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Abstract: Objectives: Mandibular condylar chondrocyte apoptosis is mainly responsible for the development and 
progression of temporomandibular joint osteoarthritis (TMJ-OA). Interleukin-1β (IL-1β) generally serves an agent 
that induces chondrocyte apoptosis. Hyperbaric oxygen (HBO) treatment increases proteoglycan synthesis in vivo. 
We explore the protective effect of HBO on IL-1β-induced mandibular condylar chondrocyte apoptosis in rats and 
the potential molecular mechanisms. Methods: Chondrocytes were isolated from the TMJ of 3-4-week old Sprague-
Dawley rats. The Cell Counting Kit-8 (CCK-8) assay was used to determine cell viability. The phosphorylated phos-
phoinositide-3 kinase (p-PI3K), phosphorylated AKT (p-Akt), type II collagen (COL2), and aggrecan (AGG) content 
was detected by immunofluorescence, immunocytochemistry and western blotting. The expression of Pi3k, Akt, 
Col2 and Agg mRNA was measured using real-time quantitative polymerase chain reaction (RT-qPCR). Results: HBO 
inhibited the cytotoxicity and apoptosis induced by IL-1β (10 ng/mL) in the mandibular condylar chondrocytes. HBO 
also decreased the IL-1β activity that decreased p-PI3K and p-AKT levels, and increased COL2 and AGG expression, 
with the net effect of suppressing extracellular matrix degradation. Conclusions: These data suggest that HBO may 
protect mandibular condylar chondrocytes against IL-1β-induced apoptosis via the PI3K/AKT signaling pathway, and 
that it may promote the expression of mandibular condylar chondrocyte extracellular matrix through the PI3K/AKT 
signaling pathway.
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Introduction

The temporomandibular joint (TMJ) is one of 
the most common sites affected by osteoar-
thritis (OA), a degenerative disease with age-
related joint disorder characterized by the pro-
gressive loss of articular cartilage and degra-
dation of the cartilage matrix. TMJ-OA is char-
acterized by cartilage degradation, subchon-
dral bone remodeling, chronic pain, and joint 
dysfunction [1, 2].

Proinflammatory cytokines such as interleukin-
1β (IL-1β) and tumor necrosis factor-α (TNF-α) 
play a critical role in the development of OA 
pathological changes by inducing the secretion 
of matrix metalloproteinases (MMPs) by chon-

drocytes, which degrade the extracellular 
matrix [3] and promote chondrocyte apoptosis 
[4]. For example, the expression of type I IL-1 
receptor (IL-1R) is augmented in chondrocytes 
in OA, rendering these cells more sensitive to 
stimulation by IL-1β [5, 6]. IL-1 in particular, has 
been proven to induce chondrocyte apoptosis 
[4]. Therefore, IL-1β is generally serves as an 
agent that induces chondrocyte apoptosis [7-9]. 
Moreover, previous reports have indicated that 
the major causes of OA are excessive chondro-
cyte apoptosis, inducing the loss of chondro-
cytes and the degeneration of cartilage tissue 
[10]. Mandibular condylar chondrocyte apopto-
sis plays an important role in the development 
of cartilage degeneration in TMJ-OA and it is 
increasingly considered one of the potential tar-
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gets for TMJ-OA treatment [11-13]. Therefore, it 
is essential to elucidate the molecular mecha-
nisms of chondrocyte apoptosis in OA. 

As a potential signaling pathway for apopto- 
sis inhibition, the phosphoinositide-3 kinase 
(PI3K)/AKT signaling pathway plays a critical 
role in inhibiting chondrocyte apoptosis [14]. 
17β-Estradiol increases cell proliferation in rat 
OA model chondrocytes through the PI3K/AKT 
signaling pathway [13]. The activation of PI3K/
AKT signaling regulates cell growth, prolifera-
tion, migration, and adhesion [15]. A recent 
study reported that in early chondrogenesis, 
the activation of PI3K/AKT signaling promoted 
chondrocyte proliferation and increased sulfat-
ed glycosaminoglycan (sGAG) deposition; inhi-
bition of PI3K signaling resulted in decreased 
expression of the early chondrogenic marker 
genes for aggrecan (AGG), type II collagen α1 
(COL2A1) and SRY-box 9 (SOX9) [16]. Several 
other studies have reported a variety of func-
tions of PI3K/AKT signaling during chondrogen-
esis. The constitutively active form of AKT 
accelerated the chondrogenic differentiation of 
ATDC5 cells [17]. In contrast, the inhibition of 
PI3K signaling suppressed the expression of 
the early chondrocytic differentiation marker 
Col2A1 and the production of sulfated proteo-
glycans (PG) [18]. Likewise, in chondrocytic cell 
lines and primary articular chondrocytes, prolif-
eration and the synthesis of sGAG is dependent 
on the PI3K/AKT signaling pathway [19].

Hyperbaric oxygen (HBO) therapy is a safe, non-
invasive modality that increases the oxygen 
tension of tissues and the microvasculature 
[20]. Previous reports have suggested that 
HBO treatment increases PG synthesis in vivo 
[21, 22]. In the present study, similar results 
suggested that HBO treatment upregulated 
Agg and Col2 mRNA expression in OA rat chon-
drocytes [23]. HBO treatment decreased the 
expression of IL-1β and increased the gene 
expression of Agg and Col2 [24, 25]. However, 
the effect and potential molecular mechanism 
of HBO on IL-1β-induced chondrocytes in OA 
remain unclear.

In our research, we explored whether HBO 
could suppress apoptosis and induce the secre-
tion of extracellular matrix in IL-1β-stimulated 
rat TMJ chondrocytes. We also studied the 
molecular mechanism of the protective effect 
of HBO on IL-1β-induced rat mandibular condy-

lar chondrocytes by researching changes in the 
PI3K/AKT signaling pathway.

Materials and methods

Materials

Phosphate-buffered saline (PBS), 0.25% tryp-
sin, 0.2% type II collagenase, 100 mg/mL peni-
cillin, and 100 mg/mL streptomycin were pur-
chased from Invitrogen (Grand Island, NY, USA). 
Dulbecco’s modified Eagle’s medium (DMEM) 
was purchased from HyClone (Logan, UT, USA). 
Fetal bovine serum (FBS) was purchased from 
Sciencell (Carlsbad, CA, USA). Dimethylsulfoxide 
(DMSO) was obtained from Sigma Chemical (St. 
Louis, MO, USA). The bicinchoninic acid (BCA) 
protein assay kit and Cell Counting Kit-8 (CCK-
8) assay kit were purchased from Beyotime 
Institute of Biotechnology (Jiangsu, China). The 
PI3K-specific inhibitor LY294002 was pur-
chased from Cell Signaling Technology (Beverly, 
MA, USA). Recombinant rat IL-1β was pur-
chased from PeproTech (Rocky Hill, NJ, USA).

Isolation and culture of rat mandibular condy-
lar chondrocytes

Condylar TMJ cartilage tissues were harvested 
from 10 4-week-old Wistar rats. The tissues 
were washed thrice with PBS, minced finely, 
digested with 0.25% trypsin for 10 min, and 
subsequently digested with 0.1% collagenase II 
in DMEM growth medium, supplemented with 
20% FBS, 100 mg/mL penicillin, and 100 mg/
mL streptomycin. Following incubation at 37°C 
in a humidified atmosphere of 5% CO2, the 
chondrocytes were collected at 2-h intervals by 
centrifugation. Then, the cells were resuspend-
ed with the medium in 6-cm culture dishes. For 
the duration of the culture, the medium was 
changed every 3 days, and in the subsequent 
experiments, second passage (P2) cells were 
used. The morphology of the chondrocytes was 
observed under a microscope. To investigate 
the effect of HBO on chondrocytes under 
inflammatory conditions, we analyzed the 
effect of HBO on chondrocytes treated with 
recombinant rat IL-1β, a proinflammatory cyto-
kine. To eliminate the influence of IL-1β from 
the serum in the culture medium, the medium 
was replaced with serum-free culture medium 
20 h before HBO treatment. Finally, the culture 
medium was replaced with fresh serum-free 
medium or serum-free medium containing IL-1β 
(10 ng/mL) just before HBO treatment.



HBO against chondrocyte death by IL-1β

5110 Am J Transl Res 2016;8(11):5108-5117

Immunohistochemistry

Chondrocytes were fixed in 4% paraformalde-
hyde for 30 min and washed with PBS three 
times. Two drops of 3% H2O2-methanol solution 
were added to the slide, which was incubated 
at room temperature for 10 min and then 
washed with PBS three times. Goat serum (50-
100 μL) was added to the slide, which was then 
incubated at room temperature for 20 min. 
Collagen type II antibody (50-100 μL of a 1:200 
dilution) was added to the slide, which was then 
incubated at 37°C for 2 h and washed with PBS 
three times before the addition of 50 μL inten-
sifier. The slides were then incubated at room 
temperature for 30 min and washed with PBS 
three times. A universal immunoglobin G (IgG) 
antibody-Fab segment-horseradish peroxidase 
polymer (50 μL) was added to the slide, which 
was then incubated at 37°C for 30 min and 
washed with PBS three times. Fresh 3,3’-diami-
nobenzidine solution was used for color devel-
opment. The slides were washed for 15 min 
with tap water and then once with distilled 
water. Hematoxylin staining was performed 
according to a standard protocol.

Immunofluorescence 

Chondrocytes were fixed with 4% paraformalde-
hyde in PBS for 10 min at room temperature, 
and then, permeabilized and blocked in PBS 
containing 0.1% Triton X-100 and 5% FBS for 
30 min. The fixed cells were washed with PBS 
and incubated overnight at 4°C with anti-colla-
gen II antibody (1:200; lot no. ab34712; Abcam). 
The cells were washed and incubated with rho-
damine- or fluorescein-conjugated secondary 
antibodies, washed again, and observed under 
a standard fluorescence microscope. Nuclei 
were identified with 4,6-diamidino-2-phenylin-
dole staining.

Cell treatments

The cells were divided into four groups: control 
(no treatment); IL-1β treatment (cells were stim-
ulated with 10 ng/mL IL-1β for 24 h); HBO treat-
ment (cells were stimulated with 10 ng/mL 
IL-1β for 24 h and treated with HBO); HBO+ inhi-
bitior (cells were pretreated with 25 μM 
LY294002 for 1 h and 10 ng/mL IL-1β for 24 h 
followed by HBO treatment).

Exposure to intermittent HBO

Cells in the control group and IL-1β group were 
maintained in 5% CO2/95% air (non-HBO) 
through the experimental protocol. All hyperox-
ic cells were exposed to 100% O2 for 25 min 
and then to air for 5 min at 1.5 atmospheres 
absolute (ATA) in a hyperbaric chamber (Billups-
Rothenberg, Del Mar, USA) with a total treat-
ment time of 90 min per 48 h.

Cell viability assay

The cells were plated in 96-well culture plates. 
After incubation with test medium for 24 h, the 
number of viable cells was determined using 
CCK-8 reagent according to the manufacturer’s 
instructions. Briefly, cells were seeded in 
96-well plates at a concentration of 1×105/mL. 
After 48 h, 10 μL CCK-8 reagents was added to 
each well and incubated for 2 h. The absor-
bance at 450 nm was measured using a micro-
plate reader. Each treatment was replicated in 
three wells. The data in each treatment group 
are expressed as a percentage of the control.

Western blotting

Cells were lysed using protein lysis buffer and 
protease inhibitor cocktail. The protein concen-
tration of the cell lysates was quantified by the 
BCA assay kit, and equal amounts of protein 
were separated by sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE) and 
then transferred onto a polyvinylidene fluoride 
(PVDF) membrane (Millipore, Billerica, MA, 
USA). The PVDF sheet was blocked with 5% 
non-fat dried milk in Tris-buffered saline con-
taining 0.1% Tween 20 at room temperature for 
1 h, and incubated with primary rabbit poly-
clonal antibodies against rat antigens. The fol-
lowing antibodies were used to detect the pro-
teins: rabbit anti-COL2 polyclonal antibody 
(1:400; lot no. SAB4500366, Sigma), anti-AGG 
(1:1000; lot no. SAB4500662, Sigma), anti-
total PI3K monoclonal antibody (1:1000; lot no. 
#4257, Cell Signaling Technology), and anti-
phosphorylated (p-) PI3K polyclonal antibody 
(1:1000; lot no. SAB4504314, Sigma), anti-
total AKT (1:1,000; lot no. #4691, Cell Signaling 
Technology), and anti-p-AKT (1:1,000; lot no. 
#4060, Cell Signaling Technology). Incubation 
with monoclonal mouse β-actin antibody 
(1:1000; Beyotime) was used as the loading 
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Figure 1. Identification of normal mandibular condylar chondrocytes. A: The morphology of the P2 chondrocytes was 
observed under a microscope. B: The immunohistochemical staining for type II collagen was positive in the chondro-
cytes. C: The immunofluorescence staining for type II collagen was positive in the chondrocytes.

sample control. The blots were developed using 
a horseradish peroxidase-conjugated second-
ary antibody (Beyotime) and enhanced chemilu-
minescence (ECL) using an ECL chemilumines-
cence kit (Beyotime). The blots were exposed to 
autoradiographic film for 1-2 min for detection. 

Reverse transcription and real-time quantita-
tive polymerase chain reaction (RT-qPCR) 
analysis

The total RNA from each group was extracted 
using TRIzol reagent (Invitrogen) according to 
the manufacturer’s instructions. Reverse tran-
scription and RT-qPCR were carried out using 
an Ultra SYBR Two Step RT-qPCR Kit (with ROX; 
CW Biotech, Beijing, China) according to the 

manufacturer’s instructions. RT-qPCR was car-
ried out in an Eppendorf RealPlex 4 (Eppendorf 
AG, Hamburg, Germany) with the following set-
tings: 10-min of pre-incubation at 95°C fol-
lowed by 40 cycles of 20 s at 95°C and 60 s at 
55°C. The 25-μL reaction volume contained 
2×Ultra SYBR mixture (with ROX), forward and 
reverse primers (10 mM), and template comple-
mentary DNA (cDNA). Melting curve analysis 
was carried out using the default program. After 
each reaction, the cycle threshold (Ct) was 
recorded when the amplification curve reflect-
ed the exponential kinetic measurements. The 
2-ΔΔCt method was adopted using glyceralde-
hyde-3-phosphate dehydrogenase (Gapdh) as 
the reference gene.

The primers for rat Col2 (forward: 5’-AAGAGC- 
AAGGAGAAGAAG-3’, reverse: 5’-TTACAGTGGTA- 
GGTGATG-3’), Agg (forward: 5’-GCAGCACAGAC- 
ACTTCAGGA-3’, reverse: 5’-CCCACTTTCTACAGG- 
CAAGC-3’) and Gapdh (forward: 5’-ATGATTCT- 
ACCCACGGCAAG-3’, reverse: 5’-CTGGAAGATGG- 
TGATGGGTT-3’) were designed with Primer Pre- 
mier Version 5.0 software and their efficiency 
was confirmed by sequencing their convention-
al PCR products.

Immunofluorescence and immunohistochem-
istry

Immunofluorescence was used to determine 
the expression patterns of type II collagen in 
each group. Briefly, the cultured chondrocytes 
were fixed with 4% paraformaldehyde in PBS for 
10 min at room temperature, and permeabi-
lized and blocked in PBS containing 0.1% Triton 
X-100 and 5% FBS for 30 min. The fixed cells 
were washed with PBS and incubated overnight 
at 4°C with anti-collagen II antibody (1:200; lot 

Figure 2. Effects of HBO on IL-1β-induced chondro-
cyte proliferation. CCK-8 assay was used to examine 
the cell proliferation of each group, the absorbance 
was measured at 450 nm (n=5 per group). Bars rep-
resent the mean and SEM of each group. NC, normal 
control; IL-1β, cells with 10 ng/mL interleukin-1β; 
HBO, hyperbaric oxygen treated cells with 10 ng/mL 
interleukin-1β; H+I, hyperbaric oxygen treated cells 
with 10 ng/mL interleukin-1β and 25 μM LY294002 
(the PI3K inhibitor). ** < 0.01, * < 0.05.
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Figure 3. COL2, AGG, p-PI3K and p-AKT protein levels measured by immunohistochemistry and immunofluores-
cence. Comparison of the AGG, p-PI3K, p-AKT and COL2 protein levels in the different groups as determined by 
immunohistochemistry and immunofluorescence (n=6 per group). 

no. ab34712; Abcam). The cells were washed 
and incubated with rhodamine- or fluorescein-
conjugated secondary antibodies, washed ag- 
ain, and then observed under a standard fluo-
rescence microscope. Nuclei were identified 
with 4,6-diamidino-2-phenylindole staining.

Immunohistochemistry was used to determine 
the expression patterns of AGG, p-PI3K, and 
p-AKT in each group. Immunohistochemical 
staining was carried out using the streptavidin-
peroxidase (S-P) method. Endogenous peroxi-
dase activity was inhibited by 3% hydrogen per-
oxide. The cells were reacted overnight at 4°C 
with the following rabbit polyclonal antibodies: 
anti-AGG (1:50), anti-p-PI3K (1:50) and anti-p-
AKT (1:50). The secondary antibody, biotinylat-
ed anti-rabbit IgG, was applied for 30 min at 
room temperature. The cells were visualized 
using 3,3’-diaminobenzidine tetrahydrochloride 
(DAB). Digital images were analysed via Image-
Pro Plus software (Media Cybernetics, Roc- 
kville, MD, USA).

Statistical analysis

All data are expressed as the means ± stan-
dard error. Experimental data were analyzed by 
one-way analysis of variance (ANOVA). Relative 

indices were analyzed using SPSS version 13.0 
software (SPSS, Chicago, IL, USA). The Student-
Newman-Keuls q test was used to calculate dif-
ferences between the groups. Data were 
graphically presented using GraphPad Prism 6 
(San Diego, CA, USA). A P-value of less than 
0.05 was considered statistically significant.

Results

Identification of normal mandibular condylar 
chondrocytes

Chondrocytes with abundant cytoplasm and 
round nuclei grew to complete confluence with-
in 4-7 days. As shown in Figure 1, immunohis-
tochemical and immunofluorescence staining 
for type II collagen was positive in the 
chondrocytes.

HBO increased the proliferation and viability of 
IL-1β-induced chondrocytes through the PI3K/
AKT signaling pathway

To investigate whether HBO has a positive 
effect on IL-1β-induced chondrocytes, the pro-
liferation and viability of HBO-treatment chon-
drocytes was examined by CCK-8 assay. As 
shown in Figure 2, IL-1β significantly reduced 
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Table 1. The integrated optical density (IOD) and the positive expression areas of COL2, AGG, p-PI3K 
and p-AKT measured by immunohistochemistry and immunofluorescence

NC IL-1β HBO H+I

IOD Positive 
areas (μm2) IOD Positive 

areas (μm2) IOD Positive 
areas (μm2) IOD Positive 

areas (μm2)
COL2 97.8±7.6 70.6±10.2 42.1±6.1* 23.5±4.2* 78.5±16.7# 83.7±12.2# 50.5±8.4& 30.1±7.3&

AGG 104.5±9.8 68.2±9.4 50.2±7.7* 34.2±5.9* 80.9±11.7# 71.2±10.8# 66.1±12.2& 39.7±8.7&

p-PI3K 80.1±11.2 59.1±13.2 30.8±4.3* 20.7±3.7* 63.3±10.4# 48.8±10.4# 38.8±6.2& 22.1±6.3&

p-AKT 89.3±10.9 67.7±12.9 37.6±4.4* 21.3±6.1* 59.8±12.3# 51.1±11.7# 43.3±7.7& 29.4±5.5&

NC, normal control; IL-1β, cells with 10 ng/mL interleukin-1β; HBO, hyperbaric oxygen treated cells with 10 ng/mL interleukin-
1β; H+I, hyperbaric oxygen treated cells with 10 ng/mL interleukin-1β and 25 μM LY294002 (the PI3K inhibitor). *P < 0.05, sig-
nificantly different from the normal control group; #P < 0.05, significantly different from the IL-1β group. &P < 0.05, significantly 
different from the HBO group. Data are represented as the M ± SEM of n=6. M, mean; SEM, Standard Error; n, sample size.

cell proliferation and viability. However, the 
addition of HBO visibly increased the cell prolif-
eration and viability decreased by IL-1β. To fur-
ther observe the effect of PI3K/AKT signaling in 
HBO-mediated promotion of chondrocyte prolif-
eration and viability induced by IL-1β, 25 μM 
LY294002 was added together with HBO, 
where LY294002 decreased the prior effect of 
HBO on IL-1β-decreased chondrocyte prolifera-
tion and viability.

Protein expression of COL2, AGG, PI3K, p-
PI3K, AKT, and p-AKT

The immunofluorescence and immunohisto-
chemistry results are shown in Figure 3 and 
Table 1. Compared with the control group, the 
integrated optical density (IOD) and the positive 
expression areas of COL2, AGG, p-PI3K, and 
p-AKT were significantly lower in the IL-1β group 
(P < 0.05). Compared with the IL-1β group, the 

Figure 4. Protein expression of COL2, AGG, PI3K, p-PI3K, AKT, and p-AKT. Western blot technique was used to ex-
amine the possible mechanism by which HBO protect chondrocytes. A: Comparison of the COL2, AGG, PI3K, p-PI3K, 
AKT and p-AKT protein levels in the different groups as determined by Western blot. B: Mean relative protein levels 
of COL2 and AGG in different groups (n=6 per group). C: p-PI3K levels were normalized to t-PI3K levels in different 
groups (n=6 per group). D: p-AKT levels were normalized to t-AKT levels in different groups (n=6 per group). Bars 
represent the mean and SEM of each group. ** < 0.01, * < 0.05.



HBO against chondrocyte death by IL-1β

5114 Am J Transl Res 2016;8(11):5108-5117

Figure 5. The 2-ΔΔCt method was adopted with GAPDH as the reference gene. Reverse transcription and real-time 
quantitative polymerase chain reaction technique was used to examine the mRNA expression COL2 and AGG in 
each group. A: The COL2 mRNA levels were normalized to GAPDH levels in different groups (n=6 per group). B: The 
AGG mRNA levels were normalized to GAPDH levels in different groups (n=6 per group). Bars represent the mean 
and SEM of each group. * < 0.05.

IOD and positive expression areas of COL2, 
AGG, p-PI3K, and p-AKT were significantly high-
er in the HBO group (P < 0.05). Compared with 
the HBO group, the IOD and positive expression 
areas of COL2, AGG, p-PI3K, and p-AKT were 
significantly lower in the HBO+ inhibitor group 
(P < 0.05). To confirm the expression quantity in 
the chondrocytes, the above proteins were 
quantified by western blot analysis. As shown in 
Figure 4, compared with the control group, lev-
els of COL2, AGG, p-PI3K, and p-AKT expres-
sion were significantly lower in the IL-1β group 
(P < 0.01). There were significantly increased 
levels of COL2, AGG, p-PI3K, and p-AKT expres-
sion in the HBO group compared with the IL-1β 
group (P < 0.05), and compared with the HBO 
group, levels of COL2, AGG, p-PI3K, and p-AKT 
expression were significantly lower in the HBO+ 
inhibitor group (P < 0.05).

Col2 and Agg mRNA expression

As shown in Figure 5, there was significantly 
decreased mRNA expression of Col2 and Agg in 
the IL-1β group compared with the control 
group (P < 0.05). In contrast, Col2 and Agg 
mRNA expression was increased significantly in 
the HBO group compared with the IL-1β group 
(P < 0.05). In the HBO+ inhibitor group, Col2 
and Agg mRNA expression was significantly 
decreased in contrast to the HBO group (P < 
0.05).

Discussion 

Mandibular condylar chondrocyte apoptosis 
and extracellular matrix degradation play an 

important role in the development of cartilage 
degeneration in TMJ-OA. HBO is currently 
established for many clinical applications and 
has potential for use in regenerative therapy, 
yet its mechanism of action in most applica-
tions remains unknown. In addition, HBO treat-
ment suppresses the apoptosis in degenerated 
disc cells [26] and osteoarthritic chondrocytes 
[22], suggesting a beneficial effect of HBO. 
However, the effects of HBO in OA have not 
been reported. Our results show that treatment 
with HBO increased cell proliferation and viabil-
ity and inhibited apoptosis in IL-1β-stimulated 
rat chondrocytes, a model of OA chondrocytes, 
and increased COL2, AGG, p-PI3K, and p-AKT 
expression. Our results indicate that HBO treat-
ment has the net effect of inhibiting the extra-
cellular matrix degradation mediated by the 
promotion of PI3K/AKT signaling.

IL-1β, a proinflammatory cytokine that can 
induce chondrocyte apoptosis in rats and 
humans, is associated with the incidence and 
development of OA [27]. The present report 
provides the first evidence that HBO inhibits 
chondrocyte apoptosis induced by IL-1β and 
therefore may play a protective role against 
IL-1β-relevant incidence and development of 
OA. Apoptosis plays an important role in TMJ 
disc degeneration, cartilage degradation, and 
bone resorption. It is well documented that 
apoptosis is a potential contributor in the 
pathogenesis of TMJ disorder (TMD) [28, 29]. 
The PI3K/AKT pathway has been identified as a 
major regulator of cellular proliferation, differ-
entiation, and death in numerous cell types 
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[30]. Specifically, normal expression of this 
pathway has an irreplaceable role in regulating 
the proliferation and differentiation of chondro-
cytes [31-33]. 

Previous studies have shown that the PI3K/AKT 
signaling pathway is responsible for sustaining 
chondrocyte survival and promoting extracellu-
lar matrix synthesis [19, 30, 34-37]. Conversely, 
the inhibition of PI3K/AKT signaling decreases 
PG synthesis in chondrocytes and increases 
chondrocyte survival [35-37]. In the present 
study, HBO treatment reversed the effects of 
IL-1β on chondrocyte apoptosis and promoted 
cell proliferation and viability. Moreover, the 
PI3K-specific inhibitor LY294002 significantly 
inhibited the anti-apoptotic effect of HBO. 
Consequently, the above results suggest that 
PI3K/AKT signaling is a critical molecular target 
of OA and that HBO may have a potential thera-
peutic action by activating this signaling 
pathway.

Furthermore, HBO treatment of OA not only 
inhibited chondrocyte apoptosis, but also pro-
moted chondrocyte extracellular matrix synthe-
sis. The present study showed that HBO treat-
ment increased COL2 and AGG expression in 
extracellular matrix synthesis affected by IL-1β. 
Furthermore, the addition of LY294002 blocked 
the effects of HBO on the regulation of COL2 
and AGG expression induced by IL-1β, indicat-
ing that PI3K/AKT signaling plays a critical role 
during this process. Therefore, we deduced 
that PI3K/AKT signaling, a target of HBO both 
inhibits chondrocyte apoptosis and decreases 
extracellular matrix degradation.

In summary, our results confirm that HBO inhib-
its chondrocyte apoptosis induced by IL-1β and 
promotes extracellular matrix synthesis in rat 
OA mandibular condylar chondrocytes via the 
PI3K/AKT signaling pathway. These findings 
suggest that HBO has a potential therapeutic 
function for treating TMJ-OA.
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