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Panax notoginseng saponins alleviate osteoporosis and joint
destruction in rabbits with antigen-induced arthritis
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Abstract. Although a number of anti-rheumatic drugs and
biologics may be used to alleviate the symptoms of rheuma-
toid arthritis (RA), these compounds have been associated
with bone loss and joint destruction; thus, alternative treat-
ment approaches are required. In the present study, various
plant extracts were evaluated for their capacity to inhibit joint
destruction, and Panax notoginseng saponins (PNS), obtained
from the Traditional Chinese Medicine Panax notoginseng,
was identified as such a compound. Therefore, a rabbit
antigen-induced arthritis (AIA) model was generated by
immunization with ovalbumin in Freund's complete adjuvant,
followed by treatment with PNS for 3 months. The morphology
of the quadriceps femoris muscle, cartilage chondrocytes and
skeletal elements was histologically observed by transmis-
sion electron microscopy (TEM), as well as micro-computed
tomography. The results revealed that PNS significantly
reduced the histopathological alterations associated with
arthritic muscular atrophy and inflammation. In addition,
TEM demonstrated that PNS protected chondrocytes from
RA-associated damage. Furthermore, the bone density and
microarchitecture in rabbits treated with PNS were mark-
edly improved compared with those of the model group.
Collectively, these data indicated that treatment with PNS may
relieve osteoporosis and prevent joint and bone destruction in
AIA.

Introduction

Rheumatoid arthritis (RA) is a chronic immune-mediated
inflammatory disease characterized by deformity of the joints
and functional disability (1). Limb swelling, pain, stiffness and
bone erosion at the joint have been reported to primarily result
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from inflammatory cytokine release and propagation in the
synovial joint (2). Furthermore, it is now accepted that osteo-
porosis in RA is associated with an imbalance between bone
formation and absorption, leading to a decrease in bone mineral
density (BMD) and subsequent deterioration of the trabecular
microstructure (3). RA-associated chronic synovitis is largely
due to the expression of proinflammatory cytokines, such as
IL-17, TNF-a, IL-1p and macrophage colony-stimulating factor
(M-CSF), which independently stimulate osteoclast differen-
tiation, thereby significantly increasing bone resorption and
formation (4).

Panax notoginseng saponins (PNS) is the primary active
compound obtained from the Traditional Chinese Medicinal
plant Panax notoginseng, which has been used to treat muscu-
loskeletal injuries in China for hundreds of years (5). PNS was
previously shown to possess various pharmacological proper-
ties, including its beneficial effects on cardiomyocytes and
brain cells (6). Furthermore, PNS may attenuate atherogenesis
by promoting blood circulation and it may also exert immuno-
regulatory effects according to a previous study (7). PNS has
also been shown to exert a considerable clinical effect in the
relief of RA symptoms (8). Furthermore, Cai et al (9) reported
that PNS had noticeably improved the clinical manifestations
of joint pain, tenderness and swelling associated with RA at
the 2-year follow-up. PNS prevents the progression of RA,
which may be associated with a decrease in the numbers of
Th17 and Thl cells, and inhibits the production of INF-y and
IL-17 (10). PNS has also been reported to stimulate bone forma-
tion in excess of resorption, and to inhibit osteoclast activity
invitro (11).Jang et al (12) reported that the PNS-induced regu-
lation of MMPs and osteoclastogenesis is responsible, in part,
for its bone-protective effects. Therefore, it was hypothesized
that PNS may be used to treat RA-associated joint destruc-
tion and osteoporosis. The present study was undertaken to
investigate the mechanism through which PNS relieves joint
destruction, in the hope of providing further experimental
evidence to support the clinical use of PNS in the treatment of
patients with RA.

Materials and methods
Animals and treatments. PNS powder was purchased from

Beijing Qihuang Pharmaceutical Co., Ltd. Indomethacin was
used as the positive control treatment; each tablet contained
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25 mg indomethacin, and was purchased from Mundipharma
International Ltd. A total of 37 adult female New Zealand
rabbits, aged 6 months and weighing 2.5-3 kg, were purchased
from the Beijing Experimental Animal Center. According
to previous research (13), based on the total success rate of
model establishment, estimation of sample size through power
calculations using a two-sided t-test indicated that ~6 rabbits
would be required for each group. Therefore, 37 rabbits in total
were included in this trial. All rabbits were allowed access to
water and food ad libitum and were housed at a temperature of
23°C and humidity of 45%, with a 12-h light/dark cycle. Body
weight, food intake and animal health were examined daily.

The antigen-induced arthritis (AIA) model was generated
as previously described (13). Briefly, all rabbits were allowed to
acclimate for 1 week, and 30 of the 37 rabbits were then subcu-
taneously immunized with 500 g ovalbumin in complete
Freund's adjuvant emulsion (Sigma-Aldrich; Merck KGaA).
Injections were administered once a week for 2 weeks, and the
AIA rabbits were then boosted with 100 g ovalbumin via and
intra-articular injection into the knee joints, once a week for
the following 4 weeks.

After 6 weeks of treatment, all 30 AIA rabbits were scored
according to the symptoms presented in Table I (14); 21 rabbits
with clinical symptom scores >5 were randomized into three
groups. The first arthritic rabbit group did not receive any treat-
ment (AIA, n=7). The second arthritic rabbit group was treated
with PNS by means of intragastric administration (gavage) at
a dose of 75 mg/kg body weight per day (PNS, n=7); PNS
(75 mg/kg body weight per day) was diluted in distilled water
and each rabbit was administered 20 ml by gavage. The third
arthritic rabbit group received indomethacin by gavage at a
dose of 10 mg/kg body weight per day (Control, n=7); indo-
methacin powder (10 mg/kg body weight) was diluted with
normal saline and shaken to generate a 20-ml suspension for
gavage. The rationale for selecting a dose of 10 mg/kg was that
it equates to 9 times the clinical dose for a 70-kg adult. Rabbits
in the normal group (n=7) did not receive treatment of any type,
and had free access to distilled water and food. At 3 months
post-treatment, the rabbits were sacrificed with a lethal dose of
sodium pentobarbital (100 mg/kg, intravenous), and death was
confirmed by the absence of a heartbeat and visible breathing.
The knee joint and first lumbar vertebra were then collected
for further experimentation. All procedures were authorized
by the Animal Care Committee of Shanghai University of
Traditional Chinese Medicine (Shanghai, China). All animal
experimental protocols were conducted in accordance with the
Institutional Animal Care and Use Committee of Shin Nippon
Biomedical Laboratories, Ltd. and the National Institutes of
Health Guide for Care and Use of Laboratory Animals (15).

Morphological analysis of skeletal muscle. Histopathological
analysis of selected muscles was conducted. The quadriceps
femoris muscle of the knee joint was dissected from the left
side, washed in PBS, fixed at 4°C overnight in 4% polyform-
aldehyde, and then dehydrated in a graded ethanol series.
Tissue sections were embedded in paraffin and cut into 4-ym
sections, and then stained at 25°C with 1% hematoxylin and
eosin (H&E) for histopathological evaluation using an BX54
optical microscope (Olympus Corporation; magnification,
x300).

Table I. Criteria for arthritis activity score.

Arthritis symptoms Score
No joint swelling 0
Redness or swelling of one joint 1
Redness and swelling of more than one joints 2
Ankle and tarsal-metatarsal joint involvement 3
Entire leg and paw redness or swelling 4

Total arthritis symptom scores was calculated by adding the four
individual scores. Scores >5 were considered to indicate successful
antigen-induced arthritis model establishment.

Processing for transmission electron microscopy (TEM).
Articular cartilage pieces from the left distal femur were
prepared for TEM according to the procedure described
by Chen et al (16). In order to remove organic material,
the samples were treated with 10% EDTA for 3 weeks at a
temperature of 30°C followed by increasing concentrations of
alcohol (75-100%), slowly embedded at 37°C in 100% Epon
812 resin for 48 h, and then cut into 50-nm sections. Tissue
samples were double-stained at 37°C with 2% uranyl and 1%
phosphotungstic acid for TEM analysis.

Skeletal microstructure analysis. As previously described (17),
the right distal femur and the first lumbar vertebra were
prepared for micro-computed tomography (micro-CT)
examination using a Locus SP scanner (GE Healthcare). The
microstructural parameters of the trabeculae, such as trabec-
ular thickness, trabecular bone volume fraction (BV/TV),
trabecular spacing (Tb.Sp), trabecular number (Tb.N) and
BMD, were evaluated.

Statistical analysis. Continuous variables are presented as
the mean + SD. Mean differences between the control and
experimental groups were compared by one-way ANOVA
followed by Tukey's post hoc test. All statistical analyses were
performed using SPSS 25.0 (IBM Corp.), and two-sided P<0.05
was considered to indicate a statistically significant difference.

Results

PNS reduces arthritic muscular atrophy and inflammation.
The morphological characteristics of rabbit skeletal muscle
fibers were observed following H&E staining. Skeletal muscle
from the normal group (in longitudinal sections) exhibited
a compact structure with no gaps between the fibers, deeply
stained nuclei in a linear arrangement around intact muscle
fiber cells, and few inflammatory cells. The AIA group exhib-
ited various degrees of inflammatory cell infiltration into the
empty spaces between fibers, and the skeletal muscle fibers
displayed increased atrophy compared with the other groups.
However, narrower intercellular spaces and less prominent
fiber atrophy were observed in the PNS-treated muscle fibers.
In addition, cross sections of the skeletal muscle fibers in
the PNS-treated groups revealed a considerable decrease
in inflammatory cell numbers. Moreover, the number of
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Figure 1. Histopathological characteristics of the quadriceps femoris muscle were analyzed by hematoxylin and eosin staining. Degeneration of the necrotic

quadriceps femoris muscle fibers with inflammatory cell infiltration (arrows) were observed in the model and treatment groups. Original magnification, x300;
scale bar, 200 gm. AIA, antigen-induced arthritis; PNS, Panax notoginseng saponins.

inflammatory cells in the indomethacin-treated control group  PNS inhibits articular chondrocyte apoptosis. TEM images
was lower compared with that in the AIA group (Fig. 1). of articular cartilage and the extracellular matrix (ECM) are
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Figure 2. TEM images of chondrocytes and ECM of the articular cartilage. The number of intracellular organelles, such as mitochondria and Golgi bodies,
was markedly reduced in the AIA chondrocytes, and short fibril forms and numerous abnormal collagen heterofibrils (arrows) were observed in the ECM.
Chondrocytes: Original magnification, x10,000; scale bar, 2 pm. ECM: Original magnification, x12,000; scale bar, 50 nm. TEM, transmission electron
microscopy; ECM, extracellular matrix; AIA, antigen-induced arthritis; PNS, Panax notoginseng saponins.
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Figure 3. Micro-CT analysis of the BMD value, bone structure and quality of the femoral condyle and the first lumbar vertebra. (A) Micro-CT images of the
femoral condyle and the first lumbar vertebra of rats from the different groups. (B) Comparison of BMD values among the groups. Compared with model rabbits,
(C) BV/TV, (D) Tb.N (D) and (E) Tb.Th were significantly increased, whereas (F) Tb.Sp was significantly decreased in PNS-treated rabbits. The results are
presented as the mean = SD. "P<0.05. NS, not significant; Micro-CT, micro-computed tomography; AIA, antigen-induced arthritis; PNS, Panax notoginseng
saponins; BMD, bone mineral density; BV/TV, trabecular bone volume fraction; Tb.N, trabecular number; Tb.Sp, trabecular spacing; Tb.Th, trabecular thickness.

displayed in Fig. 2. Examination of the TEM images revealed
that the typical chondrocyte exhibited heterochromatic regions
within the cell nucleus. The endoplasmic reticulum was expan-
sive and prominent, the Golgi bodies were highly developed,
and numerous mitochondria were visible. Altered chondrocyte
ultrastructure was apparent in the AIA model; the cells had
irregular hyperchromatic nuclei, and the cell membrane
possessed short filopodia. Moreover, the intracellular organ-
elles, such as mitochondria and Golgi bodies, were markedly
reduced, whereas short fibril forms and numerous abnormal
collagen heterofibrils were observed in the ECM. However,
treatment with PNS decreased chondrocyte apoptosis. In
addition, the cytoplasm was shown to contain an abundance
of active organelles, and the cell membrane possessed longer
filopodia in the rabbits treated with PNS compared with the
control group. Furthermore, a highly complex ECM with a
visible underlying collagen fibril meshwork, as well as fibers,
was observed in the PNS-treated group compared with the
control group.

PNS inhibits lumbar vertebral and articular bone destruction.
Micro-CT revealed that AIA-induced osteoporosis was
evident in the femoral condyle and lumbar spine (Fig. 3A). The
BMD value in both the distal femoral and the lumbar vertebra
was significantly lower in the model rabbits compared with the
normal rabbits (P<0.05). By contrast, the BMD value of the
PNS-treated group was higher compared with that of the model
rabbits (P<0.05; Fig. 3B). Furthermore, AIA significantly
decreased trabecular BV/TV, Tb.Th and Tb.N compared with
the normal group; by contrast, Tb.Sp was increased as a result
of ATA-induced osteoporosis (P<0.05). Moreover, as regards
the microarchitecture of the trabecular bone in the PNS-treated
group, the BV/TV, Tb.Th and Tb.N were markedly increased
(P<0.05), and Tb.Sp was significantly decreased (P<0.05).
PNS significantly inhibited microstructural deterioration of
the trabeculae. However, indomethacin did not significantly
affect the BMD and microarchitecture of the trabecular bone
when compared with the AIA group (P>0.05). Furthermore,
the degree of apoptosis was compared between the lumbar
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vertebra and knee joint in the same group, and the data indi-
cated that differences in the BMD value and microarchitecture
of the trabecular bone did not achieve statistical significance
(P>0.05; Fig. 3C-F).

Discussion

RA is a progressive inflammatory disorder that involves not
only bone and joint destruction, but also muscle wasting. RA
results in osteoporosis, impaired bone and joint function (18);
thus, preventing osteoporosis and joint damage is crucial for
RA treatment (19). AIA is a well-developed experimental
arthritis model that is widely used in the study of RA (20,21).
Unlike the ovariectomy-induced osteoporosis model (22), joint
swelling and a pluricellular infiltrate are observed in AIA,
which may progress to a chronic condition characterized by
synovial inflammation and matrix degradation. Specifically,
the severity of synovitis in animal models may be modified
by altering the number or dosage of the intra-articular injec-
tions (13). In the present study, the AIA experimental model
was generated using injection of ovalbumin in complete
Freund's adjuvant emulsion, resulting in severe synovial
lesions and osteoporosis. Shen et al (22) reported that PNS
at a dose of 300 mg/kg/day significantly prevented the ovari-
ectomy-induced reduction of bone mass in rats. Therefore, in
the present study, the 75 mg/kg dose of PNS in rabbits was
calculated by converting the rat dosage, and the results demon-
strated that PNS exerted a positive effect on bone loss and
cartilage erosion in a rabbit model of inflammatory arthritis.
The pathological characteristics of RA include joint
destruction and muscle wasting. Multiple factors promote
muscle atrophy in RA, such as joint pain, swelling and local
inflammation. It is also known that RA-associated muscle
atrophy may be mediated by pro-inflammatory factors, such as
IL-17, TNF-a and inducible nitric oxide synthase (iNOS) (23).
Yamada et al (24) reported that muscles from AIA rats exhib-
ited increased levels of TNF-a and high-mobility group box 1,
as well as increased NO and superoxide production, leading to
the formation of actin aggregates and decreased actomyosin
ATPase activity in skeletal muscles, ultimately resulting in
intrinsic contractile dysfunction of skeletal muscles. Previous
evidence indicated that PNS treatment improved joint tenderness
and swelling in collagen-induced arthritic rats by reducing the
expression of pro-inflammatory factors, including MMPs, iNOS
and TNF-a (25). In the present study, AIA was shown to cause
inflammatory dysfunction in skeletal muscles. Degeneration
and necrosis of the muscle fibers, reduced muscle bundle width
and irregularities in muscle fiber size were observed in AIA
animals. The muscle fibers in the PNS-treated groups were less
atrophic, and the number of inflammatory cells was markedly
lower. These findings indicate the potential therapeutic value
of PNS for muscle wasting in patients with rheumatic condi-
tions or other inflammatory diseases. Indomethacin, which is
a non-steroidal anti-inflammatory drug commonly used in
patients with RA, was used as the control drug in the present
study. It was previously demonstrated that indomethacin
significantly inhibited pro-inflammatory cytokine expression
in the synovial tissues of AIA rats (26). In the present study,
the number of inflammatory cells in the indomethacin-treated
control group was lower compared with that in the AIA group.

Articular cartilage comprises ECM and chondrocytes.
Collagen II is the main structural protein component of the
ECM (27), and chondrocyte injury plays a crucial role in joint
destruction in RA (28). As previously reported (29), chondro-
cytes from the cartilage of the normal group possessed centrally
located nuclei, the staining had a finely granular appearance,
and the chondrocytes were encompassed by the ECM, while,
in damaged cartilage, the chondrocytes were encompassed by
a reduced amount of cartilaginous matrix (30). In the present
study, TEM images revealed chondrocyte apoptosis in the
AIA model, resulting in failure to form an adequate quantity
of cytoplasm and cellular organelles, such as endoplasmic
reticulum, mitochondria and Golgi bodies. However, chondro-
cytes were adequately preserved in rabbits treated with PNS,
and the collagen fibrils in the ECM were denser and thicker
compared with those in the model rabbits.

Micro-CT was previously used to determine whether
PNS could maintain bone quality, and the BMD values of
the lumbar vertebrae and knee joints in the PNS group were
higher compared with those in the AIA model group (31).
Systemic osteoporosis in RA has a complex multifactorial
etiology, in which an autoimmune inflammatory response
plays a significant role. Bone loss in RA, as evidenced by
the release of osteoclast-activating cytokines (for example,
IL-17 and M-CSF) by synovial cells, directly enhanced
the expression of tumor necrosis factor ligand superfamily
member 11 (TNFSF11) (4). Various bioactive compounds
derived from foods or plants, such as icariin and theaflavins,
have been shown to prevent bone loss, decrease osteoclastic
bone resorption, and stimulate osteoblast activity in AIA
models (17,26). Our previous study indicated that the levels
of TNFSF11 and Osteoprotegerin expression were directly
associated with bone formation and resorption in ATA
rabbits (16). Further analysis of the trabecular microarchi-
tecture revealed that the BV/TV, Tb.Th and Tb.N were also
significantly increased, whereas trabecular separation was
markedly decreased following PNS treatment, suggesting
that PNS may exert a therapeutic effect on osteoporosis.
These results are consistent with previous findings according
to which PNS prevented ovariectomy-related osteoporosis in
rats, and that these beneficial effects may be the result of
stimulating bone formation and decreasing resorption (31).
In conclusion, the results of the present study indicated that
PNS may relieve osteoporosis and prevent joint bone destruc-
tion in rabbits with AIA.
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