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Psychological stress alters the ultrastructure
and increases IL-13 and TNF-a in
mandibular condylar cartilage

Xin Lv*, Qiang Li*, Shun Wu, Jing Sun, Min Zhang and Yong-Jin Chen

Department of General Dentistry and Emergency, School of Stomatology,
Fourth Military Medical University, Xi’an, Shaanxi, China

Abstract

Psychological factors can be correlated with temporomandibular disorders (TMDs), but the mechanisms are unknown. In
the present study, we examined the microstructural changes and expression of proinflammatory cytokines in mandibular
condylar cartilage of the temporomandibular joint (TMJ) in a psychological stress animal model. Male Sprague-Dawley rats
(8 weeks old, 210 = 10 g) were randomly divided into 3 groups: psychological stress (PS, N = 48), foot shock (FS, N = 24),
and control (N = 48). After inducing psychological stress using a communication box with the FS rats for 1, 3, or 5 weeks,
PS rats were sacrificed and compared to their matched control litermates, which received no stress and were killed at the
same times as the PS rats. Body and adrenal gland weight were measured and corticosterone and adrenocorticotropic
hormone levels were determined by radioimmunoassay. After hematoxylin-eosin staining for histological observation, the
ultrastructure of the TMJ was examined by scanning electron microscopy. Transcription and protein levels of interleukin-13
(IL-1B) and tumor necrosis factor-a (TNF-a) were evaluated by ELISA and semi-quantitative RT-PCR. The PS group showed
a significantly higher adrenal gland weight after 3 weeks of stress and higher hormone levels at weeks 1, 3, and 5. Histo-
pathological changes and thinning cartilage were apparent at weeks 3 and 5. In the PS group, TNF-a increased at 1, 3, and
5 weeks and IL-1B increased significantly after 1 and 3 weeks of stress, and then decreased to normal levels by 5 weeks.
Psychological stress increased plasma hormone levels and RT-PCR indicated increased IL-13 and TNF-a expression in the
TMJ in a time-dependent manner. These results suggest that cytokine up-regulation was accompanied by stress-induced
cartilage degeneration in the mandibular condyle. The proinflammatory cytokines play a potential role in initiating the cartilage
destruction that eventually leads to the TMDs.
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Introduction

Temporomandibular disorder (TMD) is a common
frequent condition that includes a number of clinical prob-
lems involving the masticatory musculature, the temporo-
mandibular joint (TMJ), associated structures or both (1).
Despite an increase in studies related to TMD over the last
century, the mechanisms of TMD pathogenesis remain
controversial. It is commonly believed that both occlusal
abnormalities (2) and psychological stress (3) are strongly
related to the occurrence of TMD. In recent years, with
the transformation of the medical mode from the simple
biomedical mode to the biological-psychological-social
medical mode, more researchers have paid attention to the

role of psychological factors in the etiology of TMD. Studies
conducted by List et al. (4) have shown that psychological
factors such as high stress levels, somatic complaints, and
emotional problems play a more important role than dental
factors in TMD. Similarly, using data from questionnaires,
clinical histories and dental panoramic tomography, Kafas
and Leeson (5) have demonstrated that TMD are closely
related to the mood of the patients.

Previous studies have shown that preinflammatory
cytokines such as interleukin-18 (IL-18) and tumor ne-
crosis factor-a (TNF-a) play important roles in mediating
the inflammatory and immune responses in the TMJ (6).
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Inflammatory stimulus-induced up-regulations of IL-18 and
TNF-a result in the production, release, and/or activation
of matrix-degrading enzymes and lead to the production
of inflammatory mediators such as prostaglandin and leu-
kotriene (7-9). Increased levels of IL-13 and TNF-a detected
in the synovial fluid in patients with TMD also suggest the
involvement of these cytokines in the pathogenesis of
synovitis and in the degeneration of the cartilaginous tissue
and bone of the temporomandibular joint (10,11).

Fibrocartilage, animportantcomponent of the TMJ, overlies
the mandibular condyle. The functions of the TMJ depend on
a normal structure of the mandibular condyle and condylar
remodeling and cartilage destruction are characteristics of
TMD, in which the TMJ exhibits progressive degradation char-
acterized by marginal proliferation, loss of proteoglycan and
fibrillation in the cartilage (12). Increased cytokines have been
reported in TMD; however, whether the expression of these
cytokines is associated with alterations of the ultrastructure of
the mandibular condylar cartilage in conditions of psychologi-
cal stress is not well understood. The objective of the present
study is to identify the relationship between psychological
stress-induced alterations in the ultrastructure of the TMJ and
the expression of IL-18 and TNF-a in the mandibular condyle
of Sprague-Dawley rats. We also focused on the question of
whether psychological stress is related to inflammatory prog-
ress in the mandibular condyle and on the role of psychological
factors in the pathogenesis of TMD.

Material and Methods

Animals

Male Sprague-Dawley rats (8 weeks old, 210 £ 10 g)
were obtained from the animal center of the Fourth Military
Medical University (Xi'an, China). All experimental and
animal care procedures were approved by the University
Ethics Committee and performed according to institutional
guidelines. All rats were acclimated to laboratory conditions
one week before the experiment with food and water avail-
able ad libitum and then randomly assigned to 3 groups:
psychological stress (PS, N =48), control (N = 48) and foot
shock (FS, N = 24). PS animals and control littermates,
which did not receive any stress, were further divided into
3 subgroups (N = 16 each) for 3 observation periods (1,
3, and 5 weeks). FS rats received foot shocks and thus
merely served as a source of psychological stress for PS
rats but were not sampled for experimental observation.
Therefore, the number of rats in the FS group was 24. Eight
rats were randomly selected from this group each day to
receive a shock in order to minimize anticipation and to
prevent adaptation to the stress.

Communication box for the psychological stress
model

Psychological stress was induced using a commu-
nication box as previously described, with modifications
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(13,14). The box (64 x 64 x 16 cm) was made of 5-mm thick
transparent plastic boards and had a floor grid composed
of stainless steel wires placed 3 mm apart (Figure 1). It
consisted of 16 small compartments (16 x 16 cm) sepa-
rated by transparent plastic walls. PS rats were placed in 8
compartments separated by plastic plates on the grid floors
to prevent receiving electric shocks. FS rats were placed
in the remaining compartments with the electric grid floor.
They were running and vocalizing when receiving electri-
cal shock directly from a homemade electric foot-shock
generator (48 V, 0.5 Hz, 2 mA) for 30 min every morning
(9:00-9:30 am), whereas the neighboring PS rats with no
physical contact with FS animals received visual, auditory
and olfactory sensations from FS rats in response to foot
shocks. After the psychological stress experiment, control
rats were placed in the communication box for 30 min during
which no foot shocks or stimuli were administered. All rats
had free access to regular solid food and water.

At 1, 3, and 5 weeks, PS rats and control rats were
sacrificed with intraperitoneal injections of an overdose
of pentobarbital sodium (50 mg/kg body weight) after the
behavioral test at each experimental time. Body and adrenal
gland weight were then recorded. Blood samples were col-
lected for hormone analysis. Eight rats were then randomly
selected from each group and the right condyles were used
for histological observation with hematoxylin-eosin (H&E)
staining. The right condyles of other animals (N = 8) were
prepared for ultrastructural analysis by scanning electron
microscopy. After adherent connective tissue was cleaned,
the left mandibular condyles (N = 8) were frozen in liquid

|- 64 cm =|

| un 971
un 9 —>

Figure 1. Schematic diagram of the communication box. It con-
sisted of 16 small compartments (16 x 16 cm) with 1 rat in each
compartment. The FS rats received foot shock for 30 min at each
time, while the neighboring PS rats had no physical contact with
FS animals and received sensory sensations from FS rats in re-
sponse to foot shocks. FS = foot-shock group; PS = psychologi-
cal stress group.

Braz J Med Biol Res 45(10) 2012



970

nitrogen and stored to measure the expression of IL-13 and
TNF-a at the transcription and protein level by RT-PCR and
ELISA, respectively.

Measurement of plasma corticosterone and
adrenocorticotropic hormone (ACTH) by
radioimmunoassay

Blood samples were collected into ice-cold tubes con-
taining EDTA, centrifuged at 700 g for 20 min, and then
stored at -20°C until hormone assays were carried out.
ACTH and corticosterone levels were measured by radioim-
munoassay (MP Biomedicals, USA) as described in Ref.
15. The intra-assay coefficients of variation for ACTH and
corticosterone were 7.6 and 8.6%, respectively.

Histological observation

For histological observation, the TMJs were fixed in
10% buffered paraformaldehyde and decalcified with 10%
EDTA at 4°C for 4 weeks. They were then embedded in
paraffin, and serial 5-uyM sections were cut on the sagittal
plane and stained with H&E for histological examination
(Leica DM 2500, Germany). Condylar cartilage thickness
was measured from the upper surface of the fibrous layer
to the lower surface of the hypertrophic layer.

Ultrastructural changes in the mandibular condyle
The right TMJ samples were rapidly excised and washed
in phosphate-buffered saline. Isolated tissue was fixed in
Karnovsky’s fixative, rinsed in 0.1 M phosphate buffer,
postfixed in 1% phosphate-buffered osmium tetroxide,
dehydrated and dried with carbon dioxide. Subsequently,
the samples were coated with gold-palladium and examined
with a Hitachi S-3400N scanning electron microscope.

RT-PCR assay for expression of IL-18 and TNF-a

The left condylar cartilages were homogenized with a
Mikro-Dismembrator (Fisher-Scientific, USA). RNA was
isolated with the Trizol® reagent (Invitrogen Life Technolo-
gies, USA) and reverse-transcribed using the PrimeScript™
1st Strand cDNA Synthesis Kit (TaKaRa Inc., Japan) ac-
cording to manufacturer instructions. PCR was carried
out in a total volume of 25 L containing DNA template,
TaKaRa Ex Tag™ Premix (TaKaRa Ex Taq™, Ex Tag™
Buffer, 4 mM MgCly, and dNTPs) and primers (20 pmol
per reaction). The gene sequences were searched from
GeneBank with Pubmed. Then, Primer Premier 5.0 (Premier
Inc., Canada) was used to design the primer sequences,
and the highest rated primer was selected as the candidate
primer. The final primer sequences were decided accord-
ing to the assessment result by Oligo 6.0 and tested in
preliminary experiments. Primers used for IL-18 mRNA
were: forward: 5-CCAGGATGAGGACCCAAGCA-3’ and
reverse: 5-TCCCGACCATTGCTGTTTCC-3" (519 bp,
GeneBank NM_031512.2). Primers used for TNF-a were:
forward: 5-CCACGCTCTTCTGTCTACTG-3’ and reverse:
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5-GCTACGGGCTTGTCACTCGA-3’ (145 bp, GeneBank
NM_012675.3). Primers used for $-actin mMRNA were: for-
ward: 5-GCGTCCACCCGCGAGTACAAC-3’ and reverse:
5-CGACGACGAGCGCAGCGATA-3' (100 bp, GeneBank
NM_031144.2). The amplification conditions consisted of
94°C for 5 min, followed by 30 cycles of 94°C for 60 s, 56°C
for 60 s and 72°C for 60 s. This sequence was terminated
with a final elongation at 72°C for 10 min. PCR products
were separated and visualized by 1% agarose gel electro-
phoresis. The integrated absorbances of the resulting bands
were collected and analyzed using the software package
Quantity One® (Bio-Rad Laboratories GmbH, Germany).
Briefly, the volume contour tool was used to quantify bands.
Values of the bands were normalized to their corresponding
B-actin values and reported as fold change.

ELISA for the expression of IL-18 and TNF-a

Condylar cartilages were homogenized and treated with
RPMI lysis buffer with proteinase inhibitor at 4°C for 10
min. The lysates were centrifuged at 11,000 g for 10 min.
IL-1B and TNF-a protein were quantified with ELISA kits
(Endogen Inc., USA) following manufacturer instructions.
Total protein assay was performed using the bicinchoninic
acid assay method (Pierce, USA). Cytokine concentrations
were reported per 100 ug total protein. These experiments
were repeated three times.

Statistical analysis

Statistical analyses were performed using SPSS 13.0
for Windows (SPSS Inc., USA). All data acquisition and
analyses were performed blindly. Data are reported as
means + SD. Statistical comparisons between the PS and
control groups at different times were performed by one-way
ANOVA. When a significant effect was found, post hoc com-
parisons between subgroups were made with the Bonferroni
modification of the Student t-test. The chi-square test was
used to compare the percentage of histologically changed
TMJs in the PS group at each time. Resulting P values of
less than 0.05 were considered to be significant.

Results

Comparisons of body and adrenal gland weight
between the PS and control groups

Both the PS and control groups showed gradually in-
creased body weight over time during the experiment (Table
1). However, at each time, the PS group had a significantly
lower body weight than the control group (P < 0.05). Adrenal
gland weight was significantly higher in the PS group than
that in the control group only at 3 weeks (P < 0.05), with no
differences detected at other times (Table 1).

PS groups had significant higher levels of plasma

corticosterone and ACTH
The concentration of plasma corticosterone was sig-
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nificantly higher in the PS group than that in the control
group (P < 0.05) after 1, 3, and 5 weeks of stress, with
the maximum level occurring at week 3 (Figure 2A). The
PS group also had a significantly higher level of plasma
ACTH at each time studied (P < 0.05; Figure 2B). PS rats
subjected to 3 or 5 weeks of stress had a significantly higher
level of plasma ACTH than rats subjected to one week of
stress (P < 0.05). These results suggest that psychological
stress significantly increased the hormonal response in a
time-dependent manner.

Histological changes of TMJs

H&E specimens revealed a smooth cartilage surface
and regular chondrocyte alignmentin control TMJs. Obvious
changes with a rough or even slack superficial fibrous layerin
the condylar cartilage were found in the experimental groups
(Figure 3B-D). These changes became more prominent
at weeks 3 and 5 with a cracked superficial fibrous layer
(Figure 3C and D) and decreased cartilage thickness (P
< 0.05; Figure 3F). Additionally, the histological changes
of the TMJs were counted in each PS group, i.e., in 2 of 8
rats in the 1-week group, 6 of 8 rats in the 3-week group,
and 6 of 8 rats in the 5-week group. TMJ
changes increased when rats were subjected
to long-term stress (Figure 3E; P < 0.05).
The fact that histopathological changes oc-
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Notably, the surface of the mandibular condyle was smooth
and entirely covered with a thin and intact gel-like layer
(Figure 4A and E). After 1 week of psychological stress,
the PS group had a less smooth condyle surface with a
few collagen fibrils in a random arrangement detected in
some regions (Figure 4B and F). At week 3, irregular gaps
between the fibrils were detected on the condylar surface.
The collagen fibrils in the deep layer were exposed and
the fibers around these gaps were in a disordered arrange-
ment (Figure 4C and G). At week 5, the collagen fibrils had
partially formed bundles. However, the number and depth
of the gaps that exposed the deep layer decreased and
signs of healing were noted to some extent around these
gaps (Figure 4D and H).

Psychological stress-induced expression of IL-1f3
and TNF-a

In order to explore the possible mechanisms underly-
ing psychological stress-induced pathological changes,
we investigated the expression of IL-18 and TNF-a in
mandibular condylar cartilage (Figure 5) in response to
stress over time. RT-PCR showed that IL-18 mRNA levels

Table 1. Body and adrenal gland weights of rats in the psychological stress (PS)
and control groups.

curred in the TMJ after psychological stress

Time Body weight (g) Adrenal gland weight (mg)
was confirmed.
Control group PS group Control group PS group
Psychological stress-induced Tweek  227.01+7.60 217.01+6.90*  46.89+247 4576+ 364
ultrastructural changes in the 3weeks 300.64 £8.61 261.23+11.44* 47.72£192 50.31%2.46*
mandibular condyle 5weeks 348.35+11.61 317.30+10.39* 4950+2.64 51.18+2.79

Lower and higher magnification views of
the condylar surface obtained by scanning
electron microscopy are shown in Figure 4.

Data are reported as means + SD for N = 8/group. *P < 0.05 vs control (Student
t-test).

I Control I Control
A PS PS
35 60
=5 55
E 30 __50
2 25
2 25 240
5 a2
s I 35
g 20 G 30
o <<
€ 15 c 25
3 & 20
g 10 ks
G o 15
T 5 10
5
0 T N 0

Time (weeks) Time (weeks)

Figure 2. Plasma corticosterone and ACTH in the psychological stress (PS) and control groups at different times of stress. *P < 0.05
(Student t-test with the Bonferroni modification).
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Figure 3. Representative H&E staining of condylar cartilages in control rats (A), 1-week PS rats (B), 3-week PS rats (C),
and 5-week PS rats (D). Percentage of histologically changed TMJs in the PS group at each time (E). Condylar carti-
lage thickness (F). White arrows indicate a slack superficial surface and black arrows indicate a cracked surface. PS =
psychological stress; TMJs = temporomandibular joints. Scale bar: 500 ym. *P < 0.05 (chi-square test for comparing the
percentage of histologically changed TMJs in the PS group at each time; Student {-test with the Bonferroni modification for
comparing condylar cartilage thickness).

Control 1-week PS 3-week PS 5-week PS

Figure 4. Ultrastructural changes of the mandibular condylar surface in the control (A, E) and psychological stress (PS) rats (B, F:
1-week stress; C, G: 3-week stress; D, H: 5-week stress) examined by scanning electron microscopy. The black arrow indicates the

exposed collagen fibrils in the deep layer. The white arrow indicates the gap and exposed fibrils. Scale bars: 500 um (A, B, C, D); 50
pm (E); 20 um (F, G, H).

Braz J Med Biol Res 45(10) 2012 www.bjournal.com.br



Stress and temporomandibular disorders

Control PS
3 weeks 5 weeks

1 week 1week 3 weeks 5 weeks

IL-18

B Control
C * 2 PS
0.9 * J * *
- r—
0.8 1
0.7
ie]
T 0.6 1
c :
5 0.5 9
¢
@ 0.4 4
[ea)
4031
0.2 4
0.1 4
0.0 +
0 1
Time weeks
E * I Control
* | « * Cps
45 % [ w
40 A
35 4
304 v
-
£ 251
£
= 204
= 151
10 4
5 -
04 ¥
0 1
Time weeks

973

Control PS
3 weeks 5 weeks

1week 3weeks 5 weeks

1 week

I Control
. " 2 pPs
0.8 % f 1 4 *
0.7 4
el
T 0.6 1
£
S 0.5 1 1
¢
S 04 1
L
I 0.3 4
0.2 4
0.1 4
0.0 4 v ]
0 1 5
Time ( weeks)
* Il Control
F . (=
*
0 4 [ .
9
8 4
— 79
-
£ 6 1
(=)
£ 5. i
$
S 4
ol
2 4
1 4
0 4 ¥ v ¥ .
0 1 5
Time ( weeks)

Figure 5. RT-PCR and ELISA quantification of IL-18 and TNF-a expression. A, B, Representative gels of IL-13 and TNF-a expression.
C, D, RT-PCR analysis of IL-18 and TNF-a expression in mandibular condyles of control and PS rats at different times. Expression
levels are presented as band intensities, normalized by B-actin expression. E, F, ELISA analysis of IL-18 and TNF-a protein expression
in mandibular condyles under different treatment conditions. PS = psychological stress. *P < 0.05 (Student t-test with the Bonferroni

modification).

increased in PS rats at weeks 1 and 3 (P < 0.05) and then
gradually decreased to normal levels by week 5 (P > 0.05;
Figure 5A and C). The protein level of IL-1 changed with
a pattern similar to that of transcription (Figure 5E). The
transcription of TNF-a in PS rats was significantly elevated
compared to controls at all times tested (P < 0.05; Figure 5B
and D) and its protein level was correlated with its mMRNA
alteration in response to psychological stress (Figure 5F).
These results indicate that psychological stress increased
the expression of IL-18 and TNF-a in mandibular condyles

www.bjournal.com.br

and these alterations occurred in a time-dependent manner.
Moreover, the changes in the expression of IL-13 and TNF-a
were correlated with the psychological stress-induced
ultrastructural changes in mandibular condyles, indicating
the involvement of proinflammatory cytokines in structural
changes that might contribute to functional abnormality.

Discussion

Since the discovery that emotional factors are involved

Braz J Med Biol Res 45(10) 2012
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in TMD, many studies have shown that psychological
stress plays a prominent role in its etiology. Furthermore,
recent studies have shown that emotional factors also
strongly influence the progression of TMD and the efficacy
of therapeutic measures (5,16). Emotional factors are so
important for TMD that some researchers consider TMD
to be a purely psychological disease (17). In the present
study, we employed a widely used communication box
paradigm to experimentally induce anxiety in rats and to
investigate the effects of psychological stress on factors,
including cytokine response and ultrastructural alterations
in the condyle, that are believed to contribute to the de-
velopment of TMD. Our results showed that psychological
stress induced high levels of corticosterone and ACTH in
plasma and increases in proinflammatory cytokines IL-13
and TNF-a in a time-dependent manner. Moreover, these
alterations correlated with the extent of the histopatho-
logical changes and ultrastructural injury in the condyle,
suggesting an involvement of a proinflammatory cytokine-
mediated response in the development of tissue damage
and subsequent functional abnormality in TMD.

Psychological stress is a powerful modulator of hor-
monal, behavioral, and immunological functions (18,19).
Stress influences body weight possibly by regulating
hypothalamic control of food intake with a consequent
change in metabolism. In the present study, we detected
a prominent stress-induced loss of body weight during
the experimental period, which was not accompanied by
significant changes in food or water intake. Stress also
induces neuroendocrine alterations via stimulation of the
hypothalamus-pituitary-adrenal (HPA) axis. As a part of
this axis, the adrenal gland is highly sensitive to stress
and chronic stress can increase its weight. In the present
study, the rats that experienced psychological stress had
a gradual increase in the weight of the adrenal gland in a
stress time-dependent manner. Moreover, levels of plasma
corticosterone and ACTH, which normally reflect activity
in the HPA axis in response to stress and are frequently
used as indices of stress levels (20-22), were significantly
increased in PS rats. Taken together, these findings indicate
that our communication box paradigm successfully induced
psychological stress in the PS group.

The TMJ is a paired diarthrodial joint that contributes to
the articulation of the lower jaw and the skull. Fibrocartilage,
an important component of the TMJ, overlies the mandibu-
lar condyle and directly withstands the mechanical forces
generated during jaw movement and clenching. Research-
ers have proven that condylar remodeling and cartilage
destruction are closely linked to the activities of masticatory
muscles (23,24). If the stress from the masticatory muscles
exceeds the loading of the mandibular condyle, the TMJ
exhibits progressive degradation characterized by marginal
proliferation, early loss of proteoglycan and fibrillation in
the cartilage and changes in the subchondral bone (12).
It has been reported that muscle tension, especially in the

Braz J Med Biol Res 45(10) 2012
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masticatory muscles, changes with emotional state and
bruxism-like activity has been observed in anxious rats (14).
Also, anxious patients show a significant clinical increase
in masseter electromyography levels (25).

In the current study, the fact that psychological stress
could lead to TMJ abnormality was demonstrated by the
histopathological changes and ultrastructural injury of
condylar cartilage in stressed rats. The changes over time
indicate the remodeling of condylar cartilage, reflecting
the alteration of local biomechanics when animals were
under stress. However, the molecular mechanism by
which stress-induced muscle activities regulate condyle
remodeling in the TMJ remains unclear. Recently, Cairns
et al. (26) reported a role of proinflammatory cytokines in
regulating the response of chondrocytes and mediating
cartilage destruction in in vitro experiments (26). In the
present study, we examined the levels of the typical proin-
flammatory cytokines, IL-18 and TNF-q, in the condylar
cartilage, and observed a time-dependent up-regulation of
cytokines in response to stress, suggesting an involvement
of proinflammatory cytokines in the cartilage degradation
occurring in psychological stress-induced TMD (26). IL-18
and TNF-a may be produced by mononuclear phagocytes
and regulate the expression of adhesion molecules, nitric
oxide synthesis, production of matrix metalloproteinase and
the secretion of other cytokines (11,27).

Up-regulation of proinflammatory cytokines in TMD
has been reported previously. Kaneyama et al. (28) found
significantly increased concentrations of IL-1 and TNF-a
in the synovial fluid of patients with degenerative condyles,
although no correlation was found between the concen-
tration of any cytokine and the severity of symptoms. In
patients with synovitis, correlations between the concen-
trations of IL-18 and TNF-a and the degree of synovitis
have been observed (29). Gulen et al. (30) also found that
levels of IL-1B and TNF-a in TMJ synovial fluid of patients
with internal derangement were decreased significantly 2
weeks after arthrocentesis. These findings suggest that the
proinflammatory cytokines IL-13 and TNF-a play a vital role
in TMD. In the present study, we observed stress-induced
up-regulations of IL-13 and TNF-a and concomitant cartilage
destruction in the condyle, suggesting that an increase of
IL-1B and TNF-a might initiate stress-associated TMD.
Cytokines released at the mandibular condyle level might
further alter the normal processes of cartilage turnover,
resulting in pathologic destruction or formation of cartilage.
It has been reported that IL-13 and TNF-a play important
roles in the destruction of cartilage in synovitis by disrupting
the anabolic and catabolic activities of the chondrocytes
(31,32). Alink between their up-regulation and chondrocyte
metabolism in the condyle under conditions of psychological
stress needs further study. In the present study, we also
noted that IL-1[3 expression increased at 1 week and gradu-
ally returned to normal levels thereafter, suggesting the
temporary and reversible up-regulation of IL-1. In addition,

www.bjournal.com.br
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stress-induced alterations of IL-13 and TNF-a levels were
not fully synchronized, suggesting different roles for these
two inflammatory cytokines in the pathological progress of
TMJ under psychological stress. Their unique roles need
further study.

The present study showed increased expression of IL-
1B and TNF-a in mandibular condyles under conditions of
psychological stress, suggesting their role in the pathogen-
esis of stress-induced mandibular cartilage degeneration.
Given the importance of IL-18 and TNF-a in the preserva-
tion of cellular and biochemical homeostasis under normal
circumstances and participation in the processes of tissue
remodeling and host defense, their alteration might also
contribute to the pathogenesis of TMD. They might both
participate directly, or through mediation by the receptor
activator of NF-kB ligand (RANKL) and osteoprotegerin
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