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Formula (JPHGF) in treating steroid-induced osteonecrosis of the femoral head (SONFH). First, the candidate active components and
targets of JPHGF were obtained from the Encyclopedia of Traditional Chinese Medicine (ETCM v 2.0). Meanwhile, the Human
Phenotype Ontology (HPO) database was used to identify potential genes associated with the corresponding syndrome pattern. Finally,
clinical transcriptomic data were analyzed to obtain relevant targets for the phlegm-blood stasis blocking collateral syndrome of SONFH.

The intersection of these three types of targets was used to construct a multidimensional " drug-ingredient-disease-syndrome" network.

The STRING database was employed for protein-protein interaction ( PPI) network analysis, and the Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analysis of core targets was performed via the DAVID platform to predict key biological
processes and signaling pathways. Pharmacodynamic and mechanistic validation was subsequently conducted using a rat model of
SONFH with phlegm-blood stasis obstructing collateral syndrome. Data integration and mining yielded a " disease and syndrome gene-
formula and drug target" network containing 146 core targets. Pathway enrichment analysis indicated that JPHGF primarily regulates
lipid-coupled intervention in the SONFH phlegm-blood stasis blocking collateral phenotype through the purinergic receptor P2Y12
(P2RY12) -phosphoinositide 3-kinase ( PI3K)-serine/threonine kinase ( Akt)-fibrinogen gamma chain ( FGG) signaling pathway.

Hematoxylin-eosin (HE) staining revealed that rats with SONFH of the phlegm-blood stasis blocking collateral type exhibited reduced
calcification in femoral head tissues, loosely arranged trabeculae, hypoplastic osteocytes, significantly increased lacunae, and elevated
numbers of intramedullary adipocytes. Lipid profile analysis showed elevated triglyceride, total cholesterol, and low-density lipoprotein
(LDL) levels, along with decreased high-density lipoprotein ( HDL). Coagulation assays demonstrated shortened activated partial
thromboplastin time ( APTT) and prothrombin time (PT) , as well as prolonged thrombin time (TT) and increased plasma fibrinogen
levels. Immunohistochemical staining showed that compared with the normal group, the model group exhibited significantly increased
positive expression areas of P2RY12, phosphorylated PI3K ( p-PI3K), phosphorylated Akt ( p-Akt), and FGG proteins in femoral
head tissues ( P<0.05). In contrast, all drug-treated groups showed significantly reduced expression of these proteins ( P<0.05) , with
the most pronounced inhibitory effect observed in the high-dose group. These results indicate that JPHGF modulates the P2RY 12-PI3K-
Akt-FGG signaling axis in a dose-dependent manner. In conclusion, JPHGF exerts a syndrome-specific therapeutic effect through
multi-target and multi-pathway synergistic actions. By particularly suppressing the excessive activation of the P2RY12-PI3K-Akt-FGG
signaling axis, it improves lipid and bone metabolism abnormalities in SONFH with phlegm-blood stasis blocking collateral syndrome.

[ Key words| steroid-induced osteonecrosis of the femoral head; phlegm-blood stasis blocking collateral syndrome; Jianpi Huoguo
Formula; blood-lipid coupling; P2RY12-PI3K-Akt-FGG signaling axis
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Table 1 Visceral brain index in rats (x+s,n=6) mg-mg”'
20 531 JHF M+ %% JIG i+ %5 B fii 1 4
control 6.62+0. 13 0.39+0.03 1.72+0. 08
model 6.59+0.79 0.48+0. 08 1.55+0.22
JHF-L 6.34+0. 30 0.46+0. 03 1.46+0. 05
JHF-M 5.68+0. 45 0. 38+0. 08 1.43+0.01
JHF-H 5.65+0. 49 0.49+0. 03 1.47+0. 14

7 . control. nglXULﬁﬁéﬂ;modcl. *ﬁ’ﬂ?ﬂ;]HF—L/M/H. K o EE
NP (2.8.5.6.11.2 g-kg  HEMRTEB ) (F2~5, &1 2[F),

*2 AR MR IR (xs,n=6)
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FEOH R 1 AT A SONFH H58 B 248 iE R
SRR S 2580, ELi 1 2 B Al v, L P LA
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Table 2 Changes in blood lipids in rats of different groups (x+s,n=6) pmol - L™
21531 TC TG LDL HDL
control 664. 97+59. 49 120. 50 16. 60 74.98+9. 98 162.98+13. 43
model 1 482.26%53. 50" 217.85+10.57" 162. 61x6. 16" 82.89+10. 98"
JHF-L, 1 038. 84+37. 14 172. 7626. 947 134. 3426. 96 121.26%15.27%
JHF-M 821.95+67. 18%% 160. 126, 24> 127. 30£6. 92%+9 139. 98+15. 652
JHF-H 637.94+25. 56> 127.36+8. 19234 105. 48+3. 662>+ 142.76+15. 94>

¥ : 5 control A" P<0. 05; 5 model A1 P<0.05; 5 JHF-L 414> P<0. 05; 5 JHF-M A * P<0.05( % 3~5 7)),
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it T 2 IR S TR R LR B, WL 3,

# 3 BAKRBBBEM YT IR (x2s,n=3)
Table 3 Changes in four coagulation parameters in rats of dif-

ferent groups (x+s,n=3)

5 APTT/s PT/s TT/s FIB/g L™
control  49.66+6.65  18.57+0.65  41.88+1.70  0.98+0. 14
model  32.38+5.36" 16.64+0.24"  46.15+1.04"  1.3920.08"
JHF-L  54.262.287 17.740.18%  45.70:1.15 1.13£0. 11
JHF-M  55.63+4.09% 19.1420. 12 46.062.47  1.12+0.07%
JHF-H  49.06+5.21% 17.970.56>%  41.86+0.70>% 1.05+0. 03>
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HAVRHEIL M 7E 40 1558 F WES, model 41
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7E 100 £54558 T, model ZH K BB Sk 85 Ak Ho 491 B AR,
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55, 5] 5K 5 JHF-M  JHEF-H 418 /N IE
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SERANERE . AE 400 f5 5T, model 4B Al ITE A&
ORABLS 83 A A [ 4 IR AE 25 B b s A 2
W2 ; control 2 40 HLIE A5 1038 , 4544 1E 7 5 JHE-M
JHF-H 4175 15 B 65 £ 38 model 2 B 235k /0, JHF-L
HEFHERENTZ, 5 model HZERA R,
[ HZAE BT 7T WL, model 2H 88 1 1S i 41 it % &
W IRFREER B IAENE L4 ; control ZH AR i
2 i 5 3 i R S BRI JC R JHE-M  JHF-H
HRRNT IS 5 Bt T 1% JHF-L 4185 1 44
B model 4V /D, {HATSZ F control 41, VA I
S5 LR N 7 BRRS B3 SONFH H FH 28 1iE
KBS LR IR A S B 55, B JHE-M
JHE-H 2H 093097 S0OR W30 T JHF-L 4, WA 1,
4,

2.7 FETZVEARE GRS & 7 T 1 SON-
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Fig. 1 HE-stained histological section of rat femoral head tissue
F4 KEBELHAL HE B @ /N R AR 2 B
R (xxs,n=3)

Table 4  Relative area of trabeculae and cavity rate in HE
stained rat femoral head tissue(x+s,n=3) %
20531 F/NGERE R T AR R GRS

control 80.28+1. 64 9.00+1. 00
model 68.37+1.01" 36.33+2. 08"
JHF-L 72. 82+6. 257 26. 66+2. 087
JHF-M 77.52+1. 017 14.33+1. 52>
JHF-H 80. 13=0. 80% 11. 66+2. 08>

UZH I T B, A Al o o AR S A AR 7 fi
LS B 77 i AR ASK0 N7 S A S A1 < TIE 2 2R A 5 Bk A
873 DN L3R5 500 N IEIEN LA
S R HERIPRA i UEBE [A - D7 25 EAR 7 S8 LM 2%, I3
T RE IR TN AT GEEE =15 b tE=174. 6,
Hif =173, 598 01) it i 146 M ELOHERR,
KEGG & 240k W], X SEA.0 8845 1B 2 W 4 TR
WERAL SR JAE SOV | 200 M D RE VRl 47 K% I I A7 A
1555 5B B 45 L DVRH S g B . 22008
#4045 metabolic pathways . lipid and atherosclerosis .
HIF-1 signaling pathway \PI3K-Akt signaling pathway,
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Fig.2 Immunohistochemical staining in rat femoral head tissue
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