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BE 2L FERRNGEERTELET A HF B T-1oHIF-1o)/2E f 40 e 47 £ B
F-1(SDF-1)/C-X-C# AL F Z AR4(CXCRA) S vi) K KA 7 3769 B 4. 3 K A5 HE s
Al EHE R R A AAZR A, ] R Z A Z(10 mgkg)4. N ZE &7 230 mg/kg)4l.
N 5K % & 7 Z+PX-478(30 mg/kg NOB+5 mg/kg PX-478)4H, % EX12R K R AT B, Hh4hF e
B, St BB B A2 K R E N R A B BCE AR S B0 B S MR K R B 4k
B LR R I F T A, ELISARA M K R A7 7 45 % (BGP). A BRERBR(ALP). @ 208/ 6(IL-6).
R 92 37 38 B F o TNF-a) 7K F; qPCRAE M| K R AL F 4L L HIF-1a. SDF-1. CXCR4 mRNAZK-F; Western
blotA= %, 2844 K R P& 2B 42 HIF-1a. SDF-1. CXCR4%& & £k K-F, 48 KA mE @i, Hi
A A, N HEEEMKA0 umol/L). R E 4020 umol/L)F= )| Pk K & iR E+PX-47844(20 umol/L
N PR K +25 umol/L PX-478), 1% /I BCIP/NBT ALP# &, X 7] &40 s B 48 JLALPE M, K A ELISA%
o) AR, B 48 TR B R (COL-T). 38 78 4m iR A% 470 R (PCNA)KF, 5k A qPCRF=Western blotAd il %, B 48 it
HIF-la. SDF-1. CXCR4%AKF, 2R 2T, 2 RAK R B HE AL T, A8 KR
B EAL T ELH, B RBEAREBE RS oF PBGP. ALP/K-F 2 F 4K (P<0.05),
IL-6. TNF-a/K-F 2 %+ & (P<0.05), L F 2042 P HIF-1a. SDF-1. CXCR4 mRNA/K-FFo % & /K-F 3
B EHAK(P<0.05); HAR AAL, )| MR AL IR K R B Bl LR R R AG A P E, BN R
Ji Fa B BR RARS 4. ik P BGP. ALP/K-F¥) 8 FH3(P<0.05), fiF1L-6. TNF-a7k-F 2 &%
1&(P<0.05), B 2022 ¥ HIF-1a. SDF-1. CXCR4 mRNA/K-F#%& & /K-F 3 8 FF+ 5(P<0.05), 57 &
LAAE ) 5% (P<0.05); HIF-104% %] 5| PX-478 7] 1% 4% )1 [ K AT 4 4% M8 3 KR89 06 57 78 A (P<0.05).
Sz g @ik, N HEEEIK & KE LR F 48 PCNA. ALP. COL-IK-F, ZHIF-la. SDF-1.
CXCR4 mRNA/K-FFo & &) /KT 34 2 £33 5(P<0.05); 5| 5K & 2R84, )| TR K & 3R EA+PX-
47848 pxE 48 JRPCNA. ALP. COL-I’K-FZHIF-1a. SDF-1. CXCR4 mRNAK-F Aok & KP4 8 %
TH(P<0.05). vA L5 R &, Nk E F T 488 18 90% HIF-10/SDF-1/CXCRAMZ 5 i@ 3%, A2t s B 40 /i
38 Fa oAb, IR P B A KR89 R B AR A A KM RORL, AR KRR AT A A,
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Abstract This article aims to investigate whether nobiletin affects bone healing in traumatic fractures in
rats by regulating HIF-1a (hypoxia-inducible factor-1a)/SDF-1 (stromal cell derived factor 1)/CXCR4 (C-X-C che-
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mokine receptor 4). The model of traumatic fracture in rats was established. After modeling, the rats were randomly
divided into model group, a low-dose nobiletin (10 mg/kg) group, a high-dose nobiletin (30 mg/kg) group, and a high-
dose nobiletintPX-478 (30 mg/kg NOB+5 mg/kg PX-478) group. Additionally, 12 rats were included as the control
group. After drug intervention, samples were taken and microcomputed tomography was used to detect the density
and thickness of rat bone trabeculae and bone volume fraction. Saffron O-green staining was applied to observe the
pathological changes in the surrounding cartilage tissue of rats. ELISA method was applied to detect the levels of BGP
(osteocalcin), ALP (alkaline phosphatase), IL-6 (interleukin-6), and TNF-o (tumor necrosis factor-o) in rat serum.
QPCR was applied to detect the mRNA levels of HIF-1a, SDF-1, and CXCR4 in rat femoral tissue. Western blot was
applied to detect the expression levels of HIF-1a, SDF-1, and CXCR4 proteins in rat femoral tissue. Rat osteoblasts
were separated and divided into blank group, low and high concentration nobiletin groups (10, 20 pmol/L) and high
concentration nobiletin+PQ-478 group (20 umol/L+25 pmol/L PQ-478). BCIP/NBT ALP staining kit was used to de-
tect the ALP activity of osteoblasts, and ELISA was used to detect the levels of COL-I and PCNA (proliferating cell
nuclear antigen) of osteoblasts. The expression levels of HIF-1a, SDF-1 and CXCR4 in osteoblasts were detected by
gPCR and Western blot. Results show that there were no abnormal changes in the peripheral cartilage tissue of rats
in the control group, while the peripheral cartilage tissue of the model group rats was severely damaged, the density
and thickness of bone trabeculae, bone volume fraction, and the levels of BGP and ALP in serum were greatly lower
(P<0.05), the levels of IL-6 and TNF-a were greatly higher (P<0.05), the mRNA and protein levels of HIF-10, SDF-
1, and CXCR4 in femoral tissue were greatly lower (P<0.05). Compared with the model group, the nobiletin groups
showed improvement in the pathological damage of peripheral cartilage tissue in rats, the density and thickness of
bone trabeculae, bone volume fraction, and the levels of BGP and ALP in serum were greatly higher (P<0.05), the lev-
els of IL-6 and TNF-a were greatly lower (P<0.05), the mRNA and protein levels of HIF-1a, SDF-1, and CXCR4 in
femoral tissue were greatly higher (P<0.05), and the high-dose nobiletin group had a stronger effect (P<0.05). HIF-1a
inhibitor PX-478 could reverse the therapeutic effect of nobiletin on traumatic fracture rats (P<0.05). Compared with
blank group, PCNA, ALP and COL-I levels, HIF-1a, SDF-1 and CXCR4 mRNA levels and protein levels of bone cells
with low and high concentration of cephala were significantly increased (£<0.05). The levels of PCNA, ALP, COL-
I, HIF-1a, SDF-1 and CXCR4 mRNA and protein in bone cells composed of high concentration of cedrin+PX-478
were significantly decreased compared with cedrin high concentration group (P<0.05). The above results indicate that
nobiletin may alleviate pathological damage and inflammatory response in rats with traumatic fractures and promote
fracture healing by activating the HIF-10/SDF-1/CXCR4 signaling pathway.

Keywords  Nobiletin; traumatic fracture; fracture healing; HIF-1a/SDF-1/CXCR4 signaling pathway
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I, FROm R ORI T A0 . N Tk
SR PO AR . M I A EURFE S IR ZUE
S EAGAR, R SR B AT RERRRT, % PR S
FAETERE . AR B A T A BT 5 K
Rl TR BT ThRE . 4 A E i T AR
WEENG. 2R, RJEREESREER K H AR
WL, i AN ESE I ACE IR A R AN SRIE I,
ZHfEARE I T A SR B 7 R ) B2 2 1
LA BN e NS B35 s R, I I
EHERE, A RS I AE AR AR, ATy

BT B AT 255 1R T SN SR AL 6HT B 5 B2 K
P Bo IR R 20— BT 22 M2l B4 ) R AR 4k
G, FEARAE TGRSR (40 )14 (Citrus nobilis
Lour.)s B (C. aurantium LRI (C. reticulata
Blanco)% [ fe v, il DLt i A B 0 28
WO EER RKRIEAAAE, BATIR . JiElb
S MAEREEY, AR ER, R RTE
HEE g KR E I E . 74, SEE SR
¥ -la(hypoxia-inducible factor-1o, HIF-1c) ] 5 5 I
EAEHLRIER, BONIRIT B 645155 2 MR R R
Tod (AT AE fige e 2 1O, Ry R A5 [X 4 2H 24 B o A A A=
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[AF--1(stromal cell derived factor 1, SDF-1) A A]
B C-X-Cilath K 3214 4(C-X-C chemokine recep-
tor 4, CXCR4), fi£i#F PDSCSsffI g 7346 Mo AH 1]
B 3 A8 E S AE A T HIF-10/SDF-1/CXCR4(E 5@
PR R B T A A . ARSI B
PRI B 2= AR AR BE B P i 3 K R E P @A i A2
AR F A AR A AL

1 MRER*E
1.1 LIz

72 R T~8 R, TR F250~280 gffyEESD A R
T H T M S B SR FR A BR A ], AR PR VR ATIE
5 SCXK(Y7)2022-0009. - 2h4) O 43 8 18 N 1]
7, UL S bR #E G 15 R B iR B 3% | 45 T AR AR IR
. HHEYOK, 27ERETE, Fi(22.5~25.4) °C, X}
1 50%~60% . ASHF 7T 3R1F T\ — B B B zh
YIMeHLZE R HEAHES: 202311023),
1.2 RF

JIER B & (5 SN8160, 4hi/F =98%)FIBCA
o =i & (025 PC0020)0E B Jb 512 3 E BH
HIRA T ; HIF-1040# 5] PX-478(5% 5 : HY-10231)
6 H 3% E MCEA & ; B4 % (BGP) KL 1) & (77
51 H152-1-2) BB A (ALP)YR MR & (B8 5
A059-2-2). F4IEA 2 6(IL-6)F M7 & (185 -
HO07-1-1) B3R BE K F o TNF-oo) K 771 4 (P
51 H052-1-2)3 0 B B 5t A9 TAERE FL T s &
2L OFN[E S ekt B B TR 4R AR A TR A 7] 5
FifA HIF-1a(%% 5 : abl). SDF-1($%5 : ab155090).
CXCR4(%5 : ab181020). GAPDH(%%%5 : ab9485).
PR T PT(ab150113) 0 H £ [EH Abcam A ] .
CCK-8 7 & (525 : 40203ES60). Trizolifkil (F5 5 :
19203ES). cDNA# 565 & (¥ 5 : 11156ES10)
FISYBR Premix EX Taq™iR 7l & (#75: 11211ES03)
6 B 25 AR (i) R AR A R BCIP/NBT
ALPY R & (525 - C3206)0 i3 = R AW
ARG IR A KRR (COL-T) ELIS AR MR 7 &
(I35 : E-EL-R3008)14 [ £ AF 3 Bty R AE R
A BRA F]; S GEA M A% PR (PCNA) ELISAKS It
A& (B35 ml003181)H B - ifg By I A= W) RH A R
AH.
1.3 &

SuPerMax3000FL 2 I G B AR A H b3 [N 1%

VIR PR AT, RXS0R 24 B s 4 B AL
AR L) PR A F]; ChemiDocXRS+Y#iE
5 1% £ %2 B 3& [E ThermoFisher Scientific/2y &)
1.4 5%

141 HMEAGHEIF RSB Zoa| Nl
B 60 H R B B 405 1k B T R BB 1 R P&
KB T B IR E G E T KRR, J7ik:
K SRS S 40 mg/kg 3 L LG A RRIE , B J5 0 F
AR DX IEAT BRI M A0 2 . B ok, T
BN 1.0 mm ¥ 50 BAE, 7620 B HO R R) 58 4
BIEEFARE, &S R A DMERR AN . TERK
HIRGEE G, DO e IREHRARE IS . 2
Ja , P ST IR, FETERE B DURHE S A, R
T 22 1% b it Jn g & DA R 3, 4R BB R AR
B RIS bt T, DA s A R AR AL BE)S
B IREF NI e BN, EE L&
Prize, FEBY LRI 2 RISy, HiIRE R %
TR R wa, WFRKIHAT R, HE KR
AR T o K AR BB AL 2 A L 4
NIRRT EA . R EREFIEA. JIRER
T EAPX-4784L, AL 12, HAMNI12 R AR Z AT
AR PR K R AE AR IR AL IR R R AR R 4Ly
HIVEHE 10 mg/kg. 30 mg/kg) R B2, R B 2K i)
B +PX-478417E B 30 mg/kg )l A5 mg/kg PX-
478, HRI AN A2 DL RMARUAE SR EEE , 462
BIRE30K, R —IK.

142 B#  KERAH30KG, KBS RK BT
AR, St 32 B R ) 7 SRUSCEE IS FE A, Bl
HFIX L REA i E T80 CHIVKAE HH HEAT A4 R-AT, LA
HIGESEIAEH . ZJa, XK RS SRAEAL R, I
405 B8 3T B B 2141 G X e LR A
TE 4% (1) 22 58 H VAR h AT S R e, DA% Ja 2]
VERCASED) o[RBT, SHEGHR B4 s 44,
TRt — D BRI, CAPPAR R R B /N G R
1.43  KERE AN RE BB BB AR AR
F ST AL E RS T SR B N R
R R B AR AR oy B

1.4.4 HLOBGEE I 3 41 O & 41 e
P, WS A 1 B T KRR LR R A 2 B A
Ak ¥ 142 EE M RE HS, R
W (70%—> 80%— 90%— 95%— 100%) ] £ %
HEATBLK, SRR IEY, B0 S 6 R
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AT U A, A SO0 R B S TR R s B R
(100%—>95%—>80%—>70%) (1] L. BEH 5K, BRIHFA K
FERA 10 min, KM, B2 E R G4 5 min,
Tt P Y PR S S F PR 40 O == IR e 5 5 miin, 28 187K
Mk, oK. EHEE . THRREEME T W
SEIFHEALIE IS N HEAT H

1.4.5 A dgimdn  BUL427R IR I,
Fa BB U B R, R R B AR IN450 nmAd i
WG (DYE, &K %€ BGP ALP. IL-6+ TNF-07K -,
146 @mieiEsi  THBKRMELHEVIIT, g
Ab PR JE IR, FH0.2% TRY R S5 B v s A . BB 4t
PL2x10° AN /25 om? ()% FE Bl 15 = i 4 b
1% B &R /HER R M 10%06 4 75 1) 58 55 77 3 10
FFRr . 4R 7R 56 5% CO, 37 °Co FF3 R
B — R R TR A, SRR BRI . 3 2 34K
() s A0 M AT 52 T R S5

147 CCK-8%% i CCK-8Hffi/E SLI0 4 24 71
o B RCE A L 531044 /LI 2 FE BT 96FLAR
1, 37 °CHiF & 24 ho TR0 ZH B 4H 1 40 1 I N0 2.5
5. 10, 20. 40. 80 umol/LIY I =P, 2441
WG 1. 24 3R, WL s Rk e a4, AL
OIS 7R EEFICCK-8. 1 & 1 hig, 7E450 nmAbH
Z Die B br AR DA -

1.4.8 mianta AL HECE il LAL2x 1004/ FLI
R T6fLIR R, 37 °CHF & 24 h, 77 N EH4AL. I
B 2K (10 pmol/L)~ =53 EE2H (20 pmol/L)F 1 [ 7
KK E +PX-4782H (20 umol/L) 1|4 B2 2 +25 pumol/L
PX-4781"%),

149 ALPE M/ E RS FHACEANRLL2x10°NFL
()28 FE e T 6L, 37 °CIE B 24 h, IFESH A
TR )1 B2 25(30. 60190 uL/mL) 5 R i oz 1.
2. 3. 5KJE, EBREEFRACE AT 6FLIREE IR, B
GRIFHEIA R 4 . AR HE 1A 1544 F BCIP/NBT ALP
Pt R AT ALPYEYE . 7EFLAFINN ALP YL 5 2%

MR, F R AR LS ALP AL 5 100

1.4.10 e e Ay BT HRE AR
1. 2. 3. 5K, W B7E, £4 °CTF 4 000 r/ming L
5min. KA EiEANCUREE R AREPE ke
RURRM, 20 °CRAFRF AT . K ELISAVZAS I A4 4k
R5 7% A E A 35 P PCNAFICOL-1H 75 &
1.4.11  qPCRAM K RAF AL Fn it B 20 i HIF-1a.
SDF-1. CXCR4 mRNAZK-F HY 1.4 29 CRA7 B %
B, WFEELSI3E G NN Trizol 2 HUS RNA, W45 5%
N cDNAJG ] SYBR Premix EX Taq™i&7 &k 4T
PCRY# . PCRIJLZ&ATH95 °CHIAETE 30 s; 95 °C
305, 60 °CIB K5 s, 72 °CHE{H 15 s, FHIR39K . LL
GAPDH AW Z: , 27 EiH S i, 45 F LA R
P NS HGHEATIH— L EE . PCRIIPT I LR,
1.4.12  Western blot# | K R AL 20 22 A= ik /B 48
HIF-10/SDF-1/CXCR413 5 i@ 36 & £ A K-F YL
LA RAE I B 2R, FHR U B s I\ 2 i 2
AR A A ) s, [ SE AN 1.4. 841 M e R
H, 8 BCATE Bl e oR Gt A7 & B i e & 04T,
W E AR E T 12% SDS-PAGEEEK LIk F1 /0 B &
H, 5 S BT 5 5% R W4 B TBS T H == i &
12 h, I —$HTHIF-1a. SDF-1. CXCR4(1:1 000)T
4 °CHFE IR . TBSTHEIE I A BiAR I Ak
YIBEARC I —HT(1:5 000) %6 H 2 ho FIH ECL#E
ITREE R o Imagel 1 8 2 % 8 K H O
5 W2 GAPDHIILAE, Fuit24 oM nl 1945 45 A A
X RIE .

1.4.13  %J&4A4048 0 K RARE 4248 HIF-10. SDF-
1. CXCR4%k KNKF ECF il HEUT) 2 7 3
bk, RS K . BEIRIE , Kk 4 Al S HIF-1a.
SDF-1.CXCR4—Ji1E4 °C N A I B . PBSTEIKIA,
W SHARE AN BB P37 °C NI E
60 min. #RJ5 FHIDABYL L, FRARKS R G, &), 18
F Bk B .

®1 S4F5
Table 1 Primer sequences
A IR HI(5'—3") T AI(5'—3")
Gene Upstream sequence (5'—3') Downstream sequence (5'—3")
HIF-1a CUG AUAACG UGAACAAAU ATT UAU UUG UUC ACG UUA UCA GTT
SDF-1 GCATCA GTGACG GTAAAC CA TCT TCA GCC GTG CAACAATC
CXCR4 CTAAGG AGC ATG ACG GAC AA ATT TCC CAAAGT ACCAGT CAG C

GAPDH TGA CCT CAA CTA CAT GGT CTA CA

CTT CCCATT CTC GGC CTT G
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1.5 Gt o

SPSS 19.07 £ #s, 1 & 55k PAx+si#iA, One-
Way ANOVAITAL 2 41 [H %2 7. P<0.05F~EA
EMER.

2 R
21 IR EMN GBI KRS NREEME
EREALY

B K RE N B JE ARG 45 B an 3R 2 B
71N, 5% R AR T, B 2H K R N R R R
HARFRY BRI (P<0.05); SRR LR, IR &R
G R R B /N R S B A AR 4 3
22 T 5 (P<0.05); 15 ) 1R B 2 7 +PX-4784H K
B /N R 2 R JEL B i AR AR o B 2 AT ) R B
T E41(P<0.05),
22 IR Ex G e KRBT BAEREH
AFRIEFT RIS

WK 2R, iR, A aoiGs ailish
WA, X RAH, KERICEHRT R, 45

1 000 um
Model group

Control group

MTEEF e . AR, AR 2H K BRI 4 L 2R
2T RES . SR, 2K RS AN R = 1)1 R
KT WE, e i Bl T AR E R
B o R B 2R e 7 B ALK SR A A R 1S
WLECEE, T R 2 2R 7 & +PX-4784H K B 4| 4.
ST ) R B 35 v 7 2L
2.3 JIIBERE&Zx 4GS ARMEBGP,
ALP. IL-6. TNF-o7KEayE00

R 3R, HXFHRALA LG, A2 20 K R i i
BGP. ALP/K-F-#5 i3 FEK(P<0.05), 7 PEKIF1L-6+
TNF-o/KF B2 T+ 5 (P<0.05); SHERIHAME, I
FFEMG mF R KR MiEH BGP. ALP/KF-1) &
ZTFE(P<0.05), IL-6+ TNF-a7K 1~ i 2 FE1IK(P<0.05),
H )1 5 B 25w 7 R +PX -4 78 40 K BRI 3 H BGP
ALPZK 2 TR B 28 = 77 5 4H.(P<0.05), IL-6+
TNF-o7K~F- 5 3 1 1 95k 5 38 e 77 B 2H (P<0.05) o
24 IBREZxX 0414 E T KRR S HLEHIF-
la, SDF-1, CXCR4 mRNA7KERIZNH

FIH qPCRES K R & 42 HIF-1ow SDF-

1 000 um 1 000 pm 1 000 um

Low-dose nobiletin group High-dose nobiletin group ~ High-dose nobiletin

+PX-478 group

Bl FAARRITENERRmES

Fig.1 Computed tomography images of rats in each group

*2 JREAREFNREEMEERBHFRDIY

Table 2 Trabecular bone density, thickness and bone volume fraction of rats in each group

o4 /NG [ /mg-mm /NG /mm I E%

Groups Trabecular bone density /mg-mm Trabecular bone thickness /mm Bone volume fraction /%
Control group 810.74+82.43 0.1540.03 34.1146.12

Model group 531.44+54.31%* 0.04+0.01* 13.15+£2.63%*

Low-dose nobiletin group 610.64+65.71* 0.08+0.01*" 22.34+3.78**

High-dose nobiletin group 765.83+75.35%%4 0.12+0.02*%*4 29.41+4.96%*"
High-dose nobiletin+PX-478 group 582.41+59.284 0.06+0.014 16.74+3.45%

Xk, n=12; *P<0.05, SGXHRLL AL, *P<0.05, ST LA 2P<0.05, 5 )1 PR Z R 4L L, 4P<0.05, 51 K m s B4 A
¥+s, n=12; *P<0.05 compared with the control group; “P<0.05 compared with the model group; “P<0.05 compared with the low-dose nobiletin group;

4P<0.05 compared with the high-dose nobiletin group.
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Control group ‘ Model group

Low dose nobiletin group )

E2 FLOBEZFEKMEIMGMLE T AREENREHR RS

Fig.2 Safranin O-solid green staining was used to detect the injury of the surrounding cartilage tissue

0 gm
ngh dose noblletm
+PX-478 group

ngh dose noblletln group

in rats with traumatic fractures

#3 BEARMBEBGP. ALP. IL-6. TNF-0& L4
Table 3 Comparison of serum BGP, ALP, IL-6 and TNF-a contents in each group of rats

z\rfips BGP /ug'L"! ALP/U-L"! IL-6 /pg'mL"" TNF-a /pg-mL™"
Control group 2.35+0.26 241.654+25.59 40.13+4.57 40.62+4.57
Model group 0.41+0.05* 82.62+9.38* 152.62+16.81* 102.51+11.62%*
Low-dose nobiletin group 0.85+0.09** 165.48+18.61** 92.53+9.62** 68.53+7.06*"
High-dose nobiletin group 1.37£0.15%4 198.24420.35%% 50.07+5.87* 49.31+5.46*"
High-dose nobiletin+PX-478 group 0.52+0.07* 92.64+10.31* 146.59+15.234 93.54+9.65*

Xks, n=12; *P<0.05, 53R HLAL; "P<0.05, HIRAIALELES; 2 P<0.05, 5 )1BR AR AL 4P<0.05,

55 1R B 3R v R A LR

¥+s, n=12; *P<0.05 compared with the control group; “P<0.05 compared with the model group; “P<0.05 compared with the low-dose nobiletin group;

4P<0.05 compared with the high-dose nobiletin group.

1. CXCR4 mRNAKF, G R WEK 4R, XTI
AR, B K R B AR HIF-1o. SDF-1.
CXCR4 mRNAZK-3) I 3 [£IK (P<0.05); 5HIAIH
FHEL, NOB&- AL FE 40 A BB B 4H R HIF-1o. SDF-
1. CXCR4 mRNA/KF# 5.3 7t 5 (P<0.05), A%
NOBHI &M INHIF-1a. SDF-1. CXCR4 mRNA/K
%’%m@zﬂ%(ko 05); 1Pk B 2 a7 i +PX-47841
KB AL HIF-1a. SDF-1. CXCR4 mRNAJK
AR TR B 35 e 7 B2 (P<0.05).
25 IR &EpEE T KERE
la. SDF-1. CXCR4ZE HKFRISE N

FI| FH Western blotyd: R G 12 2H A6 7246 K FsL B
BHL P HIF-1a. SDF-1. CXCR4E A #RiA K.
SR WES. %6\ E3. E4fin. SXIRAMLE,
PRI 20 K BB 4 4R HIF-1a. SDF-1. CXCR4
H E KT R B M4 B 2 3 {83 PRI (P<0.05); 515
R, IR =AR S E AR R E H
HIF-1a. SDF-1. CXCR4% F/KF K& BH 41 i R 1
BT (P<0.05), BB &l Ed Tt mig
B2 (P<0.05); )1 MR R 25 A1) B+ PX-4 78 4 K B i
B HIF-1a. SDF-1. CXCR4ZH [ /K K fHE
2 i 22 2 2TV R B 3% v 7 B 4. (P<0.05)

26 20HIF-

2.6 PR Z3T KR AR E (HREE5E Y220

78R, 5.10.20 umol/L) P iz HAE 2591 «
213K 5 I REAE HERAFE (P<0.05), 10+ 20 pmol/L )14
PR B2, 1140 pmol/LJ1 ¥R B2 3R AE 254+ T
1. 2K )5 BALIEHEREHE (P<0.05), {HAHEE 20 pmol/L%
BV PEBRAR , MUS 2% FE 100 20 pmol/LJ1 45 i it
TIIRESOIE . K8WIR, 525 AL, NFRE FRK.
o A EE 2 T 4 B PCNA K- 389 756 (P<0.05); 5 )11k
B R R AR, 1R R 36 iR B +PX-478 41 A
B A PPCNAKF T F#(P<0.05).
2.7 IR &3 KB E a2 L RS20

9. F£10. ESER, 5EAHME, JIREER
15 7RI 2 2H i 41 i ALP . COL-IZK -1 75 (P<0.05);
5B 2 iR BEAAAR B, 1R e 2R A i +PX-478
YRCE AUMALP. COL-IKF R F#(P<0.05).
2.8 JIIBRE =T KR A E HBEHIF-1a, SDF-1,
CXCR4 mRNAFIZE H7KFBI50

11, Be6Ex, 5FHAMEL, )R ZRAK.
TR A R 4H W HIF-1a. SDF-1. CXCR4 mRNA
FEE H7KF- 1975 (P<0.05); 5 )1 e 2 v ik B 40 A
Eb, I B 3 e W B +PX-4 78 41 i i 4 il HIF-1as
SDF-1. CXCR4 mRNAFIZE H7/KF R F#(P<0.05).
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F4 BHEKBRPREFHLLHIF-1a, SDF-1, CXCR4 mRNAFRIAKFE
Table 4 Expression levels of HIF-1a, SDF-1 and CXCR4 mRNA in femoral tissues of rats in each group

ba:!

g HIF-1a SDF-1 CXCR4
roups

Control group 1.00+0.00 1.00+0.00 1.00+0.00

Model group 0.35+0.04* 0.324+0.04* 0.28+0.03*

Low-dose nobiletin group 0.69+0.08*" 0.7420.08** 0.7240.08**

High-dose nobiletin group 0.8440.09%*~ 0.860.09%*~ 0.91£0.10%*4

High-dose nobiletin+PX-478 group 0.41+0.05* 0.40+0.05* 0.39+0.044

¥ts, n=12; *P<0.05, 50 fRALLL#K; *P<0.05, HREAIALLLEE; 2P<0.05, 15 )19 A% S 4L LU AP<0.05, 5119 & i) B4 EL ik
X5, n=12; *P<0.05 compared with the control group; “P<0.05 compared with the model group; “P<0.05 compared with the low-dose nobiletin group;

4P<0.05 compared with the high-dose nobiletin group.
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B3 JEARRFHLAHIF-1a. SDF-1. CXCR4FEHRIEKFE
Fig.3 The protein expression levels of HIF-1a, SDF-1 and CXCR4 in the femoral tissues of rats in each group

x5 BAARBBHALHIF-10, SDF-1. CXCR4EHBBXTERIAKFE
Table 5 Relative expression levels of HIF-1a, SDF-1 and CXCR4 proteins in femoral tissues of rats in each group

é}fips HIF-1a SDF-1 CXCR4
Control group 1.32+0.15 1.01+0.12 1.02+0.12
Model group 0.35+0.05* 0.43+0.05%* 0.37+0.04*
Low-dose nobiletin group 0.83+0.09" 0.79+0.08" 0.75+0.08"
High-dose nobiletin group 1.12+0.15*4 0.92+0.13** 0.87+0.09**
High-dose nobiletin+PX-478 group 0.42+0.054 0.51+0.064 0.45+0.054

X5, n=12; *P<0.05, 5xHEH LS, 1P<0.05, SRR L 2P<0.05, 5 )19 AR E L LU AP<0.05, 51115 % 2 m B4 .

hae

X5, n=12; *P<0.05 compared with the control group; “P<0.05 compared with the model group; ©P<0.05 compared with the low-dose nobiletin group;

4P<0.05 compared with the high-dose nobiletin group.

3 i I A JIPEL, BT AN RIR T AT RE & 5K
QPR E ST 1R AN D BRI B e BRI, R BCSRIRAESE, BRI E TR
FATERE R RIEAESER P I0itEE AR EEN. BEalt - MRERNERE,
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Model group Low-dose nobiletin group

RENL PR
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High-dose nobiletin group High-dose nobiletin
+PX-478 group

E4 BEAKXRRFHELHIF-1a, SDF-1, CXCR4KIFEZHELE
Fig.4 Immunohistochemical plots of HIF-10, SDF-1 and CXCR4 in femoral tissues of rats in each group

#*6 BEKXRBRBEHELLHIF-10. SDF-1. CXCR4PHIELRAZE
Table 6 Positive cell rates of HIF-1a, SDF-1 and CXCR4 in femoral tissues of rats in each group

gt

Groups HIF-1a SDF-1 CXCR4
Control group 74.16+6.53 72.34+6.16 68.45+6.69
Model group 15.74+£2.21* 16.47+2.13* 14.69+2.07*
Low-dose nobiletin group 38.92+3.56" 34.51+3.45" 30.61+3.28"
High-dose nobiletin group 61.25+4.97* 57.64+4.78"* 53.43+4.64*2
High-dose nobiletin+tPX-478 group 18.3442.62* 20.13+2.56* 16.87+2.15*

xts n=12; *P<0.05, 55X R LL 4 *P<0.05, SREALAL AL 2P<0.05, 5 )1 R AR EALLLES; 4P<0.05, 519 2 mml Al b
Xks, n=12; *P<0.05 compared with the control group; *P<0.05 compared with the model group; ©P<0.05 compared with the low-dose nobiletin group;

4P<0.05 compared with the high-dose nobiletin group.

R BEKXFELEHETEES

Table 7 Proliferation activity of osteoblasts in each group of rats

JIBR B Zk J%E /pumol - L

Di

D value

Concentration of nobiletin /umol-L"!

1d 2d 3d

0 0.65+0.04 0.70+0.06 0.73+0.08

2.5 0.71£0.05 0.80+0.07 0.86+0.07*

5 0.82+0.06* 0.85+0.08* 0.91+0.09*
10 0.90+0.07* 0.89+0.07* 0.95+0.06*
20 0.96+0.09* 0.93+0.08* 0.98+0.08*
40 0.91+0.08%* 0.88+0.07* 0.83+0.06
80 0.70+0.06 0.76+0.05 0.67+0.06

x+s, n=6; *P<0.05, 50 pmol/LIL4% .
X+s, n=6; *P<0.05 compared with the 0 umol/L.

H P mf B Hab 202 228, M0 R T 5 3T

it — B UCREA —EMEZINS, B2 THIE
KT AR AR A R AR U R

RN 4 KRR B R 2 B L
ks 1o R L R 34T BRAIG LY R T bR £ BGP
ALP/K P2 25 BRAK, R IERIFIL-6. TNF-0/K P2 3%
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R8 BHKRE HPCNAIKF
Table 8 PCNA levels in osteoblasts of rats in each group

Dfii

HA
— D value
Groups

1d 3d 5d
Blank group 0.17+0.03 0.19+0.04 0.22+0.03 0.25+0.04
Low concentration nobiletin group 0.25+0.04* 0.31+0.03* 0.34+0.04* 0.36+0.05*
High concentration nobiletin group 0.36+0.06*" 0.43+0.05*" 0.46+0.06*" 0.48+0.07*"
High concentration nobiletin+PX-478 group ~ 0.20+0.05% 0.23+0.044 0.25+0.05% 0.27+0.054

Xts, n=6; *P<0.05, 57 4L LEL; "P<0.05, 5 1Bk 2 ARAJE 41 H A, ©P<0.05, 5 FR B &R ik 4Lt

X5, n=6; *P<0.05 compared with the blank group; “P<0.05 compared with the low concentration nobiletin group; “P<0.05 compared with the high

concentration nobiletin group.

‘.’/v R 1'\\»3‘(' S
Low concentration
nobiletin group

Blank group

High concentration
nobiletin+PX-478 group

High concentration
nobiletin group

E5 ZEKRFBAEHBALPREE
Fig.5 ALP staining of osteoblasts in each group of rats

Tt i, UM B B 3 R SRR TR A S BT o

NIR B3 e — i B 2 b AR W03 1 AN 24 AR
MRS ERR & NI ECR BA B st
PUR PUMRE . PURSSFEENE, RN ERI
U an e gesE . ke . prids. Sl
AU 45 2 A2 BAE T U AR TR B )1 R B R

R E I A B S 2 A SR A R 5 e R
A T3Ah, IBR B 3R AN RE S B R OE BE A AL
BRIV ELYIBRAR SR B B 1. 454 CAT AT
KBETT, HEM )R B R AT 2 5 (2 ik 0 kA 3 K
W a, BIASER DUNFR B T a7 8 Ui 1k
BTG, SRR R )1 P B R AT AT DU R 2z i )
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R BEKXFEEHEBALPKF
Table 9 ALP levels of osteoblasts in rats of each group

DfH

H 5
— D value
Groups

1d 2d 3d 5d
Blank group 0.24+0.03 0.28+0.05 0.29+0.04 0.27+0.03
Low concentration nobiletin group 0.36+0.05* 0.39+0.06* 0.41+0.05* 0.42+0.05*
High concentration nobiletin group 0.47+0.05*" 0.51+0.07*" 0.53+0.07*" 0.55+0.06*"
High concentration nobiletin PX-478 group 0.27+0.04~ 0.31+0.034 0.33+0.04% 0.35+0.05%

Xts, 1=6; *P<0.05, 57 AL HEL; *P<0.05, 5 1R B RARIK BEALELEL; ©P<0.05, 5 1Bk B R il BEAL UL
X5, n=6; *P<0.05 compared with the blank group; *P<0.05 compared with the low concentration nobiletin group; “P<0.05 compared with the high

concentration nobiletin group.

F10 BEKXRLEHMECOL-IKF
Table 10 COL-I levels in osteoblasts of rats in each group

Dt

ZH 5
L) D value
Groups

1d 2d 3d 5d
Blank group 0.18+0.02 0.22+0.03 0.24+0.03 0.20+0.02
Low concentration nobiletin group 0.27+0.03* 0.30+0.03* 0.32+0.03* 0.34+0.04*
High concentration nobiletin group 0.3940.05*" 0.41£0.05** 0.43+0.06*" 0.45+0.05*"
High concentration nobiletin+PX-478 group ~ 0.21+0.03% 0.2440.04° 0.26+0.04" 0.23+0.034

Xks, n=6; *P<0.05, 575 FHALLLEL *P<0.05, 15 )11BR B R AR L LU #P<0.05, 55 )11 e 38 e e P 28 LA
X5, n=6; *P<0.05 compared with the blank group; “P<0.05 compared with the low concentration nobiletin group; “P<0.05 compared with the high

concentration nobiletin group.

E6 SHARMEMAMHIF-1a. SDF-1. CXCR4ZEHRILKF
Fig.6 The protein expression levels of HIF-1a, SDF-1 and CXCR4 in osteoblasts of rats in each group
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F11 FEAARBREELHIF-1a. SDF-1. CXCR4 mRNAFZE QA FiAKF
Table 11 Relative expression levels of HIF-1a, SDF-1, and CXCR4 mRNA and protein in femoral tissues of rats in each group

=
4151 mRNA -
Protein
Groups
HIF-1a SDF-1 CXCR4 HIF-1a SDF-1 CXCR4
Blank group 1.00+0.02 1.00+0.03 1.00+£0.04 0.95+0.05 0.96+0.05 0.97+0.04
Low concentration nobiletin group 1.35+0.15* 1.41£0.14* 1.29+0.09* 1.31£0.11%* 1.37+0.12* 1.25+0.09*
High concentration nobiletin group 1.57+0.19* 1.62+£0.21*" 1.67+£0.21*" 1.50+0.15*" 1.57+0.16*" 1.61£0.14%"
High concentration nobiletin+PX-478 group 1.12+0.114 1.17+0.12% 1.15+0.05* 1.0440.08* 1.11+0.094 1.06+0.09*

Xts, n=6; *P<0.05, 57 4L LE; "P<0.05, 5 1Bk 2 ARAJE 41 H A, ©P<0.05, 5 FR B &R milk 4L Eh .

X5, n=6; *P<0.05 compared with the blank group; “P<0.05 compared with the low concentration nobiletin group; “P<0.05 compared with the high

concentration nobiletin group.

A5 11 T R R B 2 A R R EE AR Ak, 1A R B
BN REREE . A%, 12" BGP. ALP
K, BRIRIL-6. TNF-a/K -, 2R 4 5l i 4 v
RN, HLBEAE 1 Bk R 2 7 2 1) 38 22 1 Mo 0%
e NI S SR uR il 0 SN e
RERAEHEE TS

SR A T R I D REAH M, B AT R 43
WA R B AR R L, CE RS TR AR R 2
i, AT RE AL, A TR, )R RIGIT
AW REMREENEm TS AH. b, N
T RCE A MG FE AR S Y PCNA &

ALPHE A A2 i 40 i o A I AR 2 00 24
YIRS, N RK. mkEHALPIE M 23
W5 )R R A ALPIE M = TR T 1)1
MR R . 75 ALPYL ) IR iy 25 b 224 (1) P 44
FKIEWHEE T RAOHEA, HE% 5 ALPTE AL
HoAl BB AR &Y, W COL-T2Y, 1 & 7 H S5 BL Ay A
Lo JIBREFRAC, mkETTUE, ALPAICOL-IE %
T R H ) 48 0 4 0. {H YK B (>20 pmol/L)
SR N L A — B R, A R 4 T PR R
o IXELHYRR I, IR B F ARk B 40 R, X
TR P 2 R P AR 1 )

HIF- 1o P 39 00T DA = 40 B /5 S S A 15
(P35 17, (R AR P BRI A= i, HIF-1am]
D/ N 1T e 1 3 o] R 109111 AT
MIBEEFALTHS , X2 VF 2 ARS8 2 (B AH HAE H
(gh 8, A FEHIF- 10 N RISDE-1, ‘& 5 H A
FPEZ AR CXCRAGE &, TR MBS, SDF-1
& A B (] 7o AR B W &R . 24 SDF-1
152 FhR Y 1) A0 B R THI 7 7 PR 45 & CXCRART , W0E
() SDF-1/CXCR4 R DA 3-S5 41 ffa 3y 53 FHIL A U 75

FHOR B RIS 5, 755 MSCIR 24 i ALIT % I
Z 5 E 2. XUB%E W5t & 3 HIF-10/SDF-
1/CXCRAE F HfE i B T ie E e A,
O T YR 120 B R PRI B SR 5 A T
Hro ARSLIGEE R EIR, BB K R -E 20 21 HIF-
law SDF-1. CXCR4 mRNAZKFFIEE 4 FRIEK T4 8
EARTXTRRA, 1R 2R AR ERZH K R 4H 21 HIF-
lo. SDF-1. CXCR4 mRNAZKF-FIEE FRIE K- 5
i THEAA, BN 2 mm S R SR,
R 1 ¥ 52 2% 0] A 38 i 30 HIF-10/SDF-1/CXCR4(5 5
TP AR TR BUR B, (R E G . RSN
SGERA IR, IR R 2 T Plhe b B 48 i HIF-1a.
SDF-1. CXCR4 mRNAFIE [FARIEKF, HRNHFFTE
SR —3. A, NIRRT E A HIF-1 o 40
1l 71 PX-4782H R 1) ) 1| AR g 20T B 1 4 O B 1)
TBIT RUSIANR e IG5 . BRI, R
I B 2 2 i it HIF-10/SDF-1/CXCR415 5 38 i K AL
AT E TR R E &S .

Zx AT, R B F O VB 3 K R
HRREARAN A AT, (2B A, O A 3
oA, 1% 5 )1 Bk Bz 205 HIF-10/SDF-1/CXCR4/E
G K AR T AT T — % A5 T,
N B 2 /R F T 3L Ahad i, 775 )5 S0 92
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