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ZHEO AR =Y BHIAAE, 2 2 30 M CTE2IZEEI L T 5, National Federation of
State High School Associations (2L 2 &, AR —MRD= 750 FANDREET R —
FD S B LD E O DEIEIX 1972 FFRITIX T% 2o 72y, 7 A Y — b Cld, 2008—2009
T 41%12 B> TV 5 (Associations, 2010), L2 L. mWEHUKEEE RO Z O E R
JECEBER ML —= U IRERIND 1D, BREE, HEMEEAR, BHREL D&
TR H D,

1992 4, KEAR—YV[EZEE (ACSM: American College of Sports Medicine) 12X 1.
BREE, EEHMEAR, BHREOZTNENOEE L Z DO = >OREBIZI T 2 A %R
IZoWT, “E7 AU — b =M (FAT: The Female Athlete Triad)” &9 EENE
LI, RSB s D L9127 o7= (Nattiv A et al., 1994: Yeager K et al., 1993),
1997 1T, = OORBOM AR Z R IHXN AT F T 5 & L THID L (Figure 1)
(Nattiv A et al., 1997), 2007 4R |ZIFRVFARYE R 2 B o OTFMIC T S 7z (Nattiv
A et al., 2007),

LT AV — O =F L, BREFEOAEIZED LT L F—EHIR BRI AR E Y
720 30kcal/kg Z FEID &, BIERNEBEDLZ ENMBNTWS, Figure 1, ETFTOEN
KEITHEN T D = A3 R FIC L DR 1L F =03 HE = 1)L X —Z [ El o 7R EE,
HOLWIEREEEL o7, FFRFENREZ R L TEBY . AREECEHREICELF
BREPNTN D, —T5, BPAE EORWKEITH2N TV D =M1, EIER =1L F—F|
i EIER AR L B0 TH DRI TV D, ACSM O BEEIX, @V BiHKHED T 2
U— h721 T, BRESEZZ AT TR TCOLENR ALY b T A0 EORRE, oF
DAREEEI 72 IRBEICH D Z L L LTS,

T AY — b MO = F ORI, EE) N L— = 7 XD = LRI DRt
WA MR TEE, BIICED S BHRIELTHRT L, £, Zhb KRR
L BWBHEOKEOT AU — FET TIE R EROHMER - D T2 DI AR —Y 2T
LTWAEMIZE S TH, BIETHEMEND D7D FEKIEEN 2 <175 AT X TIZEBW
TPRIZLRT e TUXR B 220,

Nichols et al. (2006) 1%, KEDZLMT AV — Fd 21.8%, =V — bRk MHEE O
17.9%53, [IREEBECThHoTo b HELTND, S HIT, 1B A RBHE 13 A RHEE &
L CEBENMENENSEEREIN TWAZ 05 (Drinkwater BL et al., 1984; Marcus
R et al., 1985; Myburgh KH et al., 1993; Otis CL et al., 1997), &= X+ XL
SR ERENCHBEL TWD ZERRBRIND, =X M d U aWoK Foftl, =xL¥%
—ERARITEERICOEEL KT T2, 7T AU — Moo B HEREOBER T FEIC T X
NE—EBRARREE A M U RWOKR T ThD, 7TAY — MI—E I+ 5 &, itk



TEOHE 2 2R < Sh, BEERICELDETRVWIMEZET L%, ZOTHNEETH
D,

—F., BRBEICHEHZBRS E LT A v e P U ThHREA Y 7 TR UPER X
NTWb, KA Y7 ITRAAT, ALFEEER A bu AU L EPLTEBY, = A sy
LT — L OBFEEA L ARNICBWTIHWT 2 s a7 UEREM 27773 (Santell, R.C
et al., 1997), 7=, BREROGELRE . BBAMEOMEBRMENDIRNZ LG FFIZ
PRI et D ARV ARFEIE O & L THIIFF STV D, BIEIL, ‘B ORENRIC
2D OO EREARSOBE SRS & LTHOF 2% T, ZHET, 3%
FEZRBWTKEA V7 TR L, RO B FICH LRESTIZE K 2 AR E
AT &7z (Ho SC et al., 2001), F7z. EBEHWIZERIZHEWTHIFRMGHET L8
DEFERTICH L, JHIRRH 5 2 ENZHHREIN TS, 612, BRI
BWT, KRG A Y7 TR AT E B O TN HHEEMHIZIREZ LV HERT 5 Z L RS
TEH Wu J et al., 2006), KA V7 T7HRAXMERT A bl U REOERBHHTEWEIR
EHLILT NSRS TE L,

LML, TRV —= MBI 2FEEDRTICH L, ORI REEELLTZLTOMN
ERE LS R . T2 CAZEER, TAY — MO BHRE T AEE L, T
AV — MO BEHEBRIETT VB O A B &35 2 & EBHERIEET VEIWIC
L, RIEAYTZIRAARNED LS R E b bTONERFT 22 L2 HME L
TiTo 7z, Batif 1| Tik, 7A Y — MO B HRETT Va5 7-5, =FL
X —Hl IR OV FEE AR A A T »~ OBICH X D EERR L-, £72. Bk
2 TIX, BREEE 1 THRONEETAEMOEEERTICH L, KEA Y7 7R R
MED X IHET HONERE LT,



2. MET AV — F =ZFEHITHONWT
a. TRIALF—FIHRE

KEAR=YEFZASMIZ Lo TR, BT AU — F =ZFBOEREZH - A
N7 FT AT, HEEEFOAEIZED LT = L —F O RN A RHREREE 5
RIEABHTDRFTHD Z e RENTN D (Figure 1),

TRAFXF—FIHBOE FIIARERIRELEE SNOBEEMBA 2T 7 A — K, HDH
FEREEEL o HEE I 20N D, KEEFORBMZ VT —b2 0 iE A L—4
Y =R EICBWTRIERD L, BB EZTORNEREEORERN 5.5—9%THDHD
WZxt L, ZET AU — MBI 2BEEZEOREBERIT 25—-31%Ic LD t@®ESNTEY,
(Byrne SM and Lean N., 2002; Sundgot-Borgen J et al.,2004) %7 AV — biX. i&Eifh
EATORVNE ARV F—RRITR 00T < HREREREE OB HERIE TR D 770,
1980 FITITF P —ITBIT D =R F =T 2 & RREREE & O BENEIZ SV TR
THED 72 S (Warren MP et al., 1980), 1E& 72 HfEHEREZ (R O7-OICIT T RLF—723
BETHDH I LIWRENTZ, Z2D%, Z OBEPEIZ OV TE < OIFFER T (Yeager KK
et al., 1993; Nattiv A et al., 2007; Otis CL et al., 1997; Marcus R et al., 1985;
Loucks AB and Thuma JR., 2003), = R/L ¥ —F|MHAEOMK FIZMOBIK FEHICIERL
GnRH (Gonadtoropin rereasing hormone) ® 3wt & il 5, IRWT FEMEBZLIENL O
LH(Luteinizing Hormone) D3 AHME N4 5 72O KM OIIBIZA/EH L= A b a 7F Wz
il =5, 208D RERBEEICL 5T XY — MO ORI A REERE R 22 E
25, TARAX—ORRN 5 AFFES & LH OSWREN DS Z & Rz X —DIREEN 1
AL & AREINCEELZ RITTLEX LN TS, 61, =X —FIHED
T2 1AM e < & BE IS KITT,

b. A REFKRERE T

BHET A Y — MBI D HBRSRERE T LIE LIEA D, BRI AR, Bt A &
NhHb, MARLITBEEOHARNEZ 57202 ETHY (Stedman” s., 2006) , JFFEM:ME A
FREIT I8 IR THHENB X RN L Th D, FhesEmARKRE L3 » HMA KRR
RN ETHY MEMEHAREITARES2? 40 AU EE ShTWnD,

JFORVESRE R OFIEDOEI G, — RO LMETHI 1% TH D DK L (Chumlea, WC et al.,
2002), (RfEpRT, FT VU —F— A NRN—TIL2%% 5D D EHMEIN TS (Beals, KA
et al., 2003), ZHHOFEHE ZZFITT DHHE TIX, BEMD O Ok UV MARE IR L
DRL—=27I108 0 ARMEREREN SR SND, £z, FRMEEA RS 5V ITER
PRI H BN 5D AEIEIL, RO LMEIZBWTIL 2-5%Th DIk L (Pettersson F et



al., 1973), REHIRZERIND AL —F P —F o F =TIk 69%. 65%. 65—70%
(Abraham SF et al., 1982; Dusek T. 2001; Nattiv et al., 2007 I EA iGN TWAH,
BT AV — DO ZEBDO AT T ATBWT, H RSB E T S M A s b A
RETHRINTEY Figure 1), ZWEMEL LT, ARBEMINEIT T3~6 RN L&
ENTWD (Otis CL et al, 1997), Table 1 {Zi, F7p 2BEHAE HIZR T 2 FURMEM A &%
B OVge s M2 R D FRIER 2R LT, A REBERERE T OFIEM LI, BRKIC X 0 By | A
L—"T 6—79%., REEBELET 24—26%. Kk HIREFHIZIBWTITHN 12%0HFIE TR Z
DT EDRINTND, Table 1l DX HIZ, FEMBRNOPE AT +—~ U A\ LD
WCARERIRA Bk SN ABEEE CH D, NL—F o —R A 2T ) B E coR
JERNENZ LS, TRAF—REDIRESLAED T RV — T ANER L 72> T
BHZ ENDHD (Marcus R et al., 1985; Loucks AB et al., 1989; Myerson M et al., 1991).
EW 7 ARBY A2 RS DIZiX, WD 2% U LV ETHL Z ERRESINTEY
(Frisch RE et al., 1974), ZI OO ZZITT HBEEIC L > TIEFAREROZ &,
F IR EICR S - TROBENEERZRETH D,

C. M7 AV — FDEEE

— A 2R TR TR R R W R 5.2 5, EE b 72 6T FNAN I EE O
WEZEMSE a7 = v OEAZRET S, ZHET, FHRTEORMBURIZE L
BEEOWD ZFHE UBHRIELZ BIESEDL Z LD, NEMARNERBICEZECTH S
TEWRINTE e, NFNAR O D EENZBTT 57 AU — ML, HEBEIEOZRN
H L L CEBEN 5—30%m Y (Robinson TL et al., 1995; Risser WL et al., 1990;
Fehling PC et al., 1995 ; Ducher et al, 2006; Lorentzon et al, 2005). iE@hiZxT R/l
X —EBHARRRLCADTRNT —RT U ARNb D EAFENWHREGL L, R THEEN
T T %, ACSMIE, 7T AV — F O =FEOMAEFRD AT 8T LOHFTHIZONT,
T 1E 72 F OFEFE (optimal bone health) 75 /B HIFRIE (osteoporosis) DHFIFHZ R L TR |
BHERIE X = O R0 T b =3 X —BEUR R OREEN FE < Mkt S 7Rl = 5 9%
BTHDH, 1994 4 Nichols et al. 1%, 7 A Y — Mo =FEoH OREREIZET 52 M
Y4 WHO OEFZ AV, YAM(Young adult mean) DFEHE(RZEAY 1SD LA LT “B&ERHL &
L. 2.55D LA T “BHERIE L TW5,

TAY— MBI EHRELZET HEIGIIHEEAIC Lo TRV . HRERERE
REREEL oo RERET v —1, REBEEFESV Y I —, NL—R—b T = A5
F LWL TEBE MRV Misra M., 2008), F£7z. 170 NOEKRAEE &G & LI-dRAmf2E
DOFER AREBEICE YT I LT ERAEIR 21.8% Th-7-Z EAHMESN TV S (Nichols
et al., 2006), SHIZ, ~HCIHMERBEE LKA ha v LLMHBI LR 72 &



IHELINTWAELOD, ARBEEREDOZET AU — MIBWTIE, KA b F v
L ~UL ARS8 BE O BB PEDN HAE KTV A (Snow-Harter CM et al., 1994; Zanker CL et
al., 1999),

3. MET RV — MBI DEE R T O A

a. b MIBITHHFEHRE

BIEEO LRk L L TEETH ST T EMBBEOMERHIZ O AR R TH Y |
IER e RBNER 21T > TV D, FHERTICITMECHRA DAL TEY, Zbofxic
Ko THEOMIIZMER S, AT T aR) LR EDIXRTVOBERHEI S TN D,
EROBEO—4E%BES &, I ANE & (PBM: Peak bone mass) M90% 73 185k E £ CTITER I
AU (Recker et al., 1992; Henry et al., 2004; Whiting et al., 2004). ZD#%305ktAFE
T5—12%DOFEMHEML, BRANFRZEGT D, MT&EHEICA D LB RPEEN1%
T oRkbDiv, M TIXPARE Z DR 3KI5% T %, FnEOBMRIEDERIL, TR
FEME B AERIE O 2 W AL UE (20004E LTI | O T, “BiEDR T AL L, BHho
AT BPHER LT 2D FRIER” LI TEY (Conference report., 1991), FEBEHIX
10005 NIZ BB 23, MDD 53D 2 FI1G NEMIENIZZ ) (Yoshimura N, 2010), KEIZIHW
TH10005 A& 2 5 BHBREEE D80%LL LIZLMETHD Z L MEI LTV D
(National Osteoporosis Foundation., 2008), MLm= X kv & 3O R T IZ
VIR BRI T 5%, REIIIEONDRRNEEZVNIED D NP EET
bD, LT, BT AV — MIFEEZZATT 2RHNRRNERELEST LR THY |
ML= TR F—RRERNBICL > THIER I INDFERBDETHT 52 &0
HERRETH D,



4. KOA YV T7ITRUEZFOEFIER

RGA Y TITRALITZ TR A RMEEWTHY . TOHAIE~ AR, NTR, 7% AF
728 300 ORI K O~ ARHZ b o L b ZLEFENTHD (BEH D, £, Rz
L7 RGEEPIME RIS A Y 7 TR UBELS EFENT WD, Y 7 TR OIS
DEMERNVEL THDLITA My EEULTWD Z EnD (Figure 2) ARNTIHWT
A ha P UARER R T 5720  fEET A b a7 (phytoestrogen) EFFENLTEY |
FAEFYER & LT, HUEEAEST (Whent M et al., 2011), K=& ka4 U 4EEM (Ross €
et al., 1996) . "& % /K FHHI/ER (Ishida H et al., 1998; Fanti P et al., 1998; Ishimi
Y et al., 1999; Ishimi Y et al., 2000) 72 ERH OGN TWA, L)L, AV T7T7HRD
I8 TR B L M O B S & (et % % (de Lemos ML., 2001), FLIEBICRARL CW5HF X
HEENLETH D, AR T 52 5EERTIHEICAMN TH 5 2 & bIFEERK
e LT, £o, FEREMREMOMERSE LTHIRSNLTWD, 1Y 7 IR TT A
ke b7 ¥ —0a KOBICEFMEZA L, FEIC XL BIfEN RS, =2 b
VEWT H L ER & ORI 100500 RV, A VYT TRV OFTHT=AT AV
R A BA LB D

Flo . T=ATA T ERB EOBIFEN o XD B 20—30 f5E > (Kuiper GG et al., 1998;
Morabito N et al., 2002), ER DRTEIL. o NFE. FLAE. URE. L BlE, MK T
.M T EAZREICE L, BAVE. WA K. ML BISZER. B EICZ < RIEL TV D,
ERBMBIZELRELTND Z M, F=AT A U8 A BA v OBRUC LV BHEEK
THIHIZh R A2 R TMEN LR SN TV (Ishimi Y et al., 2002; De Wilde A et al.
2004; Ishimi et al., 2001; Ishimi Y et al., 1999; Bao L et al., 2011), &5IiZ, A
V7 TR OEREANOEEIT in vitro THOEEMFTEN TS, A Y 7 TR EH
SIAFTHERREE LT 2 2OEARB 6N TEY 1 DIXEHRO T R h— 2040
Hl, 2 S BB MIENSAW SN D F s —BIEEIHER R TH D, Mz -
EERRTIL, F= AT A UHINVE M Z i LA K a2 e 5 Z & (Gao YH and Yamaguchi
M., 1999; Yamaguchi M, Gao YH., 1998). ‘BIHifla> 77 ¢ 7 FHEIKF T 2 NF-kB i&
#4952 & (Yamaguchi M and Weitzmann MN., 2008) 2345 X TWVW5d, DX H I,
KRAA Y 7 TRCPDBEERTMHDIR LT TE, SOICHREZHWTZRE» b b E~K
FETREATD2EIREL OMRL D RENTE T,

5. KX DHK

VULEIOR LT SRATHIE DN S . T 2 ) — P OBHERIE PRI S RITEELRAETH 5,
L L6, b haife LTORGINETH VIR X bbb, —F., 8ie



AW RFHIRBRCIERBRR D O R LM 5 L CEERELHT —& L2508, &
PET 2V — N OBHERIEETT VEWIIRIEESLS N TR, I 5T, BT VI EHN
TeRBROIERBRM D ORE T Lo IRV, & 2 TR CIIMEHREE 1
E LT, TAY— MO BHRETT VB OMNLZ B E L, AR ES K =R ¥
—HIRA T v NMEBEICRIETEEEZRFTHZE Lz, RGHEME 2 LT, ARE
B O VX —HIRFR A B ER TN L, KEA Y 7 TR ABRDNEICE 2 2 5
PR EEARE L,

6. AL OHERL

AR 1. B IEE) & O 3L 2 —HlER2S R IIME T ~ M E I RIT B T
5 (H2%)

MATERIE 2. KEA Y 7 7R AR HREE) & O L X —HIBRFIENE, BHEEETIC
BAF e it o (5 3 %)
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Figure 1. Female athlete triad. The spectrums of energy availability, menstrual
function, and bone mineral density along which female athletes are distributed (narrow
arrows). An athlete’ s condition moves along each spectrum at a different rate, in
one direction or the other, according to her diet and exercise habits. Energy
availability, defined as dietary energy intake minus exercise energy expenditure,
affects bone mineral density both directly via metabolic hormones and indirectly via

effects on menstrual function and thereby estrogen (thick arrows)



Table 1. Surveys of the prevalence of amenorrhoea and oligomenorrhoea in difference
athletic disciplines.

Percentage with
Activity Study

n irregularities
General population Peterson et al (1973) 1862 1.8
Singh (1981) 900 5.0
Weightbearing sports:
Ballet Abraham et al (1982) 29 79.0
Brooks-Gunn et al (1987) 53 59.0
Feichtet al (1978) 128 6-43
Glass et al (1987) 67 34.0
Running Shangold and Levine (1982) 394 24.0
Sanborn et al (1982) 237 26.0
Non-weight bearing sports
Cycling Sanborn et al (1982) 33 12.0
Swimming Sanborn et al (1982) 197 12.0

Reproduced with permission of Constantini NW & Warren MP.
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H2w HIEBKOT R X—HIIRFEIENME, BE R T E T VB ORENL
2—1. #=

THAX—HIRNEBEEZRFTESEDLZ L0/ MEOEWOERTEERESNLTND
(Talbott SM et al., 2001; Cifuentes M et al., 2002; Cifuentes M et al., 2005; Hawkins
J et al., 2010; Turner RT et al., 2010), 7 v hZEHV, =X —HIRE~KIET
B RE L2 Tt 10—60% OFEIA TORIRA M SN T Y, BEER T 255
B DI 40—T0% DHAENR 2 < 2 ORBRYIFNL 9B 25 12 B TR S T2 (Banu MJ
et al., 1999; Talbott SM et al., 2001; Cifuentes M et al., 2002; Cifuentes M et al.,
2005; Talbott SM et al., 2001),

—J7. BEE CRMOEB N EFNSWROMER L5 XE 52 &8, @z vy
T2 EBR B S M STV 5 (Chatterton RT Jr et al., 1989: Caston AL et al., 1995),
Williams et al. X, PV ZHWVWERED® ~ L v R I JLEEIHAR ST VX —FHEDIE
TaplEEI L, AFENDWRARNVE S O WEE R O 2632 L2 ®E L TWnd
(Williams NI et al., 2001), F7=, M SIXV %2 HOCREED EBRZITVIEENC L - T
SIS =) X — 2 535 L RHET 5 2 L 2 HE L TR Y (Williams NI et al.,
2001) . AEIEN RO BRNVE VISEIZTRNVX—NEETHDH Z LRI N TN D,

RO X IIC, =X IR ERHIC KT T EEL R L el &2 WIkEimE
D JEENHEFEN 73 WR A~ D Gt Lo 1372 ST 5 28, 1EE) & 1L —HHiliR
AT X0 B A R OVEFEN IR AR VE o~ DS % R 3T L 7= AR 2885 130 70 0,

Swift SN et al. (X b L R IVAEEENIC 40% = R X —HlR &2 Aff UEHEE~DOREL
MEtLize 2 A, 12 O RV F —HIRCHED (41%) i Lic, E£7-, Dimarco N et
al. (2007) BiE, &MET AU — F =ZFEFAD) ETNVEM ORI E B E LT, HIEIES
MO —Z2 A0 LR 21T > TV D, #51334 AlmOMEZ » 2 vy, B ZEE) &
OME A R 2 AR 2N B (BMC) . /B % (BMD) . M, M X o # B E RN L
FURBEICRITTEEL R Lz, Zo®RETIX 14 BERON—27 1 W%, 12 B
AW, BEEGIREZ A LIV T, mMHP=X ha U gE LT URE, &
WENMEBIEMZ R LI b 2@ Lz, L L, BEEICEO L, ERHREEE o
Y e — A BEORIZZITR O b o T,

Z TR, ZET AV — FOZFEEOBFHRIEET VEM O A BRI E LT,
) J OV 0L X — il A 3B 8 B S OWEAR L G0 s R T B A it LT,
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2—2 FHEhiE

it BN S O B

8 JEERHENE SD 7 » b (HART A L —#E3ttk, Shizuoka, Japan) . H A EHEENHE
F I ILIEEBERCHE 2 L, B HEECT 10 B OB 21757, 18 MR RIS B 8 EE
Bt % = kL X —IEHIBRAE & (RC) OV R /L X —HIBREE RR) (IZ8#E0 1 L7z, n#iIzn i,
RC # : n=4, RR #f : n=4, SED #f : n=6 & L7z, =/ —HIIREECIT, f % OB AR EL
LTWe 2 HEOEEEOVIZH L, 30% T2 F—HlROAR ZITo72, Fo, FEE

B (SED) (2 DWW TR EERBAAG . & AT H R S LT,

fi BRI

2Ty MIERB Oy —TRE L, = 23+1C, B 60+5%., B - B & § 1z 12
R OV A 7 VICHHBI SNTZHRTRE Lz, SEERE L OEKIL, RX—2F 1 - Hif
IIEEERE L, =L X —HIFREE T 3 L —HIFRBEAART 2 BB O SAHERE O

*L. 30% DR AH I BR A S L7z,

Table. 2 fBHHAR

Diet
AIN-93G AIN-93M
g/kg diet

Corn starch 5294 620.7
Casein milk 200.0 140.0
Sucrose 100.0 100.0
Corn oil 70.0 40.0
Cellulose 50.0 50.0
Mineral mixtlure 35.0 35.0
Vitamin mixture (AIN-93-VX) 10.0 10.0
L-Cystine 3.0 1.8
Choline bitrate 2.5 2.5
Tert-butyhlhydroquione 0.014 0.008
Total (g) 1000 1000

"Mineral mixture (X, AIN-93G |Z{X AIN-93G-MX %, AIN93-M |Zi% AIN-93MX % F v 7=,
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RE, EBRREKOETIHRONE

7y FORELEABONEIX, X—2 T4 CHIMITEIC 2~3 [\, M AWIRITEIZ 3~4
[ERAE Uiz, AETERREISEIC 5 [FE U7z, EfTERREE (BF) > BUEFTL (Tokyo, Japan)
O [RlfEAGEE) B E# (FlfiEA — T - W98 mm EAS 370 mm, [EE4— : 130 mmX 390
mm X H 140 mm) Z FAWCHIE L7z &k 2),

2 T o~ AR A ) B E 4

KERB-B 2 E I OVE Y & O fRAT
RS DF % 1%, DCS-600EX-R (7 & I #kR &4, Tokyo, Japan) % FHVNT DXA 1
WICEVHEIE LT, BEEX. BEEZEBECRT D ZEICEVRE L, M. IThnE.,

B, EABIZ 3% L To T,

B IEREFHHI

FERBEEEN A 0% =% 7 — /L CREE L, 5 um OIEBIRE T A2 ERE ., 1A RRmHTE
FEVET + A7 7 2 —BYEAEAT o, BEARD ZWRIFHEE D% . e e s E) L7
BT AT AT X0 EHEIL . BACE & (BV/TV, bone volume/tissue volume). B ¥%245 (Tb.
N, trabecular number). ‘& ¥:M& (Tb. Th, trabecular thickness). ‘B %MK (Tb. Sp,
trabecular separation). A¥E A% (Osteoclast Number/Tissue volume). ‘B 2L
(Osteoblast number/Tissue volume), ¥HEHTA (Osteoid Volume/Osteoid Surface). FHHE
& (Osteoid Thickness) ZZFNFHEH L7,

M 17 -2 A b7 U4 — VIR ORIE

g 17T-= A NIV F — Vi E 4 ELISA EICXkdFy FE2HWTHIEL -
(17 B -Estradiol ELISA Kit, TOKIWA CHEMICAL INDUSTRIES CO.,LTD.), HiJfiE£E#E AR
FRUR 100pL (2 EFEFHIC K DR 21T - 72 2 1RA L7z, $LE2 £/ 7 o —F A HUREFE
b7 L — T, 100uL DOFFEHERTE IS L UM 2 771 E L= T 60 20 A o F 2 — K L
Too A7 T L— MEE%, WEEKREZINZER T30 5o v FaX— Lk, K
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WMERIEZ A T~A 7 a7 b— Y —&—% A\, 450nm TEAE & 51T - 72 (MTP-650FA,
oo FESMKA S, Ibaraki, Japan)

M EARTE R AR L P EE DI E

M EEER AT JEE % ELISA {EICK D% v bE AW THIE L7 (Rodent
LUTEINIZING HORMONE (LH) ELISA TEST, ENDOCRINE TECHNOLOGIES, INC.), Hi~ ™ A& Y
Jua—F APk Ca—T TSN~ A 7T L— M50 ul OFEHER KOS, BEE
Wi ANz 37°CT 120 534 ¥ a—h Lz, ~vf 7 a7 L— ik, KERKEE
NN Z MY TSR T 20 A v F aX— h L7tk JOGEIREEZEMZ T~ 77—
— & —% AV, 450nm T E B A 1T - 7= (MTP-650FA, = 1 F BSR4, Tbaraki, Japan),

M A 2T F I PR DORIE

MHA AT F N PREIL, ELISAIEIZ K D% v R &ZHWTHIE L7z (Rat Osteocalcin
ELISA kit DS), B 7 L — b Z My 135 Ll OFFREHRIZ 15 nl OFEAERR K OMIE 2 A0
ZIBRE LTz M7 Yy NEARATFIN Y UF ) Ja—F ARk Ta—T 4 T E&NTa~A 7
17 L— MIATRESHR 100 uL & 53 7F U EEEIR K OV AE o Fi S5 SR G ¥k 25 ul 20 Z .
BE%, TAIBRANVETTL— 2B, BERT0 pHEHEL., ~( /e 7L —1%
Veiirih . EERHUIAZ 100 uL N, IR T 60 /0 [RIFRE L7z, HEVed L7k, AE ML 100
uL Nz, =R, BEET CIEMEIZ 30 01 > F =X— bk L7z, BUSMEIRRZ 100 uL 20z T
~A4 a7 L— R —F—%H\, 450 nm CHEAEREZIT>7- (MTP-650FA, = =} EEXUK
A&tt, Ibaraki, Japan),

e E RO

RE, B, ETHEEOT — 21X, REWEIZ X 50802170, Post hoc test &
L C Fisher Of/NMEEAEICK D ZHEMK AT o7, BEHOAR BEEREIL. —ohkd
BT D% . Post hoc test & L C. Scheffe’ s post hoc test (StatView 4.0, Abacus
Concepts) (ZX DL HELE A ITHoT-, BEEDT —X X, KEAZLERR L L THWIE
ERBYBONT EIToTo, RTOREIZBWTREREN 5% RHE bo THEE Lz, 7 —
ZIT AR R TR LT,
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2—3 fER

ﬁwm3ﬁﬁ\%ﬁ@%¢@WEW&Uﬁﬁ%®@ﬁﬁwk%%bkoN*X?%V
Mo 108, 118, 14 BEFHCIST 2 RCEEOMREILSED B L ik L THEICHEEZ R L
7z, 1038, 113 Wﬁ@sm%ﬂﬂmﬁk%&bfﬁ WA R Lz, ST Ao 17 38,
19 JAMBIRFD . RC #FIX SED B &Ik L CHEICEME AR Lz, £72, M ABIRRED 20—32
FRRIFIZI N T, RR BEIL RC BEL OV SED B & bl L CHEICIRMEZ R Lz, EBREEF,
— 2T A D 1038, 13, 1438, 16 BEFFIZIBWTRCEEZ SED FEL HEi L THEICE
iz L, ST ABIMO 17—29 BEsIZISWTH RC HEIL SED #EE G L CHEICHEZ R L
Too — . RN—=ATA IR, 113, 14, 16 D RR BEIE SED B L e L CHE
R L7, E7o, MAHIEO 19—29 @l & O 32 3 ﬁﬁmRmﬁimﬁ&w&Lfﬁ
B E AR LT,
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Figure 3. Time course of change in (A) body weight, and (B) food intake during the
experimental period in the wheel running with ad Iibitumfeeding (RC) group, wheel
running with restricted—feeding (RR) group, and sedentary control (SED) group. Values
are given as means = SD; n = 4 for the RC group, n = 4 for the RR group, and n =
6 for the SED group. " p < 0.05, RC vs. SED group; *p < 0.05, RC vs. RR group, * p
< 0.05, RR vs. SED group by, one-way ANOVA with repeated measures over time.
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Figure 4. 121%, WM PICR T 2 EEBARBEOETHEOHBE 2R Lz, 110-119 H
O EITHEREL, RREEDS RCEL L LWL CTABICIEEZ R L7z b oD, ZOMOBIRIZRW
T\ ﬁﬁﬁﬁﬁa:# u,u?i)EZ"Lf£73)of_o

«=@= RC group
«=J= RR group

i*

69 79 89 99 109 119 129139 149 159 169 179 189199 209
¢ (Days)
60 70 80 90 100 110 120130 140 150 160 170 180190 200

Figure 4. Running distances for rats included in the wheel-running groups (@) running
ad 1ibitumfed (RC) group and (J) running restricted—fed (RR) group throughout the
total duration of the experiment. Values are given as means & SD; n = 4 for each

group. * Significantly different from the RC group. p < 0.05, by Student’ s t-test.
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Figure 5 (I KRB BB EORMEL 2R Lz, 8 MlnRE, 18 WMlniF W T 3 BEMIck
TAREEEBEEDEIRO NPT, Lo, 32 B#ERIRFIZE VT RR BEL RC BEE O
SED #f & bl U CHEICIKE A /R LTz,

(mg/cm?)
300 q !
o 1
E I
1
250 A
& : 24
2 4]
2 200 ~ 1 —e—RC group
3 | —~~RR gro
“ 150 - : srom
Q | —&—SED group
o) 1
= = I
m i
0 1
0 8 18 32 Weeks

Figure 5. The change in the bone mineral density of the femur. (@) running ad
1ibitumfed (RC) group, ([O) running restricted-fed (RR) group and (@) sedentary
control (SED) group. # Significantly different from RC group, * Significantly different
from SED group. p < 0.05, by one-way ANOVA.
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Figure 6 (Z1%, FBRA TREZIT 2 KEME OBHEZ . (A) KBRE A, B) KERME AL,
(©) KEBEBEES, (D) KERERALEIZ /0 CRIE Lo R 2R Lz, KBRS 20 & OVK LR
BAUALEBIZISUN T, RR BEIE SED BEML OVRC BE L ik L CHEICIKEZ R Lz, £, KRG
BRSO KPR AL ERIC U TIE, RR BEIE RC BE L bel L CHEICIEME 275 L7z, RC B
1% SED BEK O RR B & Ll L CHERZITRD LR h -T2,

A B
(mg/em?) (mg/cm?
o 1307 5 200
= 1704 a a £ 19
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2 E
= 140 g 150
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1 s I
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C D
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200 1 1609
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§ . b E 1204
& 170 4 S
= 1601 % 1004
v 150 <0
R =
A 140 4 S o
S 1304 E ]
o 1201 S 40/
= e
E oL > o4
SED RC  RR a SED RC  RR

Figure 6. Effects of energy restriction with voluntary exercise on BMD of the femur:
(A) whole femur, (B) proximal region, (C) middle region, and (D) distal region. Values
are given as means = SD; n = 4 for the RC group, n = 4 for the RR group, and n =
6 for the SED group. Means with different letters indicate significantly different
values at p < 0.05, One—way ANOVA.
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Figure 712, KIEFEHHEEOREME I AR Lz, KEEE2K W) ITAE (B) R OENE (D)
\ZDUNT RR #£1E SED #EK& OY RC B & bl U CHBEICIRE AR LTz, [REBATICIs 1) % SED
& RCHEDOMICHBERZTRD e h o Tz, KEEE B (C) 123 T, RRAFILRC B & b
L CHBICIMEZ R L7z, L2vL, SED BfiX RC BER N RR BE & LEE L CRRD Do
oo TNHLORERIL. BEEORKRLITT-HLTWD,

A B
ot
S (Mg E (mg)
2 350 a a 5 160 1
g b = 140
& 3007 = a a b
2 2501 £ 1207
e % 100 4
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o 1501 :. o0
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50 20
= =
[== ) [~ 0
SED RC RR SED RC RR
C D
h m;
E i46gz . E (:(‘)g)- a a
S ab b g 801 b
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= 801 2 501
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[==10] M o
SED RC RR SED RC RR

Figure 7. Effects of energy restriction with voluntary exercise on BMC of the femur:
(A) whole femur, (B) proximal region, (C) middle region, and (D) distal region. Values
are given as means = SD; n = 4 for the RC group, n = 4 for the RR group, and n =
6 for the SED group. Means with different letters indicate significantly different
values at p < 0.05, One—way ANOVA.
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Figure 8 2RI BHEAOR R Z R LT, KEE R Q) IZFHW T, RRFEIERC #E & g
L THBEITARAE 27~ L7z, SED BEIZ RCHE M ONRR B & LUl L CEITRE O bR Tz, 7z,
SEMLIC R W T EREHICHE R EITRO o T,

A B =
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Figure 8. Effects of energy restriction with voluntary exercise on bone area of the
femur: (A) whole femur, (B) proximal region, (C) middle region, and (D) distal region.
Values are given as means = SD; n = 4 for the RC group, n = 4 for the RR group, and
n =6 for the SED group. Means with different letters indicate significantly different
values at p < 0.05, One—way ANOVA.
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Table 3 (Z1%, ZERBEEIEMHICI T DIEREEHIOR K2R L7z, RR BEZRT D BACE
B BV/TV, %) K OVE 3% (Th. N, N/mm) (%, SED #f & bl L CHEICKME A R L=, 7=, RR
BEICEBUT 28 208 (Th. Sp, um) (X, SED #E & LL#E L CHEICEMEZ R L-, gtk
(N. Oc/TV, N/mm?) 1L RR &2 SED M ONRR B & Fhie L CHREICRAE 2 75 LB 2EHEE (N. 0b/TV,
Nmm?) (XA B SR o 1=, BB (0V/0S, p/m) i, RR BEAS RC BE & bt L CHEIC
EflEZ R Uiz, FENE 0. Th, n/m) i, RRAEEIE SED #f & Ik L THEICHMZ R LTz,

Table 3. Bone histomorphometry of cancellous bone of the distal femur.

Bone variable SED RC RR p value
BV/TV, % 24.9 + 2.3 20.6 = 4.7 13.9 + 8.3° <0.05
Tb.N, N/mm 45 =*0.6° 3.9 £ 1.0% 25+ 1.0° <0.05
Tb.Sp, um 169.8 = 28.2° 220.2 += 80.8** 3992 + 202.4° <0.05
N.O¢/TV,N/mm’  50.1 £ 11.6° 348 % 124" (88 + 209" <0.05
N.Ob/TV,N/mm2 38.2 5.7 38.3 £ 22.2 60.2 = 45.3 NS
OV/OS, u/m 2.8 £ 0.1° 3.0 £ 0.3 3304 <0.05
O.Th, u/m 2.7*0.1° 3.0+ 0.3 3.2+ 0.4 <0.05

Values are given as means = SD. BV/TV, bone volume/total volume; Tb.N, trabecular
number; TbSp, trabecular separation; N.Oc/TV, Osteoclast Number/Tissue volume;
N. Ob/TV, Osteoblast number/Tissue volume; OV/0S, Osteoid Volume/Osteoid Surface;
0. Th, Osteoid Thickness. All variables are n = 4 for each group. Means with different

letters indicate significantly different values at p < 0.05 by one—way ANOVA.
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Figure 9 121X, KIFEEMEONFHEMBEONEG E% 7 L7z, SED BE(A), RC FE(B). RR
BE(C) DNEIZHERE DA L TR T-08bin D,

Figure 9. Photomicrograph of the distal femur of each group: (A) SED group, (B) RC
group, (C) RR group. The RR group showed lower trabecular numbers and significantly

increased osteoid surface area than that in the SED group. Scale bar = 100pm.
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Table 4. 2%, MEFIRFICISIT DI E iR, LHIREE, A AT AWV VREOR R R
L7c, MR ha 7 BBV T, RREFIE, RCHEE ML THEICIREL R L7z, LH
PRSI, RRBRIL RCHEM OVSED B & it U CHEIIREZ R LTz, Elo, AT AL
BEZ, SEEMICBOWTEIRONR- T,

Table 4. Plasma concentrations of E,, LH, and osteocalcin in rats.

SED RC RR p value
E, (pg/mL) 46.3+10.3, 33.9+6.3 33.6 £ 8.6y <0.05
LH (ng/mL) 24+14, 22+£1.2, 0.5+04, <0.05
OC (ng/mL) 57.1£9.2 58.4+3.0 55.7+8.2 NS

Values are given as means = SD. n = 4 for the RC group, n = 4 for the RR group, and
n = 6 for the SED group. Means with different letters indicate significantly different
values at p < 0.05 by one—way ANOVA.
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2 — 4. #E5

AREBROERFRIL, BFES KR O 3L F —HIRA RN L0 KRRE B85 ENMEE 2 R
LizZ &, =R haF U RE, SERERALVEVREICEEY 22 ThD,

RERIT, 7 2V — FOBHERIEET VBRI Z B E LT, HEEHKL R
FNX—HIRPNEBER T 2HET 50002 Rat Uiz, AIES) R, EE%2An
THFEO DI My RINVEBBNSH L, Ly RIVEEINITIRFT12H7-0
FEBREY OB L EEEHEOH D EET DL L0, AHFETIIEEES 2 VTl 5
Z & & Uiz, JeATHEZE Dimarco NM (2007) & O TIE, 34 HEmOMETZ » N & Hwv, A%
HEEN L N L X — I IRAMIC & VBB ER TR X 220 o7z, REBRIZIATIIR &
L. RBRBALERF OB O A 4 B SW 72 8 BEEE N SRR AT o7, £ DORER,
B FsE S OV kL ¥ — iR A AT L7z RR BRI, BF&ESD, B HREAO RC b 5 \WIHE
BhaAfr L7eyvy SED #EE B L CHRICIREZ R Lz, 72, KIEBHEORRA(IZ
BT H RR FFIT RC HE & SED #F & bblt L THEICIRIEZ 7R L7z (Figure 5), AHFZED RR
DB FELEPMEEZ R L7zDIX, 4—8 WOLE I O B FHEB ) & 72 & 9B & EHEIMOR RN
SN Th D ARENRE 2 b, ek, RERIL 8 EENS 32 Bl COMFT
HHNT v FORKNEEEZESTIE—7 - R—r <A1 10 THETHD Z &b (Li
XJ et al., 1992, Schapira D et al., 1992), AFRERHIFFT DT v b OFILAMEEREDEL
Bricdh b L EZBND, BT 5 HIEES O FITE s O A 2R L 0 b DHo
TFN R DNE LTV, Holy et al. HiX 4 BlEolE= ~ b2 Hvy, BIREFBHO AR 4 H
MUNICEEEN EF ST EHMELTHDH T EMNHH (Holy X et al., 2000), AERIZ
BU5 3 HHOBBEOEL, BEEOHEMZMEI L TWAZ ENBEX L, £72, RC
B & SED BEDBHEEITITZAENRD LR o7, ZHUTERBIARFOBEEA 8 i Th -
Tl FHiH o HIEBOMRBBN R -T2Z L, S HITRCHEOMA E, L~LA3 SED
BE & il U P (Table 4) THh o722 ENMEBEEICHEE L CWAAREENEZ 6N
72o L2rL, RR BEICRT 2B FIL SED BEC BT 2 AHERRE 2 5% 1T T\ e o 2
Eirn, BIEINC LD DRO0E D5 WITEEHIRIC L 2 b DR 0I5 TR,
At% . SED BRICEAEHIIRAE A AR T D AR T2 2 & THHEEDK T OER NI WTIOR T
ROMPRHGNIR D EEZBILD,

KREEEENFBIC 31T 2 TEREFHHIC 35U VT RR B RC #F & ORI 2T O HALRIN S T3,
SED #f & L U CE L L TV D Z & 3n &7z (Table 1) RR BEIC I 1T 25 & (BV/TV, %)
S OVE 24 (N. Tb) X SED #f & bl U CHEICIRfEZ R L, B 2RI (Tb Sp) 1% SED #f & ki
LCEfizr Lz, £7-. RREECIST D MAas (N. Oc/TV) 1Z, RC #£, SED #f & bl L T
AEIEWVELZRL, ﬂ%%@ﬁWOWW)1%Dﬁ&@Reﬁk%@Lf% IR B
Molz, S HIZRREFCIST 2% E 1 (0V/0S) K OFE & (OV. Th) (22T 6, RR #EIZ SED Bf
L L CTHEIZ ﬁ%vaLt_}:ﬁ% RR BEORIRILBENTND Z EBB 2 bz,

25



I OFERIE, BEEHIRD 2 WIE 2 X —HIRNB#EEOENEZFHE L AKILEED
HTND I ERRBEINT,

TEREFHAIOFE R X v | B2 (. 0c/TV) OREF TR b 7203, Bk~ —
H—THHMPARAT A AN EEIZBNTS 3 FEMICKIT2EITRD N7
(Table 4), =R/LF—HIRPERHE R ARAT AV AREICKIETHRE TS S
TS, =RF—HIRIC K D FRRZME LA 2T A vy AREEZRED S
Z & (Grinspoon SK et al., 1995; Ndiaye B et al., 1995 ) 2NHE SN TWD—F, =%
NX—HIRIZE D A AT A DNV ARBENEIMN L 72 2 &2 EE STV % (Talbott SM et
al., 1998; Rector RS et al., 2009; Hinton PS et al., 2009), ARFEBRTIZZN S DIk
TR L IZR R DR TH T2, BHFMREDOITESENRENE, =1L F—il[R K&
O EIEER O BT & TIEZR Y,

RN I DOFRHE T dh 5 ML By RS M OV LH RS 13, = /L X —HilR & H I EBNZ LY
WEZ T LT (Table 4), ARFEBRITIS T 5B ORI EERE 21TV, MR A S
ODETUT-> T D, 7y NoOWEMITIE X2 4—5 B TEBNIHIL D 23R4 2 1 ) OV
ERIEINZI T D B RS LHIREEIZOWTIRIEEI R D 7N 2 & h | REBR ORI X
R B D VMIFIEIRIEWNIAT o 72, RR BEO ML B, i EEIE SED B & Felgt L T EICIRfE
ZZon L, LHIREEIXRC#E, SED BEL G L THEICRMEZ R LTz, LEOMENS, BIEE
TR TR X —HIBRA By, LH REICEEL KITT 2 LR, ZO/KRIE. FURT
- EfA-JPBL (Hypothalamus—pituitary—ovarian axis) @iz EL L TV B AIREMERE 2 B,
RR HECIST 2 B8 EEAMEAE 22 78 U 7ot R A4 AT 2 rlREME VR STz, =)L —HfillR &
BRI WD R NE VIEENEBEE H 2 ZETZH s THEY, KERIZBWTY
FATIRR DT — 2 % XFFT DR L e o Tz,

I, RERORRBENEHEEOKMZ /R LIZDIE, =R /X —l IR K& OV 3 E &) A faf
WMz, A EREDIKTRE X b, M EREOKTIIEEN DI LT LK
I 2495 2 & 3G STV B (Cifuentes M et al., 2004), D7z, AFEBRD RR
BECRUT 2 EBEK T, BRES R O 3L X —HIIRICI X, A O B, BEOK FAE
BERICEIERL W, ELIBENSD DALY T AR EIH L2 E08E 25
ni-,

ARERTIE, BIE RO X —HIROAMIC L0 REEIEALHIC 30T 28 % & D
KTFEZFE L, 5T, MF B RN Li-Z Eond, ARER &K = 3L F—HIR
HRMEE B TICEFS Lo alREEN B 2 bz, 708, ASEBRIL The Journal of Physical
Fitness and Sports Medicine. p695-704. (2012) (z¥#H S i-,
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REA V7T R AR A FEEE) K O 1L 20—l REE TRV B8 AR T I MK
[EICEAIES

&
w
it

3—1. =

MEHRRE 1 Tix, &7 2 ) — NoOBHEIEE T VB AL T 5720, BFREBHLEW)
30% =X —HIBRAMNE T v N KEEEEE, M E, KOV LH R RITT B2 M5 L
Too TORER, BHEERTAFEL, MF B, JREE R O LH EENABEICEMEEZ R L,
AT 1 OFRR LY . BREE KO 30% = F—HlIRITEBERT27#ET 52 &,
S OITEBERTIRERENFS L TV D AMREMENE 2 b,

B EHOKEA Y 7 7R AR RENCE 2 2B LR L& I8 Ean T
BY, IREMHET LB AEH O, R R b sy LAOLREOF 'R BV TS
YERT 2 0ENBBRIES TV D (Ishida H et al., 1998; Fanti P et al., 1998;Ishimi
Y et al., 1999; Ishimi Y et al., 2000), KESCKERMIEEDLA Y 7 TAR T 16
FHMONTWDN, FEIC LV AEERELS, £, B RREVPAEETHDH %, ERB
WX LTBIFMEDBWA VY 7 TR THD T AT AR08 A BA O FE R LT HiE
NEHIREINTUWD (Ishimi Y et al., 2000; Komrakova M et al., 2011; Somjen D et al.
2008; Picherit C et al., 2000),

YRR T VMW 2 I, B EIRSRE LREHTAICE < B0 & BRET Lo las ik g
B2 AT A PG RT, fEFE AR 0.05-0. 2% (w/w) OFFHAN THRET SN TEB Y, #
HZRZNRD RSN WG D D OO B BB MEIRIR IR STV S (Yan Zhang
et al., 2009; Sehmisch S et al., 2010; Qing Miao et al., 2012), F£7=. BHHARLT
TV arviEagOiBEoA4 Y 7 ITRUODIREEINTEBR R TH D Fujiflavone (P40) <2
Novasoy 1K1 40%A Y 7 TR NG ENTWAN A V7 TR EGEHBENEEHNI LR 0. 2%
(w/w) DFEELCTH IS Bh R 23RN T 5 (Yan Zhang et al., 2009; Wu Jian et al., 2004),
Z |2, Fanti P(1998) H 1%, INERFEHE T VBB T D57 = AT A L O REIZOWT,
R EE TOMFE 217> TR Y lug/bw ! TIIZWENRILRVN 5, 25pg/bw! TR EZTRT
LA L TWA (Fanti P et al., 1998),

AV 7 TR DBRMA~OZELBE LW, INERMHET VB E VoGO
E0, R HET VB S 2 WIXRHIRET T LB TRET STV 5 (Ishimi Y et al.,
2006), L2l HEE RO F—HIR1 5| & 2 T BB T ~O B & at Lol
FRENTWARY, £2 T, ARERE CIIMEEE | CHEEI LEEEERTET LV
FOFHLNIERLVELTHD, TR b ar U RESCEE AR LVE AT L,
RGA YT TRABRNED LD e Ba2 RETONERFT 228 & L,
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3—2. FEBRGIE
KGA V7 TR AT BREREE) K O L —HlRF R, B BRI RIT T

i BN B OVLEHRAL K

8 WilEME SD 7~ h (HAR= A= /b v —F#EAE4E, Shizuoka, Japan) %, HIEEIEEE -
XIEEBRECRE DT LTz, "= T A VHIRIC I T B faEHE, AIN-93G % AU, St ABIREE,
AIN-93M & o, KEA Y 7 FRRIEIZOW T, AIN-93M # k% 12, 0. 5% (w/w)
DREGA Y T ITRUPR (TP T TR P40, 72w affki&tl, Kobe, Japan, Table 6)
BRI U7z, F72, AIN-93G L OV AIN-93M 1236 1F 2Bt R o KRl 4 = — U Jic @ L CH
Wz, A CORBRENT, B RER T 10 EMEE L, 18 Bl AR RIS & AR EBREA
H R (RC HE) . 30% AFHIBRAE RR #F) . 30% RARHIFRIZ 0.5% KEA Y 7 TR R
WINEFRE RR+1s0) 1271 72, n#UI#4F4, RCHE : n=4, RR#E : n=6, RR+Iso #f : n=6 &
Lz, =L F—HilBRER X, =% /L X —HillRBALE L ¥ 2 AT OB EE O L,
30% D AR IR 2 B L7z,

Table 5. #E4IT

HIEZOAE  RFHIRR O A B
RC group Hb 7L AIN-93G Cef i £)
RR group HY H ATIN-93G (X R &)
RR+Iso0 group HY HY 0.5%7 7 TR B

Dietary restriction was started

Baseline period Restricted period
I 10-wks | 18-wks |
I Voluntary wheel running | 30% dietary restriction I
8 week of age 18 week of age 32 week of age

Figure 10. ZE¥r~7 o b av
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B BRI

%7 v MIESD A —TfRE L, |IE 23+11°C, B 60+5%., B« B & 12 12
REH DH A 7 M SN ER TERE Lz, N—RA 7 A LI 2 HRERRE, JEED)
BECOWTIE, BRFERL OFOKIZE TORMCB W THBERE Lz,

Table 6. FBHHLAY

Diet
0.5%
Ingredient AIN-93G AlN-o3y  oflavone
contained
diet
g/kg diet
Cornstarch 529.4 620.7 620.7
Casein 200 140.0 140.0
Sucrose 100 100.0 95.0
Corn oil 70 40.0 40.0
Cellulose 50 50.0 50.0
Mineral mix' 35 35.0 35.0
Vitamin mix (AIN-93-VX) 10 10.0 10.0
L-Cystine 3 1.8 1.8
Choline bitartrate 2.5 2.5 2.5
Tert-butyhlhydroquione 0.14 0.008 0.008
Fujiflavone (P40") — — 5.0
1000 1000 1000

Mineral mixture %, AIN-93G |21 AIN-93G-MX % . AIN93-M 21X AIN-93MX & 7=,
*Fujifulavone P40 (Isoflavone 40% content)
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Table 7. Isoflavone constituents in Fujiflavone P40

Content, % [w/w]

Daidzin 22.48
Glycitin 14.00
Genistin 5.47
6"-0 -Malonyldaizin 0.22
6"-O -Malonylglycitin 0.19
6"-0O -Malonylgenistin 0.00
6"-0 -Acetyldaidzin 2.26
6"-0 -Acetylglycitin 1.30
6"-0 -Acetylgenistin 0.67
Daidzain 0.26
Glycitain 0.51
Genistein 0.07
Total isoflavone 47.34
(aglycone equivalent) 29.52

RE, BRELKOETEHMOHE

Ty FOKELEEBEEOWEIE, N—2 T A4 CHIFITEIC 2~3 [\, S ABIRIIZEIZ 3~4
BIHE U7z, AT R s OEE) &l E s (Rt F 2 8B, Tokyo, Japan) % M
W, IR 5 [EHE LT,

KRB B 2 e OVE S 2 O fRAT

FIRBEE OF 2 5%, DCS-600EX-R (7 1 kR4, Tokyo, Japan) % VT DXA %
WCEDHE L, BEE, BEEAEMECHRT S Z LRV RE Uiz, T, i,
B, A 3%y LT To T,

M2 T o —VRE
MHPDOEANT A —VREZ ELISA EIC X 5% v b & H W THIE L7 (Estradiol
sensitive ELISA, DRG International, Inc., USA), Mm% 230pL % ImL O Y =F )T —7F
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IVTIRA LTctk, 5 4 oi Loyt (3,800 g) L7z H—T70°CTHifE s, LEHLE=—T
VS E LT, E D%, IR THK 100ul £ TRZE L, 150ul O = —7 )L CREM% ., ) 200l
% CHZIE L7=, 75uL @ Steroid free human serum Z 1z . MAET R N7 4 — LR &
Lize PLZA NI VA —AHIKTa—T 4 7 &N~ A 7 a7 L— M 100uL OFEHETR
FOMLAET 2 R T A — ik, = b e — VIR Z N A 20000 ORERE IR A 31E LTz,
10 PERA L, |IE T4 A > F2X— kL7, v 7 a7 b— h&HEEH%, 2000l O
FEERIRE N ZFIR T 30 A v F 2 _X— h L%, SEIRRENZ T~ 7 a7 L—
kU —&—%& M\, 450mn THEOERE{T-> 72 (MTP-650FA, = o FEAMEX 4, Ibaraki,
Japan)

I EARTE R AR L P EE DI E

M EEER A LE EE%L ELISA {BICK 5% v bE AW THIE L7 (Rodent
LUTEINIZING HORMONE (LH) ELISA TEST, ENDOCRINE TECHNOLOGIES, INC.), Hi~ ™ A& Y
sa—FAHETCa—F 4 SN~ A7 e L— M50 L OERER KR OMAE, B
W&z 37°CT 120 3l A v FaX— K LTz, v~A 7 a7 L— &k, SEREE
DN Z M TSR T 20 A > ¥ a— b L2, ROSERRENMZ T~ 717 L—1Y
— & —% AV, 450nm T E 21T - 72 (MTP-650FA, =2 1 FE 5k &4t, Tbaraki, Japan),

e a5 RO

RE, BRE, ETHEOT — 213, REREIC X D0 T 2170, Post hoc test &L
C, Fisher O/ EZAEBEICLDZ EIKRAToT-, BREFHIOR BEEREX, —IohlE sy
W D% . Post hoe test XL TC Tukey’ s honestly significant difference test (SPSS)
WX DB EB AT, BEE, BREOT — 21, EEhe S0 “HK 2O HE
KN X % Bl @5y BT 24T - 72#12, Post hoc test L C, Fisher O/ NA B 4E1AICED
ZEIIREIT o7, R TOREICBWTREREN 5% RiEErboTHREEL, 7 — X I3FY
EEAEERR A TR LT,

BIREFHH

ERWEENTE 10%T% 7 —/VCEEL, 5 pm OIPIKEI A 2 ERtE. 1A MM
FEPE 7 o+ A7 7 B —Yeta B AT o 1o, BEARD ZRIEHEE 57 % . BB ES) U 72 mifg
ST AT M X0 ERIL, BAEE (BV/TV, bone volume/tissue volume) ., ‘B Z2ME (Tb.
Th, trabecular thickness). ¥& & (OV/BS, Osteoid Volume/Bone Surface). ‘& ZfHllfia
¥ (0Ob/BS, Osteoblast/Bone Surface). &l (N.Ob/BS, Osteoblast number/Bone
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Surface) . H{EfRZ (N. Ob/BS, Osteoclast Number/Tissue volume). fJKAK 3 EE (MAR,
Mineral Absorption Rate). ‘B JEECHE (BFR/BS, Bone Formation Rate/Bone Surface) .
& T A% i B (BFR/BV; Bone Formation Rate/Bone volume) . ‘B JE % B (BFR/TV; Bone
Formation Rate/Tissue Volume). ‘H¥%24& (Tb. N, trabecular number). ‘B Z2[EIF (Th. Sp,
trabecular separation) ZZNEFNHH L7,
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3—3. fEH

Figure 11 1Zi%, RERHIR T OME (A) R OMER R B) ORIFE(LE27R L, A ARIRF 21
—32 JERIZH51T B RR BEM OY RR+Tso BEDMRTE L, RCREL e L CTHEICIREZ R L, &
oo A OB & RIC OV T 19— 32 BRI RR B OV RR+Tso BT, RCEEL Ll LT
B 2R~ T,
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Figure 11. Time course of change in (A) body weight, and (B) food intake during the
experimental period in the wheel running with ad Iibitumfeeding (RC) group, wheel
running with restricted—feeding (RR) group, and running with
restriction—isoflavone—feeding (RR+Iso) group. Values are given as means £ SD; n
= 4 for the RC group, n = 6 for the RR group, n = 6 for the RR+Iso group.* < 0.05,
RC vs. RR group; #p < 0. 05, RC vs. RR+Iso group. by, one—way ANOVA with repeated measures

over time.
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Figure 12 121%, BERWIRKI IS T 2 ETHBEORGE(L 2R Uiz, BREHIMH 3~ CTHIMH
L:%b\‘( Sﬁﬁzﬁ@% D‘Li\b [\Qj/l/fciz))of\_o

25 -
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Figure 12. Running distance for rats included in the wheel-running groups (@) running
ad libitumfed (RC) group, (O) running restricted—fed (RR) group, and running
restricted—fed Isoflavone (RR+Iso) group throughout the total duration of the
experiment. Values are given as means = SD; n = 4 for the RC group, n= 6 for the

RR group, n=6 for the RR+Iso group, by One-way ANOVA.
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Figure 13 121k, KRIREEEEOREREEZ R LTz, KIEEVIALE B) 128\ T, RREEZRC
BEL L CTHEL :f&ﬂﬁ RLU7z, L L, RR+Iso BEIE RC BE & bl U CoEIX M&bahfm:
72, F7-. RR+Iso BE& RR BEORIC & 2T D e o=, Fi-. KBEAEO0)IC
UNTIE, RR BE2S RC B & bRk U CIRE 2 /- 38 L G 7z (p=0. 067) , KERE-B S B(C)
KBEE AR D) IZDOW T, T TORMICAEREITRD bhviiroT,

(mg/em?)  p—0 67 (mg/cm’)
., 190 NS 5 215 -
3 g 205
£ 180 et
8 <195
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S 160 g 175
§ S 165
7, 150 155
o G
—~ ©
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m = 0
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5 N.S . 200
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2 £ 180
= 140 - =
S 160
Z 130 - =
> = 140
% 120 1 e
% = % =
m 0 m
RC RR RR+Iso RC RR RR+Iso

Figure 13. Effects of energy restriction with wheel running and isoflavone intake
for 14 wks on BMD in female rats. Whole femur BMD (A), Proximal BMD (B), Middle BMD
(C), Distal BMD (D). Values are means *+ SD, n=4-6, Means with different letters differ,
P<0. 05 by one-way ANOVA.
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Figure 14 (213, KB OBFHEEEZ /R Lz, KEREEALE (C) 12BN T, RR+Iso #EIL RC B
&l U TR 2 R S AL D L2y, AR R ZITRD s> 72 (p=0.066), £,
KEEE2AA) . KBEE A (B) . KREREEALE D) IZOWTIE, B TORERICEWTHE
RO Lo Tz,
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Figure 14. Effects of energy restriction with wheel running and isoflavone intake
for 14 wks on BMC in female rats. Whole femur BMC (A), Proximal BMC (B), Middle BMC
(C), Distal BMC (D). Values are means *+ SD, n=4-6, Means with different letters differ,
P<0. 05 by one-way ANOVA.
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Figure 15 (2%, Y FBAMEEIZ X D RIEZALHS OF% 7% 7= L7z, RCBE(A) L RR £ (B) . RR+Tso
O, BTOBICBWTT FIH A2 U e hNBA 80U E ~DEFILE D
BTz,

Figure 15. Photomicrograph of the distal femur of each group: (A) RC group, (B) RR
group, (C) RR+Iso group.
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Table 8 1T1%, KB EMFICIS T 2 WA S I REGHIIIER R 2~ Lz, B & BV/TV) IX,
RC #E72% RR ¥, RR+Iso #E & e L CHEICEME Z /R~ L7z, ‘B %206 (Tb. Th) 1%, RC #£2S RR+Iso
FEL i L, ARICEMA R LTz, BEHE (0S/BS), BHHMAL (F ) (Ob. S/BS) . &l
fa%k (N. 0b/BS) . flE #IAEZEL (N. 0c/BS) 1X, 2 TOREMICB W THERZITRD biveho
Too B A IRALHEE (MAR) 1%, RR+Tso #£25 RCHED D VM RRBE & bl L CHEICIRME 2 R LTz,
F 72, BIRUEE (BFR/BS } OV BFR/BV) &, RR+Iso BEAS RR #EL il LT, AEICIKiEZ R
L7z, ‘BAKAGEEE BFR/TV) 1%, RR+Iso #EAS RC #E. &5\ RR #F & ok L CARZIIRAE
R LTz, B2E(Th. N) R OVE 2 (Th. Sp) 1. 2 TORMICB W THBRZEZITR DO LI
2moiz,

Table 8. Bone histomorphometry of cancellous bone of the distal femur in rats.

Bone variable RC RR RR+Iso P value
BV/TV, % 33.5+4.3° 19.1+8.5° 21.4+5.5 <0.05
Tb.Th, um 70.8+9.9 58.5+8.8%P 55.4+5.2° <0.05
OS/BS, % 3.7+1.9 9.7+5.9 3.0+3.1 N.S
Ob.S/BS, % 3.7+1.1 10.3+6.9 2.6+2.5 N.S
N.Ob/BS, Nmm 3.0+1.1 7.4+4.7 2.0£1.9 N.S
N.Oc¢/BS, Nmm 3.0+1.8 2.2+1.8 1.6+0.5 N.S
MAR, pnvday 1.3£0.1° 1.2£0.1° 0.9+0.2° <0.05
BFR/BS, mm*/mm?/year 0.065+0.026™°  0.084+0.052*  0.019+0.01° <0.05
BFR/BV, % year 178.9£45.6*° = 311.9+218.8" 67.1+36.5 <0.05
BFR/TV, % ycar 60.6+20.8" 45.8+21.2° 15.2+8.5 <0.05
Tb.N, N/mm 4.840.7 32413 3.840.7 N.S
Tb.Sp, um 142.2+26.7 318.0£210.3 214.8+60.6 N.S

Values means £SD, n=4-5, Means with different letters differ, P < 0.05 by one-way
ANOVA.
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Table 912, ML By Jx ONLH ORERER A/~ Uiz, M B, I, RR L O RR+1so BEAY RC

FEL IR U CHEICRME AR Uiz, M LHIREIZOWTIE, TN COREM TEIZA LN
N,

Table 9. Plasma concentrations of E, and LH in rats. Effects of energy restriction

with wheel running and isoflavone intake on plasma E, and LH concentration.

RC RR RR+Iso P value
E; (pmol/L) 26.0 + 6.3" 185+ 1.8 169+ 1.5 <0.05
LH (ng/mL) 31+ 1.4 25427 1.6+0.5 N.S

Values means £SD, n=4-6, Means with different letters differ, P < 0.05 by one-way
ANOVA.
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3—4. &5

ARAFFEDO T2 AT, KERE A OB B OFE R L 0 B RIEB) + = %L F—H R (RR)
BELS HRSEE) + H HEERCO) B & I U CHRICIKEA R L2 &, A VY 7 TR VIR
SR (RR+Iso) BEIL RC B & HEB L CEDBBEO DN 2 & ThDH, S HIT, M B, RE
IZHBW T, RREEL O RR+Iso BEIL RC BEL IR L THREICIKEZ R L2 &b, 4 V7T
N EANEREDS B FEE) o N L — Il RFFNE DR Ey LV OF 5 FEAR T 2 i L
R s, L, BREESHK O L X —HIRFRETEEK I L, K
TAYT7IRUMDEDEITEA L TODONIHAS N E o TWRWED, BTREEH
IRV AR 21T o 72,

KA V7 TR ABRDINESGHET VB 2V, BEEIR TSIz 2 =78
HIZHBREIN TN D, KREA Y 7 TR ABRDPVEE LR N6 2~ EHEEE L
BRI E & BROREDOT T BERA L TWD Z ENEX LN TS, BRI
T, BEEHIRRO T R b —3 2 &b 2 WIREHIOmEl, £7-, Fri X —BiGtkom
HlTH D, BRI THERIL, BEMRICBIT DX Ry GlaREL, TAh) 7
F AT 7 Z—BIEEZEODL Z IR EFMROBER A RET D, RFEFRIZIBWT,
KEEBEBEX, A Y 7 78 FMNE RR+Iso) BEIE H & ES) i V= 1L X — il R (RR) B &
el U CHEFHA B EITRRO DN o2 2 D B EED 2500 il U7z el HetE
DRIz, L L, WEERIZ I T 25 FHifag (N. 0b/BS) (2 i#i@wEM&moko

BT, BEHIEEL (N, 0c/BS)IZ oW T HENDBD LN MN-T2Z b, RFERIC
5ﬁE4777$/§ﬁ@ﬁﬁrﬁTmﬁ%%i\%%ﬁ%ﬁLbﬁ@W\HWW%@$

L7cD T TIE 2, L L— T, BARKAL#EE (MAR) & RR+Iso HEAS RC #Ed 5 UM%
RR f & bl U CHBIZEEZ 7R L7 (Table 8), T HOFERNG ., RR+Iso BEIIfo> 2 #f
L LT, BAKAGEEAZIH L W rRetEA R S vTe, £72. RR+Iso BEOEEAGH
FE (BFR) 1%, RC HEH D WE RR BEL B L THRICIKEZ R L, RGA Y 7 TR UPEIAK
N L7z aIREME DSV RIR SuTe, E72. B R (Th. Th) & OVE IR (Tb. Sp) (X, & TOHE
FICBWTHEZRZITR O bivZe o 7z (Table 8),

F7-. M E, IOV T, RR BER TN RR+Iso BEIL RC BE L Hillt L CTHEICERE 2~ LT
(Table 9), Z DOFEFRIT, KEEEEE QI 2B T 2865 & FEROMERICH O | HIEE
B & O 3L X — IR E O T IZ i B, JBEEDIK FAFS LT 5 alREtEN S
A6 AT, —J, A HBEICEBN T, 2 TORMICBIT22E TR0 N7 2 &
MWD, BRI UWAIGE Td HAREK THEE - FIEMA - JIE (Hypothalamus—pituitary-ovary
B I ZELE N TR D o T2 ATREE DN R STz,

ARFEBRTIE, BREH RO RLF— %UN§ (=L NN 45 SUR AT N SY A Y A7)
ﬁT%%%L/ﬁA4/77T/ﬁ@ %Eﬁ?%ﬁﬁth @#Twéﬂto
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