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Abstract. Duhuo Jisheng Decoction (DHJSD), a well known 
traditional Chinese folk medicine, is used for eliminating 
stagnation, removing blood stasis, promoting blood circulation 
and alleviating pain; it is commonly used for the treatment of 
various diseases, including osteoarthritis (OA). However, the 
molecular mechanisms behind the therapeutic effects of OA 
remain unclear. In the present study, the effects of DHJSD on 
the morphology of articular cartilage and the G1/S cell cycle 
progression in chondrocytes, as well as the underlying mecha-
nisms, were investigated. A total of 27 two-month-old male 
Sprague Dawley rats were randomly divided into 3 groups: the 
control group (no papain-induced OA; received an equivalent 
amount of saline only), the model group (papain-induced OA; 
received an equivalent amount of saline only) and the DHJSD 
group [papain-induced OA; received a clinical oral dose of 
DHJSD (9.3 g/kg/day)]. After 8 consecutive weeks of treatment, 
the morphological changes in articular cartilage were observed 
under an optical microscope and by transmission electron 
microscopy (TEM) and the mRNA and protein expression 
levels of cyclin D1, CDK4, CDK6, retinoblastoma protein (Rb) 
and p16 were measured by RT-PCR and immunohistochemistry, 
respectively. Treatment with DHJSD significantly improved the 
arrangement of collagen fibers in the articular cartilage, as well 
as its structure and reduced cell degeneration compared with 
the model group. The mRNA and protein expression levels 
of cyclin D1, CDK4, CDK6 and Rb in the DHJSD-treated 
group were significantly increased compared with those in the 
model group, whereas p16 expression was significantly down-

regulated. Taken together, these results indicate that DHJSD 
treatment promotes chondrocyte proliferation by promoting the 
G1/S checkpoint transition in the cell cycle and by upregulating 
the expression of cyclin D1, CDK4, CDK6 and Rb and down-
regulating the expression of p16 and this may, in part, explain 
its clinical efficacy in the treatment of osteoarthritis.

Introduction

Osteoarthritis (OA), the most common age-related cartilage 
and joint disorder (1), is a slowly progressive degenerative 
disease characterized by the degradation of the extracellular 
matrix (ECM) and cell death, resulting in a gradual loss of 
articular cartilage integrity (2,3). The balance of catabolism 
and anabolism within chondrocytes helps to maintain the 
structural and functional integrity of the ECM. During 
the early stages of OA development, cartilage tissues show 
self-repair activity, the volume of chondrocytes increases and 
proteoglycan synthesis is accelerated. During the late stages of 
OA, this balance is broken and the damaging effects of inflam-
mation become more evident. Chondrocytes rapidly respond to 
changes in the microenvironment of the joint and regulate the 
dynamic equilibrium between the degradation and synthesis 
of the ECM, which plays a crucial role in the maintenance of 
cartilage function (4-7). In a word, the functional changes in 
chondrocytes play an important role in the degeneration of joint 
cartilage and chondrocyte proliferation is one of the important 
factors contributing to the maintenance of cellular function.

The cell cycle plays an important role in the effects on 
chondrocyte function, which takes place in chondrocytes, 
leading to division and duplication. Cell cycle control is a highly 
regulated process that involves a complex cascade of events, in 
which regulation can be realized through a complex network 
of cyclins, cyclin-dependent kinases (CDKs) and cyclin-depen-
dent kinase inhibitors (CDKIs). The G1/S checkpoint that exists 
at the end of the G1 stage is the key point of intracellular and 
extracellular signaling which integrates into the nucleus, then 
stimulates S phase cells to begin a new round of proliferation, 
differentiation and death, or into the G0 phase (8,9). Briefly, 
extracellular signals induce the expression of cyclin D1 in cells 
entering the cell cycle and this binds to and activates CDK4 
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and CDK6 (10-12). The ensuing complexes in turn lead to the 
phosphorylation of retinoblastoma protein (Rb), resulting in 
its dissociation from the transcription factors, predominantly 
members of the E2F family, which then activate the many genes 
required for the progression of the cell cycle to the S phase (10). 
P16, also known as p16INK4a, a member of the INK4 family 
of CDKIs, inhibits CDK4 and CDK6, maintaining Rb in its 
unphosphorylated E2F-associated state and thereby preventing 
the progression from the G1 to the S phase (13-14). In conclu-
sion, the G1/S progression is highly regulated by cyclin D1, 
CDK4, CDK6, Rb and p16.

Chinese herbal medicine, a major modality in Traditional 
Chinese Medicine (TCM) and practiced for thousands of years 
in China and other Asian countries, is used for the treatment of 
arthritis and related disorders or ‘Bi syndrome’ (15,16). Herbal 
formulas are the common form of administration in Chinese 
herbal practice and herbal formulas have been well docu-
mented in ancient and modern literature (17). According to 
Chinese herbal theory, interactions among the different herbs 
in a formula exert a synergistic effect and neutralize the poten-
tial toxic and side-effects of the individual constituents (15,18). 
However, there is as yet a lack of rigorous scientific evaluation 
of such formulas.

The classical formula, Duhuo Jisheng Decoction (DHJSD), 
first documented by Sun (19), consists of 15 component herbs, 
Du Huo (Angelica pubescens), Fang Feng (Saposhnikovia 
divaricata), Chuan Xiong (Ligusticum chuanxiong), Niu Xi 
(Achyranthes bidentata), Shang Ji Sheng (Loranthus parasit-
icus), Qin Jiao (Gentiana macrophylla), Du Zhong (Eucommia 
ulmoides), Dang Gui (Angelica sinensis), Fu Ling (Poria 
cocos), Dang Shen (Codonopsis pilosula), Shu Di Huang (Radix 
rehmanniae preparata), Bai Shao (Radix paeoniae alba), Xi 
Xin (Asarum sieboldii), Gan Cao (Glycyrrhiza uralensis) 
and Rou Gui (Cinnamomum cassia). As a well known tradi-
tional Chinese folk medicine, it is used for eliminating wind 
and dampness, relieving pain due to Bi syndrome, tonifying 
the liver and kidneys and tonifying the qi and blood; it is 
commonly used for the treatment of various diseases, including 
OA. Previous studies have proven that DHJSD has drug- and 
lead-like compounds with potential synergy and polypharma-
cology against OA (20). However, to our knowledge, the effects 
of DHJSD on the proliferation of chondrocytes have not yet 
been reported. To further elucidate the precise mechanisms 
behind the therapeutic effects of DHJSD in OA, in the present 
study, we investigated the effects of DHJSD on the proliferation 
of chondrocytes. We found that DHJSD promoted chondrocyte 
G1/S transition, which was accompanied by the upregulation 
of the expression of cyclin D1, CDK4, Rb and CDK6 and the 
downregulation of p16.

Materials and methods

Materials and reagents. Cyclin D1, CDK4, CDK6, Rb and 
p16 antibodies were obtained from Santa Cruz Biotechnology, 
Inc. (Santa Cruz, CA, USA). DNA primers were synthesized 
by Sangon Biotech (Shanghai, China). The VECTASTAIN® 

Elite ABC kit (Rabbit IgG) and VECTASTAIN Elite ABC 
kit (Mouse IgG) were provided by Vector Laboratories, Inc. 
(Burlingame, CA, USA). The DAB Substrate kit was obtained 
from Cell Signaling Technology, Inc. (Danvers, MA, USA). 

Papain was obtained from Sigma Chemical Co. (St. Louis, 
MO, USA).

Herbal preparation. The herbs used in DHJSD, Angelica 
pubescens, Saposhnikovia divaricata, Ligusticum chuanx-
iong, Achyranthes bidentata, Loranthus parasiticus, Gentiana 
macrophylla, Eucommia ulmoides, Angelica sinensis, Poria 
cocos, Codonopsis pilosula, Radix rehmanniae preparata, 
Radix paeoniae alba, Asarum sieboldii, Glycyrrhiza uralensis 
and Cinnamomum cassia, were prepared with traditional 
methods following harvest (15) and purchased from Tong 
Ren Tang Pharmaceutical Co. (Beijing, China). The 15 herbs 
were ground into a powder. DHJSD was formulated by 
mixing herbal powders in relative proportions according to 
the Chinese pharmacopoeia (19) (Table I). Stock solutions of 
DHJSD were prepared by decocting the DHJSD powder in 
water to a concentration of 3 g/ml and stored at -20˚C.

Animals. Healthy and clean, 27 2-month-old male Sprague 
Dawley rats were purchased from SLAC Laboratory Animal 
Co. Ltd. (Shanghai, China) [Laboratory Animal Use Certificate 
no. SCXK(SH)2007-0005] and raised in a sterile environ-
ment. The Experimental Animal Center of Fujian University 
of TCM offers sterile environment facilities, qualified number 
SYXK(Min) 2009-0001. All experiments involving the 
animals complied with the Guidance Suggestions for the Care 
and Use of Laboratory Animals (2006) administered by the 
Ministry of Science and Technology of China (21).

Experimental design. Papain-induced rat OA was performed 
as previously described (22), with slight modifications. Briefly, 
after 1 week of acclimation, OA was induced in the right 
knees of 18 rats by an injection of 0.2 ml of 4% papain solu-
tion with 0.1 ml of 0.03 M cystein as an activator on days 1, 4 
and 7. Two weeks after papain-induced OA, the animals were 

Table I. Composition of Duhuo Jisheng Decoction (DHJSD) 
formula.

Herb name Relative proportion

Angelica pubescens 3
Saposhnikovia divaricata 2
Ligusticum chuanxiong 2
Achyranthes bidentata 2
Loranthus parasiticus 2
Gentiana macrophylla 2
Eucommia ulmoides 2
Angelica sinensis 2
Poria cocos 2
Codonopsis pilosula 2
Radix rehmanniae preparata 2
Radix paeoniae alba 2
Asarum sieboldii 2
Cinnamomum cassia 2
Glycyrrhiza uralensis 2
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randomly divided into 3 groups: the control group (no papain-
induced OA; received an equivalent amount of saline only), 
the model group (papain-induced OA; received an equivalent 
amount of saline only) and the DHJSD group [papain-induced 
OA; received a clinical oral dose of DHJSD (9.3 g/kg/day)]. 
All groups were treated once a day for 8 consecutive weeks, 
following which the animals were sacrificed and tibial plateau 
cartilage specimens were obtained. The morphological 
changes were observed under an optical microscope following 
staining with hematoxylin and eosin (H&E) and by transmis-
sion electron microscopy (TEM). The mRNA and protein 
levels of cyclin D1, CDK4, CDK6, Rb and p16 were measured 
by RT-PCR and immunohistochemistry, respectively.

Optical microscopy analyses. The rats were sacrificed after 
being treated consecutively with or without DHJSD for 
8 consecutive weeks. The rat tibial plateau cartilage (inside) 
specimens, were cut into 5x4x3 mm sections, fixed in 
4% paraformaldehyde for 2 days, decalcified in 10% EDTA 
for 8 weeks, dehydrated in gradient ethanol and subsequently 
embedded in paraffin. The 4-µm-thick paraffin sections were 
cut using a microtome, dewaxed in xylene and stained with 
H&E. The changes in cartilage morphological were observed 
under a microscope (Olympus, Tokyo, Japan) and images were 
acquired at a magnification of x200.

TEM. The rats were sacrificed after being treated consecutively 
with or without DHJSD for 8 weeks. The tibial plateau carti-
lage (outside) specimens, were cut into 1x1x2 mm sections, 
pre-fixed in 4% glutaraldehyde and 1.5% paraformaldehyde 
solution (pH 7.3) at 4˚C for 3 days, post-fixed with 1% osmium 
tetroxide at 4˚C for 2 h after being decalcified in 5.5% EDTA 
for 12 weeks at 4˚C. The specimens were dehydrated with 
graded alcohol-acetone and embedded in Epon-618 resin. 
After the 1-µm-thick resin semi-thin sections were cut using a 
microtome and stained with azur-methylene blue, the structure 
of the cartilage was observed and the ultra-thin sections were 
observed under an optic microscope. The 70-nm ultrathin 
sections were cut using a Leica ultramicrotome, stained with 
2% aqueous uranyl acetate and counterstained with 0.3% lead 
citrate. The ultrastructure of the articular cartilage was 
observed under a transmission electron microscope (Hitachi 
H7650; Shangai, China).

RNA extraction and RT-PCR analysis. Following treatment 
with or without DHJSD for 8 consecutive weeks, the rats were 
sacrificed and tibial plateau cartilage specimens were obtained 
from each group. Total RNA from the tibial plateau cartilage 
specimens was isolated using TRIzol reagent (Invitrogen 
Life Technologies, Carlsbad, CA, USA) after being grinded 
in liquid nitrogen using a mortar. Oligo(dT)-primed RNA 
(1 µg) was reverse-transcribed using SuperScript II reverse 
transcriptase (Promega, Madison, WI, USA) according to the 
manufacturer's instructions. The obtained cDNA was used 
to determine the mRNA levels of cyclin D1, CDK4, CDK6, 
Rb and p16 by PCR suing Taq DNA polymerase (Fermentas/
Thermo Fisher Scientific, Pittsburgh PA, USA). β-actin was 
used as an internal control. The primers and the annealing 
temperature (˚C) used for the amplification of cyclin D1, 
CDK4, CDK6, Rb, p16 and β-actin transcripts were as follows: 

cyclin D1 sense, 5'-GAC ACC AAT CTC CTC AAC GAC-3' 
and antisense, 5'-AGA CAA GAA ACG GTC CAG GTA G-3' 
(216 bp, 55˚C); CDK4 sense, 5'-CCT ACG GAC ATA CCT 
GGA CAA-3' and antisense, 5'-GAG GCA ATC CAA TGA 
GAT CAA-3' (404 bp, 55˚C); CDK6 sense, 5'-GTT TCA GCT 
TCT CCG AGG TCT-3' and antisense, 5'-CGT CAA GCA 
TTT CAG AAG GAG-3' (469 bp, 55˚C); Rb sense, 5'-CTT 
TAT TGG CCT GTG CTC TTG-3' and antisense, 5'-ATT 
CCA TGA TTC GAT GCT CAC-3' (225 bp, 55˚C); p16 sense, 
5'-GCT CTC CTG CTC TCC TAT GGT-3' and antisense, 
5'-AGA AGT TAT GCC TGT CGG TGA-3' (268 bp, 55˚C); 
β-actin sense, 5'-GGG AAG TGC TGG ATA G-3' and anti-
sense, 5'-GTG ATG TTT CGG ATG G-3' (453 bp, 55˚C).

Immunohistochemical analysis. Following treatment with or 
without DHJSD for 8 consecutive weeks, the rats were sacrificed 
and the rat tibial plateau cartilage (inside) specimens from each 
group, were cut into 5x4x3 mm sections, fixed in 4% parafor-
maldehyde for 2 days, decalcified in 10% EDTA for 8 weeks, 
dehydrated in gradient ethanol and embedded in paraffin. The 
5-µm-thick paraffin sections were cut using a microtome, 
dewaxed in xylene and analyzed by immunohistochemistry. 
The sections were then incubated with sodium citrate buffer 
(10 mM sodium citrate, pH 6.0) in a microwave for antigen 
retrieval. Endogenous peroxidase activity of the sections was 
quenched by incubating in PBS containing 0.3% H2O2 and 
0.3% Triton X-100 for 30 min following repeated washing in 
PBS. Immunohistochemical staining was performed using the 
VECTASTAIN elite ABC kit according to the manufacturer's 
instructions. Briefly, after blocking with normal serum in PBS, 
the sections were treated with an optimal dilution of primary 
antibody overnight at 4˚C (cyclin D1, 1:100; CDK4, 1:150; 
CDK6, 1:100; Rb, 1:80 and p16, 1:100). The sections were incu-
bated with a biotinylated anti-rabbit or mouse IgG antibody for 
60 min and then treated with ABC reagent for 60 min. They 
were finally treated with DAB for 5 min. Subsequently, they 
were dehydrated with ascending concentrations of ethanol 
solutions, cleared with xylene and mounted on a coverslip 
using neutral gum. After staining, 5 random fields (x100) were 
randomly selected in each slide and the average proportion of 
positive cells in each field was counted using the true color 
multi-functional cell image analysis management system. To 
rule out any non-specific staining, PBS was used to replace the 
primary antibody as the negative control.

Statistical analysis. Data were analyzed using statistical soft-
ware SPSS 13.0. All data are presented as the means ± standard 
deviation. Statistical analysis of the data was performed using 
the Student's t-test and one-way analysis of variance (ANOVA). 
A p-value <0.05 was considered to indicate a statistically 
significant difference.

Results

Effect of DHJSD on the morphology of articular cartilage. 
To determine the effects of DHJSD on cartilage morphology, 
the sections were stained with H&E and observed under an 
optical microscope. As shown in Fig. 1A, in the control group, 
the 4 layer structures (including surface layer, transitional 
layer, radiation layer and calcification layer) of articular carti-
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lage were visible. The tidal line between the radiation and 
calcification layer was complete. The cement line between the 
calcified layer and subchondral bone was obvious, winding. 
The surface was smooth and the collagen fibers formed a 
complete perichondrium. The chondrocytes appeared oblate 
in the surface layer and oval in the transitional and radiation 
layer and were arranged regularly, with a blue nucleus and 
red cytoplasm. The cartilage matrix was purple red. However, 
in the model group, the articular cartilage structure was 
disordered. The tidal line, as well as the cement line between 
the calcified layer and subchondral bone had disappeared and 
bone marrow vascular invasion into the cartilage layer was 
observed. The surface layer was damaged and the complete 
perichondrium had disappeared, leaving a velvet-like struc-
ture. The number of chondrocytes on the surface and deep layer 
was significantly reduced, as many cells appeared necrotic. 
The cartilage capsule became large and many chondrocytes 
appeared denatured or necrotic on the calcification layer. The 
cartilage matrix appeared red with an increase in collagen 
fiber content (Fig. 1B). However, following treatment with 
DHJSD, the structure of the articular cartilage significantly 
improved; 2 tidal lines, as well as the cement line between the 
calcified layer and subchondral bone were obvious, winding 
and no bone marrow vascular invasion into the cartilage 
layer was observed. The surface was much smoother and the 
collagen fibers formed a complete perichondrium, compared 

with the model group. The total number of chondrocytes and 
regularly arranged chondrocytes were significantly increased 
and cell degeneration was significantly reduced compared 
with the model group. The cartilage matrix appeared purple 
red (Fig. 1C). Collectively, these findings suggest that DHJSD 
is effective in the treatment of OA.

Chondrocytes, the only type of cell present in cartilage, 
play a central role in the equilibrium between the anabolism 
and catabolism of the fundamental component of cartilage. In 
order to further clarify the mechanisms through which DHJSD 
exerts its therapeutic effects in OA, we observed the ultra-
structural changes in the chondrocytes by TEM. As shown in 
Fig. 2A and B, in the control group, the chondrocytes appeared 
to have an almost oval shape or a triangular shape with many 
microvilli-like protrusions. The cells contained more organ-
elles, such as an abundant rough endoplasmic reticulum, a 
mature Golgi apparatus, some mitochondria and glycogen 
particles scattered in the cytoplasm. In the model group, 
many chondrocytes appeared denatured and necrotic and the 
organelles were destroyed or had disappeared (Fig. 2C and D). 
Following treatment with DHJSD for 2 months, the chondro-
cytes contained more organelles and the rough endoplasmic 
reticulum was abundant and the Golgi apparatus was much 
more mature, suggesting that protein synthesis and processing 
had increased; the mitochondria were abundant, suggesting an 
enhanced cellular energy (Fig. 2E and F). More chondrocytes 

Figure 1. Effect of Duhuo Jisheng Decoction (DHJSD) on the microstructure of cartilage tissue. Following treatment with or without DHJSD for 8 consecutive 
weeks, the rats were sacrificed and tibial plateau cartilages (inside) specimens from each group were processed for H&E staining. (A) Control group; (B) model 
group; (C) DHJSD group. The morphological changes in the cartilage were observed under a microscope and images were aquired at a magnification of x200. 
▼, Surface layer; ★, transitional layer; ▲, radiation layer; ◆, calcification layer; ■, subchondral bone; →, tidal line; ➯, cement line; , bone marrow vascular 
invasion into the cartilage layer; ², larger cartilage capsule on the calcification layer; ●, denatured or necrotic chondrocytes on the calcification layer.



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE  32:  1001-1010,  2013 1005

were observed, with many near triangular homologous cells in 
the cartilage, suggesting that DHJSD promoted chondrocyte 
proliferation (Fig. 2G).

Effect of DHJSD on the expression of cyclin D1, CDK4, 
CDK6, Rb and p16. It is well known that the G1/S transition 
is dependent on the activity of cyclin D1-CDK4/6. Once acti-/6. Once acti-6. Once acti-
vated, these CDK complexes phosphorylate Rb, resulting in 

its dissociation from the transcription factors, predominantly 
members of the E2F family, which then activate the many 
genes required for the progression of the cell cycle to the 
S phase. This progression is controlled by p16, which causes 
transient or permanent cell cycle arrest in cells with DNA 
damage. To further explore the mechanism behind the promo-
tion of chondrocyte proliferation by DHJSD, we analyzed the 
mRNA and protein expression levels of cyclin D1, CDK4, 

Figure 2. Effect of Duhuo Jisheng Decoction (DHJSD) treatment on the ultrastructure of chondrocytes. Following treatment with or without DHJSD for 8 consecu-
tive weeks, the rats were sacrificed and the ultrastructure of the tibial plateau cartilage (outside) was observed under a transmission electronic microscope. The 
images were acquired at a magnification of x10,000, x20,000 or x40,000 magnification. (A and B) Control group; (C and D) model group; (E, F and G) DHJSD 
group. N, nuclei; , microvilli-like protrusions; RER, rough endoplasmic reticulum; Go, Golgi apparatus; Mi, mitochondria; ▲, homologous chondrocytes. 
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CDK6, Rb and p16 following treatment with DHJSD using 
RT-PCR and immunohistochemistry, respectively. As shown 
in Fig. 3A, the amplified products of cyclin D1, CDK4, 
CDK6, Rb and p16 were clearly visible on the agarose gel. 
Quantification of the PCR products indicated that the levels 
of cyclin D1, CDK4, CDK6, Rb were significantly lower, but 
those of p16 were higher in the model group compared with 
the control group (p<0.01 or 0.05). However, following treat-
ment with DHJSD, the levels of cyclin D1, CDK4, CDK6, Rb 
increased and those of p16 decreased, significantly versus the 
model group  (p<0.01 or 0.05); the protein expression pattern 
of cyclin D1, CDK4, CDK6, Rb and p16 was similar to their 
respective mRNA levels (Figs. 4-8). These results suggest that 
DHJSD promotes chondrocyte proliferation by upregulating 
the expression of cyclin D1, CDK4, CDK6 and Rb and down-
regulating the expression of p16.

Discussion

OA is caused by multiple molecular abnormalities, rather 
than being the result of a single effect (23). In this regard, the 
application of combinational drugs or multi-target drugs, in 
which more than 2 drugs interact with multiple targets simul-
taneously, may be a rational and effective treatment strategy 
for OA (20). Notably, TCM is a holistic approach to health that 
attempts to bring the body, mind and spirit into harmony; thus, 
it advocates drug-combined administrations (24). Furthermore, 
previous studies have demonstrated that Chinese medicinal 
herbs have the potential to ameliorate the progression of OA 
and such herbs have received increasing attention (25,26). 
DHJSD is a classical formula, which is commonly used for 
the treatment OA. Our study demonstrates that treatment with 
DHJSD promotes the cell cycle G1/S transition in chondro-/S transition in chondro-S transition in chondro-

Figure 3. Effect of Duhuo Jisheng Decoction (DHJSD) on the mRNA expression of cyclin D1, CDK4, CDK6, Rb and p16. Following treatment with or without 
DHJSD for 8 consecutive weeks, the rats were sacrificed and tibial plateau cartilage specimens from each group were obtained. The mRNA levels of cyclin D1, 
CDK4, CDK6, Rb and p16 in the chondrocytes were determined by RT-PCR. β-actin was used as an internal control. For each group, RT-PCR analyses were 
performed in triplicate, as the cartilage from 3 rats was randomly mixed together once. Data shown are the means ± SD (error bars). (A) The representative 
amplified products of cyclin D1, CDK4, CDK6, Rb and p16. The relative mRNA expression of (B) cyclin D1, (C) CDK4, (D) CDK6, (E) Rb and (F) p16. *p<0.01, 
**p<0.05, statistically significant versus control group. △p<0.01, △△p<0.05, statistically significant versus model group.
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Figure 4. Effect of Duhuo Jisheng Decoction (DHJSD) on the protein expression of cyclin D1. Following treatment with or without DHJSD for 8 consecutive 
weeks, the rats were sacrificed and tibial plateau cartilage (inside) speciments from each group were processed for immunohistochemical staining of cyclin D1. 
The images were acquired at a magnification of x100. Results from the quantification of immunohistochemical assay are represented as a percentage of 
positively-stained cells. Data shown are the means ± SD (error bars) from 9 individual rats in each group. *p<0.01, statistically significant versus control group. 
△p<0.01, statistically significant versus model group

Figure 5. Effect of Duhuo Jisheng Decoction (DHJSD) on the protein expression of CDK4. Following treatment with or without DHJSD for 8 consecutive 
weeks, the rats were sacrificed and tibial plateau cartilage (inside) specimens from each group were processed for immunohistochemical staining of CDK4. 
The images were acquired at a magnification of x100. Results from the quantification of immunohistochemical assay are represented as the percentage of 
positively-stained cells. Data shown are the means ± SD (error bars) from 9 individual rats in each group. *p<0.01, statistically significant versus control group. 
△△p<0.05, statistically significant versus model group.
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Figure 6. Effect of Duhuo Jisheng Decoction (DHJSD) on the protein expression of CDK6. Following treatment with or without DHJSD for 8 consecutive 
weeks, the rats were sacrificed and tibial plateau cartilage (inside) specimens from each group were processed for immunohistochemical staining of CDK6. 
The images were acquired at a magnification of x100. Results from the quantification of immunohistochemical assay are represented as the percentage of 
positively-stained cells. Data shown are the means ± SD (error bars) from 9 individual rats in each group. *p<0.01, statistically significant versus control group. 
△p<0.01, statistically significant versus model group.

Figure 7. Effect of Duhuo Jisheng Decoction (DHJSD) on the protein expression of Rb. Following treatment with or without DHJSD for 8 consecutive weeks, 
the rats were sacrificed and tibial plateau cartilage (inside) specimens from each group were processed for immunohistochemical staining of Rb. The images 
were acquired at a magnification of x100. Results from the quantification of immunohistochemical assay are represented as the percentage of positively-stained 
cells. Data shown are the means ± SD (error bars) from 9 individual rats in each group. *p<0.01, statistically significant versus control group. △p<0.01, statisti-
cally significant versus model group.
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cytes by upregulating the expression of cyclin D1, CDK4, 
CDK6 and Rb and downregulating the expression of p16; this 
may be one of the mechanisms through which DHJSD exerts 
its therapeutic effects.

Chondrocytes are the only cell type present in mature 
cartilage; they are responsible for extracellular signals and 
regulate the maintenance of cartilage homeostasis. Therefore, 
the functional changes of chondrocytes play an important role 
by contributing to the degradation of articular cartilage and 
thus to the pathogenesis of OA (27,28). Several studies have 
reported that osteoarthritic chondrocytes have a very low 
proliferative activity; thus, promoting chondrocyte prolifera-
tion may be an efficient treatment strategy to cure or delay the 
progression of OA (29,30). Therefore, in the present study, we 
focused on chondrocyte proliferation and the anti-degenerative 
effects of DHJSD on cartilage. Our microstructural observa-
tion of cartilage tissue demonstrated that DHJSD is effective 
in the treatment of OA. Using TEM, we further clarified that 
the mechanisms behind the therapeutic effects of DHJSD in 
OA involve the promotion of chondrocyte proliferation.

The cell cycle plays an important role in the division and 
duplication of chondrocytes and can be divided into 4 phases: 
G1 phase, preparation for DNA synthesis; S phase, DNA 
synthesis; G2 phase, preparation for mitosis; and M phase, 
mitosis (31), where cell division occurs (32). The G1/S 
transition is one of the 2 main checkpoints used by a cell to 
regulate the progression of the cell cycle and following that, 

chondrocytes can pass through to the S phase and complete 
cell division (33). Progression through the G1 phase of the 
cell cycle is tightly regulated by the successive activation of 
D-type cyclins and CDKs (34). Cyclin D1 forms complexes 
with CDK4 or CDK6, which play an important role in the G1/S 
transition by phosphorylating Rb (35). As a consequence of Rb 
phosphorylation, E2F is released from the Rb/E2F complexes 
and then triggers cell progression from the G1 to the S phase 
(36). During the progression of the cell cycle, CDK activity 
can be blocked by the binding of CDKIs, such as p16, a potent 
inhibitor protein of CDK/cyclin complexes, which plays an 
important role in S phase arrest (37). In conclusion, cell cycle 
regulatory factors, including cyclin D1, CDK4, CDK6, Rb and 
p16 may regulate the G1/S transition in chondrocytes. In this 
study, we demonstrate that treatment with DHJSD enhances 
cyclin D1, CDK4, CDK6 and Rb mRNA expression and 
decreases p16 mRNA expression in chondrocytes, indicating 
that treatment with DHJSD promotes the progression of chon-
drocytes from the G1 to the S phase by affecting cyclin D1, 
CDK4, CDK6, Rb and p16 at the transcriptional level. In order 
to further confirm our results, we determined the effects of 
DHJSD on the protein expression of cyclin D1, CDK4, CDK6, 
Rb and p16 by immunohistochemistry. The results revealed 
that the protein expression of cyclin D1, CDK4, CDK6 and Rb 
increased and that the expression of p16 decreased following 
treatment with DHJSD, which is in accordance with the pattern 
of their mRNA expression.

Figure 8. Effect of Duhuo Jisheng Decoction (DHJSD) on the protein expression of p16. Following treatment with or without DHJSD for 8 consecutive weeks, 
the rats were sacrificed and tibial plateau cartilage (inside) specimens from each group were processed for immunohistochemical staining of p16. The images 
were acquired at a magnification of x100. Results from the quantification of immunohistochemical assay are represented as the percentage of positively-stained 
cells. Data shown are the means ± SD (error bars) from 9 individual rats in each group. *p<0.01, statistically significant versus control group. △△p<0.05, statisti-
cally significant versus model group.
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In conclusion, to our knowledge, the data presented in 
this study demonstrate for the first time that treatment with 
DHJSD promotes the progression of chondrocytes from the 
G1 to the S phase through the upregulation of the expression 
of cyclin D1, CDK4, CDK6, Rb and the downregulation of p16, 
suggesting that DHJSD may be a potential novel therapeutic 
agent for the treatment of OA.
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