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temporomandibular joint bony ankylosis
and depressive disorder in growing rats
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Abstract

Background The psychological symptoms of temporomandibular joint (TMJ) ankylosis were similar to that of
depressive disorder, but there were no relevant evidences to confirm that the humans or animals with TMJ ankylosis
had depressive disorder. The aim of this study was to investigate the association between TMJ ankylosis and depres-
sive disorder in the rat model.

Methods Thirty 3-week-old male Sprague-Dawley (SD) rats were used in this study. The damage of TMJ com-
plexes and narrowed joint space were performed in the unilateral TMJ of test group to induce TMJ bony ankylosis
(experimental side). The other TMJ of test group underwent a sham operation (sham side). The TMJs of control
group did not undergo any operations. At 8 weeks postoperatively, behavioral tests, body weight, passive maximum
mouth opening (PMMO), and TMJ morphological features were evaluated, and the hippocampuses were analyzed
using western blotting and immunocytochemistry. The data was compared between the test group and con-

trol group by independent t-test, between the experimental side and sham side by paired t-test. The correlations
between PMMO/area of bony fusion and duration of immobility, sucrose preference, CB1 receptor protein, mean
optical density of CB1 receptor protein, and the number of BrdU-positive cell were evaluated using linear regression
analysis. The level of significance was 0.05.

Results In the test group, the traumatic TMJ complexes with narrowed joint space developed TMJ bony ankylosis,
the area of bony mass of experimental side (21.26 mm?) was larger than that of sham side (1.73 mm?) (p < 0.001).
There were significant difference with the sucrose preference (test group: 0.36, control group: 0.76, p< 0.001), dura-
tion of immobility (test group: 127.36 s, control group: 59.41 s, p < 0.001), body weight (test group: 156.70 g, control
group: 270.06 g, p < 0.001), PMMO (test group: 9.98 mm, control group: 28.79 mm, p< 0.001), CB1 receptor protein
(test group: 41.00%, control group: 86.69%, p < 0.001), mean optical density of CB1 receptor protein (test group: 29.60
a.u., control group: 54.69 a.u., p < 0.001), and the number of BrdU-positive cell between the test group and control
group (test group: 2133.71, control group: 4301.95, p< 0.001). PMMO was negatively correlated with the duration
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of immobility (r=0.953, p< 0.001), while the area of bony fusion was positively correlated (r =0.961, p< 0.001). PMMO
was positively correlated with the sucrose preference, CB1 receptor protein, mean optical density of CB1 receptor
protein, and the number of BrdU-positive cell (r=0.955, 0.955, 0.976, 0.958, p < 0.001, all), while the area of bony fusion
was negatively correlated (r=0.970, 0.981,0.971,0.958, p < 0.001, all).

Conclusions The present study verified that depressive disorder was found in the rat model of traumatic TMJ bony
ankylosis. The severity of TMJ bony ankylosis correlated with the severity of depressive disorder.

Keywords TMJ ankylosis, Maximum mouth opening, Area of bony fusion, Depressive disorder, Sucrose preference,
Duration of immobility, CB1 receptor protein, BrdU-positive cell

Background

The temporomandibular joint (TM]) ankylosis is character-
ized by abnormal bony or fibrous adhesions after trauma or
disease, this condition has significant effects on quality of
life, with symptoms including masticatory difficulty, pain,
and so on [1-3], which further leads to adverse mental and
psychological disorders [1, 3, 4]. Depressive disorder is one
of the most common mental and psychological diseases,
which is characterized by consistent depressed mood,
appetite pattern change, loss of pleasure, behavior motor
retardation, and feelings of worthlessness [5—8].

The TMJ ankylosis is a particular temporomandibular
disorder and osteoarthritis [4, 9—12]. Previous studies
reported that chronic pain and mouth opening limita-
tion frequently coexists with depressive disorder in the
temporomandibular disorder and osteoarthritis [13—
20]. However, the specific relationships between the
physical function of TMJ disorder or osteoarthritis and
the severity of depressive disorder are not investigated.
Marie et al. reported that the pain and mouth open-
ing limitation could lead to a complete ankylosis of
the TMJ, and the patients could felt depressed because
of TM] problems [11]. Vinay et al. reported that the
improved physical signs of patients with TMJ ankylo-
sis were accompanied with the improved psychosocial
symptoms, such as breathing difficulty, sleep disor-
ders, and the problems of psycho-social wellness [21].
Our previous study showed that traumatic TMJ bony
ankylosis could lead to the limitation of mouth open-
ing and the decrease of body weight, and there were
the negative correlation between maximum mouth
opening and the severity of TM] bony ankylosis [1, 2].
Taken together, the abovementioned data suggest that
physical signs of patients or animals with TM]J ankylo-
sis coexists with psychological symptoms of depressive
disorder. Although the psychological signs and symp-
toms of TMJ ankylosis was similar to that of depressive
disorder in the previuous study, there was no conclu-
sive evidence to confirm that the patients or animals
with TMJ ankylosis had depressive disorder, and the
association between TM]J ankylosis and depressive dis-
order remain unclear.

The aim of this study was to (1) verify the occur-
rence of TM] bony ankylosis and depressive disorder in
a rat model; (2) investigate the association between the
severity of depressive disorder and the severity of TM]
bony ankylosis, with developing appropriate treatment
approaches for traumatic patients that can prevent TMJ
bony ankylosis and depressive disorder in the future.

Methods

Animal care

Sprague—Dawley male rats at 3 weeks old (weight 60—80
g) were provided by the Laboratory Animal Center of
the Fourth Military Medical University (FMMU, Xian,
China). Animals were housed to habituate for 1 week
under standard laboratory conditions and given free
access to tap water and standard rodent diet. This study
was approved by the animal ethics committee (Approval
ID 2020-0950).

Study design

The SD rats were divided into test group (n =20) and
control group (n =10). The sample size was referred to
our previous study [3], based on the mean sucrose prefer-
ence test (SPT) of the pre-test with 12 SD rats (test group
0.63 £0.08 and control group 0.76 +0.09), the shedding
rate of the study sample was usually 20%, and the mini-
mum sample size was 30 (PASS 11.0, Test for Two Means:
Power =0.93, a= 0.05, R= 2.0). The rats in the control
group did not receive any surgical treatment. The rats
in the test group were subjected to unilateral TM] com-
plexes trauma to establish TMJ bony ankylosis (experi-
mental side). In the experimental side, a 1 cm long curved
preauricular incision was made and the flap was lifted to
expose the TM] complex. The capsule was exposed by
blunt dissection. The condyle was isolated with a peri-
osteal elevator, and the articular disc was exposed by the
separation of the lateral attachment of the disc through
the joint space. The anterior and posterior attachments
of the disc were then cut off and the articular disc was
removed. The joint space was exposed by horizontal
blunt dissection, the fibrocartilage on the condyle was
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removed using a Gracey scaler and grid grooves were
carved using an apex elevator on the surface of the gle-
noid fossa. The joint space was then narrowed, the cap-
sule was sutured, and the wound was closed in layers.

The other TM]J complexes of the test group underwent
a sham operation (sham side) whereby a curved preau-
ricular incision was made and the TMJ] complex was
exposed, then the wound was closed in layers. After sur-
gery, all rats were administered the penicillins (2 mg/100
g; X-Y Biotechnology) and pentazocine (0.1 mg/100 g;
X-Y Biotechnology) for 7 days.

At 8 weeks after surgery, the behavioral tests were
performed before general anesthesia, the body weight,
passive maximum mouth opening (PMMO), and TM]J
morphological features using micro-CT were measured
and performed under general anesthesia, and then all
the rats were euthanized by intravenous injection of a
lethal dose of pentobarbital sodium, the details of proce-
dures were described previously [3]. The samples of TM]
complexes were harvested from the euthanized animals
for morphological and radiological evaluation. The hip-
pocampuses were rapidly separated and frozen in liquid
nitrogen until western blotting and immunocytochemis-
try test were performed.

Micro-CT

All the rats were scanned under general anesthesia
in vivo by micro-CT (the parameters: 80kV tube volt-
age, 500pA anode current, 10um revolution rate, Siemens
AQG)) at 8 weeks postoperatively. Subsequently, The tra-
becular micro-architecture of TMJ complexes was evalu-
ated using the built-in software of the micro-CT device
(the Inveon Research Workplace, Siemens AG). Morpho-
logical features, including the shape and erosion patterns
of the glenoid fossa and condylar surfaces, as well as the
degree of calcification of the bony fusion areas were eval-
uated (bony fusion was determined and defined by areas
of calcification). The maximum horizontal area of the
bony fusion were each measured three times by a techni-
cian who was not otherwise involved in this study. The
evaluators were blind. The mean value of each measure-
ment was calculated for analysis [2].

Behavioral tests

Forced swimming test (FST)

The forced swimming test is one of the most commonly
used animal models for assessing depressant-like behav-
iour [22]. At 8 weeks postoperatively, the rats were forced
to swim individually in a testing plastic cylinder (40 cm in
depth X20 cm in diameter) filled with water (24 +1 °C)
for 6 min and the immobile time (floating in the water
with an upright position and stopped struggling) was
recorded only in the last 5 min, FST involves in scoring
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of active (swimming and climbing) or passive (immobil-
ity) behaviours, their behavior was videotaped for later
analysis, and the duration of immobility was scored and
recorded by blinded observers. The blinded observers
were not involved in this study and were not aware of
group allocation and treatment conditions. The duration
of immobility indicating a state of helplessness was deter-
mined. Following the swimming session, the rats were
dried with towels and kept warm under a lamp in their
home cages [23, 24].

Sucrose preference test (SPT)

The sucrose preference test was conducted to determine
the anhedonia. Prior to the test, rats were deprived of
food and water for 20 h at 8 weeks postoperatively. Dur-
ing the test, animals were allowed to consume water and
1% sucrose solution freely for 1 h. After 1 h, sucrose and
water consumption (ml) was measured. The evaluators
were blind, were not involved in this study and were not
aware of group allocation and treatment conditions. The
sucrose preference was calculated according to the fol-
lowing ratio: sucrose preference (%) =sucrose consump-
tion (g)/(sucrose consumption (g) +water consumption
(g) [24, 25).

Western blotting (WB)

To assess the effects of TMJ bony ankylosis on cannabi-
noid type I receptor (CB1) protein expression, which was
determined by WB. The hippocampuses were rapidly
frozen in liquid nitrogen and carried with routine pro-
cedures. WB analysis was performed using the standard
protocol of molecular cloning (Edition II). The protein
concentrations was visualized and analyzed using the
BCA Protein Assay Kit (Invitrogen; Thermo Fisher Sci-
entific, Inc.). The samples were separated using sodium
dodecyl sulfate—polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred onto a poly vinylidene fluo-
ride (PVDF) membrane. The membrane was incubated
with following primary antibodies: rabbit anti-CB1 recep-
tor (1:200, Abcam, Cambridge, UK) antibody and anti-f3-
actin antibodies (1:5000, Abcam, Cambridge, UK), after
blocking with 5% non-fat dried milk. Electrophoresis was
carried out by SDS-PAGE with 10% polyacrylamide gels.
Subsequently, The membranes were then washed thrice
in the trisbuffered saline and incubated with secondary
antibodies goat anti-mouse IgG (1:10,000, Abcam, Cam-
bridge, UK) for 1 h at room temperature. After washing
thrice (8 min each) in the trisbuffered saline, the immu-
noreactive proteins were visualized and analyzed using
the chemiluminescence detection kit (34,077, SuperSig-
nal West Pico Chemiluminescent Substrate, Thermo,
USA) [24]. The evaluators were blind, were not involved
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in this study and were not aware of group allocation and
treatment conditions.

Immunocytochemistry

To label proliferating cells, the rats were intraperitoneal
injected with 5-Bromo- 2’-deoxyuridine (bromodeoxyur-
idine (BrdU)) (100 mg/kg in saline; Sigma, St. Louis, MO,
USA) for three days and sacrificed on the fourth day for
immunostaining. The hippocampus was cut in the coro-
nal plane into 20 mm thick sections with a cryostat and
mounted on gelatinized slides [26, 27]. To investigate
BrdU-positive cell phenotype, All the sections were incu-
bated in 2N HCI for 30 min and then rinsed in 0.1 M
borate buffer (pH 8.5) for 10 min. After washing in PBS,
sections were incubated with anti-mouse BrdU (B8434,
1:500, SigmaeAldrich) overnight. Which were later fol-
lowed by the incubation with an anti-mouse Alexa Fluor
594-conjugated secondary antibody. All the sections were
observed under a fluorescence microscope. Every sixth
section throughout the entire hippocampal formation
was processed for BrdU immunofluorescent analysis, at
least 10 sections were examined per animal, and the num-
ber was multiplied by six to estimate the total number
of BrdU-labeled cells per dentate gyrus [26]. To analyze
CB1 receptor distribution, all the sections were incubated
overnight on a shaker in rabbit anti-CB1 polyclonal anti-
body. All the slides were imaged with a fluorescent Olym-
pus BX- 51 microscope (Tokyo, Japan). All the images
were analyzed with Image-Pro plus software (Media
Cybernetics, Rockville, MD, USA) [24, 25]. The evaluators
were blind, were not involved in this study and were not
aware of group allocation and treatment conditions.

Statistical analysis

The SPSS 25.0 software (SPSS Inc., Chicago, IL, USA) was
used for statistical analysis. The data was presented as
mean * SD. Data normality was tested using the Kolmog-
orov—Smirnov test. The data was compared between the
test group and control group by independent t-test. The
data was compared between the experimental side and
sham side in the test group by paired t-test. The correla-
tions between PMMO/area of bony fusion and duration
of immobility, sucrose preference, CB1 receptor protein,
mean optical density, and the number of BrdU-positive
cell were evaluated using linear regression analysis. A
p-value of <0.05 was considered statistically significant.

Results

The measurement of body weight and PMMO and findings
of gross observation

All the rats could tolerate the compound trauma in
the test group, and no postoperative wound infection
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occurred. The average body weight in the test group and
control group was 156.70 +19.81 g, 270.06 +14.21 g,
respectively, there was significant difference between the
test group and control group at 8 weeks post-surgery (p <
0.001). The PMMO was also measured and recorded at
8 weeks postoperatively (yellow line) (Fig. 1A). The aver-
age PMMO in the test group and control group was 9.98
+2.83 mm, 28.79 +2.14 mm, respectively, there was sig-
nificant difference between the test group and control
group (p< 0.001) (Fig. 2A). On the experimental side, a
raised hard mass of the TM] external appearance was
observed with the naked eye and felt by palpation (yel-
low arrow) (Fig. 1B). TM]J bony ankylosis and raised new
grown bone mass on the TMJ complex surfaces were
observed (yellow arrow) (Fig. 1C). Furthermore, the
joint space disappeared on the experimental side, and
bony fusion area of TMJ complex was observed in the
joint space (yellow arrow) (Fig. 1D). Bony fusion area of
TM]J complex was absent on the sham side (black arrow)
(Fig. 1E).

The findings of micro-CT

The 3D reconstruction of micro-CT revealed more new
bone formation on the experimental side but not on the
sham side, TM] bony ankylosis occurred in the test group
at 8 weeks after surgery (red arrow) (Fig. 3A). In the axial
CT of experimental side, the joints showed calcified cal-
lus formation in the joint space and a narrowed joint
space (red arrow) (Fig. 3B). In the coronal CT of experi-
mental side, the joints showed some calcified bone bridge
formation through the joint space with nearly disap-
pearance of the joint space) (red arrow) (Fig. 3C). In the
sagittal CT of experimental side, the joints showed the
irregular formation of new bone, which protruded into
the joint space (red arrow) (Fig. 3D). The areas of bony
mass (bony fusion area of experimental side and condy-
lar area of sham side) were analysed and calculated in the
test group (Fig. 3E). The bony fusion area of experimen-
tal side was 21.26 +3.57 mm?. The condylar area of sham
side was 1.73 +0.53 mm?. The area of bony mass was sig-
nificantly different between the experimental side and
sham side (p< 0.001) (Fig. 2B).

The findings of forced swimming test and sucrose
preference test

The duration of immobility in the test group and control
group was 127.36 £10.32 s, 59.41 +9.23 s, respectively,
there was significant difference between the test group
and control group in the forced swimming test at 8 weeks
post-surgery (p < 0.001) (Fig. 4A). In addition, the sucrose
preference in the test group and control group was 0.36
+0.14, 0.76 +0.17, respectively, there was significant dif-
ference between the test group and control group in
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Fig. 1 Measurement of passive maximum mouth opening and gross observation of the TMJ complexes in the test group at 8 weeks
postoperatively. A Passive maximum mouth opening, which was defined as the distance between two yellow lines; B The raised fusion mass

of TMJ bony ankylosis was seen in the front of the tragus (yellow small arrow); C Bony fusion mass of condyle and temporal bone was seen

on the experimental side (yellow arrow) but not on the sham side (black arrow); D Disappeared joint space between condyle and glenoid fossa
was seen on the experimental side (yellow arrow); E Joint space between condyle and glenoid fossa was obviously seen on the sham side (black

arrow); Co: condylar process; Te: temporal bone

the sucrose preference test at 8 weeks post-surgery (p <
0.001)(Fig. 4B).

The hippocampal expression of the CB1 receptor protein

The CB1 receptor localization and expression was
examined by double immunofluorescence stain-
ing for red CBI1 receptor and green NeuN (neuronal
marker). The CB1 receptor localization and expression
was observed by double immunofluorescence stain-
ing in the control group (Fig. 5A-C). The CB1 recep-
tor localization and expression was observed by double

immunofluorescence staining in the test group (Fig. 5D-
F). The CBI receptor expression in the test group and
control group was 41.00 +3.16%, 86.69 +7.36%, respec-
tively, there was significant difference between the test
group and control group in the WB test at 8 weeks post-
surgery (p< 0.001) (Fig. 5G). Furthermore, The mean
optical density of CB1 receptor protein expression in
the test group and control group was 29.60 +2.55 a.u.,
54.69 +3.00 a.u., respectively, there was significant dif-
ference between the test group and control group at 8
weeks post-surgery (p < 0.001) (Fig. 5H).
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Fig. 2 Comparison of passive maximum mouth opening between two group and bony mass area between two sides at 8 weeks postoperatively.
A Comparison of passive maximum mouth opening between control group and test group; B Comparison of bony mass area between sham side
and experimental side in the test group; Data represent mean +SD; *** ***: p < 0.05, 0.01, 0.001

The hippocampal expression of the BrdU-positive cells

The BrdU-positive cell localization and expression was
examined by double immunofluorescence staining for red
BrdU-positive cell and green NeuN (neuronal marker) at
8 weeks post-surgery. The BrdU-positive cell localiza-
tion and expression was observed by double immuno-
fluorescence staining in the control group (Fig. 6A-C).
The BrdU-positive cell localization and expression was
observed by double immunofluorescence staining in the
test group (Fig. 6D-F). The number of BrdU-positive cells
in the dentate gyrus was counted using the modified ste-
reology protocol. The BrdU-positive cell number of the
dentate gyrus in the test group and control group was
2133.71 +£139.40, 4301.95 +138.01, respectively, there
was significant difference between the test group and
control group (p < 0.001) (Fig. 6G).

The association between the indicators of TMJ bony

ankylosis and the indicators of depressive disorder

Figure 7 presents the associations between the PMMO
and the duration of immobility, sucrose preference, CB1
receptor protein, mean optical density of CB1 recep-
tor protein, and the number of BrdU-positive cell. At 8
weeks post-surgery, the PMMO was negatively correlated
with the duration of immobility. However, the PMMO
was positively correlated with the sucrose preference,
CB1 receptor protein, mean optical density of CB1 recep-
tor protein, and the number of BrdU-positive cell. The
results of linear regression analysis revealed the PMMO
to be an independent variable affecting the duration of
immobility, sucrose preference, CB1 receptor protein,
mean optical density of CB1 receptor protein, and the

number of BrdU-positive cell. The linear regression equa-
tions for these relationships were shown in the Fig. 7A-E.

Figure 8 presents the associations between the area of
bony fusion and the duration of immobility, sucrose pref-
erence, CB1 receptor protein, mean optical density of
CB1 receptor protein, and the number of BrdU-positive
cell. At 8 weeks post-surgery, the area of bony fusion was
positively correlated with the duration of immobility.
However, the area of bony fusion was negatively corre-
lated with the sucrose preference, CB1 receptor protein,
mean optical density of CB1 receptor protein, and the
number of BrdU-positive cell. The results of linear
regression analysis revealed the area of bony fusion to be
an independent variable affecting the duration of immo-
bility, sucrose preference, CB1 receptor protein, mean
optical density of CB1 receptor protein, and the number
of BrdU-positive cell. The linear regression equations for
these relationships were shown in the Fig. 8A-E.

Discussion

TM]J ankylosis has significant effects on quality of life, and
results in a poor physical and mental health in our previ-
ous data [1-3, 28]. To the best of the authors’knowledge,
no previous study has been performed on the association
between the depressive disorder and the TM] ankylosis.
The present study showed that depressive disorder was
found in the rat model of traumatic TM] bony ankylo-
sis by micro-CT analysis, gross observation, behavioral
tests, western blotting and immunocytochemistry tests.
Moreover, the association between the severity of depres-
sive disorder and the severity of TMJ bony ankylosis was
verified and investigated.
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Fig. 3 TMJ complexes of experimental and sham side using micro-CT analysis at 8 weeks postoperatively. A 3D reconstruction of the micro-CT
image shows newly formed bony fusion and narrowed joint space in the experimental side (red arrow), but not in the sham side; B-D axial, coronal,
and sagittal micro-CT sections show disappeared joint space and more calcified bone callus formation through roughened upper and lower
articular surfaces in the experimental side (red arrow) but not in the sham side; E The maximum areas of bony fusion and mass were measured

in the axial micro-CT images on the experimental side and sham side, respectively

The animal model of TMJ bony ankylosis with SD rats
established in the present study was found to be reli-
able. The key diagnostic indexes of TMJ bony ankylosis
includes the gross observation, the presence of bony cal-
cification images in the joint space, limitation of mouth
opening, and so on [1-3]. In the test group, only the
traumatic TMJ complexes with narrowed joint space
developed TM] bony ankylosis that a raised hard mass
of the TMJ external appearance was observed and felt
in the experimental side at 8 weeks post-surgery, but
not in the sham side. Many calcificated bridges of bony
fusion area were observed through the joint space in the

3D micro-CT in the present study, and the joint space
of bony fusion area almost disappeared, the bony fusion
areas of experimental side were obviously larger than the
bony mass of sham side in the test group. Additionally,
the body weight and PMMO of the test group were sig-
nificantly lower than that of the control group at 8 weeks
after surgery. These findings were in line with our previ-
ous study [2, 3].

The present study demonstrated that the SD rats of
TMJ bony ankylosis showed representative depres-
sive-like behaviors at 8 weeks after surgery. The forced
swimming test and the sucrose preference test are used
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as the measurement of depressive disorder [22, 29, 30].
The immobility of behavioral responses is total absence
of movement or small movements of one of the mice
posterior paws that do not produce displacement, the
immobility time is used as a measurement of depressive-
like behaviors in the forced swimming test [23, 31, 32],
and higher level of immobility behavior in the forced
swim test is associated to an increased “depression”-like
behavior [23, 32, 33]. In the present study, the duration
of immobility in the forced swimming test significantly
increased in the test group than that in the control group.
These results demonstrated that the rats were suffered
from anhedonia and were diagnosed with depressive dis-
order, which is similar with previous findings that post-
traumatic stress-induced depression is associated with
increased duration of immobility [30, 34]. Furthermore,
the sucrose preference test has been used as another
measurement of the severity of anhedonia, which is
inferred activation of the pleasure response to depres-
sion-like behaviour, and anhedonia is a core symptom of
depressive disorder [24, 29, 35, 36]. In the present study,
the sucrose preference significantly decreased in the test
group than that in the control group, which is consist-
ent with previous findings that stress-induced depressive
disorder is associated with decreased sucrose preference
[29, 30, 35]. These findings also verified that the anhe-
donic rats were suffered from depressive disorder. There-
fore, these results suggest that the diagnosis of depressive
disorder with SD rats in the animal model of TM]J bony
ankylosis was found to be reliable using SPT and FST in
the present study.

The present study found that the hippocampal expres-
sion of the CB1 receptor protein and the number of

BrdU-positive cells significantly decreased in the dentate
gyrus of test group compared to that of control group at
8 weeks after surgery. The CB1 receptors is an essential
index for evaluating depressive disorder, the expression
number of CB1 receptor protein is closely associated
with depressive disorder, which reflects hippocampal
neuroprotection and neurogenesis [30, 37, 38]. The CB1
receptors are widely expressed throughout the hip-
pocampal formation, which are particularly dense in the
dentate gyrus [25, 30, 35, 39]. Our previous study showed
that the CB1 receptors and mean optical density of CB1
receptor protein were involved in the depressive disor-
der [26]. Previous paper reported that the CB1 receptors
played an important role in a number of forms of long-
term depressive disorder [39]. The chronic activation
of CB1 receptors could increase neurogenesis and hip-
pocampal progenitor proliferation, which was associated
with the antidepressive action [40]. Our previous data
found that reduced CBI1 receptors was closely related
with depressive-like behaviors [24]. The present study
showed that the expression of CB1 receptor protein and
mean optical density of CB1 receptor protein were sig-
nificantly lower in the hippocampus of test group than
that in the hippocampus of control group, the results
showed that the SD rats of TM] bony ankylosis were
initially diagnosed with depressive disorder. The hip-
pocampal expression of the BrdU-positive cells is another
important index for evaluating depressive disorder. BrdU
has become a marker for newly generated cells, and the
expression of BrdU reflects the hippocampal neurogen-
esis and neuroprotection in local neural networks, which
is closely associated with depressive disorder [35]. The
BrdU-positive neurons in the dentate gyrus significantly
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decreased in the depressive rats [26, 31]. The anhedonia
and behavioral despair were accompanied by a reduced
expression of BrdU-positive cell [31, 35, 40]. The present
study found that the hippocamal expression of the BrdU-
positive cell was significantly lower in the dentate gyrus
of test group than that in the dentate gyrus of control
group, the results also showed that the SD rats of TMJ

bony ankylosis were initially diagnosed with depressive
disorder. Therefore, the diagnosis of depressive disorder
with SD rats in the animal model of TM]J bony ankylosis
was also verfied to be reliable using western blotting and
immunocytochemistry in the present study.

The present study verified that there was a linear
relationship between the PMMO and the severity of
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depressive disorder. The PMMO was another important
index for evaluating TMJ bony ankylosis in our prvious
reports [1, 3]. Our previous data demonstrated that the
PMMO was important to evaluate the severity of TMJ
bony ankylosis [2]. Similarly, the duration of immobility,
sucrose preference, CB1 receptor protein, mean opti-
cal density of CB1 receptor protein, and BrdU-positive
cells per dentate gyrus were the important indexes for

evaluating the severity of depressive disorder in our pre-
vious study [24-26]. In the present study, the results of
the linear regression analysis revealed that duration of
immobility, sucrose preference, CB1 receptor protein,
mean optical density of CB1 receptor protein, and BrdU-
positive cells per dentate gyrus were variables affect-
ing the PMMO at 8 weeks post-surgery. Specifically, the
duration of immobility was negatively correlated with
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PMMO, indicating that PMMO increased as the duration
of immobility decreased. On the contrary, sucrose prefer-
ence, CB1 receptor protein, mean optical density of CB1
receptor protein, and BrdU-positive cells per dentate
gyrus were positively correlated with PMMO, indicating
that PMMO increased as sucrose preference, CB1 recep-
tor protein, mean optical density of CB1 receptor pro-
tein, and BrdU-positive cells per dentate gyrus increased.
Therefore, the more severe limitation of PMMO, the
more severity of TMJ bony ankylosis, the more severity
of depressive disorder.

The present study also found that there was a linear
relationship between the area of bony fusion on axial CT
image and the severity of depressive disorder. Micro-CT,
spiral-CT, and cone-beam CT are the important diag-
nostic tools for TMJ bony ankylosis, which are used to
measure and analyze the area and volume of bony fusion
area [1, 3, 12, 18]. Our previous data demonstrated that
the area of bony fusion on axial CT image was an essen-
tial index to evaluate the severity of TM]J bony ankylosis
[2]. Moreover, Our previous study found that the dura-
tion of immobility, sucrose preference, CB1 receptor pro-
tein, mean optical density of CB1 receptor protein, and
BrdU-positive cells per dentate gyrus were the important
indexes for evaluating the severity of depressive disor-
der [24, 26]. In the present study, the results of the linear
regression analysis revealed that duration of immobility,
sucrose preference, CB1 receptor protein, mean optical
density of CB1 receptor protein, and BrdU-positive cells
per dentate gyrus were variables that affected area of bony
fusion at 8 weeks post-surgery. Specifically, the duration
of immobility was positively correlated with area of bony
fusion, indicating that area of bony fusion increased as
the duration of immobility increased. On the contrary,
sucrose preference, CB1 receptor protein, mean optical
density of CB1 receptor protein, and BrdU-positive cells
per dentate gyrus were negatively correlated with area of
bony fusion, indicating that area of bony fusion increased
as sucrose preference, CB1 receptor protein, mean optical
density of CB1 receptor protein, and BrdU-positive cells
per dentate gyrus decreased. Therefore, the greater the
area of bony fusion, the more severity of TM] bony anky-
losis, the more severity of depressive disorder. Thus, we
deduced that the synergy between the more area of bony
fusion, the more limited PMMO and the more severity
of depressive disorder may seriously impact on quality of
life, and poor quality of life may further worsen TM]J bony
ankylosis and depressive disorder.

Nevertheless, the underlying mechanism underpin-
ning this is complicated and unclear. Next, we will plan
to observe the course of animal depressive disorder con-
tinuously over time, and further explore the detailed
mechanism of CB1 receptor protein and BrdU-positive

Page 12 of 14

newly generated neurons in the animal model of TMJ
bony ankylosis, and then prevent the occurrence of
TM]J bony ankylosis by regulating the expression of CB1
receptor protein and BrdU-positive cells. Previous study
reported that the electroacupuncture treatment amelio-
rates post-traumatic stress depressive-like behavior [18,
30, 34]. Furthermore, antidepressants or electroacupunc-
ture will be considered to treat the animals of traumatic
TM] bony ankylosis whether or not can relieve or elimi-
nate the symptoms of traumatic TMJ bony ankylosis.
The therapeutic effects of antidepressants or electroacu-
puncture with post-traumatic depressive disorder and
traumatic TMJ bony ankylosis will be carefully assessed
using animal model. The therapeutic effects and specific
mechanisms of antidepressants or electroacupuncture
are expected to open up new ideas for the treatment of
human TM]J ankylosis in the future.

Some limitations should be mentioned in the present
study. Firstly, the SD rats of traumatic TM] bony ankylosis
were only assessed at 8 weeks after surgery, the course of
depressive disorder was not observed continuously over
time. Secondly, the diagnosis of depressive disorder in the
present study was not further validated by anti-depressive
drugs. Thirdly, the animals in the control group did not
undergo sham surgery. The postoperative effects of anky-
losis inducing surgeries and sham surgery on the con-
tralateral TM] may be confounding factors. Fourthly, the
animals in the test group received pentazocine analgesic
after surgery, the pentazocine is a weak competitive opioid
antagonist at the p receptor and an agonist at the k 1 and
K 2 receptors. Its use may represent another confound-
ing factor in the study, since the drug acts on the central
nervous system and the animals in the control group did
not receive medication. Fifthly, the research conclusion
of the present data is extended to human being duo to
limitations of animal model and certain racial differences.
Therefore, the present results cannot be completely trans-
ferred to the human situation to serve purposes of diag-
nosis and treatment. A further study will be performed to
overcome these shortcomings in the future.

Conclusions

The present study demonstrated that depressive disorder
was found in the rat model of traumatic TM] bony anky-
losis. The severity of TM] bony ankylosis correlated with
the severity of depressive disorder.
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