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173-M — BEXT & 3R 5 Ryt K BB s
¥ OPG/RANKL 3535 89 %

ML 4L EER FRE A4

hE4 %% R681  LRKIRIAM: A IEHHRE: 1006-7108(2011)01-0005-06

RE: B HiT18-M M X BBEE BB KR E R4 LHE47 R OPG/RANKL RikH LM,
FiE 6 RBEHEAKRBAVREAREHEEANER 2R, AR EERTS, KREILS hHER
A BBEERANBEEGRA, SREFVBAXRR R R ASERHBEHX 128, REEHAKRR
Rk W45 FE (SBP) | I 3% M —RE(E,) (25 B M 8% ( FBS) F175 B ot 18 6 S % (FSI) K ¥, 3 i 3 6 4% K #
BEAEB(IST) , W8 R 45 . IR Mt % W9 Wk (Dpd) | i ¥ B 45 ¥ (BGP) K ¥, RA LA E & PCR 1
Western Blot R i it A A& K/ g% HE T KB 24 %A T & (OPG/RANKL) 1 F ik, 4
R 5xtE4M L, @E4H KB SBP FBS FSI [R5 M R Dpd K V8 FHAH (¥ P<0.05),ISI.1f1
M B A% BGP KB EHBEE (3 P<0.05), BB+ OPG mRNA B AK RX B EHBEMK
(# P<0.05), 71 RANKL mRNA MIB M RIEABEEAB (B P<0.05) ; SEREM I, 178 8
BREET ERBE(H P<0.05), &it 178-H_EIPHEHHME KEAKXERES R 5 R MR
HEHR,REHNETRS 173- BB LEAEHA48 P OPC WEXTRETEH P RANKL %
EH %,

XA BN, ¥ RSXRER, 88%; pEE IREET KB RAFEHEFRE

Effects of 17 B-estradiol on bone metabolism and OPG/RANKL expression in ovariectomized rats
with insulin resistance CHEN Suisheng, Pl Youhui, XIA Boguan, et al. Department of Surgery, the First
Hospital of Baiyun Region, Guangzhou 510410, China '
Corresponding author:ZHOU Shouhong, Email : zhoushouhong@ 126. com

Abstract: Objective To investigate the effects of 17B-estradiol on bone metabolism and OPG/RANKL
expression in ovariectomized rats with insulin resistance. Methods Thirty-six ovariectomized female rats
were fed with high fructose diet for 12 weeks to induce insulin resistance. The rats were randomly divided
into model group ( M), 17B-estradiol replacement group (E), and vehicle control group (VC). The rats in
normal control group (NC) were fed with normal diet for 12 weeks. Systolic blood pressure ( SBP), serum
estradiol (E,), fasting blood sugar (FBS), and fasting serum insulin ( FSI) were measured. Insulin

sensitivity index (ISI) was calculated accordingly. Levels of urine calcium, urine deoxypyridinoline ( Dpd) ,

and serum bone gla protein ( BGP) were ed. The expressi of protegerin ( OPG) and receptor
activator of nuclear factor kappa B ligand (RANKL) in the femur were measured using real-time PCR and
Western blot. Results The levels of SBP, FBS, FSI, urine calcium and urine Dpd were increased
significantly in rats of model group, compared to those in normal control group (P <0.05). The levels of
ISI, E,, and BGP were decreased significantly in rat of model group compared to those in normal control
group (P <0.05). The mRNA and protein expressions of OPG in the femur were decreased significantly and
the expression of RANKL in the femur was increased significantly in the model group compared to those in
normal control group (P <0.05). Compared to the model group, the above effects were reversed by 178-

estradiol in 17B-estradiol replacement group. Conclusion 17B-estradiol inhibited bone resorption and

e : 510410 THATHZRB—-ARERIEH (BREAE KGE XBN FRE)  FETHEAZE
EB(F&O)
BiREE: BHL,Email:zhoushouhong@ 126. com
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promoted bone formation in the femur of ovariectomized rats with insulin resistance. The mechanism might be

related to the increase of OPG expression and the decrease of RANKL expression induced by 17p-estradiol.

Key words: Estradiol; Ovariectomized; Insulin resistance; Osteoprotegerin; Receptor activator of nuclear

factor kappa B ligand

i [R % ( diabetes mellitus, DM) B—fh = H L E
ARG E RBHEASER, HF 2 DM 4
90% LA &, i BE % % #%$1 (insulin rsistance, IR) & 2
WDMBMBEREMEENREEELR" ., X
BRIR B R R E A S0% S HBRHMD, 2 B
BREMSHAMEENEFRR MEZRER
B ¥ ( postmenopausal osteoporosis, PMO ) 2 & 4E i
THBH—MABEEER . BEREAONE
FARBEIRR AR RN, 28047, B TFHHK
EAKTPRE, BERANES &4, HILEZ EERRK
B 3B TR G R A E R A

BEEMEERAEERBATRGBIABEN
HESBR MU BAMEZS BN EENEHAM,
BB 40 HE 40 B o 7 B & (osteoprotegerin, OPG) /4l
M B F KB 3%tk 7% {k B F B 4& ( receptor activator
of nuclear factor kappa B ligand, RANKL) B iF ¥ &
BERAGERNEERR"Y, AREAHRABE
BENRFEAXRRAGRSERKN ERLE2E
BRFEHERARER,H—SWE 17-- B
B8 (A6 B A & 5t OPG/RANKL £ % (9 & 0 o

1 #RmAE*

L1 EBEUE KRN

BEZ ki E(HX-T®) P REHEE
FhbHEEHMERM, ECC6511 M. HHLH
¥ KOHDEN Efr{L 28 &=, HITACH717 £ §
HEAMGHNBHEAERAILARE™, 283 v it
WAL EEHE MR A=, REEBEAESTER
HRHHABBRAF ™M, MRXII RN A ER
Dynex 2% 8] /= fho 178-# — B¥ (the 17B-estradiol,
17-8-E,) Wy B Sigma A &), IR & T & 4 0
E M _EHEAERUANENBEEERCERR
RFEHETAELEY TRAR M, RESFH
BRASHERUANE(ERRXRELEVHEARAAR
) o Wt BE Mk ELISA Bk Wikl & ( L@ 12K
EYRBEERAR), D-REHELBAETAYTE
ARAREF EEARABHBEERELRIY
FER G,
L2 ZHhYHERHEMIE

HIERREHN SD KR 48 L3 AR KE
(220 £20) g, AR REZRFHYER R, KR
ENERAKLEEFRR AR, FANLRIK,. B4
oK EAp 36 RA 1% LB 26 (30 mg/kg) BB
ESTRRE . MEEE, EERET BEEPTIO,
RENAFE . FHEBMTFERBNL, 2 BAE
JEMAR T RBRE FNRSTFEHERLSE
HURBE, RERANER, BAFER, WM
BUBRBRML B =4 EHH (12 A ,M);178-#
“EERM(12 R,E): ¥ 17TB-E, BTEKLE
T ,#% 30 pg/kg Bk E (£ % Horvath KM % [ #
B AMBEHNSHGFETEN, 80— KB
RHA12 R, VC) . BXETHERMN T KZEE
T, ME=HAKRENBERGREBEEH 12 A,
BRI MY 2 5] Reaven £ 9 J7 ¥ 1 A
HEREEANTEKERYRERARTE RS
60% BEWF i 11% ,BEK &L 29% , KR 12 HKBR
NEFEMBEHA(12 A,NC), RFELERAH 12 A,
KBBEAEF, BHERK, 12h KB, BEE
22C +3C, 5% 6~8 H,

L3 KERKE HHRUEE MER _BIKESE
RS Bl E

RERFEE R2EAK, SERARBEFER
ATHEEX (BN E 500 myLAE) M
# B 3 Bk B9 Wt 48 & ( systolic blood pressure, SBP),
BEHRBTERAERBK 12012 RELEZH
(30 mg/kg) B8 FEE 5 K B S , A0 I B 5 , 47 FF M f
ROBRBLOME, 16 BHLAHEEMNLRBALLE
F i ) & L o R ST e R 5 W R o M — B (E,)
W HITACHT17 £ | 30 A 4040 1 (U 52 25 18 i
FBS) M i ¥ H M = B8
(triglyceride, TG) . & fiH [ BZ ( total cholesterol, TC) ,
% K fs B & fH B B (low density lipoprotein
cholesterol, LDL-C) #1 % & A5 & = A8 & A% ( high
density lipoprotein cholesterol, HDL-C) 7K ¥ ; i §f &
W E S BB &% £ (fasting serum insulin, FSI) 7K
V, EABRERRASRAHT, KBS HE
BF T E RS £ 8% % ISI (Insulin sensitive
index, ISI =-In(FBS x FSI) , %4 ISI< 4. 88 i} B 7= 4

( fasting blood sugar,
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THREERN) .
1.4 FRIBEAERIE

REAEFEST , BB o 8 PR WU 52 R 45 F l &
Rl 8% WK ( deoxypyridinoline, Dpd ) , [ B .0 A 75 1 B
I 3% B4 5E L 7% B ¥5 X (bone gla protein, BGP) X
I, REGFFAE MBS S 8% ; Dpd R A ELISA
Tk, 4R US mmol fJLEF(Cr) # = ;BCP R M &
1.5 stetE & PCR 4H#7

KRR E, XEEGHT, BREGEEBRETH
i, HB K E LA REHAR, & R AR & L8
B - EREFHALABAESR 1 ml Trzol B, %
Trizol A & A B B 4415 RNA, LUERM
5 RNA W BN ERASTERRRN, &
B, cDNA 55 —4%, -20 TR, %W cDNA B R
710 fE 86 BE R B, 5 B 4T Real-time PCR R RE, X
MK E 25 pl, & Hot Star Taq Master Mix (2 x) 12.5
pl, PCR EF #5144 R #H4 (10 pmol/L) £ 0.3 ul,
cDNA 4 ul, KE& ZB TK4 2 25 pl, PCR J H#E
F£4:95 € 10 min #{% Hot Star Taq DNA & i K§,
PHEER 94 C 40 s, 60 C 70 s, 3t 50 MGEF,
Real-time PCR [ Ji 7 ABI7500 3Bt 52 B PCR £%
Li#fT. S LAY TRARAF A M, OPG
2[#. Fif:5'-TGGCACACGAGTGATGAATGCG-3,
Fi#: 5'-GCTGGAAAGTTTGCTCTTGCG-3'; RANKL
B4, b i##: 5 -CTGTGCCTACCAAGATTA-3', F i#%:
5'-GCCATTTCAAGAGCC-3';GAPDH B|#j. b i#§.5'-
ACCACAGTCCATGCCATCAC-3', TF #: 5'-
TCCAACCACCCTGTTGCTGTA-3',
1.6 FEAFREXKE

B3 F #9 A% B 4147 200 mg, 11 0. 6 ml 40 IS4
¥ Buffer 1% HL5% ., 4 C,12000 r/min,Z.0> 1 h,
BRELEABEREANEA. XA RHERRE

HABEH, BACEHTELRER., W50 pg E
BREEAMA 2 x SDS % B 0 #E 28 vh vk o, 3% b 3
BEREH, B 6% SDS-B 1R S B Rk 8 B 5 47 8 3K
44E,60~100mA 1 WEHRAETHBEMNED
EPVDFEL, MEARCMEEBYE, HATE
BHEATHEREGHEME, S2 BB+ PERHEHA
2 h, A 1: 150 —4i,4 CiF%&. TBST ¥fE 3 %K,
K S ~10 min, fABART KLY ERICH T,
4°C 4~8h,TBST %l 3 K, &EFEASERIEE R
RALBEARF XA . BRE . EEHGRRERNFT
ZGEXBREH, D BEMERIKEE R 100%
S5 pA#iTBmE e gan.

1.7 ERPBRAz+s TR, FHARLLBRAY
ENWR %, Fl SPSS 14.0 Ziit kB, P <
0.05 WERARIT#E X,

2 R

2.1 BEREKEM17p-# XS H KB SBP,
If1 7% FBS F1 FSI DL} ISI 2

MEVFR.SEEMBAME, EHA KK
SBP.FBS KB EMFR (B P<0.05), FSI K
FAEEEEEAR(P<0.05),ISI BEHREMK(P <
0.05); SR MM, 17p-M — B &4 XK SBP,
FBS K¥H B EHMM(H P<0.05), FSIKER
EHBEK(P<0.05),ISIEEHAFE(P<0.05) ;&
Wy RASEHAHLU EERTEERHER,

BEPERY R R UTBR I S-D K B R R R R
REARSAF BB _BiHE. NEKEE
(SBP) .55 I I 4% ( FBS) #0175 B8 & &% ¥ (FSI) K ¥,
HIHE RS R BB (IS , NC.EH X HAH M:
BRIASHE: 178-H —BERH; VC. BHEX R
4,

%1 &K% SBP . FBS.FSI # ISI 897254k

a5 SBP( mmHg) FBS( mmol/L) FSI( mu/L) IS

NC 118.49 £7. 10 5.78£1.15 19. 60 +6. 51 4,73 £0.71
M 164.72 £6. 54" 7.30£1.25" 67.01£11.427 -6.19£0.46"
E 121.31 4, 12* 5.12£0.64* 17.48 £8.47** ~4.49 £0.35*
ve 166. 48 +5. 04 7.32 £1.06 68.17 £ 14.69 ~6.21 £0.40

HHSEHMBAKKETP<0.05; SHUAKR" P <0.05
2.2 HEBEXEMITB-H_EMEARREAH
AL IR AR B

AR K R 8 MK 5 IEH X A

BEWHBRK(P<0.05) ;M 17p-# —BERHAKR
mER " BAKPLEEHAHLBEREART(P <
0.05) ME5ERMBHEEENER(LK2), 5IE
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WX RAM R KRR MR Dpd KF B F
HAR (B P <0.05), T E BCP KF & % ¥k REAK
(P<0.05), 5EBAML, 17B-H _HERAKX
BURE R Dpd KF B EEREK (3 P <0.05),
I #% BGP K B EWAR(P <0.05), WX H

ASEBAMLL EBEREREREZR(R2).

HEVE A 5P S UTBR 89 S-D K B R4 1R R R 5%
12 B, e 4T 17-# — B ab 2, # & miF %
B2 PR | BR Rt ik vE v/ JUL BF ( Dpd/ Cr) 11 i 1 & 55
F(BGP)K¥,

&2 BLRAMGETE RS REAEH UHALETSRKFOEL

415 L 1% M — B¥ ( pmol/L) RS (mg/dl) FR Dpd/Cr ( nmol/mmol) 1% BGP (ng/ml)
NC 72.46 £15.33 8.43£0.77 15.14 £1.35 45.68 +4.79
M 15.78 +6.857"Y 15.12£1.26 32.25 +4.23 19.35£2.20
69.71 £17.35** 7.55£0.82 16.20 £1.55 46.04 +5.08
vC 17.46 +6.93 15.69 £1.63 32.71 £4.51 20.43 £1.94

H5EHBHALETP<0.05, "V P<0.01; SEBMALE*P<0.05,**P<0.01

2.3 RABKEM17R-H _EMEHAREREH
£t OPG #1 RANKL mRNA 33k 98w
GRER(HIAB)  SEFVRAMEL, EHY
HARBBAHAS OPG mRNA () Rik B %t REK
(P<0.05),/ RANKL mRNA # %Kik B EHF R

08 W

14
o

v

1ln

NC M E vC
5

OPG mRNA
A RIS AP
2

e
[N

<

E1

(P<0.05); 5SHAAMIL,178- —BHERAKR
BEHAH OPC mRNA M RA B EH AR (P <
0.05) , /i RANKL mRNA #) %3k B 1M 1K (P <
0.05),

o8 ®
3 i‘ 0.6
o
R *
;‘; % 04
z =
P g 02
™\ M E Ve

Bt ]

FREKEM 17p-# B & A XE B & HLE$ OPG #1 RANKL mRNA Kk K Wi

HESERMBARBRTP<0.05; SEAHLE* P <0.05

Wz ARy

OPGHE H ) % RIEAKF
(=]

v
0.2
0.1
0 . . L L

NC E vC

M
a5

- 5N
BN SRR e el
08
v
By 06
£ .
b=
¥ 04
%
=& 02
" Ne M E ve
HH

B2 REBKER 178-8 “HMSHAARRBHL + OPC # RANKL BA RiAHEWH
A.B % Western Blot ER B R KRB BHA P OPC f RANKL BEFRIAKFHRAE;C.D A AR EAA D OPC 1 RANKL &
BREKFHBREE, £ SESMBEALETP<0.05; 5ERALE* P <0.05
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BRI S-D KRB RERANRFE
12/, FLF 1B -_MAHE, RALNER
PCR il & & B A% & 4 415 OPG # RANKL mRNA
#ik,

2.4 BREXEMTB-E_BEMEHRRRETA
#1ch OPG #1 RANKL B RAHEWH _

SEEXBAML SHARERITHAA S
OPG FE H# £k BEMHMRMK(P <0.05), 7 RANKL
BEAMREBERART(P<0.05); 5HEMAME,
173-B_BHERAXEREHALA S OPC EAME
BREEFAR(P<0.05),i RANKLEANELE
ZEHREIK(P<0.05)(E2A.B.C.D),

BRI EYIRE SD KEERBERANER
128, Fat4F 178-# BB, A Western

Blot £ A il & & BB A 4% OPG f1 RANKL A

ik o
3 it

& B E A O R0 0 i B RO R R & 1
B BERE A H B RS AR B AMRE,
BRARLGHRBELEER, AUEER 8.
BEAR=KERYEMREEL, o Bk g
FEERETVRERE . BRRBREASHTES
HARTEREERARER, FHERBELAE
RER, FHTRSEAECIBELERN, EEAR
ARARMER BREARES BESAEHEET
B, Ak BoR#ENE S-D KB EVIKRG &
RERR L2 AR RKEERAE . BESEN
i SRR MR (IS1 <4.88) AR S A
BS RPN, BES ERAKEBERNN, FetmE
FHBERNKEEEHREK, BERFRNAT 178-
B_EHRRTHRKEEARE,RETEH M
M2 RS KT, T B S R EURE, i
BEHKFEEEEEEM, XER 17- 8 B
FREBKRASHED BRI=E MR,

BRI ERERRBEREERL, BREME
FREEEF XK, ITRBREBERZ AHEEX,
Dpd RER I MKFEEARRSY, REHRRYE
BEY AEBREARIBRPBSERES FHZEX
EE ESTEERBENENTEK, BEHEFH
], B R, BB R R A KM, I T B X
&, Dpd LA B R A #EA M, 35 LR T I B A B B
HH EBRRBRERRNEESREZ """ &
HAPEFHERENS, TR ESHER, FABM

W AT R HE N, RS R, B REKF
ARRE{ELEMBERECRSY, BEERL—~
MEEEKKBEHESSEAEA. ARERARA R,
EEEFRLEEARRABRAL, B RSl EE
BEREEREZ -, ALK BRKEHE S-D X
BOETREERERA 12 A, FRRNESHR
Dpd KFEEWHA®E, MMHF BCP KT EEHRE
R XBEREZSBEGRBRAARBEIFEEES
Eh BEEAERAREERAES. BERRANS
F17B3-M “BEATRRE T KRB A RS R Dpd K F,
B & BGP K, X Ui 178- —_BMEAAH £
B & RAESUK BB R AR 5 e rER

PEER(OPG)EHMBARIWHNEAR D
F.ERT INF ZhBRENRRZ -, OPG
MEKABWEREF KB ZEKEHLEFEEK
(RANKL) , X B BB LR F—F EEB R
BHBESBHEERSF™ , OPG/RANKL £ %
EHRBARAEESARANIBPEETHEE
HYEM., RANKL 5 & 4R @A RANK £ &5,
&t B & % W F (NF. kB) 1 ¢c-Fos . c-src.c-Jun N-3K
SRS c-mye BB E AR p38 LU RLZE
M—HE MR AkvPKB 2R3 I ERTHARN—
X A R ] IR R AN
SRR BHE AN, IE W H R,
RANKL X B & 4R, R EERNE
R, MEHXBEEH, MRABAS WO HEHE
BHOPG, H FHEZMS RANK +4HfL, AT %
S H RANKL 5B BB E & RANK £ 4,
MR A AR AR ML RS RA, I S
BHREAEEFREESE, SEETARB .
RANKL #1 OPG fith i@ T B A A S B K
BRMEE BEALRD, AT SREEE
FETEH RS MM P RANKL L L OPG
HRAIAFED MNMSBERGA. MBS
HHE T MG63 ifih LR EFHRET A —E
BN, BIMERERZBBESERN AR
M4 5 OPC mRNA MIZEHMFRILA B EHRIK,
i RANKL mRNA HIEAME A B EHAR HE
FR&F 17 _EBHNE M T KERFAR P
OPG mRNA #17& [ ) % i, B {§ 7 RANKL mRNA
MEAKREK, XEEREH 178-H _BERE
Pl B FARPUA R B Rk AR #F 5 T BV R T
R 1813 OPG/RANKL RAE LM

B NB-B_MERNEEREERRAAR
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