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Mechanism of Jianpi Huogu Formula in treatment of alcohol-induced
osteonecrosis of femoral head via AdipoR/AMPKa/ Cptlb signaling axis
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[ Abstract] Based on the adiponectin receptor/5’-AMP-activated protein kinase catalytic subunit a-1/carnitine palmitoyltransferase
1b (AdipoR/AMPKa/Cptlb) signaling axis, this study investigated the therapeutic mechanisms of Jianpi Huogu Formula (JPHGF) in

alcohol-induced osteonecrosis of the femoral head (AONFH). A total of 56 Sprague-Dawley rats were randomly divided into a normal
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group , a model group, and a JPHGF group (5.0 g-kg™'). Except for the normal group, rats in the other two groups were administered
46% ethanol by gavage to establish the AONFH model, and JPHGF intervention was initiated in the treatment group at week 4 after
model induction. After 4 and 8 weeks of intervention, samples were collected. Mechanical and cold pain thresholds were assessed using
Von Frey filaments and the acetone drop test, respectively. Hindlimb muscle strength was evaluated by the inclined plane test. Micro-
computed tomography ( micro-CT) was used to determine bone mineral density (BMD) , bone volume fraction ( BV/TV), trabecular
thickness ( Th. Th), and other bone morphometric parameters. Hematoxylin-eosin ( HE ) staining was performed to observe
histopathological changes. Transcriptomic sequencing was conducted to identify differentially expressed genes ( DEGs) regulated by
JPHGF in AONFH, followed by Gene Ontology ( GO) functional and Kyoto Encyclopedia of Genes and Genomes ( KEGG) pathway
enrichment analyses. Western blot was used to detect the protein expression of AdipoR1, AdipoR2, phosphorylated AMPKa, and
Cptlb in femoral head tissues. The results showed that after 8 weeks of modeling, rats in the model group exhibited significantly
decreased mechanical pain thresholds and increased cold sensitivity ( P<0.05, P<0.01), indicating hyperalgesia. The maximum
inclined angle was markedly reduced (P<0.01), suggesting weakened hindlimb muscle strength. The femoral head surface appeared
rough, with enlarged dark-red cartilage areas and sparse, disrupted trabeculae; the proportion of empty lacunae and the number of
adipocytes were significantly increased (P<0.01), while BMD, BV/TV, Th. Th, and trabecular number ( Th. N) were significantly
decreased (P<0.01). After 4 weeks of JPHGF intervention, mechanical and cold hyperalgesia were significantly alleviated ( P<
0.05), hindlimb strength was restored ( P<0.01), and surface morphology of the femoral head was improved. After 8 weeks,
trabecular structure was further restored, with decreased empty lacunae and reduced adipocyte numbers, and BMD, BV/TV, Th. Th,
and Tb. N significantly increased ( P<0.05, P<0.01); cystic degeneration and collapse were markedly alleviated. Transcriptomic
analysis revealed that JPHGF significantly regulated 231 key DEGs, which were mainly enriched in adipocytokine signaling pathways
and closely associated with AdipoR1, AdipoR2, p-AMPKa, and Cptlb. Western blot analysis showed that AdipoR1, AdipoR2, p-
AMPKea, and Cptlb expression levels were significantly downregulated in the AONFH model group compared with the normal group (P
<0.01), but were markedly upregulated following JPHGF treatment ( P<0.05, P<0.01). In summary, this study demonstrates that
JPHGEF exerts therapeutic effects against AONFH by activating the AdipoR/AMPKa/Cptlb signaling axis, thereby improving bone
marrow lipid homeostasis and restoring femoral head microarchitecture, effectively relieving pain and functional impairment. These
findings provide new experimental evidence and molecular targets for the prevention and treatment of AONFH in clinical practice.

[ Key words| alcohol-induced osteonecrosis of the femoral head; Jianpi Huogu Formula (JPHGF); transcriptomics; AdipoR/
AMPKa/Cptlb signaling axis
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Table 1  Effect of Jianpi Huogu Formula administration on 50%

mechanical pain threshold in AONFH rats (x+s,n=12) g
A5 552 JH FaR 6 5 8
control  17.51£9.32  23.80£21.92  24.9410.97  27.78+10.99
model  14.33x13.91 98443052  8.48+4.32%  7.85%3.35%
JPHGF  13.52+7.82  11.83%3.45  17.76+5.48%)  19.30+4. 10

1F : control. IEH 4 ; model. AONFH FiZU4H ; JPHGF. 5 g-kg™' gt
EE TG (I 1~5 .3 2~6 [7]) ;5 control AL P<0.05,% P<
0.01; 5 model #H Y P<0.05,% P<0.01(#£ 2~6 7)),

2 ARNE BT 255X AONFH K BRYA IR 0 88 S50 NPT 43 B 52 ] (& ,n=12)

Table 2 Effect of Jianpi Huogu Formula administration on cold hyperalgesia scores in AONFH rats (x+s,n=12) Vi
25 ®1 %2 %3 %4 %5 % 6 A %78 % 8 Jil
control 0. 96+0. 63 1.17+0. 30 0.92+0.29 0.94+0. 42 1.00+0. 18 0.92+0. 24 1.17+0. 64 1.42+0.42
model 1.27+0. 67 1.75+0.53%  1.77+0.51”  1.96x0.47%  2.20+0.34%  2.27+0.39%  2.10+0.37%  2.28+0.45"
JPHGF 1.24+0. 88 1.43+0.37 1.41+0. 58 1. 61+0. 64 1.560.47  1.48+0.87%  1.5420.62 1.54£0. 67"

BRI S — 25 R YA 8 A R 11
(2555 4 J % 7 ) J L R 4K BULE AR I
T 4 60 45 150 ) i1 FE 8 IE 5 401 W (P <
0.01) 4875 F RT3 B0 . 28 4o )7

BITH 4 8 7 G, KB KR B2
7+ (P<0.05,P<0.01) , €4 fig 111K & , % W]
T BEE A AR AONFH S 801 T e 1, W
%3,

K3 R E TR RN AONFH K FURMISE 30 i R BURHA BE BRI (x4 ,n=12)

Table 3  Effect of Jianpi Huogu Formula administration on the maximum inclination angle in the inclined plane test of AONFH rats

(xxs,n=12) °
451 1R 2 %53 )8 554 8 %55 %56 JH %57 %8 A
control 70.70£2.69  71.46£3.32  70.70+1.51  71.30£2.92  71.42+2.47  71.97£2.79  72.36£2.92  72.55+1.56
model 69.24+1. 80 69.43+2.45 69. 16+1. 69 69.03+2. 83" 69.79+3. 56 70.33+3. 31 68.90+1.75"  68.56+1.54"
JPHGF  69.33+3.73  69.52+3.34  70.17+3.64  71.17+4.10Y 72.27+1.50  72.51+1.49  73.42:+2.36%  73.38x2.49"
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B 1 @SB X AONFH KB E Sk RAARTE A5
Fig. 1  Effect of Jianpi Huogu Formula on the gross morphology
of the femoral head in AONFH rats
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Fig. 2
changes of the femoral head in AONFH rats ( HE staining,
%x200)

Effect of Jianpi Huogu Formula on histopathological

K4 ARMIEETTA SN AONFH KRB Sk 2400 B G2 20 A9 520 (ks ,n=6)

Table 4  Effect of Jianpi Huogu Formula administration on the semiquantitative histopathological scores of femoral head tissue in AON-

FH rats (x+s,n=6)

. 2 HEE R % Jig 5 4 g 4~ BN %
%4 ERY %4 %58 JA o4 A %58 A
control 12.87+1. 69 15.99+1. 47 6.00=1. 41 7.3321.63 47.00+0. 88 42.1720. 54
model 33.02+1.80% 40. 88+2. 92% 16. 00+2. 00% 25.00+1.41% 32.00+1.98% 28.50+1. 627
JPHGF 17.04=1. 429 18. 06+2. 82% 7.50+1. 05" 9.50+1. 05 41.67+1. 86 44.00+2. 95

3.4 (@RS 7% AONFH K BB E 3k Micro-CT
AL A

Micro-CT A3 45 R s | IE % 3k IME5E
RO, BR A B A s J O N3
HF B %, SIE R A AL, AONFH 355 8 J&] 455 7Y
R B E KAMNE A EHE WA b DX B AR

B /NGRS B L W 2R R T RS W] A B ROR
BEA G TR SE R 2 12 JR BB Sk R IR b,
WY K, B/ R A B — 2 E L, B
Ao MRS BT T4 S R BB Sk R DG
T BE RIS 56 5 1R B B 20 ) ok 3, A8 K 03
BT DUA BT I, i /0N L 4 3 NG e P i T 2
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Fig.3 Effect of Jianpi Huogu Formula on Micro-CT imaging of the femoral head in AONFH rats

25 AEMIEE A ZEN AONFH K BRI E L BT F S (2+s,n=6)

Table 5 Effect of Jianpi Huogu Formula administration on bone morphometric parameters of the femoral head in AONFH rats (x+s,

n=6)

415 A BMD/mg-cc™! A A BV/TV/% A A BS/BV/mm™’ A
B4 %8 JA %4 %8 ®aM %8
control 783.69+128. 12 740.27+80. 13 0.99+0. 01 1. 00+0. 01 1.92+0. 44 1.20+1.26
model 528. 54%37. 60% 457.23%14. 657 0.93+0. 027 0. 86+0. 03% 5.31x0. 86 8.21x1.06”
JPHGF 593. 86+55. 05 585.57+61.48Y 0. 96+0. 02° 0.9420. 03" 2.99+1.26" 4.46+1.92Y
13 Th. Sp. /mm Th/Th/mm Th. N. /mm""
o5 4 55 8 JH o5 4 JH 55 8 JH 554 58 )4
control 0. 02+0. 01 0. 02=0. 01 0. 60+0. 17 0.59+0. 07 2.46+0. 18 1. 81x0. 45
model 0.03+0.01% 0. 04x0.01? 0. 34+0. 07% 0.25+0. 10% 1. 42+0. 10? 1.22+0. 12"
JPHGF 0. 02+0. 01 0. 03+0. 019 0. 37+0. 09 0.41+0. 14% 1.20+0. 41 1. 62+0. 42%

3.5 FEstdH RO RERRTT

HT 2 F 5% log, fold change | >1 H P<0.05
[ b o, 1351 516 4~ AONFH HIC 1) i 3 2 5
FLE 1081 AMEIREG 377 TP AONFH 19 1. 25 22
SEAEIN ULPE 4A (4B, R T HBOLERRG 231 5
MG IR YT AONFH 25 VAR 56 i) SR 3L A, O
Kl4C, GO WERLRE R, X 231 ok N 1%
WA R (BP) WG LA &% 'H & B (muscle
organ development ) | N A I ( regulation of
body fluid levels ) 5 ; H g (i I 4HMIZH 5 (CC) H
28 118 2 AW (axonemal dynein complex ) | % fiih
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Jri B N 7E B 43 ((integral component of postsynaptic
membrane ) 55 ; 7E 43 F DI RE ( MF) J7 1, W 5 3 & 45
/a\( hormone binding ) %ﬂﬁﬁl‘ﬁ?é, LK 4F, KEGG &
RN XSO £ S 5 cAMP 15538
% (cAMP signaling pathway ) ., Ji# i I A 2 {5 5 %
( glucagon signaling pathway ) | g i 41 i Kl 715 5 18
# (adipocytokine signaling pathway ) LA K #MAS 55 5E Il
215 LV ( complement and coagulation cascades ) 5§,

JLIE 4D, #h4 EA DFFE, AONFH fY St 7 5 FHURFAIE
Z— e BERR I 4G A= SRR AR ZE L, i g s 40
MI PR 15 5 38 4% 39 #% 0 43 F B8 Wi L F (adipocyto-
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kines ) &1 22 4 B IR A5 )5 8B TR B 1) OGBS
i, ZOE AR E S 5 SO 5 T W 16 52
i 5 R AURAE , s BRAIL TR 5 ONFH # fife i 4 Bz 5%
SE AR 2 A, B 7 A R {5 S
S AR E E L B P A “insulin resistance ”
“AMPK signaling” 45 2 25 (X 5 A& SiE AH DG I8 B 471

JZACH AEAE T Mg b TR AL E Y, R,
SR AL B D AT RE T A R b AR B P
P N ir 2 55 A5 S WA M AR L ain PR . RSt
FORFHE— 2L AR TG 107 40 TN 1A= Ja %, AR T fe
L X B R R 1 R T A 5 R 4
TR

A BEFIL vs TEH LA IR B RS B 7 41 os BEAVAL 04 KL BT ; C. HE38 3K DEGs 5 B D. KEGG il i i 424347 ; E. & 2E1E adipocytokine
signaling pathway 1) DEGs;F. GO {14381 ( BP. A= ¥)3d B ; CC. 401 /3 s MF. 43 FIIiE)
(&l 4 FET RS2 i 0tk (RS B 7 IRYT R B AONFH B4 0o

Fig.4 Core targets of Jianpi Huogu Formula in the treatment of AONFH in rats identified based on transcriptome sequencing

25 57 SE PR LE N 195 440 M 1R 15 538 %0 18 o A
R HFER LU IE 4K, 55 05 105 40 i Y 715 5 i
% Y] M 52 B AdipoR1. AdipoR2. Prkaal ( H
AMPKa) K Cptlb 7EA 6] 73 2H 2 1] 5 R {2 3 22 &
Fk, AdipoR1 il AdipoR2 VE MG I 13244 | J&
I T 200 1 DAL 7155 5 3 B 0 A0 9 0, B TR
PR 115 514 F; Prkaal W& AMPK {5 53 1% (1)
KN WAL 4 1, 2 5 fi 1 AR R0 4 1 4%
Cptlb VE LRGN TR B-4A 4k 1 BRI, 5 iR 10
RS E VMG, BT, ARG 8L 5L Kb

H A KIE T AdipoR1, AdipoR2  Prkaal F1 Cptlb f)
LAY, LIS E — 20 ) B 4 ALY B 5 T 150 AON-
FH %53 HLi
3.6 GG E 7 X AONFH K BUBEH Sk Adi-
poR1 AdipoR2 .p-AMPKa } Cptlb 357K 50
Western blot £ il 25 2 W 7, 5 1F % 40 A1 b,
AONFH #5754 2] K B B2 B 3k o AdipoR1 ., AdipoR2 ,
p-AMPKa } Cptlb i [ %3k K F £ 3 F B (P<
0.01) ,#&/~ AONFH A4z (55 m g s b, &
a5 3% B 7 TS , AdipoR1 , AdipoR2 . p-AMPKar
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Cptlb FA7KF I fe s AU 24 B & [ (P<0. 05, P<
0.01) , H:H AdipoR1 K Cptlb FIKAKFH EIHI N
2 U 4 LS B T B S AE I AdipoR/AMPKa/
Cptlb {5530 FE A0S , T 203 AONFH BT 3501 5
HUCE, LE 5 &6,

BI5 A s A7 % AONFH R EUBCE 2k AdipoR1, AdipoR2,
p-AMPKa K Cptlb & [ 335 BRI

Fig. 5 Effect of Jianpi Huogu Formula on the expression of Adi-
poR1, AdipoR2, p-AMPKa, and Cptlb proteins in the femoral
head of AONFH rats

F 6  AIIEE X AONFH K BRBEE 3k AdipoR1, AdipoR2
p-AMPKa/ AMPKar & Cptlb 25 [ ik K- W R (x£s,n =
6)
Table 6
levels of AdipoR1, AdipoR2, p-AMPKa/AMPKa, and Cptlb
proteins in the femoral head of AONFH rats (x+s,n=6)

Effect of Jianpi Huogu Formula on the expression

w5 AdipoR1 AdipoR2 p-AMPKa Cptlb
e /B-actin /B-actin /AMPKa /B-actin
control  0.97%0. 14 0.95%0.08  1.03%0.09  1.02%0.21

0.110.03?
0.78+0. 05%

model  0.10£0.02% 0.04+0.01% 0.46x0. 16”
JPHGF  0.31£0.03% 0.11+0.01> 0.65+0. 15¥

4 e

AONFH & —Fh 2 A B PR RS | o
BERMA T FMRMAT- S5 E8ENLCD ~ 1
1) BT KRR A () Ak E SR R
(V) R EE ) IR I R R 2 R R
PRI AN DG 1 3l 52 BR 5 s AR s A A m] LB/
CRASOR e A8 R B0y A, TR 1 JR 0 )
PEBA B Sk B 5 OCTTRR T . ASHF ST AL AON-
FH B KR p kg I 0, R 46% S K
HEH AT AONFH K RURERL, 78 25 8% PF ¢ J7 T
Von Frey 214 22 55 N 3 1056 FH T P45 AU B9 A0
RHUR B, BB % R U B AONFH 3l ) 7 325 s it e
AR R PR SRR AR AR PR S 58 T T
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B RELLIX Y K, Micro-CT 875 6 PEAS [ B /N 25
L, HE YO 82om 5 /N R i W 24 | 25 B P 55 R 3
FhiEs; 2 12 JAE, R BB O B R R G, X
SEh AR Sl R LR A AONFH (515 27 R B 2
FROE—3, TERCIERE b (NS 5y 30 4 R R wp
0 HGE R PR M SR E A, 8 Tl 5 B /Nt iE
SV WA 1% R B E AR AT B b 2 [
Tt [RIE 25 15 b 5 SRR 107 4 B S0 I 4R 1% 07
RERZ7E AONFH 7 rpv 3 5 0 BEL W R a8, ke %8
TR E

AONFH (%95 UML) 2 1 B B 07 7 5 34 A
LA PR ZE IR T 30 PR T i B dole ot gl 4
FELEIE R IR (APN) I HAZ R AdipoR1/Adi-
poR2 B HEME ], APN-AdipoR {55 538 1 835 &
4T UEIE %, 4E 2R R AT A | RRE AR S DA B AR
H-BUE 0 AdipoR1 38 13 BT Wnt/B-cate-
nin 38 [ {2 7 5 8 7] 38 5 1 40 0 i s 4n i gy
AR 0 R R A0 T B DA 4 R AR AR Adi
poR2 F: %l PPAR« i B ] NF-kB 155, FEAIK
Rk T2k R R AT R P bAh , APN
FILAZAR AdipoR1 W]t BEFR b AMPKar, 45 £, ik
A A RALEES Cpulb 3%, 4 UERR TR B-%E 1k,
G A HE B B AR 1 A0 R AR R AR g
B2 5 R R RIS 507 T AONFH )5, 22
SR 3 w4 TR AN i Y AR Sl i, Hob
AdipoR1, AdipoR2 | Prkaal ( AMPKar % i 3% K )
Cptlb ¥ 52 B, #E—2 /) Western blot % ilEJF %
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poR1, AdipoR2 . p-AMPKa % Cptlb & FH 7K, Xt
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poR/AMPK/ Cpt1b 1554 , o35 B B 5 A 5,
AT 0E 22 9 2 e

AONFH W EEIGIT 2 LLANE I Il At 3
FLRME TS A T e R P S B <l R S R
BEL™ S AL, 1717 X6F 9% 9 7 10T Q38 S A1 A 1 T 0 A
XA DO AR O LR | IR AR
AT VA I 2%, R A R £ R, H R
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