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Mechanism of icariin combined with GM6001 on alcoholic femoral head necrosis
in rats and the effect on OPG/RANK/RANKL system
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Abstract: Objective To investigate the mechanism of icariin combined with GM6001 in treatment of alcohol-induced osteonecrosis
of the femoral head in rats, and to explore its regulatory effect on OPG/RANK/RANKL system. Methods Rats were randomly divided
into control group, model group, icariin group, GM6001 group, and combined group (icariin + GM6001), with 12 rats in each group.
Rats in icariin group were given icariin 60 mg/kg by gavage, GM6001 group were given GM6001 100 mg/kg by tail vein, rats in
combination group were given icariin 60 mg/kg and GM6001 100 mg/kg by gavage, once daily for 8 weeks. The control group and
model group were given normal saline. The open field experiment was used to measure the number of activities and the total distance
of activities of the rats. The maximum grasping force of the rats was measured by the grip tester. The volume fraction, trabecular
spacing, trabecular number, and trabecular thickness of femoral head were measured by microCT. Serum phosphorus and calcium
levels, BMP-2, TGF-B, bFGF levels in serum and femoral head were determined by enzyme-linked immunosorbent assay (ELISA).
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Hematoxylin and eosin (HE) staining was used to determine the histopathological changes of femoral head. Real-time quantitative
polymerase chain reaction (PCR) was used to determine the mRNA levels of OPG, RANK, and RANKL in femoral head. The protein
levels of OPG, RANK, and RANKL of femoral head were determined by Western blotting. Results Compared with the model group,

the number of activities, total distance of activities, maximum grip, bone volume fraction, trabecular bone number, trabecular bone
thickness, serum phosphorus, calcium, BMP-2, TGF-B, bFGF levels, and BMP-2, TGF-3, bFGF of serum and femoral head levels in
icariin group, GM6001 group, and combined group were significantly increased. The mRNA and protein levels of OPG in femoral
head were significantly increased (P < 0.05), the mRNA and protein levels of trabecular spacing, femoral head RANK and RANKL
were significantly decreased (P < 0.05). And the combined group was more significant (P < 0.05). Conclusion Icariin combined with
GM6001 can significantly repair alcohol-induced femoral head necrosis, and alleviate histopathological changes of femoral head in
rats, and the mechanism may be related to the regulation of OPG/RANK/RANKL.
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Mix 10 uL, 1E& A 51955 0.8 uL, itk DNA2 uL,
{1 TC RNA /KA 2 20 pl. MNFEF N 92 C
TiAPE 3min, 92 “CA%ME: 30, 55 ‘CiE-k 30s, 68 C
ZEfH 60s, 3L 30 AMEHR. FEHSIMFAI LK 1.
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Table 1 Primer sequence of real-time PCR reaction

A EmEY (5°-3%) 5P (5°-3") K ibp
OPG GGTAATGACACGATCACTCC TGACACGATCACTCC 91
RANK CAAAGGAACAGGCAGGTGAC CCTCCTCTTCAGTGTCTGCA 163
RANKL CACCTACATAACATGCCGCC TGGTGGTACGGTCTCTAGGA 134
GAPDH TTGGGAATGGCTACGTCAGT AAGTGATGACCCGCAGATCA 197

1.11 ARBEE % OPG. RANK, RANKL EHHY
ME

KRAIE G 7> B ea -k, BT R
J& . 1 RIPA Zimire vk ey 2@ s, 4 °C,
8 000 r/min &5.0> (BSO¥4% 13ecm) 8 min, HU LiE

W, A BCA B &E S8 IR, BUHST
40 pg AR, A5 SR TR IR TR A B JI L K 43
5, WHRS TEEAREZ R R MO L,
fEH 5%l 2E kAT E A f, 4l fERH OPG.
RANK. RANKL. GAPDH % gk (1 : 500
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Fike) 4 CiEE LR, TBST iE¥E 3%, 5min/ik, 2 45

BRI A B bR id L E SR 196G =R iR,
FRAEF TBST i 3 W, B Fhtk g e, i
I RO EH, UGS, 84 Image J 1.12.0 #&
AT IR BEAE 534
112 #iEabE

Frf BEfd F SPSS 26.0 #AF T 8T, 1R
GO 4[] LUBCR F S 3R 07 22 001, PR ELECR
F LSD-t f ke, 1HEBTRERA 2 fade, P<<0.05 %
INEE SR G R

21 SEFEHHKA GM6E001 XIiEREMERE KT
AR IHLEENRE, EshREESREAITAMN
A

LR L, BB KRG shik . 53l e
FEES. HRIUIEERK (P<0.05); SHIAIAILL
B, TEEETH. GM6001 4. BEAHIESh IR
ESEIEE . AT RE & (P<0.05); 5
FEEFAF GM6001 AL EbE:, BeA dliGshikE. i
BSEEE . AU R E T (P<<0.05), W 2.

R2 BHEARENRY. FHRESREAMALBER ( x+s, n=12) _
Table 2 Comparison on activity times, total distance, and maximum grasping power of rats ( x £s,n =12 )

2153 #E/(mg-kg™) TSR TEE R EEE lom B RIIIN
oy — 67.81+1.33 2 344.68+15.09 798.22+22.18
A — 42.36+0.98" 1349.02+16.77" 601.34+18.19
EEEYT 60 54,78 £0.95% 1 916.40+16.30* 706.81+19.54%
GM6001 100 50.17 +1.02% 1769.86+13.77* 682.38 +19.59%
e VEF 7 60+GM6001 100 60.52+1.66% 2 238.81+14.79%b 771.50+£12.97#b

EX AR "P<0.05; SHMALE: *P<0.05; HiEEEITALE: P<0.05: 5 GM6001 AL "P<<0.05
*P < 0.05 vs control group; *P < 0.05 vs model group after treatment; 2P < 0.05 vs icariin group; °P < 0.05 vs GM6001 group

2.2 SREFEFHA GM6001 XtiEREMARE LR
AREANSH. B/REE, B PMREE. B/
REEEN

GERRE, HxRRAIEEr, B K R AR AR
T BHNREE . BNREERERG, TN
(R R 5K (P<<0.05); SHEAIAIELE:, EEE

2. GM6001 ZH . BRG4E A . B/NREL
H. B/NREREEZERN (P<0.05), H/NEHE
BEFL (P<0.05); HiEFEHHR GM6001 4
Eei, BEAAEARRSE. B/NENE. B/INEE
FE BRI, H /N R R R (P<<0.05), T
* 3.

®3 RAKRBHRASH. BNREE. BNRHE. BNREEHEER ( x+s, n=12)
Table 3 Comparison on bone volume fraction, trabecular spacing, trabecular number, and trabecular thickness in rats

(X*s5,n=12)

2053 FE:/(mgkg™) BHEES % E/NREEMmm BANREEE(mmY ENREERE/mm
pagicl — 0.63+0.03 0.13£0.02 7.9340.13 0.2610.07
iRt — 0.31+0.02" 0.47+0.04" 4.29+0.09" 0.06 £0.02"
AT 60 0.49+0.06* 0.2840.08* 6.224+0.17% 0.1740.03*
GM6001 100 0.4240.07% 0.3940.03* 5.5840.46% 0.1540.04%
B ¥ FET 60+GM6001 100 0.5810.07#P 0.15+0.03% 7.12+0.32%b 0.22+0.09%b

XA "P<<0.05; SHIMA AL *P<0.05; SR IFMLLE: P<0.05; 5 GM6001 #H4z: "P<0.05
P < 0.05 vs control group; *P < 0.05 vs model group after treatment; 2P < 0.05 vs icariin group; °P < 0.05 vs GM6001 group

23 ZFEFHKES GM6001 HEREMERELIFE
ARIME#. $5. BMP-2, TGF-p &% bFGF 7k /Y
20

SEIRRH, SRR, R A KRR Iy %
£5 . BMP-2. TGF-B. bFGF 7K~ i 3 f&1i (P<<0.05);
R LREE, A, GM6001 4. BEA4
MiE#E. 45, BMP-2. TGF-B. bFGF /K V- E& T+ &
(P<0.05); Sy, GM6001 AlLthEs, BEA

HIMiERE. 45, BMP-2. TGF-B. bFGF /K& # Tt
i (P<0.05), W3 4.
24 EFEFHA GM6001 3tERBMRRE KR
KBSk BMP-2, TGF-B. bFGF 7KEHI MR
xR b, AR R E Lk BMP-2,
TGF-B. bFGF 7K1 2 FEIK (P<<0.05); A4
oA, v SE 7 14 . GM6B001 41 64 4 i B =k BMP-
2. TGF-B. bFGF KV EEF = (P<0.05); HiE
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F4 REARMER. $5. BMP-2. TGF-p & bFGF LEE4ER ( x s, n=12)
Table 4 Comparison on serum phosphorus, calcium, BMP-2, TGF-B, and bFGF of rats ( X +s,n =12 )

2053 7l &/(mgkg ™) Bi/(mmol-L ™Y 45/(mmol-L™) BMP-2/(ngmL™Y) TGF-p/(ng'mL™) bFGF/(ng-mL?)
pagidl — 3.91+0.08 2.87+0.11 14.63+0.61 61.224+1.78  35.17+1.45
Rt — 2.16+0.07"  1.62+0.06" 7.71+0.32°  39.11+2.02° 20.09+1.27
ERER 60 3.34+0.09%  2.3940.10* 11.11+0.42*  52.66+1.83% 28.64+0.84*
GM6001 100 2.81+0.08%  2.4840.05% 9.92+0.36%  47.64+1.05% 24.15+0.68%
BE VEFE T 60+GM6001 100 3.831+0.06%  2.63+0.09%  13.25+0.29% 58,3341.85%0 34.314+0.97%

EXRALLLE: "P<0.05; SHMAE: *P<0.05; HERFEHEHLILE: *P<0.05; 5 GM6001 AHAL: "P<0.05
*P < 0.05 vs control group; *P < 0.05 vs model group after treatment; 2P < 0.05 vs icariin group; °P < 0.05 vs GM6001 group

FAE TR GM6001 2H LLEs, BG4 BMP-2, TGF-
B bFGF /K-Fi&.ZEFHE (P<0.05), W& 5.
25 EFEFHA GM6001 XIEEMARE LR
KRB KA LARIEF IR0

FESEHEEFER A GM6E00L Mo E R 1 B Sk R A8 K

BB B S H AU EE 22 1R s an 1] 1 B, S5 SRR,
X REZH R U B S ZH 430 B S B 2 0, 5 R
LA, BRRVH KRS KA RS HaEEm, &
INFEEER) AL SRR, WEETA.
GM6001 4. BkE 2 F LA LV B2 I AR .

®5 BHAKFEEXBMP-2, TGF-B. bFGF LLEEER ( x +s, n=12)
Table 5 Comparison of BMP-2, TGF-B, and bFGF in femoral head of rats ( X s, n =12 )

2H5) 72 /(mgkg™) BMP-2/(ng'mL ™) TGF-p/(ngmL™) bFGF/(ng-mL™)
pagicl — 13.81+1.03 51.92+1.79 38.66+0.78
it — 8.17+0.88" 39.88+2.07" 17.14+1.05"
EEET 60 10.61+0.80" 46.03+0.78% 29.58+1.04*
GM6001 100 9.67+0.24* 44,76 +0.90% 24.714+0.87#
P £ 60+GM6001 100 12.05+0.94%b 48.85+1.07%0 34.4940.74#b
S5xt RS : "P<0.05; SHAIALLA:: *P<0.05; SiEFEEFAIL: P<0.05; 5 GM6001 4tk "P<0.05

P < 0.05 vs control group; *P < 0.05 vs model group after treatment; 2P < 0.05 vs icariin group; °P < 0.05 vs GM6001 group
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1 KERBREXRAAREBEFER (X200)
Fig. 1 Histopathological of femoral head in rats (>200)
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20
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OPG mMRNA 7K~ {2 2 B 1k, RANK. RANKL mRNA
KTFRET R (P<0.05); SHAMALE, EFEHE
4. GM6001 H. BK&H KRB E L OPG
MRNA /K2 ZTHE, RANK. RANKL mRNA 7K
PR E R (P<0.05); 5¥EFET 4. GM6001 4
Eei, BRA 4L sk OPG mRNA /KF&3E T+,
RANK. RANKL mRNA 7K1 Z K (P<0.05),

W 6.
27 EFEFKES GM6001 MHEREMRE LI
KBRS OPG. RANK, RANKL EHHRIEN
SERERH, SxHRE R, B KRR Sk
OPG HH/KTEE ML, RANK. RANKL & HK
FRES R (P<0.05); SEBIAMAIE, EEEH
“H. GM6001 H.. Bk&HM Bk OPG HHK W&
F+&, RANK. RANKL & FKPREEFERFEK (P<
0.05); HiEEEIA. GM6001 4LLba:, Beadlmk
Bk OPG EHH/KFEETFm, RANK. RANKL &
FHAKTFRERIK (P<0.05), WK 2.
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*x6 HEARBREL OPG, RANK, RANKL mRNA iR ( x+s, n=12)
Table 6 Comparison of OPG, RANK, and RANKL mRNA in femoral head of rats ( x +s,n=12 )

2H 5 & (mg-kg ™) OPG mRNA RANK mRNA RANKL mRNA
ot — 6.5140.19 1.4740.16 1.024-0.08
| — 0.89+0.11" 5.5640.34" 4.7940.13"
EEET 60 2.364-0.27% 4.0840..41*% 3.3440.23%
GM6001 100 3.71+0.42% 3.46+0.27% 2.62+0.17%
A EEFE T 60+ GM6001 100 5.18 +0.52%b 2.2140.16% 1.87+0.19%b

EXRALLLE: "P<0.05; SHMA L. *P<0.05; HEEFEMEMLILE: P<0.05; 5 GM6001 AH4e: "P<0.05
*P < 0.05 vs control group; *P < 0.05 vs model group after treatment; 2P < 0.05 vs icariin group; °P < 0.05 vs GM6001 group

OPG WD e — — ()03
RANK . S s s e 35X 103

RANKL L D R s — 35X103

GAPDH gD @D =P > e 5710

YRR B ESERETF GM6001 HKA

e MR —  GMB00L 100 mgkg™
wn R o A
T 60 mgkgt

15 *
g *
B
210 # & -
B = 4
205 - B 7 #ab
M =

ol =

OPG RANK RANKL

2 FHEARMBEX OPG. RANK. RANKL EHALLHK
R (n=12)
Fig. 2 Comparison of OPG, RANK and RANKL protein in
femoral head of rats ( n=12)
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SRR B B R A, AR SGEIE
MIhfe, M55 R ARUTEE 2 P2y B/E IS, AR
R FUR I, SRR E T R AR A B
s ER, HR T RS R, ErEET
FF R SRR BE NG ER, JRRE B
PO SRE SN, B e I A R R P Rk s B
O TR, R R W R e kIR
TER BB /NRFERE, HRE /N Htn] W
EEFERE LRI R R AR KE T, AR
M, FEEFE T LIRS 24 B AE FH AL A
B, ASSRIGE B SO PR SR R S MMP 41177
GMB00L X T A% 14 i B Sk PR AR 1 24 BEAE FH 2L
i, NEEETMAEAE AT RS 5,
W37 SERG TS S IR B TG Bl B R s KT A2
SRR R E EIE ST N B B RE I I ARlT, Ak
I e RN, SR E s, AR ALK RIS SR EL
TGS E B K B RT3 B PR, Ti4h T oK R
FEH M GM6001 HIHIFHfE, KEIEENIREL. i3
SRR S KA W T, HEEEHIKES
GM6001 4K BRIEBNIREL 153 e 8RB R KA
T 7K Boph A 2R e GM6001 4., $2
INTREFE A GM6001 e fip i 3 0 KRz sh I
R EAAREL B/NREIRE, B/NREEH . B
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T JEL B e S P Sk 2 2R 3L 2 O AR 1) EE LR R
HE B/ANREE KB NRR B, BN
RIS, S S IR PO R e, A
SIS EE R, REE TGS GM6E001 Ae it i35 T
EPRE PR B SRR ER B AR 3, B/ NS H
FA/NGRE RS, /e /NRIEEE, SRR ERT
B FVE L RE T N, GMB001 4H, IR
& GM6001 R % il & M PRSI I SR AE K R
B Sk AU B AT . ISR 5K R
R EER) SRS HHERE, BMP-2. TGF-B. bFGF 7K
55 e Sk AH 20 2t R R VA A R, I K
HEH k402 BMP-2, TGF-B. bFGF 7K - B4R
BB SR ERPEIRAE, ARG o MR R L TS
GM6001 FE % B i T v WA P B i Sk PR A K B ITLT
ff s E57KF, FHE s &k E k44 BMP-2. TGF-
B K bFGF 7KF, ki ciest I Sk H AR,
BT A GURI S, RIS
SLIRBE K R B S B SR SRR a T R, AR
DT B FH VR 2 B 2H X GMB001 4.

OPG/RANK/RANKL 8 % A2 11 4 KA 5T K I
(195 B B S PR A 5C 1) B (5 5 Il R 12021, PRIDE
LR RN, BE -k OPG /KK, RANK I
RANKL 7K-FFt &2 FEUR & kNP B %,
Tt OPG /K7, &Mk RANK 2 RANKL 7KF- 1
FEIRIT I SKIRE A ROS AN 18 RA MR
WEFEEN, REBE L4141 OPG /KF, [FId
RANK & RANKL 1315 RE 8 A 8008 15 Rl B 40 i %
B AR R 1, TR B Sk O
I, 75 OPG/RANK/RANKL i % M kH 5 5 1 K
e BE RGBT B R E . ARG RERW, S5xt
MR b, BRI E LA OPG /K REMF
fi%, T RANK & RANKL 7KFF+, A0SR 4
Fbig, VEFEEFYL. GM6E001 4. BEAIE L4
Z1 OPG mRNA KEHKFEEFASE, RANK A&
RANKL mRNA & H /K235 Bk, Bk i,
FEEE TGS GM6001 Befg W E 2 i OPG Rik,
PR LR Sk 4H 2 RANK f RANKL ik, dEimfe it
RS T BB SR B0 K R BB Sk 2 2303 31 5 e T e
IR o

gx FRnd, EEE TGS GM6E001 B iR 12
HRBIPRSTE I B IR BE, G Sk A S B A
oA, HHLH AT BE 5 S OPG/RANK/RANKL i %
P
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