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M aERL A

ARBFFEIC BV T 2 HFE OB 2 LUT IZRE T

- ‘B (bone strength)

ORI S . HIREITK 60~T0%2VE 5 B IZHRIE S, R ANV IR
HHIER EoRHE, BRENRE, BREEME, OKIRE, SRS OB EIC
LV RESN S (Ammann & Rizzoli, 2003) (Morris & Mandair, 2011) A#FZETIE, &
AEWTRFPENE (L 0 BT D & B = R L X —EWE L, B ORIl & 1T o 7.

- B E (BMD; bone mineral density)

BEELZEORMERE (cm2) LHAAFE (cm?) THRUZME. ViEE%EE X mg/em?,
FEEEEIX mglem3 DAL TR IND Z ENREL0.

- H¥i& (BMC; bone mineral content)

HHICBT DN T L7 EDEKRE DR,

- 'H & (bone mass)

HOERES THLERE (27 —7Eh) LEER Y THLHE (O Frks 7
NEAN) OfE. ERIITHEESCTEEOER L ETr.

- ‘BfR3# (bone metabolism)

BB T DR OTIL & TR O —HORPNER). BB K 2Bk OB T bl
DB S, B IS X DBk E AT D BT TS,

- #EEE) (weight bearing exercise)

RIS L, RECHREICL 2N an (RFEAR) MNELDEE). AR—Y Rl

HEAROME 2 BAfEIZR U772 R8T )Y, Nichols et all (2007) (X &cMbifi s o E 5%

e

Xiil



Zim UToiiill BT, KIK, BERHZIEREER), VA —F 7, A% — o R EEE),
ATy ¥ a, AE— KRR — M PffEES), K, SL—R—LzEaEEE) & e L
TW5. 72720, HmEES CHLMEOREARMIELS.
« Female athlete triad (FAT)

LB AR B 22 L HEIZ BN D = 3L ¥ — bR, AREE, (KEBEED 3 &
BOREERBE AT (Otis et al, 1997) (Nattiv et al, 2007). Z® 3 F#u%, Bl L<

¥

VIAR H B L2 N & 2ok O B |

&

g

% X9 (Otis et al., 1997) (Nattiv et al, 2007) .
« TRV —FEME (energy availability)

TRV F—ERED DEEC L D2 =R VX —HREEZRNZHDOTH Y, BN DO
HHRRICHWD Z N TE L VF—EA /R LI H O (Nattiv et al, 2007). =R/ ¥ —
AEDRAEIC A2 D &, AFICKER TRV X — R T 5720, MROMRECRE, K
TR AR EiHERE, AEIAREREIC W D = 3 L B — 2 b S, fEREIEE 2 5| i 23 (Nattiv et al,
2007). TR/ X —HIERIEIC L B AT BB L LT, AR ICSHE R R
WX =BT B0, MBEHEZ MR S5 LT — LR R LE ORI, HRIT
BT 57 v ) oo, EETEHhe o v FroEb eIl b
DARIVE AR TES— F AR — PR OJEEIH 25 S Z T L ZEXA N TV D
(Misra, 2014). HA T, energy availability ®FR & L TR ATRET F /L — L1 9 3R
FHINLAZ b HD.

- ABRRAR%Y (menstrul dysfunction )

28 A& OMRO A REICEHNRE L TS Z L &7 d (Nattiv et al, 2007). £7z,
ARAPOEND L7225, HIREOERILR A BRIREEICIFBTE L LR VWWER VR 0 i s

DIRAED,, AREFIZEEN S (Nattiv et al, 2007).

X1v



EKEBE (low BMD )

R BREE &1, B 2NED R ERRIRRE TR <, BIREE ORI L v B REE OfE
BRIEDHEIM LIRBETH D . BT DU A7 & 52 2ATHIT & 2 HIBrEHEI L2 A%, FAT @
NARFECTITETREE DK 60~T70% 2 RAET 288 L O L - T, BIREEE LDk %
17> T 2% (Nattiv et al, 2007) . BEEE CTEEN R 72 L MEDIRE 5% EDRRE DO HIMT R HE L L C,
BEESFEIAREEAE (Z2a7) o—1E%FzE (SD) KiiE L, HIEORERER
REDSEAL L7 B HLRRJE (osteoprosis) YT EYEZ BN Z A a7 O—2SD K& LT
W5 (Nattiv et al, 2007). Z OHIWrEEHEIL, World Health Organization (WHO) 237E
Wiz, PR IED TEHERIE] OFIWILYE, BEENRKE 25 30 mAEMEFHE (T A

27) »—2.58D Aiiti (Kanis, 1994) &3R5,
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1% HR

H B TEB) 21T o TN D LB BE (2 351) 2 IE % £ 2% Female Athlete Triad (FAT)
D1 EME L CRERIN TS (Otis etal, 1997) (Nattiv et al,, 2007). A3k, E#)iX
BREZ®mDLANLFETHDL. EEIITICAERANE 5 R, i EALM 2 5 M)
L, B 2EMI-CR B MR DTGP 2 L ¢, BREEZ NS5 (Klein-Nulend et al,
2012). "HIREEITHK 60-T0% N EFEIZ LV RE SN S (Ammann & Rizzoli, 2003) Z &
Mh, EEOMEAMICE Y FREEZSD, BBELmOLI LT, FREZ&HD LD
ICHBERFEO—DOTHD. b MIBWTE, BREDCIIE L L THEFIENHELINT
WHEREOPRHEICLY, AFEEESCHEES) L & O EEH 217> TWHERLA
WYL, JREEE LD OB EENSELE 2D 2 EAHE STV S (Bennell et al,
1997) (Duncan et al,, 2002) (Greene et al., 2005) (Nichol et al, 2007). Li»L, O
—7 T, REANSEER) 21T - T2 BRI ZMEEiHE O 16% 0L E MRS EREZ 72 &
Wit LIoAF9E 383 & v (Nichols et al,, 2006) (Barrack et al., 2008) (Hoch et al., 2009),
AKERTEDITOEEELEETE CORWEEREE bBILIND. 2Okt
HIEBN R U B IREHEEL, T AV DAR—YEERCTEY FAT O 1 E#E L
THLEST B, REREN THiL TS (Otis et al, 1997) (Nattiv et al, 2007).

FAT &3, ZMEEE TR I BIN D =L X —F 20 GRIL ORERFPRR,
RIRFERERE, BRIV D mr v —) (KMl AR, (REBED 3 oM
Mz~ THETHY, TAYDAR=YEFZILFAT (2T 280 A & L,
R EZ1T>C%  (Otis et al, 1997) (Nattiv et al, 2007) (Figure 1). Z @ 3 L4
Bl G U <UTFREICEE L 72208 & LMD RER IR B 2 KX (Otis et al, 1997) (Nattiv

et al, 2007). =D7=, FAT FBEOMRRIZT T CTIHEN L TV 5 FAT #HE (Female Athlete



Triad Coalition) %, £ COLMEN M IE/R TR F—FRE, EF AR, @O 728 OrERR
REL72% Z &% FAT MBI T 2 AfE L LTS (De Souza et al., 2014).

FAT © 3 FHMOMBEA R THIRT 52 LN EIEEL ST T, REHEIIMRT &
WETHY, SOHIZEEMIB T OEEBEETI TP _EEELRFETH D (Ackerman &
Misra, 2011). K& B3 7B T - SMEMERITOMGRIKFTH 2 (Lauder et al, 2000)
(Mackey et al, 2007) Z &6, R EOLMEBEA 1T EREIZ LD B EAESBEAE
TG Z T D REENEmE D, S5, KEEEOHRTY, FREMSEERYTH
% HEG OF REEREC L 2IREEEL, UBEONECBOWTHIREEENSHESNT
HEAIGICKEL KT RER S 2 2 b, EICMER SN TS (Ackerman &
Misra, 2011). Z D72, BEHOLMEFEH 16 L TR AZITVY, 7228 Ofds
WRBIDES Z kDb s.

SEEMNCRIT 5 FAT OB HE L 2 5 EK & LT, BRFEHRCERREICE 2AF R
D»i3d % (Nattiv et al, 2007). EENZ L Dm0 L X —HE R L, BRFERDICLDK
NWZRLF—FEREPHAEG DL LT, ZRAF—AIEREE 0D, =L F—
A RPEAEAEI T AIE ORERFC AR, AR EITERE, AR WD XL F— 2 S,
AR OB E E & 5 & 2§ (Nattiv et al, 2007) . =3 L X —FH KM 2B < 7=,
HE BN @ VIEEN &2 13 2 2 ZMBEE I e kL, BoREFEIUC LY =3
F—HBRELZHETILENDHD. L Lans, REMERSEESC, RERBD S HE )
] L2572 5 LB R BILTW D FEAREIE, JFIRR7R3E L S8R b2 HEBH T
%, KEOMEITAHOD, =XV —BEHIRPSHNONLZ EH D (Fogelholm,
1994). filiZd, BIEHITOLHEAA ML, SREMERO RN, @A ER &, A FEHRRH
DRE, 77 A N7 — ROFH, B#E, HEE O R EICLY, BRERFENEL S (Coelho
etal,2014). =512, Coelho etal (2014) 1%, EHEMOLMEHFEEAITREIC LD EED
BB R A DB BE RIET RN 2 00T 5 2 &0 h, & ICERRR OfGHME

2



WEEDAREMENR S D LR TND., ZNOHOBEMBICEIVEL2BFEOHAIL, =X/
F—FEMELIMN b EEORBRIBIMEO R L 2E . FORESMERICEELY 52 55
BRELT, INVVTLRY Yy, EAMESBEREDTOME L 2D RERS, ffIZh, <
Iyrvu L, BXI0D, X IUK, FEM, < 0RERNEEL L TEY (Cashman,
2007), THORBHRBIEN AT DI LI1E, BOREMECHEIIHCIZ 20135, PR
DD, BFEERDITEFRMICET 5 FAT OREBEORERER L 72> Tnb.
BEEMNCHBIT D FAT OIRBHEEOFHERE LT, BOMEIL RV T A% % IER
45 Z & (Manore, 2002) (Meyer et al, 2007) (Nattiv et al, 2007) =°, T R/LFX—4H
BIWEZ T BRI OIC Ty IR = X F— 248 5 Z & (Nattiv et al, 2007) 23525
NTWo., @ALY Y DMERNEICEZ 2RICHONT, BRBESOMENELH I 72
WEEMBLZIZBWTH 7Y AV M XD vy MEREMINMIEHEELZBINSES
&> (Nowson et al, 1997) (Stear et al, 2003) (Prentice et al, 2005), ZitREHHEES
BTN T MEIRESHINT 2 EBBENGEGS 20 2 EFIRERMES 25 2
ERE SN TS (Nieves et al, 2010). AT MIH 71 A2 MLEORERIGA
Pl KD FRICEIATRETH DL Z &0, REICHEELZHEXRWERRTHLZ LD, B
FHIOLMEZ L > TZITFTANRT VIR TH L. 207, miv v AERITEREIIZ
BT 5 FAT DIREEEICKT 5 TR E L TRIRBHIRF NS, LaL, FAT OIRE#HEE
BT DREEFERDBD Lo L TR R LRI W, mAL e T AERVEIC
B2 D8 RAEBGE LIciiE TR, £, oo xF—28RL, =X —F2M
A AP <2 &% FAT OEExHR & ST\ b (Nattiv et al, 2007). LxL72RR S, 4%
FED KB RBIDBAD LTOREBIZENT, =R VX —FRREDOALTIREHEEL THTE DL,
TSN > TR, TS DFTHIRONRDHA S NI/ > TORWERK & LT, bF

Fexf G DL FTREM ORI AN EEZR Z L 3BT b 5.
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Figure 1. The problem of low BMD in female athlete with low food intake.

This figure is modified from the FAT position stand (Nattiv et al, 2007).

The combination of exercise and food intake reduction has a risk of low bone strength in

young female athletes. The combination causes low energy avialabity. Low energy

avilabity causes menstrual dysfunction and low BMD. Additinolly, several nutrients

deficiency by food intake reduction causes low bone mineral denity.



I & SCHERAFSE

1. ‘B OME & BB

1-1. BOWE

Bz z, NigERiE L, BN & L CEBREEL 7] D EErE L, iy
L, U7 E OB A R LA T 2 RO RE 2 - T EE BT H D
(Compston, 2001). ‘FiZ, HMifd, &L, Baiin s woofilapks &, nlisto
AN EE I L - THERk & D (Hadjidakis & Androulakis, 2006). ‘E#E X, U U
N T LDREE T DA RaX T R2A 3, 1 Mag =70 2FKE 728887
\ZILE LAKRIE LT T 0, B DA KL PSSR E 4 72 57 (Golden & Abrams,
2014) . BIXPIIRAY - BIERIVREA S, BUEE LIERE IS TE S (Figure 2) (Willems
etal,2014). FREFITEDOK 80% &Mk L, M BEL, BRE#NILEANELS, thif
R CAUTE ORI &2 R0, M E 138 0K 20% 2R L, 4L TR O T EROHEE
ThHY, BRE#NHLS, HMEREY (Hadjidakis & Androulakis, 2006). KERE=CIEHE O
&0 BRREE OBHIIIRI 2 BB G CTHRL S L, BimiliRRKm i OB E s TEb

DONER R E CHERK =415 (Clarke, 2008).

cancellous bone

cortical bone

Figure 2. Cortical and cancellous bone in human femur (Willems et al, 2014).
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1-2. BORE & BARH

BEEBOME, Efrm (BE) OmENKICAL, %icHEim (F) OlRENE
U% (Rauch, 2005). E#iGMOMEITRENEMIIAELDZ EnbaED. WEHIZ=T
— T UMHE, T AT N, KRPHEREROWHH TH D, Bl A 7o ilm 2V E
By oI B~EEBRISN, AkibSh, WMREROWERE & 7225, B m O O HEE
T 2 &, HULERDTT OWEHE TR S 7->D, S BIZRENTT A DIEM A3 e T <.
AT MmO EIL, BREOEESEMRZE I FFMRIC IV ARSI Z LIk D
(Rauch, 2005). ‘HOME LERITET Y 7 & Jidh, 13&ALIF 205 E TIfThid
(Compston, 2001). FAMICINTH, 7Y & ZITHEEO L 5 R EAMIC I > TAEL
LEEEMEN D D0, EOUNIFRO EFRIZ X 0BT 5. BEHB XL OB OFOE
mCl, HRIN S BRIC L VEE ANBEX 28OV ET Y 73 fToh Tk, Wit
HIBSREDHERFE IV T A F R0V A A2 72 EOFHHSRREE T TS, VETY
> VIR MR S E I ATV VE O A B BrE, BRSO ZMIIEE 2R L,
BIZHDOAKILEIT S (Compston, 2001).

BEITEWILE BERONT o AKIFE L TR Y, S HICEEM O X 5 ICEEARE

WAL EESEINL, BRNAEET D L) THIUXERITED T 5. B hoF &I 20
~30 IR TRKERD, 2D H HOK 40~60%% EFEHIZEFT 5 (Golden & Abrams,

2014). D=, BEEMITTEESEER L VR D.

B EORER T
ANDEFEEZ, & <ITHOMEHIKREDORELZIT 5. BIEENELD L, FINE
ENCSENEL, EEOEDERTNICORNL I D, BIEENELDZ L2 THT2
VED D 5. BIREEIIK 60~T0%0VEE EEIZRE S, 780 D3 F GIE-<0 B B R 72
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EOFHE, B, BRESEE, AKRE, FHEMEEEREOFEICLVRESH
% (Ammann & Rizzoli, 2003) (Morris & Mandair, 2011). ‘B#EXEECEEH =0 O
EEREEE CRBIND. BEEITIE FOFREOCHEIEL LTRbHAWLH, BHEEOK
1, B ORETH 2IMEEEITOE S BT OBRE 7 ThH D Z LAREIhL TV D
(Lauder et al., 2000) (Mackey et al, 2007). BHEZFmDH Z LIZLY, FEEL TP
L, BIEOEZETIERNZENAXICE>THETH D, BHREDOKRE RIERF T
HOLBBEL®mOLOIE, BEEZEODLZENULETHLN, FKREEIL 60~80%
PRIZHERIC L VIRESND. TOMOBKERERET DRI, KERER, FiK
IGHE), HFAEREER ENRSH D (Compston, 2001). LMEDOFHEEITHELY £ < O
IZBWTERLS, ARRICITEICEEENRD T 5720, BREMICERELZ&HODL Z L2,

BB BEDIK T2 2 ENEERZ L L7225 (Davies et al, 2005) .

BRBOFERF

SCERBFSE 1-3 1286V C, BIEMERDIMNIRE KRB RICEEL 52X 2R 1L LT, REHRE
I, BRTEE), A/LERRBZR & & Z0F 7278 (Compston, 2001), “RFEHREI, HATEEG
RVERBOZEZT L TERBNSEEZ KT T HORZW. FOYET Y 723
L b A T DRI A LE ~ (PTH; parathyroid hormone), #7113 k=
v, B2 I0D3X, MEMCHWSHENT 5= X ka7 o Ve RE 2l T 5 TEALE
YThHY, TOMIZHA A UHEAERT—1 (IGF-1; insulin-like growth factor 1) 7¢
EDOEERNT X > T %% % (Siddiqui & Partridge, 2016). PTH |38 WL 2 i34 L,
B COAN T T AFRIA NS, HALs T MREAHER L, B MiIcng L
THEFMEOTE 2@ 5. WLy b= I EMEOEEZ KT SE5. B4 D3
ME DTN T LARINEEE L, BOAKIEERESE . 612, B4 I D3 ILE M
faD R 2 et &% (Hadjidakis & Androulakis, 2006). = A k7%, (1) B
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VETV o 7iEEREST D, (2) BEMa~OEEEST A h— 2BHEIZ XY, A
RO & iE, BRI AR S5, (3) BIFME~OSUEEST R F— A [{#E

(XD, EHFMEOBLIEE, BRRERESED, &9 3 ODEMT, BRGH & i

(R

LCW% (Rochira et al, 2015). IGF-1 138 M OB A fIM L CRAR# 2 FEiT 2

(Davies et al., 2005) .

72, BEBOETV bR ERLVEY, IGF-1, ZvaalFads R, FRigHRLE
v, ZAMaFy, TrRalry, B0 DEONSIME B OEMER R X o T
S5 (Nilsson et al, 2005). piEH/LEY, IGF-1, 7 ka4 y, FIRIRFRLVE 1L
WEMREZEMSE, Zrvaalda  RIFEHROT R h—T A 25| ZEE2F. =&
N AR O A il U, VR LT 5. EEEICR VT, RO X
DHYETRIVE > OGNS, Z AU X 2 E A /VE R IGF-1 ORI e N X - ¢,

FIRESCE ORI SO ENETL S (Weaver, 2002) (Davies et al., 2005) .

1-5. ‘BIREEORIE S ¥E

) OB FRE ORESTNED—2IZ, KIED X S REEZHWTITH 3 sl Tk
N2, ZOWERER T, WELABEHMANTEER I, EHRTOMEE 2RI, Wi
KW EZ R, iR Fifis = rLr¥—L 09 (Ammann & Rizzoli, 2003). Zh
OOFHEE B IL, BEESCEME L Wo T, HIREORR A RIER T A RIE L CTIRIEDL)
REFHbd 5 2 & LRBRIS, B olagatt i 42 2 & 2 "Rl 9% (Ammann & Rizzoli,
2003). t hOEFREOFMGIEL, HOBWIIAATETSH D Z &5, WHO 2VEHERIE
DOLWIHERE T BE 2 AV C LI (Kanis, 1994), —HT 3/LF—X #KIL (DXA;
dual-energy X-ray absorptiometry) 1E(Z X 5 HHEEOHE KAWL NL HETH D

(Celi, 2013). DXA i£1E, D EOKSHET, EMICS, DRWERT, #Fe<, A
THETEXAFENH 5. FAT OFRMEIZH T 525 ORBREDOHIWEREL LTH, &5
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ERHAVWHATWS (Nattiv et al, 2007). % O o EIRE QTR E S IE LS LT,
microcomputed tomography (u CT) (2 X & FiHiiEEOFEM<> (Benhamou, 2007) ‘B
T LD BIREEH, T~ U iEI BAL AR ORE A L ORI k72 ED3 b

% (Morris & Mandair, 2011) (Iwasaki et al, 2011).

2. EBOBMERAZIR

HIREIE I EANEZ 52 5. MEAMITEREL2ERIE, TOELZEMd?
BHILT, BBRY R0 BT R 770y B2, —BIbERL Vol 5B A E
L, BB E ML OTEEC b A R L OB AN St 5 (Klein-Nulend et al,
2012).

b FERGE LIEAFRIZBW TS, WMEEINEORRICAN2R LD TH D Z &R
ENTW5D. BEOIEE £ & 7= Nichols et al. (2007) OWEIZ L5 &, FfFEESR) (K
Pk - AERH) ZER AMEEBFHE (AF— Bk, TR AWy va s A= KRS
— R, KB SL—R—L, A R hL—=u Y 1, FEEBNE I TR S
BN 10~25% @l s 720 Z L2 HE L C0D. 72, BnRICE e L 2 08
L7z Bennell et al. (1997) OWFFETIL, 17 %05 26 ik D FH e D gtk s A il H & F,
FrKRTEHRTF L IREDE Oy FEEL LOMMIEEEL R LI 2 A, &tk
WTC, REEEEIIAHRICARRETRO O Rhoc b ESN TS, —F T, bk -
TEHER 6 1208 & i U CR R RB TSR 2 R L, FPRE#E Ik & g L <

B RIR T, FIARETNESEEZ R LI E#E I TUVWS. Bennell ef al. (1997) DIREE

M

ZETl, BB\, 25 EEE, B - EHEE B E T LEE L L R RETN
EEZR L, FEEBEIILHE &L CTRERET, HAREENSMEE R L L ®
HEINTWS. Brahm etal (1997) HREIERIZ, BMEACRERITIEELE LD b2 EE
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Kt

B, TROFHEENSB THS ZEE2ME LTS, S5, BEYILMESHHE OFIcon
T, Duncan et al (2002) (%, 15775 18 DO EEMLEDIEFEFE, Kk, H
ERHLBLECE, EWEE, NIA T An Y EREOREE B LI E 25, EREEDOR
WA LI LT, R ERE, BEHEEBE, KRIRESEEESE, TRE®ENESHEE
STz L LT D, Greene et al. (2005) 1374 1591 1.6 i DMNARELL LD L~ LDt
PEPEEEEE B & RIMEROTEEIR) TRV Z iR L2 & 24, hRIEEEERHE OIE
B AR, AR AEEEEISMEE e RmiE LTS,

BT, IFHEE BT HEHNFICKETHRITIME SN TS, EFHETH D
10 5% 6 15 DM L, faf EEE) C b 5 Bk E®) & AR ES) OFHA & O EE 4 9
MHEATOR 2L 24, BHE - RIREBREIIFFEIRE L IR L TREL 22D 2 &Ll
ENTW% (Heinonen et al., 2000).

INHDZ LG, MEEMIETRELZ&HODLFERELTHATHY, £ DOHLE, ik

=

FCA A BB 21T O B 1T BENEEE 2D 2 EBHLN Lo TN D,

3. &S o FAT /8

HEENIATR OB Y, BOMRICRBWIRE 72T 2 EBHMESNTWD—FHT, El)
IR0 BRI S D B EOR T, BICHEA R 2EDOFE S LT
S TE. LMBEEOIEE R ZMEICE CHIEEEIL, 7 AV D AR—YVEFRITL
D FAT © 1 F# & UTZEST i, BBRENTHI TV (Otis et al, 1997) (Nattiv

et al., 2007).
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3-1. FAT O#E&

FAT &%, ZMEBEFE-CIRENR 2 el LIZ UIEELN, BhS U < I3 AL RS L 7223
B L ORI R A M AFE T = kL — A EARAE, A RRERE, REEEO 3 O
FERIECTH 5 (Otis et al, 1997) (Nattiv et al, 2007). FAT ¢ 3 L@ E 7@ BB F
BEOWA IR EITERT 5. 7 AU ARV EFET FAT OF 0 RHIE A, TG
D=, W RAMEEFRE L, BEREZ1T> W5 (Otis et al, 1997) (Nattiv et al, 2007).

FAT & 3 T o =)V X —FMERAE, ARERE, REEELITRO LD ke
ATHETH L. =X —AOMEE L, =X —EIE) GEEIC LD =RV F—iH
BELZRNZHOTHY, EHELSOFEERICHNWS Z N TEL LT —REZRL
72bDTHDH (Nattiv et al, 2007). T=R/VF—HHEREIL, AFICHNELRT RV —%
ek 2720, MIOMERCRER, RIRMEIRE, AIEEEICHW D =3 F—& D S
o, fEFEREEL 5| & 23 (Nattiv et al, 2007). AfRER &1, 28 HRl#&OMBEO AR
JAHNZELNS AT TN D 2 &R0, WIRROEIS HRRIREEBIZIZBATEL U722 VWEAR L& 3%
R ORREZRT (Nattiv et al, 2007) . REFEEIL, B2 @0 22 EHKRE T2 < FMED
K FOEAMHIC K 0, BIEEOMBRIENS M LI REEOFREE Ch 5 (Nattiv et al, 2007).
FAT DA TIE, BREBOE(IZONT, B0 U A7 52T TE HEHBED
IR NE OO, BEEN 2 227 O—18D K ORI BT 5 E ORI FEAE L LT
% (Nattiv et al, 2007). FAT #& 1%, FAT ORFBEIZOW TR AT S Z LT, £EH
PHEREESCEA R, BHREL Vo ERREKEMA~BIT T2 22X, 2Tok
PEDNBEIE 7R = 0L — G20, IEW AR, BEOIREORFIREE 2D 2 L2 RS LT
% (De Souza et al, 2014).

FAT ® 3 FMAETEMRLT 52 LN EELE SNLTTH, KEEEIITHTNEHRET
bDH. BT, WEEEOTTY, HREGHERDTH 5 BE T EERHEEFICLD
REHBEX, DBEONEIZBWTHIREEENSE ST B A2 ket
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HDHZ LD, &L ICMER XN TS (Ackerman & Misra, 2011) . Barrack et al. (2011)
VAR B 0 AR A VERE R 13 8 R BIRE I, IRBHRETH 722 L, Hartman et
al. (2000) |FFRRRMERARCRR B EIE L i fiE 21 4008 L 72 Jufil 40.2 s et
B, EWEKEE CTESTE TN EEREL TS, ZRLO®ENLE
FEHICEOREZIT oD EUBKOREDNETHY, EEHMOEREOHEIXEKRZ

METHLZ ERDND.

3-2. FAT DRJER

FAT @ 38 EOFIEFIZOWNT, FEITHFEIC L W S ST\ 5. Hoch et al. (2009)
e B T v 7 EH, JuAh R —, NL—R—)b, N7y hR—, ol
—, T=RA, Kk, INT, VT MRV EITo TS ERAEBESE 80 A& xR ICHHE %
1Tolel A, “xNAX—FHMEMHE [=45kcal/kg lean body mass (LBM) ] 29%, H#%
L 54%, IRBHEE 16%DRIERTHY, 2 EMORIERITT FLX —A 2R+ A #%
BH IR 18%, THRNF—HMERE KB LD 4%, AREE HLEHEEN 8% THY,
3EMETERET H2HIX 1% o7 EMEL TS, 2007 4C FAT @ 3 EBUIBIED &
D Lo, TRURIO 3 EDO—o1F, =FAX—HEEME Tl < B
v (Otis et al, 1997) (Nattiv et al, 2007), EREEFZ 3 FMO—> & L THIEREL R
L72if%E s & 5. Nichols et al. (2006) 13 EFis, 7aoxh o b —&, oh—, v
7 MAR—=, KK, NL—R—)b, T=R, TR REToTWDLEREREE 170 N%
HRICHEZTo72L 25, BRERE 182%, AR 23.5%, KEHE 21.8%ThHV,
5.9%7M% 2 E¥ %, 1.2%723 3 EMETEA L T EE L T\ 5. Torstveit et al. (2005)
X/ VY = — Ol 186 N R BRICHELTolo L 25,2 FMOFBIERITER
B+ ARETE R 26.9%, BREET HEKEEED 10.2%, AREE HKEHEDR 54%T
HY, 3EMBETERIET DHIT4.3%TE -7 L #HE L TW5. Barrack et al (2008) |
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AREEE LIREEED 2 EHOPFERET TH L0, 13~18 O BRI LM v 2 h Y

—EH 93 NERBITHEZIToTo L 2A, AR 25.8%, REEEL 39.8% 72072 & #k
HLTWD., ZHoDHEND, FAT @ 3 FEETERIET 2EDEIEIT 1.0~4.3% L &
UFZRWD, 3 FEED ENN—2L L2 RIET 5B DEIGITm <, & ISR REMEL
S5 BRI LM OIRE B E O FIEF S 16~39.8% & @il .

F7o, BYETH FAT © 3 FHICHEPL LIZERZ AT 2B 08#HE I TW\%. De Souza et
al. (1994) 1%, —WM Y4720 OEITEEHEN 50~90 ~ A /LD F M K IREEEF 1R BT A, MA
VE L OBRE, BLOBBETEZ{T-o7-8 25, REEORRE, M ER LA E L JRE
BIOMAFT A N 2AT 0 ARE, BEEORMEAED bz LW L TnD. BEmEE
OEFEWRD, YERVE D & BT D IREEEIL, FAT O X9 2ARAMITIRREK SN T

WRW, B TEWETH 5.

4. FAT (281} 2% E MBS
4-1. TRLVX—BRMEEED A RERE I RIE TR

AR I3k A 2R S, AR (HRPSFEICEEILIN), AR (IS 6 EL
), MEPESR (BESRIZZ2 VAT T B), FIEBIRZ (HHIMIAE T 2500 LR,
WKL D707 S 2T o RE), HREBER END L. AR b B LVER T
HDHN, RTCOAREEIZIT=A a7 U3 ARRIZEY, BOMFEICHEL KT 6tk
&% (Manore, 2002).

B O AREE L, ADTRAFXF—NT U ARKRERERK L7725 (Manore, 2002)

(Maimoun et al, 2014) (Misra, 2014). Zanker & Swaine (1998) (I g T
BWT, BAREFITERARE LD b= —EIE— =X —{{E R OEMEE T
oo Ladt Uiz, A LX —H NIRRT — TR — MR e 53,
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PERRERE AR AR VE L, IR AVE Y, GRFARRE AR L o D5y W RAR TR0 W
fEEZEZL, P2 e S REMET 52 TARRFELZELSED

(Maimoun et al,, 2014) (Misra, 2014). Loucks & Thuma (2003) DH#F%ETIL, #4FEL
PEZFSRIC 5 B, = RREERT N X —EIULRZEE L2 RFHIR & EEHIC LY =%
VX =A% 45 keal/kgLBM/day, 30 kcal/kgL.BM/day, 20 kcal/kgL.BM/day,
10kcal/kgLBM/day @ 4 /3% — 2550, RAEBIOERE~—0 —0B(b 288 L
=& 2%, 45 keal/kgLBM/day #f &t L T 20 keal/kgL.BM/day LA FORET, #{&{LAR/L
TN IE & A2 0, T HIERY 72 0 OFEBLANV T USRI EE L 7o 7 &
BHINTVD. Z ORI, EIRMER LT U BN T XL X — KT 5 THE
PEZ R LT 5. £72, Loucks et al® 7 V— 713 DHDOIIFRICE VT, [FEO IR
1%, 10kca/kgLBM/day #HIZIfl =2 b7 A — VIBENMEE S /2D 2 L bHEL TV D

(Thle & Loucks, 2004) .

TR — AR K DR T — TR — MR O TEENINHIIL, A= AiEREkERsIC
VERTXNVF— %k T D720, MHEZHER S5 aLF Y — LR R VE O
n, BERITBAZRET 57 LY o, BRITEANETL LT oMb AL EE D
L, ZHHDRNEEEHHUR TES— F A — PR OEEIMGl 25 S E Z L E 5
NTW2 (Misra, 2014). ZOB X ZXFFT 2098 & LT, REHMZRN, RFEERDH
DL X —HNEARE & 7 2 MR ACRIRAE O BRI, b a Ty —,
RERLVEY, ZL) VBERESHETHY, LFFr, IGF-1, =X b T I — VEEITK
ECThol- LG LIoENRH 5 (Misra et al, 2003) (Misra et al, 2005). S HiZ, %%
FED RN VDR T — FHR — PRI OIRENC 5 2 25280, UTFom#EInT
W5, aANF Y —/IONWT, Breenetal (2008) 1%, MEFIZISIT2IEM LI, PEIRH]
BRVE U AR VR kR GARBBICRT L, A RLARAELTHD aLF ) — Lok
HiX, MRS VE AR VE VRS PER R IC L 0 IR AR VR W E AR S L
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ZEBME LTS, LT FUATOWTIE, Welt etal (2004) 73, LR RS A o Lotk
2L 3 r HOVTF o ofbE, Mo baLE LI EiEA Ve, =A RS
VA —VBEAEEE Lt RE L TWS. 7 LU L, Kluge etal (2007) 75, fdHErs
TR T 2 7 L) oREITIMF OB EARLE C ERIRELE L7eHmE L TVnD. lE
FIVEAZODNTIE, BHEICEHHETIIRVH DD, Rickenlund et al. (2004) 7%, A
PRI DR ICRBERE (TR T, M OB EREA T REE & RRERVE CREITAE R
BOMEANRO O e LTW\5h. £/, Rickenlund et al. (2004) DO[FEBFFEIE, I
TOEBERNVE ARE & VTV — VRE S FERADOHBENRD bt L s LT
5. ZNLOWMEND, TRF— AR AEMBEREMERF S B = L — TR
TR ODRNVE LY, BUR T — FEA— PR OTEBINH 25 S 2 LT

LT ENDOND.

4-2. TR NVX —AEEES B RIE T R

TR —HIREIL, AR LA VE N T U ADEIC LY, AROZIR LT,

Uﬂ]ﬂ

(2 E R Z 1T T . Thle & Loucks (2004) OHFFEIC L % &, FFELMEZXRIZ 5 HIH,
SREERFRT AL F—EHEULRLEE LR FHIR S EHC L =L —FoM %
45kcal/kgl.LBM/day, 30kcal/kgl.LBM/day, 20kcal’kgl.LBM/day, 10kcal/kgL.LBM/day @ 4
BT, BREHCEET 2R e BLOER#~— I —DEbEBE L7 25, M
P T VA= NVRE L ERIN~——THLRT IR 2T =R EN- T a7 F
' (NTX; N-terminal telopeptide) DA 13 10kca/kgLBM/day #EDO AL L, (ML A
YAV RELERR Y —ThorMH I M ma T =S C-Fr 7 F R (PICP;
type I procollagen carboxy-terminal propeptide) JEE L= RNV F—FHZEDIKT LR U X
INTHIERIZEAD LT E, Mo IGF-1, HURRALVE S EA AT AN (0C;
osteocalcin) I3 20kcal/kgLBM/day LA FIZ72 % & 202D Lzt L CTnd. =
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DAL, THRVF—FRERFITEREICEEE 52522 ba VR IGF-1 2 L 0K
VB DRI LD EREIRE 20 S L, LMBiEE oOF 2 ek S 5 6
Ve R d 5 b0 THS. £7-, Barrack etal (2010) 1ZEFEM LR FEES 2B T
W EE AR & R LT, BB T A < AR O & B mrE AU L oL — R R
MR (p<0.10) 7Z-o7= L5 L CTW5. & 512, Pollock et al (2010) %, EF A
BT H D LN PR IFHEE S OBBEICONT, S5 FHE L KRG SEIE %KX

EHTE T2, BEHER 56 B Th B Z 2 = 77=-0.70, BEEHH

N

HRfEIX Z A2 7=227
ST EHE L TS, Pollock et al. (2010) 1%, BEENMME L 2o HJIZHOWT, E
RS R DIXERE DT OHMEIC TERNWE LoD, ZRAF—FEMEOIKEA# 2
EHRTEDH LNRNEEZBRZL TS, ZALOREND, T=RLF—HZMEREITEIC

HEELZRITHEOTHDLZ ERnbrs.

4-3. ARBRENBICRIETHE

Kaga et al. (2004) [Z@EAELIERIEHEES IZHBWT, FRCEHEZER A K& L ik
L TARBREZIIMETHS Z L E2ME L TWA. £7-, Drinkwater et al. (1990) 34
PEBIRHE 1TV T, MEHEE R IR ICIER AR Ch HREL ik L CBUEER AR TH DM
WEIHREA R UIEARTE > HIRETH Y, EERAREEN —ES 20 IR D
BEEMMECHo /MG LTS, ZORERN D, Drinkwater ef al. (1990) 13 H#%
JEAH OB R BB LN EBBETRD T 5 R’ H 5 LR L T s,

ARBEFEZDOBBEMIMEL 25 H K E LT, =X Ma by baEobnd s, =2
b a7 RZITEOWEFI A B TRt E <, AREBEEOIREEEORIKE LT,
TR MRF T a AT B U EMRET DARVE RIEMTOND 2 ERE D, Ll
TR DHRVE PRIEOBRIE, 24~30 5 ABOR/VE PRIEIC &0 A R Lot & iR
EHOFBREZABZ TN EEZ (Cumming, 1996) & W) HENHIUE, 2 ERB DR
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FURIEEZTo TH AREE X o — DR EEEITSGE L) -7 (Warren et al., 2003)
EWVOELDHY, HRIT—ETITRY. =X MU K D IRE B E RS —
ETRWERE LT, AREFIRETIE, =X —AIMEREEZES Z&2nH 0, IGF-1

RNV T F U EOFORESCHERFICE A MOV B EERNT A ERNELLND.

4-4. FAT @ 3 EBOBEDE &

LIEDSATOIEN D, L — AR, R, RE %48 M CRE L
TWbHZERLND. REMEICED L, 3EBETERTIHIL1~5.4% &% 1T
2 (Torstveit et al, 2005) (Nichols et al, 2006) (Hoch et al, 2009), =3/ ¥ —F5hE
KiE, AREEIMUEBELZSESEZTLOTHDLZ LD, BOREODIZENEN

RS DMENDD.

5. BEHOLMEREFICR T 2 REFEBOVEICRIETRE

BEWICZHIT D FAT OIRBHE L 2 5HA L LT, BFHIRCERREICK 2 BFER
Y% (Nattiv et al, 2007). Foo3 7R BFBEUC K 2 R EHRERUL, HEROMERORE,
BEEO TR 1EICEZETHY (Meyer et al, 2007), EBEIZ X 55 ORILIEE H
ZHTeDIC b B TH D (Borer, 2005). B DMESCHERHZ L 52 28 EH L LT,
AN LRV v, TCMESER EOFOME L R D REROMIZ Y, T OMOERE,
XU, RE LS OREFENDH D (Cashman, 2007). D72, BEEORDIT,
Jolk L7z =3 F —HA ORIz, SHOKRERBIRENBDT 52 LT, B
R ROMEFFI R 2 KT T, FEHEE O BRI LEIZ W T, BFREORDPEL HER
EEAZAHTDHEIL, @FHEICLEXTEREROINN T 22 & (Soyka et al, 2002) <0,
HFEEMIMETSH S Z & (Misra et al, 2004) 2HE SN TS, S 51T, Barrack et al

17



(2010) 2SEFRMZMER FRREER IZR W BB & mB RO KRB R B E L I
i L7oAFgElE, Jeik L7 = ror— B IRE LS BRI R AR ), NEEERE
HRfEGE R (p<0.10) TH Y, v MEREITMEE (p<0.05) Zo7o LA LT D.
INHOZEND, ARFERBAICEY, TRLXF AR X D EREEEINZ T,
BHRBREREORD & MBI EE LN EHBE LT ORERS L2 LNEZLND.
Dbz &b, BEMOZMEGER NG OB 2MEL RS LT, o F R X
DRBEFEBERILETH D,

LU s, DEEYA R LR, REHGERO KA, L7 EE) &, 92 M 2 RFH
DARR, 77 A M7= ORI, EHE, HEFOHER, LHENRE LA, M 2EERN
L RABRTHEDORE, KESERHAOHHH L LICLY, SFEOHDPIIEEIIND
(Coelho et al, 2014). F7=, KRERRBECRFARBIH, FEROPETIE, KREOR
BITAMMTOND Z BV (Fogelholm, 1994), ZdJiik& L TR/ ¥ —EHUH| R A
HAnohdZ M5 (Fogelholm, 1994). X 512, Coelho et al. (2014) 1%, EEH O
MR AR T KL D R E OB NN B AT I C A DR E KT ARt 2 DRl 5 2 &

Mo, & ATEEEEOERIENmE D ATREMEDN & 5 LR TN D,

6. BRI B FAT DIEEHEICHT 5 TEHK

BRI T 2 FAT OEREEEICHT 2 PIROEEAO—2IL, =X —H2M%
HWIEIZRHDZENRHITOND. ZRVF—HMIMEE L 25 EK & LT, BFEEORD
KMo T BEFRNRICL D2 =3 F—EHMBEORDL, QHREHEOHNNAH Y, £ b
YT 52 ENEETHS. (Nattiv et al, 2007) X 5, T=R/AF—EBEREZHIRT 2
EORBRELIToTVDLEEITE, Z<OREBEZROBRENL AL T DEMMERH Y, A
RBRENAE LRNE S DT 20823 % % (Manore, 2002). & < IZHOMEE 2225 1L
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UL, SEAPHRICE DY Y A 2 FESRTRIL RIS LY FRICHIFE A FRETH D,
BV O IEZRFERIS K 28 B e, @iy y MERIC & 55 BHNEhR,
B2 D EERIC K D5E IV T DRI 2R K 58 'SR ERIIRFE T
% (Manore, 2002) (Nattiv et al, 2007). L7>L, FAT OIREEHEOREZFLHTIHRD

NRAZDONT, BN THRU.

1. BANT Y DERBEEREEOFICE X 52%

HN T BT E OWERLST D 39%% 5D 5 HDTH Y (Weaver, 2002), FEH/L DA
B & 2 BRI T HHEIC A FE LN TWVD. TRETIE, mALY U LE
BB REL®ERDDIZOICANTHLZ LN, ZLORENLTRBINTND.

Nieves et al. (2010) IEZHREFBEEZR IZBWT, 0 AERENEINT 5 & F5E
EHINESED Z 0B RIEREWD S DL E2MELTW5. Lappe etal (2015) 1%
FEBEE DOV LB NT, Iy AEREIIIEHEEEEESO RN 72Tt & L
TWS. SBIT, AN T LY T AL MifIZ L D@ma vy 7 MMERDERHO T o
BREZEmDDLZEICANTHLZLbIMESN TS, WAL TLAZT Ly ML
Vv ME 1000mg #fiFE T D 2 L T, BAREFESEOMENELH S RVWEEN OB Low
A&7 LA ST % (Nowson et al, 1997) (Stear et al, 2003) (Prentice
et al, 2005). J1L> 0 MR OREIL, BT AEEREDN DIV BT O EEMETO
BB THEHEE, BREZHNSEZE@E SN TS (Dibba etal, 2000). Zi
HDOZEMnD, IV LAEBREZEOD LN, LEHEEOFEELZRDLRE LT
WS TWb (Nattiv et al, 2007) (Meyer et al,, 2007) (Tenforde et al, 2010). L 2>
L, FAT OREHE L 725 &9 B mismd U R LB BT, @y
U LEIRSE S G 2 D8R Wl LTCRIE 720,
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8. FAT OB FREICBRE T2 7 v b & AV =#F5R
8-1. FAT O'B DRFRIZBIT 5T v b oA Rk

FAT OF OHFEALKELZ UK 2 PRIROMIEZIT O 1IE T v F &S Z &3 G%)
T® 5. Dimarco et al. (2007) it b TO FAT IZBIT 2 0F581E, S IRBRHE-CHEE R,
AETTEE AR — OWRE 2D D Z L AREETH Y, TITHEBRE OREFCRE A ET 5
AIREMEDS & 2 EEREIHNIHIR 22 T o720, WEHETH D LB TWDH. 22T, Iy b &
WFFRICHIND Z L D3, WRF OWESFKME O OB R+ 2 2 &R0, W FHJE W
Ne b XD BEWZOEBIF TORETZ REICT 5720, A% TH DL LTS, £z,
7w FEHOWTOWRIE, ATy atiize FROFSICHETES. 612, 7o b
TiL, b b CHIERAREREREN 2 EREOREL FREICT 5. ZhuL, E MIBTLHE
BEOWE - 72 BBEDOFHEL Y b, Wik EREONMEZ fTHEIZT 5. 20k
FAT OIREEEIZOWT, RETRE DM £ CTEAGA A TEFHo T B3R Ot 2 FIEeIs &
%.

INETDOT vy b HWEIZET 24BN T, EEOMEOMET (Newhall et al,
1991) (Shiga et al, 2003) (McVeigh et al, 2010) (Ahles et al., 2013) CEEHHIR D

ZBotEt (Talbott et al, 2001) (Hawkins et al,, 2010) (Joshi et al, 2011) %417 9 BRIz

Ff

KM THEN BV Sprague-Dawley (SD %) 7 v FBAEZ VLTS, SbIZ, £4FE
TIE, B SD RMEZ » N &AW, EES T TORMBIRNEIZE 2 2 BOMFN &
T2 (Dimarco et al, 2007) (Swift et al, 2012) (Yanaka et al, 2012). L/»»L, =
NWETIS, BEHMET » MTBWT, EER) FOREHIRAEICE 2 5 BOMFHIATD
TR0,

EEHNCEBIT S FAT OEFHBEOTHEICONTT v FEHWTHRAT L0120, F
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DORERPN - L= REHOMZ v N2HWIMERS S, 7 v MBI REH &k
BRI %5510 Dt — SNTCERITEND, Ty bOFIZET 2ETHETIE, 15 BlmLIRT2S
FKEMEITEFEL L S (Newhall ef al, 1991) (McVeigh et al, 2010) (Ahles et al,
2013), 16 HE#mLIMEZ 3 (Dimarco et al, 2007) (Swift et al,, 2012) (Yanaka et al,
2012) L EHEINTWD. De Moss & Wright (1998) 13 & MR DRk DENE 4
Wi, 8 WG, 16 Win, 24 WD 7 > b EHAWTHRFT L7250 T, SD RlfE7 v ho
FHGEE L F Ly T LRIE, 8l & i LT 16 HEsIZB W THIE S 72525, 16 B
L 24 WEITEWVIZA OGN Z L 2HE LTS, £7-, Sengupta (2013) (7 v
ke FOEROBEICOW TR UL Ea— BT, ELOBLED 3 il Bl
PERRRE D43 s BRAG7N & 5.5 T I 2 55 R MBI BI AR, B DR IEIER< 72D 30
Wil £ T &2 BEMD O RBEEY, AFREIE LA U D 2 05 85 WL & PR A
BT HLRLTWD. IO ZEnb, Flaix, MhRLVE S DUWITIHEIC XS5 aE
FHEEY CH 2 BFERM O LMEFEFH OFBEICEAT 58I 2\ T, 7y FEHWTIT)
BRI, MERRRDMGE 5 5.5 LA D, B B L T2 16 BELLRTO% E #

(CEBRBAMAIFH 2R ET 2 2 ENEE THLEEZXLOLND.

8-2. 7 v MIBITHEBPEICKITTRE
7 v MZBT LEENEIZEZ 28T v FOM - Eilm, EE AT R DH
HENRINTWD., BEHMET v MBI 2RERH T — D2 vz AR EEEE, KRE
SR 2 mfE & L (Shiga et al, 2003) (Hattori et al, 2014), KRG - KB 5% E % & 1E &
L7 (Newhall et al, 1991) (Shiga et al, 2003) (Hattori et al, 2014) Z L3 #HiE SN
TV, T v MBI 2 HREEIL, BEHMES v MW TR REER, KF
BREZEELE L7z (Holy & Zérath, 2000) &#EIN TS, —FHT, AWM ~ b

BT ERETENL, KEEEBEEZEMEE LI-ET58E (Omietal, 1994a) &, KR
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BEEE, BEE, BEICEEE 2 holz T 58501 H 5 (Yanaka et al, 2012).

Ly B VEEENE, BEHMET » MRV T 25m/min X60min O hL—=27 % 5
HiThEC 11 #EMEE L& 2A, KREFHEEITSMEE R LD, B - 58 EICE
WA 5z otz &9 54 (Iwamoto ef al, 2004) <2, FRAMIMEZ »~ M2V T 25m/min
X 45min, FHE 15% D F L —=2 27 % 3 A{THOE T 12MEHT L7 & 24, IKEEHE,
WEE, BREICREL X ol b T2MENRDH D (Swift et al, 2012). F7=, % T
HEE 2 VAR CIE, BEHMET v BT 4bem O/ S MO F4 1 H 100, #5
AITHOE C8HEBFE LIE 24, REFEESCERENEELA R LI EHESNTND
(Welch et al., 2008) . = D1, Bfaf> X Fi1%V (Ahles et al,, 2013) /K Fi&EHE) (McVeigh
etal,2010) &, BRESEEL®HOLI ENREIN TS, £, BRIZOWT,
BT >~ MBI 2 AR EEHITFRE A &ML L7z#®E (Newhall et al, 1991) L%
HZIphol- b LT-#iE (Hattorl etal, 2014) 2350, RN —FH L T2V, & TEH
IREMMET » MCBWCHERICEEEZ X ho72 2 ERHES TS (Welch et al,
2008). TNHDZ ENnE, Ty FEAWTERNEIZE X 2R ESER KM T oOEIZET

LR AT 9 5E, BIRHRICEOE TEI AL BIRT OBERH L LEALND.

8-3. 7 v MIBITIBEEELPEICRETHE

7 v bW EOWIETIE, SEEELHIRT 5515, SBHL Z i U 72l iR & %
b2 55T, 2 F—B LOKREAZBEREDOWAD DEIZE 2 5 EOBEINMTOI
T3,

30~40% D EAFERKROHIR S U < VZRAKCHERED 2 3D S 5 =301 F—H1
IR E L RIFT 2 LR HE SN TWS. Joshi etal (2011) 13 3 HEHET » b
IZBWT, 30%AEIHIRZiEL 50 AFfAE L 24, KEERIZARBAR L T
AR L7es, BRI A BERZITRO bingno o L&A LT\ 5. Pando et al (2014)
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3 HERHEZ » MZFRNT, 40% BEHGIRA M L 10 BEfAE Lz & 25, ERiEmeE, &
2%, BRIE, REFEILHBEEAR L R L CREZ R L2, BEEICOVWTHER
ZITRDOONRPoTo L RE L TWD. £/, IBMWIMET » MW T, 40%> /L F—ifi
PRA i L 9~10 HMEAE 217 o7z & 25, BHEEE ML A miE Rt & g U CRE 2
RLTZZ EMHE I TS (Talbott et al, 2001) (Hawkins et al., 2010).

7 v MZBWT, EEE) FCTORMHRIRNSEICRFTEELRESN TS, Omi et al
(1998) 1% 9 it~ » MW TC, HREEE T CLRHFEMLRREORIEICL, B

EENC K DR RO Z MG L7250 T 92 ARAE Lz & 24, LErdtt & oficH
TP DBF IR SN2 o 72 E A LT\ 5. Dimarco et al. (2007) 1%, 18 ik =
v MZBWT, BIREEE) T 30%REHRA L 13 BEfGE LzL 25, KRG - IKE

EEITHREARE L i U CREZ R L2, KERVE - ISBBBEIIAE R AT
N olet@EL TS, —FT, FSGEHETEEIT>72 Yanaka et al. (2012) 1%, KR
BEBEITAREATE S i U CRFRIRMIEEEZ R LZEMEL TV, BT v M
B 2 HFRAED T O 30%RAHIIRIE, FE M CIIRIERE, IEEHEELIEEE
DA, BREMICIXEREICIZE A EREE 5 2 72\ 2 L3 Hattorl et allZ X > THE S
TW% (Hattori et al, 2013) (Hattori et al, 2014). ZH5DMATHIZEE, T v b O
2R > TER) FOREEHIROEENRR L Z L E2FRBTLHOTHD.

Swift et al. (2012) @ kL v RIVEEHWAHFETE, 16 @lmlET ~ MW T, b
Ly B IVEES) F T 40% B EEHI RIS KO 40% =1L F—HilfR 4 i L 12 @EEfE L= &
25, AR EHEEITHREAR L iR U CHislREE S bIEREZ R L2, EEREITA
BRRETRD LN -T2 ERHAE STV, £, Swift et al. (2012) X [FAFIEIC
BWT, BEFHIR & =L X —HIRO M CTlE, B EICBWTHRRENELTE DD,

R, BEREICAEBEREITIRD NN ST 2 HELTWA., ZOFREND, RAK
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e LIS D A TS 2 SRR HUR & I) 9~ 2 RARHIR 514 & BE PR AL B D B DI L D
TR —HIRFTEPBICRIETEEOBENI/NS NI EREZLND.

BEEHIR, =X —HIRAEREZIR TS ELERE LT, Iy U ARINEDKT,
RIVE NG U ADRENRETOND. RIIMET » MZBWT, 40% =1L F —iillR4
M Liz& ZA, BENT T ZRINEITIERIREE & i U CREZ R Lz G STy
% (Cifuentes et al, 2002). B/ U ZFINERRRTIUL, BOMEARR LY, KF
e, IWEEEICEND. BEHIR, =X —HIR2 MR E RIS 2 5 BT
DN, BRINZMEIT LA Fu ok, IR T » MW TL R O AR R

IIEBEREBITERD 5T (Talbott et al, 2001) (Cifuentes et al, 2002) (Hawkins et
al, 2010), EEHZRMETOREHRICLVIRE L oo/ EHE SN TS (Dimarco et al,
2007) (Swift et al, 2012). F¥&Z(EtET 5 IGF-1 1%, BHEHMET » Mz
F—HRIZ L VIR L 7o o - L &N T D (Joshi et al, 2011). —5C, BEI L
U LW A D, BRI AT D PTH X, AWM »~ MR W TEHSEE T ¥
—HilfRZHE L CHARBREITRD b o 7= (Talbott et al, 2001) (Cifuentes et al,
2002) (Hawkins et al, 2010) & #H& ST,

H— DR FEIHIR S T REEZ BL S5 2 & bl SN T 5. Takeda et al (2012)

EEHET > MBI D & X7 BBERE 50%HIRRIC L 5 10 B OfE L, %2k,
Ly RIVEBEEBOmEIE FICEWNT, KEFEREZEREE Lz Z L 2HEL TV,
Talbott et al. (1998) %, FEEM &L @l OMEZ ~ MW TP LT AEHEN 0.5%
& 01%DREC T QHEEGE Lz L 24, BEEE, REY, Simlé I 0.5%5H & Lt
LT 01%HIREZ R L7z L& LT\ 5. Kaastad et al. (2001) 1% 24 it~ ~ b
B2 I DRZERICED 12 BMOFEEIL, KRG EBELIRMELE Lz Z &2l
LC\W5%. Norazlina et al. (2004) % 12 #fHlfT v MoBIFHEX I ERZRIC
12 B OFEEE, BHEA LU LEEZEELE L72Z &, Rude ezal (2006) (3 6 i v~
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v MZBITF D~ 73227 A B0%HIRRICE D 24 BEEOEFEIX, KEREEmElE

)
fin
ay
=3
o

Lz e ErHmELTND.
LIEDOWENS, Ty NIRRT %8 T, EEs) FORAHIRIL, MRl L&
NRIETHENRI D 2 L0, RBRICE > TUE 1 FEHEORBRBEREOWD DL THHE
ICERELZRETLORDH L ZERHALNIR>TND. EDO—FT, KEHOMEZ » k
R D LR FC, DRSO B B R R FOEEEICT D BETHIRAE ~ KT T

BB S 0NMT R o TR,

8-4. 7y MZBITH2HEEAMBRENFICRETEE

WMEZ > MTRWTHRMRENEICEZ 2B ERETT 2515 LT, IR FiTE
TNTy bW SLND. INEMHFINIIVERLVEY (=X trby, T 2T y)

ST SED 2 T, AR RIEOEOMSMEET VL2 % (Kalu, 1991). PHELEE
R L o Foleskl:, BEHTH D 6 Bt ~ FOFirk 3 » AMEIEIZH N T
HE S TWD (Park et al, 2008). ZiLHDOWEND, FHKEH - AHIMEZ » Mk
T OMEEIERE DT HIRMEE, BOMIHEESIEEZTEDOTHD Z ENHLMNITR -
TW%.

EHIZ, FIRMEHTFITIC L SRV EEMRE 2L C S H kL, ZORMETFTTOED
BAIZONTH A T 5. Dimarco et al (2007) 1%, RS » MZBWT, B
FE A EE) T 30% RERHIIR A L 13 WA E L7 25, 26~32 HOMIZET v Mk
W T INRBES X A IR A MR U, BB TR = 2 b T A —VREE,
N EE, FREENRMEE Lol s 2WMELTWD. 202 b, BREEEFTO
30% EEFHIIRIZZ » M OMEEMIRE L F oMbz EEZTERFMTHL EELLN
5. LinL, BEHMET v MW CES) FORARHIRIC K 2 M8 & FiRE~ DR EIT
B ST o TR L.
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85. 7 v MZBITBINY T LABREDBE VDR FICEIETRE

T v MTBT D H N MMERENE I KITT L R L2981, Bk L7 Talbott
et al. (1998) DOHFFELISMZ © %< 4T T 5. Creedon & Cashman (2001) 1%, ¥&
HIMETZ ~ MW TR LY T AEH&EE 0.2%, 0.5%, 2.0%DFHI/T 3 HEEEE L7z
LA, RBRE A>T H8IE 0.5%HE & Hi LT 0.2%REIRMEZ 7R L, 0.5%FE & 2.0%7HE
DORNCHERZITRD B2 ole 2 LA E LT 5. Hunt et al (2008) 1%, F&E B
T MZBW TR LT T DGR E% 0.1~0.7%HiPH T 0.1%Z A2 BE A /71 13 BRI H
Lzl A, BB 0.3~0.7%H & e LT 0.1%8E, 0.2%RHCBWTIREZ R L= Z &
EHE LTS, TS OEATHEE, By AMEIRENTRT 5 &5 mEIRE L 7
DD, NPT AERELEMSETHOERENSEM LN 2R LTS, L
ML, Viguet-Carrin et al. (2014) 1%, HEMHEZ v MBWT, BT I LT AER &
0.2%, 0.5%, 1.2%EEC/), BEHCBWTHN T T ALY V=53 2R 5 X H8HF ) v &
AROLMEL TAEMEE Lizs 25, BRI 0.5%H & ik L T 0.2% IR E A R L,
2.0%BEEEME L 70D Z L2 ME L TWD. — T, BREIX 0.5%HE, 2.0%H & il LT 0.2%
BRIRE S 72D 2 L&A LTS, £72, Galaetal (2001) 1%, JPEFHMET » M
BWC, EEEmA LT AEROADREREF LIce 25, 13 EMEE % TIIRRE
B B VB B LB+ oLy AEREES EE A R L, 28 MMEE % CIERERE
BT @ Ly AMERENEE A R L LR LTV D,

LLEDSATIRTE N D, @AY D MEEILT v MCEBWTERIFIC L » U BMESEH

EOFEZE LEASH. Eiz, R Y T LGRS 0.2% FOBA, HHREH ik

i

MEEERDZEEAD.
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9. B

SR 2 £ LoD L, BERWNZE T 5 FAT OFREDE/L L OE OBTEE R 220
T, UTOZ EBRHALMNIR T,
- o RN DL 2 S, MWEE 2T O KRR TR EENEE L RS, L,
FAT @ 1 B THHINEHEEZ AT DHLEDMAET 5. EEBEAT 5 BEM LMEFEHE
T, BEENSEICRLZ L, MEIZRD ZEOWMGRHE SN TND
- FAT @ 3 B Tdh 2 = VX —FMHEKE, ARRE, REEEORTICHYTLEHD
FEIE 1~4.3% & =<0 D, Enn—2U LIS T2 H50EIEITm <, KEHED
ML 16~39.8% & L\,
- HEW O FAT ORBHEEORKIC, BFEOBINH L. RFROWBWAINL, THLF—
AR 2 THEFERBREBEREORDICL Y, BEENLUEFHEZIREEELTD
AREMED B D .
- EH O FAT OIREEEO TR E LT, @Ay v LABERH E R = 3L X —F 20
DHERF DI SN TWDD, FBORBRENITOR TR0,
- FAT OB OEALIRELE KT 2 TR O EAT 5 121X, 7 v E AW TORENR,
K RF OESLRI O 2 vTHET D A0, BT DL 2 BRI A T = 55 mE &
WETEDLRBRENLANTHS.
- BAEM O LR OBREICET RIS ONWT T v FEAWTT I BRI, MR
WHRE D 5.5 WERLARE G, B EES S LT D 16 B ERLLART O % B I FZBR B AR5

ERETHIENMY THDLEEZEZOND.

ZLTC, Ty MZBWT, BERERERED, ey AMEROEBIRO L SR
ERHEINTVD

- REEHMEZ v MR T2 EREEHITFRASEE T2 EAMEINTVD
BT o MRV, BREES T O 30% BAIHIRN T KL X — A RERE, P
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R, REFELGISEITIENMESNLTVD. L, BFHMT v MZBWT,

i

I

A AEER & 30% BEIHIRA = x VX —H2hE, AW, EEICRIETREIIH LI
725 TR,

BN AERIY, Ty MIBWTREIC L > UIFRESSEREEOSHEAZEL Z &

uflif

BHE SN TS,

28



MIE A58 ERIE L URRE

1. BFEERY

FEMT v MIBIT D FAT OIREFIREET /MCKHT D@L U AR - =X L F—F
ROTPHIREZRA ST D E2HE LT,

RO E LT, BEMT > MBI 5 FAT OIKERETT NVOKERES, @

vy MRS = L —FE R, BE O RO TR % &R &L T,

2. BrFERE

ARWFFED AR Z T 572, LUFONEREZ & E Lz, SAEiEIc iz ng
o/ NREZRE L.

B, AWZETIE, BOREBEZHET SRS LT, BRELZHWDS Z L& L. FAT
DEAREDOEAIZHONT, b FTIIEBEOER MREBIZL > TRHEi SN 528, ZHUTE®
EDOFHEOEREA R TFIEN RN &0, BEENEHREDORNRHHAR L 25720 TH
L. oL, AWETIE, Ty FEHWD ZET, B0 U A7 2 E#ECRHE L5 15

FECTHLHMEZNETRETHD Z Lob, BHELZFOFE O LR & ALEA T 72

[BFFEERE 1] BEH T v MR iT 5 FAT DIERFREE T VDR
WHIEERAE 1-1. FEEWMET ~ b Ick1) D B AEET S E HEIZE X D R OMR

H & A EE) 37 ERATEB D= f L X —HEBOWENZ M ) EETH Y, EFHE &

[FERO M EAM 2 FICHRTE 2 HETH L. SIS, ETHEEOLTIZ X v M oFE
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MG O Y 2 W RE & T 5N HIETHD. £ T, BEHMET v MBI L H%E

EEEN S E TR G Z DR OMEREIT T,

WHZERVE 1-2. FEEHIMET ~ M 2 B R EER) O RERHIRAYE I RF T B OMR

W

D)

FAT OAXEB E I TEI RIS RFEORD IO S Z ENERK L 72> THET S (Nattiv
etal, 2007). * , BEHMEZ v MBI D BREES) FOREEHIRNEREIC LIET
WELRT L. DI, HFREEE) E REHHIRNE ISR L RIZTEROR BEERS,

RO OWTH I TRET 21T o 72,

(22388 2] REH S v MoBiT 5 FAT OIRBREETFMICRT 3E LT 7 AERR -
TRVX—FREDTHEIRORE

MHZEEREE 2-1. FEEM T v NI D FAT OIREREET Ik 2 &m0 v AERO

TR R OGS

EHT T AERIL, BEMT v MIBITH FAT OKEREET /L THEL S AHEED H
HHNT T ARINEIR T2 T 22 8 &, @Ay AMERIC X 23RN R &
D, EERELFHTL2ZENFRENT. 22T, @IV T LAEEZHANT, BEMS

v MZBT % FAT OIEEREET M 2mA Ly v MERO TR 2 i L.

W7 2-2. EEM T v MZB T 5 FAT DIREBREET /VICHT LT RVE—FREDT

P R D tgEt

TRAFXF—FRIL, FEEMT v MTBIT D FAT OREBEETT VIR L, SFEONKER
FEREPHRSNAIZPTYH, =X —FEREL T2 2L T, REREL TS
LTENTHREINTZ. 22T, Zva—2xzBHRERIE =R VF—Hifa T ikx VT,
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FEHT v MBI D FAT DIREIREE T VST 5 =2 F— TR D TR E MG L

7.

WEEERE 2-3. FEEW T v NI T 2D FAT OEREET /M 2@ ALy T LR =

FX—FREOEHO TR OiET

REH T v MIBIT D FAT OIREBEET NV OEREHRER, @Ay sERe =L
F—HREZHT L2 TP cErmEnmEd E2LND. £ZT, FAT OIKF

FREE T /AR T D@ v 0 MR » =L —FROFHO TR ZMEt L7z,
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IVE BrFsRE 1

[REH T v MBI 5 FAT OIEEIREE TV OVER ]

1. %5

FAT OARE# R, HEENZ X A ATEAMIZ X EREOEENELNHIREICH HITH
HRobT, RFEROBONMD Z & THELS (Nattiv et al, 2007). ZZ T, BEHMT
MZIBWT, SrEiRE 48 GEEISM T CHEMENMRE L 72 5 FAT OKEHREETT LD
ERR %, HFSEES) E REEHIRBO HEEZAWTITY Z L L Ln. 207, MEHRE 1-1
T, BIEBEBDNEIREICE X DR OMR ATV, WHERE 1-2 T, BREET T
BEFHIIR VB IREEIC G 2 D BOMF 21T o 72,

HEWT v MZBTH FAT ODIREREETT VEERT 2720 0EB) HiEkE LT, BARE
EEELTWD. b MZREWT, BEMAMER B ITEEENSEIC R L L

(Duncan et al, 2002) (Greene et al.,, 2005), {&fEIZ72% Z & (Barrack et al,, 2008) @
WTRRE SN TWD., ZOZ 8T, EREFITEEHICIYGEmELRLI L, £0
— 5T, EFEEITAEROBORT LR EOKIFRRINE W o 2 HIRERIC X
- C FAT OIRESRENAE U DERMIENE N & 2R L TWD . TOEFEHE &V iES)
R &GEBNC LD F~OREANME, 7 v MIBWTHBEEEZ1ThE 5 Z & THELT
5. AREEHMCLY, AT v MZBWTREEEENEHE 725722 £X° (Omi
etal,1994a), FBEHMET v MIBWTKREBEENEMEE 725722 & (Holy & Zérath,
2000) NHESINTNWD. ZhHDZ &b, BEHMET » MIBIT 2 AFEERL, ]
FREZR 23 20T, R ERiHE &L RRICEREOmEEZE FETH Y, FAT O

EREREET NVOERT DO ZYRFTETH DL EEZEADLND. 6T, HIEEERT
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AEATEREEOZ TN X 0 MEEH OELACHERIC L 2 iEEh ol &2 "lie e L, 7> hOHK
Wi OEHRE L AFTEOHRLH 5.

FEHT v MIBWTHIREEED F TREHIRAZIT RO 5715F, mFmEL2E < E
BT Th T RAF— « RRBEFCRRIC L W ICE R 25 & 285 wTREMES @\ T
ETHDH. ke b FAT OIREREEANAE USRI EFEL L TV 5. BT TR, 36
B, REAMIMET ~ MCBWCTRHRIE FOT XX —HIRIHMREEELG T2 L
DG SN TS (Talbott et al, 2001) (Mardon et al., 2009) (Hawkins et al., 2010) .
S HIZ, AERMET » MZRWT, BREEE) T O ZEFHIRITIE R E (Dimarco et al,
2007) CIEEEE (Yanaka et al, 2012) Z5|SEZT I ENHRESNTND. LiL,
ZOOEATHR T, BIREOFIIIITOh TV, —F T, BEHRET v Mk
T, EEH FORAHRIMREREPREHBE L S E 292 & (Hattori et al, 2014) 73
WEIN TS, LnL, BEHMET v MR 2 EED N ORERIRIE R RIFT
BT BT o TWRW, B IR T & 2 AN E B85 O 72 8 D HEE 7R IF Y]
Th D720 (Weaver, 2002), BFRWIZIBIT 5HONIEEITO ZLITEERILTHD
(Barrack et al, 2013). D7z, MHWRANEEY, BEESIHEEL CWLREHT v
MZFRWT, EEE) FORMHIRMEEREZ I EEZTHEMT 22 ENNELRD.

72, TNETONE TIZAEED T ORI RIC L 58 ~0OEREN, S REMR D
A, EEE) & BREFIROZAERIZL D2 ONE 9D, BFILNITRs TR, £0
FRE LT, BMEZ v M2k 2 EEE) FOREHIRPFICEEL KT TZ Lok
E LT T, R TORBRIREEAZE L TRV Lick v, SfflREETco
EBOFBERRGT SN TRV TH2 (Dimarco et al, 2007) (Yanaka et al., 2012)
(Swift et al, 2012). FEEWMET » NI 2 EEE) FOREHIRIMEREREZ 5| & 2
T &t L7z Hattori et al DWF%E (2014) T, CHSME FOREEFIREZHEL T D
N, WatFiEL LTl B OO 2 W TE 6T, ZAFEROBRF 21T > T,

33



ATEE) & REFHIROMAEDOEIL, =RV X—GEORBELRIKTEZ5 92 & T,
LFERARAT T CORMHIRL LIZ, FICERZRL LTSI bEXN120, TOMAE
DEIROBHBMLETHD.

S BT, FAT OFREICHOWT, BOERMFHOMREICHOWTOFEMITH E VTN T
MR OBHEELIEH 2B BT 2BFEBDIL, IV TRy, ZURTE
IR EDFOMBIARRES, =R/ F—FMRE X DR VE MR T DS

IZ&Y, HREDCHRRLT, BORMAMOMRICHEL RETARENSH D,

PUbDZ Lnd, W8S 1-1 TiE, BEWIMET » Mk 2 B EEH G REICE 2
DINROMEREAT 7. FIFEANE 1-2 TIX, BEHMET v Mo 5 HREES) F O]
FRASEIREEIC G- 2 DR BEDOMFT 21T o 7o, PFET, WIEUE 1-2 TlE, BRAEES) & AL

IRVE N2 KT TEROZEAER, BRICKETREIIOWVTORR BIT- 7.
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2. WIERRRE 1-1. EHMET v McBiT 5 HREEB P BREICE X DR OMER

2-1. B9

AT, EEHMET » MR 2 BREEB T IREICEH A 2 ROMREIT o7,

2-2. ik
2-2- 1. BEBRENH & O 4otk

KBREHE % Figure 3 (28 L7-. 7Tl SD R » ~ & 1AM O T B %S, ikt
(SED #f, n=8), i#E@#E (EX#f, n=8) |2/, 12 HMEOMEAITo7. EXHOE
B IEsHE S —2 (Im/[Bl#s, Figure 4) & Mo BREEE 2170, EITHREL 24 FF
M2 EEH L7, RIS Table 11278 L7z, fHEILER 22+1°C, W 50+5%, 12
K 2 & OG- 1 71 (B3] 8:00~20:00) DEREL T TV, i1 A Z&87KIT B M

SHET. ks, AEBRITHE RIS 2B ERR O i B A O KGR & 52T FE M L 7-.

0 1 13wks
L : 1 i
prelim
Twks SED: (sedentary)
S.D. -
female | EX: (exercise)
rats

Figure 3. Experimental design.
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Figure 4. Wheel cage.
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Table 1. Compositions of the experimental diet.

Constituents (%0)
Glucose monohydrate 62.37
Casein! 18.0
Cystine 02
Cottonseed oil 10.0
CaCO;, 1.490
KH,PO, 1.158
K,HPO, 1.482
Roughage 3.0
Choline chloride 0.2
Water-soluble vitamin mixture? 0.1
Oil-soluble vitamin mixture ()3
Ca- and P-free salt mixture* 2.0
Energy (kcal/100 g) 373

Compositions of the experimental diet were determined as previous study (Suda et al., 1970).
Normal diet contained 0.6% Ca and 0.6% P.

'Casein contained 0.22mg calcium/g and 4mg phosphorus/g.

2 The water-soluble vitamin mixture(in%): thiamin, 0.5; riboflavin, 0.5; pyridoxine, 0.5; calcium
pantothenate, 2.8; nicotinamide, 2.0; inositol, 20.0; folic acid, 0.02; vitamin B12, 0.002; biotin, 0.01;
and glucose monohydrate, 73.7.

3 The rats received a supplement of the following oil —soluble vitamins in cottonseed oil three times a
week: B-carotene, 70ug; 2-methyl-1.4-naphthoquinone, 105ug; a-tocopherol, 875ug; and vitamin Dj,
5251U.

% Ca- and P-free salt mixture(in%): KCI, 57.7; NaCl, 20.9; MgSQ,, 17.9; FeSO,4* 7H,0 , 3.22;
CuS0,+5H,0, 0.078; NaF, 0.133; CoCl,*6H,0, 0.004; KI, 0.01; MnSO,+5H,0, 0.06; ZnSO,4*7H20,
0.44; and (NH,)§M070,4 * 4H,0, 0.005.
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2-2-11. i B ds L ORI O JITE - SUBHRHR
AEITHEEIEH, AEBSLOEEHEREIZ 2 B Z L ICE Le. MEHIRFZ I 12 RefEl R
AR ZAIT o7, NI = F Lo —T VB T CTITVy, ik, MEHE, 245 O KRIRE 3 X
O E 2 BRI L7z, Mg EEREIR &V $RIR L, 1500rpm T 15 43 D Loy BE 21T,
BONTMIEZ7EL T-80CThRAFE L. JEME, JEFITHRIE 70% =% / —/VITRIEL T
TRAE L7z, KRBT, 7272 HICHERRR 2 B0 Bz, E£72, IERENAERS, IR,

7AW, FE, BIE, MRz U2 WE L.

2-2-M. TR F—HHEDRH

7 v O XX —F 2L Dimarco et al. (2007) OWEIZHSEH M L., B EE
B L D= L X —14E &1L, Anantharaman-Barr & Decombaz (1989) O #4512 LD %,
B L. DURICEEAE R L.
TR NF—FE (keal) = =L F—4HEE (keal) - EH)NZ L 5T )L —H# & (keal)
T NLF—HEE (kcal) =3.73 (kcal) X REHEAE (g)

HEINZ LD 2 X — & (kcal) =5.0 (kcal) X{K&E (kg) XAEITHEE (km)

2-2-IV. RIRFEER XOE S OHE

PRE U 72 22 R R PRI A AR 2 +oBRrE L7z B, K S (Length), R (Major
axis) F L OVELE (Minor axis) %, RIRAMAZELEZMWTHEL, mERE (Wet weight)
ZE LTz, £ 0%, RERERWRE ORIE 21T - 721, 98~100°C Dzt (Hi-temp Oven,
DR200, Yamamoto Inc, Tokyo) 1T 24 Iffiictpteffa L, flE & (Dry weight) 43K
Wiz, XHIZ, 500~600°C O C 15 R L#fr & L, K{LER (Ash weight)

ROz,
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2-2- V. RGBT E O W E

R B T EE L XS, B TR E 24 & (DYN-1255, 110 DENKI, Tokyo,
Japan) (Z X ¥, S ERIEERE lem, 75 > ¥ % — A E— F 100mm/min, 7 /L % 4 —/L 50kg,
F v — b A — K 120cm/min O A TRERE OB wHl bk 2l U, 58 2 o= 95 ik
77 (Breaking force) & ‘FHElr— % /L ¥ — (Breaking force) %K 7- (Ezawa et al,, 1979).
W TE S S e RE o B (EAIMEE) TERInD (BAL : dyn). BEEr—=x

VR TE D S D TOMEFE (FICbomEOKRE) 23 (BAL: erg).

2-2-VL. JEHERS K OWEE-BIE &, Bk, BHEONE

B LTRSS L OUS I, FHE L T2 RS A oo R BrE, BiEE, B
M, BEEAZRD. JET DXA EHIESE (Aloka DCS-600R) Zz AV TiT->72 (Omi
etal, 1994a). MEHEIZES 3-6 MEMEAfRAT L7, ISBIIISCE 2R, IKE2EEZ 5 5FIL,
WAL LY 1 3% B O A E RO, 2, 3 7% B OMOGF % REE RO B

e LT L, 70, BREEHREOMEEZFmETRL CHEE L.

2-2-VIL. ST
T — #1342 T meantSE T L7=. £7-, #FY 7 ~ SPSS (version 19.0 J; SPSS Inc,

Chicago, IL, USA) A L, W EOZEIIXILD720 t EZ W THRET L7, A EKHE

I5%E L7,
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2-3. R

2-3-1. #BRE, EITHE —xLX—F2M%

BRE, E1THRE, =X —F2ME% Table 2 (IR L7, B AR, = x/LXF—EIEIL,

SED B & e L T EX XA BERSEZ R LT,

Table 2. Food intake, running distance, and energy availability.

SED EX
Food intake (g/day) 17.8 = 0.5 195 = 0.3°
Energy intake! (kcal/day) 663 = 1.8 73.1 = 1.0°
Wheel running distance (km/day) - 9.0 £ 1.1
EiZEQ?ee;EgE;?SHez (kcal/day) } L7 £ 15
Energy availability® (kcal/day) 663 *+ 1.8 614 = 14

Values are expressed as means + SE. The values are expressed as the means of average of entire

experimental period. # p<0.05 for vs. SED group.

' Energy intake was calculated by multiplying the amount of daily food intake in grams by the

energy content of the food (3.73 kcal/g ).

2 Exercise induced energy expenditure from daily wheel running was calculated as 5.0 kcal/kg body

weight times kilometers run (Anantharaman-Barr & Decombaz, 1989).

¥ Energy availability was calculated as energy intake minus exercise energy expenditure.
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2-3-11. K&, @eriE &

R, lE#RE &% Table 3 1ZR L7z,

KERPAMGIIAE, RS, FEER, RIBEE, W

MREEIIWAFICAE B R 2RO b holo. REEE, BN EEE, SED#fE

e LT EX DA ERMRE AR L7z,

mEfEZ R LT,

Table 3. Body weight and internal organ weight.

b7 AMEEL, SED L L TEXHIAE

SED EX
Initial body weight (g) 209 = 3 209 = 3
Final body weight (g) 336 = 14 292 =+ 6#
Abdominal fat weight (g) 243 £ 49 11.5 £ 1 .?#
Plantaris muscle weight (g) 0.34 = 0.02 0.34 = 0.01
Soleus muscle weight (g) 0.110 = 0.005 0.137 %= 0.005#
Uterus weight (g) 0.53 = 0.02 0.61 = 0.04
Adrenal gland weight (g) 0.037 £ 0.001 0.045 %= 0.003
Thymus weight (g) 0.28 %= 0.03 0.22 *x 0.03

Values are expressed as means = SE. The value of initial body weight is expressed as the initial of

the experiment, and the values of others are expressed as the means at the end of the experiment.

# p<0.05 for vs. SED group.
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2-3-10. KRBk Wy o &8
KERE W 71, KERE RS — %L ¥ —% Figure 5 (2R Uiz, KEREMEWT /1, KBRS

TRNF—(T, SED B L CEXHEAAEREME AR L.

A B

e . — p<0.05
2z 30 + p<0.05 %D 20 -

S =

x 25 - x

~ 15 _ — T

— . —

= 20 -

2 <

T 15 T 10 -

2 %

£ 10 2

o) o 5 -

-5 50

= =

5 O] 2

= w

0 = SED EX
SED EX

Figure 5. Breaking force and energy of femur.

A: Breaking force of femur. B: Breaking energy of femur

Bars are expressed as means + SE.
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2-3-1V. JMEHE

L7-. JEHE

- —
— /)N

B % Figure 6 |
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Figure 6. BMD of lumbar spine and tibia.

B: BMD of total tibia. C: BMD of proximal metaphysis tibia. D: BMD

A: BMD of lumbar spine.

of diaphysis tibia. Bars are expressed as means = SE.
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2-3-V. KEREEE, KRER, KIREE, BHEFHEE, BHESEE, KEEeHEE K8
el

REREEE, KGR, KSR, BHEFHEE, MR, KEaHEeE K emE
% Table 4 (TR Lo, REREREE, RIREwRERE, KEFEFRICER, KREER, KRS
Rt REREEE, BHEEHEE, MHES R, e TS ma X mi R A B R 2R

DO To EEWRERE, EERE I, e IAEE e, e,

|

A

il
o
By
o
&
r\%

&g Bl E mAglE, SED BEL kL C EX XA E

H

Table 4. Bone weight, bone size, BMC, and bone area.

SED EX

Wet weight of femur (g) 0.95 = 0.02 0.92 = 0.01
Dry weight of femur (g) 0.61 = 0.01 0.59 = 0.01
Ash weight of femur (g) 0.43 = 0.01 0.42 = 0.01
Length of femur (cm) 3.63 = 0.03 3.60 = 0.01
Major axis of femur (cm) 0.411 = 0.007 0.395 £ 0.006
Minor axis of femur (cm) 0.333 £ 0.004 0.338 &= 0.005
BMC of lumbar (mg) 555 £ 22 542 £ 82
Bone area of lumbar (cm?) 2.60 = 0.06 2.50 = 0.04
BMC of total tibia (mg) 280 £ 10 307 £ ?#
Bone area of total tibia (cm?) 1.98 = 0.05 2,12 £ 0.02#
BMC of proximal metaphysis tibia (mg) 91 = 14 100 *= 2#

Bone area of proximal metaphysis tibia (cm?)  0.50 =% 0.02 0.53 = 0.01
BMC of diaphysis tibia (mg) 106 = 4 119 = 3#
Bone area of diaphysis tibia (cm?) 0.80 = 0.02 0.87 £ 0.01#

Values are expressed as means * SE. # p<0.05 for vs. SED group.
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2-4. BE

REWMET » NI 2 AR EEDFREICEG X DIROMREITo T2, AFFEORS
RiT, BREEHIHELE, KRE®RE, KEEHEE FEEzeie Lz, —F5FT, K
BRE RIS EL B2 IR T.

B EEB 21T 72 EX BEOEITIHRHE, 9.051.1km 7257 (Table 2). Z D #E{THR
HE, B THOSOND MLy FIVEEEOETIERE 1~2km THDH Z &
(Iwamoto et al., 2004) (Swift et al,, 2012) (Takeda et al, 2012) &L T, RBWVETT
HEtCchH - 7.

A TIE, BIREEDIIERELZEMEE L7 (Table 2). BT TIX, BEHHET »
MZHIT 5 27-30m/min X60min O ~ Ly R I EEHIEAEEA(RFEE L &
(Takeda et al, 2012), FEMIMET »~ MZFT HHE 156% T 27-30m/min X 45min @ k L
v R IVEEEIEARICEEL 5 2 eh o722 & (Swift et al, 2012) B ST Y,
AWFFEDOFREHMEZ v NI T2 AR EEH N EBEREICG X REL R D, EETOM
FICEVEARRICHZ DWENRRDZERIIHA S Lo TR, AIEEZLD
BREEOHINE, =X —HEEOHEINC X 53X —fG 20 MARE % B <G TE) )
H LAt
AHFZETIE, BREEENIIREWMET » N EFERIC, BEHMEZ » MW TH KRE
MEZEMEETH AL LT (Figure 5). JEATHFZETIE, BISEEBN N E 1k
7 v FBWTKIREREZSIEE L2 2 & 13E ST 5 (Shiga et al, 2003) (Hattori
etal,2014). L»L, BELHMET v McBWTIE, AREEDHIIINBREEEZEOLZIE
PE SN TWS (Holy & Zérath, 2000) & DD, HHREICH 2 2RRIT I E TITHE
STV, AWFZETIE, BIEBEBIREHMET v F LIS, BEEMT v M2k
WTKEREREZSMEETHIEEZHONIC L. —FHT, BEHMS v MBI 2B
EEBIIEEFEECKREERELREE L, BOREZRELTZbOD, KEFHEEIC
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BB E B2 0o Tc. AFREORERIZ, BEMMEZ » Mk 5 AR EEB) KR
HHREZESDLERLE LT, BEEUNOR T HHEL TWDHZ LRl LT 5. Holy &
Zérath (2000) (FZFEFHMET » MU 2 B I EER I TVENR S 2iE 2 mE s Lz &L fiE
LTEY, FERFEORMIEIZBNTHRKOZERELC TS ZLREZ b, FHED
ZALDNERE O BB A BN Z ERHEE SN D.

AWFFETIE, BREEHCIVERELTNIE, FEEGLREL, BREESER
ZolEMEz. —H 7T, by FIVEEEL, BEHHET v MIBWTEREZ(KMHE &
L, KEFEESKIEEEKICERA(KEL L2 &X° (Takeda et al, 2012), RN
MIBWTEAERSEE R, BEEICEEL LI o722 L (Swift et al, 2012) 23
SNTWD. My FIVEEIL FREEBENECICSWVWERE LT, =x/LF—
HE RO LERRZ NS 2804 287, TORKEIRE TRV & A3
IR & 72> T D AREMEHERR S D

AWFFROFE LD E LT, BEUMT v MIBIT 5 AR EEIIEFRELREE T L

RS ST,
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3. WFZeiRRE 1-2. REHMET v MIBIT 2 BEREEE TOAEHIRI EREICRIETE

DFRET

3-1. B/
AT, BEUMET » MR 2 B REESR T O /REHHIRE RIS X 5 EOM
NETo. PRET, BIREER) & SETH RNV EE KT TEROZ RS, BRIC

BAE T B OVTORF bITo 712,

3-2. Kk
3-2- 1. #REM I L ORI & Sef:
FBREHR %2 Figure 7 (27 L72. THER O SD R » % 1AM O TREE%IZ, ZERiE
(SED #f, n=8), E#EHF (EX#, n=8), ZH - REHH|IREE (SED-FR B, n=8), i)
- AAEHIFREE (EX-FR B, n=8) |2431), 12 AMOMEEIT-7-. EBISRL:, SR,
il B BB B I TR 1-1 & [FRR D HiEE v 72, BfHIREEOEA R, SED #0 70%
WD X OFEE L7z, MR E LT, REHRFEOEREREITIEXHED 66%L o7z, 725,

ARFEBRITHE R T 2B TR O ML A OKGE 252 1 i L 7.

0 1 13wks

prelim

SED: (sedentary, ad-libitum intake)

Twks EX: (exercise, ad-libitum intake)

S.D.
female | SED-FR: (sedentary, food restriction)
rats EX- FR: (exercise, food restriction)

Figure 7. Experimental design.
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3-2-1. EE MM I L OMEHIREORIE - FRHRE
TR 1-1 & [RRRICAT o 72, IR C, ARfE 79 HHIZT v h &R — (Figure 8)
WL, 24 BEER A 2 ARIEREL L 72, BREL L 72JRIZ 7272512 2500rpm T 15 23 D1 05y

HEL, BifzsE L T-30CThfF LIz,

Figure 8. Metabolic cage.

3-2-M. = RLX—FHREDRH

WFFERRE 1-1 & [FBRIZAT o 72,

3-2-IV. ZEAT M ORI

PER L B L, ETHEEOHINT S A28 4~5 HIC 1 EA L B ETAME AT 0%
AT D720, ETIHREC S LAY AT 21T > 7.

7, MG A EBRBRAAT: 30 A LARE O EATIEMEA MRATRIGIC LTz, JeATRFZRIC L v i

BN OREEHIFRIC X AR 1, 30 HLARRIZA U5 & #is S4 TV 5 (Dimarco et
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al,2007) 7= Th2n. TOHMOETHEREHIS L, BIL LS LT 20LOHKEHLY b
132 NARWER I D EE Ry (P Lo F) 2B BR< 720, BT — N ofiE (EMD;
Empirical mode decomposition) Z1T7\, o7 —2 b h L2 RERH L7z, &BRIE
— NOfRIL, 52 EAT— FRI% (IMF; Intrinsic mode function) & FRIEIL 2 Bl )
DL R ERTCIRWE S ORI % F1ETh 5 (Huang et al., 1998). £ D%,
RRTY hr =27 MVSHTEZWT, ETRAIANTY =27 ML EHEE L., &
%I, RITART MR T —ZEEE 52 ZIREART MR T —OERRZEEZRET 5
72, MEANRT WA RT—IZ8BIF D 0.2~0.3 ~Y (4~b5 BJEH) A7 bRy —F
BEBEHLEZ. 02~03 ~VLY DALY MARY =B R UZBRIE, EITgEcEs
W, T v ME4~5 HOMEMIZEE T, 4~5 BIC 1 EOREZYNEITIER O
DEIEINTWENSTHSD (Wang, 1923) (Anantharaman-Barr & Decombaz, 1989)
(Dimarco et al, 2007). H L, 4~5 BHIZ 1 FERIZEARICEITIREENEM L= 5, BE
AT MR T —ZBITD 0.2~0.3 ~LY AT bR —EIGTEL 2D, IR,
PEEBARE 272D &, ETEENEET S Z EAHE SN TS (Dimarco et al., 2007) .
DD, Ty MIWEMEERECTES, BREAXT PART—IZHBIT D 0.2~0.3 ~L

YV AN W LR —EIESITEL R D

3-2-V. KIRFEEL LU S ORE

WFFERRVE 1-1 & [RBRICAT o 72,

3-2-VI. KR HWroR A DHIE

WFFERVE 1-1 & [ARRICAT - 72,
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3-2-VI. JEMERS KOS E B E, B, BEEOHTE

WFFEERE 1-1 &[RRI T - 7=,

3-2-VI. H i~ — 0 —DOHIE

BEK~—H—ChHLMETERT VY 74 A7 7 % —F (BAP; Bone-specific
alkaline phosphatase) [ZEEHICIEWVHIE L7- (Omi et al, 1994b). P-=tu 7=
CERILEIEIC & 0 I L7-. 100mM p-Nitrophenylphosphatase (P-NPP), 50mM MgCI2 -
6H20, 1M 2-amino-2-methel-1,3propane-diol-HCL (pH10.0) #% 10ml ¥ >A X7 7 &
TIINA, ZREK TR 100ml (2725 KO ICART v 7L, ZhaUsmiie Lz, &
BRE 1 IYE % 0.05ml A4 56°COMEEAE T 10 OB A L, ROSHER % 3ml &%,
37°CT 30 /oM D L ARG %17V, IN NaOH 1.0ml TG &5 1E &H72. £ D%, 2000rpm
T 15 o om DBk L=, o eER (R Yy 3 ) CPS-260, EEHUER) 2 H
VT 420nm OWSKEARIE Lz GRER 1). £z, MiE 2 RAOITREOEIRME CORILH %
VTS, DUSEKZIN A D U 1 & RO FIETERZITY, BOtELRE L O
f22). it 2 2Dt 1 25X, BAPEMEAZ RO

BWIN~ — 71— T % ME T ARG ERE R 27 7 #—18 (TRAP;
Trateate-resistance acid phosphatase) [ZBE#H (Omi et al, 1994b) (Z{EVy, p-=Fr >
==Y UEE - Sessey-Lowry HEIC X W HIE L7, BBRE ICMiE% 0.06ml AiL,
100mM p-NPP, 200mM sodium citrate buffer, 200mM sodium chloraide, 80mM
L(+)-sodium tartrate & & TpiRAHK 1.0ml 2 Ay, 3TCOEIEME T 60 23 D 4t
ZAT-7z. 0%, 1NNaOH 0.25ml Z3URE I, KIGZFIESHE, 420nm (2815
s TR E 2 RIE LTz,

BN ~— 5 — T 5 R T deoxypyridinoline (DPD)iZ Metra DPD EIA Kit (Quidel #t:,
San Diego, CA, USA) #HWTHIE L 7.

50



3-2-IX. Rt H L KPR OHIE
KBNS 7T X< 0 ER (ICAP-575v Nippon Jarrell-Ash) Z AW TR

N AEFHEOREZT -T2,

3-2-X. WRHLEE

7 — X34 meantSE THE L7=. o@D 0 EIHTIC L0, TEE) & AAHHIFR O E 55
BLOZOZANEMZBE Lc. ABREZEEAFEMBE L4, Bonferroni D2 & LR E
RV, SFHEMOZEZRE L, BMEIROMELITo7. BRIT, AERZAEH
WECRo TG ORM Lic. EITIERE, ETEY, EHicl oo 1X—HEE,
EATRHOME AT MART—IZHIT 5 0.2~0.83 ~/LY AT [T —EIG 135G D
72Ut BREE W TRE L7z, #E5H Y 7 RiE SPSS (version 19.0 J; SPSS Inc, Chicago, IL,

USA) #fEM L7z, AEKAEL %S L.
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3-3. fER
3-3- 1. #H&E, EITIHEE ETHEE, —xLX—fF20E

ERME T OMEGE Y A OERRE, HEOPHEITIE, SEAEY Ao RLX—
AENMED A% Figure 912, SR h O SEAHE & B, EATHRRE, — 1 /L X —H 24 Table
5128 L7c. 7233, Figure 9 TIE, KIDMEMEC/R D Z L&l 5720, RIFICHEBEERL T
RERINo Tz, EBRBIE PO SED-FR #, EX-FR BEOEAEOHIRITHE 72, LB P
OFHEAE, =X —BRE, =3 X —FMEE, EE) & REHIROA =R AAE
FABNETT-. EBARE, = 3L X—{8REL, SED L H# L T EXBAAELSEETRL,
SED #f & bl L € EX-FR BEAA B EM A~ L, EXBEE ik U C EX-FR B A B 7K
&R L. =3 VX —FohtEE, SED #f & ik L ¢ EX-FR BEAAE 2K Z/~ L, EX
BEL bl L C EX-FR BN B2 KM%~ L, SED-FR #f & el L € EX-FR B4 E 221K
%R Uiz, EBRIIR T o TR, EBC X 5= x L F—ilHR L, EX#EL EX-FR B
FICHERZTRO bNRnol. —5 T, MEONYLEITHEEE, 8@k, 9@k, 16
WEEFC BT, EXBES bl U C EX-FR BN BB 2 R Lz, RfETH D 19 #l
IRp DR EATERRE S EX B & EX-FR BERICA BREITRO bnkn o7 b D0, EX-FR
13X EX #ED 163% D E1TIEHE & 22 o 7z, TR OMRE AT FA/RU—IZEB1F 5 0.2~0.3

ANV AR ST —EIGE, EX L L T EX-FR BB AEREH A R LT,
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Figure 9. Changes in food intake (A), running distance (B), energy availability (C), body
weight (D).

Points are means + SE. However, the SE might not be noticeable in the figure if it was small. Food
intake, and energy availability, body weight, were measured every other day, and running distance
was measured every day. The value of body weight is expressed as the mean at the beginning of
every week. The values of food intake, running distance and energy availability are expressed as the

mean of the weekly average for each parameter.
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Table 5. Food intake, running distance, and energy availability.

Two-way ANOVA

SED EX SED-FR EX-FR Exercise Restriction Interaction

Food intake (g/day) 178 £ 05 195 £ 0.3* 127 £0.0° 12.6 = 0.0% p<0.05  p<0.05 p<0.05
ﬁ\fﬁ%ﬁg‘tﬁkel 663 £ 18 731 10° 473 £01° 472%02%  p<005 p<0.05  p<0.05

inol
ﬁ;ﬁ;ﬂﬂm‘jﬁa}j - 9.0 £ 1.1 - 11.5 £ 0.6 - - -
Percentage of the
ﬁf;;pdizg“n?ef’f the - 043 = 0.04 - 0.17 = 0.03* - - -
(ratio)
Exercise-induced
Energy expenditure?* - 11.7 £ 1.5 - 11.0 = 0.5 - - -

(kcal/day)

Energy availability?

# e
(keal/day) 663 = 1.8 61.4 = 14 473 £ 0.1 36.2 £ 0.6%1 p=<0.05 p<0.05 p<0.05

Values are expressed as means + SE. Data were analyzed by two-way ANOVA. If a result showed
significant interaction (p<0.05), the Bonferroni multiple comparison test was used to determine
specific differences between means.

# p<0.05 for vs. SED group, * p<0.05 for vs. EX group, + p<0.05 for vs. SED-FR group.

' Energy intake was calculated by multiplying the amount of daily food intake in grams by the
energy content of the food (3.73 kcal/g).

2 Data were analyzed by student's t test.

® To quantify the periodic component at about 4- or 5- day observed in the temporal profile of the
running distance, we estimated the power in the frequency band from 0.2 to 0.3 Hz using spectral
analysis of the detrended time series. Moreover, to exclude the interindividual difference in the total
power affecting the local power, we also computed the proportion of the power spectrum of the
running distance from 0.2 to 0.3 Hz in the total power spectrum.

* Exercise induced energy expenditure from daily wheel running was calculated as 5.0 kcal/kg body
weight times kilometers run (Anantharaman-Barr & Decombaz, 1989).

> Energy availability was calculated as energy intake minus exercise energy expenditure.
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3-3-1I. {FH, e &

FEEME T OmEGE Y B OREOZE(Z Figure 912, FEBRMIMMK THOKE, JHirH
&% Table 6 IZ/R L7z, 7035, Figure 9 TiX, MMEMEZ2D Z & Z2lET 2720, KHIZ
AEEL S Z RS> 7. EX-FR BEEOEEDOEEINIIMG S iz, HAARE, BN
HEL, EHOFERINRICEVEME L, REFHIROGERENRICI VIRME L Lz,
TNENOEZRICE Y, EX-FREDRGIKEZ R L. REFHERE, MRERL, £
HIROA TR EZRICI VAR L L. & T AFEED, &E#) & SEHROAE R LA
MAET, SED#EE i L C EX R ER&EEL R L, SED-FR & ik L T EX-FR
HENAERREZ R U, FEEES, B8 L REHROATERZAEMHANAEL, EXEE,
SED-FR #f &t L T EX-FR A E2MRMEZ R L7c. BB EEDT, SHFRICAERAT
D BRI DT

Table 6. Body weight and internal organ weight.

Two-way ANOVA

SED EX SED-FR EX-FR Exercise Restriction Interaction
Final body 336 = 14 292+ 6 249 + 4 190 =+ 5 p<0.05  p<0.05 ns
weight (g)
Abdominal fat ), 5 4 49 115 % 1.7 19 %= 1.1 1.4 = 0.3 p<0.05  p<0.05 ns
weight (g)
Plantaris
muscle weight ~ 0.34 = 0.02 034 = 0.01 0.28 = 0.01 0.25 = 0.02 ns p<0.05 ns
6]
Soleusmuscle 115+ 0,005 0.137 % 0.005"  0.095 = 0.008  0.093 = 0.005* ns p<0.05  p<0.05
weight (g)
i rei "
z)ems weight 0534002 0.61 = 0.04 0.67 = 0.04 031 % 0.06%"  p<0.05 ns p<0.05
Adrenal gland ) 137+ 0001 0.045 #0003 0.035 = 0.001  0.036 % 0.004 ns ns ns
weight (g)
Thymus 028 =003  0.22 =+ 0.03 0.19 = 0.01 0.17 = 0.02 ns p<0.05 ns
weight (g)

Values are expressed as means + SE. Data were analyzed by two-way ANOVA. If a result showed
significant interaction (p<0.05), the Bonferroni multiple comparison test was used to determine
specific differences between means.

# p<0.05 for vs. SED group, * p<0.05 for vs. EX group, 1 p<0.05 for vs. SED-FR group.
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3-8~ KRR R e 2

KERE LT ), RERE MW=L ¥ —% Figure 10 1278 L7o. KEREMRWT 71, KRBT
TRF—(T, EE) S REHIROAERZAEMMAET, SED #EE i L T EXHENAE
Aoz R L, SED B & ik LT SED-FR BEA B 22 KMl 2% L, EX B & bl L T EX-FR
RS EARE AR Lz, 85I, KEVERS /13, SED-FR B L Ho#k LT EX-FR B2V

B EE R L.

p<0.05 p<0.05 p<0.05

20

10 *

10 -

Breaking force of femur (x10°dyn) 3>
L
*
Breaking energy of femur (x10%rg) 09
£ o

=]

0 T T - - T - N 1
SED EX SED-FR EX-FR SED EX SED-FR EX-FR

@}

Two-way ANOVA
Exercise Restriction Interaction

Breaking force of femur ns p<0.03 p<0.05

Breaking energy of femur ns p<0.05 p<0.05

Figure 10. Breaking force and energy of femur.

A: Breaking force of femur. B: Breaking energy of femur C: Data were analyzed by
two-way ANOVA.

Bars are expressed as means + SE. Data were analyzed by two-way ANOVA. If a result

showed significant interaction (p<0.05), the Bonferroni multiple comparison test was used to

determine specific differences between means.

# p<0.05 for vs. SED group, * p<0.05 for vs. EX group.
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E Two-way ANOVA
Exercise Restriction  Interaction
BMD of lumbar spine ns p<0.05 p<0.05
BMD of total tibia p<0.03 p<0.03 p<0.05
BMD of proximal metaphysis tibia ns p<0.03 p<0.05
BMD of diaphysis tibia ns p<0.05 p<0.05

Figure 11. BMD of lumbar spine and tibia.

A: BMD of lumbar spine. B: BMD of total tibia. C: BMD of proximal metaphysis tibia. D: BMD of
diaphysis tibia. E: Data were analyzed by two-way ANOVA.

Bars are expressed as means + SE. Data were analyzed by two-way ANOVA. If a result showed
significant interaction (p<0.05), the Bonferroni multiple comparison test was used to determine
specific differences between means.

* p<0.05 for vs. EX group.
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3-3-V. RERBEE, KEEER, KEEE BEHEEFEES BHESEHHE KEEEsE Kes
el

REREEE, KGR, KSR, BEHEEHEE, BEHEGmE, e eEE, KE8mHE
% Table 7 (iR Lo, REREIRE&E, REREwRERE, KEFERICER, KRG, BHEE
R, EMER AT, B & REEHIIROAE R AR L, SED #F & bk L T SED-FR
HENAERREZR L, EX#¥, SED-FR & i LT EX-FR B A SR EZ = L.
RERE R, #EHOFERIZRICIVIKMLE 2D, REHIROAREZRIEDRICL VI
E& 7otz ZNENOFERICEY, EX-FREENRBINMEZ R Lz, KEREEE, KE
N, RERIROGERENRICIVIERMEL 2oz, EEREERE, KEFEH
MR R, B R E AL, EE) & RAHHIROA TR EAEMNET, SED BE & ik

LCEXHENFEREMEAZ R L, EX#, SED-FR A& ik LT EX-FR B2 A B 72K ME 2

N

AU EERE R, e e T, EE e REHROAERZAEEANETD,

SED & i L C EX B A EZREfELZ R L, SED-FREENAEREMEZ <L, EXHEL
i L C EX-FR BEDN A BRI AR UTe. IRE AL E R 1T, EE & ffflRoAE R
ZHAEMAET, SED BE& i LT EX A E&EZ R L, SED-FR A EZMEE

wor L, EXHE, SED-FR#EL i L C EX-FR XA ERIKEZ R LT,
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Table 7. Bone weight, bone size, BMC, and bone area.

Two-way ANOVA

SED EX SED-FR EX-FR Exercise Restriction Interaction

Wet weight of

& 0.95 £ 0.02 0.92 £ 0.01 0.85 = 0.02% 0.75 £ 0.02*7  p<0.05  p<0.05 p=<0.05
emur (g)

Dry weight of femur
(@

Ash weight of
femur (g)

0.61 £ 0.01 0.59 £ 0.01 0.55 = 0.01% 0.46 x 0.01*7  p<0.05  p<0.05 p<0.05

0.43 £ 0.01 0.42 £ 0.01 0.39 = 0.01% 0.30 £ 0.01*T  p<0.05  p<0.05 p<0.05

Length of femur

(cm) 3.63 £ 0.03 3.60 £ 0.01 3.51 = 0.017 3.36 £ 0.02%7  p<0.05  p<0.05 p<0.05

Major axis of femur

(cm) 0.411 £ 0.007 0.395 £ 0.006 0.395 = 0.007 0.378 == 0.007 p<0.05 p<0.05 ns

Minor axis of femur

(cm) 0.333 £ 0.004 0.338 = 0.005 0.323 £ 0.003 0.317 %= 0.003 ns p<0.05 ns

BMC of lumbar

(mg) 555 £ 22 542 £ 82 488 * 137 382 =+ 12%f p<0.05 p<0.05 p<0.05

Bone area of lumbar

(cm?) 2.60 = 0.06 2.50 = 0.04 2.33 = 0.07 1.96 = 0.04%f p<0.05 p<0.05 p<0.05

BMC of total tibia

280 * 10 307 = 7# 262
(mg)

I+
o

225 & 5+ ns p<0.05  p<0.05

Bone area of total

+ + 4 + 4 4+ #
tibia (cm?) 1.98 * 0.05 2.12 £ 0.03 1.85 = 0.03 1.77 £ 0.03 ns p<0.05 p<0.05

BMC of proximal
metaphysis tibia 91
(mg)

I+
s

100

I+

K 81 + 2¢ 65 =+ 3T ns p<0.05 p<0.05

Bone area of
proximal
metaphysis tibia
(em?)

0.50 £ 0.02 0.53 £ 0.01 0.46 £ 0.01 0.43 £ 0.02 ns p<0.05 ns

BMC of diaphysis

tibia (mg) 106 = 4 119 % 2 103 £ 6 91 =& 2%1 ns p<0.05 p<0.05

Bone area of

+ + # + =+ #.7
diaphysis tibia (cm?2) 0.80 = 0.02 0.87 = 0.01 0.81 = 0.03 0.76 £ 0.01 ns p<0.05 p<0.05

Values are expressed as means + SE. Data were analyzed by two-way ANOVA. If a result showed
significant interaction (p<0.05), the Bonferroni multiple comparison test was used to determine
specific differences between means.

# p<0.05 for vs. SED group, * p<0.05 for vs. EX group, 1 p<0.05 for vs. SED-FR group.
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3-3-VI. ‘BR#~—H—B L OIRF AT AHEH

3% BAP, 3% TRAP, & DPD, JRH 4L 7 A4 % Table 8 1277 L7=. & BAP,
Mm% TRAP, JR DPD, R v APEHIT, @8 & SETHIROAERLZAMEMITALT
72Tz, 1fiE BAP, 1§ TRAP 1%, EEHOAERTERICIVEML, BEEHIROAE
REDRICLOEMLI, ENENOENRICLY, EX-FRERE O ®ELRLE. JRY

DPD %, &#EBOAE R ERRIC L v L7z,

Table 8. Bone metabolic marker and urine calcium.

Two-way ANOVA

SED EX SED-FR EX-FR Exercise Restriction Interaction

Serum BAP (mU) ~ 32.0 =38 569 =69 498 =51 726 *66 p<0.05 p<0.05 ns
Serum TRAP (mU) 115 = 0.6 149 =15 14115 185 *08 p<0.05 p<0.05 ns

iy

Urine DPD 409 £ 080 781 % 125 476 %+ 101 537 =094 p<005  ns ns
(nmol/day)

iy .

Urine calcium 089 = 0.11 117 £ 025 115+ 025 161 =029  ns ns ns

excretion (mg/day)

Values are expressed as means + SE. Data were analyzed by two-way ANOVA.
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3-4. BE

ABFFETIE, FEBEHMET v M) 2 B FEES) N ORETH RANEREICEH 2 55

mpfm

MRET ATV, BHIEEER) & SR RN E L KT TERORL BN, BR~DEEL
GO T 2 To7. ZORE, BIEED FORMHIRITIT R LX—F 2, 2ETHE
HIcBIT % 4~5 BT 1 EOETIHHEMES ORS, FEEE, §FHE, §5E, e,
g, BERE BREZEMEE L. 612, BFEER & BEHIRITE T L TEER
RHMERZA L, &E#E REHIROMAE DL, BEEFFHIREME Y b X X —H%)
M, CBOREE, CBEE, AR, B BEE, BREEMEE Lk

BRENEINT 2 B3 EEEI G L, REHIRAMEAEDEZ. R, AREEH FO
BEFHIRIT = LT — 2R S U, &S & REEHIROMAE DL, EEHRE
FIFREA L O b= p L F— AR E LT, =R — A AR MR DR
FEZ2EUOAEIEEDIK T2 5 2 27 (Loucks et al, 2011). ZDi=®, HRAEE T
O RARHIBRIT TR — AR & 0 (KB IN 2 806 L (Figure 9), F'H H & & [KfE
L L7 (Table6) Z&NRBxHILD.

B3 EER) FOREEHRITFEEELZKESE U (Table 6), ®ETEMINICIHIT S 4~5 H

1 EOEATHEREE A OEIE ZRE S LizZ &5 (Table 5), =R k17 40
D EVERIRE AR LI LR END. EITHRICEN T, =X hrbf U RZ
FTFEEEZREE T2 2 ENRESN TS (Erben et al, 2004). £7z, Dimarco et al.

(2007) 1%, BEIIMEZ » MZRWT, BIEEES FOREHIRICE Y =X ha s Uik
B EMRIREN AT, BRETEMNEE L L2HE LTS, ZbDZ &
MD, AWFZEOREHMET » PRV TH, BIREEER FORMHRIL, =X ka7 oW
B EMRMREE 2SR LI AR IND.

H P EEE) T D 30%ZARHIRITEEWIMET » M2 miEE & T2 kEnRRAonz. ARE
HEE) D 30%REHHIRIL, AETIERW S OORHIE T OV EITIE O Z 5| & 2

62



L, 8, 9, 16 EEREO L EITIHMOAERMAS B Lz, Bi&ETHD
19 RO EEEITHMET A HEAD 163% D EITHME Li-. MT v MaBWnwT, &fF
HIFRIZ & 0 ETEEINA U HERE, M aLFaxsrae  BENREEOA N AREEIZH D
ZENME SN TVWD (Martin et al, 2007) (Duclos et al., 2009). AWF5EO 5 E Wil Z
v MZBWTYH, BREES) FOREHIRITEESORERA LN Z b, A LA
WETHLZENBEADND. —HT, WIEFHIMED Z&03d 5 BRNRETBREEORDIL
AT TWRW. 0.5 Rl ~1.0 Refi OFSEFRFEICBRE 32 ik LW R EEHIIRIE, 27 BT
BEOEME BRMREBREDOHDV 25 &R L, 2R ERDNEL, REICIEICE
52 ENREESN TS (Routtenberg and Kuznesof, 1967). AHFZE T A= H 58 4 #EH)
D 30%REFHIERANE HRABIE, BRED BT 5 & O RIGEMERACRRDIER
ETOMRIERRAIREE TV EITR R L EXD.

FEPMEZ v MTBWT, BIEED TORMEIRITEREZIKES L, EES & R
HIRR O A G oI, AEHIREME Y b EREZEE LS Lz (Figure 10). ZORERIT,
Tex OWFIE T V—7"Cd % Hattori et al. (2014) BEEHET v MRV To2Hf9E L
RRRORERTE 7=, 51T, ABFIETIE, “RED DB 2 AW, EEdh L il
FRIZAHAGOEDL Z LIV ZRAERANAET L Z 2O L. AF9EERE 1-1 ThEGga L
ek, BEHMT v MBI 2 B EEEIIHAEBERESFTITERELAREL T5.
UL, BEFIROSIETIE, BREEDICE HEHRELZ SO HDRITE LS, WHR
EEEfEE Lz, Fox DEDRY, ZOLZEERZ®E LRITES, FLVWHRTH
5.

FEMMET v MTEWT, BIEES) F ORI S, 855 2K E &

g

L, AEE#) & BFERHROMAEDOE BT EE, KEEEEICT L TRAEENZRLE
(Figure 11). ZHEAEAIC LY, SEHIR T COEEMIFTEEZIERMEE T2 Z LW

\Z7¢>7=. Dimarco et al. (2007) 1%, FREIAMET ~ MTIBWT, BIEAEEB) T OREHH| R
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ITREBEBLOEEERELRME Lot 8E LTS, ZOWE, BREHMS
v & W= ARBFSEOfE R0 IIME = ~ b & AV 7= Yanaka et al. (2012) OFEHR & 138

b, INHDZ ENG, ALY LEEHOIF S NEER N CORBEHIRICL5E

IF

FENDESZBEPECRT W EARRESND. —T5 T, AWFETIE, BEHE, EEEHES,

SHE@MEHE, FEEITTEEORR TR -ET 2O TIE RN, JEFIIL

===

pals

Bt B & R R B 23 R DB b 2 R U, I T2 50 A & RIRE Al — > L %
—NAROZBENE R LIeDREoT. ZRODOFERNG, BREIXEHEEIIMNC G FRE

ROHHEE, COMOKRFORELEEGNIZIT LI LBBEZLOND. EEE T ORAHIR

PEEIZKIFTHEICOWT, Hattori et al. (2014) 1XREHHET v MW, KB
MWEERE, REEREZRME L, REWEWEERELSEE L2 t2HEL TV 5.

ZOZEND, RFEROFEEMMET v MIBW T, EEE T OREHIRIZ X0 G
2L, TOZEENEREDRMEZES —DORFLR-TWEZ LBEXLND.
REHMET v MR WT, BREES FORMRIRIIRBRETREZEMELS L, EEE) L R
EEHIBR O ARIE, AHRIREME Y & KIS RA KL L7z (Table 7). {75 T
X, BIEAEED) N OREEHIRAVE RICKIETREICOWT, Hattori et al. (2014) 2 FEH
WHEZ v MCBWTBREZIRMELE L7 Z L2 M LT\ 2. Omietal (1998) 2338 H WM
7w MZBWTHREERIC L 2B REORMAME T2 &, @ F TRy EO= L
F—2BM LRI VEREZRMEE L2 L 2@E LTS, 200 OWEIIARMFED
EREFETHY, AAROMREEIFHFTLHDOTHD. £z, BRBEKXMFTIIFRIC
MR Ao D AREEE N, BEHROFGETITEREZEMEE Lz, x0mdR
v, ZOXEENZRE LIEMRITES, FFILVWERTH .

H 6 EER) o R RSe, EER) & R RO Z B DVE RO H RIER 2 IHLE S
W HEIERE O — D12, AR TITEZIT-> TWRWNb DD, TR/ F—AERME D
BRI DD RNV WEELSEZZENEZLND. B MNIBWT, =R L¥—
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AL, BRI ELZ X CRBEZED LT A Friruv, BRESCTREE
5 IGF-1 O3 E& %Ki & 3% (Thle & Loucks, 2004). =/ —AAMERAE A = 2
ca gD A 5 E 2T, B EHERR O a T — L OIR AT
(Misra, 2014), A ML RRELRD ZENFEELTWD. aLF Y —E, EHiKbLRL
EBUHWEEKR T SEDLHRALELSTHY (Breen et al, 2008), [fif /L5 — LR L
R NVE AREICIIA B R AOHBBGEAHRE ST 2% (Rickenlund et al, 2004).
70, TRAXR—FOMERER, AT =L OEMUSMT b, IEEHE 2R S8 D R
RAE OB, BRITEVZHGT 527 LU o, ERITEZMEIT 5 L7 T O
DEGIERIL, TNEORVE L FIOEHBIE L TR T — FRA— MRS
Bfil 25l 2 29 (Misra, 2014). ZD7=, AFEOT v MIBWTH, BHIEED
TOREHIRICE D =X VF—HHIEREL 720, 2T aXTa R ERLVE S ED
SWDEANZ LY, =2 e BnEY L TN ERBEZBND. AZED T HE
TR ORISR Z DB E24 SZFFT 5. Dimarco et al. (2007) X° Yanaka et al.
(2012) o, EESMA T TORHIRIE, AT » Moy Tlifh=x F 7 o4 —n
REZIKMEE L7z 0w @Es, ZOELZZIFRT 5. AT, Barrak et al (2010) (X
BRSO LT AR M (20 T, =R R — IR L = 2 | T DA — L
FEPMEEE T fE L TEBY, XX —GMERMEIE, =X hal v ol %
NTLUBR#EZTLESE, ZRICKVEREZKEE T2 E08Z2 605, R TIL,
HEE) & AT RO TR LV BIARIEEE CTh 51 BAP &M & BRIEEE TH 2 M
TRAP /EVEILEE L 72> TR Y (Table 8), TDFE X 2 X FFT DRI ~7-. £, KEHR
BEEDDIRVIRIE T, MHREFRLVEREZTENT 200, BERVE R
AL, P IGF-1 BEMEME L 725 (Misra et al, 2003). 1M IGF-1 J2E1L, #E
HHEZ » MZBWTLEHRMET TORMHIRICE VKWL 2D Z &R HESNTEY
(Joshi et al, 2011), AMFZEOFREFHIMET ~ MW THIER) FREEEHIRIC LY IGF-1 4>
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WD LT TREMEN & <, B ORREMHI OFREKR FO—>2 Loz Z ENHELEINS.
EE) & FETHIR O A DN TR F— AR X 0 B Olfigb 2 5] & 2 F4
BRI OWT, AEUVRE, BREOZEMIZONT, =X e s R IGF-1 27002,
WA RBLETHD.

A FE A E) T O B ER N B 3R OE RIS A BLH S E 7 fim L LT, =x1¥—
BIEWD L NV T LEBREOWDIZEVAET D, DA T LRI T DERED
BFLEZLND. 30%BEIHIRTIE, =%/ —HERE IS % FE 538 8 RS Bl
TR T DB, ATy AEREICOWT, Hunt et al (2008) 1%, J& & Btk
7 v MZBWT, AT T LGN 0.2%LL FORE (KUFZEEED LD AEED 1/3)
ZABEREIEZLAIS, BORENGT N DD, U AEED 0.3%D T
BICHBERES2polzZ L2 RE LTS, OEEHZIZOWNTYH, FFEDORESRE
H i 2 BT 30% IR L7255 B B IR E L 5 L ) WAL, Fx DHDIRY T
INETIZEATW RV, LavL, =30 —HEER LIS 0O 45 Fl 5 2 FHE RS FRFIZ 30%
FIR SN Z ENEICHEEZ RFETNE I DEHALNIR-TELT, FHREREIE
MEFHZ B0%HIREND Z LIZ L > THEBESBROBEENSLIT N LHD. =
AL RITRRIME T~ MW TH T T ARINERZRD SEEHESNTEY
(Cifuentes et al, 2002), AWFZEDOREHHIRE TIL, S HIZHLT T LEERE OB DN
DD LT, AN T LRI N LERORERMERTNEL, B OREMEINET
Ll EnBIZLND.

B FEEEE) F OREFHIRAEICHEL KT L2 Z &1, EfTHEEOHEMNRE S Lz aihe
PEREZ BD. AFIETIE, BREED FDOT v FOETIERMOZEE)IC X0 MEE oL
MRRHURIC & 2 EE) 2 HIWr 9~ 2 720, ETIEREORHI 21T R o7, ZORE, B
FEIES) T O RS RO EITHENI B REEFE LY SE L o7, ABFFETIE, REHIR
FECToORFBEEITILZHREL Y bFRESHFEEORMELS I E/Z Lc, ZOFmE
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OB L, EETHIFREIETO B FAERIC L - T, LHRE LY &= 3L —F2M 2K
B LI ERERE LTEXLND. HIEEEE) T OREIHIRIC X 2 E1THREO N,
i BAMIC K DB ~ORFEAHEML T, =X —HEEENCLY BRI LF—
AR TRAEL D Z & T, BRENRDDFNVE QWSO H N T DRINOE 72 5 8
fbzplEEZ L, BRESPCEBEORELZES —2DORF Lo/ EHREIND.
AEFFEOE LHE LT, BEMMET » MBI 2 B R AES) T OREHIRILE 8 E 2K
L4252 EBW LR (Figure 12). £7=, HIEEER) F O REIHIRIT R T YIS
v FOBREERMELEL TS5 L, BIEEE L BEEHIROMAEDOEITREHMET v ~FoF
Xt L CHBERRAEEREZA L, EHCREHREME Y b ERESCTREZKMEE 35 2

EDBH LN T
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Figure 12. The summary of results in experiment 1-2.

This figure demonstrates the summary of results in experiment 1-2 and the mechanism of low bone
strength caused by the interaction of exercise and food restriction in young female rats. The square
written by line demonstrates experiment design, the square written by double line demonstrates
results, and the square written by dotted line demonstrates speculation. We consider the low bone
strength caused by the interaction of exercise and food restriction through low estrogen, low IGF-1,

low Ca accumulation.
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4. By

FEMT v MIBIT D FAT OREBREET VEAEMT 2720, WIFEHE 1-1 TIXAFEE
EENSE IR 2 2 R OMERZATW, MR 1-2 TIIH S EES) N ORI RN 5 78
FEC G 2 D BORGN 1T T2, TORRE, LTS,

FEHMEZ v MW THREEEIIC LY SrERELES Z LR INT. TOERE
AEEE) N CREHIRIC X0 EREMUMEL 72D Z ERH LN ol. EDZ b,

BIRE 28 RIS T CHEIREEDKME & 72 D RAEZ HEL L7 FAT OREREET v
Z, BIREEH L LZHHIREHNTERT 2N TELEEIADND.

I, ZD FAT DIRBHREET VLD T > ML, BIREBUSNTIZIRD X 5 ez
Fiofz. (1) BIEMICR RO EEB 2170, WEICIV ERE, (2) BEFREOHED, (3)
TRVF—FARMEERAE. AT, ROK D R AR ST ENHERESND. (4) MEEHIR
W OGETEMOINLY), (5) =X haFrowERd (FEEk, BRE~—r—X
v), (6) R kL RKE CEATIEREOBIEZOJEL V).

72, BREED FTORMHHIRIIBENMET v FOBRZIMEL 752 L, BREEH
& REHIROMAGDOEIIHEYME T v F OB L THERZAEENZA L, EHCR
FEHIBREAN L 0 b ERECERAMMMEL 375 Z LRI

ARE TR L7z ERROF A OB T v Mk % FAT OREREET /L& v

T, WFFERRE 2 TIEIRBIZL D FIROBRIZITH> 2 & & LT
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v E WFFEERE 2
ISEEHT v MBI 5 FAT DIERREETF MK T 5

BANT T LB« =XV X—FREDOFEHRDOKRE ]

1. #&

i

WFZEaRE 2 TlX, BEH T v MBI 2 FAT OIKFHREETT V2 BT, BELO FAT
DIRBBEEDOTEHKRE LTEZLILTWDE LYY LA (Manore, 2002) (Meyer et al.,

2007) (Nattiv et al, 2007) &, =L X¥—F7E (Nattiv et al, 2007) OZEOMKF AT

(Y

DT &L LT, BT L o THRFRZ2EIRRE & 13, EENC LD E AN (SIS U CR AL
WEfEE 7R RBBLEZ OND. DT, KFIETIE, THIRONEDFK %, FAT
DIREIREET LV OFREZSEE L, EEE) T HHEEOGMRERBOEIRE & 220
RO OLNBRWIEEE REBEO TP L2 5. £ LT, FAT OREREET LOFHR
FEaEiEL LT HEES) T HBHEROREMEIREOFIRE X RE L 225560 HKE
SREE DR SR D.

BEEMIZEBT 2 FAT OIREEEOTRICE LT BRSNS, £ORH L
LT, EREEFSFOEBMELZA SRVERRE ZIZHBWT, sy AMERIC LD E
BRI REDRE SN TND 72D THS (Nowson et al, 1997) (Stear et al, 2003)

(Prentice et al, 2005) (Nieves et al,, 2010). = 5|2, /AT U ARIOEN S, FAT
DIRBEEDO TR E LTEANT T LEROSRPIFF IS, EH) & BFERD OH
HEDEMEEREL S EE ZTHRERO—2IZ, AT U ARINEDIK TRBZ H15.
FCAHIEZ > MTRWT, =R F—HfIRII I T AR Z IR T g2 s fEINT
W% (Cifuentes et al., 2002). EE) & EFERED OMAEOEIL, =3/ F—FRMAKE

WZEADINAT T ABINEOERT & AT AMBEREETIC L B KIER LS 7 BRI
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THRAEL, REBEZSIZEZ LTI E LRV, 2072, BFENED LR
W OLWEF - CIEEN N 72 VR, INT U LAE LSBT OIMLERHD EZEZHND.
LU, FAT OIRFBEZ 29 25 RFENHD Lo oMEiEE O En) 2 iz sV T,
BT T MERDVEIC S 2 HFITH DM o TR,

FAT OIRE#EL, =X —FARMERERARERBERLEZZ 5 TEY (Nattiv et al,
2007) (Loucks et al, 2011), Fe4y7e =3 X —BEUIIKERE & T 559 5 metkid @
WFFEREE 1-2 TiE, BEHMEZ » MW, iElh & A FHIR O E/ERILES s L O
BAFHIREM L0 b, =L F—FhE, BmE AR E 325 2 L 2P 5002 L. Swift et
al. (2012) 1%, REAHMET » MIBEWT Ly RIVEEHRMET T, £ TORBHER
BEMD SELREHIRE, RO SEL =2 LX—HIRIL, EHLLEE
KT, ZOo0HBREOEEICAEREIE,TZEEREL TS, Zhbo®E
B, AEE FORMHIRC L A REL, TRLF—HMERER R E ERELT
WD EPHERIND. L, foOREFERENHD LIREOH, =X —H%)
PEABIEIZT 5 2 & DT FAT OIRETREZ T3 220, Bl SN > TR, £z,
Omi et al. (1998) ITHEWMET » MIBWT, LZFSM L FEO R E T AREERIC
L DEBERINFITEC 20N, Za—R L) = xR VX —HlifiairH) 2 LT, =%F
VX =LA O R B F BRI LR L FRETH B RAENC L D BEERMNAE T2 &
FRELTWD., ZOWEND b EOMIERKRICIEZ RV — g2 2 T4 2
EREERZLETHDLEEZDND.

b Z &nt, KBEETIE, BEWT v MIBIT 2D FAT OIREHREET KT 56
AN DEE s TRAXF—FRO TR EHENCT L L2 S Lo, WF7EHE
2-1 T, BEHT v MIBIT D FAT DIREREET /ST 2@ v s v LERO T
BIROBGET ATV, W8S 2-2 TIE, BEW T v MZBT 5 FAT OREHEE T /W%
THZRAX—FROTFHNROBRIEIToT. DI, @AY T LB E ZFLFX —
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FROPFHIE, TNZENOFEMK LY & FAT OIKERELZ T DN mED Z &2
FBEAbND. LTI T, W 2-3 T, BEHT v MBI S FAT OEFREET /LI
N omAN Ty MEE - xR O TR OMEF 21T o7, £z, K8
IZBWT, B TIIRPEREOBFMEIRC, (KRG MRELUSND FAT © 2 FEThH 5 =R/ F—

ANEARAR, PRI RS T 2 FHIARICOWTORF bIT- 72,
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2. Wi 2-1. BREMT v MBI 5 FAT DIREREETFT VIS T BN 7 AR

DTiZh R DR

2-1. BWY
AFREIX, BB T v MBI D FAT OIKEREET VT D@Ly 7 LAEROT

Bigh ROkt & By & Lz,

2-2. Hik

2-2- 1. BB K OV B oA

FERFHE 2 Figure 13 (278 L7z, 7o SD AT ~ - % 1 EBO PEEAERIC, 2K
#t (SED #, n=7), E&# (EX#, n=7), 1H#) - RALHREE (EX-FR &, n=7), &E&)
- BERHIIR+ @ v AERE (EX-FR+Ca B, n=8) (Z5), 12 @MOfE 2177,
EENSRAE, Bl AR, A E EREIIATIERE 1-1 RO T iEE vz, REEHIRIX
FZERRE 1-2 & [RIERD k%2 vz, EX-FR+Ca BEICITEEAE TR, HEED 250
AN LEHETHD 1L.2% AN T LNEREDOEINY T LREEHIRES 272, &L
Ty L LR O R A Table 9 (R Lz, 7eds, ARFEBRITHFIE K FITBIT 285

BR OB DO AGR A 52 1 e L 7-.

0 1 13wks
1 : 1 i

prelim

SED: (sedentary, ad-libitum intake, normal diet)
;Wks EX: (exercise, ad-libitum intake, normal diet)
.D.
female | EX- FR: (exercise, food restriction, normal diet)
rats EX- FR+Ca: (exercise, food restriction, high calcium diet)

Figure 13. Experimental design.
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Table 9. Compositions of the experimental diets.

Constituents normal  high-Ca

(2 (2
Glucose monohydrate 62.37 60.87
Casein! 18.0 18.0
Cystine 0.2 0.2
Cottonseed oil 10.0 10.0
CaCo, 1.490 2.988
KH,PO, 1.158 1.158
K,HPO, 1.482 1.482
Roughage 3.0 3.0
Choline chloride 0.2 0.2
Water-soluble vitamin mixture? 0.1 0.1
Oil-soluble vitamin mixture ()3 ()3
Ca- and P-free salt mixture? 2.0 2.0
Energy (kcal/100 g) 373 368

Compositions of the experimental normal diet were determined as previous study (Suda et al.,
1970). Normal diet contained 0.6% Ca and 0.6% P. High-Ca diet contained 1.2% Ca and 0.6% P.
'Casein contained 0.22 mg calcium/g and 4mg phosphorus/g.

2 The water-soluble vitamin mixture(in%): thiamin, 0.5; riboflavin, 0.5; pyridoxine, 0.5; calcium
pantothenate, 2.8; nicotinamide, 2.0; inositol, 20.0; folic acid, 0.02; vitamin B12, 0.002; biotin, 0.01;
and glucose monohydrate, 73.7.

3 The rats received a supplement of the following oil —soluble vitamins in cottonseed oil three times a
week: B-carotene, 70ug; 2-methyl-1.4-naphthoquinone, 105ug; a-tocopherol, 875ug; and vitamin Dj,
5251U.

% Ca- and P-free salt mixture(in%): KCI, 57.7; NaCl, 20.9; MgSQ,, 17.9; FeSO,4* 7H,0 , 3.22;
CuS0,+5H,0, 0.078; NaF, 0.133; CoCl,*6H,0, 0.004; KI, 0.01; MnSO,+5H,0, 0.06; ZnSO4*7H20,
0.44; and (NH,)sM070,4+ 4H,0, 0.005.
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2-2-11. fil B HIM P L ORI ORIE - #EHREL
WFZERREE 1-1 L [RIERICAT o 7=, AT, REET9HRBIZT v b &G r— it L, 24
BRI, JRAZ 2 HREBREL L 7. #EIZ-30CTHRAT L7=. BELL72RIZ7=72 512 2500rpm T

15 o oy BE L, EIG%57F L T-30C TRIFE L=,

2-2-T. =3/ —FOMEDR H
WFAERRAE 11 & RBRCAT > 7. AT, B sy AR RS 5 BX-FR+Ca B0 =
HL TR T O & 5 25 L7

T XX —fHEE (kcal) =3.68 (kcal) X@EH /LI 7 AREARE (g

2-2-IV. E17EAM O

WFFERRVE 1-2 & [RIBRIZAT o 72,

2-2-V. KIRFEEL IOEIOHIE

WFZEERE 1-1 L [RIERICA T 7=,

2-2-VI. KRB Wrod 2 o) &

WFFERRVE 1-1 & [RBRICAT o 72,

2-2-VIL. JEMERS KOS BB &, FimfE, §8EORIE

WFFERVE 1-1 & [ARRICAT - 72,

75



2-2-Vl. "B~ — B —DHIE

WFFEERE 1-2 &[RRI T 7=,

2-2-IX. HL >0 AR ORIE

PR BB S 7T X355 Y66 EE (ICAP-575v Nippon Jarrell-Ash) (25 0 JRH 771
> APEHEORIEZ1T - 7. #1E 550~600°C DHzfEH (Hi-temp Oven, DR200,
Yamamoto Inc, Tokyo) H1Z#J 15 RefiIAZUKAL L7=%, INfHERICERL, |hoL D
LAPEHEA IR L [FARO FIETHE LTz, BT O T NRI, T NEFEIT IV
U LERE LIRS, TR AT APEHEE AW T FORN LR L.
TN LRINE (mg/day) =Ly 7 AERE—HEP I LT LPEHE
TN DRI (%) =TV DRI E TV 3 L FEHUE X 100
AN U LERE (mglday) =037 MRINE—RF AL D AP E

HIT T LEFER (%) =hy AEREES LY T AERE X100

2-2-X. FEHALER
F— 2134 7T meantSE T# L7-. EXEf, EX-FR ¥, EX-FR+Ca FEOFEDREIZ, —

TR E DO E T 2 W=, BERNICAE B 7R =R b6, Tukey's 28 B E 21T
VY, SHEREOZEEME LTz, SED BEOMEITER) O R AT 5 720 DRIV, EX B
EXFILD 72N tTE W CELZ BT L7, #Et Y 7 I SPSS (version 19.0 J; SPSS Inc,

Chicago, IL, USA) ZfEH L7=. AEAKELIS%E LT-.
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2-3. fER
2-3-1. &, EITHEE ETHEY, —xrx—f50E

KR O R, BTN, =3 XF—HuEE Table 10 1R Uiz, Hi@ERHE
BE, WAV UAEBERE, TxAX—EBEET, SEDBL KL CEX SR ELEEE
AL, FEAERE, vy AEBRE, VX —EBIE, ETANORAEANS b
NRT —Z81F 5 0.2~0.8 ~LY AT f LT —EIE TRV —HEMIE, EXBEL b
i L C EX-FR BEQNA BEREME AR Lz, Ay v AEREE, EX-FR RS LT
EX-FR+Ca BENAE RS E R Lz, Ay v MERELSOEA X EX-FR &
EX-FR+Ca BERICH BRZEITRO b olz. BAE, =3 X—#3E, ETEHO
A ART FART—ZBIT D 0.2~0.3 ~LY 2T fLRT —EE T3 X —G500%
1%, EXHEL i L T EX-FR+Ca BEDNAERMRMEZ R L, v AEREIT EX B L

i L C EX-FR+Ca FEDN A E R EH AR LTC.
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Table 10. Food intake, running distance, and energy availability.

SED EX EXFR EX-FR-Ca
Food intake (g/day) 178 £ 0.6* 196 +03%  126x01° 126 = 0.1°
Ca intake (mg/day) 107 = 3% 118 =+ 2P 76 + 0° 151 = 02

Energy intake! (kcal/day) 664 £ 21% 733120  472+01° 464 £0.1°
Wheel running distance (km/day) - 8713 11.2 = 0.6 10.9 = 0.7

Percentage of the power spectrum

} + a b " b
of the running distance? (Ratio) 0.44 = 0.04 0.17 = 0.04 0.18 = 0.03

Exercise-induced

Energy expenditure? - 114 £ 1.6 10.7 £ 0.5 103 £ 0.5
(kcal/day)
Energy availability* (kcal/day) 664 £21 619+ 143 365205  361+05°

Values are expressed as means = SE. Unpaired t tests were used to compare results for SED group
and EX group to assess the effect of exercise. *p<0.05 for versus EX group. Data in EX, EX-FR, and
EX-FR+Ca groups were analyzed by the Tukey’s post hoc comparison test. Means with unlike
alphabet are significantly different.

! Energy intake was calculated by multiplying the amount of daily food intake in grams by the
energy content of the food (normal diet, 3.73 kcal/g; high-Ca diet, 3.68 kcal/g).

2 To quantify the periodic component at about 4- or 5- day observed in the temporal profile of the
running distance, we estimated the power in the frequency band from 0.2 to 0.3 Hz using spectral
analysis of the detrended time series. Moreover, to exclude the interindividual difference in the total
power affecting the local power, we also computed the proportion of the power spectrum of the
running distance from 0.2 to 0.3 Hz in the total power spectrum.

¥ Exercise induced energy expenditure from daily wheel running was calculated as 5.0 kcal/kg body
weight times kilometers run (Anantharaman-Barr & Decombaz, 1989).

* Energy availability was calculated as energy intake minus exercise energy expenditure.
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2-3-1. 1K, JEdFE=

{KH, NEEFE &% Table 11 |28 L7z, Fof&RE, MEMENAENE &I, SED #EL iz LT
EX#NEERKMEEZTR L. &7 A EET, SED #f & ik L ¢ EXBEXA B m e R
U7c. R, MEENEN ER, BIEMERE, b7 AfER FERERE, AIFHEE,
EX#t & il U CEX-FREENA B RIKEZ /R L-. £HBICBW T, EX-FRE: & EX-FR+Ca

PERICAHERATRO b oTz. A E, EIENENERE, LEMHER, &7 4

H

HE, FEEE, RIEEE, WRERL EXBEEHE L C EX-FR+Ca #E23A B 2K H %

RLUTE.

Table 11. Body weight and internal organ weight.

SED EX EX-FR EX-FR+Ca
Initial body weight (g) 208 % 3 208 % 3 210 + 4 209 + 3
Final body weight (g) 340 = 15 295 + 54 194 = 40 187 & 40
Abdominal fat weight (g) 260 = 53%*  12.4 % 1.72 1.6 = 02° 1.0+ 0.1°
Plantaris muscle weight (g) ~ 0.34 = 0.02 034 +0012 025+ 013 023 + 0.08°

Soleus muscle weight (g)  0.111 == 0.005% 0.138 = 0.005% 0.095 = 0.006° 0.086 = 0.005°
Uterus weight (g) 0.53 = 0.03 0.62 £ 0042 032007 027 % 0.06°
Adrenal gland weight (g) ~ 0.037 = 0.001  0.043 = 0.003% 0.033 = 0.002° 0.034 = 0.002°
Thymus weight (g) 0.29 = 0.03 023 £0.08% 018 =005 015+ 0.13°

Values are expressed as means + SE. Unpaired t tests were used to compare results for SED group
and EX group to assess the effect of exercise. * p<0.05 for versus EX group. Data in EX, EX-FR,
and EX-FR+Ca groups were analyzed by the Tukey’s post hoc comparison test. Means with unlike

alphabet are significantly different.
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2-3-10. KGR s i 5 o

KEREREW ), KERE T =RV ¥ —% Figure 14 |28 L7z, KEREEWN I, KBRS
T RVX—IL, SED BE& B L C EX BN BB A R L, EXBEE s L C EX-FR #f
DA BERMREZ R L. REREMEr— %L ¥ —1%, EX-FR /& ik L C EX-FR+Ca #E03A
BErmEr s Lc. £, KREREHE), REREMEr— X —%, EX#EL gL T

EX-FR+Ca fA B 2MREZ R L7C.
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Figure 14. Breaking force and energy of femur.

A: Breaking force of femur. B: Breaking energy of femur

Bars are expressed as means + SE. Unpaired t tests were used to compare results for SED group and
EX group to assess the effect of exercise. * p<0.05 for versus EX group. Data in EX, EX-FR, and
EX-FR+Ca groups were analyzed by the Tukey’s post hoc comparison test. Means with unlike

alphabet are significantly different.

80



EMEE 2 B, IEB B % % Figure 15 (O L7, MEHEE# L, EX BE L Bk L T EX-FR
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LI LT EX-FR QA B 2R Lic, BOER &, IEREREEE, KA E s
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B2, KB A &L, EX-FR L EX-FR+Ca BERICABERZATZEO LT, E

e LT EX-FR+Ca BN A B 2MEEZ R L7C.
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Figure 15. BMD of lumbar spine and tibia.

A: BMD of lumbar spine. B: BMD of total tibia. C: BMD of proximal metaphysis tibia. D: BMD of
diaphysis tibia.

Bars are expressed as means + SE. Data in EX, EX-FR, and EX-FR+Ene groups were analyzed by

the Tukey’s post hoc comparison test. Means with unlike alphabet are significantly different.
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2-3-V. KRB ER, KEEE, KBREE, EHEEESE, BEHESmE, KEeEs Kes
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REREEE, KGR, KSR, BHEFHEE, MR, KEaHEeE K emE
% Table 12 |Z/8 L7z, T I, IHHaplafie, e e g miEd, SED e
g LT EXBPAEREEEZ R L, RERFEIREE, RIREREE, KIRERKCEE,
REREE, KEEEE, BHESHEE, BT mE, KeReHEeE, KewimesE Kex
LR, I LA A, RS, I e mA S EX B & e L T
EX-FR BB A EREMEZ R L7z, £2TOHBAIZIBWT, EX-FR i L EX-FR+Ca FERICA

BT b oTz,
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Table 12. Bone weight, bone size, BMC, and bone area.

SED EX EX-FR EX-FR-Ca
Wet weight of femur (g) 095 + 002 092 + 0012 074+ 002° 076 = 0.02"
Dry weight of femur (g) 061 =001 060 = 0012 046 = 001° 049 = 0.01°
Ash weight of femur (2) 043 £ 001 042 0012  030=001° 031 = 001°
Length of femur (cm) 363 +£ 003 359 + 0012 3362002° 339 % 003"
Major axis of femur (cm) 0.411 % 0.007 0396 = 0.006  0.376 = 0.007  0.376 = 0.006
Minor axis of femur (cm) 0332 = 0004 0338 = 00052 0316 = 0.003° 0313 = 0.003°
BMC of lumbar (mg) 558 =+ 26 545 + 8.98 378 = 13° 406 = 17°

Bone area of lumbar (cm?) 261 £007 248 £003% 194 +004% 205 = 0.06°
BMC of total tibia (mg) 284 % 11 309 + 78 225 + 6P 235 + 9P

Bone area of total tibia (cm?) 1.97 *= 0.05% 2.15 = 0.022 1.79 + 0.02° 1.85 =+ 0.05°
iﬁgpﬁg;ﬁﬂatmg) 92 + 4 101 % 32 65 % 30 71 % 5P

ii?;pf;;:i&?ii?; 050 =002 053 %001% 043 %002° 045 = 0.02°
BMC of diaphysis tibia (mg) 108 = 4% 121 + 22 91 =+ 2P 92 + 2P

Bone area of diaphysis tibia o5 4 g 01% 000 %0022 077 %= 001° 078 = 005"

(cm?)

Values are expressed as means + SE. Unpaired t tests were used to compare results for SED group

and EX group to assess the effect of exercise. * p<0.05 for versus EX group. Data in EX, EX-FR,

and EX-FR+Ca groups were analyzed by the Tukey’s post hoc comparison test. Means with unlike

alphabet are significantly different.
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2-3-VL. ‘B~ —7—
1% BAP, ifii& TRAP, IRt DPD % Table 13 (Z7x L7z, HHAIZHBWNT, KHEMICH
BERZATRD bR ol

Table 13. Bone metabolic marker.

SED EX EX-FR EX-FR+Ca
Serum BAP (mU) 32043 59474 72.1 £ 78 79.2 99
Serum TRAP (mU) 11.6 = 0.7 154 1.7 17.9 £ 0.7 18.4 £ 1.1
Urine DPD (nmol/day) 3.78 £ 0.85 8.39 £ 1.27 5.09 £ 1.03 4.38 £ 0.50

Values are expressed as means + SE.
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Figure 16. Calcium(Ca) balance study.

A: Fecal Ca excretion. B: Urinary Ca excretion. C: Amount of Ca absorption. D: Rate of Ca
absorption. E: Amount of Ca accumulation. F: Rate of Ca accumulation.

Bars are expressed as means + SE. Unpaired t tests were used to compare results for SED group and
EX group to assess the effect of exercise. * p<0.05 for versus EX group. Data in EX, EX-FR, and
EX-FR+Ca groups were analyzed by the Tukey’s post hoc comparison test. Means with unlike

alphabet are significantly different.
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AWFFETIX, HEWT v MTBIT 25 FAT OIREIREET MTKT 2@ /030 LERO
TR ORI 21T > 72. FAT OREREET V& 725 B R EEE) T ORAFHI BRI
L, BANLY Y LABEHEZ TG EITo72. BEHMT v MW T, BREEE FOR
EIHIBREIE COBMAN YT ARIT, EHER LKL CRREREL RS Lz, —F T,
AU LAEITKE, ETEE, FEREE, BEE, BR, BEE CPHEE, BWEC
WHELE G2 o

AW NT, @AY T LEROTD 1.2% N T AEAREE AN T AL L
THWE. 1.2% vy 7 AEHEDOE VY 7 AL, Viguet-Carrin et al (2014) 73,
FEWHET v MCBWTHRELSEE L7 THY, @Ay v MBRIC KV BREE
FE T RN SIS THSH. £72, Shah et al (1990) 1%, HEHMET » biC
BT, 2.08% 02y NEA BT K AFISO SE R B 0.0I8O v T LERED
BN AE T SEZEREL TS, RIFFED 1.2% LU AEFRIZZOHE LY b hL
VULERENDIRL, EOXI BRIV Y ABRERIC L 2EER RN EE X HND.
—JC, AMFETHWZ 30%REEHIRAS, LE-CHEBISIFOEEYMET v MW TRt
IR FN T MEREDE D DIIAHTH DD, 30% BT AMEEGHIRO A TIX, HO
FEEZ G & 23 AfREtE IRV E B2 b s, ¥ 5, Hunt et al (2008) X7V
VU LEEN 0.2% L TOREY HHERESELGEIS, BEHMT » NOFOREST
BNOZEERELTWAHIHTHDL. LLers, =X —EBEHIRIIHEZ » ~o
TN DR E D 55D THY (Cifuentes et al, 2002), & ZIZHNT T LHE
REDWFADMOLD LT, AN T DRI N T DERBORIBRIETNELD Z &
NEZ NG, TO), Hxld, 1.2%0 LY WG RITEES T CREHIREZ1T 5 %
BWIMET v MZL o T, IATVTLARZERFELOD, 61T, BERANT Y LERE
D DEERINT T NEEIT X DB REINAIR 2 W L TR 21T o7, ABZED
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EX-FR+Ca #D /v AERUEIT SED #0 141%, EX D 125%, EX-FR D 199%
THY, MWL MMEREETHILATE.

AT T ARIZTFNF —ERERLT RV X —F NI B L 5 2 fe o 72 (Table
10). 207w, @AY LABIIERECHBEEICOWVWTHEEL L X R o7 2 &
ZHND. SHIT, MANY Y LABIIFEEEE ETHINGEEL G X RN T2 2 LD,
AEEE) T ORAEHIRIC X MR 2T 5 b0 TRV I E HRRLTNS.
FEMMEZ » MTBWTC, EEE FORMEIRSFETOE LT ARIT, BRELS
B L L7 (Figure 14). 2 £ TIZ, &b/ 7 AEIZHOWT, Viguet-Carrin et al. (2014)
DRBEHHET » MTBWT, LN OHEBREGE CERELSMHE L2 E2ME LT
WD, AREFRORERIE, EEB FORMHIREIFCBWTHRERS, @iy AERN
BELZEEETHZEEHLMC L. L LAND, EEE) FORMFIRSETEY
N LAEEEZTY, EEE FOBHBERESRMN XL FEIREZ > 72

FEMMET v MR 5 AEER T ORMHIRZMGETORIILT T LRIT, BEESEHE

i

(B A B 2 72 v o 7= (Figure 15) (Table 12). Z Of5 58RI, BEWMETZ ~ ~ (Creedon
& Cashman, 2001) BLOFKEEWHET v & (Persson et al. 1993) (Viguet-Carrin et al,
2014) 1ZHBWTC, BEFOHBEBREKETEIN T T ABOEERFT LT T & —%
4 %. Viguet-Carrin et al. (2014) %, @A LT T ABITERELEZD D HOD, BEE,

B, B, BRENREBICIIEERLZ 52 ot 2 L EREL TS, 2070,

Viguet-Carrin et al. (2014) 1ZZNOHDOHEEIL, @H VT T LEOETRE%Z & 7= Fi 2
KNZIE72 B 720 7o LB RTN D . REFFEORERIL, @A 7 AEHE FREZ @D
LRRL, BEE, BFERE, BHE BEEUSAOERICHELZITTVWD 2L 2R L
TWo. Sk, @ANT U LERNEREZ&GOLERKE LT, B X9 eE
BEFAEL T ZERMEREA .

FEBEWMET v MBI L EER FORMHIREETOEI NV T LRI, BRICEEE
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5.z o7 (Table 12). Z O#E%1%, Viguet-Carrin et al (2014) WNZH:, HHEAS
HCEmANT Y DREOHFEERF LI@E L B L T0D. ZOZ &, HBRECRE
RNERRT2->TH, @I AMERITERICZEELZ G ARV L 2R L TND.
AL TIE, @A T LEBHRIZE D &I T DRINEC DN NSO LT,
Ny AR AT 72, BERMET » MR WT, EEE FORFIRIZEY Hrv
U LRI E Ty AEREITRE L 2572 (Figure 16). — 45T, 30% & HHIMRITA
N BRI A BRI E ST, BT O =L X —EIHIR (Cifuentes et al,
2002) CIFRRDHERIE ST, Wy MERENEDT D E DN T DRNCRPEE D
ZENWESNTEY (Shah et al, 1990), EAHHIEREIE Tl 1L X —BHEERD &
Ny DBEERDIC LD N T ARIEEA~OEEREVIER LAV, £ OB
RSP EREZOND. KoT, AFREOEED FTORMHIRIZL Y /1w AR
BLAILV Y LAEBMBORIEIL, BFENOOIALT T AEREORLV L2 LDEEEZD
b, BT, REHMET v MBI D AEEE FOREHIRSLETCOR ALY T AR
HNT T DRI AN S, AT DRI L 52 RpoTz. ZO/RRIE, %2
HOHBEBREETOEIN T T MBEREII LY T ARINE LR TS 20 ) @ik
(Cashman & Flynn, 1996) & —# L7\ ZOZ 0D, EES) FORMBIRSMG &R
HOBHBEEESMTIE, BNV T LAEBRINT T ARIRIZH 2 HEEBITR D Z LN
AREND. EBIT, @AY LARITEED FORMHIRIZL D VLT LAEEEORM
DESH, BEE LenZ LA L (Figure 16). BV v AEREREORERIT, R
BARRTOIEE L 1TV, 1.2% WV 0 WEARITEER) T TR REFO I LT L
EHOETZRFETI2LO0, BERINLY T LAEBEEN2NLDOThoTz., £z, B
HEOFHEISTT2E ALY 7 LEORITRO b2 o7z (Table 12). 24U H D
BE0s, BEMMET v MR CEER FOREHIBRSEIETORANL T T AEIE 0 KRN
ZE WIS NI T2 T ME, BICEB SR ERRRIND.
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BN T DML A EE & HFEIR - & LC IGE-1 235 L7z ATREMEY S S
N 5. Viguet-Carrin et al. (2014) 1%, @A/ 7 AENEREZ SME L-FHEIK 1 &
LT, @ANYTABICEY IGF-1 A&EEE RS2 &2 FTBY, A TH A
ZEnHREINS. IGF-1ITFEREROESZRET HHR/LETHDH (Davies et al,
2005). L2 L, Viguet-Carrin et al (2014) OWFZECARMIETIL, @A T ABITE
BEXOBTRICEEL 2 TR0, 5T, @Ay T LB IGF-1 Ok edEd 5 i
22N, HBEMNITRS> THRY. 2078, IGF-1 DA OFEIN A bR 21T 2 LER H

—J5C, Viguet-Carrin et al. (2014) [IEm /LT U LA RIZE > TH PTH IZENRED
Hpholo b HE LTS, Chen et al. (2002) IZHEHIMET » MLy
LAfE (Ca &8 2.0%) #5%2TH, 3, 7, 15, 30 H HOMiE PTH 2 L MiEH LY k=
VIREITEERE (Cadi 1.18%) EHERAETRO IR HmEL TS, Zhb

DZEMD, KFRIZBWNTY, BT ABIZIPTH ULV Y =B A 5 2 727

ﬁ

ST ENHERIND. L LR b, EEE) FOREHREFFTOEINL T T LBENE
NODHRNVEANTONT, BN ORFEFRSFMLFCREL KT LIRS, &
EE) FOREHIIREAT TORB LT DEIVEIRE 2 @il & LR 2> T, IGF-1
R, IGF-1 LA U< FAT OIREBEOHERFLEZEX N A hasy, Ly L
HWEFEH TS PTH, Iy b=, X0 D3ORFEITIBERH L5,
AGEDE LD E LT, BEHMET v MIIBWT, FAT OREHREETT VLD BRE
EE T OREFIREGCTOBB LY T LRI HER L B LT, KEERE, 1y o h
W, v AEMEESREE Lz (Figure 17). L2aL, TOEEEL, HISEET
e H RERRIOEERERE L VIREZ ~72. ZnbDRRENS, FAT OKF
FREEE T VORERE L m ALY U AERUTERT 5600, FHHLRNWZ & 038 61T
mofe. MM T, FAT OEREET WA U 58 RESMEKE TR LSO FAT @ 2
EHTH DT RF MR, HEHREIC, Sy y AEITREE BN T
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Figure 17. The summary of results in experiment 2-1.

This figure demonstrates the summary of results in experiment 2-1 and the mechanism of the
preventive effect of calcium supplementation on weak bones caused caused by the interaction of
exercise and food restriction in young female rats. The square written by line demonstrates an
experiment design, the square written by double line demonstrates results, and the square written by
dotted line demonstrates speculation. We consider that calcium supplementation had a positive effect
on bone strength through the prevention of low IGF-1. Meanwhile, we consider that the effect was
not sufficient to prevent lower bone strength because of low energy availabitity and inadequate

various nutrient intakes.
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3. i 2-2. ZBHT v MBI % FAT OREBEREETNVCRTEIZRXVE—FRED

T RORRES

3-1. B/
AT, BEHT v MIBT 5 FAT OIREBEE T VT 52 F—FRO T

DIROBR 2 HRY L L7z

3-2. Fik
3-2- 1. #eBREM I K OVl E 44

FERFHE 2 Figure 18 (Z/k L7=. 7 #iind SD AT » + % 1 BB O PHfAE%RIC, ik
# (SED, n=7), HE#E)HE (EX#, n=7), EH) - REFHIREE (EX-FR#, n=7), #E#) -
BEHIR + = 3L F—HfifaHE (EX-FR+Ene £, n=8) |2/31F, 12 B@EOFHE &21T-7=.
HEENSME, REEAA, fE EREEIIMERE 1-1 & RO HGEEZ o, SEEHIRRIEAF7ERE
12 LR FiEE W, &5, EX-FR+Ene BEl2iE, HEEZHIRELF2 52 &
WA T, ZRAX—FREDTZODZ RN —HifDHEE LT/ NV a— 22 AHERS

i, ks, AREBRITF KA T 28 EROMELHF A O KB 2 5 T FhE L7z,

0 1 13wks
[1 1 i

prelim

SED: (sedentary, ad-libitum intake, normal diet)

;wks EX: (exercise, ad-libitum intake, normal diet)
.D.

female

rats EX- FR+Ene:
(exercise, food restriction, glucose supplementation)

EX- FR: (exercise, food restriction, normal diet)

Figure 18. Experimental design.
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3-2-11. fH W 1 e L ORI ORIE « SUBHR L

WFFEERE 1-1 &[RRI T - 7=,

3-2-I. =X —HEhMEDH

WFZesE 1-1 L RIEEIC T 7=, Nz T, Zva—2&EHRESH 5 EX-FR+Ene #E0D T %
NF—EIREIILLTO X S IR L.
TRLEX—fBEE (keal) =3.73 (kcal) X EWiEAIEARE (o) +3.36 (kcal) X 7/ =—

AEE (g)

3-2-IV. EATA B OFFlh

WFFERRVE 1-2 & [RIBRICAT o 72,

3-2-V. RIRFEER LOR S ORlE

WFZEERE 1-1 L [RIERICA T 7=,

3-2-VI. KRB AW EE Ol E

WFFERRVE 1-1 & [RBRICAT o 72,

3-2-VII. JEMER L ONSE B E, B, BEEOHE

WFFERVE 1-1 & [ARRICAT - 72,

3-2-VII. ‘B~ —H—DHlE

WFFERRRE 1-2 &[RRI T - 7=,
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3-2-IX. v AHERONIE

WFFERRE 2-1 & [RIBRICAT o 72,

3-2-X. FrEtALER
T — #1314 T meantSE T# L7=. EX B, EX-FR %, EX-FR+Ene HOZEDOKEID,

—ITERCE DT &2 W=, BERICH B R ZENRO bV 5E, Tukey's £ & LR E &
1TV, FREME O ZZBE L=, SED BEOEIZES O R 2T 5 72D DA, EX BT
ERINDI Wt REZ AW TEEZ RS L2, #it Y 7 FiX SPSS (version 19.0 J; SPSS Inc,

Chicago, IL, USA) #fEH L7=. AEAKHEZIS%E LTz,
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3-3. fER
3-3- 1. #H&E, EITIHEE ETHEE, —xLX—fF20E

EERUIM O R, BTN, =3 —fH4E% Table 14 (2R L7, SED B,
EX #, EX-FR BEORERIIMIERE 2-1 LA TH L. RERE, =3/ X—EHE, &
ITAMOKE AT MR T —IZ8BI1T5 0.2~0.3 ~VY AT hART —EE, =3 LF
— A% EX-FR B &tk LT EX-FR+Ene B A B2 & EZ R LTz, Wl AERE, »
SV AERET, EX BELE Hlk L C EX-FR+Ene BEXNA E2REEA R L, REARL, EX
FEL B L C EX-FR+Ene BN HE R EMEZ R Lz, =X LX—8HuR, ETEASORE
AR MR T =BT 5 0.2~0.8 ~LY AT "R T —EE = 3L X —FH ML EX
#t & EX-FR+Ene BEMICAH B RZETRO b o 7o, EHETHBH IS RERICH B2 =
RO L2 Do b OO, EX-FR B EX BED 128% D EITHEHE L 70 v, EX-FR #f1% EX

FED 108% DESTIEEL 72 o 7-.
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Table 14. Food intake, running distance, and energy availability.

SED EX EX-FR EX-FR+Ene
Normal diet intake (g/day) 17.8 £ 0.6% 19.6 = 0.3% 12.6 + 0.0° 12.6 = 0.0
Glucose intake (g/day) - - - 9.0 £ 05
Total food intake (g/day) 17.8 + 0.6* 196 = 03 126 =+ 0.0 21.6 = 0.52
Ca intake (mg/day) 107 + 3* 118 + 22 76 + oP 76 + oP
Energy intake! (kcal/day) 663 = 2.1% 733 = 122 473 = 0.1P 772 = 1.6°
Ezhnefzg)mmngdisme - 87 + 13 112 + 07 9.4 * 1.3
Percentage of the power

spectrum of - 044 = 0.04% 017 %+ 0.04° 042 % 0.06
the running distance? (rate)

Exercise-induced Energy - 114 = 1.6 107 = 0.5 120 + 14

expenditure? (kcal/day)
Energy availability* (kcal/day)  66.3 % 2.1 619 = 142 365 + 0.5° 65.1 = 229

Values are expressed as means = SE. Unpaired t tests were used to compare results for SED group
and EX group to assess the effect of exercise. * p<0.05 for versus EX group. Data in EX, EX-FR,
and EX-FR+Ene groups were analyzed by the Tukey’s post hoc comparison test. Means with unlike
alphabet are significantly different.

' Energy intake was calculated by multiplying the amount of daily food intake in grams by the
energy content of the food (normal diet, 3.73 kcal/g; glucose, 3.36 kcal/g).

2 To quantify the periodic component at about 4- or 5- day observed in the temporal profile of the
running distance, we estimated the power in the frequency band from 0.2 to 0.3 Hz using spectral
analysis of the detrended time series. Moreover, to exclude the interindividual difference in the total
power affecting the local power, we also computed the proportion of the power spectrum of the
running distance from 0.2 to 0.3 Hz in the total power spectrum.

3 Exercise induced energy expenditure from daily wheel running was calculated as 5.0 kcal/kg body
weight times kilometers run (Anantharaman-Barr & Decombaz, 1989).

* Energy availability was calculated as energy intake minus exercise energy expenditure.
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3-3-I1IREE, fiesHE

K, lssE &% Table 15 IR L7-.

ERRRTH D, mAMAE, RIENIENESR, RIKEE,

SED #t, EX#, EX-FR BO#ERITHFFEHRE 2-1

b7 AMEE, FEERE, MR

HEL EX-FR #f & i L C EX-FR+Ene B3 AE2@mEEZ R L1z, FHEHBIZBWT, EX
Bt & EX-FR+Ene BEMICH B2 ZEITRO 2o T2,
Table 15. Body weight and internal organ weight.

SED EX EX-FR EX-FR+Ene
Initial body weight (g) 208 * 3 208 = 3 210 = 4 206 = 2
Final body weight (g) 340 £ 15% 295 & 54 194 = 40 308 = 122
Abdominal fat weight (g) 26.0 += 5.3% 124 = 1.78 1.6 + 0.2° 16.3 = 2.12
Plantaris muscle weight (g)  0.34 =% 0.02 0.34 = 0012 025+ 0.13° 0.33 = 0.082

Soleus muscle weight (g)
Uterus weight (g)
Adrenal gland weight (g)

Thymus weight (g)

0.111 * g.005%*
0.53 = 0.03

0.037 % 0.001
0.29 + 0.03

0.138 = 0.005%  0.095 = 0.006b
0.62 = 0.042 032 = 0.07’b
0.043 £ 0.0032  0.033 £ 0.002b

0.23 + 0.08%  0.18 = 0.05°

0.131 =% 0.0052
0.60 = 0.062
0.040 = 0.00320
0.31 = 0.042

Values are expressed as means + SE. Unpaired t tests were used to compare results for SED group

and EX group to assess the effect of exercise. * p<0.05 for versus EX group. Data in EX, EX-FR,

and EX-FR+Ene groups were analyzed by the Tukey’s post hoc comparison test. Means with unlike

alphabet are significantly different.
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3-8~ KRR R e 2

KERE LW 77, KERE A= %L ¥ —% Figure 19 (Z7r L7=. SED &, EX#, EX-FR
FEORERIIAFITREE 2-1 LA TH D . KEREMM ), KERE =L ¥ —i%, EX-FR
FEL i LT EX-FR+Ene DA EZREMEZ /R LTz, S HIT, KIS /1%, EXREL
EX-FR+Ene #HICHERZITRD IR0 72D, RIREAEBr— /L ¥ —I%, EX#EL

i L C EX-FR+Ene B0 B2 RMEZ R L7z,

b
w

30 20 a
a
25 * a # b
15 i
—T
20 -
b
15 - 10 | ¢

Breaking force of femur (x10°dyn)

Breaking energy of femur (x10%erg)

SED EX EX-FR EX-FR

SED EX EX-FR EX-FR
+Ene

+Ene
Figure 19. Breaking force and energy of femur.

A: Breaking force of femur. B: Breaking energy of femur

Bars are expressed as means + SE. Unpaired t tests were used to compare results for SED group and
EX group to assess the effect of exercise. * p<0.05 for versus EX group. Data in EX, EX-FR, and
EX-FR+Ene groups were analyzed by the Tukey’s post hoc comparison test. Means with unlike

alphabet are significantly different.

98



3-3-IV. EMEE L, IEHB®EE

JEHET B, KT % % Figure 20 (2R L7-. SED #f, EX B, EX-FR B FITHF
e 2-1 AR CTH 5. IEERHREERE, KB EEEE, KEEila%sEL, EX-FR
R & i U T EX-FR+Ene fE A E R EZ R L. FHBIZBWT, EX & EX-FR+Ene

ﬁFﬁﬁccﬁ%f£% B 0)) %ﬂiﬁﬁ”) 7.

>
=

160 -

40 -

BMD of'total tibia (mg/cm?)
S
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0 : : . 0 . ‘ -
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+Ene +Ene
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+Ene +Ene

Figure 20. BMD of lumbar spine and tibia.

A: BMD of lumbar spine. B: BMD of total tibia. C: BMD of proximal metaphysis tibia. D: BMD of
diaphysis tibia.

Bars are expressed as means + SE. Unpaired t tests were used to compare results for SED group and
EX group to assess the effect of exercise. * p<0.05 for versus EX group. Data in EX, EX-FR, and
EX-FR+Ene groups were analyzed by the Tukey’s post hoc comparison test. Means with unlike

alphabet are significantly different.
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3-3-V. KRB ER, KEEE, KEEE, EHEEES, BEHESmE, KEeEsE Kes
el

REREEE, KGR, KSR, BHEFHEE, MR, KEaHEeE K emE
% Table 16 |Z/r L7z. SED B, EX#f, EX-FR ORI RIIMZEHRE 2-1 LREKTH LS. K
BREE A, RPRE RS R, RIREIKICER, RRER, BEMEEER, BHESEAE I8
EREHEE, W, e e R, e A, S,

&g R E g, EX-FR B & ik L C EX-FR+Ene #E03 A EREEEZ R L, EX#EL

kil

EX-FR+Ene FEBIICA B R ZITR D SN 0oT-.
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Table 16. Bone weight, bone size, BMC, and bone area.

SED EX EX-FR EX-FR+Ene
Wet weight of femur (g) 095 +002 092+001 074+002° 089+ 0022
Dry weight of femur (g) 061 =001  060=+001* 046+001° 059 % 0012
Ash weight of femur (g) 043 +001  042+001" 030=+001° 040+ 0012
Length of femur (cm) 3634003 359 +0012 336+002° 359+ 0022
Major axis of femur (cm) ~ 0.411 = 0.007 0.396 = 0.006  0.376 = 0.007  0.396 = 0.007
Minor axis of femur (cm) ~ 0.332 = 0.004 0.338 = 0.0052 0316 = 0.003° 0.329 =+ 0.0042°
BMC of lumbar (mg) 558 + 26 545 + 8.92 378 = 13P 529 + 172
Bone area of lumbar (cm?) ~ 2.61 + 0.07 248 = 0032 194 +004° 253 + 0.112
BMC of total tibia (mg) 284 + 11 309 + 72 225 + 6° 302 + 62
Bone area oftotal tibia (cm?) ~ 1.97 % 0.05%  2.15 £ 0.022 179 +0.02°  2.16 % 0.042
iﬂ;ﬁ;‘goﬁaﬁim@ 92 & 4 101 = 32 65 = 3° 93 =+ 38
ig?;pii?;ggf;ﬁﬂ 0.50 = 0.02 053 0012 043 +002° 052 % 0.022
BMC of diaphysis tibia (mg) 108 = 4* 121 += 22 91 + 2P 117 + 34
Bone area of diaphysis tibia o) 4 (g o1% 090 = 0.022 077 %= 001°  0.87 = 0.022

(cm?)

Values are expressed as means + SE. Unpaired t tests were used to compare results for SED group

and EX group to assess the effect of exercise. * p<0.05 for versus EX group. Data in EX, EX-FR,

and EX-FR+Ene groups were analyzed by the Tukey’s post hoc comparison test. Means with unlike

alphabet are significantly different.
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2-3-VL. ‘B~ —7—

% BAP, [fj& TRAP, fR¥ DPD #% Table 17 (Z/Rr L7=. SED B, EX#¥, EX-FR D

FERIIAFEERE 2-1 L RBETH S, FHEAICBWT, EX-FR # & EX-FR+Ene I HE

RATFEO bR ho T,

Table 17. Bone metabolic marker.

SED EX EX-FR EX-FR+Ene
Serum BAP (mU) 320 43 59474 721 %78 479 =50
Serum TRAP (mU) 11.6 = 0.7 154 £ 1.7 17.9 £ 0.7 13.7 £ 0.9
Urine DPD (nmol/day) 3.78 £ 0.85 839+ 127 5.09 = 1.03 7.99 &= 0.83

Values are expressed as means + SE.
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3-3-VI. /L7 AHN

Tv 7 MHIRRBROFE R % Figure 21 12/~ L7=. SED &, EX#, EX-FR BEOREFIX
WFFEREE 2-1 LARRCTH D . Ly 7 ARINELE, EX #E L it L C EX-FR+Ene #03H &
RMEZ R LT, FEBIZBWT, EX-FR # & EX-FR+Ene BEREICHA R 22513580 H vz

MoT-.
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Figure 21. Ca balance study.

A: Fecal Ca excretion. B: Urinary Ca excretion. C: Amount of Ca absorption. D: Rate of Ca
absorption. E: Amount of Ca accumulation. F: Rate of Ca accumulation.

Bars are expressed as means + SE. Unpaired t tests were used to compare results for SED group and
EX group to assess the effect of exercise. * p<0.05 for versus EX group. Data in EX, EX-FR, and
EX-FR+Ene groups were analyzed by the Tukey’s post hoc comparison test. Means with unlike

alphabet are significantly different.
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34. BE

ABFFETIE, BEEHT v MBI % FAT ORFREET VKT 5= RX L F—FHRDOT
BEh R DOt 21T - 72, FAT OREIRETT L & 72 5 B EER) F O REHHIRSEFIR L,
TR —MFE AT L7z, BIEEE) FORHIREF TOZ L F—4ifglE, —
T —FG o, REATEENCE T 5 4~5 BIZ 1 EOETHEEINEH ORI S, FEE,
BE, BEE BEMZEEE L, ThEhOEE T, HXEED TOHBERSEE D
ICENRBO bgnole. —FH T, KREFEEREIT= R LF—ffaic L &fie oo/
2, BREED OB BESEELVIRELE o7

WFERRE 1-2 1238\ C, EEE) & BEFHIROMAE DL, =X —AMHREIC LY
EIRE K L 32 RS R Sz, —FH T, =R F—FMELIMC b AR HE R
BREORNENEICERELZ 52 TWAHHEELZ 2 D, 22T, ARFETIHE, =%
X R E LT a—2fifaa VT, BRERERBIEN DRV TOFRS
TRV — B, TRV —f 2 EIES) & B EHIRRIC L D ETRE A TR S 0 E iR
ALz, =Xl e LT/ a—R e fAnEEHIE, Zba—AR= X —J|
LI = REBFROPT, FIZHEL L5 D RMEDEWIZAEXSEIEE (Cashman,
2007) Tix7eWRAKIEMDT=DTH 5.

RE, =3 VXF—EBIE, TV X—G2kE, EEE FORMHIREG TOT X
—HfRIC LV, EEE T o B REAESM L OMICHE R ZETRD i< 72> 72 (Table 14)
(Table 15). Nz T, FEEE, ETEASOEENL, EEE FOREEHREMFTOT L
F—fifailc L, EEEH TOHBBESELOMICERERETHEO ONRLkol. Th
DOFERMND, FEEW T v NOSEES) [ Cil IE/R R SCIE R 2 EE 2 R o7 o1, i
B RBRBIMEORBD N ECRWGEIE, SEORERERELY, KoL F—
BEE, =XV —G0ETHLZENEERRER T THL I ENRBIND.

SR EATHMII A RERICA B R ZTRD b N olo b 00, AREER T OREHGIR
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LD 28%MMLIZZ LT L, TRALF—Mifaa1To 2 LT 8%HIMIEE-72. ZD
RN D, HIEEEE) FORHIRICE D AL 5WEEBORESLREEA ML AREL, =
RN F—FRIZEVIHERS B LR END.

EEE) T ORMHIREFETOT R XM, BREL&EMEE Lz, LrLens,
ZOFMEE, EEE FoEREESR L VIREZ o7 (Figure 19). Fx OHLIRY, =
AV F— &R LS D 4253 FE I E ORUD 3E I G 2 DB e Wil LT b DI
U, RWPZEDORERIT, B IEEEE) T OREHIRIC X 2REFMEIL, =3/ —F 2 HEM
TIHERT 2 Z L3 TETh, PHTERNI L2mRLE

BB, EES FORMHIREEFETOT R —MiGIcL Y, EEd FoHhERSE
k& OMICHERZTRO biv/e < 72 >72 (Figure 20). Omi et al (1998) 1%, F&H Bl
7 v MZBWCHRBEES FOBREEL LRI L ARICT 2 L, EEBNIC L2 BHEL S
BETEENECRNoT2D, T a— At a T o T2 EBENEH E /o7 Z &
EHELTWD., Fio, REAMET v MZBWT, ZESRM T CRAEIBEEE O A &
BT, FHEREFEREORIRITES 40% =R VF —HlfRE1T 5 &, BEENMUMEE 05
ZLpEmESNTWS (Talbott e al, 2001) (Hawkins et al, 2010). AWFSE & SEATHIZE
DFERNS, FHOREBFRERELY, =XV —GMENEEEICREREEE 2D
ZLDUREREND. MAT, HHEECEmEOMRIL, BEEOR R L FERTH -7 (Table
16). ZAL D OFERN D, EEE) FOREHHIIRIC X 2 IREHREZ = xRV —F I LY T
TERMPSTHERE LT, BEOZBNEEL TND ZENHEIND.

BFEIL, EEETORHBRETOT R AX—MEICL Y, EEBTOH hELLM,
EOMIZARERZTRD LN 72o7= (Table 16). ZOFEEMNEL, =R ALX—FHhEE
EWICHERFT 2 Z &0, BORMBAMORRICE > THETHL I ENEZDND.

BRH~— I —1F, FHEICARRETIRO N> Tb DD, BIEEE FOREH
BIRIC LD EBRH#E 70D 2 L0, =R X —if5 %175 2 & THE LD o7z (Table 17).
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ZORERMPG, THAX—HIEEETICHER T2 2 &0, BR#EERICRODICE
HTHLHLZENBZEZLND.

FEIEE) T CITREFHIRIC I D Dy DRINE L DLy AEREITRE L 22 o7
(Figure 21). Z DFE R, REENOL DI U AEREOHDIC LI AL DELEEZHND.
EOBEZE IR LML LT, BREEHREGF T RIAX—MHiEEIToTh, BT UL
W B\ BB B3 Feinodz. —HT, AT T LSRRI EHIRAETH T R L ¥ —
Mok, BRBEBREEELARERETRD LN o7 (Table 15). D7z, AV
VU LRINERDIRNFTO 2T LAEFRITIE, =X —HAM b 8L 5 2 55K
LROoTWVDHIERBEALND. SHIT, HRESCHFICERITREHREFETH =R
F—MHHEHC LY, BHEASRHEAERZTIROONRL Rolo. ZOMBELY, EE)
FMETF TR AT —FOEEZE IR E1E, vy AEBERENDZ2VRIUZE N T,
RPRICHD JAATZAN VD D FICER LT WVRIBICT 5 Z LR s D,

AEEE) T OREFHIREIE COT RV F—Mfa I K 0 IETRE 2B LT 2 & OB RIES
BREZ PH L BRI, xR AF—FEE2 EFICRoZ & T, =R ha s U IGF-1 0O
O BRI ARD D RNV L ORI LI Z L ABELOND. =X —F%)
PEARGELE, MASHERFO - DR E 2 VT a4 RORERLVE AN, BRTERED
7 LY DB LT F o ORDESIEEIL, ZAODRVEVERTA e S
PRIGF-1 OFRNE L WRFE G| SR T EEZX BN TN (Misra, 2014). ZDOTXF
JUR— AR K 2 MR O BITENEE D 72 D DR VE VB A, TR LXF—4f
WLV TBiLIzZ & T, =X rF U0 IGF-1 O X9 iR fRi 2 A VE 2 D53k

BHEEAMH TE I ENBZHND. AFRICET 2 ETHBORBIIL, =3 X —Hik
LV anFazxTar Ozl Lzt 32582523 T 550 THY, THEERES
ETAMORERIL, HRUF—MRICELV =X ba PO REZIH L7255 %
BT L H D57
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F7o, EEE TORAHIREG: COZ X —MEE, BWIFBORELELI T &
b, REMREZER L2 LERE LTEADLND. BEHIRAEI:TOEITIEREOHTINIX
TR —HERELNS TRV —FM 2 RIEEEE U, FREOKHE2 T W)
REMENEZOND. ZDY), TXLF—Mfall LV IBEHOIRELZHESEZZ LT
TR —FIMERMEDOTFHICER L, BRENARD D RNVE L DRWRT N T WERR

Wamfil+2 ZLICHIRLZZ LT, REMEORBICHES LI ERBEAbND.

—FHT, mXALF—EFRRE L THIRERELZRET2I2LEFED, THTERoRRA
UL, FERBEREOEGHNRHMONERE LTEXLNDLN, T OREHEEILAIT
Do, ANTTLRY v, AR EOBRENRIRHIEA Lz 2 &1 K25 Oy
DEMRNRNIFER DN, e bERENISRD D RVF O3S E DSREIR A & 72 -
1D, SHROBFTREHETHS.

KIFFRORF L LT, FxlTm A F—Hfifalie LT/ Vva—2Dhafiia L. 7
O — AHEIE =R X RO BOLR T, L a—RBRENEME DT LITX
DR EE L SELD LV, SIRERRKIC &ITE 8 E OB I L 2 &2
Wi S TEHY (Bielohuby et al, 2010), —x/F—HiflHE L TIRE LY b RAKSD

BIREEBGICAD TOHLZENBEIbND. — 5T, BEHEZ v MW T, Zra—
2 (50% 7 va—R) fEIEZT7 VT b—Z & (40% 7V 7 b—Z+10% 7 /L a—2R) &
LB U, BORE, WA R, BRAREI G N L oo 2 EAHE ST D (Bass et
al,2013). ZhHOREND, TRXVX—HifaIRE K E L THife 21T 2 HaTh,
7V a— ARG LIS O Ttk a2 T2 %G, AWESE L1387 DR RAVE T 5 vl Re ks #e
smaIhb.

KIFFROELHE LT, BEMMET » MIBNT, FAT OIRFBREET V&R 5 BHE
EE) N OREFIREF COT XL F—MITERE, BE, FHEE G BEEMME
fBL7en 2 &&TH Lz (Figure 22). S 52, HISEEST) FOREEHIRSEMG:CTEL 2MEE
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WRES, TRUX—MRTTPY L. —F T, KEEEMREL, H7EES) T o
PREMETTRAX—WRICE Y EEE 2D bO0, HREEEE T OHBHERLEO TR
FERRE L ST LIREE R L2, RO OREENDS, FAT OKEEREET LOKERE
ETANF—FRITEET 2600, THHLRNZ ERHALMNIR-72. AT, FAT ©
E R E 7 /WA U D RIERIHEISC, RERELSND FAT @ 2 EMTH 5 =1L F—

ARMARAE, MEARE 2L =R T 5 2 LB LN,

| BxEEn | [ AEHBIALY—%E |

| Tr¥—gEEEm| |ITrLF—ERERR |

TALE—AMHEER

| & ERERIERERD

_________________

| BERTH TEA-MRBES | 1 GRUEH |
| _TAMAFVER | [ Ersrs |
[ =AEAMEE || FEEREE | BREEER || BHEL
Aley
(b TELD ERRETA

Figure 22. The summary of results in experiment 2-2.

This figure demonstrates the summary of results in experiment 2-2 and the mechanism of the
preventive effect of adequate energy intake on weak bones caused caused by the interaction of
exercise and food restriction in young female rats. The square written by line demonstrates an
experiment design, the square written by double line demonstrates results, and the square written by
dotted line demonstrates speculation. We consider that adequate energy intake had a positive effect
on bone strength through the prevention of through low estrogen, low IGF-1, low Ca accumulation.
Meanwhile, we consider that the effect was not sufficient to prevent lower bone strength because of

inadequate various nutrient intakes.
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B - = XX —F RO O PR ORRET

4. B 2-3. BEMT v MBI 5 FAT OIEERE TNV T BT T L

4-1. BWY

KRB TIE, BEHT v MBI 5 FAT OIRFIREET /KT 2@ AL 0 LR -
TN —=FRIHO PR OBR 2175 Z L ZHRYE L.

4-2. ik

4-2- 1. YREN I & OMRE Sepf

F2BREHE % Figure 23 (2o L7z, 7 @l SD Rt T v ~ % 1 WO P 51412
# (SED B, n=7),

B2, ZHk
EENEE (EX B, n=7), &) - REHIREE (EX-FR ¥, n=7), &)
- BEEHIIR+ L S EE (EX-FR+Ca Bf, n=8), IEH) - &EFHIR+ = R /L X —Hi#

#f (EX-FR+Ene #f, n=8), ##H) - REIHIIR + 1 x /b8 —Hfifa + 11> ¥ LG HE
(EX-FR+CaEne ¥, n=8) (Z/3\F, 12 WM OEE 217> 7. @EEIZIE, Wil Rk,
il B BRI 1-1 & RO kL iz, SEEHIFRITAFFERRE 1-2 & [FkRD k%

R
AWz, &by o ABIFZERRE 2-1 L RIERD FiEZ VY, =R LX—4ifa 3 7esRs
2-2 L [RIBRD k% V=,
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0 1 13wks

prelim
SED: (sedentary, ad-libitum intake, normal diet)
EX: (exercise, ad-libitum intake, normal diet)
Twks EX- FR: (exercise, food restriction, normal diet)
S.D.
female | EX- FR+Ca: (exercise, food restriction, high calcium diet)
rats EX- FR+Ene:
(exercise, food restriction, glucose supplementation)
EX- FR+CaEne: (exercise, food restriction,
high calcium diet, glucose supplementation)

Figure 23. Experimental design.

4-2-11. B HIFE I X OB ORIE - FUBHRE

WFZEERE 1-1 L [RIERICA T 7=,

4-2-M. =X —FHREDOR H

W5 & 2-1, WA 2-2 & RERICIT > 72, 2 T EX-FR+CaEne #£D

Tk
P

ELE“ 1-1) B:l:%

b
P

TR F—EEREIILL TO L) ICHH L=
T3 X—EEE (keal) =3.68 (kcal) X@E AT 7 ABEARE (g) +3.36 (kcal) X

7 a—2ERE (g)

4-2-IV. E17EAB O

WFFERRRE 1-2 &[RRI T - 7=,

4-2-V. KIFFEERLIOE S OHlE
FFZesirE 1-1 L REEIC T 7=,
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4-2-VI. KERE W@ E O H) E

WFFERRVE 1-1 & RBRICAT > 72,

4-2-VI. [EHERS L OB B &, B, B58EORE

WFZEERE 1-1 L [RIERICA T 7=,

4-2-VII. "FH~—H —DHlE

WFFERRVE 1-2 & RIBRICAT o 72,

4-2-IX. v A ORIE

WFZEERE 2-1 L [RIERICA T 7=,

4-2-X. ERHALEE
7 — X34 T meantSE TH L7z. EX#, EX-FR#, EX-FR+Ca#f, EX-FR+Ene

#¥, EX-FR+CaEne HDOEDHIEIS, —IThED DTSN 2 e, BERICA B R EN
D HNTEA, Tukey's ZHILERE 24T\, FHEMOEZRE L. SED BEOEIXES)
DINREFMT D 72D DI, EXFEL XDV t BE 2 W CELZ MG L. #ig!
Y 7 M SPSS (version 19.0 J; SPSS Inc, Chicago, IL, USA) i/ L7-. A E/KUEIL 5%

L.
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4-3. R
4-3- 1. BRE, EfTHEE, ETEY, —xrX—H8
FEEBRIM T OB AR, BT, )X —fF%ME% Table 18 |27k L7=. SED &,

EX #, EX-FR #, EX-FR+Ca #f, EX-FR+Ene BEOF5FIINVZEHME 2-1, 2-2 LR TH

“

5. ERRE, WLy aERE, oxbd—ElE, TR ORE AT FT —

IZB1T 2 0.2~0.3 ~LY AT bANT—EIG, 20 F—F 2L EX-FR B & g LT
EX-FR+CaEne BENAEAREMEZ R Lz, Wl AEREE, EXBEE LT
EX-FR+CaEne B3 B2 IKMEZ R L, RIBERE, W1y v AERE, =3 ¥ —{EHE
1X, EX#EL i LT EX-FR+CaEne #E03V A B2 @EEZ R LTz, EATHHIOBRE A7 b
NRT =BT D 0.2~0.83 ~LY AT fLRT —EIE DXL — G EX B &

EX-FR+CaEne BEfICH B R ZITRD LR -T2,
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Table 18. Food intake, running distance, and energy availability.

SED EX EX-FR EX-FR+*Ca EX-FRtEnc EX-FR+CaEne
Food intake (¢/day) 17.8 £ 06* 196 £032 126 +00° 126x01" 126x00° 125000
Glucose intake (g/day) - - - - 9.0 *+05 9.7%+04
Total food intake (g/day) 178 = 06* 196 %=03° 126 +00° 126=01° 21605 222+ 042
Ca intake (mg/day) 107 =+ 3% 118 = 2P 76 = 0° 151 = 02 76 = 0¢ 150 + 02
Energy intake! (keal/day) 663+ 21% 733 +12° 473 £01° 464+01° 772+16% 786+122
Wheel running distance (km/day) - 8713 112 = 0.7 10.9 = 0.7 94+ 13 90 £ 1.5
Percentage of the power spectrum ; 0.44 % 0.04% 0.17 = 0.047 0.13 = 0.03° 042 % 0.06% 0.55 + 0.07°
of the running distance? (Ratio)
Eig;‘;:ggz;fjm; (keal/day) - 11416 107+05 10305 12014 117%17
Energy availability! (kcal/day) 663+21 619+142 365+05" 361205 651+222 668+242

Values are expressed as means + SE. Unpaired t tests were used to compare results for SED group and EX group to assess the effect of exercise.

* p<0.05 for versus EX group. Data in EX, EX-FR, EX-FR+Ca, EX-FR+Ene,and EX-FR+CaEne groups were analyzed by the Tukey’s post hoc
comparison test. Means with unlike alphabet are significantly different.

! Energy intake was calculated by multiplying the amount of daily food intake in grams by the energy content of the food (normal diet, 3.73 kcal/g;

high-Ca diet, 3.68 kcal/g; glucose, 3.36 kcal/g).

2 To quantify the periodic component at about 4- or 5- day observed in the temporal profile of the running distance, we estimated the power in the
frequency band from 0.2 to 0.3 Hz using spectral analysis of the detrended time series. Moreover, to exclude the interindividual difference in the total

power affecting the local power, we also computed the proportion of the power spectrum of the running distance from 0.2 to 0.3 Hz in the total power

spectrum.

3 Exercise induced energy expenditure from daily wheel running was calculated as 5.0 kcal/kg body weight times kilometers run (Anantharaman-Barr &

Decombaz, 1989).

* Energy availability was calculated as energy intake minus exercise energy expenditure.



4-3-11. {KHE, J@EsREE
K, lEsiE &4 Table 19 (2R L7-. SED £, EX#f, EX-FR #f, EX-FR+Ca &,

EX-FR+Ene #EOf RIIHTTERE 2-1, 2-2 LFRTH D, mofhE, @ENIELEE, 2

=

K EE, HE®, WRERLEX-FR L L L T EX-FR+CaEne HE23A E 72 & H %

AL, FERHICBWT, EX#ELE EX-FR+CaEne #HEMICH =R EITRO LN 77,
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Table 19. Body weight and internal organ weight.

SED EX EX-FR EX-FR+Ca EX-FR+Ene  EX-FR+CaEne
Initial body weight (g) 208 + 3 208 =+ 3 210 + 4 209 + 3 209 + 3 209 + 3
Final body weight (g) 340 + 5% 295 + 52 194 = 4° 187 + 4° 308 + 122 303 + 122
Abdominal fat weight () ~ 26.0 = 5.3% 124 + 1.72 1.6 = 0.2° 1.0 = 0.1° 16.3 = 2.12 17.5 = 2.72
Plantaris muscle weight (z)  0.34 = 0.02 0340012  025+001°  023+008° 034 +001® 032 +0012
Soleus muscle weight(z) ~ 0.111 = 0.005% 0.138 = 0.005% 0.095 = 0.006° 0.086 = 0.005° 0.129 % 0.005% 0.117 % 0.005
Uterus weight (g) 0.53 =+ 0.03 0624004  032+007" 027+006" 059+ 006 057 + 0.06%

Adrenal gland weight(g) 0.037 = 0.001  0.043 = 0.003  0.033 = 0.002  0.034 & 0.002  0.041 % 0.003  0.040 = 0.002
Thymus weight (g) 0.29 = 0.03 023 =008 018005 0.15x013° 0.30 % 0.042 0.27 + 0.03%

Values are expressed as means + SE. Unpaired t tests were used to compare results for SED group and EX group to assess the effect of exercise.
* p<0.05 for versus EX group. Data in EX, EX-FR, EX-FR+Ca, EX-FR+Ene,and EX-FR+CaEne groups were analyzed by the Tukey’s post hoc

comparison test. Means with unlike alphabet are significantly different.



4-3-10. KGR R g i

KEREREWT 77, KERE M= %L ¥ —% Figure 24 |27~k L7=. SED #%, EX#f, EX-FR
¥, EX-FR+Ca B, EX-FR+Ene FEOfERIIHFSCARME 2-1, 2-2 LRBETH S, KERF T
11, REREAEMr— L —I%, EX-FR # & iz L C EX-FR+CaEne B E 72 =B Z 7~ L

7=. EX#f L EX-FR+CaEne #HIICH B2 ZITRD Lo Tz,
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+Ca +Ene +CaEne +Ca +Ene +CaEne

Figure 24. Breaking force and energy of femur.

A: Breaking force of femur. B: Breaking energy of femur

Bars are expressed as means + SE. Unpaired t tests were used to compare results for SED group and
EX group to assess the effect of exercise. * p<0.05 for versus EX group. Data in Data in EX, EX-FR,
EX-FR+Ca, EX-FR+Ene,and EX-FR+CaEne groups were analyzed by the Tukey’s post hoc

comparison test. Means with unlike alphabet are significantly different.
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JEEMEE % B, IS B &L % Figure 25 (2~ L7, SED #, EX #, EX-FR #, EX-FR+Ca
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Figure 25. BMD of lumbar spine and tibia.

A: BMD of lumbar spine. B: BMD of total tibia. C: BMD of proximal metaphysis tibia. D: BMD of
diaphysis tibia.

Bars are expressed as means + SE. Unpaired t tests were used to compare results for SED group and
EX group to assess the effect of exercise. * p<0.05 for versus EX group. Data in EX, EX-FR,
EX-FR+Ca, EX-FR+Ene,and EX-FR+CaEne groups were analyzed by the Tukey’s post hoc

comparison test. Means with unlike alphabet are significantly different.
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4-3-V. REREEE, KEER, KIS, BEMEEER, BEHEEmE, K5 EHEE,
el

REREEE, KGR, KSR, BHEFHEE, MR, KEaHEeE K emE
% Table 20 (Z/r L7-. SED B, EX £, EX-FR#, EX-FR+Ca #f, EX-FR+Ene F£DfH
RITHFFERE 2-1, 2-2 LFERTH D, KIRFRER, KIREFWRER, KIRTKCER,
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=
i

i
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il
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HAl
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N ho iz,
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Table 20. Bone weight, bone size, BMC, and bone area.

SED EX EX-FR EX-FR+Ca EX-FR+Ene  EX-FR+CaFne
Wet weight of femur (2) 095+ 002 092 =001  074+002° 076 +002° 089 % 0022 0.92 + 0.03%
Dry weight of ferur (g) 0.61 = 0.01 0.60 =001 046+ 001° 049 +0.01° 059 + 0.012 0.60 =+ 0.02%
Ash weight of femur (g) 0.43 £ 0.01 042 0012  030=+001° 031 £001° 040 % 0.012 0.42 + 0.02%
Length of femur (cm) 363 £003  3.59+001%  336+002°  339+003° 359 %0022 3.61 + 0.03%
Major axis of femur (cm) 0.411 = 0.007 0.396 = 0.006  0.376 = 0.007  0.376 %= 0.006  0.396 % 0.007  0.395 = 0.006
Minor axis of femur (cm) 0.332 £ 0.004 0338 = 0.005 0316 + 0.003° 0313 = 0.003° 0329 + 0.0042® 0.330 % 0.006%°
BMC of lumbar (mg) 558 = 26 545 = 8.99 378 = 13° 406 = 17° 529 £ 178 574 £ 239
Bone area of lumbar (cm?) 261 *+007 248 +0.032 194 %= 0.04° 205 +006° 253 +0.112 2.71 = 0.09%
BMC of total tibia (mg) 284 =+ 11 309 = 72 225 + 60 235 & 90 302 + 62 305 = 11.72
Bone area of total tibia (cm?) 1.97 £ 0.05%  2.15 = 0.022 179 £ 0.02°  1.85 £0.05°  2.16 % 0.042 2.08 = 0.052
Fﬂlfg[‘; of proximal metaphysis tibia o, 4 101 = 32 65 = 30 71 + 5P 93 + 32 96 + 53
Egg@iﬁ%"fpm’“m“ metaphysis 504002 053 £0.01% 043 £0.02° 045 2 002% 052 £ 00280 052 + 0,022
BMC of diaphysis tibia (mg) 108 = 4% 121 =22 91 + 2° 92 + 20 117 = 3% 118 = 59
Bone area of diaphysis tibia (cm?) ~ 0.80 = 0.01* 090 = 0.022 077+ 0.01° 078 £ 0.05°  0.87 + 0.022 0.85 =+ 0.02%

Values are expressed as means + SE. Unpaired t tests were used to compare results for SED group and EX group to assess the effect of exercise.

* p<0.05 for versus EX group. Data in EX, EX-FR, EX-FR+Ca, EX-FR+Ene,and EX-FR+CaEne groups were analyzed by the Tukey’s post hoc

comparison test. Means with unlike alphabet are significantly different.
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% BAP, 1% TRAP, J#+ DPD % Table 17 |Z7< L7=. SED &, EX &, EX-FR #®D
i BAIHTZERRRE 2-1 L [RBETH 5. SED #¥, EX &, EX-FR ¥, EX-FR+Ca ##, EX-FR+Ene
BEOAERITMIFERRE 2-1, 2-2 L [FAERCTH 5. 1 BAP 1514, i TRAP I5Mi%, EX-FR+Ca
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FICAH BRI ol
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Table 21. Bone metabolic marker.

SED EX EX-FR EXFR+Ca  EX-FR+Ene EX-FR*CaFne
Serum BAP (mU) 320+43 594+74% 721 £78%0 7924998 4794500 451 4310
Serum TRAP (mU) 11.6+07 154%17%0 179+07® 184+118 137+09° 13.7+08"
Urine DPD (nmol/day) 378 £085 839 %127 509+ 103 438+050 799+083 85%08

Values are expressed as means + SE. Unpaired t tests were used to compare results for SED group and EX group to assess the effect of exercise.

* p<0.05 for versus EX group. Data in EX, EX-FR, EX-FR+Ca, EX-FR+Ene,and EX-FR+CaEne groups were analyzed by the Tukey’s post hoc
comparison test. Means with unlike alphabet are significantly different.



4-3-VI. BV 7 L

Tv 7 MHIRRBR OSSR % Figure 26 (275 L7-. SED Bf, EX #, EX-FR #f, EX-FR+Ca
#f, EX-FR+Ene BfO#ERIIAFERE 2-1, 2-2 LREETH D, LT ARINE, Dy
U AEEEIT, EX-FR A&l L C EX-FR+CaEne BN A Bl 42 R Li-, £72, ¥
T AR EX B & Bk L C EX-FR+CaEne B3 A E R mEAZ R L, L7 A
WL, vy AEREE, EX#E L EX-FR+CaEne BEICAH B R ZITRD bR -

7-.
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Figure 26. Ca balance study.

A: Fecal Ca excretion. B: Urinary Ca excretion. C: Amount of Ca absorption. D: Rate of Ca
absorption. E: Amount of Ca accumulation. F: Rate of Ca accumulation.

Bars are expressed as means + SE. Unpaired t tests were used to compare results for SED group and
EX group to assess the effect of exercise. * p<0.05 for versus EX group. Data in EX, EX-FR,
EX-FR+Ca, EX-FR+Ene,and EX-FR+CaEne groups were analyzed by the Tukey’s post hoc

comparison test. Means with unlike alphabet are significantly different.
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4-4. BE

AWFFETIX, HEMT v MBI 2D FAT OIREBEET /KT 5@ Lo 7 A8 -
TN —FROFH O PR OBF 21T > 7. FAT OREIREET L& 7205 B R EES)
TOREHBREIITH L, @AV T L ETFVT—ME LTV L. £ ORER,
TRV F— G, RETEENCI T D 4~5 HIZ 1 EOEITIRRHINE S OEIE, B 8L,
BHEE, BR, BEE, BEHE L vvAEERIE, BREES FOARERSMELD
MICABERZTEO b oT.

By MERELE, GEEH)Fo B BHER R Lk U ORES) T ORI IREETO
BN T AR E IR KV EEE fe 572 b DD (Table 18), /L 7 A
W, T D AEMEIZAERZITRRD b -7z (Figure 26). ZOfEHRN D, 1E
BT T L ¥ —EBIRENTICH DIRETH, RGIER LAV T A, KN

WD IAENIRNWZ EPVRIBIND. ZO7, EEH) F T/ X —EREN 5
O, BERANVVTLERETH-TH, BERANVVT LERBT X2 EREEMNDRIL
HELRNZENREBEZOLND. LnL, EEE) FORAHIRSEMEC L 58 REOKMEZ, &
FN 2T AEIEML T XL X —F R I TII PRI CE o 7c b O, ZIREZFHT 2
ZETTRITERLERICIE, TRF MR KD ARE WS ] s 1S B i 20
RIZMZT, @ANT T LARBIZEY IGF-1 3@ EE 25 Z ENFMIRFL LTHEIRLEZ
LR IND.

KWFFROE L L LT, FAT OEREHREET VOREREZ &G LT T LER - =1L

F—FEOT T2 Z EDRHALNICR -7 (Figure 27).
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Figure 27. The summary of results in experiment 2-3.

This figure demonstrates the summary of results in experiment 2-3 and the mechanism of the
preventive effect of calcium supplementation and adequate energy intake on weak bones caused
caused by the interaction of exercise and food restriction in young female rats. The square written by
line demonstrates an experiment design, the square written by double line demonstrates results, and

the square written by dotted line demonstrates speculation.
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5. B

FEMT v MBI 5 FAT OIREREET VXIS 2 v 7 Lifs « =30 F—F 2
OEME GRS & 2 FRIRR OB 21T, LR OMR A2 157,

WFZERRVE 2-1 TiX, FAT OIRFREET NV OEREHREZ & v v MERITERT 2 b
DO, FHLARNZ ERH SN2 >7-. MA T, FAT OKEREET /WAL HERE
IR, R IRELISN D FAT @ 2 ETH L =1/ F —AMERE, HEBREIC, &
TNy MERUTHEEE 5 2 7202 E B L NI o 7.

FFERREE 2-2 Ti, FAT OXERETT VOKERE 2 3L X —F @I85 H D
D, THLARNWZ ERHALNIR-7-. AT, FAT OKFHRETT WA LS EREERS
i<, (KEIRELIS O FAT O 2 FCTH 5 = 1L F—F2hMEIME, MHEMRE 2= 101
X—RBTTHT DI EBH N7z,

WFERRRE 2-3 TlX, FAT OIKEREETT VORERELZ I U LB - =L F—

FROEMITTRIT 2 Z LB LN R 5T,
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VIZE #AHR

FEMT v MIBIT 2D FAT ODIRFIREET /MK D @EmA /L 0 LB - =XV F—F
ROTIHREHONCTHZ L2 HBE L, 2 00N EZ RE LTz FERE 1 T,
FEMT v MZBT 5 FAT OIREREET /L EER L, WIFEHRE 2 TiE, £OET/TH

LAY LER - TRV —FRRO TR RO 21T o 7.

1L BEHZ v MW TAREES) & SERIRIC L Y ER S FAT OREFRETT IV
DEE

MIEEENC LD ~OMBEAMITERZHENSE 2008035 Y (Klein-Nulend et al,
2012), HHEWINCATEEE 2T > TV D AR — Y BEFIIIEREE L0 L EEEN S E 72
%—J7C (Bennell et al,, 1997) (Duncan et al, 2002) (Greene et al., 2005) (Nichol et al,
2007), BHFEOWDEIZ L BHBENMIE L 72 2 Mt E b7 5 (Nichols et al,
2006) (Barrack et al, 2008) (Hoch et al, 2009). ZOIKEHEEILFAT O 1 £ s LT
Mg ST Y (Nattiv et al, 2007), BFEHIZISIT 5 FAT ORE 5 EIZ R/ AN
RKOONDBEELRHAETH L. TOTFUROBFNIL, BMET VEMND Z ERARR
FETHD. ZDH, KBZETIE, BEHT v MTBWT, &EBELZE EBSRMA T
THEREDE & 72 5 FAT OE 8T 7 /L% B %6 EES) & AATHIR 2 AV CIER L,
TSRO EITH Z L& L.

WFFERRE 1-1 T, BEHMET v MW THREEB 21T 25 2 & THIBED SIS
L ENERINT. ZOZ X, BENREEIHICIVEBRENEMELE LD &V I

TEBBEE L T 5B 6N5. FAT ORFIRENAE U D bRtk @ BAE Mk
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B L FRRIC, BFEDOBADT L F— O RIEREIN & o T2 HIREER 2N 22 1
B EE IR LS EHRMFTH L Z BRI, BREEHN FAT
DIREIREE T VO T D720 DR L REH HIETH D L EZOLND.

WFFERRE 1-2 TiE, BEHMEZ » MW T AFEEES) N O RAFHIFRIC & 0 850 EEHMEAE
ERDZEPHLINNIRoTz. ZOZEND, BFEMT v MIBWT, mEREZEE
TR T CHERENMUE & 72 2 REBA BB L7z FAT OEMREETT V%4, BIEER L
BEHIRZ AW TER T 2 2N TELLEBERALND. FITHIETIX, BREEES FOR
AHMIIRIE, RRAMIME D ~ M2 W TIRE R E (Dimarco et al, 2007) CIXE % (Yanaka
et al, 2012) Z5IESE I L, BEHET v MIBWTREBRESKEEE L2 S
32 & (Hattori et al, 2014) BHESN TS, LnL, BEHMT v Mok 2851
ZAVETICED o7z BRI LM L FIERIS, A IEE D, B REENEET 2 RETH Z
v MZBWT, BREED FORMEHIRATRECKELZSISEZFTZ L 2HLMNILE
ZEiE, RN ADRD i d BEEICZIIT 5 FAT OIKEHRE O TR OG22 fIEEIC
T5, BEENZEThHDHEEZOLNS.

I, ZO FAT DIREHREET VL85 T > ML, BIREBUINTITRD X 5 ez
Fior-. (1) BEMICEEBEOEER 217\, MElT iES &, (2) REFE0HD, (3)
TRVF—FMEEE. AT, ROK D RS AR ST ENHER IS, (4) MEEHIRE
W GEITASORNLY), (5) =X haF Ry (FEERE, FR#~—r—k
D), (6) AL AMREE CEATHBEOWMIFEIOIMKLY). ZNbDZ LD, KFZED FAT
DIRFIREET V& 7257 v ML, FAT OEHRELHT 5 LMHEEORTH, JioR
L7z (1) ~ (6) OFES SRR L MEBEE LU LIERETH- 7. HIZIE, BS
HE 2L TOOLRBFEOWD BHE > TA ML ARIEL 2D, ZHITE > TlRER
HEEV ATV, EORE, =X AX—FOMEORERRME, AREELALT, KERELE
705 X 972, FAT O 3 E#% A4 25 BEM Lk EFE S|P LREE oo ve. E£72, (2)
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L (6) DFERCEREOKE, WIEEOJEE A U S miIics 0T, MM RE
?IRAE (Hebebrand et al, 2003) (Misra et al, 2003) &TVVREEAZFHLLI- L E 2 b
%, AWFGED FAT ORHERE T T /WK L TH B E o Te PRIR ORI,  ERLICHIR
Lizk o 7ze Mo LR &<, FRROZIERPELNLT NI ENEZ LS.

— 5T, KO FAT OIREREET V&L T v ML, (A) AR, 58§17 ES) 52
fi<e (B) {EREEN DR ORMAE R /2ipotc. ZNHEDOZ Ems, FlzE, F—AIChT
B L, RO TEMEEZITV, Zhovan & ) BRENED T 2 RECRIRIE O AN
TMEEBHAE L, HRMEERAIRIEO T THERENSEEEMDBD T 58 LT8R RD
We7E o7, 20 X 570k ML, RO FAT OIREREET M L TH L E 722
ST THRODFIDEAENE L RNEB X HILD. BRECERBERNED Lzt
PERMAIRIERL, £ XY FAT OIREIRE L R D5 EHE 2 LI2REE 7 v MBS
LD THIUE, AR THW 30%EAFHIRE Y &, WE R RAHHIR & B 78 ER) 2 /7
B FIEICLVIEHERRAIEET VLT %551 (Routtenberg et al, 1967)
(Gutierrez et al., 2013) 3B 2 LIDHD, ZOET MIHFEHIMIITAIE 2 H < FTREMEN
HY, FOREOHRFHINEETH . Takeda et al. (2012) O, FEEMHMT » MW\ T
27-30m/minx60min @ kL v FINVEEH ZTHOE L 2 & TERENED T2 L0V O WmE
EBEIZ, MLy RINVEEBHOARMBENIC L 2BEEL L OE~OZEIZ OV THRE!
BRSO LT, AWMELITRARD, KA, FREIAICER 2 R L oo, ERRE
FERBHNIED LT FAT O TREICE LLHHEEET VOMERN TE5EE2 605,
Fo, BEHMEZ v MBI 5 BREER FOREFRIRITERLEEE S22 205
T LT (R 1-2). 2o &, BIRMAMEREE o B3 8 RS 4 i
THAREMEL RET 5 HDOTHY, BB ICL > TUIBE DM LTI s Z &K
WIZEZBND, HERFERTHL.

Mz T, AFEBRTIE, SEEHIREECOBRBEEDL, AERIREEOLZHIRELY b
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HREARMEE T2 L2W LN L WERE 1-2). Zud, BlEL&D LK%
Fpo L SN TEIomEEHD, R K > TUIERHORENEL D Z L2 LN LT
HLOTHY, IFFITERE. REROFRIL, EHBEIZ L > TRFEFEORD PVEITEY

BrRETORBRET, REENED LICEIT L > TEINIEITERE L KT btz

Pr

RETLIHDTHD.

2. BBH T v MIBIT B FAT DIEEBREETNVICHTEIEINY U LB - =R VE—F
ROFYZIR L BRERERF~DEE

EEMNCKIT 5 FAT OIREEEOTRIRE LT, BOMEIE 22 Ly 7 b %% < EH
4% Z & (Manore, 2002) (Meyer et al, 2007) (Nattiv et al, 2007) =°, TX/L¥—F
BWEZ B R D T2 DI Ty e f NV F— 2 BT 5 Z & (Nattiv et al, 2007) 23&H1F 5
NTWDD, ZOZFEITHL N2> TR, BFIZERE 1 1280 T, BEHT v Mok
7% FAT OIRFHEET A AER LIZZ Sk, THROEOBRFNATEICR T,
AT, FEYT v MBI D FAT OREREE T /T 5 B LG -
FNF—FROBEME PN LD TR OBRF AT o7z, FER, @l y AEREM

&R — R EMITRERELBERT D600, FHLARNI & (WIFERE 2-1) WF

L

JEARE 2-2), mANT U LER s 2R F—RREIURERELZ TYT 52 & (WFEHR
8 2-3) DA GINI o7, Fe, @AY U AERUT T RV — A RNERAE, PR R,
REREE, K&, KEREIEELEZXT, ZXVF—REITENOZ T+ 52 LW
SV oY

AFEETOEOREER OF RN D, Ehy T AERD FAT OREHRE T T L OER
ExamEs L2 &, FAT OREBEETNMCZXAX—FRELIT-oTh, EEH FH
HEBROREFERERELVFRENMUMES o7 2 L1F, BEOBEWILDHTHD L
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BEAND. WFRHE2-1 1280 TC, mAN Y Y ABEUL FAT OKEHREET L OFRE %
s L7cb 0o, BFESEHEIIEE L 5 2 72h - 72, Viguet-Carrin et al. (2014) 13,
ZEr, BREREETIIEA N YT LA/8T, BREZ &ML L0 G5 s Mo,
B, BREPREBICEE L 5.2 o722 & 2 LT\ 5. Viguet-Carrin et al. (2014)
DPEZAT > TR, B OKREEE Y VRS, 27—V lAE, EfimbERED
BEOREBLZFTSTNWS ZET, ALY LAEBRNEREZSOTK T2 HHT 52 &
MTEDLS L., Fio, FEEE 2-2 1I2BWT, =X —FEICL Y, FAT Ok
BIREE TV OE IR T HREEOSERERE L VIRE L 2 o720, BRED
WERFTHLEREE, FRE & EEHFEHERORRELARERETROLN
ol ZOREND, ZXAF—LANOFFEFEFREIRED 30% K TT5Z LTk
A& UTEBEORMIE, BEOKTNCEDABHENEZL LD, TOZELEIIL, W
FRRE 2-3 OFERNE D MAEIMNMZT-. BN T AMEER - VX —FROHHICL D,
FAT OAREIREEET VOB TRET, AES FEREROFRE L HERETED bR<
ol EERAE T ORZAHIRIC XLV EREMIEL 2D Z LTk L, TRAF—FRED
HTITEEORTZTTICERENMEL 2D L 2 A%, BTy LAERIZELVEBE
DR T 2T 2R AN 22 LT, BMEMIMEL 0D Z L 2T Lco TRy
LHEZREND . Fio, BRI 2-3 OFERIL, BRI 2-1 O &L T AEEY FAT ©
REREETVOFRELZGMEE L2 &R, TXLF—FRIZL > Th FAT ORERE
ETVOFREIIAEEE T HBEEROERE LV IKEE o2 &N, BHEOEWICED
LT DBEEIRHTHLODESTEEARD. Ak, K TR TEREDENIE L -EHRK
IZDOWT, BHEESE ORBRIE ) g, =27 —7 VR, BRI bER EoBED

Bz, BEROMHNBELES .
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3. AWIRORR L 4% DOBE

AWFFETIE, FBEHT v MTBWT FAT OIRFBEET LV EZERT 5720, BIAEEE)
TOREMIRE Ve, 2, FAT OREEEOHERKE LT, HEEIFMFICRFEDOHD
W5 ZENHDH7HTHS (Nattiv et al, 2007). Lo L, FAT OXEHREL, BF
BRD DR WHRETE L, FLVECVHDWEREENRRNE 222 bH 5. ABFEIC
WTHI B2 b 7e o7z FAT OARETREIZHT 5 v U MMiifks « =R X —FED FRIZhE
1%, BEEEAICK D FAT OREREICHT HREN RO THL EEZLND.

F72, ARWIFET FAT O HREE 7 /L OIERIC AW 5L, AFEEES) & 30% A AR
[RCTHD. ZOFECIVIERINTET ML, EEEE L EBRM T CHEmEN
KL D REBELHETE b 00, EEHREESCEEENIL, ARFERAIZIY FAT OK
BIRE LD B2 TOLMEREEZME LT bO TR, RMERRAIRIE O LR E
IV RRBSCIR B 22 BB BR 5L 2 7~ MZHELIT 20 ThHIUE, BIEEE) FTD 30%LL

DOWMEREEERIRS, Py FINVEICKLERLITOE L2 E, AR EITERL S
EEIRTDMENDD.

7o, EENTHREER), AR 30% B EHIR, BT U ARIE 1.2% vy
UAEHR, TXRAX—HRIEI V- AOBHEREE AW, B R ER I EEE) )
DI —HEREOWME £, BRENSENT 52EE TH 5. 30% BT EHIFRIX
VX —EIE & BFRERBERELHIB L OO, FEDORERZRFMOBIEDHIRIZ
LR BIIVRNEEZLNDLOTH D, 1.2% B> 7 AEARIT, LEEMU FOSE
RANY T MMEREICT 2L T, BRECHMAZHT2bDTHD., FVva—ZDHH
BRI =XV F—BREZREDEICTHIZELEEZENLIZLDOTHD. ZNENDHENR,
R D BRI DO EEZ R OIUL, BICT 2RI R D AREENE 2 6D,

AS%IE, RO E TR L0 BMREOEWDAE U BRI OW TRE DA77
W, B, BRENRE, BOoFHRE Vo T B EOBI A EZ A THEZR D MmE 217> T
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WS ZER, KRHFEICIR T 2B EOREIEE O O DT X fu R IGF-1 #2130

WETHERBARDDIHRNVEEINCHONT, BETHILERDHD. BT, RIFED

ANNN

LA &I, REFHIERE D572 D RMEIC BV TOMEENE FRE~G 2 2 B OEN O
A, AREBIPR S M EE AR B E O 7o IR E DY A o9 L TR R ORI 2 TP

T 5 FEORR, HIERIEZ R S D EB AN D FHREIC OV TR &

N

TOZ &, BEEIZEK TS FAT OREREORBEAMRRT L Z LICAEMTE b0 L E
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VIE B LR

1. B

REMT v MBS FAT OIEERETT KT A@E DAL 7 AER - TR L —F
ROTPHHREROINCTHZ E2BE Lo, AFFERE 1 TIX, BEHT v MckIT5
FAT OIXEIREET VEVER L, BFFERE 2 TIE, 0T MIxIT D@0y 7 L8 -

TRNAX—FRDO TR EAT I

(22388 1] BB S v BT 5 FAT DIRERE TV OIER

WHZERVE 1-1. FEEHMES » b2k £ BREET I EHREICE 2 5B R OMHER

FHEHMET v MTBT D HREEEIMNEIREICEZ DROMREITo 1. T ORER,
KERETREZ S E 352 ARSI, Zhug, BB EERNC XV BRENRE
LMD LV RCERBEE LT 25LE20, FAT OIREBREETNVOERT 5720

DREILEIGIETH D Z LR S .

WHIEERRE 1-2. FEEWMET ~ b IZE1) D B S AES) F OB ETHIR 23 SR R IF B O

2
FEYMET v MR % BRAED FOREHIRSERECKITTEELRR L. &
Iz, AFEAEER) & REHIRANE I e KT TEROZBEERRe, B RA~DEEIZONT
LR TR 21T o7, T ORR, HIEED FORMHIRITEREZIKMEE 425 2 L
WO eole, £, =X —FAMEE, ETEAMRY, FEEERE BROM
B Al SR Z Le, ETREIRE, FEREREREIMERE THD Z L amkd D

R ThDH., SbiZ, AFREEED L REHHIROMAEDOEIIHEFTHMS v FOFITH LT
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BN ZA L, SEEGFIREME Y S FRESCERZIKMEE 30 Z WL NIIR

27z,

Lk, OFERE 1 L0, mrd sl 28 EBRME T THEmENEE L 725 FAT O
SREET VA, HIEEER L REHIREAWVTERT 22 R TELBZZIbND.

IHIT, ZOFAT OIERFBEET NV ERD T v ME, BIREIATIE (1) BEMIE
EE ATV, BRIV ERE, (2) REEORY, (3) =3 —fAatREz A7
LHHDOTHY, (4) MABEY, (5) =R burrpwaERd, (6) AL AREEZH
TOHLILNHERESND.

ARRE TR LTz LRLOFHEEZ b HOREH T v MBI % FAT OREHEEE T L2 Hv

T, WFZERYE 2 TIERBIZ L D USROG 21T o 72.

[FoeaREE 2] REHT v MCBIT 5 FAT ODIEBREETFAICHTAE I NS T AER -
TRVX—FREDTHEIRORE

TFJERRE 2-1. S EHT v I B FAT OUCEMIEE T KT 5 4 by 7 AERO

TR R OGS

AN LBEEHNT, BE#T v MBI D FAT OIRETREE T M3 5 @ L
U LERO TR ARG L. ZORRE, @l s MBI FAT OEEREET L
OEREAEE Lz, LinL, TOEMREITEES) T A mERO &S RERE X v (KH
iZofz. PLEORRMND, FAT OREIREETT VOB IRE A & L oy LEEUTRET

HHDOD, THHLRWZ ENRHLNIR-T-.

WFFEERE 2-2. BT v MBI S FAT OIREREET IVICHTLE2TRALE—FKEDT

BN AR D it
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Jna—Ax HHERSE =3 F—Hifa ke T, BEHT v MIkF 5 FAT
DIREREEET MK T D =R N F—FRO TR EHF Lz, ZORE, =¥ —
FERIT FAT OIEREREET NV OFRELZEMEE Lz, LavL, ZOBIREITEES T H H
BAROEFHBEREL VIRIEZ 572, LLEORERNS, FAT OEHETT L OKEHE
BT —FRITEBT D00, FHLRNZ ERHLMNIR-72. —F T, FAT O
KB R T NV O R VF—HEE, WERRY, KEEE, KFEF= L%

I T LT,

WFZEaiE 2-3. BREHIT v MicEB 5 FAT OIREEEET VKT 2 mA L U LB -

IV —FERPHH D F B R D IRES

FAT OARE FREET /M T D@/ 7 SRR =320 F—FER O O TR R O
NalToTe. ZTORR, @AM Y LER - =R F =T ROFIE FAT ORE REE T L
OERELEEE L, EES A HREEOREBERE L AERETRO bR hol,
LLEDFERD G, FAT OIRE T T /L OMRE BE 2 & h V3 v L8R - =R LF—F R

OERIZ PRI 2 2 LB L NI o7,

2. f&m

REMZ ~ MBI 5 FAT ORETREET VOB TRE Z &AL v U MEREM, =X
NFX—FREHEMIBEE T 20D, THLRNZ ERHLMNIR-72. &5IZ, FAT OfX
HIREE T LV OREREZ & L2 T LRI - 23X —FRROFIT TP 2 2 LB

AN NVASY
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EIfSE

Kz 2 2o 72v, WLATHERER X ORBERERICOZ ) KB Y) TSR TR %
W0 £ UTZRR B SEHERIR T LIRS BB L 197, £z, ZTHitoth, FEaols=id
THWZ RREAR, (ERFEEAR, FIHEBEERICITRER RS L ZTHE2HY =
Uiz, SEAETICIRSEGSR L ET. 2 LT, AR LEET IS &L ZHHzTHN
FRAATZEERE R, D &2 XA TTFE o FKE, KANTHERS BILH L LT £

%I, RO ERST TN TORBREWIIK L, ROEH & BHEOFTZERLET.

138



BEICHR

Ackerman KE, Misra M. 2011. Bone health and the female athlete triad in adolescent

athletes. Phys Sportsmed. 39(1):131-141.

Ahles CP, Singh H, Joo W, Lee Y, Lee LC, Colazas W, Pierce RA, Prakash A, Jaque SV,
Sumida KD. 2013. High volumes of resistance exercise are not required for greater bone

mineral density during growth. Med Sci Sports Exerc. 45(1):36-42.

Ammann P, Rizzoli R. 2003. Bone strength and its determinants. Osteoporos Int. 14

(Suppl 3):S13-S18.

Anantharaman-Barr HG, Decombaz J. 1989. The effect of wheel running and the

estrous cycle on energy expenditure in female rats. Physiol Behav. 46(2):259-263.

Barrack MT, Rauh MdJ, Nichols JF. 2008. Prevalence of and traits associated with low

BMD among female adolescent runners. Med Sci Sports Exerc. 40(12):2015-2021.

Barrack MT, Van Loan MD, Rauh MdJ, Nichols JF. 2010. Physiologic and behavioral
indicators of energy deficiency in female adolescent runners with elevated bone

turnover. Am J Clin Nutr. 92(3):652-659.

Barrack MT, Van Loan MD, Rauh MdJ, Nichols JF. 2011. Body mass, training, menses,

139



and bone in adolescent runners: a 3-year followup. Med Sci Sports Exerc. 43(6):959-966.

Barrack MT, Ackerman KE, Gibbs JC. 2013. Update on the female athlete triad. Curr

Rev Musculoskelet Med. 6(2):195-204.

Bass EF, Baile CA, Lewis RD, Giraudo SQ. 2013. Bone quality and strength are greater

in growing male rats fed fructose compared with glucose. Nutr Res. 33(12):1063-1071.

Benhamou CL. 2007. Effects of osteoporosis medications on bone quality. Joint Bone

Spine. 74(1):39-417.

Bennell KL, Malcolm SA, Khan KM, Thomas SA, Reid SJ, Brukner PD, Ebeling PR,
Wark JD. 1997. Bone mass and bone turnover in power athletes, endurance athletes,

and controls: a 12-month longitudinal study. Bone. 20(5):477-484.

Bielohuby M, Matsuura M, Herbach N, Kienzle E, Slawik M, Hoeflich A, Bidlingmaier
M. 2010. Short-term exposure to low-carbohydrate, high-fat diets induces low bone

mineral density and reduces bone formation in rats. J Bone Miner Res. 25(2):275-284.

Borer KT. 2005. Physical activity in the prevention and amelioration of osteoporosis in
women : interaction of mechanical, hormonal and dietary factors. Sports Med.

35(9):779-830.

Brahm H, Str6m H, Piehl-Aulin K, Mallmin H, Ljunghall S. 1997. Bone metabolism in

140



endurance trained athletes: a comparison to population-based controls based on DXA,
SXA, quantitative ultrasound, and biochemical markers. Calcif Tissue Int.

61(6):448-454.

Breen KM, Davis TL, Doro LC, Nett TM, Oakley AE, Padmanabhan V, Rispoli LA,
Wagenmaker ER, Karsch FJ. 2008. Insight into the neuroendocrine site and cellular
mechanism by which cortisol suppresses pituitary responsiveness to

gonadotropin-releasing hormone. Endocrinology. 149(2):767-773.

Cashman KD, Flynn A. 1996. Effect of dietary calcium intake and meal calcium content

on calcium absorption in the rat. Br J Nutr. 76(3):463-470.

Cashman KD. 2007. Diet, nutrition, and bone health. J Nutr.

137(11 Suppl):S2507-S2512.

Celi M, Rao C, Scialdoni A, Tempesta V, Gasbarra E, Pistillo P, Tarantino U. 2013. Bone
mineral density evaluation in osteoporosis: why yes and why not? Aging Clin Exp Res.

25 (Suppl 1):S47-S49.

Chen H, Hayakawa D, Emura S, Ozawa Y, Okumura T, Shoumura S. 2002. Effect of low
or high dietary calcium on the morphology of the rat femur. Histol Histopathol.

17(4):1129-1135.

Cifuentes M, Morano AB, Chowdhury HA, Shapses SA. 2002. Energy restriction

141



reduces fractional calcium absorption in mature obese and lean rats. J Nutr.

132(9):2660-2666.

Clarke B. 2008. Normal bone anatomy and physiology. Clin J Am Soc Nephrol. 3 (Suppl

3):S131-S139.

Coelho GM, Gomes Al, Ribeiro BG, Soares Ede A. 2014. Prevention of eating disorders

in female athletes. J Sports Med. 12(5):105-113.

Compston JE. 2001. Sex steroids and bone. Physiol Rev. 81(1):419-447.

Creedon A, Cashman KD. 2001. The effect of calcium intake on bone composition and

bone resorption in the young growing rat. Br J Nutr. 86(4):453-459.

Cumming DC. 1996. Exercise-associated amenorrhea, low bone density, and estrogen

replacement therapy. Arch. Intern. Med. 156(19):2193-2195.

Davies JH, Evans BA, Gregory JW. 2005. Bone mass acquisition in healthy children.

Arch Dis Child. 90(4):373-378.

De Souza MdJ, Arce JC, Pescatello LS, Scherzer HS, Luciano AA. 1994. Gonadal
hormones and semen quality in male runners. A volume threshold effect of endurance

training. Int J Sports Med. 15(7):383-391.

142



De Moss DL, Wright GL. 1998. Sex and strain differences in whole skeletal development

in the rat. Calcif Tissue Int. 62(2):153-157.

De Souza MdJ, Nattiv A, Joy E, Misra M, Williams NI, Mallinson RdJ, Gibbs JC, Olmsted
M, Goolsby M, Matheson G; Expert Panel. 2014. Female Athlete Triad Coalition
Consensus Statement on Treatment and Return to Play of the Female Athlete Triad: 1st
International Conference held in San Francisco, California, May 2012 and 2nd
International Conference held in Indianapolis, Indiana, May 2013. Br J Sports Med.

48(4):289.

Dibba B, Prentice A, Ceesay M, Stirling DM, Cole TdJ, Poskitt EM. 2000. Effect of
calcium supplementation on bone mineral accretion in gambian children accustomed to

a low-calcium diet. Am J Clin Nutr. 71(2):544-549.

Dimarco NM, Dart L., Sanborn CB. 2007. Modified activitystress paradigm in an animal

model of the female athlete triad. J Appl Physiol 103(5):1469-1478.

Drinkwater BL, Bruemner B, Chesnut CH 3rd. 1990. Menstrual history as a

determinant of current bone density in young athletes. JAMA. 263(4):545-548.

Duncan CS, Blimkie CdJ, Cowell CT, Burke ST, Briody JN, Howman-Giles R. 2002. Bone

mineral density in adolescent female athletes: relationship to exercise type and muscle

strength. Med Sci Sports Exerc. 34(2):286-294.

143



Duclos M, Gatti C, Bessiére B, Mormeéde P. 2009. Tonic and phasic effects of
corticosterone on food restriction-induced hyperactivity in rats.

Psychoneuroendocrinology. 34(3):436-445.

Erben RG, Brunner KS, Breig B. 2004. Long-term sensitivity of uterus and
hypothalamus/pituitary axis to 17 beta-estradiol is higher than that of bone in rats. J

Bone Miner Res. 19(11):1827-1832.

Ezawa I, Okada R, Nozaki Y, Ogata E. 1979. Breaking-properties and ash contents of
the femur of growing rat fed a low calcium diet. Nippon Eiyo Shokuryo Gakkaishi. J Jpn

Soc Food Nutr. 32(5):329-335.

Fogelholm M. 1994. Effects of bodyweight reduction on sports performance. Sports Med.

18(4):249-267.

Gala J, Diaz-Curiel M, de la Piedra C, Calero J. 2001. Short- and long-term effects of
calcium and exercise on bone mineral density in ovariectomized rats. Br J Nutr.

86(4):521-527.

Golden NH, Abrams SA; Committee on Nutrition. 2014. Optimizing bone health in

children and adolescents. Pediatrics. 134(4):e1229-e1243.

Greene DA, Naughton GA, Briody JN, Kemp A, Woodhead H, Corrigan L. 2005. Bone

strength index in adolescent girls: does physical activity make a difference? Br J Sports

144



Med. 39(9):622-627.

Gutierrez E. 2013. A rat in the labyrinth of anorexia nervosa: contributions of the
activity-based anorexia rodent model to the understanding of anorexia nervosa. Int J

Eat Disord. 46(4):289-301.

Hadjidakis DdJ, Androulakis II. 2006. Bone remodeling. Ann N'Y Acad Sci.

1092:385-396.

Hartman D, Crisp A, Rooney B, Rackow C, Atkinson R, Patel S. 2000. Bone density of

women who have recovered from anorexia nervosa. Int J Eat Disord. 28(1):107-112.

Hattori S, Park JH, Agata U, Akimoto T, Oda M, Higano M, Aikawa Y, Nabekura Y,
Yamato H, Ezawa I, Omi N. 2013. Influence of food restriction combined with voluntary

running on bone morphology and strength in male rats. Calcif Tissue Int. 93(6):540-548.

Hattori S, Park JH, Agata U, Oda M, Higano M, Aikawa Y, Akimoto T, Nabekura Y,
Yamato H, Ezawa I, Omi N. 2014. Food restriction causes low bone strength and
microarchitectural deterioration in exercised growing male rats. J Nutr Sci Vitaminol

(Tokyo). 60(1):35-42.

Hawkins J, Cifuentes M, Pleshko NL, Ambia-Sobhan H, Shapses SA. 2010. Energy
restriction is associated with lower bone mineral density of the tibia and femur in lean

but not obese female rats. J Nutr. 140(1):31-37.

145



Hebebrand J, Exner C, Hebebrand K, Holtkamp C, Casper RC, Remschmidt H,
Herpertz-Dahlmann B, Klingenspor M. 2003. Hyperactivity in patients with anorexia
nervosa and in semistarved rats: evidence for a pivotal role of hypoleptinemia. Physiol

Behav. 79(1):25-37.

Heinonen A, Sievianen H, Kannus P, Oja P, Pasanen M, Vuori I. 2000. High-impact
exercise and bones of growing girls: a 9-month controlled trial. Osteoporos Int.

11(12):1010-1017.

Hoch AZ, Pajewski NM, Moraski L, Carrera GF, Wilson CR, Hoffmann RG, Schimke JE,
Gutterman DD. 2009. Prevalence of the female athlete triad in high school athletes and

sedentary students. Clin J Sport Med. 19(5):421-428.

Holy X, Zérath E. 2000. Bone mass increases in less than 4 wk of voluntary exercising in

growing rats. Med Sci Sports Exerc. 32(9):1562-1569.

Huang NE, Shen Zheng, Long SR, Wu MC, Shih HH, Zheng Q, Yen NC, Tung CC, Liu
HH. 1998. The empirical mode decomposition and the Hilbert spectrum for nonlinear

and non-stationary time series analysis. Proc R Soc Lond A. 454(1971):903-995.

Hunt JR, Hunt CD, Zito CA, Idso JP, Johnson LK. 2008. Calcium requirements of
growing rats based on bone mass, structure, or biomechanical strength are similar. J

Nutr. 138(8):1462-1468.

146



Ihle R, Loucks AB. 2004. Dose-response relationships between energy availability and

bone turnover in young exercising women. J Bone Miner Res. 19(8):1231-1240.

Iwamoto J, Shimamura C, Takeda T, Abe H, Ichimura S, Sato Y, Toyama Y. 2004. Effects
of treadmill exercise on bone mass, bone metabolism, and calciotropic hormones in

young growing rats. J Bone Miner Metab. 22(1):26-31.

Iwasaki Y, Kazama JdJ, Yamato H, Fukagawa M. 2011. Changes in chemical composition
of cortical bone associated with bone fragility in rat model with chronic kidney disease.

Bone. 48(6):1260-1267.

Joshi RN, Safadi FF, Barbe MF, Del Carpio-Cano F, Popoff SN, Yingling VR. 2011.
Different effects on bone strength and cell differentiation in pre pubertal caloric

restriction versus hypothalamic suppression. Bone. 49(4):810-818.

Kaastad TS, Reikeras O, Halvorsen V, Falch JA, Obrant KJ, Nordsletten L. 2001.
Vitamin D deficiency and ovariectomy reduced the strength of the femoral neck in rats.

Calcif Tissue Int. 69(2):102-108.

Kaga M, Takahashi K, Ishihara T, Suzuki H, Tanaka H, Seino Y, Makino H. 2004. Bone

assessment of female long-distance runners. J Bone Miner Metab. 22(5):509-513.

Kalu DN. 1991. The ovariectomized rat model of postmenopausal bone loss. Bone Miner.

147



15(3):175-191.

Kanis JA. 1994. Assessment of fracture risk and its application to screening for
postmenopausal osteoporosis: synopsis of a WHO report. WHO Study Group.

Osteoporos Int. 4(6):368-381.

Klein-Nulend J, Bacabac RG, Bakker AD. 2012. Mechanical loading and how it affects
bone cells: the role of the osteocyte cytoskeleton in maintaining our skeleton. Eur Cell

Mater. 24:278-291.

Kluge M, Schiissler P, Uhr M, Yassouridis A, Steiger A. 2007. Ghrelin suppresses

secretion of luteinizing hormone in humans. J Clin Endocrinol Metab. 92(8):3202-3205.

Lappe JM, Watson P, Gilsanz V, Hangartner T, Kalkwarf HJ, Oberfield S, Shepherd J,
Winer KK, Zemel B. 2015. The longitudinal effects of physical activity and dietary
calcium on bone mass accrual across stages of pubertal development. J Bone Miner Res.

30(1):156-164.

Lauder TD, Dixit S, Pezzin LE, Williams MV, Campbell CS, Davis GD. 2000. The
relation between stress fractures and bone mineral density: evidence from active-duty

Army women. Arch Phys Med Rehabil. 81(1):73-79.

Loucks AB, Thuma JR. 2003. Luteinizing hormone pulsatility is disrupted at a

threshold of energy availability in regularly menstruating women. J Clin Endocrinol

148



Metab. 88(1):297-311.

Loucks AB, Kiens B, Wright HH. 2011. Energy availability in athletes. J Sports Sci.

29(Suppl 1):87-S15.

Mackey DC, Lui LY, Cawthon PM, Bauer DC, Nevitt MC, Cauley JA, Hillier TA, Lewis
CE, Barrett-Connor E, Cummings SR; Study of Osteoporotic Fractures (SOF) and
Osteoporotic Fractures in Men Study (MrOS) Research Groups. 2007. High-trauma

fractures and low bone mineral density in older women and men. JAMA.

298(20):2381-2388.

Maimoun L, Georgopoulos NA, Sultan C. 2014. Endocrine disorders in adolescent and
young female athletes: impact on growth, menstrual cycles, and bone mass acquisition.

J Clin Endocrinol Metab. 99(11):4037-4050.

Manore MM. 2002. Dietary recommendations and athletic menstrual dysfunction.

Sports Med. 32(14):887-901.

Mardon J, Trzeciakiewicz A, Habauzit V, Davicco Md, Lebecque P, Mercier S, Tressol JC,
Horcajada MN, Demigne” C, Coxam V. 2009. Dietary protein supplementation increases
peak bone massacquisition in energy-restricted growing rats. Pediatr Res.

66(5):513-518.

Martin B, Pearson M, Kebejian L, Golden E, Keselman A, Bender M, Carlson O, Egan J,

149



Ladenheim B, Cadet JL, Becker KG, Wood W, Duffy K, Vinayakumar P, Maudsley S,
Mattson MP. 2007. Sex-dependent metabolic, neuroendocrine, and cognitive responses

to dietary energy restriction and excess. Endocrinology. 148(9):4318-4333.

McVeigh J, Kingsley S, Gray D, Loram LC. 2010. Swimming enhances bone mass

acquisition in growing female rats. J Sports Sci Med. 9(4):612-619.

Meyer F, O’'Connor H, Shirreffs SM; International Association of Athletics Federations.

2007. Nutrition for the young athlete. J Sports Sci. 25(Suppl 1):S73-S82.

Misra M, Miller KK, Bjornson J, Hackman A, Aggarwal A, Chung J, Ott M, Herzog DB,
Johnson ML, Klibanski A. 2003. Alterations in growth hormone secretory dynamics in
adolescent girls with anorexia nervosa and effects on bone metabolism. J Clin

Endocrinol Metab. 88(12):5615-5623.

Misra M, Aggarwal A, Miller KK, Almazan C, Worley M, Soyka LA, Herzog DB,
Klibanski A. 2004. Effects of anorexia nervosa on clinical, hematologic, biochemical, and
bone density parameters in community-dwelling adolescent girls. Pediatrics.

114(6):1574-1583.

Misra M, Miller KK, Kuo K, Griffin K, Stewart V, Hunter E, Herzog DB, Klibanski A.

2005. Secretory dynamics of ghrelin in adolescent girls with anorexia nervosa and

healthy adolescents. Am J Physiol Endocrinol Metab. 289(2):E347-E356.

150



Misra M. 2014. Neuroendocrine mechanisms in athletes. Handb Clin Neurol.

124:373-386.

Morris MD, Mandair GS. 2011. Raman assessment of bone quality. Clin Orthop Relat

Res. 469(8):2160-2169.

Nattiv A, Loucks AB, Manore MM, Sanborn CF, Sundgot-Borgen J, Warren MP;
American College of Sports Medicine. 2007. American College of Sports Medicine

position stand. The female athlete triad. Med Sci Sports Exerc. 39(10):1867-1882.

Newhall KM, Rodnick KdJ, van der Meulen MC, Carter DR, Marcus R. 1991. Effects of

voluntary exercise on bone mineral content in rats. J Bone Miner Res. 6(3):289-296.

Nichols JF, Rauh MdJ, Lawson Md, Ji M, Barkai HS. 2006. Prevalence of the female
athlete triad syndrome among high school athletes. Arch Pediatr Adolesc Med.

160(2):137-142.

Nichols DL, Sanborn CF, Essery EV. 2007. Bone density and young athletic women. An

update. Sports Med. 37(11):1001-1014.

Nieves JW, Melsop K, Curtis M, Kelsey JL, Bachrach LK, Greendale G, Sowers MF,
Sainani KL. 2010. Nutritional factors that influence change in bone density and stress

fracture risk among young female cross-country runners. PM R. 2(8):740-750.

151



Nilsson O, Marino R, De Luca F, Phillip M, Baron J. 2005. Endocrine regulation of the

growth plate. Horm Res. 64(4):157-165.

Norazlina M, Chua CW, Ima-Nirwana S. 2004. Vitamin E deficiency reduced lumbar

bone calcium content in female rats. Med J Malaysia. 59(5):623-630.

Nowson CA, Green RM, Hopper JL, Sherwin Ad, Young D, Kaymakeci B, Guest CS, Smid
M, Larkins RG, Wark JD. 1997. A co-twin study of the effect of calcium supplementation

on bone density during adolescence. Osteoporos Int. 7(3):219-225.

Omi N, Morikawa N, Ezawa 1. 1994a. The effect of voluntary exercise on bone mineral
density and skeletal muscles in the rat model at ovariectomized and sham stages. Bone

Miner. 24(3):211-222.

Omi N, Goseki M, Oida S, Sasaki S, Ezawa 1. 1994b. The nutritional evaluation of
globin on maintenance of bone metabolism in ovariectomized osteoporotic rats. J Nutr

Sci Vitaminol (Tokyo). 40(5):443-457.

Omi N, Nakamura T, Ezawa 1. 1998. Modulation of bone mass and turnover in growing
rats by voluntary weight-bearing exercise and glucose supplementation. J Nutr Sci

Vitaminol (Tokyo). 44(3):409-421.

Otis CL, Drinkwater B, Johnson M, Loucks A, Wilmore J. 1997. American College of

Sports Medicine Position Stand: The female athlete triad. Med Sci Sports Exerc.

152



29(5):i-ix.

Pando R, Masarwi M, Shtaif B, Idelevich A, Monsonego-Ornan E, Shahar R, Phillip M,
Gat-Yablonski G. 2014. Bone quality is affected by food restriction and by

nutrition-induced catch-up growth. J Endocrinol. 223(3):227-239.

Park JH, Omi N, Nosaka T, Kitajima A, Ezawa 1. 2008. Estrogen deficiency and
low-calcium diet increased bone loss and urinary calcium excretion but did not alter

arterial stiffness in young female rats. J Bone Miner Metab. 26(3):218-225.

Persson P, Gagnemo-Persson R, Hakanson R. 1993. The effect of high or low dietary
calcium on bone and calcium homeostasis in young male rats. Calcif Tissue Int.

52(6):460-464.

Pollock N, Grogan C, Perry M, Pedlar C, Cooke K, Morrissey D, Dimitriou L. 2010.
Bone-mineral density and other features of the female athlete triad in elite endurance
runners: a longitudinal and cross-sectional observational study. Int J Sport Nutr Exerc

Metab. 20(5):418-426.

Prentice A, Ginty F, Stear Sd, Jones SC, Laskey MA, Cole TdJ. 2005. Calcium
supplementation increases stature and bone mineral mass of 16- to 18-year-old boys. J

Clin Endocrinol Metab. 90(6):3153-3161.

Rauch F. 2005. Bone growth in length and width: the Yin and Yang of bone stability.

153



J Musculoskelet Neuronal Interact. 5(3):194-201.

Rickenlund A, Thorén M, Carlstrom K, von Schoultz B, Hirschberg AL. 2004. Diurnal
profiles of testosterone and pituitary hormones suggest different mechanisms for

menstrual disturbances in endurance athletes. J Clin Endocrinol Metab. 89(2):702-707.

Rochira V, Kara E, Carani C. 2015. The endocrine role of estrogens on human male

skeleton. Int J Endocrinol. 2015:165215.

Routtenberg A, Kuznesof AW. 1967. Self-starvation of rats living in activity wheels on a

restricted feeding schedule. J Comp Physiol Psychol. 64(3):414-421.

Rude RK, Gruber HE, Norton HJ, Wei LY, Frausto A, Kilburn J. 2006. Reduction of
dietary magnesium by only 50% in the rat disrupts bone and mineral metabolism.

Osteoporos Int. 17(7):1022-1032.

Sengupta P. 2013. The Laboratory Rat: Relating Its Age With Human's. Int J Prev Med.

4(6):624-630.

Shah BG, Trick KD, Belonje B. 1990. Effects of dietary calcium on the metabolism of

trace elements in male and female rats. J Nutr Biochem. 1(11):585-591.

Shiga K, Hara H, Okano G, Ito M, Minami A, Tomita F. 2003. Ingestion of difructose

anhydride III and voluntary running exercise independently increase femoral and tibial

154



bone mineral density and bone strength with increasing calcium absorption in rats. J

Nutr. 133(12):4207-4211.

Siddiqui JA, Partridge NC. 2016. Physiological Bone Remodeling: Systemic Regulation

and Growth Factor Involvement. Physiology (Bethesda). 31(3):233-245.

Soyka LA, Misra M, Frenchman A, Miller KK, Grinspoon S, Schoenfeld DA, Klibanski A.
2002. Abnormal bone mineral accrual in adolescent girls with anorexia nervos. J Clin

Endocrinol Metab. 87(9):4177-4185.

Stear Sd, Prentice A, Jones SC, Cole TdJ. 2003. Effect of a calcium and exercise
intervention on the bone mineral status of 16-18-y-old adolescent girls. Am J Clin Nutr.

77(4):985-992.

Suda T, DeLluca HF, Tanaka Y. 1970. Biological activity of 25-hydroxyergocalciferol in

rats. J Nutr. 100(9):1049-1052.

Swift SN, Baek K, Swift JM, Bloomfield SA. 2012. Restriction of dietary energy intake
has a greater impact on bone integrity than does restriction of calcium in exercising

female rats. J Nutr 142(6):1038-1045.

Takeda S, Kobayashi Y, Park JH, Ezawa I, Omi N. 2012. Effect of different intake levels
of dietary protein and physical exercise on bone mineral density and bone strength in

growing male rats. J Nutr Sci Vitaminol (Tokyo). 58(4):240-246.

155



Talbott SM, Rothkopf MM, Shapses SA. 1998. Dietary restriction of energy and calcium
alters bone turnover and density in younger and older female rats. J Nutr.

128(3):640-645.

Talbott SM, Cifuentes M, Dunn MG, Shapses SA. 2001. Energy restriction reduces bone

density and biomechanical properties in aged female rats. J Nutr. 131(9):2382-2387.

Tenforde AS, Sayres LLC, Sainani KL, Fredericson M. 2010. Evaluating the relationship
of calcium and vitamin D in the prevention of stress fracture injuries in the young

athlete: a review of the literature. PM R. 2(10):945-949.

Torstveit MK, Sundgot-Borgen J. 2005. The female athlete triad exists in both elite

athletes and controls. Med Sci Sports Exerc. 37(9):1449-1459.

Viguet-Carrin S, Hoppler M, Membrez Scalfo F, Vuichoud J,Vigo M, Offord EA,
Ammann P. 2014. Peak bone strength is influenced by calcium intake in growing rats.

Bone. 68:85-91.

Wang G. 1923. The relation between “spontaneous” activity and oestrous cycle in the

white rat. Comp Psychol Monogr. 2:1-27.

Warren MP, Brooks-Gunn J, Fox RP, Holderness CC, Hyle EP, Hamilton WG, Hamilton

L. 2003. Persistent osteopenia in ballet dancers with amenorrhea and delayed

156



menarche despite hormone therapy: a longitudinal study. Fertil Steril. 80(2):398-404.

Weaver CM. 2002. Adolescence: the period of dramatic bone growth. Endocrine.

17(1):43-48.

Welch JM, Turner CH, Devareddy L, Arjmandi BH, Weaver CM. 2008. High impact
exercise is more beneficial than dietary calcium for building bone strength in the

growing rat skeleton. Bone. 42(4):660-668.

Welt CK, Chan JL, Bullen J, Murphy R, Smith P, DePaoli AM, Karalis A, Mantzoros CS.
2004. Recombinant human leptin in women with hypothalamic amenorrhea. N Engl J

Med. 351(10):987-997.

Willems NM, Langenbach GE, Everts V, Zentner A. 2014. The microstructural and

biomechanical development of the condylar bone: a review. Eur J Orthod. 36(4):479-485.

Yanaka K, Higuchi M, Ishimi Y. 2012. Effect of long-term voluntary exercise and energy

restriction on bone mineral density in mature female rats. J Phys Fitness Sports Med.

1(4):695-702.

Zanker CL, Swaine IL. 1998. Relation between bone turnover, oestradiol, and energy

balance in women distance runners. Br J Sports Med. 32(2):167-171.

157



