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I —1. i FL3&

ANEBMERRIZAEEL T K7Dy, BERESZITHOILNNETHD. LiL,
BUWEBZ BT 5L, RNICHEERERERIND. ZOIBIC LY, EEakT
DTERREEL 72720, e, EEEREIEL THOIRDOFEHNI TRV EN -T2
BZD. WD, EHEFINDIHDOTHS. BT, HEHER EEICLZEINE
THERSNDEY, +RICEBEREIRIN TVBLEEITIE, LBOEREERDOE
ERELWED, LBOBRIIEILZ . BEA SRS RNEIREL
VEBI T, LEBBOHAEELZAREER LR, LB ENICERIN, KBS
DAL, UL, AEBIIRBOZEY T FARMEZEN RN —JRLEE L
LTS (McArdle, et al,,1992) . FALid, BV EBIOL XTI, FLEEIS—RFROIC
ERICETR, FFRSNDS, B OEENI R oz L& ROEEDIE T L7 BRI EE =+
SCFREEINDL, BRIV ELBIZEM S, BU=RUF—JRELEL CRIASN
BHEVHZETHS.

BLWERI DR, FFHELLBITEFITHIBERETS. L, BEOERESHE
WCAR—=Y DB TIL, TELHRITELEE THIENBEND. EHROEIEIIC
EREY TR RIIZ<ABRINTRY, ZNOHIXERI I > THARCHL P ARE
BLAIEBE TEXAEITELHEERI®AZEIZEB LTV (Belcastro and Bonen,
1975; Stamford et al., 1981; # k5, 1986; 2 L5, 1988; FEiRd, 1988; 7k HEALE,
1987). ZOFEIZEY, B EAFBIIBITAAR—VZ2 LRI LLTHIENTRE
ERDEEZ DND.

BLOEEBRIITONAEELF L TIE, 7=V 780, Ry F, =vH
=, TAVL T, BBEBRRFRENFZTOND. BREBRRTERICLDEEL



FHEBRNT, TOMDOEELFIZBITIHFERIIEZLRENTRY, BEDOEFL
8o TND. 7=V T HT L, ANy T, =P —DIZSBEENS T, fbts
MSEHZETID M P IBOE R RESE TS, WDICE BB ELE T
WIDEVITLR, EREOLFIIEF POLOEEOEERER THILEZ LN
5.

AR—=Y DBEBEEXZE, EBSEFPLEETEIEBKROTLA~ED BN
RETEDDZERCERRTL T 4L a3 SNIC o il Ex b, BEOEE
W5 THDI =V TEY, ANy T, =P —D% 104, SHIZm PO L
2RETHIOREELF ORI MLETHDHEEZLNA.

TRV TR =N TIL, BFORRFCEBREBRREIABRALITo TS
BbHDHH, BIEDLIAEBE O BB EERRTN LR A8 M LB D REEI
B THDNEIDIHERSIN TRV, LL, BEIF OB RERSE T AOMR
BT AIRII S RSN TEY, T, BEEREERLITL, FiatnEs
TOEBFHFFRINERL, ACESHRE CHOHNITM T ILBRBEIRDTIZL
(Bannister and Cunningham, 1954; Wilson and Welch, 1975; Hogan et al., 1983) <2,
—EARERRF TRV I P BB ELRTILAREBHES TV VA (Adams et al.,
1986; Hogan and Welch, 1984) . ZOEHBLL T, EEBIHICAREBIN I LBOE
HBALRDSEBN DL, FITEROBEENELRDIENBETON TS, £, EED
FHILEEHIIANT T Air FRIRE 30% DEEFRE R FFZIZIVT, 30%EEE
FRREF T R ELEITIE T L, M OBk REERBENE EITHEMLIE)
BE CKHED, 1990) b T2, EBIFOEBRERESYT AR IIm FHHLBOK
TICALTENTHDIL2 D, EBMEORBERI A AFEY, I BOWEE
REIZEN THIZENHRTES.

PR ERRERAIM P ILBOETICEN THE2LIE, BREEDKTLED
DREBNEREERIZ S =V T F T RN v F 72 ¥ DEIEAL T 21T 272V IR EE
ICRIATEREEILND. T, ZOEDLBOEWEELF OREL FREL
3.

AHRETIT, TTESROEIEROM FHBERICEDRAFLLT, BlE



BERRAIZIEEL, SO RAZREELT O FTEEMEIZ DWTREH 3. ISR
BREIEAF L T, BIEHEES . SREBRERAOHELESDOEIZOVWTE
ELTV XK.

I —2. BIEHOBER) (7 —) T F T ) 2B+ 585

BIE, MPHBOBERMEESHERIN TWAEREELFLLT, 7=V I8y
¥, ANy F, =y —UERBTONDLH, ZOFTY, 27— F Tz L BE
BT5 DHFFEDN <7233 TEY (Newman et al., 1937; Belcastro and Bonen, 1975;
Stamford et al., 1981; B35, 1981), O EIE AT IZ Tl PELEE RN KL,
AR—Y DBG T—REREIEL T THAIEDD, 7—I T F T AZERB L.

BOEB R OEMICERLU-AEET, EIE P ICHIEESZITIZLIC IV ZF DL
RESNDZEITELDHFRDHIL TS (Newman et al., 1937) . FDREOFEIREE
E—ARICHEBEEHEL2VEE THY, RABREREDK 30~45%0DEETRE
EVHRED LRI TV VS (Belcastro and Bonen, 1975; Stamford et al., 1981; B
Fb, 1981). T, BREH~O METEIEMLILBEOBRLIMEESH, HDVNT
EH~OMBELIENT 27D EBFHUNOILBLEBRG~DOERIMEESNS
1o THD (BIFHD, 1981). £z, \H (1993a) i, BIWEIEIZL> TR X —E
BEENETY, ABRIBIEZLL CTRVRAINEHD THDEV VIR L FEL T
5. WFNIZL TS, EEFOEENCLY, MFIEBEOHEEIMEESNELITH
BITHD.

L ES (1986) 1M FHEEDE R EEII—E TRV EE X, BHREEHOL I
RICRITHMFHBBEOL NI EDE TESHRELRY, K1 (OEBREY
BOL T BN AT EERZ{To7. 72, FRIRD (1988) 13, EEMEDEIERO T
FNF—HBEZDRTDHEDIL, RO ESZIT . ZThbDMEDESR
i3, EEHO—EREDRRESIL LB T, M P IBBEDCKTEIILD
DI TELTHD. LAL, ZNHDIFRIT, IV EEOESOBIBIZE S B



b DTHY, BRFH TLVZLOABEHESE BT DEELFIZ OV TREL
DO THD. EBRDAR—Y OBEBEEX - HE, Sk SR O OBRIICILHE]
FR23$HY, ZORONFERNTHRICEETA20121E, §FETORELS LY
M FHERDOERE(RES R AEIELTIZONV TR ALNERHLEE L LNS.

SETIZM P IEBEDOHERBE DTN HREN TNBI—Y L T ZDE
BLF LY, SOITHRAREELGFERETT 570121, ZhET—BL-#ER
TRV E R ERBRERIZ LD M0 Elﬂ?LEﬁ@?%%/\@s«jJ%%ﬁﬁH‘éM%z%
Y, BT, TNENEMOEIELS TIIRL, BROLFORE-IZEAELE
B2 S Z R AL EENS.

I —3. EFRO®mBREREFRICET2BEDOHE

EBROEEHRICEHREDCBERENAEREIT, TOREOM FILERDEEIZ
RIFTRREFFELIDOITRL, EEZORRITFALNITSH TR,

Shell ©(1986) & Murphy (1986) DRFFEIZ L 5L, BHEENEIZ Air FERE 100% D
BRI AR ZAT ST FUT BT, 100%DBEEFE N AET 13 i F LB DIE T 412
ELRWVEWSZEBREZN TS, —JF, BT (1992) 1, Air 75 100%% TERE
HNCBER A RARHERREL, 70%V02max TRE TOEEN %I RS -RFZEIZI 0
T, 0% DBEFRREICBV TR M P ABIMET LS, T_RCOEBRE B
LR RIIBON2D o Te B EL TD. ZOIITEB R OB R EEEE Y R
DM FHBOBERIIRIETHRITL, —BLERBRIELN T VL. R,
VIRUEE TV Z D% O EIE I ﬁﬁf*@%ﬁﬂ%ﬂ&%ﬁofcfﬂ%(ﬁuﬁﬂ,
1993) iIZ8W\ T, 2Ll TiE 60%D&E B EBRFRE T FHLBOE TSRS
NEPEEEITL, BREBRRERECM P BEENMETL TV AERED
WIS, B TRWRBRED UV DER Th ol ZNHDIEND, BHHR O EEE
@&s‘%mm%ﬁmmﬁﬂ@@m% (ZRIETERITIT, MORDOBAZERH DML

ZOBANZED, SET—ELIERBHR» - ERTHHEEZLNS.



oL, BIZ, BREBRRNFREEZHE, LTLLIWOBIRIIN TIER0.
BRRVPSTEDRET TIE, RISEOBWESBENSEEL, ZOEERER
(LIRS E X EREER R E BBLESN T ORERIERZ RI-&2K725 (R
5, 1985; F)115, 1994; McArdle et al., 1992) Z&=°, BIREBESE S EDOHEMIZE-T
MERHREHEZY, MR 7T~11%BD 352 (Welch et al., 1977) 728 D AMIZ
RIFTEOHROERITRY, BT E 5B EOBRITFRIT M PHLBOEELD
BOWH NIV ETDEEEZIIN. ZOEID, BERERRERRIZBT,
BRRBEOGEKIZELLT LM FIBOETENELNSL2LIT, LR EEE
BEOREELITIFVINEEZILNS.

U EDZEND, EEE O RREBRRFR O M H LB L ~DHE BT
DIOIT, BAEEZZBREL, SHIT, B KIEVBRRELZRETI-OIIRLE
PABERRELREIT T ANERHDEEZLND.

I —4. BB DM FIEBROHERIZONT

1 FEERDIERIZIT, FHOBRLEEIRCMIRIZ I BIED DB LARRE~DIEHE,
DO MBHEERRE /172X DI EEL T3 (J\H, 1993b) . AR —=2 7 %175,
EMHMERORZCEERFORMME DILEREIZHON D MBERRDES
PHRETD. N —= 7LD EMOEBEDO LRIT, LBOBRELZEDIEN
E|ESN TS (Tesch and Wright, 1983). &5, No—= 27255 T, HLEERBA
KEERDOIEMEL L7235 (Tanada et al., 1993) L, M1 OH Bk EEEREEAH
¥E/N (Karamizrak et al., 1994) 975, 0%V, BYLEEN SR L5, 7, hb—=
ZIZIOILEE OB LEVRI 2B 22 H 84 (J\H, 1989; HHED, 1992) T
WD E T, BERENRMIRIBREA O M ML TR ABREERECERS
PEVEERIE (AT) 72 L TRENDFAREERE LA LT3, DL EOEND, EH)
BOMFIBOERIIIERE OB LEENCMIEOEREE S, VWb ESE
NBERELTNDEEZOND. 65T, BREMRREROABMERE~RITT



EREL TRBESNEAZITT, FIGESEANEEINDZEE2D.

EEMROMKTRIL, EEROESREICEELZITAILITLNTHS. $,
BERPRICEIAMPBERSEO LRIZIVMBEENMETT2IEBH5TERY,
mFERSECEEEEZ L QW AR T AT OBEREEL MEBICE ST 5L
ZZb5. U EDOZENLEBRORREBRREFRIZLS M PIHEEO L RE
THEOITIX, FHREBAOEERES, EESREOESEE, RRBELEZETS
ZUIMETHDHEEZDND.

¥, 7V 7 F T DEEAFIZBOTEE~D MK EOEMATEIAZ L1
RO THDHZEND, 7=V T E Yy L EREBRRNROEIEL G EA G
HILIZLY, BREREFIEZAMREDOREA MBI =V 7 H Az i ED
BNz Lo TRESIL, SHIZIWEHELF LRI AR RSN D. EBRIZ,
Weltman et al.(1979) 1%, 7—V 7 ¥ U LBARERZAA ST TEREIT-T
BY, MFIBOETEZESEL TS, LML, GEERZICEL T, 100%E%
FERLAMT o TROT, BHBROILEFERTIHE, BREBRRE THIVE BR
BECIOBREFTLEENS.

I —5. X@®IXDOBEM

AR TIE, MPAEBREEHRSEAERIELFZRETTIIEEBWIETS. £
D7DIT, £F, B— L7 RERPBEILSN TR, EENE OB R ERI T AR
WZE B M FEEBEOHERA~DERIZ OV TREEIT.

EEEEIE DI )T E T AL > TR EBOERIMEESND LT, @
EOFFIZIVIASITEHS (Newman et al., 1937; Belcastro and Bonen, 1975;
Stamford et al., 1981) 23, # £5 (1986) CHRIRDG (1988) BT EINT, AR—YT
DEGOZLEEBERTDHE, IV HABOERE(RETDLIRENELS OREH
EEND. TIT, EEROI -V T I LRIREBRSR AR OBAEIRIT
I M PHBIHERA~DERBI OV THBREET).



I —5—1. ERROSRERIPERS M PIBOERIIKIETERE

EENR OEEAS IZBT M ARILIZARINTDED, miEEEERIFRIZEDE
AT DRI, Si— Lo iR L QUOVRW. £z, 7—Yo 770 ZmEE
T K0bSOIEB# O M P HEEOE L Z(RETILOREEL ST DRFHEE
NTHBZEND, £7, BBREBRERPRICLIEEASZRETTIVNERDHDEE
bis.

AL, EEN % O BB ERREITRE N M P ER O R RE T DD ERR
Y DILEERIDVEDLT D, i, BEBESI DBV > TEOHE N ER
DIEDPTRBENT=Z L0, HEBREE AOFAREREN2ZEEL TNV —T%
TEATHZEICES T, BBREBRRPROFEEESEEHER BB TVWBD
PITONWTHERRET 5. SoIZ, mBEERRFRS M PHBOERIZEHT
HLOE, DM FHBROBRIZEDIRERBELALNICITIZELBERET
3.

IHIZ, EERFOEEBRE DB NIE->TH, TOHROMKENSRA2D7-80 M &
HBOME~DRREBRRETFRODREBELR-TLDEEX LN, EHRFOEST)
MELZEEL TEBRRIEIT.

I —5—2. K0 REVREHELS OEL.
—IEE R EERN L &R R U AR —

=V T BT E DEMERF LD, SHIZMFPIEBOEKRICE R EELS
OBEIOMLETHD. BEROBELF A EAIEIILY, S ETOEMOE
TBAF L B PHEROERIMEETHFREENEXOND. £ZT, 7—U7
v LRIBEBRITRFRO —H>OEIELFIZONT, EBLE0MT 3 F
BRDERIZHREI, SHIZ, ZOoDAFBAEORIZE> TIPS LVIE L
TENEERRETHILEERETS.



6. ABRSCDORERR

AR OEB I, HEBEOM R A BRI RIT T 5 I AR Sk D B8 -
B9 DRTFEI L, £5EIZIVIETS. FEOABEITRDEI THS.

# 1 ETIE, AFEOERIIONVTERL, BEMNREELZHEREL T D0
—OOEFREL CEBRDOEIEICER L. 2T, fERIThN TV AEELFIC
DWTHAL, £, —LEBROB/BOLN TRV EBREEEEERIZ LA EMEL
FZONWT, ZOREEMEL, SO FILEOE EETHE T DEMEL S O FTEE
L 2 e Ny fall

FNENEHROBREBRRER ST ILBOERIIRIETEE ESEESD
EERELT— T, & I ECHELLE—LEBROELNAWERICOWTR
REY 70T, BEOEESECHARNERE D OEALRERIIL 2. ILEEHE
CRIETHERPROFMERETL, £, TOEMECILESEAHBEEOTLE
HZRTEEBIZ, BIDOBEETAIERIZ OV TERELT.

FIEDLERE O SR EBRTERAS M P HEBEOEEII RIS TEE S8kt
RUSEEEEZZEL T— T, B RIETBERERODRICEETS
EHEALSOBEREL GEBFROEESBEIZIOWTEEL, BENEOKELD
DRELILET, FHREOEBREN R NESRFOMELEE LR, BEE
FRRIR DEEIL LU TOHFIEER R,

FIVE M PFHEROMERE ZVRE T DEEL S ORI —EBN R EER D —Y
YT E U ERRERBERERIIOWT — | T, &SI IEEOY R RETS
LOREIERFELT, 7=V T F U L EREBRETR LD ZH>OEELE O
MAEDOEICLORERER L. T, EBEENDOBVLEZELZIXT, &
bIWEEL S R REL.

BVETIT, EBROBRERIENFRLS—I 7 F 7 Nl BEOHEIC R
ETEEIONT, AR THELNIRERERIEL:. 52, SR OREHE
ENBEELLFIZOVWTEREL.



M, % I % X [ APPLIED HUMAN SCIENCE Journal of Physiological
Anthropology | 16 # 6 & 249~255 HIZ#B#HIN 5 F FE D Blood Lactate
Disappearance during Breathing Hyperoxic Gas after Exercise in Two Different
Physical Fitness Groups —on The Work Load Fixed at 70% \.lozmax—J (Maeda, T. and
Yasukouchi, A., 1997) IZE-SVVTU VA,

%7z, F M E L APPLIED HUMAN SCIENCE Journal of Physiological
Anthropology 17 % 1 SiZ#E#S5FED Blood Lactate Disappearance during
Breathing Hyperoxic Gas after Exercise in Two Different Physical Fitness Groups—on

The Work Load Fixed at 130%AT — | (Maeda, T. and Yasukouchi, A., 1998) {ZZE-Sv»
TWa.



FBHE

BEEOERERRE T AR M P BRONE KIS TES
—EBRENEER L T—

0-—1. #S

EBTICEBREBRRTARRZIToHRIIESE<HY, Tnbid P HED
BETICHETHOEERERLCV\5 (Bannister and Cunningham, 1954; Wilson and
Welch,1975; Hogan et al.,1983). ZDOZ1Y, EE# ORBEBRRERIZBV TS
FCREBELNDEHRSES.

EHRICEREBREITAFREITHFRICLDE, 100%DOBFEN AR M
FHBROMBRIIZMORLBE TE2d o7 584 (Murphy,1986; Shell et
al,, 1986)X°, BXMEHICEBARIBEZRETDE 0% DOBEFRIFR Tl BB IVIE
TLZEWO|E (BT, 1992) 2355, ZOLIZ, BEEOEEEREY AR FIC R
THMFEBEOERIZIT, —BHLZRREBFELN TR, L, BTF(1992) D
MRL R, BREMICBRBELREL, BVELESZITVFOEREHICOLE
BREBRFRZITIE, HBRELSAELLTT 60020BERE CIRTARSNELD
D, M EHEBEOIETABREINHRE LT TRVDEEBRE DL HEE (7
H, 1993) 23H5Z&00, EHE OB EBERER A M HABEOMEKIZKIETE
R, [AODOEAENEEL COBLHEESNS.

ZZTCARRTIIEIC M FHBROBEROBAEIZEB L. MPIEEDEERIC
(X, BOBRILEESIRHI LI EEA ORI 2L DI E~BET 5720 DMk
B (MiRE), Vo2 MROEREE A EEL T35 (J\H, 1993a, /\H 1993b) .
Ee, Ne—= 724708, REMEROREERLH OB DR ERZLN, &
RERERESCERRFEEERME (AT TERSNIFALESENHbH ET5.
EBRIZ Rusko et al. (1980) %, AT LFF OB LEEN IIH BB RBEHRICH DLRE

10



LTHY, Tanada et al. (1993) i, hL—= 7 %175, SLEEOBLIZLETHY,
-84 OER(LRES % KB D FLER /K REESR (LDH) TEMEA M 5L EL T
W5, £z, EEIRFOFNa b — VEIVLEE® O LDH BEXREL
(Karamizrak et al., 1994), LDH {&1£13 B 4 DR /LX —{HB-CTEBTEE L BhENS
&H5E (Higuchi et al., 1994) 75, iEENE O RBEBENR OZIREFBRETL TV
£, EBREAIRA 4 DEBREER THILIIEETHHLEALND.

R4 R ARERRES OEIEO T THIBOERR G R ThHD AT 13, EFE
DHBOWERLOBEERHDHFOBLEHNCEMLERE ELEOCHBENHRE
(Rusko et al., 1980) STV 5. F7z, AT L DIEOEEREREOFMEIZ A I THHZ
& (Wasserman and Mcllroy, 1964; H#TS, 1989) oh—= 71Tt L THB2FEEE
THHZE (AT, 1989) bHEIN TS, B EDZEND, SEIOHETIY, AT IZ
EBL TN —THIFETILT, EHEROMFHABOHEE~RITEHRER
REER OBYROBREEITY. Tz, BiIH (1993) DFEEZEEEZ, BVIRUEEZTTD
ZEIZE o T, EENGEHOM K VEE% OBV BIEHMICRIT ISR ERRM
& DI, FELEETE R~ RIETEIR ORI EIT.

ZOMFED BENL, ZODRRLEBRESI DT NV —T BN TRK T EBHED
M FHEEOHRIZRIETEBROERERREVAFROBRERIL, EbIT,
B THHROIE, EEME O M P IBOERERET DI, HbIRIVIERE
EEALNNCTHILTHS.
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I—2. 5§

(1) xREERERER NMERRHEERECRIE
BANBOEBARZRE T 57DIZERFIC Vomax & AT DBIEEIT o717
BBREIITU %Y, 830, VaXrva—X%3EAL, EKNICHEsh -8
B /LT A—% (Rodby Elektronik AB, Cycle-ergometer 380B) 12> 1 438 10
Uy b3 oRM BN T oEE AT ESLE S REICELIE T To/. RV AL,
B EMEHEIE LR (Sensor Medics, 2900) IZE> T LANAT LR THITLIZ. AT
X, FERMEVEERIME (VD) 12X > THEL 72 (Wasserman et al., 1973; & T5, 1989) .

Tablell -1 Physical characteristics of each subject in Higher and Lower AT groups

_Higher AT Group

Subj. Age Body height Body weight Vozmax AT
(Year) (cm) (kg)_ (ml/min./kg)  (%VOmax)

1 20 174 64.0 50.1 60.0

2 20 165 58.0 46.5 56.0

3 20 165 58.0 50.8 61.0

4 20 170 62.0 523 64.0

5 21 162 61.0 54.0 61.0

6 21 173 71.3 46.2 58.0

7 21 168 58.1 56.8 58.0
Mean 204 168.1 61.8 50.9 * 59.7%*

S.D. 0.5 4.5 4.8 38 2.6

Lower AT Group

Subj. Age Body height Body weight VO,max AT
(Year) (cm) (kg) (ml/min./kg) (% VO,max)

1 22 167 62.0 38.2 50.0

2 22 173 58.0 43.0 45.0

3 22 179 75.0 43.3 54.2

4 22 163 54.0 50.3 52.7

5 21 174 60.0 38.2 50.0

6 21 170 57.7 49.1 49.0

7 22 178 54.6 46.1 49.0
Mean 21.7 172.0 60.2 490* 50.0**

S.D. 0.5 5.8 7.1 4.8 2.9

(* P<0.05, ** P<0.01) AT: anaerobic threshold

12



OB, SEREIBTOREB2EL AT, ZOHTRKRD Vomn &
ZDLED AT %, HEREEAD Vomax & AT DELLCERALT.

(2) #5rE

144 DR B FREABZOHFFICBIMU. #HEBREIX, BEOHEEHD
EEL72D AT OEBWNZESTZODIN—TIZ4531F 2. AT DIVET4 OB
%X Higher AT group £L T, AT DXV{EV 74 D#EERE T Lower AT group &L T
I N—T 55 %A T 7. Table -1 13, 485, 55, K&, Vomax, AT DETHEH
(ZDOWT, 7NV —FIZBITDEBREEA O F B EE L 5. Vozmax %
CATIZBO T, B/ — 7R CE BRE SR HIT (VO max: P<0.05, AT:
P<0.01). [, ERITHEILD, AEROEM, FERBLIUOREHEEIT OV TORHA
T4, BBREIVAL T — LR o v BT,

10 0 5 1 16 22 27 33

=== : HR, Expired Gas
T : Blood Collecting

1 | | ]
0 1 23 45 6
I : Test Gas Breathing T ? T T T T T (min.)

Fig.Il-1 Time schedule(Ex. : exercise, Rec.: recovery).

Subjects breathing test gas during each recovery periods. Blood sample
was collecting at rest period and at Oth, 0.5th, 1st, 2nd, 3rd, 4th, and 5th
min of recovery period after each exercise.

13



(3) EBRFIE

RMLDO7-DHDEBEE (T/VEH, CBY) 2EBRE OFIBERR (RTBEE T R8Ik,
REIREEIRUIBAE S (B EL. £, MEOEBERBH DIz, ~ Uy
FTHUD AESHR GEKBIZERL, 10,000 Bi7) #4ABEAEKT 10 FREFRLED
D%, BEBNIEE LAV ar 750 (FAER, SRIP1) NIZIEAL, 7
D%, TREIEREICAZL. Fig I-1IIXREROI A LRYT T 2—/11%, Fig.
0-2 BERIAT LAOBMEBELTRT. FHREIL, BEET/LIA—F— L T1045/]
DREEIToI%, S5 BOEBE6 5 BORESHENI LRty a4 3y T

Metabolic
‘ measurement system
(VE,RR,TV,VCO2)

1 Airbomb

Blender |
! [ Oxygen bomb

Humidifier

Face mask

Lactate

analyzer
(BLA)

Bidlamp
(HR)

Fig.I1-2 The system of experiment.
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AToTc. BEOBEIIEEAED 70%V0,max ([ZFEY THRET, ~F L DEER
BUIAM ) — LOFER I EHZEITEY, 60rpm (ZHEIEISNE. IR T,

EBRIZRER S EIICT D 0,05,1,2, 3, 4, 5 DRICHIBEOEIRISITV, B
EhFLERRIZE R (Toyobo, Diagluca HEK-30L) {2 XV E 512 1 HFLELIE BE DEIER1T
o7 ZHUZ, HEBA X F — Bl Lo THEEZ B LL, TORERALBER LK
REL, BRRUKFEEBE AV THIETAZL (BERERE) 12X-T, LBREES
BHI2H0T, EREIGEREL CAIEZITITEBTEELOTHS. I, LK
LRI RG34, EBREEL TITo7z. BERIBEEN 21, 30, 40, 60, 80, 100% MDA &
BEEHRICOAFERENT. FBRBEOT AL, MBERLEKOR ~)5T
L% —(BIRD %, 3800 Microbrender) @3 =212 k> THEV &, MBS &
LT—E 150 VyMvDF TSN IZRFhbNT. BREL, F T2y D=
7 DEABIIZ I <X (Hans Rudolph #, Rudolph Face Mask) Z@L TEF&MDH
APk LTz EREDOIRE R UFEAMEEY, ZHTN25CTRU50% Th-o7-.

(4) 534 5 i

AT RERETRT. LTFHLBBEDT —23, HRES L —7,
BRRBESM, Tyiar, AIERBOERT, MTEREOSBSHE AV THOH
L. ¥, ZnEBBORBEINICE ST, EI/N—TET, MPALBOMEEICE
BICEEBL QO OERBEREOREEITo/. HE/KEEL, PEM0. 05LAFD
k=L O
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I—3. &8

(1) EBFOBFERE (VO,)

Fig. -3 i, XAOEyar OESHEIIRITHEER TR o OBREERE
DEHELERERZETHD. BAID B a BOESERY, FEEBTERD
PEIDERER T DD, =B B DB (T —7 (2) X BEFREE (6) X
REfE (3) s $BR%E (7) TRRVIRL) 21ToTz. ST ORRIZEDE, BHID By 2D
EHCRITBEERER, M/ NV —7HTHEERZE (P<0.01) 3RO 523,
EREERFMTERRERAON 2 oTz. ZOZEiX, AN —TEHIT, K8
RBESMGE CEHATORENFL ThHhoTeZ R TS,

means+S.E.
50 Higher AT group 50 Lower AT group
40 40

30

Oxygen Uptake (ml/min/kg)
W
o

21 30 40 60 80 100 21 30 40 60 80 100

Oxygen Concentration of Breathing Gas (%)

Fig.1-3 Means and standard errors of oxygen uptake during exercise 1 at each
breathing gas condition in Higher and Lower AT groups.
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(2) EEVE O M P ILEAREE (BLA)

Table I -2, TableI1 -3 {2, =i Z 41 Higher AT group, Lower AT group {ZEi1%
ZEEHR O BLA OF —#F (¥ (BEERE) ) &7~ BLA 07—, 45T
BEOSBIIT (TN —7 (2) XBERIRE (6) X Eyial (3) X B (7) ;#8RE
(7) THEDEL) IZEN L7z (Table T -4) . ZD#ER, 7 —7(P<0.01) , BAFRR
EE (P<0.05), v av (P<0.01), R OERH (P<0.01) IZBWT, HEREDENR
OO, T, IN—TLBRBEOREER, /V—T7Lttyla OXEER
IZBWT, HERREEA (P<0.01) B3BOONT-. INODILND, BEEROE

TableII -2 Blood lactate in Higher AT group

Higher AT Group Average (S.E.) mg/dl
Number of Time Breathing Gas Condition
Recovery Air 30%0, 40%0, 60%0, 80%0, 100%0,
Rest 72(06 67007 70(04) 74(06) 74(12) 69(0.8)

0 226(18 234(14) 233(28 238(11) 215(15 228(25)
05 26.1(1.9 28.0(20 274(22 269(12) 269(12) 27.0(17)

1 1 295(1.8 30.3(2.0 305(20 275(17) 276(14) 29.2(1.5)
2 29.0(1.5 30.6(23) 29.7(22) 27.7(1.8) 28.1(2.8) 273(1.6)
3 270(18 289(1.6) 27.6(21) 270(20 265(3.00 257(18)
4 263(1.8) 267(17) 272(1.8) 252(1.7) 260(23) 246(18
5 257(15 249(13) 26.1(1.8 255(2.6) 238(17) 243(1.8)
0 278(15 29.1(1.3) 282(19 263(17) 260(15 264(22)
05 29.1(1.8) 299(1.6) 30.0(1.9 27.7(19 272(17 27.1(21)
2 1 294(1.6) 30.0(19 29.8(2.1) 28.0(21) 27.0(22) 279(21
2 282(17 28.6(1.8) 284(21) 275(25) 257(18 26.5(23)
3 273(15 28.0(1.6) 271(20 26.4(24) 244(15 252(22)
4 27214 269(17) 26.4(21) 25.6(25) 235(15 23.6(2.3)
5 26.1(1.5) 259(1.7) 255(20) 24.6(28) 226(1.7) 235(22)
0 282(16) 286(13) 295(2.6) 262(1.8 258(2.6) 263(24)
05 298(17 29.4(1.8) 30.5(2.7 27.1(17 27.0(26) 272(21)
3 296(1.7) 288(1.7) 29.8(28 265(1.8) 265(23) 27.1(24)

28.6(1.8) 27.7(1.8) 293(2.8) 25.6(20) 251(24) 257(2.6)
279(19 263(1.7) 28.6(33) 256(22) 24.0(2.0 24.7(25)
26.5(1.7) 259(1.8) 269(2.6) 258(26) 23.3(21) 246(29)
26.9(1.9 246(1.7) 279(33) 251(2.8) 225(21) 23.7(2.6)

wn LW N =
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IREERRSE A AR 23 M P RLEEIE BV RIE 320513, Higher AT group & Lower AT
group TERARDILVALNLRST-. ZOFIT O, MRELREEHSEENE DM
FHEBOBERIZRIE TR, BEEEAIC LS TRARBIV I ZEERL TN, £
7, Byt a R ERDEOMFHBBE OELIZONTY, SV —7 GEBIRES)
ICE o TRRBIEN ALY 20Tz

TableII-3 Blood lactate in Lower AT group

Lower AT Group Average (S.E.) mg/di
Number of Time Breathing Gas Condition
Recovery Air 30%0, 40%0, 60%0, 80%0, 100%0,
Rest 66(1.0 79(1.0) 7.7(09 71(08) 86(12 7.3(0.9)

0 279(45) 26.6(24) 27.7(22) 260(24) 288(22) 29.8(1.8
0.5 30.7(49) 29.0(2.8 32.9(28) 31.4(44) 33.9(40 36.1(2.5

1 1 36.1(57) 323(3.5) 36.6(3.2) 37.7(5.5) 37.5(4.6) 36.1(3.7
2 392(5.6) 34.1(35) 37.7(3.7) 39.7(52) 37.8(4.5) 359(3.8

3 39.0(5.2) 335(29) 37.7(27 387(52 372(3.7 358(3.9

4 372(54) 333(22) 362(29 375(53) 37.2(3.6) 34.9(3.6)

S 36.2(5.1) 32.8(22) 350(27 36.5(5.0)0 352(3.00 33.2(3.1)

0 388(5.6) 352(19) 36.3(23) 402(59) 40.8(3.6) 37.6(2.9

05 40.8(5.8) 36.0(2.6) 37.2(3.0) 43.3(6.6) 39.2(3.8) 38.9(4.0)

2 1 418(62) 36.4(3.1) 38.5(3.4) 428(6.9 412(39) 40.8(3.9
2 427(6.2) 37.0(32) 384(33) 441(7.0) 41.0(4.1 41.6(4.7

3 417(62) 36.0(2.9) 374(3.0) 433(7.4) 404(3.9 40.6(4.6)

4 40.4(53) 356(26) 357(3.1) 41.4(74) 382(32) 388(4.1

5 395(5.6) 33.9(26) 33.9(29) 404(73) 37.1(3.1) 38.6(4.0

0 40.7(6.4) 36.1(24) 380(34) 44.7(82) 403(4.00 40.0(4.1

05 424(65) 37.6(26) 40.0(3.6) 452(7.5 39.0(3.2) 41.1(4.3)

3 1 41.2(6.8) 40.1(2.9) 40.8(35) 454(7.6) 409(3.4) 422(4.7)
2 409(7.1) 404(3.1) 41.2(3.7) 46.8(8.0) 41.7(3.5 429(4.8

3 40.7(7.8) 39.2(3.2) 39.5(3.5) 458(8.0) 41.2(3.8) 40.8(4.5)

4 448(9.9) 372(27) 36.4(3.1) 438(78) 40.0(35 39.1(42)

5 419(82) 35.1(25) 36.6(3.5) 44.1(82) 40.7(3.8 38.6(4.5
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TableII -4 The results of 4-way ANOVA on blood lactate

Factor S.S. D.F. M.S. F
Group (A) 5714140 1 5714140 62727 ***
Oxygen (B) 111684 5 22337 245°*
Session (C)  3461.89 2 173094 19.00 **
Time (D) 2680.45 6 446.74 4.90 **

AXB 2854.71 5 570.94 6.27 **

AxC 2827.92 2 1413.96 15.52 **

AxD 801.16 6 133.53 1.47

BxC 310.56 10 31.06 0.34

BxD 217.55 30 7.25 0.08
AxBxC 397.91 10 39.79 0.44
AxBxD 126.42 30 421 0.05
AxCxD 128.30 12 10.69 0.12
BxCxD 314.10 60 5.23 0.06

AxBxCxD 372.88 60 6.21 0.07

Error 137737.00 1512 91.10
Total 212551.00 1763

*** P<0.001, ** P<0.01, * P<0.05

Higher AT group & Ut Lower AT group (2331} &8 D 1f FELER D L%, Fig.
04 X Fig. 0-5 IZZNZFIURT. 2 N—7BOMFHBOETILIKETE
BREBENFRODREFARDLDIT, ETNV—TIZBWT, STEEBOSEOHT
(BRRIREE (6) X Byial (3) X B (7) ; #%BRE (7) THVIRL) #1T-o7= (Table I
-5, Table 1 -6) . =D #ER, Higher AT group Tid, BBEEE (P<0.01), BRI
(P<0.0D) IZBWT, HEREZENFEDLN, Lower AT group Ti, BLREE
(P<0.01), RO a3 (P<0.0) IZR W\ TH ERESENRDONF-. T —
TEBIIFEREERBE CHEREDNRNRoN, K% RAMRY, Higher AT group T
i3, BREREOTTLEEERIRESRMT, Lower AT group THLHBEEDF T
HIRWERREESRMT, MPIABIIETL TBE5>THA (Fig. 0 -4, Fig. I -5).
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TableIl-5 The results of 3-way ANOVA on blood lactate

in Higher AT group
Higher AT Group
Factor S.S. D.F. M. F

Oxygen(A) 1006.02 5 20121 6.95 **
Session(B) 2201 11.00 0.38
Time(C) 1408.95 6 23483 8.11 **

[\S]

AxB 16097 10 16.10 0.56
AxC 88.60 30 2.95 0.10
BxC 72087 12 60.07 2.08

AxBxC 114.25 60 1.90 0.07
Ervor 21879.80 756 28.94
Total 25401.40 881

** P<0.01

Higher AT gro
60 group —e— Air —8—30%0,
—0—60%0, —+—80%0, ——100%0,

—m—-40%02

means*S.E.

W
(=]
T

Blood Lactate (mg/dl)
3 8

20

Recovery 1 Recovery 2 Recovery 3 (min)

Fig.II-4  Changes in blood lactate concentration during recovery periods of each
session in Higher AT group.
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60

(%]
8 3

Blood Lactate (mg/dl)
(98]
o

20

Fig.11-5

TableIl-6 The results of 3-way ANOVA on blood lactate

in Lower AT group
Lower AT Group

Factor S.S. D.F. M.S. F
Oxygen(A) 2965.52 5 59311  3.87 uu
Session(B) 6267.80 2 313390 20.45 4x
Time(C) 2072.67 6 345.45 2.25

AxB 54749 10 54.75 0.36

AxC 25536 30 8.51 0.06

BxC 1469.41 12 122.45 0.80
AxBxC 572.73 60 9.55 0.06

Error  115857.00 756 153.25

Total  130008.00 881

** P<0.01
Lower AT group

means+S.E.

—0=— Air —5—30%02 +40%02

—0—60%0, —1+—80% 0, —»—100% 0,

I I W T B T | LLdi 1 1 1.1 L.l 1 1 1
0 123 435 0 12 3 45 0 123 435
Recovery 1 Recovery 2 Recovery 3 (min)

Changes in blood lactate concentration during recovery periods of each
session in Lower AT group.
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F7=, BEREIEIZI T, Higher AT group THE Th-o7243, Lower AT group
TIFEETIIRL, Iy s BIiC-oWTid, Higher AT group TIIE = TIER
V23, Lower AT group CTHE Thotz. ZOE, Higher AT group TiZ, £y 3
VEERTHMPILBERE IS, tyiaBInbeLAK Y s NT
DEFRIEALARESE N TNDZEERL TRY (Fig. 1 -4), #iZ Lower AT group
T, Tydar2ERDIFE MPIBREIRML THDHE, FEyi g NTO
R EIZ OV TIEH EV B LN ZEERL T (Fig. I-5) . &7 —712E
F5EyvarFEOM T HBREDEERDHOIZ, Fig.0-6 17, KBEREBES
Rz R T & EERRO M EE DR E% 3. Higher AT group 23V Tid,

~e- Air —a 30%0, -4—40%0,
60 [ —o-60%0, -0-80%0, -4—100%0,

means=*=S.E.

Lower AT group

Mean Blood Lactate (mg/dl)

Higher AT group

L L (]

Rec.1 Rec.2 Rec.3

Fig.II-6 Mean values of blood lactate at each recovery.
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M EBEIX 2 THE TR o7 (Table 1 -5) 23, Fig. 0-6% R THBL,
Air FEREFTIY, B 1X0HEE 3D S 25 M P FLEEOFIIRE LR AEmERLT
VB, BB EEERIPIREE, 8T 60%0, LI T, EE30 M LR E L EE
1DELEDLRUMEE R > TS, ZOED, [EHE3IZBVT Air FEEEEE60% LA
FOBBEBRRTREORVAFZICRONBEETHELELLNS. Lower
AT group IZBWTIE, By alZBWTHEERIEZE (P<0.01) RO THY
(TableII-6), Fig. 1-6 % R THDL, Air FFREE ST N TORR SRR
T, BEME1XVHEIEIDOF B KEREERL 5. Fig. 4, I1-5, RUI-6 2R
THBE, I N—TLHiZ, RBERBEN AFEREHZ )5 M P ELEEDE VS,
EESIZBVOTRLBEEIIENTNDEITHS.

FRFETIE, N —TIBIT R EELZ(RET IBRBELZTA DL E
HIELTEY, KR THD Air FHRFFLEOHEBEZITHFZOIZ, Air FERRREL 4 MLk B
KR EFHOEAL A DE (Ar-30%0,, Air-40%0,, Air-60%0,, Air-80%0,, Air-
100%0,) T, &7 N —7BICENENFERO ZTEBOS B O BREBE (2)
XEyia (3) X (7) ; #ZBRE (7) THRVIRL) 21To72. TORER, Higher AT
group T, Air-60%0,, Air-80%0,, Air-100%0, DFEAEHEIZBW T, BEE
ETHEZ (Air-60%0, (P<0.05), Air-80%0,(P<0.01), Air-100%0, (P<0.01)) 23
FBOONTZ (Table 1-7) . F72, Air-60%0, 2R T_XTOMRAEDLET, BREIZR
WTHBREZR (Air-30%0, (P<0.01), Air-40%0,(P<0.05), Air-80%0,(P<0.01),
Air-100%0, (P<0.01) ) 2338% b7, Lower AT group T, Air-30%0, DA A
BT TOL, BERETHEREDR (P<0.05) 3578 (Table 1-8). F7z,
TRTOEAELEIIBNT, Byva TEERIDE TR, P<0.01) A58
Doz, M7 N—TEBIT, ZOMDEPRR OREERIL, FERLOTIEAR
o7z (TableI-7, I1-8).
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Tablell -7 F values in Higher AT group.

Higher AT Group
Factor  Air-30%0, Air-40%0, Air-60%0, Air-80%0, Air-100%0,
A(Oxygen) 0.13 0.68 482 %  1555**  916**
B(Session) 1.31 2.01 0.75 0.18 0.52
C(Time) 421 % 248% 1.9 325 % 301
A*B 1.08 0.15 0.82 1.64 0.83
A*C 0.23 0.03 0.08 0.16 0.14
B*C 1.31 0.83 0.52 1.00 0.65
A*B*C 0.06 0.02 0.10 0.06 0.06

* P<0.05, ** P<0.01

TableIl-8 F values in Lower AT group.

Lower AT Group
Factor Air-30%0, Air-40%0, Air-60%0, Air-80%0, Air-100%0,
A(Oxygen) 755 % 246 0.72 0.20 0.37
B(Session) 6.64 ¥*  427%  s90*  s528%  5gg¥t
C(Time) 0.70 0.73 0.53 0.54 0.53
A*B 0.10 0.51 0.18 0.08 0.01
A*C 0.05 0.12 0.03 0.06 0.11
B*C 0.27 0.35 0.27 0.31 0.16
A*B*C 0.09 0.06 0.03 0.06 0.11

* P<0.05, ** P<0.01
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LR ERR IR E SRR OEME 3O M P I EE, Air FEREEOEE3DE
21 FHEMEIC AT D E TR D%, Fig. 1-7 12773, Fig.I-4, I-5 B
0.7 %R THDE, Air FIRFSL 8L 7= 454, Higher AT group T, IED60%
U EOBRBRERE T PIBBEIXETL TEY, Lower AT group Ti, 30%
DERBEFHTETL QO DAONERTEXS.

1201 —&— Higher AT group

——Lower AT group
110 f

oA A

O
(e}
T

Rate of Blood Lactate (%)

o
(ew)
—

L L '] L L —t

21 30 40 60 80 100

Oxygen Concentration of Breathing Gas (%)

Fig.II-7 Rate of mean blood lactate at recovery 3.
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I—4. 8

EFBEFORE LFEREICL ST, REON—TF A LRI
FLEETHEVOEL, REEETHS. RIL T, BEHMICEREDCR
FREFRL TODEFENRND. BEIOER T OBEFRIIFZ THIE IHE R
&%7%> (Bannister and Cunningham, 1954; Wilson and Welch, 1975; Hogan et al.,
1983), LU, BBV O M T IBEOERICHRERRFR B ED THIE D
i, TEEoE0EL TR, ZOREEL T, EAZENEEL TWAELHEEL, E
ANZEDFTHEFRES (AT) DZEDEDLRETEITo7.

ARETIE, Z20R%2D AT V- VDI NV—T 12BN T, BEMEDEIERIZE
TOEBRERRET AR DHRE, MAHEBOMEKLNIE»DHERRIL, TD
PROFELZHERTDHIL, T, FEBHD20IE, HFIN—T1ZRBiT Kb M+
HERDHREZE RS DBMRBEZHAONITIZLEZ BHEL TiToT-.

AEOERBER)D, EBEOEBRERRIRIY, IPHEBEOHELRETD
EVHTLMHER TE, EFRESIORRDIN—T BT, Kb FIHBOHEEIZ
DRARBRBESERST-. ZOLIT, EBHROEEERRETE A M T
HRICKIETHRPER TEIE, ZLCZOHEBEI NV —TH TR o722
i, INETOREMEIZBNT—RLRERBPBONRD - T, HIZER
TRERTHA). T720L, BEHROEEERRFERI M FABOHEKIIRIE
TRRBPEINUKTFL, § BETENEZERELRD > TEHRIZBOHRELZTB W
TWeEEZDNS.

TNENDOENERFO M FHEEDFEFRDN D, LEBHRII RO R BEREEL,
Higher AT group Tid 60%LL_E T, Lower AT group Tid 30% DA Th-o7-. &[H]
ERIIRITD Air FERFFO M P FLEEO R E 335 R E BE SR FRIR oD 1
PHEBEOTHREXHERTRL, EORTYLFTIBORIRLTDL, BRER
RIFROHNRPBEEIIBENTOZEE 3 1[2B1F2 M P ALEEOR FEIZ, Higher
AT group O 60%0,, 80%0,, 100%0, DFER AT, ZH 1L, 7.8%, 11.8%, 9.2%,
Lower AT group @ 30%0, FHRFT, 92% Th-oTo. ZOFENDL, W/ V—7FT
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b M PRLEROHE RIS RO E IR o708, mFLBORO R, &
TN —T R BN BRI LR TED,

EFRBZELETOEEATEEZ O Air FERE 100% O, FEROHE 34T -
7z Murphy (1986) B U Shell &(1986) DEFFRIZL B, VN T3LE 100% O, FEREED
I FELERIT, Air FERFEERE B BRRBVIIRON T, FFEORERLIIERZLDT
HoTc. BHREETEENEBET DL, TOHEEHHRIC M PHBENE LS.
e, MAFBRENLZRRIFOL NV ETE T 4B RERIRRED DB Ehb,
AL EBNHE R SEBHERE N R 5722888, RN BT EEELE
Zbhb.

¥, 8D 70% Vomax TOBEET AT A—F—EBEOEHERIT Air,
40%, 60%, 80%, 100%0, D77 RAFEF 24T\ L FELER DI 5% 7 DLATIZ T & D
HMRETITONIHIE (BT, 1992128V T, Air FEIRERE LB T 40% O,
nzza#-@mcpfmci%%ﬁ@t, ZDBAHRIT 8.93% ThoT-. ZOWFFEITIITHH
BEIL, BERRRERE1T 5TV b (N=6; Vomax: 42.7+ 1.2 ml/min/ke;
AT I3RBIE) THY, REIZBITS Lower AT group LIS A—7ThaEEbh
5. BHFFETD 30%0, FFREFCRLBO U REGELIL TRY, AZEDERE
REeXFETHLOTHEIEEZLNS.

S EIOHFEIZ Lo THELN - EB % O M FILEEO A E B kS SRR
BB oI N—TRTRRSEERIE, LM TE o7, UL, ZHET
DRRZEZD T, MPHLBOBERIIL, Fo—=U VLB BREBREMRER D — o
DERDBEEDO->TWAEEZLNAS.

T, == 7L TTHD, EEREADIIED—>ThD AT i3, UEe
ik SREER DIEMEL ~ L L BHEL (Rusko et al,, 1980), EBE, h—= 21210 E,
BRI K REERTEMED BN 3 DL (Tanada et al.,, 1993), $7=, EEHERFEDH 3G ik
AOFESEERE SO EEN % D FLM A K REESR IR B DS N33 2 & (Karamizrak et al,
1994) 126, SR N—TF 53T %84T0l Z2>DIN—FRIT, HOBRLEEHNEA
HEEITERBSITHETES. ZOZLIIMAT, Ne—=U Z %4752k, £
A E R D FEEOEB RO KA ME DILEDRREN KX DL -7, MK
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BRAROENDEESN, Vomax R AT 48 TRENDAESEED 15 E_ET5
(Astrand, 1980) . EEBFPTERERU-ILERIL, TOEEELHNTRRILSND
B>, MRIZEDMODIRE FEEEG ORI L) ICBBILEMLENS J\E, 1993) D
THDPD, Nr—=2 72> THIROESREE N AU ER LSNAEIC LY, LViE
RDICHBREIENPOREIERTIZENTERIIICARE. ZhbDIEND,
Higher AT group Tid Lower AT group {ZH~T, 1EEG CTARERBINL - BT,
EEBPICBOTERODIZEM LS, &5, MEENL TUEHOEEITERNIT
ERSNB LS LR TES.

KIZ, BREBRRTRICEL TTHH, EEARRHIIIT230%BE R MEL i
(BT Air FFREELDS, 0> LDH 2387280 WD Gk ED, 1990) 255,
BHRICEHREDOEESAEFRTHE, LDH OIEMN LR $3L0 ) TTaeEs
TREND. L, BREBRRPREZITIE, MLFOBRESEOEICEE e D
IXNEASEZD (Welch et al., 1977) . FEIREASR B AN E <2513 L M P OBESR S EIT
B2, MERIVEMETHIENEZONDD, EREREENEARDITY,
M FEEBEOERCHRIEREHTEIELEZ DN,

INHDTEHD, MHFFLBEDOEERLVIBEANLEX DL, Bk EREEREEC
EZHMEDRMEL D)~ RE, BEORRRER (M—=22) 24752
SICEVEMMEBORELERNEORMLEOIRICIVRESNELEILN
%. 37255, Lower AT group &5-~_T Higher AT group Tid, K0\ BESREE
(CRITDRSFME TS, IVEWIRIERES CILEDE FTEERL, Z0ORE,
1 FHERDOHERIMBEES NI D TIIR DR TXS. ZOEIMEZT, @S
— T BT DFHOBACREN DBV ER L R EREFEOMERIZE > T LDH &
PELALD EF CKED, 1990) T5EVOERIZE ST, RIZZo0ERDOKTEE
RIZEST, TZN—712361T 5 M H BB E DM &I R $ e B R ER D
BIRPERSTe DT EEZBNS.

INFETOMRBERONRE RTODHFEIZBNT, —BLEREEBSELNAD
SIEHT, BEIRENZLVI N —THF2ITHIZEICE- T, BER OB EERS
MRk 231 P FLEBR DI RIZKIE T ZIRD, AL RoT22L, $i2, ZORNENS
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N—THTRRoTZIER, BICEEBTREATHD. L1L, RETI,
70%VO,max £\ \DEEERHIFL T, LEBMEIX = >0/ L — TR TRRS
FERL72 o7, Jorfeldt et al. (1978) 1285, M FABEOKEIIHEEDOER LLBHES
BIEBERMINTERY, i, \H (1993b) DFFFETIX, MPHABEIREVIIE
FEEDKREEROEMEL N UM ALBESNTVS. LizhioT, mMPHLEE
BECRETERERIIAEROEZECHRT DO, AN —TROE
Ehg i FELEERE OEV L ED TREL TVKBERHDTES).
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FHIE

EEDROBRERRVARER A M FHLBOWLICRIETEE
—EBRE ) R UERREEZERL T—

1 EICRWOTRAIDN, MRESENTDE, EEFH TERSNZILELDS
TR FEVER A 72 & DA BB ~ER SN2 BN, BREL TRESh
SEIPMEMNS D0 T, EEMEOILBEOHEKIZIL, EEREH OMITES % O miTE
HEEL TV, EBHROZHEEROMTEICIY, ZITEBROESRENES
ELTWD. o TEBROEREBRRFRA M PRI RIETHREABESTS
eI, BBERLSEICLZMENMEEOBFELH DR CTESROERRELZ
RTHIEBUELIR>TLB.

SETEFROEREBRIEN AR M FPIBOERIIRIETERIL, —FL
T RERDBB/LN TURD 7253 (Murphy, 1986; Shell et al., 1986; T, 1992; &M,
1993), FNEIZRWTHBRE OEIRENE2ER T IL TEORE ML SR TX
7. ZOEBEBRIRAFROEMETT NV—TI12L>TERY, AT OFBWI L
— 7 TII60% LA EOBEFEN AR T, AT DRI IL—7"TiZ30% DEEE N ZFE
R CERLE M P ILEEBEARU. 20X, BB OB ERR R A3 M
HEBROWERIZAZDTHY, EtOBRILEBRENKETIEEILN. L
L, ZORBRTIIFIN—7HTEBEROILBEICEEDE R RLN, E
BENTET T HLBBE K D HLEER L ~D B2 (Jorfeldt et al., 1978; /\H, 1993a)
HEA TSI BN, ZOZlns, MHAIEBEBEICRIETERERSEY X
FER DB T AL, A7 N — 7 RICIIT 2EENE O M P HLEEEEE D
BEOLED TRETL O K LERSHDEE X SN, EE O M PR BEDKET,
FITEFREIC L TEASNAZLTIHALNTHD. - T, EEFREL RIS
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Z&T, BRI EEHONTTEOE LM FIHEEOE \OFERH RSt
THZLMNTTREL 2B,

TIVET, EBRENY, VO2max R EELTEF I Lo CIMBS TR, T
DIFETIRHORBIAKEE ERICRBL TORWEHERS T3Y (Katch et al,
- 1978), COBERMILDITE, REHEOER SR EELL-ESREL ZE T34
B3 (IEA, 1987; FER, 1988). 2T, BEREOESBAEICEL T, ILBE
BEER, WOPIREHEDEB R THD AT IZEBL, AT (T3 AHEAMET
REATHILIZIVEBR TROMFHARELFTS L — B ThhbEAIENTE
DHEHETL 7.

L EDZEND, KBTI, EFHELZEETIILIL-T, Zo0ER5ES)
BEADI N =TI RBITDRKRNTEB R OB RERRIEN AR A 1 U EE DL
~RIETHRIZOVWTERRIET DI E, MPILBOMELBETZDOICELE)
RO BREELZHALCTAIEE BEHELE.
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m—2. Hk

(D #HHRERVERFIE

10 DR B FREENZOFEIIRT L T4 T TEMUE. HHREIL, S
BLREIRIZ AT OBWIZESTITONI NV —TF12431} 7= (Higher AT group:54,
Lower AT group:54). Tablell-1 1%, AV —IZBITHER, &K, KE,
Vomax, AT Z7RL TS, i, ERITETS, FEROER, FEbLOEek
FHIZOWTORAZAToT %, BHRE LV T4 —LR o B e fEie,

FOREIIRBV TR ERFIELFAROFIER CFEEZ AV, REOXA LR
TV a—NVTEREYITo7. Figll-1 IZEBRDIA DR P a—NERwT. 5 D
EEE 6 DEDEEEZEIZIEEDR AT 2ot BB OB, EEE

Tablelll-1  Physical characteristics of each subject in Higher and Lower AT groups

Higher AT Group
Subj. Age Body height Body weight VO,max AT
(Year) (cm) (kg) (ml/min./kg)  (%VO,max)
1 22 165 60.1 53.80 61
2 21 162 59.5 60.00 59
3 21 163 60.5 50.60 60
4 23 170 65.2 53.90 61
5 22 166 57.7 54.70 61
Mean 21.8 165.2 60.6 54.6 60.4*%
S.D. 0.8 3.1 2.8 34 0.9
Lower AT Group
Subj. Age Body height Body weight VO,max AT
(Year) (cm) (kg) (ml/min.kg) (% VO,max)
1 22 170 57.5 51.40 45
2 22 160 53.0 55.00 52
3 23 173 59.6 45.90 48
4 22 177 52.6 55.40 50
5 23 173 70.3 48.70 49
Mean 224 170.6 58.6 51.28 48.8%
S.D. 0.5 6.4 7.2 4.1 2.6
(* P<0.05) AT: anaerobic threshold
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#“omhHBELES L —T R THhOEA7-D12, ABERRBSETHS AT O
FEXIBRE TR EL, 130%AT (T Y 3258 E ThoTo. ¥z, 130%AT RET,
VO, max (OREX3EEE TR Higher AT group T 75~80%V0,max C Lower AT group
TIE 58~65%VO,max LY, FiZ N —F TRRBLDThote. T, EUET
BAREERESZZERLU-EREBRIFRRGO M PHBHER~DOF 2R
TEDEEZT-. BREEBFEONRIY, SEOERERMEICORITY, BREESK
i3 100%BEIREAERIR, 21%, 30%, 40%, 60%, 80%DSEAET, B o&EDERIT
T DT T

(2) 3 s

BIEEITFHZERETRY. MFABBEDCT —#13, #REINV—T,
BRBELE, Eyiay, BERMOERT, MixEBEDms#mthiz AV Tatr
Lz, ¥, ZaBEBOSEBSTIZE-> T, KIN—TET, MHPABOHEKIZHE
BB OV IBREESHFORMEITo7. BEKEL, PERN 0.05 LLTO
L&EL.

-10 0 5 11 16 22 27 33

== : HR, Expired Gas
T : Blood Collecting

I
3 4 5 '
B : Test Gas Breathing TTT T ? T T (min.)

Fig.Il-1 Time schedule(Ex. : exercise, Rec.: recovery).

Subjects breathing test gas during each recovery periods. Blood sample
was collecting at rest period and at Oth, 0.5th, 1st, 2nd, 3rd, 4th, and Sth
min of recovery period after each exercise.
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Im—3. &R

(1) EB T OBEERE (Vo,)

Fig. lI-2 1%, JAIDOEY a2 OEEFICRITIESHR T 1B OBREERE
DEHELIBERETHD. KOOy a BOESAR N, EEAERTRRS
MEIDZHERR T DD, ZRBEBOSROW (T NV—7 (2) XK E (5) X
RefE] (3) R E (5) THEYVIRL) 24T o7, ST ORR, BHIDEyT ar OEENC
B DHREREDL, M7V —7HCTHERZE (P<0.01) BROONT-AS, Bk
BRI THEERERAON o1, ZOZEE, BN —TLbiC, FEERREE
SR TEBRRFTORENRRL Tho7eleaRL TV,

means+S.E.

50 Higher AT group 50 Lower AT group

40

Oxygen Uptake (ml/min/kg)

21 30 40 60 80 21 30 40 60 80

Oxygen Concentration of Breathing Gas (%)

Fig.I-2 Means and standard errors of oxygen uptake during exercise 1 at each
breathing gas condition in Higher and Lower AT groups.
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(2) EEVE O P FLELEE (BLA)

TableII-2, Tablell-3 {2, ZiLZ 4L Higher AT group, Lower AT group {2315
ZEEHF PO BLA 07 —F (FH(RERD) ) 2r~d. BEHRFO BLA O
T =&, ABLEDOZESIT (T N—7 (2) XBRBE (5) X BEyia (3) XK
B (7) s #8E (5) THRVIBRUL) IZEVSHTL 7 (Table Il -4) . ZDHER, 7V —7
(P<0.01), BEAFRIREE (P<0.01), B3t (P<0.01), KU (P<0.01) 12T,
BEEREDENRIDOON. £, IV —T Lol a it B TEERREER
(P<0.01) BFBOONTZ. T, By ar BOBEILBI N —TF Lo TRRBTE

ZRLTUA.
Tablelll-2 Blood lactate in Higher AT group
Higher AT Group Average (S.E.) mg/dl
Number of ime Breathing Gas Condition
Recovery Air 30%0, 40%0, 60%0, 80%0,
Rest 6.1(0.7) 6.0(0.6) 6.6(1.2) 7.5(09) 6.6(0.5)
0 29.4(29) 27.6(42) 29.6(3.8) 27.1(4.0) 27.0(2.0)
0.5 343(24) 345(39) 353(3.5) 323(34) 321(2.1)
1 1 37.8(25) 385(39) 386(3.4) 381(0.5) 383(2.5)
2 41.7(12) 41.0(21) 40.1(3.0) 39.1(2.0) 39.9(3.9)
3 39.8(0.9) 393(22) 379(24) 37.8(12) 38.0(3.3)
4 400(1.4) 392(23) 374(22) 355(21) 37.0(3.9)
5 385(23) 382(22) 37.0(2.7) 36.7(1.4) 36.4(3.9)
0 41.8(1.6) 421(28) 412(3.3) 40.8(2.6) 38.9(3.9)
0.5 44.4(19) 445(23) 427(3.5) 41.5(2.6) 409(4.7)
2 1 441(22) 454(19) 43.0(34) 41.8(24) 422(5.1)
2 437(23) 44.6(21) 43.1(33) 415(1.9) 41.9(5.3)
3 419(2.0) 429(23) 40.4(3.1) 40.7(2.0) 39.6(4.6)
4 40.7(22) 41.7(2.1) 38.8(3.5) 375(1.6) 38.4(4.7)
5 384(1.6) 38.4(26) 39.6(39) 372(1.4) 37.4(4.3)
0 445(29) 431(3.5) 425(4.8) 40.8(3.0) 40.7(5.2)
0.5 44.7(2.8) 450(3.1) 43.5(4.5) 409(3.6) 406(5.1)
3 1 44.8(27) 448(3.1) 43.6(4.5) 412(3.4) 41.2(5.3)
2 44.0(28) 438(3.0) 424(4.6) 40.7(27) 40.6(5.8)
3 424(27) 421(28) 40.4(4.3) 39.1(22) 393(64)
4 41.7(2.6) 41.4(3.0) 389(4.0) 388(24) 37.9(6.0)
5 39.2(22) 403(3.1) 38.7(4.6) 38.0(24) 37.6(5.7)
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Higher AT group (23T EEE DM HBEDE{L%E Fig.Il-3 IZ, Lower AT
group DEAb% Fig.M-4 IZENENTT. FIN—TBIIBITHMFHAEOE(L
CRIETRBEBRRERONREFARDZDIZ, FIN—TIZBNT, 3TEE
DB (BERBE (5) X Byial (3) XK (7) ;#K8E (5) THIEL) 21T
-7z (Tablell-5, Tablelll-6) . ZDFER, Higher AT group Tid, EERIBEE (P<0.01),
Ty al (P<0.001), B (P<0.01) IZBWTHEREVESROLN, Eyiard
REfE (P<0.0D) IZBWTH ER R AEERBROLNT. Lower AT group (28 Th
FRIZ, BBRIEBE (P<0.01), i3t (P<0.01), B (P<0.01) IZBWTHERE

Tablelll-3 Blood lactate in Lower AT group

Lower AT Group ‘Average (S.E.) mg/dl
Number of . Breathing Gas Condition

Recovery Air 30%0, 40%0, 60%0, 80%0,

Rest 6.3(09) 6.5(0.9) 7.2(0.8) 7.1(1.1) 7.0(0.9)

0 16.1(23) 175(2.1) 204(4.7) 185(23) 16.8(1.5)

0.5 20.0(2.3) 243(4.0) 23.4(4.8) 225(2.7) 19.3(1.3)

1 1 225(2.0) 265(4.1) 23.7(5.0) 25.1(3.2) 232(20)

2 254(23) 283(4.7) 273(3.9) 262(3.0) 24.9(26)

3 269(2.8) 264(4.1) 282(3.3) 259(2.6) 23.6(1.2)

4 25.1(32) 252(3.7) 27.0(3.0) 24.8(2.0) 225(0.7)

5 24.0(33) 26.3(32) 26.2(2.8) 23.6(1.9) 21.9(1.3)

0 236(22) 259(3.2) 259(2.9) 251(1.9) 23.4(24)

0.5 272(29) 27.7(3.1) 286(3.1) 27.5(1.9) 249(22)

2 1 27.7(3.1) 29.5(3.2) 29.5(2.5) 28.8(2.3) 26.4(22)

2 272(27) 29.7(3.2) 285(2.5) 282(25) 26.7(22)

3 256(2.7) 27.7(3.2) 279(1.8) 262(25) 25.0(1.8)

4 245(24) 255(3.1) 269(1.5) 24.7(22) 24.4(1.6)

5 235(25) 255(3.1) 250(1.8) 23.8(23) 229(1.7)

0 242(27) 27.0(3.3) 25.7(2.7) 24.7(2.0) 23.0(2.3)

0.5 258(2.4) 284(28) 276(22) 26.1(2.1) 24.8(2.0)

3 1 263(2.8) 29.5(33) 28.6(1.9) 266(2.1) 252(2.2)

2 25.1(27) 285(3.1) 274(1.7) 25.8(22) 255(2.1)

3 238(25) 264(3.0) 252(1.9) 24.1(2.1) 23.8(2.2)

4 229(2.6) 252(28) 24.8(1.9) 23.3(21) 223(1.8)

5 222(2.6) 241(29) 237(1.8) 22.1(2.0) 21.4(1.6)
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PRBFBODI, Ty a LRE (P<0.0) IZBWTHEERRE/ERARRO LN,
W7 =T EHIT, BRBEIZBWTHEREDESER TEIEnD, BRE
EH&H Tl hHBRERIILIRENT.

AT, %7“/1/—7’&:3&7‘6%’6@fﬁ%ﬁiﬁ'é‘é@#ﬁ)ﬁ%ﬁ&élk% B
BIELTERY, Air FRREEED LEEITHTZOIT, Air FEREEL & FRIGBA SR B 4k
DRI B (Air-30%0,, Air-40%0,, Air-60%0,, Air-80%0,) TEZ NV —F&EIZ
TNENRRD ZTTEEB D7 BT (BERBE (2) X By ar (3) X B (7) ;#
§r& (5) THRVIRL) #1To7=. ZDOFER, Higher AT group Ti¥, Air-60%0,, Air-
80%0, DA EDEITRNT, BBRRERM TH B2 Z (Air-60%0, (P<0.01), Air-
80%0,(P<0.05) ) 3588 &7z (Table TM-7). Lower AT group T, Air-30%0, D
HMABEDLEDS, BRABEM THERZE (P<0.05) 35805417z (TableI-8) .

Tablelll-4 The results of 4-way ANOVA on blood lactate

Factor S.S. D.F. M.S. F
A(Group) 56724.70 1 56724.70 1269.63 ***
B(Oxygen) 929.65 4 23241 520 **
C(Session) 2767.68 2 1383.84 3097 **
D(Time) 2453.43 6 408.91 9.15 **
AXB 293.33 4 73.33 1.64
AxC 669.31 2 334.66 749 **
AxD 11.11 6 1.85 0.04
BxC 72.16 8 9.02 0.20
BxD 86.01 24 3.58 0.08
AxBxC 55.95 8 6.99 0.16
AXBxD 60.03 24 2.50 0.06
AxXCxD 177.79 12 14.82 0.33
BXxCxD 121.24 48 2.53 0.06
AxXBxCxD 57.76 48 1.20 0.03
Error 37529.50 840 44.68
Total 104998.00 1049

*** P<0.001, ** P<0.01

37



Blood Lactate (mg/dl)

Fig.-3 Changes in blood lactate concentration during recovery periods of each

10

Tablelll-S The results of 3-way ANOVA on blood lactate

in Higher AT group
Higher AT group
Factor SS. DF. MS. F

A(Oxygen) 635.67 4 15892 292 *x
B(Session) 293120 2 1465.60 26.88 **x*
C(Time) 134752 6 22459 4.12 *»*

AXB 51.68 8 6.46 0.12

AXC 8134 24 339 0.06

BXC 220091 12 18341 3.36 **
AXBXC 8456 48 1.76 0.03

Error 22896.30 420 54.52

Total 30229.20 524

*** P<0.001, ** P<0.01

Higher AT group means+S.E.

I N T R | 1 i T T S | [T T 1

0 123 45 0 123 435

Recovery 1 Recovery 2 Recovery 3

session in Higher AT group.
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Tablelll-6 The results of 3-way ANOVA on blood lactate
in Lower AT group

Lower AT group

Factor SS. D.F. MsS. F
A(Oxygen) 587.31 4 146.83 4.21 =«
B(Session)  505.79 2 25290  7.26 *=

C(Time) 1117.02 6 186.17 5.34 *=

AXB 76.44 8 9.56 0.27

AXC 64.70 24 270 0.08

BXC 965.74 12 80.48 2.31 *=*
AXBXC 9444 48 1.97 0.06

Error 14633.20 420 34.84
Total 18044.60 524

** P<0.01
Lower AT group meanszS.E.
50
o
E
ot
S 30}
-1
o
= of !
= ]
= 0 [k
—o— Arr +30%02—&—40%02—°—60%02—D—80%02
10 - [ S T | L 2 } i1 1 1 N J | - L ] 1 J
0 123 45 0 123 45 0 123 45
Recovery 1 Recovery 2 Recovery 3

(min)

Fig.Il-4 Changes in blood lactate concentration during recovery periods of each
session in Lower AT group.
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Fig.Il-3 @ Higher AT group %4 CA5¢&, [EME1TIX, EBH%24 BAD, 60%
U LD EREBRRIFRRHNI BV TERERRELY, BV FABRELRL TR
D, REIORBLEELIZZ DEPRLZIZBAWTODONRER TES. EE3I1ZR25L,
680%, 80%DEEREE LRIV T, EEBEEND Air R IVERE
(AR MEZ7RL TV 5. Fig -4 @ Lower AT group & R.CH 5, [EIE 10D80%F:
KIPRFHRTROR Air FPIREFEVEY MEZRL TOB ISR, ZOMOEERE

Tablelll-7 F values in Higher AT group

Higher AT Group
Factor  Air-30%0, Air-40%0, Air-60%0, Air-80%0,
A(Oxygen) 0.00 1.37 1098** 484 %
B(Session) 22.08**  1252*%  2087** 800 **
C(Time) 305 172 2.84 % 1.42
AxB 0.17 0.07 0.23 0.16
AxC 0.05 0.10 0.13 0.05
BxC 262 % 146 285 % 122
AxBxC 0.03 0.05 0.10 0.02

* P<0.05, ** P<0.01

Tablelll-8 F values in Lower AT group

Lower AT Group
Factor Air-30%0, Air-40%0, Air-60%0, Air-80%0,
A(Oxygen) 544 % 2.95 0.76 1.46
B(Session) 2.72 1.95 3.99 ¥ 5.67 **
C(Time) 1.95 1.73 2.38 * 284 %
AxB 0.09 0.40 0.05 0.04
AxC 0.08 0.08 0.11 0.07
BxC 1.03 1.10 1.34 1.36
AxBxC 0.07 0.06 0.06 0.13

* P<0.05, ** P<0.01
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FAREMRETIL, Air FFRGGEE DLV, L5 Air FFREARIE I
FHBELZRL COBERERZ NI THS. BV —7EbI, BEESIZENT, &b
EREMERTEROEENETODLITHA.

LSHRRREREROEEIOFY M FHBES, Air FFRFOEE 3O+
HLEREICX T AHETERLUIZL D% Fig -5 (27~ Fig.II-3, -4 RUI-5 2 R
THBL, Higher AT group T, S13V60%, 80% DELFEHEEE 4t Cifn P ELE
EEHMETL THRY, Lower AT group Ti, HIZ30% DEESEIREE St CHIML TV
DDHHERTES.

120 [ —&— Higher AT group
< —{1—Lower AT group
3
& 110 |
3

Q

=

=~ 100

=)

=

~ X
“= 90

3

= X

80 | I | 1 1 ]

21 30 40 60 80

Oxygen Concentration of Breathing Gas (%)

Fig.Ill-5 Rate of mean blood lactate at recovery 3.
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M—4. £

AIEIDAFFE (Maeda and Yasukouchi, 1997) Tix, Z- 2D R/45 AT L~ULDJ )L
=BT, EERORIERIIRIT I EmBEREN XK O%ES, gLk
BEOHEEL OYENLHERNL, £/ 10— I2BT 555 ML P HLEREE DL
ZHEARSELIBREELAONHIITIEE BLL TiTol. TORE, EfEEH
DERDTN—TIZBNT, BB OERBREBRRERODE (BLHRAEESE
RE) BRDTLEDHESRINTZ. LhL, ZORBRIT, ZS0ORLRBEHI N —F
THEBREIIFEERE OB RLN, EBESKETIIIRKEN IS ELBOBRLITE
FITIRDTZED DIV TNBZENE (Jorfeldt et al., 1978; J/\ M, 1993a) , EEIRE /177
T TRHABEOL LD ELEATHBRINC B, T2 TAEOREE
ZRBNWT, MFHLBRRECRIETERERRTRAFROEEY B/ T DO,
M7 N — BT 2 EE O M PHBREOE D ED TRILE.

TN ENOERIEROMFIHBORERID, LBEERIRLDIRALBERRED,
Higher AT group Ti360%, 80% DEARIEE T, Lower AT group Tl Air &R
Tholz. HFEMERICIRITS Air FRFEEOFH M FIBEICN T EEERET
R BRe D 3 1 FFLERME D LR OB R I FHEII X DBRDELTHL, &
BREBRRTERODENHZRLBEEICHN T ZEESICRITA M P LB 58
F2hRi3, Higher AT group ®60%, 80%DEAREE T, T T, 6.87%, 9.36%
THo7z. Lower AT group Tid, MHHAEBEISFEIIETULERRE LIRS, ¥
30% DERBREIZIBNT, HFEITHEIML Tz, ZoX5iZ, Higher AT group T,
Maeda and Yasukouchi (1997) ERI#RDFE R EH, Lower AT group Ti, 2L
DFERBBLNTZ.

SEDHBRE BT 130%AT LV EBBRE, VOmax OTEXREICHE TS
&, Higher AT group Tl 76.6’\“79.8%\.702max &720, Maeda and Yasukouchi (1997)
D T0%V0max DIEBNHEE LB REE L7, EBE O M F I BB EDEDL B\
fEZRL7-. L2>L, Higher AT group (28I} 345 EIDFE Ri%, Maeda and
Yasukouchi (1997) D#ERELFUHEREZRLTEY, #-oT, ZNHDOREND, EE)
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RrDFEEEDHKI 70%~80%V0,max DEEFHDEE, EBNH% D FFLELOBEITIE, I
FHEL NIV OBVNIEDEEIIAONT, BREBREN AERIC L8877
THHEMETED. 2, Lower AT group IZHiT5 130%AT REEIL 589~
67.9%V0,max L7210, T0%VO,max FOIE\ EBIARE LR, EBY %M IR
DIES IS MEZ L2, Lower AT group T, 70%V0,max SEEEL 130%AT 3D
FERIL, £<8B-oTHY, EFREDENEERTIHL, EHFFOKREDN 589~
70.0%Vomax OEEDES, EHE O M HILBEOWEIRIETHET, L,
BRL -~V DRV GEBIREDEW) LEREBESRE T AR O —>OER MR- T
WAHIDIZEDNS.

EBROEHRENEOROEBEBRRFEPOMFIBOEERIIRKIETE
Br ROT-DIZ, Figll-6 12, &7 V—7E0OEERRELES% D 6 SREOFEH M
PHEBEORRFRETRT. T—FiL, RAEORKRRLIEIEDRRELEATRY, EH
HET Vomax [CRTBIRIREICHE L. T/ L — 7L, EERE L ESE
O i FHLEERE B EREREER (P<0.01) ¥MEbNT-. Fi, £V —T 8T,
Air FEUR B & £ FE 0 B 3R 18 BE S5 1 (AIr-30%0,, Air-40%0,, Air-60%0,, Air-
80%0,) TEIREMRD LB EITo72. ZDFER, Higher AT group (28T, Air FE
REHBL T60% R UB0NDBEEFERFT, BIREROEIICHERE
(P<0.01) B3 FH T, F7z, Lower AT group (238U Tid, Air FRIRBELLEEYL T,
30% K U'40% DELFIFREIF T, EUREMROBEEICHERE (P<0.01) A5
72 ZBORERIL, Higher AT group Ti, EBIREEANY 70%~80%V0,max D
BN ThLLE, MPAEEDOHEEKIZIY, EEFRE oA MRS BLA L~LD
ERIINEREBRTROEEDHZTHY, Lower AT group Ti, EEFEREMN
58.9~70.0%V0,max PEEA THHEE, [ FABOEEITIL, EEEE (MFE
R° BLA U IW) IZE o TEIBEEEREROZIRENRERDILERLTNA.

Fig. -6 Z R.5&, Higher AT group T, BIFEROEXIT Air BERETH oL
bE<, FREREEN LA T oNTEZ22 T, K5 T, Higher AT group
TIIBREBRZIAFRDHER RO, FFI60% U EOBRBESETHR
DIBREIZ RO 7. Lower AT group Tid, Air FEREREHEL T30, 40% B3R
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 wl — Air
= — 30%0,
=2 Lower AT group ——- 40%0
2
% 35 L e 60%0,
L 1 gL S5 80%0.
<
o 30} 2
]
]
B 25} —>
2 *
= Higher AT group
20 | *
15t
55 60 65 70 75 80 85

Work Load (% V0,max)

Fig.Il-6 Relationships between the workload during exercise and mean blood
lactate concentration after exercise in both groups.
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REFZ BV TEIFEROEZICEEREOS LN, $65%Vo,mx LU T DES)
SRE THDHLEIIHBEBR N AR M LB ARSI RIE TR RITRDS
NP, $965%Vomax BA_EDBHZIZ30% & M40% OEER I EEIC 330 T it HLES
DIETAMetEEi7-. Lower AT group (28T, 7‘%’365%\.702max LT DEBNERE
DEE, BREBRFEFRIZLAMFILBOETR RO -7-DI, 1Y, &
ENSREE DS LBIRYIRL V), BB EBMEERIZLAMFEETAEIVRL, 20
DI FEBOETRELN b ofziEx bS.

ZIVET, EEMRIZ100% DOBEHR T AR 21T > 7878 (Murphy, 1986; Shell et
al,, 1986) IZBW\T, M FEIT Air FPRRFEHEL THEEEVIZIRLN T, &
BNk OB IBERREN AR OZRITR B DOLENTE. LOLAZER D Maeda
and Yasukouchi(1997) DEFFEIZINT, HEEBRIZELHEVFESL 2V BT
BLILZS, MBELHIC, BB OB REREEN AEE 5 M HBOBERITRIE
TRRDPHERIN, TORIT, FHEESREOEEREICL>TRRBIEN
RSN, T7200, EBERORBERBRREPR S M FIBOBERIIRIETHR
VL, BB R EEREI KT TAIENHAL) o,

SEIOHRICL > THONIEENE Ol P ILEEDE RS BLE KL - BRI
FED, ZOoDIN—TETRRDIENHESRTERN, TORRIZL, 4 EOHE
OITEEALNITAEIITERV. L, MFBEOEEIIT, N—=7,
EEEE, HREBREREVS Z20ERBED-oTWBIEND, ZOFERIC
DNTE, ZRNETOHMRZED T, ZO=Z2>OBERNOHERTIZLNTEXS.

MN—=FI LR ERORE, EERORE MEEROE TR Ok
TEERRAE /1 DY E (Astrand and Rodahl, 1986) %°, FLELRL K BEERIEME DN
(Rusko et al., 1980; Tanada et al., 1993; Karamizrak et al., 1994) |2 REN BB LRES
DE D, BFFED ZODTN—TIT, FHOBRLEESC MR DEREE IR
RBEEITLIBEZICHE TES. MROEMESH DM LT, LA L0FEHIC
IO EIERLUEL T (J\H, 19932) ZEERLTRY, EBE, EMLEHE
DML > T FHBEOHERPEMTHLHEZN TS (Tesch and Wright,
1983). ZNHDZ LMD, Higher AT group Tl Lower AT group (ZHAT, 1EXER
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TEMEBRSNT AL, EEFNCRIT ISR MOBREIZBITHE
RDEBACDOR S IMRESN - LHER T,

EEFROEEHICEES LTV MR ESHENS DL IDESLCHICHEINET
3%HZ& (Newman et al., 1937; Belcastro and Bonen, 1975)%°, HLERIEEEASE L
FHRROBLANEFRIZ/2HZ L (Jorfeldt et al,, 1978; J\H, 1993a) HSEFREZN TV 5.
EERENEHVEEES % OABBERIOCLFEIEMT IO THEID, E
B E S BVEE MR BOKE T RITEARTHILITRS. Lo T, Mol
R4 AT MEUHE (Welch et al,, 1977) (2RI MAEEBEDIE T, EH)
RENSENIEMESND (Weltman et al, 1979) Z&i2725. SEOIEE T, %
(2, Lower AT group (ZHW\\T, BEIRFOEEITREDEENHLONTED, 16
5%VO02max YA EDEENFRE TIZ30%, 40% DEEFEN AFERIZ L~ THLEMET
L, TN LT OSEE TSN 22 L AR 4L/, Higher AT group 1238\ T
3, S EIORRIOILETREDEEII RO -7, SHIZE ESTRET
IToT235E1TIE, Lower AT group DFERLFEIROER R RONEB LA,

KIZ, BREEBERIFRIZEL TTHIH, EEIATRIZRITH30%E: R IRk
(BN T AIr FERERIDS, MR OFEER A RBEREI I 72 H8RE GRED,
1990) 25, EEERDOEBREMRBEN AFRIZE>Th, IEENKRBEROFEME L
FTOFREMEITRIES I, ZORENH FHBEREICL o TRRAILLEI LN
5. UL, TR REUIIRIEDLZ A7 .

U EDZEMD, mMAHBDEREOIBAIDE X HE, Bk EEESRIFR R
CHMEDYREL D<A T REIL, BEOFRAIRLEE (M —=2) I L5188
RENDOHEEIZL>T, Higher AT group TIREVEWEEERESMICV T
FHBRBRENMETLIZOTIIR D (R TED. ZOFIIMELT, B/A—7I1
BIFDFHDOBRICEES DBV ER L E R ERROFRIZE>T LDH EiHL~
B EF CKED, 1990) THLVOER, IGITILESRFOESEE L >TED
BOMBEIEDLDLEVDERIZEST, XiIF 4+ DERBOREERIZE-T,
W7 N —IZRBTHM TP HBBEOHKIIRIE T mEEBRRTFR ORI R
STEDTIHARVNEEZ BN,
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ZNETOBRPERIZE DM FIEE~DERE R TOBHFFIIRBNT, —HL-
RERNPBONRDTZHFT, EBRENICIVI N —F ST ETHEIc LT, EE)
B OB BEBRIPR M FILEROERIIRIT TR, AN RoT-2E, £,
ZORMRBPIN—THTRERSTZE, IHITIE, BEHRFOEGREICL>THER
STZET, FHCER T RERTHD. SEOHFEICIBNT, EBEE CREER
RN AR DOMRBPRIZ T2 E1X, EIEBFZOMBEOBNIZEIZLDOTHS
EEZONS. BIEHICEESHZITHLM P ALBENET +52L (Newman et al.,
1937; Belcastro and Bonen, 1975)b & TERE L, BHEHOREERS AR
WEEEBDOBEEDODIRPIFTE, IV EELFEREITT7DIITERE
TEAUNENRHDEAD.
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BIVE

I RO L Z KR T D RIE LS ORAE
—EBREEH DI )T F Y LR EBRRERIZ OV T —

V—1. #5

EFROEELTLL TREAR—Y OB TEAVLNTWALDIZIZs—
VT BT Ryt —T, ANy FRREBETONEH, ZOHThHED M1 P ILEE
DERFARE T DNF I -V T F T T THD. L EB% IR EE %
IO LIZXVHEEDHEHIIMBEESNAZLITRLNORRDHLN TEY (Newman et al.,
1937) . BILEBOHALZ(RE TEBREI IR ABREEREDK 30~45%DE
BhiREE L STV V5 (Belcastro and Bonen, 1975; Stamford et al., 1981). L2>L, A4
—YVDBBEEXTHE, #i LD (1986) RFEIRS (1986) DAFFED LIz ES M
FLERTHARIMREI N D IR EHE LT ORETL L E L2 TLB.

IEROVCIEFILBNT, 5 TRAR TH 7= B RO &R EEESRER AL D
M FEEE R~ DT IS HERRI N, MFBESHED EFICER TS MR
EDOERTIZL o THEEBH LS OABLEEE ~OIBERE OB OEERE
WCEDEE~DREREZLN, LT LHEIWEIEDVEITEWVER. LAL, BBR
FER DN RIZE ST, EDITMFHEBRE R RES DR RAVREE LS DRETAS
AlREE R0z,

=V I E G BB ChABELLT, BRG~0 MR/ FLE
OEELAMBES I, 2F ~OMITED T 57 DIEBFH LIS O FLER LR R~
OEMHPMRESNDZL (BIFHD, 1981) R, BIEEICI> TRV —FEEN
BEVHBISBCEZLL TIVRIASNAZE J\H, 1993) E23H 5N TV 5.
I—=U T B AT BRI S A AR DR B IEIIL ST, BHFEDE
BRF IO M FHEBEOERIMBET L RREMENREXOND. Thbh, BRER
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FRIZEDMITEDE T O~AFRERN, 77—V T F I Mz LB kgD
HEINCHBAB L EE L L TRIASHR TV REBICH B L Y Ic kT ES N,
ZORREL TP ABOBERBESIBES AT ENE L BNS. Weltman et al.
(1979) 1%, RFSEBERDOEEAFLL T, EESE 100%0, FEREFT>TUV5. Air
FERCT 659V O max 3 COMEB) (Air-65%V0,man) , Alr T 409V, max HEE
TOES (Air-40%Vo,max), 100%0, BT 65% Vo,max HEECOES) (100%0,-
65%VOmax) D 3 SOEEIMF A BT LT, Air-d0%Vomx EBET A
65%VOmax el L0 M R ILEEAE T LA, BBIETFLZDIX 100%0,
65%VO,max ZSEDEF Tl oTeEL TV D. ZT hsbb, BB EE R0 2 Ers
RIFREEEBOMS AL, P HEBOMEEEEIOIRETRLEZONS.
LU, Weltman et al. (1979) D#HETIX, MREREBEIT 100%DHLIMT-T
BT, BHEBRREROBENLLIVEV BREBE CORMNBLETHEILEEZLN
2.

FIT, RETE, IERVIEIIBWTEIENRDON - EIERFO S RE
BRMRIZEDNF 7=V 7 E AL X BRI F 2SRRI LIz LY, X
ST FHBOBERLARET D202 ERRITTEIEE BRILL. £, BRER
RIERAL T (2 X5 P IR R~ DB I ERBE KT B - L SRESRS
TWBHDT, ZODEIEAF DA EORIZLDEEORINIOVTY, EERE
HeBRLURETEITo7.
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V—2. 5
(1) #&8E

REL2BFRFERVKRFRELILL D, HRELLTRILT4T TLOBHFEIZ
BT, DELEE, HREIL AT OBWIZES> T o0 NV —7IZ5aibk
(Higher AT group: 74, Lower AT group: 744) . #8583 O & RRISHE% TableIV-1
WYL M, BRIZEYD, AEROBR, FEBIUREEZIZ OV TORHA
EITo28, RELVAL T+ — bR -ar v BT,

TableIV-1 Physical characteristics of each subject in Higher and Lower AT groups

Higher AT Group

Subj. Age Body height Body weight VO;max AT
(Year) (cm) (kg) (mUmin./kg) (% V0O,max)

1 23 167 59.4 56.4 60.0

2 25 168 60.7 59.6 60.0

3 27 169 63.9 56.0 64.0

4 24 169 64.2 60.3 57.0

5 21 177 63.8 51.0 65.0

6 22 177 62.3 51.0 63.0

7 21 174 61.3 51.5 62.0
Mean 23.3 171.6 62.2 55.1 ** 61.6**

S.D. 2.2 4.3 1.8 4.0 2.8

Lower AT Group

Subj. Age Body height Body weight VO,max AT
(Year) (cm) (kg) (mYmin/kg)  (%VO,max)

1 21 185 71.9 453 50.0

2 22 162 62.9 48.1 53.0

3 21 166 54.1 51.1 51.0

4 24 165 58.2 48.9 47.0

5 23 170 60.1 46.8 50.0

6 26 170 57.5 49.9 48.0

7 23 175 57.6 43.7 49.0
Mean 22.9 170.4 60.3 47.7 ** 49.7**

S.D. 18 7.9 58 2.6 2.0

(** P<0.01)
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(2) ERFIE

FigIV-1 IZERERDZALRT Y 2—NVERL TS, HBREIZTETRAF
NETHT —T N EEEENERZICAZL. BEGRET /LI A—F— FT1045H
DEFFEAToT1R, 1055 HDORKRTIES (130%AT) 217V, TOH205HDEIE
WMF54To7. BIELF X, BEET L ITRA—F— F TOEEE1E (Passive
Recovery) &EBNEME (Active Recovery) D2FEHDIREE, & O Air FFE, 40%0,,
60%0, D2 DR IIEFREI\ZL5m R EEERIRL T A EE, 564
HATo7-. ¥, BREOERITIT & AT,

EEHOESREIIZRIOFRERIZE > T, MHPIBOBERITRL SR
AT (23 DA RE 2T, £ Higher AT group T 55%AT, Lower AT group
T 7T5%AT (T4 T 5HE ThHo7z. TablelV-2 13, EBIRFDEETAE (130%AT)
B OEHEEREOESNFRE (Higher AT group:55%AT, Lower AT group:75%AT)
%, VOumax \H T HHARE TRLIL DO ThHS. MFILBRIE Db O Ml
T, EERTORERE, EED 0, 05,1, 2, 3,4, 5, 8, 11, 14, 17, 20 Y BT
AT =T D0k 1ml HEL, B EiFLELHIE2S (Toyobo, Diagluca HEK-30L) iZ XY
ELICMFHABRREOCRELZIToR. EREZEORERCHEMMEEIX, ThEh
25CR R 50% ThH-oTx.

(min.)

-10 0 10 30

Recovery

Rest kl Exercise
(130%AT) | 5 20 (min,)

Blood Collecting f | ﬁﬁ”f; 1?1 1; 11:’ ?

HR, Expired Gas |

Fig.IV-1 Time schedule. Subjects breathing test gas during recovery period.
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TableIV-2 The workload relative at exercise and active recovery periods in

Higher and Lower AT groups
Higher AT Group Lower AT Group
Subj. Ex.(130%AT) AR(55%AT) Subj. Ex.(130%AT) AR(55%AT)
(%VO,max) (%V0max) (% V0,max) (%Y 0,max)
1 715 32.8 1 64.6 373
2 76.3 323 2 69.7 394
3 82.7 35.0 3 67.2 38.8
4 74.0 313 4 60.6 35.0
5 83.6 354 5 66.1 36.9
6 81.6 34.5 6 63.0 36.4
7 80.7 34.1 7 64.3 37.1
Mean 79.5 33.6 Mean 65.1 373
S.D. 3.6 1.5 S.D. 2.9 1.5
(Ex.: exercise, AR: active recovery)
(3) T HIE

BIEEIT Y CRERETRT. LPABBREOCT —21X, HRESLV—7T,
BRRBESRM, BIESRECESEY, L), BREOER T, UTEBOSESY
WERWTOHLE. £, 7N —FIZBIFAERENT OES RAEDIZ,
=EREBOSBANTERAVTOMEITo. HEKYEEZ, PES 005 L TOrxs
L7z.
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IV—-3. &R
EEK T RO M FHBREN S REF TRApo722E00, B TEENDOOE
{b& (JBLA) Z AV T 21To72. TablelV-3 & U TableIV-4 {ZZ 21 Higher

AT group % U* Lower AT group @ /IBLA DN HEIAERERZES R T

TableIV-3 Changes in blood lactate in Higher AT group

Higher AT Group Average (S.E.) mg/dl
Time Passive Recovery Active Recovery
Air 40%0, 60%0, Air 40%0, 60%0,

0 0.0(00) 00(000 00(00)]| 0.0(00 00(0.0 0.0(0.0
0.5 28(12) 07(14) 32(09 | 20(08 24(14) 1.8(0.5)
1 51019 21(07 21(13)| 21(09 07(11) 1.0(0.8
2 26(15 -0.1(12) 13(12)] 02(10 -02(11) -1.2(0.6)
3 1.1(21) -14(16 -02(14)| -30(1.00 -2.1(12) -27(0.8)
4 -0.3(27 -3.1(20 -32(19] -50(12) -55(1.7) -6.1(09)
5 -21(23) 30020 -54(15] -75(14) -76(14) -92(0.8)
8 95(24) 95(28) -109(1.3)|-16.0(2.00 -15.5(1.6) -16.7(1.3)
11 | -12.5(2.3) -13.4(2.2) -16.0(2.0)|-21.9(2.3) 21.4(2.1) -21.9( 1.6
14 | -16.2(2.3) -17.7(2.7) -19.1(1.9)|-26.4(2.7) 26.6(2.3) 26.9(2.4)
17 | -19.0(25) 20.3(24) -22.5(2.0)(-28.9(2.7) -30.1(2.5) -29.4(24)
20 |-21.2(25) -23.3(2.1) -25.7(2.1)]-30.9(2.9) -31.9(28) -31.0(2.6)

TableIV-4 Changes in blood lactate in Lower AT group

Lower AT Group Average (S.E.) mg/dl
Time Passive Recovery Active Recovery
Air 40%0, 60%0, Air 40%0, 60%0,

0 0.0(00 00(00 00(00)| 00(00 00000 0.0(0.0
0.5 1.3(09 -03(1.6 -01(07)] 1.1(1.00 07(1.1) 17(07
1 20(1.D 12(1D 00(1.00] 19(04) 18(20 20(0.8
2 13(19 07(23) 20009 | 02(05 11(14 20(13)
3 03(1.6 -22(14) 05(22)| -02(07) -01(23) -05(0.6)
4 0.1(1.7 -23(15 -05(19] -19(03) -24(22) -2.7(0.6)
5 -1.5(1.5) -3.7(15 -18(19)| 41(0.7) -48(2.0) -45(0.9)
8 -6.0(14) -6.6(1.6 -55(1.6)| -93(1.2) -11.1(2.3) -9.4(0.8
11 | 92(17 -11.6(19 -83(1.7)]-13.3(1.5) -15.6(2.7) -12.5(1.0)
14 | -11.9(1.9) -149(1.9 -11.7(1.5)|-16.4(1.7) -18.3(2.9) -14.8(1.1)
17 | -145(2.1) -16.7(2.3) -13.3(1.6)|-189(1.9) -20.7(2.9) -17.0( 1.2)
20 | -16.7(2.4) -18.9(2.5) -14.7(2.0)1-20.7(2.2) -22.7(3.0) -18.7( 1.3)
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BLA OF —213, ATTEEDLGEST (TN —7 (2) x BRI E (3) X ElEH#A
IREE (2) X BRI (12) ;#8R%E (7) TRYVIRL) IZEW DT L. ZORRE, 11—
(P<0.01), BRSRIREE (P<0.05), [EEEIREE (P<0.01), K& UFFR] (P<0.01) 128U\ T,
BEREDRBBOLNT (TablelV-5) . Tz, TN —TFLBERERE, 7V —FLH
EHIREE, BRBELEERIRE, 7V — LR, EERELEROR 2125
WTHEBRRZAEEAR (O P<0.01) BFEOLNE. T, SiEERRSETR &
V=V T DRBI N~ I TRRY, $i-, BRBELEELRE
THERREEABRLNIL)D, BREBRREROFEIIEEHESDE
EIZLSTRRBIEERL TS,

TableIV-5 The results of 4-way ANOVA on Jblood lactate

Factor S.S. D.F. M.S. F
Group (A) 32243 1 3224.33 151.03 **
Oxygen (B) 193.7 2 96.84 4.54 *
Recov. Condition (C) 2749.7 1 2749.68 128.80 **
Time (D) 73845.0 10 7384.50 34590 **
AxB 2514 2 125.72 5.89 **
AxC 458.2 1 458.18 21.46 **
BxC 63.4 2 31.71 1.49
AxD 24979 10 249.79 11.70 **
BxD 104.2 20 5.21 0.24
CxD 1377.6 10 137.76 6.45 **
AxBxC 24.8 2 12.38 0.58
AxBxD 168.7 20 8.44 0.40
AxCxD 121.1 10 12.11 0.57
BxCxD 717.5 20 3.87 0.18
AxBxCxD 35.7 20 1.78 0.08
Error 16908.1 792 21.35
Total 102101.2 923

(** P<0.01, * P<0.05)
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FigIV-2 XU FigIV-3 {2, €I E {1 Higher AT group /2 U! Lower AT group Il
FARBRORMEELTT. KE RDIRY, BEESOE EIZEHH T, Higher
AT group T Lower AT group KRR MPILBOETENKELR->THEY,
e, M7 V=T b IR PR OIZE BBEEF TZOR TESKRE 2o TS
DHPFERTED.

BTN =TI BTHAFHBOETICRIETEELS DHREY RA-DIC, *
NENDT N—T LBV TZRERBOHEOIT (BERBE (3) X BIEHIRE (2)
X BFfE (12) ;8288 (7) TIRDIRL) 21To72. TOFER, Higher AT group TIiZE
EHRER VR CTHEEREDR (W1 P<0.01) B RHN, BRREEELEE L
K& (P<0.01) K NEITE HLIK BB L BRI (P<0.001) CHEEBARXEERANRRORTE
(TablelV-6) . EERREOFEREZRIT, THEEHIVEBEELHIIT,
TRTOBERELHFCLBEMETL CWAILERLTRY, BIEHIRIELRE
MICHEERRZEERIL, EEMREROMD FHBOZENSERORBEEHITREL
720 TWBZEERLU TS (FigIV-2) . Iz, BARIEELEESIREDOTHEERI,
EHEEHRICBVTBRBEEROE OB RONIDIZHL, EBEER TIZZED
EODRHLON TVRNWZERRL TV (FigIV-2) . FiglV-2 2 R Th 5L, EE
ERTIIRRRENBARIIEABESMET L COBILLERTES. —F,
Lower AT group Ti3, BRRIRE, EIEHRE, RORETTEEREDR (WY
nb P<0.01) 2 Roh, EMEHIRELRM THERRZEMER (P<0.05) 23 AL
(TableIV-7) . Higher AT group [Flt%k, EVERIREEOFEE L3RI, EBEER
RV TEFHEERLIVS M PAEMETL T BIEERLTRY, EESRES
R CTHERREERAZ, EESREMO ML PILBOZENERORIBL LB IZK
2o TNWBILERL TS (FiglV-3). 7, BREBEOHELRTIDRII, BE
FREEHI, BRBEICLAMFPILBOBETICRIETTHRIIFAL THVZ 22T
L, FigIV-3 135 40% B R MR TRLIETL TV DD MR TES.
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TableIV-6 The results of 3-way ANOVA on Iblood lactate in Higher AT group

Higher AT group
Factor S.S. D.F. M.S. F
Oxygen (A) 126.12 2 6306  2.80
Recov. Condition (B) 2182.11 1 218211 97.01 **
Time (C) 5442898 10 544290 241.98 **
AxB 257.77 2 128.88 5.73 **
AxC 72.54 20 3.63 0.16
BxC 1025.54 10 102.55 4.56 ***
AxBxC 89.52 20 448 0.20
Error 8907.25 396 2249
Total 67089.83 461

(*** P<0.001, ** P<0.01)

/IBlood Lactate (mg/dl)

means=S.E.

-40

| =@— Air-Passive —8—40%0,-Passive —A— 60%0,-Passive |
—O— Air-Active —0—40%0,-Active —A— 60%0,-Active |

Fig.IV-2 Changes in /Jblood lactate concentration during recovery periods of
each session in Higher AT group.

56



TableIV-7 The results of 3-way ANOVA on Jblood lactate in Lower AT group

Lower AT group
Factor S.S. DF. M.S. F
Oxygen (A) 21406 2 107.03  7.10 **
Recov. Condition (B)  469.53 1 469.53 31.13 **
Time (C) 27275.13 10 272751 180.82 **
AxB 48.06 2 24.03 1.59
AxC 160.12 20 8.01 0.53
BxC 340.24 10 34.02 226 *
AxBxC 40.20 20 2.01 0.13
Error 597345 396 15.08
Total 34520.79 461
(** P<0.01, * P<0.05)
Lower AT Group (min.)
0 5 10 15 20
10
p—
=
o
E
@
L=
&
b
2
)
=
<
=
=)
N 30 F
40 L  meanszS.E.

‘ —@®— Air-Passive —8— 40% oz-Passive —A— 60% oz-Passive |
! —O— Air-Active ——40%0,-Active ——60%0,-Active

Fig.IV-2 Changes in /Jblood lactate concentration during recovery periods of
each session in Higher AT group.
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ARFETIE, FIN—T BT RS EEPRETINF LT/ HILEL BHE
LTRY, R{LUTHIVEFIRETHLLFHEIED Air FEREH (Air(Passive)) & DH:
BZITHTDIT, Air(Passive)l B R EERBELEOHEAEDET, Ko/ —T
BIZEN TN BB O S8BT (BIE S (2) X B (12) ;#8E (7) THY
BL) Z1To7-. ZDOFER, Higher AT group TIXEHEIED 60%EE T FETk it
(60%0,(Passive)) IZIV VT, K USEBIEME D < TOEERRE L4 (Air(Active),

TablelV-8 Summarized results of ANOVA on Iblood lactate

Group Recovery condition Significantly

Air(Passive) - 40% O,(Passive) N.S.

- 60% O, (Passive) 0.01

- Air (Active) 0.01

Higher AT group - 40%0, (Active) 0.01
- 60%0, (Active) 0.01

Air (Active) - 40%0O, (Passive) 0.01

- 60%O0, (Passive) 0.01

- 40%0, (Active) N.S.

- 60%0, (Active) N.S.

Air(Passive) - 40%O0,(Passive) 0.05

- 60% 0, (Passive) N.S.

- Air (Active) 0.01

- 40%0, (Active) 0.01

Lower AT group - 60%0, (Active) 0.01
AiIr (Active) - 40%O, (Passive) N.S.

- 60%0, (Passive) 0.01

- 40%0, (Active) 0.05

- 60%O0, (Active) N.S.

(N.S.: no significantly, 0.01: P<0.01, 0.05: P<0.05)
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40%0,(Active), 60%0,(Active) IZ BV THERE(WFhd P<0.01) 8RS,
Lower AT group TIZEFFEED 40%BERERSEMH (40%0,(Passive)) (P<0.05),
ECEHEEO T XTOERKEE S (Ai(Active), 40%0,(Active),
60%0,(Active) VYT HE P<0.01)) THERZED RO (TablelV-8) . 72, 77—V
I NG LR BERRLST R TEID, RO 200 F0OEEMESY
RA7OIZ, BEEHED Air "FFREM (Air(Active)) L& BIE LT FETRIED S
PredTo7-. TDFER, Higher AT group T, 40%0,(Passive)e 60%0,(Passive) T
AERZEMTHY P<0.01) AR5, Lower AT group TI, 60%0,(Passive)
(P<0.01) & 40%0,(Active) (P<0.05) TH B2 ZEH ROI 7 (TablelV-8) . ZDZ i3,
Higher AT group Tid, MREBRNR, 7V 7 X7 252D EEIZ
PREITHEH, ZODEELFOBEEHRIIAOLNT, BREBRITERIVLS
=V 7 EY BN HBOBKR TR THDIIEERL TS, —F, Lower
AT group T, ZODEELFIIENENMFABOBERIZHEATHY, &k
EBRRBRFRIVE 7V 7 ET Bl FHBOK TICHRATHDH, Z>DE
BT OMBZEDLED, HBb P HBOEKIIHRATHAZILERL TS,

Fig.IV-4 R O'Fig.IV-5 iZ, £ £ Higher AT group & Uf Lower AT group 123
%, MFHBROECEDFHHEE RLUIHDTHD. FigV-4 LT FiglV-5 75,
7 N—7E12, BEIEE RV TEBEEE SIS I PHLEENE T35
TEDHERR STz, Higher AT group T, R EIE S CIIFFRBRRBE S K EL
2B M HEMETLTRY, EBEELEG TR EREEROEEIIR
DO o7c. Lower AT group Tid, EHERFEBNOF EIZBIHH$T40% DL
FPREHZ RO T P B RBIETL TN AL AR TE.
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FigIV-4 Mean /Jblood lactate at recovery 3 in Higher AT group.
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Fig.IV-5 Mean /Iblood lactate at recovery 3 in Lower AT group.
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IV—4. Z8

EER EE R O S BEBRERRL LG —U 7 F T ALK, ERENA M0
P R (RS AILITHERENZ. UL, EBoRL0ESHEO M P FLEE
BEPETIE, BELAFEL TCERORZOPEVIZEITBESN TRV, £Z
T, AEZ, EHL0OEELT M T IHEBOHEREEIT BRI THLIDIEHERTD
LEBIT, ZODEELF ERIEOEDIEICEST, SETOEELL L Bz
chPLBRDTE R IMEEZ D LR ERALS OBRETbHOETITok.

Weltman et al. (1979) i, HAEENE OEIERFOESICBERFERZHEHEHOE T
FIV,  65%VO,max OEERRE TOEBNEIERETIZ, 100%0, FFRIZI\ T Air FE
0% 0% M HHEEAME T L72ERL TS, 100%0, &) BV EESR TR B O AR
12X o T EHRFL L M EIIE 35 (Welch et al.,, 1977) 72, HLFFHERDE
FTiXR5H1 720 (Murphy, 1986; Shell et al,, 1986) L& X 5573, 65%{/ozmax s
SEEREEEL TRV EEX ONIMEDDMFTEISERL, TORBR, M
HIBOETHRELNEELZLNS. £, ZOEICMAT, HiEEBRRIERE
THEEf5 ~DEEEHAE R O BEFEH A 25U (Ekblom et al., 1975), A£BKZX¥2
A HERAp o727 & (Bymes et al., 1984) X° LDH O A LMD LIITER{LEED
EEL7-ZE GkED, 1990)h, MHAHEBEMETLRERREZEZONDS. LL, FF
W ELEIREESFIT 100%0, DA TLIMT-TELT, $7z, EEBEROBBEIZEL
TIFBRRE TR, DFY, BREUEVBERBELRELIOELZBRITIT
HbITWRVDTHS. 6o T, BEREEN BRERRFREZEASDOEIIL
WXV RIZEDOBENELN D25, BV EERBEDIT) HEHRE ORENLH
FWEAREEZ DN,

AEORETIL, TMEBRE NI NV —T b, EEEZEL Th PHLEEDWH
I EE BB EI R TO LI L » TIREESN DT HHERE TE, Higher AT group
T, ERERERRIZTEITOILVOBRE ML=V 7 E T TS
BITHE R HLEEOERITIID R THDIEPHEREINTZ. £, Lower AT
group (ZBWVTIE, LEEER CRL ML FIEBEOK TL 40%DBERIFRFAFL
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=N T EY AT DR (Air FEROEIEREES)) OICIZFEREN RO T,

D7D, BEERIZTEITILNII =V 7T 7202 BRI ERE 555
TneEX O, LL, Lower AT group OEBEIERO L THITTHLEERE
ETHEERINR (P<0.05) BRLNDZEND, 0%DBERFREI—Y L THT
DHHEDRITLOELIC M P IEESMET T2 LbRER TE (FigIV-5) . 20z
X, BRERES -V T E T DRBEDRELFR, IVEEE IO 00
LRRBATREMER TRIEL TV,

e, EUERVEMEIZIY VT Higher AT group TRERRIIL TV \ = LR EIE
ROBBEBRROANEEIFIIRENSEROERIIBWTHREDLILE. L
2L, 130%AT DOEBNTREIZIV T Lower AT group THESRSN TV \ = EiBERE
KR OEEX, SEIORBRENOHER TERD o7, ZOEIL, §EO Lower
AT group 1238175 130%AT L\ HEBRENTHIT 65.1%V0,max THY, MET
EEL T 65% VOmax V) B I EEESRIFIR D M DTS (BT 72 o T 1o,
FERPZEL b DLEXBIND. |

SEIDERRERHD, Lower AT group (23T, EIERFERESNL &8 ERERIT
B D _H>DEEN T ZEAHEDEEZEIC > TV FIBROEEIMEESND
ZEMBALYERRSTEN, ZOBEBELTUIREY, BEEREFRIZIAMmTED
ETHEEBEITIZ &I Lo TRt EN, LBOREFF LI OB~
EHSWEINILP, BPBCERLL TRIRASNSEIE A2 U\,
1993a) BEEL TVWBEEZOND. £, ZOEIIML THEBEBREMERIZIVIL
ERRi K FEER OTEHEOBEIM GKAD, 1990)HRBINTRY, LVILEBEIE{LIN
TP LR TED.

B R BB A THOZLICEY, LIS L EE L CRIASNAEI A28l
(B9FD, 1981), F-MikEDEMZLVIEEORR L E TS U\ H, 19932) 73,
Higher AT group Tid Lower AT group (2T, HELEDERLEEN N EL, EED
EERFCHLBETEN T TIIRE Lo TRY, ZODREHFEERIC RO
ERROBEIEDPBEHEERTRONZRoTbDEEZLND. EIR, BFE
EREOIBERELSEELFROLBIEREDZEZABEREERLT5L,
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RO FEE RS RO EHE LS (Higher AT group: Air(Active), Lower AT group:
40%0, (Active) ) IZ331F % Higher AT group & Lower AT group D¥LEATH{REE
X, TNEH 66mg/dl & 37mg/dl THY, Higher AT group T Lower AT group @ 2
BHOILEIERIBEENSROOLNT. ZDOFEHN B, Higher AT group TiX, +512
MAPHAEBBMETLUEEZONS. UL, Weltman et al. (1979) DRFFEN D, =ik
BEERIER AR CEHEEFOESNREL BT, bLIBRRREZHEM
958, BFEESEHTHERERENRRASFBAE LD AREHL E X N T,

REOEBRFERD, BMBEBRERLS LG -V 7 F 0 050K i
FEEEOERE{EEL, Tz Lower AT group TIXZoDLF DHELEHE L
TIDIZ M P FEEDIERIMBEEINDZENHADIE o7, ZOEND, EEEIZ
TEDETE S REEEZEL DI, BEREABLETHHILENHDT
REN, BRI AT bb+ S EH TEBHA (59 60%V0max
AT 2R HOTEN, BENRAREZHEFL OO XTEELEZLNS. FL—=r
TRELL TTRRENEBb S AT S#E T, 6045 R0ESZEIZ1E, 97 A
FMREFKTLHZLT AT PAETHZEXHEREINTEY (Tanaka and
Matsuura, 1984), OB, £ 50%V0,max T 7= HEMTEBIAEDEV A
\ZRITB, EENBEOT-DOEHIN —= 711, AT BEOHVHRETOE
HROREESBEND. EBC, RIS 60%Vo,max O AT ZRL7
Higher AT group THHLEBESRENORWHEEREL, 1 BIZH 1 BFRIERE
OFBFEEZEIZ 1~3 BITDIEE/HEITTRY, ZOFER, BEHKEFO-DOEK
THEVD B RERDEEZLIND.

=EIZ, B 50%\./Ozmax D AT TH D HEHEENRE S DKV Y A (Lower AT group)
T, 40%DBEREIFRL LS —)o 2 B DB AR REL A Tl 27—
Vo T ET L DHEDHBEEERERDE VT 10mg/dl THY, TIUTEKREALH D
TR0, Ledo T, BHEBREOMBEEZE X NIL B 8T &Ry EgEE
FIDOEV A (Higher AT group) FlER, #9 35%‘./Ozmax DAMIZEDI—V T H
THHThHBEELOND. L, EBREOMREN 65%Vo,max BT 5 ESE
(CEFZRODNHKILT, 22002 EE L RO LN AIFIZIT, Higher AT
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group Tid 60%0,, Lower AT group Ti 30~40%0, 1 & EEEA SR MR 4L 5 51T
LN EEX NS,
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BVE

IE

A XD BT, BEIOEBROBELF LT, BRERENAEROES)
H2 P IBROBERICEBE LU TRIET A2, B Il PHBEOMEEIZHL TS
ICHRAREHEL G EL T, BRERRTARR L —) o I E T B EhE
ZEERRREL, TOFMERIET I Th ol UTICEEDENEZ IR, ik
AR THRLON:, BREBRETAERICIAEENLS, ERERRERE ) —
Vo780 DB EHORIZEIIEHEAF BT 2MRLELD, SHIZS K OEE
TNz iz,

B 1ETIE, FFROERICOVTERL, BERRAEEZHEL T DD
—OOERELTCESHROEIEIZEBL, EEE OEEOFEMEL Tl yLE%:
WHZEDERITOWTHALE. 61T, T TWBEELFIZOVTE
AL, iz, BREBRRERICLSEELS TH—LUIEROELN TWVRVWER
(DWW, MHFHBOBERIIKETER N OESRE 1 L EEROESRENBES
LTWDEHELT. T, BREBRFEIRRRES—U T F T OEBEDED
EMEIFIZINT, M HEEDOHERE IR B RTEEM I DV T~z

FIETIEL, F1 ETHELAESROSEEREREO M PHLBE L~
EEIEETAERICOVTRIETA7-012, BEOEEER USF/ANESEE S
DIFETHDEBRRMEIEERME (AT) DB WZE-T, HBREDI N —T ST 51T
WEBRREL. EBEH DY L —F (AT=59.7%V0,max) L& Z L —F
(AT=50.0%VO,max) D, ~>DEBIEENT N —F1INT, LB RIS
RFROBEIEREIELT-. $iz, BE}RESI OB L—7"TiT 60%0, EE E
DR EHET, BEREA DRI A —7"TlE 30%0, MRk T il LB O H 72
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BETRRONTZEVIFERDD, TORMEILESREANEEL TWH S
RUIZ. L, BB TREOILBREL NV 03SHEBIRE 17 NV — 7 TRRBEND
FERZEL:.

FHNETIE, £ 1 ECHELDEBROSBREREFWE O M P ILEEE L ~D
FEIRETIERICOVWTRIETA0IZ, ST ETEELLEBREAIOME
TEBROEHRELZZRL TERRNLEL. £, ZOEHREL, 1=k
WTIFHBRERIZEEL TV AEEXDNZMFEER, EIEICBVTEET
DMENDHDHLEZ DN B TREOIBEL ~VELBEEL TRY, Z0BL S
ODTRELZ. ZORER, EBFEHOBWI L —FI2BWTCE, &1 =R,
60%0, # EELL_EDWFR SR BT H LB OF BRE T A RS- 13, 5EE)
BENDIENT N —FIZBN T, IHFHBOR FICE B R RE IR LI
D3oTe. ZOEND, EBE OB B EBRRITFR A M P ALEBEE I RIE TR,
EFRENBBEEL TEEEION. T2, EIEORRLENEORESTLD
THWTBILICED, BEIEENDE Y L —7 T, # 70%~80%V0,max |HH Y
TOEHRFOEEBRE T, ZOREIZEDLT 60%0, #EELL DRI &Iz
BWTHFHBOBERICED ThHo7=. —F, EBEHDENI AL —7TIE,
60%~70%V0,max DEFEDEEAE T, EEFSOEEIREICL - THAEFR D
PHRAMERY, ¥ 65%Vomax H_EDBEIZIUNT, 30%0,, 40%0, DFFIEA I
ABOMEIAHTHY, F1 65%V0o,max LU FORETIL, BREROHRIT RS
Nigipolz. ZOEYD, BB OEREBRRS AMERIT, M IEROMERIIIL
TAHEREELS THHIENEFETER. £, FOPRIITEEREH L ESRE
OEENRENES AL EIEL-.

FBIVETIE, MPHABOEKEIOIEETHIIREELFLLT, 7Y
F ERBERREEREVD ZOOEELS ORAEDRIZLAZRIZONT,
EBEIRENOEVSEBREL TERRNLE. ZORRE, EBEHCBEREDOEZE
(ZBIFRK, KR EERIVLESEERICEV T FABOAERETARLN
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2. ZOENLEERFEL D=V T ET L DEIELBHER TE. £, K
BEEREICRBTIBEETROSRICEL T, EEBENOEVI AV —TT
60%0, DI LT, EEIREH DRV L —T7TiX 40%0, DR EHFETHER
M HBROE T ARSRTE, ZOEIE I ERVENEOEREZFFTHHOT
BHotz. Fiz, RHRETIORL O FHABOE TR AON-BERERELVD, BT
EEREETD Air FFRFFOFHB I M PHEBEMETL TERY, ZOEILEHRER
RRERDBEITIEN I =V TET U DR EITIFD, BEIRORELSFLELTH
P CHHIENHER TE . EHEEREBICRIT FEEREROZHRICEAL T, &
BN OBV L —T7TIIBOLNT, EEREH DB N — T TIX LR EE R
Rk 40%0, DFER & CTHBRMFPHABOE T LR TE. ZOENID, Bk
EBERRLS V7 X ORAEDOROERIELL T, mESREHNIN—T
I ClLFABOERICKIETHRBRERDEBALY LR oT.

B DRERD D, [ LB A B SR A2 B ATV, AT 2559 60%VO,max
ThHAHLBRERRE NI OB ATIIZ VT ET DB DILFTTHY, AT 535
50%VO,max Ti»B HBEREBIAE ) DR\ A TIE 40%DBESRIFIRE s —VL 7 5D
Y ORBEDEDIT THolz. ZOIHNZ, BEEESDENILIST, LR
ZREELFBERY, 2RI, BIEROnRECTLEEN K EEESE (LDH)
78D EL TWAETRISN.

BHBICSBOFREMELL T, M2 S LRREENSDIETLIEAR, 18
BEENSHIZREL TVOBAR—YBRIZBNT, BREBRRFRAGTHLIT
BREREITERL VT H AT OB EDRLF IOV TRETTOME
BHHEEZOND. T2, EHEROEERELNERBERRREOHELEDRICL-
TiX, A ABEBELIET IR EELEZEADN, ZOFITOWVWTHRET T4
ERHHLEEZOND.
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# o

AL DIERUT T, WEIRTHRE LR VEB SR TEXEL -2 DEE S
R OBERLET.

=T, ZRNPBEERITIY, 55 4 EORMLOFREHELL T, ORI
LTRT TR, FRELL COBBENTEEELE. £, e ASETAT
EOEBHSRCAZERTDOILEDORIEIFZAFLILET, NITHTHRENREDT
LR RZE T TION T LI LA LIREH B L BT E4. &blT, 22t
FZEINTRRIERICZIRE, TS Tl MBS R L _HiF AL 2EIT, o[
DORILBL EFET.

HIRYRBR CTREIIZEWELE, (£ ZETH80T, TEAEE, MERE
BhEIRITIL, FRSUERRICHTZY, TR, B E T a7 LIRSS L BiFs
3.

ST, REEOERBZEER, FHIMRBERITT, W ObRIZHNT TR
SRKESHHEL BT ET, KEMMBT, IMEEBFIIEFYMEEL TRE
BHEFITRVEL. $i, ERE, EREM 2L ITMOMEL MBI, %
LS ERPTRA T e R R B S L B LR Ve L E T

FELL TR RETIWEL AR AT, aF8cLE BnEfke, &
P—ERLMIESRESINELET. ERERDOTDDOERET 2 TN, K
BEER, FHERTR, ABER, ROELEK, mXEREZE T2 WAL
BER, REFER, ARERK, Y OICEROFERELL TRB AL TN
KR REDFAEEITDDDREEN - LET.

i, BYFEBBERZIILOBERIER KEELEFBEOEIAIIIL, B
REBIEZWIIEEEL, DhDRSHRL EFES.

RKEIZ, RERZDEVEEZ RZIZEDE, B0 B TRF-> TN EFEIZ LD
SR LT

TR +—A
BIE ZE5
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