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Bone adaptation 10 exbaustive endurance running training
in young and adult rats
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Abstract. The purpose of (his study was to mvestigate the influence of the exhavstive rumning training for 9
weeks on the adaptation of the bome minesal, and structural and mechanical properties of the tibial mid-
diaphysial in young and adult rats. Female Wistar [mamichi sirain 4-week {Young) and 10-week old {Aduli)
were divided into training (T) and conirel {C) group, respectively. The running training was conducted on a
treadmill witl gradual increasing speed and slope wntil exhaustion, Peripheral quantitative computed
tomography (pQCT} was nsed (0 examine the changes in bone mineral content (BMC) and volumetric bone
mineral density (vBMD) in corlical area. Dynamic stiffess and tan 0 were measured with a viscoelastic
spectrometer, and a three-point bending test was performed with an Instron-1ype universal testing machine, We
also cut cross-seclional seclions from the mid-shaft and evaluated morphometrical properties, By strenuous
exercise training, corlical mid-shaft was markedly hypertrophied and BMC increased, whereas BMD
was only increased in both age groups. In dynamic mechanical test, dynamic stiffness was significant
decreased and loss tangent (tan ¢ ) significant increased in Y-T, whereas in A-T, both parameters was
significant enhanced. In Y-T, ultimate load, ultimate deformation and stored energy were improved,
while static stiffness was slightly decreased. In Adult rats, although exercise enhanced fracture load
and stored energy, ultimate deformation and static stiffness did not change. These results suggest that
although the exhaustive endurance training, what is relatively same intensity for Young and Adult rats,
produced hypertrophy of tibial cortical area in both immature and mature, immature bone change into

a more compliant material, whereas maure bone is excellent in viscoelasticity and stiff.
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CENABEEOQ -DCEEERMAETo SN, ThRFECEEEFICREYT S, il
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R L (EEE, 1998), O ETFNEANS LN T, ALWGRA
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D EBBERCANDHENS S,

FrTERMETH, P YWENENSROBHRBREOENIDLEAE ST,
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2. 1 HaEM

LT IE, Wistar-Imamichi BHETw b, 3EE (Young Bf) LU0 EE (Adult #)
£ 16 LT 2A LR, 1EMoFHEAEE, Fhefhhl—ory ey oL
2, B4 (Young-trained : Y-T, Young—conirol :Y-C, Adult-trained : A-T,
Adult-control @ A=CY m4r i, il Young B LwF Adult osEld, B4 OEfTHE
DFEHR (Fukuda et al., 1998), TabhE3y FOMEEZHAEPHEESFTHRHLESS,
giAMEETEL WML, FOBTI RN F-FIZHETNTIT ok,
2. 2 bl—z2¥F

b L—m A (YT, AT LT h Ly BE) (EHMERR, KN-73) 250,
ERlL—oFESE/H CFRT, 8, 5 B, BMfThEi. Ry o 2 BTG
EFHEE LT, oA AY—RE 0m/min 5 30m/min 2, £33 22 U
# 010 4 s 60 ACEIENIME LE. 3GEBEAPER, 255 0 1 0 R E (i O il 8T
e ks b= a=)bEERL, ThICRETE exhaustion Winjz A ETE
FadiE, Thbb, RESEHRICWEDETORE GEFHEE, #/F, S&FTORRRR)
i YT HBET AT #LbRA—THD, BREFTOREMMOIEEKIIL o TRED K
Bl L, Bl AF— kFBEXU exhaustion BAOETREERLEDOTH D,
exhaustion QY| ErEME, ESHMICRB LR oA, &5 WIEESEEIT S
T AN A ET AR o el R s L. B, 22 o=V, =T O
HoAELE,

2. 3 ¥

MFDTA oS FARERED DI, BREE2FA—EHMIBLEZLENSD. TOD
Feily, SEEABHLE TIEBMSMA AT ICTIERM 2L, TTHEMHCERLEZ, L)
=T, BRI AMICEEN o, &M, FEEMOREII, =275 — LRk & lE e 5
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LTRBEIEIE, MEEEBL IR, Table 1. Feotoool af exhaoative munning training,

b7 AR, MR, mifoEE, A Starting  Final
BRUMMOERFHELE, BT A condition  condition
fili, WHeREfi, L=EBIUEIEE, ES 15t and Znd speed {m/min} 10.0 ana

A o I, ek i IS i (s = A e ez week’ ephill shope {degrec) a0 .0
WEEREAFELL, EFEES R

sl -+ — - Srd week specd {mfmin} 3.0 45.0
WL, B 70% Ty /=i uphill slape {degrec} 5.0 7.3
2L 40T, EME-SOCTERE coumiy 350 s
. . _ e o s pe 1 wee spoc min 33 3.
Mo ETHEEFEL L. MFELLFICS upiilt slope (degree) 0.0 7.5

Bithagh A pfos R R R i
wE‘fﬁ.l J}fan é: T HGTJ [ :/?-1'"\] L,:f:_; Gth week EPCL'-d. |:[El.'r]TliIl:| 373 475
2. 04 SFEHBLUEE uphill slope (degree) 0.4 1.5
Z. 4. 1 MiF ITA-ZAPMFIA 6th week spoed (/min) 40,0 475
e uphill slepe {legree) A0 7.3

£
MmFLIFE-T A FSad— )R, Tth week speed {m/min} 42.5 47.5
uphill slope {depree) .0 1.5
ElA ¥ Iz & % FEslradicl Enzyine

; Bih K d {m/mi 42.5 30.0
Immuncassay Kit (Cayman wee uphill ?ﬁe E:;L ;:23 50 :%f.s

‘mical )T EHELE.
Chemical #I)TEME LA Bih week speed (mimin) 42.3 50.0
2. 4. 2 @EHE uphill slope (degree) 5.4 75

HLESHESER N BEE
ORI, Peripheral QUANLHALVE et fom lonain & dmintotes ol mins —
Computed Tomograply (pQCT ;
J =5 FEE, Stratec XCT-960) #=F i, T3, rolate-translate 5@ CT
xRN RETEERENFERECHD, IRTCORENARETEL2ED, FHFHEOLI R
FLNEYA ZoBhilFEhsERich T2 FEEOFMERMEEETHS. 70%
TH = THEENESy MEHER Y T - R —RICEEFRN— IR s X3
mlEEEEE L, A%y L, AEEArR, S 1/2 #iir e L, Mk EEmEE, &
#HE (bone mineral content : BMC) B XUVEEE (volumetric bone mineral density :
vBMD) @5 —# &%,
2. 4. 3 fHESeRYREEE

EEENER, BB L/2 U3/ NNFTEAFRAF ) L—bTEl L, N2R
Yo— (MRS, BS-3000) BLUT 5o & &M WTH 50w I B0 5 2
WA fER L=, FO%, LEEMGTERL, BE{EMITELE R WT, FEAEH, B
JREEE E UPE A (FEAEME - SEIEEE 2fR0L, BHHEFEE R
iz aEFEHAEMOEE) 2REHLE,
2. 4. 4 HEEM

B L &R L, BAREEOfER, Blomechanical spectrometer (A
VL odw ekl 2B, A28 18mm ORESICIEEEEE LicLTEERS, &
B0 1/2 S lROETE2 YT, =T EICHEER 160g A LA, KiZ, RIE 60
ORI A 36H TAWRL, TOROEMEEIWEREZNELE, ThbhE, HE

F=Fo+Fi1sinwt
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J1mim)
13, ¥, Dvnamic sliffness REEE, tan § K

1

Diynamic force

Dynamis defonmation

(35Hz), ¢idTHET
dhZ,

R R BT, =R
e (B 2) ®iEB
L, 12AFO2%A
TOTEREEEH L
=, ThEYE BT H Wt
M & R fE OIS T
EEL, y0A~wy K

Fo, Do

Drynamic siilfiess = Fa/D1 (KN}

Fig. 1. Definition of dynamic stiffness and phase-lag in dynamic
mechanical test.

e : angular frequency, o : phase lag

FHeEE 1.0mm/ min Itk O BinfENETaETowMELE, WEOKEZED— FEIL

EMLT, ALLT T 7 THIEE

(N) ~%TEERMR & D, FRIR BB &

deformation) &R,

75 2 (static stiffness @ #REY # ERI%E @ f8
Yy 2EHLE, ERHRETOERBI RN
F—ft (stored energy) &ERDHE.

AL —F—-iridk L (23, BRENEWE
(fracture loacd; 3£ OUEIEFEZIEE (ultimate
=5 E A R TR TS DS L DB AT

Lead (M)

c

14

Deformatian{mm)

-

Fig. 3. Load-deformation curve in three-point

Fig. 2. Three-point bending test set-up.

bending est,
A = maximum Joad (N), B = stoged energy {10,
C = deformation at maximurm load {nm)
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2. 6  BRERLIY
FlL—C R BEINERECENICIABNEIT RN, B OSSR T

o7z, Bl FEEHEBTO LD ¥R eRaTH5E0II, CHEIUG T HET ¢ T
wfro k.
3 %i AP (wlis)

, A% W 1L 12 83 14 15 6 L7 L& ARNLT
4.1 exhaustion B5EE A 4 0§ & T W ¥ 10 11 [2 13 YOUNG

FHi - HEEdDERZ1IHBEEDD
EHETREEE, Y-T #7R (RE
172.7 4, e 230.9 &) THD, A-
T #TR (ER 1674 4, @m 222.6
i) Thade. YT Bh AT #E &L
L7 EEEm i & AT, TR -
MEMEMAEERED o ah o iz,
3. 2 (fE

B 4 iz, ERBEPOEROELE
L, Young BT, TR, CH ' Weaks
CHIHFL < JEEI.'H L. BN &8 L Fig. 4. Body weight doring the sxperimental period.
T ERES s Nah =, — # 1 p<0.05 vs age-matched trained group.

77, Adult i#TFi Young ¥ &LEBL

TEehimaErL, SEETHACELWTE THEN CHELBLTHEICE#EERL
Fe. ZOZEXD, ST (Fukuda et al, 1998) & FE4EC, Young B EFSIC, Adult
BT NRELE lrl)“_f“ﬂﬂ'f:&‘nﬂf’ & EHER LT,

3. 3 B LERIUINKEOEES

¥+ 20z, lE J}E]ﬂ, EFAR, OCEBIUMBROERE 2L, WEER, 5 AfbL
ORI, Young, Adult BESio THE CHIOMicHEEREZAD NS,
CHEH LT, DEERE, Young, Adull Bi& Sz TN C BELLB L THFIC BuE
L, SO &R, WK THTFo M~ exhaustion =2 ER L —o o700 DigEEI-H
RGEBDOTH oL EERMTHBOTHS.

3. 4 MFITA-LA NS VA - EE

iF 178-TA b S ¥4 —ILiBE, Young #, Adult #&Hiz, FL—z O
MRS ENaho iz (Y-C:216+£38peg/ml, Y-T: 243+67pg/ml, A~-C:2256+53pe/ml,
A-T 1 193+ 45pg/ml),

3. 5 HEE

Sz, IBEEE L/2HEOEER ST BMC B LU vBMD O 22 R= 1L 7=, BMC,
vBMD 12, Young #f, Adult #ff & THNCELEBLTEHERICSAERLE, L L,
Pl OEEED ORI HTAENETAS L, BMC I Youne HETR
26.8%, Adult BT 14.7%, vBMD HENER 2.0%, 3.1%TH D, Young ¥, Acdult
M&viz, vBMD M HTHhTHHOICH LT, BMC RELWBOTH 2 =,

Endy weighl (g)
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Table 2 . Effects of cxhaustive running irainiug on wel weights of muscles, heart and ovary.

YOEING ADULT
C (=11 T (=5 C n=0] T =5

Moscle weight

CGastio. {p) 130 + DOE 123 + 008 15% + 013 133 4 011

Gasizo. / W (glkr) £91 + 039 4.540 = 0.7 474 + D25 485 4+ 044

Soleus(x) T1l £ 4 211 = 4 14 + DOE 013 = 0.02

Solens | AW (ofke) 043 + 002 0,43 & .03 041 4 O3 043 = 0405
Eeart weizght

Eleart{g) 086 + 007 LAas5 & 007t 088 £ 206 120 + o0s°*"

Elearl / BW (k) 324 1 021 413 + n3g**" 201 + Q1% 383 + 008"
Ovary weight

Ovary(g) 0445 + 0011 0051 + 0013 0045 4+ 0008 0044 o 0004

Ovary (BW (okp) 01y Jd 005 20 + DOS 0y + 003 14 + 402

Walues are means 4= 5D,
# Signilicantly different rom age-malehed coneol group [**= ;P <0001,
BW : bady weipght

.06 fﬂﬁﬁﬁﬁbﬁﬂ?&ﬁ (i)
% 3 Iz, [BEEBLLESRE 1/2 B r
BT AKIEEO B EOERER L, B
BHEE, Youne #, Adull &3 T L
CHEOMICHEERTMb SRl I,
EEAORECE L T, Young ## T
TS CBE&ELBE L Tﬁﬁﬁﬁﬁ.ﬁﬂh 0
Wi bARICHEEERL, wwmg  E

BMC

5
6
4
z

bHECHEERLEN, SHEEEHE

kR EERED s oz, = 1000k

RUCHLT, Adult TR, T#N C# 32

& b U T R B T TS O OB A I 500

AR EAER LS, A R R '

B A EE RS s i), % ! c o c

FHAEMEITECE®EERL R, YOUNG ABDLT

3.7 M Et{;:h:i[df:?aﬁj;:::r;:stwu tenning training on pOCT purameters
=40, T & DG 1) B8R O 4 B % 13005, # %3pel0l, % # 1 ped.001 va agemarchud

Ea Lz, BEHSEEBICS W TIE, g s

Young BT, T ¥ C BEEBRLTHMAT 1 7R ARERICEELZRL, tano i
BiemEE2RLE, ChiICHLT, Adult BTE, T #0 C MEBLUTHMAT 4 75
ABLUtano EBFEICEMEER L, — ey 2HEMICEN T, Young BT, T B
A C BEEBEL THEEWE, BRENEEE, ZRIFNF-BEBIFBCEHUERL

e, WEIRT 4 7R AREMERTHAEH ok, THIEHLT, Adult BT T B
CHEERLTHRFWERTEICEBE 2R L M, MEEN 280 & i A m s RN E EE R
HENIMo iy, AT 73R, ERBIFRLF—BESEERTHEEICS .
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Table 3. Gilects of ehaustive tunming tealniog on bone lenglh and morphometric properties a¢ midshaft in tibia.

YOUNG ADULT
T (n=1) T (=8}  (n=5 ¥ (n=6)
Bons lengih (om) A6d £ 005 161 = 004 I B AN 383 = DA
Total aa (mor) 546 4 028 64d = 043*%" G04 L& 028 648 4 0a7”
Corlical sreq (rmm) 382 + 021 444 = 047""F 415 4+ 015 162 4 paz*”t
Metlullary aea (Tme) 184 & (13 2ol = 14" 191 4= 020 186 4 0.8
% Comlical arcs (%) BE3 * L9 G837 = 34 BF4 + 1.2 i £ L1°
Volues are means £ SD.
# Sipnilicandy differcit From age-matched conteol group (* 3 F-C005, %% 0 £ <001, =4 0 P <70.001).
Tahle 4 . Effects of exhaustive running training on the tibial mechanical properties.
YOUNG ADULT
C {n=9) T {n=8) C {n=t) T (=8

Dynamic

Stilfness (N/inmm) 295 = 14 264 = g**" 295 = 20 394 = 37% 7

lan g (% 507 342 + 57 405 = 307 40.0 = 8.0 66.0 = 7.0%"%
Static

Fracture Load {N) 627 + 5.8 744 + 51°°° B5.3 = 12.0 103.7 = 11.2%*

Ultimate deformation (mm)  0.59 = .11 74 = 007°" 0.60 = 012 0.61 = 0.09

Stiffness (MWfmm) 195 = 24 187 = 20 273 = 3% 280 =« 36

Stored energy (7> 10%) 241 = 0.63 355 = 071%7 333 = 106 452 = 1.73

Values are means = 5D,
* Significantly different from age-matched control group (* : P <0.05, ** ; P <Z0.01, *** . P 0,001}

4. B8

APFFETH,  exhaustion Ivijz % FEH M REE D b L —= > J 100 T 2 B8 B iR a8
BROBELZODWT, Pl MR OFRREDEWIEEL TR L.

SwhbEF oy Flodko T VO2max MAFEMET A EOHEIRTHRS
(Bourrin et al. 1694), #FWHK TR, 9EMO FL—Z 2/ THE, LEORERE Y-T
BT 21.5%, A-THET 23.83%, ELEEVOEETS Y-TEHT27.0%, A-THT 31.6%
BinL, FRENO CHEiBLTHFECREEZRLE (2 2) 205, R THNWE
fL—mwdTads Ak, Sy bOERREHERDADICTHAEMEOCEENTS
AN S, Fi, FL—ZyBETHESASNEELTH, ERAREEL TH
WEREE A L 80%VO2max B EIcififg s N T tE L 55 (Shepherdetal. 1976).
LidioT, &M l—o277n2s A0 Do L TaaRamtnison, Eikxm
Bl LT B AR ZANA PV AWBDELBRENTHEDD LR N, ERE
HWMEO N L —o YA ELTHBETS S EWNTES, B, IFTA DS VEEAO -
oA OBEEIRS Aol s, FMETHENEBERICE, P ebik
RIVEQEREZRho D EEALND,

RERE B OFRE, SHEEET, ThoOERBAFMAOREICHL THEERZN —22F
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OEMHPEBH LT, X6 Young BéE Aadult # &0 TREEMSEIICENS LhiE,
Young BETH, Tt CHALRLTEESOE SHEOMEibcERCEEZRL,
LHNER LR ICSESTRLAEY, YENEERE I mEEIC A TEEED ShEho
= (ES), colkia ERMEMEOE - TR0 TEARTOEREMBS L
FMIEHOFERMEEL Bk hfsrsdzrndbolFELiond, BHZARE (1990
W, GEEGREAEEROBEEARETESIDLTRHE LTV S, FOifR, EEEE K
Wiwz <, BAEMOMTERNMEEINEZ LM S, EDAMROEEN UL AET S
MEMIrBLTE, BhkEE2EalLanBEoS bR ERE L TSAMMIERTES &L
TWa, AUFETHNE b -2 A, i, FENE, BETEOEMOWTROm
MEATH RO L Vo MICcEBRETEMNCBEN, JOEDID, EHIEMKIED
FLEMIE D, FRERTAEED—2 &L T, BRER G TmIMNTIES R, FEEEAE
EEfbolfEEsNE, i THEELLTOMENEROBAEN S, AEBLT
AEFPRNEEE T SEMBEELTOREERTET 2HEZKRE- A PERDLIIELD
iy, &EELTHIEMN o REETH2EFASGNDS, —F Adult BT, T #F C
HEeHmLTHEETERRESERZTLEY, SHEEEEL T CEERLEZDIZ, &
AT, YAEEEREBICERCEHEAT T &ML ENE (3} 2O L,
BIRLE Y-T BAEAY, Prr—oXFlok-o TEMNER, SFEE &SI FERDTE
WALENF oL ERTEOTHS, COLDE Young Hé&DEIECER, SMEE LT
DBEBEDE, BEIUAAZANA P ACEHTABIMORCESDDEFELLOND.
—, R, ThabbEMARAOHEEZML T, Young, Adult MEFEs B~ L
—m A OEEEEDSREhe (#3)., OhE, BUWER L —Z 2 FiClEo TR
RIE O EUSHEHAOBEENNRINELET S E M (Pedrini-Mille et al. 1988) I
(Kiiskinen et al. 1978) #MAWEMALRBL2HERTH o BOLERIFR D REE
WBEREOBEA - Sk ko TEFRTHADT, BEC N —Z 7 ORENED 5L
STH, WMEMBFOMEBRICREBEMBESREINELToHE (BES, 1991) dHH. UL
Fedte T, HHARENNATYCIEEE T N OREBEHEMITEILENT
HEahb L,

pQCT o L 2B EENEOHERE, Young, Adult mMiEEBHIC b L—2 k- T BMC
WEE L <Bhn (26.8%, 14.7%) Lok LT, vBMD bt kit (2.0%, 3.1%)
mEEER L NS HRENERSESRE (BE). THET, AHZANGA R LANR
M BIEE (impact loading exercise) &b, BMC BL0 BMD &b lclimT a2 &4k
F (Karlsson et al. 1993; Huddleston et al. 1880) B XU (Yeh et al. 1993) &xf®
LS DR THMEESRTHAY, AKofREche LHERS, CoRERFE
G—o&LT, BEENEEEOBVWHEITENS, CNETORETARENTNASER
DIF & AP DEXA (dual energy X-rayv absorptiometry) #T&H 5%, ZOEEME 2K
LM THARD, WETHNBEOMIZAESHEETS, TRHEEEFFALETHT
H, BEIREAAETREIE<EMboTLES LS RAWH D, ZHICHL T, FIF%
TR WwE pQCT i3, rotate-translate HE@ CT HEiffERAWEE#ETHY, 3 RTOR
SENTIRETH S, BOBELAET S ISV TH D, EE pQCT TH S Ll
T, AR OB S E S N METTEAT S 0.95 LU EORE WIERRIRAED
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ERNTWS, BAGHAHORRS LT, BEdssBoRENRsTens, Tihs, &
eSO R L— o A B OEERBED L — 2 AT S EEOE b iEE R
D, L, EFYREOFEEERELECLDIRWF AT — T — Ok E pQCT
THIFE L Ashizawa et al. (1399) @iz ENTS, vBMD WRE ZW & EFEFE
DM EZEEEDSNT, BMC OFOHEMEMES RRESHOIERMEEEERTHhS D
G, IMEREEOEEIIEEER T A LA S NA, LiEM T, WM oRE LIS T
FTral, Fi—ZSFHEERACEEAEICEARLZS, Mo LA EYHE OEE
M ZE{kr, Hi0ia a2 e A ST, ENERRNTHEs NI sNE, L,
WROBBET vEMD @B aRHAS 0TI TH, REFRARATHEOTS
BELSITHmHATHO2MENRA S,

TiE TEEOER] S @E20oTna T n, HEMNEBEE WIED SBRET
BEEHERETES, £ OWETH, TICHEMARENE, WECBiEEE T35S
AuesanTnad, Lhl, EEOEFEENOER TR, AR VELNASHSED,
B OATIREOH 2SS E RIS MITAI X TER N, FIT, BT
O R R b N A T B SRS ENER BT o T

Young HEOIAMEEICHWTR, TEMN C#EEEL THMAT « 732 A EH EiC{EE
sl tand A BICRELZRT O &ML ek (Fd), 2O &iE, EEMERED
FrlL—o it THRSERCTOHMEBICRELECEERTHOTH S, gy
EicsnT, T B C BErh L THEWE, MEREEEREE, SRR F-ElBiT
HFENEEERL, BHATs 7RAREMERTHEOMRD SRR (F4). 20T &,
HRFEOLMNWERBICEEL, BHETE< 02N E—FRIL TSI L2FRTHDE
gz oha, —F adult B, THE CHREHRBEUTHNATF, 724, tand &BicH
BElrEaEzrToodEvent (#4), 202 &1, ERFMEREOEN L —Z2 0K
o T A B D 2 D W H S EME S L ORRIE M o EN M ErE L L s ERT
bOTHES, EEHHREBETIE, T#HM CESHELTEERBZERICEFREEN VIS
b 5T, MEITREETECEEE2RL, BHNATF 4 7RABIUVER I L F—ELE
& EmAES e (£4), ol &, Fl—Z P ICE o THENRINLEZ
EERTHOLEEZLENS,

B OiRESRg et s BRELT, BORBRERKEIMB T RS, TdHif) oML
T EME PRS0 O FAMo SR ESFEIC AN RE - A e DB HRL, #
BHE—THE, COEARENELSBORE &MMERKE L, KIFFEICBW T, Young
Wl hb—o Aol TEMERELSIEAL, 2oCEFESHTNTH2H0EML
frichhmbhbed, ZehWEREMEICEELE, CO-RFELEEROERELT,
BHOABESHTREORENSLIONS, BFHRSOWH 26% 2 L 2FHEIL, 20oEEA
EMAST—HF L ENS I NI EO-FTED, AN APEROFLTHIA Mo
FriEtE AR SIS BAEHE s TED, FOIMEERETHHEREO—-D2THH S, Young
BT, REMioy o N EEENSLIAELTRARETEEREABLWN -2
ko TaSIEBENTELEEDI, Y57 &ENKEBLWINT, BRI —F 0WFRE
IS Ao ERESICHET A D EMNTES, FLTIOO LN, BRECSEBEN
EggsER S NIHEANSIEEF0 TV CHT2ME - BECHNL TR DT TRER
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EHTE LN, EINSLTN IERSEICERT T TRERESATEDESAG
no, —F Adult MTEBNBEL TSRO R -2 Pt o THELE.
TEA9 Young BERALSEEMEUABERELT, AHOALZILNILA L RITHT
LEESEoEMEI RS, L, BHEORE R L—=20 (1895 RE L2
O(1998) ko THeNAEREEEET AL, Adult O L—Z I HBERDEND
NTHBOT, EocERYOBEEER L —o P EiEEd sk o T, Young #T
Bmahmsidss ThARicEATH I EHEFEIENL., SO EITDWTH, &
BIoIRNTAAENREAD,

5. #ERE

Fifge ik, exhaustion T/ sEEMERMEOER  —Z X FElTHKEREFD
HEIEDOWT, Fl—oAHEROERBREODENCEAES T TRENTLH I EEHME
L. 48200 10 MEHOWESw M 16 mEHW, 10 2MHO exhaustion 2785 ERR
EMEOER LY 9 BWELS., HMHIMETEICEEEMHEL, BREEES
DIEITTE OTEREH, pQCT KL BB AFEEAE, BXUEEREIEREE & e 26
B dfTai, BeNFEZERIIKODEDTHS.

1) Young B, Adult #&blo, HEECH T#HE C HBORICHFRERERSED cnTh
T

2) Young #, Adult & b0, FRELEEOBMEIORIZ T 50 C B&LLBLTH
BloEEEFRLE. UL, Young T T 84 C Bl LT, REEEM Al
MBI ECEEERLECIRLT, Addt 8T T #4 C #f & bl L T & i e
T EAEARWCEMH ST, FEEEHOAEEICESE R LI,

3) Young B, Adult &bz, BMC & vBMD W T #4 C &kl THEICRE
FRLIEMN, FOEEBMC A vBMD IZEE L THEL < REM DI,

4) Young BECR, T 80 C HEEBLTEHMNAT 4 TR ARERICEEEZRL, tan
o (o) REBCEEERLE, —8F Adult #TH, T 80 C &bl T/ >
A—F—LBllFREICEERRLE,

5) Young BT, T 84 C Bl L THERE, MEREEER, ERIRLF—
bl RICEEERLEN, BMAT s JRAREEERTHBICE - =, ZRICHL
T oAdult Bk, T 8 C BESLEE L TN E SRS AR LA, PR e 2
BioR Mg EREED onahofinic, AT, 75 A ERIZILF-ER
AR EmR & .

BLEOEREHS S, exhaustion CEBHWHE—REOEMMEREODER -2 71
Lo T, EERIME, MBS b ICEEITIERT S, HEHRMICIERS MR T E
o, B R L UEEOR WEREHE L TA L, BRUEQELBOLII
Flr—o SRRSO RREIN L TREZS D EMNRE IR,

LTS
HiEEp g OREBLUNF T oW L TR KA IMAEEE hE LUk, MifTEE
AERFHRESEN OB WS EEEWEEITLL VB NEZLET.
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