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ABSTRACT

At equivalent power output and oxygen uptake, the heart rate in
the arm cranking is higher than that in leg cyling but the stroke
volume in the arm cranking is lower than that of the leg cycling.
However, little is known for the transient changes of these param-
eters. In particular, there are few data on the early transient changes
(phase I) in oxygen uptake (\.5’02) and heart rate (HR) and the
relationship between the kinetics of these parameters and work rate
in the arm cranking. Since the arm exercise at steady state decreases
venous return and increases anaerobic glycolytic response, it is con-
sidered that an increase in \'702 in phase 1 of the arm exercise would
be small and that of the phase I would prolong. _

To test this hypothesis, the time dependent change in \.IOQ and HR
were measured when the intensity of the arm cranking was increased
from rest to the constant work (25, 37 and 50) and it was compared
to those in the leg exercise. Gas exchange and HR were measured
breath by breath in 5 male subjects. The increase in \:’02 and HR in

the phase I of the arm cranking and leg cycling had good cor-
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relation with work rate. The increase in \:’02 in the phase I of the
arm exercise was lower than that of the leg exercise, suggesting that
the immediate adjustment of cardiac output to the arm exercise was
impaired. The significant difference of \.Z02 response in phase I to
different types of exercise may reflect the difference of the rate and
volume of venous return which due to the muscle exercised, the
different degree of vasoconstriction and the effect of higher in-
trathoracic pressure. An increase in HR in the arm exercise was
higher than that in the leg exercise and this suggested that an
increase in {702/ HR in this phase of the arm exercise was lower
than that of the leg exercise. The results indicate that an increase in
the stroke volume of the arm exercise might be attenuated. The
kinetics of {702 response in the arm exercise prolonged compared to
that in the leg exercise at the same work rate.

The difference might be explained by a decreased venous return
and higher anaerobic glycolysis which occurs early stage of the arm
exercise associated with isometric exercise and a greater recruitment

of fast twitch motor units. These findings provide useful information
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to explain the kinetics of gas exchange in arm exercise.
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Peak Vo, | Highest Work VT
Subj. No. ?ﬁ (1/min) (Rate, W) (1/min)
yr
Arm Leg Arm Leg Arm Leg
1 29 1,764 | 3,151 124 295 949 1,895
2 40 1,641 | 3,508 110 290 1,013 | 2,000
3 20 1,546 | 3,070 112 233 972 1,915
4 20 1,418 | 1,982 101 199 842 1,111
5 23 1,543 | 2,729 102 250 893 1,564
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B1 The V02 responses of one representative subject to the different work rates in arm and
leg exercise. The best-fit exponential curves are also shown for each work rate
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Bl 2 Breath-by-breath Vog from rest to H) W exercise transition of arm and leg exercise in a

single subject. The incease in V02 during phase I and IO was markedly less in the arm

than in the leg exercise

95W 50W 50% Vomax
120t 120+ 120
R . ]
Y & _ &
£ 100 £ 100} £ 100}
-] == -
O o | o
® X { R
< & 80 o 80
£ 8 /,,f/ff"-ﬁ =
P | P P
o | = 60 =2 60
Fa _—— ¢ ///,//// S I
ARM LEG - ARM LEG ARM LEG

B3 Comparison of the phase 1 increases of V02 for arm and leg exercise. The phase I

increases above resting values for Voz in arm exercise were lower than those in leg

exercise
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B4

Comparison of the phase 1 increases of HR for arm and leg exercise. The phase 1

increases of HR in arm exercise were higher than those in leg exercise
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B6 Mean response times for Vog at each of the work rates for arm and leg exercise. The
second phase of V02 response kinetics was prolonged during arm exercise compared
with leg exercise at work rates of 25 W and 50 W

BRI BVT, MESN T 50 W DLE D S RsE

I2 BV Tk Vo, /HR ® MRT 313 & A LZLL

it —F, BETE Vo, /HR ® MRT
3 AR I e U g 2@ &R U .

3. 8 =

3.1 #1HEOGEHE
BEEB)IC 513 B Vo, 0H | ORI, MHEE)
KB AThEh HEWT EMRENID, car-
diodynamic {K&iPic L= MAEE L HicB T 3
BREBE OLHR Q) ORMEED £ 1

ICHANTENT ARSI S, R SHIRO

S E SN T X 7 MHEB ORISR 15 ~ 20 B
i, BifRoOBZEREZE (C (a—7) 0) 21
EASERLEVT LSS, B 1B S Vo,
DM QORIME & - THEL 3 &\ 5 Bids car-
diodynamic R T&H 5. _

VTAE, Casaburi 7252k - T, BESBHIAE

BOB 1BV TS, RABIRIIO O, Bk
METFS 5T EBBS M SNID, Vo, DEAL
X9 52 0FH5OEEI1IH 5% LiHEE Nk,
Lzh-TH LK Vo, DISABIEC R LTQo
PREARETHEIAZV b0 L Bbh3, Wl
B & BEEBI B 55 1RO Vo, OBEMEL
AFEBRROERS SEE L LBE, F—iBIkE
MEOEOVPEZONS, W75+ v 7icks
EHRERIZ ) v 7O Y FAEIET 28/
BIBIGEN S T N5 2%, HHAE v 7OiEEh
EFL, #icERROREIHES N3 EELD
h B0 F 7 piEE I BT, MEHEE
Fi5 & OB E S EB S X 0 bR 5 %2
¥, BIGERBORMASMA SN, QOBEECHE
EBBECLEEZEZONS.

1D Vo, DIEE & BRHMRIE OBIFI D\
TR, EEFHER b S FEMRE O E &
bicHE L Ho@EOHML 2. UL, Hdr e

F4 v b ZAE— RS Vol 13



HIE (W) AIEIEIE (%Vo,,.) E%L
LIGATS, BEBcEY 258 1HO Vo,®

REMIAS & DKV T & i Vo, OEF R EES
5 LETHE 2B 2HEM~DEFHEHWI &%
RLTWV3,

2 1 #HicBiF 5 HR o, BaEEiR O/
HEER Oz LD RKEL, TOHEMITANT
OEFREIBVTRENS, LibioT Vo, /
HR 32 ofific 8L THES TR & DEVESE
sRUT. B cardiodynamic (K3 U5 %
5 10 Vo, /HR OIEEBEE, —EHhE
(SV) oibE#ELTRT2EELO5NS. LE
DT S, H1HD SV ORMIZMEES I~
ThEFHTI VKL, ZOFEREE L TEpRD &S
ICHIREROMENE X 5N 5.

% 1B 5 Vo, DHIMIZQORMO i %
HHIFIC 381 B FARIM O MR Ic & - TH B~
ZF 59, & HEREE & IR < IR R
MEISY, I HEEEFICE T 2 MEEEEH S
RIEBDT, ThoDRIKDVTRESEOR %
g3, |

3. 2 EE2/0ONEHE (CFHICERRE)

Vo,® MRT RBEEE)IC ) 5 EHES) < 5
FAELD bAXL, ToERIZEEMEEICE
WTERD S, BEEBITIEE 1 HO Vo, DRI
MEVF b, 2B 5 Vo, ORI & 558
HpSBEE S, UL, H2EIBVTS Vo,
DIENMER Dz 0k Y B, BEBOSE?
MBI 2BEACRIMEH DT NLD F
W,

MLES 31 2HERORICB VT d, WHRHK
HAEERME (AT) LI EoARREEICB1) 5 MRT
X AT U FTORM®REICE TS5 MRT &b K
FVCEMBERBIATVLAEY, xoi, BEdic
BOTI AT &b bEVEGRE CEBBGE
IR 7s BB O BN U Vo, DIEE %
EBOE D ENFEINLY,

F4 v b AR —-vEE Vol. 13

— 297 —

BB B Vo, DIEEENORBRER
E LT, EERMEOLESHBE XD bV
&, SREHNHE & 73 5 BEE) TSGR
WOHBHRAFVW I EBEI SN B,

BEB) I 513 B Vo, ® MRT #5% DK & VE
HELT, COMERROBRGEL SN,
HR ® MRT i /5 OEBRZIC B W TEERE
OB U THEn L 7248, BiESh & BhES 0
RIICIEERENS LN - o, BhEERCB W
TIR, SV 3% | HTasucigmL®, $2Hcr
BEACHEMETERREBICET Z D0, B
2 HOQOIEEBE: HR 07 h &ERT 3.

BaEB BT, B 1B L OE 2 H0Q
SV OINEHEICET 2SR ENTE ST,
F2MIc B 3QE HR OELOEMART 5 <
LRIV, L, 5 1HETRBEERO Vo,
/HR O¥MMB L 0 EWI E» 5, F2HETDH
SVB¥mMLKET 5T LB 605,

Vo, /HR ® MRT 2B £ 1A HiE#H o
Zhiy b REVWT EARS N, HETTIRE
2HD SVHBREAETLITVT Ehb, B2
D Vo, /HR OBIfEE C (a—0) O, DBIES 5
LhTEELLNTVWAEY, SEOHETIE, M
EHO Vo, /HR O MRT 1 50 W L1 Lo
BETRIEBEALFELTHD, Sietsema 725 DFE
5L —%4 5, BEB T Vo, HR ® MRT
WS EARREEIC S LM 2RI 2R L. L
7o 0> THEEBI D 2 T3, SV O & &
i C (a—9) O, DRIMAERRICAE L, BRI
HAILT, MBEOREEBNGELLLBELLEELS
N5, I0X5IC, WEFHOE2MHIcBVLTI,
B 1M EER #RERROHEMEIRRIC X 2 158
BRE~ OB, Vo, DIFEBREI bAE < KM
ShTV3,

XTI AREEEZF L K LicEa, WmiE o0&
BRAOMIcid Vo,, HR, Vo,/HRZHhZHO
MRT icHREBEEE LB T, T ORRIEE



— 298 —

THREOHRE—HT 20 THD, HIHR
BEELL PO ATUTRREL LGS, H2MH
OIEBREICZENSTIVT EERL TV 3.

Vo, ® MRT EIHHE DRMIC & b7 - THE
FRc b oMLz %K, MERTR
SR DL B Vo, ® MRT R B EH
OEFB MBI N T2, AT LI EOAMR
BTk Vo, drift ®Fic MRT ASHEIL, JE6
JEHEDIGEHSEL 37, BLESHIC B TRARR
DFER LA, AMREORIMCL R -TV
", ® half time (4 3 {OMED 509 1< EliET 5 %
TORME) BN 5 EHEHEIA TV,

D Vo, IEEBEERT <5 2 — 5 & L
Tid, 1 HOM TR D 558 2 R % Tk
fERuthER 2 T S RIFERUE KD 5 ks —iki)
TH5. Lil, B1IHEZSHTEUL/ MRT
OfE &5 2 FHREROMIc IR EA EEDITNE
WHHEYSH B, 1, AT P EOARERE T
Vo, drift BEU BT b D, Ris 5 BMHRIES
X ORI 5 EHER O M THXH SR E R %K
»57dicid MRT 20T HEL ORIV E
X o3,

T U

WamE LT, WEShck 2 EEFRESZ
D, % 1 HEH 2 M0 Vo, B X OBEROIGED
REIHLER O £ il U CRHE & 1L A R 27
L7z, O EREFRIREICE T 2 LEROINE
1B B BRI IS L 2 A E OB RS I —
L. AFEOHERIEFTOAPLRE AOH
WIS BKEHIC B 2 EEKIEEDIE L WP
BEEEICE > THETHY, POEROKEL
TEEEZONE,

3
AFFEDIEIFFE & L THP KEEEFRER
RAER EREEAER LR BEE

KREZEGL L2, mRICIIEROFE, RAlE
F— 5 OB L UERICEKOEEY - /.
CTICEBoBEEERLE T

X M

1) Beaver, W. L., Lamarra, N. Wasserman, K,
Breath-by-breath measurement of true alv-
eolar gas exchange, J. Appl. Physiol., Respi-
rat. Environ. Exercise Physiol., 51 (6) 1662~
1675 (1981

2) Bevegard, S, Freyschuss, U, Strandell, T;
Circulatory adaptation to arm and leg ex-
ercise in supine and sitting position, J. Appl
Physiol, 21 (1) 37-46 (1966)

3) Casaburi, R, Barstow, T. ], Robinson, T,
Wasserman. K. Influence of work rate on
ventilatory and gas exchange kinetics, J.
Appl. Physiol, 67 (2) 547-555 (1989)

4) Casaburi, R, Daly, J., Hansen, J. Effros, R,
Abrupt changes in mixed venous blood gas
composition after the onset of exercise, J.
Appl. Physiol., 67 (3) 1106-1112 (1989)

5) Cerretelli, P, Shindell, D., Pendergast, D. P,

- diPrampero, P. E, Rennie : D. W, Oxygen
uptake transients at the onset and offset of
arm and leg work, Respiration Physiology, 30,
81-97 (1977

6) Cerretelli, P, Pendergast, D., Paganelli, W. C,,
Rennie, D. W, ‘Effects of specific muscle
training on the V02 on-response and early
blood lactate, /. Appl. Physiol, Respiral. En-
viron. Exercise Physiol, 47 (4) 761-769

- 979

T) HEEBE WEHE SfHERE, bRk ; Breath
~by-breath Iz & 2 il # A A HETEH:, Annals
Physiol. Anthrop., 6 (1) 25-30 (1987

8) WHEBEK, MK EHEFO N RIEEE S
A — 5 OHEEICE I BRI, 55 3 [EILELK « P
Ty v RO LHE, 35-38 (1988)

9) HEMEE, AEHEE SiEfERE, it ERJ ; Breath
~by-breath iz & % O & fififaic 1 2 EBE
7 2 SSHBRE ORI, (AR, 38 (4) 151 - 164
(1989)

10) Koga, S. Kondo, N ; Gas exchange kinetics
. during arm exercise, Oxford Conference, 5
~ th Meeting on Control of Breathing and its

Modelling Perspective. (1991)

11) Lamarra, N. Whipp, B. J, Ward, S. A, Was-

serman, K.; Effect of interbreath fluctuations

74 v b 2E—vEE Vol 13



on characterizing exercise gas exchange
kinetics, J. Appl. Physiol, 62 (5) 20032012
(198D

12) Linnarsson, D, Dynamics of pulmonary gas
exchange and heart rate changes at start
and end of exercise, Acta Physiol. Scand.
Suppl., 415, 1-68 (1974

13) Loeppky, J. A., Greene, E. R., Hoekenga, D. E,,
Caprihan, A, U. C. Luft.; Beat-by-beat stroke
volume assessment by pulsed Doppler in up-
right and supine exercise, J. Appl. Physiol.,
Respirat. Environ. Exercise Physiol, 50, 1173 -
1182 (1981

14) Pendergast, D., Cerretelli, P., Rennie, D. W
Aerobic and glycolytic metabolism in arm
exercise, J. Appl. Physiol., Respirat. Environ.
Exercise Physiol., 47 (4) T54-760 (1979

15) Sietsema, K. E.,, Daly, J. A, Wasserman, K;
Early dynamics of O, uptake and heart rate
as affected by exercise work rate, J Appl
Physiol., Respirat. Environ. Exercise Physiol.,

FH v r 2R - VR Vol 13

0 —

67 (6) 2535-2541 (1989)

16) Stenberg, J., Astrand, P. O, Ekblom, B,
Royce, J., Saltin, B, Hemodynamic response
to work with different muscle groups, sitt-
ing and supine, J. Appl. Physiol., 22 (1) 61-
70 (1967

17) Wasserman, K, Hansen, J. H, Sue, D. Y,
Whipp, B. J.; Principles of exercise testing
and interpretation, Lea and Febiger, Phila-
delphia, 40-41 (1987

18) Whipp, B. ], Davis, J. A, Torres, F. Wasser-
man, K; A test to determine parameters of
aerobic function during exercise, J. Appl
Physiol., Respirat. Environ. Exercise Physiol.,
50 (1) 217-221 (198D

19) Whipp, B. ], Ward, S. A., Lamarra, N., Davis,
J. A, Wasserman, K.; Parameters of ventila-
tory and gas exchange dynamics during ex-
ercise, J. Appl. Physiol, Respirat. Environ. Ex-
ercise Physiol, 52 (6) 1506-1513 (1982)



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10

