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Bushen Zhuangjin decoction inhibits TM-induced chondrocyte
apoptosis mediated by endoplasmic reticulum stress
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Abstract. Chondrocyte apoptosis triggered by endoplasmic
reticulum (ER) stress plays a vital role in the pathogenesis
of osteoarthritis (OA). Bushen Zhuangjin decoction (BZD)
has been widely used in the treatment of OA. However, the
cellular and molecular mechanisms responsible for the inhibi-
tory effects of BZD on chondrocyte apoptosis remain to be
elucidated. In the present study, we investigated the effects of
BZD on ER stress-induced chondrocyte apoptosis using a chon-
drocyte in vitro model of OA. Chondrocytes obtained from the
articular cartilage of the knee joints of Sprague Dawley (SD)
rats were detected by immunohistochemical staining for
type II collagen. The ER stress-mediated apoptosis of tunica-
mycin (TM)-stimulated chondrocytes was detected using
4-phenylbutyric acid (4-PBA). We found that 4-PBA inhibited
TM-induced chondrocyte apoptosis, which confirmed the
successful induction of chondrocyte apoptosis. BZD enhanced
the viability of the TM-stimulated chondrocytes in a dose- and
time-dependent manner, as shown by MTT assay. The apoptotic
rate and the loss of mitochondrial membrane potential (AWm) of
the TM-stimulated chondrocytes treated with BZD was mark-
edly decreased compared with those of chondrocytes not treated
with BZD, as shown by 4',6-diamidino-2-phenylindole (DAPI)
staining, Annexin V-FITC binding assay and JC-1 assay. To
further elucidate the mechanisms responsible for the inhibitory
effects of BZD on TM-induced chondrocyte apoptosis mediated
by ER stress, the mRNA and protein expression levels of binding
immunoglobulin protein (Bip), X-box binding protein 1 (Xbpl),
activating transcription factor 4 (Atf4), C/EBP-homologous
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protein (Chop), caspase-9, caspase-3, B-cell lymphoma
2 (Bcl-2) and Bcl-2-associated X protein (Bax) were measured
by reverse transcription-polymerase chain reaction (RT-PCR)
and western blot analysis. In the TM-stimulated chondrocytes
treated with BZD, the mRNA and protein expression levels of
Bip, Atf4, Chop, caspase-9, caspase-3 and Bax were signifi-
cantly decreased, whereas the mRNA and protein expression
levels of Xbpl and Bcl-2 were significantly increased compared
with the TM-stimulated chondrocytes not treated with BZD.
Additionally, all our findings demonstrated that there was no
significant difference between the TM-stimulated chondrocytes
treated with BZD and those treated with 4-PBA. Taken together,
our results indicate that BZD inhibits TM-induced chondrocyte
apoptosis mediated by ER stress. Thus, BZD may be a potential
therapeutic agent for use in the treatment of OA.

Introduction

Osteoarthritis (OA), a cause of disability, is characterized by
changes in chondrocyte gene expression and extracellular
matrix (ECM) destruction (1,2). Chondrocytes are the only
cell type present in articular cartilage, and their biosynthetic
activities are necessary to maintain the stability of the carti-
lage. Several lines of evidence indicate that chondrocyte death
is a key player in cartilage degeneration (3-5). Chondrocyte
death may occur due to apoptosis; it is therefore possible that
chondrocyte loss caused by apoptosis plays a crucial role in
the pathogenesis of OA (6,7). Recent studies have also demon-
strated that endoplasmic reticulum (ER) stress, upstream of
the mitochondria-dependent apoptotic signal transduction
pathway, plays a role in chondrocyte apoptosis (8,9).

ER stress, as a new apoptotic pathway, results from an
imbalance between the load of unfolded proteins in the
ER and the capacity of the ER (10). It is considered that
there are three apoptotic pathways triggered by ER stress:
the C/EBP-homologous protein (Chop)/growth arrest and
DNA damage-inducible gene 153 (Gadd153) pathway, the
c-JUN NH,-terminal kinase (JNK) pathway and the caspase
pathway (11). The transcription of the Chop gene is medi-
ated by three signal transmission passages: PKR-like ER
kinase (PERK), activating transcription factor (Atf)6 and
inositol-requiring protein 1 (IREI) (12). The three protein
molecules activate the apoptotic genes, Gadd153 and TRAF2
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(the gene for the activation of JNK), and initiate chondrocyte
apoptosis (12,13). In addition, the apoptotic genes, caspase-3
and caspase-9, are activated through the caspase pathway,
thereby executing the final stages of apoptosis (14). Several
critical signaling molecules, such as binding immunoglobulin
protein (Bip), X-box binding protein 1 (Xbpl), Atf4, Bcl-2-
associated X protein (Bax) and B-cell lymphoma 2 (Bcl-2) have
been shown to participate in the process of apoptosis induced
by ER stress (15). Thus, decreasing apoptosis through by regu-
lating the effects of related signaling molecules is crucial to
preventing the progressive degeneration of articular cartilage.

Bushen Zhuangjin decoction (BZD) is a well-known formu-
lation that nourishes the Gan (liver) and the Shen (kidney) and
also strengthens tendons and bones, and has been long used in
China (16). Clinical studies have demonstrated that BZD has a
positive effect on the treatment of OA, and experimental studies
have found that BZD decreases the apoptosis of chondrocytes
and promotes chondrocyte proliferation (17,18). However, the
specific mechanisms responsible for the inhibitory effects of
BZD on ER stress-mediated chondrocyte apoptosis remain to
be elucidated. Therefore, in this study, we aimed to determine
whether BZD inhibits the tunicamycin (TM)-induced apop-
tosis of chondrocytes mediated by ER stress and to elucidate
the underlying mechanisms.

Materials and methods

Preparation of the BZD aqueous extract. BZD consists of
the following 10 herbs: 12 g Shu Di Huang (steamed Chinese
foxglove, Radix Rehmanniae Glutinosae Conquitae), 10 g
Niu Xi (Achyranthes bidentata), 12 g Dang Gui (Angelica
sinensis), 12 g Fu Ling (Poria cocos), 12 g Xu Duan
(Dipsacus), 12 g Shan Zhu Yu (Cornus officinalis), 10 g Bai
Shao (white peony root, Radix Paeoniae Alba), 10 g Du Zhong
(Eucommia bark), 10 g Wu Jia Pi (Acanthopanax root bark)
and 5 g Qing Pi (immature tangerine peel, Pericarpium Citri
Reticulatae Viride). All herbs were purchased from the Third
People's Hospital of Fujian University of Traditional Chinese
Medicine (FJUTCM; Fuzhou, China) and were identified by the
Teaching and Research section of FTUTCM. The components
were mixed and extracted with standard methods according to
Chinese Pharmacopoeia (Chinese Pharmacopoeia Committee,
2010). The herbs of BZD were extracted with distilled water
by a refluxing method and were then filtered and concentrated.
The filtrate of BZD was evaporated using a rotary evaporator
(model RE-2000; Shanghai Yarong Biochemistry Instrument
Factory, Shanghai, China) and was then dried to a constant
weight with a vacuum drying oven (model DZF-300; Shanghai
Yiheng Scientific Instrument Co., Ltd., Shanghai, China). The
water extract of BZD was finally dissolved in phosphate-buff-
ered saline (PBS; HyClone Laboratories, Inc., Logan, UT, USA)
to the concentration of 10 mg/ml and was stored at -20°C. The
working concentrations of BZD were prepared by diluting the
stock solution in Dulbecco's modified Eagle's medium (DMEM)
containing 10% fetal bovine serum (FBS) (both from HyClone
Laboratories, Inc.) and then by filtering it through a 0.22-ym
filter and storing it at 4°C.

Chondrocyte culture and identification. Articular chondrocytes
were isolated and cultured as previously described (19). In brief,
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4 SD rats were sacrificed by cervical dislocation. The articular
cartilage was cut out from the bilateral knee joints, peeled
off under sterile conditions and rinsed with PBS (HyClone
Laboratories, Inc.) 3 times. The cartilage was cut into sections
of 1 mm? and digested with 0.2% collagenase II (Sigma-Aldrich,
St. Louis, MO, USA) in a 37°C 5% CO? incubator. The super-
natant fluid was collected every 90 min, and centrifuged for
5 min (1,000 rpm/min). The precipitate was resuspended
with DMEM containing 10% FBS (both from HyClone
Laboratories, Inc.) and transferred onto a 25 mm? culture flask
and cultured in a 37°C 5% CO, incubator; these were termed
the primary chondrocytes. The Sprague Dawley (SD) rats used
in this study were purchased from Shanghai SLAC Laboratory
Animal Co., Ltd. (Shanghai, China). The present study was
approved by the Institutional Animal Care and Use Committee
of FJUTCM. The morphological changes and growth character-
istics of the chondrocytes were recorded under a phase contrast
microscope (Olympus, Tokyo, Japan). To identify the chon-
drocytes, immunocytochemical staining for type II collagen
was performed. Briefly, the cells were seeded onto sterilized
coverslips and placed into wells of a 12-well plate (2x10° cells/
well), and cultured in a 37°C 5% CO, incubator for 48 h. The
cells were fixed with 4% paraformaldehyde (Sigma-Aldrich) at
4°C for 30 min, and blocked with 10% bovine serum albumin
(BSA; Sigma-Aldrich) for 1 h. The slides were incubated with a
rabbit polyclonal antibody to type II collagen (BS1071; Bioworld
Technology, Inc., St. Louis Park, MN, USA) overnight at 4°C.
The slides were then incubated with peroxidase-conjugated affi-
nipure goat anti-rabbit IgG (ZB-2301; Zhongshan GoldenBridge
Biotechnology, Co., Ltd., Beijing, China) for 30 min, followed
by incubation with diaminobenzidine (ZLI-9018 DAB Kkit;
Zhongshan GoldenBridge Biotechnology, Co., Ltd.) for 5 min.
The slides were finaly counterstained with hematoxylin (Sigma-
Aldrich) and dehydrated. Images were captured using a light
microscope (BH2; Olympus, Tokyo, Japan). The primary
chondrocytes were termed passage (P)0 and P2 chondrocytes
at approximately 80% confluence were used in our experiments.

Cell viability assay. The chondrocytes were seeded in 96-well
culture plates at a density of 5x10* cells/ml and incubated
(100 ul/well) for 24 h. The chondrocytes were stimulated with
2 ug/ml TM (Sigma-Aldrich) as the model group. A series of
concentrations of BZD (50, 100,200,400, 800, 1200 xg/ml) were
also added in the presence of TM follwed by incubation for 24,48
or 72 h. Following intervention, 100 ul 1% MTT (Sigma-Aldrich)
were added to each well followed by incubation at 37°C for 4 h,
and the supernatant was then replaced with 150 ul/well of DMSO
(Hengxing Chemical Preparation Co., Ltd., Tianjin, China) and
shaken for 10 min. The absorbance was detected using an ELISA
reader (model ELX800; BioTek Instruments, Inc., Winooski, VT,
USA) by measuring the optical denstiy (OD) value at 490 nm.

Experimental design. According to the assay, there were
4 experimental groups as follows: the control group, which
included P2 chondrocytes without treatment; the model group,
which included apoptotic chondrocytes stimulated with TM;
the dosing group, which included TM-stimulated chondrocytes
treated with BZD; and the positive control group, which included
TM-stimulated chondrocytes treated with S mM 4-phenylbutyric
acid (4-PBA) (Sigma-Aldrich), as previously described (20).
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Figure 1. Morphology of chondrocytes (magnification, x200). (A) Newly isolated chondrocytes. (B) Primary cells cultured for 3 days. (C) Primary cells cultured
for 6 days. (D) First-passage cells cultured for 3 days. (E) Second-passage cells cultured for 3 days.

4',6-Diamidino-2-phenylindole (DAPI) staining. The
chondrocytes were washed with PBS and fixed with 4% parafor-
maldehyde (Sigma-Aldrich) at 4°C for 15 min. The chondrocytes
were stained in 5 yg/ml DAPI for 5 min. The images of apoptotic
chondrocyte morphology were captured using a fluorescence
microscope (Olympus).

Detection of apoptosis by flow cytometry with Annexin V-FITC
and JC-1 staining. The apoptotic rate of the chondrocytes
was detected with Annexin V/PI staining (Nanjing KeyGen
Biotech, Nanjing, China) using a fluorescence-activated cell
sorting (FACS) machine (FACSCalibur™; Becton-Dicskinson
Biosciences, San Diego, CA, USA). The changes in mitochon-
drial membrane potential (AWYm) were measured using a JC-1
kit (Nanjing Keygen Biotech), and the processed cells were also
analyzed using the FACS machine. Both staining procedures
were carried out according to the relevant manufacturer's
instructions.

Reverse transcription-polymerase chain reaction (RT-PCR).
Total RNA was extracted from the cells using TRIzol reagent
(Invitrogen Life Technologies, Grand Island, NY, USA).
RNA (1 ug) was reverse transcribed into cDNA using a reverse
transcription kit (Thermo Fisher Scientific, Inc., Waltham, MA,
USA) according to the manufacturer’s instructions. Subsequently,
the DNA bands were analyzed by gel electrophoresis
(1.5% agarose) using a gel documentation system (Bio-Rad,
Hercules, CA, USA) and normalized to those of -actin. The
PCR primers used were as follows: -actin forward, 5'-GAG
AGG GAA ATC GTG CGT GAC-3' and reverse, 5'-CAT CTG
CTG GAA GGT GGA CA-3"; Bip forward, 5-ATC AAC CCA
GAT GAG GCT GTA GCA-3' and reverse, 5-AGA CCT TGA
TTG TTA CGG TGG GCT-3'; Xbpl forward, 5'-AGC ATA
GGC CTG TCT GCT TCA CTA-3' and reverse, 5-TGG TAA
AGT CCA GCA CTT GGG AGT-3'; Atf4 forward, 5'-AAT
GGC TGG CTA TGG ATG GG-3' and reverse, 5-TGT CTG
AGG GGG CTC CTT ATT AG-3"; caspase-9 forward, 5'-GCC
TCA TCATCA ACA ACG-3' and reverse, 5'-CTG GTA TGG
GAC AGC ATC T-3'; caspase-3 forward, 5-GGA CCT GTG
GAC CTG AAA-3"and reverse, 5'-GGG TGC GGT AGA GTA
AGC-3'; Bcl-2 forward, 5-TGG CAT CTT CTC CTT CCC-3'
and reverse, 5-GGT ACA TCT CCC TGT TGA CG-3'; Chop
forward, 5"“TTC ACT ACT CTT GAC CCT GCG TC-3' and
reverse, 5'-CAC TGA CCA CTC TGT TTC CGT TTC-3"; Bax
forward, 5'-GGC GAT GAA CTG GAC AAC-3' and reverse,
5'-TCC CGA AGT AGG AAA GGA G-3.

Western blot analysis. Total protein was extracted from the
cells using radioimmunoprecipitation assay (RIPA) lysis

buffer (Beyotime Biotech, Shanghai, China) with 1 mM
phenylmethanesulfonyl fluoride (PMSF; Beyotime Biotech),
and the bicinchoninic acid assay (BCA) was used to measure
the protein concentrations. Proteins were separated by elec-
trophoresis on SDS-PAGE gels (12%) and electrotransferred
onto PVDF membranes (Thermo Fisher Scientific, Inc.). The
membranes were blocked in 5% skimmed milk, then incubated
with primary antibodies against Bip (3183S), Xbpl (12782),
Atf4 (11815S), Chop (5554S), Bcl-2 (2876S), caspase-9 (95065),
caspase-3 (9662S) and Bax (2772S; all from Cell Signaling
Technology, Inc., Beverly, MA, USA) and (-actin (sc-47778;
Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) at 4°C
overnight, followed by goat anti-rabbit horseradish peroxi-
dase-conjugated (HRP) secondary antibody IgG (ZB-2301;
Zhongshan GoldenBridge Biotechnology, Co., Ltd.) at room
temperature for 1 h. Eventually, the blots were detected by
using a Bio-Rad ChemiDoc XRS+ imaging system (Bio-Rad),
and B-actin was used as the internal control.

Statistical analysis. Data were analyzed by one-way analysis of
variance (ANOVA) or the Student's t-test using SPSS 19.0 soft-
ware and all values are expressed as the means + SD. A value
of P<0.01 was considered to indicate a statistically significant
difference. A value of P<0.05 was considered a trend.

Results

Morphology and identification of chondrocytes. The chondro-
cytes in our study exhibited a morphology which is considered
typical of chondrocytes, with a spherical, fusiform and slab-
stone shape (Fig. 1), as described in previous studies (21,22).
Immunohistochemical staining for type II collagen indicated
that the cytoplasm was stained brown, which represented the
positive expression of type II collagen, while no brown staining
was observed in the negative control cells (Fig. 2). Following
toluidine blue staining, red/purple particles in the cytoplasm
were observed under a light microscope, which indicated the
staining of proteoglycans (23) (Fig. 2). Thus, P2 chondrocytes
were used in our experiments, as they were proven to be rich
in ECM components (type II collagen) and had the typical
morphology of chondrocytes.

BZD enhances the viability of chondrocytes stimulated with
TM. To examine the effects of BZD on chondrocyte viability,
the viability of the TM-stimulated chondrocytes treated with
BZD at various concentrations for different periods of time was
detected by MTT assay. The viability of the TM-stimulated
chondrocytes was markedly lower than that of the untreated
cells in the control group (P<0.01). The viability of the
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Figure 2. Chondrocyte identification by immunohistochemical stainaing for type II collagen (magnification, x200). (A) Positive P2 chondrocytes stained brown

in the cytoplasm. (B) P2 chondrocytes negative for type II collagen did not stain.
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Figure 3. Bushen Zhuangjin decoction (BZD) enhances the viability of tunicamycin (TM)-stimulated chondrocytes. (A) Chondrocytes treated with TM and BZD
at various concentrations for 24 h. Values are means + SD (vertical bars); *4P<0.01 compared to untreated cells (not treated with either TM or BZD); “P<0.01,
“P<0.05 compared to TM-stimulated chondrocytes. (B) Viability of TM-stimulated chondrocytes treated with 400 yg/ml BZD for various periods of time.
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Figure 4. Bushen Zhuangjin decoction (BZD) prevents morphological changes of tunicamycin (TM)-stimulated chondrocytes (magnification, x200). (A) Untreated
cells, the control group. (B) TM-stimulated chondrocytes, the model group. (C) The viability of TM-stimulated chondrocytes treated with 400 pg/ml of BZD for
48 h, the dosing group. (D) The viability of TM-stimulated chondrocytes treated with 5 mM 4-phenylbutyric acid (4-PBA) for 20 h, the positive control group.

TM-stimulated chondrocytes treated with various concentra-
tions of BZD was enhanced compared with the untreated
TM-stimulated chondrocytes (P<0.01 or P<0.05; Fig. 3A).
The viability of the TM-stimulated chondrocytes treated with
400 ug/ml BZD for 48 h was markedly enhanced compared
with that of the TM-stimulated chondrocytes treated with
400 pg/ml BZD for 24 or 72 h (P<0.01;Fig. 3B). These findings
indicate that BZD exerts a positive effect on TM-stimulated
chondrocytes in a dose- and time-dependent manner. Finally,
the most suitable concentration (400 pg/ml) of BZD for 48 h of
treatment was used in all the subsequent experiments.

Effects of BZD on the morphology of TM-stimulated chon-
drocytes. Following treatment, the morphological changes of
the TM-stimulated chondrocytes were observed under a phase

contrast microscope. It was observed that the untreated cells in
the control group retained their normal growth state and exhib-
ited no significant changes in morphology (Fig. 4A). However,
the TM-stimulated chondrocytes became elongated and shrank
in size, and were observed floating in the medium, and were also
detached from each other (Fig. 4B). However, these changes in cell
morphology induced by stimulation with TM were not observed
or were less evident in the TM-stimulated chondrocytes treated
with BZD or 4-PBA than in the model group (Fig. 4C and D).

BZD decreases the apoptosis of TM-stimulated chondrocytes.
DAPI staining was used to monitor cell apoptosis, by emitting a
strong fluorescence signal when DAPI combined with DNA in
the nucleus. Normal nuclei were round in shape and light blue in
color. However, nuclei of the apoptotic cells were stained bright
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Figure 5. Bushen Zhuangjin decoction (BZD) inhibits the apoptosis and decrease in mitochondrial membrane potential (AWm) in tunicamycin (TM)-stimulated chon-
drocytes. (A) Morphological changes in chondrocytes associated with apoptosis were examined by 4',6-diamidino-2-phenylindole (DAPI) staining. (B) Chondrocyte
apoptotic rate was assessed by Annexin V/propidium iodide (PI) staining. (C) The changes in A¥m in chondrocytes treated with TM and BZD at various concen-
trations and chondrocytes left untreated were revealed by JC-1 staining. (D) Percentage of apoptotic cells in chondrocytes treated with TM and BZD at various
concentrations and untreated chondrocytes. (E) Percentage of live cells (P2) in chondrocytes treated with TM and BZD at various concentrations and untreated
chondrocytes. *4P<0.01, compared to untreated cells; “P<0.01, compared to TM-stimulated chondrocytes. 4-PBA, 4-phenylbutyric acid.

blue and became deformed or fragmented due to the aggregation ~ control groups, the apoptosis of the chondrocyte nuclei was still
of DNA in the TM-stimulated cells. In the dosing and positive  evident, but to a lesser extent than the model group (Fig. 5A).
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Figure 6. Bushen Zhuangjin decoction (BZD) prevents tunicamycin (TM)-induced chondrocyte apoptosis. (A-C) mRNA expression levels of apoptosis-related
factros in chondrocytes left untreated and in those treated with TM and BZD or 4-phenylbutyric acid (4-PBA) in the presence of TM for 24 h were measured by
reverse transcription-polymerase chain reaction (RT-PCR). We measured the mRNA expression levels of binding immunoglobin protein (Bip), X-box binding
protein 1 (Xbpl), activation transcription factor 4 (Atf4), C/EBP-homologous protein (Chop), (B) Bcl-2-associated X protein (Bax), B-cell lymphoma 2 (Bcl-2),
caspase-3 and caspase-9. -actin was used as the internal control for normalization. Values are means + SD (vertical bars). **P<0.01 compared to untreated cells;

“P<0.01, "P<0.05 compared to TM-stimulated chondrocytes.

To further examine the effects of BZD on the apoptosis
of TM-stimulated chondrocytes, Annexin V-FITC binding
assay was used to measure chondrocyte apoptosis. As shown
in Fig. 5B and D, the number of dead, apoptotic cells and the
apoptotic rate of the TM-stimulated chondrocytes treated with
BZD were significantly lower than those of the TM-stimulated
cells not treated with BZD. The results revealed that BZD
exerted a positive effect by reducing or inhibiting the apoptosis
of TM-stimulated chondrocytes.

JC-1 is an indicator of the initiation of cell apoptosis that is
widely used to quantify AYm by measuring the fluorescence
intensities. The effects of BZD on the changes in AYm were
examined by JC-1 assay. As shown in Fig. 5C and E, a signifi-
cant reduction in A¥m in the TM-stimulated chondrocytes
was observed compared with the untreated cells. When
compared with the TM-stimulated chondrocytes, the A¥m in
the TM-stimulated chondrocytes treated with BZD or 4-PBA
was markedly increased. This suggests that BZD exerts a posi-
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Figure 7. Bushen Zhuangjin decoction (BZD) inhibits the apoptosis of tunicamycin (TM)-stimulated chondrocytes mediated by endoplasmic reticulum (ER)
stress. (A-C) Protein expression levels in chondrocytes left untreated and treated with TM and BZD or 4-phenylbutyric acid (4-PBA) in the presence of TM for
48 h were measured by western blot analysis. The protein expression levels of (C) binding immunoglobin protein (BiP), X-box binding protein 1 (Xbpl), activa-
tion transcription factor 4 (Atf4), C/EBP-homologous protein (Chop), (B) Bcl-2-associated X protein (Bax), B-cell lymphoma 2 (Bcl-2), caspase-3 and caspase-9
were measured. -actin was used as the internal control for normalization. Values are means + SD (vertical bars). “4P<0.01 compared to untreated cells; “P<0.01,

compared to TM-stimulated chondrocytes.

tive effect on TM-stimulated chondrocytes as it inhibits the
reduction of A®¥m in these cells.

BZD inhibits ER stress-mediated chondrocyte apoptosis. To
confirm the inhibitory effects of BZD on ER stress-mediated
chondrocyte apoptosis, we measured the expression levels of
established the ER stress-associated markers (24), Bip, Xbpl,
Chop and Atf4. When ER stress is unresolved, the cell is
functionally compromised and may undergo apoptosis (25).
Some pathways have been directly implicated in ER
stress-induced apoptosis, such as those involving caspases,the
Bcl-2 family and the pro-apoptotic member, Bax (26,27). In

order to further eludicate the mechanisms responsible for the
inhibitory effects of BZD on the apoptosis of TM-stimulated
chondrocytes, the mRNA and protein expression levels of
apoptosis-associated markers were measured by RT-PCR and
western blot analysis, respectively. As shown by the results of
RT-PCR, when compared with the model group, the mRNA
expression of Bip, Atf4, Chop, Bax, caspase-3 and caspase-9 in
the dosing group was downregulated, whereas the expression
of Xbpl and Bcl-2 was upregulated (Fig. 6). Furthermore,
the changes in the expression levels of all the aforementioned
markers in the dosing group showed no significant differences
compared to those observed in the positive control
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group (P<0.01, P<0.05; Fig. 6). The results obtained for the
protein levels were very similar (P<0.01, P<0.05; Fig. 7). This
suggests that BZD inhibits the apoptosis of TM-stimulated
chondrocytes by regulating the ER stress pathway.

Discussion

Increasing evidence indicates that there is an asso-
ciation between cartilage degradation and chondrocyte
apoptosis (28,29). Therefore, the inhibition of chondrocyte
apoptosis is essential and may be a potential therapeutic strategy
for OA. In the present study, we investigated the effects of BZD
on TM-induced chondrocyte apoptosis mediated by ER stress.
Our results demonstrated that BZD inhibited the apoptosis
of TM-stimulated chondrocytes by regulating the ER stress
signaling pathway, as evidenced by the upregulation of the
expression of Xbpl and Bcl-2 and the downregulation of the
expression of Bip, Atf4, Chop, Bax, caspase-3 and caspase-9.
Currently, pharmacological approaches to the treatment of OA
include analgesics, anti-inflammatory agents, intra-articular
corticosteroids and hyaluronic acid (30). However, several
adverse effects have been associated with these drugs (31-33).
Thus, there has been a growing interest in Chinese herbal medi-
cines as they have the same benefits, and are less costly and
have fewer adverse effects (34-36). BZD has a good structure
and exhibits diverse physicochemical properties. Moreover,
it exerts potentially drug-like and multi-target effects (37,38).
There is evidence that BZD is effective in the treatment of OA
in both clinical and in in vitro studies (16,17).

ER stress activates a set of signaling pathways collectively
known as the unfolded protein response (UPR) (39). TM is
a bacterial toxin that has been shown to inhibit the N-linked
glycosylation of nascent proteins and to lead to the activation
of UPR in mammalian cells (40). It is generally used as an ER
stress inducer. Thus, TM-stimulated chondrocytes were used
as a cellular model of apoptosis in the present study. It was
observed that the morphological changes of the TM-stimulated
chondrocytes were identical to those accompanying apoptosis,
which indicated that the model of apoptosis was successfully
established. Additionally, 4-PBA is a chemical chaperone whose
beneficial effects have been associated with the suppressed
expression of ER stress markers (41). Hence, the TM-stimulated
chondrocytes treated with 4-PBA were used as the positive
control.

MTT assay is used to monitor cytotoxicity, proliferation
and activation (42). In our study, the viability of both untreated
and treated cells was measured by MTT assay. According to
the results, the viability of the TM-stimulated chondrocytes
was evidently enhanced by BZD in a dose- and time-dependent
manner. To further examine the effects of BZD on the apop-
tosis of TM-stimulated chondrocytes, DAPI, Annexin V-FITC
binding assay and JC-1 assay were performed. Annexins, the
Ca**-dependent and phospholipid-binding proteins, specifically
bind to phosphatidylserine (PS) in the plasma membrane (43).
When apoptosis occurs, PS is translocated to the extracellular
layer from the cytosolic layer of the plasma membrane, and
Annexin V-TITC binding assay is used to detect PS exposure
on the membranes of apoptotic cells (44). JC-1 assay detects the
loss of AWm. Alterations in AW'm are indicative of changes in the
mitochondrial metabolic activity leading to cell cycle arrest and
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apoptosis; therefore, AWm is an indicator of cell integrity (45).
The results of the Annexin V and JC-1 assays further established
the occurrence of apoptosis and demonstrated that BZD reduced
the loss of AWm, thereby inhibiting chondrocyte apoptosis.

ER stress is caused by the accumulation of unfolded proteins.
Bip maintains the non-activated state of signal transduction
factors while combining the end of PERK, Atf6 and IRE1. Xbpl
mRNA, a transcription factor, is frame switched by the removal
of a small intron (46). It has been found that ER stress is induced
during chondrocyte differentiation and activates the IRE1-Xbpl
pathway (47). ER membrane-associated initiator caspases, such
as caspase-3, are also activated by IREla (12). PERK makes
a crucial contribution to enhancing the expression of Chop in
the UPR, subsequently inducing the translational upregulation
of Atf4 by transmitting signals phosphorylating elF-2a (48,49).

Although apoptosis can be induced by several different
triggers, it is characteristically associated downstream with
the sequential activation of caspases (50). The caspase family
of enzymes is a key factor in cell apoptosis. Caspase-9 is a
member of the caspase family of cysteine proteases, which
has been implicated in apoptosis and cytokine processing (51).
Caspase-3 is one of the effector caspases that mediates the
final stage of cell death by apoptosis (52). It was previously
found that the expression of caspase-3 was ~2-fold higher in
OA-affected cartilage and correlated with chondrocyte apop-
tosis, activated by caspase-9 (53). Bax (pro-apoptotic molecule)
and Bcl-2 (anti-apoptotic molecule) are two biomarkers which
are associated with the mechanisms of cell death by apoptosis
in OA. It has been demonstrated that Bax is upregulated in
OA cartilage and that Bcl-2 is downregulated (54). Bcl-2 is a
cytoplasmic protein that is involved in promoting cell survival
and preventing apoptosis (55). The transcription of Bcl-2 is
regulated by Chop; thus, the upregulation of Bcl-2 may occur
during cartilage repair in OA. In our study, the changes in the
mRNA and protein levels of these markers were detected by
RT-PCR and western blot analysis, respectively. On the one
hand, treatment with BZD led to the downregulation of the
expression of Bip, Atf4, Chop, Bax, caspase-3 and caspase-9
in the dosing group, thus decreasing chondrocyte apoptosis.
On the other hand, BZD upregulated the expression levels of
Xbpl and Bcl-2. Taken together, our findings demonstrated that
BZD inhibited the apoptosis of TM-stimulated chondrocytes
by regulating the ER stress pathway.

In conclusion, our data demonstrate that BZD effectively
exerted its anti-apoptotic effects on chondrocytes stimulated
with TM. The inhibition or prevention of chondrocyte apop-
tosis was mainly the result of the suppression of the ER stress
pathway. The findings of the present study indicate that BZD
is a potent therapeutic agent for the treatment of OA. However,
due to the limitations of in vitro experiments, the exact mecha-
nisms responsible for the inhibition of ER stress-mediated
chondrocyte apoptosis by BZD were not completely elucidated.
Thus, further studies are warranted to examine the effects of
BZD on OA both in vitro and in vivo.
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