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WE BH ST TT (ATV) 26 R 28 K BRLE- B 18] 78 5% T 240 i (BMSCs ) 2 J& 9045 T 4 i (PDLSCs ) F1 2 8 T 41 Jifd
(DPSCs) 441 55 43 AL 52 ), 3 23 K U 65 25 B8 3l (OTM) BLAEUBGAE ATV X 27 8-S T M e B sh i 1E . 77k sl
AP SR PEAR ATV X K B BMSCs . PDLSCs #1 DPSCs 38 51 S B 5/ A AR 53 434k (0 52 1, SR FH C.CIK-8 I 56 K67 I = Fof 41 i 1) 344
B O, Bl S A ( ATLP) e € i 28 21 Y 1A i 43 R BE I, Western blot K610 = Fift 41 i 1540 5 25 11 T A B (COL-T) |
Runt AHICHE 5% I F 2(Runx2) VHIE S KA HE E-2(BMP-2) (HE5E (OCN) FUBL A A B A A AR B i A 11 (DSPP) i ik, 4
SERELOTMABEEY W ERBEAL > ATV HE B 2H AN IR . ATV 3E B 4% IR 45 H 20 me/kg BRI IHZE T ATV HE S X IR 4T
GORBUATIRES o WIS 7 .14 .21 K385 Micro-CT W & 21 45 4% Sl #H 25 , HE Y {41 Masson 44 (A4 T J 28U 4, qRT-PCR
FIG P22 20 Al A T 5K 7 0 jki 15 A7 25 ) BMP-2 . Runx2 ,OCN BRI ZKSF AR KPR 3RIBE L. &R 1x107° mol/L Al 1107 mol/L
) ATV 52 {2 #F BMSCs . PDLSCs F1 DPSCs [ 38 58 B Ji i/ A AR [0 434k, 2R 300 ALP & P 3ESR  0 fk 45 9 T W B B/ A AH
KFE 11 COL-T, Runx2 . BMP-2 ,OCN F1 DSPP 35 E i (P<0.001). £ OTM ARt 55t BEALAR L, ATV 15 20 28 15 7% 3l S vk
/L (P<0. 05) , 55— 5F 1k 3l BMP-2 . Runx2 F1 OCN BYFEP (P<0. 001) FlIEE 113634 (P<0. 05) 340, F A SO0 B % v dsom . 45
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% 51 (orthodontic tooth movement, OTM ) I8 25 1
R ATV TERSE 534 b 28 Jil 2 4 8 88 v i T
AW, P S B AR ATV X K Z R
200 0 B B P AT OTML )5 M AT FE ML, AP
TR IE AT 7 SR AL Sy

1 RS

1.1 EERXFNEMF  BTFEARMTTE (L E 7%
Fig il 25 41 BR A W, 48 5 2 1014091) 5 — H KL 7 0
(DMSO) PG ZR 21 S YA | vk 28 11 6 L e i i
( 3% [# Sigma-Aldrich 24 & , 4% %5 : 20139, A5533,
P6911.C5138) ; a-MEM 15 % 5E (35 [5] HyClone 24 7 ,
25 . SH30265. 01) ; CCK-8 iX 7] & . BCA & [ 5& &
R 4% 2 R (L3 = RAEHARA R
"), 55 : C0038 . P0012 ., P0099 ) ; Hifi I # iR i (alka-
line phosphatase, ALP) &y I & (bt A& L% 4
YIRHE A PR E] L 595 - AK003) 5 85 1A it X% Wi 192 et 417
il R AW (AR R R A AL R
P0100) ; PVDF i ( 32 [ Millipore 23 #] , 5% %5 :
24937799) ; 4 1fiL 7 H 2 H (bovine serum albumin,
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BSA) (#&[% BioFroxx /A Al , #7%5 : 4240GR025) ; — ¥t
1 B ) (collagen type I, COL-T;1:1 000) . Runt #H5¢
L2 T 2 (runt-related transcription factor 2,
Runx2,1:1 000) ‘B L k4% -2 (bone morpho-
genetic protein-2, BMP-2,1:1 000) .B- L 3h & 11 (B
-actin; 1:5 000) (WM A2 W) A BRA |, 475
HA750188 . ER1802-78 . ER80602 , EM21002) ; — #ii
‘B85 2 (osteocalcin, OCN, 1:1000) (F=[E Abcam 2
A, 5245 1 ab93876) ; — Bt A A 5 HE % 4 11 (dentin
sialophosphoprotein, DSPP, 1: 1 000) ( 3€ [E Novus
Biologicals /2], 575 : NBP1-89449) ; HRP #ric —#t
(BLN AL AL AT RN WL B85 - HR6001) s ECLAEZE
RG] & (Bl RAERH AR A A, 175
180-501) ; TRIzol I 7 ( € [ Invitrogen A ] , 1% 5
15596026) ; PrimeScript RT ik € .SYBR Green Pre-
mix Ex Taq ( H A& TaKaRa 2% A , 78 %5 : RR036A .
RR420A) ;10% EDTA i85 (1L 53R ERHEAT IR A
AL B . D0021) 5 Pk B I R (35 [E Sigma-
Aldrich A ), 85 : P6911,C5138) 5 il H 75 T 45 77 4k
(5 AE W B A R A, 58 %5 HUXMA-
90021) o AR (36 [E BioTek {75 A FRAS 7] , U5
ELx800) ; BE i 8 R 48 ( L1 RAEFHA FRA W,
5 . Tanon-5200) ; #8§ TAE & (IR M I8 5 2 38N
), 85 . SW-CJ-1FD) ; COL 35 72 48 . NanoDrop I H
439696 )% 3 (32 [ Thermo Fisher Scientific 2 7] , %
5 : Heracell 150i, NanoDrop 2000) ; ff{ #= &5 0> AL (12
5 Eppendorf 2 7] , 895 : 5424R ) ; A 350 ML (£ 5]
Leica 23 1) , 8 %5 : RM2235) ; S 92 3 it PCR X
(32 [# Bio-Rad Laboratories 23 A , 815 : CFX96) .

1.2 HEMSEMESF MW A L8 LR
Prrpois i 3~4 RIS (A BTRE 2 50 ~ 80 g) \SPF 24 A I
P Sprague-Dawley K FRUEAT RSN M 43 15 . i a2
ZURHE A K BRUAA N 73 18 0 15 77 3 Rh A - B i
8] 78 Jit + 40 B2 (bone marrow mesenchymal stem
cells, BMSCs) . 7 J& #) 47 1 4l }fY (periodontal liga-
ment stem cells, PDLSCs) F1 2488 1 4il ffl (dental pulp
stem cells, DPSCs) . DPSCs kI8 T-¥] & 7 & , BM-
SCs R IE TR EE#E. KAHLDIN 1 mm’ /N, H
PRI RIS SRR AL o D AR ER b 1/3
WO A0, T PDLSCs 1943 85 S5 85 % . A
37 C.5% COLMY 15 TR A o %, P3R4 M 7

1.3 ATVABRMEIE ATVEHFAERERNET
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DMSO, % fi#t £ =10 mg/mL. >4 DMSO 2 ¥ & Ik T
0. 1% B, A0 M B 1 vT 2.0 . K 2. 418 mg ATV £5 )7
KA T 200 L DMSO i 2 , ¥k H iINA a-MEM 15 5%
3 % 20 mL, i ¥ J5 15 B 1x10* mol/L Y ATV fif
AW -

1.4 HMRESASEF WEATHH LR, B8 T
A AE 1x10°8% 1X107 mol/L ATV AL F R 14 5 Fl i,
HRE I 9k o P, A 5T BMSCs . PDLSCs #11
DPSCs 73 1 FH 0 110 F1 1X107 mol/L. ATV b3, 43
TN HRLL (=) (ATV-6 41 K1 ATV-7 2H . i i Y2 (6 52
o IS 5 B R A A P X B (+) 4

1.5 ZRRIESESEEE (A CCK-8 3] & A 4n i
AT L W 3R L) 3x 103U Y B EE AP T 96 £L
Mo, A AESS 1.4.7 KINA 10 pl. CCK-8 % W ,
37 CIEE 2 h i , FHEAR{UAE 450 nm %4 0 1
M

1.6 ALPHIFHZRERLIEE HHHEATV X BMSCs
PDLSCs i B 3 A 52 M, & B & ATV 1Y B8
PR IR LA AN . ALP J (0 i 1 ALP ASE 57
& R e o fdi ] Sigma il A, B AL 5x1044/
LAY B AT 124U D, A IAESS 7,14 .21 KA
I (0 24 5 38 4 Tmage) 20143 BT e (5,58 5

1.7 Western blot 3236 FH 5 &5 11 i 401 % 1% it 41
il 7] ) 2 A VR EBCE P A F i BCA R
. L 10% SDS-PAGE 43 B )5 , # 2 PVDF fit
H15% BSA 041 1 he FlJS , 53 5 LT R S5k —
P, 4 CHF id % : COL-1, Runx2, BMP-2, OCN,
DSPP), VA B-actin fE RN Z . {#i Fl HRP FRic i — 4L
(1:2000) EEFE 1 he ffH ECLJK Y5 & &
L B BUR R AR EE S

1.8 KRREBFBIHEE P Sprague-Dawley
KEL12 H (3 A& R T 250~290 ¢) , 14 H 2 #0E
SEUEN G SR T SPF S0 3 L IR EE 25 °CL 12
hOCHRZRIEIEIR , F AR EOK, i L e &
BB B K2 9050 3h W 10 38 25 00 S kol (it .
LLSC20221066) . 7E K B AN b G0 By 28 2 R B U g
SR E A MVE A IR . IEMRFZE 21 d, A H KA
R VR Y R E Bl 1K B HL S R
WiZH - ATV 2045 H 3 H 20 mg/kg ATV ¥, ctrl 2 3
B AR K . ATV ¥ R ) 3 T P sL 40 2%
K% 109% DMSO By A= HER KV M 7R R (&
J£ 5 mg/mL) , 20 mg/kg XA 2k PR FH 245 S5 3007 1
H R &AL ek, SRR a7 dFx
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1.9 qRT-PCR {i /] TRIzol i 742 BOK B A J&1 40
1R RNA , 28 NanoDrop I % ¥ FE K2 20 B (A ool Asso o
=1.8~2.0); L 1 pg RNA il iz} PrimeScript RT 7] &
J2 5% 5% K ¢ DNA 5 2% JH SYBR Green Premix Ex Taq ok
Ry 38 BB AR 2255 10 pmol/L 514145 0. 4 pl .cDNA
2 uL..SYBR Mix 10 pL, ddH,0 #p % 20 pL; 4 B .
95 °C 30 s HiAEM:,95 °C 5 5.60 C 30 s, 3L 40 ME IR ;
P B-actin i P2, K FH 270 g 318 3 PR AR X 2 0k
. 5 F S, BMP-2: (F) 5'-CAGCCAC
GTCCAGCCATCTT-3" , (R) 5'-TCCCGGTCTCAGGT
ATCAGCA-3" , Runx2: (F) 5'-CCGCACGACAACCG
CACCAT-3" , (R) 5'-CGCTCCGGCCCACAAATCTC-
3", 0CN: (F)5'-CTCTCTCTGCTCACTCTGCTG-3" ,
(R) 5'-GGAGCTGCTGTGACATCCAT-3" ; P -actin:
(F) 5'-CCCGCGAGTACAACCTTCTT-3, (R) 5'-CG
TCATCCATGGCGAACT-3'

1.10 ALZFHMH LIRSS R, X KR4 SR
Bt B EAE, H 4% 2 R W 2 , 10% EDTA i
55 A AR S W R T VTS wm V) o 0 il i T
HE 4% {7 Masson 4% (4 160 022 2H A6 40 A DLW 25 —
V& F S JE )i S ] L 2 R R 0 P A 1 0 HE e (8,
LIANG - G0 BR A ZIIEATE I ; Masson J 4
SHBUNITESANN LT EAWS . N /g A RN s 1 Ea
4k 5 G B AL o b S Bt B & L — Pt BMP-2
(1:200) . Runx2 (1:200) K OCN $i & (1:200) , F
4 CHE B R, B A ALY G bR iC i
(1:500) , T E LM F 60 min, it )5 #E4T DAB & {1,
PrichrEE M oo

111 SEit=4 8 {4 SPSS(IBM SPSS Statistics
26. 0) #E4T 50543 H7 , GraphPad Prism 9. 02 & . %
P LAY B o 25 367, PR 4L R] E 3R FH R ST R AR ¢

K, 2 21 I HO R AL IR 32 05 22 0 B, L 1) 224
IS ) i bE AER A2 0 o BEORL A O 22 0 M. P
0. 05 AZESFA G4 o

2 H#R

2.1 ATV FHMEEMNINE  h 7S ATV X
S JR)AH OC 40 M 3 5 1) 52 ), AR A5 4 K B BMSCs
PDLSCs FI DPSCs % 35 35 W b i A 1 3 2 vk B2 (1)
ATV, TRSZE S5 5 ATV 7E 1x10™° mol/L 1 1X10
7 mol/L V& £ T R T 200 L ) 4 5 RN R RE O B
A BEMRIEER , F AR %S T 0.1x107 mol/L,
A 1X10 " mol/L 3 >k BE #4755 46 . CCK-8 A6 ) I
7N, 5B ZH AR FE L 1107 mol/L ¢ JiE /Y ATV 7R 55 4
KA 7 K 8 e T BMSCs , PDLSCs il DPSCs
(14 P<0.01) %5 , 1M 1x107" mol/L 3¢ FE () ATV {2
TEHS 7T R B2 UE T BMSCs (P<0. 05) #1 DPSCs (P<
0.05)3GFE (K 1) . 25 REW], ATV BRI A UL i
F A S 40 0 (4 18 5, EL 1x107° mol/L i) ATV H A
SAERI RSB RR

2.2 ATV 3t K & BMSCs.PDLSCs B & 4 L B9 %
M T R ATV X SR 4k 5% i, AR BF 5
BMSCs Ml PDLSCs #E47 T ALP e o G F 4T e (o
IFRE 7B A SRR A (), 5
X R ZH AR G, [ T PDLSCs H ATV-7 2 45 21 K 4h,
ATV-6 41 Fl ATV-7 41 # BMSCs (13 P<0. 05) (& 2A .
2C) 1 PDLSCs (P<0. 05) (¥l 2B . 2E) i) ALP 3 14 7¢
BUE G A  £5 B ) 4 ik 25 4 0, JF HAESS 14 K ALP
Peta fe IR M ATV-7 HAEE T ALP TG PR SR 7 T S
US4 (+) TC B 3 22 5 (P>0. 05) , 11l BMSCs H?
ATV-6 ZH7E45 14 KL K PDLSCs H ATV-6 HTEE 7.
14.21 R ALP{G M 2% KR T ReE s 4 (+) , Ui
ATV-6 L RURTE S i 2 . PR A YA R, 5X)

/\_25 r I:l (_) /\_25 r I:l (_) ?25 r I:l (_) -
20} EAATV-6 e Z20p EAATV6 =z 2.0} A ATV-6 7
;cg, 5| mDATV7 % ;Cg/ |5l TIATV-7 % \ZT | | MO ATV-7 B %
£10 % £ 10} 4 % £10 %
§ 0.5 % § 0.5¢ I% % £0s %
. Al | 7 Lz L 217 . é
1d 4d 7d 1d 4d 7d 1d 4d 7d

BEl1 ATV T 4R AR #200
Fig. 1 The effects of ATV on stem cell proliferation
A-C: The proliferation of BMSCs (A), PDLSCs (B) and DPSCs (C) treated with ATV at the concentration of 0, 1x10° or 1x107 mol/L for 1,4 and
7 days were detected by CCK-8 assays; "P<0. 05, “P<0.01, ""P<0. 001 vs (-) group on the same day; *P<0. 05 vs ATV-6 group on the same day.
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WL ()AL, B T ATV-7 44858 7 KAN, ATV-6 41 F1
ATV-7 41 ¥ BMSCs ( ¥ P<0.05) ( & 2A. 2D) #l
PDLSCs(#4 P<0. 001) (K1 2B .2F ) B fL 45 15 O TE it
FHEIN, B ATV-6 ZHAE45 21 REIH & m a9 1k K
o B g R ATV REA% & {2 JF BMSCs Al
PDLSCs i B 434k, H 1x10~ mol/L. ATV FA 2R B
AL T B 15 S 41, 1x1077 mol/L ATV F LR Sk
HHEESAMY,

2.3 ATV 3tk BMSCs.PDLSCs & B 47 L 8 3%
EBRDPSCsHFARAUHEXEANEmL A
TWFGE ATV X B R A A 5T 53 A0AH 5 38 11 Y 52

A

i, A 758 %F BMSCs . PDLSCs 1 DPSCs fi4 4 ¢ 2
P17 T Western blot 7341, 5 X REZHAH H, ATV-6 41
BMSCs (& 3A .3B) HI PDLSCs ( [8] 3C..3D) ¥ iy i &
A3 Ak 528 11 COL-1. Runx2 . BMP-2 1 OCN 7E i &
ARSI B eIk H IR (2 P<0. 05) , T8 43 i
6] ATV-7 2019 LR FEEEAR T ATV-6 4. [A]H}, ATV-
6 41 DPSCs (1€ 3E . 3F) 43 W Y 1 A A Jo3 73 Ak AR DG 2R
1 DSPP 78 85 A ) 545 %k BE 2 A e 38 3R (39 P<
0.001) . ZEHFI, ATV GEMS B 2 2 JE BMSCs Al
PDLSCs F 88 204k , 1 DPSCs 1l A B R AE A% O 2
Jit, 76 ATV VEFH R &5 235 DSPP, 2 B i) T BE M 1

7d 14d 214 7d 14d 214 ¢ () [ ATV-6
;\?60' (+) XY ATV-7
Q) g40
2 20
5
) = LI
5 d
25r () [ ATV-6 s
-~ |lm® NATV7 e
ATV-6 5520
zE1s
S20
<'g
ATV-7 8 3
0
C6)
B 7d 14d 21d 7d 14d 21d E;\No- ok ST)%
230' lk s *# él;}g7
i
N 2 I LN [N
Fosorce marve -
. A+ N ATV-7 HIE T kek
: oS30t . 2l
ATV-6 55 » . é §
goor 2 e AN
ZZ10f M %§ %§
2T ZIIN - IN I% \
ATV-7 =Z1IN 1IN | ZIIN

2 ATV 34k R BMSCs.PDLSCs B & 4L B £ 01
Fig. 2 The effects of ATV on osteogenic differentiation of BMSCs and PDLSCs in rats
A, B: ALP and alizarin red staining results of BMSCs and PDLSCs from rats in different groups on day 7, day 14, and day 21 X 50; C, D: Analy-
sis of ALP staining results and alizarin red staining results of BMSCs in different groups on day 7, 14, and 21 of osteogenic differentiation; E, F: Analy-
sis of ALP staining results and alizarin red staining results of PDLSCs in different groups on day 7, 14, and 21 of osteogenic differentiation; “P<0. 05,
“P<0.01, “"P<0.001 vs (-) group; “P<0.05, #24P<0.01, #22P<0.001 vs (+) group;“P<0. 05, *P<0. 01 vs ATV-6 group; (-): negative control
group; (+): positive control group; ATV-6: 1x10°° mol/L ATV incubation group; ATV-7: 1x107 mol/L ATV culture group.
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A 7d 14d 21d
() ATV-6 ATV-7 () ATV-6 ATV-7 () ATV-6 ATV-7
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Runx2 57 £ ATVO ey
F 15\ [ ATV-7 % .
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o
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OCN 11 A /
3 _
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s oo 3 [O0 D 100 ()
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il i e
C 7d 14d 21d 7d 14d 21d 7d 14d 21d
7d 14d 21d
() ATV-6 ATV-7 () ATV-6 ATV-7 (-) ATV-6 ATV-7 kyu
D
COL-1 138 - 20F ) B
B ATV-6 7 z
Runx2 57 g 15[ mmATV-7 ’;ifﬂ* %
g
£ 10} /
BMP-2 34 = 10 é
<5 /
OCN 11 3 %
O o 2
B-actin 42
= 20 _ 4r OO K e
3 S B ATV-6 ]
g 15 B 23
S 2 £
810 s 22t
9 s 2 2 1
g a9
: : 2, A
7d 14d 21d 7d 14d 21d
E F _ 3 0 LT
7d 14d 21d B
() ATV-6 ATV-7 (-) ATV-6 ATV-7 (-) ATV-6 ATV-7 § 2
DSPP 110 g
51
[=%}
B-actin 42 %
LR 14d 21d

3 ATV AR BMSCs.PDLSCs Bl B 4 L X E B K DPSCs B F A i (LA X E BRI
Fig. 3 The effects of ATV on osteogenic differentiation-associated proteins of rat BMSCs and PDLSCs and
dental differentiation-associated proteins of DPSCs 138
A, B: The expression of COL- I , Runx2, BMP-2, and OCN proteins in rat BMSCs; C, D: The expression of COL- I , Runx2, BMP-2, and OCN
proteins in rat PDLSCs; E, F: The expression of DSPP protein in rat DPSCs; “P<0.05, “P<0.01, “"P<0.001 »s ( —) group; *P<0.05, "P<
0.01 , #P<0. 001 vs ATV-6 group.
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SF A [ A L E 1] 534k

2.4 ATV KRREBIFEHHHEEM N THT
ATV X} OTM fy 520, AWF 58 d 57 T K B OTM A5 Al
(& 4A) , I3 1 Micro-CT U+ 7 1 # h i 25 (&
4B). SEW IR, BEF IE W R A ZE K 45 20K R
ViR sl i G B R i . S50 BRAL () A HE, ATV 4
)4 15 7% SR B ZE 5 14 K (P<0. 05) FIIEE 21 K (P<
0. 05) kb, R SR 5 21 2K, 9/ i 2 B8R (&1 4C) o
21 RN, 25 241K BRI T 5 53697 B AH L 38 0C i 2
25 (P>0.05), Ui B OTM F1 ATV # B %F K BULF
Joa B (E4D) . 255 R, ATV ReHE A 250 il
IEE A Y550 .

2.5 ATV KBRFBAHNEMFETNZM AT
BIHf ATV X 23 JE 4 20 52 ), AR 58 6 OTM 21 K
KB 5 R RS 2547 T HE 4% {5 F Masson
Yett, HE 2550 5K, 765X 4L AT ATV 21 /4 9 1F By
], 55— B 2 B 3 1) A SR IS s o — B i, OF
55 oAl 0 55 (&I 5A .5B) o £E OTM+ctrl 2H Y
2R, 2 5 R AR e A JR S I A A7 s, e W IE
IR TAHAL N ES (ESC . M2 T,
OTM +ATV ZH (%) 55 — & 2 WG ] 24 Ji] J6E 5 o %)
A7, 300 F) 2 S BES v S50 ) 21 28 SRR T 4 4

A
€ 08 cul
= 2 ATV
g
S0
= *
Z0.4 *
on
f=
200k
20,
=
0
7d 14d 21d

FHEB 0], 2 1 2 1T 00 2% 3 K A AR, 4 A
S FRDE B AN+ A oA B 34 (# 5D) .
UEA, OTM +ATV 411 3t I 0 4 F 1 t7w HR Al A
JARE IR IS , R WA BB B .

Masson 44 {25 5 5 7, G FRZH AT ATV 20 3E 1IF Wy
79 28 ) J2 D 2 44 2 L HE 0 B 00 5L LT A B
17, A S MR AE AR 55 b (KT 6A 6B) . AT,
OTM-+ctrl 21 1F W ] 71 24 J) e Jt 28 4 HE 51 A8 15 25 6L
FEU 1E B 5 oF R AL 8L R 25 A i B T B (TR 6C)
FHZ T, OTM +ATV 4 1 2 J] I Ji £ 4 43 A7 30
B HEB ISR, Won i A 2B RS
(Fl6D) . XL, ATV fEMS I 3 ol o A 41 2100 &
AR AR E 2 TR RSERN O R B v o A, O AR i iR
AP HES
2.6 ATV KR EMEHNEHEXERMERRIE

QRSN N T ST ATV X AR AH G 3 R 32 1k 1Y 52

Wi , A B 5% 38 i qRT-PCR A T OTM 21 KK KL
LR e Ty O b A A I e S RS L . 4
R, 5 Cul A EL , ATV 278 55 — B8 5F 5K 3 0l 1)
BMP-2 . Runx2 F1 OCN 1) 3% 35 ¥ 34 i (3 P<0. 001)
(1 7A-7C)

T ST ATV Gl AH G HR 1 28 152 38

B
D 400 e
o~ 2 ATV
£ 300f
G
o
200t
(]
E
Zz
o 100'
m

0

0d 7d 14d 21d

4 ATV KRIERF &I

Fig. 4 The effects of ATV on orthodontic tooth movement in rats

A': Schematic diagram of rat orthodontic device; B: Sagittal scanning results of the control side and the orthodontic side of rat maxilla by micro-CT};

C: Mesial movement distance of the first molars in after 21 days of orthodontics; D: Body weight changes after 21 days of orthodontic treatment; “P<

0. 05 vs ctrl group.

https://www.cnki.net
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+ 350 - M ER KRS
A ctrl
c OTM-+ctrl

ATV

OTM+ATV

5 ATV KRIFBEHGEHFES MM HE 26

Fig. 5 HE staining showed the effects of ATV on the periodontal ligament and alveolar bone in rats

A: Non-orthodontic side of the control group; B: Non-orthodontic side of the ATV group; C: Orthodontic side of the control group; D: Orthodontic

side of the ATV group; HE staining of sagittal sections of maxillary and molar teeth on both sides (x50) and localized periodontal HE staining of the

proximal and distal mesial roots of the first molar (x200); R: Root; PDL: Periodontal ligament; Ab: Alveolar bone.
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Fig. 6 Masson staining showed the effect of ATV on the periodontal ligament and alveolar bone in rats

A': Non-orthodontic side of the control group; B: Non-orthodontic side of the ATV group; C: Orthodontic side of the control group; D: Orthodontic

side of the ATV group; Masson staining of sagittal sections of maxillary and molar teeth on both sides (x50) and localized periodontal Masson staining of

the proximal and distal mesial roots of the first molar (x200); R: Root; PDL: Periodontal ligament; Ab: Alveolar bone.
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Fig. 7 The effects of ATV on the expression of osteogenesis-related genes in rat maxilla

ctrl ATV

A': Relative mRNA expression of BMP-2 on the tension side of the rat maxilla; B: Relative mRNA expression of Runx2 on the tension side of the rat

maxilla; C: Relative mRNA expression of OCN on the tension side of the rat maxilla; SAL: Normal saline by gavage; ATV: ATV by gavage;

0. 001 vs (-) group.
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Fig. 8 The effects of ATV on the expression of osteogenesis-related proteins in rat maxilla

A: Images and quantitative analysis of BMP-2 immunohistochemical staining of rat maxillary sections; B: Images and quantitative analysis of

Runx2 immunohistochemical staining of rat maxillary sections; C: Immunohistochemical staining images and quantitative analysis of OCN in rat maxil-

lary sections; The observation area: periodontal ligament and alveolar bone in the middle 1/3 region of the mesial root distal side of rat first molars ; Im-

munohistochemical staining of sagittally oriented sections of maxillary and molar teeth on both sides (x20) and localized periodontal immunohistochemi-

cal staining of the proximal-middle portion of the first molar (x200); R: root; PDL: periodontal ligament; Ab: alveolar bone; “P<0. 05 vs ctrl group.
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Atorvastatin inhibits orthodontic tooth movement in rats by

promoting periodontal bone formation
Song Xinyi, Ding Siqi, Cheng Yuhe, Liu Xiaoyu, Wu Tingting
(College & Hospital of Stomatology ,Anhui Medical University ,
Anhui Provincial Key Laboratory of Oral Disease Research, Hefei 230032)

Abstract Objective To investigate the effects of atorvastatin (ATV) on the proliferation and differentiation of
rat bone marrow mesenchymal stem cells (BMSCs) , periodontal ligament stem cells (PDLSCs) , and dental pulp
stem cells (DPSCs) in vitro, and to validate the regulatory effect of ATV on periodontal bone formation and tooth
movement using a rat orthodontic tooth movement (OTM ) model. Methods The effects of ATV on the proliferation
and osteogenic/odontogenic differentiation of rat BMSCs, PDLSCs, and DPSCs were assessed in vitro. CCK-8 as-
say was used to detect the proliferation of the three types of cells. Alkaline phosphatase (ALP) staining and Aliza-
rin Red staining were employed to evaluate osteogenic differentiation capacity. Western blot was used to detect the
expression of osteogenesis-related proteins [ collagen type I (COL-1), Runt-related transcription factor 2 (Runx2),
bone morphogenetic protein-2 (BMP-2) , osteocalcin (OCN) ] and the odontogenesis-related protein dentin sialoph-
osphoprotein (DSPP) in BMSCs, PDLSCs and DPSCs. An OTM rat model was established, with rats randomly as-
signed to an ATV gavage group and a control group. The ATV gavage group received daily oral administration of
ATV at a dose of 20 mg/kg, while the control group received an equal volume of solvent by gavage. Tooth move-
ment distance was measured via Micro-CT on days 7, 14, and 21. Histomorphology of periodontal tissues was ob-
served using Hematoxylin and Eosin (HE) staining and Masson staining. The gene and protein expression levels of
osteogenic markers (BMP-2, Runx2, OCN) on the tension side of the first molar were detected by qRT-PCR and
immunohistochemistry, respectively. Results ATV at concentrations of 1X10~® mol/L and 1X10~7 mol/L signifi-
cantly promoted the proliferation and osteogenic/odontogenic differentiation of BMSCs, PDLSCs, and DPSCs,
manifested as enhanced ALP activity, increased mineralized nodule formation, and up-regulated expression of os-
teogenic/odontogenic proteins COL-I, Runx2, BMP-2, OCN, and DSPP (P<0.001). In the OTM model, com-
pared with the control group, the ATV gavage group showed a significant reduction in tooth movement distance (P<
0.05) , enhanced osteogenic activity in periodontal tissues, and significantly increased gene (P<0.001) and pro-
tein (P<0.05) expression of BMP-2, Runx2, and OCN on the tension side of the first molar. Conclusion ATV
enhances periodontal osteogenesis by promoting osteogenic/dentinogenic differentiation, thus inhibiting tooth move-
ment.

Key words atorvastatin; orthodontic tooth movement; periodontal tissue; bone remodeling; osteogenic differen-
tiation; adult dentin differentiation
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