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Aite Bdglel EHE BEL e vk o) E A
Adle 7MY BER IR2A EEAA BT BEM
e ' 4 dden, webA o] BRINAED il

whel 4880 EHETl A% ¥ 5 Q& Aol

EBEAA BT BEESEDS d8 ERC &l
RaEE =ul, 2 ol A = 48] BFRE, MEAnERE
o BFEY ¥k, MRS MFEAAEE, 8K AT @
i (Hermansen ¥ Andersen, 1965), E&hfik Hikel
@??ﬁﬁlﬁgo‘—ﬂ LRSS A48 ﬁlﬁ(Tayloro et
al., 1955; Astrand, 1956; Hettinger et al., 1961; Ast-
rand et al., 1964). 28 v.2 EFEE S LI T&
Ll d8 BF F s g& 2 BLES gl [Hk
-5 Bkt Aoz MEY 4 ok 4 ol Lt
A= FEEEEEY KA B He iR AR B
29 e Aok

9 AR BEEBEEY gk 8ks 8l B8
o] —EHE Lk BREL e i BEEge] 44
U, I R 2L Bifd 448 dde vob 2
2 gy gz EEFe vk = rhell A 4Fs] 4R HI
EHIIEES UM T 58 e EERENY
mEe Fog FUnbgt Aolwh

ol 9} 22 HERRE NS k= BRI kS BR
deolal AolAet B LT EAREREENS A
= %2 BmE B ES 4§ BEoL EERD ke
EEF FRE AR dested Wt s o= RE
o] &}, AR Al ulkel kel FiiREREl H
BhE & %Ulﬁ'ﬂ'%o FERA HAE ‘;} grela she
(Robinson, 1938; Astrand et al., 1959; Astrand, 1960;
Riley, 1960; Andersen @ Hermansen, 1965; Auchin-
closs et al.,, 1966), =eld MRS EHHTA Eiksl
T Mfist EBRNE HEsted 2 HES L E
Fa & 4 A (Barger et al, 1956; Stainsby,
196D, HiE=2 HERF 2 FFEF et Egh 19

2 & R

A

S DEME 23, DEEe o3d Ao, wetd
—ELEH ] —F B/AS ] glol daR vk (Bock
et al., 1928; Asmussen ¥ Nielsen, 19553 Astrand, 1956;
Bevegard et al., 1960; Astrand et al., 1965). ol&}+z-
2 HEES HAstd 44T A, EHRD BRER
sl = LR P IRERY O BES BEs ek sy
o ol F AukAlse BEBEAE BEMY  SEBIE
et EEHFAES EARa ohizl HiEMmEd Kot
w2, = OFEHY ®A2d: #@Esd de
(Petren et al., 1936; Astrand, 1956; Bevegard et al.,
1963). &= F-—3 EES BOTT < EHEFe E
BTl hele] EhhAe] Bimsiel 9127 (Knehr et
al,, 1942), =tebd FH—3 EBHEMEY BIEEERES
EEETF A Hvbs b (Knehr et al., 1942; Johnson,
1946; Margaria et al., 1963; 5, 1963; Richardson, 1965).

DA bt 28 Af] o= EEAY FLEL 5t 3R
B BRE 442 ¢ deod, ol R EIE
J1& BRAANE HEer EAT Aolch 2 ol s
o e EIETS ERTE B HEed 4
& FEEHA, =4 BB KBk vl do
e e EERES HET 4L g Ao #
A o) ShZre i) M2 4R WERES A
e ® BBy BtdAE IBERFE Eild T BH
o] HBREES] BES A FiEY IS BORE F
ool 3% SEIHENE HEs s HEREY SR
< Bl e LER Aejvh. e ol R L B
e EWRMEE IR Zold 4 dv EHiFH, ut
EAESl W - G189 Pl =2 LRERY
Bae{(Boothby, 1915; Bock et al,, 1928; Brouha
H Savage, 1945; Cogswell et al., 1946; Elsner, 1960;
Bevegard et al., 1963), & Pfismsnge #B{t(Taylor
et al., 1955; Astrand, 1956; Hettinger et al, 1961;
Tabakin et al., 1965; Auchincloss et al., 1966) ~ o] 9}
£ Holth

seld FEE ETHES B T2 Boetd

* R ORI EEE 1965 517K AREEEGA BT A9,
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IEARE A ZHEFANY @EES #E4 AEAE

2% Treadmill ¥ bicycle ergometer

s FRel EBIIg W2l HEEMELE & oMol EER
e ERTony EEEED Hld FHEdE ER Treadmill
5 b oolu Ao] EEMLE fEASE /1S s = ¥ o % B A | EDE (MR B E
A TESY BLEEE MEa Bt & KRl R HG) | kgm/min))  (kg'm)
BFEoh 1 RS ool HEsE volth A M 10 91 9,514
A: 10 1,062 10, 624
1. BB As 10 989 9,889
Ble u]l 1w 1,000 | 10,009
SEHGo S TR Hhhel A T B T T o L a3 5, 690
BT BT84 6 ZUEERS 22 /T 24 e g B8 B, 6 1,598 9,589
st om ol 59 MY 41 FKd RS ulal 2+ Bs 6 1. 473 8,839
1% wigEe £5 2 B B lx g ( 6 1,506 | 9, 039
W 4 ﬁﬂﬂlﬁﬁ% %(’cm)E %%(.kg%ia %(%%ﬁ Bicycle ergometer
o - g’; EJ Bj—F F @@jﬁ ﬁg 3 h B
A A HOF B 200 170,00 60.01  L70 B B oK SR L e
Al O |2 22| 170.0| 670 1.88 N N
As{olOT [ H (23] 178.0 63.0 1.80 EL] ! 4 948.4 4,030.7
A, 53 908. 6 5,924.5.
Bl g w |os| wsr| e3] L7 % | B 5 976.5 5,126. 6
g |Bi|WOw | B |22 20| ss0| 168 B: 11.0 934.8 10,282.8
B,|olOW | B | 22| 182.0| 640| 18 ilr | em e | 920 6, 166.0
B:;| A0OF .0 X .
| AOT |5 (2] 1 9.0] L7 o | A 6% 904.4 6,029.3
B o # l22] 1s.0] 60.3] 174 a | A 8} 951.2 7,739.8
’ B. 8} 903. 4 7,453.1
o] iESdAL SE 6EY 4EAMY AH g, 112 935. 1 10, 909. 5.
weadmill bl 4 EFASE APIIES ARTA, oF B nplenuen | omo | sommo
9 o|5S 2F(AR 34, B 3H)LE o [F— -

& EBHRGE2E 2R)E AFAAE o EFRES g A P 90L.4 9,915.4
el 5te] AT treadmill BRI 8.6 %, EHE 127Tm/ 8 gz ii i g;gz ig’ gﬁz
. & X _ 1 w . 'Y .
minel 4 BEL R 050, a5 BRE GHESS @5 | x 918.6 | 10,104.6

%, K 200 m/min ] treadmill koA FE 2 6 4 -
#A Shach BHIGE Bet HAEY PR F OB g ok 916.0 10,079.¢

& BEsH) B ohesh e 4TS EHII
Btk A1 % B % il WESH

A. EfTEANL AE -
Treadmill & #FHS EHBE 8.6% (Y 55), HE
127 m/min 2 200 m/min &} FHEE TdA FKETRE
RS £4 NETezA Kistash

B. IfiRsERES] Ri% :

{ERHE 8.6%, SEE 127 m/min & treadmill Lol 4 5
78 FEfTA B, BT HATE B 1 B, 12 436F, 3~55
B o ETET #Bille £T EESH 258 4 2~55
Bre] 1PE S Douglas £¥6l] 4 BHE # dry gas meter
(5-B-150, American Meter Co., Boston) 2 4R} %2

X115 SEEHIEAZ
Fe WEstd SRlREES Fihstde 48 0. i
B3 COBHE-& K-S Scholander microgas analy-
zer & st BEHIE9l o} (Scholander, 1947).

C. OB ¥ 7EEHke] A% :

Kplstel b e JES BEstded shis
treadmill T th R B LAY HZolH, =
1} bicycle ergometer (mechanical brake %) f-el] A
SEEhE o9 MmEE, OEH 9 OEHES Bkt #
£ EB £ treadmill FEfTh EiEsh/ A+ HilHos
E#EIt o 2 RED bicycle ergometer & RS o}

1. Treadmill & FEfTHY OER AE : HAE 8.6
%, SEE 127 m/min &] treadmill |-l 4 5 4R &f7
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—oj g e e =] DA 1

43T T % 50 A8 5 LBEEE pEsy
= DEERY WES 28 EEE WEY ETE K
#HA|7] 2 o]F Offner R.S. Dynograph o] Ekisled #
i LBEEY R-RH

2. Bicycle ergometer Lol A SEZHe] mEE 2 LE
HE JIE  EBEEE b A B A &% 2449
EHEE HHom st EHIIE A, e H2E o
5 4 8ol vhga e —He EES EiEs gl ok

B #ieEE BEd (IEMLE $i% —@ IR
o] Cournand Fifikt (No. 19)& HA EEstd BIERES
OFBHEME & 5808 BRI BRI Fo EHiFstgl.on
fitfll WIREES ﬁ_ﬂﬁ’f"ﬂ HESET (19 gauge) & FEA EHESIA
CEHBENES B AF EAC Hifstdel. ooz
< 8Bl B # LEBEGE 1 EEFE ms: 53
BEE EY L@ S BESASCEIE. 2 o
o HekrBE bicycle ergometer kol EHT 4 9l &

%1> Bicycle ergometer ol 4] SEEHISS] (LR
TERBEEY WELR

2 % g, st

shol ek

BHAREE ; Pressure transducer (Statham, model P,;AA)
& —i-& Cournand Bhiikstol Hifksln fibise PR-7
Research Recorder (Electronics for Medical Co.8l)
ol jifEste] monitor & j@sled 2wlA MEEE F
kst et

O BERE 51 e k% LEEE LR ek 2

e el HNES '

& e = HHistgd .

A A13 1967— 105

< BT OHER H
BE Hastkglclh
LEYE; AFEFEEE(Asmussen ¥ Nielsen, 1952;Dow,
1956; Fox et al., 1957; Mitchell et al., 1958; Miller
et al, 1962)e KA+ olw) 5mge Cardio-
green (Hynson, Westcott & Dunning, Inec., Balti-
more) < FiEE BERE &5 AL Rk fit
) SRS cuvette densitometer (Gilford et al.,
1953) & @ste] constant withdrawing pump(Harvard
Apparatus Company, Inc.) & #H3ste] 20 ml/min 2]
EER Bl bRy BFRgRs GRmES
S R £ planimeter 2 I S Kl L3F
B Hisdc
BEMS] O, ¥ CO. &8, miFMmekihag o pHi B33t
#HE B % KNS HRslz T Van Slyke
manometric blood gas apparatus (Van Slyke 2
Neil, 19202 O, ¥ CO; ¢ €& AlEstz, =
electrode(pH and blood gas analyzing system, model
113, Instrumentation Lab. Inc.) & {#Hs}e pH &
Estd ov MmIEMIRILES microcapillary 2o 2 JHi
Eslarch
M bt 7o Zoimre] HillEe] B # BIKE % O
EET B8 HistdA F5 916 HE 942 kg-m/min
(g2 2R EHE FHEY @ 7HA bicycle ergo-
meter boll A HEfTA St e, o)« MEHES H2
Feoll T kel 2ok
SET) BAtE # 6 Aukell REH BT 2E HIES
ohAl Eiestd ok, = OER 52T % RERA = 10 el
AR #E nE 2 DERT fistd=, REW 3&
Froll BORRI-S HREEH] RBES o pH & JEst Al
LB RIEREES FiAst THaRERMAsH
f td ot gt ta; L F NGRS

e ttas td BIEARTH
f o dt o BFRBE

s THEEIAREE X 1. 332X60 . oy 1o Jupe-
8 IETRIEA( L e M dyne
sec/em®), —[EIEHE, BiRM CO.7HE (Henderson-
Hasselbalch equation o] 43 #H) 9 MmiE(HCO:]

(Van Slyke @ Sendroy, 1928)%:S- FHislgl .

HWET % R—RIES +Ee O

. EEERR
A. Treadmill B0} A FEFTERS] £ FhbSEE
1. ETHAR

ek W=k AR R B8 —EY ETEANS BE
ol wl v, HRLE 8.6 %, ME 127 m/min 9l treadmill
Lol A8 EBAETHERE-S A, B BEE 343 I
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25

35t

30t

25

B R

20}

RX&E®T

#i ! A
F2E I =T BAETEERNY 8L

BB BhEE B 4 JichGE2ED. B 127 m/min
Y EETA EBIHES A2 AL JIS /1 78 7
Z5BAA 43BIEE HlE 325 23WEA ¥ 4.65
B|nE E7R% KE, 200m/min & FEETAA S
w2 BEES ATl 84398 Aol 4 HINBE Hel
® FY 32519824 5 3.7 E®ng: 24 &

—HEILT BB B RS BREC BT R

A ERE 8.6%, HE 200m/min §) treadmill o) A
8 BAEFRERMEE, AHAAE I T 19288
A 4B Rle 45 2B2A 5 2.8 #BmE
Roldl K3, BEAAE 14534804 54482
A 13,6128 #@mE w4

2. HEABEER

Treadmill({ERIEE 8.6%, BHE 127 m/min) ko] A 5
ofE TR SRERERS] BbE A, B Wi M &
e ZR7 Qflome B4 dL HE fE T
Bate] 5 3E(ERED syl I FiES @l
Ag 25HS 2WE #Eimstded 26 35me &
BatA @kt #7558 SRHBERES A,B
REEN A $k8) BTNHAY KGR 8o #ik WY
gted, Aol A= FEE ol 45 83L/minol A 4 B
B thell 74L/min 2 #5 11%9 B E, = BEJAAE
£% 88L/min o] 4 59L/min 2 ¥ 33%4) WAE F
st el REH SEBREEE M Kt WMot
dedl P Bz 4:EIE K SERERS HES
o 2wl FEE $e 19 28%Y BAE Rgch

3. AEOBRE

Treadmill HFLE 8.6%, MW 127 m/min) befjAl 5
ofE ARG 5% O, BEEY #be A, B HEkd
BHEYE ZE d9one RFHAA 4L BE #S,
st 8 3 BCRHEED A 3R kel 2ol P Witk

N0 BEE nco- HHE

!L/min) — AR mis MEi,
Bes x—-x F 1@ STPD
| ‘-"AEZE 43.500
8ot - s oo B3H :
SB0: HBE SBc LB e 548
T0F 3000
mm 60 -2.500
W . 42000
501
w
<41.500
42 40t
<R E 41000
30+
. ’ 4500
20
— % o +—> ;uw“el ‘(—g B +—
g L L Al o
G L e T
-] Li4] Iz 3

BIE D] GE HEHREE, 5 OJEEE U 4 COMHES Bt
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T Bt Aw 25 2% #mslgd ey =8 3
SHE R8T #ne Fretd. £F 55K o8
O BEES 29 Wik EHéle 2 ¢z, ohat
EBIk 1GE0 wel KR Wodte @RS
= 4 g wh JIER Aol #9 3100 ml/min R R o
ek 438Kl = $ 2400 ml/min £ #5 22.6% 2 B S
Fonatgeh. A REYA AR FmEERel Faggl
€ ERE ¥ 5 gl B Gl ksl 55O,
B Boshe Hme Faskgh

4. 565 CO; BEHE

ERBLE 8.6%, HEE 127 m/min &) treadmill o4 5
S BT S CO, HEHIES] BiMbe AB BRI
Bade 287 dedon= Fidd o4& EE #a
Tt 1 3BERD A BRT wkel 7ol EEREE
ER S A EDET 55 S CO, HrtiE-S SEHFI
BRell 3t WRHLE BATE & 5 Jdged, 7
BETre & BB J7el Hosted # 30% W3S B
T dgivh olebe HIMS AETETHR PelEN
A= E 4 dgvh

5. (B0

Treadmill JEAIE 8.6%, #E 127 m/min) oA 5
o TS LEHY #(ke AB REEY B
< EZR7 dglone WA AL EE KE Fost
A F4Ee ®Rstgch REHY SRERLERS AR
Al e JUE Aol 7204 4B %) 682, L

BEA A& 7304 642 &% WAoo, =T
{E #% Bl ol Bfde] gl =te) &g
< ¢ 4 dgch T ET 55 T SESRHO
e A B W F3l JIE §iel 183¢190w Aol 238
Bk ol = 166, el 4 3BIIBR ol & 153 2.2 H o
Wik BEdA Esgdel &9 E£T%T % kEHY
DEROEE TN B kst @iRmen B
HiEge]l TRk WME 1 7Y SEOMHE 29 A
Feol A= Flsk Fiel 15991 A 4 3B £oll 106 0.,
2B 3 BEOAE £4% 146414 1022 Fxgde B
»<0.05)5 FrRetg e, RER SROERY RER

N O =N HefE23 (%) — %ﬁ':ﬁfﬁ%’u%ﬁ—ﬂu
; o4 ;i(u?ﬁ%t etz =2 e O
SERS LR el s

Erag <1000 faked FEesR w14 i
B Jigst Ao #ik Binsle FEE 7 27 %A

438 thell= 56% =2 B3 ®onst ok 4 ED.

B. Bicycle Ergometer EO| Al :BEHEFC] L8 = &
RHHE
1. EEHEERR
EE A A A vkl o] FEE BT, JkE 28 %
438 bicycle ergometer ol 4 #5 900 kg-m/min &) &
B KT A7 ARsiddd of, EBRERES I
B Rl 6534 Polgd ot FlEE2HAN =85 468
2 = P4 BN 115 oz FEEs @mstgd
(FH23).

(BEATS/ oo 5
1805~
— DIREH
x—ax B 1 8@
2 is0 1% o---a B2 8
oo B 38
om0 4 8
[40F
A 3 A #&
20 o\ X \,/.
& f ®
’ Ko %
[ee 4 l"-:b--'g,‘.-ﬂ‘?
i \’gsﬂﬂse
80t
o
60 \ 3
..'._ = o "o
Q] P :
0 i 2 3 4 El 6

= ]

78 9 0.4,

AR o = SERLER D SO KERY Bk,
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108 ~—HBIL LEEERCT BT O B B AR

R E B0l 2 mBEGmmHg)e] b
il B B} 2 PiE] 2 53 4 B 3l B
e % G
e 90 o 298 | g e i e 0 [ | w0 | e 2 | Tosmm

s | A 139 91 107 115 67 83 122 67 85

A. 122 80 94 12 71 85 120 61 81

&= | B 120 68 85 122 58 79 112 61 78

B: 122 72 89 118 64 82 116 55 75

L

B | gy 126 78 94 117 65 82 117 613 80

arw M 211 108 142 204 84 124 227 86 133

N A 181 98 1%6 231 % 141 195 86 122

B:% B 170 103 125 215 85 128 208 86 127

A | B. 211 88 129 188 82 117 201 77 118
W B E 7

kS 193 99 130 210 87 127 208 | 84w 125

w | A 112 83 93 102 54 70 109 64 79

51 Az 119 55 76 96 52 67 105 45 65

@@F B, 112 64 80 — — — 109 55 73

& B 122 64 33 118 61 80 103 54 70

o
B gy 116 67 ! 83 l 105 56 72 107 54 72
X FIGRAT THE] Wt BaUA w&(P <. 05)
2. BHEREE ol Bt 84 & 4 Q9 RE 5SS B

WO MEE-S SEBIATE $% 20 79 30 %ol A K
fEoll FFEstgor, I et FlE 2 B{LE olx
ool EERE BERE EY A E) 4 5B K
R I 45l F39 193 mmHg, 28Ik Fel
210 mmHg 2211 438 %ol & 208 mmHg 24, el
R PEbE & 4+ gt

AR MR I SEEATE 30 Ritkel A BEE
<} FEsR o 1 fhel AR BEEH YA oo 7
- B FIEE RIERE B REEE R olgd e
RIS SEfh RSt s ok Bdste
Aol TR sk, B Al e 99 mmHg 9=l Aol 438
ek Holl= 84mmHg & BHEIE WS Fnagnt
(8 3%).

EBES) FHBRES RefEs P fidl 130 mmHg
<A 25BN el 127 mmHg 2, a3 438 £l
+ 125mmHg 2 &% FAsdet(E 3.

] REHIY MBS e KEHmE-e EHETH
KB 3 7qkel RS ER HERE ¢
v, B il S ol ol FeRfel BTEE gl v, BhiRHA
MEE- JiE W mele KE 30 Bkl S B
S BREAL I el AY EHERE ¢ F Qe
B, of=fel Ly BrlE ol ¥ EE 24k, I
#Hell -8 BEE 23 IR = iEmEEel Ik

sisle

BIREEMEE Hedeste) 29 FEE Rl 83 mmHg, 28I
B %ol 72mmHg, 2elx 438 4 72mmig 24 K
B2 gal ket BT Bdske HAe 2 4 94
(5 3 5.
3. FEFLEHE, —EOoEHE 8 LEBE
Bicycle ergometer o] A SEEETE % 5 WE 643

el ET SROFEE, —BHUOEHE ¥ SEOE
B R B4l #nt whel 2 R ub

ob ol RS EHFERMHC] @Renz 449
BiE B 24(A; § BdlAEBHE 4% 1 ¢
ek ‘

iR w1 KR SROEEE, —EOEHE 2 4
B e &4 5.49L/min, 62ml © 88olgw A o}
G thell = %44 13.00 L/min 78 ml & 174 24 # 133
%, 25.8% 2 96%4 ®WINE %% Faskgde 28I
B el & LR SROEHE, —BOMHE 2 SR
DEEE 4% 5.04L/min, 69ml 9 74 xR el EH
ol &4 15.63L/min, 98ml & 161 24 5 210%,
42% 2 118%% ®ME £% 29k 4RI ol
LR S OEHE, —EOHEE 9 SEOEECH
%% 4.75L/min 73ml 2 669)4 $EF) el £
14.70L/min, 91m! @ 16224 # 210%, 24.5% ¥
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M BECHHEI BRI, mmHg) Zw 0

ZEr 120/74 84
108 148/92 120
202  200/95 138

e | 307 228/95 165

54 230/95 180

I BECmmHg) 58 Lo B
SRR 212/85 156
LRER40RY  127/46 110

bty
by

S B OEE 5
MEE(mmHg)  112/61 §
BRUBR M se) 12,

FHEREE(mg/L)2. 08
FHGTEEFM(sec) 2.9 }
SEOEHEL) 439

F5E mE OFEEEt 1 aRHERhRe TRE.

— 109 —



110 —HYL @ SEBFIC S LS e BT R

54K Bicycle ergometer LOIA EEFF(4~6 HEH2| HERLBHE, —ELVEHE X SROBE
" Bl 2 K] 2 EIE] a B 4 A Bl B
Bl — r B4 Bl— H|S B4 Bl— @45 B
B DR | OBBE | O 8 B CMHE | OBHE | O 8 B | DNHE | LERE | D8R
(beats/ (beats/ (beats/
(L/min) (ml) min) (L/min) (ml) min) (L /min) (ml) min)
% Ay 5.17 62 83 5.22 67 78 3.90 59 66
A, 4.40 49 90 5.37 64 84 5.00 66 76
= B, 4.40 55 80 4.00 67 60 4.37 75 58
B: 5.81 62 93 5.55 77 72 5.72 91 63
% x| 4o 57 87 5.04 69 7 | 475 73 66
& A, 8.10 59 167 13.90 93 150 13.30 83 160
A, | —x —x 200 | 17.20 96 180 | 16.20 100 162
B: — K — % 176 | 12.40 75 165 | 12.30 72 170
B 13.00 78 180 19.00 127 150 17.00 109 156
ZEy | 10.60 69 181 | 15.63 98 | 161 | 1470 91 162
¥ ME BFRE 294 £¢ UESE 3T A4,
& 5% Bicycle ergometer bOIA EhEE(4~6 AFH2 8 BRERRER, Fi)
EREE U ZOBEFER
" al R 5] 2 B # B 4 B il o
£ mEm( T B ELUZ | ERB|E. H ELE|RBER R B ELS
% | BREN | ERNH P E & BRIED | 5EEHE | E ¥ B FEDD | BENME ) F ¥ B
(dyne- (kg-m/ (dyne- (kg-m/ (dyne- (kg-m/
sec/cm®) (sec) min) | sec/cm®) (sec) min) sec/cm?) (sec) min)
g | A 1,650 25.7 7.65 1,270 35.5 5.90 1,740 23.9 5.50
A, 1,700 17.9 5.63 1,270 24.0 6. 80 1, 300 20.7 6.18
# B, 1,540 20.4 5.15 1,570 24.3 4°85 1,420 21.9 5.57
B, 1, 220 20.7 7.02 1,120 32.5 5.45 1,050 26.4 7.15
R g 1,528 22.9 6.36 1,308 29.1 5.75 1,378 23.3 6.10
A, 1,410 17.4 10.5 690 11.9 22.6 670 10.4 19.6
A, — ¥ — % — % 700 10.8 31.6 600 9.8 27.2
B, —¥ — % — X 820 12.7 21.4 800 10.9 22.5
B 780 16.7 22.6 500 16.0 31.6 530 14.1 26.5
| 1,005 17.1 16.6 678 120 | 2.8 650 | 113 24.0
¥ MEHRE FHIA% $& WES %T A4
146 % 9] EINS £% FastAch. B EE ] SR dct. = LiEEEY # BEBERER NE JIEE il
MR 9 —EOEHE 25 FiEk 2584 xEfEe 1,528, 2¥IEE el 1,307, L 4B Hole
Bme 9 4EdE osld LT RS EAT R LB U =k BF Mot find T4 A
39 -gol Kated OEEE JiE ek WoEtsich At

4. 2 BEBERER

SRR RIS 75 3ol R uhek ol FBE R
bicycle ergometer -l A1 &Rfi7 ZEEERFel = 1,528 dyne-
sec/cm® ' =v) EErhel £ 780 = MArslgich. EE) o
HEHe 238 JEE Ble 678 2 45HIM Rl
650 =4, Flgkel ksl BT WA ste el BEsk

5. FERER

FGUEERNRD MERMES #5580 R vhsh 2ol
FBE T bicycle ergometer [-ofj 4] 2447 gl = 22.9
Batul, 28 Bl 20. 18 2=l 4 HIEk &l
E 23.3024 EHJE BhE Rolx atrh 2 v
BB b TGE TSRS A Ao 5 17. 48l A el

— 110 —



—o G S A 1A 19 A 13 1967—

111

ELES Bicycle ergometer [EBIRSS) M pH, M, MEpless % A8 MM HME

ik Bl o4 ] 2 A A o3 4 A Ell %
Wi | SEBhR | AN | LR | EE | RER | TR | EBR: | e B B
A 7.20 — | 730 | 7.46 | 7.35 | 7.35 | 7.48 | 7.36 —
Ax 7.46 — | 723 | 7.46 | 7.30 | 7.23 | 7.44 | 7.36 7.2
pH B: 7.44 | 720 | 720 | 749 | 736 | 7.35 | 7.47 | 7.33 7.22
B: 7.47 — | 7.35 | 7.49 | 7.41 | 7.37 | 7.47 | 7.42 7.43
7= o3yl 7.39 | 7.29 | 7.29 | 7.48 | 7.36 | 7.33 | 7.47 | 7.37 7.30
A 24.8 — | 157 | 245 | 128 | 14.6 | 24.7 | 15.1 -
A, 22.9 — | 89 | 23.3 | 128 | 8.8 — | 15.2 9.1
[¥ECHCO; Y(mM/L)| B 2.1 | 1.8 | 9.6 | 24.8 | 17.0 — | 235 | 14.2 8.5
B. 22.4 | 17.3%| 15.4 | 26.7 | 17.7 | 15.1 | 25.3 | 19.7 17.1
o3| 222 | 145 | 124 | 24.8 | 151 | 128 | 24.5 | 16.1 11.6
A 33.1 — | 33.4 | 35.3 | 24.3 | 27.5 | 36.4 | 27.4 -
A, 33.1 — | 21.4 | 33.8 | 26.8 | 23.2 — | 27,9 2.5
CO, #E (mmHg) | B: 3.0 | 223 | 2L.3 | 33.5 | 312 — | 33.0 | 28.0 20.4
B: 32.1 — | 292 | 36.2 | 29.0 | 27.3 | 35.2 | 3.8 2.8
7z 1 324 | 223 | 26.3 | 307 | 27.8 | 26.0 | 3.8 | 28.8 2.32
A, 40.0 — | 40,0 | 40.7 | 47.2 | 48.0 | 42.0 | 44.0 -
A. 36.0 — | 42.2 | 39.2 | 45.3 | 46.0 | — | 420 43.0
MEEMEREE (%) | B 34.4 | 410 | 40.0 | 40.0 | 44.2 — | 37.0 | 40.0 43.0
B: 38.0 | 40.0 | 41.2 | 37.0 | 38.0 | 38.0° | 36.0 | 38.0 40.0
& o3y | 37.1 | 40.5 | 4.0 | 39.2 | 43.7 | 44.0 | 38.3 | 4.0 42.0
A, — — | 201 | 19.4 | 21.8 | 16.8 | 18.9 | 19.5 -
A, — — | 155 | 18.0 | 189 | 18.9 — | 19.5 18.5
0, &8 (vols.%) | Bi _ — | 147 | 17.0 | 19.3 — | 16.5 | 17.5 18.0
B: 156 | 17.5 | 16.5 | 16.1 | 16.5 | 16.7 | 17.0 | 16.5 17.5
& | 156 | 17.5 | 17.5 | 17.6 | 19.1 | 17.5 | 17.5 | 18.3 18.0
% pH JIEY &k [l 1 COES A YL,
e MERRE FAgAY T WES 2T A
2383 k] 12.9%, 45EIIEE o= 113824 3 dom, EE o 6 48] pHE= I il 7.29 041

Bl kst WA fEEel BHEstaH.
6. ELEFER

FEOEFERS 5z Frd akek 2ol P 7
bicycle ergometer ol A &7 ZiFHdl= 6.36 kg-m/
min .27 238 el 5.75, 438 el & 6.10 =4 51
2 s ¥ 4 gtk e EERY EOEE
FEO FIEE il 22.6kg-m/min ¢S HIld 258 #%
ol 26.8, 22l 438 el E 24.0 24 i =l &
F #mdle EHaes 2 5 dddch

7. BERFe| BHERM pH, MIE(HCO;7),
B, migmskitEx o 0,28

€O 5¥

Fii&E §i bicycle ergometer ol A L] pH = 7.39

3, 25BIE #%dE 7.36, 23 4B HKas
7.37 ol givk, B EHENS Edozd Xz BHiEme
pH & Fostg o Jilel R oheb Ehrh Bk
pH & BAEES @R BiEtdE ¢ 5 A9HEE
6.

Mm% (HCO;™ )& i 8 bicycle ergometer Eoll 4 &
fif &gkl & 22.2mM/L 15l A o] &g rholl &= B
Bl 14.5mM/L g5, 258318 thell= 15.1mM/L,
22l 4583 Bl 16. 1mM/L 24, BB
[(HCO; 37t BHZEs) s 71+ vk Bl #el 2 W
DEEN TR KHE RS & F 9SG 5.

CO, 4rEE-L- 3l §i bicycle ergometer [of] A #AfY %2
#5F 32.4mmHg gl o] EBjdol & FIEE Fiol 22.3
mmblg §3, 2B Rl = 27,8, 2ol 4TI &
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ol 28.8mmHg 24, HEBhF BIRMA CO, FE-L X
B2 Wosht IS B tlEel o EEs Kl
AL & F AdEE 6.

il §i bicycle ergometer Lol A ZEi@Ee] MiEMER
WS 1y 37.1%5% Aol HEE) drll e FllkkRa
40.5, 28BEE el = 43.7, 2@ T 43BIIB ol = 41.0
%=A, HEgh odpell mEEMmBRELEe] ET #ndh: EHi
+ 24 (E 6.

BAEMA O, 432 ISk #i bicycle ergometer =] A
Ty 15.6 vols% fAwlzlel, EF) dheli= FkE dil
17.5, 2383 #al e 19.1, el 4N K
18.3vols% 24 KER= MEE) dolle Lkl st
O, &80 %4 BmgE o F AdHEFR.

V. = =

EBIIES) AWEY PES BRI A2 Fb
A FHEE 4 dAed 2 s B EHS $A
Sx A dEs BEM ER 2R d: EER
FEL HE HBEZE Hikely, o shit JBE
BRFTAA —ET EEHE —EHHSE B /A
AR A HEEES HErst s Fikelsl. s EBIIER
ol =2 4 RENE EAXs FES AES,
weld Pisie] BES FEY BidAe 2 Bl
HEee) SES S RREGE SH4HE) e B
olz} dAlel. weld K ERAALE TRl B &
ol fEekA] oSl Y KBTS HHowsd)
o RS Sfake R WEdsn RESAS. &
Wl AE HEKS T Hom KFsld EHIlge s
ANE ERE 8.6%(Y 5E)Y treadmill kol 4 4545
127 m(AZDS 200m (BEDS AEETAA 0 &%
8105 2 6 5HY £TA St HEe Eadld,
ol ob& AMEHEL sl BRES AR 4+
A= JAETHERE 2uE g 2 Aoluvh. i
B treadmill ] EEE &, #9 FHHAZ BEHT Re

epmrs] ETEEA wtel ZHFHAT BRI SUE
2R ded o BEE ¢ BetdA 9=H0ERE,

1961).

EHFANY HEZAE treadmill Eal Y] FHksE
sl #aldwl wh, ol ISEHARIel  Hflstd
ERBes ERSAIHGCHE2E 2R). B FHERE 8.6%
8 treadmill Rl A 4 127 m 2 E7A T ER, £
S P 4E Bl ABAAE T 4648, =
Bl A& T 3.7 & E\inslg gl K3td FA—
ME T4 43 200m 2 ETA & 58 AFdAe
T3 2.81% 232 BHFAAE Ty 3652 Bt
th, whA] whebd, B 127 m Tl A JiEe 02 AR

W T A S ARl BEl ol —@ = s
E7L o, = 200 m/min Fe A JIgEe we BEpo
& WETAAS AR R In—/F EXstqg .

EEh 2 REERY SRREE, O WEE 2 CO, &

B KR P o) 253 o e BAae
RS FRstds SCE3E 2R), oo 2o Fme
B PIREEY Wik e vlo] o (Schneider B
Ring, 1929; Knehr et al., 1942; Johnson, 1946; Mar-
garia et al., 1963; 2, 1963; Richardson, 1965), o]
o] FW—tt EEHE BTTNE Tiste ko]
2 O % E & CO BHliEo] WATL o Bfgs
FRHR2A 1AL Pie s gl otol EHRESC] LA
=& UEE dor A4, 2 Bhed: EHE
= O WHRES = A BEHRGY LOBIE oo
(Magaria et al., 1963; Cerretelli et al., 1964), wtelA
FiEs BB BT 49 O, WHE Wosgee
HE K O, BEUR] Bt g8 el EEEE )
ES S5 BT} o8k 2 REIig] dex
ERES 9 EBHRENSY Mk Sedskx FEA ket
o R ol Ao A% EHS RERTT o)
€ 2 EEE BES dhzA BES Hijnte] fEmst
ol K3, Pie 94 9o EBole el
REfez 2HA oh sldx e g& A3 o
B HEE 7RE RESY R ohdst AZsc
(Johnson, 1946; Buskirk ¥ Taylor, 1954; Richardson,
1965). #E st F— EBERRES O, WHRES s
BE =& BP9 EWEG B8 WmE Jde ke
= Aojel 3ok

DERFAES O WHEA Aold: ke BERH
A BRI DL olnl B2 HRETC] @B vl
o olsh 2 WHIRfe —ET O, ALY BER
Ak Barshe Aeld o] HEE wWelyrs «li: FiE
BERFS HBE ¥ 5 & Folvh(Mitchell et al.,
1958; %, 1963; Naimark et al., 1964;
4l Hermansen, 1965; Hermansen @ Andersen, 1965).
& PRl A SRREEC k) web HiKieE W
P FEHL O HEES FHREAE Aod LR M
LRARE ZREsd A5 BEYT 4 Aok ¥ &
Bhe CO, PHEE-S B3 B o A £
Hi CO &S a2 Fuddz € 48 geul, 2
Hl2d s HED EEHS BT dds i R
fERERTE] (R BRAHES AA whadold, 2 &
R EBHHARCGA AR SEBe BREhde = s
o #R mEEHI(EE NaHCO.)d] kil 82
ol 1 R Mihnfsel COp7t Aps sl el Eolth
(Christensen 3 Hansen, 1939; Issekutz @ Rodahl,

Andersen
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1961; Naimark, et al., 1964). wtebA & Heel 4 BE
5t whel 2 MEROMHEN K CO BrHES #l
SER R EHBRAH Kz A5 A R Co
BEES o2 REskA = X5, BTE EEgY CO,
PrifiEel R HE BOREL O HERES
BOBE&s &4 44 4 BHEde HFEel s

EES BTE Aol DY 2le SRBREe]
ming-e d= kel #Kkeld HEA BGol =H(Ban-
nister et al., 1954; Malhotra et al., 1962; Liddell, 1963).
oo} A& HEHEES ®ine = BT Kt B®
FH e AoEMA, EHYHdE BEPHRoEYHSY R
O TRl #ste] (Comroe & Schmidt, 1942~
1943), = SEBIEE % 1 VE 2 4% BBRe 2
By W REY LB BRPES FIREe
24 SERERC BmMRHT audl, oA HES
wesfne SEEES @t sEel S e #Hel
git}a grr}(Hickam et al., 1951; Bannister et al,
1954; Krumholz @ Ross, 1965). L #fdl= CO, & H*
o 1R ERAUES B W SERAES B\ W
el R ZES ok ¥ Aot} SRHEE BAE B
HE 4 ol Blbst 2 —@e] EHEE P, 453 3
ol W2 O, HES W, CO. EER € HYY HP
B iEka o SEmmel A WS E2eE AR
Wy LSS HeMes EET o JEkd A
8] EEHEE @8 ARRAES BAREY B
L FoE sl ukg Bl sk

gk WE HRPOEBES BLE B, EENY &
EOEE ohJe ZiEY LEHE BiReE W
PRe EES T 4 g9oH, = EDRY DEHK
gx SeAdAL & 4 Y CEE4E BRD. ol 22
ol WEE LEES Ml Mt ole Kk Ei
o Rfts —EsE B P Rl #iEElel i+
(Schneider ¥ Crampton, 1940; Knehr et al., 1942;
Cogswell et al., 1946; Bergren @ Christensen, 19503
Elsner, 1960; Malhotra et al, 1963; &, 1963;
Maxfield, 1964; kM5, 1964). FiE SEENS] FA L
B Yl BrHo) BT wel @R BAEA, JR
Biel 4 1833wl Aol Fikk 238 Hol+ 166 A=,
e 4B %l 153 BEY . BEAA ¢=a
vroll kSR g4 DI 120 TE 180 BERCA &
DRSS OEE #mdl WAt #indeta g
(Holmgren et al., 1960; Bailie et al.,, 1961; Cerretelli
et al.,, 1964: Tabakin et al, 1964; Smulyan et al.,
1965). =hebA g R EEPS OFEor Bt

-2 9 BEgle HERA BEBHE B3
gold LR Al 1wE ERANE Bkoe

Aolwl, o FER EEHHEE o fEhe]l HEH=s midgQ
+& BRste Zolet 13l cb(J&fH, 1961; Hermansen
2 Andersen, 1965).

SEEPET L JERFS R DEEE LEY 4 E
BRFY LEECT 824 ¥ohe #iEE HED 9
(Henderson et al., 1927; Schneider @ Crampton, 1940;
Knehr et al.,, 1942; Maxfield, 1964). 4 EiolA B
2= bl kel PG4 E e L LB sk
M Fe EEe dgov BHIE #MbkE: ohidg
2n ol& Fle] g%krl d-Fel ohds ARk

BIREE-S- 29, bicycle ergometer ol A EH-S 15
fEsh BN doifl o ShiBHAMmERe] =5 LFste] 20
TiE 0 Hle AL Rl g # A #ikglel
EIES A2 CGES B 2R, EHd dodA+ Lfniim
BE 7 3 ke, SiBimEE-e 30 Mulke], ela
HEIREES 1 THE 2 4ol 4% EREE H#EdE
dl, FERS AL MRMmEES THERE-S  kEIiid
el A IEH TR Hdatsche Bholvh, olob
BRY MEE R B HERAE O, BEES
|, DEHES E, Eid SRR KRR
W8 R ES KiE(Bishop et al, 1957; Buskirk
4 Bass, 1960; Blair et al.,, 1961; Wade 2 Bishop,
1962; Bevegard et al., 1966) o E@hol] KT T
BB Ime 2 B SIkn BREES B/md =& O
1]‘,5(571%‘739'] #inEE &+ 947 Guyton et al., 1962;
Astrand et al., 1965). o] & S1walsl: EBE=AL FH
—EES BiTiHElE BEmbe EEAL o 2o
TR ERA A = EiBe MRS LRl ve FEZ
s, ol EERel Histe THES #FEel &y
Bk ohv g} SEEhchel = JEEBEISAY Mol KfEetsl
A Fol b EIAHESL 9le(Bishop et al., 1957; Ast-
rand et al., 1965). &1 Flffol =-el FHBIREES] T
BelE A & 9 A9, olAL E£= Fifd &K
g SiBIHMEES Tkl EHES e Ao2A, g 2
SEHAMmEES] TR EHFAAL mEHER KT 8
BRIBBERIENY WA 4FE 2RO KT Aeletzn 3
Ak HMEER EBIEE el BBTARNY BMim
O Binsk Rl RG] AR #Et
gl e} (Petren et al.,, 1936; Barger et al., 1956). &
el k3ted, F—EF) BT ME LAE) ET
e aubE DR Higel A& RolH, =elA Ak
ol 4R KJEITY B g EHHAN 3t @
WidEE 2 fHREAA € A4S 18 HRE 4+ 9,

Eghehe LEHE 9 —ELEBHEES 25 Fik
kst sEhnstd el olv WELR ul EEHT OEEL
kol kst BAdetes FE3E vlEe o5 B
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£ #=fgolch o9} & —ELFEHES JifA=E 1§
RS EEhEL ohvel TiEdE £ e B

o4 I oA I BERENY B 2 m
WIERNREY EHGE4E 264 22 gl LE
miE FFES #Az B DRGNS BnEs
4 gAY, k PEnte s = B #HREy) BEsh
2 A Eﬂlﬁﬂ] o —Ee LiEERES #te
EEhel B LEREAES] BBERERel Ak =tet [
ESeE RS dold, Mg ESENY ML
o BXE BEL vl BEEC sickx dgs. olet
e HER o] Fo] Bol EE B O, FEE ik
KEES SEinucle o3¥ Pkl W LHEHES E
Kol fEstd FREAtn st Krogh @ Lindhard,
1912; Guyton et al.,, 1962; Gilbert et al., 1966). &WF
ol —ELOEHEE B #etd e JiEHIMel #HE
BRE oo REML FRe Wl mEs, X
Aol sl ol SEERFA dAE ZErd —EO
R 2 DA SEEF Hild —F 2dEe F
E (Petren et al., 1936; Bevegard et al., 1963; Astrand
et al., 1965)% BT A, o 7R kel KT HHE
7b ohd 7+ HER= B

Hikme pHE nd Egph ks BosiAlele o
BAEL i =l HR Eistd A& Ermel g
HE6FE 28, WS EHN mpH 7+ TR
EEIGIENG #HE O, fH4h9 RE o= Hilo fREMEE
frAC] (R HBR £XR 2B &Rste AolH,
=elA % pH o TREEE O, £ MiEHd RE
7 F& o]u] R ulolc}(Bouhuys et al., 1966). =
2hA Fifel =el m pH & BAEE T ksl 2A
<+ HHHAA #HE O, fitfho] 1u-E EWEISR LS
BEmsle Ao e,

Bkl CO, ZEEo) EFhdh A% AL(E6E 2R
Epol 2 BEHRRY HEEZ 442 4 died,
gk =tel o] FWAEE S Bl AL aulE B
EHE BE Bdetg e Ekadn sk olg)
2L CO: FEES Fy 2 AEEES) Wine miE(HCO;™)
o BAE BEE Reld, HE= E@m: (HCO,]
€ Bstgdev 2 FAOBEE s ek B A
< JnE 4 4+ dach

Kol st EByrhel BHEM O, &fe] @l
E Has & 5 JdYedCreE 2R, oAL EE
Hroll MEEMEBRIEZRS] EF Y 2ol BASE Aoz 4
7w, ol FHL L HESH 4kl oln]
%3 vl 9l (Knehr et al., 1942; Rowell et al., 1964).

Bl kol 4 EZER} alel ol HR 6 HE 1045M FF
£ HEg gastdels ool BY IR HE

T 4 oty WEL 2 B4 % 2o sigled,
¥i8l TRl HEEES shx ot Helx BH AR
olviel FiEe MWENS o2 LS § EENEH:.
= BERA T & JEE BEFS Y FEE A

Zhaket, olobxg £TE FEANRS MBS iR A

R et 58 Aoy & HRAA HED Hik
o et RS OMES WA HIRSA kot
EHRS O R CO, PREER Bk 23 DRd, =.
B O, WRE 3t SHTRERSEDHRS OHERR.
FHaE Bt %2 3 IE 438 fHRelloF HETE ¢ 5 4

AHEHE7E 2. =4 w3k JiEgEE 44 K3t

BTR WY LGB mEe Y OEEel Bt
GEZT R
(Treadmill)
ST 5 75 S | W) 5 2959l | )5 AE]
5B R | SO BRE |5 COBHR
(L/min, (ml/min, (ml/min,
BTPS) STPD) STPD) A
FNBEFT | 85.04-2.2 3,1194136 3,426+183
LEZIgE | 81.0+2.3 2,6961:153 2,6271+118 5
2iEFEE | 76.51+5.2 2.927+113 2,9124-103 x
WINBE | 72.814.8% | 2,667E136:% 2,7041132 %
4N | 66.313.7x | 2,371192 x| 2,611195 %
P BB 5 57055 | IR L 7S]
ZEROEE | 5w g | OmikES
(beats/min) | (beats/min)
(%)
FIEERT | 72.3=1.6 183.14:-2.3 27.246.9
LA | 74.013.7 177.0+1.7 36.916.8
28 | 67.512.4 166.8+2.93| 41.445.2
38IkE | 68.514.2 162.812.9% 48.8+6.9 3%
LRINEE | 66.012.7 152.84-5. 13 56.51+5.1 %

¥ FleEniiEel ek BEYA LRSS BHRI(P <0.05)

AL PEEe BUE 238 Lk e okl Fille 8
e ERT 4 dekm AR

 EET THR OB A

V. #& E

st ge

R BT

REBE 645 AB FHo2 o] HHE6ES 4EHE
Bell A4 —@l fGEHE # 1,000kgm 7t H=F

treadmill _[-ol) A 777 sbof (AREL (ERVE 8.6%, HE
127 m/min o] A 1 10 770, BE-S A 8.6%, HE
200 m/min o] A #8 6 5D FEF) JFPHES BEzsh
o ohgat 2L e gtk

1. Treadmill kol 4 &} HFRFETRHFEMNHE-S Ik =
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ek BEEsl @instaet

2, BB HEBEE, SO HEE ¢ 5% COBk
HE % =5 JiRe ket W atgich

3. EEN SFOEEE IIHBY RS wEd R
P aton WEH 14w SELIEES WEEL W
R Ehstg ek

4. SEZHP B2 REHS TH BAREE-S Bifkel HKk3te
wWx BWhie HEel 4%

5. EEjRS SEOEHE 9 —EEREE Z5A

el fRete] sginste] B2 Bl Fraflol BlESAc-

6. SEHhe) 4 BIFERIELS Pl ket Wik
Bystd '

7. SERRS) THEENRIS JEkel ket B &
55 S ek

8. MEByh DM pH & %Rl skl A e
Aot 1 WMAEES Pl B el ek A
& Ezmsdh

9. M4ECHCO: )& EHEGel Bis) B et sht
kel web o WAOBE S Wik kst et

10. BHREMm CO, HEES SEEEl kisz Bt 9
%) B oo 2 BES s A BEsgch

11 EHF BIkm O, &R i Hitd 24 8
skl ot

DLES ez o2 mol IBEHEFES vE 6
TE 10 R g maAsE FrEe EHe g8
FEHEsR Jlgel W OIHEES B MEBY 4
Qo Rl ool FERSY WERRHe W MR
e st BEIE WS WIS Bid:
Aol 2i@H FEES & 4 Uk
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:Abstract—
Cardio-pulmonary Adaptation to Physical Training

Kang Ha Cho
Department of Physiology, Yonsei University College of Medicine, Seoul, Korea

(Directed by Drs. P.H. Lee and S.K. Hong)

As pointed out by many previous investigators, the cardio-pulmonary system of well-trained ath-
letes is so adapted that they can perform a given physical exercise more efficiently as compared to
non-trained persons. However, the time course of the development of these cardio-pulmonary adap-
tations has not been extensively studied in the past. Although the development of these training
effects is undoubtedly related to the magnitude of an exercise load which is repeatedly given, it
would be practical if one could maintain a good physical fitness with a minimal daily exercise.
Hence, the present investigation was undertaken to study the time course of the development of
cardio-pulmonary adaptations while a group of non-athletes was subjected to a daily 6 to 10 minutes
running exercise for a period of 4 weeks.

Six healthy male medical students (22 to 24 years old) were randomly selected as experimental
subjects, and were equally divided into two groups (A and B). Both groups were subjected to the
same daily running exercise (approximately 1,000 kg-m) 6 days a week for 4 weeks, but the rate
of exercise was such that the group A ran on treadmill with 8.6% grade for 10 min daily at a speed
of 127 m/min while the group B ran for 6 min at a speed of 200 m/min. In order to assess the
effects of these physical trainings on the cardio-pulmonary system, the minute volume, the O, con-
sumption, the CO; output and the heart rate were determined weekly while the subject was enga-
ged in a given running exercise on treadmill (8.6% grade and 127 m/min) for a period of 5 min.
In addition, the arterial blood pressure, the cardiac output, the acid-base state-of arterial blood and
the gas composition of arterial blood were also determined every other week in 4 subjects (2 from
each group) while they were engaged in exercise on a bicycle ergometer at a rate of approximately
900 kg-m/min until exhaustion. The maximal work capacity was also determined by asking the
subject to engage in exercise on treadmill and ergometer until exhaustion. For the measurement of
minute volume, the expired gas was collected in a Douglas bag. The O, consumption and the CO,
output were subsequently computed by analyzing the expired gas with a Scholander micro gas ana-
lyzer. The heart rate was calculated from the R-R interval of ECG tracings recorded by an Offner
RS Dynograph. A 19 gauge Cournand needle was inserted into a brachial artery, through which
arterial blood samples were taken. A Statham P,;AA pressure transducer and a PR-7 Research Recor-
der were used for recording instantaneous arterial pressure. The cardiac output was measured by
indicator (Cardiogreen) dilution method.

The results may be summarized. as follows:

(1> The maximal running time on treadmill increased linearly during the 4 week training period at
the end of which it increased by 2.8 to 4.6 times. In general, an increase in the maximal runn-
ing time was greater when the speed was fixed at a level at which the subject was trained. The
maximal exercise time on bicycle ergometer also increased linearly during the training period.

(2) In carrying out a given running exercise on treadmill (8.6%grade, 127 m/min), the following
changes in cardio-pulmonary functions were observed during the training period:’

(@) The minute volume as well as the O, consumption during steady state exercise tended to
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decrease progressively and showed significant reductions after 3 weeks of training.

{b) The CO; production during steady state exercise showed a significant reduction within 1 week
of training.

(c) The heart rate during steady state exercise tended to decrease progressively and showed a
significant reduction after 2 weeks of training. The reduction of heart rate following a given
exercise tended to become faster by training and showed a significant change after 3 weeks.
Although the resting heart rate also tended to decrease by training, no significant change was
observed.

(3 In carrying out a given exercise (900 kg-m/min) on a bicycle ergometer, the following changes
in cardio-vascular functions were observed during the training period:

(@) The systolic blood pressure during steady state exercise was not affected while the diastolic
blood pressure was significantly lowered after 4 weeks of training. The resting diastolic pressure
was also significantly lowered by the end of 4 weeks.

(b} The cardiac output and the stroke volume during steady state exercise increased maximally
within 2 weeks of training. However, the resting cardiac output was not altered while the
resting stroke volume tended to increase somewhat by training.

{c) The total peripheral resistance during steady state exercise was greatly lowered within 2 weeks
of training. The mean circulation time during exercise was also considerably shortened while
the left heart work output during exercise increased significantly within 2 weeks. However,
these functions.at rest were not altered by training.

{d) Although both pH, Pco, and (HCO;™) of arterial plasma decreased during exercise, the mag-
nitude of reductions became less by training. On the other hand, the O, content of arterial
blood decreased during exercise before training while it tended to increase slightly after train-
ing. There was no significant alteration in these values at rest.

These results indicate that cardio-pulmonary adaptations to physical training can be acquired by
subjecting non-athletes to brief daily exercise routine for certain period of time. Although the time
of appearance of various adaptive phenomena is not identical, it may be stated that one has to
engage in daily exercise routine for at least 2 weeks for the development of significant adaptive

changes.
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