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Abstract

Objective: To observe the effect of electroacupuncture on angiogenic factors HIF-1a and VEGF; os-
teogenic factors BMP2 and Osterix; H-type vascular marker CD31; and bone destruction-related fac-
tor MMP13 in the serum of rabbits with steroid-induced femoral head necrosis, and to explore the
therapeutic effect and mechanism of electroacupuncture in the treatment of steroid-induced femo-
ral head necrosis. Methods: Eighteen healthy male New Zealand white rabbits were randomly di-
vided into a normal group, a model group, and an electroacupuncture group (electroacupuncture
at Huantiao acupoint and Biguan acupoint), with 6 rabbits in each group. The levels of HIF-1a, VEGF,
BMP2, and Osterix in rabbit serum were detected by qRT-PCR kit. Immunofluorescence staining was
used to detect the expression of H-type vascular marker CD31 and bone destruction-related factor
MMP13. Results: The concentrations of HIF-1a, VEGF, BMP2, and Osterix in the model group were
significantly lower than those in the normal group (P < 0.05), and the concentrations in the electro-
acupuncture group were significantly higher than those in the model group (P < 0.05). In immuno-
fluorescence staining, the expression of CD31 in the model group was significantly lower than that
in the normal group, and the expression of CD31 in the electroacupuncture group was significantly
higher than that in the model group; the expression of MMP13 in the model group was significantly
higher than thatin the normal group, and the expression of MMP13 in the electroacupuncture group
was significantly lower than that in the model group. Conclusion: The use of a large amount of glu-
cocorticoids can downregulate the expression of VEGF, HIF-a, BMP2, Osterix, and CD31, thereby
causing bone destruction and vascular destruction, leading to femoral head necrosis. Electroacu-
puncture can regulate angiogenesis-related factors VEGF, HIF-a, osteogenic-related factors BMP2,
Osterix, and H-type vascular marker CD31, increasing the concentrations of VEGF, HIF-a, BMP2, Os-
terix, and CD31, promoting angiogenesis in the femoral head, and reducing the expression of bone
destruction-related factor MMP13, thereby enhancing the self-repair ability of bone tissue. This may
be one of the mechanisms of electroacupuncture treatment of steroid-induced femoral head necrosis.
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TR B E Sk IR FE(Steroid-induced Aavascular Necrosis of Femoral Head, SANFH )2 I1fi FA< v FH i 2% 1) &l
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—ERAITER, (BB Rt — D0 T . AT F0I I W 22 H 5o 2 1 S Sk PR BB AR AR g I 7 v
MK F HIF-la. VEGF; BH T BMP2. Osterix [7RIAA5L, 87~ BAF VAT =R L R FE I HL
Hil, NBEE B R SRR AL S I Ak, PR W .

2. MN57EE
2.1. KK

e B G 22 % 21 W, 1K 2.74~3.45 kg, 1 _EHETTIAVL X 3256500 BRI% 4 PR A =3R4,
S TEEETE KSR E LA 9E, IREQ2+£2)C, MXTRE NS £5)%, UbRHEFRIEIRIESE, REH
B, SEIGHFURRTIEMN MRS 2 .

2.2. SEWEREIR

4 1f 3% (Solarbio, No.925T051). FHILIRIFAE(DD4077). FH & R (BHA, 20200910). 0.9%4:F K
(200218A24); RNAiso Plus (TaKaRa, 9109), NovoScript® Plus All-in-one 1st Strand cDNA Synthesis SuperMix
(gDNA Purge) (Novoprotein, E047-01A), NovoStart® SYBR qPCR SuperMix Plus (Novoprotein, E096-01B),
DEPC #bFR/K(ZECEY PN.: MA0018), GAPDH. HIF-la. VEGE. BMP2. Osterix 5|%H#& M 40 AE
Y& B

2.3. SEIG{UZE

W28 (15 E eppendorf); Y B3 oAU (R AN ) s AR IR B 3 B O W L(GE [ DL ; JiEiim v & 2 (5 E IKA);
i@ PCR 1% (3£ H BIO-RAD); %6 & PCR A i B 24Pkt R &40 78 BTt il 1) PCE-88A Y HLEH X

2.4. &

2.4.1. ©H

= K AR 21 H, @R R R O mIRE. BENL A 2 4. IEHH 7 H. G
H 14 o HRFAATENTEMETE 2w, ZJETTFURIER , SRS NS0T 22 KA R BEN I EERH 1 J,
B2 H, ATEIEE. RTIEFRH6 R, FHEHEA 12 RN 2 H: BRAE, fids 6 H.

2.4.2. {RBIEIL

TR 2] F A0t 1 S5 s B A TR SR SR AR JE I I, KRS ERREE, CREREZE T E 22 K A %% 10 mi/kg
22 R H Gk S S i . (8RS 3 )8, % 6 mlkg A EFRES S MiE. P2 AE, %45
mg/kg RIS R IR AR e, EEE 3d, BRIk TESEEIINE, BRE R KA GRS
BER 10 AL, 8L T7d, PIRTEEGE. EMFETNE, IEHE AR 0.9%S s A 1S -
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AV SHS RS 4 B, BENLALSE 4 Rh¥, BRI Sk, MaIRTEFIF, Ha—FH 10%+
PERE R D ARVAWR(0.1M, PH7.4)[E € 48h, TiE T 10%EDTA-Tris Zemi b i sh, R E#Bes®R, BHE
SEAMES LS, AKMYE, g OBEK, THIRERAE, ARV A, YIAEN 4um, F#L HE 4
o B NS I B SRR 2R E /N B REGE M B AuiE. E A, TR A
TREL U . A SR B E A AL IR G, B MR 4, AT E /N P R A A= e
HIEENEMEE R, TEEEERISEE, RIERSR.

2.4.4. F
IEHH SR ALK 10 ml/d #EH; AR Bk, BROMLEMSEE (SRR 1
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TGO HRIALEN), SR (LRERYS) , N PCE-88A BUFEHE HLAT AT AN (LB I
SRR AR ST, EET B NS #ICIT, S 2~100 Hz, B 1~2 mV. 5505 i 5 R
R, #8215 rdb. SITRENREHEENGIT 1R, SN LANTRE, JTREZ aaIE 2 K, JEiEIT 4
ANITRE . 23 BIAE ST T 07 R 45 o A6 A DS HR bR
2.4.5. IgFREMI

N FH S qRT-PCR A6 B L8 #F 2% Bl 1+ HIF-1a. VEGF FlE A0 AT BMP2. Osterix 7KF-; 5
G g DYt H B A5 E4) CD31. MMP13 RIA M.
2.5. G EAE

FrfS3 54 R SPSS 25.0 for Windows Ztit 3T M, B0 € R TR DAL + FrdEx
(X+S)EIR, RARRETZSNT, AFEIESDAR, RHAZMMSIAEAR LR RS, PLP<0.054
EREG R L.
3. &R
3.1. RIEHEXEF VEGF. HIF-«

qRT-PCR & L3 HIF-1aw VEGF #KEUI N4 1,

Table 1. qRT-PCR detection of serum HIF-1¢ and VEGF concentrations
% 1. qRT-PCR #&MM5% HIF-1a. VEGF jRE

2151 & HIF-1a (pg/mL) VEGF (pg/mL)
IEHH 6 1.00 £0.08 Avx 1.00£0.07A% N
TR 2H 6 0.31+0.020% 0 0.31+£0.01@% M
R 6 0.48+£0.030A0 0.66+0.020 AN

F {8 384.79 628.55

P1H 0.00 0.00

i HSIEWHANLE, OP<0.05, @P<0.05, EZFEAERII¥AEN; SHEBAMANLE, AP<0.05, AP<0.05,
ZR BRI FE N SHEHANEE, %P<0.05, %P<0.05, ZRAHF%IT%E L SUTEAHANEE, OP
<0.05, MP<0.05, ZREAGITHE .

3.2. REHHXEF BMP2. Osterix
qRT-PCR ¥l 7% BMP2. Osterix W& 1T % 2.

Table 2. qRT-PCR detection of serum BMP2 and Osterix concentrations
#z 2. qRT-PCR #&M 0 3%F BMP2, Osterix iRE

ZH o BMP2 (ng/mL) Osterix (ng/mL)
IEHH 6 1.00 £0.07 A5 1.00£0.09A % N
TR ZH 6 0.36+0.020 %O 042+0.02@0 %N
R 6 0.74+£0.020A0 0750020 AN

F 1§ 153.74 330.36

P 8 0.00 0.00

E: HSIEFHANLLE, OP<0.05, @P<0.05, EFEGRIIAEN; SHEMAHANILE, AP<0.05, AP<0.05,
ZRBAEgFEN SHEHEHENEE, P <0.05, %P<0.05, ZRAHF%IT%E L STEAHNEE, OP
<0.05, MP<0.05 ZERAESIH%E L.
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3.3. H 2 EFREY CD31. Emcen

3.3.1. AN CD31

CD31 N H B M EY, 2B T, CD31 2., mE 1 wa, HA4R CD31 RikEHE
AT IER A, AR CD31 RIEEHEZ RBAAH . Fudot s BOoR e wH et H A i 5 A ko i
AR, TR T BRI SR 3L

(a) 1EH2H 100 (b) HERIL 100x (c) Hi%T4H 100x

Figure 1. Immunofluorescence detection of CD31 expression
B 1. fRETSERM CD31 Fik

3.3.2. AT MMP13

WFFLRE, MMP13 Fid ERIE 5 E IR K[3]. WE 2 A7%n, BRI MMP13 KA R L& TIE
W, HEFHR MMP13 SRR BARTRAA ., G nd Rn e n gt g HAmA, RE 6k
AR F MMP13, SHEIT R M B kA A B -

(a) 1EH2H 100 (b) HERIL 100x (c) Hi%T4H 100x

Figure 2. Immunofluorescence detection of MMP13 expression
B 2. SRETSEN MMP13 FRik
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BRI IIRFOR N B . B . BT . BT . MR A AR R
(4], B, WEERAFIA, SEARCTMBEERE., BRI, BT EH: HK, WAL S
ZWIRE, BRI, BUFBI A, BREEE, SBUME kI, MTHESIILAT IR T, SO R .
AR I 2 A B R R S T B I L LA S . B AT A TR, AR T eR B e
EMEAR 4], HORIT R R IE AR, RS RRS, (EER.

260 0048 7 I A el 2 P TRV T[S 180 R Sk bR U R s ek b A7 7 B A ol 5 0 5 A4 o
(9] [10], H B S-S I A K . i 0 R AL O B L BRI Al A A i i A
TERS]. H Py R ANMLEIL 5500 W e, BE0R WO B AN, (LHEECH A, TR FE IR B T
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BE, [, H AN AN B BRI R S R . s AR S U 2E[6].

RPN Z A RIGATE I, HE AT R, W48 “Zhkprid, FHpLR” , BHSHRBITEZ
BEOCIT,  TRIET BRIy ORI G /S8 B T Jey 3 /e o T F T S B IR R T VR e e, B 25 U e 3 AR
W, ARSI, SCRHLE IR HORTE TSR r A BRIk S OGS S G T R R R
BeE BT H BRSPS, DIERER BEHAIT BRI E SR SRR HL ] .

ARSI EERFH . O B N HIF-la. VEGF 34l Bo~, #A4 HIF-1a A1 VEGF K% B 8K T
IR, IR ] S TR A RN e R 1A AR G ARIAE T . @ BUE PR BMP2. Osterix
RPN, HAIZH BMP2 fil Osterix W W AR T IEH 4L, MEMHIREE R & TR A R et
HIRAERGEBRER . @ H M REY CD31 Hidiien, B4 CD31 Rk B BT IEHWA, hE
4 CD31 Rk E & TR, KRB RS B M SR EMNREE ERERH. @ FB%HET
MMP13 ¥ $e7R, BRI RIEEHE R TIEF 4, e AfA S B TR, 20 e TR
WA AN K MMP13 [3£T5 .

gE LRTR, WA TR S H RLME R SRS, @ ek B Sk o I RS R A, B R
WK, MIMIEHE SANFH B SkIME 5, %% SANFH #ERE, 6y s E IR bLH 2 —.
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