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Effects of curcumin on alveolar bone loss during orthodontic tooth
movement in periodontitis mice and its mechanism

JIANG Shumin®*, YU Xiaoyan, LI Haimei, LI Shiguang
Department of Stomatology, Wu’an First People’s Hospital, Handan, Hebei 056300, China

(Abstract] Objective To investigate the anti—inflammatory effects of curcumin (CUR) in a mouse model of periodontitis
(PD), and its influence on alveolar bone loss during orthodontic tooth movement (OTM), along with the underlying mechanisms.
Methods A total of 100 mice were randomly divided into 5 groups: control (Con) group (normal mice), PD group (induced PD
mice), OTM group (PD+OTM mice), CUR group (PD+OTM mice given 100 mg/kg CUR by gavage), and CUR+lipopolysaccharide
(LPS) group (PD+OTM mice given 100 mg/kg CUR by gavage and 10 pL LPS with a concentration of 1 pg/uL by gingival

injection). Except for the Con group, the left maxillary first molars were ligated with 0.2 mm stainless steel wire to induce a
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PD model in the other groups. After 14 days of treatment, the changes of alveolar bone were analyzed. Hematoxylin—eosin
(HE) and tartrate-resistant acid phosphatase (TRAP) were used for histological analysis. The levels of inflammatory factors [interleukin
(IL)-6, IL-1pB, and tumor necrosis factor-a (TNF-a)] in gingival tissues were checked by ELISA. The protein expression levels of
Toll-like receptor 4 (I'LR4), myeloid differentiation primary response gene 88 (MyD88), and nuclear factor—xB (NF-kB) were checked
by Western blot. Results Compared with the Con group, the PD group exhibited an increased distance between the cementoenamel
junction (CEJ) and alveolar bone crest (ABC), higher histopathological damage scores, a greater number of positive multinuclear
osteoclasts, and an elevated RANKL/OPG ratio (P<0.05). Additionally, the levels of IL-6, IL-1B, and TNF-o, as well as the
expression levels of RANKL, TLR4, MyD88, and NF-«kB p65, were upregulated in the PD group (P<0.05). Conversely, the bone
volume fraction BV/TV), trabecular number (Tb.N), and trabecular thickness (Th.Th) were all reduced in the PD group (P<0.05).
Compared with the PD group, the PD+OTM group exhibited increases in the CEJ—ABC distance, histopathological damage
scores, number of positive multinuclear osteoclasts, RANKL/OPG ratio, levels of IL-6, IL-1B, and TNF -a, as well as
expression levels of RANKL, TLR4, MyD88, and NF-«kB p65 (P<0.05). In contrast, the BV/TV, Tb.N, and Th.Th were all
reduced in the PD+OTM group (P<0.05). Compared with the PD+OTM group, the PD+OTM+CUR group showed a reduced
CEJ-ABC distance, lower histopathological damage scores, a decreased number of positive multinuclear osteoclasts, a decreased
RANKL/OPG ratio, reduced levels of IL-6, IL-1B, and TNF-a, and downregulated expression levels of RANKL, TLR4,
MyD88, and NF-«kB p65 (P<0.05). In contrast, the BV/TV, Th.N, and Th.Th were all elevated in the PD+OTM+CUR group (P<
0.05). Compared with the PD+OTM+CUR group, the PD+OTM+CUR+LPS group showed an increased CEJ-ABC distance,
higher histopathological damage scores, an increased number of positive multinuclear osteoclasts, an elevated RANKL/OPG
ratio, higher levels of 1L-6, IL-1B, and TNF-a, as well as upregulated expression of RANKL, TLR4, MyD88, and NF-«kB p
65 (P<0.05). Furthermore, the PD+OTM+CUR+LPS group showed decreases in BV/TV, Th.N, and Tb.Th (P<0.05). Conclusion
CUR can inhibit the release of inflammatory factors, downregulate RANKL/OPG ratio, and reduce alveolar bone loss during
OTM in PD mice. The mechanism may be related to the regulation of TLR4/MyD88/NF-kB signaling pathway.
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21, 5k PDP, BEAE PR R R Z R 2l T
PD ifJ7 . 855K (curcumin, CUR)JEHEIZL T (LF)
Y2 Curcuma Longa LB T1RARZE) ) 215
PERr , BA PR FUR SR R e E Ty
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A FEA (receptor activator of nuclear factor—kB lig-
and, RANKL)#HUHA (L5 :ab239607) Toll Ff5Z 14 4
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2 4 & (interleukin, IL)-6(lt5 :ab222503) IL-
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14 /5T

CUR 4H/NRAERHES 100 mg/kg CUR;ConZH |
PD #41 OTM 20 /)N B B S5AATHR 5% 2 H BT 4E R A0
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CT WEEFEAS  IRIUE SR = HE R . THE AR
Ht (cemento—enamel junction, CEJ) Z 7 -5 I Tt
(alveolar bone crest, ABC) )5 B Al 4K B0 81
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Z AR ) 1 25 57400, e FHER IR 3R 5 25500, LA
P<0.05 AERAZRITERE L,
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55 Con 41 H#% ,PD 4H CEJ-ABC FEESHSIN(P0.05) ,
BV/TV Tb.N . Th.Th F#{X (P<0.05), 5 PD 4l b4,
OTM 41 CUR+LPS 41 CEJ-ABC 53471 (P<0.05) ,
BV/TV [ Tb.N  Th.Th [#{f%(P<0.05), 5 OTM 4H Ltz
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CUR 41 CEJ-ABC JE g R#{I% (P<0.05) ,BV/TV Th.N |
Th.Th ¥4 /il (P<0.05) ; CUR+LPS 41 Th.N F} & (P<
0.05), 5 CUR 4%, CUR+LPS 4 CEJ-ABC g
B4 (P<0.05), BV/TV . Th.N . Th.Th F&fi% (P<0.05) .
WK1,

HE 4efa 25 3 5 7R | Con 2 4 JE ZH 240 M 1E %
5 Con 4 b %%, PD 4 A iR SV N A7 4E i 35 1 2AE
AMRRIEIG IR A R S WO IR | ZH 25
BivFor 3 (P<0.05) , 5 PD 41 b4, OTM 2H S AE4H
Jfs i B S Y R 2 SR A X, o
B 5 R 58 B A 3 B RER S B4, 44U
PPN (P<0.05), 5 OTM 4 Ib4E, CUR 4 484E
A AE S R AL 2 (I G A 3 G R
JoT K AR5 32 AR B R 05 T 43 B AR (P<
0.05) .5 CUR 4 L%, CUR+LPS 2H 4 AE 41 il 3211

I HAB P S N (P<0.05) . TR 1,18 1,
22 FHHNRSZEFHMEEE RANKL 1 OPG
FKiLLLER

TRAP {025 B 7R | Con 2H FPAX AT WAL F />
BIIWE A, 5 Con ZLHLER, PD 40 A% 4N
S K5 1 0 (P<0.05) , RANKL 3k 7K 3 . RANKL/
OPG HAEIE NN (P<0.05), 5 PD 4 HA:,0TM 41 .CUR+
LPS 2 05 5 40 i 850\ RANKL 357K F  RAN-
KI/OPG HAHEIIHIN(P<0.05), 5 OTM #H %8, CUR
H 2R AR RANKL 357K . RANKL/
OPG FL{EFEAR (P<0.05) ; CUR+LPS £ RANKL #
RIS F#AIG (P<0.05), S5CUR 41 H %L, CUR+LPS 4
% K 0% B 40 % & RANKL 2635 7K % . RANKL/
OPG HAEYIIE N (P<0.05), TR 2. 2,
23 BANMNRIFEBLARERTFKFLLE

5 Con 4H %, PD 4H 11-6 IL-1B ,TNF—a 7K

x1 BHNMRITEBEZESEARBRRRITD LR (v2s,n=10)

Table 1 Comparison of alveolar bone spatial parameters and histopathological damage scores among different

groups of mice (xs, n=10)

415 CEJ-ABC Fi#/mm BV/TV Th.N/mm Th.Th/mm WL 53157
Con 4 0.29+0.04 0.90+0.10 7.560.73 0.19120.023 0.0320.01
PD 41 0.5420.06* 0.58+0.06* 5.16:0.61% 0.158+0.018* 1.68+0.25%
OTM 41 0.8120.10+ 0.42+0.05%* 4.23+0.62+ 0.12520.016** 2.7620.31%+
CUR 4 0.3620.05%% 0.78+0.07+% 6.5120.68*% 0.1790.019% 1.310.19%%
CUR+LPS 4 0.7620.07+* 0.50+0.08+*4 4.58+0.59++4 0.13020.018:* 2.5420.29%+4
TE: 5 Con 41MHH, *P<0.05; 5 PD 414 1, *P<0.05; 5 OTM 41AHLL, 2P<0.05; 5 CUR 414, 4P<0.05,
CUR 4 CUR+LPS 4

Con 22 PD ¢H

1 {HENDMRFFEHELR HE FEE(x100)

Fig.1 HE staining results of periodontal tissues in each group of mice (x100)

R2 HBHENMNRSZEBMEMEE RANKL 0 OPG RizKFELLE (ks ,n=10)

Table 2 Comparison of the number of multinucleated osteoclasts and the expression levels of RANKL and OPG

among different groups of mice (xs, n=10)

215 2 AR (Cells/mm?) RANKL OPG RANKL/OPG
Con 2 1.85+0.18 0.34£0.05 1.02+0.13 0.34+0.05
PD 4 9.62+1.15% 0.61+0.08* 1.17+0.19 0.54+0.08*

OTM 41 13.49+1.38*" 2.35£0.19% 1.1220.16 2.09£0.25%
CUR 21 6.12+0.94%" 0.41£0.08%" 1.0120.13 0.41+0.08"
CUR+LPS 2 12.57+1 41+ 2.11£0.16%04 1.0520.15 1.99+0.21%"

.5 Con A HL, *P<0.05; 5 PD Al EL,*P<0.05; 5 OTM AL, 2P<0.05; 5 CUR 414tk , 4P<0.05,
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OTM A

CUR 4

CUR+LPS H

B Con4 PD#H OTM# CUR#H CUR+LPS#H
RANKL G R R O R 35KkDa
OPG —— = emm e . - e 35 kDa

42 kDa

Prin A — —

2 BENRESEWEEMEE RANKL F1 OPC RikLE
Fig.2 Comparison of the number of multinucleated osteoclasts and the expression levels of
RANKL and OPG among different groups of mice
T AASAUNER A 414 TRAP Y&l (x100) ; B AN A BUAESCHE R IA A

FH85 (P<0.05) , 5 PD 4l L%, OTM 41 . CUR +LPS
ZH 11L-6 IL-1B . TNF-a /K FT+ (P<0.05) . 5 OTM
ZHIV#E CUR 2H 116 IL-1B TNF-a 7K R (P<0.05) .
5 CUR 4 % ,CUR+LPS 4 IL-6 IL-1B . TNF-«
IKFETHE (P<0.05) , PEILE 3,

x3 BHENMNRFBEARKERFKELLE
(x£s,n=10,ng/L)
Table 3 Comparison of the levels of inflammatory factors in peri-

odontal tissues among different groups of mice (xs, n=10, ng/L)

215 1L-6 IL-1B TNF-a
Con 41 42.19+5.69 123.58+21.01 78.31£12.52
PD 41 88.64+10.97*  216.84+32.43*%  187.19+21.09*
OTM #H  168.10£19.82*"  399.67+38.71%  309.81+£32.77+"
CUR 41 61.03£9.41%%  165.82425.69%" 129.87+22.34%%

CUR+LPS 41 159.67+18.67**4 401.91+41.58**4 287.48+28.95%*

75 Con #HAHEL , *P<0.05; 5 PD 4HAHIL ,*P<0.05; 5 OTM 41 4H
., 4P<0.05; 5 CUR ZH#fLL, 4P<0.05,

2.4 &4/ TLR4 MyD88 NF-kB p65 Fik LR

5 Con 4 It % ,PD #H TLR4 MyD88 NF —kB
p65 FEIAHENN(P<0.05) .5 PD 4 HA,0TM £HTLR4 |
MyD88 NF-«kB p65 ik il (P<0.05) ; CUR+LPS
ZH TLR4 % 35 F#{% (P<0.05) ,MyD88 NF-kB p65 %
IS (P<0.05), 5 OTM 4H %8, CUR 4H TLR4 .
MyD88 \NF-kB p65 FikF#( (P<005); CUR+LPS 41
TLR4 NF-kB p65 ik &L (P<0.05), 5 CUR 41k
%, CUR+LPS 4 TLR4 MyD88 NF-«kB p65 F&ikHihn
(P<0.05), UL 3 3% 4,

Con#H PD# OTM#{H CURZE CUR+LPS 4
TLR4 e e SR s R 05 kDa
MyDSS g o S o . 33KDa
NF-KBpG5 A A S e S G0 kDa

B3 £&H/NR TLR4 MyD88 NF-kB p65 Fik &LH
Fig.3 Expression bands of TLR4, MyD88 and NF-«B

p65 in each group of mice

Fz4 HHNR TLR4 MyD88 NF-kB p65 FiksKFE
Lb3R (x+s,n=10)
Table 4 Comparison of TLR4, MyD88, and NF-«kB p65

expression among different groups of mice (x+s, n=10)

2031 TLR4 MyD88 NF-kB p65
Con 41 0.21+0.04 0.22+0.05 0.35+0.06
PD 4 0.78+0.09% 0.59+0.07* 0.75+0.08*
OTM £ 1.030.13%* 1.12+0.15% 1.19+0.17%*
CUR 41 0.33+0.05%" 0.23+0.04% 0.2020.04*2
CUR+LPS 7  0.68+0.08%"4 1.0120.10%*4 1.03+0.09%#4

. 5 Con 41AH L, *P<0.05; 5 PD 1A ,*P<0.05; 5 OTM ZHAH
I, “P<0.05; 5 CUR ZHAH L, 4P<0.05,

3 e

PD 38 A B SRR A R T B A e
W51 Ko I RIG YT B A AR 19, ik 22 g
Ji& BRI D v IR . 158 PD 6T SR 24, 40
TRV RE R A5G MU B SBR IR S 45 Rl &
B YR AR I | A ERERICTARIGTT,
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PR A FRZH AU E M OTM FR T PD AYT , Ik
EE Y e A a8 7SS g G AN (TR 7
RILOTM AT ek B s, il 4wl pleg, A
T 4s B W M H PD 4H, PD+OTM ZH Hi B EE g ™
ARG, I R 445 ik 20 i iR i =
HARE P FACE B3 5, Ut #5561 PD IERHAYT
R JRAE SN, BELUBIT AR B IR, 2 FHIR YT R
K, ARG AR s W AR 5
BRI AN BN I 8T iz T TR . TR s
g, ARSI R N E 5 S Y Re R SE
SR, BREFER AR LAEE SR DT R ] H A
i 5 5 7 B AT, DU PR A DA R, B 400 HL
AR PD AR HLE 5 S AR (Sl % H
R UL B 1 I T AN B DA O, S B Ry
BRRMIST T AN, 7 Az SR PRI, T 22 8V E %
gerb 2, IR A ZRHEY), BA B A TR GBS IRER
Ak, W9 R, CUR BATRYT A AT 77 , sedi i
RN IR A A BEL L2 ) BT ol % 4 TR AR T
PR AEHE PD RSP, BFSE R, DR CUR A TR
YRR B B0 ARG, CUR 350 PD /)N
BRI 5 | RS 1) 2 R 5 s A IR 2 R S VR
FAREAGG, $27RCUR X PD /)N B IE B3 18] 28 2
N S A B R R BRI R,
HAERKMEERE - MESDEN R, F2
FH BB 4 LR B 240 B [ %  i  BEAE R U
3 i T 20 2 A0, T 5T I A P s 45
fifE U2, IERTH AU T SR g B, PD
i, BB 2 L 1 SRy AR R, WA P RN A AR
SECFHEE ZJ, i AR T RANKL2Y,
RANKL 5321k RANK S & R4 % OPG [AlJ& TNF
FE, HHRCE A AT SR AR e G TR T 41 B
YL =AE2, OPG 78 N B2 20 B | 1 A5 1 W AL B
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