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Abstract : The aim of this investigation was to examine the effects of osteocalcin, bone-specific alkaline
phophatase, estrogen, insulin-like growth factor-I (IGF-I), Ca, P and bone mineral density on osteoporosis
induced by ovariectomy in rats. Female Sprague-Dawley 30 rats of three-forth's birth, weighing 215t 10 g,
were divided into two groups including the sham operation group(5 heads) and ovariectomy group(25 heads).
They were fed normal diets for 2 weeks before the experimental operation and for 8 more weeks after
operation. The level of osteocalcin, TALP, BALP, estrogen, bone mineral density and IGF-I were increased
in experimental group, but a little increased in sham operation group at same period. The change of rates
of osteocalcin, TALP, BALP, estrogen, bone mineral density and IGF-I were significantly higher in
experimental group than sham operation group. Ca®* was not changed between two groups and P was
significantly decreased in experimental group and Ca/P ratio was higher in experimental group than sham
operation group. Body weights were increased in all two groups and growth rate per day was higher in
experimental group than sham operation group. However, femur weight/body weight ratio was lower in
experimental group than sham operation group.
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olFE F MFAHL M Z2EI F4AA o)
ZdH e LAFeT MUY T2E0| F thAI 2Hd
T G she AR dA Aoy A2 o) A
A FEEHTHE 349020 1S F88 48 ¢
o] ¥r&A|aL Qltt.

371 F F5e] BEo2E UL AAERE F
e 27 F7E FE o)45T Jeyol
AB7 S AE 2 tiREe] BAHAL % ¥AYsat
AL A Y geln FEAQ 32E A 5
ol &% AER, FAURHLocal factort Z ZA 2] s}
8+ 2% 222 A el AL ol Felde o
BHI7F 20 203 JYHE JEE AN
7haslole o8 1A ol ge) ok A¥ FE =Y
2A gF d& A ¥ Frese 42 9% &
AT 2 3 Hwo mhE YRR} Eo|ng I 4
UE el §Ye FoFE A& Aa Ui A&
AP 2o e XNE Wy 2 dye] 584 F
A P A FaF 81Y Aot}

mebA o] d¥elMe HE U AAEE A5k
FHEEE AR F 849 osteocalein, bone specific
alkaline phosphatase, estrogen, insulin-like growth factor-
113} IGF-D), Ca™, Pt HEF FUE 2 A%, HES
FAE FAHEEN FEI FUE FUHEFA o8y
V=S Bol=g &Rlstax) sttt

Mg N e

Al =8

AENEE AAGAN D T2 APFELAA 2Y
e 343 241 Aol Ue A5 4R BF (Sprague
- Dawley, B.W 200-230 g) 30v}8]& o] &3lqic} A
AT U4 TUF 259 FE ARSAA A}
Ev d=d HHEY 1Y 43 AR EFEA A
Z)E AHEBIA L AT AR AT  AEE
sksir).

AT H

Z 30mE)e] 83 F 25vlElE iAo B & A
H&&E A3t Thiopental sodium(HEYAT-S
A% 25 mghkes B2 FUsk AA v A7)
O, 43& viERe] 9.8 AR § BogjolM 10%
betadine 822 &5 A& L5313 T2 5l 5
=& NBEAT IE SR ol Fo)M F 1.5cm T
52 S8 B g § UAE =30 o
¢S sik2 A5 F G4 E AAET sikE A
£old Bot, 28 122 uEE Bl witiE)

o

HAME LT PPz Haste G488 H2 ey
ot U A] selE|o] it e EerpARt e Wy
2 HIE P FEA 48 A2 oA Biske
7V¢<7& (sham operation)& A3l o) hrzoz
AME-3HA T

NN ZA

= BEE 10% F4 X239 g4 4% g &
714¢] &43l8E 98l 10% nitric acidol 627 S¢t
NS ¥ ergys) el Tojg 3 o 29 A
RN 2HHUE WET S4FHA wgo g
Hematoxylin-Eosin H4]& AAI¢ ohg @n7 @3S
it

Osteocalcin(BGP)2| &%

A F osteocalcin® FFE osteocalcin RIA
(Osteocalcina, Radim co. Italy) kitE AMg-8kd wajeie
&7 ¥ (radioimmunoassay)ol @&} &4 & o y-
counter(Cobra, Packard co. U.S.A)E A&l WAFs-2 1))
¥ FAFE Y 4-Parameters RIAS] E 2230 23]
osteocalcin #4-& &3I4

BALP-TALP % B/T2| &%

TALP$] 342 p-nitrophenylphosphate & 7] A & 3}
ALPO| 4 FT & HE Bessey-Lowry 'Joll mgton
alkaline phosphatase?] isoenzymes %4 bone alkaline
phosphatase®] #Z-& wheat germ agglutin®] AW
BALP?| N-actylglucosamin® Z§sle 4 2& o) 43
Rosalki®} Ying Fooo] W%z} 28 744 A)1%1 Behrs}
Bament®] ¥ ol wiir},

Estrogen %3

YA F estradiol FHL estradiol RIA kit(DPC co.
USAYE AHE-3te WA 24 w2} y- counter2
ZA &,

IGF-12] &%

AW 9 IGFI¥EE "P[I]MIGF-I5} polyclonal anti-
IGFI $AE o] &8 WAIHY 2HYL o) &8%t)
IGF-1 RIA 5992 0.5% BSA, 0.12 M NaCl, 0.1%
Na azideE $H3t 0.04 M QAXEAEH 74)E AR
8-t} IGF-I standardS} A] &) 15009 3 A A7
polyclonal anti-IGF-I S0 W& 713t 2-&olA 1A7¢
A AT F Zpzhe] A o] BLIGF-I 15,000 cpm
& 713l 4°Ce A 18A17F B9 WA H T o ¥
horse serum 50 ek 20% polyethylene glycol(PEG) 1 m/
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€ A8t 3,000 pmoll A 2087 YA ER AA
radioligand®] bound form®] HAFE-E - counterE ©]-&
st} 245

EHEIi iilE—-l #73(Bone density)

& A, e F 874 He d =] FUE(bone
mineral dens1ty, o] 3} BMD)& small animal total body
option& 7FA| 3 31 dual energy x-ray absorptiometry
(13} DEXA : Lunar® DPX-L, USAYE ©]43ld &3
st

Ca?'e} Pol &3

Cadt P9 &AL FLIAE AR ¥ FH
A3 o P4 Beldte 4 YL &3 N
(Sigma chem. co. US.A)3 #33 = Al(Spetronic 601,
Milton roy co. U.S.A)E A3l vy oE B
stk

HE % 2@ FH &3

S AR A PEEeT 2 AE2Y AF XS
T )‘]Sg 85 F AF AL sigon, HEF FA
(wet weight)®] 242 & 8500 YA 4= UiF
g IH Y F —7§5}93P} olF AlFol thet iH
Z A9 "] &L ALt 93l LHEEidT)

iz By

AY A#}E MeantSDE HAFISE ¥ #79 &
AAele Student's t-testE H.2™ p ghol 0.05 <l
BE-E F3 2|2 753

a =

EEEA HE

Fig 19 vebd ule} o} A F o] vja] i
HNeeZ FFESS UM Fe FRA M EA st
A & Fhe A7-E HAthFg 1)

Osteocalcin(BGP)X|2| &}

234 AFZ2) 819 osteocaleind & A 0.277
+0MmgmhN A & F 3FA, 7HAFeTridAE
0.329+0.036(ng/mhZ., 2 HE AP 0.308:t&068
(mg/mhE VEh} e A7) THRETe] ETE
A dgzel st {4 A=A 145}*;}:1:}
(Table 1)

TALPZ|, BALPX| % B/T Hl# ‘

Total ALPS] @4EE A& A 214:+0560U/LINA
A& 83 %, 7P5eTe 2781063(IULICE, A
& 29.1£127(UL)E ¢F 409% 7151021, TALP
st 3 ZERE felEs ALPATE BolstA wkg-3t
v 92§ o83 BALPE A& A 12.110.070U/L)N
M Az 85 ¥ 7P e TS 14310351IUM)E, A9
F& 13.11£0.78AULE JER} 93518 <7t 7t4E A
82 Rl TALP Ao tidt BALP X|9] H|&¢] ¥

Alg A 565%004 A& 8F F 7PETEEe] 514%
2, 43Fo] 45.0%2 relt TALP R]vh BALP A] Z¢
Zte] BAg-ole 2F vhe g 2Yen e 717t

sl vsle FoEE fEe) BT X7 €4§
A8 YERRT 2% tHTable 1),

Fig 1. Hxstologlcal changes of the proximal tibia before and after ovariectomy. (Hematoxylm & Eosin Stammg, x 40 except)
A. Before experiment, trabecular pattern of the osteoid is condense and well preserved in both the epphysis and metaphysis.
B. 8 weeks after ovariectomy, trabecular portion was reduced and the cellular and vacuolar portion of marrow.
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Table 1. The changes of osteocalcin, TALP, BALP, estrogen, IGF-I, bone density, Ca** and P before and after 8 weeks

experiment in rats

Grou\ltey  ©St¢0calcin  TALP BALP B/TT  Estrogen IGFI  bonedensity ca p
P mgm) (UL (UL (%) (ng/m) (ng/m)) (@emd)  (mgd) (mg/dl)
Before 0277£004 2141056 12.1£007 565 43.02+432 19495+15.56 0272+0.01 11.4+0.11 5.1+1.67
After 8weeks .
Shamop 0329004 27.8%0.63 143035 514 4855+529 214.11+27.59 0280+0.01 11.5+025 47+1.13
Experiment  0.308 29.1 B1 ., 1603 199.15 0.251 114 28
+007*  £127%  £078% O x417% +15.06%* +0.01 1041  £0.72%

BT Percentage of BALP values to TALP.
* p<0.05, ** p<0.01

EstrogenX|e| &}

Ale A 43.021432mgmhAA A& £ 834 713
TETS 48554 5288(ng/mHE A7t FUIeH WA A
T2 16.033+£4.168(g/mDHE. F 1683%] A A
€ E3oH, ol dido] Aledn /Mged BF
of Hjate] FAHOZ wie FH(p<0.01) e A}
o}tH(Table 1).

IGF-12| &3x|e| s}

Alg A 194951+ 15.56(ng/mNA A& F 835l 7}
ATrEdE 214.108127.59(ng/mhE 9.8% Z713 W
AEYFL 199.15125.06(ng/mhE 2.1% 2713 Aoz
eI e A7) 7Hre e Hlad e 23]
2 2% 75%7F Wi F94 AP <0.01) Hide A
& HYH(Table 1).

#WE2] HF(Bone density)e| &t

Ale A 027212001(geml M A& & 850 7P
E7-E 02800012(gfem’), HET-L 0.2511£0011(glem’)
2,7V e g7 510 ubE Y 088 9
ZF 2Adke A4S By 22y F AAFezE A
ol 7PrEdel viEte gzt hhdhe ARE B
o BAIHCE F24 e Aol ol AUTHTable 1).

Cax|, PX| ¥ Ca/P H|@e| Ha}
Ca A& Al A 1141011 (mg/d)olA A& 85 F

Ve 11.510.25(mg/dl), A8 11.36+0.41(mg/
dhE EAH Fo|7t g} P X9 ¢ A& A 51
T 1.67(mg/dlelA Alg 85 ¥ 7FHEede 471 1.13
(mg/dDo.2 FA A Aol7l glRloy AdEZ2 280+
0.72(mg/dDE ZH43te AE8E B CaPY v)89)
Halo] gl e Ale A 244%004 e 83 F R
FEL 261%F BAA o)t QoY A Te
4.1%2 Zashe S BATHTable 1).

Mz A cisiEel A

A8 AF A PEeede] A 219.5110.0(),
WAE HES AETL 2200113208 F 27
o BAA Aol AU & 8F T AFe v}
FPET 279.616.7(2) 2 %% 27.4% Z7Hon, 4
Hid 362.012896(g)F oF 64.5%2 "¢ e &
7HE Havd ole BAFHCER #o4 Uy Ao
€ B3tk 53 1Y AF F7H&e dolM H3EE
o] 0.85(g)R10 BlEtd GAE A F AP2oMe
20322 Wi B2 FAH&S JERN A THTable 2).
Alg 85 F BAAA 4T dEITY BAe R
TETO] 2.046120.132(g), A¥Fol 2.325+0.330(g)
o2 d¥Fe] 7HgreTel vt A4 A =
A vebgth 2eiu #F) i gEZe) £AS v
€L 7PEEEE0) 73.1%, AP E] 64.6%2 AYT
o] ZHFE Tl HlEtH Fo4 AA A Uehsiot
(Table 2).

Table 2. The changes of on body weight, growth rate, femur weight and femur/body weight in each group

Weights Growth rate Femur weight Femur/B.W
Group
Start(g) Final(g) (g/day) (® - (%)
Sham-op 219.5+£10.0 279.6+ 6.7 0.85+0.1 2.04610.132 0.731%£0.038
Ovariectomy 220.0+13.2 362.028.96%* 2.031+0.2% 2.325+£0.330 0.646+0.103*

*p<0.05, ** p<0.01
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ToEse T YRS I P47t FE Pue
2 Uehhe B 2a8eln 2w rldeze
24T 2ES 2EYO) AF AOE YelA 9

T}l anigzol o §8 F #A 7] o)F ke

Zo)) i = estrogen AHoIL} FAe] TEE thdt
2+ ¥3}7t ZolM E(osteoblast)d] 7153 Hoje} B
"oz g8 g Gukan 508 @48 AAT F
o FUwst At Fol4 23 Hydroxyproline
o] ggo] Zhadhe AL BHSIA, o|H o] Itk
FEE FHol & F Y&E AAEA AE7HA] S
9] o] ATAEC] dA HEeg FEES LA
) AFNEE BGOSR 4 W
He 2AeA Wy, REAHQ FUre] &4 28
estrogen 53} 72 YR ZBE 24 5O FUHFF
o] JAYE = AEL} 2|8 FI) thE A3 BAHA A
gAes Bad Uy A o7 7 EAREE
o] 2o} gttt FrhaEe| H7 wRlel M= I
o] A3ty A § FHrht SAQAAEC] B3 FAIFHQ
ATFEL ZEQY. FEFY] BES gyske AL
FF ZoEE9) Aol UM uig- Fast, di A
¢ TOEE A FEEAY, FvE i A
=& dsA ZAE 5 de EXNAVL Basit)

Kalu 5% ¢l&d #e] dAZoe At &
(Haversian canal)©] $13 ¥ (lamellar bone)& ¥/J3}
2| Z&h7] W&ol ZAHA N AoiM uil¢ ATE Y
wo] gickx st 2 AF e Fries Rl
A7A e Ag mdo] 4EA YA gon AEEE
< 97} goldtn, o 71A Ale g 2Fpo] 7T
e A3 Akgo] 43 dutsislo] glom A% 2 At
7b wabd Zo dojuke giAl EEE A& B &
Atk o] o} AR 7MY Bel ARSERL e
AA o}, o] Aol 2o} & Sprague-Dawley Ratg At
£-5t%ch

Malluche 5'*7} Durbridge 5'°& 2zt 23] ¥ej| A
2 (histomorphometry technique)& ©]-8-3l ¢ F&
Aekr oz BAsled Busk vk 9=t Faugere 579
Aol olshd Hel tA HEw F 3T Z(cancellous
bone)# ]2 Z(cortical bone)®l F Fol TR, F
712s @ 23} vl 72743 @ F Alolg) vlgo] A
st o, =3k o] A4F 2l calcitiold F
3 A F4F BRI F Aol aAHAUL Ha
¥ 571238 9 3} %7133 8@ F Aol v &0
s Fcky B3 g v el o} Age UM
T ZoESol f8d Ae #elEy] st 22

o= golg Az PAEl vzl A F 4ol
dolb 7 US-& A  UATh. it o] AP A
E e FuESel Addos tE oF Fo T2
AABEA] et

Bone gla-protein® 2 €A U+ osteocalcin F2
TF-Zo) A hydroxyapetite 2 g3 @A A=
Jed AM2L T PAA FoHE BA4E PR
el 2EA ARR IEA UAPs o 7HeEs
Z9) tiateld ZE59) F7kE A FU=st A
B AL, oAz FolHE &80 kAl Hew
ol ZolMENAM osteocalcin Fo) F7IElE Ao
BIEZ upen o)y s He FrHEFA FoHE
7Hao] e SZAE FHEE A 2R 5+ 3
& Aoz AzF e o] Ay 7PgFETel H
o] FUE-Zo] fiE FolM ZaE 2748 Hol 1
Fote] o ApAEe) RaRBe dRjsle AAE
Boy BAH o2 R3] & FddL A=A
ororrt. o]#l gt AwE osteocalcin®] Bod k= MEST F
opd| Eolm g AlA FrEEAl BAl7t He fFA 2
W& U7 ol Aoz Azt

EREE 2 O B AR 2 4% 32

2 @z AA IGRIE 53l Mo Ralet 4%
& s Ao 3 gEA PP, ES IGFIE
744 R A2 ¥ FAZAI AR 23 F o
ZA oA FAEY BFMe i A% W AIGF-
binding protein, IGFBPs)3} A% el Exjjgte A
o2 42 Jed 53 FFd F7HE IGFIS &
ZZ ] glojA FolMEo] B3lo} wIAXe] BHE
Z70) #ddle AoE BE up Jop BTS2 Ha
713 4ER A vk AEe ¥ uE SvFsl o
3 IGF-I9] B 3EL g3 ¥ IGFI°| 7k
Ry 7hagthe F 7R AP Bav) Qle] =@
57 9o} o] Ay oM 7HFEel vt
#ag Aoz Vel Riggs 50739 FrhFol &
wg Feo A 2™ F3fe) YA A EF
Kalu S71¢] ®Baol|X¢] IGE1 E8]ejA] g3h= ANt
7o) Ado] 95dH o T Ago] WEsAH JPHIL Y
o], 3-4210] 24t AL Ad FHE AN o] Ad¥A=
APEEe] 989 Ao)rt At E3F A7 A
ML 0|5 dAaFE AFHE 30d B FHT H
Foju, o] AYPoME d& HEE F 56do] A b
< Z2R% FAE FREA FEgse] HEE JeR
Aztgc), ol 3k A BW IGFI X& &5k A
YEEY 9% ¥ GAHEE § SHske A7) 534
S 718 @do] Y= ALE AztEn o] HE FF A
5= Al oA FE3] eisojo & AR
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AlgH}

ALP A& 8% ALPY 9 50% Y=vlo] TZHE &
HHEE TALPY] BAE7F 29 uAg gjAl Wale
TAHLZ wgErldfE vlFgE Yol Btk Az
58 ¥ 3lE BALPE FoA fE® ALPYTH Eo)
Hog AL AAE o824 bone ALPY &
AERRE 288 5 UA so THEAYAEZA o818
_/;; 9\1‘:}% 517]_ %5}12,13.29,30.31,32. _E__g-] BALP iloﬂ EH
g TALP X9 H]&(B/M)x TALP7} ©&:35) A <)
ALPS] ¥ wrg JEel I 3l ¥l 2% 3 TALPO
A1 Bone ALP7} A[X|3k= ¥ &8 A&gto g4 nr}) 7
A ALPY] AEE ¢ 4 Uk A 518 Ao 9
oA o 71A] F HAEE 2338 vl BALP X7} &
S8t BuslA B3 284 AE2A BT X7}
@3 TALP A4 BALP Bt} 1] & A184o] Q=
RE 98 BT A9 943 §-84¢ AAS v ik
o] YN E 7gEdl vlste] A¥Fo] TALP X
© 9z 713 Ao 2 Holn BALP X 93] o7k
A% AAFE Bolxwk BT X|of] lojAe 7Hrez
o] 514%, FthE-3 fddo] 45.0%2 UG} o)
FEF fEo] TALP X)) BALP 2|7} &}A]sh=
v go] JiiAoz FA vehia o] 1 whg Zoly)
o] BRI e AL & F YUt

Estrogen®] Z¥E FHelA & ¥4 Aol T &5
¢} F7PF AT Urist 5 §& olv] Bwd v} o}
Linda 5'& 428 ¥, d747] A T s 7+ &
Aol FYUEE H2g v} G2A=AZH AAF 2o 7}
99 FUE A%l vlLdA Y UL B
LEPHA estrogene] AWo] F S49) F8 HWlolgw
39t} Chow ' estrogeno] % HAL 37412
B olg}t Fo] FFE JAY + Ak By o
AY EF estrogen L9} SrHESe WA= UHS
FA7E AL B2 Gauley 58 8% estrogen X 37
ojF ETHEE dAdE NEZ AT F Utk B
33T} o] Aol UM E estrogen A& 7SS E
o Blsle] FohgE ol X s 7HAs o
2] dFApE b ke Aale AQrt. ol2f s A}
£ estrogen®] #H]7} dAo} AY B Y AL &
A 4 AATh

SUEE sk WS o7 71A] o] o4
of gtevt 2 F 198899l 7H%E dual energy X-ray
absorptiometry(DPX)v= =AM ZHGEZERE 0] B A}
A =Fo] HoHME FUEE APt qvlsly =
B & ATk LA YB3 o] AHe) M E
DPX-ofLunar, USAYE ©|-&3&ld =59t Fokas
Ax FAol & ok R¥e #35, 8% YEHAR,

AR H g 2 299 Ao = 93 2121 Riggs
679 Bae) o3 Al YPFL F2AL A
FEQ AY 97 47%, GAE 14%7F 28T 829
3% 30-39% =7}t Zhzt A Zagna din. o
AN Z2EEe] &AL FURT) 7Py Ash A
she 54 #9918 kA %3 olfE 4370 2ue
7t @A A HEE Holxle Wkt o= HolA o
HE 2UEY] 24 e HJudos 24 go|gh uiy,
RIEEA] R F-Eo] o] A% miFHolof F Aoz
Azt

3 &E v=v WA, 94 sl s e
FASIEE dY 898 WINARE dF FEe BE
3 HH el de Aoz RuMSHol g, o
HRAIME 7Predst A8 BF €% 24 55
= FAHLE Alol& vehlA] Yottt 22y P A9
QoM e 7H Feol visle] Fugs ol 7
AHE 4TS By B3] B el g o)
ME 41 Axe We A48 Yehigict gutdez
SUAL Aol Y dEEert g0 FE5
AR 8 QA Tt BAFERY o ZES
7t AaEH FA A £F St Bad
v 2le}. e ZEX] e Q1A] Ztzbel ARtk o
g F ¥ vlgo] B Za3 AF2 YA Aok

BHAN F2E A A Fo] FMATh A
AFAES] B Qi o] A W HA) ¥
estrogeng FA3A HFe F7P7) AT 1
oH, o] Aol QlAME ol 34 4ke] 7AYol Sl
A5 ARINT dRAAR 3TUEFE AT A
Hze] AFo) 7 Faol wisle) EAs) 713 A
& WY F ATk

TR o] dgellA Y HE ¥ 85 el 85
osteocalcin, bone specific alkaline phosphatase, estrogen,
IGFL, Ca™, P 59| ¥gls} tiElT Fux 128w M3
o Wste] #d A3, b FuEFY e 81
& 5 AT 2 FrhEFe) E44 MRKez o
ofvke E¢] ¥l dAH o Adsr)E oEien
LA FhEEol fasE 79 283 g
olFe] BF o8 71A &4 ¥Eo] Wiz} gL g
Aol7t Ae ALz AY7tHH, o] A Ege FF
estrogen A¥°] FTHE-E e 1A 3o 2o
T50] FraE Feo] AseA E4ol A3y B4 B
o A7 o]8dE & 9lg Re= AztEn},

4 B

3-43] 24 AHo] Sle HE Y& AALE AA
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3l 2oEEe ARl F A9 osteocalcin, bone
specific alkaline phosphatase, estrogen, IGF-I, Ca**
9 2A3 YEE U 233 AF 58 5 2

35 0|59 WslE wEAS AN vk 2L FE
€ AUt

1. 39 osteocalcins TALP, BALP BT, estrogen,
IGFI o AY A 2AA vsld F& 85 F, MR

FEFe A7 FUH v BAA f4L e,
BaAEe FUESE L AEEdMe Fo4 3l
E(p<005) 228 Bt 22 AV 7H el Y
T APF Alelg) vl oM E AP AAT
i(p<005)71' Yehten, 53] estrogen?t IGF-1¢] 7
-?— 9 58 BAE #9948 <00ng BT

2. e S’—‘Q_Eﬁﬂ JoIME MrETS I F

}fi W AP Ee sk A%E BHoH, 48 8

Fol ¥ 2 APOMWE Agzo] 7PgFEel vlst
01 HEE 2UErt AstEe A% Jdei AUA
o A felde At

3. Ca®& AR YA AAH oz BEd M)
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