H£TF OPG/RANKL {5 51 B 461 28 T 50 5 3l gAML A R
ERECAWCIRE ) Al

KRR kR R ERH AL AR E2AABEELE FENTEQERGAA, LE BN
251700; 2. E TR ERE ML L& BN 251700;3.+cr:wmmyﬁ@%@awmamm&w
AN 4300144 HFHFEGAFMEER KT, ZM 730020)

hESEE R683;R285 XHEFRER A XEHS  1001-0408(2020)17-2119-06
DOI  10.6039/j.issn.1001-0408.2020.17.13

W OE B AR R AR R A KRR RS- AT 6 ea , SEIRIT L T AR LR . o o R Wistar KR RS
RO (AM) B A (BL) M B [C L (fab st ig), KB M =85 50 ng/(kg-d)|Fe 2 HE 4. F .S A F4[D~F4,55.110,
165 pg/(kg-d)], 4115 R, AWM, A A S M RN L0 Lk 5 L BB AR, 86 A BAXKHEF LK,
BT B AR A ARARIG A 30 mL/kg, B B 1R 4 12 8, SRR BRI S 95 R A ) &40 KR A B AAR SR
R A AR Tl I AR BRRALFER, | AR BRALB TR BHE)LZ, RN LR HHRE CTH
1% & gt X R R % B (BMD) Ao i s R 2 M A A8 3T BB 92 (BV/TV) VBN B Z (TO.N) B R B E(Th.Th) EEEZE
(Conn.D) /& /N 55 JZ(Tb.Sp) \ £ MAE A 35 4L (SMI) ], KA 1 4 R S-Birdt X R % F= Western blotting 7 4~ 5 #0) F i = X
B LR P B4R E (OPG) Aoz B FxB 2 AR &AL B F e Ak (RANKL)mRNA B & & 89 F A, 4% . 5 Aks BAK A ik
B KB & 4%, BMD 42 BV/TV. Tb.N . Tb.Th, Conn.D ¥z & OPG mRNA & 3 & & 4 & & %39 2 % 41K, Tb.Sp. SMI »A %
RANKL mRNA & E & G ¢ %k 3 2 F 75 (P<0.05), 5B, &4 K A B KitAE% 4%, BMD#=BV/TV,
Tb.N.Tb.Th,Conn.D ¥A % OPG mRNA % 3% & ¢4 £ & 53 2% F+ %, Tb.Sp .SMI vA % RANKL mRNA & L& G ) L L FH 2 F
Mk, B35 & B 2030 R 3 2 A R (P<0.05 3, P<<0.01), % £ 5 R A A& 50 R EAELA K R 69 B R K-, 38
Jm - BMD & ) Rk 45 M A ) B BOR 3X AR R R T A 5 18145 OPG/RANKLAE 5 i 554 %
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Effects of Curcumin on Bone Metabolism Balance in Ovariectomized Osteoporosis Model Rats Based on
OPG/RANKL Signaling Pathway

ZHANG Qinggang', ZHANG Qinghong', ZHANG Kemin’, YAO Ming', TIAN Yueyang’, MAO Xiaoli’, FENG
Yiyun', WANG Hui’ (1. Dept. of Pharmacy, Binzhou Central Hospital, Shandong Binzhou 251700, China; 2.
Dept. of Orthopedics, Binzhou Central Hospital, Shandong Binzhou 251700, China; 3. Dept. of Laboratory
Medicine, Wuhan Central Hospital, Tongji Medical College Affiliated to Huazhong University of Science and
Technology, Wuhan 430014, China; 4. Dept. of Joint Surgery, the Affiliated Hospital of Gansu University of
TCM, Lanzhou 730020, China)

ABSTRACT OBJECTIVE: To investigate the effects of curcumin on bone metabolism balance in ovariectomized osteoporosis
model rats, and to investigate its potential mechanism. METHODS: Totally female Wistar rats were randomly divided into blank
group (group A), model group (group B), estradiol group [group C (positive control) , estradiol valerate 50 pg/(kg-d)],
curcumin low-dose, medium-dose and high-dose groups [group D-F, 55, 110, 165 pg/(kg-d)], with 15 rats in each group. Except
for group A, other rats were ovariectomized to establish osteoporosis model. After modeling, group A and B were given normal
saline intrgastrically, and administration groups were given relevant medicine intrgastrically 30 mL/kg, once a day, for consecutive
12 weeks. The contents of serum bone metabolism markers [BALP, CBF-al, CTX-1 , PINP and OC] were determined by ELISA.
The bone mineral density (BMD) and trabecular structure indexes [relative bone volume fraction (BV/TV), trabecular number
(Tb.N), trabecular thickness (Tb.Th), connectivity density (Conn. D), trabecular separation (Tb.Sp) and structure model index
(SMI)] were determined by micro CT imaging system. The mRNA and protein expression of OPG and RANKL in hypothalamus
and femur were determined by RT-PCR and Western blotting assay. RESULTS: Compared with group A, the contents of serum
bone metabolism markers, BMD, BV/TV, Tb.N, Tb.Th, Conn.D, mRNA and protein expression of OPG were decreased

A FAT0H - H R BRI 34 % BT H (No.17JR5RA056) significantly in group B, while Tb.Sp, SMI, mRNA and
* F EATZY 00 . BFSE ) P25 IR R 25 2% . E-mail: 3314007374 protein expression of RANKL were increased significantly
@qq.com (P<<0.05). Compared with group B, the contents of serum
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bone metabolism markers, BMD, BV/TV, Tb.N, Tb.Th, Conn.D, mRNA and protein expression of OPG were increased

significantly in administration groups; Tb.Sp, SMI, mRNA and protein expression of RANKL were decreased significantly, in a

dose-dependent manner among curcumin groups (P<<0.05 or P<<0.01). CONCLUSIONS: Curcumin can improve the level of bone

metabolism, increase BMD, improve the trabecular microstructure and inhibit bone absorption in ovariectomized osteoporosis

model rats. Its mechanism may be related to the regulation of OPG/RANKL signaling pathway.
KEYWORDS Osteoporosis; Curcumin; Bone metabolism balance; OPG/RANKL signaling pathway; Rats

B JUB FAAE (Osteoporosis , OP ) 2 i R # ULEHA , 1%
WA 22 5 R AR B D DB P R A
5%, AT RRAR B B A AR 2 T SR I TS e FR 1
PEEIE I BB RS PRI, I R PEAN 22 IR
B B B SRR A T . AR B, OP A&
A RARIE RS MR RGN RS L2 R I EE
FAMEEIRY, EAERE a8 1 B % (OPG) /A
FKkB ZARTE AL Tl AR (RANKL ) {5 53 25565 ik B 20 it
TE B oA AR S BT B A TR MR, R AT A
LRF K R RS AR ZE A B A5 B () —Fh K SR TG
PR Ry, EL AT A B T 2 A 0 R A A R A
FRU T, ABIFE 8 20 U0 B e A RS B S )
P BB OP SR 45 T W R T T 1, g%
ZALA P15t L OPG/RANKL 523 4% LA I B A% 151 5
AR, B 7E R 2 R IR RIATT OP 4R (LS B4R

1 #F
1.1 X8

Benchmark Plus 7! fiff 71 ( 3% [€] Bio-Rad /A H] ) 5 In-
veon B SC B0 B Wy i R TS HLIT 2 4 (CT) s R R 4
(1% F Siemens 2\ 7] ) ; DXA BUH %5 B (BMD )Y (48590 &
PRSP R A R F] ) ; Tannon-5200 B 5 1% 2 48 ( i
KEERHE A BRAH]) ; ABI 7300 756 Y 4 5 B8 A Tl =X
SR (PCROY (FE [ ABI/A ) s TG-16M RUELLAL (i
FARL S UL RS A PR A F]D o
1.2 Zm5ik#

2 ZO I, (E 2 P 2= R A BR A AL i
F20160703, 4l : 99.8% ) ; R ME — % F (FHPEXT R, 48
[ Bayer /A1), #t5 . JYHB1901034, ¥k : 1 mg) ; LLIF-41
1 OPG Hi 1A (H1t5 : bs-0431R-1) . K L5 RANKL i {4
(k% : bs-0747R-1) . K FL I GAPDH #T & (it % : bs-
00542R-1) ¥y B 1B 2% (A0 50) AE MR A R ] 5 /1
BB A B-actin AL 5g [ Bt 1A (36 [5] Abcam 23 ] , L5 -
Ab179696) ; BRI S AL W AR 10 1 L “E 4T G S g BR AR
MG (Bl B AR ARARRA A iS5 :D-3004)
ECL & 23870 & (415 : R1600) . RIPA ZH /4 Jifd e sk 4
R (FiE5 : BYL40836) # [ /R A= My Bk (it )
AR AL 5 B e SRR B R 1 (BALP ) g3 S 72 % ff
B (ELISA) Rl it 751 £ (FiL5- . E201902) #0456
Fal(CBF-al)ELISA £l i 7] & (%5 : E201906) | |
T AT R B AR U IE (CTX- T )ELISA ¥t 7] & (it
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5 E201906) . T HY i fice )it 22 FE i i K (PINP ) ELISA £5;
M) & (L5 : E201905) (45 K (OC) ELISA Kl i
& (it : E201901) #04 A A6 5t 5 FEAE R A IR A
A] s PCRY IG5 Wiy b i 532 A W) HORA IR Wi
G5 P 5 0L 2R 1) s RNA il 42 38 77 & (it 5
DP419) . BCA # 119 % ik 71 & (#t 5 : PICP123222) |
SYBR Green PCR i 7 & (£ SYBR Pri mix ZFi® 5 , 41t
5 :K0223) ¥y F 3% [E Thermo Fisher Scientific 2> H) 3 1%
Wi 59 & (35 [E Fermentas A ), L5 : K1622) 3 FRESE
PR ([ e 2 AR A RS | L i 5 1 K0223) 50.9% 54k
A (] 2 4R b2 1R A B2 | L 45 : 20190001 5
VEAESRER KT ) 5 FLA TR 3 5 43 B 40 85 52 56 % 0 R
M KN EBE T K.
#1 PCR3|¥FF
Tab 1 PCR primer sequence

R Ebulgdl THRBKIE, bps

0PG Fiff:5'-CACAGAGCAGCTCCGCATCTTG-3'! 183
M5 -AAGTGCTTGAGTGCGTACATCAGGY'

RANKL |5 -ATATCGTTGGATCACAGCACATCAGAG-3' 126
Tii:5' - TGTCGGTGGCATTAATAGTGAGATGAG-Y'

GAPDH Fiff:5'-AGTTCAACGGCACAGTCAAGG-3' 121
T 5" -ACATACTCAGCACCAGCATCAC-3'

1.3 ¥

SPF £ Wistar K Fl 90 ., fE ¥, 23 JA % , 14 T &
(180 £20) g, HHAEHRHE KAFL I sy o 44t 204
AP A R IE S : SCXK () 2016-0009, FF A5 K BRIS3E I
PEMESE 1R GRS E0 . A ST IR0 ) A S R T
] G2 {5 B 24 9 25 B 23 (NHINRC) 14 3 49 38 1l o
W], e rh R K2 S Py S0 3825 D1 2 AL I
2 Fik
2.1 HAEEE

14 Wistar K BUBEHL 7 Ry 25 (140 (A 4) BEAIZ (B
) TR (C A MBE RN A = A4 (D~F
), B 15 Ko B AT AN, R & 21 K R
Y12 B SRk 22 B L 7 OP R« I I v S 3 2 L
40 (30 mg/kg) FEA TR , AR MO 12 , TR BT
HAEPIMIY] O, LETC AR SR BRI AU P L, LI BMD
B S BT L/ N 1 2 A0 ™ i e AR A o )™
22 #ATh

FARINANE A BAHKRIVE S SFARFAHERK,
C R B 1 PR ME — (50 pg/(kg-d) , AK R s 5
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HIRE S NN RO T N BRUAR B FR 0 55T
151, D~F 241 K B3 5 A L 22 8 R IR A2 [65. 110,
165 pg/(kg-d) , LAK R 5 7l i & 228 A RS2 i
WL se a5 ). HEH R 30 mL/kg, B H 1K, %
2e12JH,

2.3 FRAFRESHEIRQN

2.3.1 i B A A5 & % BALP, CBF-a1,CTX- I |
PINP.OC ikl RIRG A5, KFER B, F0IEH
1M 2 mL, A 3 000 r/min 0> 10 min, 43 &5 IfL 7 , 5%
ELISA i LA Jiff f {SURSE I 4% 2H K LI ¥+ BALP . CBF-
al \CTX- I \PINP.OC [ & i, ™4 2 BEAH W i) & 15
WIS ERATE

2.3.2 BMD JB/NREIGES S ERGI 5B a5 4K R
LB EARAS {520 S P OR! CT 5218 2R 40X 32 ity
T A T (I L < 65 KV, HELIAT < 384 mA, 43 3¢
218 um) o FHHSERUT  ERREOSEIR X (RODA T — 4k
A JE 5 OB BT R, R % F B % 23 i B Ad-
vanced Bone Analysis (ABA) 2.0 #1752 4131 & 24 43
Hr, £145 BMD X BAR U3 5 (BV/TV) VBN R B
(Tb.N) B /NZJRJE (Tb.Th) 3% % & (Conn.D) /)
P4y B (Th.Sp) LS EAIFE AL (SMID) . _Fik irg #4E
B H [Al— AR N 53 58 A

2.3.3 T EEM AR 41407 OPG.RANKL mRNA ik
TEOUASTIN R FH 3 5 o 2R 4 Wl =X B vz 25 (RT-PCR) £
W, AR ECR MG , BOLS Fr fh Fo i 21 208 5,
RNA fifi #2350 G P2 4l 21 b 5 RNA, X RNA 46 &
SR TR (R 3 5 SR £ R I cDNA. LA ik
cDNA Rt , #4743 . SR & (420 pL) : SYBR
Pri mix 10 pL, [ N5 94 1 pL, £4 cDNA 2 pL,
ddH.O 6 pL; [ 551+ 95 C T ASPE 20 595 CASE 10
s,62 CiB kK 30s,70 CHEAH 30 s, M 45 NFHIA . LU
GAPDH i N Z: , fili 2¢O T PCRAAK , I LA 2744
PT45 HAR mRNA 33k it (CtFIR AN SV N 98
AT 5 5R BEIR BN B I (] BT 22 T R AR o

2.3.4 N AR 44 H OPG \RANK £ 1R 1H L
K % F Western blotting B8 . B“2.3.37 30 4%
ZH R BT i A B 41 2108 H, Jin A RIPA 2% T 0K
1 24#% 30 min, SR BCA 8 1100 2 10550 G e ) 2 11 v
. PG, BOE R EFEE R R AT
Jot FE AL TR - 3RS D s T P 5 e PRV 5 7% 28 R Al — 9
CIFME L, T4 CTF IAAAR —Ht (BRI 1:500) ,
4 CFH R L= 3 B L s L B e ER iR 26 (TBST) ¥l
VeV 5 minx3 UK, MAM R P (F B 48 1:500) , =
T F 2 hy LA TBST VA W PE ¥ 5 minx3 I, L ECL iU
WA, THRIE RS EEIE ] QuantityOne v4.52 %K
PEHEF 53T . LA BAREE 5 A28 M (B-actin) 4571 KB

FEEE 020FEEIIFEITH

A L EFRRZ BArE T i RIA i .
24 FitFEFH*

K SPSS 19.0 FAF X EAs A T 4811 o3 Hr . THE TR
BELLx £ 57, ZH 0] SR FH FAS TG, 2H 18] Y HE 4%
KH T . P<0.05 NEFAGITHE X,

3 Z#R
3.1 FBAXRMBEBFREIRSEWSELLER

5 A, BHKMIMEBALP .CBF-al .CTX- | |
PINP OC % 54 8 %M (P<0.05) . 5B4 A, C~
F 2R BRUMAE R bR i 2 s (P<<0.05) ; HE 4L .F
HEFE&HTDH, FARES T EHP<0.05), W
%2,

F2 BAXRROEFESREREDEELR (xLs,n=
15)
Tab 2 Comparison of serum bone metabolism mar-

kers of rats in each group(x +s,n=15)

MR BALP,pgL  CBF-al,ugl CTX-I,pgLl  PINP,pg/L 0C, pg/lL

Al 221241021 87311274 13.11+532 31.23+10.16 184411123

B4 16341117 2185+ 18.15" 8411333 24364955 11.78+10.23"

C4l 214241026 36.67£ 15417 11474217 M4£1117 14561 11.88°

DA 183241117 3139+ 13.65 10.64£5.56" 270541074 1477£10.06

E4l 195641044 3774+1762%  1149+733" 288411524 16.01£10.04
1 1

FA 2032+111877  4L18+£15357%7  1217£1L12%7 2914103377 179941026

W5 AB R, *P<0.05; 5 B 4L LA, 'P<<0.05; 5 D4 LK,
“P<<0.05; 5 B4 H#%,2P<<0.05

Note: vs. group A, “P<<0.05; vs. group B, P<<0.05; vs. group D,
*P<0.05; vs. group E,”P<C0.05

32 FAKRKBMDKEB/NERMENSE LS

5 A, B4 KE BMD.BV/TV . Tb.N . Tb.Th,
Conn.D ¥ i % F& ik , Tb.Sp. SMI ¥ & # Tt & (P<
0.05), S5 B HE ,C~F4H KK BMD . BV/TV.Tb.N,
Tb.Th.Conn.D )8 E T+, H E4 F4 ik febnds i %
E T D, F4H B35 T E4 ; Th.Sp. SMI 1 1 35 411K,
HEH FAH R EEMRTDH FAREMRTE
H(P<0.05), FEILFE 3.

33 ZFAHAKXRTERR®HZEH OPG, RANKL
mRNA RiZE L&

5 A, B AR ET i f i E 41404 OPG
mRNA i) & 1k i i 2 %Ik , RANKL mRNA fi &1k i
FHTHRE (P<0.05). 5 BY L, C~F4L R T il &
4121 OPG mRNA [k ¥ B3 F 7+, HE4LF
4 FiRfebr R E S T DAL, F4l B % & F E4L; RANKL
mRNA R IA 4 0 E RN, H B4 F4A FiRiEhrid
FRT DA, FA R ERTEL(P<0.05), FEILFE 4,

34 FBAXRTERFREBEHLAS OPG.RANKLEH
RIZELEK

5 AL, B ALK T Fe o A 4140+ OPG 2K

M3k o ML, RANKL & I RiA = B 3 Tt
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*x3 HBAKXRBMD ERB/NRHEHSEILE (x£s,n=15)

Tab 3 Comparison of BMD and bone trabecular microstructure parameters of rats in each group(x+s,n=15)

A1 BMD, g/cn’ BV/TV, % Tb.N,cm™' Tb.Th, pm Conn.D,em™ Th.Sp, pm SMI

Al 0.174+0.012 043£0.01 6.6910.12 58121943 95.58112.33 041£0.04 0.4610.02
B4 0.141£0.007 02140.12° 2744005 33.62£10.02° 5087+11.23° 0.69+0.13 1.550.13"
cy 0.156+0.007° 0.38£0.06" 5.69+0.09° 47531118 714641045 0.38£0.02° 0.6840.74°
D4 0.154+0.003° 029£0.01° 4124013 4056+ 1247 68.9216.05° 049£0.08° 0.8740.2%°
E4l 0.161+0.014* 0.3540.02° 5621008 485611174 7959+ 12.26™ 04040.12° 0.61+0.12°*
P4l 0.171£0.013" 042401177 6.4410.16™" 52.65+12.67° 944311277 0.33£0.19" 0.48+0.14"

T 5 AALHEL, *P<<0.05; 5 BAL 4, "P<<0.05; 15 D41 LA, *P<<0.05; 5 E4 L4, "P<<0.05
Note: vs. group A, “P<<0.05; vs. group B,*P<<0.05; vs. group D,*P<<0.05; vs. group E,”P<<0.05

F4 FBAEXRTERKRSHSRFT OPG, RANKL
mRNA RiZE LB (x+5,n=15)
Tab 4 Comparison of mRNA expression of OPG and
RANKL in hypothalamus and femur of rats in
each group(xts,n=15)

x5 HFAXRTEMMREHLAH OPG RANKL F
BARIZEHE (xts,n=15)
Tab 5 Comparison of protein expression of OPG and
RANKL in hypothalamus and femur of rats in
each group(xts,n=15)

o e i a1 Tk R
OPG RANKL OPG RANKL OPG RANKL OPG RANKL
A4l 1.00 1.00 1.00 1.00 A4l 0.89£0.09 0.38+0.11 0.91+0.08 0.4410.12
B4l 0.7740.13° 112£0.15° 0534022 126£0.08° B4l 048£0.12° 0.72£0.08 047£0.12" 0.78+0.117
ca 23420.08° 045+0.08° 2.0820.04 0452017 c4 0.78+0.18° 0.31£0.09" 0.7620.08° 03820.14°
D#l 179£0.12° 0.57+0.12° 1812013 0.59£0.12° D4 0.65+0.06° 0492021 0.54£0.15° 0.52+0.09°
E4l 21310017 049£0.11° 1.94+0.07 05140147 E4 0760227 036£0.12% 0.64£0.12% 041£0217
F4l 2.64+0.08"" 03240127 2310127 039£0.12°" P4 0.88+0.21% 031017 0880217 033017

T 9 AHILE, P<0.05; 5 BA IL#L, 'P<0.05; 5 D IL 4L,
“P<<0.05; 5 E4LIL#,"P<0.05

Note: vs. group A, “P<<0.05; vs. group B,"P<<0.05; vs. group D,
*P<<0.05; vs. group E,"P<<0.05

(P<0.05)., 5B, C~F4HRE T EM M Bem 4
L OPGHEMMRE RN R ES &, HEL FARE S
T D4, F4l % m T E4; RANKL & )R A
FREAL, HEH FAHREM T DA FAR S TEA
(P<<0.05),TENLE 1,555,

A4l B4 c# DM B4 P4
B HEHL

B1 XRTEMMRKREHLAS OPG RANKLEZEHR
EHIRE K E
Fig 1 Electrophoretograms of protein expression of
OPG and RANKL in hypothalamus and femur
of rats
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5 A4IHE, " P<0.05; 5 B4 #E,"P<0.05; 5 D 4l Hh#%,
P<<0.05; 5 E4LLL#,“P<0.05

Note: vs. group A, “*P<<0.05; vs. group B,"P<<0.05; vs. group D,
*P<<0.05; vs. group E,”P<<0.05

4 it

OP K I A & 2 2 A%, H i 2\ H 5 10 #1 b
i AR SR RS EHEZRE AL, HE AN
PSR ], 423k OP &8 Bk e IEAE R AR N, il
S ECAE T XU R R = Y, RSk OP IH R T
CEEET MG SEVERE  HEIETS IR T 22 DA RS R
Fo PHEEIRYT OP MY EZ 2 Y iG MR IR 259
T RAR 259 B e E 259 55 (BRI A S50k
— ZRANERI N, B MEtERn BT 2 k5 e Bk
PR, FWEIENERL K AR AR ZE R
U —Fh Z W 22 i 5y, LA Bois Pradb e e
JE 1 EZ PG EAE Y A YR R EXT T
&5 A0 M T B PR R R A RO B
LTI, AHIFSE DL R e — Ik B X R 282 T
ZE 0] 25 3 OP S YR B A QG- 15 19 5% e A FT
Bt

CBF-o1 FH A0 40 i e S 1 8 3, J e B 4 i
SR E SN E4ER AR AR KR B i
YER . ©ABFIEIESS, CBF-al ANV BE S I 1 il & 41 it
AL, IR RS B AL B AR Y & B AR KR T R
5, NI BT SR & B B A B AR, CTX- 12
B FE R T B ORI 7470 s PINP Ry T AU Hi
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JIE S 240 B FRL A1 30 7= 00, B T B SRR B 5 I
IR PRR R BRI AT e T BRSSO R A
FL 3G h A KB WO 0, JE 12 7 OP (R S PEFR Rt
OC J2& BB 20 43 0h ) — Fh IR S I 2 1, He s A A )2
JCE 0 LG BN DA R A AR A B AR AR Y, k]
W, ,CBF-01 .CTX- I PINP L)} OC & ¥4 e 4% S5
J W OP B AR I

OPG/RANKL 15 5 18 1% J2& BB 40 M 55 8 B 44 i A
AR AL H A S A S — , LT O i A
Jifo A B B A, 5 OP R LI UM 56, R
Fr i A 1 4306 22 Tl DR~ 47 1 15 40 A B i Wi
PR, BALP sl Hh 2z —. A HF5E LB, BALP A] i
S CE A 43 I RANKL, 4% B W™ OPG 2 F il
B 20 43 ) RANKL 51 37 /K , 7 BALP Tl T Al 5
RANK 354+ 454 RANKL , T S 0% B i i = 3
BRI, A WFFEUESE , A FEAMEYE OPG AT 4 5 OP £
# BMD S oRE R IR B, 4t , BMD K
IR S R R AR AT AT B T N OP i & A 5 & i AT R
ZIR IS W S ST, AHF5E L BMD,
B /NG a5 4 2 80, 13 BALP, CBF-a1,CTX- 1 .
PINP .OC % 2 A /N Fr i/ B 41 44 h OPG \RANKL 25
1 X mRNA IR B EA80 VI TN T HH R
Xif 223 OP 78 K B AR I F- A 5

ABFGEEE R BN FERBR IR LS, KR i s AR
PR &9 BALP . CBF-01 .CTX- [ .PINP.OC 5% A M
BMD ,BV/TV ,Tb.N,Tb.Th, Conn.D ¥} i % &%, Tb.Sp
HTSMI ¥ 25 T R, S m K R = =8 Wi m 8
/NG S SRS R B2 A8, 55 OP s B BUARA , 2 I AR 751 42 1l
. BEAh, OP B BT e ik R I -1 3z v 21 21
OPG/RANKL 75 [1 & . mRNA f ikt B4 T 2
#7254k , Horf OPG #6351 \RANKL 1k i, #2758 OP
TR B B 25 B IR T mT BB 5 e o R
4 OPG/RANKL M FE A . LW EMNIG 44
2 KRS B R &9 & &, BMD .BV/TV . Tb.N |
Tb.Th.Conn.D A & OPG % [ S H: mRNA [ ik i1
T, Th.Sp . SMI LA & RANKL % [ 2 H: mRNA ()3
IR B SRR, HLE R RO | PR R e
RS e A BRUP i AGIT A , 34 nHE BMID
W L B B /NI X SV AR S AR W LT
FELE T — 3 R, R YE AT BB S 22 5 % OPG/
RANKL {55 53 I 218 Ko

ZE ik, 2205 F AR ks 2 44 OP ALK RLE-1R
KF, AT 3G in BMD 30BN A R
HALHI AT 6 5 45 OPG/RANKL {5 Sl f A5 6 . A
R J5 S o — 25 B I 25 ) T BN i R SE S s R
AR GEK 25 T WA, DAE— 242 i 22 i R L
OP A A K BB G E I A R
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