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[# Z] B WA ZE AR N H LT R (TMIOA) MRYFAER, I M B A G/ AL
Wil ¥ 45 K SD KEBENL A Jy o L | ORI RN (227 W], BE41 15 H o BIRNZ R (A 3 B4 K
BLOET I N TE ST 20 g L B Z R (MIA) 50 pl, #g# TMIOA K BRAER ; xiF I8 28 K Bk 5 45 4k
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T (Sirt)1. BEAREENLEE 334 HE (PI3K) . BARRILEE FIIMEE B (p-Akt) FIRERR 160 2L 0 ) & A 8 = 0 0
H (p-mTOR) FEEHFRKKF, ELEAFRGERPCR (RT-gPCR) L& 4% 4 K B TMI 441 SOX-9,
MMP-13., Sirtl, PI3K., WFL Y HEMERLEH (mTOR) ME M B (Akt) mRNA RIKKF-,
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0.05), MMP-13, PI3K. Akt FlmTOR mRNA Fik/KF¥EHEEM (P<<0.05), Z5i: H3E PR
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Therapeutic effect of resveratrol on osteoarthritis of
temporomandibular joint and its mechanism

SUN Gao"?, HE Jing', ZHAO Qi', SHI Jianhong', LIAO Zhiling', TIAN Yuanye', WU Guomin'
(1. Department of Oral and Maxillofacial Surgery I and Oral Plastic Surgery, Stomatology Hospital, Jilin
University, Changchun 130021, China; 2. Jilin Provincal Key Laboratory of Tooth Development and Bone

Remodeling and Regeneration, Stomatology Hospital, Jilin University, Changchun 130021, China)

ABSTRACT Obijective: To discuss the therapeutic effect of resveratrol on the temporomandibular joint
osteoarthritis (TMJOA), and to clarify the related mechanism. Methods:Forty-five SD rats were randomly
divided into control group, model group, and resveratrol group, and there were 15 rats in each group.
The rats in model group and resveratrol group were intra-articularly injected with 50 pL of 20 g-L '
monosodium iodoacetate (MIA) to set TMJOA rat models, while the rats in control group were injected
with an equal volume of normal saline. Three weeks after modeling, the rats in resveratrol group received
an injection of 80 pL resveratrol solution, once a week for three weeks, while the rats in control and model
groups were injected with an equal volume of normal saline. Micro-computed tomography (Micro-CT)
system was used to detect the condyle structure and the bone volume fraction (BV/TV ), trabecular
thickness (Tb. Th), trabecular spacing (Th. Sp), and trabecular number (Th. N) of the rats in various
groups were calculated; HE staining and toluidine blue staining were used to observe the pathomorphology
of temporomandibular joint (TMJ) tissue of the rats in various groups; immunohistochemistry was used to
detect the expression levels of SRY-related HMG box (SOX) -9, matrix metalloproteinase (MMP)-13,
silent information regulator (Sirt) 1, phosphatidylinositol 3-kinase (PI3K) , phosphorylated protein kinase B
(p-Akt) , and phosphorylated mammalian target of rapamycin (p-mTOR) in TMJ tissue of the rats in
various groups; real-time quantitative PCR (RT-qPCR) method was used to detect the expression levels of
SOX-9, MMP-13, Sirtl, PI3K, mTOR, and Akt mRNA in TMJ tissue of the rats in various groups.
Results: Three weeks after modeling, condylar bone was destructed, the surface was roughness, and
continuity interruption were observed, indicating TMJOA model of the rats was established successfully.
The Micro-CT system results showed that the condylar surface of the rats in control group was smooth and
regularly shaped, with continuous bone texture; the rats in model group had significant condylar
destruction, disrupted continuity, surface roughness, and varying degrees of bone defects; the rats in
resveratrol group showed alleviated condylar lesions and improved appearance. Compared with control
group, the BV/TV and Tb. Th of the rats in model group were significantly decreased (P<C0.05), and
Th. Sp was significantly increased (P<C0.05) ; compared with model group, the BV/TV and Tb. Th of
the rats in resveratrol group were significantly increased (P<Z0.05), and the Tbh. Sp was significantly
decreased (P<C0.05). The HE staining results showed clear layers and orderly chondrocyte arrangement in
condyle of the rats in control group; the rats in model group showed rough uneven surface, obvious defects,
and typical TMJOA features; the rats in resveratrol group showed slightly rough surface with generally
clear layers and orderly arranged cells. The toluidine blue staining results showed distinct blue-purple
staining of chondrocytes in hypertrophic layer of the rats in control group; pale staining or even loss of
staining in some areas of the rats in model group; and distinct and relatively uniform staining in hypertrophic
layer of the rats in resveratrol group. The immunohistochemistry results showed that compared with control
group, the expression levels of MMP-13, PI3K, p-Akt, and p-mTOR proteins in TM]J tissue of the rats in
model group were significantly increased (P<C0.05) , while the expression levels of SOX-9 and Sirtl
proteins in TMJ tissue of the rats were significantly decreased (P<C0.05) ; compared with model group,
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the expression levels of SOX-9 and Sirtl proteins in TMIJ tissue of the rats in resveratrol group were
significantly increased (P<C0.05), whereas the expression levels of MMP-13, PI3K, p-Akt, and p-mTOR
proteins were significantly decreased (P<C0.05). The RT-qPCR results showed that compared with control
group, the expression levels of MMP-13, PI3K, Akt, and mTOR mRNA in TMJ tissue of the rats in
model group were significantly increased (P<Z0.05) , while the expression levels of SOX-9 and Sirtl

mRNA were significantly decreased (P<C0.05) ; compared with model group, the expression levels of

SOX-9 and Sirtl mRNA in TMJ tissue of the rats in resveratrol group were significantly increased (P<C
0.05) , whereas the expression levels of MMP-13, PI3K, Akt, and mTOR mRNA were significantly
decreased (P<C0.05). Conclusion: Resveratrol has therapeutic effect on TMJOA, and its mechanism

may be related to the activation of Sirtl and inhibition of the PI3K-Akt-m TOR signaling pathway.

KEYWORDS Resveratrol; Temporomandibular joint osteoarthritis; Silence information regulation 1;

Phosphoinositide 3-kinase; Protein kinase B; Mammalian target of rapamycin
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(temporomandibular joint disorder, TMD) # N #
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(monosodium iodoacetate,

TMIJOA BERY  H3F F 2L A BEXT TMIOA KR T
B s, I i B L BAR A AL, KA
TMIOA Wlis IR I2I7 $E it &%

1 MREFE

1.1 B . TZ2XARNE 6 SDHEME
KEA5H, LWl FHIF T IES : SYXK (G%)
2023-0010, & Ji &t 150~200 g, Wy H K #1215
BB AR RTTAEA A . KRR SR T3 AROR S A
MR 2E B s b b, PRFREIREENE WG, HIRER, &
19978 BE A R, S 0 T A R SR M R 1R
ARSI 28 3k T PR OR A B R A B sh ) 10 B 2R B st
M (EHLATHE S 2022450), SLH TR E IR
EOYARIEN . MIA A1 H W (dimethyl
sulfoxide, DMSO) g A LGB T 22w, HEE™
Bl [ b 2 e RS |, 4 RN 12 (ethylene
tetraacetic acid, EDTA) (& 5.
1340GR500) M A 18 ¥ BioFroxx A f] , HE 4 {4k
Mg (B9 . C0105) WA LilgFHE R KREYWHEAA
R E, WK g il (RS . G3661) . DAB
BOFMO. 10 WHEFERER (RS G1300)
WA R EAEYPHARAA, RIEVTRE R
P EF (silence information regulator, Sirt)1—%
(B4 . ab189494) My FH L [H Abcam 23 /], f ik
Fi4mEAE (matrix metalloproteinase, MMP)-13
(#4 5 . bs-10250R) . ®E J§ Bt WL B¢ 3 ¥ AG
(phosphoinositide 3-kinase , PI3K) (#45 . bs-10657R) .
H H ¥ B (protein kinase B, Akt) (#5 :bs-6951R)
MIFEFL Y B in & R A (mammalian target of
rapamycin, mTOR) (A% bs-1992R) —HiIW H
B W R A M H AR AR A A, S SP iR &1l
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AHAbst P2 & B EOR A BR 2 Fl, TRIzol i )
W H AR TaKaRa 2y 7], 0 4% 5 PCROIR R & A 52 )
7% ) % & PCR (real-time fluorescence quantitative
PCR, RT-qPCR) il &M A W B Y R
ARAF, PCREWIM AL TAEY TR (L)
B AT BRA B o SRR AL Z R (micro-
computed tomography, Micro-CT) &R 4 H & £
Scanco Medical AG A #), 4606+ B 3 H
Thermo Fisher 24 A, PCRAXI H ki 1 Roche 23 7] .

1.2 ERshhrapBERHE 45 KV D
RN ERA] | RIS EEA, B 15 H . AR
2 ORI 2L R A O NS I TR B RR I, O B

TMIJ J& Bl CH0H . f&5H, TIRAMNE 54 HaE
GHELIFH I EE N4 3~4 mm b AES 5T
Jr, T E N kg, HRA
AT N TE B 20 g L7 MIA 50 pl,
My TMIOA K BB R,
oK. WE 1,

BE B G o5, 1) i )
B %F 1 min,
X AR 2H R R B A A

A: Position; B: Injection site; C: Localized enlargement of injection site; D: Injection angle; E: Accurate injection of methylene blue, blue

impregnated area seen in joint cavity; F: Localized enlargement of joint cavity.

B1 TMIJOA KRR
Fig. 1 TMIJOA rat models

1.3 FAXAAEF EAAREM EHHRIFAE,
P 2 AR RRUTE B 80 pL HZE Y EEIA M (0.5 mg
FIZE I T 80 p. DMSO W), AR 1k, #4:35,
X RECZH AR AU 20 R BRI A s AR IR K . TR ST 5
LR, BRI SUME I AR 5T KR, e S HCH 3L
i TMI LY, — MR A 4% 2 BB P e,
JBLAS J5 FH T HE A 6o & 4l 21k 2g e o, — ik
A =80 CrkA AT, U T IR,
1.4 Micro-CT 2%#MEAXKARELH HiE
AE N E 5 PRI N X 2R Micro-CT & 48 £14
E#%&Fﬁ T E A, I TR 55K
TEAAIE T ), EBEEE A 0.5 mm®, K

Bl 1.0 mm Y RAE AR AR D B SR 1K, TR 2% R X
HER S (BV/TV), B/NRJERE (Tb. Th) .
H/NRBPE (Tb.p) FE/NEE (Tb.N), Hrp
BV/TV\ Th. ThFI Th. N 5 & S IEAH K LR,
Th.p 5B EZMAHLLR.
1.5 HE &P i BEFEALELEA XK
TMIBRBREBIEARL KR TMIAZLURH 4%
LR R T, WOES 34, 1A n] A o e
WA W, 2 1 mL 8% EH 4] JCpH Jy fill Zr 41 4,
Bk B R R A *%HEméﬂ
HHOR e 5 g (o, D% 2F B BB R UL 5% O 2F 1T B R
AbF
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1.6 ZRMANFERREZEXK TMIER ¢ M
B #& & K Y #E & B (sex determining region Y box
protein, SOX)-9.MMP-13. Sirtl,PI3K . %% 8 4% Akt
(phosphorylated-Akt, p-Akt) fe B 8 4 mTOR
(phosphorylated-mTOR, p-mTOR) & & & ik K F

WA H R TMIH L, SEAT MRk L, B &
R BT e 5, N IR o 4R Tl BB, 3 —
B, 4 °CRER, A S 3 i iR 3 5 i B 1 S e
% IgG, DABW A, FRAKEZ Y, T 065 T
g%, R M Image TR, H5H & HRB TMIAH
R LA Y O BDGE EAE, DF B0

EAER H I E A RB K 0% B = X BN FF
FEGL AR ZPUCEE (I0D) /XK Em A .

1.7 RT-qPCRZ#& M &8 K & TMIL LR ¥ SOX-9,
MMP-13, Sirtl, PI3K, mTOR #» Akt mRNA 4% i&
RF KRB R Z AR, TRIzol $2 HUK
HHZURNA, DEPC /K%, Nanodrop il i RNA
W, SN cDNA, SYBRIEY S, 95°C. 30s
fiAEd, 95°C, 10s, 60°C. 30s, 95°C, 155,
60 °C. 60s, 95°C. 15s, 40 MNTHEH . LI
GAPDH W2, RH 27" %kiT8 H AR N Rk ok
Fo Gl A LR 1,

#1 PCRIIYFH
Tab.1 Primer sequences of PCR

Gene Forward sequence(5'—3") Reverse sequence(5'—3")

SOX-9 CACTACAGCGAGCAGCAGCAG TGATGGTTGGGTAGGAGGGGTTG
MMP-13 CAGCCCTATCCCTTGATGCCATTAC GGGTGCAGACGCCAGAAGAATC
Sirtl ACGCCTTATCCICTAGTTCCTGTGG CGGTCTGTCAGCATCATCTTCCAAG
PI3K GCCTCAGTGGACTTGGATGTGTTC GTCTTCGGAGCTTGGTACTTCTTGG
Akt CGCTTCTTTGCCAACATCGT ACACTCCATGCTGTCATCTTGA
mTOR CATTCCGACCGCTGCCTTCAC GACCTCACCGCCACAGAAAGC
GAPDH AGTCTACTGECGTCTTCACC CCACGATGCCAAAGTTGTCA

1.8 %t FEa# K SPSS 22. 0 G i+ 8 1 # 47
Giitsomir. SARRESHSE, TMIAH
SOX-9, MMP-13, Sirtl, PI3K, mTOR Hl Akt
mRNA £ ik /K F K& SOX-9, MMP-13., Sirtl,
PI3K. p-Aktfl p-mTOR # [ £k K4 IES
AR, Phats FoR, 24 I REAS 8 e AR 2R A
RIT 22000, AL IR A B B0 L 45 R ] SNK-g K
5. PAP<0.05AZESHAGIT#E X,

2 5H5 B

2.1 TMIOA X {HER MIAEHF 1d)E, K
AR DX J] PRl BB S P il o RS AR 3 R, KRR %8
RSN, AR AN, REZEME W, R
TMJIOA KRB 5 i . WA 2.

2.2 BAXKABREH XTRAKRBREmL
W, RSN, BB ES R AL ZH K RUBR 2R
WIS, B RES M Z IR R R IR, 3% mOHLRS
AL AEA A [) 2 8 B o e i 5 P 2 e 20 K BRURR 5
A, RIS/ —E s, W3, 5
XA A, BIRH KB BV/TV Al Th. Th¥J B &
FeAK (P<<0.05), Th. Sp B &8 m (P<<0.05) ;

A B
A:Facial tissue; B: Condylar tissue.
B2 TMJOA AT B #8 F1 BR se 41
Fig. 2 Facial and condylar tissues of TMJOA model

rats

Th. N, HER LG I¥EX (P>0.05). 5
BERIA e, M MEEA KR BV/TV Ml Th. Thiy
B & F+ & (P<<0.05), Tb. Sp M &3 > (P<
0.05); Th.NH#ihn, HERELHITFEX (P>
0.05), W#2,

2.3 BAXKTMIARBEBIAN HELR®G
SRR XA KRR N4 WHEZE .
HE 2 A B R 2R, TR M, R i i HE A
U, RSP A A KRR 2 3R IR RE SO
(i I /= o o P N 2 T A1 B G A
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Model Resveratrol

Vertical view

Side view

B3 HUARBRRR=FEREE

Fig. 3 Three-dimensional reconstruction diagrams of condyle of rats in various groups

#2 BRUKXBREEHWSE PLTC A0 M X B R, A HE S = AL, BRI

Tab. 2 Structural parameters of condyle of rats in various SUPH LR B TMJIOA 331 . 1 28 7 i 2 ke BB 5
groups IR e BORLBE L B PR RO B A
. By Th.Th Th.Sp Th.N Wb, AR B A Y o DR 4 TR e i
} (#/mm) (/mm)  (/mm) AR R X IR R BUBR 98 IE Q2 B 40 i &2

Control 0.684+0.05 0.144+0.02 0.10£0.02 7.0241.67 Hﬂﬁx/ﬂf@” %é%ﬁﬂﬂ]@, Tﬁiﬂéﬂﬁfﬂﬁ%%ﬁlﬂﬁ

Model 0.254£0.07°  0.0740.01° 0.16£0.02" 6.00£0.59
Resveratrol 0.5940.06° 0.11£0.02> 0.10£0.02° 7.75+0.21

"P<0.05 ws control group; “P<C0.05 vs model group.

Control Model Resveratrol

X100

X200

W wp Cry

F” indicated fibrous layer; “P” indicated value-added layer; °

”

H” indicated hypertrophic layer; “C” indicated calcified cartilage layer;
Black arrows indicated disintegration of fibrous tissue; Red arrows indicated rough and uneven surface; Yellow arrows indicated clusters

of cells; Asterisks indicated cell-free zones.

K4 HEREWELAL AR TMIHIURBE SR

Fig. 4 Pathomorphology of TMIJ tissue of rats in various groups observed by HE staining

JRHCE AR, W X B Y HE R
ZH R BB 5 A O A )= e € B ) I HL B 4 2
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Control

Fig. 5

2.4 %4 KK TMJ AL+ SOX-9, MMP-13,
Sirtl \PI3K.p-AktFo p-mTOR & & Rk KF 5}
M2 L B, AR A KB TMIT 4 21 MMP-13,
PI3K. p-Akt Al p-mTOR % [ % ik K 35 W] & T 55
(P<<0.05), SOX-9 I Sirt] % 1% ik /K F 24 B 1 [
ik (P<<0.05). SHIAIA e, HZEMEAKR
TMIJ 20 41 SOX-9 Fl Sirt] & [ 3 ik 7K F 37 07 & A+
& (P<<0.05), MMP-13, PI3K, p-Aktfilp-mTOR
HHRBKFHPBEM (P<0.05) . WK 6M
%3

2.5 &4k R TMJI AR+ SOX-9. MMP-13,
Sirtl . PI3K.mTOR # Akt mRNA & ik K-F 5
M2 LB, R R R TMIT 41 21 MMP-13,
PI3K. Akt mTOR mRNA % ik /K F ¥ 0] 8 F+ &
(P<C0.05), SOX-9 #l Sirt] mRNA 3 ik 7K 5 15 ]
WEEM (P<<0.05), SHIAIALLE, FI2EM A
KB TMI 21 SOX-9 F1 Sirt]l mRNA # ik /K34
M FH & (P<<0.05), MMP-13, PI3K, Akt fi
mTOR mRNA 2 57K F 2 8] 8 B (P<<0.05) .
W4,

3 93t

TMIOAFER —Fi WL e, A ANHEh B A
B R . TMIOA TE 20~49 2 4F % 41 3 1
W5 25%0, 1T 73~T75 B A 4 R UK Rk
70% "L ATAESK, TMIOA (& J #a #3934 1%
fo, 754 LR 2w BTk, T S T AR

F5 HEBRERGNEZELHAR TMIALUREESER

Pathomorphology of TMJ tissue of rats in various groups observed by toluidine blue staining

Model Resveratrol

TMIMAERKEE .

HRG7EZ Figyy 2, S8y ki
SN PR A R, JE A O e N T 2 O R
JY TMIOA YT &Y, M)z, B 5 THZ.
22 7 e T LB M EAL SRR, RRIE1E OA
R FEMER, 18 B S MR el . g
FEU . RE I RE 8 a2 T G T R 4 i b R
N7 BB, REas s E A . 5B
P, TMJ H A H AR, 328 5
TMJOA By JH i 75 o — 20 Wi . A AF5E 45 2R W
N SERA L, ARESEARETRE T
BV/TV A Tb. Th#] @S+, Tb. Sp @D, f2
N PR A RO R, R E A, X
TMIOA & MG VEM . Ak, HE Y4 6 F 55
ALY a5 R IR . SEAA L E, 3R
HRKBRBWEERHCW, 2)ZEW, H9H)F, B
SOX-9 % [ £k K F I BT 5, MMP-13 8 1 £k
IR B B BRGS0 BRI 2K 143 F AR IR S
R RERR I A A B, R HERCE G, S R ORE
R ABERAER IR R B R R AR AE AH C
FETR 3B KF W B AIR,  BRCE G LY AH OG5 TR 3R
IRIKF W T o ARG DS [6] O i WD A T A
FOEE X TMIOA IR YT BUR , 5HCHF Y 4553
—H,

Sirts /& & BE O SF 109 0 B B AR I RS TR I R
(nicotinamide adenine dinucleotide, NAD") & i ¥
HIE /A ECBALE b Sirt2 R, WK HF
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Control Model Resveratrol

SOX-9

MMP-13

Sirtl

PI3K

p-Akt

p-mTOR

E6 £HKRTMIHLH SOX-9.MMP-13,Sirtl \PI3K.p-Akt Fl p-m TORFE 1 F 51510 (4B H 4Uk%, X 200)
Fig. 6 Expressions of SOX-9, MMP-13, Sirtl, PI3K, p-Akt, and p-mTOR proteins in TMJ tissue of rats in various
groups (Immunohistochemistry, X 200)
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#3 FHHKRR TMIHSH SOX-9.MMP-13.Sirt] \PI3K ,p-Akt Fl p-m TOR F& H F 57K F
Tab. 3 Expression levels of SOX-9, MMP-13, Sirtl, PI3K, p-Akt, and p-mTOR proteins in TMJ tissue of rats in various

(n=15, x=+s)

groups
Group SOX-9 MMP-13 PI3K p-Akt p-mTOR
Control 0.23+0.02 0.1840.01 0.3240.01 0.20+0.02 0.17+0.03 0.16£0.01
Model 0.1640.02" 0.2940.01" 0.2140.01" 0.2840.01" 0.2740.01" 0.25+0.02"
Resveratrol 0.2040.01" 0.2240.01 0.2740.01° 0.2240.01" 0.1840.03" 0.1640.02"

"P<20.05 ws control group; “P<C0.05 vs model group.

£4 FSHAKRR TMIHZH SOX-9.MMP-13.Sirt] \PI3K .mTOR Fl Akt mRNA FikKF
Tab.4 Expression levels of SOX-9, MMP-13, Sirtl, PI3K, mTOR, and Akt mRNA in TMJ tissue of rats in various groups

(n=15, x+s)
Group SOX-9 MMP-13 PI3K Akt mTOR
Control 1.00+0.04 1.00£0.05 1.01+0.18 1.0140.19 1.0140.20 1.00+0.12
Model 0.3940.04" 1.7240.08" 0.3740.07" 2.6540.35" 3.3340.25" 2.574+0.39"
Resveratrol 0.57+£0.07" 1.5440.06" 0.910.08" 1.634+0.15" 1.4840.25" 1.2640.34"
"P<0.05 ws control group;~P<C0.05 vs model group.
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