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Abstract. Duhuo Jisheng Decoction (DHJSD) is a traditional 
Chinese herbal medicine that has multiple uses, including as 
a treatment for osteoarthritis (OA). However, the molecular 
mechanisms underlying the therapeutic effects of DHJSD 
on OA remain unknown. In the present study, a serum phar-
macological method was applied to investigate the effects 
of DHJSD on the proliferation of chondrocytes treated with 
interleukin-1β (IL-1β) in vitro. This is a cell model commonly 
used to reproduce the mechanisms involved in degenerative 
arthropathies, including OA. The most effective intervention 
conditions of DHJSD serum were examined by MTT assay. 
The degenerative chondrocyte model was established by 
IL-1β‑culture for 24 h, and was verified by optical microscopy 
and immunohistochemical analyses. Following the successful 
establishment of the degenerative chondrocyte model, the 
chondrocytes were subsequently randomly divided into two 
groups: The blank serum group and the DHJSD treatment 
group. Subsequent to treatment with the corresponding serum, 
cell proliferation was detected by MTT assay and DNA staining 
followed by FACS analysis, and the mRNA and protein expres-
sion levels of cyclin D1, cyclin-dependent kinase 4 (CDK4), 
retinoblastoma tumor suppressor protein (Rb) and p16 were 
measured by reverse transcription polymerase chain reaction 
and western blotting, respectively. The results indicated that 
the most effective condition for the promotion of chondrocyte 
proliferation was 10% concentration of DHJSD 2-h serum, 
and the degenerative chondrocyte model was successfully 
reproduced by IL-1β-treatment for 24 h. The mRNA and 
protein expression levels of cyclin D1, CDK4 and Rb in the 

DHJSD serum-treated cells were significantly increased 
compared with those in the blank serum group, whereas p16 
expression was significantly downregulated. These results 
indicate that treatment of cells with DHJSD-containing serum 
is able to promote IL-1β-induced chondrocyte proliferation by 
promoting G1/S phase transition via modulating the expres-
sions of cyclin D1, CDK4, Rb and p16, which contribute to the 
clinical efficacy of DHJSD in OA.

Introduction

Osteoarthritis (OA) is a prevalent articular disease in the 
elderly (1,2), and is characterized by a series of pathological 
changes in the structure and function of the joints, mainly due 
to a degenerative process that takes place in the articular carti-
lage (3). The chondrocyte is the only cell type present in mature 
cartilage, and is responsible for extracellular signaling and 
the maintenance of cartilage homeostasis. Changes in chon-
drocyte function are critical for the degradation of articular 
cartilage and serve an important function in the pathogenesis 
of OA (4,5). Several studies have reported that there is reduced 
proliferative activity in osteoarthritic chondrocytes and thus 
promoting chondrocyte proliferation may be an efficient 
strategy to treat or delay the progression of OA (6,7).

Due to the fact that the incidence of knee osteoarthritis 
in individuals aged >65 years old is 60-70%, with the inci-
dence rate reaching 85% in the population of those aged 
>75 years (8), OA has had a major economic and social impact 
on populations and health-care systems worldwide (9,10). 
Although non‑steroidal anti‑inflammatory drugs (NSAIDs) 
have been widely prescribed to reduce joint pain and stiff-
ness, the inflammatory component of OA is usually minimal. 
Thus, the requirement for the anti‑inflammatory effect of 
NSAIDs in OA is controversial (11). Hyaluronic acid is easily 
applied by intra-articular injection; however, it has a short 
half-life and repeated intra-articular injections increase the 
chances of joint infection (12). Advanced OA is currently 
only managed by surgical replacement of the joints, however, 
there remain difficulties regarding the degree of invasion, 
cost and long-term prognosis (13). These disadvantages call 
for an evaluation of the risks and benefits of the therapies for 
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OA and the requirement for less toxic options. An increasing 
number patients suffering from OA turn to complementary 
and alternative medicine treatments, including Chinese 
herbal medicine (14).

Chinese herbal medicine, a major modality in tradi-
tional Chinese medicine (TCM) that has been practiced for 
thousands of years in China and other countries in Asia, 
has advanced in the treatment of OA, including improving 
clinical findings and inhibiting inflammatory reactions and 
cartilage degeneration (15,16). In vivo and in vitro studies 
have also indicated that Chinese herbal formulas produce 
multiple comprehensive effects against OA (17-19). Duhuo 
Jisheng Decoction (DHJSD), initially documented in the book 
Bei Ji Qian Jin Yao Fang (20), is composed of the following 
ingredients: Angelica pubescens; Saposhnikovia divaricata; 
Ligust icum chuanxiong;  Achyranthes bidenta ta; 
L ora n thus  paras i t icus ;  Gent ia na  m acrophyl la ; 
Eucommia ulmoides; Angelicae sinensis; Poria cocos; 
Codonopsis pilosula; radix Rehmannia preparata; radix 
Paeoniae alba; Asarum sieboldii; Glycyrrhiza uralensis; and 
Cinnamomum cassia. It has been widely used for treating 
OA (21), and a previous study indicated that DHJSD contains 
drug- and lead-like compounds with potential synergy and 
polypharmacology against OA (22). An in vivo study demon-
strated that treatment with DHJSD promotes the progression 
of chondrocytes from G1 to S phase (23), and this may be 
one of the mechanisms underlying its use in OA. In addition, 
previous studies have reported that chondrocytes treated with 
IL-1β produce a particularly effective cell model of the mecha-
nisms involved in degenerative arthropathies (24).

In order to further elucidate the precise mechanism of 
DHJSD in OA, a serum pharmacological method was employed 
to investigate its effects on the proliferation of IL-1β-induced 
chondrocytes in vitro in the current study.

Materials and methods

Reagents. Fetal bovine serum, Dulbecco's modified 
Eagle's medium and trypsin were purchased from Hyclone 
Laboratories, Inc. (Logan, UT, USA). A cyclin D1 anti-
body was purchased from Abcam (Cambridge, MA, USA). 
Cyclin-dependent kinase 4 (CDK4), Rb and p16 antibodies were 
obtained from Santa Cruz Biotechnology, Inc. (Santa Cruz, 
CA, USA). Anti-collagen type II antibody was obtained from 
Merck Millipore (Darmstadt, Germany). The WesternBreeze 
Chemiluminescent Immunodetection kit was obtained from 
Invitrogen Life Technologies (Carlsbad, CA, USA). Cyclin D1, 
CDK4, Rb, p16 and β-actin primers were purchased from 
Sangon Biotech Co., Ltd. (Shanghai, China). Table I displays 
the primer sequences. IL-1β and collagenase II were purchased 
from Sigma-Aldrich (St. Louis, MO, USA).

Animals. A total of 144 healthy Sprague Dawley rats of average 
gender (two-month-old, 230-250 g) and 60 Sprague Dawley 
rats of either gender (four-week-old, 90-110 g) were purchased 
from Shanghai SLAC Laboratory Animal Co., Inc., Shanghai, 
China and raised in a sterile environment. Experiments 
involving the animals complied with the Guidance Suggestions 
for the Care and Use of Laboratory Animals (2006) by the 
Ministry of Science and Technology, China (25).

Prepara t ion  of  DHJSD ‑ con ta in ing seru m.  T he 
144 two-month-old rats were randomly divided into two 
groups: The DHJSD group (n=108) treated with a dose of 
9.3 g/kg/day DHJSD, which is the equivalent dosage used 
clinically for humans (26) and the blank group (n=36) 
treated with an equivalent dose of saline. All drugs and 
saline were administered via gastric gavage twice a day in 
the morning and afternoon for 7 consecutive days. The two 
doses were given 2 h apart on the seventh day. The animals 
were anesthetized by intraperitoneal injection of 2 ml/kg 2% 
pentobarbital sodium (Sigma-Aldrich), and arterial blood of 
the DHJSD group was collected from the abdominal aorta 
at 1, 2 and 3 h after the final dose in the DHJSD group and 
at 2 h in the blank group. The collected blood was placed in 
a 37˚C thermostatic water bath for 30 min and centrifuged 
at 3,000 r/min for 15 min. The serum fraction was isolated, 
heat inactivated in a 56˚C thermostatic water bath for 30 min 
and then filtered through a 0.22 µm filter. The resulting 
drug-containing serum was then aliquoted and stored at 
‑20˚C.

Isolation, culture and verification of chondrocytes. The chon-
drocytes were isolated, cultured and verified as previously 
described (27,28). The cells used in the current experiments 
were successfully verified and counted with a hemocytometer 
and adjusted to 105 cells/ml.

Determination of chondrocyte viability by MTT assay. 
Cell viability was assessed by MTT colorimetric assay. The 
second-generation chondrocytes were seeded into 96-well 
plates at a density of 1.0x105 cells/ml in 0.1 ml medium. The 
cells were treated with a range of concentrations (10-30%) of 
1, 2 and 3-h DHJSD serum for 24, 36, 48, 60 and 72 h. At the 
end of the treatment, 100 µl 0.5 mg/ml MTT was added to 
each well and the samples were incubated for an additional 
4 h at 37˚C. The purple/blue MTT formazan precipitate was 
dissolved in 100 µl dimethylsulfoxide (Sigma-Aldrich) and 
the optical density (OD) value of each well was measured 
at 490 nm wavelength using a microplate reader (BioTek, 
Winooski, VT, USA).

IL‑1β‑induced degenerative chondrocyte model. The degen-
erative chondrocyte model was established as previously 
described (29,30). Briefly, third generation chondrocytes 
were exposed to 10 ng/ml IL-1β for 24 h, and then washed 
with 1X phosphate-buffered saline (PBS). The successful 
establishment of the degenerative chondrocyte model was 
verified by optical microscopy and immunohistochemical 
analyses.

Observation of cellular morphological changes. The second 
generation chondrocytes were seeded into 6-well plates at a 
density of 1.0x105 cells/ml in 2 ml medium. The cells were 
treated with 10 ng/ml IL-1β for 24 h. The changes in cell 
morphology were observed using a phase-contrast micro-
scope (Olympus Corporation, Tokyo, Japan) and images were 
captured at a magnification of x100.

Immunohistochemical assay. The second-generation chon-
drocytes were cultured on glass coverslips in 6-well plates 
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at a density of 1.0x105 cells/ml in 2 ml medium. Following 
treatment with 10 ng/ml IL-1β for 24 h, the cells were washed 
with PBS three times for 5 min and fixed in 4% paraformal-
dehyde (Sigma-Aldrich) for 20 min. The antigen retrieval 
buffer (10 mM sodium citrate; pH 6.0) was preheated to 95˚C 
in a coverglass staining jar placed in a water bath at 95˚C. 
The coverslips were heated at 95˚C for 10 min. Endogenous 
peroxidase activity of the sections was quenched by incuba-
tion in PBS containing 3% H2O2 for 10 min following three 
washes in PBS. Immunohistochemical staining was performed 
using the Vectastain Elite ABC kit (Vector Laboratories, 
Inc., Burlingame, CA, USA) according to the manufacturer's 
instructions. Briefly, following blocking with normal serum 
in PBS, the coverslips were treated with the anti-collagen 
type II antibody at a concentration of 1:250 overnight at 4˚C. 
The coverslips were incubated with a biotinylated anti-rabbit 
IgG antibody (Cell Signaling Technology, Inc., Beverly, MA, 
USA) for 60 min and then treated with the ABC reagent for 
60 min. Next, the cultures were treated with DAB (Vector 
Laboratories, Inc.) for 3 min and subsequently dehydrated 
with increasing concentrations of ethanol solutions, cleared 
with xylene (Sigma-Aldrich) and mounted on a coverslip using 
neutral gum.

Cell treatment and grouping. Following IL-1β induction 
for 24 h, the chondrocytes were randomly divided into two 
groups: The DHJSD group and the blank serum group. After 
treatment with the appropriate serum, cell proliferation levels 
were detected using MTT assay and DNA staining, followed 
by fluorescence‑activated cell sorting (FACS) analysis. The 
mRNA and protein levels of cyclin D1, CDK4, Rb and p16 
were measured by reverse transcription (RT) followed by 
semi-quantitative polymerase chain reaction (PCR) analysis 
and western blotting, respectively.

Determination of viability of IL‑1β‑induced chondrocytes by 
MTT assay. Following treatment with 10% DHJSD 2-h serum 
for 24, 36, 48, 60 and 72 h, the viability of IL-1β-induced 
chondrocytes was assessed by MTT colorimetric assay. The 
protocol was as in the previous description.

Detection of cell cycle distribution in IL‑1β‑induced 
chondrocytes by flow cytometric analysis. Subsequent to 
treatment, the cell cycle distribution of the IL-1β-induced 
chondrocytes was determined by flow cytometric analysis by 
FACS with a BD FACSCalibur cytometer (BD Biociences, 
Franklin Lakes, NJ, USA) and a cell cycle assay kit. 
Propidium iodide staining was performed according to the 
manufacturer's instructions. The percentage of cells in the 
different phases was calculated by ModFit LT software, 
version 3.0 (Verity Software House, Inc., Topsham, ME, USA), 
and the numbers of cells in the G0/G1, S and G2/M phases were 
determined.

RT and semi‑quantitative PCR analysis. Following treat-
ment with 10% DHJSD 2-h serum for 24, 48 and 72 h, the 
IL-1β-induced chondrocytes were washed with PBS and 
total RNA was isolated with TRIzol® reagent (Invitrogen 
Life Technologies). Oligo (dT) primers (1 µg) were used 
for the reverse transcription of the RNA template using 
SuperScript II reverse transcriptase (Invitrogen, Grand Island, 
NY, USA) according to the manufacturer's instructions. The 
obtained cDNA was used to determine the relative expres-
sion of cyclin D1, CDK4, Rb and p16 by PCR using Taq 
DNA polymerase (Thermo Fisher Scientific, Pittsburgh, PA, 
USA) and β-actin was used as an internal control. The primer 
sequences and the annealing temperature used in the reactions 
are listed in Table I. The amplified products were analyzed 
by 1.5% agarose gel electrophoresis. Optical density ratios 
for cyclin D1, CDK4, Rb and p16 to β-actin were used for the 
semi-quantitative analyses.

Western blot analysis. Following treatment with 10% DHJSD 
2-h serum for 24, 48 and 72 h, the IL-1β-induced chondro-
cytes were lysed with mammalian cell lysis buffer containing 
protease and phosphatase inhibitor cocktails (EMD Millipore 
Corporation, San Diego, CA, USA), and the lysates were 
separated by 12% SDS-PAGE gel under a reducing condi-
tion at 100 V for 1 h. Subsequent to electrophoresis, proteins 
were transferred to polyvinylidine fluoride membranes 
(Sigma-Aldrich) in 5% w/v non-fat dry milk using a semidry 

Table I. Primer sequences.

  Amplicon length Annealing temperature
Gene Primer sequence (bp) (˚C)

Cyclin D1 sense, 5'-GAC ACC AAT CTC CTC AAC GAC-3' 216 55
 antisense, 5'-AGA CAA GAA ACG GTC CAG GTA G-3'  
CDK4 sense, 5'-CCT ACG GAC ATA CCT GGA CAA-3' 404 55
 antisense, 5'-GAG GCA ATC CAA TGA GAT CAA-3'  
Rb sense, 5'-CTT TAT TGG CCT GTG CTC TTG-3' 225 55
 antisense, 5'-ATT CCA TGA TTC GAT GCT CAC-3'  
p16 sense, 5'-GCT CTC CTG CTC TCC TAT GGT-3' 268 55
 antisense, 5'-AGA AGT TAT GCC TGT CGG TGA-3'  
β-actin sense, 5'-GGG AAG TGC TGG ATA G-3' 453 55
 antisense, 5'-GTG ATG TTT CGG ATG G-3'  
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blotting system. The membranes were blocked for 30 min 
with agitation at room temperature in SuperBlock T20 (TBS) 
blocking buffer (Thermo Fisher Scientific Inc., Rockford, IL, 
USA). The membranes were washed in Tris-buffered saline 
with 0.25% Tween-20 (TBST) (Baoman Biotechnology, 
Shanghai, China) and exposed to primary antibodies against 
cyclin D1 (1:400), CDK 4 (1:400), pRb (1:500) and p16 (1:600) 
overnight at 4˚C. β-actin (1:1,000) was also measured as an 
internal control for protein loading. The membranes were then 
washed in TBST, and incubated with secondary horseradish 
peroxidase-conjugated antibodies (Beijing Zhongshan Golden 
Bridge Biotechnology, Beijing, China) at 1:2,500 dilution for 
1 h at room temperature and the membranes were washed 
again in TBST. Finally, the antibody-bound protein bands were 
detected with enhanced chemiluminescence, and images were 
captured using a ChemiDoc XRS+ (Bio-Rad Laboratories, 
Hercules, CA, USA). The grayscale value ratio of the target 
protein to the internal control was used to measure the relative 
concentration of cyclin D1, CDK4, pRb and p16.

Statistical analysis. The data were analyzed using SPSS, 
version 13.0 (SPSS, Inc., Chicago, IL, USA). Statistical data 
are expressed as the mean ± standard deviation. Statistical 
analysis of the data was performed with Student's t-test and 
one-way analysis of variance. P<0.05 was considered to indi-
cate a statistically significant difference.

Results

Effect of DHJSD serum on chondrocyte viability. As presented 
in Fig. 1, the 10 and 15% concentrations of all DHJSD sera 
were able to promote the proliferation of chondrocytes in a 
time-dependent manner. The 20 and 30% concentrations 
of the three DHJSD sera also promoted the proliferation of 
chondrocytes, but reached a peak at 48 h and reduced at 72 h. 
The proliferation was most significant subsequent to 10% 
DHJSD sera treatments for 72 h (P<0.01, compared with the 
blank serum groups). When comparing the different sampling 
time DHJSD sera, it was identified that the optimum prolifera-
tion was produced by the groups treated with the 2-h DHJSD 
serum. Therefore, the 10% concentration of the DHJSD 2-h 
serum was used in the following experiments.

Degenerative chondrocyte model verification. As presented 
in Fig. 2A and B, compared with the normal chondrocytes, 
the IL-1β-induced chondrocytes were larger with finger‑like 
protrusions at the edge, and the cell membrane and cytoplasm 
was not clear. In addition, the IL‑1β-induced cells were polyg-
onal in shape, and had declining refractive indices. Type II 
collagen, a protein specific to chondrocytes, was stained 
brown/yellow in the chondrocyte cytoplasm by immunocyto-
chemical staining. As indicated in Fig. 2C and D, the staining 
became paler in the IL‑1β-induced group.

Figure 1. Effect of DHJSD serum on chondrocyte viability. Following treatment with a range of concentrations (10-30%) of DHJSD 1, 2 and 3-h serum for 
24, 36, 48, 60 and 72 h, cell viability was determined by MTT assay. Data are presented as the mean ± standard deviation of three independent experiments. 
*P<0.01 vs. blank serum group. DHJSD, Duhuo Jisheng Decoction.
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DHJSD 2‑h serum promotes the growth of IL‑1β‑induced 
chondrocytes. The effect of DHJSD 2-h serum on the viability 
of IL-1β-induced chondrocytes was determined by MTT 
assay. As displayed in Fig. 3, treatment with DHJSD 2-h serum 
and blank serum led to a gradual increase in cell viability in 
a time-dependent manner. The difference between the optical 
densities of the blank serum and the DHJSD 2-h serum groups 
at all measured time-points (24, 36, 48, 60 and 72 h) were 
significant (P<0.01); the promotional effect was greater in the 
DHJSD 2-h serum group (P<0.01, compared with the blank 
serum group). These results suggest that DHJSD 2-h serum 
promotes the growth of IL-1β-induced chondrocytes in a 
time-dependent manner. 

FACS analysis. To further verify the previous results, the effect 
of DHJSD 2-h serum on the cell cycle in IL-1β-induced chon-
drocytes was evaluated. As presented in Fig. 4 and Table Ⅱ, 
the percentage of G0/G1 phase cells reduced in a time-depen-
dent manner in the DHJSD 2-h serum group and the blank 
serum group. In the DHJSD 2-h serum group, the percent-
ages of G0/G1 phase cells were 72.97±1.13, 65.13±1.35 and 
59.18±2.12% following treatment for 24, 48 and 72 h, respec-
tively. These were significantly lower than the corresponding 
percentages in the blank serum group (79.59±1.69, 71.33±1.11 
and 63.86±2.32%, respectively; P<0.01 or P<0.05). However, 
the percentages of S phase cells exhibited the opposite trend, 
and increased in a time-dependent manner. In the DHJSD 
2-h serum group, the percentages of S phase cells were 
16.91±0.64, 22.28±2.45 and 28.05±2.63% following treatment 
for 24, 48 and 72 h, respectively. These were significantly 

higher than the corresponding percentages of the blank serum 
group (09.92±2.00, 17.02±2.96 and 24.20±1.05%, respectively; 
P<0.01 or P<0.05). The proliferation indices in the DHJSD 2-h 
serum group were 27.03±1.13, 34.87±1.35 and 40.82±2.11% 
following treatment for 24, 48 and 72 h, respectively. These 
were higher than the corresponding indices of the blank serum 
group (20.41±1.69, 28.67±1.11 and 36.14±2.32, respectively). 
These data demonstrate that DHJSD serum has the ability to 
promote proliferation by promoting G1/S phase transition.

Effect of DHJSD 2‑h serum on the mRNA expression of 
cyclin D1, CDK4, Rb and p16 in IL‑1β‑induced chondrocytes. 

Figure 3. Effect of DHJSD 2-h serum on the viability of IL-1β-induced 
chondrocytes. After the degenerative chondrocytes were treated with 10% 
DHJSD 2-h serum and blank serum for 24, 36, 48, 60 and 72 h, cell viability 
was determined by MTT assay. Data are presented as the mean ± standard 
deviation of three independent experiments. *P<0.01 vs. blank serum group. 
DHJSD, Duhuo Jisheng Decoction; IL-1β, interleukin-1β.

Figure 2. Verification of degenerative chondrocyte model. The degenerative chondrocyte model was established by exposing the third‑generation chondrocytes 
to 10 ng/ml IL-1β for 24 h and verified by (A and B) optical microscopy and (C and D) immunohistochemical analyses. The photographs are representative 
images taken at a magnification of x100. A and C, normal chondrocytes; B and D, IL‑1β induced chondrocytes. IL-1β, interleukin-1β.
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As presented in Fig. 5A and B, the mRNA expression levels of 
cyclin D1, CDK4 and Rb gradually increased, while those of 
p16 reduced, in a time-dependent manner in the DHJSD 2-h 
and blank serum group. A significant difference was indicated 
between the DHJSD and blank serum groups at all time points 
(P<0.01). In the DHJSD 2-h serum group, the expression levels 
of cyclin D1, CDK4 and Rb mRNA were higher than those in 
the blank serum group following treatment for 24, 48 or 72 h 
(P<0.01 or P<0.05). However, the expression of p16 exhibited 
the opposite trend, and its expression level was lower in the 
DHJSD 2-h serum group compared with the blank serum 
group at all time points (P<0.01 or P<0.05).

Effect of DHJSD 2‑h serum on the protein expression of 
cyclin D1, CDK4, pRb and p16 in IL‑1β‑induced chondro‑

cytes. The protein expression patterns of cyclin D1, CDK4, 
pRb and p16 were similar to their respective mRNA levels 
(Fig. 6A and B). The protein expression levels of cyclin D1, 
CDK4 and pRb were increased, and those of p16 were reduced 
in a time-dependent manner in both the DHJSD 2-h and 
blank serum groups. However, the protein expression levels of 
cyclin D1, CDK4 and pRb in DHJSD 2-h serum group were 
significantly higher, and those of p16 were significantly lower, 
as compared with the blank serum group at all the time periods 
(P<0.01 or P<0.05).

Discussion

OA is a major degenerative disease affecting millions of 
individuals. The ability of articular cartilage to self-repair is 

Figure 4. Effect of DHJSD 2-h serum on the cell cycle of IL-1β-induced chondrocytes. Following treatment with (A-C) blank serum or (D-F) 10% DHJSD 2-h 
serum for 24 h, 48 h and 72 h, cells were collected and stained with PI followed by FACS analysis. DHJSD, Duhuo Jisheng Decoction; IL-1β, interleukin-1β; 
PI, propidium iodide; FACS, fluorescence‑activated cell sorting.

Table II. Cell cycle distribution detected by fluorescence‑activated cell sorting (%).

Group h G0/G1 S G2/M Proliferation index  

Blank serum 24 79.59±1.69 09.92±2.00 10.49±0.33 20.41±1.69 
 48 71.33±1.11a 17.02±2.96a 11.65±2.08 28.67±1.11 
 72 63.86±2.32b 24.20±1.05b 11.94±1.51 36.14±2.32 
DHJSD 2-h serum 24 72.97±1.13a 16.91±0.64a 10.13±1.57 27.03±1.13 
 48 65.13±1.35b,e 22.28±2.45c,f 12.59±1.11 34.87±1.35 
 72 59.18±2.12d,g 28.05±2.63d,h 12.76±1.83 40.82±2.11

aP<0.01 vs. the blank serum 24 h group; bP<0.01 and cP<0.05 vs. the blank serum 48 h; dP<0.05 vs. the blank serum 72 h; eP<0.01 and fP<0.05 
vs. the DHJSD 2-h serum 24 h group; gP<0.01 and hP<0.05 vs. the DHJSD 2-h serum 48 h group. DHJSD, Duhuo Jisheng Decoction.
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limited by a low tissue turnover rate and the avascular nature 
of the cartilage, meaning that OA is an irreversible disease (31). 
With regards to therapeutic strategies for OA, there are a 
large number of active research and drug discovery programs 
aimed at identifying structure-modifying methods of inhib-
iting joint destruction in OA. Current drug therapies are only 
able to reduce symptoms; however, none of these approaches 
have significant efficacy as a disease-modifying anti-OA 
treatment (32). Chinese herbal medicine is a major modality 
in TCM, which has been practiced for thousands of years in 
China and other Asian countries, and is used for the treatment 
of arthritis and related disorders such as Bi syndrome (33,34). 
DHJSD is a traditional Chinese herbal formula which has 
been widely used for OA treatment; however, the molecular 
mechanisms underlying the therapeutic effects of DHJSD on 

OA remain unknown. Thus, the present study was designed to 
investigate whether the treatment of OA with DHJSD affected 
the proliferation of degenerative chondrocytes, and the possible 
underlying molecular mechanism. It was demonstrated that 
DHJSD-containing serum promoted IL-1β-induced chon-
drocytes proliferation through the p16-cyclin D1/CDK4-Rb 
pathway.

Serum pharmacology, suggested in a study by Tashino (35), 
is a novel method to study traditional Chinese herbs. It allows 
one to avoid the various disadvantages of adding drugs directly 
to cells (36). Various ingredients are absorbed into the blood 
through the gastrointestinal tract and transformed into bioac-
tive ingredients following oral administration of traditional 
Chinese herbs. Cells treated with serum containing traditional 
Chinese medicines in vitro are in a similar condition to cells 

Figure 5. Effect of DHJSD 2-h serum on the mRNA expression of cyclin D1, CDK4, Rb and p16 in IL-1β-induced chondrocytes. Following treatment with 
10% DHJSD 2-h serum and blank serum for 24, 48 and 72 h, the cells were collected and the mRNA levels of cyclin D1, CDK4, Rb and p16 were determined 
by RT-PCR. β-actin was used as the internal control. (A) The images are representative blots. (B) Data are presented as the mean ± standard deviation of three 
independent experiments. *P<0.01 and **P<0.05 vs. blank serum 24 h; ▲P<0.01, ▲▲P<0.05 vs. blank serum 48 h; ★P<0.01, ★★P<0.05 vs. blank serum 72 h. 
DHJSD, Duhuo Jisheng Decoction; CDK4, cyclin-dependent kinase 4; Rb, retinoblastoma tumor suppressor protein; IL-1β, interleukin-1β; RT-PCR, reverse 
transcription-polymerase chain reaction.
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in vivo (37). Therefore, serum pharmacology experiments on 
Chinese herbal medicines may produce reliable consistency 
with corresponding experiments in vivo (38). Based on the 
pharmacokinetics, it is well-established that drugs have 
different effects on the body over different time periods of 
treatment. Thus, in the present study, arterial blood was collected 
from the abdominal aorta at 1, 2 and 3 h subsequent to the final 
dose of DHJSD. In order to identify the ideal intervention condi-
tions, the proliferation of chondrocytes was detected by MTT 
assay following treatment with a range of concentrations of the 
DHJSD 1, 2 and 3-h sera for 24, 36, 48, 60 and 72 h. The results 
demonstrated that the ideal condition was the 10% concentra-
tion of 2-h DHJSD serum, which was used in the proceeding 
experiments. 

The mechanisms that lead to cartilage degradation primarily 
involve the excessive production of matrix metalloproteinases 
(MMPs), including collagenases and stromelysins (39). 

Chondrocytes largely contribute to this enhancement by secreting 
high levels of MMPs in response to cytokines, primarily IL-1β. 
These cytokines synergically enhance pro-MMP secretion and 
modulate the activation or inhibition systems, leading to an 
increase in the proteolytic activity of cartilage (40). In vitro, 
IL-1β modifies the normal metabolic functions of chondrocytes, 
and provokes an imbalance between the catabolic and anabolic 
events, leading to an excess of cartilage resorption (40,41). 
Park et al (42) also reported that the IL-1β-treated construct 
can be a simplified model in a closed system to simulate 
pathological OA cartilage. Therefore, IL-1β was used in the 
current study to reproduce the degenerative chondrocyte model, 
and a concentration of 10 ng/ml IL-1β was selected for use, as in 
a previous study (29,30). In the present study, the cells displayed 
typical morphologies of degenerative chondrocytes following 
IL-1β stimulation; numerous chondrocytes became larger with 
finger‑like protrusions at the edges, and the cell membrane and 

Figure 6. Effect of DHJSD 2-h serum on the protein expression of cyclin D1, CDK4, pRb and p16 in IL-1β-induced chondrocytes. Following treatment with 
10% DHJSD 2-h serum and blank serum for 24, 48 and 72 h, the cells were collected. The protein levels of cyclin D1, CDK4, pRb and p16 were determined 
by western blotting. β-actin was used as the internal control. (A) Representative images of western blots. (B) Data are presented as the mean ± standard 
deviation of three independent experiments. *P<0.01, **P<0.05 vs. blank serum 24 h; ▲P<0.01 and ▲▲P<0.05 vs. blank serum 48 h; ★P<0.01 and ★★P<0.05 vs. 
blank serum 72 h. DHJSD, Duhuo Jisheng Decoction; CDK4, cyclin-dependent kinase 4; pRb, phosphorylated retinoblastoma tumor suppressor protein; IL-1β, 
interleukin-1β; RT-PCR, reverse transcription-polymerase chain reaction.
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cytoplasm became unclear. It was also demonstrated that the 
expression of the chondrocyte‑specific protein type II collagen 
was reduced, which is in accordance with previous findings (43). 
In view of these results, the IL-1β-stimulated chondrocyte 
model was indicated to provide a suitable context in which to 
study the effects of DHJSD 2-h serum on the proliferation of 
degenerative chondrocytes.

In the present study, it was demonstrated that DHJSD 2-h 
serum and blank serum treatment led to a time-dependent 
increase in the viability of IL-1β-induced chondrocytes, 
and the potentiating effect was significantly greater in the 
DHJSD 2-h serum group (P<0.01, vs. the blank serum group). 
These results suggest that DHJSD 2-h serum promotes 
IL-1β-induced chondrocyte growth in a time-dependent 
manner. Notably, FACS analysis, which measures the DNA 
content of cells and is more sensitive to cell cycle changes 
than the MTT method, was utilized in the current study. The 
percentages of G0/G1 phase cells reduced in a time-dependent 
manner in the DHJSD 2-h serum group. The percentage of 
S phase cells exhibited the opposite trend, and increased in a 
time-dependent manner. These data demonstrate that DHJSD 
2-h serum promotes IL-1β-induced chondrocyte proliferation 
by promoting G1/S phase transition.

P r ev ious  s t ud ie s  have  i nd ica t e d  t ha t  t he 
p16-cyclin D1/CDK4-Rb pathway serves a central function 
in the G1/S phase transition; this feedback-regulating network 
determines the process of the cell cycle (44). Briefly, extracel-
lular signals induce the expression of cyclin D1 in cells entering 
the cell cycle and this binds to and activates CDK4 (45,46). 
The ensuing complexes in turn lead to the phosphorylation of 
retinoblastoma (Rb), resulting in its dissociation from transcrip-
tion factors, which are predominant members of the E2F family, 
and activate a number of genes required for the progression of 
the cell cycle to the S phase (45). p16, a member of the INK4 
family of CDK inhibitors, inhibits CDK4, maintaining Rb in its 
unphosphorylated E2F-associated state, and thereby preventing 
G1/S phase transition (47,48). In the current study, it was demon-
strated that DHJSD 2-h serum enhanced cyclin D1, CDK4 and 
Rb, and reduced p16 mRNA expression levels in IL-1β-induced 
chondrocytes, indicating that DHJSD 2-h serum promotes the 
progression of chondrocytes from the G1 to the S phase by 
influencing cyclin D1, CDK4, Rb and p16. In order to further 
confirm the results, the effects of DHJSD 2-h serum on the 
protein expression of cyclin D1, CDK4, pRb and p16 were deter-
mined by western blotting analysis. The results revealed that the 
protein expression of cyclin D1, CDK4 and Rb were increased, 
and the expression level of p16 was reduced following DHJSD 
serum treatment, which is in accordance with the observed 
patterns of mRNA expression.

In conclusion, the current study demonstrated that 
DHJSD-containing serum of rats has the ability to promote  
proliferation in IL-1β-induced chondrocytes, through the 
promotion of G1/S transition via modulating the expressions 
of cyclin D1, CDK4, Rb and p16. These data provide a better 
understanding of the effects and mechanisms of DHJSD in the 
treatment of OA. However, it is unclear which of the composites 
of this classic herbal medicine contributes to the pro-proliferative 
effect. Therefore, further study of the individual components of 
DHJSD is required in future, in order to clarify these mecha-
nisms.
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