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Abstract. Chondrocyte apoptosis serves a key role in the 
pathogenesis of osteoarthritis. The present study aimed to 
investigate the protective effects of psoralidin on interleukin 
(IL)‑1β‑induced chondrocyte apoptosis and explore the 
underlying mechanisms. Chondrocytes were isolated from the 
articular cartilage of Sprague‑Dawley rats and were treated 
with 10 ng/ml IL‑1β and various doses of psoralidin (5, 10 
or 15 µM). The ratio of apoptosis was measured by Annexin 
V/propidium iodide double‑labeling fluorescence‑activated cell 
sorting (FACS) analysis. Caspase‑3 and ‑9 activity was deter-
mined using a quantitative colorimetric assay. Intracellular 
levels of reactive oxygen species (ROS) were assessed using a 
dichlorofluorescein diacetate‑labeling FACS analysis, and the 
release of nitric oxide (NO) was measured using the Griess 
reaction method. In addition, protein expression levels were 
detected by western blotting. The results of the present study 
demonstrated that psoralidin may reduce IL‑1β‑induced 
chondrocyte apoptosis. Psoralidin pretreatment also reversed 
the inhibitory effects of IL‑1β on B‑cell lymphoma 2 (Bcl‑2) 
expression, and decreased the IL‑1β‑induced expression 
of Bcl‑2‑associated X protein, matrix metalloproteinase 
(MMP)‑1 and MMP‑13. Furthermore, psoralidin decreased 
IL‑1β‑induced caspase‑3 and ‑9 activity, NO release, ROS 
production and nuclear factor (NF)‑κB nuclear translocation. 
In addition, the NF‑κB inhibitor pyrriolidine‑dithiocarbamate 
exerted similar effects to psoralidin, thus suggesting that 
IL‑1β induced proapoptotic effects in rat chondrocytes via 
an NF‑κB‑dependent pathway. Since psoralidin could protect 
chondrocytes from IL‑1β‑induced apoptosis and MMP expres-
sion, the present results suggested that psoralidin may be 
considered a drug candidate for the treatment of osteoarthritis.

Introduction

Osteoarthritis represents the most common form of chronic 
joint disorder worldwide, the risk of which is significantly 
increased with age  (1). Currently, commonly prescribed 
osteoarthritis medications include nonsteroidal anti‑inflam-
matory drugs, analgesic drugs, and joint injection with 
glucocorticoids and visco‑supplementation. However, these 
medications cannot halt the progression of the disease or 
reverse any damage caused by osteoarthritis. Surgical inter-
vention is recommended for those patients with symptoms 
that persist after the appropriate use of nonsurgical treat-
ment (2).

Osteoarthritis is characterized by progressive degrada-
tion of the extracellular cartilage matrix (ECM) and loss of 
chondrocytes (1,3). During the progression of osteoarthritis, 
the production of reactive oxygen species (ROS)  (4) and 
the apoptosis of chondrocytes (5,6) is gradually increased. 
Previous evidence has suggested that the proinflammatory 
cytokine interleukin (IL)‑1β serves an important role in 
the development of osteoarthritis. IL‑1β levels are elevated 
in the synovial f luid, synovial membrane, subchondral 
bone and cartilage of patients with osteoarthritis  (7). 
IL‑1β induces the expression of matrix metalloproteinases 
(MMPs) in cultured chondrocytes, which leads to ECM 
degradation, abnormal bone metabolism and inflammatory 
disease (8‑10). In addition, it has previously been reported 
that IL‑1β can induce in vitro release of nitric oxide (NO), 
DNA damage  (11), ROS production and mitochondrial 
damage in chondrocytes (12), thus leading to chondrocyte 
apoptosis. These processes may require the activation of 
nuclear factor (NF)‑κB and mitogen‑activated protein kinase 
pathways (13‑16).

Psoralidin is one of the active ingredients isolated from 
the seeds of Psoralea  corylifolia, which is extensively 
used in Asian and African traditional medicines and 
exerts therapeutic effects on cardiovascular and inflam-
matory diseases  (17,18). In addition, psoralidin possesses 
osteoblast proliferation‑stimulating (19), antibacterial (20) 
and antitumor activities  (21‑23). Nevertheless, no data 
is currently available regarding whether psoralidin can 
affect chondrocyte apoptosis. The present study aimed to 
investigate the effects of psoralidin on IL‑1β‑induced apop-
tosis of cultured rat chondrocytes and explored the possible 
mechanisms.
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Materials and methods

Collection, isolation, and culture of rat chondrocytes. The 
present study was approved by the ethics committee of 
Tongji Hospital (Shanghai, China). Sprague‑Dawley (SD) rats 
(n=6; age, 6 weeks; weight, 150‑180 g) were purchased from 
Shanghai Experimental Animal Center (Shanghai, China). 
The rats were maintained at a controlled temperature (24±1˚C) 
and controlled relative humidity (20‑30%), under a 12‑h 
light/dark cycle with free access to food and water. Following 
two days of acclimatization, the rats were sacrificed and the 
articular cartilage was collected and minced into small pieces 
before being digested with 0.4% type II collagenase solution 
(Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) at 
37˚C for 5 h. Subsequently, the digested cartilage was passed 
through a 70‑µm cell strainer to remove undigested tissues, 
and the chondrocytes were collected by centrifugation at 
50 x g for 5 min. The cells were then cultured in Dulbecco's 
modified Eagle's medium (DMEM; Hyclone; GE Healthcare 
Life Sciences, Logan, UT, USA) supplemented with 10% fetal 
bovine serum (Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA) at 37˚C in an atmosphere containing 5% CO2.

Experimental grouping. To establish the appropriate dose 
of IL‑1β, the cells were divided into five groups and treated 
with the following concentrations of IL‑1β (Sigma‑Aldrich; 
Merck KGaA): 0, 1, 10, 50 or 100 ng/ml. Subsequently, a Cell 
Counting Kit (CCK)‑8 assay was performed after 0, 24 and 
48 h to detect cell proliferation.

To investigate the effects of psoralidin on chondrocyte 
proliferation, cells were incubated with various doses 
of psoralidin (1, 5, 10, 15 or 20  µM; Shanghai YuanYe 
Biotechnology Co., Ltd., Shanghai, China) or vehicle 
[dimethyl sulfoxide (DMSO)]. Subsequently, cell proliferation 
was detected after 0, 24 and 48 h. To investigate the protective 
effects of psoralidin on IL‑1β‑induced cytotoxicity, cells were 
incubated with 10 ng/m IL‑1β and various doses of psoralidin 
(1, 5, 10, 15 or 20 µM) or DMSO. Cells in the control group 
were cultured with vehicle only (DMSO). Cell proliferation 
was detected after 0, 24 and 48 h of incubation.

For all other experiments, the cells were divided into the 
following seven groups: Group 1 (control group), in which 
cells were cultured with vehicle (DMSO); group 2, in which 
cells were cultured with 10 ng/ml IL‑1β and DMSO for 24 h; 
group 3, in which cells were cultured with 10 ng/ml IL‑1β and 
5 µM psoralidin for 24 h; group 4, in which cells were cultured 
with 10 ng/ml IL‑1β and 10 µM psoralidin for 24 h; group 5, 
in which cells were cultured with 10 ng/ml IL‑1β and 15 µM 
psoralidin for 24 h; group 6, in which cells were cultured with 
30 µM pyrriolidine‑dithiocarbamate (PDTC, NF‑κB inhibitor; 
Sigma‑Aldrich; Merck KGaA) and 10 ng/ml IL‑1β for 24 h; 
and group 7, in which cells were cultured with 10 ng/ml IL‑1β 
and 500 µM N‑acetylcysteine (NAC; Sigma‑Aldrich; Merck 
KGaA) for 24 h.

Cell proliferation assay. The chondrocytes were plated in 
96‑well plates (2x103 cells/well) and were cultured at 37˚C 
for 12 h in serum‑free DMEM. Following the appropriate 
treatment, cells were incubated with CCK‑8 (Beyotime 
Institute of Biotechnology, Shanghai, China) at 37˚C for 1 h. 

Optical density of each well was measured at a wavelength of 
450 nm using a microplate reader (Bio‑Rad Laboratories, Inc., 
Hercules, CA, USA).

Cell apoptosis assay. Apoptotic analysis was performed using 
an Annexin V‑FITC flow cytometry apoptosis detection kit 
according to the manufacturer's protocol (Beyotime Institute 
of Biotechnology). After treatment, 1x106 cells were harvested 
and resuspended in binding buffer, after which the cells under-
went Annexin V labeling for 15 min and propidium iodide (PI) 
labeling for 5 min in the dark at 4˚C. The samples were analyzed 
using a flow cytometer (BD Biosciences, San Jose, CA, USA) 
with FlowJo analysis software version 7.6.5 (FlowJo LLC, 
Ashland, OR, USA) The percentage of Annexin V+/PI‑ cells was 
used to quantify the proportion of early apoptotic cells.

Protein extraction and western blotting. Total protein was 
extracted from the treated cells using radioimmunoprecipita-
tion assay buffer with freshly added 0.01% protease inhibitor 
cocktail (Beijing Solarbio Science & Technology Co., Ltd., 
Beijing, China). Nuclear and cytosolic proteins were extracted 
using NE‑PER™ Nuclear and Cytoplasmic Extraction 
Reagents (Thermo Fisher Scientific, Inc.). A total of 30 µg 
of proteins were separated by 10 or 15% SDS‑PAGE and 
were then transferred onto nitrocellulose membranes (EMD 
Millipore, Bedford, MA, USA). Protein expression levels 
were analyzed by western blotting. The membranes were 
blocked with 5% skimmed milk at room temperature for 1 h, 
incubated with the appropriate primary antibodies overnight 
at 4˚C. Antibodies against B‑cell lymphoma 2 (Bcl‑2; sc‑492; 
1:200) and Bcl‑2‑associated X protein (Bax; sc‑493; 1:200) 
were purchased from Santa Cruz Biotechnology, Inc. (Dallas, 
TX, USA). The MMP‑13 antibody (ab39012; 1:3,000) was 
obtained from Abcam (Cambridge, UK), and the MMP‑1 anti-
body (10371‑2‑AP; 1:1,000) was purchased from ProteinTech 
Group, Inc. (Chicago, IL, USA). Antibodies against GAPDH 
(5174; 1:2,000), NF‑κB p65 (8242; 1:1,000), β‑actin (4970; 
1:1,000) and histone H3 (4499S; 1:2,000) were purchased 
from Cell Signaling Technology, Inc. (Danvers, MA, USA). 
The membranes were then incubated with secondary anti-
bodies (A0208 and A0216; 1:1,000; Beyotime Institute of 
Biotechnology) at room temperature for 1 h. Densitometric 
analysis was performed with ImageJ software version 1.41 
(National Institutes of Health, Bethesda, MD, USA).

Caspase‑3 and ‑9 activity assay. Caspase‑3 and ‑9 activity was 
measured using the Caspase colorimetric assay kit (Nanjing 
Keygen Biotech Co., Ltd., Nanjing, China) according to the 
manufacturer's protocol. Briefly, cells were collected and 
lysed using the lysis buffer provided. Absorbance values at 
400 nm were determined using a microplate reader (Bio‑Rad 
Laboratories, Inc.). The control group values were set at 100%, 
and results are expressed as a percentage of the control.

Measurement of intracellular ROS levels. Following treat-
ment, the levels of intracellular ROS were measured by flow 
cytometry following incubation with dichlorofluorescein 
diacetate (Beyotime Institute of Biotechnology) for 20 min in 
the dark at 37˚C. Results were expressed as a percentage of the 
control group fluorescence intensity.
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NO production. NO concentration in the medium was measured 
according to the Griess reaction method. Briefly, 50 µl Griess 
reagent (Nanjing Jiancheng Bioengineering Institute, Nanjing, 
China) was mixed with 50 µl cultured medium from treated 
cells and was incubated in the dark for 10 min. The absorbance 
was measured at 550 nm using a microplate reader (Bio‑Rad 
Laboratories, Inc.). The control group values were set at 100%, 
and results are presented as a percentage of the control.

Statistical analysis. Data were analyzed using GraphPad Prism 
statistical software version 6.0 (GraphPad Software, Inc., La 
Jolla, CA, USA). Data are presented as the mean ± standard 
deviation of three independent experiments. One‑way analysis 
of variance followed by Dunnett's multiple comparisons test 
was used for statistical analysis. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Effects of psoralidin on IL‑1β‑induced damage. To establish 
the appropriate dose of IL‑1β, isolated primary chondrocytes 
were incubated with 0, 1, 10, 50 or 100 ng/ml IL‑1β. A total 
of 24 and 48 h after treatment, cell proliferation was signifi-
cantly decreased by IL‑1β (Fig. 1A). The results indicated that 
10 ng/ml IL‑1β had comparable effects to 50 and 100 ng/ml 
IL‑1β; therefore, 10 ng/ml IL‑1β was used in the subsequent 
experiments.

The present study also investigated the effects of psoralidin 
on chondrocyte proliferation (Fig. 1B). Cell proliferation was 
similar in cells treated with psoralidin (1, 5, 10, 15 or 20 µM) 
and cells treated with vehicle (DMSO), thus suggesting that 
psoralidin exerted no cytotoxic effects on chondrocytes. In 
addition, the protective effects of psoralidin on IL‑1β‑induced 
cytotoxicity were analyzed. Cells were treated with 10 ng/ml 
IL‑1β and various concentrations of psoralidin (1, 5, 10, 15 or 
20 µM) or vehicle (DMSO). Cell proliferation was significantly 
decreased by IL‑1β (Fig. 1C) at 24 and 48 h post‑treatment. 
A total of 24 h after treatment, IL‑1β‑induced cell damage 
was significantly reduced by the addition of psoralidin at 
doses of 10, 15 and 20 µM (P<0.01). Treatment with 5, 10 
or 15 µM psoralidin for 48 h exerted protective effects in a 
dose‑dependent manner; however, there was no significant 
difference between the 15 and 20  µM psoralidin groups. 
Therefore, 5, 10 and 15 µM psoralidin were used in subsequent 
experiments.

Effects of psoralidin on IL‑1β‑induced chondrocyte 
apoptosis. To determine the potential effects of psoralidin 
on IL‑1β‑induced chondrocyte apoptosis, chondrocytes were 
incubated with various concentrations of psoralidin (0, 5, 10 
or 15 µM) and IL‑1β (10 ng/ml) for 24 h. NAC is known to 
prevent chondrocyte apoptosis and cartilage destruction (24); 
therefore, additional treatment with NAC (500  µM) was 
used as a positive control. The ratio of apoptotic cells was 
assessed by Annexin V/PI labeling. As presented in Fig. 2A, 
the average apoptotic ratio of chondrocytes exposed to IL‑1β 
was 20.6% compared with the untreated control chondro-
cytes (1.5%; P<0.001), whereas the addition of the NF‑κB 
inhibitor PDTC or NAC markedly decreased the apoptotic 
ratio (P<0.001). In addition, treatment with psoralidin 

resulted in a dose‑dependent reduction in the ratio of apop-
totic cells.

Effects of psoralidin on the expression of Bcl‑2, Bax and 
MMP‑1/13, and caspase‑3/9 activation of chondrocytes 
exposed to IL‑1β. To investigate whether the mitochondrial 
apoptotic pathway was affected, the protein expression 
levels of Bcl‑2 and Bax were evaluated by western blot-
ting. As shown in Fig.  2B, compared with in the control 
cells, IL‑1β treatment led to a significant decrease in the 

Figure 1. Effects of Pso. on IL‑1β‑induced damage. Proliferation of chon-
drocytes in various treatment groups was assessed using Cell Counting kit‑8 
assay. (A) Chondrocytes were treated with 1, 10, 50 or 100 ng/ml IL‑1β for 0, 
24 or 48 h. Cells in the control group were cultured in media alone. *P<0.05, 
**P<0.01 and ***P<0.001 vs. the control group; ##P<0.01 and ###P<0.001 vs. the 
1 ng/ml IL‑1β group. (B) Chondrocytes were treated with Pso. (1, 5, 10, 15 
or 20 µM) or vehicle (DMSO). (C) Chondrocytes were treated with Pso. (1, 
5, 10, 15 or 20 µM) or vehicle (DMSO) alongside 10 ng/ml IL‑1β. **P<0.01 
and ***P<0.001 vs. the control (DMSO) group; ##P<0.01 and ###P<0.001 
vs. the IL‑1β + DMSO; ++P<0.01 and +++P<0.001 vs. the IL‑1β + 1 µM Pso. 
group; &&P<0.01 vs. the IL‑1β + 5 µM Pso. group. Data are presented as 
the mean ± standard deviation obtained from three separate experiments 
performed in triplicate. DMSO, dimethyl sulfoxide; IL‑1β, interleukin‑1β; 
OD, optical density; Pso., psoralidin. 
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Figure 2. Effects of Pso. on IL‑1β‑induced chondrocyte apoptosis. Cells were treated with 10 ng/ml IL‑1β, Pso. (0, 5, 10 or 15 µM), 30 µM PDTC or 500 µM 
NAC for 24 h. Cells in the control group were cultured in DMSO. (A) Apoptosis of chondrocytes in the various treatment groups was determined by Annexin 
V/propidium iodide staining and flow cytometry. (B) Protein expression levels of Bcl‑2, Bax, MMP‑1 and MMP‑13 were evaluated by western blotting. 
(C) Caspase‑3 and ‑9 activity were measured using a Caspase colorimetric assay kit. All data are presented as the mean ± standard deviation obtained from 
three separate experiments performed in triplicate. The control group values were set at 100%, and the results are expressed as a percentage of the control. 

***P<0.001 vs. the control (DMSO) group; #P<0.05, ##P<0.01 and ###P<0.001 vs. the IL‑1β + DMSO group; +P<0.05, ++P<0.01 and +++P<0.001 vs. the IL‑1β + 5 µM 
Pso. group; &P<0.05 and &&&P<0.001 vs. the IL‑1β + 10 µM Pso. group. Bax, Bcl‑2‑associated X protein; Bcl‑2, B‑cell lymphoma 2; DMSO, dimethyl sulfoxide; 
IL‑1β, interleukin‑1β; MMP, matrix metalloproteinase; NAC, N‑acetylcysteine; OD, optical density; PDTC, pyrriolidine‑dithiocarbamate; Pso., psoralidin.
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expression of the anti‑apoptotic protein Bcl‑2, and a signifi-
cant increase in the proapoptotic protein Bax (P<0.001). 
Conversely, when psoralidin, PDTC or NAC were added, 

Bcl‑2 expression was significantly increased compared with 
in the IL‑1β group, whereas Bax expression was significantly 
reduced (P<0.01).

Figure 3. Effects of psoralidin on IL‑1β‑induced ROS and NO production. (A) Levels of intracellular ROS were measured by dichlorofluorescein diacetate 
labeling and flow cytometry. (B) NO concentration in the medium was measured using the Griess reaction method. The control group values were set at 100%, 
and the results are expressed as a percentage of the control. Data are presented as the mean ± standard deviation obtained from three separate experiments 
performed in triplicate. ***P<0.001 vs. the control (DMSO) group; ###P<0.001 vs. the IL‑1β + DMSO group; ++P<0.01 and +++P<0.001 vs. the IL‑1β + 5 µM 
Pso. group; &&P<0.01 vs. the IL‑1β + 10 µM Pso. group. DMSO, dimethyl sulfoxide; IL‑1β, interleukin‑1β; NAC, N‑acetylcysteine; NO, nitric oxide; PDTC, 
pyrriolidine‑dithiocarbamate; Pso., psoralidin; ROS, reactive oxygen species.

Figure 4. Effects of Pso. on IL‑1β‑induced nuclear factor‑κB nuclear translocation. Nuclear and cytosolic proteins were extracted with NE‑PER™ Nuclear and 
Cytoplasmic Extraction Reagents, and samples were analyzed by western blotting with antibodies against p65, β‑actin and histone H3. The immunoreactive 
bands of cytosolic and nuclear p65 were normalized to β‑actin and histone H3, respectively. The control group values were set at 100%, and the results are 
expressed as a percentage of the control. **P<0.01 and ***P<0.001 vs. the control (DMSO) group; #P<0.05, ##P<0.01 and ###P<0.001 vs. the IL‑1β + DMSO group; 
+P<0.05 vs. the IL‑1β + 5 µM Pso. group. DMSO, dimethyl sulfoxide; IL‑1β, interleukin‑1β; NAC, N‑acetylcysteine; PDTC, pyrriolidine‑dithiocarbamate; Pso., 
psoralidin.
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Alterations in caspase‑3 and ‑9 activity were also detected. 
As shown in Fig. 2C, addition of psoralidin, PDTC or NAC 
significantly inhibited IL‑1β‑mediated caspase‑3 and ‑9 acti-
vation (P<0.01). Of the three doses of psoralidin tested, 15 µM 
psoralidin had the most marked effects.

IL‑1β is able induce the expression of collagenases (MMP‑1 
and ‑13), which degrade native collagen fibers and expedite 
chondrocyte apoptosis (9). Compared with in the control cells, 
IL‑1β treatment induced a significant increase in the expres-
sion levels of MMP‑1 and ‑13. (P<0.001), which was abrogated 
by the addition of 15 µM psoralidin, PDTC or NAC (P<0.05).

Effects of psoralidin on IL‑1β‑induced ROS and NO 
production. The present study also analyzed intracellular 
ROS and NO production (Fig. 3). IL‑1β (10 ng/ml) was able 
to significantly induce ROS and NO production (P<0.001), 
which was markedly decreased by the addition of psoralidin, 
PDTC or NAC (P<0.001). Psoralidin exerted its effects in a 
dose‑dependent manner.

Effects of psoralidin on IL‑1β‑induced NF‑κB nuclear 
translocation. IL‑1β is known to induce NF‑κB nuclear 
translocation in chondrocytes (13). As presented in Fig. 4, 
IL‑1β was able to significantly induce nuclear translocation of 
NF‑κB (P<0.01), which was partially abrogated by the addition 
of psoralidin, PDTC or NAC (P<0.05).

Discussion

Psoralidin has been reported to possess osteoblast prolif-
eration‑stimulating  (19), antibacterial  (20) and antitumor 
activities (21‑23). However, the effects of psoralidin on osteo-
arthritis have yet to be reported. The results of the present 
study indicated that psoralidin protected rat chondrocytes 
from IL‑1β‑induced apoptosis. In addition, it promoted Bcl‑2 
expression, reduced Bax expression, and decreased activation 
of caspase‑3 and ‑9. Psoralidin also inhibited the expression of 
MMP‑1 and ‑13, the production of ROS, the release of NO, and 
NF‑κB nuclear translocation.

IL‑1β can induce chondrocyte apoptosis; therefore, it 
may be implicated in osteoarthritis pathophysiology (25). 
Consistent with the results of previous studies  (11,12), 
IL‑1β treatment significantly inhibited the proliferation 
and induced apoptosis of rat chondrocytes, whereas the 
addition of psoralidin (10 or 15 µM) markedly suppressed 
IL‑1β‑mediated apoptosis. Previous studies in various 
cancer cell lines, including gastric, prostate, breast and 
colon cancers, suggested that psoralidin exerts cytotoxic and 
proapoptotic activities (23,26‑29). These inconsistent results 
may be due to the different cell types and treatments used. 
Bcl‑2 family proteins are able to alter permeability of the 
mitochondrial membrane and can finally activate caspase‑9, 
‑3 and ‑7 to initiate apoptosis (30). The present study demon-
strated that psoralidin alleviated the IL‑1β‑induced increase 
in the Bax to Bcl‑2 ratio, as well as the activity of caspase‑3 
and ‑9. The results also suggested that psoralidin affected 
IL‑1β‑induced apoptosis via the mitochondrial apoptosis 
pathway. In addition, IL‑1β can induce the release of NO (11) 
and the production of ROS (12), which eventually leads to 
chondrocyte apoptosis. In the present study, psoralidin was 

able to partially reverse the effects of IL‑1β on NO release 
and ROS production, thus affecting cell apoptosis.

In addition to chondrocyte apoptosis, cartilage destruction 
is a main characteristic of osteoarthritis. In line with previous 
observations that IL‑1β can induce MMP expression (8‑10), the 
present study indicated that the expression of MMP‑1 and ‑13, 
which are two key regulators of cartilage destruction, was induced 
by IL‑1β. Psoralidin partially abolished such effects, indicating 
the protective role of psoralidin in cartilage destruction.

IL‑1β can induce NF‑κB activation in chondrocytes (13). 
The present study also analyzed the role of NF‑κB in 
IL‑1β‑induced chondrocyte apoptosis. IL‑1β‑induced NF‑κB 
nuclear translocation was effectively inhibited by PDTC. In 
addition, PDTC partially blocked IL‑1β‑induced apoptosis, 
NO release, ROS production and MMP expression in chondro-
cytes. These results suggested that IL‑1β induced proapoptotic 
effects via an NF‑κB‑dependent pathway. In addition, a high 
dose of psoralidin (15 µM) had comparable effects to PDTC, 
and therefore may be considered a drug candidate for the treat-
ment of osteoarthritis. Further in vivo animal experiments are 
required to assess the therapeutic potential of psoralidin.

In conclusion, the findings of the present study demon-
strated that psoralidin may inhibit IL‑1β‑induced chondrocyte 
apoptosis, NO production, ROS release, and MMP‑1 and ‑13 
expression, and may suppress IL‑1β‑activated NF‑κB nuclear 
translocation. Collectively, these data indicated the potential 
therapeutic role of psoralidin in osteoarthritis treatment.
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