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Bl ¥ fle At 7 1 s 2 8 5 o s JUERS B 1M 2488 2

RIKEL, T S5, Ay, X /MVAR , 2 e e
(ZHMEHRRFOREEFR, CBEFARXFWE I IEER, 44 O I RE BRI R
TEEBET, e 230032)

WE BH SITRHERATT (ATV) 26 4R 28 5%k I BRUE B 18] 78 0T T 240 i (BMSCs ) 2 J& 045 T 4 i (PDLSCs ) 11 2 8 T 40 Jifd
(DPSCs) 3451 55 43 AL 52 ), 338 13 K BRUE 25 B2 3l (OTM) B LB TIE ATV X 20 J8 B I A i B sh IR E . sk dlad
RSB TFAL ATV XK B BMSCs . PDLSCs Fl DPSCs 38 i K )8 /A A BT 40 A B 52 ), R T C.CK-8 52 36 A6 T = 760 241 i iy 344
BT DL , B P T ( ALP) e €00 R 28 2T G 0 T AT 1 43 AL BB 7 , Western blot Rl = Fft 41 i jli - AH 5C 2 11 1RSSR (COLAD) |
Runt AHICHE 5% I F 2(Runx2) VHTE S KA H H-2(BMP-2) (H45 2 (OCN) MR A G B A A AR B L i 2 11 (DSPP) ) ik,
SEHELOTM BT 44 I BRBEHL A ATV B 2 AN A2 . ATV HE B 203 IR 45 H 20 me/kg BRI IELE T ATV S |, 0 IRZL 455
GRBUAFIE S . WIS 7 .14 .21 K388 Micro-CT I 1 21 1545 8 # 2 , HE Y {4 1 Masson 4 4 042 71 J 28U 45, qRT-PCR
TG E 2 AR K I 5K 7 M0 BB A5 25 9 BMP-2 , Runx2 . OCN J& R K FR /K B8 Bl Z55R 107° mol/L AT 107 mol/L 1)
ATV 522 iF BMSCs \PDLSCs F1 DPSCs (1934 58 K BB AR 534k, 22300 ALP TG00 0™ A28 19 T8 180 B/ A AH DG
1 COL-1,Runx2 .BMP-2 ,OCN # DSPP %3k 1 (P<0.001) . 7£ OTM BRI rf | 55X RRZIAR LE , ATV B 241 4715 88 )1 85 25 0 20>
(P<0.05) , 55— 2 3K J1 ) BMP-2 ., Runx2 1 OCN 43 A (P<0. 001) FlI4E 11335 (P<0. 05) 40, A S4B il el . 45
W ATV HE BT A5 o A G i 2 B o A i, DN T 6 2 V5 B2 8

K BTFCARATT ; WS A RS 8l 5 4 RS ek s s ik s A AR R4k

FESES R783.5

XEFER A XEHS 1000 - 1492(2026)02 - 0344 - 11
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IE AT BUAZ O H AR 2 38 2o it i AL g 52 31
TV R 3l [ 2 ok 28 R i A0 2F R 2L B S
at, DLA B AR A e G R MACR . SR, A 14555
B RCRA IR THLUC it , 58 52 21 58 Ji 26
U2 SO 1) S 3 52 ) FG v s 40 P R - 4
ML ST G CHEVE T . B 2RISR
o BRI A, BRI ILRE Y TE R AR H AR 2
e i MLRE AN 0 LA 50 2 DI AR G, ik mT i i i
U5 R 4 B 1 S RE AV AR LI, X 24 Je A B 7 A 97 T
S X S AR AL TT 2R 25 W BEAT RN I
7o ITARRMIF Y WoR A TT S 258 BT A AT T
(atorvastatin, ATV)FRIETT LARS, ik BA 28124
PR, A4S e R 5 5w A, T AR i A kR
TR B S 5 R R o, BETEREES T2
SRR T I 7T A5 X B A B ) A A B R T

2025- 10~ 20421k
FEWH ARAEBHIRHIT 55 H (4555 :2022AH050734)
FEE R R, 2, BB gE 2k
g 2o, BB AR S AR /E#  E-mail : wating

ting_focus@163. com

% 5) (orthodontic tooth movement, OTM ) A9 Vi, 2% 1F
FH T ATV TE R E oAb S JR 40 2 5 38 v A FH
A, P S B AR ATV XM R Z R+
200 it B 20 B PR T OTM B4 5 M AT FEBIL AR, A
UM AEIGIE S S S E N

1 ##TTE

L1 EERXFNESMIE  BTFCARAM T A (SR 7
iy il 25 A BR A ], 48 5 1 1014091) 5 = H L7 0
(DMSO) \FEZF 2T S Ye ik il | vk 8 (A R il
( 26 [ Sigma-Aldrich 24 #] , 5% % : 20139, A5533,
P6911.C5138) ; a-MEM 15 % & (3 [5] HyClone 24 7 ,
%5 : SH30265. 01) ; CCK-8 X 7 & \BCA 2 11 & &
R 4% 2 W (L3 = KA H AR A A
A, 5245 : €0038 . PO012 ., P0099 ) ; fisl P 7l 1122 1t (alka-
line phosphatase, ALP) 5 I8 & (b 5t A %8 4k
YIRHE A BR AT, 575 AK003 ) 5 85 1 it X Wi 62 it 411
Hl R AW (L A ARE R AL ]S
P0100) ; PVDF Ji& ( 3£ [H Millipore N, RS
24937799) ; 4= I & 11 & 1 (bovine serum albumin,
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BSA) (&[5 BioFroxx /A A , #75 : 4240GR025) ; — ¥t
1R J5 (collagen type I, COL-I51:1 000) . Runt #5%
L2 T 2 (runt-related transcription factor 2,
Runx2;1:1 000) ‘B IE A & 4 & -2 (bone morpho-
genetic protein-2, BMP-2;1:1 000) \B-HLzh & H (B
-actin 1:5 000) (HLIH A2 L AT IR 2 ), 4845
HA750188, ER1802-78 . ER80602, EM21002) ; — i
‘B85 % (osteocalcin, OCN;1:1000) (F[E Abcam 23
L 515 : ab93876) 5 — T F A% 5 ¥ # £ 1 (dentin
sialophosphoprotein, DSPP; 1: 1 000) ( 3€ [ Novus
Biologicals /A ], #7%5 : NBP1-89449 ) ; HRP Fric 9t
(WU B2 E AT BR 22 v, B85 : HR6001) s ECL AL
FOGIRY G & (g RERMCARA A, 585
180-501) ; TRIzol I 7 ( £ [¥] Invitrogen A ] , 1% 5
15596026 ) ; PrimeScript RT i fl & .SYBR Green Pre-
mix Ex Taq ( H 4% TaKaRa 2 A , 57 %5 : RRO36A .
RR420A) ; 10% EDTA B85 (AL 5t 3 ERH A IR A
A, 55 D0021) 5 2 P 5 Dt ( S€ [ Sigma-
Aldrich 23 F , 85 : P6911; C5138) 5 WL 15 T 15 5
(g 58 B AL W) B AT BR A W], 5555 HUXMA-
90021) o FEARAY (3 [E BioTek {75 A FRAS w] , 145 .
ELx800) ; E 1R R 4t ( Lilg RAERHZAT IR A #]
U5 . Tanon-5200) ; H5 TAE 5 (5 95005 22 220
A, B5 . SW-CJ-1FD) 5 CO- 1% F2 4 . NanoDrop T4 =
43 66 B 1 (22 [ Thermo Fisher Scientific 23 7 , %Y
5 : Heracell 150i, NanoDrop 2000) ; f#{ & &5 0> AL (1
[ Eppendorf 23 F] , 45 : 5424R) 5 £4 #5 ) 7 AL (18 [
Leica 23 1), 8 %5 : RM2235) ; S 92 5 it PCR X
(€ [# Bio-Rad Laboratories 23 Al , 15 : CFX96) .

1.2 @RS EmMES A L2HE R
P i 3~4 S (T HEZ 50 ~ 80 ¢) (SPF 44K
P Sprague-Dawley K R UEAT RSN MM 43 B8 o i3 21
UM AT , R B A 238 0T 15 7% 3 Fh A0 - 1
B 75 i + 40 B (bone marrow mesenchymal stem
cells, BMSCs) . 7 J& #) 47 1 4l }fY (periodontal liga-
ment stem cells, PDLSCs) F1 24 %8 1 4fl ffl (dental pulp
stem cells, DPSCs) . DPSCs K i+ Y] F 7 fifi , BM-
SCs R T REEBE. FFHLWI 1 mm® /N, H
PR BB LB AL . D AR B b 1/3 R mi 2
WA 4 T PDLSCs B 42 BS 535 9% . dilifufe
37 C.5% COLRY I IR A P o 9% B P3 A4 A T
SLE .

1.3 ATVEARNEHE ATVISHAESERTFET

DMSO, ¥ fi# £ >10 mg/mL. >4 DMSO & ¥ (X T
0. 1% B, 41 M B3 14 T 206 o K 2. 418 mg ATV 55 )
AR T 200 wL DMSO #3#2 , ¥k H A a-MEM 15 5%
220 mL, i IEF 3 H) 10 mol/L 1 ATV B AFK
1.4 HMESAESEF REWATHH LR, S8 T
AL 7E 10°8% 107 mol/L ATV Ab 3 R 14 78 F1 B fig
J1¥GaE . R, A B 5T 8 BMSCs . PDLSCs 1 DPSCs
A3 W 0,10 F1 107 mol/L ATV &b 3, 43 X BR 21
(-) JATV-6 ZH AT ATV-74 . A scsirf, imA
L5 T R TR A PHE T B (+) 4

1.5 #HRIBsESEIe (1A CCK-8 il & A 4n i
HagE  OF 3 R L 3% 103> /HL 055 R T 96 1L
M, o3 SAESS 1.4.7 KA 10 pL CCK-8 % i,
37 CWFE 2 h e, FHBEAR A 450 nm P4 F I 1
.

1.6 ALPHIFHZRERLIEE HHFHEATV X BMSCs
PDLSCs 8 3 A 52 0, 2 B & ATV 1Y Bl
PRSI AN . ALP 4 (0 fdi FH ALP A8 3]
&L R YA Sigma il . BFHIHELL 5x10°4~/
LA AT 12 fLA P, 43 AR5 7 014 .21 KK
I £ 20 5 | 38 1 Tmage) 201 3B e 558 15

1.7 Western blot 3236 FH & &5 11 J 401 % 172 it 1)
) 7] ) 2 A VR A R F o BCA R &
. HE 4 10% SDS-PAGE 43 B ) , % 2 PVDF i,
5% BSA M1 1 he BfJ5 , 53500 A LLF e b —
b, 4 CI¥ F i % : COL-1, Runx2, BMP-2. OCN,
DSPP), VA B-actin fE RN Z . ffi Hl HRP FRic i —$i
(1:2000) FRTFE 1 he ffH ECLJEY 5 & &
& BRI R GRS

1.8 KRIEBFHBHMNER itk Sprague-Dawley
KE 12 (3 H & 5 R 5 250~290 ¢) , 4 H 2 #E
SESE G 3R T SPF R SL I E IR E 25 °CL 12
h R/ BEEIE IR, A K IROK , hP S g (e 328 %
BER KL sh e H & B St (LS .
LLSC20221066) . 7E K B AN b G0 By 28 2 S B U e
SR E A IVE A IR . IERSRFSE 21 d, A H KA
R VR Y R, Bl RS 1R RN
WiZH - ATV 20455 H#E 5 20 ma/kg ATV ¥, ctrl 2 3
B AR K . ATV 7 G ) 3 PS40 25 51
K HIF5 10% DMSO [ A= BRER AKAE A i IR 2 (29
J& 5 mg/mL) , 20 mg/kg XA 21 R FH 25 553000 i
H R A A s i etk . Sese el f b 43 7 d AR
&R,
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1.9 qRT-PCR fifi  TRIzol i 742 HUK BRLA J& 4
AU RNA , 28 NanoDrop il 8 ¥ B S 4l RE (Aygy /A sy
=1.8~2.0) ;B 1 pg RNA i i PrimeScript RT {7 £
S 5% 5% cDNA ;5% I SYBR Green Premix Ex Taq i
Fry 38 SRR 245 10 umol/L 54145 0. 4 ul .cDNA
2 uL.SYBR Mix 10 pL,ddH,0 b % 20 pL; P 7%
95 °C 30 s HiZZ M ,95 °C 5 .60 C 30 s, 3 40 MR
DL B-actin 2 N 2, 2R HT 270 g o B8 35 DR AFDOE 3R 58
. 51 ¥ FH A . BMP-2: (F) 5'-CAGCCAC
GTCCAGCCATCTT-3" ; (R) 5'-TCCCGGTCTCAGGT
ATCAGCA-3" ; Runx2: (F) 5'-CCGCACGACAACC
GCACCAT-3" ; (R) 5'-CGCTCCGGCCCACAAATCT
C-3' ; OCN: (F) 5'-CTCTCTCTGCTCACTCTGCTG-
3’3 (R) 5'-GGAGCTGCTGTGACATCCAT-3" ; B -ac-
tin: (F) 5-CCCGCGAGTACAACCTTCTT-3" ; (R)
5'-CGTCATCCATGGCGAACT-3",

1.10 ARZFHH  SLWRLEH)E XK RS2 R
B HUEAIE, 4% 2 W 2, 10% EDTA
B A A S T RTINS pm V) o 3 kA T
HE %6, Masson 4% {0 1 90 5% 20 AL 43 A DAL &85 —
JE& 2 o Je 0 S ) B AR B 1 P 2R O HE Y
LI ANE LT Y 0, I 7R 2 ZUHEATE 25 s Masson G4 (6,
I AR LT R A T S AR s = 0k X A IR AT
Yt s g ALk oy M o Sl bt R B & — Bt BMP-2
(1:200) . Runx2 (1:200) & OCN Hi 44k (1:200) , F
4 °CHEE o R, BRAR o A AR AR L i
(1:500) , TZE M F 60 min, 5% )5 #4T DAB i {4,
PRCREE ..

1.11 ZEit==4b8 i H SPSS(IBM SPSS Statistics
26. 0) #EATEHE 73T , GraphPad Prism 9. 024 &, %%
5 A o 22 37, R 4L 1) SR FH b ST R AR o
K3, 22 4 18] L BER FH B 3R O 2500 i, AL ) 24>
B 1) A L A8 SR FH 2 000 o 9% R 1Y O 2543 BT . P<

0.05 M ESAHGIT#E X,
2 H#R

2.1 ATV THRETEMFM o TR ATV Xt
S5 JRIAH O 40 3 56 1Y) 52 e, AS A 987 K B BMSCs
PDLSCs 1 DPSCs [ 35 F& W hohn A T 3 1 W B 1Y
ATV, TS5 5 45 42 7% ATV £E 10 °mol/L F1 1077
mol/L ¥R J T X B 1 20 L ) 3 5 R e T A
AR SEVE , AR FEESE T 0,107 mol/L Fl
10 mol/L 3 /MR FEE #7550 . CCK-8 K illl ki , 55
X HEZHAH L, 107 mol/L V& BE ) ATV 7E 55 4 K FEE 7
K E e #E T BMSCs. PDLSCs £ DPSCs ( #4 P<
0.01) A 3EH , 1M 1077 mol/L ¥ B 1Y ATV ANTESR 7 K
B AL #E T BMSCs (P<0. 05) Fl DPSCs (P<0. 05) fY
W (), G5 EWH, ATV BEME A S UE A JE A1
A B 5 L HL 107 mol/L i ATV HAT fe A 142
HTHAR

2.2 ATV 3t K B BMSCs.PDLSCs B 8 4k B9 %
M Sk T B ATV X R oAb 5 i, A BF 5
BMSCs Ml PDLSCs #E47 T ALP Je o fil G 41 e
IJFRE TEIESIEREENEERAG) . 5
ST REZHAH LG L 2 T PDLSCs " ATV-7 4 4( 21 K 4,
ATV-6 41 1 ATV-7 41 7 BMSCs () P<0. 05) (K 2A |
2C) 1 PDLSCs (P<0. 05) (81 2B . 2E) (1Y) ALP i 4 7
BUEFA ) 5 B [) 340 i 2 3 i, JF HLAESE 14 K ALP
Yot B IR M ATV-7 HAEE R ALP TG VRN SR 7 i S
BB 5S4 (+) J0 i 3 22 5 (P>0. 05) , 1fif BMSCs H?
ATV-6 HAEHS 14 K LA K PDLSCs HY ATV-6 4 1E45 7.
1421 K ALP 3 P4 &8 3 K F i S 41 (+) , Ui
ATV-6 ZH R Ry i 3 . PR LA R, 5 XF
WA (=)AH L , [8 T ATV-7 47555 7 KA, ATV-6 4
1 ATV-7 41 1 BMSCs ( ¥4 P<0.05) ( & 2A,2D) #il
PDLSCs () P<0. 001) ([E 2B .2F ) 5 L4515 I 1 ik

A BMSCs B PDLSCs C DPSCs

,\525 r I:l (_) ,\525 r I:l (_) AE25 r I:l (_) sk
Zo0l A ATV-6 Hhx Z20F A ATV-6 T 220} 4 ATV-6 -
g I, X 3 o J Z

% sl MO ATV-7 % % sl MO ATV-7 Z T 0D ATV-7 B é

5ot I / 5o} g / £10 %

205t 205} £ 0.

“tegm [ *eem [ELLEAL # _

1d 4d 7d 1d 4d 7d 1d 4d 7d

E1 ATV T4 AaI55E M #0m
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, 10 or 107 mol/L for 1,4 and 7
days were detected by CCK-8 assays; "P<0.05, "“P<0.01, “"P<0. 001 »s (-) group; *P<0. 05 vs ATV-6 group.
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FHEN, H ATV-6 ZH7E 55 21 KR f i a1k K
e BaREER R, ATV fEWS B & {2 ¥E BMSCs Al
PDLSCs i /8B 204k, H 10 mol/L ATV #1555 Bk
T RUE 5S4, 107 mol/L ATV AR Sk 5 s
PR

2.3 ATV ¥tk R BMSCs.PDLSCs & B 4 4L #8 %
EARDPSCsRAEARAHUEXEANEME K
T ST ATV X BLE FRF AR 5T 43 A A DG B 1 ) s
i , 2 A58 % BMSCs . PDLSCs F1 DPSCs F4 4H 56 25 [
4T T Western blot 7387, S5 XTRAZHAH LG, ATV-6 41
BMSCs (8] 3A .3B) Fil PDLSCs (& 3C..3D) /() i B

A

7d 14d 21d 7d 14d

Q)

)

ATV-6

ATV-7

)

ATV-6

ATV-7

7d 14d 21d 7d 14d

A3 A6 AH % 7R 11 COL-I, Runx2 . BMP-2 1 OCN 7£ )i &
I3 AL B £ R 22534 18 35 B (34 P<0. 05) , 17T
SYIHE] ATV-7 400 EJAREEE BT ATV-6 41, [F]
i, ATV-6 20 DPSCs (|8l 3E . 3F) 23 Wb 1Y i oF 7 i 4
FEAH IR 1 DSPP 7E 44 if [8] 55 5 6 BRZH A L 3 i
F L (35 P<0.001) . 255 RH, ATV BRI 1B A2
it BMSCs F1 PDLSCs [ 88 43k , il DPSCs 1 b 7
AR RGO AR I, 7E ATV AEH T & 3% 3K DSPP, % B
FLm) Dy Re e A A T 40 M ) 34

2.4 ATV KRBRIEBZF AN N TIR%
ATV %t OTM Y520 , AR 58 g 37 T KB OTM A 7Y

214 & () [IATV-6
3 6op 2 (+) ATV-7
= 40
2z
220
[}
—
<
0 A N
d
D
25r [ (-) [OATV-6 e
S0 ) ATV-7 s
=
8w
=E1s
< O
Sz10
<z
=
0
E )

shokk (+)
A8 s T ATV-6
. ATV-7

sk A

21d

o
=
1

(%]

(e}
T
*
*
*
>

—_
(=)

ALP positive area (%)
[\
(=]

(=3

e
5
1
N[

() [ ATV-6
(

Alizarin red
positive area (%)
o W
S S

—
S

(=)

2 ATV 3$k & BMSCs.PDLSCs B & 4L BT #0
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 21X50; C, D: Analysis
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: Analysis
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, ““P<0.01 vs (+) group;*P<0. 05, *P<0. 01 vs ATV-6 group; (-): negative control group; (+): positive
control group; ATV-6: 10° mol/L ATV incubation group; ATV-7: 10”7 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 1
COL-1 138 B
= 20 )
§ ATV-6 sk
Runx2 57 g I5p [mm ATV-7 ? -
BMP-2 34 glo Z
< s o
OCN 1 § %
0 %
B-actin 42
4 r — 3r sk
T O0 5 [0 i YO
ks ATV-6 o & ATV-6  %rx % i s | B ATV o+
PE £olmAVT e o[ mATvI
: et s |
15} QO 1F / / / 5
S <
Q
& o = 0 % é é | S o
C 7d 14d 21d 7d 144 21d
21d
() ATV-6 ATV-7 () ATV-6 ATV-7 (-) ATV-6 ATV-7 Ky
COL-1 138 0 _
= 20 e ****#**
5 A ATV-6 s % -
Runx2 57 5 15[ moATV-7 ’;ifﬂ* %
ol
OCN 11 S, % 7
B-actin 42
= 20 _ 4r OO K e
g 5 P
810 g %o}
® S o 2 1
g a9
Q
& = S,
E F - 3r | (_) ****_**
7d 14 d 21d 5 :?y,:g ** %
() ATV-6 ATV-7 (-) ATV-6 ATV-7 (-) ATV-6 ATV-7 g2r V/ /
ku Z sk » ### %
DSPP 110 & Z
ay
ot 42 & ’ ’ )
B-actin 8 Ié % %

7d 1
3 ATV XA R BMSCs.PDLSCs i B4 L 185 & B & DPSCs Bl F AR L X E BRI #20
Fig. 3 Fig. 3 The effects of ATV on osteogenic differentiation-associated proteins of rat BMSCs and PDLSCs and

N
o
35
—_
o,

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 vs (-) gmup;#P<0. 05, #p<0.01 , #p
<0. 001 vs ATV-6 group.
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(Kl 4A) , 13 3o Micro-CT | i 7 ¥4 #% 31 B B8 (&
4B) . ZEFL IR, Bl A I A IE] A 2E K 45 4R R
ViR sl I HE B N . S50 IR () AH EE, ATV 4
() 2 U5 B sl 5 76 26 14 K (P<0. 05) A 21 K (P<
0. 05) . F /0, R i 250 21 K, s/ i 3 0 R (1]
4C) . 21 RN, 4R BN AR I & 53097 AT AH
T 22 7 (P>0.05) , BB OTM F ATV ¥ H X K
RILF- e Gm (K 4D) . 450K, ATV BESA
RN 1E B 5 A 5

2.5 ATV KRFAPHEMFEBSHIZM H T
B ATV X 2 JE L 8L 52 ), ARHFFFE X OTM 21 K
KA JE 04 R0 A R B 24T T HE J {5 F Masson
Yutt . HE Z5 5 WoR , 78X BZL AT ATV 21 9 3 1E 1y
], 275 — P 2 BRI %) 2 D S s o — B0 v, O
55O R I 438 (T8 5A 5B) . 7E OTM+ctrl ZH Y
AN, 2 JE R AR R Jry il L4 52 He , 26 I T g
TFECT A AL RS (K 5C) . #HZ T ,0T™
+ATV 41 1) 55— B5 2 W0 24 5] 165 5 188 | ¥4y 49, I
6L %) A D BB v B0 A £ A SRR A 2 40 i HE )
TR, 2 R 1 2 T 055 1) R Sk A 0 B, 4 A 2 [
o H 40 M BT 4w, A oA W1 3 m (&1 5D) . 1

A
€ 08 cul
= ez ATV
g
Soer
g %
204 *
on
2
202}
20,
=
0
7d 14d 21d

Hh, OTM +ATV 21 (15K 7 0 28 Rl -5 s o A A ZF S
B AR FE R , e WA BT E T .

Masson 4t {025 5 5 7R, G FRZH AN ATV 2H 3E IF iy
79 28 i) 152 DL 2 A 2 1 L HE 5 B 00 HL LT A B
11, AV S i TR AE A R v (K1 6A 6B) o 41,
OTM-+ctrl 21 1F W il 114 24 J e Ji 28 2+l 9] A2 75 25 06L
A 1E R 5 F R AL 4R 25 A 3 B T B (T 6C)
FHHZ T, OTM +ATV 41 5 5 J& 2 J5 £ 4 43 A5 5
B8] HEB S SR |, SR A SUE RS
(El6D) . XL, ATV REfS i 2 o8 A F 28U TR
AFIRAS A F A JR RSN o R 1) B, O A4 A iR
YA T HES
2.6 ATV AR LEMERBHEXEERMEZRIE
GELME N T ST ATV X R E HH O 3k R R 1k 19 52
Wi, A BF 5% 38 3 qRT-PCR K T OTM 21 KK KL _F
A i O b R I e SR A R . 4
WoR 5 Cul AR EE , ATV 4178 55 — B85 2F 5Kk 1 il Y
BMP-2 .Runx2 F1 OCN(¥J P<0. 001) ity 32 1k 15 i 5 14
Jn(E 7A-7C) .

T HFSE ATV G B A DG B 1 28 152, 38
A ARSI T OTM 21 KK B A5 5K 7 il B
BB EARS, 4R ER, 55 Cul 4L,

B
D 400r ent
= 2 ATV
£ 300t
G
o
& 200F
(]
E:
z
o 100'
m

0

0d 7d 14d 21d

4 ATV KRIERF &AM

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.
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A ctrl B ATV
c OTM-+ctrl D OTM+ATV

5 ATV ARIFBFGHFES M HE £ &

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

HE staining of sagittal sections of maxillary and molar teeth on both sides (x50) and localized periodontal HE staining of the proximal and distal me-

sial roots of the first molar (x200); 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; 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

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); 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; 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

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

Immunohistochemical staining of sagittally oriented sections of maxillary and molar teeth on both sides (X20) and localized periodontal immunohis-

tochemical staining of the proximal-middle portion of the first molar (x200); A: Images and quantitative analysis of BMP-2 immunohistochemical stain-

ing of rat maxillary sections; B: Images and quantitative analysis of Runx2 immunohistochemical staining of rat maxillary sections; C: Immunohisto-

chemical staining images and quantitative analysis of OCN in rat maxillary 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; 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
(Anhui Medical University School of Stomatology , Anhui Medical University Affiliated Stomatological
Hospital , Anhui Provincial Key Laboratory of Oral Disease Research , Hefet, 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-I1) , Runt-related transcription factor 2
(Runx2) , Bone morphogenetic protein-2 (BMP-2) , Osteocalcin (OCN) ] and the odontogenesis-related protein
Dentin sialophosphoprotein (DSPP) in BMSCs, PDILSCs, and DPSCs. An OTM rat model was established, with
rats randomly assigned to an ATV gavage group and a control group. The ATV gavage group received daily oral ad-
ministration of ATV at a dose of 20 mg/kg, while the control group received an equal volume of solvent by gavage.
Tooth movement distance was measured via Micro-CT on days 7, 14, and 21. Histomorphology of periodontal tis-
sues was observed using Hematoxylin and Eosin (HE) staining and Masson staining. The gene and protein expres-
sion 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 107° mol/L and 1077 mol/L
significantly promoted the proliferation and osteogenic/odontogenic differentiation of BMSCs, PDLSCs, and DP-
SCs, manifested as enhanced ALP activity, increased mineralized nodule formation, and up-regulated expression
of osteogenic/odontogenic proteins COL-I, Runx2, BMP-2, OCN, and DSPP (P<0.001). In the OTM model,
compared 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
protein (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
movement.

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