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Cardiorespiratory and Blood Biochemical Responses during 60-min
Walking at the Rate of 100m/min.

Shuichi KOMIYA, Tetsuro OGAKI, Takehiko FUJINO
Shozo KANAYA, Kei MORITA and Keiko KONDO

Summary

Cardiorespiratory and blood biochemical responses to 60-min walking at the rate of 100
m/min were studied in eight student females, 20-22 years of age. Each subject’s maximal
oxygen uptake was determined via a incremental exercise test using a bicycle ergometer.
Five subjects had high maximal oxygen uptakes (40.03 ml/kg/min) and three had low
maximal oxygen uptakes (32.73 ml/kg/min). Oxygen uptakes were measured at 10-min
intervals during the walking exercise. Catheter was inserted into the antecubital vein of the
forearm and a 20-ml blood samples were collected at 15-min intervals. Heart rates were
assessed by Holter ECG during exercise. All subjects exercised for 60-min at 100m/min on a
field walking, which represented 45.7% \’702 max and were classified as “low group” and
58.0% of the maximal oxygen uptake and were classified as “high group” respectively.
Respiratory exchange ratio similar during exercise in both groups, diminishing progressively
throughout the exercise period. Because of the demonstrated importance of catecholamine
levels and free fatty acid availability during prolonged exercise, we have investigated several
parameters of lipid metabolism during 60-min walking. There was a greater rise in plasma
adrenalin concentrations during exercise in the high group (58.0% '\./'02 max) subjects. Free
fatty acids increased in the high group subjects, but not in the low group (45.7% \.702 max)
subjects and plasma insulin was depressed in both groups. A significant positive correlation
(p<0.05) was obtained between the increment above resting levels of plasma adrenalin and
that of serum FFA. But, a significant correlation (p<0.05) was obtained between the in-
crement above resting levels of serum FFA and % \’]Oz max only after the 60th min of
exercise.

It was concluded that the lipid metabolic activity is considerably elevated during 100m
/min walkiﬁg for 60-min at 50-60% of subject’s maximal oxygen uptake,

(Journal of Health Science, Kyushu University, 10:125 — 134, 1988.)

Institute of Health Science, Kyushu University 11. Kasuga 816, Japan.
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Changes in percent of maximal oxy-
gen uptake during 60—min walking at

the rate of 100m/min.

Table. 1

min) b§%ﬁ¥®\}02max (32.73 ml/kg/min) X b EW
BARLELAZ 2 BRIICAZ EERA SN H -
foo %213, 60 RS ITHOEE (m/min), HE
(steps/60min) B XL HR GA/5D), \'702 (ml/kg/
min), %Vommax, RQ OFfEE 60 50T
FoHEEL 2HECHE LIt bDTH B, EHOT
¥99% Vosmax 12 45.7%, 34 HR 1% 1225 H1/4 % %
L, &P (58.0 % Voumax, 136.144/4)) kL ch
BI{EVEER L, L L, Vo, ml/kg/min %
RQ ORI EE R EZRA SN, 60 KDz %
WFE—HEROESFITNCHEERETE S b >, K2
i, %Vommax & HR Q&I (L% 10 HRRT 7
oy bL, 2HEOPEEOEZELHELILODTH
B, 2BEOFH% Vomax MHRITIE, 10 SMfI 5 %,

20 HE~ 60 DEE TR 1 % KEOHEERENS S
N, EETI 10 5ME (46.3%) ~ 60 ME (45.1%) %
TREEALEE/BOIH LT, BB TR 56.7% ~
60.69% ¥ THEXTIRE LI L/, HR ONEERIC b
RESPEENSS SNt, £72, HR OFREILc
BlZEsA SN, EHO HR @ FREE (10 4~ 60 4>
ETD) BH4% TH-1-DIFLT, SEHTI
15.3% LEBICEV EFRER L 7z, FEERBIGAM: & &
THOTEKIE & R R, KRBT 148 — 155,

59.3 — 54.29, EEET 185 — 19.1°C, 60.0 — 53.4% T
B -1, K3 id, HITHOFERS 2% 10 3 THHr
Lk B A BBOFEETRL TV S, Ve Voo

Age and physical characteristics of two groups depend on .

percent of maximal oxygen uptake during 60—min walking.

%Vozmax< 50 %Vozmax>50
~(n=3) _(n=5)
X S.D X S.D
Age,yr 21.3 1.15 21.4 0.54
Height, cm 156.8 5.12 155.8 3.93
Weight, kg 54.58 4.523 54.91 11.673
Chest girth, cm 82.4 3.53 81.5 7.87
Skinfolds, mm
Triceps 16.3 2.88 19.7 8.17
Subscapular 19.3 4.07 19.6 9.94
Abdomen 23.8 8.50 24.1 11.00
Total body fat, kg 19.7 3.41 20.1 7.42
Subcutaneous fat, kg 10.9 2.60 11.8 5.42
Internal fat, kg 8.8 2.45 8.3 2.76
Percent body fat, % 35.8 3.31 35.6 5.66
Vo,max, ml/kg/min 40.03 5.522 32.73 2.322
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Table. 2 Average values for heart rates, oxygen uptake, percent of
maximal oxygen uptake, respiratory exchange ratios and
energy expenditures during 60—min walkings.

%V 02max<50 %V ozmax>50
(n=3) (n=5)
X S.D X S.D
Load, m/min 100.0 0.11 100.0 0.11
, steps/60min 8,008.3 607.74 7,761.0 347.96
HR, beats/min 122.5 8.70 136.1* 4.53
Voz, ml/kg/min 18.2 1.38 18.9 0.74
%Voz max 45.7 3.46 58.0** 2.69
RQ 0.82 0.047 0.81 0.026
Energy expenditure, 288.3 40.03 300.2 54.83
kcal/hr
* P <0.05, **P<0.01
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Fig. 2 Average percent of maximal oxygen Fig. 3 Average ventilation, oxygen uptake
uptake and heart rates during 60— and carbon dioxide production dur-

min walkings. : ing 60—min walkings.
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Fig. 6 Changes in serum free faty acid and

plasma catecholamine concentra-
tions during 60—min walking.
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Fig. 10 Relationship between percentage

changes in concentrations of serum
free faty acid and percent of maxi-
mal oxygen uptake during 60—min
walking.

BEDFRERTH >, ADEEOELISEICEE
T, SITHA L FRFC B LRIERC ER L, 304
BITIILEED 2.8 1%, 45 DRIC13 3.2 15, 60 43HRIc
1348 fEDEEEICEL 7, KB O AD iZ 15 %I
THEDO 23EETLER LK ZOBRIEZDETL,
60 L DEE L TRED 23510 EE o1, KO
13, SWERE D 154), 304), 454%, 60 3kickid 3
AD & FFA OZ{LEEOMHEBEA B bDTH 5,
f7tho AD & FFA oZ LRMITiE 5% KEOHE
IEBAAS B b o, 10 13, 1T D% Voumax &
FFA OZ{LEREDBER%E 30 43, 4543, 60 SHMETH /-
LDTH B, BT 30 5% & 45 538 D% Vo,max
& FFA OZ(LR EOBICZBELSHEIRA SN T
Mofohs, 600% T 5% KEOHELSHEMENS S
N,

z =

[3Bf7) ik, c rOBo# itk > Thio sk
SEANIESEETSZ, LoL, BRARESEKR
Yk shictLoh T, CORANSERS 2 b%
Wood b, 121U, HITEEEE L CRELSICE
DV BB, BHITOME GREXERE) HEE
HEKRE S > TWB, ELIT, BRAROERLEZ S
AR EFE - IBET A HTRE AR sh
BLEND L, KPR, SITEEEES 100m (130
H/4) WCHREL, 60 DS T ORISR REEED
% & MR A bR O BIEES R 0 O AR E ARG & Tl
ICRRET LT W B, EBREHEE LIcE5) 100 m OB TH
BEiE, HAADBEEERICE T 2 5THEE OFEHE
80 ~ 90 m/min'> ¥ &L T, EEE L TOMELHE
RFTE BRI L, $72, HITEERD 60 233 & i
#i4: | #2 40 ~ 609 Vosmax ok % 60 Ao = L 7
A=y —EPHORARBOOER L KT 2 AK
L, REBERBEELE N 2 EESTHEA RS 3
Hib & %,

WRESZOTEHEERE & FHAEIR 1561 cm &
548 kg TH Y, AARANEFRHOPHME? & HEL T,
BET1Llcm (&L, FETIE49kgBEVEERLT
W3, BE->T, BERFEREICEZ%Fat BSRT LI
PPOMERMEIC D BB LD T LT B, KB
Tlt, 2WEBREICHE 100 m (130 #5/4) OR—ER
Rt SWREOES (Vomax) DI & -
T 60 43 21T DX B M B E A 417 ~ 47.7%
\}ozmax DEEL 535 ~ 60.6% Vozmax OB KT



132 ' E R

% 10%

X1z, B> T, AEFFEIZ 60 SFEHIT O HRE S E L
BELBEVEHIC W THBRET LTV %, 60 S0
RIZTEE S E—Td - 1288, THHTRIE L 35
BUCTIEH 250 SFOEHEL, =20 —HBRICI 12
keal DEBHE Lo LrL, THOOERVENBE
SHICERR O TR W, WMEOERN I3 FIEE—
THoEEABENTE B, '

1. FRBERRBIEOERE
[Bl—EEDHITTH » T b 60 LT HOMET R
ER—ETIRNEV, 2%, EMBREOSVE (E8)
D% Vomax i3 10 53~ 60 53 T 6.9% Wi LTV 3
DR LT, s OROE (KB TiR¥ 1.2%
BELTW3, LAL, HR IEHEEE ERMIC HR
TAMEEICH D, 0 LRGSR 15.3%, BB 54%
TEHO FRRMSEEETH 5, HR iE, F—EFROE
IELER T IR ERY L, 20 ERR&KEOL
FUERT B3PS DEEL LNTW S, AEERIT 15~
19C LW BMERE OB T cEm L, FidsFE—
HERAEETVSA, HR O FFETIIHTONTEREIC
FBSNTVEES THb, Vi, Vo, Voo, DEfES
BEICET ERT 2 EASA SN BH, EEIRIER
ZE LICREEERL TW5, RQ OBEETIE, WD
E— 7 EHBEIC 10 AE0EBE L THWED, 0%
ORISR TERIZIEEAEFEUTH S, Ll
EEO RQ MEBRICHE L THICEEAERLTEY,
ST ORI HS 50% Vomax Pl EOBETIR T 31
F—HBE L L COfSOMBELEABASETVE T
Ehibh B,

2. MAAE{EZER S DENRE

ST ORIIRE HS 5096 Voimax Bl E% R L - i
DI L 15 HMRICZEE X D 10% SV E—
SEBHELTVS, L, Z0%IIHEREDR
BRI O hrb 5T, MhPBEE 33XRE
ERKETREL, LBEEOLRRSONTHIR,
COXDRIBOERER, A CHWE Lz vT A~
g — RO LE—DORERERL, TEEO—EEMIC
L2 EMMEHTRTTICHLAIRENTVE DT
BB, —F, MERNEER DS GEShORKP
R OMBOMWEL EHLHFBESLEEILNATL
529 ULal, 50~60% \./'Ozmax D 60 ST T
i3, CPK @ 15% ERLIAZELIZA SNV, -
T, MPEBOFEL bHET, I OBEDOHTIIN
SHICERBEH TH L VLD TR FRLICBY
DHBOBIEAEZEZ ZHBEIRITV, TOXIRHEKT
OEKMESICAEE SNFZEEL T X LF -,

M & 72 3Bh D TG B L FFA Th 322, EHj
DIEERSN B ERc BT B TG OOEE, Th
WKL OAEL 3 FFA OHEMWEESHRIEZ I LTH
%, BAMEEH TR, FELTHRHEO TCH 2V
F-RECEESRILZREL T B2, 60 5EE
OREEE—EFES TRIMPO TG CEELEMIZ
BONBWEHEXTNTWS, KIFFELTE, 50%
Voumax Pl EOBHC 23.9%, ZHEIFOBIC 19.0% @
TG LERMA S nfe VR S FETRICE R/
TRV, —4, FFA OKEBEIISHITHLS 15 H%E0
SHNREIC X ZEDTEFICL >TV S, THbb,
509 Voumax Pl OBET 12 FRA RS 30 5341022
BEO 164%5 6040 I9fFIELTWSDICH
LT, 50% Vomax BIFOBETIE 60 535 b 1.3 f1c
FERLV, 50% {702max PIE® 60 3BT Ic B 1
% FFA OB B, B Z2icHEL 2 4 ~ 62%
\./'omlax HMED 60 BT VT A — 5 —EHEEKDOH
REOL L TW5E, INODEREEIRT S AD S
WMOMEHEE WS fds 5 b, 50% Vosmax BELL F o
fTHFFA OB ZEARSE S T bbb %, —H,
M¥EOEEE 60 N DHITHIR & A L LRHFEKET
WHELTWEI Db XVF—RBEL L TORED
FIAERELD TRV EWVZ B,

3. mAoKRIVE VBIEE

IRI OFEffEIE, 60 RO SITHRERICET LT
3, TOT LI, LERCHE LIz T A — 5 KR
B IRIFRECLEHETH 5, THbBE, IRIDETIZ
509 Vosmax BI04 EB SO FFA 8% 44
BELTWA I, IEMEICHT 5 Catecholami-
ne 5 & OISHBIB{RE + V& v OER I IV
HOEMEIE>OTH B EEZ 5N 5, Catecholami-
ne L EEHHBERORVELE, S LR L, IBIHHEES
SOFFABEAEHET B EEZONTVS, HTOD
HESIBREE A3 50% Vosmax PIF 0BT S, AD MBE 345
TBs L AR AR LR L TRV 54, 15001k
EREFIIZIE 15 50E (REHMEDOR 215 THERR L T
WB, TRICH LT, 50% Vosmax Bl EOBET I35
W4 L 7 44 ~ 6296 Vosmax SREED 60 A3 =
A — & —EHO L EREIC AD AT T  oHs A
BN ERLTOB, —75,  HiTho AD 2R3
FFA 0o Z{btR L GV HBEEZRL THH, 50%
Vormax K2 DAFTHIEH S T AD OLBAMIC &
3 FFA BERICKHESNTWA I Ehbr 3, FFA
DELERE IR TG o fgEs iz T L EEKL,
IEEREMEMIL Lz EATRELTWS, LdL,



5378 100 m D 60 AT 381 5 WHRIERRRHRRE & A L2 ST O EE 133

AERCREY P VEOSIFETHE -TLE LD
FFA BEOBEx 3 VF— & LTRAS Wb 12
LHTIREV, ThoOEEL CIEERBZFEEL
& B BT I 509 Voumax £ SELHEE LTV S
Enbird, 2L, HITOMEXNHEE L FFA O
HEEOHMBEIZ 60 MEDSICHLNE T &5,
509 Vomax 3% 0435% 100 m 17T, IEEAH
TUED 21T 60 L VWA ERHZSEL LTV &
ITH 5,

B #

AL, 20 ~ 2 E TORTARFESZLEWE
125718 100 m @ 60 S ESITRICE 1 2 IRERH %,
MR AE TR A MEAE & NP A LS F Vv & VERED
M OIRET LTz,

BRI, ROXIICENTE 5,

1. #ERE 8 &L, 60 SPREBRBITIF OSSR
58.0% Vomax OEEE5 & & 45.7% Vomax O (&R
3ZD2BICAETE 2,

2. BERLEBROEKEM ICEZZASNT, ERD
Vosmax (40.03 ml/kg/min) »SEROZH (32.73 ml
/kg/min) L O EBEICEWEEZR LT,

3. 60 SR OEEOEEIIER T 122530/48, &
Hc136.14/2Th -7,

4. EEELERO60NHOBEENE (ml/kg/
min) PFERHL (RQ) OPHERIcEREZE RS
LY, TALVF—HERSEET 300.2 keal/hr, 1K
BT 288.3 kcal/hr TEEEIRA SN -7,

5. DM OBREISEICEE T, 60 9Mo L
H#RIL 156.3%, EBEOLFEII 4% TH -1,

6. MERASHath D & — 7 [EIEEE (0.82) T 1054
WAEEE (0.83) T20 0 BICHIBI L4, #0813 28
L HEBRICET LT 60 3% I3SEE T 0.80, EHT
12081 TH - 72

7. HfrhombABEEO Y - 72 28 L b 15
SHICHI L7288, 2 ORRIERTLLREEKEDE
ETHE L1,

8. oL xFo—J, Na, ClLICiZ2BEbIEEA
EE(LAEED S 19, CPK &gk ik aq i b
H4 AN H - 1o EEEO LDH & GOT 13 13E
B E/KHET 60 SYHERS L 720

9. BITHOMPERE 2 B & SLHEKEIPPE
WETHER L, 4 2 ViIEEIZ 60 B THEE IR
Tl

10, WEEIENHRE OBIRETIZ, BITRAMS 15 DB E TO
BRI 2 BRI E DS RIS HEKEE IR L W,
UL, 30 5L IS hIcEBOELERMAKRE L,
30 Sl & 45 SHMEIFLEHE DK 1.6 £%5, 60 SHEIH 1.9
EOBBEICE U, KT b EMIENREE 33
Fc B8R Lo 60 HMETLHE O 1.3 (S0 EE I
XD -1,

1L HTho7 FLrr) YEEOELidSEIc g
T, HITHG L ERCERIC LR L, 30 2K 3R
D 2815, 45418113 3.51E, 604348123480
EEECEL I, BEHORBER 60 A% THLEHED
23 fEiIc & EE 51,

12 VU7 FLF Y vOFREBICR2#LEbZTRIEL
REZEMIEL, ZHHEON 15 EEEO LRRT
BH ot

13, HITHOT F L) v & RIS O 2 LR
IZiE 5 % KEDHESHEENA ST,

14, HBITRIES 30 5344 & 45 5% D% Vomax & el
Telife o2 bR & i IEESHEIRA 50, 60
DHTIR 5% KEOHFRISHEENA SN,

AWFILIR, RO 61 SEBRERRERTZE (RS DR &
R 2REHITE] O—ETH 5,

2 & XK

1) Ahlborg, B. and J. Brohult:Immediate and
delayed metabolic reaction in well-trained
subjects after prolonged physical exercise.
Acta Medica Scand., 182:41—54, 1967.

2) Baldwin, K. M., J. S. Reitman, R. L. Terjung,
W. W. Winder and J. O. Holloszy : Substrate
depletion in different types of muscie and in
liver during prolonged running. Am. J.
Physiol., 225:1045—1050,1973.

3) Carlson, L. A. and F. Mossfeldt : Acute effects -
of prolonged, heavy exercise on the con-
centration of plasma lipids and lipoproteins
in man. Acta Physiol. Scand., 62:51—59,
1964. )

4) Christy, J. H. and S. D. Clements, Jr.: The
heart, arteries and veins. 4th Ed. Edited by
Hurst, J. W., Pheochromocytoma and related
disorders. McGraw-Hill Book Company, New
York, 1746—1747, 1978.

5) Costill, D. L. : Metabolic responses during dis-



134 ’ E

105

tance running. J. Appl. Physiol., 28:251—
255, 1970.

6) Davies, H., N. Gazetopoulos and C. Oliver:
Ventilatory and metabolic response to gra-
duated and prolonged exercise in normal
subjects. Clin. Sci., 29:443—452, 1965.

7) Ferguson, B. W. and M. M. Guest : Exercise,
physical conditioning, blood coagulation and
fibrinolysis. Thromb. Diath. Haemorrh. 31 :
63—71, 1974.

8) Froberg, S. O. and F. Mossfeldt: Effect of
prolonged strenuous exercise on the con-
centration of triglycerides, phospho—lipids
and glycogen in muscle of man. Acta Phy-
siol. Scand., 82:167—171. 1971.

9) Kaijser, L., B. W. Lassers, M. L. Wahlgvist
and L. A. Carlson:Mpyocardial lipid and
carbohydrate metabolism in fasting men
during prolonged exercise J. Appl Physiol.,
32:847—858, 1972.

10) /NEF—, KFEH, BRERE, &0F8, #H
A, EEEET  ERE ORNRHIERFC BT B
MR EE SRR S kL CEIRE, REERIYE 9!
97 — 107, 1987,

11) SEERs, &K B &k B AREH, T
BK, BHEEZ D HARAL X =V ADBTICR
TR REERIER LB, BERE, 2033 -

39, 1980, .

12) BASRBERSREEELERE ERXED
BAR, HF—HhR R, 140 — 142, 1987,

13) Maron, B. J., W. C. Roberts, H. A. McAllister,

D. R. Rosing and S. E. Epsten : Sudden death

in young athletes. Circulation, 62 :218—229,
1980.

WA B ERE ORREE, AAEEHH
1786 : 16 — 27, 1958,

Porte, D., Jr.: A receptor mechanism for the
inhibition of insulin release by epinephrine
in man. J. Clin. Invest., 46:86—94, 1967.
Rose, L. 1., J. E. Bousser and K. H. Cooper:
Serum enzymes after marathon running. J.
Appl. Physiol., 29:355—357, 1970.

Rowell, L. B., J. A. Murray, G. L. Brengel-
mann and K. K. Kraning:Human -cardio-
vascular adjustments to rapid changes in
skin temperature during exercise. Circula-
tion Res., 24:711—724, 1969.

Saltin, B. and J. Stenberg:Circulatory res-
ponse to prolonged severe exercise. J. Appl.
Physiol., 19:833—838, 1964.

Vendsaln, A.:Studies of adrenaline and
noradrenaline in human plasma. Acta Med.
Scand., 49, suppl. 173:1—123, 1960.
Waller, B. F. and W. C. Roberts: Sudden
death while running in conditioned runners
aged 40 years or over. Am. ]J. Cardiol., 45:
1292—1300, 1980.

IINHE—, FAEE | IR OREEE, Bl LR
#, 55871 — 886, 1967,

REFZER, thEAEYE | BRI & T OBNT,
FEERFLE, 111815 — 821, 1975,

Zierler, K. L.:Fatty acids as substrates for
heart and skeletal muscle. Circulation Res.,
38:459—463, 1976.





