 2018-0049.
Rats were kept in captivity at the Animal Experimental
Institute of Nanjing University of Chinese Medicine
(Nanjing, China) to eat and drink freely under controlled
temperature and humidity.

2.3. SCI Rat Model. +e acute SCI model based on the
improved Allen method was used [32]. In short, all rats were
anesthetized intraperitoneally with 1% pentobarbital sodium
(50mg/kg). +e segment T9-11 of spinal cord was exposed
surgically, and the segment T10 of spinal cord was hit with
spinal cord percussion device (RWD Company). +e weight
and diameter of the falling object were 10 g and 2.5mm,
respectively, and the falling height and depth were 10 cm and
2mm, respectively. +e tension of the rat hind limbs was
eliminated immediately, indicating that the model was
established successfully. In the sham group, the spinal cord
was exposed but not injured.+e rats were randomly divided
into four groups: sham group (intragastric infusion with
normal saline, 20mL/kg/d), model group (intragastric in-
fusion with normal saline, 20mL/kg/d), prednisone (PED)
group (intragastric infusion with prednisone, 60mg/kg/d),
and JSK group (intragastric infusion with JSK, 25 g/kg/d).
+e rats were killed after the last intervention, and the
samples were taken on the 7th, 14th, 21st, and 28th days after
injury.

2.4. Basso, Beattie, and Bresnahan (BBB) Score. According to
the observation of hindlimb movement, especially gait and
coordination, the BBB test was carried out in the open field.
+rough double-blind and double-independent observation,
all groups were evaluated on the 7th, 14th, 21st, and 28th days
after operation [33].

2.5. Oblique Board Test. +e oblique board test was carried
out on all rats before operation and on the 1st, 7th, 14th, 21st,
and 28th day after operation. +e rats were placed on a
rectangular oblique board perpendicular to the longitudinal
axis of the oblique board. +e oblique board was lifted, and
the maximum angle was recorded at which the rats stayed on
the board for more than 5 seconds. Each rat was tested for 3
times, and the average value was taken as the final result.

2.6. Golgi Staining. +e spinal cord was fixed in 4% poly-
formaldehyde solution and cut into 2-3mm thick tissue
blocks after rinsing. +e brain tissue blocks were completely
immersed in Golgi staining solution and treated without
light for 14 days. After being removed, it was dehydrated at
4°C in 15% sucrose solution and dehydrated for 1 day under
the condition of avoiding light and dehydrated in 30%
sucrose solution for 2 days. It was immersed in concentrated
ammonia water for 45 minutes, distilled water for 1 minute,
fixing solution treatment for 45 minutes, and distilled water
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washing for 1 minute. It was dehydrated in 30% sucrose
solution for 2-3 days and cut into 100 μm frozen section,
sealed by glycerin gelatin. Microscopic examination and
image acquisition were carried out.

2.7. Observation by Using Transmission Electron Microscope.
After the spinal cord was removed, it was fixed with electron
microscope fixation solution at 4°C for 2–4 hours and rinsed
with 1% osmic acid at 20°C for 2 hours. +e organization in
turn enters 50%-70%-80%-90%-95%-100%-100% alcohol-
100% acetone-100% acetone, each time by 15 minutes.
Acetone: 812 embedding agent� 1 :1 was permeated for 2–4
hours; acetone: 812 embedding agent� 2 :1 was permeated
overnight, and pure 812 embedding agent was permeated for
5–8 hours, and then it was in 37°C oven overnight and
polymerized at 60°C for 48 hours. It was cut into the ul-
trathin slices of 60–80 nm and double stained by uranium
and lead, and the slices were dried at room temperature
overnight.+e images were collected and analyzed under the
transmission electron microscope.

2.8. Fluorescent Double-Labeling Method of TUNEL and
NeuN. Frozen sections of the spinal cord were fixed with
4% paraformaldehyde for 15 minutes and washed twice by
PBS. 0.5% TritonX-100 was added to incubate for 5
minutes at room temperature. 5% fetal bovine serum was
added at room temperature for 2 hours; NeuN first anti-
body of 1 : 1000 was added and incubated overnight at 4°C
and washed 3 times. Fluorescent secondary antibody Alexa
fluor 594 was added and incubated at room temperature
and hidden from light for 1 hour. According to the in-
structions of the TUNEL kit, proper amount of detection
solution was added sequentially and washed 3 times after
incubation at 37°C for 1 hour. +e plates were sealed with
antifluorescence quenching solution and observed under
the fluorescence inverted microscope.

2.9. Fluorescent Double-Labeling Method of NeuN and NgR.
Frozen sections of spinal cord were fixed with 4% para-
formaldehyde for 15 minutes, permeated with 0.5% Triton-
100 for 10minutes, and washed with PBS for 3 times. 5%
goat serum was added at room temperature for 60 minutes.
+e first antibody NeuN (1 : 300) and NGR (1 : 300) was
added and incubated overnight at 4°C. +e second antibody
Alexa fluor 594 and Alexa fluor 488 was added and incu-
bated for 1 hour. After Dapi restaining, the plates were
observed under fluorescence inverted microscope.

2.10. Immunohistochemistry. After the paraffin sections
were dewaxed to water, the slides were immersed in citric
acid antigen repair buffer, boiled water for antigen repair.
+ey were transferred to 3% hydrogen peroxide solution and
incubated in room temperature for 25 minutes. 3% BSA was
dripped to cover the tissue evenly at room temperature for
30 minutes. +e first antibody was dripped and incubated
overnight at 4°C. HRP-labeled secondary antibody was
dripped and incubated at room temperature for 60 minutes.

After drying, the slices were dripped with DAB chromogenic
solution, then hematoxylin restaining was done, followed by
hydrochloric acid alcohol differentiation, ammonia water
returning to blue, and rinsed with running water. +e slices
were dehydrated and transparent in gradient alcohol and
xylene, and the plates were observed under the microscope.

2.11. Western Blot Assay. +e protein from the spinal cord
was extracted and quantified by the BCA method. After
adding buffer, the protein was boiled for 10 minutes and
stored at −20°C to be tested. After preparing the glue,
electrophoresis was carried out by 100 V constant voltage
for 90 minutes, and PVDFmembrane was used by 100V for
60 minutes. 5% skimmed milk powder was added at room
temperature for 2 hours, GAPDH and NgR, RhoA, and
ROCK antibodies were prepared according to the ratio of
1 : 1000 and incubated overnight at 4°C. On the next day,
the second antibody was prepared according to the pro-
portion of 1 : 10000 and incubated at room temperature for
2 hours. An ECL developer was added, a gel imaging system
was developed, and the ImageJ image analysis system was
used to analyze the bands.

2.12. qRT-PCR. +e RNA in the spinal cord was extracted
with RNAiso for RNA (Takara, Japan) and then reverse
transcribed with TaKaRa reverse transcription kit and frozen
at −20°C. +e sequence was found on Genbank, and primers
were designed and synthesized in Shanghai Shenggong.
GAPDH and NgR were detected by qPCR using TaKaRa TB
Green TM Premix Ex Taq TM II PCR kit (Takara, Japan).

2.13. Statistic Analysis. SPSS 20.0 software was used for
statistical analysis. +e data were shown as mean± SD. One-
way ANOVA and SNK-q test were used to analyze the
differences among groups. +e figures were edited by
GraphPad Prism 8.0.2 software. A value of P< 0.05 was
considered statistically significant.

3. Results

3.1. JSK Promotes the Recovery ofMotor Function in Rats with
SCI. +e BBB score and oblique board test were carried out
before operation and on the 1st, 7th, 14th, 21st, and 28th days
after operation. +e rats with SCI showed a gradual recovery
of motor function, while JSK could gradually accelerate the
process, and the effect was similar to the PED (Figure 1).+e
above results show that JSK has the potential to treat SCI.

3.2. JSK Can Improve the Microstructure of Neurons in Rats
with SCI. +e results of the transmission electron micro-
scope showed that the microstructure of spinal myelin
sheath and neurons were destroyed after SCI. JSK could
alleviate the injury of myelin sheath and neurons after SCI,
and at 7 d–28 d, it gradually improved (Figure 2). Golgi
staining results showed that, after SCI, the dendrites were
destroyed, the length became shorter, and the number of
dendritic spines decreased. JSK could alleviate the injury of
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Figure 1: JSK and PED promoted the recovery of motor function in rats with SCI. (a)+e oblique board test showed that the motor ability of
rats decreased after SCI, and the recovery of motor function could be accelerated after using JSK and PED. At the third week, the promoting
effect of JSK was significantly different from the model group. (b) BBB score showed that the motor ability of rats decreased after SCI, and
the recovery of motor function could be accelerated after using JSK and PED. At the third and fourth weeks, the promoting effect of JSK was
significantly different from that of the model group. +e data were presented as mean± SD; n� 3/group, ∗P< 0.05, and ∗∗P< 0.01.
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Figure 2: JSK improved the microstructure of neurons in rats with SCI. In the sham group, the shape of spinal myelin sheath was regular,
like concentric circular arrangement, and it had a complete structure. +e neurons were oval and had complete cell membrane structure,
abundant organelles, more mitochondria and rough endoplasmic reticulum, no obvious rupture, or deletion of mitochondrial crest, and the
morphology at 7 d–28 d was basically the same. In the model group, the shape of spinal myelin sheath was irregular, and the structure was
disordered and incomplete, with partial breakage or deletion, local curl, and wrinkle. +e number of neurons and mitochondria decreased,
and there were dissolution of part of mitochondria, rupture and deletion of mitochondrial crest, and little change in morphology on
7 d–28 d. +e myelin sheath shape of the spinal cord in the JSK group and the prednisone group was improved, the shape was more regular,
the structure wasmore complete, the number of neurons andmitochondria wasmore, and themorphology of 7 d–28 d was greatly improved
compared with the model group. Note. +e red arrow indicates the myelin sheath and the green arrow indicates the mitochondria.
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Figure 3: Continued.
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dendrites and dendritic spines after SCI, and the mor-
phology of 7 d–28 d was gradually improved (Figure 3). +e
above results suggested that JSK could improve the mi-
crostructure of neurons (mitochondria, endoplasmic retic-
ulum, dendritic spines, etc.) in rats with SCI.

3.3. JSKCanReduce theApoptosisRate ofNeurons inRatswith
SCI. +e double-labeling results of TUNEL and NeuN
showed that the apoptosis rate of neurons increased after
SCI, while JSK could reduce the apoptosis rate of neurons
after SCI, and gradually improved between 7 d–28 d
(Figure 4).

3.4. JSK Can Inhibit the Expression of NgR in Neurons of Rats
with SCI. +e double-labeling results of NeuN and NgR
showed that the expression of NgR in neurons increased
after SCI, but JSK could reduce the expression of NgR in
neurons after SCI. On the 28th day, JSK significantly
inhibited the expression of NgR in neurons (Figure 5).

3.5. JSKCan Inhibit the Expression ofNgR/RhoA/ROCK in the
Injured Area of Rats with SCI. Immunohistochemistry
showed that the expression of NgR in the injured area of rats
increased after SCI, but JSK could reduce the expression of
NgR in the injured area of rats with SCI. Western blot and
qRT-PCR showed that the expression of NgR/RhoA/ROCK
in the injured area of rats increased after SCI, but JSK could
reduce the expression of NgR/RhoA/ROCK in the injured
area of rats with SCI. On the 28th day, JSK significantly
inhibited the expression of NgR/RhoA/ROCK in the injured
area of the spinal cord (Figure 6).

4. Discussion

It was estimated that the incidence of SCI in the United
States was about 54 new cases per million people per year.
Although the average life expectancy of patients with SCI has
increased greatly in the past few decades, due to the aging of
the population, the number of cases may continue to in-
crease, and its serious complications can lead to higher
economic burden [34]. However, there are few effective
treatments for SCI, and the main treatment is still meth-
ylprednisolone, which only slightly improves the clinical
results. +erefore, there is an urgent need to find a more
effective method for the treatment of SCI. SCI belongs to
central nervous system injury, and its self-repair ability is
very poor, but it maintains the ability of nerve tissue
remodeling and axonal plasticity. Its endogenous repair
mechanism is mainly related to the properties of the neurons
and glial cells, in particular, the local extracellular envi-
ronment, and the specific inflammatory process caused by
the lesion [34]. +e current research direction of SCI mainly
includes neutralization of myelin-derived inhibitors (e.g.,
anti-Nogo-antibodies [35]), downstream inhibition of re-
lated intracellular signaling pathways (Rho-GTPase signal-
ing [36]), degradation of glial scar inhibitors (CSPG
degradation by enzyme [37–39]), neuronal signal pathway
(mTOR/PTEN [40]), and transplantation of neural pro-
genitor cells and stem cells [41].

NgR is a GPI-anchored protein expressed in the neurons
and axons of the central nervous system [31, 42]. It mediates
the inhibitory effect of three kinds of MAIs by forming a
receptor complex with p75 and MAIs [43]. When NgR
specifically binds to MAIs, it is transmitted to RhoA by p75
and then acts on the effector ROCK to complete the signal
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Figure 3: JSK improved the dendritic morphology of neurons in rats with SCI. (a) In the sham group, the morphology of spinal cord
dendrites was regular, complete, and long, the dendritic spines arranged neatly, compact, and numerous, and the morphology at 7 d–28 d
was basically the same. In the model group, the morphology of spinal cord dendrites was irregular, partially missing, and short, and the
arrangement of dendritic spines was disordered and sparse, the number was less, and the morphological changes of 7 d–28 d were not much.
In prednisone group and JSK group, the morphology of the spinal cord dendrites was improved, the shape was more regular, the structure
was more complete, the length was longer, the dendritic spines were arranged neatly, the density was more uniform, the number was more,
and themorphology of 7 d–28 d gradually improved. ((b), (c))+e length of dendrites and the number of dendritic spines in each group were
statistically analyzed.+e length of dendrites in the sham group was the longest and the number of dendritic spines was the most, while that
in the model group was the shortest and the number of dendritic spines was the fewest. Compared with the sham group, the dendritic length
and the number of dendritic spines in the model group were significantly decreased, and the dendritic length and the number of dendritic
spines in the JSK group were significantly increased compared with the model group. Note. +e red arrow indicates the dendritic spine, and
the data were presented as mean± SD; n� 3/group, ∗P< 0.05, and #P< 0.05.
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Figure 4: JSK could reduce the apoptosis rate of neurons in rats with SCI. (a) Representative images of Tunel and NeuN double-labeling
results. (b) +e results of statistical analysis showed that the apoptosis rate of neurons increased after SCI in rats but decreased after
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∗P< 0.05, and #P< 0.05.
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transmission in the cell body, resulting in the collapse of the
growth cone and inhibiting axonal regeneration [44–46].
+e activation of RhoA is considered to be a key step for

MAIs to exert its inhibitory effect on axonal regeneration.
Intervention of RhoA inactivating agent C3 transferase in
vivo weakened the inhibitory effect of MAIs on axonal
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Figure 5: JSK could reduce the expression of NgR in neurons of rats with SCI. (a) Representative images of double-labeling results of NeuN
and NgR. (b) +e results of statistical analysis showed that the expression of NgR in neurons increased after SCI in rats but decreased after
intervention of JSK. Compared with the sham group, the expression of NgR in the model group was significantly increased, and compared
with the model group, JSK could significantly reduce the expression of NgR in neurons. +e data were presented as mean± SD; n� 3/group,
∗P< 0.05, and #P< 0.05.
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Figure 6: Continued.
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growth [47]. In addition, treatment with Y27632, a com-
petitive antagonist of ROCK synthesis of ATP, could still
promote neuronal axonal growth in the presence of MAIs
[48, 49]. +e NgR/RhoA/ROCK signal pathway is an im-
portant way to inhibit neuronal axonal regeneration, and
NgR is the key to this pathway.+e development of the NgR/
RhoA/ROCK signal pathway in different periods after SCI
should be studied.

In this experiment, the motor function and the ex-
pression of NgR/RhoA/ROCK in rats with SCI were studied.
Compared with the model group on the 28th day, the BBB
score and oblique board test showed that JSK could promote
the recovery of motor function in rats with SCI, Golgi
staining, and transmission electron microscope which
suggested that JSK could improve the microstructure of
neurons (mitochondria, endoplasmic reticulum, dendritic
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Figure 6: JSK could reduce the expression of NgR in the injured area of rats with SCI. (a) Representative images of immunohisto-
chemistry. (b) Immunohistochemical statistics showed that, on the 28th day, the expression of NgR in the injured area of spinal cord
increased but decreased after intervention of JSK. Compared with the sham group, the expression of NgR in the model group was
significantly increased, and compared with the model group, JSK could significantly reduce the expression of NgR. (c) Representative
images of western blot result. ((d), (e), (f ), (g), (h), and (i)) +e statistical results of western blot and qRT-PCR showed that, on the 28th
day, the expression of NgR/RhoA/ROCK in the injured area of spinal cord increased but decreased after intervention of JSK. Compared
with the sham group, the expression of NgR/RhoA/ROCK in the model group was significantly increased, and compared with the model
group, JSK could significantly reduce the expression of NgR/RhoA/ROCK. NOTE: a is the model group, b is the prednisone group, c is
the prednisone group, and d is the sham group. +e data were presented as mean ± SD; n � 3/group, ∗P< 0.05, and #P< 0.05.
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Figure 7: Jisuikang, a Chinese herbal formula, promotes the repair of spinal cord injury in rats by regulating the NgR/RhoA/ROCK signal
pathway.
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spine, etc.) in rats with SCI. +e double labeling of TUNEL
and NeuN showed that JSK could reduce the apoptosis rate
of neurons in rats with SCI, the double-labeling method of
NeuN andNgR showed that JSK could inhibit the expression
of NgR in neurons of rats with SCI; immunohistochemistry,
western blot, and qRT-PCR all showed that JSK could inhibit
the expression of NgR/RhoA/ROCK in the injured area of
SCI rat (Figure 7).

In summary, the expression of NgR in the injured area of
the spinal cord increased significantly and remained at a
high level on the 7th day after SCI. However, on the 28th day,
the expression of NgR/RhoA/ROCK in the PED group and
JSK group was significantly lower than that in the model
group, and JSK could significantly inhibit the expression of
NgR/RhoA/ROCK in the injured area to promote nerve
regeneration. +is result is basically consistent with the
results of Guo et al. [14, 50]. JSK can effectively inhibit the
expression of NgR in the area of SCI, block the effect of
myelin-derived nerve regeneration inhibitor and RhoA/
ROCK, improve the microenvironment of axon regenera-
tion, and promote the repair of SCI. In addition, it is worth
noting that the motor function of rats with SCI basically
recovered continuously before 28 days, and JSK could ac-
celerate this process. +e expression of NgR decreased to a
certain extent, but the middle part of the results showed that
the expression of NgR increased abruptly, which may be due
to the fact that NgR is not only the receptor of Nogo-A but
also the receptor of MAG and OMgp, while MAG and
OMgp may be activated with Nogo-A, thus increasing the
expression of NgR. At the same time, the expression of NgR
may be increased due to the regulation of other neuronal
signal pathways, so the mechanism of multipathway needs to
be further studied.
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Aims. /e aim of this study was to evaluate the protective effects of Er Miao San (EMS) and the regulative function of bone
marrow-derived dendritic cells (BMDCs) on adjuvant arthritis (AA) in rats.Methods. /e ethyl acetate part of EMS (3 g/kg, 1.5 g/
kg, and 0.75 g/kg) was orally administered from day 15 after immunization to day 29. /e polyarthritis index and paw swelling
were measured, the ankle joint pathological changes were observed using hematoxylin-eosin (HE) staining, and the spleen and
thymus index were determined. Moreover, T and B cell proliferation were determined using the CCK-8 assay. /e expression of
BMDC surface costimulatory molecules and inflammatory factors were determined using flow cytometry and ELISA kits, re-
spectively. Results. Compared with the AAmodel rats, the ethyl acetate fraction of EMS obviously reduced paw swelling (from 1.0
to 0.7) and the polyarthritis index (from 12 to 9) (P< 0.01) and improved the severity of histopathology (P< 0.01). /e treatment
using ethyl acetate fraction of EMS significantly reduced the spleen and thymus index (P< 0.01) and inhibited T and B cell
proliferation (P< 0.01). Moreover, EMS significantly modulated the expression of surface costimulatory molecules in BMDCs,
including CD40, CD80, CD86, and major histocompatibility complex class II (MHC-II) (P< 0.01). /e results also showed that
the ethyl acetate part of EMS significant inhibited the levels of proinflammatory cytokines interleukin- (IL-) 23 tumor necrosis
factor- (TNF-) α and inflammatory factor prostaglandin (PG) E2 in the supernatant of BMDCs. However, the level of anti-
inflammatory cytokine IL-10 was significantly increased (P< 0.01). Conclusion. /ese results suggest that the ethyl acetate part of
EMS has better protective effects on AA rats, probably by regulating the function of BMDCs and modulating the balance
of cytokines.

1. Introduction

Rheumatoid arthritis (RA) is an autoimmune disease
characterized by joint synovial inflammation and carti-
lage damage [1]. An abnormal proliferation of fibroblast
synovial cells is a typical feature of RA, which is corre-
lated with over-activated immune cells, such as T-cells,
B-cells, macrophages, and dendritic cells (DCs). A large
number of infiltrated DCs are highly involved in the
synovium of RA patients and arise to the occurrence of
arthritic disease.

DCs are specialized antigen-presenting cells (APCs),
which can take up processes, present antigens, and initiate
T-cell-mediated immune responses [2]. DCs highly express
surface costimulatory molecules, including CD40, CD80,
CD86, and MHC-II, which present antigens to T-cells.
Mature DCs can effectively activate the initial T cells, which
are the center of initiation, regulation, and maintenance of
immune responses [3]. Previous studies have confirmed the
incidence and development of RA related to DCs. /e sy-
novial DCs of RA patients secrete chemokines and attract
proinflammatory immune cells, including macrophages and
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neutrophil monocytes [4, 5]. Compared with healthy con-
trols, the concentration of proinflammatory cytokines (IL-
1β, IL-6, and IL-23) and inflammatory factors (PGE2) in RA
patients have increased [6, 7]./is is one of the key factors of
RA pathogenesis.

Er Miao San (EMS) is a traditional Chinese Medicine
prescription, which is derived from《dan xi xin fa》. It
consists of Phellodendri Cortex and Atractylodis Rhizoma.
We have previously reported that the ethyl acetate part of
EMS could significantly reduce the pathological changes,
having a therapeutic effect on adjuvant-induced arthritis
(AA) rats [8]. Nevertheless, the immune mechanisms tar-
geted by the ethyl acetate part of EMS are unclear. In this
research, the aim was to investigate the antiarthritis
mechanisms of EMS, whether its potential molecular
mechanism was related to the regulation of the function of
DCs.

2. Materials and Methods

2.1. Animals. Sprague Dawley rats (male, 180± 20 g) were
purchased from the Animal Department of Anhui Medical
University, China. Rats were adapted to standard laboratory
conditions (under a controlled temperature of 22–26°C and
a 12 h light and 12 h dark period) and to feed criterion forage
and water daily during the experiment. All experiments were
approved by the Experimental Animal Ethics Committee of
Anhui University of Chinese Medicine (Identification
number: 202005).

2.2. Reagents. Phellodendri Cortex and Atractylodis Rhi-
zoma were purchased from Anhui herbal pieces Co., Ltd.
(BoZou, Anhui Province, China). Petroleum ether was
obtained from Shanghai SuYi Chemical Reagent Co., Ltd.
Ethyl acetate was acquired from Jiangsu Qiangsheng
Functional Chemical Co., Ltd. Methotrexate (MTX) was
obtained from Xinyi Medical Limited Company (Shanghai,
China). FITC-CD40, PE-CD80, PE-CD86, and PE-MHC-II
were obtained from eBioscience, Inc. (CA, USA). Roswell
Park Memorial Institute (RPMI)-1640 medium and fetal
bovine serum (FBS) were obtained from Hyclone. TNF-α,
IL-10, and PGE2 were obtained from the ELISA KIT (Multi
Sciences Biotech, Co., Ltd), and IL-23 was obtained from the
ELISA KIT (Cusabio Biotech, Co., Ltd).

2.3. Preparation of the Ethyl Acetate Part of EMS. Equal parts
of Atractylodis rhizoma and Phellodendri cortex were mixed
and crushed. /e mixture was decocted with boiling water
three times for 1.5, 1.0, and 0.5 h, and the suspension was
condensed by means of evaporation in a water bath at a
temperature of approximately 60°C. /e suspension was
concentrated to 500–800mL and extracted five times with an
equivalent volume of petroleum ether. /e petroleum ether
part of the EMS was discarded and extracted five times with
an equivalent volume of ethyl acetate. /e ethyl acetate part
of the EMS was concentrated to a certain concentration
(0.3 g/mL, 0.15 g/mL, and 0.075 g/mL) (calculated using the
crude drug).

2.4. Inductionof theAAModelandTreatment. /eAAmodel
was constructed in SD rats, as previously described [9].
Bacillus Calmette–Guerin (BCG) (80°C, 1 h) was adequately
mingled with liquid paraffin, which was complete Freund’s
adjuvant (CFA, 10mg/mL). /e rat AA model was injected
with 0.1mL of CFA in the left hind plantar, and the normal
group was injected with 0.1mL of an equivalent volume of
saline. On day 15 after immunization, rats were randomly
divided into the following groups: the normal group, AA
model group, EMS (3 g/kg, 1.5 g/kg, 0.75 g/kg), and MTX
(0.5mg/kg). EMS was administered via gavage for 14 days
(once per day), and the MTX group was administered via
gavage every 3 days for a total of five times [10]. Meanwhile,
the normal and AA model groups were orally administered
an equivalent volume of a carboxymethylcellulose aqueous
solution (10mL/kg).

2.5. Evaluation of Arthritis. All rat weights were recorded
weekly using an electronic scale. /e right hind paw volume
was measured using a volume meter (PV-200, Chengdu
Technology Market Co., Ltd.) before immunization (basic
value, day 0) and after immunization on days 14, 17, 20, 23,
26, and 29. /e polyarthritis index was graded from 0 points
to 16 points, as described previously: 0, no swelling nor-
mally; 1, erythema and slight swelling of the ankle joint; 2,
erythema and slight swelling of the ankle joint to the
metatarsophalangeal or capsular joint; 3, erythema and
moderate swelling of the ankle to themetatarsophalangeal or
capsular joint; and 4, erythema and severe swelling of the
ankle to the metatarsophalangeal joint [11].

2.6. Histopathological Examination of the Ankle Joints.
/e rats were sacrificed on day 29 after the first immuni-
zation. /e right ankle joints and the surrounding soft
tissues, such as muscles and tendons, were removed. /e
ankle joints were obtained and fixed in a 10% formalin
solution. Additionally, the ankle tissues were decalcified in
5% nitric acid before being embedded in paraffin. Paraffin
sections (5mm thick) were stained with HE. Changes in the
ankles were histopathologically appraised by two blinded
observers. /e severity of arthritis in the ankle joints was
graded from 0 to 4, according to inflammatory cell infil-
tration, synovial proliferation, pannus formation, and bone
erosion.

2.7. Spleen and 4ymus Index. /e rats were sacrificed on
day 29 after the first immunization. /e food was evacuated
12 h before. Spleen and thymus tissues were removed from
the body, weighed, and recorded. /e spleen and thymus
index were calculated as the ratio of spleen and thymus to the
rat body (mg/g).

2.8. T- and B-Lymphocyte Proliferation. /e rat spleen and
thymus tissues were aseptically removed, ground using a 120
nylon cloth, spread in RPMI 1640 supplemented with 10%
FBS at a density of 1× 106 cells/mL, and seeded into 96-well
flat-bottom plates (1× 105 cells/well). Furthermore, T- and
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B-cells were separately stimulated with 5mg/L concanavalin
(Con) A (Sigma) or 4mg/L lipopolysaccharides (LPS)
(Sigma) and cultured for 48 h. Two hours before the end of
culture, CCK-8 (10 μL) was added to each well. /e ab-
sorbance was read at 450 nm using a Microplate reader
(EJ301, /ermo Fisher Scientific).

2.9.CultureofBMDCs. /e femur and tibia were removed in
a sterile environment, and the epiphysis of both ends was cut
off to expose the bone marrow cavity. /e bone marrow
cavity was rinsed with RPMI-1640 medium and filtered
using a 200 mesh nylon cloth. Cells were, then, cultured in
RPMI 1640 supplemented with 10% FBS at a density of
1× 106 cells/mL in normal conditions (37°C and 5% CO2).
/e nonadherent cells were removed after 24 h of culture,
and fresh culture medium, including human granulocyte-
macrophage colony-stimulating factor (GM-CSF) and IL-4,
both at a concentration of 20 ng/mL, was added. /e culture
medium was changed every two days and supplemented
with sufficient cytokines. BMDCs were cultured until day 7.

2.10. Flow Cytometry. BMDCs were harvested and washed
with 1mL of phosphate-buffered saline (PBS). /e cell
suspensions were prepared using conventional methods, and
100 μL of the fluorescently labeled monoclonal antibodies,
CD40-FITC, CD80-PE, CD86-PE, and MHC-II-PE, were
added, followed by incubation in the dark for 30min at room
temperature (20–25°C). After centrifugation, 1mL of PBS
buffer solution was aseptically added to wash the cells. Fi-
nally, the cells were subjected to flow cytometry (FC500,
American Beckman Coulter Company), and the percentages
of CD40, CD80, CD86, and MHC-II in BMDCs were an-
alyzed using software.

2.11. ELISA. /e supernatant of BMDCs was acquired after
culture for 7 days using centrifugation (8min, 2,000 rpm)
and frozen at −80°C until detection. /e levels of PGE2
(EK8103-01), IL-23 (CSB-E08462r), TNF-α (EK3823-01),
and IL-10 (EK3101-01) in BMDCs were detected using
ELISA kits, according to the manufacturer’s instructions.
Absorbance was read at 450 nm.

2.12. Statistical Analysis. Data are presented as the
mean± SD. One-way analysis of variance (ANOVA) using
SPSS software was used to define the significant differences
among the control and the drug groups. A P< 0.05 with a
95% confidence interval was considered statistically
significant.

3. Results

3.1.4e Effects of the Ethyl Acetate Part of EMS on the Clinical
Index in AA Rats. /e paw swelling and polyarthritis index
were defined to assess the severity of arthritis and the anti-
inflammatory effects of medicines. According to Figure 1,
the secondary inflammatory reaction appeared around days
14–17, culminating around days 20–23, and the weight of

AA rats increased slowly and obviously less compared with
the normal rats (P< 0.01). On day 28, the ethyl acetate part
of EMS treatment increased the weight of rats, and this
change was faster compared with the model group. No
significant difference in body weight was observed between
the EMS and MTX groups during the administration period
(Table 1). Compared with the AA model group, the ethyl
acetate fraction of the EMS treatment not only ameliorated
the effect on the paws of AA rats (Figure 1(a)) and obviously
inhibited paw swelling (from 1.0 to 0.7) but also significantly
reduced the polyarthritis index (from 12 to 9), P< 0.01
(Figures 1(b) and 1(c)). /is result suggested that the ethyl
acetate part of EMS treatment is effective and safe to use in
AA rats.

3.2. 4e Effects of the Ethyl Acetate Part of EMS on Ankle
Pathology in AA Rats. Histopathological analysis is con-
sidered a great index of clinical signs. To define the effec-
tiveness of the ethyl acetate part of EMS, its antiarthritis
effects were analyzed using histological analysis. As shown in
Figure 2, the model group expressed severe arthritic
symptoms, and synovial tissues infiltrated by many in-
flammatory cells, accompanied by synovial proliferation,
bone erosion, and destruction (compared to the normal
group, P< 0.01)./e results suggested that EMS (3 g/kg) and
MTX (0.5mg/kg) all markedly reduced these histological
severity scores (compared to the model group, P< 0.01).
EMS (0.75 g/kg, 1.5 g/kg) also protected the tissues from
histological damage (P< 0.05). /e results showed that the
ethyl acetate part of EMS has a protective effect in AA rats.

3.3. 4e Effects of the Ethyl Acetate Part of EMS on the Spleen
and4ymus Index inAARats. /e spleen and thymus index,
a sign of organ changes in the body, accompanied the de-
velopment of inflammation. As shown in Figure 3, com-
pared to the normal group, model rats, spleen, and thymus
index obviously increased (P< 0.01). EMS (3 g/kg) and
MTX (0.5mg/kg) significantly reduced the spleen and
thymus index, compared to the AA group (P< 0.01). EMS at
0.75 and 1.5 g/kg reduced the thymus index, P< 0.05
(Figure 3(b)), and at 1.5 g/kg, it significantly reduced the
spleen index compared to the AA group (P< 0.01;
Figure 3(a)). /ese results suggest that EMS can inhibit the
spleen and thymus index in AA rats.

3.4. 4e Effects of the Ethyl Acetate Part of EMS on T- and
B-Cells Proliferation inAARats. T- and B-cells participate in
human-specific immunity./e viability of T- and B-cells was
determined using the CCK-8 assay (bestbio biological). As
shown in Figure 4, compared to the normal group, both T-
and B-cell proliferation increased in the model group.
Furthermore, EMS (1.5 g/kg, 3 g/kg) and MTX (0.5mg/kg)
reduced Con A-induced T-lymphocyte proliferation and
LPS-induced B-lymphocyte proliferation (compared to the
model group, P< 0.01). In addition, EMS (0.75 g/kg) ef-
fectively suppressed T-lymphocyte proliferation (compared
to the model group, P< 0.05) (Figure 4(a)). Additionally, the
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ethyl acetate part of EMS should regulate T- and B-cell
function by inhibiting their viability.

3.5. 4e Effects of the Ethyl Acetate Part of EMS on the Ex-
pression of Surface Costimulatory Molecules in BMDCs. It is
well known that DCs are specialized in antigen presenting,
which plays an indispensable role in the onset of autoim-
mune diseases. To determine the effects of EMS on BMDC
maturation and activation, CD40, CD80, CD86, and MHC-
II were detected on DCs using flow cytometry. /e mor-
phology of BMDCs was observed using an inverted mi-
croscope (motic, AE2000LED) (Figure 5(a)). As shown in

Figure 5, flow cytometry results showed that the expression
of CD40, CD80, CD86, and MHC-II were upregulated in the
model group (compared to the normal group, P< 0.01).
EMS (3 g/kg) treatment clearly suppressed the expression of
CD80, CD86, and MHC-II (P< 0.01). In addition, EMS
(0.75 g/kg) decreased the expression of CD86 compared with
AA rats (P< 0.01). Moreover, EMS (1.5 g/kg) and MTX
(0.5mg/kg) suppressed the expression of CD40, CD80,
CD86, and MHC-II in BMDCs compared with AA rats. /e
ethyl acetate part of EMS treatment inhibited the effect on
BMDCs in AA rats in a dose-dependent manner. /ese
results suggest that EMS inhibits BMDC maturation in AA
rats.

Table 1: /e effects of the ethyl acetate part of EMS on the change of rat weight in AA rats.

Groups Dose (mg/kg) d0 d7 d14 d21 d28
Normal — 162± 2.95 218± 6.74 276± 18.97 308± 12.48 337± 19.00
Model — 163± 2.66 215± 10.81 256± 19.71# 272± 12.24## 280± 22.59##
EMS 0.75 g/kg 163± 3.50 222± 8.86 258± 19.80 291± 28.41 300± 19.07∗
EMS 1.5 g/kg 162± 3.08 211± 5.73 260± 6.66 286± 17.95 310± 26.72
EMS 3 g/kg 163± 4.65 219± 10.35 263± 7.80 298± 23.33 309± 28.20
MTX 0.5mg/kg 162± 2.66 223± 4.58 258± 18.01 303± 27.77 309± 24.62
##P< 0.01 versus the normal group, ∗P< 0.05 versus the model group (n� 6).
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Figure 1: /e effects of the ethyl acetate part of EMS on the clinical index in AA rats. (a) /e effects of the ethyl acetate part of EMS on the
paw in AA rats (day 29). /e effects of the ethyl acetate part of EMS on paw swelling (b) and polyarthritis index (c) in AA rats. ##P< 0.01
versus the normal group, ∗P< 0.05, ∗∗P< 0.01 versus the model group (n� 6).
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3.6. 4e Effects of the Ethyl Acetate Part of EMS on BMDCs
Supernatant Cytokines inAARats. With the development of
RA, intracellular inflammatory factors have changed. To
evaluate the ability of the ethyl acetate part of EMS to
modulate cytokine production in BMDCs, proinflammatory
cytokines (TNF-α and IL-23), inflammatory factors (PGE2),
and anti-inflammatory cytokine (IL-10) were detected in the
supernatant of BMDCs. As shown in Figure 6, compared
with the normal group, the concentration of TNF-α, PGE2,
and IL-23 in the supernatant of BMDCs increased in the
model group (P< 0.01). By contrast, the concentration of
IL-10 dramatically declined in the model group (P< 0.01)

(Figure 6(d)). EMS (0.75, 1.5, and 3 g/kg) or MTX (0.5mg/
kg) significantly inhibited the concentration of proin-
flammatory cytokines (TNF-α and IL-23) and inflammatory

factors (PGE2) (compared to the model group, P< 0.01).
Moreover, the levels of anti-inflammatory cytokine (IL-10)
increased in a dose-dependent manner after EMS treatment
(P< 0.01). /ese results suggest that EMS inhibits BMDC
function to secrete inflammatory factors.

4. Discussion

Previous research has shown that EMS water extract has a
therapeutic effect on AA rats, significantly reducing the
pathological index and paw swelling in rats with arthritis
[12]. In order to further study the effective antiarthritis parts
of EMS, these were extracted using different organic sol-
vents, such as dichloromethane, ethyl acetate, chloroform,
and petroleum ether. Dichloromethane and ethyl acetate
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Figure 2: /e ethyl acetate part of EMS effects on ankle pathology in AA rats was detected using HE staining. (a) Photographs of
representative EMS effects on the ankle pathology in AA rats (HE, ×100 magnification). P: pannus, B: bone erosion, S: synovial proliferation,
and I: inflammatory cells infiltration. (b) /e scores of histopathology in the rats were calculated. ∗P< 0.05, ∗∗P< 0.01 versus the model
group (n� 5).
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were the two parts of EMS treatment that had an effective
effect on AA rats [8]. /rough a comprehensive evaluation
of the arthritic indicators, the ethyl acetate part of EMS
might be an effective anti-inflammatory part. In this study,
an aqueous solution of EMS was extracted with petroleum
ether, which was directly extracted with ethyl acetate.
/erefore, we obtained the ethyl acetate part of EMS. /e
ethyl acetate part of EMS (0.75, 1.5, and 3 g/kg) was ad-
ministered to AA rats. /e results showed that the ethyl
acetate part of the EMS treatment obviously reduced paw
swelling (Figure 1(b)) and the polyarthritis index
(Figure 1(c)), improving the histological severity scores
(Figure 2), which is consistent with our previous study [8].
However, the results provided the basis of pharmacody-
namics and inspired us to continue exploring the

mechanism of ethyl acetate in EMS antiarthritis therapy. In
addition, berberine and atractylodin were detected from the
EMS ethyl acetate part using HPLC in a previous study [8].
Berberine has a positive effect in AA rats, reducing the
concentration of proinflammatory cytokines (IL-1β, IL-6,
and IL-17) and increasing the concentration of anti-in-
flammatory cytokines (IL-10 and TGF-β) [13, 14]. Fur-
thermore, berberine and atractylodin could protect collagen-
induced arthritis rats by regulating the DC function by
suppressing maturation or promoting apoptosis [15, 16].
/erefore, we speculate that the antiarthritis effect of EMS
may be due to the regulation of DC maturation.

We found that the ethyl acetate part of EMS obviously
reduced the spleen index and thymus index (Figure 3) and
inhibited the proliferation of T- and B-cells (Figure 4). It has
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Figure 3: /e effects of the ethyl acetate part of EMS on spleen and thymus index in AA rats. (a) Spleen index; (b) thymus index; ##P< 0.01
versus the normal group. ∗P< 0.05, ∗∗P< 0.01 versus the model group (n� 6).
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Figure 4: /e effects of the ethyl acetate part of EMS on T- and B-cell proliferation in AA rats. (a) T-cell proliferation; (b) B-cell
proliferation; ##P< 0.01 versus the normal group. ∗P< 0.05, ∗∗P< 0.01 versus the model group (n� 6).
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been reported that cytotoxic T-lymphocyte-associated an-
tigen-4 (CTLA-4) blocks the interaction between APC and
T-cells, in which the mode of action is integrated with CD80
and CD86 receptors on APC, preventing CD28 on the
surface of T-lymphocytes [17]. /is protein receptor has
been found to play a crucial role in autoimmune disease by
blocking the interplay between B-cells, APC, and T-cells. It

was suggested that the fact that the ethyl acetate part of EMS
alleviated arthritis may be related to the inhibition of T- and
B-cells. As it has been reported, DCs are specialized in
antigen presenting, which plays an indispensable role on the
onset of autoimmune diseases. Mature DCs highly express
surface stimulating molecules, such as CD40, CD80, CD86,
and MHC-II. As an important indicator to identify DCs,
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Figure 5:/e effects of the ethyl acetate part of EMS on the expression of CD40, CD80, CD86, andMHC-II on BMDCs. (a)/emorphology
of bone marrow-derived dendritic cells (x200 magnification). (b) CD40, CD80, CD86, andMHC-II were detected by flow cytometry. (c)/e
MFI of CD40, CD80, CD86, and MHC-II in BMDCs were calculated. ##P< 0.01 versus the normal group. ∗P< 0.05, ∗∗P< 0.01 versus the
model group (n� 4).
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flow cytometry can accurately and quickly detect the ex-
pression of CD40, CD80, CD86, and MHC-II on their
surface. To determine the effects of EMS on BMDC mat-
uration, CD40, CD80, CD86, and MHC-II were detected on
DCs using flow cytometry. /e results showed that the
expression of CD40, CD80, CD86, and MHC-II was upre-
gulated in AA rats. Treatment with EMS clearly suppressed
the expression of CD40, CD80, CD86, and MHC-II in
BMDCs compared with AA rats. /erefore, the ethyl acetate
part of the EMS antiarthritis mechanism may be related to
the inhibition of BMDC maturation.

IL-6 blocked tocilizumab and the IL-1 blocker anakinra
have also been used to treat RA [18, 19]. DCs induce T-cell
differentiation into /1 and /17 cells, which secrete IL-12
and IL-23 to exacerbate RA disease [20, 21]. IL-10 plays a
crucial role in regulating Treg cell differentiation and en-
hancing the effect of Treg cell inhibition of TH17 cells to
mitigate the degree of joint inflammation in AA mice
[22, 23].Meanwhile, we detected that the ethyl acetate part of

EMS effectively reduced the concentration of proin-
flammatory cytokines TNF-α (Figure 6(a)) and IL-23
(Figure 6(c)) and increased the level of anti-inflammatory
cytokine IL-10 (Figure 6(d)). PGE2 is an important me-
tabolite of arachidonic acid and plays an important regu-
latory role in the immune response. PGE2 was detectable in
the synovium of patients with arthralgia [24]. It has been
reported that PGE2 participates in the expression of pros-
taglandin E4 and nuclear factor kappa-B in DCs, which
upregulate the level of cAMP protein by inducing IL-23
Subunit p19 in DCs [25, 26]. We found that the concen-
tration of PGE2 in the supernatant of BMDCs increased in
AA rats. EMS treatment significantly inhibited the con-
centration of PGE2 (Figure 6(b)). /erefore, the mechanism
of alleviation of inflammation by inhibiting the expression of
BMDCs may be related to a variety of signaling pathways.
/is might provide evidence to study the mechanism of the
active pathway of DCs in RA. In future research, we will
focus on the mechanism of the specific action of EMS
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Figure 6: /e effects of the ethyl acetate part of EMS on cytokines production in BMDCs of AA rats. /e levels of TNF-α, PGE2, IL-23, and
IL-10 in BMDCs were measured by ELISA. (a) TNF-α, (b) PGE2, (c) IL-23, and (d) IL-10, ##P< 0.01, versus the normal group. ∗∗P< 0.01
versus the model group (n� 6).
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treatment on inhibiting the function of DC and its rela-
tionship with the participation of molecular signals.

5. Conclusions

/ese results suggest that the ethyl acetate part of EMS has
better protective effects on AA rats, probably by regulating
the maturation of BMDCs and modulating the balance of
cytokines.
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Anacardium occidentale (cashew) has been used in the traditional system of medicine for curing many inflammatory disorders.
+e present study investigates the antiarthritic effects of cashew leaves extract using the rat model of FCA-induced rheumatoid
arthritis. Arthritic rats were treated with 100 and 200mg/kg b.w. ethanolic extract of cashew leaves. Animals were sacrificed at day
23, and before sacrificing the animals, gross pathological changes were observed. Histopathology of ankle joint was evaluated with
hematoxylin and eosin staining, whereas the serum levels of C-reactive protein (CRP) were evaluated by the agglutinationmethod.
Inflammatory cells and other hematological parameters were assessed by employing an automated hemocytometer and chemistry
analyzer. Rheumatoid factor (Rf) and lysosomal enzymes levels were determined in blood. Results indicated that A. occidentale
significantly decreased the CPR levels, macroscopic arthritic score, and rheumatoid factor as compared to the diseased group.
Histopathological evaluation showed significant attenuation in bone erosion, joint inflammation, and pannus formation by plant
extract. Treatment withA. occidentale significantly suppressed the levels of acid phosphatase, β-galactosidase, β-glucuronidase,N-
acetylglucosaminidase, and collagenase. Moreover, A. occidentale significantly raised the HB levels and RBCs counts which were
found depleted in the diseased group. +e raised counts of total leukocytes, platelets, neutrophils, lymphocytes, and monocytes
were also significantly decreased by treatment with plant extract. Comparative analysis showed that higher dose of A. occidentale
demonstrated superior amelioration of rheumatoid arthritis as compared to low dose. In conclusion, A. occidentale possesses
significant antiarthritic potential, which may be attributed to the suppression of lysosomal enzymes and collagenase levels.

1. Introduction

Rheumatoid arthritis is an autoimmune disease that affects the
joints but can also involve various extra-articular complica-
tions. It affects almost every diarthrodial joint and the hallmark
features include persistent chronic inflammation, pannus
formation, cartilage/bone erosion, and synovial proliferation.
Extra-articular manifestations may implicate weight loss,
rheumatoid nodules, vasculitis, serositis, etc. [1–3]. Globally,
1% of the population suffers from the rheumatoid arthritis and
the age between 35 and 45 years is considered as the peak age
for the onset of disease. RA significantly affects the quality of

life causing elevation in functional and work disability, mor-
bidity rate, and economic burden [4–6].

Conventional medicines currently in use for arthritic
treatment, such as disease-modifying antirheumatic agents,
NSAIDs, steroids, and biological agents, have only limited
success against RA and are linked with numerous side effects
[7, 8]. Long-term use of these therapies is associated with
well-known limitations like risks of hematological, gastro-
intestinal, cardiovascular, and kidney disorders and loss of
response [9]. Plant-based medicines are gaining prime
importance among patients suffering from RA due to the
adverse effects associated with conventional therapy [10, 11].
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Anacardium occidentale L. (Family: Anacardiaceae) has
been traditionally used for curing many inflammatory
diseases [12]. Previous studies have shown anti-inflamma-
tory effects of A. occidentale in different models of in-
flammation. It is known to inhibit carrageenan-induced paw
edema and formalin-induced paw licking in rats [13].
Treatment with A. occidentale also reduced ear edema and
impaired leukocyte migration into the peritoneal cavity
when tested using carrageenan-induced peritonitis [14].
Methanolic extract of A. occidentale showed protection
against lipopolysaccharide-induced microvascular perme-
ability [15, 16]. Treatment with A. occidentale significantly
reduced prostaglandin-E2 production in the microglia. +e
plant showed anti-inflammatory property by inhibiting
inflammation-associated cytokine production. Moreover,
significant inhibition of COX-2 and iNOS gene production
by blockingMAPK and NF-κB pathways were observed [16].
+e current study aimed to evaluate the antiarthritic effects
of Anacardium occidentale using FCA-induced rat model of
arthritis.

2. Materials and Methods

2.1. Experimental Animals. Male Wistar rats of age 6 to 8
weeks, weighing 225–250 g, were retained at standard
conditions in animal house of the University of Punjab,
Lahore. Animals were given distilled water and standard rat
chow ad libitum. After development of arthritis, food was
given on the lower portion of the cages as severely arthritic
rats have problem in taking feed from the upper half of the
cage. Standard temperature and humidity conditions
(24–26°C and 40–60%, resp.) were maintained [17]. All the
experiments and protocols were approved by the Allama
Iqbal Open University, Islamabad (AIOU/283).

2.2. Preparation of Plant Extract. +e leaves of the Ana-
cardium occidentale were collected, identified by the Bota-
nist, and shade-dried at room temperature. +e leaves were
ground to powdered form (yielding 300 g) and the powdered
sample was macerated in 2 L of ethanol at room temperature
for 24 h. Filtrate was collected by passing the mixture
through muslin cloth and subsequently through filter paper
(Whatman No. 1). +e residue left was again macerated in
ethanol and the procedure was repeated 3 times for the
collection of filtrates. +e resultant filtrate was evaporated in
water bath (maintained at 40°C) to obtain a semisolid ex-
tract. +e percentage yield was calculated as 6.67%. +e
extract was then kept in a refrigerator at 4°C for further use.

2.3. Experimental Design and Induction of Arthritis. Rats
were distributed into 5 groups, having 6 rats in each group.

Group 1 (control): it included healthy rats serving as
control group, injected with 0.1ml normal saline at the
subplantar region in hind paw.
Group 2 (arthritic): Freund’s Complete Adjuvant
(FCA) was used to induce arthritis. Normal saline was

administered to this group from day 8, once daily for 15
days.
Group 3 (AO 100mg/kg): it included arthritic rats
receiving low oral dose of Anacardium occidentale
extract, i.e., 100mg/kg b.w. Treatment was started from
day 8, once daily for 15 days.
Group 4 (AO 200mg/kg): arthritic rats were given high
oral dose of Anacardium occidentale extract, i.e.,
200mg/kg b.w. Treatment was started from day 8, once
daily for 15 days.
Group 5 (piroxicam): arthritic rats received 10mg/kg
b.w. piroxicam as standard drug [18]. Treatment was
started from day 8, once daily intraperitoneally for 15
days.

For the induction of arthritis, 0.2ml FCA (a suspension
of heat-killedMycobacterium) was injected in the subplantar
region of the left hind rat paw on day 0 in all groups except
control group. Treatment was started at the 8th day of ar-
thritis induction for 15 days and all animals were sacrificed
at day 23 [18].

2.4. Determination of Arthritic Development. Incidence and
severity of arthritis was evaluated by arthritic scoring
method. Presence of the detectable clinical arthritic features
characterized by edema and/or erythema in the hind rat
paws was observed. +rough macroscopic evaluation, ar-
thritic score was determined at days 13, 18, and 23. Scores
0–4 were given to normal-severe edema and/or erythema in
ipsilateral paw. Arthritic score crossing 4 is the indication of
involvement of contralateral paw [19].

2.5. Histopathological Examinations of Ankle Joints. +e
ankle joints of the ipsilateral paw were cut and fixed in 10%
formalin for 36 hours. +ese separated joints were then
submerged in decalcifying solution (a mixture of ethyl-
enediamine tetra acetic acid, sodium tartrate, hydrochloric
acid, and potassium sodium tartrate) for 48 hours. Collected
tissues were further treated for implanting in paraffin blocks,
sliced at 5 μm thickness, and stained with hematoxylin and
eosin (H&E). +e histopathologist studied the slides in
blinded fashion for the detection of bone erosion, inflam-
mation, and pannus formation. A scale (0 to 4) was used for
recording results, where 0 represents no pathological change
whereas scores 1 to 4 refer to minimal, mild, moderate, and
severe changes, respectively [17, 20].

2.6. Determination of Inflammatory Cell and Other Hema-
tological Parameters in Blood. At the time of dissection,
blood was collected in EDTA containing tubes by intra-
cardiac puncture. Inflammatory cell counts like eosinophils,
neutrophils, basophils, and lymphocytes were evaluated in
GiemsaWright stained blood smears under light microscope
[21], and counts of RBCs, platelets, and total leukocytes
along with Hb content were determined by using automated
hemocytometer.
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2.7. Evaluation of C-Reactive Protein Levels. On day 23, all
the rats were sacrificed and blood was withdrawn by in-
tracardiac puncture. Serum was collected after centrifuga-
tion for 10min at 2380 g.+e levels of CPR were determined
by agglutination method using commercially available kits
(Antec Diagnostic Products, UK). Significant agglutination
is observed when high amount of CPR is preset in the serum
and it interacts with the antisera. CRP levels were semi-
quantified according to the kit’s protocol [3].

2.8. Determination of Rheumatoid Factor Levels.
Rheumatoid factor is the autoantibody produced in arthritis.
+e level of rheumatoid factor (Rf) was estimated by means
of the latex method. +e complete procedure was followed
according to the manufacturer’s guidelines (Approach
Bioscience). +e concentration of rheumatoid factor was
expressed as IU/ml [22].

2.9. Determination of Lysosomal Enzymes and Collagenase
Levels. Acid phosphatase analysis was performed by utilizing a
substrate known as disodium phenyl phosphate [23]. β-Glu-
curonidase was determined by the method of Kawai and Anno
[24]. p-Nitrophenyl β-D-glucuronide was used as enzyme
substrate in the reaction. N-Acetylglucosaminidase was mea-
sured by using the substrate 4-nitrophenyl N-acetylglucosa-
minide [25]. +e activity of β-galactosidase was assessed by the
method of [26] by utilizing the substrate 4-nitrophenylN-acetyl
galactopyranoside. Protein concentration was determined as
described by [27]. Activity of collagenase was measured by the
method of Van and Steinbrink [28], using N-(3-[2-furyl]
acryloyl)-Leu-Gly-Pro-Ala as substrate.

2.10. Statistical Analysis. +e data was analyzed using
GraphPad version 5 software. Mean ± standard deviation
was used to represent the data. One-way analysis of variance
and post hoc Tukey’s test was applied to compare the
quantitative variables and to analyze the difference among all
groups. P< 0.05 was considered as statistically significant.

3. Results

3.1. A. occidentale Suppressed the Arthritic Development.
+e results indicated a significantly high arthritic score in
arthritic rats as compared to control on day 13 (0.00± 0.00
vs. 3.750± 0.2739), day 18 (0.00± 0.00 vs. 4.667± 0.5164),
and day 23 (0.00± 0.00 vs. 5.000± 0.4472). Although
treatment with low dose of A. occidentale reduced the ar-
thritic score on all these days, this reduction was not sta-
tistically significant as compared to the arthritic group. High
dose of A. occidentale significantly reduced (p< 0.001) the
arthritic score on day 13 (2.333± 0.2582 vs. 3.750± 0.2739),
day 18 (3.00± 0.3162 vs. 4.667± 0.5164), and day 23
(2.833± 0.4082 vs. 5.00± 0.4472). Piroxicam also signifi-
cantly decreased (p< 0.001) the arthritic score on these days
as compared to the arthritic group (2.333± 0.4082 vs.
3.750± 0.2739), (2.833± 0.4082 vs. 4.667± 0.5164), and
(2.750± 0.2739 vs. 5.000± 0.4472), respectively. +ere was

no significant difference in the determined arthritic scores in
high-dose plant extract-treated group and piroxicam-treated
group on all days. +e arthritic scores determined at days 13,
18, and 23 are presented Figure 1.

3.2. A. occidentale Significantly Suppressed C-Reactive Protein
Levels. Administration of FCA resulted in increased CRP
levels of arthritic group as compared to control group
(24.48 ± 1.362 vs. 0.00 ± 0.00). Both low- and high-dose
treatment of A. occidentale showed a significant reduction
of CRP levels as compared to arthritic group
(20.08 ± 1.931 vs. 24.48 ± 1.362) and (15.26 ± 1.727 vs.
24.48 ± 1.362), respectively. Similarly, piroxicam treat-
ment also significantly decreased the CRP levels as
compared to arthritic group (13.76 ± 1.172 vs.
24.48 ± 1.362). On comparing three treatment groups, we
found that piroxicam showed a significantly higher ca-
pacity to alleviate C-reactive protein levels as compared to
the low dose of A. occidentale, while no significant dif-
ference was seen when compared with the high dose of
A. occidentale (Figure 2(a)).

3.3. A. occidentale Significantly Inhibited Rheumatoid Factor
(RF). Increased levels of RF were found in arthritic group as
compared to control group (119.7± 5.955 vs. 0.00± 0.00).
Both high dose of A. occidentale and piroxicam showed a
significant reduction in RF levels as compared to arthritic
group (86.00± 4.099 vs. 119.7± 5.955) and (87.67± 4.546 vs.
119.7± 5.955), respectively. Low dose of A. occidentale did
not show significant reduction in RF levels compared to
arthritic group (112.0± 5.762 vs. 119.7± 5.955). We did not
find any significant difference between the effect of high-
dose A. occidentale and piroxicam (86.00± 4.099 vs.
119.7± 5.955) (Figure 2(b)).
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3.4. Effects of A. occidentale on Histopathological Changes in
Ankle Joints. Severe inflammation along with massive joint
inflammation, bone erosion, and pannus formation was
observed in paw tissue of arthritic rats. Treatment with
A. occidentale and piroxicam significantly decreased these
histopathological changes (Figures 3(a) and 3(b)).

3.4.1. A. occidentale Significantly Attenuated Joint
Inflammation. Significant joint inflammation was observed in
arthritic group as compared with control group (3.333± 0.2582
vs. 0.0± 0.0). Treatment with low dose and high dose of

A. occidentale (2.833± 0.2582 vs. 3.333±0.2582) and
(2.417± 0.3764 vs. 3.333± 0.2582) and piroxicam
(2.167± 0.2582) significantly reduced inflammation.

3.4.2. Treatment with A. occidentale Significantly Alleviated
Bone Erosion. We observed significantly high bone erosion
in arthritic group as compared to control group
(2.833± 0.4082 vs. 0.0± 0.0). Although treatment with low
dose of A. occidentale decreased the bone erosion, it was not
significant (2.667± 0.2582 vs. 2.833± 0.4082). High-dose
A. occidentale and piroxicam significantly reduced the bone

Piroxicam

AO (100mg/kg) AO (200mg/kg)

ArthriticControl

(b)

Figure 3: (a) Treatment with A. occidentale significantly reduced the histopathological score. +e data is presented as mean ± SD for n� 6.
###(P< 0.001) indicating significant difference compared to control group, while ∗(P< 0.05), ∗∗(P< 0.01), and ∗∗∗(P< 0.001) indicate
significant difference compared to arthritic group. (b) H&E staining, showing normal ankle joint tissue, normal synovium, cartilage, bone,
and no inflammation (control group); severe inflammation, pannus, and bony erosion (arthritic group); resolution of inflammation, pannus
formation, and bony erosion (low-dose and high-dose AO group); and resolution of inflammation, pannus formation, and bony erosion
(piroxicam group).
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erosion (2.583± 0.2041 vs. 2.833± 0.4082) and
(2.250± 0.2739 vs. 2.833± 0.4082), respectively.

3.4.3. A. occidentale Significantly Suppressed Pannus
Formation. Results showed increased pannus formation in
arthritic group (2.333± 0.2582) as compared to control
group. Treatment with low dose of A. occidentale did not
significantly decrease the pannus formation (2.167± 0.2582
vs. 2.333± 0.2582) while high dose of A. occidentale and
piroxicam significantly reduced the pannus formation as
compared to arthritic group (1.833± 0.2582 vs.
2.333± 0.2582) and (1.750± 0.2739 vs. 2.333± 0.2582),
respectively.

3.5. A. occidentale Nearly Normalized the Total Leucocyte
Count (TLC). +e results showed an increase in TLC of
arthritic group as compared to control group (9.293± 0.569
vs. 7.305± 0.3885) which means FCA-induced arthritis
resulted in recruitment of leukocytes in arthritic group. Both
low-dose and high-dose treatment of A. occidentale showed
a significant decrease in TLC as compared to arthritic group
(8.017± 0.3214 vs. 9.293± 0.569) and (7.900± 0.4801 vs.
9.293± 0.569), respectively. Similarly, piroxicam-treated
group also showed a significant decrease in TLC as com-
pared to arthritic group (7.807± 0.6639 vs. 9.293± 0.569).
+ere was no significant difference in the TLC of low dose,
high dose, and piroxicam groups when compared to each
other (Table 1).

3.6. A. occidentale Significantly Suppressed the Raised
Levels of DLC

3.6.1. A. occidentale Significantly Reduced Neutrophil Count.
+ere was a significant increase in neutrophil count of ar-
thritic group as compared to control group (66.78± 2.660 vs.
52.66± 3.369). Both low-dose and high-dose treatment of
A. occidentale showed a significant decrease in neutrophil
count as compared to arthritic group (60.43± 3.972 vs.
66.78± 2.660) and (57.94± 3.052 vs. 66.78± 2.660), respec-
tively. Similarly, piroxicam-treated group also showed a
significant decrease in TLC as compared to arthritic group
(54.50± 3.355 vs. 66.78± 2.660). On comparing three
treatment groups, we found that piroxicam showed a sig-
nificantly higher capacity to alleviate neutrophil count as
compared to low dose of A. occidentale while no significant
difference was observed when compared with high dose of
A. occidentale (Table 1).

3.6.2. A. occidentale Significantly Reduced the Elevated
Lymphocytes Counts. We found a significant increase
in lymphocyte counts of arthritic group as compared to
control group (33.66 ± 0.7083 vs. 31.18 ± 0.6081) which
indicates that FCA-induced arthritis resulted in recruit-
ment of lymphocytes in arthritic group. Low dose of
A. occidentale could not significantly reduce
the lymphocyte count (33.27 ± 1.693 vs. 33.66 ± 0.7083),
while high-dose treatment of A. occidentale, as well as

piroxicam, showed a significant decrease in lymphocyte
count as compared to arthritic group (32.02 ± 0.5516 vs.
33.66 ± 0.7083) and (31.96 ± 0.5322 vs. 33.66 ± 0.7083),
respectively. No significant difference was noted between
the effects of high-dose A. occidentale and piroxicam when
compared with one another (Table 1).

3.6.3. A. occidentale Ameliorated the Altered Monocyte
Counts. A significant increase in monocyte counts of ar-
thritic group was determined as compared to control group
(2.412± 0.2001 vs. 1.610± 0.1336). Low dose ofA. occidentale
did not significantly reduce the lymphocyte count
(2.303± 0.1720 vs. 2.412± 0.2001), while high-dose treat-
ment of A. occidentale, as well as piroxicam, showed a
significant decrease in monocyte count as compared to
arthritic group (2.088± 0.1179 vs. 2.412± 0.2001) and
(2.032± 0.1466 vs. 2.412± 0.2001), respectively. No signifi-
cant difference was found between the effect of high dose
A. occidentale and piroxicam when compared with one
another (Table 1).

3.6.4. No Significant Change Was Observed in the Counts of
Basophils. Results showed no significant change in basophil
counts of arthritic group, low-dose A. occidentale, high-dose
A. occidentale, and piroxicam-treated groups, when com-
pared with each other (Table 1).

3.7. A. occidentale Reduced the Raised Platelet Counts. A
significant increase in platelet count of arthritic group was
observed as compared to control group (5.567± 0.3259 vs.
4.350± 0.2504). Low dose of A. occidentale did not signifi-
cantly affect the platelet count (5.133± 0.1894 vs.
5.567± 0.3259), while high-dose treatment of A. occidentale
(4.908± 0.3642 vs. 5.567± 0.3259), as well as piroxicam
(4.882± 0.1847 vs. 5.567± 0.3259), showed a significant
decrease in platelet count as compared to arthritic group. No
significant difference was found between the effects of high-
doseA. occidentale and piroxicamwhen compared with each
other (Table 1).

3.8. A. occidentale Significantly Improved the RBC Count.
Results indicated a significant decrease in RBC count of
arthritic group as compared to control group (4.163± 0.4052
vs. 5.827± 0.3257). Low dose of A. occidentale did not
significantly restore the RBC count (4.450± 0.4241 vs.
4.163± 0.4052), while high-dose treatment of A. occidentale
and piroxicam showed a significant increase in RBC count as
compared to arthritic group (5.057± 0.3642 vs.
4.163± 0.4052) and (4.963± 0.1445 vs. 4.163± 0.4052), re-
spectively (Table 1).

3.9. A. occidentale Restored the Hemoglobin Content.
+ere was a significant decrease in Hb content of arthritic
group as compared to control group (11.67± 0.8179 vs.
14.66± 0.3985). Low dose and high dose of A. occidentale
significantly restored the Hb content as compared to
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arthritic group (12.79± 0.3164 vs. 14.66± 0.3985) and
(13.36± 0.4298 vs. 14.66± 0.3985), respectively. Similarly,
piroxicam also significantly improved the Hb content
(13.02± 0.6174 vs. 14.66± 0.398). +ere was no significant
difference in the effects of high dose of A. occidentale and
piroxicam (Table 1).

3.10. Effects ofAnacardiumoccidentale onLysosomalEnzymes

3.10.1. Treatment with A. occidentale Significantly Reduced
the Acid Phosphatase Levels. FCA resulted in increased acid
phosphatase levels in arthritic group as compared to control
group (0.8450± 0.0432 vs. 0.2233± 0.0463). Both high dose
of A. occidentale and piroxicam showed a significant re-
duction in acid phosphatase levels as compared to arthritic
group (0.4300± 0.0540 vs. 0.845± 0.0432) and (0.3583±
0.062 vs. 0.845± 0.043), respectively. Low dose of A.
occidentale did not show any significant reduction in acid
phosphatase levels compared to arthritic group (0.7667±
0.043 vs. 0.845± 0.0432). +ere was no significant difference
between the effects of high-dose A. occidentale and pirox-
icam (0.430± 0.054 vs. 0.3583± 0.062) (Figure 4(a)).

3.10.2. A. occidentale Significantly Suppressed β-Galactosi-
dase Levels. Elevated levels of β-galactosidase were found in
arthritic group as compared to control group (3.500± 0.1814
vs. 1.867± 0.0778). Both high dose of A. occidentale and
piroxicam showed a significant reduction in β-galactosidase
levels as compared to arthritic group (2.542± 0.1532 vs.
3.500± 0.1814) and (2.372± 0.1038 vs. 3.500± 0.1814), re-
spectively. Low dose of A. occidentale did not show any
significant reduction in β-galactosidase levels compared to
arthritic group (3.358± 0.1932 vs. 3.500± 0.1814). +ere was
no significant difference between the effect of high-dose
A. occidentale and piroxicam (2.542± 0.1532 vs.
2.372± 0.1038) (Figure 4(b)).

3.10.3. A. occidentale Significantly Attenuated β-Glucuroni-
dase Levels. Results indicated high levels of β-glucuronidase
in arthritic group as compared to control group
(5.737± 0.2317 vs. 2.460± 0.2536). Both high dose of
A. occidentale and piroxicam treatments resulted in a

significant reduction in β-glucuronidase levels as compared
to arthritic group (2.918± 0.1569 vs. 5.737± 0.2317) and
(3.163± 0.3574 vs. 5.737± 0.2317), respectively. Low dose of
A. occidentale showed no significant reduction in β-glucu-
ronidase levels comparing to arthritic group (5.327± 0.4614
vs. 5.737± 0.2317). +ere was no significant difference be-
tween the effect of high-dose A. occidentale and piroxicam
(2.918± 0.1569 vs. 3.163± 0.3574) (Figure 4(c)).

3.10.4. A. occidentale Significantly Alleviated N-Acetyl Glu-
cosaminidase Levels. Arthritic group showed increased
levels of N-acetyl glucosaminidase as compared to control
group (2.957± 0.0948 vs. 1.218± 0.0741). Both low dose and
high dose of A. occidentale treatments resulted in a signif-
icant reduction in N-acetyl glucosaminidase levels as
compared to arthritic group (2.707± 0.2229 vs. 2.957±
0.0948) and (2.047± 0.1211 vs. 2.957± 0.0948), respectively.
Piroxicam also significant reduced in N-acetyl glucosami-
nidase levels compared to arthritic group (2.257± 0.1618 vs.
2.957± 0.0948). +ere was no significant difference between
the effect of high-dose A. occidentale and piroxicam
(2.047± 0.1211 vs. 2.257± 0.1618) (Figure 4(d)).

3.10.5. A. occidentale Significantly Decreased Collagenase
Levels. Results showed increased levels of collagenase in
arthritic group as compared to control group (58.32± 3.308
vs. 31.25± 3.204). Both high dose of A. occidentale and
piroxicam treatments resulted in a significant reduction in
collagenase levels as compared to arthritic group
(40.60± 2.109 vs. 58.32± 3.308) and (41.21± 3.967 vs.
58.32± 3.308), respectively. Low dose of A. occidentale
showed no significant reduction in collagenase levels
compared to arthritic group (52.28± 5.455 vs. 58.32± 3.308).
+ere was no significant difference between the effect of
high-dose A. occidentale and piroxicam (40.60± 2.109 vs.
41.21± 3.967) (Figure 5).

4. Discussion

Cashew leaves are known for their medicinal properties. +e
plant is used by the traditional practitioners as anti-in-
flammatory agent [29]. Various studies using different
models of inflammation have validated the anti-

Table 1: Treatment with A. occidentale nearly normalized all the hematological parameters.

Parameters
Groups

Control Arthritic AO (100mg/kg) AO (200mg/kg) Piroxicam
TLC (103) 7.305± 0.388 9.293± 0.569### 8.017± 0.321∗∗ 8.017± 0.321∗∗∗ 7.807± 0.663∗∗∗
Neutrophil (%) 52.66± 3.369 66.78± 2.660### 60.43± 3.972∗ 57.94± 3.052∗∗∗ 54.50± 3.355∗∗∗
Lymphocytes (%) 31.18± 0.608 33.66± 0.708### 33.27± 1.693 32.02± 0.551∗ 31.96± 0.532∗
Monocytes (%) 1.610± 0.133 2.412± 0.200### 2.303± 0.1720 2.088± 0.117∗ 2.032± 0.146∗∗
Basophils (%) 0.8050± 0.034 0.8500± 0.052 0.8400± 0.030 0.8267± 0.043 0.8117± 0.0256
Platelet count (103) 4.350± 0.250 5.567± 0.325### 5.133± 0.189 4.908± 0.364∗∗ 4.882± 0.184∗∗
RBC (106) 5.827± 0.325 4.163± 0.405### 4.450± 0.424 5.057± 0.364∗∗ 4.963± 0.144∗∗
Hb (g/dL) 14.66± 0.3985 11.67± 0.8179### 12.79± 0.3164∗ 13.36± 0.4298∗∗∗ 13.02± 0.6174∗
###P< 0.001 indicating significant difference compared to control group, ∗P< 0.05, ∗∗P< 0.01, and ∗∗∗P< 0.001 indicating significant difference compared
to arthritic group.
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inflammatory properties of cashew [14, 15]. Current study
assessed the antiarthritic effect of cashew leaves extract using
FCA-induced arthritic rat model. Adjuvant-induced ar-
thritic model is a well-established model and has been used
in several studies to determine the potential therapeutic
targets and pathogenesis of RA. +e role of inflammatory
mediators and serological and pathological changes in ad-
juvant-induced arthritic model is considered similar to
human rheumatoid arthritis [30, 31]. Synovial joints are
particularly affected in rheumatoid arthritis. +e develop-
ment of synovial cell hyperplasia, inflammation, bone
erosion, and pannus formation are considered as charac-
teristic histopathological features of rheumatoid arthritis [3,
32]. Chronic inflammation of synovial tissues is the major
reason for the damage inflicted to bone and cartilage [17].
Current study demonstrated that the treatment with higher
dose of A. occidentale significantly attenuated arthritic de-
velopment, bone erosion, and pannus formation which
might be ascribed to anti-inflammatory effects of plant
extracts. Reference drug used was piroxicam because it is

1.0

0.8

0.6

U
/m

L

0.4

0.2

0.0

###

Acid phosphatase

∗∗∗

∗∗∗

C
on

tro
l

A
rt

hr
iti

c

AO
 (1

00
m

g/
kg

)

AO
 (2

00
m

g/
kg

)

Pi
ro

xi
ca

m

(a)

4

3

2

U
/m

L

1

0

###
β-Galactosidase

∗∗

∗∗

C
on

tro
l

A
rt

hr
iti

c

AO
 (1

00
m

g/
kg

)

AO
 (2

00
m

g/
kg

)

Pi
ro

xi
ca

m

(b)

7

5

6

4

3U
/m

L

2

1

0

###

β Glucoronidase

∗∗∗

∗∗∗

C
on

tro
l

A
rt

hr
iti

c

AO
 (1

00
m

g/
kg

)

AO
 (2

00
m

g/
kg

)

Pi
ro

xi
ca

m

(c)

4

3

2

U
/m

L

1

0

###

N Acetylglucosaminidase

∗

∗∗

∗∗

C
on

tro
l

A
rt

hr
iti

c

AO
 (1

00
m

g/
kg

)

AO
 (2

00
m

g/
kg

)

Pi
ro

xi
ca

m

(d)

Figure 4: Treatment with A. occidentale leaves extract significantly reduced acid phosphatase, β-galactosidase, β-glucuronidase, and
N-acetylglucosaminidase.+e data is presented as mean ± SD for n� 6. ###(P< 0.001) indicating significant difference compared to control
group, while ∗(P< 0.05), ∗∗(P< 0.01), and ∗∗∗(P< 0.001) indicate significant difference compared to arthritic group.
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usually prescribed in the treatment of arthritis and is known
to ameliorate adjuvant-induced arthritis through its im-
munomodulatory and anti-inflammatory activities [33, 34].

CRP is known as an acute phase protein and serves as an
essential biomarker for different inflammatory, neoplastic,
and degenerative disorders. Increased levels of CRP in blood
are associated with almost all types of inflammatory dis-
orders, especially in patients suffering from rheumatoid
arthritis [35, 36]. RF is another important biomarker as-
sociated with various autoimmune and nonautoimmune
diseases, especially rheumatoid arthritis. It is an antibody
directed against the antigenic determinants on the Fc region
of the immunoglobulin G [37]. RF has long been linked with
the pathogenesis of RA and its induction is triggered by the
formation of immune complexes during infection [38]. +e
elevated levels of CRP and RF in arthritic group in present
study were found significantly reduced after treatment with
both plant extract and piroxicam.

We found increase in TLC and platelet count in arthritic
rats as compared with control group. +is may be explained
as the result of induction of immune response against
attacking pathogen. Previous studies using adjuvant-in-
duced arthritic model showed reduction in RBC count and
Hb content in arthritic rats. +is decline in hematological
markers is an indicative of anemic condition. +e anemia
may be attributed to different reasons, e.g., failure of iron
storage in reticuloendothelial system and synovial tissues
and lack of adequate cell production due to failure of bone
marrow functioning [18, 39, 40]. Treatment with
A. occidentale normalized all the hematological parameters
and no significant difference was found between the effects
of plant extract and piroxicam.

We also evaluated the potential effects of
A. occidentale extract on the levels of different lysosomal
enzymes. Lysosomal enzymes have particular importance
in rheumatoid arthritis. Lining cells of the synovial
membrane and synovial fluid leucocytes were presumed
to be the source of the lysosomal enzymes [41]. Acid
phosphatase is one of the lysosomal enzymes and is
considered responsible for the destruction of cartilage in
arthritic condition. Levels of acid phosphatase are in-
creased due to reduced stability of lysosomes in adjuvant-
induced arthritis. +e enhanced activity of acid phos-
phatase is an indicative of persistent inflammation [42,
43]. β-Galactosidase and β-glucuronidase are other ly-
sosomal enzymes which cleave glycosidic bonds in pro-
teoglycans and glycoproteins resulting in destruction of
articular cartilage. A previous study showed that the
activities of these exoglycosidase enzymes in both sy-
novial fluid and serum of the arthritic patients were
significantly increased [44]. N-acetylglucosaminidase is
also a marker of inflammation and causes the hydrolysis
of N-acetylglucosamine residues from N-acetylglucosa-
minides [45]. It normally exists in plasma and its levels
are found increased in various inflammatory disorders
like arthropathies and chronic obstructive pulmonary
diseases. In addition, enhanced levels are found in liver
disease, diabetes mellitus, and cancer [46]. +ese results
are in accordance with the outcome of this study which

also showed enhanced levels of N-acetylglucosaminidase,
β-glucuronidase, acid phosphatase, and β-galactosidase,
and in rat serum after induction of arthritis. Treatment
with plant extract significantly attenuated the levels of
these lysosomal enzymes as compared with arthritic
group.

Irreversible joint destruction is a characteristic of RA.
Interstitial collagens are present in high content in joints
and are critical structural targets of different enzymes.
Although the presence of type-I collagen dominates in
cartilaginous matrix, type-II collagen is largely found in
extracellular matrix of bone, tendons, and ligaments.
Collagenase acts by cleaving collagen within triple helical
domains, thus playing an important role in RA-associated
tissue destruction [47]. We found that treatment with
A. occidentale extract significantly reduced collagenase
levels as compared with arthritic group. +e data showed
that the amelioration of FCA-induced arthritis as evi-
denced by reduction in arthritic score and histopatho-
logical score might be attributed to the suppression of
various tissue destructive enzyme levels.

A lot of studies have been conducted to evaluate the
qualitative and quantitative phytochemical constituents of
A. occidentale and are summarized in the form of a com-
prehensive review by [48]. Different vitamins and functional
biofactors were reported in the cashew leaves, e.g., vitamin C,
vitamins B2 and B3, thiamine, methyl gallute, leucocyanidin,
leucodelphinidin, etc. +e presence of fatty acids, like β-si-
tosterol, stigmasterol, etc., in cashew leaves has also been
documented. Various studies revealed the presence of a
number of phenolic compounds in the cashew leaves, e.g., 2-
hydroxy-6-pentadecylbenzoic acid, hyperoside, amento-
flavone derivate, myricetin-O-glycoside, kaempferol-3-O-
xyloside, quercetin-3-O-xyloside, quercetin-3-O-arabinofur-
anoside, quercetin-3-O-arabinopyranoside, quercetin-3-O-
rutinoside, etc. [48]. In another study, fresh cashew leaves
were subjected to steam distillation for the evaluation of
essential oils and found β-phellandrene + limonene (17.5%),
methyl chavicol (11.4%), germacrene B (8%), and trans-
α-bergamotene (7.9%) in the dominant quantities [49]. Many
of these constituents are known to possess anti-inflammatory
and antioxidant properties, which might be responsible for
the amelioration of rheumatoid arthritis in current study.

5. Conclusion

+e study suggests that ethanolic extract of leaves of Ana-
cardium occidentale possesses significant antiarthritic
properties in rats with FCA-induced arthritis and is at-
tributed to the inhibition of lysosomal enzymes and colla-
genase. Notably, higher dose of Anacardium occidentale
(200mg/kg b.w.) exhibited better anti-inflammatory effects
as compared to low dose (100mg/kg b.w.).

Abbreviations

CRP: C-reactive protein
TLC: Total leukocyte count
DLC: Differential leukocyte count

Evidence-Based Complementary and Alternative Medicine 9



Rf: Rheumatoid factor
Hb: Hemoglobin
RBC: Red blood cells
FCA: Freund’s complete adjuvant.

Data Availability

Data are available from the corresponding author upon
request.

Conflicts of Interest

+e authors declare that there are no conflicts of interest
regarding the publication of this paper.

References

[1] J. Chang and A. Kavanaugh, “Novel therapies for rheumatoid
arthritis,” Pathophysiology, vol. 12, no. 3, pp. 217–225, 2005.

[2] R. Khurana and S. M. Berney, “Clinical aspects of rheumatoid
arthritis,” Pathophysiology, vol. 12, no. 3, pp. 153–165, 2005.

[3] A. Shabbir, M. Shahzad, A. Ali, and M. Zia-Ur-Rehman,
“Discovery of new benzothiazine derivative as modulator of
pro- and anti-inflammatory cytokines in rheumatoid ar-
thritis,” Inflammation, vol. 39, no. 6, pp. 1918–1929, 2016.

[4] J. A. Markenson, “Worldwide trends in the socioeconomic
impact and long-term prognosis of rheumatoid arthritis,”
Seminars in Arthritis and Rheumatism, vol. 21, no. 2, pp. 4–12,
1991.

[5] F. C. Breedveld and J. Kalden, “Appropriate and effective
management of rheumatoid arthritis,” Annals of the Rheu-
matic Diseases, vol. 63, no. 6, pp. 627–633, 2004.

[6] B. Combe, “Early rheumatoid arthritis: strategies for pre-
vention and management,” Best Practice & Research Clinical
Rheumatology, vol. 21, no. 1, pp. 27–42, 2007.

[7] P. Kumar and S. Banik, “Pharmacotherapy options in
rheumatoid arthritis,” Clinical Medicine Insights Arthritis
Musculoskeletal Disorder, vol. 6, pp. 35–43, 2013.

[8] T. D.Wilsdon and C. L. Hill, “Managing the drug treatment of
rheumatoid arthritis,” Australian Prescriber, vol. 40, no. 2,
pp. 51–58, 2017.

[9] R. Payne, Limitations of NSAIDs for pain management:
toxicity or lack of efficacy?, Ee Journal of Pain, vol. 1, no. 3,
pp. 14–18, 2000.

[10] S. H. Venkatesha, R. Rajaiah, B. M. Berman, and
K. D. Moudgil, “Immunomodulation of autoimmune arthritis
by herbal CAM,” Evidence-Based Complementary and Al-
ternative Medicine, vol. 2011, Article ID 986797, 13 pages,
2011.

[11] H. Bliddal, R. Christensen, L. Højgaard et al., “Spiritual
healing in the treatment of rheumatoid arthritis: an explor-
atory single centre, parallel-group, double-blind, three-arm,
randomised, sham-controlled trial,” Evidence-Based Com-
plementary and Alternative Medicine, vol. 2014, Article ID
269431, 9 pages, 2014.

[12] A. Baptista, R. V. Gonçalves, J. Bressan, and M. C. G. Pelúzio,
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G. Figuérédo, “Essential oil chemical composition of ana-
cardium occidentaleL. leaves from Benin,” Journal of Essential
Oil Research, vol. 20, no. 1, pp. 5–8, 2008.

Evidence-Based Complementary and Alternative Medicine 11



Research Article
Effects and Mechanism of Berberine on the
Dexamethasone-Induced Injury of Human Tendon Cells

Shangjun Fu, Zongyun He, Yongfeng Tang, and Bo Lan

Hand and Foot Surgery, Yiwu Central Hospital, Yiwu, 322000 Zhejiang, China

Correspondence should be addressed to Bo Lan; lanbo886@126.com

Received 6 September 2020; Revised 10 October 2020; Accepted 26 October 2020; Published 7 November 2020

Academic Editor: Arham Shabbir

Copyright © 2020 Shangjun Fu et al. (is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Objective. To investigate the effects of berberine (Berb) on dexamethasone- (Dex-) induced injury of human tendon cells and its
potential mechanism.Methods. CCK-8 assay was used to explore the appropriate concentration of Dex-induced injury of tendon
cells and the doses of Berb attenuates Dex cytotoxicity; cell wound healing assay was used to detect the effects (P< 0.05) of Berb
and Dex on the migration ability of tendon cells; flow cytometry was used to measure cell apoptosis; DCF DA fluorescent probe
was used to measure the ROS activity of cells. Western blotting was used to detect the expression of phenotype related factors
including smooth muscle actin α (SMA-α), type I collagen (Col I), col III, apoptosis-related factors, caspase-3, cleaved caspase-3,
caspase-9, cleaved caspase-9, and PI3K/AKT. Results. CCK-8 assay showed that 1–100 μM Dex significantly inhibited the
proliferation of tendon cells in a concentration-dependent manner (P< 0.05), where the inhibitory effect of 100 μMDex was most
significant (P< 0.005), and the pretreatment of 150, 200 μMBerb could reverse those inhibitions (allP< 0.05). Compared with the
control group, Dex significantly inhibited cell migration (P< 0.05), while Berb pretreatment could enhance cell migration
(P< 0.05). Flow cytometry and ROS assay showed that Dex could induce apoptosis and oxidative stress response of tendon cells
(all P< 0.05), while Berb could reverse those responses (P< 0.05). Western blot showed that Dex could inhibit the expression of
the col I and III as well as α-SMA (all P< 0.05) and enhance the expression of apoptosis-related factors including cleaved caspase-3
and cleaved caspase-9 (all P< 0.05). Besides, Dex could also inhibit the activation of the PI3K/AKT signaling pathway (all
P< 0.05), thus affecting cell function, while Berb treatment significantly reversed the expression of those above proteins (all
P< 0.05). Conclusion. Berb attenuated DEX induced reduction of proliferation and migration, oxidative stress, and apoptosis of
tendon cells by activating the PI3K/AKT signaling pathway and regulated the expression of phenotype related biomarkers in
tendon cells. However, further studies are still needed to clarify the protective effects of Berb in vivo.

1. Introduction

Tendinopathy includes all pain related to the tendon injury,
and activity-related pain is its main clinical symptom [1]. It
has been estimated that tendinopathy accounts for 30–50%
of musculoskeletal diseases and can often affect the shoulder,
elbow joint, patella, and Achilles tendon function [2, 3].
Although physical methods, such as local hot compress,
massage, and infrared physiotherapy, are often used clini-
cally to treat tendon injuries, the effect is often not satis-
factory [4]. At present, the treatment of tendinopathy usually
relies on limited scientific evidences [1], and clinical experts
often disagree about the use of some of these methods.
Among those, the application of glucocorticoids, such as the

commonly used dexamethasone (dexamethasone, Dex), is
still very controversial and questionable [5]. Previous in
vitro studies have shown that exposure to glucocorticoids
has many negative effects on tendon cells [6]. For example, it
can cause a decrease in the viability and proliferation of
tendon cells and can reduce the level of total collagen (es-
pecially collagen 1 and proteoglycan) [7, 8].(e above effects
can destroy the structure of the tendon, which is specifically
shown as a decrease in the mechanical properties of the
tendon [6] and can eventually lead to the occurrence of
adverse events such as tendon rupture. Even given the side
effects of glucocorticoid application on tendon cells, it is
undeniable that hormones within glucocorticoid play a
significant role when it comes to anti-inflammation.
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(erefore, in the research of clinical treatment of tendin-
opathy, it is necessary to find an adjuvant drug that can
reduce glucocorticoid-induced tendon cell injury.

Berberine (Berb), also known as berberine hydrochlo-
ride, has been used as a traditional medicine in China for
thousands of years [9]. It has a variety of protective bio-
logical functions such as antioxidant, anti-inflammatory,
and antiapoptosis [10, 11]. Currently, a large number of
clinical trials have confirmed the effectiveness of Berb on
nonalcoholic fatty liver, irritable bowel syndrome, insulin
resistance, and other diseases [12]. (erefore, this study
intends to establish a Dex-induced human tendon cell injury
model and to observe whether Berb can exert a protective
effect on tendon cell injury, and to further study its
mechanism, ultimately aiming to reduce the adverse effects
of glucocorticoid treatment of tendinopathy.

2. Materials and Methods

2.1. Materials and Reagents. Dulbecco’s modified eagle me-
dium (DMEM), fetal bovine serum, penicillin-streptomycin
liquid, phosphate buffer, and trypsin-EDTA digestion so-
lution were all purchased fromHyclone, USA. Cell Counting
Kit-8 kit was purchased from Dojindo, Japan, and Annexin
V-FITC/PI apoptosis kit was purchased from(ermofisher,
USA. Both Berb and Dex were purchased from Sigma-
Aldrich, USA. RIPA protein lysate, antibody diluent, Tween-
20, and ECL chemiluminescence reagents were all purchased
from Shanghai Biyuntian Biotechnology Co., Ltd. Primary
antibodies for smooth muscle actin α (smooth muscle actin
α, α-SMA), type I collagen (Col I), col III, caspase-3, cleaved
caspase-3, caspase-9, cleaved caspase-9, p-PI3K, PI3K,
p-AKT, AKT, and β-actin were all purchased from Abcam,
USA. (e reactive oxygen species (ROS) detection kit was
purchased from Shanghai Biyuntian Biotechnology Co., Ltd.

2.2. Method

2.2.1. Human Tenocyte Culture. (is research protocol has
been approved by the Human Research Ethics Committee of
our hospital. Primary human tenocytes were prepared from
the patellar tendons of healthy volunteers for culture by
following [8]. After the volunteers signed the informed
consent, when the anterior cruciate ligament was recon-
structed with autologous bone-patellar tendon-bone trans-
plantation, a tendon tissue block (2× 2× 3mm) was cut
from the central 1/3 of the healthy patellar tendon for
primary cell culture. (e tissue block was washed with a
phosphate buffer solution containing 1% penicillin-strep-
tomycin liquid (100U/mL penicillin and 100 μg/mL strep-
tomycin) first before cutting the tissue block into 1mm3 size
under aseptic conditions. (e tissue was then digested with
trypsin-EDTA. After 5 minutes of digestion, the digested
tissue pieces were then transferred to a 35mm petri dish
containing DMEM with 10% fetal bovine serum and 1%
penicillin-streptomycin liquid and cultured in an incubator
at 37°C with 5% CO2. (e medium was replaced twice a
week. After observing the tendon cells and cell fusion in the
tendon tissue under the microscope, the tendon fibroblasts

were then digested and cultured in the culture flask with the
inoculation density of 105 cells per flask under the same
culture conditions for subculture. Subsequent experiments
were conducted using the cells that were less than 5 passages.

2.2.2. Establishment of Dex-Induced Tendon Cell Injury
Model. Dex was dissolved in absolute ethanol to prepare a
storage solution with a concentration of 10mM and stored
in a refrigerator at −20°C. Before processing the tenocytes,
the stock solution was diluted with DMEM supplemented
with 10% fetal bovine serum and 1% penicillin-streptomycin
liquid to a final concentration of 1, 10, and 100 μM, re-
spectively. Tendon cells were treated with the above con-
centrations for 48 h to induce cell damage, and the Dex
concentrations that can significantly inhibit cell proliferation
activity were selected for follow-up studies.

2.2.3. Detection of Cell Proliferation Activity by CCK-8

(1) Test the Effect of Dex on the Proliferation Activity of
Tenocytes. For specific operations, see Method 1.2.2.
Tenocytes were seeded in a 96-well plate at a density of
5×103 cells/well, cultured for 24 h under standard condi-
tions and then treated with Dex at different concentrations
(1, 10, and 100 μM) for 48 h. After treatment, 10 μL CCK-8
was added, and the cells were put in the incubator again and
continued in culture for 2 h. After that, a spectrophotometer
was used to measure the absorbance value (absorbance, A) at
450 nm wavelength to calculate the relative cell proliferation
activity. Each group had 5 replicates. (e value measured
from the DMEM was used as the background value to
eliminate the interference of the medium itself on the ab-
sorbance value. Relative cell proliferation activity� (A
treatment group-A background group)/(A control group-A
background group).

(2) Detect the Effect of Berb on the Proliferation Activity of
Dex-Induced Tenocytes. First, different concentrations of
Berb (0, 25, 50, 100, 150, 200, and 300 μM) were used to
pretreat tendon cells for 24 h, and then Dex was used to
induce tendon cell injury for 48 h. For subsequent opera-
tions, see Method (1). (e appropriate concentration that
can effectively reduce the cell damage caused by Dex was
selected for follow-up research.

2.2.4. Evaluation of Cell Migration Ability by the Scratch Test.
Tenocytes were seeded in a six-well plate at a density of
2×105 cells/well, and they were divided into the control
group (Control), Dex group, 150 Berb +Dex group (150 μM
Berb pretreatment), and 200 Berb +Dex group (200 μMBerb
pretreatment). After the inoculated cells were cultured for
24 h, the 150 Berb +Dex group and 200 Berb +Dex group
were pretreated with 150 and 200 μM Berb for 24 h, re-
spectively, and then treated with Dex for 48 h. After the
treatment, the cells were digested and reseeded in a six-well
plate at a density of 1× 106 cells/well. After 24 h of culture, a
200 μL sterile pipette tip was used to draw 3 parallel lines that
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were vertical to the plate. After washing the floating cells
with PBS, normal DMEMwas added, and pictures were then
taken under an inverted microscope. After imaging, the cells
were then returned to the incubator to continue culturing for
24 h, and then the pictures were taken again. Image J was
then used to measure the width of the scratch (W), and the
relative migration capacity of cells was calculated with
formula (W-0 h-W-24 h)/W-0 h.

2.2.5. Detection of ROS Level. (e DCF-DA fluorescent
probe was used to detect the ROS activity of cells. (e cells
were seeded in a 48-well plate at a density of 1× 104 cells/well
and processed as method 2.2.4 for specific operations. (e
cells were washed twice with PBS, and 200 μL of 25 μMDCF-
DA was then added, and the cells were then put back in the
incubator for 30min. After the incubation, the cells were
washed twice with PBS again, and then the relative fluo-
rescence intensity of the sample was measured with the
Synergy Mx multifunction microplate detector at the exci-
tation and emission wavelengths of 485 and 528 nm,
respectively.

2.2.6. Detection of Apoptosis by Flow Cytometry.
Annexin V-FITC/PI double staining was used to detect cell
apoptosis. First, the cells were inoculated in a six-well plate.
After each group of cells was treated accordingly (see
Method 2.2.4 for details), the cells were then digested with
trypsin-EDTA digestion solution and centrifuged at 800 g
for 5min to obtain the cell pellet. 500 μL PBS was then added
to wash the cell pellet before centrifuging again to collect the
pellet. After repeating the washing 3 times, 500 μL of binding
buffer was added to the cell pellet to resuspend the cells.
After that, 15 μL of Annexin V-FITC and PI were added in
sequence, and cells were then incubated at room tempera-
ture for 30min in the dark. After the incubation, flow
cytometry was then used for apoptosis detection.

2.2.7. Expression of Protein Detected by the Western Blotting

(1) Effects of Berb on the Protein Expression of Dex-Induced
Tendon Cells. RIPA Lysis Buffer was used to lyse the treated
cells on ice, cells were then centrifuged at 12,000 g/min for
20min to take the cell lysate supernatant, and the BCA
protein concentration determination kit was then used to
determine the protein concentration. 30 μg protein sample
was then taken and loaded on the SDS-PAGE gel, and the
protein was separated by electrophoresis and transferred to
the PVDF membrane. (e membrane was blocked at room
temperature for 1 h and then inoculated at 4°C with primary
antibodies (SMA, col I, col III, caspase-3, cleaved caspase-3,
caspase-9, cleaved caspase-9, p-PI3K, PI3K, P-AKT, AKT,
and β-actin) overnight. After washing the membrane the
next day, the membrane was then incubated in the corre-
sponding secondary antibody for 1 h at room temperature.
After washing the membrane again, enhanced chem-
iluminescence reagent was added for protein exposure and
development, and Photoshop software was then used for
protein grayscale analysis.

(2) Test the Effects of PI3K Inhibitors and Verify the Ex-
pression of PI3K/AKT Signaling Pathway Proteins. (e cells
were divided into 5 groups, namely, the control group
(control), Dex group, LY294002 group, Berb +Dex group,
and LY294002 +Berb +Dex group. After the corresponding
treatment, the specific detection steps were conducted as
shown in Method (1).

2.2.8. Statistical Analysis. (e experimental data were
analyzed and processed by SPSS 18.0. Quantitative data
were expressed as mean ± standard deviation. Under the
same treatment condition, the difference between the
groups was compared by one-way analysis of variance; the
Dunnett t-test was used for the comparison between
different groups and the control group. P≤ 0.05 was used
for the statistically significant test. All experiments in the
study were repeated independently at least three times.

3. Results

3.1. ?e Effect of Dex and Berb Treatment on the Proliferation
Activity of Tenocytes. As shown in Figure 1(a), with the
increase of Dex treatment concentration, the proliferation
activity of tenocytes decreased in a dose-dependent manner
(P< 0.001), so the follow-up study chose 100 μM Dex to
treat tenocytes to induce cell damage. As shown in
Figure 1(b), pretreatment of cells with different concen-
trations of Berb (0, 25, 50, 100, 150, 200, and 300 μM) before
exposure to 100 μM Dex can reduce the damaging effect of
Dex on cells in a dose-dependent manner (P< 0.001). (e
concentration of 150 and 200 μM Berb treatment was most
obvious, so 150 and 200 μM were chosen as the Berb pre-
treatment concentration for follow-up research.

3.2.?e Effect of Combined Treatment of Dex and Berb on the
Migration Ability of Tenocytes. As shown in Figure 2,
compared with the control group, Dex treatment can sig-
nificantly reduce the cell migration ability (all P< 0.05),
while, compared with the Dex group, it can be seen that Berb
pretreatment can promote the recovery of cell migration
ability (all P< 0.05). Moreover, with the extension of the
scratch culture time, the promotion effect becomes more
obvious.

3.3. ?e Combined Effect of Dex and Berb on the Induction of
Apoptosis of Tendon Cells. As shown in Figure 3, flow
cytometry showed that Dex can significantly induce apo-
ptosis of tendon cells (P< 0.05), while Berb pretreatment
can reduce the rate of apoptosis of tendon cells (all P< 0.05).

3.4.?eCombinedTreatmentofDexandBerbon the Induction
of Oxidative Stress in Tendon Cells. As shown in Figure 4
(DCF-DA detection of ROS level), Dex can significantly
induce oxidative stress in tendon cells, and ROS expression
is significantly increased (P< 0.05), while Berb treatment
can inhibit the production of ROS (all P< 0.05) indicating its
inhibitory effects on the occurrence of oxidative stress.
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3.5. ?e Effect of Dex and Berb on the Expression of Apoptosis
Factors in Tendon Cells. As shown in Figure 5, compared
with the control group, Dex exposure can significantly in-
crease the expression of cleaved caspase-3 and cleaved
caspase-9 in cells (both P< 0.05) and induce the occurrence
of apoptotic response, while Berb pretreatment can reverse
the above changes (all P< 0.05) thus playing an anti-
apoptotic effect.

3.6.?e Combined Effect of Dex and Berb on the Expression of
Phenotype-Related Biomarkers in Tendon Cells. As shown in
Figure 6, compared with the control group, Dex treatment
can significantly inhibit the expression of α-SMA, col I, and
col III (all P< 0.05), thereby destroying cell function, while
Berb pretreatment promoted the expression of α-SMA, col I,
and col III (all P< 0.05), suggesting that Berb can contribute
to the functional recovery of damaged tendon cells.

3.7.?e Combined Effect of Dex and Berb on the Activation of
PI3K/AKT Signaling Pathway. As shown in Figure 7, Dex

exposure can inhibit the activation of the PI3K/AKT sig-
naling pathway in tendon cells (all P< 0.05), while Berb
pretreatment can reverse this change (all P< 0.05). (e
addition of PI3K inhibitor LY294002 further confirmed this
effect.

4. Discussion

(e healing of tendon injuries involves many complex
processes, which could span stages of inflammation, re-
generation, and remodeling [13]. In this process, tendon
cells migrate to the repair site, proliferate actively, and are
responsible for depositing a large amount of extracellular
matrix in the tissue. (e normal progress of the above cell
activities is the basis of tendon healing [14]. Previous studies
have found that while Dex is anti-inflammatory, it can cause
damage to the function of tendon cells, which may hinder
the regeneration process of tendon healing [15]. Berb is the
main isoquinoline alkaloid component of many common
medicinal plants (such as barberry, coptis, etc.), due to its
multiple biological activities, including antidiarrheal,
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Figure 1: Effects of Dex and Berb on proliferation of tendon cells. (a) CCK-8 assay was used to detect the effects of various concentration of
Dex (1, 10, and 100 μM) on the proliferation of tendon cells; (b) CCK-8 assay was used to measure the effects of Dex on the proliferation of
tendon cells pretreated with different concentrations of Berb (0, 25, 50, 100, 150, 200, and 300 μM). Note. Compared with the control group,
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anticancer, antidiabetic, antihyperlipidemia, and heart
protection, it has been widely used in traditional Chinese
medicine [16]. Because of the bioprotective effect of Berb,
this study aims to investigate whether Berb can reduce Dex-
induced tendon cell damage and promote the recovery of cell
function.

In this study, the proliferation and migration functions
of tenocytes were studied by detecting cell proliferation
activity, finding the appropriate concentration of Dex-in-
duced damage and the intervention concentration of Berb
that can inhibit Dex damage. (e CCK-8 experiment found

that when 100 μMDex is given to tenocytes, the proliferation
activity of the cells can be significantly inhibited. (is result
is consistent with the results of Wong et al. [8]; that is, Dex
can significantly reduce the viability of tenocytes and inhibit
cell proliferation in a dose-dependent manner. Besides, this
study also found that Berb can dose-dependently mitigate
the reduction of cell proliferation induced by Dex in the
concentration ranging from 25 to 200 μM. Furthermore, in
the study on the change of the migration ability of damaged
tenocytes, we found that Dex can significantly reduce the
migration ability of cells; however, when cells were treated
with Berb in advance and then exposed to Dex, the damaged
migration ability of the cells can be significantly reversed,
and, with the extension of the treatment time, the effect of
improving cell migration ability is further enhanced. (e
above cell function experiments suggest that Berb can play a
cytoprotective effect and reduce the damage of proliferation
and migration ability caused by Dex.

(is study also observed the inducing effect of Dex on
the apoptosis and oxidation of tendon cells and the corre-
sponding protective effect of Berb. By measuring cell apo-
ptosis via flow cytometry, we found that Dex can
significantly induce cell apoptosis. However, when cells were
pretreated with 150 and 200 μM Berb, the rate of apoptosis
was significantly reduced. We also confirmed the occurrence
of apoptosis by detecting the protein expression levels of
apoptosis-related factors including caspase-3 and caspase-9.
It is known that caspase-3 can be activated by caspase-9
cleavage. (e activation of the caspase signal and its
downstream apoptotic response pathway is an important
feature of the apoptotic cascade [17]. Cleaved caspase-3 and
caspase-9 are important biomarkers for the progression of
apoptosis. Besides the results of flow cytometry for the
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Figure 3: Berb attenuated Dex-induced apoptosis of tendon cells.Note.Compared with the control group, ∗∗∗P< 0.001; compared with Dex
group, &&P< 0.01, &&P< 0.01, and &&&P< 0.001.
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Figure 4: Effects of Dex and Berb on the oxidative stress response
of tendon cells. Note. Compared with the control group, ∗P< 0.05;
compared with the Dex group, &P< 0.05.
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detection of the apoptosis response, this study also found
that Berb pretreatment can significantly reduce the increase
in the expression of apoptotic proteins in tendon cells in-
duced by Dex, thereby further verifying the antiapoptotic
effect of Berb. Previously, Min et al. used Dex to induce
human tendon cell injury. When studying the mechanism of
vitamin D on tendon cells, they found that vitamin D can
reduce the ROS produced by Dex [18]. In the oxidation
reaction experiment, by detecting the strength of DCF-DA,
which indicates the ROS level, it was found that Dex can
increase the ROS level of tendon cells and cause cell oxi-
dative damage, while the administration of Berb can reverse
the occurrence of oxidation reaction, thereby exerting a
protective effect. (e above experiments suggest that Berb
can not only promote the recovery of tenocyte function but

also reduce cell damage by inhibiting Dex-induced oxidation
and apoptosis.

Collagen (col) is one of the important constituents of
tendon cells, accounting for 70% of the dry weight of the
tendon [19]. In the normal tendons, col I make up for about
90% of the collagen, and the rest is col III [20]. Col I usually
form a tissue bundle by forming parallelly arranged fibers,
while col III is normally confined to the inner membrane
around the bundle formed by col I. When the injury occurs,
tenocytes can produce col I and III to help tendon healing
[21]. Studies have shown that, in human tendon tissues such
as the anterior cruciate ligament, up to 50% of the cells
contain α-SMA, which plays an important role in main-
taining the structure of the extracellular matrix [22]. Given
the evidence mentioned above, col I, col III, and α-SMA
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were selected as the biological markers of tendon cell
phenotype in this study, and the changes of their corre-
sponding protein expressions were also measured to indicate
the repair level of tendon cells. We found that the expression
of these three proteins in the damaged cells induced by Dex
was significantly reduced; however, treatment with Berb
could reverse this change, suggesting the function of Berb in
maintaining the phenotype of tenocytes and promoting its
repairing.

It is known that AKT, as a mechanical conversion
molecule, can affect the development and homeostasis of
various musculoskeletal tissues, including muscle (stretch),
cartilage (compression), and bone (shear force) [23]. Pre-
vious studies have confirmed that the PI3K/AKT signaling
pathway plays an important role in the process of tendon
differentiation and tendon formation [23]. (erefore, in the
study of the mechanism of Berb’s protective effect, this study
measured the activation level of the PI3K/AKT signaling

pathway. (e results showed that Dex can inhibit the ac-
tivation of PI3K/AKT, while Berb pretreatment can promote
the activation of this pathway. To confirm the relationship
between PI3K/AKT signal transduction, Dex, and Berb, we
used the PI3K inhibitor LY294002 in the combined action of
Dex and Berb. We found that, based on Berb’s activation of
the PI3K/AKT signaling pathway, the addition of PI3K
inhibitors can again inhibit the activation of this pathway
suggesting that both Dex and Berb can inhibit and activate
the PI3K/AKT signaling pathway, respectively.

5. Conclusion

(is study found that pretreatment with Berb can regulate
the activation of the PI3K/AKT signaling pathway and re-
verse the decrease in the proliferation and migration of
tenocytes caused by Dex-induced injury. (e pretreatment
of Berb also decreased the occurrence of apoptosis and
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oxidative stress caused by Dex, as well as restoring the
expression of biological markers related to the phenotype of
tenocytes. (e above results suggest that Berb has a cyto-
protective effect, but further in vivo studies are still needed to
reveal the beneficial effects of Berb on tendons.

Data Availability

(e data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

(e authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

(is work was supported by 2017 Yiwu General Scientific
Research Project (no. 17-1-13).

References

[1] C. C. Skjong, A. K.Meininger, and S. S.W. Ho, “Tendinopathy
treatment: where is the evidence?,” Clinics in Sports Medicine,
vol. 31, no. 2, pp. 329–350, 2012.

[2] S. Dimitrios, “Exercise for tendinopathy,” World Journal of
Methodology, vol. 5, no. 2, pp. 51–54, 2015.

[3] N. Maffulli, J. Wong, and L. C. Almekinders, “Types and
epidemiology of tendinopathy,” Clinics in Sports Medicine,
vol. 22, no. 4, pp. 675–692, 2003.

[4] P. Sharma and N. Maffulli, “Tendon injury and tendinop-
athy,” ?e Journal of Bone & Joint Surgery, vol. 87, no. 1,
pp. 187–202, 2005.

[5] F. Buttgereit, C. M. Spies, and J. W. Bijlsma, “Novel gluco-
corticoids: where are we now and where do we want to go?,”
Clinical and Experimental Rheumatology, vol. 33, no. 4,
pp. S29–S33, 2015.

[6] B. J. F. Dean, E. Lostis, T. Oakley, I. Rombach, M. E. Morrey,
and A. J. Carr, “(e risks and benefits of glucocorticoid
treatment for tendinopathy: a systematic review of the effects
of local glucocorticoid on tendon,” Seminars in Arthritis and
Rheumatism, vol. 43, no. 4, pp. 570–576, 2014.

[7] M. W. Wong, W. T. Lui, S. C. Fu, and K. M Lee, “(e effect of
glucocorticoids on tendon cell viability in human tendon
explants,” Acta Orthopaedica, vol. 80, no. 3, pp. 363–367,
2009.

[8] M. W. N. Wong, Y. Y. N. Tang, S. K. M. Lee, B. S. C. Fu,
B. P. Chan, and C. K. M. Chan, “Effect of dexamethasone on
cultured human tenocytes and its reversibility by platelet-
derived growth factor,”?e Journal of Bone and Joint Surgery-
American Volume, vol. 85, no. 10, pp. 1914–1920, 2003.

[9] M. A. Neag, A. Mocan, J. Echeverŕıa et al., “Berberine: bo-
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Osteoarthritis (OA) is currently the most common joint disorder worldwide. In last decades, herbal remedies have achieved a
significant advancement in the treatment of OA. Duhuo Jisheng Decoction (DHJS), an herbal formula consisting of 15 medicinal
herbs, has a long-time practice in OA therapy in China. However, its therapeutic mechanisms have not been comprehensively
elucidated. In the present work, integrated network and experimental pharmacology were performed for investigating the
therapeutic substances and mechanisms of DHJS. Based on network analysis, the contribution of each herb to OA therapy was
evaluated. Furthermore, a series of potential targets and signaling pathways were enriched, which could be involved in the
therapeutic effects and mechanisms of DHJS. Further experimental results indicated that DHJS attenuated TNFα, IL-6, MMP-1,
MMP-9, MMP-13, and ADAMTs-5 expression, inhibited NF-κB and p38 MAPK signaling pathway, activated AMPK-SIRT1
signaling pathway, and suppressed chondrocyte apoptosis, which synergistically contributed to OA therapy. Our work dem-
onstrated that DHJS could be very promising for OA therapy through synergistically acting on multitargets and multipathways.

1. Introduction

Osteoarthritis (OA) is currently the most common joint
disorder affecting about 250 million people worldwide [1].
With the combined epidemic of ageing and obesity, this
syndrome has become a massive health and socioeconomic
burden [2]. *e pathophysiology of OA is characterized by
articular cartilage degradation, subchondral bone remod-
eling, periarticular muscle weakness, synovial inflammation,
and subchondral sclerosis [3]. *ese pathological changes
caused the common symptoms including pain, swelling, and
stiffness, which lead to instability and physical disability [4].
*erefore, OA severely impaired the quality of life for af-
fected individuals.*e complex pathogenesis of OA involves
mechanical, inflammatory, and metabolic factors. For ex-
ample, excessive production of proinflammatory mediators,
including cytokines and chemokines, acts on the synovium

to induce inflammation [4]. Catabolic enzymes including
matrix metalloproteinases (MMPs), which are released by
chondrocytes, are involved in the degradation of extracel-
lular matrix [1]. *ese factors could tilt the balance between
anabolic and catabolic activities of joint tissues toward joint
destruction, leading to OA pathogenesis and progression.

Currently, OA management focuses on ameliorating
pain, minimizing disability, and enhancing life quality. *e
therapeutic options recommended in clinic include non-
pharmacological and pharmacological interventions. Sur-
gery is offered to those with severe symptoms and for whom
conservative approaches have failed [4]. Common phar-
macological therapies, such as nonsteroidal anti-inflam-
matory drugs (NSAIDs), are primarily symptomatic and
faced with inefficacy and long-term adverse events [5, 6].
Intra-articular corticosteroids are recommended in case the
OA patients have not responded to oral or topical analgesics
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[7], but the evidence for clinically important benefits of
corticosteroids still remains unclear [8]. In addition, the
efficacy of glucosamine and chondroitin sulfate in cartilage
repair is also controversial [9]. In summary, the limited
efficacy and safety issues surrounding the existing medi-
cations necessitate other safe and effective treatments.

Herbal remedy, as an important branch of comple-
mentary and alternative medicine, has a long tradition in
the treatment of OA. Duhuo Jisheng Decoction (DHJS), a
traditional Chinese herbal recipe, has been developed and
prescribed to treat OA in China for a long time [10]. *is
formula consists of 15 species of medicinal herbs: Radix
Angelicae pubescentis (Duhuo), Herba Taxilli (Sangjish-
eng), Radix Gentianae Macrophyllae (Qinjiao), Radix
Saposhnikoviae (Fangfeng), Herba Asari (Xixin), Cortex
Cinnamomi (Rougui), Poria Cocos (Fuling), Rhizoma
Chuanxiong (Chuanxiong), Radix Paeoniae Alba
(Baishao), Cortex Eucommiae Ulmoidis (Duzhong),
Codonopsis Radix (Dangshen), Radix Glycyrrhizae
(Gancao), Radix Angelicae Sinensis (Danggui), Radix
Achyranthis Bidentatae (Niuxi), and Radix Rehmanniae
Preparata (Shudihuang). According to traditional Chi-
nese medicine theory, Radix Angelicae pubescentis is
monarch drug responding to dispelling wind and elimi-
nating dampness; Radix Gentianae Macrophyllae, Herba
Asari, and Cortex Cinnamomi are minister drugs
responding to expelling wind, alleviating pain, and
eliminating stagnation; Herba Taxilli, Rhizoma Chuan-
xiong, Radix Achyranthis Bidentatae, and Cortex
Eucommiae Ulmoidis are assistant drugs responding to
nourishing liver and kidney, strengthening the bone, and
activating blood circulation; Radix Glycyrrhizae is guide
drug responding to harmonizing other herbs. *erefore,
DHJS can be mainly used to treat arthralgia syndrome,
with the effects of eliminating stagnation, removing blood
stasis, and also nourishing the liver and kidney [11].

In recent years, several clinical trials showed that DHJS
could relieve OA-related symptoms [10, 12], and a latest
meta-analysis paper demonstrated that DHJS combined
with Western medicine or sodium hyaluronate injection
appears to have beneficial outcomes for OA [13]. Based on
modern biological techniques, research on the mechanisms
of DHJS suggested that this decoction could alleviate OA
through promoting chondrocyte proliferation and sup-
pressing chondrocyte senescence and apoptosis [14–16].
However, DHJS is a multiherb formula containing plentiful
bioactive ingredients, and its pharmacological efficacy could
be derived from the synergistic actions of the multi-ingre-
dients modulating multipathways in a whole system level.
Although several studies have provided some clue to the
pharmacological mechanism of DHJS, the comprehensive
and precise mechanisms of DHJS on OA therapy have not
been elucidated. Network pharmacology is an emerged
cutting-edge methodology for revealing the synergism law of
multicomponent drugs and seeking high efficacy and low
toxicity of multiple-target medications [17]. In the present
work, integrated network and experimental pharmacology
were employed to pursue the scientific acknowledge re-
garding the principle of formula combination and elucidate

the systematic and comprehensive mechanisms of DHJS on
OA therapy.

2. Materials and Methods

2.1. Network Pharmacology-Based Analysis

2.1.1. Construction of DHJS Ingredient Library. *e ingre-
dients of each herb in DHJS formula were collected from
TCMSP database. TCMSP database provides detailed in-
formation of various active ingredients related to traditional
Chinese medicines (TCMs), including molecular weight,
oral bioavailability, drug likeness, aqueous solubility, and
drug targets [18]. In order to gather all reported ingredients
in herbal formula, we also performed an extensive literature
search for each herb.

2.1.2. Screening Strategy for Active Ingredients in DHJS.
Oral bioavailability (OB) is one of the most important
pharmacokinetic parameters for an oral administered drug.
It is commonly used in drug screening cascades for
screening candidate compounds [19]. Drug-likeness (DL) is
a qualitative parameter representing how the pharmacoki-
netic and pharmaceutical properties of a compound cor-
respond in the majority of available drugs [20]. In present
work, OB≥ 25% and DL≥ 0.18 were set as a threshold for
screening candidate ingredients from DHJS ingredient li-
brary. We set both of these variables because only those
ingredients with OB and DL above the thresholds are likely
the potential bioactive compounds contributing to the
therapeutic effects [21, 22].

2.1.3. Collection of DHJS Putative Targets and OA Targets.
Herbal formula with numerous bioactive ingredients could
regulate multiple targets, so target identification is helpful to
elucidate the therapeutic mechanism of DHJS. In this study,
two specialized databases (TCMSP and STITCH) were used
to search the putative targets of the candidate ingredients.
Furthermore, considering that the databases are hard to
realize real-time update and incorporate all latest studies, we
also performed a large-scale text mining of PubMed using
the each herbal ingredient as search term and manually
extracted relevant targets from literatures ranging from the
years 2015 to 2020.*e official symbols of DHJS targets were
generated through UniProtKB database (https://www.
uniprot.org/) with the species limited to “Homo sapiens.”
Finally, comprehensive ingredient-target interactome of
DHJS was constructed in silico. *e targets of OA were
exported from the human gene database GeneCards (http://
www.genecards.org/). *e items “Symbol” and “Score” of
each gene related to OA were reserved.

2.1.4. Pattern Recognition for Integrated Analysis of DHJS-
OA Targets. For all DHJS targets, the repetition number of
each target was counted as n, and then the same targets were
merged.*e values of nwere normalized with the maximum
n normalized to 1. For OA targets, the “Score” values of
genes were normalized through being divided by the
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maximum value. After normalization, the target scores
ranged from 0 to 1, and the target with normalized score 1
was the most relevant target to OA. *e number of inter-
action targets of DHJS and OA was generated with Venn
diagram. *e overlapped targets with corresponding values
of herb targets and OA targets were extracted. Finally, the
dataset containing herb targets and OA targets with cor-
responding values were constructed. After dataset con-
struction, pattern recognition models including principal
components analysis (PCA) and hierarchical cluster analysis
(HCA) were used to resolve the relevance between herb
targets and OA targets. *e dataset was exported to the
SIMCA-P software (version 12.0) and Heml (version 1.0.3)
to perform PCA and HCA, respectively.

2.1.5. Network Construction and Analysis. To explore the
multiscale mechanisms of therapeutic action of DHJS in OA,
an integrated network consisting of “herb-ingredient net-
work”, “ingredient-target network,” and “disease-target
network” was constructed by Cytoscape 3.2.0. In the graphic
network, herbal formula, ingredients, targets, and disease
were described by nodes, and the intermolecular interactions
were encoded by edges. *e coverage scale of the targets of
each herb and the contribution degree of the targets of each
herb were applied to the analysis of the obtained network.

2.1.6. Protein-Protein Interaction Construction and Analysis.
*e DHJS-OA targets were imported into STRING web
server (http://www.string-db.org/) for predicting protein-
protein interaction (PPI). In PPI, the minimum required
interaction score was set as 0.9 and max number of inter-
actors was set as 5. Subsequently, gene ontology (GO) en-
richment analysis was performed to extract the functional
annotations of these targets.

2.1.7. Enrichment Analysis. Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway enrichment analysis was
performed to extract the canonical pathways and highly
associated proteins. p values were given in enrichment
analysis, and smaller p values suggested greater enrichment.
To further characterize the molecular mechanism of DHJS
on OA, the target-pathway network was generated using
Cytoscape 3.2.0 based on the pathway data.

2.2. Experimental Validation

2.2.1. Preparation of DHJS Extract. *e herbs in DHJS were
purchased from Tongrentang (Shanghai, China). *en these
herbs were identified by experts from School of Chinese
Materia Medica, Shanghai University of Chinese Medicine
(Shanghai, China). Herbs were mixed and extracted with the
standard methods according to Chinese Pharmacopoeia
2015. Briefly, herbs were soaked in distilled water and boiled
for 30min twice and then the solution was filtered and
concentrated with a rotary evaporator. *e product was
dissolved in DMSO to obtain a 1 g/mL stock solution. *e

obtained solution was filtered twice (0.22 μm) and the filtrate
was stored at 4°C.

2.2.2. Cell Isolation and Culture. All animal procedures were
approved by the Institutional Animal Care and Use Com-
mittee of Shanghai Tenth People’s Hospital Chongming
Branch. Male Sprague-Dawley rats (8 weeks old, 200± 20 g)
were purchased from Super-BK Laboratory Animal Co.
(Shanghai, China) and maintained under specific pathogen-
free (SPF) conditions. Chondrocytes were isolated from rat
articular cartilage and cultured as previously described [23].
*e second-passage (P2) chondrocytes cultured until ∼80%
confluency were used in the study.

2.2.3. Cell Viability Assay. Briefly, chondrocytes were
seeded in 96-well plates and then incubated with different
concentrations of DHJS (20, 50, 100, 200, 500, and 1000 μg/
mL) in the presence or absence of recombinant rat IL-1β
(10 ng/mL) (Beyotime Institute of Biotechnology, Shanghai,
China) for 24, 48, or 72 h. Subsequently, MTT assay was
conducted to assess the effect of DHJS on cell viability.

2.2.4. Real-Time PCR. Chondrocytes were treated with
different concentrations of DHJS (50, 100, and 200 μg/mL)
for 2 h, followed by stimulation with or without IL-1β (10 ng/
mL) for 24 h. Total RNA was extracted using Trizol reagent
(Takara, Shiga, Japan) according to instructions and was
reverse-transcribed to cDNA using a PrimeScript RTreagent
kit (Takara, Shiga, Japan). Subsequently, real-time PCR was
performed using SYBR® GreenER SuperMix (Takara, Shiga,
Japan) and the results were analyzed using the 2−(△△Ct)

method. *e primers used were as follows: β-actin: forward
5′-GGAGATTACTGCCCTGGCTCCTA-3′, reverse 5′-
GACTCATCGTACTCCTGCTTGCTG-3′; IL-6: forward 5′-
ATTGTATGAACAGCGATGATGCAC-3′, reverse 5′-CCA
GGTAGAAACGGAACTCCAGA-3′; TNFα: forward 5′-
TCAGTTCCATGGCCCAGAC-3′, reverse 5′-GTTGTCT
TTGAGATCCATGCCATT-3′; MMP-1: forward 5′-
CTGAAGGTGATGAAGCAGCC-3′, reverse 5′-AGTC-
CAAGAGAATGGCCGAG-3′; MMP-13: forward 5′-TGAT
GATGAAACCTGGACAAGCA-3′, reverse 5′-GAACGT-
CATCATCTGGGAGCA-3′; ADAMTs-5: forward 5′-
AGAGTCCGAACGAGTTTACG-3′, reverse 5′-GTGCCA
GTTCTGTGCGTC-3′.

2.2.5. Western Blot. Proteins were extracted from cells using
RIPA buffer and the protein concentration was determined
using BCA protein assay kit (*ermo Scientific, IL, USA).
Equal amounts of protein were separated by 10% SDS-PAGE
and transferred onto PVDF membranes (Millipore, MA,
USA). After blocking, PVDF membranes were incubated
with primary antibodies against p65, p-p65, p38, p-p38,
SIRT1, Bax, Bcl2, c-caspase3, and β-actin (Abcam Inc., MA,
UK), followed by incubation with HRP-conjugated sec-
ondary antibody (Cell Signaling Technology Inc., MA, USA).
*e protein bands were visualized with Ultra Signal
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chemiluminescence reagents (4A Biotech Co., Ltd., Beijing,
China).

2.2.6. Statistical Analysis. Data was shown as mean ±
standard deviation (SD). Statistical differences of data were
evaluated using the independent-samples T-test analysis or
one-way analysis of variance using SPSS 16.0 software. p

value <0.05 was considered statistically significant.

3. Results

3.1. Network Pharmacology-Based Analysis

3.1.1. Candidate Bioactive Ingredients in DHJS. A large
number of ingredients in DHJS were obtained from TCMSP
database (Table 1). *eir corresponding properties were also
collected to construct DHJS ingredient library. Subse-
quently, collected ingredients were subjected to OB and DL
screening. As a result, total 77 ingredients were included and
regarded as candidate compounds. *e detailed information
of 77 screened ingredients is shown in Table 1.

3.1.2. Collection of DHJS Putative Targets and OA Targets.
Based on screening in TCMSP and STITCH databases, as
well as supplemented text mining of PubMed, 77 candidate
compounds yielded 359 targets after deleting duplicates.
Total 2854 disease-related targets were extracted from
GeneCards database. Finally, the library of DHJS targets and
OA targets was constructed based on the procedures de-
scribed in the above method.

3.1.3. Pattern Recognition for Integrated Analysis of DHJS-
OA Targets. Total 359 DHJS targets were mapped with 2854
OA targets to generate 213 interaction targets (Figure 1(a)).
Subsequently, the dataset containing DHJS targets with
values and OA targets with values was imported into SIMCA
and Heml software for pattern identification analysis. In
SIMCA, PCA was used to obtain discrimination by pre-
dicting group membership. Scores scatter 3D plot from PCA
showed that there was no clear separation between DHJS
and OA, suggesting the high integration degree of DHJS
targets and OA targets (Figure 1(b)). In addition, Dangshen,
Sangjisheng, and Shudihuang showed obvious separation
from other herbs, DHJS formula, and OA. Considering the
distance of OA group to herb groups, Duhuo, Gancao,
Niuxi, Duzhong, and Fangfeng were among the nearest
groups to OA group. In Heml, heatmap from HCA analysis
showed similar result to that from PCA analysis
(Figure 1(c)). As expected, DHJS group and OA group were
assigned into a near cluster since they shared similar target
profile. Moreover, Dangshen was the farthest group from
OA group, suggesting the obvious difference between their
targets.

3.1.4. Network Construction and Analysis. 77 ingredients
and 213 interaction targets were imported into Cytoscape
software for network construction. *e network linking the

candidate ingredients with their putative targets was plotted
(Figure 2(a)). *e affiliation of ingredients with herbs was
also described. *e ingredients with coexistence in several
herbs were listed in only one herb based on the anticlockwise
sort in network plot. As a result, the generated network
diagram consisted of 288 nodes and 1985 edges. *is dia-
gram showed a complex interactive relationship between
“one compound-multiple targets” and “one target-multiple
compounds.” Additionally, there was no ingredient having
affiliation with Danggui because the ingredients found in
Danggui were also found in other herbs. Furthermore, all
targets linked with verbascoside contained in Shudihuang
were also linked with other ingredients in other herbs.

As depicted in Figure 2(b), the herb with more ingre-
dients generated more targets and presented more proba-
bility to cover OA targets. Danggui contained the smallest
number of ingredients and thus generated the least targets.
*e median of mapped percent of herbs was about 60%, and
the herbs Danggui, Fuling, and Xixin were the top three at
counting backward. Considering the contribution of each
herb to DHJS-OA mapped targets, the herbs Niuxi, Gancao,
and Duzhong were the top three, while the herbs Danggui,
Fuling, and Qinjiao were the top three at counting backward
(Figure 2(c)).

3.1.5. Protein-Protein Interaction Construction and Analysis.
*e PPI network was constructed in STRING as shown in
Figure 3(a).*e number of nodes was 213 and the number of
edges was 1154. *e nodes strongly linked with OA-related
pathways were labeled with color. *e GO information
including biological process (BP), cellular component (CC),
and molecular function (MF) terms was obtained. *e top 5
significantly enriched terms in BP, CC, and MF categories
are shown in Figure 3(b). *e results indicated that DHJS
could exert biological actions via protein binding, kinase
binding, and transcription factor binding in organelle, cy-
tosol, nucleoplasm, and extracellular space to exert its
therapeutic effects. Figure 3(c) depicts the top 30 candidate
targets according to the node degree which indicated the
degree of importance to OA therapy. *ese targets were
believed as crucial proteins involved in OA pathogenesis and
pharmacologic therapeutic.

3.1.6. Pathway Enrichment Analysis. To further characterize
the molecular mechanism of DHJS on OA treatment, we
carried out pathway-based functional enrichment analysis.
Total 70 KEGG pathways were systematically enriched and
extracted. Among them, top 20 KEGG pathways are shown
in Figure 4(a). Total 8 signaling pathways, including PI3K-
AKT signaling pathway, FOXO signaling pathway, TNF
signaling pathway, JAK-STAT signaling pathway, MAPK
signaling pathway, AMPK-SIRT1 signaling pathway, IL-17
signaling pathway, TLR signaling pathway, and apoptosis
signaling pathway, were assigned to be the positive pathways
associated with OA. A representative enriched KEGG
pathway, PI3K-AKT signaling pathway, is shown in
Figure 4(b). Based on the extraction of labeled targets in
these pathways, a target-pathway network was generated by
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Table 1: Information for the ingredients of each herb in DHJS.

No. Herb
Number of ingredients

Name of ingredients
Total OB & DL

screening
Target

screening
1 Duhuo 99 13 6 Ammidin, beta-sitosterol, columbianadin, marmesin, nodakenin, and osthol
2 Sangjisheng 46 4 3 Beta-sitosterol, oleanolic acid, and quercetin
3 Qinjiao 27 4 Beta-sitosterol, gentiopicrin, loganic acid, and oleanolic acid

4 Fangfeng 173 26 8 Ammidin, anomalin, beta-sitosterol, decursin, marmesin, phellopterin,
prangenidin, and wogonin

5 Xixin 192 10 3 Asarinin, kaempferol, and sesamin
6 Rougui 100 3 3 Cinnamaldehyde, ethyl cinnamate, and procyanidin B1
7 Fuling 34 19 3 Hederagenin, pachymic acid, and poricoic acid A
8 Chuanxiong 189 12 4 Beta-sitosterol, ferulic acid, myricanone, and tetramethylpyrazine

9 Baishao 85 15 7 Albiflorin, beta-sitosterol, (+)-catechin, kaempferol, mairin, oleanolic acid, and
paeoniflorin

10 Duzhong 147 39 13
Beta-carotene, beta-sitosterol, (+)-cycloolivil, cyclopamine, epicatechin,

(+)-Eudesmin, kaempferol, mairin, (+)-medioresinol, pinoresinol diglucoside,
quercetin, syringetin, and yangambin

11 Dangshen 134 26 6 Friedelin, glycitein, spinasterol, stigmasterol, tectorigenin, and luteolin

12 Gancao 280 101 28

Beta-sitosterol, calycosin, eurycarpin A, formononetin, glabridin, glabrone,
glycyrol, glycyrrhizin, glypallichalcone, isolicoflavonol, isorhamnetin, jaranol,

kaempferol, licochalcone A, licochalcone B, liquiritin, lupiwighteone,
naringenin, oleanolic acid, pinocembrin, quercetin, and vestitol

13 Danggui 125 3 3 Beta-sitosterol, ferulic acid, and stigmasterol

14 Niuxi 176 22 15
Baicalin, baicalein, berberine, beta-ecdysterone, beta-sitosterol, coptisine,

epiberberine, inophyllum E, kaempferol, oleanolic acid, palmatine, quercetin,
spinasterol, stigmasterol, and wogonin

15 Shudihuang 76 6 3 Beta-sitosterol, stigmasterol, and verbascoside
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OA targets

DHJS targets

(a)

Formula
OA
Duhuo

Fangfeng
Qinjia
Sangjihsheng

Danggui

Shudihuang

Xixin

Baishao
Chuanxiong

Duzhong

Niuxi

Gancao
Fuling

Rougui

Dangshen

10 20 10 –10 –10 –5 50–15–20 –200

5

0

–5

–10

–15

t[1]

10

5

0

–5

–10

–15

–15
–10

–20

–5
–20

–10
00

10
205

t[2]

t[3]

(b)

Figure 1: Continued.
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(c)

Figure 1: Integrated analysis of DHJS-OA targets. Venn diagram of DHJS and OA targets (a). Scores scatter 3D plot from PCA analysis of
DHJS-OA target dataset (b). Heatmap from HCA analysis of DHJS-OA target dataset (c).
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Figure 2: Continued.
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linking extracted targets with their corresponding significant
signaling pathways (Figure 4(c)). *is network illustrated
the most potential targets and pathways which played a
pivotal role in the therapeutic efficacy of DHJS formula for
OA therapy.

3.2. Experimental Validation

3.2.1. Effect of DHJS on Chondrocyte Viability. Isolated
primary chondrocytes were identified by toluidine blue
staining. *e primary chondrocytes were shaped like
spindles with a protuberance, and proteoglycans in rat
primary chondrocytes were stained purple by toluidine blue
(Figure 5(a)). DHJS showed no significant cytotoxicity at
doses ranging from 20 to 200 μg/mL, while higher dose of
DHJS (≥500 μg/mL) significantly inhibited the cell viability
(Figure 5(b)). Likewise, DHJS (≤200 μg/mL) exerted no

significant effect on the viability of IL-1β-induced chon-
drocytes (Figure 5(c)).

3.2.2. DHJS Suppresses IL-1β-Induced TNFα, IL-6, MMPs,
and ADAMTs-5 Expression in Chondrocytes. In OA, large
amounts of TNFα, IL-6, MMPs, and ADAMTs-5 are
released with the occurrence of inflammation and
resulted in ECM dissolution. In the present work, the
effects of DHJS on the mRNA expression of these factors
were examined in chondrocytes. As expected, IL-1β
treatment induced significant overexpression of TNFα,
IL-6, MMP-1, MMP-9, MMP-13, and ADAMTs-5 genes
in primary chondrocytes (Figures 5(d)–5(i)). Interest-
ingly, DHJS pretreatment significantly alleviated the
overexpression of TNFα, IL-6, MMP-1, MMP-9, MMP-
13, and ADAMTs-5 genes in IL-1β-induced chondrocytes
(Figures 5(d)–5(i)).
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Figure 2: Network construction and analysis. Network diagram constructed by linking ingredient with putative targets (a). *e nodes
represent candidate compounds in DHJS which are shown as colorful circle, and the targets are indicated by light red fusiform. *e total
targets and DHJS-OA mapped targets generated by each herb (b). *e contribution of each herb in DHJS formula to the interaction targets
(c).
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Figure 3: PPI construction and analysis. *e PPI network generated on DHJS-OA mapped targets (a). *e top 5 significantly enriched BP,
CC, and MF categories based on gene ontology (b). *e top 30 candidate targets extracted from PPI according to the node degree (c).
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(c) (d)

Figure 4: Pathway enrichment analysis. *e top 20 pathways extracted based on KEGG enrichment analysis (a). *e enriched PI3K-AKT
pathway with mapped targets labeled red (b). *e target-pathway network for DHJS on OA, in which the red nodes represent the most
potential targets and the oval nodes represent the most potential pathways (c).
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Figure 5: Effects of DHJS on cell viability and IL-1β-induced expression of TNFα, IL-6, MMPs, and ADAMTs-5 in rat chondrocytes.
Identification of rat primary chondrocytes (a). Rat chondrocytes were shaped like spindles with a protuberance, in which proteoglycans were
stained purple by toluidine blue. Effects of DHJS on cell viability of chondrocytes (b). Effects of DHJS on cell viability of IL-1β-induced
chondrocytes (c). Effects of DHJS on IL-1β-induced expression of TNFα (d), IL-6 (e), MMP-1 (f), MMP-3 (g), MMP-9 (h), and ADAMTs-5
(i) in rat chondrocytes. Data are expressed as mean ± SD (n� 3). ∗p< 0.05, ∗∗p< 0.01, and ∗∗∗p< 0.001, compared between the marked
groups.
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3.2.3. Effect of DHJS on Dominating Signaling Pathways in
IL-1β-Induced Chondrocytes. To obtain insight into the
mechanisms of DHJS onOA therapy, the expression levels of
several key proteins involved in dominating signaling
pathways were detected in IL-1β-induced chondrocytes with
or without DHJS pretreatment (Figures 6(a)–6(d)). As
shown in Figure 6(a), IL-1β inducement significantly in-
creased the phosphorylation of NF-κB in comparison with
control group (p< 0.001), while DHJS pretreatment sig-
nificantly inhibited the IL-1β-induced phosphorylation of
NF-κB (p< 0.05). Likewise, significant p38 phosphorylation
was found in IL-1β-induced chondrocytes (p< 0.001), which
was effectively alleviated by DHJS pretreatment
(Figure 6(b)). In addition, IL-1β inhibited the AMPK-SIRT1
pathway by suppressing AMPK phosphorylation and SIRT1
protein expression, which was also restored by DHJS pre-
treatment (Figure 6(c)). Furthermore, several apoptosis-
related markers were evaluated. *e results indicated that
IL-1β induced significant upregulation of proapoptotic
c-caspase3 and Bax proteins and downregulation of anti-
apoptotic Bcl2 protein (Figure 6(d)). Fortunately, DHJS
pretreatment abrogated IL-1β-induced dysregulation of
apoptosis-related proteins (Figure 6(d)). Taken together, the
above results indicate that DHJS could suppress NF-κB and
p38 activation, activate AMPK-SIRT1 pathway, and inhibit
apoptosis pathway.

4. Discussion

*e pathophysiology of OA is still evolving, from being
viewed as a cartilage-limited disease to a multifactorial
disease [4]. It has been demonstrated that a wide range of
underlying pathways lead to similar outcomes of joint de-
struction in OA [24]. *e proposed mechanistic pathways
include increased inflammatory components [25], me-
chanical overload [26], metabolic alterations [27], and cell
senescence [28]. For detail, factors involved in inflammatory
state include IL-1β, IL-6, TNFα, PGE2, NO, and ROS; factors
involved in matrix degradation include MMP-1, MMP-9,
MMP-13, and ADAMTs-5; factors involved in osteoclast
differentiation include receptor activator of nuclear factor-
κB ligand (TNFSF11) and sclerostin; factors involved in
chondrocyte senescence include cytokines, chemokines,
ROS, and HIF-1α. *erefore, these factors play crucial roles
in OA pathogenesis and also represent the potential targets
to treat OA.

In last decades, herbal remedies have seen significant
advancement against OA [29, 30]. DHJS formula consisting
of 15 medicinal herbs has a clinical practice in OA therapy
for a long time [11–13]. It was believed that the synergistic
actions of bioactive ingredients respond to therapeutic ef-
ficacy of this formula for OA [14–16]. However, our study
indicated that the ingredients contained in each herb and
their corresponding targets showed some overlap. For in-
stance, the candidate ingredients found in Danggui were also
found in other herbs. *e putative targets generated by the
only candidate ingredient in Shudihuang were also found in
other herbs. Furthermore, the herbs Danggui and Shudi-
huang showed much little contribution to DHJS-OA

mapped targets. *erefore, these results suggested that the
ingredients and targets of Danggui and Shudihuang could be
supplemented by other herbs which could be modified in
DHJS formula for OA therapy. In addition, the contribution
of each herb to OA therapy was different. PCA and HCA
analysis indicated that Duhuo, Gancao, Niuxi, Duzhong,
and Fangfeng were highly associated with OA therapy. It was
consistent with that these herbs contributed the most DHJS-
OA targets. Indeed, these herbs have also been widely re-
ported to exert protective effects on joint cartilages in OA
therapy [31–35]. However, the herbs Qinjiao and Fuling also
showed much little contribution to DHJS-OA mapped
targets, and there are few related reports about the using of
Qinjiao and Fuling for OA therapy. *ese results suggested
that the evidence of applying Qinjiao and Fuling for OA
treatment was insufficient. In summary, in DHJS formula,
the herbs including Duhuo, Gancao, Niuxi, Duzhong, and
Fangfeng could exert greater contribution to OA therapy
while herbs including Danggui, Shudihuang, Qinjiao, and
Fuling might exert less contribution to OA therapy. How-
ever, further comparative pharmacological studies need to
be carried out to validate such conclusion.

Although clinical trials demonstrated that DHJS could
relieve OA-related symptoms [10, 12, 13] and a few reports
indicated the relevant therapeutic mechanisms [14–16], the
comprehensive and precise mechanisms of DHJS on OA
therapy have not been elucidated. In the present work, a
series of potential targets and interactive pathways were
proposed based on enhanced network pharmacology, which
were believed to play a pivotal role in the therapeutic efficacy
of DHJS formula for OA therapy. IL-1β is a key inflam-
mation cytokine in OA pathogenesis and progression. IL-1β
stimulates the production of several inflammatory media-
tors, such as iNOS, TNFα, and IL-6, which contribute to
chondrocytic dysfunction [36, 37]. Moreover, IL-1β also
promotes the secretion of MMPs such as MMP-1, MMP-13,
and ADAMTSs-5 in chondrocytes, which cause cartilage
degeneration and ECM destruction [38, 39]. Based on
network pharmacology, a series of key targets were enriched
from network analysis, such as PTGS2, MMP-1, MMP-9,
MMP-13, iNOS, IL-1β, TNFα, and IL-6. *ese results
suggested that DHJS could regulate these targets to exert
beneficial effects on OA. As expected, DHJS apparently
inhibited IL-1β-induced TNFα, IL-6, MMP-1, MMP-9,
MMP-13, and ADAMTs-5 expression in rat chondrocytes,
which were basically consistent with the results of network
analysis.

Next, we validated the therapeutic mechanisms of DHJS
on OA. Several dominating signaling pathways were
extracted from KEGG enrichment. Based on pathway en-
richment, DHJS could regulate JAK-STAT signaling path-
way for modulating G1/S phase transition to promote
chondrocyte proliferation, which was consistent with a
previous report [15]. However, DHJS at doses ranging from
20 to 200 μg/mL showed no significant effect on chondrocyte
viability, suggesting that DHJS might be hard to promote
chondrocyte proliferation. NF-κB pathway is profoundly
involved in the regulation of inflammatory mediators in OA
progression [40]. Upon stimulation, the activated NF-κB
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molecules trigger the expression of proinflammatory factors
to induce the destruction of articular joint [40]. *erefore,
inhibition of NF-κB pathway could represent a promising
therapeutic option for OA treatment. Pathway enrichment
indicated that DHJS could target NF-κB pathway, and in
vitro experiment confirmed this conjecture in which DHJS
significantly inhibited NF-κB phosphorylation. Moreover,
emerging evidence has demonstrated that p38 MAPK signal
pathway was involved in OA development, and inhibiting
the activation of p38MAPK pathwaymay be a new target for
OA treatment [41]. In the present work, the phosphorylation
of p38 in IL-1β-stimulated chondrocytes was significantly
reduced by DHJS, suggesting that inhibiting p38 MAPK
pathway represented one of themechanisms of DHJS to treat
OA. In addition, pathway enrichment indicated that DHJS
could regulate AMPK-SIRT1 pathway to enhance oxidative
defense, and cell experiment verified that DHJS activated
AMPK-SIRT1 pathway in IL-1β-induced chondrocytes.
Moreover, Liu et al. reported that DHJS suppressed cell
apoptosis to alleviate intervertebral disc degeneration [16].
Consistently, our study suggested DHJS could mediate
apoptosis signaling pathway to protect chondrocyte against
apoptosis, which was also confirmed by in vitro experiment.
In summary, DHJS could have great potential in OA therapy
through synergistic actions derived from acting on these
multitargets and multipathways.

In conclusion, integrated network and experimental phar-
macology were employed, which provided a comprehensive
investigation to understand the medicinal substances and mo-
lecular mechanism of DHJS for OA treatment. *e results
demonstrated that DHJS could attenuate OA through de-
creasing TNFα, IL-6, MMP-1, MMP-9, MMP-13, and
ADAMTs-5 levels, and the corresponding mechanisms could
involve inhibiting NF-κB and p38 MAPK signaling pathways,
activating AMPK-SIRT1 signaling pathway, and reversing
chondrocyte apoptosis. Due to themultifactorial pathogenesis of
OA, DHJS with synergistic effects on multitargets and multi-
pathways could have considerable potential in OA therapy.
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Figure 6: Effects of DHJS on protein expression of NF-κB, p38, AMPK, SIRT1, Bax, Bcl2, and c-caspase3 in IL-1β-induced chondrocytes.
DHJS reduced IL-1β-induced NF-κB phosphorylation (a). DHJS reduced IL-1β-induced p38 phosphorylation (b). DHJS increased AMPK
phosphorylation and SIRT1 expression in IL-1β-induced chondrocytes (c). DHJS reduced Bax and c-caspase3 expression and increased Bcl2
expression in IL-1β-induced chondrocytes (d). Data are expressed as mean ± SD (n� 3). ∗p< 0.05, ∗∗p< 0.01, and ∗∗∗p< 0.001, compared
between the marked groups.
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Objective. To explore the main components and unravel the potential mechanism of simiao pill (SM) on rheumatoid arthritis (RA) based
on network pharmacological analysis andmolecular docking.Methods. Related compounds were obtained fromTCMSP and BATMAN-
TCM database. Oral bioavailability and drug-likeness were then screened by using absorption, distribution, metabolism, and excretion
(ADME) criteria. Additionally, target genes related to RA were acquired from GeneCards and OMIM database. Correlations about SM-
RA, compounds-targets, and pathways-targets-compounds were visualized through Cytoscape 3.7.1. /e protein-protein interaction
(PPI) network was constructed by STRING. Gene Ontology (GO) analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment analysis were performed via R packages. Molecular docking analysis was constructed by the Molecular Operating
Environment (MOE). Results. A total of 72 potential compounds and 77 associated targets of SMwere identified./e compounds-targets
network analysis indicated that the 6 compounds, including quercetin, kaempferol, baicalein, wogonin, beta-sitosterol, and eugenol, were
linked to ≥10 target genes, and the 10 target genes (PTGS1, ESR1, AR, PGR, CHRM3, PPARG, CHRM2, BCL2, CASP3, and RELA) were
core target genes in the network. Enrichment analysis indicated that PI3K-Akt, TNF, and IL-17 signaling pathway may be a critical
signaling pathway in the network pharmacology. Molecular docking showed that quercetin, kaempferol, baicalein, and wogonin have
good binding activity with IL6, VEGFA, EGFR, and NFKBIA targets. Conclusion. /e integrative investigation based on bioinformatics/
network topology strategy may elaborate on the multicomponent synergy mechanisms of SM against RA and provide the way out to
develop new combination medicines for RA.

1. Introduction

Rheumatoid arthritis (RA) is a chronic polyarticular sym-
metric disease. It is characterized by chronic inflammation of
the synovial membrane, which can destroy articular cartilage
and juxta-articular bone [1]. RA affects 0.3%–1% of the
population worldwide [2]. If insufficiently treated, it usually
leads to persistent joint inflammation, progressive joint de-
struction, continuing functional decline, extra-articular

manifestations, disability, and increased mortality [3, 4].
Although current available therapeutic approaches against
RA, including nonsteroidal anti-inflammatory drugs
(NSAIDs), disease-modifying antirheumatic drugs
(DMARDs), and corticosteroid, allow for excellent disease
control, novel therapies are needed because RA remains
incurable [5]. Furthermore, the long-term use of these drugs
may cause multiple side effects and lead to limited therapeutic
responses. /erefore, novel treatments are in urgent demand.
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Traditional Chinese medicine (TCM) has been exten-
sively applied for the treatment of RA for centuries in Asia
and has been gradually accepted for worldwide clinical
applications [6, 7]. Numerous studies have indicated that
TCM can be served as complementary and alternative RA
drugs for therapeutic effects and with fewer side effects [8, 9].

Simiao pill (SM), a traditional TCM formula, comprises
four herbs, including Phellodendri Chinensis Cortex
(Huang Bo), Atractylodes lancea (/unb.) Dc. (Cang Zhu),
achyranthis bidentatae radix (Niu Xi), and Coicis Semen (Yi
Yi Ren). Previous studies have indicated the anti-inflam-
mation pharmacological effect of SM [10] and that SM re-
duced proinflammatory cytokine production by suppressing
nuclear factor kappaB (NF-κB)/pyrin domain containing 3
(NLRP3) inflammasome activation [11]. Recently, SM was
demonstrated to exhibit anti-inflammatory and bone-pro-
tective effects by regulating autotaxin (ATX)-lysophospha-
tidic acid (LPA) and mitogen-activated protein kinase
(MAPK) signaling pathways in collagen-induced arthritis
(CIA) rats [12]. In addition, SM was recommended for the
treatment of active RA (53.6%) in the expert consensus
regarding the treatment of RA with various Chinese patent
medicines (CPMs) [13]. However, because TCM formulas
are characterized by multicomponents, multitargets, and
multipathways [14], the therapeutic effect of SM against RA
has not been fully elucidated. /erefore, it is necessary for
further systematic investigation.

Nowadays, network pharmacology integrates network
biology and polypharmacology based on existing databases,
providing a novel approach for exploring the mechanisms
and synergistic effect of TCM formulas as disease treatments
[14–16]. Combining network science with ancient TCM
formulas to investigate multiple molecular mechanisms has
achieved successful attempts in the previous researches
[17–20].

/erefore, in this study, a network pharmacology-based
study was conducted to predict bioactive compounds and
elucidate the comprehensive pharmacological mechanisms
about the antirheumatic effect of SM. In addition, molecular
docking analysis was performed to validate in silico to
predict molecular interactions between compounds and
targets.

2. Materials and Methods

Network pharmacology-based prediction of SM treating RA
was constructed by the following (Figure 1): (1) data col-
lection and preparation, including retrieving the ingredients
list of SM formula, screening for candidate compounds,
identifying SM and RA targets, and intersecting the iden-
tified targets of compounds and disease; (2) topological
analysis of network and protein-protein interaction (PPI)
network construction; (3) enrichment analysis; and (4)
molecular docking analysis.

2.1. Data Collection and Preparation

2.1.1. Composite Compounds of SM. /e related composite
compounds of SM were obtained from the Traditional

Chinese Medicine Systems Pharmacology Database
(TCMSP, http://lsp.nwu.edu.cn/tcmsp.php) and a Bio-
informatics Analysis Tool for Molecular mechANism of
Traditional Chinese Medicine (BATMAN-TCM, http://
bionet.ncpsb.org/batman-tcm/).

2.1.2. Pharmacokinetic ADME Evaluation. /e in silico
integrative ADME (absorption, distribution, metabolism,
and excretion) model administrated by TCMSP is employed
for pharmaceutical research. As an oral drug, two related-
ADME models, oral bioavailability (OB), and drug-likeness
(DL) are applied to identify the potential bioactive com-
pounds in this study. Only the compounds with OB≥ 30 and
DL≥ 0.18 that satisfied the criteria suggested by the TCMSP
database (removed the duplicated) are retained as the
candidate compounds for further study [21]. In addition,
among the compounds with OB＜30 or DL＜0.18, which
are searched with “compound (name)” and “rheumatoid
arthritis” [all fields] in PubMed databases to find relevant
researches, the compounds in purified form focused on anti-
RA mechanisms are also considered to be bioactive com-
pounds (removed the duplicated) and included for further
study.

2.1.3. Predictions of Target Genes Related to the Identified
Compounds. All the potential compounds were input into
TCMSP to capture the relationships between drugs and
targets. Since the obtained targets include various biological
species, all target names were also put into UniProt data-
bases (http://www.uniprot.org/) to search for target gene
names selected by human species.

2.1.4. Potential Disease Target Genes. Information of known
RA-related therapeutic target genes was collected by key-
words “rheumatoid arthritis” as queries from /e Human
Gene Databases (GeneCards, https://www.genecards.org/,
ver.4.9.0) and Online Mendelian Inheritance in Man
(OMIM, http://www.omim.org/, updated June 6, 2019), and
only “Homo sapiens” target genes linked to RA are selected.

2.1.5. Venn Analysis. All target genes of identified com-
pounds and RA are put into Bioinformatics and Evolu-
tionary Genomics system (bioinformatics.psb.ugent.be/
webtools/Venn/), respectively, to produce a Venn diagram,
which indicates the intersection of identified targets of drug
and disease.

2.2. Topological Analysis of Network and PPI Network
Construction

2.2.1. Topological Network Analysis. SM-RA mechanism
network, compounds-targets network, and pathways-tar-
gets-compounds network were visualized through Cyto-
scape (https://cytoscape.org/, ver. 3.7.1) to systemically
explore the molecular mechanisms of SM treating RA.
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2.2.2. PPI Network Construction. /e above 77 target genes
acquired from the Venn diagram intersection were imported
into STRING (https://string-db.org/, version 11.0) to con-
struct a PPI network for understanding protein interaction
systematically. /e PPI network is constructed by setting the
organism as “human sapiens”, setting the minimum re-
quired interaction score to “medium confidence (0.40)”, and
excluding the disconnected protein nodes. In addition,
statistics of protein interactions are figured out according to
the PPI network, and a related bar plot diagram is con-
structed with R 3.6.0 subsequently.

2.3. Enrichment Analysis. R 3.6.0 and related R packages
(colorspace, stringi, DOSE, clusterProfiler, and pathview)
are applied to carry out Gene Ontology (GO) enrichment
analysis and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analysis of intersection target
genes of SM-RA. P values ＜0.05 and q values ＜0.05 are
considered statistically significant based on Fisher’s test.

2.4. Molecular Docking Analysis. /e 3D structures of
candidate targets were obtained from the PDB database
(http://www.rcsb.org/) in PDB format by setting the or-
ganism to “Homo sapiens only”. /e 3D conformers of
candidate compounds are acquired from the PubChem
database (https://pubchem.ncbi.nlm.nih.gov/) with SDF
format. Subsequently, they were imported to the Molecular
Operating Environment (MOE) to get the docking score.
/e greater the absolute value of the docking score, the
better.

3. Results

3.1. Data Collection and Preparation

3.1.1. Identification of Compounds in SM. A total of 479
compounds were identified in SM, including 140 in Phel-
lodendri Chinensis Cortex (Huang Bo), 49 in Atractylodes
lancea (/unb.) Dc. (Cang Zhu), 176 in achyranthis
bidentatae radix (Niu Xi), and 38 in Coicis Semen (Yi Yi
Ren), and in TCMSP, also including 37 in Phellodendri
Chinensis Cortex (Huang Bo), 26 in Atractylodes lancea
(/unb.) Dc. (Cang Zhu), 10 in achyranthis bidentatae radix
(Niu Xi), and 3 in Coicis Semen (Yi Yi Ren) in BATMAN-
TCM.

3.1.2. Selection of Compounds Using ADME Screening and
Related Targets. All the identified compounds were selected
through ADME screening, with 90 of 479 compounds sat-
isfying the suggested criteria OB≥ 30 and DL≥ 0.18 [18–20].
Of the 90 compounds, 25 were duplicated and removed, and
the remaining 65 compounds were included for further
study. Moreover, of the excluded compounds that do not
meet the suggested criteria, 7 compounds, including ferulic
acid, beta-elemene, eugenol, and paeonol in Phellodendri
Chinensis Cortex (Huang Bo) and geniposide, rutin, and
astragalin in achyranthis bidentatae radix (Niu Xi), are
considered bioactive compounds and included for further
analysis, and the effects of ferulic acid [22], beta-elemene
[23], eugenol [24–26], paeonol [27–29], geniposide [30–32],
rutin [33, 34], and astragalin [35] on RA have been inves-
tigated. /e final 72 compounds are selected from the four

Herbal formula: SM Disease: RA

RA target genes prediction

Venn diagram

GeneCards, OMIM

TCMSP, BATMAN-TCM

UniProt database

Compounds collection

SM target genes prediction

SM-RA network PPI Enrichment analysis

GO KEGGCompounds-targets network

Molecular docking analysis Pathways-targets-compounds network

Figure 1: Workflow of network pharmacology analysis.
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herbal medicines (Table 1). A total of 386 target genes related
to the final identified compounds are obtained from the
UniProt databases.

3.1.3. Identified Disease Target Genes. /e target genes re-
lated to RA were searched in GeneCards and OMIM da-
tabases, which include 3768 genes in GeneCards and 1 gene
in OMIM, with no overlapping target gene.

3.1.4. Intersection of Identified Targets of Compounds and
Disease. In the Venn diagram intersection of identified
targets about identified compounds and of RA (Figure 2), a
total of 77 target genes are acquired.

3.2. Topological and PPI Network

3.2.1. Topological Network Analysis. /e SM-RAmechanism
network (Figure 3) consists of 77 target genes nodes (shared
gene of SM and RA), 41 compound nodes, and 349 edges.
Among the 14 compounds (Dehydrotanshinone II A,
Stigmasterol, beta-sitosterol, Isocorypalmine, beta-elemene,
quercetin, eugenol, paeonol, (S)-Canadine, wogonin, bai-
calein, Inophyllum E, rutin, and kaempferol) that connected
to more than four genes, 55 target genes are associated with
quercetin, 22 target genes are associated with kaempferol, 15
target genes are associated with baicalein, 14 target genes are
associated with wogonin, and 10 target genes are associated
with beta-sitosterol and eugenol, respectively (Table 2). In
addition, 10 genes, including PTGS1, ESR1, AR, PGR,
CHRM3, PPARG, CHRM2, BCL2, CASP3, and RELA, are
related to more than five compounds, as shown in the
compounds-targets network (Figure 4). /ese compounds
and genes may be the key nodes in the network.

3.2.2. PPI Network. /e PPI network is established by
setting the confidence level of more than 0.40 and hiding the
independent target protein nodes. /e PPI network nodes
represent proteins and edges represent protein-protein in-
teractions. /e network has 75 nodes and 1604 edges
(Figure 5). In addition, we analyzed the importance prior-
itization (adjacent nodes count of each protein) of proteins
according to the network, and the leading 30 genes with
higher connection were visualized by constructing a bar plot
diagram (Figure 6), which indicates the 30 genes or proteins
that may play a bridge role in connecting other nodes in the
PPI network. /ese 30 genes or proteins include inflam-
mation-associated genes (IL6 [36], NFKBIA [37]), cell
proliferation-, differentiation-, and transformation-related
genes (FOS [38], EGFR [39], MAPK8 [40], NR3C1 [41],
RHOA [42], and PARP1 [43]), cell apoptosis-related genes
(CASP3, CASP8 [44], CASP9 [45], MYC [46], CYCS [47],
HIF1A [48], MCL1 [49], and GSK3B [50]), cell cycle-related
gene (CCND1 [51]), hormone-related genes (INS [52], ESR1
[53], AR [54], and PGR [55]), angiogenesis-related gene
(VEGFA [56]), and transcription factor (RELA [57]).

3.3. Enrichment Analysis

3.3.1. GO Enrichment Analysis. GO analysis consisted of
biological process (BP), cellular component (CC), and
molecular function (MF). As showed in Figure 7, the top 20
enrichment terms are visualized by the bar plot diagram./e
results demonstrated that numerous targets are involved in
various BPs associated with immune response and inflam-
mation, such as the response to a steroid hormone, response
to oxidative stress, and regulation of the apoptotic signaling
pathway, which confirmed strongly the correlation with the
pathogenesis in RA. /e CC results showed that most of the
targets are localized to the cellular membrane and nuclear
chromatin part. /e MF results indicated that many targets
are associated with nuclear receptor activity and tran-
scription factor activity.

3.3.2. KEGG Enrichment Analysis. /e KEGG pathways are
applied to examine the function and signaling pathways of
the identified target genes, with the top 20 of the potential
pathways (P< 0.05 and q< 0.05) shown by a bar plot dia-
gram (Figure 8) and visualized with the pathways-targets-
compounds network (Figure 9). /e results showed that
numerous targets are associated with certain virus infections
(such as Epstein-Barr virus infection) and cancer, which are
associated with the onset and prognosis of RA.

3.4. Molecular Docking Analysis. /e selected targets, in-
cluding IL6, VEGFA, EGFR, and NFKBIA, play a significant
role in the SM-RA network. /e candidate compounds,
including quercetin, kaempferol, baicalein, and wogonin, are
the top 4 compounds (ranking by related target genes count)
in the SM-RA network. /ese 4 target genes and 4 com-
pounds are imported into MOE for molecular docking
verification. /e docking scores are shown in Table 3. /e
action mode of NFKBIA and quercetin, kaempferol, bai-
calein, and wogonin and the action mode of wogonin and
IL6, VEGFA, EGFR, and NFKBIA are shown in Figure 10.

4. Discussion

In the present network pharmacological analysis, a total of
479 compounds were identified in the four herbal medicines
of SM, and 72 compounds were yielded by ADME criteria
screening. A total of 386 targets related to potential com-
pounds and 3769 targets associated with RA were identified,
and 77 target genes were obtained from the interaction of
targets about SM identified compounds and RA. SM-RA
network analysis visualized the interaction of multicom-
ponents and multitargets about SM on RA./e compounds-
targets network analysis indicated that the 6 compounds,
including quercetin, kaempferol, baicalein, wogonin, beta-
sitosterol, and eugenol, were linked to ≥10 target genes, and
the 10 target genes (PTGS1, ESR1, AR, PGR, CHRM3,
PPARG, CHRM2, BCL2, CASP3, and RELA) were core
target genes in the network. GO enrichment analysis indi-
cated that numerous targets are involved in response to a
steroid hormone, oxidative stress, and regulation of the
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Table 1: 72 active compounds of SM.

Mol id Molecule name OB (%) DL Herb
MOL002636 Kihadalactone A 34.21 0.82 Phellodendri Chinensis Cortex
MOL013352 Obacunone 43.29 0.77 Phellodendri Chinensis Cortex
MOL002641 Phellavin_qt 35.86 0.44 Phellodendri Chinensis Cortex
MOL002644 Phellopterin 40.19 0.28 Phellodendri Chinensis Cortex
MOL002651 Dehydrotanshinone II A 43.76 0.40 Phellodendri Chinensis Cortex
MOL002652 delta7-dehydrosophoramine 54.45 0.25 Phellodendri Chinensis Cortex
MOL002656 Dihydroniloticin 36.43 0.81 Phellodendri Chinensis Cortex
MOL002659 Kihadanin A 31.60 0.70 Phellodendri Chinensis Cortex
MOL002660 Niloticin 41.41 0.82 Phellodendri Chinensis Cortex
MOL002662 Rutaecarpine 40.30 0.60 Phellodendri Chinensis Cortex
MOL002663 Skimmianin 40.14 0.20 Phellodendri Chinensis Cortex
MOL002666 Chelerythrine 34.18 0.78 Phellodendri Chinensis Cortex
MOL002668 Worenine 45.83 0.87 Phellodendri Chinensis Cortex
MOL002670 Cavidine 35.64 0.81 Phellodendri Chinensis Cortex
MOL002671 Candletoxin A 31.81 0.69 Phellodendri Chinensis Cortex
MOL002672 Hericenone H 39.00 0.63 Phellodendri Chinensis Cortex
MOL002673 Hispidone 36.18 0.83 Phellodendri Chinensis Cortex
MOL000358 Beta-sitosterol 36.91 0.75 Phellodendri Chinensis Cortex
MOL000622 Magnograndiolide 63.71 0.19 Phellodendri Chinensis Cortex
MOL000762 Palmidin A 35.36 0.65 Phellodendri Chinensis Cortex
MOL000787 Fumarine 59.26 0.83 Phellodendri Chinensis Cortex
MOL000790 Isocorypalmine 35.77 0.59 Phellodendri Chinensis Cortex
MOL001131 phellamurin_qt 56.60 0.39 Phellodendri Chinensis Cortex
MOL001455 (S)-canadine 53.83 0.77 Phellodendri Chinensis Cortex
MOL001771 Poriferast-5-en-3beta-ol 36.91 0.75 Phellodendri Chinensis Cortex
MOL002894 Berberrubine 35.74 0.73 Phellodendri Chinensis Cortex
MOL005438 Campesterol 37.58 0.71 Phellodendri Chinensis Cortex
MOL006392 Dihydroniloticin 36.43 0.82 Phellodendri Chinensis Cortex
MOL006401 Melianone 40.53 0.78 Phellodendri Chinensis Cortex
MOL006413 Phellochin 35.41 0.82 Phellodendri Chinensis Cortex
MOL006422 /alifendine 44.41 0.73 Phellodendri Chinensis Cortex
MOL002665 Ferulic acid 40.43 0.06 Phellodendri Chinensis Cortex
MOL000908 Beta-elemene 25.63 0.06 Phellodendri Chinensis Cortex
MOL000254 Eugenol 56.24 0.04 Phellodendri Chinensis Cortex
MOL000874 Paeonol 28.79 0.04 Phellodendri Chinensis Cortex

MOL000179 2-Hydroxyisoxypropyl-3-hydroxy-7-isopentene-2,3-
dihydrobenzofuran-5-carboxylic 45.20 0.20 Atractylodes lancea (/unb.) Dc.

MOL000184 NSC63551 39.25 0.76 Atractylodes lancea (/unb.) Dc.
MOL000186 Stigmasterol 3-O-beta-D-glucopyranoside_qt 43.83 0.76 Atractylodes lancea (/unb.) Dc.
MOL000188 3β-acetoxyatractylone 40.57 0.22 Atractylodes lancea (/unb.) Dc.
MOL000088 Beta-sitosterol 3-O-glucoside_qt 36.91 0.75 Atractylodes lancea (/unb.) Dc.
MOL000092 daucosterin_qt 36.91 0.76 Atractylodes lancea (/unb.) Dc.
MOL000094 daucosterol_qt 36.91 0.76 Atractylodes lancea (/unb.) Dc.
MOL001006 Poriferasta-7,22E-dien-3beta-ol 42.98 0.76 Achyranthis bidentatae radix
MOL012461 28-Norolean-17-en-3-ol 35.93 0.78 Achyranthis bidentatae radix
MOL012505 bidentatoside, ii_qt 31.76 0.59 Achyranthis bidentatae radix
MOL012537 Spinoside A 41.75 0.40 Achyranthis bidentatae radix
MOL012542 β-ecdysterone 44.23 0.82 Achyranthis bidentatae radix
MOL002714 Baicalein 33.52 0.21 Achyranthis bidentatae radix
MOL002776 Baicalin 40.12 0.75 Achyranthis bidentatae radix
MOL002897 Epiberberine 43.09 0.78 Achyranthis bidentatae radix
MOL003847 Inophyllum E 38.81 0.85 Achyranthis bidentatae radix
MOL000422 Kaempferol 41.88 0.24 Achyranthis bidentatae radix
MOL004355 Spinasterol 42.98 0.76 Achyranthis bidentatae radix
MOL012516 Geniposide 8.40 0.44 Achyranthis bidentatae radix
MOL000415 Rutin 3.20 0.68 Achyranthis bidentatae radix
MOL000561 Astragalin 14.03 0.74 Achyranthis bidentatae radix
MOL001323 Sitosterol alpha1 43.28 0.78 Coicis Semen
MOL001494 Mandenol 42.00 0.19 Coicis Semen
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apoptotic signaling pathway in BP, are localized to the
cellular membrane and nuclear chromatin part in CC, and
are associated with nuclear receptor activity and tran-
scription factor activity in MF. KEGG pathways analysis
results indicated that numerous targets are associated with
certain virus infections and cancer. Molecular docking
showed that quercetin, kaempferol, baicalein, and wogonin
have good binding activity with IL6, VEGFA, EGFR, and
NFKBIA targets.

About 72 identified compounds, particularly the 6
compounds, including quercetin, kaempferol, baicalein,
wogonin, beta-sitosterol, and eugenol, were linked to more
than 10 targets, indicating that these compounds might play
a vital role in the process of RA treatment. Furthermore,
certain compounds have exhibited the potential antirheu-
matic therapeutic activities except for wogonin (Table 4). For
instance, quercetin has been reported to decrease levels of
tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β),
interleukin-17 (IL-17), and monocyte chemotactic protein-1

(MCP-1) [58] and significantly reduced damage to inter-
chondral joints, infiltration of inflammatory cells, and
pannus formation [59]. Besides, kaempferol suppresses the
proliferation and migration of RAFLS and the release of
activated T-cell-mediated inflammatory cytokines and re-
duces osteoclast differentiation through targeting on the
fibroblast growth factor receptor 3- (FGFR3-) ribosomal S6
kinase 2 (RSK2) signaling axis [60]. In addition, baicalein
inhibits human rheumatoid arthritis fibroblast-like syno-
viocytes (RAFLS) proliferation involving suppression of
nuclear factor kappa B (NF-κB) transcriptional activity and
recombinant macrophage migration inhibitory factor-
(MIF-) mediated signaling [61]. What’s more, β-Sitosterol
could modulate the functions of macrophages and attenu-
ates rheumatoid inflammation in CIA mice [62]. For eu-
genol, it is reported to be effective in ameliorating oxidative
stress and inflammation in arthritic rats [25, 26]. Moreover,
among the other 66 compounds, some articles previously
reported the antirheumatic effect. For example, ferulic acid is
reported to suppress osteoclast differentiation and bone
erosion via the inhibition of receptor activator of nuclear
factor lB ligand- (RANKL-) dependent NF-κB signaling
pathway [63], and berberine could attenuate adjuvant-in-
duced arthritic fibroblast-like synoviocytes (AA-FLS) pro-
liferation and regulate the /17/Treg imbalance [64].
Collectively, these active components exhibit antirheumatic
effects from various aspects, including anti-inflammatory,
immunoregulatory, reducing bone erosion and destruction,
and attenuating oxidative stress. /erefore, these might
indicate the collective effectiveness and diversity of con-
stituents in SM for treating RA.

Among the main target genes (top 30) in the PPI net-
work is INS, ranking first with the highest connection, which
may affect the local inflammatory process of joint in RA [52],

Table 1: Continued.

Mol id Molecule name OB (%) DL Herb

MOL002372 (6Z, 10E, 14E, 18E)-2,6,10,15,19,23-
hexamethyltetracosa-2,6,10,14,18,22-hexaene 33.55 0.42 Coicis Semen

MOL002882 [(2R)-2,3-dihydroxypropyl] (Z)-octadec-9-enoate 34.13 0.30 Coicis Semen
MOL000359 Sitosterol 36.91 0.75 Coicis Semen
MOL008118 Coixenolide 32.40 0.43 Coicis Semen
MOL008121 2-Monoolein 34.23 0.29 Coicis Semen
MOL000953 CLR 37.87 0.68 Coicis Semen

MOL001454 Berberine 36.86 0.78 Phellodendri Chinensis Cortex, achyranthis
bidentatae radix

MOL001458 Coptisine 30.67 0.86 Phellodendri Chinensis Cortex, achyranthis
bidentatae radix

MOL002643 Delta 7-stigmastenol 37.42 0.75 Phellodendri Chinensis Cortex, achyranthis
bidentatae radix

MOL000785 Palmatine 64.60 0.65 Phellodendri Chinensis Cortex, achyranthis
bidentatae radix

MOL000098 Quercetin 46.43 0.28 Phellodendri Chinensis Cortex, achyranthis
bidentatae radix

MOL000173 Wogonin 30.68 0.23 Atractylodes lancea (/unb.) Dc. Achyranthis
bidentatae radix

MOL000085 Beta-daucosterol_qt 36.91 0.75 Atractylodes lancea (/unb.) Dc. Achyranthis
bidentatae radix

MOL000449 Stigmasterol 43.83 0.76 Phellodendri Chinensis Cortex, achyranthis
bidentatae radix, Coicis Semen

Disease

3692 77 42

Drug

Figure 2: A Venn diagram showing intersection identified targets
of identified compounds and RA.

6 Evidence-Based Complementary and Alternative Medicine



SM

RA

Figure 3: /e SM-RA mechanism network. /e green octagon represents rheumatoid arthritis (RA), the purple hexagon represents the
herbal medicine simiao pill (SM), while pink V’s represent compounds, and blue-purple ellipses represent genes.

Table 2: Target genes interacting with compounds in the SM-RA network.

Compounds Target genes
Delta 7-stigmastenol PGR
Poriferast-5-en-3beta-ol PGR
Campesterol PGR
NSC63551 PGR
Beta-daucosterol_qt PGR
Poriferasta-7,22E-dien-
3beta-ol PGR

28-Norolean-17-en-3-ol PGR
Spinasterol PGR
Sitosterol alpha1 PGR
Sitosterol PGR
CLR PGR
Chelerythrine PTGS1
Astragalin PTGS1
Mandenol PTGS1
Ferulic acid PTGS1, CHRM2
phellamurin_qt ESR1, NR3C1
Epiberberine ESR1, AR
Berberine PTGS1, ESR1, AR
Coptisine PTGS1, ESR1, AR
Worenine PTGS1, ESR1, AR
Berberrubine PTGS1, ESR1, AR
/alifendine PTGS1, ESR1, AR
Fumarine PTGS1, CHRM3, HTR3A
Rutaecarpine PTGS1, AR, HTR3A, CYP3A4
Cavidine PTGS1, CHRM3, HTR3A, RXRB
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Figure 4: /e compounds-targets network. /e pink V’s represent compounds and blue-purple ellipses represent target genes.

Table 2: Continued.

Compounds Target genes
Palmatine PTGS1, ESR1, AR, ESR2
3β-acetoxyatractylone CHRM3, AR, ACHE, CHRM2
Dehydrotanshinone II A CHRM3, ESR1, AR, PPARG, ACHE
Inophyllum E PTGS1, ESR1, AR, ESR2, GSK3B
Stigmasterol PGR, PTGS1, AKR1B1, PLAU, CHRM3, CHRM2
Isocorypalmine PTGS1, CHRM3, HTR3A, CHRM2, DRD3, RXRB
(S)-canadine PTGS1, CHRM3, HTR3A, CHRM2, DRD3, RXRB
Paeonol PTGS1, CHRM2, RELA, BCL2, NFKBIA, ICAM1, TYR
Beta-elemene CHRM2, PTGS1, CHRM3, BCL2, RB1, TP63, CCNB1, RHOA
Rutin RELA, IL6, CASP3, ALOX5, GSTP1, INS, FCER2, ITGB2
Beta-sitosterol PGR, PTGS1, CHRM3, CHRM2, BCL2, CASP9, CASP3, CASP8, PRKCA, PON1
Eugenol PTGS1, CHRM3, CHRM2, PLAU, RELA, CYP1A1, ALOX5, AHR, ABCC2, MUC1
Wogonin PTGS1, ESR1, AR, PPARG, GSK3B, RELA, CCND1, BCL2, CASP9, IL6, CASP3, TP63, PTGER3, MCL1
Baicalein PTGS1, AR, RELA, VEGFA, BCL2, FOS, CASP3, TP63, HIF1A, FOSL1, CCNB1, AHR, IGF2, CYCS, NOX5

Kaempferol PTGS1, AR, PPARG, PGR, ACHE, CHRM2, RELA, IKBKB, BCL2, CASP3, MAPK8, PPARG, CYP3A4,
CYP1A1, ICAM1, SELE, VCAM1, ALOX5, GSTP1, AHR, NR1I3, GSTM1

Quercetin

PTGS1, AR, PPARG, AKR1B1, ACHE, RELA, EGFR, VEGFA, CCND1, BCL2, FOS, CASP9, PLAU, RB1, IL6,
CASP3, TP63, NFKBIA, CASP8,RAF1, PRKCA, HIF1A,ERBB2,PPARG,CYP3A4,CAV1,MYC,CYP1A1,
ICAM1, SELE, VCAM1, PTGER3, BIRC5, NOS3, HSPB1, CCNB1, ALOX5, GSTP1, NFE2L2, NQO1,

PARP1, AHR, COL3A1, DCAF5, NR1I3, HSF1, CRP, RUNX2, CTSD, IGFBP3, IGF2, IRF1, ERBB3, PON1,
GSTM1
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though research about the role of INS in RA is rare. IL6 is
involved in the regulation of the immune response, in-
flammation, and hematopoiesis and confirmed the

pathological roles in RA [65]. VEGFA contributes to pro-
moting the angiogenic phenotype of RA [56]. EGFR is
proved to be involved in the proliferation and cytokine
production of synovial fibroblasts, the proliferation of en-
dothelial cells, and the formation of osteoclasts [39]. CASP3,
CASP8 [44], and CASP9 [45] are involved in the apoptosis of
RA synoviocytes. NFKBIA is related to the inflammation of
RA by regulating many genes for immune response, cell
adhesion, differentiation, proliferation, angiogenesis, and
apoptosis [37]. /e antirheumatic effect of aforementioned
baicalein, ferulic acid, etc. is partially associated with these
target genes, indicating the interaction between multi-
components and multitargets of SM treating RA.

KEGG pathway enrichment analysis indicated that
certain types of virus infection and cancer might also be
crucial in the network. /e evidence that viral infection
contributes to RA, such as Epstein-Barr virus infection [1], is
strong, and RA is associated with an increased risk of cancer
[66]. In addition, the KEGG pathway analysis also indicated
that PI3K-Akt, TNF, and IL-17 signaling pathway may be a
critical signaling pathway in the network pharmacology./e
PI3K-Akt signaling pathway is involved in inflammatory
cytokine production [67], proliferation and migration of
RAFLS [68] and chondrocyte proliferation [69], and apo-
ptosis and autophagy in RA [69]. Moreover, a pivotal role for

Figure 5: /e PPI network of SM-RA. Each node represents the relevant gene, and the edges represent protein-protein associations.
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Figure 6: Hub top 30 genes of the PPI network. /e y-axis displays
significant top 30 genes, and the x-axis shows line counts of these
genes.
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Figure 7: Continued.
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Figure 7: GO analysis of targets, the top 20 significant enrichment terms in BP (a), CC (b), and MF (c). /e y-axis shows significantly
enriched biological process, cellular component, andmolecular function categories of the target genes, respectively./e redder the color, the
lower the P value. /e x-axis displays the enrichment scores of these terms, and the length of the bar indicates the number of target genes in
each pathway.
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Figure 8: KEGG enrichment pathways (top 20). /e y-axis displays the top 20 significantly enriched KEGG pathways of the target genes.
/e redder the color, the smaller the P value./e x-axis represents the target genes counts, and the length of the bar indicates the number of
target genes in each pathway.
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the proinflammatory cytokines, including tumor necrosis
factor (TNF) [70] and interleukin- (IL-) 17 [71], in RA joint
pathology has been identified.

Of the leading 30 target genes with a higher connection
in the PPI network, IL6, VEGFA, EGFR, and NFKBIA play a
critical role in the development of RA, which has been
aforementioned. Besides, in the visualized pathways-targets
network, IL6, VEGFA, EGFR, and NFKBIA are involved in
numerous pathways, indicating that SM may exert anti-RA
effects through multipathways and multitargets combined
interaction. Furthermore, the molecular docking analysis

was constructed to investigate the interaction of some
candidate compounds and targets. For example, the absolute
value of docking scores about NFKBIA and quercetin,
kaempferol, baicalein, and wogonin is the highest in each
group, indicating that NFKBIA has a higher binding affinity
than other target genes. For wogonin, although there have
been no relevant studies about the effect in RA, the docking
results indicated that wogonin performed good binding
activity with IL6, VEGFA, EGFR, and NFKBIA. In brief, the
high binding affinities of these active components indicated
that the therapeutic effects of SM treating RA were probably
through the modulation of several related targets.

As shown, the anti-RA effect of identified compounds
(quercetin, kaempferol, baicalein, beta-sitosterol, and eu-
genol) is partially associated with the potential target genes,
including NFKBIA, IL6, and MAPK, and potential signals,
including PI3K-Akt, TNF, and IL-17, indicating the inter-
action between multicomponents, multitargets, and multi-
signaling of SM treating RA.

Figure 9:/e pathways-targets-compounds network./e green diamonds represent pathways, the blue-purple ellipses represent genes, and
the pink V’s represent compounds.

Table 3: Molecular docking scores.

IL6 VEGFA EGFR NFKBIA
Quercetin −4.7051 −5.9131 −6.0857 −6.7291
Kaempferol −4.9898 −5.4844 −5.7466 −6.5524
Baicalein −4.5010 −5.5058 −5.8372 −6.2222
Wogonin −4.6678 −5.6466 −6.1084 −6.6169
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Figure 10: Molecular docking results. (a)/e actionmode of NFKBIA and quercetin, kaempferol, baicalein, and wogonin: (A) NFKBIA and
quercetin; (B) NFKBIA and kaempferol; (C) NFKBIA and baicalein; (D) NFKBIA and wogonin. (b) /e action mode of wogonin and IL6,
VEGFA, EGFR, and NFKBIA: (A) wogonin and IL6; (B) wogonin and VEGFA; (C) wogonin and EGFR; (D) wogonin and NFKBIA.

Table 4: Potential anti-RA mechanisms of some compounds.

Compound Mechanism Model Reference

Quercetin

Decreased TNF-α, IL-1β, IL-17, and MCP-1 CIA mice Haleagrahara et al.
[58]

Decreased TNF-α in joints, reduced interchondral joints damage,
inflammatory cells infiltration, and pannus formation CIA mice Kawaguchi et al.

[59]
Promote RAFLS apoptosis by upregulating lncRNAmetastasis-associated lung
adenocarcinoma transcript 1 (MALAT1) and inhibiting PI3K/AKT signal

activation subsequently
RAFLS Pan et al. [72]

Exerted anti-inflammatory, analgesic, and antioxidant effects by inhibiting
NF-κB and regulating nuclear factor erythroid 2-related factor (Nrf2)/home

oxygenase (HO-1) signal

Zymosan-induced
arthritis mice Guazelli, et al. [73]

Inhibited IL-17 and RANKL production, suppressed /17 cell RAFLS Kim HR, et al. 2019
[74]

Kaempferol

Inhibited RAFLS proliferation and migration, suppressed inflammatory
cytokines (IL-17, IL-21, and TNF-α) by targeting FGFR3-RSK2 signal RAFLS Lee, et al. [60]

Inhibited RAFLS migration and invasion by blocking MAPK signal RAFLS Pan et al. [75]
Inhibited RAFLS proliferation, reducedMMPs, COX-2, and PGE2 production,

inhibited NF-κB activation RAFLS Yoon et al. [76]

Baicalein Inhibited RAFLS proliferation by suppressing NF-κB activation RAFLS Chen et al. [61]
Beta-
sitosterol

Inhibited inflammatory cytokines (iNOS, IL-1β), modulated macrophages
functions CIA mice Liu et al. [62]

Eugenol
Inhibited mononuclear infiltration, lowered TNF-α, TGF-β, and IFN-c CIA murine Grespan et al. [24]

Reduced inflammatory cytokines (TNF-α, IL-6, and IL-10) and oxidative stress CIA rat Mateen et al. [25]
Reduced inflammatory cytokines (TNF-α, IL-6) and oxidative stress RA patients Mateen et al. [26]

/e anti-RA effect of identified compounds (quercetin, kaempferol, baicalein, beta-sitosterol, and eugenol) is partially associated with the potential target
genes, including NFKBIA, IL6, and MAPK, and potential signals, including PI3K-AKT, TNF, and IL-17, indicating the interaction between multicom-
ponents, multitargets, and multisignaling of SM treating RA.
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5. Limitation

/is study has some limitations. It provides only a predictive
overview of the pharmacological mechanisms of SM against
RA based on the existing database, and further experiment
verification in vivo and in vitro is necessary to ensure the
reliability and reasonability of predicted results. First,
posttranscriptional processing, translation regulation, and
posttranslational processing and regulation play a critical
role in gene expression regulation, and most of the research
on mechanisms about SM treating RA is gene level in this
study; therefore, an in-depth study needs to explore the
related mechanism. Second, the key proteins and KEGG
pathways need to be verified. /ird, the anti-RA effect needs
to be further verified in the animal model.

Besides, for clinical applying of SM treating RA, owing to
the ethnic, genetic, and possible etiological differences,
potential mechanisms about the related therapeutic module
coinciding with clinical applications are worthy of further
experimental investigation. In addition, importantly, dosage
exploration, oral bioavailability, water-solubility, pharma-
cokinetics, and potential side effects of SM will also need a
thorough exploration.

6. Conclusion

In summary, a bioinformatics/topology-based strategy, in-
cluding ADEM screening, bioinformatics, network topol-
ogy, enrichment analysis, and molecular analysis, was
applied for identification of the molecular mechanisms of
SM against RA. /e integrated strategy might make the
decipherment of biological mechanisms more accurate and
efficient. /e SM-RA network, compounds-targets network,
and pathways-targets network analysis visualized the in-
teraction of multicomponents and multitargets about SM
treating RA. In particular, quercetin, kaempferol, baicalein,
wogonin, beta-sitosterol, and eugenol might be the candi-
date therapeutic agents, and PTGS1, ESR1, AR, PGR,
CHRM3, PPARG, CHRM2, BCL2, CASP3, and RELA were
identified as potential drug targets. /e enrichment and PPI
analysis revealed the biological functions of the grouping
networks related to the pathogenesis of RA. /e multi-
component cosynergism of the herbal combinations about
SM was elaborated. /e study also revealed the multi-
functional synergetic mechanisms of SM, including certain
virus infection and cancer, and PI3K-Akt, TNF, and IL-17
signaling pathway.

Data Availability

/e figures and tables used to support the findings of this
study are included within the article, and the original data
are available from the first author or corresponding author
upon request.

Disclosure

/is research did not receive any specific funding.

Conflicts of Interest

/e authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

/is research did not receive any specific funding.

References

[1] D. Aletaha and J. S. Smolen, “Diagnosis and management of
rheumatoid arthritis,” JAMA, vol. 320, no. 13, pp. 1360–1372,
2018.

[2] Y. Tanaka, T. Takeuchi, and S. Tanaka, “Efficacy and safety of
peficitinib (ASP015K) in patients with rheumatoid arthritis
and an inadequate response to conventional DMARDs: a
randomised, double-blind, placebo-controlled phase III trial
(RAJ3),” Annals of the Rheumatic Diseases, vol. 78, no. 10,
pp. 1320–1332, 2019.

[3] D. L. Scott, F. Wolfe, and T. W. Huizinga, “Rheumatoid
arthritis,”�e Lancet, vol. 376, no. 9746, pp. 1094–1108, 2010.

[4] I. B. McInnes and G. Schett, “Pathogenetic insights from the
treatment of rheumatoid arthritis,” �e Lancet, vol. 389,
no. 10086, pp. 2328–2337, 2017.

[5] G. R. Burmester and J. E. Pope, “Novel treatment strategies in
rheumatoid arthritis,” �e Lancet, vol. 389, no. 10086,
pp. 2338–2348, 2017.

[6] K. D. Moudgil and B. M. Berman, “Traditional Chinese
medicine: potential for clinical treatment of rheumatoid ar-
thritis,” Expert Review of Clinical Immunology, vol. 10, no. 7,
pp. 819–822, 2014.

[7] S. Seca and G. Franconi, “Understanding Chinese medicine
patterns of rheumatoid arthritis and related biomarkers,”
Medicines (Basel), vol. 5, no. 1, 2018.

[8] H.-Y. Yuan, X.-L. Zhang, X.-H. Zhang, L. Meng, and
J.-F. Wei, “Analysis of patents on anti-rheumatoid arthritis
therapies issued in China,” Expert Opinion on �erapeutic
Patents, vol. 25, no. 8, pp. 909–930, 2015.
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Background and Purpose. Knee osteoarthritis (OA) is a major public health problem, and currently, few effective medical
treatments exist. Chinese acupotomy therapy has been widely used for the treatment of knee OA in China. We conducted this
systematic review and meta-analysis to evaluate the efficacy of Chinese acupotomy in treating knee OA to inform clinical practice.
Methods. We performed a comprehensive search on PubMed, the Cochrane Library, EMBASE, and four Chinese databases for
articles published prior to June 2020. We included only randomized controlled trials (RCTs) that used acupotomy therapy as the
major intervention in adults with knee OA, were published in either Chinese and English, included more than 20 subjects in each
group, and included pain and function in the outcomemeasures. Knee OA was defined by the American College of Rheumatology
or Chinese Orthopedic Association criteria in all studies. We extracted the visual analogue scale (VAS) pain score, the Western
Ontario andMcMaster Universities Osteoarthritis Index (WOMAC) pain score, the total effectiveness rate, the modified Japanese
Orthopedic Association (JOA) activities of daily living score, and Lysholm’s score.We calculated themean difference (MD) or risk
ratio (RR) for all relevant outcomes. Meta-analyses were conducted using random-effects models when appropriate. Results. We
identified 1317 potentially relevant studies, thirty-two of which met the eligibility criteria and were conducted in China between
2007 and 2020. A total of 3021 knee OA patients (62.96% female, median age: 57 years, and median disease duration: 33 months)
were included. (e treatment duration ranged from 1 week to 5 weeks (median: 3 weeks). (e typical acupotomy treatment
involved releasing soft tissue adhesions and was performed once a week for 1–5 weeks until the pain was relieved. (e control
group treatments included acupuncture (8 studies), electroacupuncture (10 studies), sodium hyaluronate (8 studies), radio-
frequency electrotherapy (1 study), and nonsteroidal anti-inflammatory drugs (NSAIDs, 5 studies). (e results from the meta-
analysis showed that acupotomy led to superior improvements in the VAS pain score (MD� −1.11; 95% confidence interval (CI),
−1.51 to −0.71; p< 0.00001) and WOMAC pain score (MD� −2.32; 95% CI, −2.94 to −1.69; p< 0.00001), a higher total ef-
fectiveness rate (RR� 1.15; 95% CI, 1.09–1.21; p< 0.00001), and superior improvements in the JOA score (MD� 6.39; 95% CI,
4.11–9.76; p< 0.00001) and Lysholm’s score (MD� 12.75; 95% CI, 2.61–22.89; p � 0.01) for overall pain and function. No serious
adverse events were reported. Conclusion. Chinese acupotomy therapy may relieve pain and improve function in patients with
knee OA. Furthermore, rigorously designed and well-controlled RCTs are warranted.

1. Introduction

Symptomatic osteoarthritis (OA) is the most frequent cause
of dependency in lower limb tasks among ageing pop-
ulations and is associated with substantial physical and
psychosocial disability, a reduced quality of life, and

substantial healthcare costs [1]. At present, knee OA is
considered a common health problem worldwide; in
the United States, nearly 40% of adults over the age
of 60 suffer from this disease [2]. Currently, no effective
disease-modifying remedies are available to treat knee OA
[3]. In the absence of effective disease-modifying treatments,
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the current standards of care for knee OA are primarily
aimed at pain relief and functional improvement [4].

Nonsteroidal anti-inflammatory drugs (NSAIDs) are
important for treatment due to their widely reported efficacy
but are restricted in clinical applications due to their side
effects [5–9]. (erefore, only topical NSAIDs are strongly
recommended for individuals with knee OA in the 2019
OARSI guidelines [10]. Due to the side effects of drugs,
complementary and integrative therapies are favoured in the
treatment of OA. Many complementary and integrative
methods are used in China, such as traditional Chinese
medications, and it has been reported that the prevalence of
knee OA is 18% in China [11, 12]. In the latest 2019
American College of Rheumatology/Arthritis Foundation
guidelines, tai chi, a traditional Chinese exercise, is strongly
recommended, and acupuncture is conditionally recom-
mended [13], but there is no mention of acupotomy therapy,
which is also an important complementary and integrative
therapy.

Acupotomy therapy is widely used in Chinese clinical
practice and recommended in the Chinese medicine expert
consensus for knee OA [14]. Acupotomy is a type of acu-
puncture used in traditional Chinese medicine (TCM), and
it has both the characteristics of a “needle” in TCM and a
“knife” in Western medicine [15]. Although it has been
called feng zhen in ancient literature, acupotomy was
reinvented and refined by professor Hanzang Zhu in China
in 1976 [16]. Acupotomy is referred to by different names,
such as needle-knife, small needle-knife, acupotome, and
xiao zhen dao. (e mechanism of acupotomy remains
unclear and remains to be explored, but acupotomy can be
used to release ligaments, joint sacs, and synovium [17].
Some studies have shown that acupotomy therapy can re-
lease adhesions, alter the mechanical balance of the knee
joint, improve lymphatic circulation, and reduce abnormal
tissue pressures [18–21].

Although acupotomy therapy has long been regarded as
a key component of the treatment of OA in China and may
be considered a safe and promising new treatment for knee
OA, the quantitative evidence necessary to estimate its
effects is still lacking. Two previous meta-analyses have
reported that acupotomy is a safe and effective treatment
for knee OA compared to intraarticular sodium hyaluro-
nate and acupuncture [22, 23], but one meta-analysis in-
cluded only 8 randomized controlled trials (RCTs), and the
other meta-analysis included only 6 RCTs. One recent
meta-analysis including 12 RCTs [24] attempted to assess
the efficacy and safety of acupotomy compared to acu-
puncture. However, these meta-analyses have methodo-
logical flaws, including a lack of up-to-date RCTs data,
insufficient sample sizes to make recommendations, and
comparisons between acupotomy and only one specific
intervention. (us, these meta-analyses were unable to
determine the overall efficacy of acupotomy in the treat-
ment of knee OA. (erefore, we conducted an updated
systematic review andmeta-analysis to compare the efficacy
of acupotomy with that of other treatments in treating
patients with knee OA. (is study has been registered on
PROSPERO (CRD42020161293).

2. Methods

2.1. Search Strategy. We performed a comprehensive search
in PubMed, the Cochrane Library, EMBASE and four
Chinese databases (CNKI, Wan Fang, CBMdisc, and VIP)
for articles published through June 2020. We included only
RCTs that used acupotomy therapy as themain treatment for
adults with knee OA. (e Chinese and English search terms
included acupotomy, acupotomies, acupuncture treatment,
acupotomology, acupotome, needle-knife, needle scalpel,
stiletto needle, sword-like needle, miniscalpel, small needle-
knife, xiao zhen dao, pharmacoacupuncture, knee osteoar-
thritis, osteoarthritis of knee, osteoarthritis of the knee, pain,
randomized controlled trial, and clinical trial.

2.2. Eligibility Criteria. Acupotomy was defined as a new
type of minimally invasive surgical treatment for knee OA
based on the traditional medical theory andmodern surgery.
We included RCTs that compared acupotomy therapy with
acupuncture, electroacupuncture, or standard western
treatment in adults with knee OA. Trials were eligible if the
intervention included at least 1 acupotomy intervention,
more than 20 subjects in each group, and original data.
Studies that used the American College of Rheumatology
(ACR) diagnostic criteria in 1995 were eligible [25]. We also
considered studies that used the Chinese Orthopedic As-
sociation (COA) criteria of 2007 or 2018 [26, 27]. To evaluate
the independent effects of the acupotomy intervention, we
excluded treatment groups that received other major
treatments, and we also excluded reviews, theoretical
studies, case reports, and animal studies. (ere were no
language restrictions in the literature search.

2.3. Study Selection. Two authors (QLC and RZZ) inde-
pendently screened all the potentially eligible studies. (e
titles and abstracts were first screened to exclude irrelevant
citations. (e full texts of all the articles with potentially
relevant abstracts were retrieved and screened according to
the study eligibility criteria. Disagreements were resolved by
consensus or discussion with a third author (YZ).

Pain intensity was measured using the visual analogue
scale (VAS) or the Western Ontario and McMaster Uni-
versities Osteoarthritis Index (WOMAC). (e VAS pain
score and WOMAC pain score were the prespecified pri-
mary outcomes in this study. (e total effectiveness rate was
used to assess overall pain, physical performance, and
wellness. (e total effectiveness rate (%) was defined as the
quotient of the number of patients who were clinically cured,
exhibited significant improvement, or exhibited improve-
ment divided by the total number of patients. (e total
effectiveness rate was assessed based on the number of
patients in each of the following categories: “clinically cured”
(the pain and swelling in the joints had disappeared, and the
active functional state had returned to normal); “significant
improvement” (the pain and swelling in the joints were
alleviated, and the active functional state had improved
significantly); “improvement” (the pain and swelling in the
joints were partially alleviated, and the active functional state
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had improved); and “not cured” (the pain and swelling in the
joints remained unchanged, and there was no improvement
in active function) [28]. (e modified Japanese Orthopedic
Association (JOA) activities of the daily living (ADL) score
was used to assess pain when walking and pain when going
up and down stairs. Lysholm’s score was used to assess
overall pain and joint function. (e total effectiveness rate,
JOA score, and Lysholm’s score were also measured.

2.4. Data Extraction. One author (RZZ) extracted data from
the selected studies using a predesigned data extraction
table, which included publication information, the origin of
study, the study setting, the time frame of the study, patient
age, patient sex, the author’s definition of knee OA, detailed
information on the interventions and controls, outcome
measures, a summary of the results, the main conclusion,
and adverse reactions (Table 1). (e accuracy of the data
extracted was verified by another author (ZPX).

2.5. Quality Assessment. Study quality was assessed in
RevMan V5.3 (the Nordic Cochrane Centre, Cochrane
Collaboration) using the Cochrane risk of bias tool [29].
(e risk of bias for each of the following domains was
assessed for each study: (1) random sequence generation,
(2) allocation concealment, (3) blinding of the partici-
pants and personnel, (4) blinding of the outcome as-
sessments, (5) incomplete outcome data, (6) selective
reporting, and (7) other bias. Each study included was
rated as having a high, low, or unclear risk of bias. Two
authors (YZ and MES) evaluated all the data extracted and
quality ratings for consistency and resolved disagree-
ments. Disagreements were resolved by discussion with a
third author (RTW).

2.6. Data Synthesis and Statistical Analysis. We qualitatively
synthesized all the included studies (Table 1). (e included
studies on pain were synthesized based on the VAS pain
score and theWOMAC pain score separately.(eVAS score
ranged from 0 points (no pain) to 10 points (worst possible
pain). (e WOMAC pain score ranged from 0 points to 20
points, with a lower score representing a better outcome.
Lysholm’s score ranged from 0 points to 100 points, and the
modified JOA score ranged from 0 points to 55 points, with a
higher score representing a better outcome.

All analyses were conducted using RevMan V5.3. For
the meta-analysis of the VAS pain score, WOMAC pain
score, JOA score, and Lysholm’s score, we combined
studies using the mean difference (MD); a positive MD
indicated that the effect of acupotomy therapy was
favourable compared with the control therapy. For the total
effectiveness rate, we combined studies using the risk ratio
(RR) in the meta-analysis, and an RR of the total effec-
tiveness rate greater than 1 indicated that acupotomy was
more effective than was the control therapy. We evaluated
heterogeneity using the I2 statistic. p values< 0.05 were
considered to indicate statistical significance in all the
results.

3. Results

3.1. Results of the Literature Search and Selection Processes.
We screened a total of 1317 studies that were retrieved from
3 English databases and 4 Chinese databases. After initially
screening 348 potentially relevant abstracts, we excluded 279
because they did not meet the inclusion criteria. (irty-
seven articles were excluded due to lack of randomization or
the absence of a control group and insufficient data for the
meta-analysis. Finally, 32 RCTs [19, 30–60], which included
3021 patients (62.96% female) and were published between
2007 and 2020, met our inclusion criteria. (e details of the
study selection process are summarized in Figure 1.

3.2. Included Studies. Table 1 describes the studies and
patient characteristics of the included studies. All 32 RCTs
[19, 30–60] were conducted in China, and the total sample
size of the included RCTs ranged from 41 to 324 (median:
74). (e mean age ranged from 47 to 66 years (median: 57
years), and the percentage of females ranged from 42.57% to
87.5% (median: 60%). (e disease duration ranged from 4 to
152 months (median: 33 months).

(e typical acupotomy therapy involved releasing soft
tissue adhesions and was performed once a week for 1–5
weeks until the pain was relieved. Additional massage
therapy after acupotomy was included in 2 studies, and
functional training was included in 1 study. (e control
group treatments included acupuncture (8 studies), elec-
troacupuncture (10 studies), sodium hyaluronate (8 studies),
radiofrequency electrotherapy (1 study), and NSAIDs
(5 studies). (e NSAIDs used included oral NSAIDs
(3 celecoxib and 1 diclofenac sodium) and topical NSAIDs
(1 votalin emulsion). (e treatment duration ranged from 1
to 5 weeks (median: 3 weeks).

(e quality (risk of bias) of the trials was assessed
using the Cochrane Collaboration tool, with modifications.
Figure 2 describes the study quality, and Figure 3 describes
the overall risk of bias distribution among the studies in-
cluded.(e overall bias quality for the trials was modest.(e
randomization process was adequate in 17 trials (53.13%),
unclear in 14 trials (43.75%), and indicated a high risk of bias
in 1 trial (3.13%). One trial (3.13%) reported appropriate
allocation concealment methods, but 31 trials (96.88%) were
at high risk of bias. Blinding of the participants and per-
sonnel occurred in 1 trial (3.13%), but 31 trials were con-
sidered to have a high risk of bias (96.88%). Blinding of the
outcomes occurred in 1 trial (3.13%), but whether blinding
was performed was unclear in 31 trials (96.88%). All studies
reported the similarity of the study groups at baseline
(100%).

3.3. Meta-Analysis. Among the thirty-two eligible RCTs,
twenty-two trials [30–34, 36, 37, 39, 40, 42–47, 49, 50,
53, 55, 58–60] reported the VAS pain score for the indi-
viduals who underwent acupotomy therapy and controls.
Nine trials [19, 35, 38, 41, 46, 48, 50, 52, 60] reported the
WOMAC pain score. Furthermore, twenty-three trials
[19, 30–42, 44–46, 48, 52, 55, 58–60] evaluated overall pain,
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physical performance, and wellness using the total effec-
tiveness rate. (ree trials [30, 37, 55] used Lysholm’s score
and five trials [42, 51, 54, 56, 57] used the JOA score to
evaluate overall pain and function.

3.3.1. VAS Pain Score. Twenty-two trials [30–34,
36, 37, 39, 40, 42–47, 49, 50, 53, 55, 58–60] involving 1969
patients were included in the meta-analysis of pain using the
VAS pain score. (e results of the random-effects meta-
analysis indicated that the patients in the acupotomy groups
had significantly lower pain scores than did those in the
sodium hyaluronate injection, NSAID, acupuncture, elec-
troacupuncture, and medium frequency electrotherapy
control groups (MD� −1.11; 95% CI, −1.51 to −0.71;
p< 0.00001) after 1–5 weeks of treatment. (e level of
heterogeneity (I2) in the VAS score was 96% (Figure 4).

(e subgroup analysis exploring the improvement in the
VAS pain score among different control groups showed that
acupotomy therapy has a larger effect than does acupuncture
or electroacupuncture (MD� group analysis exploring the
impro 0.0006), intraarticular sodium hyaluronate injection
(MD� −1.21; 95% CI, −2.06 to −0.36; p � 0.005), NSAIDs
(MD� −0.68; 95% CI, −0.99 to −0.37; p< 0.0001), and
medium frequency electrotherapy (MD� −1.11; 95% CI,
−1.51 to −0.71; p � 0.01) (Figure 4).

3.3.2. WOMAC Pain Score. Nine trials [19, 35, 38, 41, 46, 48,
50, 52, 60] involving 880 patients were included in the meta-
analysis of pain using theWOMAC pain score.(e results of
the random-effects meta-analysis indicated that the patients

in the acupotomy groups had significantly lower pain scores
than did those in the sodium hyaluronate, celecoxib, acu-
puncture, and electrotherapy control groups (MD� −2.32;
95% CI, −2.94 to −1.69; p< 0.00001) after 1–5 weeks of
treatment. (e level of heterogeneity (I2) of the WOMAC
pain score was 61% (Figure 5).

(e subgroup analysis exploring the improvement in the
WOMAC pain score among different control groups showed
that acupotomy therapy had a larger effect than did acu-
puncture or electroacupuncture (MD� −2.44; 95% CI, −3.27
to −1.62; p< 0.00001), intraarticular sodium hyaluronate
injection (MD� −2.57; 95% CI, −4.44 to −0.70; p � 0.007),
NSAIDs (MD� −2.07; 95% CI, −4.62 to −0.48; p � 0.11), and
medium frequency electrotherapy (MD� −2.10; 95% CI,
−3.57 to −0.63; p � 0.005) (Figure 5).

3.3.3. �e Total Effectiveness Rate. Twenty-three trials
[19, 30–42, 44–46, 48, 52, 55, 58–60] involving 2276 pa-
tients were included in the meta-analysis of the total
effectiveness rate of acupotomy compared to those of
acupuncture, electroacupuncture, diclofenac sodium,
intraarticular hyaluronate injection, and electrotherapy.
(e results from our meta-analysis with a random-effects
model showed that acupotomy improved the clinical ef-
fectiveness rate by 15% (RR � 1.15; 95% CI, 1.09–1.21;
p< 0.00001), with a moderate degree of heterogeneity
(I2 � 54%). Our meta-analysis showed that 2–5 weeks of
acupotomy can improve clinical symptoms such as overall
pain, physical performance, and wellness in patients with
knee OA (Figure 6).
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(e subgroup analysis exploring the improvement in the
total effectiveness rate among different control groups
showed that acupotomy therapy had a larger effect than did
acupuncture or electroacupuncture (RR� 1.15; 95% CI,
1.07–1.24; p � 0.0002), intraarticular sodium hyaluronate
injection (RR� 1.18; 95% CI, 1.10–1.26; p< 0.00001),
NSAIDs (RR� 1.06; 95% CI, 0.94–1.21; p � 0.34), and me-
dium frequency electrotherapy (RR� 1.13; 95% CI,
0.89–1.44; p � 0.32) (Figure 6).

3.3.4. Lysholm’s Score. (ree trials [30, 37, 55] involving 464
patients were included in the meta-analysis of the joint
function outcomes using Lysholm’s score. (e results of the
random-effects meta-analysis indicated that the patients in
the acupotomy groups had significantly better joint function
than did those in the acupuncture control groups
(MD� 12.75; 95% CI, 2.61–22.89; p � 0.01) after 2–4 weeks
of treatment. (e level of heterogeneity (I2) in Lysholm’s
score was 98% (Figure 7).

3.3.5. JOA Score. Five trials [42, 51, 54, 56, 57] involving 436
patients were included in the meta-analysis of the pain
outcomes using the JOA score. (e results of the random-
effects meta-analysis indicated that the patients in the
acupotomy groups had significantly lower pain scores than
did those in the sodium hyaluronate and acupuncture

control groups (MD� 6.39; 95% CI, 4.11–9.76; p< 0.00001)
after 3–5 weeks of treatment. (e level of heterogeneity (I2)
in the JOA score was 78% (Figure 8).

(e subgroup analysis exploring the improvement in the
JOA score among different control groups showed that
acupotomy therapy had a larger effect than did acupuncture
or electroacupuncture (MD� 7.09; 95% CI, 3.89–10.29;
p< 0.0001) and intraarticular sodium hyaluronate injection
(RR� 5.82; 95% CI, 0.31–11.33; p � 0.04) (Figure 8).

4. Discussion

(is systematic review and meta-analysis of 32 RCTs in-
cluding 3021 individuals indicated that acupotomy therapy
has larger beneficial effects than do standard Western
medication, Chinese acupuncture, and electroacupuncture
for knee OA. In addition, many studies have shown that
acupuncture and electroacupuncture are beneficial for knee
OA in alleviating pain and improving physical function
[61–64]. Overall, acupotomy therapy appears to be a safe
method for alleviating pain in people with knee OA.

Our findings are supported by the existing evidence.
Zhao et al. [65] reported that according to 7 trials using
acupotomy combined with sodium hyaluronate for 5 weeks,
this combination therapy is more effective than sodium
hyaluronate alone in treating knee OA. Another review of 12
RCTs by Fu et al. [66] suggested that acupotomy combined
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Figure 5: Effect of acupotomy therapy on the WOMAC pain score.
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with ozone appears to have some advantages for treating
knee OA. One study [67] reported that the combination of
acupotomy therapy and an intraarticular injection showed
better short-term and long-term effects than did the
intraarticular injection only (control group). Furthermore,
Cheng et al. [68] used acupotomy therapy and the bleeding
method for knee OA patients, and the total effective rate
reached 96.7%. (e results of these reviews and studies
agreed with our findings and indicated that acupotomy
therapy is beneficial in reducing pain and improving the

physical function of individuals with knee OA. However,
acupotomy was combined with other treatments in these
reviews; so, it is hard to determine the exact effects of
acupotomy alone. Our study included only RCTs that
compared acupotomy with acupuncture, electro-
acupuncture, sodium hyaluronate, NSAIDs, or other
treatments, so the effect of acupotomy on knee OA was
clearer.

Despite the lack of knowledge about the biologic
mechanisms of acupotomy therapy, it is likely to relieve
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Figure 6: Effect of acupotomy therapy on the total effectiveness rate.
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contractures in muscles and fasciae, relieve pain, and im-
prove the function of the knee joint by releasing adhesive
tissue [69]. (e growing body of evidence is beginning to
shed light on the potential mechanisms by which acupotomy
therapy relieves the symptoms of knee OA. One study [70]
showed that acupotomy can significantly reduce the mag-
nitude of knee effusion and synovial thickness in patients
with knee OA, as assessed by musculoskeletal ultrasound.
One study [71] indicated that the centre of gravity is closer to
the original point, and weight bearing is improved after
acupotomy treatment. One animal study [72] showed that
acupotomy can significantly change the behaviour and
morphology and significantly improve the mechanical
properties of the quadriceps femoris tendon. Recent studies
[73–75] have suggested that acupotomy therapy can pro-
mote the repair of cartilage cells by activating the FAK-PI3K
signalling pathway, promote cartilage cell metabolism, and
regulate the PERK-eIF2α-CHOP signalling pathway. Several
studies [76, 77] have already shown an association between
increases in the expression levels of the integrin β1, col-II,
and aggrecan proteins and decreases in the expression of
BAX, caspase-3, and MMP-3 proteins. In addition,

acupotomy may also have an anti-inflammatory effect by
suppressing the expression of inflammatory cytokines such
as interleukin (IL)-1β, IL-6, and TNF-α [20]. Overall, the
mechanisms by which acupotomy relieves the symptoms of
knee OA are still not clear, and there is accumulating evi-
dence suggesting that acupotomy alters biomechanics, in-
hibits chondrocyte apoptosis, reduces inflammatory factors
and anti-inflammation, inhibits pain signal transduction,
and alleviates pain [78–80].

Our study has limitations. First, the overall methodo-
logical quality of the RCTs was moderate. Many of the in-
cluded RCTs had a high risk of bias. Only one study reported
double blinding and allocation concealment, and there were
no placebo-controlled studies. Second, these studies were
short-term, and their treatment did not exceed 6 weeks;
therefore, a longer duration of follow-up is needed in future
research. (ird, the reporting of adverse events was insuf-
ficient. Only 1 trial [43] reported three cases of redness and
swelling in a control group treated with sodium hyaluronate,
and one trial [46] reported 3 cases of subcutaneous bruising
after the acupotomy intervention and 2 cases of a stomach
ache in the control group receiving a celecoxib capsule.

Study or subgroup ControlExperimental
Mean SD Total Mean SD Total

Weight
(%)

Mean difference
IV, random, 95% CI

Mean difference
IV, random, 95% CI

14.99
42.02
14.23

18.27
6.96
2.68

8.16
19.03
5.91

17.89
1.1

2.59

162
30
40

162
30
40

32.5
33.5
34.0

232 232 100.0

6.83 [2.89, 10.77]
22.99 [20.47, 25.51]

8.32 [7.17, 9.47]
12.75 [2.61, 22.89]

Li X, 2015
Liy, 2012
Xiu, 2017

Subtotal (95% CI)
Heterogeneity: tau2 = 78.30; chi2 = 111.24, df = 2 (P < 0.00001); I2 = 98%
Test for overall effect: Z = 2.46 (P = 0.01)

232 232 100.0 12.75 [2.61, 22.89]Total (95% CI)
Heterogeneity: tau2 = 78.30; chi2 = 111.24, df = 2 (P < 0.00001); I2 = 98%
Test for overall effect: Z = 2.46 (P = 0.01)
Test for subgroup differences: not applicable

Acupotomy vs. acupuncture

–20 –10
Favours (experimental) Favours (control)

0 10 20

Figure 7: Effect of acupotomy therapy on Lysholm’s score.
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Figure 8: Effect of acupotomy therapy on the JOA score.
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(ree trials reported no adverse events, but 27 trials did not
mention adverse events. Acupotomy therapy appears to be a
safe method with no severe side effects, but it is important to
assess adverse events in future studies. Fourth, despite the
statistically significant and beneficial effects of acupotomy
on pain and function in patients with knee OA, the clinically
important benefits of acupotomy remain to be determined.
Many challenges remain, and the potential benefits of
acupotomy therapy for knee OA need to be further evaluated
through clinical trials that employ more rigorous
methodologies.

5. Conclusions

In summary, acupotomy therapy may be effective in re-
ducing pain and improving the physical function of indi-
viduals with knee OA. Despite the limited quality of the trials
included in this review, our study provides new and valuable
information. Chinese acupotomy therapy may be effective in
treating knee OA. More rigorous randomized controlled
trial designs are needed in the future.
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Osteoporosis is one of the main health problems in the world today characterized by low bone mass and deterioration in bone
microarchitecture. In recent years, the use of natural products approach to treat it has been in the increase. In this study, in vitro
antiosteoporosis activity and hepatotoxicity of P. jamasakura bark extracts were evaluated. Methods. Mouse bone marrow
macrophage (BMM) cells were incubated with tartrate-resistant acid phosphate (TRAP) buffers and p-nitrophenyl phosphate and
cultured with different P. jamasakura bark extracts at concentrations of 0, 6.25, 12.5, 25, and 50 μg/ml in the presence of the
receptor activator of nuclear factor kappa-Β ligand (RANKL) for 6 days. 'e osteoclast TRAP activity and cell viability were
measured. Nitric oxide (NO) assay was conducted using murine macrophage-like RAW 264.7 cells treated with P. jamasakura
ethanolic and methanolic bark extracts at concentrations of 0, 6.25, 12.5, 25, 50, 100, and 200 μg/ml. For hepatotoxicity as-
sessment, zebrafish larvae were exposed to P. jamasakura bark extracts, 0.05% dimethyl sulfoxide as a negative control, and 5 μM
tamoxifen as a positive control. 'e surviving larvae were anesthetized and assessed for hepatocyte apoptosis. Results. TRAP
activity was significantly inhibited (p< 0.001) at all concentrations of P. jamasakura extracts compared to the control treatment.
At 50 μg/ml, both ethanolic andmethanolic extracts of P. jamasakura exhibited significant (p< 0.01) BMM cell viability compared
to the control treatment. P. jamasakura ethanolic and methanolic extracts had significant inhibitory (p< 0.01) effects on li-
popolysaccharide (LPS)-induced NO production at 200 μg/ml and exhibited significant (p< 0.01) and (p< 0.05) stimulative
effects, respectively, on RAW 264.7 cell viability. No overt hepatotoxicity was observed in the liver of zebrafish larvae in any of the
treatments. Conclusion. 'e TRAP activity of P. jamasakura bark gives a foundation for further studies to enhance future
development of antiosteoporosis drug.
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1. Introduction

Osteoporosis is a major global public health problem
characterized by low bone mass and a deterioration of
bone microarchitecture [1]. People suffering from an
osteoporosis have increased risk of fractures [2, 3]. It is
one of the major causes of morbidity in older people [4]
due to imbalance between the bone formation and re-
sorption rate [3]. Several factors have been associated with
an increased risk of osteoporosis, including menopause,
sex steroid deficiency, and aging [2, 3]. Chronic inflam-
mation has long been associated with a broad range of
noninfectious diseases [5], and recent studies suggest that
inflammation is one of the key factors that influence bone
turnover, leading to osteoporosis [4, 6]. In fact, proin-
flammatory cytokines have been implicated as primary
mediators of accelerated bone loss during menopause [7].
Currently, the treatment of osteoporosis focuses on in-
hibition of bone resorption by osteoclasts and/or increase
in bone formation by osteoblasts [1]. A number of con-
ventional treatment options for osteoporosis are available
such as bisphosphonates and estrogen but their adverse
effects including burning sensation and gastrointestinal
tract disturbances associated with these therapies limit
their use [8]. Consequently, exploring the use of natural
products in the treatment of osteoporosis may offer a
better alternative to avoid the side effects of the con-
ventional therapies [8]. Over the years, herbal medicines
have been used to treat osteoporosis [1, 9] and as a crucial
substitute of anti-inflammatory drugs [10]. 'e plants
used in traditional medicine for the treatment of in-
flammation- and osteoporosis-related conditions are
those of Prunus (family Rosaceae), including Prunus
jamasakura f. hortensis (Maxim.) (Koidz) (Scientific
synonym Prunus x lannesiana (Carrière) E. H. Wilson)
[11]. P. jamasakura is native to Korea and Japan and has
been used to treat several diseases in folk medicine in-
cluding inflammatory diseases [12], cough, and food
poisoning [11]. 'ese medicinal activities have been at-
tributed to several compounds including sakuranetin,
sakuranin, naringenin, and genistein, found in its stem
bark (Pruni cortex) [11].

Despite its myriad therapeutic uses, there are currently
no studies on the antiosteoporosis activity of P. jamasakura.
Hence, this study evaluated the in vitro antiosteoporosis
activity of the ethanolic and methanolic bark extracts of P.
jamasakura. In addition, we evaluated the hepatotoxicity of
the extracts in zebrafish (Danio rerio) larvae and conducted
the HPLC chemical profiling of the compounds in the ex-
tracts. 'is study may therefore provide the foundation for
further studies regarding P. jamasakura for future drug
development to treat and manage osteoporosis.

2. Materials and Methods

2.1. Chemicals. All of the chemicals and solvents used in this
study were of analytical grade. Acetonitrile (Fisher Scientific,

UK) and trifluoroacetic acid (Sigma-Aldrich, USA) were of
HPLC grade. Ultrapure water from a Milli-Q system
(Millipore, USA) was used for the mobile phase preparation.
Naringenin, genistein, and sakuranetin were purchased from
ChemFaces (Wuhan, Hubei, China) and were used as the
standard components.

2.2.PlantMaterial andPreparationofExtract. 'e stem bark
of P. jamasakura (Pruni cortex) was procured from Dae-
jeon, South Korea. 'e voucher specimen number
KIOM201501013821A was deposited in the Korean Her-
barium of Standard Herbal Resources (Index Herbarium
Code: KIOM) at the Korea Institute of Oriental Medicine
(KIOM), South Korea. 'e stem bark of the sample was
ground using a steel pulverizing machine (250G New Type
Pulverizing Machine, Model RT-N04-2V, Taiwan) at
25,000 rpm to obtain a fine powder. 'e maceration and
concentration process was done following the previous
method [13]. 30 g of the fine powder was extracted via
maceration using 600ml of 100% methanol, 100% ethanol,
and distilled water. 'e extracts were filtered using
Whatman filter no. 1 after 24 h and concentrated under a
vacuum reduced pressure at 40°C, 70 rpm, using an EYELA
N-1200B (Tokyo Rikakikai Co. Ltd., Japan) efficient rotary
evaporator. 'e concentrated extract was then vacuum
dried. 'e resultant dried extract was used for subsequent
HPLC phytochemical analysis, nitric oxide (NO) assay,
tartrate-resistant acid phosphatase (TRAP) assay, and
hepatotoxicity evaluation.

2.3. HPLC Chemical Profiles of Prunus jamasakura. 'e
method used was modified from that of the previous study
[13]. 'e chemical standards naringenin, genistein, and
sakuranetin used in this study were each dissolved in
methanol at 1mg/ml to make a stock solution and then
further diluted to 20 μg/ml in methanol for the HPLC
analysis. Similarly, P. jamasakura extracts were dissolved in
methanol at 10mg/ml and filtered using a 0.2mm syringe
membrane filter (Whatman Ltd., Maidstone, UK) for
analysis. Separation was performed using an HPLC system
(Dionex Ultimate 3000;'ermo Fisher Scientific, Sunnyvale,
CA, USA) comprising a pump, an auto sampler, a column
oven, and a diode array UV/VIS detector. 'e chromato-
grams were analyzed using the Chromeleon software system
(version 7). 'e components of the P. jamasakura extracts
were separated using a Gemini C18 column (4.6× 250mm,
5 μm) (Phenomenex, Torrance, CA, USA) at 40°C. An in-
jection volume of 10 μl was used at a detection wavelength of
280 nm. 'e mobile phase, consisting of ultrapure water
with 0.1% trifluoroacetic acid (A) and acetonitrile (B), was
eluted at a flow rate of 1.0ml/min. 'e gradient elution
program used was as follows: 3% (v/v) B at 0–2min; 3–35%
(B) at 2–30min; 35–50% (B) at 30–31min; 50% (B) at
31–35min; 50–100% (B) at 35–40min; and 100% (B) at
40–45min.
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2.4. Inhibitory Effect of P. jamasakura on No Generation and
Osteoclastogenesis

2.4.1. Cell Culture. Murine macrophage-like RAW 264.7
cells (ATCC; Manassas, VA, USA) were cultured in Dul-
becco’s modified Eagle medium supplemented with 10%
fetal bovine serum (FBS) and 1% antibiotics following
previously described method [13]. Mouse bone marrow
macrophages (BMMs) were cultured in a proliferation
medium (an α-MEM medium with 10% FBS and macro-
phage-colony stimulating factor (M-CSF) (60 ng/ml)) fol-
lowing the previously described method [14, 15]. To
differentiate the osteoclasts, BMMs were cultured in a
proliferation medium with RANKL (100 ng/ml) for 6 days.

2.4.2. NO Assay. Murine macrophage-like RAW 264.7 cells
were treated with the ethanolic and methanolic extracts of P.
jamasakura samples at various concentrations of 0, 12.5, 25,
50, 100, and 200 μg/ml and cultured for 1 h prior to lipo-
polysaccharide (LPS) stimulation for 24 h following a pre-
viously described method [13]. 'e nitrite levels in the
culture media were determined by incubation with Griess
reagent (1% sulfanilamide, 0.1% naphthylethylenediamine
dihydrochloride, and 2.5% phosphoric acid) for 5min. 'e
absorbance was measured at 570 nm using a microplate
reader (VersaMax, Molecular Devices). 'e quantity of
nitrite in the samples was calculated using the concentration
of sodium nitrite as a standard.

Cell viability was analyzed using a cell counting kit assay
(Dojindo). Cells were plated in a 96-well plate and treated
with different concentrations of P. jamasakura extracts at
concentrations of 0, 12.5, 25, 50, 100, and 200 μg/ml for
ethanolic and methanolic extracts for 24 h. After incubating
with the cell counting kit (CCK) solutions and the cells for
1 h, the absorbance was measured at 450 nm using a
microplate reader (VersaMax).'e results are presented as a
percentage of the control.

2.4.3. TRAP Assay and BMM Cell Viability. 'e measure-
ment of osteoclast TRAP activity was based on the gener-
ation of absorbance by incubating BMM cells with TRAP
buffer (50mM sodium tartrate, 0.12M sodium acetate, and
pH 5.2) and p-nitrophenyl phosphate (1mg/ml) for 15min
based on method previously described [14]. For TRAP
staining, the cells were incubated with TRAP buffer con-
taining naphthol AS-MX phosphate (0.1mg/ml) and Fast
Red Violet (0.5mg/ml). 'e BMM cells were then cultured
with the different ethanolic and methanolic P. jamasakura
extracts at different concentrations of 0, 6.25, 12.5, 25, and
50 μg/ml in the presence of RANKL for 6 days.'e osteoclast
TRAP activity was determined using a colorimetric assay
with p-nitrophenyl phosphate as a substrate. 'e cell via-
bility was determined using cell counting kit-8 (WST-8/
CCK8; Dojindo), according to the manufacturer’s
instructions.

For the measurement of cell viability, cells were plated in
96-well plates and treated with ethanolic and methanolic P.
jamasakura extracts at different concentrations of 0, 6.25,

12.5, 25, and 50 μg/ml for 24 h. After incubating with the
CCK solutions and the cells for 1 h, the absorbance was
measured at 450 nm using a microplate reader (Versa Max).
'e results are presented as a percentage of the control.

2.5. Hepatotoxicity Assay in Zebrafish (Danio rerio) Larvae.
Zebrafish larvae were bred under standard conditions as
previously described [16] (Westerfield, 2000). At 90 h
postfertilization (hpf), the larvae were transferred to a
transparent 24-well plate (N� 10/well) with 1ml of an
embryonic medium. 'e larvae were then exposed to water,
ethanolic, and methanolic P. jamasakura extracts at various
concentrations of 50, 100, and 200 μg/ml for ethanolic and
methanolic, and water extracts from 96 to 120 hpf. Dimethyl
sulfoxide (DMSO) was used as a negative control while 5 μM
of tamoxifen (Sigma-Aldrich, St. Louis, MO, USA) was used
as a positive control. To obtain images, the larvae were
anesthetized in tricaine (Sigma-Aldrich), mounted in 3%
methyl cellulose (Sigma-Aldrich), and observed under a
Leica MZ10F stereomicroscope equipped with a Leica
DFC425 camera and Leica application Suite software (ver-
sion 4.5).

2.6. Statistical Analysis. Data are represented as the mean-
± standard deviation. Statistical significance between groups
was analyzed using Student’s t-test. p values <0.05 were
considered statistically significant.

3. Results and Discussion

3.1. HPLC Chemical Profiles of Prunus jamasakura.
HPLC is a versatile, reproducible chromatographic tech-
nique for the estimation and detection of secondary me-
tabolites in plants [17]. In this study, the phytochemical
components of P. jamasakura based on the HPLC finger-
printing of their methanol, ethanol, and water extracts at
203, 254, 280, and 320 nmUVwavelengths (data not shown)
were conducted. Among the four types of UV wavelengths,
good separation and selectivity were observed at 280 nm.'e
distinct profiling patterns of the components were con-
firmed regardless of the type of solvent used in Figure 1(a).

'ree chemical compounds, namely, naringenin [18],
genistein [19], and sakuranetin [1], were selected as the
standard components of P. jamasakura, according to a
previous study [11]. 'e UV wavelength of the chromato-
grams was adjusted to 280 nm according to the maximum
UV absorption of the three standard components
(Figure 1(b)). 'e identification of the three standard
components in P. jamasakura was based on a comparison
between their retention times (tR), UV absorption, and
chromatograms and those of each standard. 'e mixed
standard components were identified at retention times of
34.350min (1), 34.547min (2), and 38.457min (3) in the
chromatogram. Under the same conditions, three compo-
nent standards were detected at similar retention times,
34.337min (1), 34.533min (2), and 38.433min (3) in the P.
jamasakura ethanol extract (Figure 1(c)). 'erefore, this
HPLC result showed the presence of naringenin, genistein,
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Figure 1: HPLC-DAD analysis of phytochemical components of P. jamasakura. (a) HPLC fingerprint of the ethanolic, methanolic, and
water extracts of P. jamasakura at 280 nm. (b) Chemical structures and UV spectrum of three standard components: (1) naringenin, (2)
genistein, and (3) sakuranetin. (c) Determination of naringenin (1), genistein (2), and sakuranetin (3), in P. jamasakura ethanol extracts at
280 nm.
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and sakuranetin compounds in the stem bark of P.
jamasakura.

3.2. NO Assay and RAW264.7 Cell Viability. NO plays a key
role in the immune system defense against extracellular
organisms [20]. However, when produced in excess, it is
known to play an important role in the pathogenesis of
inflammatory disorders of the joint, gut, and lungs
[13, 21, 22]. A previous study also showed that increased NO
production contributes to the pathogenesis of osteoporosis
[23]. 'erefore, the inhibition of NO production represents
a potential therapeutic pathway for the management of
inflammatory diseases [21]. In this study, the P. jamasakura
extracts exhibited inhibitory effects on NO production
(Figure 2). At 100 μg/ml and 200 μg/ml, the ethanolic and
methanolic P. jamasakura extracts showed significant
(p< 0.05) and (p< 0.01) inhibition of the LPS-induced NO
production in RAW264.7 cells, respectively, compared to the
control (Figure 2(a)). At concentrations of 50, 100, and
200 μg/ml, the ethanolic and methanolic extracts exhibited
significant cell (p< 0.001) and (p< 0.05) simulative effect,
respectively, on cell viability (Figure 2(b)).

A previous study reported the downregulation of NO
production by sakuranetin and naringenin compounds [12],
and hence the presence of these compounds in P. jamasa-
kura may somewhat explain its ability to inhibit LPS-me-
diated NO production in RAW 264.7 cells in this study.

3.3. TRAPAssay andBMMViability. TRAP activity is a vital
cytochemical marker of osteoclasts. As such, its concen-
tration in the serum is utilized as a biochemical and his-
tochemical marker of osteoclast function and degree of bone
resorption [24, 25]. A previous study showed that the levels
of serum TRAP were higher in patients with osteoporosis
than in the control group. Furthermore, a negative linear
correlation was previously found between serum TRAP and
bone mineral content in women with osteoporosis, sug-
gesting that TRAP concentration is a useful marker for bone
loss [26]. Indeed, all forms of acquired osteoporosis reflect
increased osteoclast function relative to that of osteoblasts,
such that the pharmacological arrest of osteoclasts is a
mainstay in the treatment of systemic bone loss [27]. TRAP
initiates osteoclast differentiation, activation, and prolifer-
ation [18] and has been observed to play a vital role in many
biological processes, including skeletal development, colla-
gen synthesis and degradation, and bone mineralization
[25, 28]. In this study, the ethanolic and methanolic P.
jamasakura extracts at different concentrations of 0, 6.25,
12.5, 25, and 50 μg/ml all significantly (p< 0.001) inhibited
TRAP activity compared to the control (Figure 3(a)).

At 12.5 and 25 μg/ml, P. jamasakura methanolic and
ethanolic extracts had a significant effect (p< 0.05) simu-
lative effect on the cell viability of BMM cells (Figure 3(b)).
At a higher concentration of 50 μg/ml for both ethanolic and
methanolic extracts, the cell viability increased significantly
(p< 0.01) compared to the control. 'e significant viability
of the BMM cells treated with all provides an indication of

the noncytotoxicity of the stem bark of P. jamasakurawithin
a given dose range.

'e suppression of TRAP activity by P. jamasakura
may also be attributed to the various chemicals in it in-
cluding naringenin and genistein. Naringenin has been
observed to inhibit osteoclastogenesis and osteoclastic
bone resorption [29, 30]. Genistein also showed direct
inhibitory effect on osteoclasts in vitro [31] and suppressed
TRAP activity [32]. Previous studies have also shown the
antiosteoporosis activity of other Prunus species [33, 34].
'e bioactive compounds in the fruit of P. mume were
found to significantly stimulate the differentiation of
preosteoblastic MC3T3-E1 cells to increase collagen syn-
thesis or mineralization functions of osteoblasts and
suppress TRAP activity in the receptor activator of nuclear
factor-κB ligand-induced osteoclastic RAW 264.7 cells
[35]. Additionally, terpenes and sterols in the fruit of P.
mume were found to inhibit osteoclast differentiation by
suppressing TRAP activity [36]. 'ese results further
validates the potential of Prunus species as an anti-
osteoporosis medicinal plant.

3.4. Hepatotoxicity in Zebrafish Larvae. 'e hepatotoxicity
results for a given drug are vital for understanding its potential
effects on the liver and the potential induction of liver injury
[37]. Herbal medicines have been previously associated with
various complications, such as liver damage, which result in
high incidences of mortalities and morbidities [19]. Hence, the
screening of herbal medicines for their hepatotoxicity is a key
step during the development of herbal medicines. Zebrafish
larvae represent an important model system for the study of the
effects of toxicant exposure on liver function and development
[38, 39], as well as changes in red fluorescence intensity and size,
making it a useful model for hepatotoxicity studies [40]. Liver
organogenesis in zebrafish initiates at 30hpf on the left-hand
side of the embryo. In this study, the liver bud was enlarged,
connected with the intestine, and functionally matured until
72hpf [41]. At 96hpf, treatment with liver toxicants (tamoxifen
or acetaminophen) induced a reduction in liver transparency,
indicating liver cell death in the zebrafish larvae [42]. In this
study, the exposure of the zebrafish larvae from 96 to 120hpf
(Figure 4(a)) to DMSO did not result in the liver cell death
(Figure 4(b)). However, treatment with tamoxifen resulted in
liver cell death (Figure 4(c)). In P. jamasakura bark water and
ethanolic extract at the concentrations of 50, 100, and 200μg/
ml, 100% of the zebrafish larvae survived at 120hpf and he-
patocyte death was not observed. Similarly, there was 100%
survival of the zebrafish larvae exposed to P. jamasakura bark
methanolic extract at concentrations at 50μg/ml with no he-
patocyte death observed at 120hpf (Figures 4(d) and 4(e)).
However, at higher concentrations of 100 and 200μg/ml P.
jamasakura bark methanolic extract, only 30% and 20% of the
zebrafish larvae, respectively, survived but hepatocyte death was
not observed in them (Figure 4(f)).

Hepatotoxicity observed in the zebrafish larvae model
system correlates with that in humans [43], an indication
that P. jamasakura extracts may have a low hepatotoxic
effect on other vertebrates, including humans.

Evidence-Based Complementary and Alternative Medicine 5



40

30

20

10

0

N
O

 le
ve

l (
uM

)
Ethanol extract

P. jamasakura concentrations (μg/ml)

0
12.5
25

50
100
200

40

30

20

10

0

N
O

 le
ve

l (
uM

)

Methanol extract

P. jamasakura concentrations (μg/ml)

0
12.5
25

50
100
200

∗

∗∗

∗

∗∗

(a)

150

100

50

0

C
el 

l v
ia

bi
 l 

ity
 (%

 o
f c

on
tro

l)

Ethanol extract

P. jamasakura concentrations (μg/ml)

0
12.5
25

50
100
200

150

100

50

0

C
el 

l v
ia

bi
 l 

ity
 (%

 o
f c

on
tro

l)

Methanol extract

P. jamasakura concentrations (μg/ml)

0
12.5
25

50
100
200

∗

∗∗
∗∗ ∗∗

∗ ∗
∗

(b)

Figure 2: Effect of P. jamasakura on LPS-induced NO production in raw 264.7 cells. RAW264.7 cells were pretreated with P. jamasakura for
1 h before LPS treatment. (a) After 24 h incubation with LPS, the culture supernatant was collected formeasurement of nitrite concentration.
(b) Cell viability was determined using cell counting kit-8 following the manufacturer’s instructions. ∗p< 0.05, ∗∗p< 0.01, and ∗∗∗p< 0.001.
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Figure 3: Continued.
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4. Conclusion

'e use of medicinal plants to treat myriad of conditions
including osteoporosis and inflammation has been in ex-
istence since time immemorial. 'is present study has
demonstrated the antiosteoporosis, anti-inflammatory, and
nonhepatotoxic activities of P. jamasakura. And as such, the
study provides a basis for clinical studies and a foundation
upon which P. jamasakura antiosteoporosis drugs can be
developed in the future.
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Figure 3: Effect of P. jamasakura on trap activity in BMM.'e BMMwas cultured with P. jamasakura in the presence of RANKL for 6 days.
(a) TRAP activity of osteoclasts was measured by colorimetric assay using p-nitrophenyl phosphate as a substrate. (b) Cell viability was
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Background. Knee osteoarthritis (OA) presented with knee pain and limitation of mobility is common, and it may become a
chronic problem resulting in major loss of function, with related impaired activity of daily living. Current traditional
therapy for knee OA includes pharmacological treatment and physiotherapy, but the efficacies are limited. An alternative
noninvasive treatment low-level laser therapy (LLLT) applied to acupoints is still contradictory and the efficacy needs to be
assessed. Methods and Materials. We conduct the randomized double-blind control study to investigate the efficacy of a
dual-frequency LLLT (combines red light (780 nm) and near-infrared light (830 nm)) in patients suffering knee OA.
Participates were randomly assigned into active laser therapy (ALT) and placebo laser therapy (PLT) groups. Subjects in the
ALT group were separately treated by laser apparatus at the three acupoints (SP9, SP10, and EX-LE2) on their knee joints
under continuous radiation for 15 min at the maximum intensity, three times per week for four weeks. +e PLT group used
laser apparatus of the same model according to similar procedures without laser light emission. Outcome Measurements
including visual analog scale (VAS), pain pressure threshold (PPT), and Lequesne index were used. Results. A total of 30
subjects with two-sided knee OA in both groups completed the experiment. Statistically significant decreases were observed
in the Lequesne index (5.27 ± 3.26 vs. 10.83 ± 3.83), conscious VAS 4 weeks after treatment (moving: 2.87 ± 1.13 vs.
5.67 ± 1.72; resting: 0.33 ± 0.62 vs. 2.67 ± 1.29), and the increase was noted in PPT (21.23 ± 1.82 kg vs. 13.02 ± 1.46 kg) in the
ALTgroup compared with the PLTgroup. Conclusion. It appears that the knee OA pain and disability can be decreased after
a dual-frequency LLLT applied to acupoints (SP9, SP10, and EX-LE2). +e clinical efficacy of LLLT is highly related to the
therapeutic settings of the laser apparatus; hence, more clinical trials with diffident parameter settings are needed to be
further clarified.

1. Introduction

In the modern society, degenerative arthritis is one of the
common diseases prevalent among the population over age
45; the incidence of this disease is twice more prominent in
females than in male [1–7]. Damages to peripheral soft
tissues, including the bursa, tendon, and ligament around
the joint, are probable sources of pain in patients with

degenerative arthritis, which is a joint deformity, caused by
articular cartilage wear and tear. In imaging, knee osteo-
arthritis (OA) can be divided into four levels by severity.
However, the results of X-ray examination are not exactly
the same as the clinical manifestations [1, 8, 9]. +erefore,
the American College of Rheumatology (ACR) formulated
diagnostic criteria for knee OA: over age 50; early morning
stiffness for less than 30 minutes; a sudden bursting sound as
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the ball joint moves; knee pain or tenderness; and joint space
narrowing, spur proliferation, and bone hypertrophy as
revealed by X-ray imaging [10].

Degenerative arthritis is manifested with joint pain and
impaired physical mobility, belonging to the category of
arthromyodynia in traditional Chinese medicine. According
to Huangdi Neijing, although clinical manifestations of
arthromyodynia vary with depth and location, the blocked
or unbalanced Qi or blood circulation through the body’s
meridians can be relieved by acupuncture at certain points,
mainly involving five-point acupuncture of knee, Yangming
stomach channel of foot, Shaoyang gall bladder channel of
foot, and Taiyin spleen channel of foot.

Traditional therapeutic options for degenerative arthritis
mainly include medication and physiotherapy in rehabili-
tation department [11, 12]. However, the former is prone to
side effects, whereas the latter makes little effects in some
severe cases. +us, low-level laser therapy (LLLT), a non-
invasive substitutive therapy, is adopted in the present study
[13–15]. Laser therapy in animal experiments can adjust the
proliferation of chondrocytes and the synthesis of DNAs in
cartilage-specific proteoglycan and collagen/noncollagen
proteins (NCPs) [16–18], relieve pain, accelerate the release
of serotonin from the body [19], and produce an anti-in-
flammatory effect [20]. In the present study, bichromatic
laser-emitting dual-frequency laser beams in an alternating
way can achieve deeper laser penetration, which may pro-
duce a better curative effect despite variation of lesion depth
from person to person and from spot to spot [21]. Based on
the literature, three acupoints, which are commonly used to
treat knee OA, including SP9 (y�inĺıngqúan, Taiyin spleen
channel of foot), SP10 (xuěhǎi, Taiyin spleen meridian of
foot), and EX-LE2 (hèdǐngxué) [22–24], were chosen in the
present study. A double-blind trial was conducted to de-
termine the curative effect of acupoints dual-frequency
LLLT on knee osteoarthritis.

2. Materials and Methods

+is study involved patients diagnosed with knee OA at
rehabilitation clinics. +is study was approved by the In-
stitutional Review Board of the China Medical University
Hospital (DMR99-IRB-136). Patients gave their written
informed consent to participate in this study, and the re-
search was conducted in accordance with the principles of
the Declaration of Helsinki.

+e inclusion criteria were (1) knee OA patients who
meet the criteria established by the ACR on 1986; (2) those
with knee OA as revealed by X-ray imaging, having the
severity above Level II as rated by the Kellgren–Lawrence
grading scale; (3) those over the age of 50; (4) those with knee
OA pain lasting clinically for more than six months; and (5)
those who are willing to cooperate and sign informed
consents after being fully apprised of procedures and its
purposes of the clinical trial. +e exclusion conditions were
(1) those suffering from malignant tumors and/or acute
medical diseases, motor or sensory nerve defect, mental
disorders, dementia, mental retardation, and/or any other
organic mental abnormality; (2) those who have received

intra-articular steroids or hyaluronic acid in their knees over
the past three months; (3) those who have ever undergone
knee surgeries, or whose knees have been wounded and
suffer from congenital knee deformation, severe knee varus
or valgus deformity, or secondary knee OA to endocrin-
opathy, metabolic disorders, infectious and inflammatory
diseases, and/or rheumatic autoimmune diseases; and (4)
those with contraindications for LLLT, such as malignant
tumors, pregnancy, and photosensitization. After the
screening, the eligible subjects were completely randomly
assigned to the treatment group (n� 16) and the control
group (n� 17) by means of random number table. +e
randomization procedure was performed by a researcher
who was not involved in data collection, and assignments
were held in sealed opaque envelopes to ensure randomi-
zation concealment. During the follow-up course, there were
one or two patients walking out from the treatment group
and the control group, respectively. +us, the two groups
included 15 subjects each at the completion of the course,
which was conducted three times per week for four weeks.

In the present study, multiband laser therapeutic ap-
paratuses (TI-816-2, Transverse Inc., Taiwan) were adopted
as the active laser treatment (ALT) group, with the output
wavelengths of 780 nm (power: 50mW) and 830 nm (power:
30mW), and the maximum cumulative energy of 216 J
under the continuous irradiation for 15min at themaximum
intensity. +e clinical trial was designed as a randomized,
double-blind, and controlled trial. Subjects were separately
treated by laser apparatus at the three points (SP9, SP10, and
EX-LE2) on their knee joints under continuous radiation for
15min at the maximum intensity, three times per week for
four weeks. +e control group (placebo laser treatment
(PLT)) in the experiment used laser apparatus of the same
model according to similar procedures, but without laser
light emission. +e flowchart of this study is shown in
Figure 1.

+e efficacy was assessed by three outcome measure-
ments: chief complaint about pain intensity (both moving
and resting knee), pain pressure threshold (PPT), and knee
OA severity scale.+e chief complaint about pain intensity is
expressed by the visual analog scale (VAS). +is method is
represented with a straight line of 10 cm, both ends of which
are marked with “0” and “10” (“0”: completely painless; “10”:
intolerable pain), which allows patients to mark and identify
their pain levels by measuring the distance between the point
of “0” and the corresponding markers, indicating their re-
spective pain index values. Pressure algometry was applied
to measure the PPT three times at a certain sore spot of each
patient’s pes anserinus tendon, with an interval of 60 sec-
onds, and the value of pressure algometry at which pain
became unbearable was recorded. Additionally, the median
of the three measured values was defined as the pain pressure
threshold. +e Lequesne index [25] was measured by the
knee osteoarthritis severity scale. By summing up, the score
for the lowest severity level was 0 point, and that of the
highest severity level was 24 points.

+e results from the present study were statistically
analyzed using Statistical Package for Social Science (SPSS
18.0) for Windows. Data are expressed as mean± standard
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deviation (SD). As for descriptive statistics, the between-
group analysis of all variables was conducted by independent
two-sample t-test and chi-square test, thereby obtaining the
curative effects. For inferential statistics, the within-group
analysis of all variables was conducted by the paired sample
t-test while the between-group analysis of the variables was
conducted by the independent two-sample t-test. As
revealed in the present study, there were statistically sig-
nificant differences among the results (P< 0.05).

3. Results

In the present study, a total of 33 subjects were ran-
domized into two groups (ALT and PLT). +e ALT group
consisted of 16 subjects while the PLT group was of 17
subjects. However, one or two subjects had withdrawn
from the ALT and PLT groups, respectively, in the middle
of the study period; thus, the two groups had 15 subjects at
the completion of the therapy for four weeks (see Fig-
ure 1). A total of 30 patients with two-sided knee OA
completed the study. After diagnosis, a total of 60 knee
OA samples were collected. Statistically, the mean values
of clinical index data of every subject’s left and right knees

were taken for clinical assessment. +ere were no sta-
tistically significant differences between the two groups in
basic data (Table 1). In terms of clinical evaluation in-
dicators before therapy, including knee OA severity index,
conscious VAS for moving knee, conscious VAS for
resting knee, and pes anserinus tendon PPT (Table 1),
there were no statistically significant differences between
the two groups in those clinical evaluation indicators
before therapy (independent two-sample t-test).

3.1. Severity Index of Knee OA Severity (Lequesne Index).
+e variations of the two groups in the knee OA severity
index before experiment and within the 1st, 2nd, 3rd, and
4th weeks after treatment are shown as Figure 2. Com-
parison of the ALT group before LLLT and within the 1st,
2nd, 3rd, and 4th weeks after treatment showed that the knee
OA severity index was significantly improved with statis-
tically significant differences. By contrast, the Lequesne
index of the PLT group after the four-week course did not
significantly decrease, and the therapeutic regimen for the
PLT group produced little curative effect on knee OA from
the Lequesne index.

Patient screened
(n = 45)

12 excluded:
3 not met enrolment criteria

9 withdrawn

Meet the inclusion and exclusion criteria (n = 33)
obtain informed consent, perform baseline assessment

Randomization (n = 33)

Active laser group (n = 16) Placebo laser group (n = 17)

Active laser treatment 3 times
per week for total 4 weeks

Placebo laser treatment 3 times
per week for total 4 weeks

15 completed 15 completed

Outcome measure at 3rd week post Tx Outcome measure at 3rd week post Tx

Outcome measure at 2nd week post Tx Outcome measure at 2nd week post Tx

Outcome measure at 1st week post Tx Outcome measure at 1st week post Tx

Outcome measure at 4th week post Tx Outcome measure at 4th week post Tx

1 dropped out

2 dropped out

Figure 1: Flowchart of this study.
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3.2. Conscious VAS for Moving Knee. Considering the
conscious VAS for moving knees, the results of the two
groups before experiment and within the 1st, 2nd, 3rd, and
4th weeks after it are shown in Figure 3. Results showed that,
for the ALTgroup before LLLT and within the 1st, 2nd, 3rd,
and 4th weeks after it, the conscious VAS for moving knee
significantly decreased (6.67± 2.16, before; 2.87± 1.13,
within the 4th week after). However, the conscious VAS of
the PLT group after the four-week therapy did not drop
significantly (6.93± 1.79, before; 5.67± 1.72, within the 4th
week after). Significant differences were found between the
two groups in the experimental results.

3.3. Conscious VAS for Resting Knee. +e variations of the
two groups in the conscious VAS for resting knee before
experiment and within the 1st, 2nd, 3rd, and 4th weeks after
it are shown in Figure 4. By comparing the ALTgroup before
LLLTand within the 1st, 2nd, 3rd, and 4th weeks after it, the
conscious VAS for resting knee was significantly improved
(3.00± 1.93, before; 0.33± 0.62, within the 4th week after),
having statistically significant differences. For the PLT
group, the conscious VAS for resting knee was not signif-
icantly improved (3.33± 1.68, before; 2.67± 1.29, within the
4th week after).

3.4. Pes Anserinus Tendon Pain Pressure (reshold. +e
variations of the two groups before experiment and within
the 1st, 2nd, 3rd, and 4th weeks after it in the pes anserinus
tendon PPT are shown as Figure 5. Results showed that, for
the ALTgroup before LLLTand within the 1st, 2nd, 3rd, and
4th weeks after it, the pes anserinus tendon PPT was sig-
nificantly improved (11.71± 1.86, before; 21.23± 1.82, within
the 4th week after), having statistically significant differ-
ences. +e PPT of the PLT group was 12–13, indicating that
the therapeutic regimen for the PLT group failed to effec-
tively improve the pain pressure threshold.

4. Discussion

In the present study, 33 patients with two-sided knee OA
were randomized into the ALT group (16 subjects) and the
PLTgroup (17 subjects). In the course of the experiment, one
subject of the treatment group withdrew after one week
treatment, and two of the control group also quitted after
two weeks treatment. +e patients refused to continue be-
cause they felt unsure of the painless treatment and felt no
effect at all. +us, the two groups just had 15 subjects each
upon completion of the four-week treatment course. +ese
patients were with two-sided knee OA pain. However,

Table 1: Baseline characteristics and clinical evaluation indicators
of the subjects in the two groups.

ALT group PLT group P value
Age (year) 70.53± 6.89 69.73± 6.91 P> 0.05
BMI (kg/m2) 26.61± 4.33 25.98± 2.71 P> 0.05
Duration of knee pain
(month) 136.40± 84.08 129.20± 57.23 P> 0.05

Sex

Male
(number) 1 2 P> 0.05

Female
(number) 14 13 P> 0.05

K-L
grade

2 (number) 11 14 P> 0.05
3 (number) 16 15 P> 0.05
4 (number) 3 1 P> 0.05

Lequesne index 11.93± 4.55 12.23± 4.14 P> 0.05
Conscious VAS for
moving knee 6.67± 2.16 6.93± 1.79 P> 0.05

Conscious VAS for
resting knee 3.00± 1.93 3.33± 1.68 P> 0.05

Pes anserinus tendon
PPT (Kg) 11.71± 1.86 11.81± 1.89 P> 0.05

Data are expressed asmean± SD;ALT, active laser treatment; PLT, placebo laser
treatment; BMI, bodymass index; K-L grade, Kellgren—Lawrence radiographic
grade of knee OA; VAS, visual analog scale; PPT, pain pressure threshold.
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neither traditional physiotherapy nor drug-assisted treat-
ment produced good curative effect. After LLLT for three
times per week for four weeks, the curative effect for the ALT
group was better than that of the PLTgroup in terms of knee
OA severity index, conscious pain index for moving knee,
conscious pain index for knee resting still, and pes anserinus
tendon PPT with statistically significant differences.

Degenerative arthritis initially affects the medial artic-
ular surface, so degenerated articular cartilage often occurs
in the medial tibia and/or on the articular surface of the
femur [26]. For patients with knee OA, these acupoints, SP9
and SP10, which anatomically correspond to vastus medialis
oblique muscle and pes anserinus tendon, respectively, are
the most susceptible to soreness. SP9 and SP10 are found at
the points on the spleen channel. According to the

acupuncture principle of “tracking and treating a disease
along the appropriate meridian course,” stimulating points
of the spleen channel in the vicinity of the knee joint
produces curative effect on degenerative arthritis. EX-LE2
(hèdǐngxué) is the most popular extraordinary point used
for managing the knee problem in traditional Chinese
medicine. +e acupoint is located in the center of the upper
border of the patella and needled with the patient’s knee
slightly flexed. In the neuroanatomy of western medicine,
the point is innervated via the intermediate femoral cuta-
neous nerve of the thigh (L2-L3).

Pain of knee OA involves arthrentasis, articular cartilage
impairment, peripheral soft tissue damages, etc. LLLT can
facilitate tissue repair and proliferation by promoting blood
circulation, thereby relieving joint pain and improving pain
pressure threshold [27–29]. Hegedus et al. [27] indicated
that degenerative arthritis patients could be treated with the
LLLT apparatus, twice per week for four weeks. Results
showed that the treatment group showed significant im-
provements in terms of pain index, pressure sensitivity, and
joint bending angle after LLLT. In addition, lesions were
detected using the infrared apparatus and the temperature at
the targeted spots of knee joints slightly increased, thus
indicating that LLLT can improve the blood circulation of
the irradiated spots.

Laser penetration in human tissues varies with wave-
length; that is, red laser penetrates more deeply than violet
light, green light, or yellow light. Infrared ray with longer
wavelength is invisible and it penetrates human tissues more
deeply than visible red light. +e laser apparatuses used in
the present study have bichromatic laser needles alternating,
having broader penetration range. Laser penetration often
varies with lesion depth, and the broader penetration range
can produce a better curative effect. +e first bichromatic
laser apparatus (685 nm/785 nm) was developed by the
University of Paderborn, Germany, and the earliest related
scientific research was conducted and published by Medical
University of Graz, Austria, in 2002. Bichromatic laser is
often a combination of two different wavelengths. For in-
stance, the dual-frequency LLLT apparatus used in the
present study combines red light (780 nm) and near-infrared
light (830 nm), having deeper penetration (2-3 cm) than any
laser of a single wavelength in human tissues [30].

+e findings of this study have to be seen in light of two
limitations. First, the sample size of this study is small and it
may affect statistical power. +e second limitation concerns
the lack of long-term follow-up for evaluation of clinical
efficacy after LLLT. +erefore, if there are sufficient re-
sources, future research is required to follow up longer for
better understanding of the subsequent responses.

5. Conclusions

In this study, patients with knee OA received LLLT at the
three points, namely, SP9, SP10, and EX-LE2. Results
showed that a diode laser (TL-816-2, Transverse Inc., Tai-
wan) produced a dual-frequency laser beams (combines red
light (780 nm) and near-infrared light (830 nm)) and a good
curative effect on knee OA, with significant improvements in
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the severity index (Lequesne index), conscious pain index,
and pain pressure threshold. Nonetheless, the clinical effi-
cacy of LLLTand the parameter setting of the laser apparatus
need further investigation.
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Senile osteoporosis (SOP) is a common disease that has decreased bone strength as its main symptom. )ere is currently no
medication that can treat SOP, and traditional Chinese medicine has advantages in slowing down bone aging. )e present study
aimed to observe the effects of Qing’e decoction on leptin, leptin receptor, sex hormone, and biochemical markers of bone
metabolism in naturally aging rats and to explore its mechanism in regulating bone metabolism.)e results revealed that, with the
increase in age, the bone mineral density (BMD), bone strength, bone trabecula sparse, serum levels of leptin receptor (LEP-R),
estradiol (E2), testosterone (T), core binding-factor α-1 (Cbfα-1), collagen-I (COL-I) and osteocalcin (OC), and the mRNA levels
of leptin (LEP) and LEP-R in bone tissue decreased, while serum LEP levels increased in the female and male NS groups. )e
serum levels of LEP, LEP-R, E2, T, osteoprotegerin, Cbfα-1, COL-I, OC and bone alkaline phosphatase, and the mRNA levels of
LEP and LEP-R in bone tissue in the female andmale QED groups were higher than those in the same age and sex NS group, while
the BMD, bone trabecular area percentage, maximum load, and maximum stress in the female and male QED groups were
significantly higher than those in the same age and sex NS group. In conclusion, with the increase in age, the bone quality of
naturally aging rats decreased gradually. Qing’e decoction can regulate the bone metabolism and increase the bone quality and
delay bone aging, which may be achieved by increasing sex hormone, LEP, and LEP-R levels.

1. Introduction

Osteoporosis (OP), which is called a ‘silent killer’, is a
common degenerative disease characterized by reduced
bone mass and bone microstructural changes, decreased
bone strength, and increased risk of fracture. Senile osteo-
porosis (SOP) is a type of primary OP with a low conversion
rate of bone metabolism [1]. With the increase in human life
expectancy, the world is gradually entering an aging society,
and the incidence and morbidity of OP are also increasing
year by year [2]. However, there is currently a lack of an ideal
treatment for SOP.

LEP, which is a peptide hormone synthesized and se-
creted by fat cells, is an endocrine protein mainly expressed

in adipose tissue. In recent years, studies have shown that
LEP plays a key role in regulating bone metabolism [3, 4]. It
has been proved that leptin receptors are widely present in a
variety of tissues, including bone tissue. Leptin receptors are
expressed in bone marrow mesenchymal stem cells, osteo-
blasts, and other osteocytes [5, 6]. Studies on the patho-
genesis of osteoporosis have found that an increase in
adipocytes in the bone marrow can affect osteoblast dif-
ferentiation and function, increase osteoclast activity, and
influence bone mineralization, so leptin production by
adipocytes may be an important regulator of the patho-
genesis of osteoporosis [4]. However, its specific mechanism
of action, especially in the aging process, needs further
clarification.
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Qing’e pills originated from Prescriptions of the Bureau
of Taiping People’s Welfare Pharmacy [7] and consist of
Eucommia ulmoides, Psoralea corylifolia L, Semen Juglandis,
and Allium sativum L. In the theory of Traditional Chinese
Medicine, SOP is mainly caused by deficiency of spleen-
kidney Yang, so tonifying the kidney and strengthening the
spleen can treat SOP; Qing’e pills have the functions of
invigorating the kidney and strengthening the spleen, bones,
waist, and knee. Clinical research has confirmed that Qing’e
pills have significant efficacy on SOP; Qing’e Pills can im-
prove bone quality and bone density and relieve low back
pain in different syndrome types of SOP [8, 9]. However, the
mechanism of Qinge pills in the treatment of osteoporosis is
still unclear. )erefore, this study intended to use aging rats
as an SOP model to observe changes in LEP, leptin receptor
(LEP-R) and serum bone metabolism markers with age, and
the mechanism of action of the drug. Since rats cannot
swallow pills, instead of Qing’e pills, oral decoction was used,
which was called Qing’e decoction (QED).

2. Materials and Methods

2.1. Preparation ofQED. According to the dosage of Chinese
medicines in the 2000 edition of the Pharmacopoeia of the
People’s Republic of China (edited by the National Phar-
macopoeia Commission) [10], the ratio of Eucommia
ulmoides, Psoralea corylifolia L, Semen Juglandis, and Allium
sativum L was 16 : 8 : 5 : 4. All herbs (from Good Agricultural
Practice planting base) were purchased from the Chinese
Medicine Hall of Fujian University of Traditional Chinese
Medicine. All ingredients were identified by the Department
of Pharmacy of the Second People’s Hospital of Fujian
Province to fulfil the quality requirements of the Pharma-
copoeia of the People’s Republic of China. )e extract was
also prepared by the aforementioned department. All the
ingredients were soaked for 20min, and the mixture was
then decocted in boiling water for 45min and vacuum-dried
to yield a final concentration of 4.71 g crude drug/g. )e
conversion ratio between 200 g rats and 70 kg adults is 0.018,
and the daily oral crude drug consumption for adults is 99 g;
thus, the daily dose for rats was calculated to be 99× 0.018/
0.2�∼9 g/kg/day, which is equivalent to 1.91 g extract.

2.2. Animals. All animal experiments were conducted in
strict accordance with the Guide for the Care and Use of
Laboratory Animals and were approved by the Animal Care
and Use Committee of Fujian University of Traditional
Chinese Medicine (Approval No. 2020012). In total, 162
healthy, SPF-grade 6-month-old Sprague Dawley (SD) rats
were purchased from Shanghai Slac Laboratory Animal Co.,
Ltd.(license no. SCXK (Shanghai) 2012–0002; certificate no.
2007000562039). SD rats were fed in the Experimental
Animal Center of Fujian University of Traditional Chinese
Medicine. )e rats were fed with unified standard feed,
which contained crude protein, crude fat, crude fiber, and
other components. Each kilogram of feed contained 10–18 g
calcium, 6–12 g phosphorus, and vitamin D≥ 800IU. )e

feeding conditions of each group were the same, which
would not affect the experimental results.

2.3. Experiment Design and Treatment. )ere were 81 male
and 81 female SD rats of 6 months of age. A total of 9 male
and female SD rats were randomly selected, and their tissues
were collected after 1 week of adaptive feeding. In total, 36
rats (18 males and 18 females) were randomly selected from
the remaining rats and divided into four groups: (i) female
rats fed with QED (female QED group; n� 9); (ii) female rats
fed with normal saline (female NS group; n� 9); (iii) male
rats fed with QED (male QED group; n� 9); and (iv) male
rats fed with normal saline (male NS group; n� 9). )e
remaining rats were fed normally and were grouped again at
the age of 9, 12, and 15 months. )e grouping method was
the same as that described above. )e gavage dose was
calculated according to the body surface area, and the dose
was adjusted weekly according to weight. Rats in the QED
group were administered 1.91 g/kg/day QED extract dis-
solved with 2ml normal saline. )e saline group was ad-
ministered normal saline (2ml/day). After 3 months of
continuous intervention, rats were euthanized with an
overdose of pentobarbital (200mg/kg), and their tissues
were collected.

Blood was collected from the abdominal aorta, and the
serum was centrifuged at 990 g for 15min after standing for
4 h to separate the serum. )e serum was separated and
stored in the refrigerator at −80°C. )e left tibia was sep-
arated, fixed in paraformaldehyde solution and EDTA
decalcified. Next, Masson staining sections were prepared.
)e right tibia was separated for detection of bone density
and bone biomechanics. )e lumbars were subjected to LEP
and LEP-R protein and mRNA detection.

2.4.Reagents. )e following reagents were used in our study:
RIPA protein lysate, protease inhibitor (Solarbio Science and
Technology) (Beyotime Institute of Biotechnology); color
prestained protein marker ()ermo Fisher Scientific, 26616);
BCA protein concentration assay kit and TRIzol (Beyotime
Institute of Biotechnology); estradiol (E2), testosterone (T),
osteoporogeterin (OPG), receptor activator of nuclear fac-
tor-κB ligand (RANKL), core-binding factor subunit α-1
(Cbfα-1), collagen-I (COL-I), osteocalcin (OC), bone al-
kaline phosphatase (BALP), and tartrate-resistant acid
phosphatase 5b (TRACP-5b) ELISA kits (Wuhan Cusabio
Bioengineering Co., Ltd.); reverse transcription kit and
SYBR Premix Ex TaqTM PCR Kit (Takara Bio, Inc.); PCR
primers (Shanghai Bioengineering Technology Co., Ltd.);
anti-LEP antibody (1 :1000; Abcam, cat. no. ab3583); anti-
LEP-R antibody (1 :1000; Abcam, cat. no. ab104403); anti-
β-actin antibody (1 :1000; Cell Signaling Technology, Inc.,
cat. no. #4970); and anti-mouse IgG (H+L) (1 : 5000; Pro-
teintech Group, Inc. cat. no. SA00001-1).

2.5. Measurement of Bone Mineral Density (BMD) and Bone
Biomechanics. )e BMD of the right tibia of rats was
measured by a dual-energy X-ray 4500W BMD instrument.

2 Evidence-Based Complementary and Alternative Medicine



)emaximum load (KN) and the maximum stress (n/mm2)
were measured in an ig-a1000n universal material testing
machine.

2.6.Morphology. )emetaphyses of the left proximal tibia of
the rats in each group were isolated and fixed with 4%
paraformaldehyde solution for 48 h. )en, they were
decalcified in EDTA-decalcified solution for 90 days and
embedded in paraffin. A tissue slicer was used to prepare
slices of 5mm thickness along the longitudinal section of the
long axis of the tibia. After Masson staining, changes in
morphology and structure of the metaphyses of the proximal
tibia (excluding tibial plateau) were observed with a mi-
croscope. )e percentage of trabecular area (trabecular area
in visual field/total area measured) was measured using a
Motic Med 6.0 digital medical image analysis system (Motic
Instruments).

2.7. ELISA. Frozen serum was incubated at room temper-
ature for 30min. )en, 100 μl standard at different con-
centrations and serum were added to the well. )en, 50 μl
enzyme-linked affinity was added to each well and incubated
at 37°C for 60min. Next, the solution was removed from
inside the well and washed thoroughly. )en, substrates I
and II were added to the wells and mixed and allowed to
react for 15min at room temperature in the dark. )e re-
action was stopped, and 30mins later, the optical density
(OD) of each well was measured using a microplate reader
set to 450 nm. A standard curve was created to calculate the
LEP, LEP-R, E2, T, BALP, TRACP-5b, OC, Cbfα-1, OPG,
and RANKL contents in serum.

2.8. Reverse Transcription-Quantitative PCR (RT-qPCR).
Total RNA was extracted from the tissue according to the
TRIzol method, and the RNA concentration and OD were
measured with a UV spectrophotometer. An OD260/OD280
between 1.8 and 2.0 indicated that the RNA concentration
was appropriate. A total of 1 μg RNA was used for the re-
action, alongside 4 μl 5X PrimeScriptTM Buffer (for Real
Time), 1 μl PrimeScriptTM RT Enzyme Mix 1, 1 μl Oligo dT
Primer, 1 μl/concentration total RNA, and DECP water
(20 μl). RTwas performed on a PCR instrument, and cDNA
was obtained for PCR.)e primers used were as follows: LEP
primer (F) 5′-TCACACACGCAGTCGGTATC-3′ and re-
verse (R) 5′-GAGGAGGTCTCGCAGGTTCT-3′; LEP-R F
5′-TTGCGTATGGAAGTCACAGATG-3′ and R 5′-
CACCTGGACCTCGTATGAAGAC-3′; and GAPDH F 5′-
GGCACAGTCAAGGCTGAGAATG-3′ and R 5′-
ATGGTGGTGAAGACGCCAGTA-3′.

According to SYBR GREEN instructions, the reaction
system was set up as follows: SYBR Premix Ex TaqTM II
(2X), 10 μl; ROX Reference Dye II (50X), 0.4 μl; F primer
(10 μmol/l), 0.8 μl; R primer (10 μmol/l), 0.8 μl; 2 μl cDNA
template; and 6 μl DECP water. )e reaction conditions
were as follows: Predenaturation at 95°C for 30 sec, de-
naturation at 95°C for 5 sec, annealing and extension at
60°C for 34 sec (40 cycles to obtain the amplification curve

and Cq value), and 95°C for 30 sec, 95°C for 3 sec, and 60°C
for 30 sec (40 cycles to obtain the dissolution curve).

2.9. Western Blotting. After extracting total protein from
bone tissue, the BCA method was used for protein quan-
tification. Gels were prepared according to the instructions
of the SDS-PAGE kit (Solarbio Science & Technology,
P1200) and 5 μl marker, and 40 μg protein samples were
loaded. )e initial voltage was 20V for 10min, 80V for
30min, and 120V for 90min. After electrophoresis, the
proteins were transferred to a PVDF membrane, and
membranes were blocked by 5% nonfat milk for 2 h and
incubated with the primary antibodies overnight at 4°C.
TBST was used to wash the membranes, and the goat
peroxidase-conjugated secondary antibody was incubated at
room temperature for 1 h before chemiluminescence
imaging.

2.10. Statistical Analysis. Statistical analysis was performed
using SPSS software (version 23.0; IBM Corp.). Data were
analyzed using one-way ANOVA with the post hoc Tukey’s
test was used to compare multiple groups. Data are pre-
sented as the mean± standard deviation. P< 0.05 was
considered to indicate a statistically significant difference.
)e correlation between LEP, LEP-R, BMD, E2, T, OPG,
RANKL, Cbfα-1, COL-I, OC, BALP, and TRACP-5b was
analyzed by bivariate correlation test.

3. Results

3.1. QED Can Improve the Bone Quality of Aging Rats.
)e bone density of male rats reached the highest peak at 15
months of age, while that of female rats reached the highest
peak at 12 months of age and then it gradually decreased.
)e decrease in bone density in the QED group was slower
than that in the NS group (Figure 1(a)). )e maximum load
and stress of tibia of male and female rats decreased
gradually after 12 months of age. )e rate of decrease in the
QED group was slower than that in the NS group
(Figures 1(b) and 1(c)). )e results showed that the loss of
bone mass and the decrease in bone strength occurred after
12 months of age. )e bone density and bone strength of
rats in QED group were higher than those of the NS group.
)is indicates that QED can slow down the loss of bone
mass, improve the bone quality, and delay the aging of
bones.

3.2. Morphology. In this experiment, the bone trabeculae of
the upper tibia were stained with Masson staining after
conventional paraffin-embedded sectioning. )e bone tra-
beculae were colored blue/green, and the bone marrow cells
were red. )e results showed that the bone trabeculae of the
upper tibia of 6-month-old rats were arranged regularly and
closely, distributed evenly, connected in a network shape,
and continuous without fracture and had small interstices.
With the increase in age, the number of bone trabeculae
decreased gradually; the morphology and structure became
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sparse and thin; the distribution of trabeculae was scattered
and irregular; the coincidence between trabeculae decreased;
the porosity increased; the spacing increased; and there were
fractures. Compared with that of the NS group of the same
age and sex, the bone trabeculae in the QED group had better
morphological and structural integrity, higher number,
smaller spacing, and less fractures. )e results showed that,
with the increase in age, the percentage of trabecular area in
the female and male groups decreased gradually, which was
significantly different from that observed in the same sex
groups (P< 0.01). Compared with the same-sex NS group,
the percentage of bone trabecular area in both the female and
male QED groups increased significantly (P< 0.05 and
P< 0.01, respectively). In the same age and intervention
group, the male was higher than the female in different
genders. )ere were significant differences between the 12-,
15-, and 18-month-old QED group and the NS group
(P< 0.05 and P< 0.01) (Figures 2(a) and 2(b)).

3.3. Effect ofQEDonSerumLEP,LEP-R, andBoneMetabolism
Biomarkers. )e serum LEP levels in the female and male
NS groups gradually increased with age, while the serum
LEP-R levels exhibited the opposite trend. Serum LEP and
LEP-R levels in the female and male QED groups were
higher than those in the same age and sex NS groups, but
there was no significant difference. )e levels of serum LEP
and LEP-R in males were higher than those in females in the
same age and the same-intervention group. )e male 15-
month-old QED group and the 12- and 15-month-old NS
groups were significantly different from the female group
(P< 0.05, P< 0.01) (Figures 3(a) and 3(b)).

With the increase in age, the serum E2 and T levels in
both the female and male NS groups decreased significantly
(P< 0.05). )e E2 levels of the female QED groups were
higher than those of the NS groups of the same sex and age
(P< 0.05 and P< 0.01, respectively). )e T levels of the male
QED groups at 9 and 15 months of age were higher than
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Figure 1: Qing’e decoction can improve the bone quality of aging rats. (a) Bone mineral density of tibia. (b) Maximum load of tibia. (c)
Maximum stress of tibia. ∗P< 0.05, ∗∗P< 0.01 vs. same-sex 6-month-old group; #P< 0.05, ##P< 0.01 vs. same-age and sex normal saline
group but different intervention group; ΔΔP< 0.05, ΔΔP< 0.01 vs. same-intervention and age group but different sex.
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those of the NS groups at the same sex and age (P< 0.05 or
P< 0.01) (Figures 3(c) and 3(d)).

Serum OPG and RANKL levels were significantly in-
creased from 6 to 9 months in both the male and female NS
groups (P< 0.01) and were significantly decreased from 9 to
18 months of age (P< 0.05 or P< 0.01). Compared with
those of the NS groups of the same age and sex, the serum
OPG levels were increased, while the RANKL levels were
decreased in the female and male QED groups (P< 0.05 or
P< 0.01). )e serum OPG levels in males were higher than
those in females, while the serum RANKL levels were lower
(Figures 3(e) and 3(f )).

)e serumCbfα-1, COL-I, and OC levels of the female and
male NS groups decreased gradually, and the Cbfα-1 and COL-
I levels were significantly different from the 6 months of the
same gender (P< 0.05 orP< 0.01). However,OC levels did not
differ significantly. )e serum levels of Cbfα-1, COL-I and OC
in the female and male QED groups were higher than those in
the same-age NS group, and Cbfα-1 was significantly different
in QED groups regardless of age (P< 0.01). COL-I exhibited
significant differences in the 18-month-old QED groups
(P< 0.05), whereas there was no significant difference in OC.
Compared with those in the different sex and the same in-
tervention group of the same age, the serumCOL-I levels in the
male groups were higher than those in the female groups, while
the opposite was observed for OC. Serum Cbfα-1 in the 6- to
12-month-old male groups was higher than that in the female
groups, while it was lower in the 12- to 15-month-old male
groups, and had significant differences at each age (P< 0.05 or
P< 0.01). )e serum COL-I of the 12-, 15-, and 18-month-old
QED groups were significantly different from those of the NS
groups (P< 0.01). OCwas significantly different only in the 15-
month-old QED group (P< 0.01) (Figures 3(g) and 3(i)).

)e serum BALP level of the female and male NS groups
increased from 6 to 9 months, while it decreased from 9 to
18months. )e serum TRACP-5b level decreased with age.
BALP and TRACP-5b in female and male QED groups were
higher than those in the same-sex NS groups. )e serum
BALP and TRACP-5b levels in the male groups were higher
than those in the female groups, and BALP was significantly
different in the 18-month-old QED and the 12-, 15-, and 18-
month-old NS groups (P< 0.01), while TRACP-5b was
significantly different in the 9-month-old QED and NS
groups (P< 0.05 and P< 0.01) (Figures 3(j) and 3(k)).

3.4. LEP and LEP-RmRNAand Protein Expression. With the
increase in age, the expression level and protein content of
LEP and LEP-RmRNA in bone tissue of the male and female
NS groups decreased gradually. )e expression of LEP and
LEP-R mRNA and protein in the same-age and sex groups
was higher than that in the NS group, but there was no
significant difference. No significant differences were found
males and females of the same-age and intervention groups
(Figures 4(a)–4(e)).

3.5. Correlation between Serum LEP, LEP-R, BMD, and Other
Serum Bone Metabolic Markers. )e correlation between
LEP, LEP-R, BMD, E2, T, OPG, RANKL, Cbfα-1, COL-I,
OC, BALP, and TRACP-5b was analyzed by the bivariate
correlation test, with Pearson as the correlation coefficient.
)e results showed that serum LEP was negatively correlated
with E2, T, OPG, RANKL, Cbfα-1, COL-I, and OC but not
with BMD, serum BALP, or TRACP-5b. Serum LEP-R was
positively correlated with, E2, T, OPG, RANKL, Cbfα-1,
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Figure 2: QED can increase the trabecular bone area. (a) Compared with that in the same-sex NS group of the same age, the bone trabeculae
in the QED group had better morphological and structural integrity, higher number, and smaller spacing and less fracture phenomenon
(magnification, x20). (b) Measurement results of trabecular area (%) of tibia in each group. ∗P< 0.05, ∗∗P< 0.01 vs. same-sex 6-month-old
rats; #P< 0.05, ##P< 0.01 vs. same-age and sex NS group but different intervention group; ΔP< 0.05, ΔΔP< 0.01 vs. same-intervention and
age group but different sex. QED, Qing’e decoction; NS, normal saline.
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Figure 3: Continued.
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Figure 3: Qing’e decoction can affect serum leptin, leptin receptor, and bone metabolism markers. )ese biomarkers were detected by
ELISA. ∗P< 0.05, ∗∗P< 0.01 vs. same-sex 6-month-old rats; P< 0.05, ##P< 0.01 vs. same-age and sex NS group but different intervention
group; ΔP< 0.05, ΔΔP< 0.01 vs. same-intervention and age group but different sex. OPG, osteoprotegerin; RANKL, receptor activator of
nuclear factor-κB ligand; Cbfα-1, core-binding factor subunit α-1; COL-I, collagen-I; OC, osteocalcin; BALP, bone alkaline phosphatase;
TRACP-5b, tartrate-resistant acid phosphatase 5b.
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Figure 4: Effect of Qing’e decoction on bone tissue LEP and LEP-R mRNA and protein expression. Results of reverse transcription-
quantitative PCR indicating the relative mRNA expression levels of (a) LEP and (b) LEP-R. (c) Images of protein expression analyzed by
western blot assay. Relative protein expression levels of (d) LEP and (e) LEP-R. ∗P< 0.05, ∗∗P< 0.01 vs. same-age 6-month-old rats;
#P< 0.05, ##P< 0.01 vs. same-age and sex normal saline group but different intervention group. LEP, leptin; LEP-R, leptin receptor.
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COL-I, OC, BALP, and TRACP-5b but not with BMD
(Table 1).

4. Discussion

)e bone remodeling process of normal people is main-
tained by the ‘bone formation and resorption’ coupling
mechanism. As age increases, the uncoupling of bone for-
mation and resorption is the main cause of bone loss. )e
results of BMD, biomechanics (Figures 1(a)–1(c)), and bone
histomorphology (Figures 2(a) and 2(b)) showed that age-
related bone loss begins to appear in female rats at 12
months of age and in male rats at 15 months of age, and the
age-related bone loss in male rats is relatively slow, while the
decrease in BMD is later and slower than in female rats. )e
reduction in bone metabolism leads to bone formation and
bone resorption uncoupling, and osteoblast cell function is
decreased while osteoclast functional activity is enhanced,
eventually resulting in bone resorption greater than bone
formation; thus, bone density is reduced, thereby causing
bone aging. )e morphological changes and biochemical
markers of naturally aging rats at 18 months of age were
similar to those of OP, which established a theoretical basis
for further research in this subject.

Multiple factors are involved in the bone remodeling
process, and LEP is one of them. Previous studies have
shown that serum LEP levels increase with age in normal
rats, while LEP-R levels decrease with age [11]. )e soluble
LEP-R is the major conjugate of LEP in the peripheral
circulation and is an important factor in determining the
total amount of LEP in the peripheral circulation. It can be
used as a measure of the total quantity of bioactive LEP
[12, 13]. Excessive LEP cannot play a role in inhibiting fat
synthesis, indicating that there may be a ‘LEP resistance’
effect during aging, and this effect gradually increases with
age [14]. Recent studies have shown that LEP plays a critical
role in regulating bonemetabolism [3, 4]. However, since the
mechanism of the effect of LEP on bonemetabolism involves
numerous aspects, there is no convincing conclusion.

With the increase in age, the serum LEP levels of the
female and male NS groups gradually increased, whereas
the serum LEP-R levels decreased.)emale serum LEP and
LEP-R levels were higher in the same-intervention group
than in the same-age group (Figures 3(a) and 3(b)). In bone
tissue, we can see a gradual decrease in LEP mRNA and
protein levels (Figures 4(a)–4(e)). As the expression of
LEP-R decreased with age, the total LEP in serum increased
but did not play a role with increasing age, probably due to
“LEP resistance”. )e serum test results of bone meta-
bolism-related biomarkers showed that serum E2, T, OPG,
RANKL, Cbfα-1, COL-I, OC, and BALP levels in the female
and male NS groups decreased significantly with age, while
TRACP-5b significantly increased. )ere was a significant
difference between the age of each month and the age of 6
months (P< 0.05 or P< 0.01) (Figures 3(a)–3(k)). In this
experiment, the bivariate correlation test was used to an-
alyze the correlation between biomarkers. )e results
showed that serum LEP was negatively correlated with E2,
T, OPG, Cbfα-1, COL-I, and BALP, while serum LEP-R was

positively correlated with the levels of E2, T, OPG, RANKL,
Cbfα-1, COL-I, OC, BALP, and TRACP-5b, indicating that
serum LEP and LEP-R were closely associated with bone
metabolism. In addition, the secretion of sex hormones
decreased with age, and E2 and Twere positively correlated
with LEP-R but negatively correlated with LEP, indicating
that the secretion of sex hormones was closely associated
with the expression of LEP and LEP-R (Table 1).

OP is a disease of “guku,” “guwei,” and “gubi” in Tra-
ditional Chinese Medicine, mostly a spleen-kidney yang
deficiency syndrome. In the theory of Traditional Chinese
Medicine, the kidney includes the endocrine, urinary and
reproductive systems, while the spleen includes the digestive
system. Traditional Chinese Medicine considers that the
kidney is involved in generating marrow and dominating
bone, which means that the kidney plays an important role
in the growth and development of bones. As age increases,
kidney essence deficient, cannot generate marrow to raise
bone, which leads to atrophic debility of the bone, namely
OP.)erefore, the clinical treatment methods mostly rely on
tonifying the kidney and strengthening the spleen. QED
consists of Eucommia (fried salt), Psoralea corylifolia L (fried
salt), Semen Juglandis (fried), and Allium sativum L.
Decocting these four herbs together helps to warming up the
yang, tonifying the kidney, warming up the middle, and
strengthening the spleen, muscles, and bones. Previous
studies have shown that QED can significantly regulate the
bone metabolism-related factors, promote the bone for-
mation, inhibit the bone absorption, and play an active role
in the prevention and treatment of OP [15–18].

Our results showed that the serum LEP level increased
and the serum LEP-R level decreased with age. In serum and
bone tissue, LEP and LEP-R levels of the female and male
QED groups were higher than those of the same-sex NS
group, although the difference was not significant
(Figures 3(a) and 3(b), (Figures 4(a)–4(e)). )e serum LEP
and LEP-R levels were higher in males than in females.
Compared with the findings in the same-sex NS group of the
same age, the shape and structure of bone trabeculae in the
QED group were more complete, higher in number and
smaller in spacing, and exhibited less fractures. )e BMD,
percentage of trabecular area, maximum load, and maxi-
mum stress in the female and male QED groups were higher
than those in the same-age group. )is result suggests that,
with the increase in age, LEP may affect the bone meta-
bolism, improve the bone quality, and delay the bone aging
in various ways.

Some studies have shown that LEP can significantly
increase the expression of Cbfα-1, COL-I, OC, and BALP
[19, 20], which play key roles in the proliferation, differ-
entiation, and maturation of osteoblasts [21–27], indicating
that LEP can enhance bone formation. )e experimental
results showed that, with the increase in age, the levels of
Cbfα-l, COL-I, and OC in the serum of female and male
QED groups were significantly higher than those of the
same-sex NS groups, and there were significant differences
in Cbfα-1 at different ages (P< 0.01). COL-I levels exhibited
a significant difference at 18months of age (P< 0.05 or
P< 0.01), but there was no significant difference in OC
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levels, while serum LEP-R levels were positively correlated
with Cbfα-1, COL-I, and OC. Furthermore, the serum BALP
levels in the female and male QED groups were higher than
those in the same-sex NS group. )ese findings suggested
that QED can increase the concentration of Cbfα-l in serum
and then increase the concentration of COL-I, OC, and
BALP, which may be caused by the increase in LEP-R in
serum, which promotes the differentiation and maturation
of osteoblasts, increases the functional activity of osteoblasts,
and adjusts the uncoupling of bone absorption and bone
formation caused by aging, thus effectively preventing and
treating primary OP (Figures 3(g)–3(j)).

LEP can inhibit the differentiation, development, mat-
uration, and function of osteoclasts through the regulation
of RANKL/RANK/OPG, a signaling pathway closely asso-
ciated the with osteoclast functional activity [28–30]. )e
ratio of OPG to RANKL is negatively correlated with os-
teoclast differentiation [31]. LEP can increase the expression
of OPG in osteoblasts and bone marrow stromal cells and
inhibit the expression of RANKL, thus inhibiting the dif-
ferentiation of osteoclasts, reducing the generation of os-
teoclasts, and inhibiting the bone absorption [32]. )e
results showed that, with the increase in age, the levels of
serum OPG and RANKL in the female and male QED
groups were significantly higher than those in the same-sex
NS group (P< 0.05 or P< 0.01). It has been suggested that
QED can increase the expression of OPG, enhance the
competition with RANKL, reduce the concentration of
RANKL, and decrease the binding rate of RANKL and
RANKL, which may be associated with the increase in ex-
pression of LEP-R and the upregulation of the expression of
LEP with biological activity, which increases the ratio of
OPG/RANKL, inhibits the differentiation and maturation of
osteoclasts, reduces the expression of Tracp-5b (an effective
marker of osteoclast number and functional activity), and
inhibits bone resorption and delays bone aging (Figures 3(e),
3(f) and 3(k)).

In the aging process, an important feature is the decrease
in gonadal function. )ere is a close association between sex
hormones and LEP. Some studies have shown that the
expression level of sex hormones increases with the increase
in LEP, and there is a positive correlation between the two
[33, 34]. LEP can increase the estrogen concentration by
increasing aromatase activity through LEP-R and STAT3,
thus promoting bone formation. Moreover, estrogen can
affect STAT3 phosphorylation levels through binding to the
estrogen receptor and then acting on LEP and LEP-R
[35, 36]. In conclusion, LEP is closely associated with sex
hormones. LEP can regulate bone metabolism by affecting
the expression of sex hormones. )e results showed that,

with the increase in age, the serum E2 and T levels of the
female and male QED groups were significantly higher than
those of the same-sex NS groups, and the E2 levels of the
female and male QED groups were significantly higher than
those of males of 18 months of age, while the T levels of
males at 9 and 15 months of age were significantly different
(P< 0.05 or P< 0.01). )is suggested that serum E2 and T
levels in the female and male NS groups decreased signifi-
cantly with increasing age, while QED could increase the
expression of E2 and T by upregulating the expression of
LEP-R, which may involve proteins of the LEP pathway such
as STAT3, thus regulating bone metabolism and adjusting
the uncoupling of bone absorption and bone formation due
to aging in order to effectively prevent and treat primary OP
(Figures 3(c) and 3(d)).

5. Conclusion

With the increase in age, the level of serum sex hormones
decreased and the expression of serum LEP increased and
the expression of LEP-R decreased, which led to the decrease
of the OPG/RANKL ratio, disorder of bone metabolism,
greater bone absorption than bone formation, and decrease
in bone quality.

QED can regulate the bone metabolism, improve the
bone quality, delay the bone aging, and prevent the and cure
primary OP. )is effect may be achieved by increasing the
level of sex hormones, the expression of LEP and LEP-R, and
the OPG/RANKL ratio.
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Gomphrena celosioides Mart. (Amaranthaceae) is used in folk medicine as a natural analgesic, and in Brazil, the species of genus
Gomphrena is used for rheumatism. However, scientific evidence which supports its popular use as an analgesic is scarce. -is
study assessed the antiarthritic and antihyperalgesic activities of the ethanolic extract obtained from G. celosioides aerial parts on
Swiss or C57BL/6mice.-e antiarthritic and antihyperalgesic potential of Gomphrena celosioides was evaluated using paw edema,
mechanical hyperalgesia, cold allodynia, carrageenan-induced pleurisy, articular inflammation zymosan-induced, Freund’s
complete adjuvant-induced inflammation zymosan-induced peritonitis, and carrageenan-induced adhesion and rolling ex-
periment models. All doses of G. celosioides (300, 700, and 1000mg/kg) significantly reduced edema formation in all the intervals
evaluated, whereas the mechanical hyperalgesia was reduced 3 hours after the carrageenan injection. -e cold hyperalgesia was
significantly decreased 3 (700mg/kg) and 4 hours (700 and 1000mg/kg) after the carrageenan injection. Ethanolic extract of G.
celosioides at 1000mg/kg reduced the total leukocyte number, without interfering in the protein extravasation in carrageenan-
induced pleurisy model. Ethanolic extract of G. celosioides (300mg/kg) was also able to reduce significantly the leukocyte
migration in zymosan-induced articular edema, while a reduction of the adhesion and migration and leukocyte rolling was
induced by the ethanolic extract of G. celosioides (300mg/kg) in zymosan-induced peritonitis. In Freund’s complete adjuvant-
induced inflammation model, an edema formation and mechanical hyperalgesia reduction were induced by the ethanolic extract
of G. celosioides on day 22, whereas the cold allodynia was reduced on day 6 of treatment with the extract. -ese results show that
ethanolic extract of G. celosioides has antihyperalgesic and antiarthritic potential in different acute and persistent models,
explaining, at least in part, the ethnopharmacological relevance of this plant as a natural analgesic agent.
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1. Introduction

Scientific evidence has demonstrated that products from
natural sources, including medicinal plants, are promising for
the development of safe alternatives for the treatment of pain
management and inflammatory diseases [1]. -us, the eth-
nopharmacologically guided research has contributed with
the identification of new therapeutic agents obtained from
plants [2], which often have fewer adverse effects, and is
important for patients who use medications for long periods.

Gomphrena celosioides Mart. (synonyms G. serrata and
G. decumbens), an annual herbknown popularly as
“Perpétua Brava,” belongs to the Amaranthaceae family [3]
and can be found in America, Australia, and Indomalaysia.
In Brazil, this species occurs in savanna vegetation, napeadic
grassland, high altitude grassland, and caatinga [4]. -is
plant is used for several folk medicinal purposes, such as for
the treatment of several liver-related and dermatological
diseases, dysmenorrhea, bronchial infections, renal disor-
ders, and also as an analgesic [4–8].

Several chemical compounds with high therapeutic
potential, such as hydrocarbons, alcohol, steroids, ter-
penes, ecdysteroids, flavonoids, saponins, butacyanine,
and ketoses, have already been isolated from G. celosioides
[9]. De Moura et al. [10] identified and isolated chemical
compounds from G. celosioides aerial parts, including
vanillic acid, 4-hydroxy-benzoic acid, and 4-hydroxy-3-
methoxybenzoic acid, in addition to stigmasterol, sitos-
terol, and campesterol. Dosumu et al. [11] identified and
isolated 3-(4-hydroxyphenyl)methylpropenoate from the
methanol extract of G. celosioides. -ese same authors also
found aurantiamide and aurantiamide acetate from the n-
hexane extract of G. celosioides [12].

Despite its importance in folk medicine, there are few
scientific studies which validate its therapeutic effects, es-
pecially the analgesic activity. Some studies using the aerial
parts of G. celosioides extract have already reported its an-
tihypertensive [8], antitumor, antimicrobial [10], cytotoxic,
anti-inflammatory, and analgesic properties [13]. In a study
carried out by Vasconcelos et al. [8], the ethanolic extract of
G. celosioides showed diuretic effect and reduced the blood
pressure in rats, demonstrating potential as an antihyper-
tensive drug. Oluwabunmi and Abiola [6] showed a gas-
troprotective effect of the methanolic extract obtained from
leaves, while De Moura et al. [10] found an antimicrobial
effect of the crude extract of the plant against Staphylococcus
aureus and Salmonella typhi. In another study, the ethyl
acetate and methanol extracts were active against Fasciola
gigantica, Taenia solium, and Pheretima posthuma, cor-
roborating the popular use of G. celosioides in the treatment
of infectious diseases [11].

Although G. celosioides is a species widely used in folk
medicine with important bioactive compounds, few scien-
tific studies are found in the literature to confirm its popular
indication, especially regarding its antiarthritic and anti-
hyperalgesic potential. -us, this study aimed to evaluate the
analgesic and antiarthritic activities of the ethanolic extract
of the G. celosioides aerial parts in different acute and
persistent inflammation models.

2. Materials and Methods

2.1. Plant Material and Preparation of Ethanolic Extract

G. celosioides aerial parts were collected (lat: −19.666667;
long: −51.183333 WGS84) and identified by Dr. Josafá
Carlos de Siqueira. A voucher specimen (SCAB 4051) is
deposited in the herbarium of Pontifical Catholic Uni-
versity, Rio de Janeiro. -e preparation of ethanolic extract
of G. celosioides (EEGC) was performed according to
Vasconcelos et al. [8].

2.2. Animals. Male and female Swiss or C57BL6 mice
(weighing 20–30 g; 60–65 days of age) were provided by
the Central Animal House of the Federal University of
Grande Dourados/Mato Grosso do Sul, Brazil. -e ani-
mals were housed at 22 ± 2°C under a 12/12 h light/dark
cycle with free access to food and water. Prior to the
experiments, the animals were fasted overnight, with
water provided ad libitum. -e experimental protocols
were in accordance with the Ethical Principles in Animal
Research adopted by the Brazilian College of Animal
Experimentation and were approved by the Ethical
Committee in Animal Experimentation of the Federal
University of Grande Dourados (protocol number: 09/
2018). -e experimental design is shown in Figure 1.

2.3. Reagents. Carrageenan, dexamethasone, zymosan, in-
domethacin, acetone, and Bradford reagent were purchased
from Sigma-Aldrich Co. LLC. (St. Louis, MO, USA).

2.4. Paw Edema, Mechanical Hyperalgesia, and Cold Allo-
dynia Induced by Carrageenan. Swiss male mice were allo-
cated into five groups: negative control group (treated with
saline 0.9%, p.o.), positive control group (Dexa; dexa-
methasone 1mg/kg, s.c.), and three groups treated with
different doses of ethanolic extract of G. celosioides (EEGC)
(300, 700, or 1000mg/kg, p.o.). One hour after the treat-
ment, all animals received 50 μL of carrageenan (300 μg/paw,
s.c.) in the right hind paw and saline solution in the left hind
paw (used as a control). -e paw volume was measured in
time intervals (1, 2, and 4 h) using a plethysmometer device.
Mechanical hyperalgesia was evaluated by the electronic
Von Frey pressure-increasing test at time intervals 3 and 4 h
[14]. Sensitivity to cold was performed by the acetone drop
test described by Decosterd et al. [15], at time intervals 3 and
4 h. Acetone (30 μL) was released over the right paw of the
animals. Right after, the number of times in which the paw
rising reaction occurred was evaluated. Minimum and
maximum cutoff points were assigned at 5 and 20 s,
respectively.

2.5. Model of Carrageenan-Induced Pleurisy in Mice.
Swiss female mice (50 days of age) were treated and allocated
into five groups: negative control group (saline solution 0.9%
p.o.), positive control group (Dexa, 1mg/kg, s.c.), and three
groups treated with different doses of EEGC (300, 700, or
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1000mg/kg p.o.). One hour after the treatment, 1mL of
carrageenan (300 μg/cavity, diluted in sterile saline) was
injected into the animals by the intrapleural pathway, as
described by Vinegar et al. [16]. After 4 h of the carrageenan
injection, the animals were anesthetized and euthanized
(ketamine/xylazine solution 1 :1). -e exudate was collected
by aspiration and put into tubes. -e leukocyte count was
performed in the Neubauer chamber, and the total protein
was determined by the Bradford method using a commercial
kit Bioagency®.

2.6. Leukocyte Recruitment and Mechanical Hyperalgesia
Evaluation in Experimental Model of Zymosan-Induced
Arthritis. -e experimental model of zymosan-induced
arthritis was carried out as previously reported [17]. -e
right knee joints of the animals received 200 μg/cavity of
zymosan (in 10 μL sterile saline; intra-articularly injected),
while the contralateral knee joint received an equal volume
of saline. -irty minutes before zymosan injection, the mice
were treated orally with vehicle (saline) or EEGC (300mg/
kg). -e additional mice group received only saline in the
articular cavity and was treated with vehicle (naive group).
At times of 3 and 4 h after zymosan injection, the mechanical
hyperalgesia was evaluated using a digital analgesimeter
(Von Frey, Insight®), a pressure transducer which records
the applied force (in grams) in paw until the moment of paw
withdrawal. At a time of 6 h after zymosan injection, the
animals were anesthetized and euthanatized, and the knee
joint was exposed by surgical incision and washed twice with
5 μL of phosphate-buffered saline (PBS) containing ethyl-
enediaminetetraacetic acid (EDTA). -e supernatant was
diluted to a final volume of 50 μL with PBS/EDTA to de-
termine the total cells counts.

2.7. Zymosan-Induced Peritonitis. Swiss male mice were
allocated into four groups: naive group (saline 0.9%, p.o.),
negative control group (saline 0.9%, p.o.), positive control

group (Dexa, 1mg/kg s.c.), and EEGC (300mg/kg, p.o.).
Peritonitis was induced by 1mg/kg of zymosan adminis-
trated intraperitoneally 30min after the treatment in each
animal [18]. -e naive group received saline solution for
control. -e zymosan-induced peritonitis was assessed 6 h
after the administration. After this period, the animals were
euthanized, and their peritoneal cavity was washed with
1mL of PBS/EDTA. -en, the solution containing the wash
was centrifuged, and the supernatant was used for the nitric
oxide (NO) dosage, and the precipitate was resuspended in
1mL of PBS/EDTA for the total leukocyte analysis using the
KX-21n Roche® equipment. -e nitric oxide determination
nitrite was measured bymethods of Griess. A Griess solution
was prepared, where 50 μL of the solution and 50 μL of the
sample were added in a 96-well microplate; after a 15min
wait, the reading was performed in a spectrophotometer at
580 nm. A nitrite curve using sodium nitrite at 5, 10, 30, and
60 μM concentrations was also performed [19].

2.8. In Situ Intravital Microscopy Analysis for Rolling and
Adhesion Events of Leukocytes in the Mesenteric
Microcirculation. -e leukocyte rolling and adhesion were
performed after the induction of leukocyte migration by an
injection of carrageenan (500 μg/cavity, i.p.) in sterile saline.
-emice were treated orally with EEGC (300mg/kg), vehicle
(saline), or indomethacin (5mg/kg) as a reference drug,
30min before the carrageenan injection.-e additional mice
group was injected only with saline in the peritoneal cavity.
After 2 h of carrageenan or saline injection, the animals were
anesthetized (ketamine/xylazine solution 1 :1). A lateral
surgical incision was performed in the abdominal wall to the
exposure of the mesentery and observation of in situ mi-
crocirculation. -e mice were kept on a heated plate, with
temperature maintained at 37°C, adapted to the chariot of an
optical microscope with a video camera and monitor to
project and record the images. -e preparation was kept
moist and warm with Ringer Locke’s solution that contained
1% gelatin. -e vessels considered the postcapillary venules
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Figure 1: -e experimental design.
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with 10–18 μm diameter. -e number of rolling and ad-
herent leukocytes was counted as 10min intervals. Leuko-
cyte adherence was determined when cells remained static in
the endothelium for 30 s or more [20].

2.9. Paw Edema and Mechanical Hyperalgesia Induced by
Freund’s Complete Adjuvant (CFA). -e persistent model of
edema and mechanical hyperalgesia induced by Freund’s
complete adjuvant (CFA) in male C57BL6 mice was per-
formed to study the analgesic and anti-inflammatory
properties with prolonged treatment with EEGC. -e ani-
mals were allocated into three groups: control group (saline
0.9%, p.o.), EEGC group (100mg/kg, p.o.), and positive
control group (Dexa, 1mg/kg s.c.).

At time zero, 20 μL of a suspension containing dead
Mycobacterium tuberculosis and added in paraffin oil (85%)
and monooleate (15%) was injected into the right hind paw.
-e nociceptive threshold was estimated at 3 and 4 h after
CFA and was then analyzed on days 6, 11, 16, and 22 using
the Von Frey electronic test [21]. In addition, CFA-induced
edema was resolved at 2 and 4 h intervals on days 6, 11, 16,
and 22 after CFA injection with a plethysmometer.

Cold sensitivity was measured by the acetone drop test as
described by Eliav et al. [22]. A blind needle attached to a
syringe was used to release 30 μL of acetone in the paw of
CFA animals from the CFAmodel experiment on days 6, 11,
16, and 22, and the duration (in s) of paw withdrawal was
evaluated. -e minimum and maximum cutoff points were
assigned to be 0.5 and 20 s, respectively. Paw removals due to
locomotion or weight change were not counted.

2.10. Statistical Analysis. -e data are presented as the
mean± SEM (standard error of the mean). Differences
among means were evaluated by one-way analysis of vari-
ance (ANOVA), followed by the Newman–Keuls post hoc
test, using GraphPad Prism software. Statistical differences
were considered significant when P< 0.05.

3. Results

3.1. Effects of EEGC on the Paw Edema, Mechanical Hyper-
algesia, and Cold Allodynia Induced by Carrageenan. All
doses of EEGC (300, 700, and 1000mg/kg) reduced the
edema formation in the first, second, and fourth hours after
the carrageenan administration with a maximum inhibition
of 61± 5%, 53± 6%, and 68± 5% for at 300, 700, and
1000mg/kg, respectively. -e values were similar to those of
the animals treated with dexamethasone, which had its
maximum antiedematogenic activity in the fourth hour
reducing 68± 4% paw edema (Figures 2(a)–2(c)).

Furthermore, the treatment with all doses of extract
(300, 700, and 1000mg/kg) after 3 h of the carrageenan
injection reduced the mechanical hyperalgesia (Figure 3).
EEGC exhibited maximal activity on the mechanical
hyperalgesia at 300mg/kg with 91± 22%, a reduction
similar to those observed with dexamethasone treatment
(87± 8%). However, it was not possible to observe the same
reduction after the fourth hour (Figures 3(a) and 3(b)). In

relation to cold allodynia, EEGC treatment promoted a
reduction at 700mg/kg of EEGC in the third hour and in
the fourth hour occurred the allodynia reduction in the
doses of 700 and 1000mg/kg with a maximum inhibition of
58 ± 14% (Figures 3(c) and 3(d)).

3.2. Effects of EEGC on Carrageenan-Induced Pleurisy.
-e EEGC treatment at the dose of 300mg/kg showed a
significant reduction (58± 14%) of the leukocyte migration
compared to the control group, indicating a possible re-
duction of the inflammatory process (Figure 4(a)). However,
the treatment with the extract did not show reduction in the
protein extravasation to the pleural cavity (Figure 4(b)).

3.3. Effects of EEGC on Zymosan-Induced Articular Inflam-
mation and Peritonitis. In another model of articular in-
flammation, EEGC treatment at a dose of 300mg/kg
promoted a reduction of hyperalgesia and leukocyte mi-
gration compared to the control group with a maximum
inhibition of 52± 3% and 81± 4%, respectively (Figures 5
and 6). -ere was a significant reduction of 46± 10% in-
duced by EEGC in the total leukocytes migration in peri-
tonitis at 300mg/kg dose (Figure 7); therefore, EEGC did not
alter significantly the nitric oxide (NO) levels (figure not
shown). -e dexamethasone group inhibited significantly
the hyperalgesia and leukocyte migration in articular in-
jection (Figures 5 and 6) and also the leukocyte migration in
peritonitis (Figure 7).

A significant reduction in cell adhesion to the endo-
thelium and in cells rolling provoked by EEGC adminis-
tration (300mg/kg) was observed with 40± 7% and 48± 6%
of inhibition, respectively. As expected, the reference drug
(indomethacin) at a dose of 5mg/kg decreased the adhesion
(45± 5% of inhibition) and consequently the rolling of
leukocytes (65± 4% of inhibition) (Figures 8(a) and 8(b)).

3.4. Effects of EEGC on CFA Inflammatory Model. -e
dose of 100mg/kg of EEGC was tested in the CFA model of
chronic inflammation for 22 days, and the oral EECG
treatment was able to reduce significantly the edema volume
(a maximal inhibition of 25± 18%) after this period. -e
dexamethasone reference drug showed a reduction in the
paw edema on the sixteenth day, when compared to the
control group (Figure 9(a)).

EEGC (100mg/kg) and dexamethasone groups blocked
the development of the mechanical hyperalgesia by induced
CFA on day 22 of the treatment (Figure 8(b)), while the cold
allodynia had an inhibition of sensitivity until the 16th day,
possessing its maximum effect both by EEGC (44± 21%) and
dexamethasone (67± 11%) on the sixth day of treatment
(Figure 9(c)).

4. Discussion

Despite the therapeutic benefit, nonsteroidal anti-inflam-
matory (NSAIDs) and disease-modifying antirheumatoid
drugs have important adverse effects [23], which reinforce
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the need to search for other safe and efficient therapeutic
alternatives. -e results of this study contribute with this
search showing that EEGC has great antiarthritic and
antihyperalgesic potential, corroborating the popular use
already reported.

In the carrageenan-induced acute paw edema model, all
doses of EEGC exhibited a similar result to the dexa-
methasone (a reference drug), demonstrating an anti-
edematogenic potential of this extract. -is model is
associated with an acute inflammatory process and has
several mediators for inflammatory response induction. In
the first and second hours, the inflammatory effect is me-
diated by histamine, serotonin, and kinins, while in the next
phase (3 to 6 hours), it is mediated by an increase in the
prostaglandin production and COX-2 activation [24, 25].
-e EEGC showed great potential in reducing the peripheral
inflammatory process, the mechanical hyperalgesia, and the
cold allodynia in the paw edema model, actions which may
be related to the direct action of the cytokine expression and
release of NO in the tissues.

Studies show that the release of proinflammatory cy-
tokines activates the expression of cyclooxygenases, such as
COX-1 and COX-2 [26]. -ese enzymes play an important
role in the production of prostaglandins and leukotrienes
from arachidonic acid [27]. Several physiological functions
such as gastric mucosa protection, regulation of gastric juice

release, vascular tone control, and metabolism are related to
the action of these molecules [28]. However, physiological
effects of COX action such as hyperalgesia, increased body
temperature (fever), and inflammatory processes are also
found. Studies also show that COX-1 is traditionally known
as the constitutive or inducible isoform, while COX-2 is
known as inducible isoform in the inflammatory process.
-e selective COX-2 NSAIDs drugs did not frequently show
gastric ulcer induction, which is a common adverse effect
observed by traditional NSAIDs. -e carrageenan-induced
edema was inhibited by EEGC in this study and may be
related with an inhibition of the prostaglandin production
[29, 30].

-emain anti-inflammatory and analgesic drugs used by
the population are within the class of NSAIDs. However, the
majority of these drugs are not characterized by the selec-
tivity to cyclooxygenases, except for coxibes, which acts in
the selective inhibition of COX- 2 [31]. Some studies show
that coxibes drugs, after prolonged use, have adverse effects
such as direct action on the cardiovascular system [32]. -e
anti-inflammatory effect was also evaluated in an acute
model of pleurisy induced by carrageenan. -e carrageenan
administration induces the formation of exudate, changes in
coloidosmotic pressure, and infiltration of polymorphonu-
clear leukocytes in the pleural cavity, in addition to the
release of proinflammatory mediators [33]. Doses of 700 and

EEGC, p.o

Pa
w

 ed
em

a (
μL

)

0

20

40

60

80

100

300mg/kg 700mg/kg 1000mg/kg 1mg/kg
Dexa, s.c

Control

∗∗ ∗∗ ∗∗

∗

(a)

Pa
w

 ed
em

a (
μL

)

EEGC, p.o
300mg/kg 700mg/kg 1000mg/kg 1mg/kg

Dexa, s.c
Control

∗∗∗
∗∗∗

∗∗∗

∗∗

0

20

40

60

80

100

(b)

Pa
w

 ed
em

a (
μL

)

EEGC, p.o

0

20

40

60

80

100

120

300mg/kg 700mg/kg 1000mg/kg 1mg/kg
Dexa, s.c

Control

∗∗

∗∗

∗∗
∗∗

(c)

Figure 2: Effect of oral administration of EEGC at 1 (a), 2 (b), and 4 (c) hours after carrageenan-induced edema. -e control (saline 0.9%,
p.o.), EEGC (300, 700, or 1000mg/kg, p.o.), and DEXA (dexamethasone 1mg/kg, i.p.) groups were treated after 1 hour with carrageenan.
-e bars express the mean± SEM compared to the control group. ∗P< 0.05; ∗∗P< 0.01; ∗∗∗P< 0.001. One-way analysis of variance followed
by the Newman–Keuls test.
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1000mg/kg of EEGC reduced the total leukocyte migration
in the pleural cavity and however did not reduce the protein
extravasation.

-e antiarthritic activity of EEGC was evaluated by
zymosan-induced arthritis in mice. Zymosan is an isolate
from the cell wall of the yeast Saccharomyces cerevisiae
characterized as a polysaccharide that acts in macrophage
toll-like 2 (TLR2) receptors and subsequently in the

activation of proinflammatory mechanisms [21, 34]. -e
EEGC decreased the total leukocytes of the articular lavage,
indicating a reduction in diapedesis [35].

Our research group identified caffeic acid, ferulic acid,
vanillic acid, and catechin in EEGC [8]. Among the bio-
logically active compounds contained in this extract, we
point out important anti-inflammatory agents such as caffeic
acid, ferulic acid, vanillic acid, and catechin [36] that can be
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related to the therapeutic effects exhibited by EEGC. Calixto-
Campos et al. [37] showed that the anti-inflammatory effect
of vanillic acid is related to the inhibition of the neutrophil

recruitment and also to the NFkB activation. Vanillic acid
can also inhibit the COX-2 and NO expression induced by
LPS in vitro [38].
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inmice.-e figures show the values after the induction of arthritis in the naive, control (saline, 0.9%, p.o.), EEGC (300mg/kg, p.o.), and dexa
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Figure 6: Effect of the oral administration of EEGC on the increase in mechanical sensitivity (paw withdrawal threshold) in articular
inflammation induced by the zymosan model in mice. -e figures show the values at 3 (a) and 4 h (b) after the procedure of induction of
articular inflammation in the naive, control up (saline 0.9%, p.o.), EEGC (100mg/kg, p.o.), and dexa (1mg/kg, s.c.) groups. -e bars express
the mean± SEM compared with the control vs. treated group. ∗P< 0.05; ∗∗P< 0.01; One-way analysis of variance followed by the
Newman–Keuls test.
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Zymosan-induced peritonitis was also evaluated in this
study. -e adhesion, rolling, and leukocyte migration to the
peritoneal cavity were decreased by EEGC, with a similar
reduction produced by the reference drug indomethacin.
Indomethacin decreases the expression of adhesion mole-
cules such as L-selectin, E-selectin, I-CAM, and VCAM
[20, 39]. -ese molecules play important role in the leu-
kocyte adhesion and in the rolling to the focus of the in-
flammatory process although others factors are important to
the leukocyte migration phenomenon. NO is an important
mediator in the leukocyte migration, promoting vasodila-
tion and reducing the recruitment, adhesion, rolling, and
leukocyte migration during inflammatory response favoring
diapedesis [40, 41]. Since EEGC did not increase the NO
levels induced by zymosan, it led us to conclude that the
EEGC mechanism of action was not involved in the NO
pathway. EEGC maybe act by the same pathway of
indomethacin.

Based on the results obtained in acute models, the oral
dose of 100mg/kg EEGC was tested in the CFA model to
evaluate EEGC antiarthritic and antihyperalgesic properties.
EEGC was effective against mechanical and cold hyper-
algesia induced by CFA confirming the popular use of G.
celosioides as an analgesic. In addition, it is possible to report
that the mechanical hyperalgesia and cold hyperalgesia
processes are characterized as pain indicators since they
result from the sensitization and the pain pathway and type
C nerve fiber caused by the CFA inflammatory persistent
process [42, 43].

In conclusion, the ethanolic extract of G. celosioides
aerial parts showed antiarthritic and antihyperalgesic ac-
tivities in different evaluated models, decreasing leukocyte
recruitment, rolling, adhesion, and migration to the in-
flammatory focus. Although these results corroborate the
popular statement, other studies should be conducted to
evaluate the mechanisms of action and to identify the
compound responsible for these effects.
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Jingui Shenqi Pills (JGSQP) have been a staple of traditional Chinese medicine for thousands of years, used primarily as a
treatment for kidney yang deficiency (KYD). In vitro analyses of JGSQP revealed strong induction of osteogenic differentiation
and inhibition of adipogenic differentiation in bone-marrow-derived mesenchymal stem/stromal cells. However, the mechanisms
by which JGSQP regulate the bone-fat balance in murine ovariectomy-induced osteoporosis with KYD have not been reported.
Materials and Methods. Two-month-old female C57BL/6 mice were divided randomly into three groups: those receiving a sham
operation (Sham); those undergoing bilateral ovariectomy and selection of KYD syndrome (Model); and those subjected to both
bilateral ovariectomy and KYD syndrome selection for 8 weeks, followed by JGSQP treatment for 4 weeks (JGSQP). In the Sham
and Model groups, mice were given the same dose of distilled water orally for 4 weeks. Animals from all three groups were
euthanised at the 12th week. Vertebral microarchitecture and histomorphology were examined by micro-CT and H&E staining,
respectively. In addition, we examined the mRNA expression of Akt,Wnt10b, Osterix (Osx), Fndc5, PPARc, and Fabp4, as well as
the protein of AKT, phosphorylation-AKT (p-AKT), BMP2, COL1A1, and FNDC5. Results. JGSQP treatment improved bone
microarchitecture and mitigated histomorphological damage relative to the Model group. ,e osteoblast number (Ob.N/BS) and
area (Ob.S/BS) were increased, whereas adipocyte number (adipocyte/tissue area) and area (adipocyte area/tissue area) were
decreased in the JGSQP group. JGSQP treatment reduced the mRNA expression of Akt and adipogenesis-related genes (Fndc5,
PPARc, and Fabp4) while promoting osteogenesis-related genes (Wnt10b and Osx) mRNA expression. Additionally, the ex-
pression of p-AKT, BMP2, and COL1A1 proteins was increased and FNDC5 protein expression was decreased after JGSQP
treatment. Conclusions. JGSQP treatment reversed murine ovariectomy-induced osteoporosis with KYD by controlling bone-fat
balance via AKT pathway.

1. Introduction

Postmenopausal osteoporosis (PMOP) is brought on by a
dramatic drop in oestrogen among postmenopausal women,
leading to decreases in bone mass and density and an in-
crease in the risk of fragility fracture [1]. With the gradual
ageing of the population throughout the world, the

incidence of PMOP and associated fractures continues to
increase annually, posing a serious threat to public health.
Worldwide, 30–50% of postmenopausal women have os-
teoporosis [2], with significant differences based on ethnicity
and nationality.White women aged >50 years were shown to
have a 50% lifetime risk of fragility fracture [1], and ∼40% of
postmenopausal women in Europe and the United States are
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diagnosed with osteoporosis [3]. Disability rates of up to
50% and a mortality rate of 20% have been reported in
association with fragility fracture [4]. Medical expenses
associated with fragility fractures in China are predicted to
be as high as 163 billion yuan in 2050 [5]. Traditional
Chinese medicine (TCM) has been shown to offer unique
advantages in the treatment of PMOP, although the
mechanisms underlying its therapeutic benefits remain
poorly understood, which limits its clinical application.

TCM practitioners hold the view that kidney dominates
bone, and kidney yang deficiency (KYD) is a key pattern
underlying osteoporosis treatment based on the TCM
practice of syndrome differentiation [6, 7]. Modern medical
studies have shown that KYD is characterised by multiple
disorders, including hypofunction of the pituitary–adrenal
axis, decreases in antioxidation capacity, hypoimmunity,
and age-related conditions [8, 9], all of which are related
closely to osteoporosis [10–13]. Furthermore, analysis of
serum taken from patients with PMOP revealed decreased
osteogenic differentiation and mineralisation in a human
osteoblastic cell line [14]. ,us, KYD is related closely to the
occurrence of osteoporosis.

PMOP is characterised by reduced osteogenesis and
enhanced adipogenesis [15]. ,ese changes correlate with
reduced trabecular bone volume and increased adipocyte
cell size and number [16]. Previous studies have shown that
osteoporosis can be induced in mice using a classical method
of ovariectomy [17, 18]. ,ese models have been further
adapted to establish a KYDmodel from ovariectomised mice
[19, 20]. Jingui Shenqi Pills (JGSQP), a Chinese herbal
compound prescription, have been used in TCM for
warming and to invigorate the kidney yang [21]. It has been
shown to attenuate decreases in the testosterone level and
androgen receptor gene expression in mice with KYD
[22–24] and to improve the function of damaged ovaries and
increase testis telomerase activity [25, 26]. Furthermore,
efforts to tonify the kidney yang were shown to more ef-
fectively promote osteogenic differentiation and inhibit
adipogenic differentiation in bone-marrow-derived mes-
enchymal stem/stromal cells (BMSCs) than did tonification
of the kidney yin [27]. Although these findings suggest
interaction between JGSQP and PMOP, little is known
regarding the role of JGSQP in pathological bone meta-
bolism. In this study, we sought to better understand the role
of JGSQP and its effects on the bone-fat balance in a murine
model of ovariectomy-induced osteoporosis with KYD and
to evaluate JGSQP as a potential option for the treatment
and prevention of PMOP.

2. Material and Methods

2.1. Experimental Animals and Groups. Eight-week-old fe-
male C57/BL6 mice (18–22 g) were obtained from the ex-
perimental animal center of Guangzhou University of
ChineseMedicine (License no. SCXK (Yue) 2018–0034).,e
mice were raised under conditions of 22–25°C temperature
and 25 kPa atmospheric pressure with a 12 h light/dark cycle
in the First Affiliated Hospital of Guangzhou University of
ChineseMedicine (SYXK (Yue) 2018–0092). Food and water

were accessible throughout the experiment. After 1 week of
adaptive feeding, the mice were divided randomly into three
groups: the Sham group, which received a sham operation in
which the fat around the bilateral ovaries was removed; the
Model group, which underwent bilateral ovariectomy
(OVX) followed by artificial selection of mice with KYD
syndrome; and the JGSQP group, which was subjected to
OVX and artificial selection of mice with KYD syndrome 8
weeks thereafter, followed by JGSQP treatment for 4 weeks.
In the Sham and Model groups, mice were given the same
dose of distilled water orally for 4 weeks (Figure 1). All
experimental protocols were approved by the ethics com-
mittee of the First Affiliated Hospital of Guangzhou Uni-
versity of Chinese Medicine (License no. TCMF1-2019030).

2.2. Establishment of thePMOPwithKYDModel. ,e PMOP
with KYD model was established as described previously
[19, 20]. Briefly, mice were subjected to OVX and allowed to
recover for 8 weeks, after which mice exhibiting symptoms
of KYD syndrome according to the Reference Standard for
Syndrome Differentiation of TCM Deficiency Syndrome were
selected. Features of KYD syndrome include thin and erect
hair, reluctance to move, reduced resistance to scraping,
listlessness, unresponsiveness, decreased water consump-
tion, increased sleeping, dark-purple tongue and tail, and
dark red eyes. Mice exhibiting three or more of these
symptoms were considered to have KYD syndrome.

2.3. Preparation of Freeze-Dried JGSQP Powder.
Freeze-dried JGSQP powder was prepared as described
previously [28].,e single ingredient of JGSQP, conforming
to the Drug Standards of National Medical Products Ad-
ministration of People’s Republic of China, was purchased
from the First Affiliated Hospital of Guangzhou University
of Chinese Medicine (Guangzhou, China). ,e prescription
formula was composed of eight herbs: Processed Radix
Aconiti Lateralis (Fuzi, 3.0 g), Cassia Twig (Guizhi, 3.0 g),
Dried Rehmannia (Dihuang, 24.0 g), Dioscorea opposita
(Shanyao, 12.0 g), Cornus officinalis (Shanzhuyu, 12.0 g),
Alisma Orientalis (Zexie, 9.0 g), Poria cocos (Fuling, 9.0 g),
and Cortex Moutan (Danpi, 9.0 g). ,e drugs were soaked in
eight volumes of pure water, boiled for 30min, and filtered.
,ey were then concentrated to 1 g/mL at 80°C and
0.09MPa.,e resulting liquid was then further concentrated
by rotary evaporator at 60°C until no droplets remained,
frozen at −80°C for 48 h, and lyophilised for 72 h. ,e
resulting powder was stored at −20°C until needed for
intragastric administration. ,e in vivo concentration was
0.5 g/mL, representative of the human equivalent dose
calculated based on body surface area, consistent with
previous studies [28].

2.4.Micro-CT. Micro-CT images were analysed as described
previously [29, 30]. Briefly, the L4 vertebral bodies were
separated, fixed in 4% paraformaldehyde for 24 h, and placed
in a rigid plastic tube to ensure that they did not move.,en,
the vertebral bodies were analysed using a micro-CT
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imaging system (SkyScan, Kontich, Belgium) with a 55 kV
scanning voltage, 145 mA current, and 4 µm slice thickness.
Next, the μCT 80 evaluation programme was used to analyse
the volume of interest of the L4 vertebrae. Bone micro-
structure features were characterised using the following
parameters: bone volume/tissue volume (BV/TV), bone
surface/tissue volume (BS/TV), trabecular number (Tb.N),
trabecular thickness (Tb.,), trabecular separation (Tb.Sp),
and structural model index (SMI).

2.5. Bone Histomorphometric Analysis. Histomorphometric
analysis of the L4 vertebrae was performed as described
previously [30]. Briefly, the L4 vertebrae were fixed in 4%
paraformaldehyde for 24–48 h and then placed in ethyl-
enediaminetetraacetic acid (EDTA) decalcification solution
for 3–5 weeks. Next, the samples were placed in the distilled
water for gradient alcohol dehydration and paraffin-em-
bedded. After trimming of the paraffin blocks, 5-µm-thick
slices were cut using a paraffin slicer and visualised by
hematoxylin and eosin staining (H&E; Solarbio, Beijing,
China). Histomorphometric measurements, including the
osteoblast surface ratio (Ob.S/BS, %), number of osteoclasts
(Ob.N/BS, 1/mm), adipocyte number/tissue area (mm2), and
adipocyte area/tissue area (%), were analysed using the
Image J software (Wayne Rasband, National Institutes of
Health, USA).

2.6. RNA Isolation and qRT-PCR. For RNA isolation, 50mg
fresh lumbar vertebrae was snap frozen in liquid nitrogen
and ground using a tissue-grinding pestle. Total RNA was
then extracted using a MiniBEST Universal extraction Kit
(Takara). RNA concentrations and sample purity were
assessed using an ultraviolet spectrophotometer (,ermo
Fisher). cDNA synthesis was performed using PrimeScript
RT Master Mix (Takara). qRT-PCR was performed using
SYBR Premix Ex Taq (Takara) in a Bio-Rad CFX96 device for
two-step quantitative analysis (40 cycles of 95°C for 30 s,
95°C for 5 s, and 60°C for 1min). Primer sequences are
shown in Table 1. Gene expressions were assessed using the
2−ΔΔCt method.

2.7. Western Blot Analysis. Total proteins were extracted
from the mice lumbar vertebrae using RIPA lysis buffer
(,ermo Fisher) and then quantified using a BCA protein
assay kit (Beyotime). Proteins were resolved by electro-
phoresis on a 10% SDS-PAGE gel then transferred to PVDF
membranes (Millipore, Shanghai, China). ,e membranes
were blocked in 5% bovine serum albumin for 2 h at room
temperature then incubated in the presence of primary
antibodies. Primary antibodies against phosphorylation-
AKT (p-AKT; 1:1000; rabbit; ab192623), AKT (1:10000;
rabbit; ab179463), BMP2 (1:500; rabbit; ab14933), COL1A1
(1:1000; rabbit; ab34710), FNDC5 (1:1000; rabbit; ab174833),
and GAPDH (1:10000; rabbit; ab181602) were incubated for
24 h at 4 °C. ,e membranes were then washed three times
for 5min each with TBST followed by treatment with a
secondary antibody (goat anti-rabbit IgG, 1:3000, ab6939)
for another 2 hours at room temperature. Protein levels were
evaluated by enhanced chemiluminescence (Bio-Rad, Her-
cules, CA, USA) following the manufacturer’s instructions.
,e Image J software was used to determine the gray values
of the protein electrophoresis bands, which indicates the
relative protein expression levels.

2.8. Statistical Analysis. SPSS 19.0 (IBM, Chicago, IL, USA)
was used for data analysis. All data analysed were quanti-
tative, and comparison among groups was performed by
one-way ANOVA followed by Tukey’s test for multiple
comparisons. P values <0.05 were considered to be
significant.

3. Results

3.1. JGSQP Treatment Improved Bone Microarchitecture of
Murine OVX-Induced Osteoporosis with KYD.
Reconstructedmicro-CTimages of the L4 vertebrae from the
model group revealed reduced, thinning trabeculae and
increased Tb.Sp relative to the Sham group. Treatment with
JGSQP significantly attenuated damage to the bone
microarchitecture. Accordingly, JGSQP treatment created a
strong bone-protecting phenotype in mice with OVX-in-
duced osteoporosis and KYD, as evidenced by decreased
Tb.Sp and increased Tb.,, Tb.N, and BV/TV (P< 0.05 for
all; Figure 2).

3.2. JGSQP Attenuated Histomorphological Damage in Mu-
rine OVX-Induced Osteoporosis with KYD. H&E staining of
the L4 vertebrae revealed thinner, smaller trabeculae with
more lipid droplets and microfractures in the Model group
relative to Sham controls. ,e Ob.N/BS and Ob.S/BS were
consistently decreased in the Model group, whereas the
adipocyte number and area were increased relative to Sham
controls. As before, JGSQ treatment significantly attenuated
histomorphological damage in the murine model of OVX-
induced osteoporosis with KYD (Figure 3).
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Figure 1: Schematic diagram of the experimental design. w: week;
OVX: ovariectomy; and KYD: kidney yang deficiency.

Evidence-Based Complementary and Alternative Medicine 3



3.3. JGSQP Reduced Akt and Adipogenesis-Related Gene
(Fndc5, PPARc, and Fabp4) Expression and Promoted the
Expression of Osteogenesis-Related Genes (Wnt10b and Osx).

Gene expression analyses were conducted using tissues from
the L1-L3 vertebrae of all mice (Figure 4). ,e Model group
showed significant downregulation of Wnt10b and Osx and

Table 1: Quantitative PCR primer sequences.

Gene Forward (5′-3′) Reverse (5′-3′)
Akt ATGAACGACGTAGCCATTGTG TTGTAGCCAATAAAGGTGCCAT
Wnt10b GCGGGTCTCCTGTTCTTGG CCGGGAAGTTTAAGGCCCAG
Osx AAAGGAGGCACAAAGAAGC CAGGAAATGAGTGAGGGAAG
Fndc5 TTGCCATCTCTCAGCAGAAGA GGCCTGCACATGGACGATA
PPARc TCGCTGATGCACTGCCTATG GAGAGGTCCACAGAGCTGATT
GAPDH ATGTTCCAGTATGACTCCACTCAC GAAGACACCAGTAGACTCCACGAC
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Figure 2: JGSQP improved bone microarchitecture of murine ovariectomy-induced osteoporosis with KYD. (a) Representative 2D and 3D
micro-CT images (scale bars� 250 μm); (b) BV/TV, BS/TV, Tb.,, Tb.N, Tb.Sp, and SMI were calculated based on micro-CT results. Data
are expressed as means± SDs. ∗P< 0.05, ∗∗P< 0.01 (one-way ANOVA with Tukey’s multiple comparison test); ns: not significant.
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Figure 3: JGSQP attenuated histomorphological damage of murine ovariectomy-induced osteoporosis with KYD. (a) Representative
images of H&E staining. (b) ,e quantifications of Ob.N/BS, Ob.S/BS, adipocyte/tissue area, and adipocyte area/tissue area were calculated
based onH&E staining and analysed using the Image J software. Data are expressed as means± SDs. ∗P< 0.05, ∗∗P< 0.01 (one-way ANOVA
with Tukey’s multiple comparison test); ns: not significant.
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upregulation of Akt, PPARc, and Fabp4 expressions com-
pared with the Sham group. Although Fndc5 expression did
not differ significantly between groups, a strong tendency
toward increased expression was observed in the Model
group. After JGSQP treatment, the expression of Akt and
adipogenesis-related genes (Fndc5, PPARc, and Fabp4) was
downregulated, whereas osteogenesis-related genes
(Wnt10b and Osx) were upregulated.

3.4. JGSQP Increased p-AKT, BMP2 Protein Expressions and
Reduced FNDC5 Protein Expression. Protein levels were
analysed by western blot. ,e Model group exhibited sig-
nificantly reduced p-AKT, BMP2, and COL1A1 expression
and significantly increased FNDC5 expression relative to
Sham controls. Compared with the Model group, the JGSQP
group exhibited significantly greater p-AKT, BMP2 ex-
pressions and significantly reduced FNDC5 expression.
COL1A1 protein expression did not differ significantly after
JGSQP treatment (Figure 5).

4. Discussion

An increasing number of studies have focused on the role of
bone-fat imbalance in the context of PMOP. Previously,
clinical cross-sectional studies showed that bone marrow fat
content was positively correlated with the risks of osteo-
porosis and fracture [31, 32], and other studies have shown
that increased bone marrow fat tissue limits the regeneration

of damaged bone [16, 33]. Bone and fat interact with each
other through endocrine and paracrine forms. Bone marrow
fat cells express endocrine factors (ADIPOQ, IGF1, IGFBP2,
etc.) and paracrine factors (Wnt10b, BMP4, ANGPT2, etc.)
to regulate bone regeneration. Bone secretion factors (OCN,
SOST, BMP, PTHrp, etc.) can also regulate fat tissue
metabolism [33, 34]. Together, these results show that bone
and fat exist in a complex regulatory environment, sug-
gesting that control of the bone-fat balance is important for
the prevention and treatment of PMOP.

JGSQP is a TCM prescription used to treat KYD syndrome
and many other diseases. It has been shown to play important
roles in the regulation of ageing [35], tissue repair [36], and
apoptosis [37] and to help prevent acute and critical diseases,
including heart failure [38], diabetes [35, 39], asthma [40],
neonatal hypoxic-ischemia [41], adrenal insufficiency [42], and
hypertension [43–45]. Research conducted using metabolomic
and proteomic approaches has demonstrated that JGSQP ef-
fectively treats kidney impairment with KYD syndrome in-
volved in Wnt, chemokine, PPAR, and MAPK signaling
pathways [36]. Furthermore, tonification of the kidney yang
more effectively facilitates osteogenic differentiation and
suppresses adipogenic differentiation of BMSCs than does
tonification of the kidney yin [27]. However, the effect of
JGSQP in terms of bone-fat balance control in an in vivo
murinemodel ofOVX-induced osteoporosis withKYDhas not
been reported previously. In the present study, we demon-
strated that JGSQP could ameliorate changes to bone micro-
architecture in such a model, as confirmed by
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Figure 4: Effect of JGSQP treatment on the mRNA expression of Akt, adipogenic (Fndc5, PPARc, and Fabp4) and osteogenesis-specific
genes (Wnt10b andOsx). Data are expressed as means± SDs. ∗P< 0.05, ∗∗P< 0.01, ∗∗∗P< 0.001, and ∗∗∗∗P< 0.0001 (one-way ANOVAwith
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histomorphological assessment by micro-CT and H&E stain-
ing. Furthermore, the quantification of bone histomorpho-
logical parameters revealed that JGSQP promoted increases in
osteoblast number and surface area while inhibiting such in-
creases in the adipocyte number and area, consistent with the in
vitro findings of Cheng et al. [27].

To further elucidate the pathogenetic molecular mech-
anisms possibly underlying these effects, the mRNA and
protein expression levels of several genes involved in bone
and fat metabolism in the lumbar spine were analysed.
Wnt10b, Osx, and BMP2 are defined broadly as positive
regulator of bone formation [46–48], whereas PPARc and
Fabp4 are generally considered to be upregulators of adi-
pogenesis [49, 50]. ,e role of Fndc5 in bone formation and
adipogenesis remains controversial. Fndc5 knockout has
been shown to block OVX-induced bone loss, suggesting
that this gene plays a positive role in adipogenesis [51, 52]. In
our study, the bone formation-specific genes Wnt10b and
Osx were upregulated, whereas the adipogenesis-related
genes Fndc5, PPARc, and Fabp4 were downregulated in the
JGSQP group compared with the Model group, indicating
that JGSQP promoted bone formation and inhibited bone
marrow lipogenesis, thereby controlling the bone-fat bal-
ance in mice with OVX-induced osteoporosis and KYD. In
accordance with the results, in protein expressions, the
osteogenesis-specific protein BMP2 was increased, whereas
the adipogenesis-related protein FNDC5 was decreased in
the JGSQP group relative to the Model group.

AKT signaling remains a key pathway that regulates the
balance of bone and fat metabolism [53–55]. Increases in
p-AKT contributed to the inactivation of GSK-3β, which
increased downstream β-catenin transcription to the nu-
cleus, promoted osteogenic differentiation (e.g., of Osx,
Runx2), and inhibited lipogenic differentiation (e.g., of
Fabp4, PPARc) [56–58]. In our study, JGSQP activated the
expression of p-AKT along with multiple bone formation
and adipogenesis-related genes (Wnt10b, Osx, BMP2,
PPARc, Fabp4, and Fndc5), suggesting that it may ame-
liorate murine OVX-induced osteoporosis with KYD by
controlling the bone-fat balance via the AKT pathway. Our
investigations demonstrated that JGSQP is an important
regulator of the bone-fat balance, and thus that it may be an
attractive option for the treatment of PMOP.

5. Conclusion

JGSQP treatment reversed murine ovariectomy-induced
osteoporosis with KYD through controlling bone-fat balance
via the AKT pathway. ,us, this study provides evidence
supporting the effectiveness of JGSQP for the treatment of
PMOP with KYD.

Although we successfully demonstrated the protective
effect of JGSQP treatment on murine ovariectomy-induced
osteoporosis with KYD and also gained insight into its
underlying mechanism concerning regulating bone-fat
balance, this study had several limitations. First, the
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evaluation of ovariectomy-induced osteoporosis with KYD
model lacked precise quantitative index. Second, although
some differentially expressed genes were found, advanced
techniques such as high-throughput sequencing, gene
knockout, and overexpression studies were not employed to
explore potentially underlying mechanisms in this study.
,ird, the findings of this study should be further verified by
additional clinical and experimental investigations.
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Background. Huangqi GuizhiWuwuDecoction (HGWD) has been applied in the treatment of joint pain for more than 1000 years
in China. Currently, most physicians use HGWD to treat rheumatoid arthritis (RA), and it has proved to have high efficacy.
*erefore, it is necessary to explore the potential mechanism of action of HGWD in RA treatment based on network phar-
macology and molecular docking methods. Methods. *e active compounds of HGWD were collected, and their targets were
identified from the Traditional Chinese Medicine Systems Pharmacology Database (TCMSP) and DrugBank database, re-
spectively. *e RA-related targets were retrieved by analyzing the differentially expressed genes between RA patients and healthy
individuals. Subsequently, the compound-target network of HGWD was constructed and visualized through Cytoscape 3.8.0
software. Protein-protein interaction (PPI) network was constructed to explore the potential mechanisms of HGWD on RA using
the plugin BisoGenet of Cytoscape 3.8.0 software. Gene ontology (GO) analysis and Kyoto Encyclopedia of Genes and Genomes
(KEGG) were performed in R software (Bioconductor, clusterProfiler). Afterward, molecular docking was used to analyze the
binding force of the top 10 active compounds with target proteins of VCAM1, CTNNB1, and JUN. Results. Cumulatively, 790
active compounds and 1006 targets of HGWD were identified. A total of 4570 differentially expressed genes of RA with a p value
<0.05 and |log 2(fold change)|> 0.5 were collected. Moreover, 739 GO entries of HGWD on RA were identified, and 79 pathways
were screened based on GO and KEGG analysis. *e core target gene of HGWD in RA treatment was JUN. Other key target genes
included FOS, CCND1, IL6, E2F2, and ICAM1. It was confirmed that the TNF signaling pathway and IL-17 signaling pathway are
important pathways of HGWD in the treatment of RA. *e molecular docking results revealed that the top 10 active compounds
of HGWD had a strong binding to the target proteins of VCAM1, CTNNB1, and JUN. Conclusion. HGWD has important active
compounds such as quercetin, kaempferol, and beta-sitosterol, which exert its therapeutic effect on multiple targets and
multiple pathways.

1. Introduction

Rheumatoid arthritis (RA), a common chronic systemic
autoimmune disease, is characterized by synovial hyper-
proliferation and inflammatory/immune cell infiltration
[1, 2]. Typical clinical symptoms of RA include tender and
swelling of the joints, accompanied by morning stiffness of

the affected joints. In severe cases, large joints can be injured
leading to joint deformity and loss of function. *e current
global incidence of RA is 0.24%, and it is expected to increase
[3–6]. Besides, RA is ranked 74th as a social burden and 42nd
as a disability [3–6]. Current international guidelines for the
management of RA recommend the use of disease-modi-
fying antirheumatic drugs (DMARDs), with methotrexate
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(MTX) as the first-line drug [7, 8]. However, MTX is not an
ideal therapeutic agent. It has damaging side effects on the
neuronal, gastrointestinal, and immune systems [9].
*erefore, it is imperative to explore safe and effective
clinical treatment for RA.

*e traditional Chinese medicine (TCM) is based on
the theory of syndrome differentiation and has long been
established as an effective treatment of RA. Huangqi
Guizhi Wuwu Decoction (HGWD), a classical prescrip-
tion described in Jingui Yaolue, has been used over 1000
years in China to treat joint pain. HGWD was formulated
by Zhang Zhongjing during the Han dynasty. It is a
mixture of five Chinese medicines including Astragalus
membranaceus (Huangqi), Cassia Twig (Guizhi), Radix
Paeoniae Alba (Baishao), ginger (Shengjiang), and Chi-
nese date (Dazao). HGWD is considered to have the
ability to reinforce Qi and nourish blood, warm and
smoothen meridian, and dredge arthritic pain tradi-
tionally [10]. In a study of rats with RA, HGWD ad-
ministration reduced joint inflammation, synovial
hyperplasia, and cartilage damage [11]. Previous studies
have revealed that HGWD improves the clinical symp-
toms and signs, as well as laboratory indices, in RA pa-
tients [12]. Moreover, a systematic review and meta-
analysis showed that when HGWD was combined with
Western medicine therapy to treat RA, better efficacy,
improved morning stiffness, reduced C-reactive protein,
and rheumatoid factor content were achieved compared
to Western medicine only [13]. However, the mechanisms
of HGWD in RA treatment are not clear, a major limiting
factor for its extensive application.

Network pharmacology is partly bioinformatics and
was first proposed by Hopkins [14]. It has been suc-
cessfully used to study complex TCM formulations. *is is
because it not only combines system network analysis and
pharmacology but is also based on the connotation of
holistic theory, multicomponents, multitargets, and
multipathways of Chinese medicine [15, 16]. Network
pharmacology can elucidate the mechanisms of HGWD in
the RA treatment at the molecular level via compound-
compound network, compound-target network, and
target-disease network.

In the present study, network pharmacology was used to
establish a compound-target-disease network for exploring
the potential HGWDmechanism of action in RA treatment.
*is study provides a reference for future pharmacological
studies and clinical applications. *e flow diagram of the
network is shown in Figure 1.

2. Methods

2.1. Collection of Active HGWD Compound Information.
Information on the HGWD compounds was retrieved from
the Traditional Chinese Medicine Systems Pharmacology
Database (TCMSP, http://tcmspw.com/tcmsp.php) [17].
TCMSP is a unique system pharmacology database of
Chinese herbal medicines with data on absorption, distri-
bution, metabolism, and excretion (ADME)-related pa-
rameters of herbal ingredients as well as the relationships

between diseases, targets, ingredients, and drugs [18]. *e
active compounds of HGWD were primarily screened based
on oral bioavailability (OB) and drug-like (DL) properties,
the two important indicators for bioinformatics evaluation
of ADME characteristics [19]. *e OB is a major pharma-
cokinetic parameter of oral drugs and is the proportion of
oral drug dose in the systemic circulation [20]. DL properties
are the physical and chemical properties that qualitatively
evaluate whether a compound is similar to existing drugs
[21]. Subsequently, the compounds with OB≥ 30% and
DL≥ 0.18 were chosen as the candidate compounds for
further analysis.

2.2. Identification of HGWD Potential Targets. Target iden-
tification is an important aspect of drug exploration [22].
*e target candidate compounds were imported into the
DrugBank database (https://www.drugbank.ca/) to identify
the corresponding potential targets of HGWD [23].

2.3. Known RA-Related Targets. *e differentially expressed
genes in RA were retrieved from the GEO database (https://
www.ncbi.nlm.nih.gov; series: GSE21959; samples: there
were 36 samples, 18 for healthy individuals and 18 for those
with rheumatoid arthritis). *e genes with a p value <0.05
and |log 2(fold change)|> 0.5 were regarded as differentially
expressed genes and RA-related targets.

2.4. Network Construction. *e compound-target network
of HGWD was constructed and visualized via Cytoscape
3.8.0 software [24]. Protein-protein interaction (PPI) net-
works were constructed to explore the potential mechanisms
of HGWD on RA using the plugin BisoGenet of Cytoscape
3.8.0 software [25]. Afterward, the topological importance of
each node by calculating degree centrality (DC), between-
ness centrality (BC), closeness centrality (CC), eigenvector
centrality (EC), local average connectivity-based method
(LAC), and network centrality (NC) was evaluated with a
Cytoscape plugin CytoNCA. *eir definitions and compu-
tational formulas have been reported and are the topological
importance representative of each node [26].

2.5. Gene Ontology and Pathway Enrichment Analysis.
Gene ontology (GO) analysis and Kyoto Encyclopedia of
Genes and Genomes (KEGG) are important methods that
describe the features of candidate targets. *e two were
performed in R software (Bioconductor, clusterProfiler)
with the standard p value cutoff of 0.05 and the q value of
0.05 [27, 28]. *e GO analysis was applied for target protein
analysis, and the top 20 functional categories in biological
process (BP), cellular component (CC), and molecular
function (MF) were chosen. Based on the targets of HGWD
in RA treatment, KEGG enrichment analysis was carried
out. *e top 20 KEGG pathways were selected for plotting a
histogram. Meanwhile, the network diagram of the gene
pathway was drawn.
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2.6. Molecular Docking of the Main Active Constituents of
HGWD and Core Proteins. *e 3D protein structure of the
three core proteins corresponding to the core targets,
VCAM1, CTNNB1, and JUN, was downloaded from the
UniProt database. Subsequently, the structure of the active
ingredient in HGWD (the top 10 places in the number of
targets) was downloaded from the PubChem database and
saved in the PDB format. Using PyMOL software, the three
proteins were virtually dehydrated and hydrogenated, the
original ligands were extracted in each protein, and then were
stored separately. AutoDockTools 1.5.6 was utilized to convert
compounds, ligands, and proteins into the “pdbqt” format
and to define if the location of each protein or its ligands was
the active pocket of the protein. Finally, Vina 1.5.6 was run to
assess molecular docking. At a binding energy value <0, the
molecular proteins were considered to spontaneously bind
and interact with each other. Accordingly, the lower the
energy is, the more stable the molecular conformation is.

3. Results

3.1. Target Screening of HGWD and RA. A total of 790
compounds of the five herb medicines in HGWD were
retrieved from the TCMSP database. *is included 87
compounds in Huangqi, 220 in Guizhi, 85 in Baishao, 265 in
Shengjiang, and 133 in Dazao. Among them, 74 compounds
passed OB≥ 30% and DL≥ 0.18 filtering. Specifically, the
numbers of candidate compounds in Huangqi, Guizhi,
Baishao, Shengjiang, and Dazao were 20, 7, 13, 5, and 29,
respectively. *e candidate compounds in HGWD used for
further analysis are shown in Table 1. *e DrugBank da-
tabase retrieval predicted a total of 1006 potential targets.
*e potential targets linked to Huangqi, Guizhi, Baishao,
Shengjiang, and Dazao were 405, 57, 104, 60, and 380,

respectively. Moreover, a total of 4570 differentially
expressed genes in RA were collected from the GEO data-
base. As shown in Figure 2, a volcano plot was drawn to
show the distribution of the differentially expressed genes.
*e genes are represented by the red and green dots in the
plot. We compared the target genes regulated by the active
compounds in HGWD, and different genes in RA were
compared, obtaining 49 common target genes. *ese 49
target genes were found to be regulated by 28 active
compounds.

3.2. Compound-Target Network Analysis. *e compound-
target network of HGWD was established with the collected
compounds and their targets as shown in Figure 3. *e
network contains 77 nodes (28 compounds in HGWD and
49 compound targets) and 130 edges elucidating the com-
pound-target interactions. Quercetin, kaempferol, and beta-
sitosterol acted on 33, 14, and 8 targets, respectively.*eOB of
quercetin, kaempferol, and beta-sitosterol was 43.43, 41.88, and
36.91%, respectively. *erefore, they are potential key active
compounds due to their relative positioning in the network.
Besides, it has been revealed that Guizhi, Baishao, and Dazao
share a common component (+)-catechin (ID: MOL000492);
Shengjiang and Dazao have the same ingredient stigmasterol
(ID: MOL000449); Guizhi, Baishao, Shengjiang, and Dazao
share a common ingredient beta-sitosterol (ID: MOL000358);
Huangqi and Baishao share the same constituent kaempferol
(ID: MOL000422); and Huangqi and Dazao share the same
component quercetin (ID: MOL000098).

3.3. >e Candidate Targets for HGWD against RA. To elu-
cidate the mechanism by which HGWD ameliorates RA, the
potential target network was merged with the RA-related

Herbal forula: HGWD

Active compounds

Target identification

Network construction

Molecular docking

PPI network GO and KEGG analysis

DrugBank and GEO
database

TCMSP

Figure 1: *e flow diagram of network pharmacology analysis.
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Table 1: Basic information of the active compounds in the HGWD formula.

Molecule ID Name OB DL Source
MOL000211 Mairin 55.38 0.78 Huangqi, Baishao, Dazao
MOL000239 Jaranol 50.83 0.29 Huangqi
MOL000296 Hederagenin 36.91 0.75 Huangqi

MOL000033
(3S,8S,9S,10R,13R,14S,17R)-10,13-Dimethyl-17-[(2R,5S)-5-propan-2-yloctan-2-
yl]-2,3,4,7,8,9,11,12,14,15,16,17-dodecahydro-1H-cyclopenta[a]phenanthren-3-

ol
36.23 0.78 Huangqi

MOL000354 Isorhamnetin 49.6 0.31 Huangqi
MOL000371 3,9-Di-O-methylnissolin 53.74 0.48 Huangqi
MOL000374 5′-Hydroxyiso-muronulatol-2′,5′-di-O-glucoside 41.72 0.69 Huangqi
MOL000378 7-O-Methylisomucronulatol 74.69 0.3 Huangqi
MOL000379 9,10-Dimethoxypterocarpan-3-O-β-D-glucoside 36.74 0.92 Huangqi
MOL000380 (6aR,11aR)-9,10-Dimethoxy-6a,11a-dihydro-6H-benzofuro[3,2-c]chromen-3-ol 64.26 0.42 Huangqi
MOL000387 Bifendate 31.1 0.67 Huangqi
MOL000392 Formononetin 69.67 0.21 Huangqi
MOL000398 Isoflavanone 109.99 0.3 Huangqi
MOL000417 Calycosin 47.75 0.24 Huangqi
MOL000422 Kaempferol 41.88 0.24 Huangqi, Baishao
MOL000433 FA 68.96 0.71 Huangqi
MOL000438 (3R)-3-(2-Hydroxy-3,4-dimethoxyphenyl)chroman-7-ol 67.67 0.26 Huangqi
MOL000439 Isomucronulatol-7,2′-di-O-glucosiole 49.28 0.62 Huangqi
MOL000442 1,7-Dihydroxy-3,9-dimethoxy pterocarpene 39.05 0.48 Huangqi
MOL000098 Quercetin 46.43 0.28 Huangqi, Dazao
MOL001736 (-)-Taxifolin 60.51 0.27 Guizhi

MOL000358 Beta-sitosterol 36.91 0.75 Guizhi、Baishao、
Shengjiang、Dazao

MOL000359 Sitosterol 36.91 0.75 Guizhi, Baishao
MOL000492 (+)-Catechin 54.83 0.24 Guizhi, Baishao, Dazao
MOL000073 ent-Epicatechin 48.96 0.24 Guizhi
MOL004576 Taxifolin 57.84 0.27 Guizhi
MOL011169 Peroxyergosterol 44.39 0.82 Guizhi
MOL001928 Albiflorin_qt 66.64 0.33 Baishao
MOL001918 Paeoniflorgenone 87.59 0.37 Baishao
MOL001910 11alpha,12alpha-Epoxy-3beta-23-dihydroxy-30-norolean-20-en-28,12beta-olide 64.77 0.38 Baishao
MOL001925 Paeoniflorin_qt 68.18 0.4 Baishao

MOL001919 (3S,5R,8R,9R,10S,14S)-3,17-Dihydroxy-4,4,8,10,14-pentamethyl-2,3,5,6,7,9-
hexahydro-1H-cyclopenta[a]phenanthrene-15,16-dione 43.56 0.53 Baishao

MOL001930 Benzoyl paeoniflorin 31.27 0.75 Baishao
MOL001924 Paeoniflorin 53.87 0.79 Baishao
MOL001921 Lactiflorin 49.12 0.8 Baishao
MOL006129 6-Methylgingediacetate2 48.73 0.32 Shengjiang
MOL000449 Stigmasterol 43.83 0.76 Shengjiang, Dazao
MOL001771 Poriferast-5-en-3beta-ol 36.91 0.75 Shengjiang
MOL008698 Dihydrocapsaicin 47.07 0.19 Shengjiang
MOL012921 Stepharine 31.55 0.33 Dazao
MOL012940 Spiradine A 113.52 0.61 Dazao
MOL012946 Zizyphus saponin I_qt 32.69 0.62 Dazao
MOL012961 Jujuboside A_qt 36.67 0.62 Dazao
MOL012976 Coumestrol 32.49 0.34 Dazao
MOL012980 Daechuine S6 46.48 0.79 Dazao
MOL012981 Daechuine S7 44.82 0.83 Dazao
MOL012986 Jujubasaponin V_qt 36.99 0.63 Dazao
MOL012989 Jujuboside C_qt 40.26 0.62 Dazao
MOL012992 Mauritine D 89.13 0.45 Dazao
MOL001454 Berberine 36.86 0.78 Dazao
MOL001522 (S)-Coclaurine 42.35 0.24 Dazao
MOL003410 Ziziphin_qt 66.95 0.62 Dazao
MOL004350 Ruvoside_qt 36.12 0.76 Dazao
MOL005360 Malkangunin 57.71 0.63 Dazao
MOL000627 Stepholidine 33.11 0.54 Dazao
MOL007213 Nuciferin 34.43 0.4 Dazao
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target network to form a core PPI network of 2284 nodes and
53,119 edges (Figure 4(a)). *e previous research showed
that themedian degree of all nodes was more than 74 degrees
which were identified as significant targets [29]. Accord-
ingly, a network of the significant targets for HGWD against
RA with 426 nodes and 17,112 edges with a DC≥ 74 was
constructed (Figure 4(b)).

During the second screening, since the number of genes
was limited, only BC average value was used. *e candidate
targets were further identified, and 111 targets with
BC≥ 348.07 (BC average value) were chosen (Figure 4(c)).
Eventually, 111 HGWD target genes against RA were
identified. VCAM1 (degree: 452), CTNNB1 (degree: 390),
and JUN (degree: 274) might be the most important among
111 target genes for HGWD against RA.

3.4. GOandKEGGPathwayEnrichmentAnalysis. To further
confirm the biological responses from RA treatment with
HGWD, GO analysis of the 49 RA-related potential ther-
apeutic target genes was performed based on BP, CC, and
MF.*e analysis results revealed a total of 739 entries. In BP
enrichment analysis, 666 entries were obtained including
response to antibiotic, response to alcohol, and response to
steroid hormone. In CC enrichment analysis, 34 entries
involved in membrane raft, membrane microdomain,
membrane region, etc. were obtained. *e MF enrichment
analysis revealed 39 entries, including kinase regulator ac-
tivity, protein kinase regulator activity, and serine hydrolase
activity. *e top 20 terms are shown in Figure 5.

To further show the biological processes of these targets,
the KEGG pathway analysis was performed. *e analysis
results showed that these targets were enriched in 79
pathways with an adjusted p value <0.05. *e top 20 KEGG
pathways’ enrichment analysis is shown in Figure 6. Among
these pathways, the top three were fluid shear stress and
atherosclerosis, TNF signaling pathway, and IL-17 signaling
pathway based on the number of the pathway target genes.

3.5.>eGene-PathwayNetwork. *e gene-pathway network
analysis was constructed according to the significantly
enriched pathways and genes which regulate these pathways
as shown in Figure 7. *e diagram shows the network re-
lationship between the top 20 pathways and their regulated
target genes. According to the network analysis, JUN had the

Table 1: Continued.

Molecule ID Name OB DL Source
MOL000783 Protoporphyrin 30.86 0.56 Dazao
MOL000787 Fumarine 59.26 0.83 Dazao
MOL008034 21302-79-4 73.52 0.77 Dazao
MOL008647 Moupinamide 86.71 0.26 Dazao
MOL002773 Beta-carotene 37.18 0.58 Dazao
MOL000096 (-)-Catechin 49.68 0.24 Dazao

MOL013357
(3S,6R,8S,9S,10R,13R,14S,17R)-17-[(1R,4R)-4-Ethyl-1,5-dimethylhexyl]-10,13-

dimethyl-2,3,6,7,8,9,11,12,14,15,16,17-dodecahydro-1H-cyclopenta[a]
phenanthrene-3,6-diol

34.37 0.78 Dazao

Note. OB, oral bioavailability; DL, drug-likeness.
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Figure 2: Volcano plot of differentially expressed genes. *e red
and green dots represent the significant differentially expressed
genes.

Figure 3: Compound-target network of the HGWD formula. *e
blue triangles represent the targets, and the ellipses represent active
compounds. *e green, yellow, amaranth, wathet, and red colors
represent compounds from Baishao, Dazao, Guizhi, Huangqi, and
multidrug, respectively.

Evidence-Based Complementary and Alternative Medicine 5



(a) (b) (c)

DC > 74 BC > 348.07

Figure 4: Protein interaction network of the HGWD formula.
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highest volume, hence the core target gene. Additionally,
other genes had a relatively high volume including FOS,
CCND1, IL6, E2F2, and ICAM1. *ese genes are potential
key target genes involved in the HGWD treatment of RA.

3.6.>eMolecular Docking of theMain Active Constituents of
HGWD and Core Proteins. Normally, high connectivity
compounds are associated with more targets. According to

the number of related targets, the top 10 active compounds
in HGWD with high connectivity in the compound-target
network were selected for molecular docking (Table 2,
binding energy of the main potential active ingredients in
HGWD). Based on the binding energy value, the lower the
binding energy value, the stronger the binding to the target
protein. Among them, stigmasterol and stepholidine had the
strongest binding force with VCAM1 (PDB: 1ij9), beta-
carotene and quercetin had the strongest binding force with

Kinase regulator activity
Protein kinase regulator activity

Serine hydrolase activity
Neurotransmitter recptor activity

BH domain binding
Death domain binding

RNA polymerase II activating transcription factor binding
Heme binding
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Figure 5: Gene ontology terms of the candidate targets of the HGWD formula against RA. (a) Biological process. (b) Cellular component.
(c) Molecular function.
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Figure 6: KEGG pathway enrichment of the candidate targets of the HGWD formula against RA.
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CTNNB1 (PDB: 1jdh), and beta-carotene and stigmasterol
had the strongest binding force with JUN (PDB: 2g01). *e
corresponding molecular docking diagram of stepholidine,
stigmasterol, and VCAM1, beta-carotene, quercetin and
CTNNB1, and beta-carotene, stigmasterol, and JUN is il-
lustrated in Figure 8.

4. Discussion

TCM, characterized by multicompound and multitarget
medicines, cures diseases via multiple targets, multiple
pathways, and multiple links. Due to the complex chemical
ingredients of TCM, conventional research methods such as
clinical and pharmacological research are not capable of fully
elucidating the mechanism of action of TCM. Fortunately,
network pharmacology provides a solution to this challenge
since it is suitable for multicompound and multitarget re-
search. In the present study, the mechanism of action of
HGWD on RA was explored via network pharmacology
methods. *is provided a clear direction for further basic
and clinical research.

Modern pharmacology has shown that HGWD has a
specific therapeutic effect on RA, where it elicits obvious
anti-inflammatory and analgesic effects [30]. Specifically,

Huangqi has an anti-inflammatory effect and improves the
immunity [31]. *e volatile oil of Guizhi has good anti-
inflammatory, immunological, and chondrocyte prolifera-
tion effects [32]. *e total glycosides, the main components
of Baishao, have anti-inflammatory, analgesic, and auto-
immunological effects [33]. Shengjiang resists oxidation,
scavenges free radicals, and relieves pain [34]. *e poly-
saccharide of Dazao can significantly inhibit proin-
flammatory cytokines, such as IL-6 and TNF, with anti-
inflammatory activity [35]. It is suggested that this pre-
scription has anti-inflammatory, antioxidation, analgesic,
and autoimmune reaction pharmacological effects, thus
providing specific pharmacological basis for its clinical
function in the treatment of RA.

In this study, the compound-target network of HGWD
was constructed using 28 compounds and their 49 targets.
*e network diagram demonstrated that most of the HGWD
compounds affected multiple targets. For instance, quer-
cetin, kaempferol, and beta-sitosterol acted on 33, 14, and 8
targets, respectively. *erefore, they were the likely key
active compounds for HGWD. Quercetin is a common
active component of Huangqi and Dazao. Kaempferol is a
common active component of Huangqi and Baishao. Beta-
sitosterol is a common active component of Guizhi, Baishao,

Figure 7: Gene-pathway network of the HGWD formula against RA. *e yellow squares represent the target genes, and the red v-shapes
represent pathways. *e large size represents the larger betweenness centrality.

Table 2: *e binding energy of the main potential active ingredients in the HGWD formula.

Compound Molecular formula Binding energy (VCAM1) Binding energy (CTNNB1) Binding energy (JUN)
Quercetin C15H10O7 −7.1 −7.3 −7.3
Kaempferol C15H10O6 −7.1 −6.5 −7.4
Beta-sitosterol C29H50O −7.3 −7.1 −7.8
Formononetin C16H12O4 −7 −6.3 −6.9
7-O-Methylisomucronulatol C18H20O5 −6.7 −6 −6.9
Isorhamnetin C16H12O7 −6.9 −6.5 −7.5
Beta-carotene C40H56 −6.5 −7.9 −8.1
Stepholidine C19H21NO4 −7.5 −6.7 −6.9
(S)-Coclaurine C17H19NO3 −7.1 −6.3 −7.1
Stigmasterol C29H48O −7.6 −7 −8.1
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Shengjiang, and Dazao. *ese drugs have been mainly used
together in Chinese medical history. It indicates that the
compatibility between these drugs has a synergistic effect
and increases their efficacy.

Quercetin is a flavonol that has unique therapeutic bi-
ological properties including anticarcinogenic, anti-in-
flammatory, antioxidant, antiviral, and psychostimulant
activities [36, 37]. Kaempferol, a representative flavonoid,
has been known to exert a range of pharmacological actions
including the mediation of antioxidant, antimicrobial, and
anti-inflammatory effects [38, 39]. Kaempferol is a potent
immunosuppressant that reduces the harmful immune re-
sponses including autoimmunity and chronic inflammation

[40]. Beta-sitosterol, a main constituent of plants and veg-
etables, has versatile activities that impact cell activities
including anti-inflammatory effect [41, 42]. In this study,
quercetin, kaempferol, and beta-sitosterol regulated most
RA-related targets and exhibited anti-inflammatory effects.
Besides, they have a high oral bioavailability. *erefore, they
were identified as the representative compounds of HGWD.

*e PPI networks of HGWD targets and RA-related
targets were constructed andmerged to identify the candidate
targets of HGWDagainst RA. To accurately obtain the targets,
two parameters including DC and BC were set to construct a
new network. *rough PPI analysis, VCAM1, CTNNB1, and
JUN were established as the important targets in RA

Stepholidine-VCAM1

(a)

Stigmasterol-VCAM1

(b)

Beta-carotene-CTNNB1

(c)

Quercetin-CTNB1

(d)

Stigmasterol-JUN

(e)

Beta-carotene-JUN

(f )

Figure 8: Molecular docking diagram. (a) Stepholidine-VCAM1. (b) Stigmasterol-VCAM1. (c) Beta-carotene-CTNNB1. (d) Quercetin-
CTNB1. (e) Stigmasterol-JUN. (f ) Beta-carotene-JUN.
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treatment. VCAM-1 is a glycoprotein expressed in vascular
endothelial cells, whose serum is positively correlated with RA
[43]. Studies have found that [44] TNF-α upregulates the
expression of VCAM-1 in the endothelial cell membrane at
the small joint synovium. VCAM-1 binds to α4β1 on the
surface of free immune cells in the blood vessels, inducing the
migration of immune cells to inflammatory joints thus
expanding the inflammatory response cascade and aggra-
vating small joint injury. Proliferation and invasion of fi-
broblast synovial cells are important mechanisms that result
in the thickened synovial lining, increased secretion of in-
flammatory cytokines, and cartilage and bone injury [45].
Studies have shown that inhibition of CTNNB1 transcription
reduces the proliferation of fibroblast synovial cells and the
levels of proinflammatory cytokines such as interleukin-6 (IL-
6), IL-10, and TNF-α [46]. Elsewhere, it has been shown that
CD44 can activate the transcription factor AP-1 (the whole is
a protein) expressed by the gene JUN, thus promoting the
activation of T cells and aggravating RA synovitis [47].

*e targets of HGWD against RA were enriched in BP,
CC, and MF through GO analysis. Results suggested that
HGWD mainly regulated response to antibiotics, response
to steroid hormones, and response to radiation. Further-
more, it was shown to affect some cellular components and
molecular functions including membrane raft, membrane
microdomain, membrane region, and kinase regulator ac-
tivity. In the present study, 79 KEGG pathways including
TNF signaling pathway and IL-17 signaling pathway were
significantly enriched. IL-17 and TNF-α are classic proin-
flammatory cytokines. IL-17 is mainly secreted by helper
T-cells type 17 and has strong proinflammatory effects.
Analysis of synovial fluid in patients with RA found that IL-
17 content was significantly increased and positively cor-
related with Disease Activity Score-28 (DAS28) [48]. *is
was a confirmation that IL-17 is involved in the occurrence
of RA. Fischer et al. [49] found that, after IL-17 treatment of
fibroblast synovial cells, the expression of proinflammatory
cytokines such as IL-6, IL-8, and granulocyte-macrophage
colony-stimulating factor (GM-CSF) increases, aggravating
the inflammatory damage of fibroblast synovial cells. Be-
sides, IL-17 can also induce joint bone and cartilage damages
[50]. It has been revealed that IL-17 upregulates the levels of
nuclear factor-kappa B (NF-κB) receptor activator ligand
RANKL. Consequently, this increases the content of matrix
metalloproteinases, possibly promoting cartilage degrada-
tion, inhibiting chondroprogenitor cell formation, and
stimulating osteoclast bone damaging [51–53].

TNF-α plays an important role in the development of
RA. On the one hand, it can bind to the TNFR1 receptor on
fibroblast synovial cells, promoting the release of inflam-
matory cytokines such as IL-1, IL-6, and IL-8 and aggra-
vating the damage of the articular cartilage and bone [54].
On the other hand, TNF-α can stimulate immune cells in
blood to enter the joint through VCAM-1, aggravating the
joint injury [44]. Besides, the other pathways in the first 20
pathways have not been reported to be related to RA,
providing new ideas and clues for future research.

*e gene-pathway network was constructed to explore
the main target genes of HGWD against RA. *e results

revealed that JUN, FOS, CCND1, IL6, E2F2, and ICAM1 are
important target genes. A study found that the ERK-JNK-
P38 signaling pathways in autoimmune disease are activated,
leading to high levels of downstream JUN and Fos protein.
Subsequently, the two combine to form dimer transcription
factor-activating protein 1 (AP-1), which is involved in the
occurrence and development of RA. It regulates the trans-
formation of initial T cells into effector T cells, hence reg-
ulating the immune response and inflammatory process
[55–58]. Inflammatory response runs throughout RA. *e
proinflammatory cytokines such as TNF-α, IL-6, and IL-17
play a crucial role in synovial fibroblast inflammation.
Studies have demonstrated that TNF-α upregulates the E2F2
expression by activating the nuclear transcription factor NF-
κB pathway. *is enhances synovial cell proliferation and
synovial tissue thickening leading to joint injury [59]. *e
serum level of intercellular adhesion molecule-1 (ICAM-1) is
high in RA patients. It has been found that ICAM-1 induces
inflammatory cell aggregation and promotes synovial cell
inflammation once it combines with ligand lymphocyte
function antigen-1 (LFA-1) [60]. *rough the molecular
docking analysis of the effects of the chief active components
in HGWD and the core target proteins of RA, the molecular
mechanism of the treatment of RA by the active components
of TCM can be predicted.*is is of great reference significance
for subsequent research and development of targeted drugs.
*e results showed that the main compounds in HGWD have
a strong binding force to the core proteins VCAM1, CTNNB1,
and JUN. Among them, stigmasterol and stepholidine closely
link to VCAM1 through hydrogen bonds and hydrophobic
forces. Beta-carotene and quercetin closely link to CTNNB1
through hydrogen bonds and hydrophobic interactions.
Stigmasterol closely links to JUN through hydrogen bonds and
hydrophobic interactions. Beta-carotene closely links to JUN
only through hydrophobic interactions. Based on this, it can be
concluded that stigmasterol, stepholidine, beta-carotene, and
quercetin are the key compounds in the treatment of RA.

5. Conclusion

Our study systematically elucidated the mechanisms of action
and molecular targets of HGWD against RA via the network
pharmacology approach. Quercetin, kaempferol, and beta-
sitosterol regulated most of the targets related to RA. *e
HGWD can regulate gene function through their related
pathways including TNF signaling pathway and IL-17 sig-
naling pathway. *e key target genes in the gene-pathway
network of HGWD against RA were JUN, FOS, CCND1, IL6,
E2F2, and ICAM1. Furthermore, according to molecular
docking analysis, important compounds such as stepholidine,
stigmasterol, beta-carotene, quercetin, and the core protein
CTNNB1, VCAM1, and JUN all have good binding ability.
*e network pharmacology is a promising suitable approach
for the study of TCM formulations.
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Objective. Osteoporosis (OP) is a well-established age-related disease, pathologically characterized by bone microarchitectural
deterioration, increased fragility, and low BMD. Primary osteoporosis (POP) is the most common type of OP. Methods.
Publications pertaining to the effectiveness of kinesitherapy on BMD in POP from PubMed, SCI, Cochrane Library, Embase, VIP,
CNKI, and Wanfang Database were retrieved from their inception to October 2019. Results. A total of 21 studies with 1840
participants were included. .e results of the meta-analysis revealed that kinesitherapy plus antiosteoporosis medications had a
positive effect on lumbar spine BMD when the duration of intervention was 6 months (MD� 0.11 g/cm2; 95% CI: 0.06–0.15;
P< 0.0001) or >6 months (MD� 0.04 g/cm2; 95% CI: 0.02–0.06; P< 0.0001) compared with antiosteoporosis medications alone.
Additional kinesitherapy plus antiosteoporosis medications were associated with improved femoral neck BMD compared with
antiosteoporosis medications alone (MD� 0.09 g/cm2; 95% CI: 0.03–0.16; P � 0.004). Conclusions. Kinesitherapy plus anti-
osteoporosis medications significantly improved lumbar spine and femoral neck BMD in the current low-quality evidence.
Additional high-quality evidence is required to confirm the effect of kinesitherapy on BMD in patients with POP.

1. Introduction

With age, bone mass declines, and an accelerated loss of
bone mineral density (BMD) occurs by 50 years of age [1].
Osteoporosis (OP) is a well-established age-related disease
pathologically characterized by bone microarchitectural
deterioration, increased fragility, and low BMD [2]. .e
diagnosis of OP is based on measurements of BMD and is
defined by the World Health Organization as BMD≥ 2.5
standard deviations (SD) below the average value for young
healthy individuals [3]. Moreover, OP is associated with high
morbidity and mortality, as well as reduced quality of life,
which in turn increases the rate of fractures, healthcare costs,
and social economic stress [4–9]. In North America [10, 11],
over 55 million people are at risk of developing OP or
osteopenia. OP is typically classified into three main cate-
gories: (1) primary; (2) secondary; and (3) idiopathic.

Primary osteoporosis (POP) refers to the natural aging
process of human tissue and organ systems, and the
symptoms are associated with degenerative changes in the
skeletal system. Moreover, POP is the most common type of
OP, accounting for 90% of OP cases, and includes women
with postmenopausal osteoporosis (PMOP) and senile os-
teoporosis (SOP) [12, 13]. PMOP is primarily related to
postmenopausal estrogen deficiency, whereas SOP is asso-
ciated with increased age [14]. .us, as the proportion of
elderly populations increases throughout the world, the
number of POP cases will also increase gradually. In the
European Union, according to relevant statistics [15, 16], 22
million women and 5.5 million men over the age of 50 suffer
from osteoporosis. And that number is expected to increase
by 23 percent by 2025, according to a study. One study found
that the overall prevalence rate of osteoporosis was 32.1% in
at least one measurement site (28.5% in the lumbar and
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14.5% in the femoral region), while 49.7% of elderly people
suffer from decreased bone mass (osteopenia) in Amirkola,
north of Iran [17]. According to the latest epidemiological
results of osteoporosis in China, the prevalence of osteo-
porosis at the age of 40∼49 is 3.2%, including 2.2% in males
and 4.3% in females. .e prevalence rate of osteoporosis
over the age of 50 was 19.2%, including 6.0% in males and
32.1% in females. And the prevalence of osteoporosis over
the age of 65 was 2.0%, with 0.7% of men and 51.6% of
women [18].

POP treatment is a long-term process and may not 100%
prevent the development or reverse the symptoms of the
disease [19]. In addition, exercise is one of the key rec-
ommendations for the prevention and treatment of bone
loss [20, 21]. Several studies have demonstrated that exercise
can prevent bone loss [22] and improve calcium absorption,
bone formation [23], and the secretion of sex hormones
[24, 25], which then promotes BMD [26]. Kinesitherapy, as a
part of physical therapy, is a comprehensive exercise that
represents one of the most important aspects of medical
rehabilitation. Kinesiotherapy involves the movement of
various parts of the body or the entire body using exercises to
maintain, establish, develop, and change the function of the
locomotor apparatus and organs in locomotion. Kinesi-
otherapy for the treatment of POP primarily includes
routine static training, walking training, grip training,
outbreak and endurance exercise training, push-ups,
stretching, or isometric exercise. In addition, multiple re-
views have confirmed that exercise reduces bone loss and
increases BMD in postmenopausal women or PMOP
[27–29]. A meta-analysis also demonstrated that exercise
can improve functional outcomes, including mobility, bal-
ance, and self-reported measures of functioning in persons
with OP [30]. However, there was no systematic review to
evaluate the effect of kinesitherapy on BMD in patients with
POP. .erefore, the aim of this study was to conduct a
systematic review and meta-analysis to assess the effect of
kinesitherapy in persons with POP on lumbar spine and
femoral neck BMD via conducting a maximal search of both
Chinese and English databases.

2. Methods

2.1. Eligibility Criteria. Available human, clinical, or com-
munity studies with a randomized controlled trial published
in English or Chinese were included in this review. .e
participants consisted of patients with POP who had no
thoracolumbar vertebral fracture and other complications
such as heart, vein, lung, liver, and kidney as well as met-
abolic diseases and were not taking drugs affecting bone
metabolism. .e age and gender of the subjects were not
limited. .e included studies focused on the effect of
kinesitherapy plus antiosteoporosis medications therapy as a
kinesitherapy group compared with antiosteoporosis med-
ications therapy as a control group for the BMD of POP
(SOP and SMOP). .ose which compared kinesitherapy
alone with another exercise or any other antiosteoporosis
intervention were excluded. .e kinesitherapy should in-
clude weight-bearing, impact, resistance, endurance

training, or a combination of these types of training, and
only single-motion experiments will be ruled out. Health
education can be added to all patients, and all inpatients can
be given routine care..e outcomes included at least lumbar
spine or femoral neck BMD.

2.2. Data Sources and Searches. .e original research articles
were obtained after a search of six electronic English and
Chinese databases, which included PubMed, Science Cita-
tion Index (SCI), EMBASE, Chinese Scientific Journal Da-
tabase (VIP), China National Knowledge Information
(CNKI) database, and Wanfang from their inception to
October 3, 2019. We used the following search strategy
([kinesitherapy OR exercise] AND osteoporosis AND bone
mineral density) in all the English and Chinese databases.

2.3. Study Identification and Quality Assessment. Two re-
viewers (WSX and LSZ) independently screened and
reviewed the title and abstract of the searched studies using
NoteExpress V3.2.0.6992 software. .e full text of the
studies that potentially met the eligibility criteria was ob-
tained, and any potentially relevant references were retrieved
according to predefined eligibility criteria. .e data were
extracted by one reviewer (WSX) using the prepared forms
and checked for accuracy by the second reviewer (LSZ). .e
details extracted from the eligible literature included the
language of publication, participant characteristics, sample
size, methodological information, participant demograph-
ics, experimental and control interventions (category, in-
tensity, frequency, duration, and details of antiosteoporosis
medication treatment), outcomes, and adverse effects [31].
Studies published in multiple reports were only included
once to avoid duplication in this review. Disagreements were
resolved through discussion, and the original author was
contacted if an agreement could not be reached..e primary
outcomes were lumbar spine BMD and femoral neck BMD,
which were expressed as g/cm2 assessed by dual X-ray
absorptiometry or dual photo absorptiometry. .e baseline
and follow-up data pertaining to BMD were calculated. If
follow-up data could not be obtained, the data at the end of
the intervention were used instead.

.e quality of the studies was independently evaluated
by two reviewers (WSX and LSZ) using the Cochrane
Collaboration’s tool for assessing the risk of bias [32]. .e
following recommended domains were considered: selection
bias (random sequence generation and allocation conceal-
ment); performance bias (blinding of participants and
personnel); detection bias (blinding of outcome assessment);
attrition bias (incomplete outcome data); reporting bias
(selective reporting); and other bias, each of which was rated
according to the level of bias and categorized as either low,
high, or unclear.

2.4. Data Analysis. Review Manager 5.2 software from the
Cochrane Collaboration was applied for the data analysis.
Statistical heterogeneity among the studies was assessed
using a chi-square test or by calculating Higgins I2 values
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[33]..e results were pooled using a fixed effect model when
the I2 value was less than 40%. Otherwise, a random effect
model was applied. However, if the I2 value among the
studies was greater than 75%, the heterogeneity was con-
sidered to be substantive and the overall meta-analysis was
not appropriate to conduct, but a sensitivity analysis was
considered to measure the pooled effect. Subgroup analysis
was used to explore the source of heterogeneity if the du-
ration of the intervention exhibited variability. .e con-
tinuous outcomes were calculated for the mean difference
(MD) with standard deviations (SDs) with a corresponding
95% confidence interval (CI), and all P values were two
sided.

3. Results

3.1. Description of Studies. A detailed screening flowchart
depicting the generation of eligible articles is presented in
Figure 1. A total of 791 records were identified via database
searches. After removing duplicates, 507 remained to be
screened for eligibility. Consequently, 21 studies met the
inclusion criteria and were included in the meta-analysis.

Table 1 presents the sample, intervention, and outcome
characteristics. .is review involved a total of 1840 POP
patients (including SOP and PMOP). Part of the subjects
were from outpatient clinics, inpatient settings, and com-
munity or physical examination centers, with the exception
of eleven subjects for whom the sources were unknown. In
the included studies, the subject type consisted of eleven
PMOP patients, five POP patients, and five SOP patients. In
one RCT, the diagnostic criteria for the study were in ac-
cordance with theWHO diagnostic criteria for osteoporosis.
In the seven RCTs, the reference diagnostic criteria for
osteoporosis were Chinese, with one diagnostic criterion for
osteoporosis in Japan; the Chinese diagnostic criteria in-
cluded the Chinese recommended diagnostic criteria for
osteoporosis, the Chinese medical association osteoporosis
diagnosis and treatment guidelines (a second draft) and a
primary bone guide formulated by Chinese Medical Asso-
ciation Osteoporosis and Bone Mineral Disease Branch; one
RCTused Western diagnostic criteria for disease; four RCTs
only mentioned the diagnostic criteria in accordance with
the diagnostic criteria of PMOP or POP; and five RCTs used
the laboratory examination in which the T value of was less
than or equal to −2.5 SD in at least one site; the diagnostic
criteria in the remaining RCT did not elaborate. .e whole
RCTs compared kinesitherapy plus medication treatment
with medication treatment alone. Kinesitherapy involves
comprehensive exercises rather than individual exercises. Of
those RCTs, only one RCTused traditional Chinesemedicine
(e.g., kidney method), and the remaining RCTs were treated
with Western medicine. All of the RCTs included a measure
of lumbar spine BMD, and five of the RCTs included lumbar
spine and femoral neck BMD.

3.2. Methodological Quality. As shown in Figure 2, twelve
studies described the generation of random sequences. Five
of these studies used a random number table, three of these

used simple random methods, three studies used computer-
generated random numbers, and the remaining one trial
used the method of lottery. .ree trials involve allocation
concealment. However, the blind intervention associated
with the intervention exercises cannot be implemented
blindly. One study described that the data analysis was based
on the author’s own statistics. One study described an exit
from the case, but did not explain the reason. .ere were no
dropouts indicated or explanations for withdrawal in the
remaining studies. All of the included studies were con-
sidered to have a high risk of bias.

3.3.Meta-Analysis of Lumbar Spine BMD. All the controls in
the literatures were kinesitherapy plus antiosteoporosis
drugs versus antiosteoporosis drugs. According to the du-
ration of the intervention, the subgroups were divided into
three groups based on an intervention duration of (1) less
than 6 months; (2) 6 months; and (3) longer than 6 months.

3.3.1. Intervention Duration< 6 Months. Two trials [35, 53]
compared the effect of kinesitherapy plus antiosteoporosis
medications with antiosteoporosis medications alone on
lumbar spine BMD when the duration of intervention was
less than 6 months. .e meta-analyses indicated that there
was no significant difference between the two groups
(MD� 0.02; 95% CI: −0.00–0.05; P � 0.10) (Figure 3).

3.3.2. Intervention Duration� 6 Months. Ten studies
[37, 38, 41, 46, 51, 54] involving 699 participants reported
that after 6months, kinesitherapy had significantly increased
lumbar BMD (MD� 0.11 g/cm2; 95% CI: 0.06–0.15;
P< 0.0001). However, the heterogeneity among the studies
was substantial with I2 � 83%, and no obvious changes were
observed after the sensitivity analysis when any one or two of
the studies were removed (Figure 4).

3.3.3. Intervention Duration＞ 6 Months. Eleven studies
[34, 36, 39, 40, 42–44, 48–50, 52] involving 1019 participants
revealed that when the duration of treatment was longer
than 6 months, the lumbar spine BMD in the kinesitherapy
group significantly increased compared with the control
group (MD� 0.04 g/cm2; 95% CI: 0.02–0.06; P< 0.0001)
with high heterogeneity (I2 � 73%) (Figure 5). .e hetero-
geneity was I2 � 23% after the sensitivity analysis when one
study [40] was removed.

3.4. Meta-Analysis of Femoral Neck BMD. Five trials
[43–45, 47, 53] involving 439 participants compared effect of
kinesitherapy plus antiosteoporosis medications with anti-
osteoporosis medications alone on lumbar spine BMD. .e
meta-analysis revealed a significant antiosteoporosis effect
on lumbar spine BMD (MD� 0.09 g/cm2; 95% CI: 0.03–0.16;
P � 0.004) but with high heterogeneity (I2 � 90%) (Figure 6).
It showed low heterogeneity (I2 � 0%) after the sensitivity
analysis when two studies were removed [45, 47].

Evidence-Based Complementary and Alternative Medicine 3



PubMed
N = 62

SCI
N = 187

Cochrane library
N = 74

Embase
N = 167

VIP
N = 92

CNKI
N = 120

Wanfang
N = 89

284 records were excluded which were duplication
(according to title and author names) or conference papers

Id
en

tif
ic

at
io

n

Potentially relevant 
articles, n = 507 469 articles were excluded by reading their abstract: 

unacceptable participants, n = 171; irrelevant intervention,
n = 40; unqualified control type, n = 46; irrelevant outcome 

assessment, n = 67; narrative reviews, n = 109; zoopery, n = 19; 
and protocol, n = 17.

Sc
re

en
in

g
El

ig
ib

ili
ty

In
clu

de
d

Possible relevant articles, 
n = 38

Full-text articles for more 
detailed evaluation, n = 34. 13 articles were excluded: data cannot be extracted, n = 6;

incomplete data (undefined intervention duration), n = 5;
and substandard intervention methods, n = 2.

Eligible articles with usable
information fulfilling all inclusion 

criteria, n = 21

Studies included in quantitative 
synthesis (meta-analysis), n = 21.

1 article identified from scanning references of relevant 
narrative review; 5 articles did not contain full text.

Figure 1: Details of literature search and selection. SCI: Science Citation Index; VIP: Chinese Scientific Journal Database; CNKI: China
National Knowledge Information database.

Table 1: .e characteristics of all the trails.

Author, year Participants (type,
source, age, sample)

Duration
(months)

Intervention
Outcomes

Kinesitherapy group Control group

Iwamoto
et al., 2001
[34]

PMOP, unspecified,
53–77 years, 28 (KT:

8, CON: 20)
24

Brisk walking (1000 steps in the first
7 days, increase the step count by
30%/week) + gymnastic training
(no details provided)) +CON

Calcium lactate (2.0 g, Qd) and
1α-hydroxyvitamin D3 (1 µg, Qd)

Lumbar spine
BMD

Shen, 2003
[35]

POP, outpatient and
inpatient, 45–80
years, 60 (KT: 30,

CON: 30)

3
Aerobics, tai chi, dance, yangko,
jogging, walking etc. (30–60min/
time, 5–7 times/week) +CON

Tonifying kidney granules (3
times/day, 1 dose/time)

Lumbar spine
BMD

Zhu, 2007
[36]

SOP, outpatient,
60–72 years, 96 (KT:

48, CON: 48)
12

Walking, jogging, tai chi
(30–60min/time, 3–5 times/

week) +CON
Calcium (600mg/d) Lumbar spine

BMD

Liu et al.,
2007 [37]

PMOP, outpatient,
48–61 years, 68 (KT:

36, CON: 32)
6

Draft movement, abdominal
isometric exercises, flexion, and
extension of the upper limbs (20
minutes each time, once every 3

days) +CON

Caltrate D (600mg, Qd) Lumbar spine
BMD

Li et al., 2008
[38]

PMOP, unspecified,
48–61 years, 70 (KT:

38, CON: 32)
6

Draft movement, abdominal
isometric exercises, flexion, and
extension of the upper limbs
(20min/time, once every four

days) +CON

Ossotide injection (50mg, Qd,
20 days in total)

Lumbar spine
BMD

Liu et al.,
2009 [39]

SOP, outpatient
service, 60–94 years,
60 (KT: 30, CON:

30)

12 Walking, jogging, tai chi (60min/
time, 1 time/day) +CON

Fosamax (10mg, once a day) and
calcium (600mg/d)

Lumbar spine
BMD
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Table 1: Continued.

Author, year Participants (type,
source, age, sample)

Duration
(months)

Intervention
Outcomes

Kinesitherapy group Control group
Liu and
Wang, 2012
[40]

SOP, unspecified,
60–81 years, 320

(KT: 162, CON: 158)
12

Tai chi and jogging (no less than
30min/time, no less than 4 times/

week) +CON

Calcium carbonate D3 (600mg,
Qd)

Lumbar spine
BMD

Li et al., 2013
[41]

SOP, hospital, 67± 4
years, 86 (KT:43,

CON: 43)
6

Progressive lumbar dorsal muscle
function exercise includes sitting
training, swallow training and five-
point support training (1-2 times/

day) +CON

Lorelli calcium capsule (l
capsules, 1 time/d for 2
consecutive months)

Lumbar spine
BMD

Ming, 2013
[42]

SOP, hospital, 60–78
years, 96 (KT: 48,

CON: 48)
12

Walking, aerobics, running ,and
tai chi (5 to 7 times a week for 45 to

60 minutes)+ CON

Calcium gluconate (20ml/time, 3
times/day) and vitamin D (400

units, 2 times/day)

Lumbar spine
BMD

Chen, 2015
[43]

PMOP, clinic, 53–
years, 57 (KT: 27,

CON: 30)
12

Brisk walking (15–30 minutes),
resistance strength exercises

(15–20 minutes), and balance and
flexibility exercises (simplify tai chi
and five birds, 15–20min) +CON

Alendronate (70mg, Qd), caltrate
D (600mg, Qd), and alfacalcidol

soft capsules (0.25 μg, Qd)

Lumbar spine
and femoral
neck BMD

Dischereit
et al., 2016
[44]

PMOP, unspecified,
68 years, 42(KT: 25,

CON: 17)
24

Endurance and strength training
program (3 sessions once weekly,

65min) +CON

Adequate calcium and vitamin D
supplementation and

bisphosphonate therapy

Lumbar spine
and femoral
neck BMD

Li et al., 2016
[45]

PMOP, unspecified,
52–76 years, 188
(KT: 94, CON: 94)

6

Mainly includes walking, aerobics,
running, and tai chi (30–60min/

time, more than 3 times/
week) +CON

Caltrate D (1000mg, Qd),
derivatives, vitamin D, and

raloxifene (1 pill, Qd)

Lumbar spine
and femoral
neck BMD

Chen, 2016
[46]

PMOP, unspecified,
53–77 years, 65(KT:

33, CON:32)
6

Brisk walking and tai chi
(30–50min/time, 2-3 times/

week) +CON

Alendronate (70mg,Qd), caltrate
D (600mg, Qd), and alfacalcidol

soft capsules(0.25 μg, Qd)

Lumbar spine
BMD

Xu, 2017
[47]

PMOP, unspecified,
51–67 years, 100
(KT:50, CON:50)

6
Aerobics, tai chi, and jogging

(more than 30min, more than 3
times/week) +CON

Calcine D (2 times/day, 2pills/
time) + estrogen (1 time/day,

60mg/time)

Lumbar spine
and femoral
neck BMD

Chang, 2017
[48]

POP, unspecified,
60–79 years, 84 (KT:

42, CON: 42)
12

Aerobics, walking, swimming,
jogging, and cycling (3–4 times,
not less than 2 times, each exercise

30–60 minutes) +CON

Calcine D 600 (1 tablet once, 2
times a day) and health education

Lumbar spine
BMD

Qi, 2017 [49]

PMOP, community
healthcare center,

45–65 years, 56 (KT:
28, CON:28)

12

Aerobic exercise resistance group,
load bearing, and stretching
(30min/time, 3–5 times/week,

more than 1 h) +CON

Conventional treatment Lumbar spine
BMD

Wen, 2017
[50]

POP, unspecified,
60–78 years, 96 (KT:

48, CON: 48)
12 Jogging, tai chi, etc. (daily) +CON Routine prevention and taking

medicine
Lumbar spine

BMD

Liu and
Yang, 2018
[51]

POP, unspecified,
36–79 years, 80 (KT:

40, CON: 40)
6

Walking, fitness running,
ballroom dancing, and swimming
(at least 12 times a month, each

time ≥30min) +CON

Calcium and vitamin D3 Lumbar spine
BMD

Zheng et al.,
2019 [52]

POP, unspecified,
53–77 years, 84 (KT:

42, CON: 42)
12

Walking, jogging, alternate
running, cycling, etc. (3 to 4 times
per week, the minimum 2 times,

30–60min) +CON

Calcium (300mg/tablet, 2 times/
d,1 tablet/time)

Lumbar spine
BMD

Li et al., 2019
[53]

PMOP, unspecified,
50–65 years, 52 (KT:

26, CON: 26)
3

Brisk walking (30min, once a day,
4d/week) and resistance training
(week 1, 2 weekly complete 1 set
(15 times/set), and then add 1 set

every 2 weeks) +CON

Calcium carbonate D3 (600mg, 1
time/d), alfacalcidol soft capsule
(0.5 g, 1time/d), and sodium
alendronate (70mg, 1 time/d/

weeks) for 3 months

Lumbar spine
and femoral
neck BMD

Yan et al.,
2019 [54]

POP, unspecified,
53–77 years, 52 (KT:

26, CON: 26)
6

Flexible resistance exercise therapy
to exercise the lumbar and dorsal
muscles (5 times/week) +CON

Calcium carbonate D3 (600mg),
vitamin D3 (0.25 UG), health
education, and routine nursing

Lumbar spine
BMD

PMOP, postmenopausal osteoporosis; POP, primary osteoporosis; SOP, senile osteoporosis; KT, kinesitherapy group; CON, control group; BMD, bone
mineral density.
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4. Discussion

4.1. Summary. POP is a worldwide health problem that
primarily impacts postmenopausal women and senile in-
dividuals. Moreover, POP is often related to physical frailty,
an increased risk of falls, substantial morbidity, mortality,
and impairment in quality of life [55]. .e aim of OP
treatment is to improve BMD and prevent fractures.
Nonpharmacological treatment includes a healthy diet,
prevention of falls, and physical exercise programs. Phar-
macological treatment involves calcium, vitamin D, and

medications for activating bone tissue (e.g., antiresorptives,
bone formers, and mixed agents) [56]. In addition, exercise
is considered important for maintaining bone health. In-
dividuals with OP are strongly recommended to regularly
engage in multicomponent exercise programs [57]. More-
over, several studies have confirmed that exercise can in-
crease BMD at the femoral neck and the lumbar spine in
elderly women with osteoporosis [58, 59]. .is review is the
first systematic review and meta-analysis to evaluate the
effect of kinesitherapy on BMD on the lumbar spine and
femoral neck in persons with POP from RCTs. .is study
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Figure 2: Risk of bias summary for each included study.

Study or subgroup Weight
(%)

Mean difference
IV, fixed, 95% CI

Mean difference
IV, fixed, 95% CI 

Kinesitherapy
Mean SD Total

Control
Mean SD Total

Li R, et al. 2019
Shen CF 2003

0.746
0.739

0.062
0.096

26
30

0.709
0.738

0.065
0.073

26
30

61.0
39.0

100.0

0.04 [0.00, 0.07]
0.00 [–0.04, 0.04]

0.02 [–0.00, 0.05]Total (95% CI) 56 56
Heterogeneity: chi2 = 1.63, df = 1 (P = 0.20); I2 = 39%
Test for overall effect: Z = 1.67 (P = 0.10) –0.1 –0.05 0 0.05 0.1

Favours [control] Favours [kinesitherapy]

Figure 3: Kinesitherapy plus antiosteoporosis medications versus antiosteoporosis medications on lumbar spine BMD (intervention
duration< 6 months).

Study or subgroup Weight
(%)

Mean difference
IV, random, 95% CI

Mean difference
IV, random, 95% CI 

Kinesitherapy
Mean SD Total

Control
Mean SD Total

Chen C, 2016
Li CX, et al. 2013
Li HB, et al. 2008
Li XQ, et al. 2016
Liu HQ, et al. 2007
Liu M, et al. 2018
XU ML, 2017
Yan YJ, et al. 2019

0.802
1.012
0.53
1.02
0.52
0.83
1.04 0.18 50 0.86

0.841

0.081
0.114
0.19
0.1

0.17
0.11

0.075

33
43
38
94
36
40

21

0.766
0.855
0.48
0.84
0.45
0.75

0.771

0.088 32 14.1
0.103 43 13.7 
0.22 32 9.1
0.16 94 14.3
0.22 32 9.3
0.09 40 13.8
0.15 50 11.9

0.069 21 13.9

0.04 [–0.01, 0.08]
0.16 [0.11, 0.20]

0.05 [–0.05, 0.15]
0.18 [0.14, 0.22]

0.07 [–0.02, 0.16]
0.08 [0.04, 0.12]
0.18 [0.12, 0.24]
0.07 [0.03, 0.11]

100.0 0.11 [0.06, 0.15]Total (95% CI) 355 344
Heterogeneity: tau2 = 0.00; chi2 = 41.00, df = 7 (P < 0.00001); I2 = 83%
Test for overall effect: Z = 4.64 (P < 0.00001) –0.2 –0.1 0 0.1 0.2

Favours [control] Favours [kinesitherapy]

Figure 4: Kinesitherapy plus antiosteoporosis medications versus antiosteoporosis medications on lumbar spine BMD (intervention
duration� 6 months).
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involved 21 RCTs that included a total of 1840 subjects with
POP (including SOP and PMOP)..e duration of treatment
varied from 3 to 24 months. .e outcome measures pri-
marily consisted of lumbar spine and femoral neck BMD.
.e results of the meta-analysis showed that there were no
statistically significant differences between kinesitherapy
plus antiosteoporosis medications versus antiosteoporosis
medications alone on lumbar spine BMD when the duration
of intervention was less than 6 months (MD� 0.02; 95% CI:
−0.00–0.05; P � 0.10). However, kinesitherapy had a posi-
tive effect on lumbar spine BMD when the duration of inter-
vention was 6 months (MD� 0.11g/cm2; 95% CI: 0.06–0.16;
P< 0.0001) or more than 6 months (MD� 0.04g/cm2; 95% CI:
0.02–0.06; P< 0.0001) compared with antiosteoporosis medi-
cations alone. Furthermore, kinesitherapy had a remarkable
effect on femoral neck BMD (MD� 0.09g/cm2; 95% CI:
0.03–0.16; P< 0.004) when compared with antiosteoporosis
medications alone.

4.2. Limitations and Suggestions for Future Research. A total
of 21 RCTs were included in this review, which showed that
kinesitherapy had a favourable effect on lumbar spine and
femoral neck BMD in patients with POP. Nevertheless, the

interpretation and generalization of this systematic review
andmeta-analysis are subject to some limitations. According
to the Cochrane Collaboration’s tool, low-quality evidence,
which included studies with a high risk of bias, resulted in a
high heterogeneity of the meta-analysis results and favoured
the positive effect of kinesitherapy on BMD in patients with
POP..ere were eleven RCTs that did not report the random
sequence generation, and the remaining RCTs were lacking
detailed descriptions of randomization, which could result
in selection bias. .e performance bias was high since the
blinding of participants and personnel was not imple-
mented. In all of the included trials, whether the blinding of
the outcome assessment was used or not is not mentioned
except for one study which states explicitly that the blinding
of the outcome assessment was not applied and the statistics
of outcome operated by the author. Although one trial
reported reasons for withdrawal and dropout, an intention-
to-treat analysis was not performed in the data analysis
phase for which attrition bias was inevitable. In addition, all
of the study protocols from the trials could not be obtained.
Furthermore, a specific exercise was not designed for the
analysis, which suggests that such an analysis is problematic
due to the diversity of interventions. Only five trials included
the outcome of femoral neck BMD in the currently available

Chang L, 2017
Chen H, 2015
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J lwamoto, 2001
Liu LL, et al. 2012
Liu XX, et al. 2009
Ming XQ, et al. 2013
Qi X, 2017
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Zheng LQ, et al. 2019
Zhu HL, et al. 2007
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Test for overall effect: Z = 4.05 (P < 0.0001)

Figure 5: Kinesitherapy plus antiosteoporosis medications versus antiosteoporosis medications on lumbar spine BMD (intervention
duration> 6 months).
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Figure 6: Meta-analysis of femoral neck BMD.
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studies; thus, the reliability of the treatment effects of
kinesitherapy on femoral neck BMD is reduced. .erefore,
more multicenter, larger sample, long-term, single-blind
RCTs are required to assess the effect of kinesitherapy on
BMD in patients with POP.

5. Conclusion

.e meta-analyses in this study suggest that kinesitherapy
plus antiosteoporosis medications can significantly improve
lumbar spine BMD when the duration of intervention is
longer than 6 months compared with antiosteoporosis
medications alone in the current low-quality evidence. More
high-quality evidence in the form of multicenter, larger
sample, long-term, single-blind, randomized controlled
trials is required to confirm the effect of kinesitherapy on
BMD in patients with POP.
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Age-related loss of skeletal muscle mass and strength or sarcopenia is attributed to the high level of oxidative stress and inadequate
nutritional intake. 'e imbalance in oxidative status with increased production of free radicals results in damage to the DNA
which leads to cell dysfunction. 'is study aimed to determine the effect of Zingiber officinale Roscoe (ginger) on muscle
performance and bone integrity in Sprague Dawley (SD) rats. SD rats aged three (young), nine (adult), and twenty-one (old)
months old were treated with either distilled water or ginger extract at a concentration of 200mg/kg body weight (BW) daily for 3
months via oral gavage. Muscle performance was assessed at 0, 1, 2, and 3 months of treatment by measuring muscle strength,
muscle function, and bone integrity while DNA damage was determined by comet assay. Muscle cell histology was analyzed by
hematoxylin and eosin (H&E) staining. Young and adult ginger-treated rats showed a significant improvement in muscle strength
after 3 months of supplementation. Bone mineral density (BMD) and bone mineral content (BMC) were increased while fat free
mass (FMM) was decreased after 3 months of ginger supplementation in young rats but not changed in adult and old ginger
supplemented groups. Interestingly, supplementation of ginger for 3 months to the old rats decreased the level of damaged DNA.
Histological findings showed reduction in the size of muscle fibre and fascicles with heterogenous morphology of the muscle fibres
indicating sarcopenia was evident in old rats. Treatment with ginger extract improved the histological changes even though there
was evidence of cellular infiltration (mild inflammation) and dilated blood vessels. In conclusion, Z. officinale Roscoe prevents
DNA damage and improves muscle performance and bone integrity in SD rats indicating its potential in alleviating oxidative
stress in ageing and thus delaying sarcopenia progression.

1. Introduction

Sarcopenia is a common disease that occurs among the
elderly which normally affect people aged 60 years old and
above. 'is disease is related to the loss of skeletal muscle

mass and strength which occurs with advancing age [1].
Statistics has shown that 5 to 13% of elderly, aged 60 to 70
years, are affected by sarcopenia [2]. 'is number increases
to 11 to 50% for those aged 80 years and above. A previous
study showed that this muscle deterioration commonly
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occurred among older males as compared to females [3]
which could be characterized by the decrement of muscle
mass, muscle strength, and physical performance [4].
Currently, sarcopenia has become a greater problem among
the elderly because this disease contributes to the reduction
of life expectancies by increasing the risk of frailty, fall,
morbidity, and mortality. 'e cause of sarcopenia is mul-
tifactorial which involves genetic, physiological, and envi-
ronmental factors. It can be attributed to the high level of
oxidative stress, hormonal changes, sedentary lifestyle, and
inadequate nutritional intake [5]. However, high level of
oxidative stress is the main contributor to this muscle de-
terioration disease [6].

Oxidative stress refers to the imbalance between reactive
oxygen species (ROS) production and antioxidant defence
[7]. ROS including hydrogen peroxide (H2O2), hydroxyl
radical (.OH), nitric oxide (NO), and superoxide anion (O2–)
can be produced from endogenous sources such as mito-
chondria, endoplasmic reticulum, and cytochrome c as well
as from exogenous sources such as pollution, ultra violet
(UV) light, and heavy metals [8, 9]. Excessive production of
ROS in the body will result in oxidative damage to several
types of biological molecules such as proteins, DNA, car-
bohydrates, and lipids. Oxidative damage to DNA and
protein could cause alteration of DNA transcription as well
as loss of DNA repair capacity [10]. Meanwhile, oxidative
damage to lipids results in increment of lipid peroxidation
[11]. 'e accumulation of these molecular damages could
lead to mitochondrial dysfunction, mutation, alteration of
cell growth, and differentiation as well as apoptosis. Finally,
the accumulation of these damages could alter the balance
between synthesis and degradation of skeletal muscle pro-
tein which contributes to the pathogenesis of loss of muscle
mass disease including sarcopenia [12]. Currently, several
strategies have been introduced in order to combat these
conditions such as nutritional supplements, hormonal
therapy, and physical exercise which have shown positive
effects on muscle mass and strength [13–15].

Ginger (Zingiber officinale Roscoe) is one of the tradi-
tional herbs or spices that has been studied as an antioxidant
agent against oxidative stress in the pathogenesis of de-
generative diseases. Ginger consists of several bioactive
compounds such as 6-gingerol, 6-shogaol, 10-gingerol,
gingerdiones, gingerdiols, paradols, 5 diacetoxy-6-ginger-
dioal, and 12-gingerol that contribute to many therapeutic
effects including antioxidant, antibacterial, anticancer, anti-
inflammatory, antidiabetic, neuroprotective, and gastro-
protective [16–18].

A previous study showed that ginger extract could ex-
hibit inhibitory effect against α-amylase, α-glucosidase, and
angiotensin-converting enzyme (ACE) activity in type 2
diabetes mellitus rats [19]. Ginger extract also prevented
lipid peroxidation, inhibited ACE activity, and reversed the
expression of inflammatory cytokines and lipid in cardio-
vascular rats [20, 21]. A study carried out by Park et al. [22]
found that 6-shogoal in ginger extract had the ability to
improve the formation of synapse in the brain and inhibit
components of inflammatory pathway such as tumour ne-
crosis alpha (TNF-α), nitric oxide (NO), cyclooxygenase-2

(COX-2), and inducible nitric oxide synthase (iNOS) in the
in vivo Parkinson disease model. 'is finding was similar to
the result from another study performed by Ha et al. [23].

However, no study has been reported which investigated
the effect of ginger extract in improving muscle performance
in ageing. 'us, this study aimed to elucidate the effect of Z.
officinale Roscoe in improving muscle performance in
Sprague Dawley (SD) rats.

2. Materials and Methods

2.1. Zingiber officinale Roscoe Preparation. Fresh ginger was
harvested from Bentong, Pahang, Malaysia. 'e extraction
process was carried out at Department of Chemical Process
Engineering, Universiti Teknologi Malaysia (UTM, Kuala
Lumpur, Malaysia), and ERP Two One Technologies &
Innovations Sdn Bhd (Subang, Malaysia). Standardized
ginger extract was isolated by using the subcritical water
extraction method at optimum temperature of 130°C for
30min with the solvent to solid ratio at 28/2ml/mg [24].'e
extract contains 6-gingerol and 6-shogaol at concentrations
of 289.531mg/mL and 15.466mg/mL, respectively. Ginger
was freeze-dried to form powder and stored at −20°C before
use.

2.2. Animals. For the main study, the SD rats were divided
into three groups: 18 male young 3-month-old SD rats, 18
male adult 9-month-old SD rats, and 18 male aged 21-
month-old SD rats. 'e rats were purchased from Universiti
Kebangsaan Malaysia Laboratory Animal Resource Unit
(LARU). Each age group of rats was further allotted into two
groups: Group 1 was control group which was given 1ml of
distilled water (n= 8) and Group 2 was given 200mg/kg/
body weight (BW) daily of Z. officinale Roscoe (n= 10) for
three months. Each rat was randomly kept in individual
Sealsafe® Plus Rat IVC Green Line (TECHNIPLAST,
Varese, Italy) cage in animal care facility and allowed to
acclimatize for one week before administration of the
treatment. 'roughout the study, the rats were maintained
in animal care facilities with temperature of 24°C and 12 h of
light and dark cycle. 'e rats were also provided with rat
pellet (Gold Coin, Malaysia) and water ad libitum. 'e rat
pellet is composed of minimum 22.0% crude protein con-
tent, maximum 5.0% crude fibre content, minimum 3.0%
crude fat content, maximum 13.0% moisture, maximum
8.0% ash, 0.8%–1.2% calcium, 0.6%–1.0% phosphorus, and
approximately 49.0% nitrogen-free extract. Kenaff (Muhaaz
Enterprise, TerengganuMalaysia) was used as the bedding of
the rats which was changed twice per week.'e animals were
tested based on their groups, starting from Group 1 and
followed by Group 2 for each test performed. 'e experi-
mental design was consented by the Universiti Kebangsaan
Malaysia Animal Ethics Committee (UKMAEC Approval
Number: BIOK/PP/2018/SUZANA/14-MAY/924-JUNE-
2018-MAY-2020). 'e experimental protocol for this re-
search is depicted in Figure 1. 'e number of animals was
chosen based on previous study that used seven rats for
control and eight rats for the treated group to study the effect
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of gelam honey and ginger, along with the approval from
UKMAEC [25].

2.3. Pilot Study. In the pilot study, three female rats were
used. 'e main purpose of this pilot study was to select the
optimum dosage to be used in the main study and to
minimize the number of rats to be used. 'e starting dosage
of Z. officinale Roscoe in this pilot study was 5mg/kg/BW
followed by 50, 300, and 2000mg/kg/BW sequentially for
every five days. Blood was drawn on days 6, 11, 16, and 21 for
liver function test.

2.4. Clinical Observations. 'e rats were observed individ-
ually at 0.5, 1, 2, 3, and 4 h after administration of Z. offi-
cinale Roscoe extract. 'e rats were then observed after 24 h,
followed by observation twice daily thereafter for the du-
ration of 21 days for mortality and clinical toxicity signs.'e
signs of clinical toxicity include changes on skin, fur, eyes,
and mucous membrane, behavioural pattern, tremors, sal-
ivation, diarrhoea, occurrence of secretion, excessive
grooming, repetitive circling, and bizarre behaviour such as
self-mutilation and walking backwards. 'roughout the
experimentation, the rats were also closely monitored for
any signs of pain which include excessive licking or
scratching, redness and swelling at any site, anorexia which
was indicated by the absence of faeces, struggling, squealing,
convulsions, twitching, tremors, weakness, teeth grinding,
hunched up, unwilling to move, and favouring a limb. 'e
other signs of pain include decrease in appetite which were
evidence by few faeces, biting of affected body part, reluc-
tant to move, increased respiration, change in bowel or
urinary activities, and porphyrin discharge which was shown

by red-brown pigment around eyes and nostrils. 'e BW for
each rat was recorded on days 0 (prior to dosing), 6, 11, 16,
and 21.

2.5.AcuteToxicity Study. Twelve female SD rats were used in
the toxicity study. From the pilot study, it was found that the
highest dose of 2000mg/kg/BW Z. officinale Roscoe extract
did not cause mortality and toxicity signs. 'us, the dosage
of 200mg/kg/BW Z. officinale Roscoe extract was selected
for the main study. 'us, this dose was used for acute
toxicity study and treatment was given either orally once
(single unrepeated dose) or orally daily (repeated dose) for
14 days. 'e extract was freshly prepared before adminis-
tration and calculated based on the current BW of the rat.
'e rats were then observed individually at 0.5, 1, 2, 3, 4, and
24 h, followed by observation twice daily thereafter for the
duration of 14 days for mortality and clinical toxicity signs.
'e BW for each rat was recorded on days 0 (prior to
dosing), 7, and 14. Blood was also collected on days 0, 7, and
14 for liver function test. After the animals were sacrificed,
all organs were then collected, weighted, and observed for
any sign of toxicity.

2.6. Grip Strength Test. 'e front paws and hind paws grip
strength were measured using Bioseb’s Grip Strength Test
(USA) machine.'e grip strength was used to determine the
maximal peak force developed by a rat when it pulled out the
metal bar. 'e machine was set up on a strong and stable
table. 'e rat was allowed to grasp the metal bar by its front
paws when it was pulled by the tail backwards in horizontal
plane. Peak tension, the force applied to the bar just before it
loses grip, was recorded in grams unit. 'e rats were pulled

Acclimatized
7 days Treatment (90 days)

Acclimatized
day 7

Daily oral gavage
Group 1: 1ml distilled water (n = 8)

Group 2: 1ml 200mg/kg/BW of Z. officinale Roscoe (n = 10)
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Body weight(i)
(ii)

(iii)
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(v)

(vi)
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(i)
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(iii)
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(i)
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(iii)
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(v)

(vi)
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Figure 1: 'e timeline for the experimental protocol.
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three times and the machine would record the highest peak
tension. 'en, the same procedure was repeated for the hind
paw grip strength measurement.

2.7. Rotarod Test. An automated rotarod (Med Associates,
St. Albans, VT, USA) was used to assess muscle function by
evaluating grip strength and balance. Each rat was placed on
the rotating cylinder with a constant speed rotation (16 rpm)
over 300 s where they had to walk to maintain their position
on the cylinder. Test ended when rat fell from the rod, and
the latency to fall was recorded (max 300 s). Each rat was
tested three times with 10min of rest between each test. Data
are presented as the average of the three tests. 'e test was
performed at 0, 1, 2, and 3 months of supplementation.

2.8. Measurement of Bone Mineral Density, Bone Mineral
Content, and Lean BoneMineral Content. For the analysis of
computerized tomography of bone density, the entire body
of the rat was scanned by applying dual energy X-ray
absorptiometry (DXA) (Hologic Discovery W, Bedford,
USA). 'e rat was first anesthetized and left for 10 to 15min
for its sedative effect. 'e sedated rat was then laid down on
the X-ray platform and scanning was performed within
3min duration. As scanning was performed, a large radi-
ating scanning arm was moved over the rats and a low-dose
X-ray beam was passed through the rats. 'ese radiation
changes were converted to the quantification of bone
mineral density (BMD), bone mineral content (BMC), lean
BMC, and percentage of fat free mass (FFM) of each rat by
the Hologic software.

2.9. Open Field Test. 'e rat was carried to the test room in
its home cage and was handled by the base of their tails at all
times. 'e open field test was carried out in a square and
black painted wooden box of 60 cm× 60 cm. 'e rat was
placed into one of the four corners facing towards the wall of
the box and allowed to explore the field for 5 minutes in
which its movement was recorded by a video camera
mounted to the ceiling. 'e rat was simultaneously assessed
using HVS Image Software 2017, based on the parameters of
interest which include total path length and percentage of
time moving. After the 5-minute test, the rat was returned to
its home cage and the wooden box was wiped with 70%
ethanol and permitted to dry between tests.

2.10. Blood Collection. Blood was withdrawn from each rat
on days 0, 30, 60, and 90 of treatment by orbital sinus
collection methodology. 'e rat was anesthetized prior to
blood collection and was handled with thumb and forefinger
of the left hand. Skin around the rat’s eye was pulled out until
the eye bulged out and a capillary tube was inserted with
slight thumb pressure into the medial canthus of the eye at
30° angle to the nose. Blood was flown through the capillary
tube after puncturing through the tissue and plexus/sinus. A
total of 3ml of blood was collected into EDTA tube before
gently removing the capillary tube. Bleeding was then
stopped by applying a gentle pressure by the finger and

wiped with sterile cotton. 'e collected blood was later
centrifuged and plasma was kept in −80°C freezer for further
analysis.

2.11. Analysis of Damaged DNA by Comet Assay. Comet
assay was performed as described by Singh et al. [26] with
slight modification. Fully frosted microscope slides were
coated with a thin layer of 0.6% normal melting point
agarose (Sigma-Aldrich, St. Louise, MO, USA) and placed at
room temperature for 10 minutes. Once the first agarose
layer was solidified, a mixture of 5 μL of whole blood with
0.6% low melting point agarose (Sigma-Aldrich, St. Louise,
USA) was applied as the second layer. 'en, the slides were
immersed in chilled fresh lysing solution (2.5M NaCI,
100mMNa2EDTA-2H2O, 10mM Tris at pH 10, 1% sodium
N-lauroylsarcocinate, 1% Triton X-100, and 10% dime-
thylsulfoxide) for 1 h at 4°C. After lysis, the slides were
placed in a horizontal electrophoresis tank filled with chilled
fresh buffer (0.3M NaOH and 1mM Na2 EDTA) for 20
minutes to allow unwinding of the DNA followed by 20
minutes electrophoresis at 25V with the current adjusted to
300mA. After electrophoresis, the slides were rinsed twice
with neutralization buffer (0.4M Tris Base, pH 7.5) to
neutralize the excess alkali and were stained with ethidium
bromide (20 μg/mL) (Sigma-Aldrich, St. Louise, MO, USA).
'en, the slides were kept at room temperature to dry for
later analysis. 'e slide was examined at 40x magnifications
using a fluorescence microscope (Olympus, UK) where
photomicrographs of 500 randomly selected nonoverlap-
ping cells on each slide were captured. 'e slides of each rats
were made in triplicate. All of the above procedures were
performed in the dark. Comet images were analyzed using
CASP software (CASP, Wroclaw, Poland). Percentages of
tail DNA, tail length, tail moment, and olive tail moment
were recorded to evaluate DNA damage.

2.12. Euthanization of Animals. 'e anaesthesia agents used
in this study were KTX agents which are the combination of
ketamine, xylazine, and zoletil-50 (tiletamine and zolaze-
pam). 'e KTX agents were administered based on 0.1ml/
250 g of rat BW for each rat by intraperitoneal injection, at
the lower right quadrant of the abdomen due to its rapidity,
efficacy, and minimal pain, fear, and distress. 'e rats were
then left for about 30min for the KTX agents to give their
sedative effect. 'is was observed by clinical signs, including
disorientation and loss of consciousness, depression of
respiration or rapid irregular breathing, progressively de-
clined heart rate and blood pressure, urination, and defe-
cation. Later, the rats were euthanized by decapitation
method using decapitator (Modiezham Sdn. Bhd., Kuala
Lumpur, Malaysia).

2.13. Collection of Organs. All rats were fastened overnight
on day 90 before sacrificing for necropsy examination. 'e
organs such as the heart, liver, kidneys, brain, and quad-
riceps muscle were dissected from the sacrificed rats. All
organs were washed with 90% normal saline to remove any
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adherent tissue and later weighted. 'e weight of the organs
was taken as quickly as possible to avoid drying, and they
were analyzed in relative to the BW of the animals.

2.14. Histological Analysis. Quadriceps muscle tissues were
fixated in 10% neutral formalin to preserve it permanently.
'e tissue was cut into small section and placed inside plastic
cassette to hold the tissue while being processed by auto-
mated vacuum tissue processor (STP 120 Spin Tissue Pro-
cessor, 'ermo Fisher Scientific, Massachusetts, USA).
'en, the tissue was embedded to be made as block of
paraffin (Surgipath® Paraplast® from Leica Biosystems
Richmond Inc., Illinois, USA). 'e tissue was later cut into
section of 5 μM by using Leica RM2135 Manual Rotary
Microtome (Leica, Nussloch, Germany). 'e cut sections
were then floated on a 38°C preheated warm water bath
(Leica HI1210 Water Bath, Leica, Nussloch, Germany),
before picking it up on glass microscopic slide. 'e glass
slide with tissue section attached was further warmed at 50°C
for 30min in Memmert UN50 Universal Oven (Memmert,
Buechenbach, Germany). Haematoxylin and eosin (H&E)
staining was then performed.'e stained section of the slide
was mounted by DPX mountant (VWR International Ltd.,
Poole, England) and covered with thin cover slides. 'e
staining later was viewed under dissecting BX53 Microscope
(Olympus, Tokyo, Japan) with built-in light source and
camera attachment linked to LCD for the visualization of
H&E staining.

2.15. Statistical Analysis. All data were expressed as
mean± standard deviation (SD); a p value of <0.05 was
considered statistically significant. SPSS software version 25
was used to carry out the statistical analysis. Data acquired
were analyzed by using one-way ANOVA followed by a post
hoc Bonferroni test.

3. Results

3.1. Clinical Observations. No physical and behavioural
changes were observed on all treated rats after oral ad-
ministration of Z. officinale Roscoe for 14 and 21 consecutive
days in both pilot and toxicity studies. No mortality was
recorded in both studies.

3.2. Rats’ Body Weight of Pilot and Toxicity Studies. No
change was observed on the BW of rats in the pilot study
from day 0 till day 21 (Figure 2(a)). For acute toxicity study,
the BW of the rats was retained throughout the study from
day 0 till day 14 of the study (Figures 2(b) and 2(c)).

3.3. Relative Organ Weight (ROW) of Pilot and Toxicity
Studies. 'e ROW of pilot study, single unrepeated dose of
acute toxicity study, and daily dose of acute toxicity study is
shown in Figure 3. 'e ROW of the lung for daily dose of
acute toxicity study was significantly decreased compared to
ROW of lung for pilot study (p< 0.05). However, the ROW
of the liver for daily dose of acute toxicity study was

significantly increased as compared to ROW of liver for pilot
study (p< 0.05).'e ROWof the brain for single unrepeated
dose and daily dose of acute toxicity study was significantly
decreased as compared to the ROW of the brain for pilot
study (p< 0.05).

3.4. Liver Function Test. 'e liver function test for pilot and
acute toxicity studies on various days is shown in Table 1.
'e levels of total protein, albumin, globulin, albumin/
globulin ratio, total bilirubin, aspartate transaminase, ala-
nine transaminase, alkaline phosphatase, and gamma-glu-
tamyl transferase of rats in the pilot study and single
unrepeated dose of toxicity study were not significantly
different between the different days. However, the levels of
total protein and globulin on days 7 and 14 of daily dose of
toxicity study were significantly increased compared to day 0
and day 7, respectively (p< 0.05).

3.5. Body Weight and Relative Organ Weight of Main Study.
'e BW of young, adult, and old rats was significantly in-
creased within and between the group of treatments
(Figure 4(a)). BW data were analyzed using a one-way re-
peated measure ANOVA followed by Bonferroni corrected
t-test with p value< 0.05.

Measurement of the organ weight showed that the ROW
of spleen and brain was significantly increased in young rats
treated with ginger as compared to untreated control
(p< 0.05) (Figure 4(b)). For old rats however, the ROW of
right kidney was significantly decreased compared to un-
treated control (p< 0.05) (Figure 4(d)).

3.6. Measurement of Grip Strength. 'e grip strength of front
paws was significantly decreased at 3 months in control adult
rats as compared to control young rats (p< 0.05) (Figure 5(a)).
Treatment with ginger significantly increased the grip strength
at 1, 2, and 3 months of young rats as compared to untreated
control (p< 0.05). Treatment with ginger significantly in-
creased the grip strength at 3months of adults rats as compared
to untreated control adult rats (p< 0.05).

'e grip strength of hind paws was significantly in-
creased at 0 and 2 months in young rats treated with ginger
as compared to untreated control young rats (p< 0.05)
(Figure 5(b)). A similar increase was observed in the grip
strength at 0 months in control adult rats while it decreased
at 3 months as compared to control young rats (p< 0.05).
Treatment with ginger significantly increased the hind paws
grip strength at 0 and 3 months in adult rats as compared to
untreated control adult rats (p< 0.05). 'e grip strength of
hind paws was significantly decreased at 1 and 3 months in
control old rats as compared to control young rats (p< 0.05).

3.7. Measurement of Muscle and Bone Integrity. Muscle and
bone integrity were represented by bone mineral content,
bone mineral density, lean bone mineral content, and
percentage of fat free mass (Figure 6). Bone mineral content
was significantly decreased at 3 months in young rats
treated with ginger as compared to untreated control young
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rats (p< 0.05) (Figure 6(a)). In control adult rats, bone
mineral content was significantly increased at 2 and 3
months while in control old rats it was significantly in-
creased at 1, 2, and 3 months as compared to control young
rats (p< 0.05).

Bone mineral density was significantly decreased at 1
and 3 months in young rats treated with ginger as
compared to untreated control young rats (p< 0.05)
(Figure 6(b)). In control adult rats, bone mineral density
was significantly increased at 0, 1, 2, and 3 months while

in control old rats, it was significantly increased at 0 and 1
month as compared to untreated control young rats
(p< 0.05).

Lean bone mineral content was significantly decreased at
0, 1, and 3 months in young rats treated with ginger as
compared to untreated control young rats (p< 0.05)
(Figure 6(c)). In control adult rats, lean bone mineral content
was significantly increased at 0, 1, and 3 months while in
control old rats, it was significantly increased at 0, 1, and 3
months compared to untreated young control rats (p< 0.05).
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Percentage of fat free mass was significantly increased at
0, 1, and 2 months in control adult rats as compared to
untreated young control rats (Figure 6(d)). No significant
change in the percentage of fat mass was observed in other
groups of rats.

3.8. Measurement of Muscle Function by Open Field Test.
No significant change was observed in total path and speed
of movement of young, adult, and old rats as measured by
the open field test (Figure 7).

3.9. Measurement of Muscle Function by Rotarod Test. No
significant change was observed in the time of fall of young,
adult, and old rats as measured by the rotarod test (Figure 8)

3.10. Analysis of Damaged DNA. Damaged DNA was
measured by comet assay in old rats which is represented by
tail length, tail moment, tail DNA percentage, and olive
moment. 'e tail length, tail moment, and olive moment
were significantly increased at 1 month but decreased at 2
and 3 months in old rats treated with ginger (p< 0.05)
(Figure 9(a)). A similar increase was observed in tail DNA
percentage at 1 month in old rats treated with ginger but
decreased at 3 months of ginger treatment (p< 0.05).

3.11. Histological Observation. Histological examination of
H&E-stained cross sections of the quadriceps femoris
muscle revealed polyhedral-shaped fibre with acidophilic
sarcoplasm and peripherally located flat nuclei in both
young and adult control groups and also in the ginger-
treated groups (Figures 10(a), 10(b), 10(d), and 10(e)). Each
muscle fibre was surrounded by thin connective tissue of
perimysium (Figure 10, arrow).

'ere was an apparent decrease in the size and number
of the muscle fibres and fascicles in the old control group
(Figure 10(c)). 'e shape of the muscle fibres appeared
angulated and separated by a wide connective tissue
endomysium. Dilated blood vessel was also seen in between
the muscle fibres (Figure 10(c)). 'e perimysium separating
the muscle fascicles was wide.

Old rats treated with ginger showed heterogenous
morphology of polyhedral and angulated muscle fibres of
various sizes (Figure 10(f )). 'e connective tissue of
endomysium and perimysium appeared narrower in most
areas compared to that of the old control group. In lon-
gitudinal section, cellular infiltration was observed be-
tween the muscle fibres of the old control group
(Figure 11(c)) but was not apparent in the old ginger-
treated group (Figure 11(f )). Fat infiltration, disruption of
muscle fibres, vacuole formation, and centrally located
nuclei (evidence of regeneration) were not evident in all
groups.

Table 1: 'e liver function test results of pilot study, single unrepeated dose of acute toxicity study, and daily dose of acute toxicity study.

Total protein Albumin Globulin A/G ratio Total
bilirubin AST ALT Alkaline

phosphatase
Gamma
GT

Pilot study, n� 3
Day
0 84.00± 1.00 28.00± 1.00 56.00± 1.00 0.50± 0.00 2.28± 0.99 248.00± 63.66 84.00± 17.44 251.67± 137.01 4.00± 0.00

Day
6 74.00± 6.56 24.00± 2.65 50.00± 6.93 0.50± 0.10 1.71± 0.00 235.33± 125.13 94.00± 27.87 230.33± 117.17 4.00± 0.00

Day
11 89.67± 8.62 28.00± 2.65 61.67± 6.03 0.47± 0.06 1.71± 0.00 244.67± 40.55 100.33± 26.56 230.33± 153.94 4.00± 0.00

Day
16 88.67± 22.05 27.67± 3.79 61.00± 18.33 0.50± 0.10 2.85± 1.97 241.00± 59.40 111.33± 20.40 289.00± 145.66 4.00± 0.00

Day
21 65.00± 0.00 25.00± 0.00 40.00± 0.00 0.60± 0.00 1.71± 0.00 118.00± 0.00 80.00± 0.00 162.00± 0.00 4.00± 0.00

Single unrepeated dose of acute toxicity study, n� 6
Day
0 76.50± 3.94 26.83± 1.17 49.67± 4.18 0.55± 0.05 1.71± 0.00 305.17± 70.44 96.00± 15.56 285.00± 55.95 4.00± 0.00

Day
8 78.83± 5.19 27.67± 1.86 51.17± 3.87 0.53± 0.05 1.71± 0.00 230.17± 22.13 98.00± 6.63 282.00± 71.56 4.00± 0.00

Day
15 77.17± 2.32 25.83± 1.47 51.33± 2.16 0.48± 0.04 1.71± 0.00 319.67± 59.71# 110.83± 13.93 299.50± 68.95 4.00± 0.00

Daily dose of acute toxicity study, n� 6
Day
0 71.33± 3.50 27.17± 1.17 44.17± 4.26 0.62± 0.08 1.71± 0.00 210.00± 47.72 79.00± 11.26 219.33± 43.02 4.00± 0.00

Day
8 91.17± 14.50∗ 30.67± 2.94 60.50± 11.91∗ 0.52± 0.08 2.00± 0.07 241.67± 65.09 90.83± 25.88 215.33± 56.22 4.00± 0.00

Day
15 73.67± 3.20# 28.00± 1.67 45.67± 3.83# 0.62± 0.08 1.71± 0.00 209.00± 43.72 88.00± 15.36 222.50± 43.26 4.00± 0.00

'e data are presented as mean± SD; ∗p< 0.05, significantly different compared to day 0; #p< 0.05, significantly different compared to day 8, with a post hoc
Bonferroni test.
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4. Discussion

Sarcopenia is a geriatric syndrome that involves decline of
muscle mass and strength which increases the risk of
disability, mobility loss, and mortality [27]. One of the
causes that contribute to the pathogenesis of sarcopenia is
the presence of high level of oxidative stress in the body
[28]. Generally, oxidative stress occurs when the produc-
tion of ROS is higher as compared to the production of
antioxidant. 'e overproduction of ROS could result in
DNA damage and cell dysfunction which later might
contribute to the deterioration of muscle mass and
strength. 'us, in this study, we elucidated the effect of
ginger (Z. officinale Roscoe) in improving muscle perfor-
mance in SD rats. 'ree groups of male SD rats were used
in this study which were 3-, 9-, and 21-month-old rats.
'ese three groups of rats were treated either with ginger
extract or distilled water. Muscle performance of rats was
evaluated by measuring muscle strength, muscle function,
and muscle and bone integrity while DNA damage was
measured via comet assay and histological analysis by H&E
staining.

Ginger has been extensively studied as antioxidant and
anti-inflammatory agent in various types of diseases in-
cluding diabetes, cardiovascular disease, hypertension, and
others. Ginger extract has been proven to improve the ex-
pression of antioxidant enzyme as well as restore the level of
glutathione in Alzheimer’s disease [29]. Besides, ginger
extract also exhibits a positive effect in osteoarthritis disease
by decreasing the level of TNF-α, IL-8, and hs-CRP [30, 31].
In type 2 diabetes, supplementation of powdered ginger
capsule has attenuated the level of glucose, MDA, CRP, and
insulin resistance together with the improvement of anti-
oxidant capacity and serum paraoxonase-1 [32].

Our findings showed that the ginger extract used in this
study did not cause any toxicity effect as no toxicity and
mortality were observed in the pilot and toxicity studies. No
change in BWwas observed in this study. Gross pathological
evaluations showed no signs of organs abnormalities on each
organ of the pilot and toxicity studies. Generally, the ROW
also showed no differences. 'e value of biochemical pa-
rameters of liver function test showed no differences in this
study. 'is finding was in line with another study which
reported that subchronic oral administration of ginger oil up
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to 500mg/kg per day did not show any toxic effect to Wistar
rats in terms of hematological parameters, renal parameters,
and histopathological parameters of kidney [33]. Con-
versely, another toxicity study of 60-day subchronic ginger
supplementation reported that 10mL/kg of ginger fixed oil
induced oxidative stress, cellular toxicities, and organ’
toxicities in kidneys, liver, spleen, and lungs [34].

In this study, muscle strength was determined by the grip
strength test while muscle function was assessed by the open
field test and rotarod test. Our findings showed that muscle
strength was decreased with increasing age of the rats.
Treatment with ginger extract for 3 months was able to
increase the grip strength of young rats as early as 1 month
after treatment. However, no similar effect was observed in
adult and old rats treated with ginger. 'is could be due to
the higher muscle regenerative capacity of the young ginger-
treated rats than adult or old ginger-treated rats. 'e muscle
regenerative capacity totally depends on the regeneration of

satellite cells which slowly decreased with ageing [35]. It has
been reported that the number of satellite cells decreased as
ageing occurs [36]. A study conducted by Khor et al. [37]
reported that senescent myoblast has low proliferative ca-
pacity, which showed downregulation of myogenic differ-
entiation genes, but the expression of oxidative damage-
associated gene was increased which may contribute to the
decreased muscle regenerative capacity of adult and old
ginger-treated rats observed in this study.

'e findings on muscle strength in this study could also
be due to the accumulation of ROS in adult and old ginger-
treated rats which was higher than young ginger-treated rats.
'is is because with the advancing of age, there is over-
production of ROS in the body and the capacity to remove it
from the body was decreased [38]. A previous study reported
that the accumulation of ROS in senescent myoblast could
contribute to the modifications in the cell membrane, ex-
tracellular matrix (ECM), and cytoskeleton by altering
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young rats at 0 months; bp< 0.05, significantly different compared to control young rats at 1 month; cp< 0.05, significantly different
compared to control young rats on at 2 months; dp< 0.05, significantly different compared to control young rats on at 3 months, with a post
hoc Bonferroni test.
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Figure 6: Continued.
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cellular metabolism and pathway [39]. 'ese cell structures
are essential in maintaining the integrity of myoblast cell
structure.

Moreover, accumulation of ROS could lead to the
content reduction of myosin protein as well as inhibit the
occurrence of transcriptional process of myostatin gene
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Figure 6: 'e (a) bone mineral content (BMC), (b) bone mineral density (BMD), (c) lean BMC, and (d) percentage of fat mass of young,
adult, and old rats. Data are presented as mean± SD (n� 8 (control rats); n� 10 (Z. officinale-treated rats)). ap< 0.05, significantly different
compared to control young rats at 0 months; bp< 0.05, significantly different compared to control young rats at 1 month; cp< 0.05,
significantly different compared to control young rats at 2 months; dp< 0.05, significantly different compared to control young rats at 3
months, with a post hoc Bonferroni test.
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Figure 7: 'e (a) total path and (b) speed of movement of young, adult, and old rats. Data are presented as mean± SD (n� 8 (control rats);
n� 10 (Z. officinale-treated rats)). No significant changes were found.
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resulting in imbalanced protein synthesis and protein
breakdown [40, 41]. 'e deterioration of myosin expression
also caused dysfunction of myofilament which later can affect
the muscle performance [41]. Besides, the presence of ROS in
the body will result in decreased production of acetylcholine
in synaptic cleft that contributes to the failure of action

potential production by sarcolemma as well as affects the
neuromuscular junction which is essential in preserving
muscle strength and quality [42, 43]. 'e continuous pro-
duction of ROS also contributes to changing the morphology
of neuromuscular junction and reducing the number of fibre
and innervation [44].
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Figure 9: 'e level of damaged DNA of old rats was measured based on (a) tail length, (b) tail moment, (c) tail DNA percentage, and (d)
olive moment using the comet assay method. Data are presented as mean± SD (n� 8 (control rats); n� 10 (Z. officinale-treated rats)).
∗p< 0.05, significantly different compared to control old rats with a post hoc Bonferroni test.
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In this study, muscle and bone integrity were determined
by measuring bone mineral density (BMD), bone mineral
content (BMC), and fat free mass (FFM). 'e results of the
present study showed that BMC, BMD, lean BMC, and FFM
were increased with increasing age of the rats. Treatment
with ginger for three months did not cause any significant
effect to all parameters measured in all groups of rats.
However, in young rats, ginger treatment caused a reduction

in BMC, BMD, and lean BMC. 'ese observations could be
due to short-term supplementation of ginger extract in the
treated group of rats. BMD, BMC, and lean BMC are major
determinants of bone strength since they are involved in
bone structure process. As ageing occurs, there is abundant
generation of ROS with insufficient support of antioxidant
system which later gives a negative effect towards osteoblast
and osteoclast regulation [45]. 'e accumulation of

(a) (b) (c)

(d) (e) (f )

Figure 10: Cross section of H&E-stained rat muscle fibres and fascicles of the quadriceps femoris muscle. Rats treated with distilled water:
(a) young, (b) adult, and (c) old control groups. Rats treated with Z. officinale: (d) young-, (e) adult-, and (f) old-treated groups. Each muscle
fibre was surrounded by epimysium (black arrow), and the muscle fascicle was surrounded by abundant connective tissue (★). Dilated blood
vessel is shown by blue double arrows. Images were photographed at 400x magnification.

(a) (b) (c)

(d) (e) (f )

Figure 11: Longitudinal section of H&E-stained rat muscle fibres and fascicles of the quadriceps femoris muscle. Rats treated with distilled
water: (a) young, (b) adult, and (c) old control groups. Rats treated with Z. officinale: (d) young-, (e) adult-, and (f) old-treated groups. Many
nuclei are seen infiltrating the muscle fibres (oval area). Images were photographed at 400x magnification.
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oxidative stress during ageing could affect the bone turnover
by triggering imbalance production of cells responsible for
bone resorption and formation [46]. A previous study has
proven that dietary compounds with enriched antioxidant
and anti-inflammatory properties have promising bone
protective effects. A study conducted by Varela-López et al.
displayed that CoQ10 supplementation could contribute to
the lowest loss of BMD in aged rats by preventing DNA and
lipid damage [47]. In another study, they found that intake
of dried plum that consists of enriched antioxidant prop-
erties could improve alkaline phosphatase activity, insulin-
like growth factor-1 (IGF-1), and BMD in postmenopausal
women by suppressing the rate of bone turnover [48].
Moreover, blueberry supplementation in rats improved the
bone formation rate, osteoblast number, and levels of tra-
becular bone volume together with inhibition of osteoblast
senescence and bone loss [49]. Hence, long-term supple-
mentation of ginger extract may exhibit a similar effect as
other antioxidant dietary compounds in improving BMC,
BMD, and lean BMC in aged rats.

'e findings of this study also showed that treatment of
ginger for 3 months to the old rats was able to decrease the
level of damaged DNA.'is indicates the potential of ginger
in alleviating DNA damage caused by overproduction of
ROS. 'is finding was in line with current result which
found that treatment with ginger significantly increased the
grip strength of front and hind paws of young and adult rats
as compared to untreated control. 'e potential of ginger as
antioxidant agent in decreasing the level of ROS has been
reported in previous findings. A study conducted by Tung
et al. found that ginger root extract has shown antioxidant
and acetylcholinesterase inhibitory activity in Alzheimer’s
disease [50]. 'is was supported by another finding which
reported that 6-gingerol in ginger extract has the ability to
increase the expression of antioxidant enzyme as well as
restore glutathione level [29]. 'e antioxidant properties of
ginger have also been reported in a study carried out by
Fahmi et al. [51] which found that ginger extract was able to
lessen the severity of diethylnitrosamine (DEN) toxicity in
rats by increasing the level of serum high-density lipoprotein
(HDL) and plasma glutathione peroxidase (GSH-Px) ac-
tivity, accompanied by decreased low-density lipoprotein
(LDL), serum alanine aminotransferase (ALT), and alkaline
phosphatase (ALP). In another study, ginger has been
proven to attenuate lipid peroxidation with reduction of
MDA level and increase glutathione S-transferase activity in
the liver of Wistar rats [52]. 'ere was also significant re-
duction in body weight and lipid droplet deposition in the
rats’ liver.

Histological analysis carried out in this study showed
that sarcopenia is evident in the muscle of old rats but it is
still in the early stage. Apparent reduction in the size of
muscle fibre and fascicles with heterogenous morphology of
the muscle fibres and mild sequestration of cellular infil-
tration were observed. However, the full-blown sarcopenic
histological findings such as fat infiltration, mononuclear
infiltration, disruption of muscle fibre arrangement, and
vacuole formation were absent. 'ese sarcopenic changes,
however, were lesser in old rats treated with ginger extract

even though there was evidence of cellular infiltration (mild
inflammation) and dilated blood vessels. 'e sarcopenic
changes observed in old rats in this study were milder as
compared to another study which showed that muscle fibres
of diabetic rats treated with Centella asiatica have increased
in size, appeared in closely space, and become more con-
tinuous as well as the muscle fibres have been restored in
regular polygonal shape [53]. However, this result was
similar with a previous study which found that treatment
with mixed Japanese herbs known as “Dokhwalgisaeng-
tang” on disuse muscle atrophy rats has decreased the
myofibre size of the gastrocnemius muscle [54]. 'e accu-
mulation of nuclei around the myofibres was also observed
indicating the presence of inflammatory cells. 'e lesser
sarcopenic changes in old rats treated with ginger observed
in this study may indicate the ameliorative action of ginger
as antioxidant agent by enhancing structural protein syn-
thesis. 'is is because the production of excessive ROS in
skeletal muscle could cause sarcopenia leading to deleterious
structural changes by affecting the muscle fibres lipid
membrane bilayer [55]. Furthermore, the presence of excess
ROS will cause imbalance between protein synthesis and
degradation which later contributes to the reduction in
skeletal muscle fibres [56].

'e molecular finding from this study was limited as it
focused on the outcome of ginger supplementation on
muscle performance. 'erefore, further study is needed to
elucidate the molecular mechanism of ginger in improving
muscle performance. By performing a molecular study, the
exact mechanism of ginger in reducing the level of oxidative
stress in the muscle can be confirmed which can be used as a
preventative measure for muscle disease, such as sarcopenia.
However, the improvement of muscle performance in SD
rats supported by the histological findings and the reduction
of DNA damage observed in the present study strengthen
the properties of ginger as an antioxidant agent, and thus it
can be potentially used to alleviate oxidative stress and
prevent age-related muscle disease.

5. Conclusions

In conclusion, ginger or Zingiber officinale Roscoe prevents
DNA damage and improves muscle performance and bone
integrity in Sprague Dawley rats indicating its potential in
alleviating oxidative stress in ageing and thus delaying
sarcopenia progression.
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