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Scientific connotation of Jianpi Huogu Formula in treating steroid-induced
ONFH based on lipid metabolism reprogramming and transcriptional
regulatory network

LI Tao', ZHANG Chu', JIA Yan®, CHEN Wei-heng®, LIN Na'* | ZHANG Yan-qiong'*
(1. Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences, Beijing 100700, China;
2. Third Affiliated Hospital, Beijing University of Chinese Medicine, Beijing 100029, China)

[ Abstract] This study systematically elucidated the scientific connotation of Jianpi Huogu Formula in treating phlegm-stasis blocking
collaterals syndrome in steroid-induced osteonecrosis of the femoral head ( SONFH) by integrating clinical transcriptomics, lipid
metabolomics, and biomolecular network mining techniques. The invigorating the spleen and resolving phlegm group ( Codonopsis
Radix, Atractylodis Macrocephalae Rhizoma, Poria, and Citri Reticulatae Pericarpium ) targeted effective target genes such as

ALDH7A1 and ACOX1 through 115 chemical components, regulated the AMPK and sphingolipid signaling pathways, significantly
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reduced the levels of diacylglycerol (DAG) and cholesterol esters, and effectively corrected lipid metabolism disorders. The activating
blood circulation and dredging collaterals group ( Angelicae Sinensis Radix, Chuanxiong Rhizoma, Paeoniae Radix Rubra, Achyranthis
Bidentatae Radix, and Cinnamomi Ramulus) exerts effects through 197 chemical components by intervening in the chemokine and
NOD-like receptor pathways, inhibiting the formation of neutrophil extracellular traps ( NETs), downregulating inflammatory factor
expression, and promoting vascular function repair. The tonifying the kidney and strengthening bones group ( Rehmanniae Radix
Praeparata and Cervi Cornu) regulated the PI3K/Akt and Ras/MAPK signaling pathways, inhibited osteoclast differentiation genes
CTSK and MMP9, and facilitated the reconstruction of bone homeostasis. Transcriptomic and lipid metabolomic analyses were
performed on clinical blood samples collected before and after treatment with Jianpi Huogu Formula. Multi-omics integration revealed
that the three efficacy groups synergistically constructed a multidimensional network involving "lipid metabolism-immunity-bone
homeostasis". A total of 594 differentially expressed effector genes (367 downregulated and 227 upregulated) were identified via
clinical transcriptomics, and 179 differential lipid metabolites (' mainly triglycerides and DAG) associated with the formula’s efficacy
were identified via lipid metabolomics. Together with 2 657 disease/syndrome-related genes, a " disease-syndrome-symptom-formula"
association network was constructed. Topological eigenvalue analysis and functional mining indicated that the core network targets of
Jianpi Huogu Formula in intervening SONFH mainly regulated signaling pathways such as osteoclast differentiation, apoptosis, Ras,
MAPK, PI3K/Akt, and p53, thereby inhibiting osteoclast activity, promoting osteoblast proliferation, balancing bone resorption and
formation, and improving the bone marrow microenvironment. This study systematically reveals the scientific basis of Jianpi Huogu
Formula in intervening in the pathological process of SONFH through the synergistic action of "lipid metabolism reprogramming-
transcriptional regulatory network" from three key dimensions, i. e., lipid metabolism, inflammation, and bone remodeling. It fully
demonstrates the holistic advantages of traditional Chinese medicine ( TCM ) formulas in multi-component, multi-target, and multi-
pathway coordinated regulation, and provides an innovative perspective and data support for elucidating the mechanism of TCM in the
prevention and treatment of SONFH.

[ Key words] steroid-induced osteonecrosis of the femoral head ; phlegm stasis blocking collaterals syndrome ; Jianpi Huogu Formula;

lipid metabolism reprogramming; transcriptomics

DOI :10. 19540/j. cnki. cjemm. 20250717. 402

FEBUAR S 27 G, B R BRSO BT 7RI A TE AL A ARG B LAr e

R G GPETTAEH, 76 RAE TR IRYT K% B A
PrHESE T YRR AT AL, SR, K T E ok
F A 5 & W E M B Sk YR FE (SONFH ) | 1F 1
Shy T B R R AR AE IR AR R AT
SRR R K MR A SONFH kA% 5
iK 9. 9% ~40% , SR RFE S IR T F- B HI R R 1B
Z 9 R LRI RIS G i T R
] SONFH BTGy 7 1 SRR SRR A, ek
W AP EA RSz —, BT T EE4E
T L E S oy f L N R ) = 7 T i el 8
Pl B A A ORI R A AR AL, B
5 WR DA i M AR RO, I
PR =PI HRIEAE 0, RGUFERE T SONFH (13
AT AR A RN BRI A (T ) -9
BELIK 28 S0 5 BEL (I 390 ) — 0 0% . 95 38 W 7 22
(L) ™) I PR IFAT 6 “F VA A5 7R, 57 0] SONFH
BRE YOS IE |5 HE K 62. 3% , Howg PEiE 28 LR
MR A 3 AR LA | BDUE T A ¢ R

PUARHIE 5% UE 2, B A 18 2% AL A i 45 Py & 1 2
“HRR IR o B S B . R TE X I A oA
QI Bl A e | e R T A A 5 X
I BEIRAS Q2R 4 2 1 B L Bo s i e s PR R
BT IR BASIAIFSE & BH, SONFH 5 355 BH 2% 7 £ 2
FARE T AL (=% BE i A o L] K ST 25 ik B v 1
Hr BIFEAR 37. 2% 28. 6% , T £F 4645 1 JF K F %
T, B B -E A I 28 R A P VS E 2 1 % U0
RS WiHERR' . LT 0L, s o R S AR H
FPU Y7 I AR, R AT RS S 8
N AR R A 2 v 45 21 B, 3 ok fit
AR -3 00308 2 40 B R = R B R A R A
SONFH AP/ BEHLA B 58 s, %05 T+
iR SONFH B 12 4~ H J& , Harris 8 5¢ 7507
I EE T 29.7%, B Sk M BE R R ARG
41. 3% ,J7 R0 B D3R AR A 21 I R RE & AR
HRAR SRR ST S — M R (NG E TR
P A B G B A 0G 3Z 14 (PPAR ) y mRNA £

333



2026 4F 1 H | 51 B2

uuuuuuuuuuu

Vol. 51, No.2 | January, 2026

AAAAAAAAAAAAAAAAAAA

ik, E 1A Runt AHH 5T 2( Runx2) /Osterix B
LI, I B A it 9 A AR % B R 3K M1 (ox-LDL) 7K
S AR B AY | 20 AR FAIL AR 1 R 2R 4
WY, PRI AS B 5 LA A o Q) o 4 P 15 e ok I 4
W £ PR IF EAE" YA AR, £76 1 I PRI sk 4l 2 |
BRBACE A 22 5 4 W 0 F A2 I H R R G br
AT 5 73R 9T SONFH 8 955 BHL 45 31E 4 Th 3% B} 2
P
1 ME5Ik
1.1 KA 5% DNA SRR & (S
CA1510) g [ b 5 R 3 % B4 A BR A ) 5 TRIzol i
F(Hit5 10296028) Wik sk & (5 K1691) 1
H 2% [ Invitrogen 2 A, IR 250 HL (L5 5840R,
8% Eppendorf 23] ) ;3. 0 Quibt Fluorometer ¢t %
1Y (W= Q33216, ES ThermoFisher Scientific
YNEIDIS
L2 RHEAE AHESE 28 [ o S R B R IR
B (415 WIEC-KT-2016-009-P003) At 5t Hh £ 24
KR5S = I 8 5 Be (it #E S BZYSY-2021KYKTPJ-
01) fRHEZE DL 23t e,
1.3 BRSNS o 2ok s b ) o e 2 B 2R
ot B B Al st v B 2 R A — N R R B R 2 18R
SONFH HMRFHASUE 1Y F8 35, A I 8] 2 2021 4F 12
H #2022 48 H, 34t 4 i, 751 Fi2Wih SON-
FH PRI BH 26 ik B 1R FH A I35 B 3R 3 AN e
W i ik A AR AR

JITA AR Y B 5 BRI B B 145 ] 41 5
(CFR) G Fia AR A IS . 2 mAEASRAE T
FOH R 2 KA = IR BEBE—-80 °C vk A . I RS
HRAE /R~ B ) v 2B i R R AT, Irf
HRIA T S I WA 5 - 45 28 A1 IRl & 45, SONFH
PRINBHLEUE R — DL ER 1,
1.4 AFHEBRRHE  ASRHE: OFF S MONT M
A ZEN1995 ARSI IR L IRSE IS KT AR i s @FF &
ARCO 2019 HHHA iS5 0 AR E S O &
CBEE S IRBE P B HEIEARE (2019 4ERR) ) T Y
S AR s DB B B BRI S O
BHfG AW B i 2Rl P o R A AR ©
IR =18 JE % D A A B A W 4T, e i &
SERGIR S0 SR AR 4R

HEBRAR I : OB R B R 2 A TEE ; QK
PP 50 2 DA P S J AR A ) 4 B PR SRS

334

1 SONFH BEFEPH A UE B — MeiE ol o de

Table 1 ~ Comparison of general conditions of SONFH patients
with phlegm stasis blocking collaterals syndrome
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HEHI 5 2
§/8 2
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Table 2 Retrieval entries for primary and secondary symptoms

of SONFH with phlegm stasis blocking collaterals syndrome

NIN K 5 FRE/YCRE
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Table 3  Information for primer sequences

519 JP5(5'-3")

IGFIR % : TACTCGGACGTCTGGTCCTT

T % : TGGGGTTATACTGCCAGGAC
CREBI 3% : CATGGATTCCTGTCCTCA AG

T : GTCCAGGCAGCTTGAGTA AT
ALDH9A1 3% : TGGAGTCAAAAATCTGGCATGG

T : AGTAGCAATTTCATCCTCCCGT
DCK % : ATGCCTGTCTCAGTCGAATAAGA

T % : TGATTCCATCCAATTCAAGGCTT
PNP % : CTAAGCACCGACCTCAAGTTG

T : GGGGATTTCACCGTAGTCAAAGA
MAPK1 3% : TACACCAACCTCTCGTACATCG

T ##: CATGTCTGAAGCGCAGTAAGATT
SYK ¥ : TGCACTATCGCATCGACAAAG

7 : CATTTCCCTGTGTGCCGATTT
NCF1 % : GGGGCGATCAATCCAGAGAAC

Fi# : GTACTCGGTAAGTGTGCCCTG
RAC2 [ 3% : CAACGCCTTTCCCGGAGAG

T ##: TCCGTCTGTGGATAGGAGAGC
NCF4 #: CGGGCCGAGAGTGACTTTG

R 7 : TCTTCACCTCGATGACGAAAAC
CYBB 3% ACCGGGTTTATGATATTCCACCT

T % : GATTTCGACAGACTGGCAAGA
ARGI [ 9% : GTGGAAACTTGCATGGACAAC

T ##: AATCCTGGCACATCGGGAATC
PRKCA 3 : GTCCACAAGAGGTGCCATGAA

T : AAGGTGGGGCTTCCGTAAGT
BCI2 % : GGTGGGGTCATGTGTGTGG

T : CGGTTCAGGTACTCAGTCATCC
AKTI 37 : AGCGACGTGGCTATTGTGAAG

T ##: GCCATCATTCTTGAGGAGGAAGT
UQCRQ 3% : CGCGAGTTTGGGAATCTGAC

T : TAGTGAAGACGTGCGGATAGG
PRKCB % : AGCCCCACGTTTTGTGACC

T : GCTGGGAACATTCATCACGC
BCL2L1 37 : GAGCTGGTGGTTGACTTTCTC

T ##: TCCATCTCCGATTCAGTCCCT
GAPDH 3 : GAAGGTGAAGGTCGGAGTC

T : GAAGATGGTGATGGGATTTC

115 M2 503, A NES C (senkyunolide C) |
36 21F V (tangshenoside V) | [1] ¥ (foeniculin ) ZT.
B8 B ( rubrosterone ) | A AR P 11 (atractylenolide
1) AR A(atractyloside A) FE 7 D2 (lica-
riside D2) A% JZ 4 (hesperidin ) , #5 58 §5 il ( cyaste-
rone) FrBE 17 E (limonin) B EH7F (tamoxifen) . Hl
M1 A (spinoside A) 45, HAEE bR ILTT 1 035 4,
i ALDH7A1, ALDH9A1 , ACOX1 ., ACADS , MDH2 ,
336

SDHA .DLD .GSK3B .BCL2 MAPK1 % . IREE 4
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F R AN R S T AR 35 AL AR S AR S I
DLEE 1, BEA I A NS FRAC IS Y 2 B 45 SR B %
TRl 2R e SRS | H I R V-E A
P WENRTE < BERE R [ mE e A 20 i BR  g , &4
P G B ST 2 I, AF O 22 S s B AR g
WEELE 4,

BT AR A DSR4 1 25 R DG B i 4R
Fig. 1 Significantly relevant pathway enrichment for core effica-

cy targets in the invigorating spleen and resolving phlegm group

2.2 IMGE S H 2 Mo A8 R AR AL
HlfEAT TR KA (YA N IRAT R R
BO A 197 DA Mo, iR LA R (epicate-
chin) AjZ5F C(paeonins C) BJZRR (ferulic acid) .
AT (eriocitrin) £ 2 NG A (senkyunolide A) |
)% M BE B (senkyunolide B) | ¥ I %5 P R2
( senkyuno-lide R2) \FAFERTHH R (narirutin) FIEH &=
B2 ( proan-thocyanidin B2 ) . & i 5 2 ( trichoderic
acid) |, K 8 & H ( verbasoside ) , 1 i ( codonop-
sine) . T 7 MR (syringic acid) . Aj 2§ PN g # ( paeo-
nisuffrone) | Aj 2§ H ( paeonicluside ) | 4t P} & 4 G
(mudanpioside G) 4t} F( mudanpioside F)  4¢
JEFR ( chlorogenic acid ) 15 7 1 5 F (isomaltopaeo-
niflorin) &%, M i 3% 8 4% $£ 31 555 A4, 40 LYN,
CASP3  NCF4, CYBB, CYBA |, RAC2, SYK, NOS2,
NCOA1 ,PRKCD RARA ESRI1 %, TIfigs 45114k
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F 4 {EIEEITIRYT SONFH I PR 22 508 BT A i 5
(xxs,n=3)
Table 4  Content of clinically differential lipid metabolites in the

treatment of SONFH with Jianpi Huogu Formula(x+s,n=3)

No. g 5 44 R

WBITHT/ng - mL ™! IR /g mlL!

1 LPC(16:0) 3 889.32+463. 64 3 661. 00+£130. 25
2 PC(16:0/22:4) 626. 52+88. 63 837.43+92. 43
3 PC(16:1/20:5) 18.96+1. 85 41.73+5. 88

4 PC(18:0/18:1) 4 251.44+275. 86 3 732.67+581.53
5 PC(18:0/20:2) 228.04+44. 47 445.72+49. 88
6 PC(18:0/20:3) 3 806. 79+422.74 4 207.13+557. 11
7 PC(18:0/22:4) 197.44+21.93 333.93+36. 27
8 PC(18:0/22:5) 584.23+111. 66 863.39+61.72
9 PC(18:0/22:6) 938.46+99. 77 1 530.23+37. 60
10 PC(18:1/18:3) 120. 57+22. 07 212.82+48. 48
11 PC(18:2/18:3) 88.81+13. 81 155. 80+50. 42
12 PC(18:2/20:0) 24.04+5.05 40.22+2. 83
13 PC(18:2/20:3) 322.13+46. 74 502. 07+39. 62
14 PC(20:1/20:3) 42.00+8. 19 56. 09+6. 68
15 PC(20:5/22:5) 38.33+6.25 66. 66+2. 51
16 PC(20:5/22:6) 41.55+4. 81 94.81+9.27
17 CE(20:0) 46.30+5. 82 71.57+7.37
18 CE(20:3) 15 837. 171 621.40 26 277. 26+335. 21
19 CE(22.2) 23.45+2.21 57.30+7.59
20 CER(d18:1/20:0) 33.77+3. 68 47.87+5.48
21 CER(d18:1/22.0) 343.55+46. 94 555.39+43. 21
22 DAG(16:0/16:0) 1972.21+102. 84 2 388. 12+525. 08
23 DAG(16:0/16:1) 230.37+7.85 395.95+30. 70
24 DAG(16:0/18:0) 2 097.38+92. 21 3307.51£224.78
25 DAG(16:0/20:0) 25.12+1. 18 27.09+1. 81
26 DAG(16:0/20:1) 6.69+0. 33 10. 62+1. 16
27 DAG(16:1/16:1) 185.86+7. 02 260. 51+35. 66
28 DAG(16:1/18:0) 28.04+3.27 36.27+1.97
29 DAG(16:1/20:1) 2.61+0.39 4.11+0. 83
30 DAG(18:0/18:0) 1 862. 67+52. 04 3 406. 58+408. 49
31 DAG(18:0/20:0) 13.19+0. 959 26.16+2. 83
32 DAG(18.0/20:1) 1. 87+0. 33 3.99+0. 49
33 DAG(20:0/20:4) 7 759.79+£699.27 10 263. 72+925. 07
34 PE(P-16:0/22:6) 10. 62+0. 79 22.13+3.09

AR IR RS2 RER T S e E ALR -
PE-RAE” JAT , [R] If 2 5 3] 45 1L/ N Az 2l A L i
G T 31 K= SN G SR G E AN A R =
JRyER PR , A O B AR 5 3 s UL P 2, R4S i PRI I
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Fig. 2 Significantly relevant pathway enrichment for core effica-
cy targets in the activating blood circulation and dredging

collaterals group
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Fig.3  Significantly relevant pathway enrichment for core effica-
cy targets in the tonifying the kidney and strengthening bones

group
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Table 5 Differential changes in the relative expression levels of
core network target mRNA before and after intervention with

Jianpi Huogu Formula(x+s,n=4)

| biERag ] IR
IGFIR 1. 00£0. 52 0.79+0. 11"
DCK 1. 000. 38 1. 04+0. 10"
CREBI 1. 00=0. 20 0. 76+0. 03"
PNP 1. 00+0. 14 1.19+0. 06"
ALDHO9A1 1. 00£0. 25 0. 87+0. 03"
MAPKI 1.000. 15 1.1020. 10"
SYK 1. 00£0. 14 0.85+0.07"
NCF4 1. 000. 87 1.20+0. 18"
NCF1 1. 000. 53 0. 79+0. 06"
CYBB 1. 00£0. 89 1.35+0. 15"
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BCL2L1 1. 000. 48 1.3320. 20"
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