ME2RE =18 EBTIREMEH R AN AR EREREZERLE 279

- Bulletin of Physical Education EE2®
National Society of Physical Education, R.O.C. hEREEESE
~ Vol. 30, PP. 279 ~ 289 (2001.3) ®3088  H279 ~ 289 (K 90.3 )

e 6 1| o Bl I 30 3R AT
KNKHBEBHES X b2

OB DER
(=) LN
Fin - RER
BREAAE

W &

EHIRCHBTADAR BT HEE - BREFH AL T ELA
REMEARLERFETHRBENAUFT X » AR EREREAXLTAH
FHIRROT Ehh 4 EASHY T SReH X M7 15 e /7 T 7547 ¢
BABRRRENE - RAALHABKREEE - FHEL - TRERBER A
A A RRRT & EHUORFRARREAESAIT Entb e 22 ik
MEEZR EHOTHARNBRERPENRCAABREL  ERBER2BA
WP R EME FHEE TGO ATEMMEFAOTHEESZAPL
bpta o 12 REBRF £ RAKR ) M MESH I R BRI E LA SE 4
RFHRKRLAEHEZHAP Lk (SE: 37.6667, 30.0656) * BHEAK
TFERE SN L (SE: 5.1661, OC:4.0863) @ #7414 HEH X A /o
AR R o

RRERER : EEHAIGE - MEHE - SAELIER - xR - BYER - BEEN
&8 %

BETBR R R — R (2 BB M A SR 10 58 4 (S 0 52 T 1

EHIESE - HElE ESER AR Tel: (02)2363-4466
Fax: (02)2363-4240

-1 -



280 fEESRWME=TH

A8 R ERENIMAS S ERRBML B E AR %28 "
) %6 35 R O IR e 35 8t © WFEd8HE ( Giuseppe, Robert %A 1992 4 ) MR Al
6] 2 e e 0 ) B O M D 0 A BRI 4 T (interleukin-6) 0 Bt 4t 0 B2 (Armour,
1998) 7538 H #8538 ) #8554 BfS (Osteoblast) 8 i/ (Osteocyte) 784 — A& »
4 D e SR A E D 0 BRI o A B — R RO R B A B BUR B IRA
( Jean, Nathalie %A 1992 4£ ) » BAEHARITHAESRSS « M A ME R & RIRIE - £
R4 1 T B - 4F 2 R B R 2K 0 T BRI R R I SR R E BURRE -
Estrogen Replacement Therapy (ERT) f& H Hiift & i IS8 A B sERg
o (B RAOE R B RE 2 B BB KA AR R Phytoestrogen & &t 2 i
Hem A ANBETE 5 A i BEERBAENRKE > HliC A6 5% 555 LA Phytoestrogen
0 5 47 4 W AR ERT #9 AT 4% ( Kohtora, Takeshi » % A 1996 4 ) 14} » A% 5
(Zaman, 1999) 32t DAHEE — Gt EUH HE LARUAR R £3 Bk 2 I A i 1 BT K Y P EE o
AP 5 B EB) 8 ERT 54 - MIEEHFS TR ATEE :
PGB TR A AR EEETEEREORE
EB IS BRI SRR G R E LR EEENEE -
« T ST Estrogen IR S G B % A B RN B X R B E & EATE KNS
v T T AR R T & S B Ak P S D BRI A K S S P P 5 S R
R -

l

[

E

R BFR S R

— BRIMERE

AW R LA 4 —8ih A A 8 Bl (Spraque-Dawley Rats) » i L P S ) B
B+ B R S A T IR B o #R DU R A I 2 R 0 FlF R K O AR
30 X 45 X 60 D EMfES  BIEBRHPR 23 £2°C ~ HENRE 60% ~ AN 1240
2 R (7:00-19:00) » BRZK LA B fi 4 fE R ol (1L o '

K 1 BB S BN o B BIRE AR R AR © OC #H : EEYIRRINEL o NAL:
WifS F4 5 SE #H : & T4 & Estrogen » i fE LGHB) ISR S 4H ¢ @F@.L‘lﬁﬁm
o ; E 4 : J¥ FiES W2 Estrogen 5 ER # : 6 DUBE SR G -

ATEe 2B IR DS B #u 5 # (TREADMILE) 75 2 17 55 3 38 iz 15 5
> R =K s EEEES 39cm/sec ~ WERERS 0%  FRERFREIAIE 10min/day fils 0 &
F 0 Smin » BEF A58 6K 1hr/day Ik 5% — 8258 £ 48cm/sec ~ 10% B § Hi
AR EB GG E T T84T -



EH ISR B AR KA R EREREZEEE 28]

= MEIRE RS E

OREEERR

KA BB LR  HERIA - B R EEE > BEELIBER S (chloroform:
methanol= 2:1) 24hr » AMELA 37 ° Kik > 24hr 2 FERENSIEN » BB 24hr » Y
Mz feptey « FREAEH R o

OIRERZE HOYRE

B EBREAIHE » ZBRREERKT  BRE=1=8K B+ REK
9 ch o lf L P A 45 B 8 (Orthal rasin) 4088 %8 BB /N8 T (less trochander) F
i BT Bk SREETRET R o SRS A R LLE 7
fli (Cantilever bending test) ©

= BRNE B2

(LA Cantilever Bending test #ll {4052 ) {8 - BB S5 HRF 8L IR EE o
OFE®ER M  E SR (Molecular Dynamics) A7l 1540 X Y40 H- 2 OPTI-
" CAL DENSITY $iffi -

EZE SR « R 72 2547 (one-way ANOVA) S &40 B 2B EEE -
BB Er L AR EETEEER -

EFARYERET « DU E MR ER T B EEE - REZ NS B ERgE
fe] T i 0 o

EFTEEEHILL SPSS/PC+ for Windows 6.0 BEH » BFEiaHIEEE AHEETS o = 0.05 ©

4.8 %

- BEHEENHGR

OBREBERR

. FEHEENARERNE /R SREY BEZBFRHONEBTEEES
1812g/cm3 » £37/NHHZ It v > L 2R 5 () I Tt S D ) o DA B MfE o 3% SE 4 0 EI (S
1692g/cm3 » HERE M Z M FE M+ 58I -
 DERTFBARSHEFRAHZEWERZER  NHANSESEEZENER
OC» S * E ~ ERVUFH » HESMECMEmEEEa .



282 HEZ2®WE=1#8
2

* 1 §1OC M HEE AR
+ ¢ 8N ARAEEER
# : B SE fiRM¥FER

i |

REER gom3KBW)

—

B— BEBEIR

OREERBEREL
W M B DA T e O SRR — 0 N AR B S LT
5.682g/cm3 » {EATAAAEI RS © OC K F4IfE 4.086g/cm3 » fE/NHZ HIR{E » SE
M1 5.166g/cm3 » FEGIERIP G FLAH Z [l &
LR AL R BB 2 K HE » N - SE A BT e F LB R R IR
BXPUEH 0 N - SE ARz I MEEEAEH » OC ~ S -~ ER ~ E WAz )il A= F 5
FokHE AR ERIEZ % 0 AHEZ TS KBS SR > hiE 1B 58
N-SE-ER-S: E-OCH - .

6
3.5
5
4.5

v

* B OCHEEEER
4 + HENMHEEEER
35 # :HISE tHEHEER

3

W

BEEE ofem3KgBW)
5
W (%] S Lh L A (s,

B— RESEBEREL

Z - IREMEBARER
CRBEEMEESET
I S A A R i DA B VERCE RS SRFEAN R AR 0 RSl R R S NN
37.97g/g(BW) » H X SE ## 37.667g/g(BW) » HflifkF= S « ER + E + OCH
0 R/ OC # 7 £ {# 75 30.065g/g(BW) °
AAHMEIA (B BB SE R K2 e R BB A Rk HE » N - SE iARAR A

- 4 -



ERIISE R FE AN A AR e 283
5 40

535

30
* tHOCHHAHEER
25 +  HENHAEEEER

# B SE ML LR

20

B= AEmEEREL o/g/ (BW)

Wi A7 M E LIRS OC > N~ SE Wi RIMMIE AR S AlfELISE R 2
52 OC 4B A £ S At LHMEE 2 Sk He > fif S HIBAN + SE Ml fith % =R
%0 R0 S 4152 OC M= RAR B -
l O BIEZRERINRES

B T I AT AR S R RN Sz A1 AR 3 5 R R R T A2 o R 2 A
BBl R T BT > @RS S SE i 2987207g » HKFS S 4Hi 2838161g

SMFBN - ER - E - OC I 15 OC A1 i1S 2053273 -

15000
12500
10000

7500
5000
2500

0

N oC ER E S SE
Em iEmEEREL (B : %)

7 il A B D st 1 52 ) W M i il R S ) 3 A SRk HE o T fE AR T Y2 >

= REYBREAEREREMOZE
ARIIP R GTBR ) OC ASRR TN N A4S FIBE Z R 5 » G e SRAET - It

_5_



284 WHEBEFE =14

GIRRAY OC 4l » 765 TEMBRBE ch IR N & » Fif o S5 0 2 2 JOK e » (i
B 90 SLYT BRI @B A R B S R o
SPGB 2 e » I o G O S R 0 M L A D) 3 B LR (Ostrobe
last) #8558 MM (Osteoclast) HILhAE » i il I LA 43 Wb Interlukin 6 975 RIAIEHE
WM » STEKeR AR (Yoshiko, 1990) » i B MIMUAY K b4 HEB RS 7 o HARdIE
g FIOPER - MESGR T LA HE B W 4 W6 F) (18 (Interlukin 6) #IZHAE (Giuseppe,
1992) - If# e M & AT o (5 15 B AR R 5k Z 40 35 B Ml i (Ostroblast) 43 M
HE 6 % Ml it # 3 (Cytokine) #J (A F » 8 {5 1 15 M L (Osteoclast) i P ~ & #%
(turnover rate) g - & B 5 H 0 5t & D0 3E (Griuseppe 1992) » Bk H 8 H (M
1990) »+ =8l A AHIA 2 BLTBRI0 & 5 » 455 — 18 B IR » 5017 LU S BB 4014
ﬁ%%k-%mﬁ%&@%%%%ﬁ’ﬁﬁﬂWim¢%Em-kEEWR%$E$%
PRI BRZ e — M8 2 P9+ R MRS MDA » TiE 100 Kz Py » 4R A IR
AW 35% WL ERF 5-7% ©
SE B G T B AR R OO SR T BB R  EB AR A A
REBEGRE  BAKEHD > HPIRIREAERETISES A 48208
B EIRA R 2 5 (R FEAC SR T SR M IR B KRR E R
HNEYE BRI (Zhigi, 1993) MBI TR B2%  hPEA AR
FOR > BRABREZLE  EhRERNESE  BRERRELTRRNES
B MRS ESNEE SN EREEE BT IBEES ) R X
AT 78 LA B R I S S O B o

N ERIMNEEEENEE

EPHHPERENBERARRETAEZEE  EXHBLLS » OC + N =#iff
Ry e i BD BB RS RR A B B IR thRA RS R > SHMKREEE® &L OC
5 6.79% » M SE R A PR H OC #1785 20.63% » 1M N 4152 S 4154 4% M2 » &
ks AT > EBIIREE AR A Y BR LR REEE A -

FH 1 5 ) EEE v R DAREE AR o e 4K S Bh S K B AR AR R B A AT g b DL e S 2R
RFEEAEE  BR  EBIIEEROEZEDIAZE ) BY - &AM ES IR
A HE R 9P LG R 1 K B BB R KR R AR ) SR AR B BT R RS A M 3 0 7R R IRY)
B OC 4 » B EEE LRI R N 1S 28.09% » 16 4190 8 % 195 5+ = 82
A BEMRK R CAR A RGL = 5K 0 S B+ RIS kA S 23%
ik RIS OC Ml » LABEEM TS » 38 83k 2 81 L 36 A2 6 5 A g - (Bl
BERAZIENRBR A E  EBINEOBR TS+ 908 OCHNBBHEEAZH
TERER A+ A BE K Z % 58 N AMEBRR 20% @ AR+ —E3H0 S 4 B

- § =



EBH AR MR A RO AR K ERE 285

BEER AT EETR 4.4% » W5 ERESEREEAE R R BT DIRH > B+
BT 0 S AR BHERER T ATOR > HEL NMEHES > 8 OC HHyE=RE
RIGE 40% » Fh LS SR AT AR AR S5 I ol e AR AR A AR B B Y 7 i R B AN
I (R > AT LA R BE LR R SE R R I RGE 0 R I oA B AR AR A2 41 ) R
BMR > REYRITARBERLEERBENES Y LR —H RWiER > B'EkE
TEMAIIMNTR LR TR BB £FERANRIRE  HEELERBRTHRRZN
fER SRR - BT R AR I ARE RWB B BESL (K81 ) MIHFERI R
B RGBT EB I A RS BN ER TR R > A 1R & R
# (trabacular bone) B ¥ ¥ & (cortical bone) i Ll » 7£ Zhiqi I BF7Ed th LA B -
B0 1 B A5 5 1 B /N BR & (trabacular bone volumn) @ Zhiqi MIBF9EES SRR
K BAEE /GRBGR A/ GEAEB I % o BB SR A SZ ) il B S R R A
il 09 52 MR T DA B S A BT S 0 465 SR S I el A B AR A S R K S O il 8 R AR
S0 IR RE R -

SEB ISR T EEE A E > S S E®ERANRE A+ 88E > {52 > Zhiq F
B 7S SOk b AN AN [E R B8 0 Zhiqi FISORR R R B R o EBYRIECE -

AR AR B AR R, AWM RAGH T FHHRE ZAE » AP RO REM P
R SEB I S SR AR A DB AR ANEE ) FRERT AR - JE0 E
AR W HEE RORZEZ A IR E - RO R R EEREERR - AN
BE AR A A S R R S B SR - AR M E AR LA L AW YR
B - AN ERERE o FREGE AT © RIS GHBIIIEE - FREIIRE= K o AHBS R d
BE AT o e T K BB 0 Zhiqi B9STE0 e SR T o S I A B B I
SRR o K IR AR > WHEREERRNEEFR -

= HERRMHITARE ERT) HEREMNTEE

A A T A R B PR B Ok 0 T R R R IO R R P TR R R
17 385 1 0 L 0 3 R 52 T BRLME M R A iz 1 W DAV & - M R A 43 06 Inter-
lukin 6 FH % B MMAHEE » James(1993) MITFZEd i H » KA B YIERINE 2% » LU
W s R A AR R WK 0 James 325 0 ERT A BY IR SR B /MR B H 8K
o T 1E PR R T AR D B R AR AR AR Y R3S (turnover rate) 0 R4 0 BEINGE
i (Armour, 1998) M A (AN B2 B — S (L F & B (endothelial nitric oxide) ik
R FEIRE — SRR RIS MR B -

MR E 6 2% E 5Kk (Jean, 1992) » (i # o A I 338 o0 P 136 08 ME 5 20 M 2 Bl A o
Wi ARG AR K HE - R T LA R AR R A ARTR SR R A HE R iR R I R
iR 0 E 18 KBTS 0.001mg MMERS » ER MR K THES 0.0Img » 34T

- 7] =



286 MEHF2®BE=1i

R A M O R A AR 0 AR SR (Naoyaki, 1995) th#8 M » ER 4 A i B al
KRN FEHEREE 600mg » HEEHAORFETHESINRSER M E
R RS 7 H ERBEENE OC 4] (#7400mg ) - 5 SEET » 8B &1 ER
HERF 522.2mg > EHEK E 7 HERS 405.6mg - @%%xmﬁtt& ' TEAR
MR T » AR AR R T EREER Naoyaki i) 5 8 > '
AILEA) » BegEA K &Hﬂﬁ%&ﬁﬁ?ﬂ%%@:ﬁ%@%ﬁ#%&ﬁi %Eﬁsmﬁs
] FE T 3 T S A R O U P A o T B R A R BR A RS R o

AXRFERE R B IPHEYIERET OC 40K (& 5B WY & HhB i & Ef}lﬁﬁ‘-ﬂﬂﬂ-
i+ —8zMN » OCHMKREFEEBEENHKAT 28.09% » HKkMFHE+SBA » i
VIMESR HRNES R > MR RN ER B EEEER - ENEBRo%  HET 2621
% » E#flfik 26.87% » E - ER WHEFEEE - RERAZ NEAH » HEE0E
BN i OCHEME AR » it LR RTH » & TS E I REENRE
ARG 0 SR ATREAN AT AT S o E RS B B 5 S B £ B A% ) Rl e M
RAHAR

W SEBE GHEAFHIOAR ERT) HAE RSB HEMNZERER

SE B A B e R R BRIER B E AN B TSSO » REH
REPE  BEE > MRS RRRE EDEERIEAERASH IS
WEME AR RSB EEE  WESEMARERE  BARABEENEY » SRS
B0 & B P O 6 0 A B LB 48 SE L 0 ASB - MR BB - B E
A9 N 4SS 9.19% » 58 OC AT 20.08% HILE » %% AWKHE : SE MR
SR A DB N AHRHE 0.79% » WEZ MM TREER » S SRKEAE RIS
RS A AT AR BT B S R TR S A 0 B T AT LU S SRR
S B AR » O AT UM R B 0B > AR 44 ) O B2 o -5

TERPYIRZ 1 28 FRAE R AR U0 S0 7 M G T A A 5 P
(turnover rate) » [RIKF » & )& B M U6 3640 IL-6 » RiFIARE S IS S MR
BAEBA - TSR SRR RN GMREITIRE (RO
M2 LT AR B E WIS A KA ARES o James @ LUH B9 S5AE
BAEREE » SURHRH  EIRIBROAE RS b EB ISR BRI S ENE
W A SN IR A HOTHAE o TR MRS + B T 4 A P e e R
ShBEZ St » 3 RS AR O PR o 0 A B P R S T AR
ST HIBUDLAS 3R thE H AR5 BT 25 (9B 3B B (Yeh, JK 1994) » e
32 2 2 S A R ) )V B (B KR 4 0SB 9 o SR 00 S M 5 1 R
= Al N AR Y (additive) o



HEB TR FEH TR AR BRIERE L EEE 287

AR FE RS R BB & OF B I MG o 9% 1 08 LA B S B 3 ok ) SE A 45 71 ' e W ft e {
BRGS0 09 N AR {RSEEAT » L 5 7 B S i R R M A B 5 B0 A W 0 A £ £ i L 1
Nl B8H E » ER R BERAMNBOR » 1A S MM HHSREMEE S » il T
D 3| ok S Y R B 0 AN B OSSR o MR R B R B 1 B R AR WIS
ARG » B0 L I8 v 95 1 550 SR S LA B R T EL £ P 7 R 445 E A
W+50 2 — » BIBEA D » -t fE) IR e 1 T 0 ol o B 1 i s o

5
53

anl.

2~ &

ARFFRNGERER SRR EADR RS ENR L M EORE%E
TR RS 0 0 TR A O S R ) o 0 AL B £ RS 0 A K BB b i R
MRS ABEMROKE « BESS 0 RH S - B E0R - R
R WAR A R R Z MR S N R E R RN RES SRR s
EARWFREREH > SR OH B MBI R - B AR T > (8
BT H 7V P R BR AT AN AT AR SRR B R A 2 S SRR T R BE o R AT f R S 1) 31 ok
PR AR HED 5 A AR 52 R [ R A I o R O T B RS R T 0 A
BOS TR BRI R KA LA R R R RO — R R R EER
B WESGR R BY B ME R R R o IO ID T oA6 AER  DL E BE AR 2 41 1
BAHT  WEEABEIARE o (B85 5 0 A 5 EAREE 2 TR -

5% R

HFE (K83 ) - Bk R%BEMBRAE - BAME - B+ 85y -

Armour E. kathatine and Ralston H. Stuarth (1998). Estrogen upregulate endothelial
constitutive nitric oxide synthase express in human osteoblast-like cells.
Endocrinology, 139(2) 799-783.

Giuseppe Girasole, Robert L. Jika, Giovanni Passeri, Scott Boswell, George Boder,
Daniel C. Williams, and Stavros C. Manolagas (1992). 17 B -Estradiol Inhibits
Interleukin-6 Production by Bone Marrow-derived Stromal Cells and
Osteoblasts In Vitro: A Potential Mechanism for the Antiosteoporotic Effect
of Estrogens. The Journal of Clinical Investigation, 89, 883-891.

James K. Yeh, Chung C. Liu and John F. Aloia (1993). Additive Effect of Treadmill
Exercise and 17 B -Estradiol Replacement on Prevention of Tibia Bone loss
in Adalt Ovariectomized rat. Jownal of Bone and Mineral Research, 8 677-682.

_9_



288 MEEBWE=18

Janet M. Hock, Michael Centrella, and Ernesio Canalis (1988). Insulin-Like Growth
Factor I Has Independent Effects on Bone Matrix Formation and Cell Repl:
tion. Endocrinology, 254-259.

Jean Yves Reginster, Nathalie Sarlet, Rita Deroisy, Adelin Albert, Uysse Gaspart
and Paul Franchimont (1992). Minimal Levels of Serum Estradiol P
Postmenopausal Bone Loss. Calcified Tissue Internatioanal, 51, 340-343.

Kathleen M. Reich and John A. Frangos (1991). Effect of flow on prostaglandin E2
and inositoltrisphosphate levels in osteoblasts. The American Physiolo
Society, 428-431.

Kohtaro kawashima, Takeshi Inoue,Naoyuki Tsutsumit and Hiroyoshi Endo (1996)
Effect of KCA-098 on the Function of Osteoblast-Like Cells and the Fo
tion of TRAP-Positive Multinucleated Cells in a Mouse Bone Marrow
Population. Biochemical Pharmacology, 51, 133-139.

stimulate NO release in osteoblast through distinct biochemical pathway.
nal of Bone and Mineral Research, 14(6), 930-936. (

Naoyuki Takahashi, Takuhiko Akatsu, Nobuyaki Udagawa, Takashisa Sasaki, Akri
Yamaguchi, Jane M. Mosely, T. John Martin and Tatsuo suda (1
Osteoblastic Cells Are Involued in Osteolast Formation. Endocrinology, 2600-

Robert L. Jika, Giao Hangoc, Giuseppe Girasole, Giovanni Passeri, Daniel C
Williams, John S. Abrams, Brendan Boyce, Hal Broxmeyer, Stavro_sI
Manolagas (1992). Increased Osteoclast Development After Estrogen
Mediation by Interleukin-6. Science, 257, 88-91.

Wimalawansa S. J., DeMarco G., Gangula P., and Yallampalli C. (1996)

mill exercise on vertebral and femoral bones of the ovariectomized rat. Bor
and Mineral, 24(3), 223-34n.
Zaman G., Pitsillides A. A., Rawlinson S. C. F., Suswillo R. F. L., Mosley J. |
Cheng M. Z., Platts L. A. M., Hukkanen M., Polak J. M., and Lanyon L
(1999). Mechanical strain stimulates nitric oxide production by rapid
tion of endothelial nitric oxide synthase in osteocyte. Journal of Bone a

Mineral Research 14(7), 1123-1131.




B R R A AR B R R TR 289

Zhigi Peng, Juha Tuukkanen, and H. Xalervo Vaananen (1994). Exercise Can
Provide Protection Against Bone Loss and Prevent the Decrease in Mechanisal
Strength of Fremoral Neck in Ovariectomized Rats.

Journal of Bone and Mineral Research, 9 1559-1564.

BAEBEH : 89511 H
FEREER - 899411 H
HEZHM : 894128

The Interaction of Exercise Training and Estrogen
Replacement Therapy on Adult Ovariectonize Rats

Wei Hung, Chin-Lung Fang
National Taiwan Normal University
Shyh-Yran Lee, Jin-jon Chen
National Yang-Ming University

Abstract

The interaction of exercise training and estrogen replacement therapy (ERT) on
adult ovariectomized rat were studied in three methods: cantilever bending test, bone
density and X-ray optical density. Sixty Spraque-Dawley rats were separate into six
groups: OC, ovariectonized control; N, normal control; SE, training and reduced
ERT; S, exercise training; E, ovariectomized and reduced ERT; ER, ERT groups.
Exercise groups (S, SE) has higher maximan loading on femur neck, while ERT
groups (E, ER) has higher BMD but not maxiaml loading in femur neck. SE groups
has both higher maximal loading on femur neck and higher BMD. The result indi-
ate that exercise mainly effect biomechanics properities of bone while ERT effect
on BMD. The effect of ERT and exercise training are independent and addictive.

Keywords: Ovariectomized rats, exercise training, estrogen, cantilever bending test



