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extract on bone destruction in CIA rats based on the
OPG/RANK/RANKL signaling pathway
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[ Abstract] Objective To investigate the anti-inflammatory effect of helleborus thibetanus franch on collagen-
induced arthritis (CIA) model rats and its effect on the OPG/RANK/RANKL signaling pathway. Methods Sixty female
Wistar rats were divided into normal group, model group, positive drug methotrexate ( MTX) group, low dose group,
medium dose group, and high dose group. The CIA model was established by injecting bovine type Il collagen into the tail
root of rats using the collagen antibody induction method, and drugs were administered by gavage after the model was
successfully established. In the normal group, 10 mL/(kg-d) saline was administered. In the model group,
10 mL/(kg-d) saline was administered. In the positive drug group, 2 mg/(kg+-d) MTX was administered three times a
week. In low, medium, and high dose group, 0.25, 0.5, and 1.0 g/ (kg-d) were administered, respectively. Continuous
gavage treatment was applied for 25 days. Body mass of rats was recorded to observe the degree of foot swelling. The ankle
arthritis index score was calculated. Micro-CT was used to observe histopathological changes in the ankle joint bone.
Hematoxylin-eosin (HE) staining was performed to observe pathological changes in ankle joint bone tissue and synovial
membrane. Changes in the number of osteoclasts were determined by tartaric acid phosphatase (TRAP) staining. PCR was
used to measure mRNA levels of osteoprotegerin ( OPG ), nuclear factor-kB receptor activator ( RANK), RANK ligand
(RANKL) , tumor necrosis factor (TNF)-a, and bone morphogenetic protein 2 (BMP-2). Relative protein expression of
OPG, RANK, RANKL, TNF-a, and BMP-2 was measured by Western Blot. helleborus thibetanus franch on rats with
rheumatoid arthritis and its potential pharmacological mechanism for osteoarthritic protection. Results Compared with the
normal group, CIA rats had a lower body mass (P < 0.05), increased thickness of the plantar foot (P < 0.05),
narrowing of the joint cavity in the ankle joint, gnawing-like bone destruction, and pathological changes in the synovium,
such as inflammatory cell proliferation and abnormal synovial hyperplasia infiltration. Micro-CT showed that, compared with
the normal group, model, low and medium-dose groups showed an uneven ankle joint surface with an incomplete shape and
gnawing-like bone destruction, and the high-dose group showed no significant changes in all indexes. HE staining revealed
that the ankle joint of the model group showed joint cavity narrowing, gnawing-like bone destruction, synovial tissue
proliferation, and inflammatory cell infiltration. Pathological changes, such as destruction of bone tissue, synovial tissue
hyperplasia, and inflammatory cell infiltration, were found in the ankle joint of rats in the model group. Compared with the
model group, bone tissue hyperplasia and inflammatory cell infiltration in the ankle joint of rats in low, medium, and high
dose groups were significantly improved. TRAP staining showed that the model group had the largest number of osteoclasts,
and the number of TRAP-positive osteoclasts was reduced in low, medium, and high dose groups compared with the normal
group. qRT-PCR showed that, compared with the model group, relative mRNA expression of OPG and BMP-2 was
increased in low, medium, and high dose groups (P < 0.05), and relative mRNA expression of RANK, RANKL, and
TNF-a was decreased in low, medium, and high dose groups (P < 0.05). Western Blot showed that, compared with the
model group, relative protein expression of OPG and BMP-2 was increased in low, medium, and high dose groups (P <
0.05), and relative protein expression of RANK, RANKL, and TNF-a was decreased ( P < 0.05). Conclusions
Helleborus thibetanus franch may alleviate the inflammatory response in RA rats through an anti-rheumatoid arthritis
mechanism involving the OPG/RANK/RANKL signaling pathway.

[ Keywords ] rheumatoid arthritis; helleborus thibetanus franch; bone destruction; OPG/RANK/RANKL
signaling pathway
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praecox L. Link) & L1 i& 4 ( chimonanthusitens Oliv)
(g TRRAR ) 24 RS SRy AR T M RO AR, M VR ok
o HUA SRR O AR A TR R R
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60 H 5 JE# SPF 9% Wistar MM ERE K B, (K&
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HE[ SCXK(5%)2019-0010] . AHBF5E T % P FE 21
~ 25%C ,MXHEE 40% ~ 50% ,%F HOGHREHE 5 h
IS HEAT R 35 T 5t M o B2 24 KA Sl W F 5 S v
L[ SYXK(#5)2021-0005] , 38 15 55 40 Hp B2 2 R 5
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BREE I8 T 5 BT 5 24 X = VLA ), 2 50
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113 F=EG 50

e (Bl EFEIEA T ARA A,
197220704) ;24 I B e B A 11 ( 2 [ chondrex 2
A],20022) A5E 4 AR (3218 chondrex 23 A,
7002 ) ; Molpure® Cell/Tissue Total RNA Kit
(YEASEN /A #], 19221ES50) ; PrimeScript"' reagent
Kit (5 H BEAEYHARA R R, RROATA) [TB Green™
Premix Ex Taq™ II (Tli RNaseH Plus) (5 H E4 )
TARABRZ F], RR820A ) 5 75 A F G (DL FELER
YR BRI, G1004 ) 5 T Yo i (A ARt 34
YR A B B 4E /N 7], YE2080) ; TRAP (8,387 &
({@E‘ Sigma-Aldrich, 387A-1KT) ; i YL 5 1 Marker
(abclonalRM, 19001 ) ,RANKL ( abclonal , A2550) . B-
actin ( abclonal, AC033 ) . OPG ( abclonal, A12997 ) |
RANK ( abclonal , A2100) ,HRP Goat Anti-Mouse IgG
(H + L) ( abclonal, AS003 ); TNF-a ( boster,
BA0131 ) ; BMP-2 ( proteintech, 66383-1-Ig ) ; Goat
Anti-Rabbit IgG (H + L) HRP ( Affinity,S0001) , 5E
W56 E i (qRT-PCR) A (DU P4 B Bk 2 A BR 2
A)) B U R AL (2016 FEE R R ) s LU AL
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‘B % & (bone mineral density, BMD) M & H AT LY
(bone surface area/bone volume ,BS/BV) .
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VEBE R, AU A TR RS IRER 1 ~ 2 min (B
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ToIK L FFR S min, A —H K 2 YK, BEYK S min,
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A, OIS 7 AU T e AT %, JF kAT
EUGRAEFN AT
1.2.7 qRT-PCR $ AR BR 5G9 41 4L rf OPG
RANK .RANKL TNF-a . BMP-2 LK 5

PA=80°C 8 A1 itk VK A B L VR A 1 R OGT i A
2 AT WS S, $5 TRIzol 107 £ 1 BH 42 B
RNA, A 4 3 7 5% 380 500 & 1 B 43 0 47 44 4 3R e
¢DNA, L) B-actin fE NS, 519 LilgE T AY)
TREHARMRSABRA &6 8, Rk 1 fr
/No RT-qPCR ¥ 341K 24 20 uL; Template ( DNA)
2 L, EFH5I4 0.8 ul, I #2518 K 6.4
pLo KN4 42°C FAEME 2 ming &3 SO 2 95°C
KU 35 s,55°C O 30 s,72°C R 30 s, WAE 54
{55,345 DMEI I i ih 4k 55 ~ 95°C ¥ 3 ) i
TE QuantStudio 2 5 5 i 94 it PCR X L i#E17,
KH 27 5 ¥k, B 4% 41 OPG ., RANKL . RANK
BMP-2 TNF-a mRNA AHXF ik 7K
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TE-80°C T , B IR AF I 5 HEUR A& H 2%SDS



1254 [ S SR 2023 4E 10 A4S 31 B4 10 ] Acta Lab Anim Sci Sin, October 2023, Vol. 31, No. 10

P = =

F1 LHEER

3% PCR 514

Table 1 Real-time quantitative fluorescent PCR primers

CIR/E i

Primer name Upstream

i

Downstream

B-actin 57 -GGGAAATCGTGCGTGACATT-3’ 57 -GCGGCAGTGGCCATCTC-3’
BMP-2 5’ -AAGCGTCAAGCCAAACACAAACAG-3’ 5’ -CCCCACATCACTGAAGTCCACATAC-3’
OPG 5’ -TGTGTCCCTTGCCCTGACTACTC-3’ 5’ -CTCGGTTGTGGGTGCGGTTG-3’
RANK 5’ -CAAGGGACGACGGAATCAGATGTG-3’ 5’ -TGAAGAGGAGCAGGACGATGAGAC-3’
RANKL 57 -GAGCGAAGACACAGAAGCACTACC-3’ 57 -GAGCCACGAACCTTCCATCATAGC-3’
INF-a 5’ -CACCACGCTCTTCTGTCTACTGAAC-3’ 5’ -TGGGCTACGGGCTTGTCACTC-3’

2w ) Ep B b U AR ER | A28 b
%,%{E{ﬁiﬁ 20 min, fEZE R T 2L 10 000 r/min Bl
30 min, HUEVEW, H BCA 1€ S il & X H
HEATRE i, I %) L B AT A, 4% S 3 ZH B 50
uL, 7E 95°C 44 F A8 15 min, B 30 wg & HAKES,
JH 10% SDS-PAGE HLIK/FFS 1 h, ZJ5 FHE L e 7%
F| PVDF Jii I fr =R T, H 5% WiIR W3k f PVDF
JEEFFAT 1 ~ 2 h, TBST YEAR 3 ¥k, JF7E 4°C B A%
YR H OPG(1:2000) ,RANK (1:2000) , RANKL
(1:2000) /TNF-a(1:2000) .BMP-2(1:2000) , B-actin
(1:50000) By —HiF & 3 5, #4 B H TBST BE¥ 3 Ik
J5 , S EAE AL YIEE (HRP) FRIC 09 1L F 0% —Hi
1A 1gG FBeZZ /b3 (1:5000) 7EEIRIFF 2 ~ 3 h, 2K
I ECL 2t B2 H A, LA B-actin BB HAE NN
2, W Tmage J KA HEAT 4500 K BEARL 53, I DA IE
WHG RN 1, X & A E A RIRGE R H— 1
AbFH
1.3 SitESH

SR ME £ A2 (v £ 5) o, T A B
H{di ] SPSS 26. 0 il GraphPad Prism 6 4t itk 44

FFEHE T o PR ALAEAS (8] 1) FL R FH o K665 LA R
K 22500/ B2 1 22081 (ANOVA ) i 47
HZ LR, DL P < 0.05 WEAG T E L,

2 &R

2.1 —ARR R BB AR RS &2

YV TR SR L 0. 25.,0. 50,
1.00.2.00.4.00.8.00.16. 00 g/kg FtHe 16 B AT
S 2 ERE TR, & PE 1,00 g/kg DL bk B AT B
KERIET, 76 2B 1 v B B0 B8 AT 50 A 0 ) 2
B 1.00 g/kg DA AR B BREEYE SOV, 8 1. 00 g/kg
ALY, BOERHIEA(0. 25 g/kg) 17
2 (0.50 g/kg) (EFIEEZH (1. 00 g/kg) o

— W ARRE R T RAd s R IR T R
FEEL R (3R 2) , & 2 KRR B 3 < R AR f A
(B1A) RIEEEBUEE L (WE 1B,1C), TEH
HRBRAH BRI $EBFOCR, HE WG B K
A B IE R ; 5 1E 5 4 L, B2 K RRAE IR
TP AR W TOOLEE MRS A%, B K
AL 5 BT AR A | DB EA i ik, 44

K2 WHRNS AN RO LBt E SR (x £ 5,0 = 10)

Table 2 Results of body mass and toe swelling of mice in each group at the end of drug administration

were measured(x + s,n = 10)

20531 2 2 BEF K BE (mm) A 2 i K BE (mm) KATRIEGT(41) HHE(g)
Groups Swelling of left toe( mm) Swelling of right toe( mm) Arthritis score ( score ) Wight(g)
Ay
IE%4 2.24 £ 0.21 2.23+0.19 0 233.37 + 3.75
Normal group
B TR 4]
B 5.33 £ 0. 83" 5.32 £ 0. 87" 7.30 £ 1.57° 194.08 + 1.52°
Model group
PEZ5 4
KH K25 e 4.21 £ 0.54" 4.87 +0.86 5.00 + 2.08" 192.94 + 4.20
Positive drug group
Fl 2
fie 2L 4.83 = 1.03 4.78 + 0.91 5.67 + 1.91" 203.49 + 5.06
Low dose group
H| 4
,EP“JEE—’E 4.41 = 1.02 4.67 = 1.15 5.33 £2.07" 200.96 + 3.72
Medium dose group
=Y
FFl AL 3.75 + 0.76" 3.80 + 0.73" 5.03 + 2.26" 208. 46 + 3.07"

High dose group

W HIEWAMIL, P < 0.05; SHUMALLE, P < 0.05, (FE/ZF)
Note. Compared with normal group, *P < 0.05. Compared with model group, "P < 0.05. ( The same in the following figures and tables)
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A . B
200 o LA =157 o T
~& Normal group g Normal group
S5 1504 W2 =3 p
e b & Model group £ 5104 - Model group
B .= 1004 o PRtEZipZE S o PAPEZPZE
W B a ™ Positive drug, group iz ™ Positive drug group
2= 8 50 fIG R £5 TR 24
B = © Low dose group e “©- Low dose group
£ el o T Z o TR
=z Medlum dose group g Medium dose group
-50 T T T T T T a4 =0 L 1 T T T T = el
7 14 20 26 32 38 ng,h dose group 7 14 20 26 32 38 High dose group

I 1(d) Time(d) I 1] (d) Time(d)

C 1% 40 Normal group 21128 Model group BAMEZjP4H Positive drug group
.
>—~~ . By
fIG77 544 Low dose group i3 140 Medium dose group f 77 B2 4H High dose group

B 1 BTN RA KEUAE AR MK EE RS (& £ 5,0 = 10)

Figure 1 Effect of helleborus thibetanus franch on body mass, foot and plantar swelling in rats with RA(x + s,n = 10)

0.05) , B F£HEAUAF L (BS/BV) W HA & FH &5 (P <

HRPFE(P <0.05) ; SEERIGIMIEL, FHMEZ5 4 5 5

FE KR — MR AR (P < 0.05) 2 M ik B

(P < 0.05) % Bk

2.2 2% microCT RIS
IEFHABCT RO MEZEE(F2), 5

0.05), SR LY, BHM: 25 9 4 BROCTT R DL Y
SMESERE . AL BS/BV BIFEAL (P < 0.05) ;BMD
BV/TV F4&E (P < 0.05) . SMHMEZGW A L, K,
EP%IJEQHE%@%%E&M&TF& SMEARTEEE
SUFTH BN WEAE B B IR ; BS/BV BEAR (P <

HALLE BRI AR OC Y SR M AN SME A 5E
B AU Y B R R, B
(BMD) Rl A B B (BV/TV) ¥ 835 TR (P <

0. 05) ; BMD .BV/TV FFE B2 (P < 0.05) , &5l
BT RO, SME 5 BS/BV B L AR

IE# 4 Normal group HERIZH Model group PBH P ZG 4. Positive drug group

VE O B SUOR
B2 BREE TR RR R4

Note. White arrow. Bone tissue destruction.

21 Micro-CT )52 (% + s,n = 3)

Figure 2 Effect of helleborus thibetanus franch on Micro-CT of bone tissue in theumatoid arthritis rats(x = s,n = 3)
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(P <0.05),BMD BV/TV B F+= (P < 0.05) ,

BEFFE N, BS/BV FEAKE N &, BMD .BV/TV

A ASCR SHE AR (£ 3), ATLEEZ e R R EH R RROCR
R3 PBETRRRIBSETT 2K BE 42 Micro-CT BRI (x + s,n = 3)

Table 3 Effect of helleborus thibetanus franch on Micro-CT of bone tissue in rheumatoid arthritis rats(x + s,n = 3)

Y TR (%)
Groups Bone mass percentage (%)
=g
B4 84.07 = 4.81
Normal group
FRHY L a
Model group 3906721
MZE 4
W2l 69.71 = 2.85"
Positive drug group
x|
(i i 83.87 = 7.04"
Low dose group
AL :
Medium dose group 81.21 + 9.38
=l L)
feg 1 e 24 83.18 + 3.55"

High dose group

BREAB(%) HHRE (%)
Bone surface volume( %) Bone density (%)

6.87 + 0.28 0.76 + 0.01

12.41 + 1.90* 0.59 + 0.09°
10.77 = 0. 76" 0.68 + 0. 15"
8.25+ 1.97" 0.76 + 0.07"
7.80 + 2.05" 0.76 + 0. 10"
7.10 £ 0.52" 0.78 + 0.02"

2.3 BATHAARBENEN(HE $f)

TE 2 R RO D& 1 1 20 40 b 1 i 0 i R
LA AR HES ], ELASHE 58 5, IR O, IR
ARG A TRICR PRI (DLE] 3) s BRI B 56Ty
i A R P T 4 240 L K 1) 98 i A O 32 9
T PSSR TET AT DL < IV R B AR 9 R ) 4 A
GUAKLIN | O 3G 2 b ik B I )
ZH AT AN 2 WY I A 1 i B T 8 P 4 L 9 Vi R 3
Az Herp BRI ) X B G T i A 4L A

157 44 Normal group

=L Wy

Low dose group

o

F82H Model group

HAH WENRAER,
2.4 BRETHLZ(TRAP #f)
BRBEFAR b R R ALE T RA KR, il
YHMLRY TRAP YL 4554 15 A0k 40 a4k 5 B i
BUD BRI A A B BN (E 4) A
B B IR TR B 5 5450 10 2H AR L, B 1 7] i 4
R R 2T B0 o A i A e, K R
PR FE W IR T AT LA RANK 355
YR 24 L ) A i

FEEZ54 40 Positive drug group

74 High dose group

T BAHT L MR B R i GO RT Sk - SRR A MU ; SR R K - B G M I S
3 A RBUOCT AR 20k HUE & # WA (HE B4 4) (x £ s,n = 3)

Note. Black arrow. Gnawing bone destruction. Blue arrow. Inflammatory cell infiltration. Green arrow. Synovial tissue.

Figure 3  Observations on different histopathologic morphology of ankle joints of rats in

various groups ( HE staining) (x £ s,n = 3)
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1 %52 Normal group fi

IG5 F: 20 Low dose group

T WOk e A

7425 Model group

FAPE 25940 Positive drug group

4 AR BB B IS AL TS DOULEE (TRAP B ) (x £ 5,n = 3)

Note. Blue arrow. Osteoblasts.

Figure 4 Observation of osteoclast activation in the ankle joint of rats in each group( TRAP staining) (x £ s,n = 3)

2.5 BXTHBHZA OPG,RANK, RANKL, TNF-
o, BMP-2 B FFRiX K0T

K qRT-PCR X 28 XU OG5 48 R RRBR OG5
ZHZH  TNF-oo, RANKL . RANK . OPG . BMP-2 mRNA
AR (B 5) . G5 R RoR, SIERE AL (#
4 FERIZH K BB G TT B 44 OPG mRNA F3A7KF
BETFF(P < 0.05), TNF-o . RANKL .RANK .BMP-2
mRNA 35 BETHE (P < 0.05) ; SHIRIZIAH I, 2k
BT A R RUBROC T 5 4140 OPG .BMP-2 mRNA
FIk TR, TNF-o RANKL RANK IR FEAIG, b5 30CR
AW (P < 0.05), SHMEYAAHELL, ZRp+rh

4 OPG . BMP-2 mRNA FiATFE (P < 0.05),
TNF-a RANK FGKFER(P < 0.05) ; B 750 £ 41
KEURXC T B 4141 OPG . BMP-2 mRNA %3k TH i,
TNF-o FRREAR, BA —& BEEEET(P < 0.05)
2.6 BETFBEAL OPG,RANK, RANKL, TNF-
o BMP-2 & B RIiZHIF M

HIEWAMIL (£ S5) , BEAVE KRB & A
2 TNF-a ,\RANKL \RANK 35 R IK KT (P <
0.05) ,0PG .BMP-2 AR IEIKF-FEIR(P < 0.05) 5
SRR R BHPE 2 A R TR AR
SRR S W I 41 2 TNF-oo . RANKL .RANK 7 4 3%

F a4 BB R HL T OPG/RANK/RANKL 58 % mRNA #357K (% + s,n = 3)
Table 4 Effects of helleborus thibetanus franch on mRNA expression levels of OPG/RANK/RANKL pathway in bone tissue

of theumatoid arthritis rats(x = s,n = 3)

415

0PG RANK RANKL BMP-2 TNF-a
Groups
2ty
IER 4L 1.00 = 0.00 1.00 + 0. 00 1..00 + 0. 00 1.00 + 0. 00 1.00 = 0.00
Normal group
I 4
Bl 0.27 + 0. 05" 1.63 + 0.02" 2.59 + 0.28" 0.46 + 0.07* 4.46 + 0.04
Model group
P25 2
FE.‘ FEZ5 2L 0.76 + 0.09" 1.04 + 0.12" 1.05 + 0.13" 0.34 + 0.01" 1.02 + 0.13"
Positive drug group
K4
IR B2 0.28 + 0.01 1.94 + 0.03" 2.76 £ 0.05 0.23 + 0.01" 3.44 = 0. 06"
Low dose group
H 54
.E'J“Jm'ﬁ 0.31 = 0.04 1.60 + 0.06 1.41 + 0.05" 0.29 + 0.02" 2.27 £ 0.08"
Medium dose group
I
L AL 0.60 = 0.02" 0.88 + 0. 14" 1.00 = 0. 04" 0.31 = 0.02" 1.42 = 0.05"

High dose group




1258

[ S A S 2E R 2023 4 10 A5 31 B55 10 9] Acta Lab Anim Sci Sin, October 2023, Vol. 31, No. 10

RS YT XZRRICTT RREUE AL OPG/RANK/RANKL 3 5 OCHER 113835 KF (& £ 5,n = 3)
Table 5 Expression levels of key proteins of OPG/RANK/RANKL pathway in the bone group of rheumatoid arthritis rats by

helleborus thibetanus franch(x + s,n = 3)

2H 5
20 5] orG RANK RANKL BMP-2 TNF-a
Groups
=g
IEH 4 1.25 £ 0. 13 0.24 £ 0.02 0.50 £ 0.09 0.64 £ 0.04 0.11 £ 0.01
Normal group
ERIVE
Bl 0.44 £ 0.05° 0.56 = 0.05° 0.78 £ 0.07* 0.19 £ 0.02° 0.59 £ 0.04°
Model group
PEZM4
@ﬁz%ﬂ 1.06 + 0.11° 0.40 + 0.03" 0.64 + 0.06 0.56 + 0.03" 0.28 + 0.01"
Positive drug group
X5
fiRm 2 0.69 + 0.05 0.51 = 0.03 0.73 + 0.06 0.31 = 0.03" 0.47 + 0.03"
Low dose group
K4
ngﬂ 0.91 + 0.08" 0.43 + 0.03" 0.64 + 0.05 0.40 + 0.03" 0.41 + 0.02"
Medium dose group
R
il AL 1.03 = 0.08" 0.41 = 0.04" 0.61 = 0.07" 0.52 = 0.04" 0.34 = 0.02"

High dose group

KRR (P < 0.05) ,0PG . BMP-2 H [ 3RIA K-
FHE (P < 0.05) , T AR B F(0K50) i 2 5 PH I 25 W 41
iR IR EE(P > 0.05),

BMP-2 e S w—— 5]

OPG WS . s S S W G0 LD
RANK oo S s— — — — 75 kDa
RANKL > D R W 45kDa
TNF-q  e— S S 25KDa
B-actin e e s o e D 35kDa

W D aEWdH; I AR W B2 IV ARGR R Ve
FIEAL VI m R AL,

5 BRBE TSGR R A

4 OPG/RANK/RANKL il # G

BEHRBKF (2 £5,n = 3)
Note. I . Normal group. II. Model group. Ill. Positive drug group.
IV. Low dose group. V. Medium dose group. VI. High-dose group.
Figure 5 helleborus thibetanus franch on the Western Blot
expression level of OPG/RANK/RANKL pathway in

bone tissue of rtheumatoid arthritis rats(x + s,n = 3)

3 itig

RA S —Ff LS5 Jl oA T 05 5 o 98 2 | Il 55
AR Z B R s BERR AE A X ARV 1E 1 B 5
FEPA o AR P AL 1) S 3 JRLH 2R A E Ao A
Hh T AR L 2 PR A I BRI 24
B Jn FEOCTTWIE M AR R, e B AL T AR

2 P TR TR M 55 | 4 R I 5 R P 8 R 4
FERUMAR S AR 7 B fe R 7 45 P Z 3L WA F S
B AERITIGE , RIEH FAE RA K& ik
FHEEMEM . RA ERHI )R 2 8 E 55 i
ik JEAARF R AR R P E ST
ORI COL b 4 B VeI KORE MEDR D REAY AL
R RA FEIGIRIAYT h S — i i e, an il AR
Y F) BEEHD HR MTX 2595453497, (2 Bk 259
PIFFAERAR 2 A KRR, VAT 35T A BARL TR I
SHENVER /N BIF R UIHt RA 25915y EH 2,

7E RA YA R CIA BB A ol )iz,
5K RA TEIEAS 2% LA Z MM Z AL, 45 1
BSOS AR X DL AR R
I, ASHIFTE R AR A T AN B J5RIAS 58 42 9 AR 5]
Fic e SR T FL A5 RA R BRURSE Y | 780 21 K B
I EROR IR AR DA% | 2T K B T v 45 Al
SR, 28 RA K ERUBERY A4 s D ST

2GR — R HA PR R XU 1
FHE 5%, 236 KRR | B R B 55 UL AR
WAE , ST G H TR 0T KRR | AT B 1 24
Wiz — WFFIEBR O IIK, sl e T aE A B
Ry TR L, SOV R 2 iR 7
IR F LA BT T« i miss " < im 4%
BT AR, B S BRI 3 20 I WCEE 1k
PIDIR, BEAL BRI & W 253 B A& i £ %
FeEt

WFFEUE S, e EHAT U IE  BURAE T Al
1B Z 07 T DI RE , AR U X RA A5 B 5411
TRITVER , BB VSEE OG5 I R B2 410 il it 35 4% i P
T TNF-a IL-18 , PAF , 38 BE B & T 30 ¢ 5 4 41
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HIF-1a & VEGF MMP-3 [k

RA Jey kb B i 8 2 8 e A A 50 1 I 45 5%
B A RN R B /NG AL | LA R Ak A 28 i 4
TR 5 3 B SN 2 S s 0 )
b2 RA 19 BB R 1 G 8 #4777 . RANKL/RANK/
OPG {55380 [H6 2 5 B 240 L 5 0l 1) — o B85 A5 5
T, 76 RA &9 18 i R o F b & ¥ AR A
RANKL .RANK % OPG #JJ& T4 1, RANKL .OPG
RS A & A D 00 e A ) 431k
FTEPE 1 RANK 25 I 7E B8 - 20 LT 4% 240 A s
ik, RANKL AT LLE i35 175 5 0% i 40 i 2 S5 08 i B
JEREIR i OPG W AT LA 3 9 i RANKL 5 H. 3z ik
RANK 456 R BH - B BRI RA S B F v = Az
2P IE 5 AR B IR L IR A 53 %, R385 4
LRI, T S B50E R, UGB IR RA B IR
[T RANKL F1 OPG 3k 2 [l AP A B T
TR NG H IR . A 5L 5038 5 Micro-CT Al . 7
BB T v, AW AR A, ) Ak
B B R BB B9 B B S e i R AR AR
B AR T A R N RA KRB 569 B R R
ER TP ER ) TRAP Je @45 B4R . 557
AL, PR E A AR R AT BT TRAP 4
IH 4 il B 20 0t sl /L, R A A T RA R
BRG0P ) A RN TG Al — A5 A & SR
R 7 qRT-PCR &5 f  BR B 7 AR ) & 3 41X
e, OB #RBE TR A 240 OPG mRNA X 2635 1 G
(P < 0.05) , iERHEHE T 7] LUA R ] RANK
(G SRk | [ HE 3E OPG . BMP-2 [ %% 5 Fil &
kP DB T A R A cGE SR oy e, b
RaE R R | BB 1T B i 8 Y OPG/RANKL/
RANK {5538 [, 40 0 B 40 B A A6 i 55 95 £k, A
XFRA KB E BRI EH

A5 H ) RANKL/RANK/OPG 24 A M,
MNBH G R SR 0 £ BE 25 as AR ) 1k 2y 2 3
DL T A 2 S T B, WA BT X RA
PAITVER, SR BT O, 78 LR 13097
RA BBk PR R AT i L i
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