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=HghE (m) 23E, ~A47a> ) vy EFHLT,
VCD #7 5 TNC VCD + Ex #fI21E, VCDEREZ <7 A D
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(Levene DIRTE) %#4T-> 7%, JFmE, TWENE, <A
7u CT, %L CHIEFOR R 3 #EiR o 72 o —nitiE
SO R FEhii, SHAM & VCD #, VCD#EE VCD +
Ex BE, SHAM BE L VCD + Ex BED IR 120 9 2 5 E 12,
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V% —7, Lukefahr & ' & Cao 5 ' 1%, KBE-E &ML H
PR EMICTHEEOERRE T 2HE L Tw5, R
WF%ETld, HBICEREELEIMET L, Lukefahr 5 ' &
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(um) p < 0.001
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ek DRE L 7 R A2 R T, RS REEE O DT
1%, SHAM ¥ 259.6 um, VCD B 256.7 um, VCD + Ex #f
197.5 um TH > 7z, SHAM #f & VCD BEDOICH B2 E 1 e h >
7o (p = 0.802) 2%, VCD + Ex #fiZ, flio 2 BEE KL THE
AR REAME T (vs SHAM, p < 0.001; vs VCD, p < 0.001)
L7z, A7 =X —=FTRTC300um Z7R7,

THOWZDWE, blllio~vy AThh, HiwEfHAL %
Lukefahr 5 '7 & Cao & 'Y ®JafFWF%E & ML L 7@ kh <
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HRERZ B AH AL LT, EWHEFR,
Wnt /- AT =V ¥ 7 F VRO IEEIC X > THIZIRDS
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T (Receptor Activator of Nuclear Factor-xB : RANK)
DHHL TE D, BET «BZERERLRTFY A F
(Receptor Activator of Nuclear Factor-xB Ligand : BI'F,
RANKL) EfA9 %2 & THBRINAMEES 1, A AT
7177 v (Osteoprotegerin : BL'F, OPG) &f&T
5 ETHBIRHIH SIS, VD R T AET LD ASY
SHTIR, HRICE2ZWMPIE5 2L 7 RSN TE
D, Wu 513 E2 DA X - T Wnt3a DB % HIH 2
ZETWnt/B- ATy TP ENRIT 2 2 & &R
L7 "W, %7, Cheng 5%, OPG DO#lifil & RANKL D it
HEIZ X o THWINZfEET 22 & Y 2WE L, 2ho
DR = A LIAFHTEED A B TR LS, Fo
REICEE R REZ R L Cwd, BEEICERRE,
72> Wright 5 ¥ & Reinwald & ' XTI, BORE
DD HERERAL, VCD ORRIMET LT 2 AlRgEDS
HU, KPFETIE, HEBOEET 2 Lukefahr 5 ' & Cao
5 9 DFID VCD =7 AE T L ARG ONigs s
Banrktfffggsns,

E7, APFRICE VT, VCD 7 A€ T)VIE 3 sl

AEICE VT, Y REOERERETZR L 7, 3 Ml
BRI EEGOPRE TN s 720, FICKEGD Y
TR ST 208, ARIFJETIE VCD 5.1 & 2 KEBE

DEACIIHER X N7 d> > 72, Reinwald & ' 12 VCD # 5

DR D BB AT, RS B & OIS D iRk
WIS T T B IA R TRV ERE L Tw 5, il

HEEOMRAEZBE 22 L, AR ICELTEETREIC
@mﬁazm&#o%*ﬁbbb%fﬂ#ﬁﬁﬁﬁ?tf

, BREBEEOR TR Ik L fRING, T
f;zb% VCD BN G DR S 2R L 2236, &N
WOMMGE (BRA L) PEHBREERD 5 2 5 %
LI, BEEREKNIELLEILOND,

Lo L, RWFEICE T, VCD OFEEAKE, HiE
BAFEZ LT Lo, BEEIZEEL v, Mayer 5
i, 15 A0S TIRIIIELAL O ML~ D 213 72 2
EHEL TR EDS, VCDBEGICL > TEL LRI
UMM ER I L ATRERE G, L2 Lads,
VCD #5012 & % FVE VR Z FHITL T Ze o s
HDRFD 1 >THh 5,

2. VOD L& 2 BHRBEENETILEBNAICL > THE

LW

HoOHME LT, VCD =7 AEF L% M7 ilg) )
BICMIETHEEZBRGEL %2, L2 L AP 5, VCDIZL-
T T L 2B EEIc X > TRHEBEINE T L IF
o t, BITHIETIE, OVX EF LTI T L 2 B ikR
EEILEN A > THRBIKKET 2 LGS T
2, B, BEELEHIC ko THERES NS,
HizgYETY vy 73 LR EINTE D,
AEEEBIEFMETS, BEUNENT 5 & EEE I T
Torahz®, —45T, EEICk THEIKET 2
L2 H D Y, AT VCD + Ex BEAS SHAM B
LR D R R MR T 2B/ o 1o & LT, EE)
Ik 2 EEOMDEZ 5N, BEIGEOMMES a
7 =7 v DOLRE, & 7RO % &L IR S
NHZEPHMENTED, BHREEELZITIIELENE
W R R IO I T EERNTTH B I L ER
BT IMEND B, S, HERREEELS TR OCEER
SIHEHLZFEMARITE LT TRy b2y twnwayPpy
%I vokEeEtEtkik s o<+ 29 7 4 — (HPLC)
ZRV2 2T, SEBIDE OGRS BT
AN = A LDFEHAPREE NS,

—7J7, VCD + Ex BECIZEETDEI KT L7, L
L, Bonnet & * 12 OVX EF L% 7= EET, 13m/
min DHEET60 oM, W5 HD b —= 7% 9 JHH%E
MLzt 2%, HEBDOEIDEREICHEML 7z &Mt LT
W5, RIFZEDEFEHRIE (14 m/min, 60 7, E5H)
1% Bonnet 5 D5 LT\ 728, R BB 5 IS A5 2
ZHfEtEb ot ELZOND, L, BITHEDONA
W23 &Et 9 TH > ikt L, ABFZETIE 16 HH
LW k) EMONAZITS 2 E0 S R oMEICRE

=7
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B THENEDS D B, ZF DTz ®, TSR o IR TR IR 52
MEd % 2 &A, @B Em 22 28 7 b aic
BH1E5,

DlEDZ &6, VCD BETIRT L 2B % SE L &
oA LTh, BEOZEFICHHE L Twvkn
ZEDBEITOoND, FOD, BEELTTEHHL EN
BOENFREOLEB 2RI EN TR VERREI N
5, WEIX, B2 LaorIicml T 2EELEG & MR
FFEOBFLY, AR L, W T 3EEXL
4446 (Advanced Glycation End Products : BAF, AGEs) (2
TEEIND, AGEs DRENLZDDICRY PP rdidh b,
COWEENET S Z LT AGEs DBEIERK Z MERT % 2
ENTE, BHOMZIT) I ENTE, BHEDORERIK
TTHBHEDFIIC T H BB RN ETH 2,
7o, HEINADY A vy - I - W EE R
HTBLERD B, —MRIC, OVX EFNVICEIT 255 E
DIETIF, B ThAEMBICBZEINY, VCD 27 A E
FMNCBT B HEEOE T I AL T SRR L
5, OVX L hiEw, 20X, BHEEOK TR
Wi 5 EF LMV EAE, EEBO Y A v M
MEMEICHRET 20ENH 5 2 ENHRIND, Fik,
VCD =7 AR O R V€ v EHNE 02, Hsh
12 & B EBAEERN R % 4128 & e e h o o HlEEE %
ElaT 208D 5,

AWFFETIE, VCDIZ X 2 JIEEERE(R T € 7L, JEE)
NADZNRICET 2 5 OfERIE, BRE#OX D= 1%
RS 2 9 2 CHEN»ONHAEOFH SO TH D, ik
AE D B HUERAE IS B T 2 B I 25 st oM TIC b
HUfECTH 2 EEZGND, GBI~ Y A% w7 H
o 7w b anic X 286EEP, & h EHINZBZR%2T9 2
LT, MmN T 20 ABIED—Bh & 7 2 WREMED B B

RIARDERSFE

AFFRITIZ O O DRADH 5, 1 DHICAWFE T
B PRENFEER LOEEOMERIC X > THRI 1L
L2 LRBEEZODY, HHREIC X 2 @EHESTICE
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Effects of Exercise on Osteoporosis Using a 4-Vinylcyclohexene
Dioxide-Treated Mouse Model
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Abstract: [Aim] Using a mouse model of gradual ovarian dysfunction induced by 4-vinylcyclohexene
diepoxide (VCD), this study investigated the onset of osteoporosis and effects of long-term moderate
exercise on bone health. [Methods] Five-week-old female ICR mice were administered VCD or sesame
oil and divided into the exercise intervention, non-exercise (VCD), and sham-injected groups. Treadmill
running was conducted for 16 weeks. Bone density, fracture strength, and cortical bone were analyzed
histologically. [Results] The VCD group showed significantly decreased bone volume density and me-
chanical strength, leading to bone fragility despite minimal changes in cortical bone thickness. Exercise
intervention did not improve bone density or fracture strength; however, a trend toward cortical bone re-
duction was observed. [Conclusion] The VCD model successfully replicates bone fragility associated with
estrogen decline. However, the applied exercise conditions did not improve bone density. Further studies
on bone quality assessment and exercise protocols are needed.
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