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Study on the Improvement Effect of Osthol on Periapical Periodontitis Rats
by Regulating the SDF-1/CXCR4 Signaling Axis

SHEN Hui, WANG Jing, ZHAO Yapeng, CHEN Yagiong*
(Department of Stomatology, Qinghai Red Cross Hospital, Xining 810000, China)

Abstract This study aims to investigate the improvement effect of Ost (osthol) on periapical periodon-
titis in rats by regulating the SDF-1 (stromal cell-derived factor-1)/CXCR4 (CXC chemokine receptor 4) sig-
naling axis. A rat model of periapical periodontitis was constructed. Rats were assigned into a Control group, a
Model group, low, medium, and high dose osthol groups (Ost-L group, Ost-M group, Ost-H group), and a high-
dose osthol+SDF-1/CXCR4 pathway inhibitor group (Ost-H+AMD3100 group). HE staining was used to observe
pathological changes in rat periodontal tissue. The mandible of rats was subjected to Micro-CT testing. The serum
levels of IL-1P (interleukin-1p), IL-6 (interleukin-6), and TNF-a (tumor necrosis factor-a) in rat were detected by

enzyme-linked immunosorbent assay. The degree of alveolar bone resorption in rats was measured by optical mi-
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croscopy. The pathological changes in the periapical tissues of rats were observed by HE staining. The expression of
OPG (osteoprotegerin) and RANKL (receptor activator of nuclear factor kappa B ligand) was detected by immunohis-
tochemistry and the expression of SDF-1/CXCR4 pathway-associated proteins was detected by Western blot. Com-
pared with the Control group, the inflammatory cell infiltration in the periodontal tissue of the Model group was great,
and the periodontal membrane widened, the levels of IL-6, TNF-a, IL-1f, and CEJ-ABC distance increased, the apical
bone resorption increased, the bone density and bone volume fraction decreased, the expression levels of OPG, SDF-1,
and CXCR4 decreased, and the expression level of RANKL increased (P<0.05). Compared with the Model group, the
inflammatory cell infiltration was alleviated in the Ost-L, Ost-M, and Ost-H groups, the levels of IL-6, TNF-a, IL-1p,
and CEJ-ABC distance, apical bone resorption and the expression level of RANKL decreased, while the bone density
and bone volume fraction, the expression levels of OPG, SDF-1, and CXCR4 increased (P<0.05). Compared with
the Ost-H group, the inflammatory cell infiltration in the Ost-H+AMD3100 group was aggravated, the levels of 1L-6,
TNF-a, IL-1B, and CEJ-ABC distance increased, apical bone resorption and the expression level of RANKL increased,
while the bone density and bone volume fraction, the expression levels of OPG, SDF-1, and CXCR4 decreased
(P<0.05). Osthol activates the SDF-1/CXCR4 signaling axis to alleviate inflammatory injury in rats with periapical

periodontitis.
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Control group Model group

Bl MRR
Fig.1 Imaging images of the rat model of periapical periodontitis constructed

#*1 HEERFEXIL-6. TNF-0. IL-1p7KFRIS20H
Table 1 Effects of osthol on the levels of IL-6, TNF-a and IL-1p

ZH 5 1 -1 -1
Group IL-6 /pg-mL TNF-a /pg-mL IL-1B /pg'mL
Control group 16.74+1.85 16.84+2.74 13.62+2.45
Model group 86.35+8.93* 75.34+8.96* 63.57+7.59*
Ost-L group 75.98+7.74" 62.57+7.55" 51.75+6.37"
Ost-M group 54.23+5.82"@ 43.69+5.62%¢ 36.28+4.98"@
Ost-H group 41.17+4.33%@% 32.46+4.37"@% 25.36+3.64"@%
Ost-H+AMD3100 group 66.59+6.97° 55.41£6.78° 45.06+5.73%

F 313.671 222.135 224.840

P <0.001 <0.001 <0.001

*#P<0.05, 5 ControlZL FL#E; “P<0.05, 5Model4LEL#%; ©P<0.05, 50st-LALLL#K; “P<0.05, 50st-MALLL#; *P<0.05, 5 Ost-HZL 4% o
*P<0.05 compared with Control group, “P<0.05 compared with Model group; “P<0.05 compared with Ost-L group; “P<0.05 compared with Ost-M
group; *P<0.05 compared with Ost-H group.

Control group Model group Ost-L group

1 mm lL.mm

Ost-H+AMD3100
Ost-M group Ost-H group group

1 mm 1 mm

B2 ZFREEZLEMicro-CTHE N
Fig.2 Micro-CT detection of periodontal tissues



1068 R

R ATEMNRRAXRAREEE. BFRSHHIFM

Table 2 Effects of osthol on bone mineral density and bone volume fraction in rats with apical periodontitis

Ao I/ gem”? HHI /%

Group Bone mineral density /g-cm™ Bone volume fraction /%
Control group 386.35+40.21 0.34+0.03

Model group 175.06+19.63* 0.12+0.01*

Ost-L group 234.58+22.47* 0.16+0.017

Ost-M group 289.96429.16" 0.23+0.02%¢

Ost-H group 344.79435.74%@% 0.28+0.03%@
Ost-H+AMD3100 group 241.42426.96° 0.20+0.02%

F 33.752 68.750

P <0.001 <0.001

#P<0.05, 5 ControlZH LL#; “P<0.05, F5ModelZH HLEL; ©P<0.05, 5O0st-LA FLE; “P<0.05, 5 0st-M4H HLEL; P<0.05, 5O0st-HAA FLAL.
*P<(0.05 compared with Control group; “P<0.05 compared with Model group; “P<0.05 compared with Ost-L group; “P<0.05 compared with Ost-M
group; *P<0.05 compared with Ost-H group.

Control group Model group Ost-L group

"

“

w"-" % ,’ i = P S

0.5 mm 0.5 mm 0.5 mm

Ost-M group Ost-H group Ost-H+AMD3100 group

0.5 mm 0.5 mm 0.5 mm

[E3 ZFEE R

Fig.3 Alveolar bone resorption detection

3 MR T EXIRRE KRR HEE RIS RIS

Table 3 Effect of osthol on alveolar bone resorption in rats with periapical periodontitis

ER I CEJ-ABCEF £/mm
Group CEJ-ABC distance /mm
Control group 0.10+0.01

Model group 0.95+0.09*

Ost-L group 0.78+0.07"

Ost-M group 0.50+0.05"@

Ost-H group 0.32+0.037@%
Ost-H+AMD3100 group 0.64+0.06*

F 142.950

P <<0.001

#P<0.05, 5 Control41 LL#5; P<0.05, 5 Model 4LHLAL; ©P<0.05, 5 Ost-LALLLES; “P<0.05, 50st-MALLLEL; *P<0.05, 5Ost-HALHE#
*P<(.05 compared with Control group; “P<0.05 compared with Model group; “P<0.05 compared with Ost-L group; “P<0.05 compared with Ost-M
group; *P<0.05 compared with Ost-H group.

2.4 HERFEXRARER AR FHES RSN CEJ-ABCHE & 4% (P<0.05); 5 Ost-HZHLAHEL , Ost-
5 Control 41 Fb %% , Model4H. CEJ-ABC i 5 1 Jini H+AMD3 10041 CEJ-ABCFE B 14 11 (P<0.05), 45 % L
(P<0.05); 5 Model 41 EL%L, Ost-L+ Ost-M. Ost-HZH EI3AIE3
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Control group

Ost-M group

.‘.' il

Model group

E4 ARAAD I

Ost-L group

& 200 pm
Ost-H+AMD3100 group

Fig.4 Pathological changes of apical tissue
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Fig.5 Detection of OPG and RANKL protein expression

F4 WHETEXOPG. RANKLEHRIAHEN
Table 4 Effects of osthol on the expression of OPG and RANKL proteins

2 OPGOLHE{H) RANKLOG# FE{H)

Group OPG (optical density value) RANKL (optical density value)
Control group 1.06+0.10 0.22+0.02

Model group 0.28+0.02* 1.15+0.12*

Ost-L group 0.41+0.04" 0.91+0.09"

Ost-M group 0.62+0.06"¢ 0.69+0.07%¢

Ost-H group 0.85+0.08"@« 0.46+0.05%@¢
Ost-H+AMD3100 group 0.49+0.05% 0.78+0.08%

F 103.612 88.460

P <0.001 <0.001

#P<0.05, 5 ControlZH LL#; "P<0.05, 55Model A FLEL; ©P<0.05, 50st-LA FLE; “P<0.05, 5 0st-M4H HLAL; P<0.05, 5Ost-HAA HLAL.
*P<0.05 compared with Control group; “P<0.05 compared with Model group; “P<0.05 compared with Ost-L group; “P<0.05 compared with Ost-M
group; *P<0.05 compared with Ost-H group.
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42 kDa

A: Control4l; B: Model4; C: Ost-L4H; D: Ost-M#41; E: Ost-HZH; F: Ost-H+AMD31004 .
A: Control group; B: Model group; C: Ost-L group; D: Ost-M group; E: Ost-H group; F: Ost-H+AMD3100 group.
El6 #MSDF-1. CXCR4FEHFTIXIER
Fig.6 Detection of the protein expression of SDF-1 and CXCR4

5 MK T RXSDF-1/CXCR4IE B X EARIERIFZM
Table 5 Effects of osthol on the expression of SDF-1/CXCR4 signaling pathway-associated proteins

éﬁrfip SDF-1 CXCR4
Control group 0.96+0.09 1.03+0.10
Model group 0.27+0.02* 0.31+0.03*
Ost-L group 0.39+0.04" 0.44+0.04"
Ost-M group 0.61+0.06"¢ 0.68+0.07*¢
Ost-H group 0.81+0.08"@* 0.89+0.09*@
Ost-H+AMD3100 group 0.52+0.05° 0.57+0.06°
F 88.389 76.069

P <0.001 <0.001

*P<0.05, 55 Control L FLAZ; “P<0.05, S5 ModelZH L “P<0.05, 5 0st-LLL HLAL; “P<0.05, 5O0st-MZLLLEL; *P<0.05, 5 O0st-HZH HLAL -
*P<0.05 compared with Control group; “P<0.05 compared with Model group; “P<0.05 compared with Ost-L group; “P<0.05 compared with Ost-M

group; P<0.05 compared with Ost-H group.
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YR PR 5 o SN T T A AT 3 A 2
FLE 734k, B 40 B 22 B i OPG A RANKL A K B
M0 210 Pt S5 7% I IR ¥, 7E RANKL/RANK/OPGIE %
o, RANKLS/E N ZR I RANK S &, H R4S
R AR R BT ARHE T, RN A KRR,
OPG# ik /KF T, RANKL#EIAKF ETF, i 81
P PR 1 ] e R O T 4 M Rl TR e
KT ZTHHRRE &K KRG, OPGRIEKF LT,
RANKLZFEE KR, Ut B e K 1 23R RE A5 12 12 Bl
BRI R, 90 A ) R AR
e L S ONTITE I E PN R SN e L ropeid
1k A7 SDF-15 CXCRAM Y k45 & B F
Z R AW RN U, SDF-142 —F g 2k A 5
P, @i SDF-1/CXCR43E 2 1F F T 18] 78 5 T4
oo SDF-11 i {2 i SDF-1/CXCR4H ¥4 1134
Wi. CXCRATEF BT iZFKik. SDF-1
AR R R T A A A gl e 2 5 4B B
MU, JFa] RS 590 T 5 £ 5] hPDLSCs
VA3, hPDLSCs it 57 4 J& 2 23 (1) R 45 A AR,
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WFFCUER , M1z 38 i SDF-1/CXCR41E 538 BR AL
it SDF-1odk A AR 305 PO 10 i Fi ik il
PUAE YT 2t LPS5 3 ) hPDLSC s34 5l Al Al & 43
A, 490 ) 40 RO R SR S B, RTE R E  S
SDF-1/CXCR4i# i RIE/EFH Y. AW, 15
KB SDF-1. CXCR4 Rk, MR LK
BB I B IR 7 ¥R 97 )5 SDF-1. CXCR4RIE K
Fhisr, PR PR T2 1T B2 i i 0% SDF-1/CXCR4
5 B AT A ) S OE S B . 7E IR AL B {8
SDF-1/CXCR4i# % #7i 71] AMD3 1005247 [7] 52 %%
iE, I AMD3 100881 10 # ik suis 25 3, i
W PR 7 2 AT RE 38 I 0% SDF-1/C X CRAE #4101 1l 4
I & 98 KB JIE R o

g5 b, WEPR T 2R BRI HIAR 92 & 98 KRR 48 0E
JRBL, o KB FIAR S B B GE BH IR L Tl R
FE I S SDF-1/CXCRAME Sl g ik — b R 5 4
FH o SR PR T~ 22 B8 75 30 o o Ath 38 B 7R AR 2R &) 7%
HORFEAE FIE NG 2, B TR RN T
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