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WHEMENZH, FHEHHIE® % IL-18  TNF-a IL-6 . MCP-1 % RANKL 7K F p-p38 MAPK/p38 MAPK  p-NF-kB p65/
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[ Abstract] Objective To investigate the effects of puerarin (Pue) on periodontal tissue during orthodontic tooth movement in
rats by regulating the mitogen-activated protein kinase ( MAPK) /nuclear transcription factor-kB (NF-kB) signaling pathway. Methods

SD rats were randomly divided into a control group (C group), a model group (M group), a low-dose puerarin group ( Pue-L

group) , a high-dose puerarin group (Pue-H group), and a puerarin (200mg/kg) + anisomycin group ( ANS) (Pue + ANS group) ,
12 rats in each group. Except for the control group, orthodontic tooth models were established in all groups, and then intervened with
puerarin and/or anisomycin. After intervention, the distance of tooth movement, bone mineral density (BMD) , bone microstructure,
levels of serum interleukin-1B (IL-1B), IL-6, tumor necrosis factor-a ( TNF-a ), osteoprotegerin ( OPG ), receptor activator of
nuclear factor-kB ligand (RANKL) and monocyte chemotactic protein-1 ( MCP-1) were detected. The levels of IL-13, TNF-a, MCP-
1 and IL-6 and the expression of MAPK/NF-kB pathway related proteins in periodontal tissue were also detected. Results Compared
with the group C, rats in the group M had damage to the alveolar bone microstructure, tooth movement distance, serum IL-13, TNF-a,
IL-6, MCP-1 and RANKL levels, p-p38 MAPK/p38 MAPK, p-NF-kB p65/NF-kB p65 were increased ( P<0.05). Compared with
the M group, the tooth movement distance, alveolar bone density, bone volume fraction (BV/TV) , trabecular number (Th. N) , tra-
becular thickness (Tbh. Th) , and serum OPG levels were increased ( P<0.05), and trabecular space (Th. Sp), serum IL-13, TNF-
a, IL-6, MCP-1 and RANKL levels, p-p38 MAPK/p38 MAPK, and p-NF-kB p65/NF-kB p65 were all reduced in the Pue-H group
and the Pue-L group, and the changes in the above indicators of rats in the Pue-H group were stronger than those in the Pue-L group.
Compared with the Pue-H group, the tooth movement distance, alveolar bone BMD, such as bone volume/tissue volume (BV/TV) ,
Tb. N, Th. Th, and serum OPG level were significantly decreased ( P<0.05) while Th. SP, serum levels of IL-13, TNF-a, IL-6,
MCP-1 and RANKL levels, p-p38 MAPK/p38 MAPK, and p-NF-kB p65/NF-kB p65 were significantly increased in the Pue + ANS
group ( P<0.05). Conclusions Puerarin can inhibit the MAPK/NF-kB signal activation, thereby reducing the release of inflammatory
factors. Thus, it inhibits the periodontal tissue inflammation, reduces the alveolar bone loss and microstructure damage in orthodontic
tooth model rats, and accelerates the orthodontic tooth movement.
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1.1 SEIEZh# 2023 4F 6 ~9 H , vEHL SPF 9tk
SD KR, Hi 42 ~49 K, K& 210 ~230 ¢, T
et s R ARSI S Y BOR A R | A 77 V8 AT HIE
5 SCXK ( 51)2018-0013 , 7E IR J& 23 ~25 C X IE
J& 55 ~65% W) by iR AR A% R (OC T
BRI HE SR L) IFAF G 3R I,

1.2 RXFIEMEE P E 24 R BT B T 3K
Pue (4l 95. 4% ,4it5 110752-201816) ; [Hi FF 5 &
(ANS) (2liJE =98% ,#it*5 GOY-R7277) W T L g4y
A BR AW KA R R (OPG) XK+ B
ZAA G AL A BE AR ( RANKL) | b 988 3R 8 I F-«
(TNF-o) AL PE B H-1(MCP-1) A 41
NZE(IL)-1B8 5 1L-6  ELISA {5 & W T | 1 5 0>
S A A A PR A e [E Abcam 23 F) W SE AR IR T
KB Anti-p38 MAPK , Anti-p-NF-kB p65 | Anti-p-p38
MAPK  Anti-NF-kB p65 . Anti-GAPDH —$7 X 111 SE-4T
S AU (HRP FRic) %,
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FRBENL T C 2H M 2H  Pue-L 4H  Pue-H ZH  Pue+
ANS 41,5541 12 2, M 4 A2 9 b B2 R f S IS
HR 7 R ik o A I R AR T S S mg/100 g
T EL LG Z AR R B, T BRI 2 A 1 B 2F 2
() R R B E 3 (& B 22 RS 0.2 mm; H AR
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H Pue 1 ANS 205 AE BER K A7, 1k
10 mg/ml ) Pue ¥ .20 mg/ml ¥ Pue ¥ . ANS
(1 mg/ml) 5 Pue (20 mg/ml) IBGHEW & A, FEH
T DB B 3 I BRIV T U6 28 24 A BE . Pue K7 &
(100 mg/kg) ZH . Pue & 57 i (200 mg/kg) ZH K B4
SR I VE S 10 .20 mg/ml f4 Pue JE K 10 ml/kg, 1
W/ R Pue+ ANS 21 A FUIE I T 5 1 mg/ml Y
ANS'" 5 20mg/ml ) Pue JRA W 10 ml/kg, 1
U/ T J) A B ) A R B 1 WK 20 mg/ml ()
Pue ¥ 10 ml/kg; C 20 M 21 K BURE i 1 5 2 B 8L
7K 10 ml/kg, 1 K/d, S 2H K FILLTE 3
1.4 WRARE 3 HGL45K)5 24 h BREESH K
B, WA R #7250 (4 °C 10 min 1500 1/
min) , U305 MUIEAEAE-20 °C 45 FH  AbFE 45 20 KB
Je BOBUM - 451 K AR % F R 4120, 8 0.6 ¢ R4
BUETERA RS, Z R [ Laig 4.
1.5 I5HREEM
1.5.1 DR R shiE B & A HE B s 4
P14 P& A RER B A 4% 28 H I
W, AT T [ E AE inspeXio SMX-100CT i £2
MOX IR G ( H AR SHIMADZU 2 /) IR ik
1T Micro-CT 5, Z 8. BI{E 212 ~ 1000 , & H1 & Al
BR300 R 75 KV (140 A, CT 484347 TRI/3D-
BON {4, AE I 056 — B8 2oF 5556 — B 7 7F sl Z [a] 1F
r SRR o) A e/ N B S R R A B8 B R B I SR
/NGE R FE (trabecular thickness, Th. Th) . ‘B %
(bone mineral density, BMD) ‘& /N4 H (trabecular
number, Th. N) B 4340 ( bone volume/tissue vol-
ume, BV/TV ) ‘& /N B2 [8] B ( trabecular space, Th.
Sp) o
1.5.2 &R IME OPG . RANKL IL-1B . TNF-a .
MCP-1.1L-6 } F 441 IL-18 . TNF-ae,MCP-11L-6
K K14 TP A R ERIE F-20 CHUH 7E
VKK W R A i A 2B 520w, 2R iMark FfEFR1Y
(3£ [E Bio-Rad 24 #]) Ml £ H: h OPG  RANKL, IL-
18 . TNF-ao \MCP-1IL-6 7KF-, HA&RZ: % ELISA {5
SRV B 14 TP R B A8 AR
R BTRR ISP RAPL A P e s IF S | 350 (4
C .15 min 3000 r/min) B %5, 345 5 J8 2L 20 RE o
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T, >R FH BCA 0 He b B A R % 5 s 4L B 400
pl, K H ELISA 3 71 & i & 3 1L-18 | TNF-a
MCP-1 IL-6 7K, ELAAIN 1t 7 0 34 380406 45 A 370 &
LR PLSaE iR O

1.5.3 PR Epal kA I K B A i 4141 MAPK/NF-
kB IEBEHICE IRE K152 PRIAMALLK
A A LSRR SRR A 7K R 8 min, T2 AR
JE A B B REGE MR, AT 5] J R ELE 15
wg SR T RYRE SR, LE 110V fEE T L XCell4 Sure-
Lock HLUKAY (FEBR G /R BHE h E A R A A 47
FEL VK, 9% J5 DA SureLock Tandem %% E[1% £ ( FE 2R Kt
IRBHE A BR 2N A ) A 2 B K 2 B s g g
B 5% Wilg 4 bk BB B &, 53 505 E R
JAHT AR B Anti-p38 MAPK | Anti-p-NF-kB p65 , Anti-p-
p38 MAPK . Anti-NF-kB p65 . Anti-GAPDH — 4, %%
)5 Y0 L SR e b, VERR S LA A2 K i)
fiff —H0 EARICH) HRP B, FERESAE AR
JGTE Image-] B AF k13 K FEE, RIE NS
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GAPDH Ry iff Ak 45 41 8 FUA X 2Rk

1.6 ZitZEFHiE KRHGEIHHHAF GraphPad Prism
8.0 MHATHME T, T TORSR S e bR 22 1Y
WRER, ZH Z 025 AT RN ER Jr 200,
P 2 0] 22 S it — 20 e AT SNK-¢ K236, P<0. 05
RERBIHIFE L,

2 #R

2.1 BAARFEBHESR FES BMD 58H
ZMmttE AN RS BMD BV/TV Th. N,
Tb. Th H4E, M 4K T C 41, PUe-H 41, Pue-L 41
F M4, PUe-H 415 T Pue-L 4, Pue+ANS 41K T
PUe-H @ ; #5 20 [H] 7F 14 # 3l #E &5 LU 4%, PUe-H 4 |
Pue-L 20 M 41, C AARIRFEAR, 410 22 7 A e it
X (P<0.05),Pue+ANS 4K T PUe-H 41 (P<
0.05), #54ME Th. Sp Lb#,M 45 F C 41, PUe-H
2 Pue-L KT M 4 ,PUe-H KT Pue-L 4 ,Pue
+ANS 5T PUe-H 41, 2 5 A Git 2% % L (P<
0.05), Wik1,

1 BAXRFEBRIHESRESFES BMD.BV/TV Th. N Th. Th Th. Sp tbE&

20 5] BB (um) BMD (mg/cm?) BV/TV(% ) Th. N(1/mm) Th. Th( um) Th. Sp(wm)
CH4 52.13+16.20 1172.65+8.28 0.53+0.03 8.01x0.21 867.36+43.61 91.23+5.30
M 4 380.42+25. 14° 1141.23+5. 16 0.4120.01* 6.84£0. 13" 659.47+32.45° 127.45+8.12°
Pue-L 41 523.56+30.43" 1153.76+6.20" 0.46+0.02" 7.36+0.16" 753.58+36.24" 109.32+6.24"
Pue-H 41 674.19+34. 86" 1168.32+7. 45" 0.51+0.02" 7.93+0. 19" 849.15+42. 85 94.90+5. 18"
Pue+ANS 41 396.84+29.354 1146. 18+5.31¢ 0.42+0.034 6.91+0. 144 670.03+34. 129 124.16+5.73¢

a5 C A, P<0.05;b 5 M 4 H#, P<0. 05 ;¢ 5 Pue-L 2H L3, P<0. 05 ;d 5 Pue-H 4 HL#, P<0. 05

2.2 VHAKRIMF OPG,RANKL 5% fE F F 7k
FERytbE 44l OPG KFEL#, M 4K T C 41,
PUe-H 2H Pue-L & T M 2, PUe-H #H % T Pue-L
ZH ,Pue + ANS 01X T PUe-H 4H; 4% #H 6] RANKL

TNF-a IL-18 , MCP-1,IL-6 /KF %, M 418 T C
2 ,PUe-H 4 | Pue-L ik T M 4, PUe-H 41X T
Pue-L 41,Pue+ANS 415 T PUe-H 41, 22 5 ¥ H 4
P X (P<0.05), W2,

*®2 HHKXKRMF OPG.RANKL,TNF-a IL-18 ,MCP-1,1L-6 7k F Eb 8

251 OPG(ng/ml) RANKL( pg/ml) IL-1B8(ng/L) TNF-a( ng/L) IL-6( ng/L) MCP-1(ng/L)
c4 3.17+0.34 19.86+2.21 223.65+45. 34 21.87+5.92 47.16£13.62 31.07+7.34

M4l 1.210.22° 36.42+3. 45" 845.47+58.25° 115.96£10. 38" 358.42+25.17° 168.94£13. 15°
Pue-L #41 2.12£0.25" 28.75+2.96" 553.26+52. 16" 71.52+7.940 210.73+21.43" 102.31£10. 68"
Pue-H 41 3.08+0.31" 21.59+2.32% 241.18+46.50™ 28.13+6. 12" 58.04+15.21% 38.65+8. 10"
Pue+ANS £ 1.290. 244 34.78+3.244 824.34+56.47¢ 103.45+9. 231 342.60+23.15¢ 157.83+12.76¢

a5 C Y, P<0.05;b 5 M 44, P<0.05;¢ 5 Pue-L 4048, P<0. 05 ;d 55 Pue-H 2 b %%, P<0. 05

2.3 BAKXRIFBEALRAKEREF TNF-o, IL-1B,
MCP-1,1L-6 7K FHLL B & 4 (3] TNF-o  IL-1B
MCP-1 IL-6 /K F L3, M & T C 41, PUe-H 41 .
Pue-L X T M 4, PUe-H ZH1K T Pue-L 41, Pue+
ANS d75 T PUe-H 4, Z R ¥ A ST E L (P<
0.05), W33,

2.4 HBAKXKRTEHLE MAPK/NF-kB 5 58 %
HXEBAREWLLLE S4E p-p38 MAPK/p38
MAPK .p-NF-kB p65/NF-kB p65 HL# , M 45 T C
2 PUe-H 41 Pue-L 41, PUe-L 4 /& F Pue-H 4,
Pue+ANS #1 F PUe-H 41 (P<0.05), WK 1,
4,
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x3 BAXRFAALRKERTF IL-1B.TNF-a IL-6 MCP-1 7K F Eb 5
251 IL-1B (ng/g prot) TNF-a(ng/g prot) IL-6(ng/g prot) MCP-1(ng/g prot)
CH4 82.54+23.42 10.1323.29 18.61+5.64 13.0524.32
M 4 319.46+31.52° 65.78+6. 82° 129.45+10. 16* 64.85+7. 16
Pue-L 41 203.78+25. 14° 39.52+4.95" 78.32+8.45" 41.03+6.20"
Pue-H 41 91.82+24.07"™ 13.61+6. 12" 23.40+5.81% 16.24+4.51"
Pue+ANS 4 304.34+29.754 60. 13+6. 744 121.03+9. 524 59.39+6. 844

a5 C A, P<0.05;b 5 M 4 HL#, P<0. 05 ;¢ 5 Pue-L 2H L3, P<0. 05 ;d 5 Pue-H 4 H#, P<0. 05

p-NF-kB p65 == D S - S 65 kDa
NF-kB pes D S S S S 5 (D).
p-p38 MAPK e D S s s 38 kDa
P38 MAPK D D G TS M 33 kDa
GAPDH (D SN NS SIS 4l 36 kD:

E1 GEZEENTKINEAKXRFEHEL MAPK/NF-«B {5 SEBEX
EAFKIE A:C 4H;B: M 4; C: Pue-L 4; D: Pue-H 41; E: Pue +

ANS 4.,

*4 FHAAXRIFTEALR MAPK/NF-«B 15 S8 #1H X F A3t

Riktb

4151 p-p38 MAPK/p-38 MAPK p-NF-kB p65/NF-kB p65
C#H 0.10+0.03 0.09+0. 02
M 4 0.91+0. 07* 0.89+0.08*
Pue-L £ 0.53+0.05" 0.50+0.07"
Pue-H £ 0.13+0. 04" 0.11+0. 03"
Pue+ANS 4 0.87x0.064 0.86+0.07¢

a5 CHLE, P<0.05;b 5 M 4H L, P<0. 05 ;¢ 55 Pue-L #H ILEL, P
<0.05;d 5 Pue-H 4 H.#, P<0. 05
3 itie
TE MR B o 20 JB A R T RS T O S MEL I
AN BETT 55 | 5 696 28 Tl 96 4 1 JEE 9 , DR kg
24 T RIS [ 2 L Wi 7 1) O B 2 T Wy 5 IR
RSB 5 1 B0 TE W 28 8% Bl i 5 o 2
SE TR S, i W MR B A ) P
o BELEER 1T TE W 51 1 A ] TG TR M A R 5
SAE B WO BT B, TR 2 e 2H 2 2
SR L W 2 A% 5l PR BEL Lk 2 ) G T PR AR E
PR E B 24 B 3h i A A F B Pue JE AR
B EPRAE I —Fh KR B2k G W, T 3 ik
R MRS R A el P T T R R B
TR BT A LA T R TR Bk AR T B i 5 A
SO0 et ) 4 R BEL b A0 2, A
U I S DT BRI SR B AR T S A Pue 16
AR 0 L R 2 S I 40 M B 434 T e

Pue ] REH i HATRAE AR 2 IE Wi A B8l A3
ZORBIR IR BB Th. Sp | MiLVE IL-1B \TNF-
o IL-6 , MCP-1 K RANKL /K 7 J& 4 40 IL-18 .
TNF-a \IL-6 J MCP-1 /K FAH b € AT+, A il
B BV/TV Th. N Tb. Th Ifil7 OPG 7KFRFAK,
FEHIEWRHRYT 0T 51 & 7 R H SR A TR R,
IR FHARAE , S8 IR A Kl B 285 4 I 1 i
HEK, MM AR, Pue 4034 K BT 5 o
JHZH 27 1L-1B . TNF-o , IL-6 \ MCP-1 7K V- B & A
FW Pue AJ Y8/ 9P R - 3R IK Bk, B0 1E B 5| &
Y28 FE 2 2 98 i sHHEE M 2 K EL, Pue AbFHAH K BR,
I 3E RANKL 7K-F-BH & BEARR, ] bsf HG 2 14 88 Bl B 5 |
4 BMD .BV/TV . Th. N . Th. Th . Il OPG 7K ¥
F i, W Pue WA B ORAP R RS, W0 i
TR WG A FE A TS 1, I e R A I W 2 R85
71 Pue TEIEBRHGYT T EAARLF A0 & i A5
MAPK/NF-kB {5 5 Al i 13 8 #4548 A 1 A 5
PRI A R, 15 IE IR T H 0 2 JE 4 4 ek
AR R B A MAPK NF-kB 455 R 1k 7] B
1R RN & A R R E i 38 o e R A i
TG, B R S R B R T AE 28 i OC T R
JEUT ] MAPK/NF-kB {5 5 3800 ) 3 i vkl 4%
RAE BRI B B 3 T i e o XU DG T 48
FEAR' IR TT B LR 1F B 5 & 1) TR AL 2R AR 2k
B O R ] 2 A 5 1 R A, 32 17 T4 55 O R 2k
FE B R o7 AR SCEE R BRI C 4L
ZHR FUF A4 p-p38 MAPK/p38 MAPK  p-NF-kB
p65/NF-kB p65 15, LA Pue 4bFf AT 005 ik
Ak, F B MAPK/NF-kB {552 545 Pue Xf
K EIERRG 5 7 gl o 7 vp 2 Ji 2H 208 2% 2R TN AR ik
A EIAE F  #7 He Pue-H 2H K B, Pue+ ANS 4K
UM IL-1B \TNF-a  IL-6 \MCP-1 ;2 RANKL /K-,
FIRHL IL-18 .\ TNF-a  IL-6 &% MCP-1 7KF-  p-p38
MAPK/p38 MAPK ., p-NF-kB p65/NF-«kB p65 T} &,
FHHEIEE A H4E BMD BV/TV . Th. N . Th. Th,
ML OPG 7K F-FEAK, £ LA Pue 1 MAPK #4715 7
ANS G Ab AU 55 Pue BRI A BT 1F W 455 70
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