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[Abstract] Objective To investigate the histological damage recovery of temporomandibular joint condylar carti-
lage caused by chronic unpredictable moderate stress, aiming to provide an experimental basis for the prevention and
treatment of temporomandibular disorder. Methods This animal experiment was approved by the Laboratory Animal
Ethical Inspection, School of Stomatology, The Fourth Military Medical University (No. 2020081). 60 male SD rats were
randomly divided into control group, stress group, and 2-, 4- and 8-week post-stress recovery groups. Rats were subject-
ed to chronic unpredictable moderate stress (CUMS) for 8 weeks including damp sawdust for 24 hours, tilted cage for 12
hours, noise for 4 hours, light/dark cycle reversal, water immersion, tail clamp, and restraint stress. The serum assess-
ment, behavioral tests, histological and ultrastructural observation were performed 2-, 4- and 8-weeks after stress factors
were removed. Serum levels of adrenocorticotropic hormone (ACTH) and corticosterone (CORT) were determined with
ELISA. The sucrose preference test (SPT) and the forced swim test (FST) were used to assess the depressive-like behav-
ior. The expression level of interleukin-1a (IL-1a) and matrix metalloproteinases-3 (MMP-3) were determined by Immu-
nohistochemistry and Western blot. Results At the end of 8 weeks of CUMS, the serum levels of CORT and ACTH
were significantly higher in stress group compared with control group (P < 0.01). The sucrose preference decreased sig-
nificantly and the immobility time increased significantly in the stressed rats compared with those in the control group,
indicating a successful establishment of CUMS. The condylar cartilage showed significant degenerative changes, with
disorganized collagen fibers and reduced proteoglycan synthesis on the cartilage surface. IL-1a and MMP-3 were ex-
pressed in the intracellular and extracellular matrix of the condylar cartilage, and their expression levels were increased
(P <0.01). After 2 weeks of stress removal, the serum levels of CORT and ACTH were decreased but higher than control
group (P <0.01), and behavioral changes were still different from the control group (P < 0.01); the loosened collagen fi-
bers could still be seen on the surface of condylar cartilage, and some free cell areas were visible within the proliferative
layer; additionally, IL-1a and MMP-3 expression in the condyle was reduced in all layers of cartilage when compared
with the stress group, but was still higher than in the control group (P < 0.01). After 4 weeks of stress removal, the se-
rum levels of CORT and ACTH changes returned to normal levels and behavioral changes were still different from con-
trol group (P < 0.05); a few collagen fibers could be seen on the surface of the condylar cartilage and the expressions of
IL-Ta and MMP-3 decreased significantly compared with the stress group (P < 0.01), with the similar level of IL-1a
(P >0.05) and higher expression of MMP-3 comparing with the control group (P < 0.01). After 8 weeks of stress remov-
al, behavioral changes returned to normal levels, with no statistically significant differences compared with the control
group (P > 0.05). The condylar collagen fibers increased and showed a corrugated pattern, and no serious subchondral
bone damage as well as irreversible damage occurred. Both of the expression levels of IL-1a and MMP-3 approached
those of the control group after 8 weeks of stress removal (P > 0.05). Conclusion The behavioral changes and condylar
cartilage damage caused by CUMS could be self-repaired. The decline in IL-1a and MMP-3 expression may be one of
the intrinsic mechanisms of this self-repair process.

[Key words] psychological stress; chronic unpredictable moderate stress; —temporomandibular disorder; —depres-
sive-like behavior; condylar cartilage; interleukin-1ai;  matrix metalloproteinase-3; natural reversal
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Figure 1  Representative schematic diagrams of detailed
procedure of CUMS and sampling time of each group
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2w ps, 4w ps and 8w ps: 2 weeks, 4 weeks, and 8
weeks post—stress recovery group. *P < 0.05, *#P <
0.01 compared with the control group. #P < 0.05,
##P < 0.01 compared with the stress group; CORT:
corticosterone; ACTH: adrenocorticotropic hormone
Figure 2 Serological detection before and after
removal of chronic unpredictability stress in rats
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Figure 3 Behavioral detection before and after remov-

al of chronic unpredictability stress in rats
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a: control group( the fibers on the condylar surface were arranged neatly and coated with a wavy layer of
gel-like substance); b: stress group [the gel-like substance disappeared, and the underlying collagen fibers
(red arrows) were exposed and disordered]; ¢: 2 weeks post-stress recovery group( large collagen fibers
could still be seen); d: 4 weeks post-stress recovery group(only thin fibers were observed, and the condy-
lar surface flattened considerably); e: 8 weeks post-stress recovery group(fibers were further increased on

the condylar surface, and the wavy lines reappeared). red arrows: collagen fibers. bar = 50 pm

Figure 4 Scanning electron microscopy images of the ultrastructure of the condylar cartilage before and after removal of chronic

unpredictable moderate stress in rats (1 000x )
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er); b: stress group(fiber fragments and free cells could be observed on the surface of the fibrous layer,

and the proliferation layer became disordered) ; c: 2 weeks post-stress recovery group(fiber fragments

were still visible in the joint cavity, while some cell-free zones were observed in the proliferation layer);

A -‘%' d&e: 4 weeks post-stress recovery group and 8 weeks post-stress recovery group( the surface of the fi-

AW A" . . .. . . .
3 "~ brous layer became smoother and thicker, with the cell-free zones remaining in the proliferation layer).

~ .« blue arrows: damaged fibrous layer; red arrows: cell-free zones. bar = 200 pm

Figure 5 HE staining of condylar cartilage before and after removal of chronic unpredictable moderate stress in rats (200 )
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a-e: IL-1a was expressed in both chondrocyte cytoplasm and extracellular matrix (areas of dotted lines) a: control group; b: stress group(the IL-
la expression significantly elevated); c: 2 weeks post-stress recovery group(IL-1a expression decreased partly but remained higher than that in
the control group); d: 4 weeks post-stress recovery group(IL-1la expression was not significantly different from that in the control group; e: 8
weeks post-stress recovery group(IL-1a expression was not significantly different from that in the control group); f: Western blot results. 2w ps,
4w ps and 8w ps: 2 weeks, 4 weeks, and 8 weeks post-stress recovery group. **P < 0.01 compared with the control group; #P < 0.05, ##P <
0.01 compared with the stress group). IL-1a: interleukin-1a. bar=200 pm

Figure 6 Immunohistochemical staining (200x) and Western blotting results of IL-1a expression in condylar cartilage before

and after removal of chronic unpredictable moderate stress in rats

6 ERUIE P AS T I LA O 18 25 A i S R 2 R TL-1 00 8538 1 S 8 2H 44k 24 e €5, (200 ) Al Western blot 25 5

0.000 1,P<0.000 1) ; N2k 8 )5 , MMP-3 %3k E B 4 0 B A 2 R A Bl IT 2 B TR A
BT, ShEAMEESAS T2 E X (P< TMD &A= 5 FR 22 0] GEIE A T BAEFR>Y, AR
0.000 1), 5% A 2R LG IT2#E L (P>0.05), R WIHF 5% Fp 2K F CUMS AL A S H 3 A= 06 32

BRI PR, LA T 8 JH S, ST

3 W o® S VAR RERS 2510, RS 5E AL %, CUMS

KA FEUESE, O PR R AE TMD ) & A= & 8 J& IS, R B  CORT 1 ACTH /K - g & 4

UG RS EEAEA . FE s TMD 2 Wb ik 2 5, AT R R DU BRI /D FST 5286 vh A 8l 7 )



b

OB &wAE 2023FE5H H$31% F5H

+ 318 +  Journal of Prevention and Treatment for Stomatological Diseases, May 2023, Vol.31 No.5 http://www.kqjbfz.com

i o o
‘ 23 #
: 42 #
§g #
4 ]
7 %21
2=
AL o~ =
’ 3 0 » - ® : &
= H o — U\Q\\'o %\se‘é"ﬁ e A\ A v ) *

a-e: MMP-3 was expressed in both chondrocyte cytoplasm and extracellular matrix (areas of dotted lines). a: control group; b: stress group
(MMP-3 expression significantly elevated); c: 2 weeks post-stress recovery group(MMP-3 expression decreased gradually but was still signifi-
cantly higher than in the control group); d: 4 weeks post-stress recovery group(MMP-3 expression decreased gradually but was still signifi-
cantly higher than in the control group); e: 8 weeks post-stress recovery group( MMP-3 expression was not significantly different from that in
the control group); f: Western blot results. 2w ps, 4w ps and 8w ps: 2 weeks, 4 weeks, and 8 weeks post-stress recovery group. **P < (.01
compared with the control group; #P < 0.05, ##P < 0.01 compared with the stress group. MMP-3: matrix metalloproteinases-3. bar=200 pm
Figure 7 Immunohistochemical staining(200X) and Western blot results of MMP-3 expression in condylar cartilage before

and after removal of chronic unpredictable moderate stress in rats
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