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Mechanism of Jianpi Huogu Formula in promoting angiogenesis-osteogenesis
coupling to treat steroid-induced osteonecrosis of femoral head in rats via
VEGF-Notch-Noggin signaling pathway
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[ Abstract] This study aimed to observe the promoting effect of Jianpi Huogu Formula (JPHGF) on angiogenesis-osteogenesis
coupling in rats with steroid-induced osteonecrosis of the femoral head (SONFH) , and to explore its mechanism of action through the

vascular endothelial growth factor ( VEGF) -Notch-Noggin signaling pathway. A total of 120 Sprague-Dawley rats were randomly divided
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into a normal group, a model group, low-, medium-, and high-dose JPHGF groups (2.5, 5, and 10 g-kg™" ), and a Jiangusheng Pills
group (1.53 g-kg™ ). Except for the normal group, all rats were injected with lipopolysaccharide (20 pg-kg™) via the tail vein once
daily on days 1 and 2, followed by intramuscular injection of methylprednisolone sodium succinate (40 mg-kg™', gluteal muscle) once
daily from days 3 to 5. The normal group received an equivalent volume of normal saline. Four weeks after model establishment, the
rats were administered the corresponding drugs by gavage. The therapeutic effects of JPHGF on SONFH rats were evaluated by
measuring mechanical pain threshold, cold pain sensitivity, hemorheological parameters, four coagulation indices, and by pathological
and imaging analyses of the femoral head. The microvascular distribution of the femoral head was observed by ink perfusion and Microfil
angiography. Immunofluorescence was used to detect the expression of platelet endothelial cell adhesion molecule-1 ( CD31),
endothelial mucin (Emen) , and the osteoblast-specific transcription factor Osterix, as well as the co-expression of CD31 and Noggin
proteins in the femoral head. Immunohistochemistry was employed to detect the expression of type I collagen (collagen I ) and
Notch-1 proteins, while Western blot was used to measure the expression levels of VEGF and Noggin proteins in the femoral head. The
results showed that JPHGF significantly increased the mechanical pain threshold and reduced the number of foot lifts in response to cold
stimulation in SONFH rats. It markedly increased trabecular bone area, reduced the number of adipocytes and the percentage of empty
lacunae, improved imaging manifestations of femoral head necrosis, and increased the vascular area in ink perfusion and the vessel
volume in Microfil perfusion within the medullary cavity of the femoral head. JPHGF also improved hemorheological parameters and
coagulation function, upregulated the expression of CD31, Emcn, and Osterix proteins, enhanced the co-expression of CD31 and
Noggin proteins, and promoted the expression of collagen I, Notch-1, VEGF, and Noggin proteins. These findings indicate that
JPHGE promotes angiogenesis-osteogenesis coupling by activating the VEGF-Notch-Noggin signaling pathway, thereby effectively
treating SONFH in rats. This study elucidates the pharmacological connotation of JPHGF from the perspective of " angiogenesis-
osteogenesis coupling” and provides an experimental basis for its clinical application.

[ Key words| Jianpi Huogu Formula; steroid-induced osteonecrosis of the femoral head; angiogenesis-osteogenesis coupling; type H
blood vessels
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WP RIS IE R AL 4G T AR R U BEER K, LA 2
B2 b R IR Sk K 2 B A T B, TRI B Micro-CT
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21 Y 22 3 FURIEOR BRUAT J5 2 B v G SR K U B
(] AT 0 R B AR T A BH P SO, 2R
“up-down” J5 21 A 509 45 1 B, VTR RN
I B v MR AL FIVA 2 4 °C 33— K RUE T
AL, A BREIFF AR, 2K B B 2 el R
ERNIFUR Bl RS2 R iE 5 5 min UK T
B -t AR R SN I IREL
2.3 Micro-CT KB it EZS5 WM EE 24 h )5
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2.9 TSI BUE 2 b sE R BUKCE Sk A
WEIR, B RS KAk, B R EIRPEE Triton
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IR FEH] 15 min, #I CD31,Emen | Osterix
Noggin —#H1(1:200) ,4 CiF, 37 CH R 45 min,
TIPS EARICH N 1 —HT,37 CHEHF 2 h, PBST
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4 5891k, H Tmage] 3R T2 EARXS THAR 434 .
2,10 FEERPEEEIS T ] RIPA 20 46 H
BB SL MR M AR BCA & e iR &t AT
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# 1 JPHGF X} SONFH K BRATLARIRE A4 TR SO 52 0 (x+s ,n=10)

Bt RS 2 h, A —HT(VEGF,1:700;
Noggin, 1:2 000;B-actin, 1 :10 000)4 C ¥ 7 i %,
VRS, AT, — 40, iR 2 h, ECL &6
W 52, FH Image] 1453 At 2% IR EEAAL, LA B-ac-
tin HNZ: TR P AR R IA R,

2,11 Gatseath et R A GraphPad Prism
8.0. 1 JKMFAr#r, LI 45 SR LA B bR 25 (x2s) R
7N, R ¢ KX 2 21 R T LA, 22 4 1) LR
PAPRIE T 224387 ( One-way ANOVA) , AE1E 4047 7Y
BIRHATAES B R, P<0.05 FR £ 3AG 5%
3 #5R

3.1 JPHGF 3% SONFH K BRL B A4 i 5
N AR IR ZE R LR 1, h2h 4 e, 5IER
S AR L, A5 T 2 KRR ML A (R SR R AR (P <
0.001) ; S5 RILL AR L, JPHGF 45751 2 20 A1 P 14 24
JGSW ZH AL 199 {7 A [) 72 BE 1) 7 5, JPHGF 45
259 R g 1 A 2, Hoh JPHGE i 9 i 4
HIGSW 2H 22 5 By it 243 L (P<0. 05,P<0. 01,
P<0.001), %52 8 JilJ5, S1EH 4IAH Lk, BIAY 4] K
FRUMLAR SRS [ 1 S 3 B ARG ( P<0. 001 ) 5 S5 RIZH AR LE
JPHGF w57 40 JGSW 2H AILM A 19 i &k & T
1 (P<0.001) , WIRBUR MRS R ILE 1, B2k
4 JHJG, SIEH A, AR B 5 min 4RI
B EIG N (P<0.001) ; SECRIZLAH L, JPHGF |
E R AL JGSW 41K B 5 min PY4R IR & 1%
flR(P<0.001) . 2525 8 JilJ5, SIEH AL, BRI
KE 5 min PG BEIVEL B 2 8 N (P<0.001) ; 541
RUZH AH L, JPHGF i 58 12 4 Al JGSW 40 K B
5 min PR ISIVRECE AR (P<0.01)

Table 1  Effect of JPHGF on mechanical pain and cold pain sensitivity in SONFH rats(x+s,n=10)
50%4i /& B{E/ g 5 min NFRIAITREL
2051 FlHR/g kg™ - — > -
55 4 4 5 8 JH %4 %58 )4

Con - 12.97+1. 60 12.571.42 6.75+0. 46 5.11£1.36
Mod - 6.18+1.71% 5.51x1.98Y 12.50+2.51% 11. 86+2. 12%
JPHGF 2.5 6.38+1.92 6.49+2. 38 11.00+1. 66 10.22+1.48

5 8.34x1.78% 8.80+1.579 8.50=1. 699 7.71%3. 64

10 9.78+1.84% 10. 70+2. 02% 7.30+2. 119 7.57+2.07
JGSW 1.53 8.80+1.92% 9.78+1. 63 8.17+1.479 7.86%1.35Y

T : Con. IEH£H ; Mod. A7 4 ; JPHGF. {8 B 3% 15 77 20 ; JOSW. BB JLZH (B 1~7 . % 2~9 ), FIEWAAMILY P<0.05,% P<0.01,Y P<

0. 001 ; S AR LY P<0. 05, P<0.01,% P<0.001( 3 2~9 [d]) ,
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3.2 JPHGF 4] SONFH K fl B Sk 4 2108 3 2
s SONFH R EUK Sk 4H4L HE 44 (4 F2H 4

A EEESEE R L K2, A4 e, 51E
A AH EE AR 2 R SR B Sk B /N R AR AR b, B
MR B E W Z (P<0.001) , 25 B M35 R g 3
LT (P<0.001), & /G20 fL A (P<
0.01) ; SHIRIZAH LL , JPHGF | 25 5] 4 41 A1 JG-
SW 2075 B B 55 % i F /> (P<0. 01, P<0.001),

A EG 4 B 02 8 (181 2.3 7)) o kA8 s MR s 4

JPHGF &5 7 5 41 B /N R T AR 35 48 i ( P<0. 05)
525 8 JAJE 5 IE R LA L, A A R R B Sk
NGRS A A0 A K AR T 4 B 1D A0 i 5 A
25 E R R BN (P<0.001) B /NGE T AL B
FH A (P<0.001) ; SEAYZH AR L, IPHGF H | &
FIE LA JGSW 45 7 40 e & B 2S8R B
FHFER(P<0.05,P<0.001) , B /NGETH AR 2 25 1 Jin
(P<0.05,P<0.01,P<0.001)

1 JPHGF Xf SONFH J FUBE Sk AU BEAS L 1 #20f (HE 35, x200)
Fig. 1 Effect of JPHGF on the pathological changes of femoral head tissue in SONFH rats( HE staining, x200)

%2 JPHGF X} SONFH K S Sk 28U B 5 e PF43 10 5

M (x+s,n=6)

Table 2 Effect of JPHGF on the semi-quantitative score of femoral head tissue histopathology in SONFH rats(x+s,n=6)

1 ’i"”iil i iy 240 A~ 2 H IR/ % /N R %
/g-ke 9554 7 %58 A g4 %8 FaE 55 8 JH
Con - 7.3321.03 7.17+0.75 14.001.79 15.00+2. 10 43.27+3.52 43.73+2.21
Mod - 12.50+1.38% 20.00x1.27% 27. 67%2. 66% 32.67+6. 15% 34. 60+2. 397 32.03+4. 85%
JPHGF 2.5 11.50+2. 07 17.50+2. 81 25.17+0. 98 29.336. 89 35.836. 52 35.26+3. 10
5 11.00+2. 19 12.17+2. 149 23.331.63% 26.33+2.67% 37.75+3. 46 37.47+2.92%
10 10. 17+1. 47 10.17+1. 729 22.00+1.79% 21.67+1.97% 41.69+4. 72 41.27+3.779
JGSW 1.53 10. 17+1. 60 10. 67+0. 82% 21.17+1. 84% 22.00+1.79% 40.76+5. 24 40. 48+4. 66°)

3.3 JPHGF #kl SONFH K BB 3k 544 2 o0 i

Micro-CT FIEHA L BT mF o g LI 2,
# 3, 45, SIEE A R, BRI R R E
Sk /N RRE B HEF S, LR B
(BMD) B /NEJEEE (Th. Th) B /NEECE (Th. N)
BRI B (BV/TV ) ¥ 8 35 F-AIK (P<0. 001) ,
/NGRS B EE ('Th. Sp) A RIETBUAF L (BS/BV)
FTHm (P<0.001) ; SR L4, JPHGE H | 55 7
AR JGSW 4 B & B AR B3 3%, BMD  Th. Th £
BV/TV ¥ & J 1 (P<0.01,P<0.001) ,Th. Sp #1
BS/BV i Z F#{% ( P<0. 05, P<0.01,P<0.001) ,
JPHGF 574 Th. N W 7+ (P<0.05) . #4525 8

J G, 515 A H g, A A KRR Sk /N R R
B AR WS BRI, O T MR AR AL,
22250 BMD  Th. Th, Th. N BV/TV Th. Sp Al
BV/TV ¥k A4 1 % 246 (P <0.001) ; SHCALAL L
B AL A B/ N R | PR 2 IX s /b | JPH-
GF o 75 40 F1 JGSW 20 BMD . Th. Th Th. N #I
BV/TV & Tt (P<0.05,P<0.01,P<0.001) ,Th.
Sp Hl BS/BV i Z F&AI (P<0.01,P<0.001) ,

3.4 JPHGF X} SONFH K 5B Sk T 48 /Y R 47
ER SRS R IR 3 k4, HiZh4 E, 5
IEH LR B AR A R U B Sk i s PN B VR VR T
U IR (P<0.001) 5 SECRIZL A L, JPHGF X
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Kl 2 SONFH K FUBE K HZAY Micro-CT 32452754k,

Fig.2  Micro-CT imaging changes of femoral head tissue in SONFH rats

# 3  JPHGF X} SONFH K FUBCH Sk H T AE PRI (24,0 =6)
Table 3  Effect of JPHGF on bone metrology index of femoral head in SONFH rats(x+s,n=6)

a3 biilis BMD/ % Th. Th/mm Th. N/mm™
/gkg ™! %48 %5 8 & 54 14 55 8 J4 554 14 558 J4
Con - 0. 60=0. 05 0.58+0. 11 0.23+0. 02 0.22+0. 04 5.67+0. 68 5.05+0. 14
Mod - 0. 4420. 03% 0. 39+0. 06> 0.13x0.01% 0. 12+0. 02% 4.64+0.18% 4.210.27%
JPHGF 2.5 0.47+0. 03 0.45+0.07 0. 16+0. 01 0. 16=0. 01 4.82+0.27 4.49+0. 47
5 0.510.01° 0.52+0. 05" 0.18+0. 019 0. 180. 02 5.12+0.27 4.73+0. 30"
10 0. 56+0. 02° 0. 56+0. 05 0.18+0.01¢ 0. 21£0. 04% 5.23+0. 16" 5.02£0.19%
JGSW 1.53 0.52+0.04° 0.55+0. 08" 0. 18+0. 02% 0.19+0. 03 5.12+0. 43 4.66+0.20"
] Fiilirs BV/TV/% Tb. Sp/mm BS/BV/mm™!
/g kg™ %4 %5 8 A %4 4 8 J# %4 %58 A
Con - 90.55+3. 09 86. 18+4. 48 0. 08+0. 01 0. 08£0. 00 13.15+3. 24 14. 15+2. 69
Mod N 73.80+2. 82% 74.83+3. 58% 0.10+0. 01 0. 12+0. 02¥ 21.22+2.61% 26.01+2.72%
JPHGF 2.5 77.31%3.59 78.57+3.52 0. 10+0. 02 0. 10+0. 019 19. 46%1. 57 21.40+2. 34
5 84. 60+3. 50° 83.50+6. 54 0. 080. 00” 0. 090. 01 16. 58+1. 73> 17. 66=4. 13%
10 85. 06=1. 94% 84.95+2. 26 0. 08+0. 01 0. 08+0.01% 15.39+1.52% 15. 11£1. 49%
JGSW 1.53 84.84+2.61° 83. 16+4. 77" 0. 08+0. 01% 0. 09+0. 02 15.92+1.31% 17. 48+4. 24%

i R R 2 R JGSWZH R I I O AR A
(P<0.05,P<0.01,P<0.001) ., %4248 )5, 51E%
L AR L, AR 21 A B S A s PN R O TR
EW > (P<0.001) ; SERIZ A L, JPHGE 455 i
LU JGSW 2 55 1 3 11 AR 34 f 24 n (P <0. 035,
P<0.001), H JPHGF 7 & 8 =, 2R i, 25
[, Microfil ¥ VE 45 R0 075, JPHGE #% 45 24 41 il
JGSW 2 AT L) I 2 58 i SONFH K BB 3k 9 A 4k
MR (P<0.001), ARG RIER JPHGE Xt
SONFH K FRBE 3k S0 B0 i 2 AR 7EH

3.5 JPHGF X} SONFH K K il 8 Ui A2 FiEE 1l 1) fig
MIRCEVERT IR e 2 B = BEIR S 5 SONFH 1 &
A B YIAHSG BRI T RE 50 2 5 B0UB Sk NI 8 1
IR TR B8, 365 8B Sk PR AR el A | e 28 BBk
WFENST MR AR A LS R LR S5, 42 4 JH
J& , 5 IE R A L, R TR A R B4 i s B0/ AR DA X

354

FRE AN R AR B MK BT A SR L Rh
Y78 44 5 TH 5 (P<0. 05, P<0.001) ; 5# 8120
A JPHGE w7 4 1 3 I 9300 A8 27 48 b ik 35 B
& (P<0.05,P<0.01), 2525 8 A5, 51E % 4
Bl , 55 70 2 O R4 I ¥R 3 28 24 48 A i 3 T (P <
0.001) ,JPHGF = 7 s 41 A1 JGSW 4 I 348 if i
TR 25 M S 35 bR A5 B W 3E ) (P <0.05, P<
0.01, P<0.001) . #E I D6 EAL 771, 4525 4 J8
&, SIEFAML, B4 KR PT APTT ) TT 3%
4556 (P<0.001) ,FIB & 3 F1 & (P<0.001) ; 54550
AR, JPHGE &7 S 41 M JGSW 4 bk 4845 i
B3 (P<0.05, P<0.01), 4325 8 JilJ5, SIE W4
o M4 R BL PT.APTT M TT W3 455 (P<
0.001) ,FIB i % Ft & ( P<0.001) , JPHGF ' & 5]
HEZH A JGSW 43X 4 Wifads i 35 2035 (P<0. 05, P<
0.01,P<0.001), LiRZ5 KW JPHGE 7] L)k 3%
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& 3 JPHGF X SONFH K BUB -3k P LA 5145 i B2 i) ( x200)

Fig.3 Effect of JPHGF on the vascular injury of femoral head in SONFH rats( x200)

# 4 JPHGF %} SONFH K BUBCH Sk i A8 T AR AR TR 520 (xs,n=6)
Table 4  Effect of JPHGF on the area and volume of femoral head vessels in SONFH rats(x+s,n=6)

il ke : A TR 5 % : - M ARBLS /% _
%40 £ 8 JA 54 JH 55 8 JH

Con - 5.02+0. 80 4.50+0. 53 9.67£1.23 9.22+1.21
Mod - 1.8620. 36% 1. 67x0. 28> 3. 64£0. 36% 3.69£0. 567
JPHGF 2.5 2.65+0.18% 2.42+0. 449 5.670. 45% 6.22+0. 52%
5 3.00=0. 44% 3.1520. 44% 6. 2620. 53% 6. 730. 44%
10 3.48+0. 54% 3.71x0. 43 8. 1420. 80° 8.71x0. 89
JGSW 1.53 3.36+0. 53 3. 41+0. 50 7.4320.73% 8. 1420. 80

SONFH K B A Sl IG5

3.6 JPHGF {3t SONFH K 5 B 3k Bl il 4 - hi &
MR S rOtZs R R, 515 R 4 b, BRI K
I E 3k Osterix” Y @ HE X . CD31 +Emen* 3L 4% 4 i
FALL B CD31 +Emen+Osterix " 34 @ 1 F1 5 22 06 20
(P<0.001) ; SEIA A L, JPHGF | 5 591 2 41 A
JGSW 2 Osterix* Z¢ 4,17 1 . CD31 +Emen™ 3£ 4% (4 1f]
FHLL K CD31+Emen +Osterix " 4% £ 1 FH i 22 3
(P<0.05,P<0.01,P<0.001) , [a]if, JPHGF &5 &
X FARTERR B BGEE LT JGSW 41, X 2L 5 4i
W] JPHGF 742 #F SONFH K 5B I 45 -1 15 R B
R IEHEAEH], WK 4 & 6,

3.7 JPHGF X} SONFH KM H 3k collagen I Fik
FIFEIR e LIRSS R R, 5 I 4LA e B2

KERBE 3k collagen 1 323k I F#AK (P<0.001)
SRRV F A, JPHGE G v 57 & 4 A JGSW 21
KEMEH K collagen 1 K44 8 EH i (P<0. 01,
P<0.001) , WLIKI 5 &7,

3.8 JPHGF %} VEGF-Notch-Noggin 15 5 i % HY 5%
M 5 IEH A L A EIZH Noteh-1, VEGF il Noggin
EHFA R FE K (P<0.05,P<0.001) ; S5 AIZ
HHEE, JPHGE | 5 57 5 41 M1 JGSW 4 Notch-1,
VEGF i Noggin 4 1335 B & F+ 5 (P<0.01, P<
0.001), WKl 6.3 8, HIE® 410 Lk, BiRIZH CD31
Fl Noggin i 3R IE/KF B T RE(P<0.001) 3 5
RERVZH A L, JPHGF /& 7l i 41 CD31 il Noggin
HAIRIE A B E TR (P<0.001) , JGSW A
FAMME (P<0.05) , WLIE 7 .52 9,
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45 JPHGF X SONFH R RUM AL AIEE M DI REAIFE A (vxs,n=6)
Table 5 Effect of JPHGF on hemorheology and coagulation function of SONFH rats(x+s,n=6)

g1 fiills 1 A éiéfﬂﬂ@%é%%‘éﬁ A mﬂﬁéﬁrg/mm-é A i*mﬁﬂnaxﬁé%&
/g-kg” EZU| %8 A a4 %8 Ba %8
Con - 5.90+0. 50 5.88+0. 19 1.3120. 05 1.29+0. 02 22.43+2.33 21.32+1.46
Mod - 8. 02x0. 72¥ 7.57+0. 28" 1.77£0.04% 1. 69+0. 09> 26.57+4. 11" 25.02+0. 10%
JPHGF 2.5 7.4120. 80 7.12+0. 40 1. 6820. 15 1. 58+0. 049 24.49+2. 89 23.07+1.23
5 7.12+0. 57 6.94+0. 28" 1. 67£0. 10 1.55+0. 04> 24. 14x1.54 22.55+1.21%
10 6.99+0. 57% 6. 56+0. 30% 1.59+0. 04> 1. 40+0. 04% 22.45+2.23% 22.02+1. 89"
JGSW 1.53 7.06+0. 46" 6.84+0. 39" 1. 42+0. 10Y 0. 19+0. 03% 24.20+1.03 22.52+1.33"
g1 I 1 k A IfiL e DI AR 4L SMBEEVIAER(1s™) LM EYIAER (50 s7")
/g-kg” 55 4 )4 %8 A %4 %8 %48 %58 JH
Con - 3.31£0.32 3.24£0.19 16.30+1. 16 17.07+1.70 5.29+0. 18 5.49+0. 19
Mod - 4.36x0.25% 4.09+0. 229 20.38x1.43% 21.32+2.19% 6.73+0. 16% 6. 64£0.23%
JPHGF 2.5 4.28+0.37 3.73£0. 16 19.31x2.04 18.87+1.05% 6. 400. 35 6.210. 31
5 4.06+0. 16 3.62+0. 28 18.64x1. 36 18.27+0. 90% 6.29+0. 31 6. 0620. 29
10 3.81x0. 129 3.46=0. 27 17.94x1. 14Y 17. 30+0. 90 6. 0420. 46" 5. 6420. 259
JGSW 1.53 3.98+2.20 3.57£0. 40" 18.38+1.01 17. 90+0. 95 6. 14x0.43Y 5.76+0. 40%
13 I 1 S (i1 BB EIAE R (100 ) A MFEBEYAER (200 s™) PT/s
/g-kg 548 %8 A ¥4 %8 JH 548 58
Con - 4.7120.26 4.94x0. 55 3.89+0. 20 3.73+0. 30 16. 6320. 85 16.93x1. 11
Mod - 5.61£0.26" 5. 86+0. 327 4.67x0.39% 4.99+0.31% 13.48+1. 17% 13.62+1.18%
JPHGF 2.5 5.25+0.24 5.5420.21 4.47+0.20 4.48+0. 30" 14.81+1.18 14.14%1.71
5 5.18+0. 38 5.22+0. 30" 4.34£0.17 4.3620.22% 14.95+0. 98 15.73x0. 70
10 4.96=0. 26 5.09+0. 43% 4.16x0. 30% 4.1120. 33% 15.42+1. 06" 16.62+1.19%
JGSW 1.53 5.02+0. 36" 5.11x0. 30 4.34+0.24 4.22+0.26% 15.24+1. 11% 16. 4920. 95%
15 %uiﬁl APTT/s FIB/g-L"™' TT/s
/g-kg 548 %58 A %4 %8 A HaE %8
Con - 13.80+1. 08 14.541. 01 3.22:0.31 3.54£0. 43 32.99=1. 30 33.39+2. 05
Mod - 9.38+0. 54 10.98+1. 64% 4.2120.33% 4.81+0.31% 28.67+1.54% 27.88+1.67°
JPHGF 2.5 9.94+1. 14 11.27+1.30 3.84+0.22 4.05+0. 35" 30.59+1.39 29.92+0. 87
5 10.51+1.78 12.9411. 04 3.7920. 19 3.85+0. 50 31.06+1. 09 31.76+2. 37"
10 11.91+1.26% 14.06+1. 199 3.600. 419 3.71£0. 499 31.89+1. 80% 32.83+2.39%
JGSW 1.53 11.73+1.05% 13.92+1. 19 3. 69+0. 30" 3.82+0. 32" 31.83+2. 66" 32.03+1.44°
4 g A 2 5 IPHGE 4525 )5, R BUMLAMU 130 1 T e

JPHGF J2 MR DA 2852 36 7 HE A 40 M i B 3k 3R
B¥. 30 ZAEMIGIRZ I T7, o0 “ fd A 9% | 17 I 3E 2%
IERERTT 2, PR RATIE R R 2 A i
PP BRIE. , 5 & 06 1038 2% 1k , < B RR " =2
EGHES AR B HI3 )15 R 2,
B 24 g AN AR A 3% I 3E 4, i
REFAR 2, BAR R IORALAE S Z UE, Bl 25 )1 4
ST AT, REREAMNE X RE LR 7 . IRAC 24 B 2= 1
TR, IRE GBS HAR A A A R
HAERTSY 2SI = B R B R A )
SCEEFPS . g% JPHGF & 7 R ik SONFH
R SRR ML A - B B R, ASAIF 5 38 3 4 57 SONFH K
SRR A AR ML, A7 R ki 45 5 i
7~ B2 R BRAL AR R B2 AR A B S 5 min 3R
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FFAR IR ECT B L7010 a8 s i s A R B &, 133 B
JPHGF HEH5 7 A6 1 2% % SONFH K B i) & e i
AR, LRI B AR 45 R R AR R 20 R R
St /INGEWT RS A 75 1 B R 1 22 A A% [ 4 B
15 40 L 5 e B 3 22 T B /N T R D RS B
W BRE N REVEAS TR N, B B R I SR AR )
Y, JPHGF 452)5 ] LAGZf# SONFH KRB H &
FEVEE N R I R kS B A
7 A AR R /N A A e BRI 5 2 S, HLA i
R, MG R BOGERBA B  $2R JPHGE 1T LLA R0 4%
T IR S U B L IR AE

SONFH A4 EL A BAIL ] o5 A B, {H 385 3 TA Ry
L BRI At 2 B PN BOO B B T I 04 )
NG ERBRAT A EEL R 220 R, IR Sk doleafn,
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Pl 4 JPHGF Xf SONFH K RUSLIILAS - U F RBIR AG AN (585 , x200)
Fig. 4 Effect of JPHGF on the angiogenic-osteogenic coupling of SONFH rats (immunofluorescence ,x200)

2 6 JPHGF %} SONFH KUK E %k CD31 . Emen #1 Osterix 2 [R50 (x+s,n=4)
Table 6 Effect of JPHGF on the protein expression of CD31, Emcn, and Osterix in the femoral head of SONFH rats(x+s,n=4)

20531 /g kg™ Osterix " A% 9 G HIFR CD31+Emen* X986 i R CD31+Emen+Osterix " AHXS 9 1 1
Con - 1. 000. 18 1. 00£0. 06 0.96=0. 12
Mod - 0. 32+0. 05V 0.32+0.01% 0.27+0. 08>
JPHGF 2.5 0. 42+0. 03 0.38+0. 05 0.37+0. 04
5 0.52+0. 03% 0.57+0. 02% 0.51+0. 09
10 0. 69+0. 05% 0.700. 02% 0.75+0.11%
JGSW 1.53 0.56+0. 12 0.610. 05% 0. 540. 05"

7 JPHGF %} SONFH K E 3k collagen [ 5 FIZRIKMY
M (xxs,n=4)

Table 7 Effect of JPHGF on the expression of collagen I pro-
tein in the femoral head of SONFH rats(x+s,n=4)

2H 5 Fi/ g kg™ collagen I 25 FIAHXS KA
Con - 0.09+0
Mod - 0.07+0%
JPHGF 2.5 0. 080"
5 0. 080%
10 0.09+0%
JGSW 1.53 0. 090"

Bl5 gl ekl SONFH KU E 3k collagen | HHFE

% (x200)
Fig. 5 Immunohistochemistry detection of the expression of col- IRBCIRTT (1 S e R DR A0 DXL /8 958 A, FE St It

lagen [ protein in the femoral head of SONFH rats( x200) HEAUME S A S e BB 5 . SRV E AT Microfil
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A. Notch-1 8 FH AR AN (x200) ; B. VEGF 5 S ENEAE I 5 C. Noggin 8 FH e DA
K6 SONFH KRB H 3k Notch-1,VEGF Fil Noggin £ [ 23k B K&
Fig. 6 Detection of the expression of Notch-1, VEGF, and Noggin proteins in the femoral head of SONFH rats

%8 JPHGF X} SONFH K FUB 453k Notch-1,VEGF F1 Noggin 5 FH Z2iA 52 (x£s)
Table 8 Effect of JPHGF on the protein expression of Notch-1, VEGF, and Noggin in the femoral head of SONFH rats(x+s)

451 Flit/g kg™ Notch-1 2 I ik VEGF MR =ik Noggin 2 [ X1 &5
Con - 0.16=0. 01 1. 07+0. 02 1. 02+0. 05
Mod - 0.100. 017 0. 70+0. 05" 0. 61x0. 08>
JPHGF 2.5 0.1120. 01 0. 87+0. 34 0.71x0. 10
5 0.12+0.01° 1.140.17” 0. 88+0. 03¢
10 0.140.01% 1. 24+0. 09% 0. 98+0. 039
JGSW 1.53 0.13+0.01° 1. 1920. 06 0. 87+0. 02°

1 : Notch-1 #MAEA it 4; VEGF F1 Noggin Kl REA & 3,

Bl 7 REue el SONFH K ERUBE Sk CD31 Fl Noggin £ F A9 ILRIE (x200)
Fig. 7 Immunofluorescence detection of the co-expression of CD31 and Noggin proteins of the femoral head in SONFH rats( x200)

GBI R /R HA G E NI SIS, BRI IR . AT R W], B A B Sk 1L
T AL b A R X S Sk AT EARRVARR % 28 JPHGF 1097 5 R BUBCR Sk A I
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#9 JPHGF %f SONFH KB 3k CD31 Fil Noggin & F1 KIS (55, n=3)
Table 9  Effect of JPHGF on the expression of CD31 and Noggin proteins in the femoral head of SONFH rats(x+s,n=3)

205 Fl/g kg™ CD31 " HXT 2GR Noggin " AH1X} 9 6 i AR CD31+Noggin ™ A% 5¢ 6 i £
Con - 1.000. 11 1.000. 18 1. 00+0. 10
Mod - 0.23+0. 04" 0.23+0. 05 0.27+0. 04V
JPHGF 2.5 0.4320. 11 0. 45+0. 09 0. 38+0. 03
5 0. 68+0. 13% 0.57+0. 12% 0. 55+0. 04%
10 0. 84+0. 039 0.830.10% 0. 79+0. 03
JGSW 1.53 0.49+0. 079 0.510. 06" 0. 42+0. 04Y

B FURRBE I, #8278 JPHGEF X} SONFH K UK
Bk NI BA RPYE . i3 —20 B SON-
FH SO 4545 I E AT 1 2 e | i DL 1 B i A
A PRI I B ARG R LA T PR, AR AR SE AR T
TR I 2 27 R I DU TSAG, 0, 25 SR 2 I, A R 4l 21
g ey G| A o AV =TR 1 1 DO ey e
M6 B 128 ALY FIB % TH &, ¥ PT TT,
APTT S H B&(%, JPHGF 3097 R 2l T MPS 5 %1
KRR AR 2 5 FNEE IS %, 22 9 JPHGF HAg
{2 SONFH K B A 76 R B VE

H 7Y Il 2 — BT & B0 00 P i A, Ry
A F BB T FE SRR, 23R 2 Fh A 2 4 A
1EHLR CD31 . Emen 5% BHH: , B 2R & K i Osterix
BHP: LA L, 3K 6 240 Jf BB 53 W VEGF i 3 1l 48 A&
Al 28! o [AIET, Osterix fENE H A A collagen | Y
FESEIKOF- T collagen T & B 2L Y B B AR &
e H B A AR S B B R R B W] A DG
LR ¢y || K e ) S eSS o (I )|
MR SLIRAEY | R AT 5T R A, JPHGF
REME T = BB Sk 3R 5E K BL CD31 Ml VEGF 23k,
HAWTER MR ER I A B4 JPHGE &
F3E AT H 7Y i A R 45 R - R AR I TR R
SR R BRI K FUCE Sk Emen .CD31 55 BH PG
o, 3 H RIS B R s A8 BB D i Os-
terix ‘HAHAIM, 5 collagen 1 323k AR A 45 IR — 34
5245 )5, JPHGE | 57 2 4 R BB B Sk Emen
CD31 ,Osterix ,collagen | ik & /i, W] JPHGF
REAE VEVRBE L5 Sk v 1 B0 0l 45 72 A2 kR A0
B5 .

VEGF J2 L4 P4 B 20 My 1% = 22 0 0 R 7, 7 1l
B N R R O AR AR A R B OB
Az I A R T R A R Y 2 Notch-
Noggin il #% T i VEGF 30 , T4 i H Y ifiy % %)
A, X BRI A - B R A IR ML A O 4

JMEZ JPHGF & 7538 1 VEGF-Notch-Noggin {55 5+l
PR HOBY I AE AR 2F s A - BB R I AR B SRR
A FE AR AT TR, &5 S R, B 4] K R
Notch-1 VEGF ,Noggin ik ¥ i 2 T %, JPHGF 1 |
7 7 4 2H Notch-1, VEGF | Noggin 2 35 & 2 54 1,
CD31 7] & A7 I 45 P9 K2 20 JfL, PN B 440 T L 4 i
Noggin, fE 9 645 R4 7/R , JPHGF A F+75 SONFH
KEL CD31 55 Noggin KKK IESE T 78 JPHGF
JAYT SONFH it 72 Hf | VEGF-Notch-Noggin 15 5 il
PGS, H S H B A s UIA G, DL g5 SR
B ,JPHGF 7] ¥ 7% SONFH X % & 3k th VEGF-
Notch-Noggin 15 518 1% .

25 FRTR ARSI @ i MPS B4 LPS 27 KR
SONFH # %! §iIEW] T JPHGF figsi %% SONFH K fl&
I, O IR B S A AU B 2R FAR e A8 A5 I
TR A B LS5 DL SO A A P, AR S I A -
BRI A ROE YT SONFH, HAE ML #1150
VEGF-Notch-Noggin {555 1% 25 Y AH 5 ( UL [ 4144
A SCHE SR R RL) o ABETREE Ry JPHGE if
J7 SONFH (11l PRI AR AR T SR 4L T SB35 |
[ 8& k]
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