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ABSTRACT

To clarify possible affection of respiratory entrainment to hyperpnea
during moderate exercise, bicycle exercises with three different pedalling
rates (35, 60, 80rpm) with equal oxygen consumption were conducted.

Twelve normal subjects (one man and 11 women) were studied the
ventilatory responses during moderate exercises in room air breathing or
progressive isocapnic hypoxia.

The results were as follows:

1) Respiratory frequency during exercises (60, 80rpm) in six subjects
was higher than of 30rpm exercise in room air breathing. Accordingly,
respiratory responses of these six subjects (entrainment group) were com-
pared with that of the other six subjects (non-entrainment group).

2) Minute ventilation in room air breathing in the entrainment group
was also larger than that of the non-entrainment group during exercises

(60, 80rpm). At 80rpm exercise, significant difference was seen between
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two groups.

3) Significant difference between two groups was still found in respi-

ratory frequency in hypoxia (at Pgro, 50mmHg) during 80rpm exercise.

4) It is suggested that respiratory entrainment is likely to affect the

ventilatory response during exercise and rate of rhythmic movement dur-

ing exercise must be considered in the studies of exercise hyperpnea.
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0.5kp) itz ENBEE LK.

# 1 Physical characteristics of the subjects.

swi | fm | s | s | Yomms| s
1 Y.0. 35 75.0 170.0 272 Male
2 M.S. 29 55.0 163.0 294 Female
3 A.N. 18 61.0 166.5 317 Female
4 K.N. 18 57.0 160.0 , 273 Female
5 Y. H. 19 58.0 162.0 232 Female
6 J.S. 18 56.0 164.0 325 Female
7 T.F. 19 50.0 157.0 297 Female
8 T.T. 19 64.0 - 164.0 348 Female
9 Y.M. 18 58.0 164.0 307 Female
10 M.Y. 18 62.0 160.5 301 Female
11 H.K. 18 63.0 158.0 351 Female
12 N.A. 18 47.0 157.0 372 Female
Mean+SD 20.6+5.5 58.8+7.2 162.2+3.9 307+39




Rubber bag

Pedalling rhythm: 80rpm, 60rpm, 35rpm
load: 0.5kp, 1.0kp, 2.0kp

K1 Set up of the experiment
Ventilatory responses were measured by pro-
gressive hypoxia

HENZ, ZERFERT TS ok L. &
5 ICZ D%, progressive hypoxia F THfT X H,
BATFARFESE (Pero) 5 50mmHg (CH%
URETEIE U, $BEBRERTOKARF
KRBT 25 (PeTco,) 13, ZERFRKOHEZ
Mers L7c. |

MEER  EHPOBRIERE (Vo) &, ©
TNOEIFETTCOEL 30E»S 540 H
DEF 2RO e 7 7 ANy JICHEL, H
& L7z, Pero, RU Perco, 12, BRA R E=4
- (E® &y, —EHBRZTE (V1), TEK
B, fHEmEE (Ve)id, S¥gmaEst (34 )
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H2i, AERTEON-ZEBERETH 5.
Subj. J.S TiZ, ZEXRFREOFREIL, £
ElER D £\ 80rpm B 135 A3 35rpm Bk b

bEWEMER L. S OEBIIE, BERT
Thiks Xz, —J, Subj. YM &, B

W TIE 80rpm KD MELEAS 35rpm Br D =1
X eBOEMERLE. L UBEBRICX B
o drive 234 U 7z IRBE T 13, 80rpm Hr & 35
rpm F§ OFEEICI BRE R EZR D 188 1.
1. REIWVEERHRCH f RIS OBE
EREREORERISE : R2 13, & v [EERK
BNC B G I WR TOFRE, Percos, Peros, 4
SR, BRENREZNENLO PIMH & EE
WETRKRLI. $8bb R (B/4) 3, £
NZh 24.847.9(80rpm), 24.8+4.5(60rpm),
23.4£6.7 (35tpm) T & V), WLWITHhOEEHKIC
BOTHRIZEROMESEE SN/, Perco, KT
Prro, (mmHg) 13, €121 43.6:+4.2, 104.0
+6.7(80rpm), 42.5+3.9, 104.0+£5.7(60rpm),
43.5+£3.3, 102.1£4.7 (35rpm) T » b, VT
o group ICHEAELELR DI - 12,
FlooRGE (Umin) 3, £ €0 25.9+
7.2 (80rpm), 25.8+4.6 (60rpm), 24.7+4.0
(35rpm) THY, WThD group EICHEAER
EERBIEP 1. o ICHBRERE ((/min) i,
ZNEh 1.0914+0.242 (80rpm), 1.101+0.147

% 2 Respiratory responses during pedalling exercises.

Pedalling Air breathing
rate £ (I/min) k PETCO: 1 PETO: VE (#/min) Vo (¢/min)
80rpm 24.8+7.9 43.6+4.2 t 104.0£6.7 25.9£7.2 1.0914-0.242
60rpm 24.8+4.5 42.5+3.9 | 104.0%5.7 25.8+4.6 1.101+0.147
35rpm 23.41+6.7 I 43.5+3.3 % 102.1+4.7 24.7+24.0 1.106+0.137

Values are mean*+SD

VE: minute ventilation, V02! oxygen uptake

{, respiratory frequency

PETCO2 PETO;: mmHg,
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9 —a Some examples of ventilatory response to progressive isocapnic hypoxia
during exercise in subj. J.S. and Y.M.
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(60rpm), 1.106=+0.137 (35rpm) ThHbH, T
oD group $IFIFHE—DOELELNT.
2. Entrainment group & Non-entrain-
ment group DXL SHf FHRGEED
B |
~EOVEHREEIC group MO KBZITIE D &,
FROXSCHEHERERIA LN T2, LD
UERNC a9 % &, 2—a, b IRLEELD
CRENVEEREDOZ HEH T, PEOEELD
SEREBMODENFIR A &N . &> TRRET
{%, 60rpm & 80rpm D EENICH W T ZEGIFREF
DIEFFEH 35rpm DEEH D FHEHEID E
D% entrainment group & L, L7 FE% non-
ZFO%E, entrain-
ment group {3, £N¥N 64 (60rpm, 80rpm)
T&# 1, non-entrainment group WE L& L %
nZh 64 (60rpm, 80rpm) TH-7c.
SRR OFFIRIGE %3, B3 13, entrain-

ment group & non-entrainment group O FEYLIE

entrainment group & U7c.

BEORRETIE-72dDTHB. BB/ -k
£RLTH 2 S 03, 35rpm DEBBOMEEE
% (100) & UTHNIENE (%) 2HbDT
H5.

ZERIF R ORFRE (%) 13, £ 2N1334+22

(entrainment group), 84:-18 (non-entrainment

~ group) (80rpm), 127 +25(entrainment group),

93 +7 (non-entrainment group)(60rpm) T&H 1,
W NOREIVERREOEEICH T S group
MicEBEZRY o, T HKBREE (/min)
X, €21 30.6+£4.1 (entrainment group),

21.2+6.7 (non-entrainment group) (80rpm),

26.1+4.5(entrainment group), 25.5+5.1(non-
Ibic
35rpm KD syl SR 2 &M (100) & L7ctExt
MZELR T & /1 SRREKE (%) 13, Theth
119412 (entrainment group), 89412 (non-ent-

entrainment group) (60rpm) TH - 7.

rainment group) (80rpm), 110410 (entrain-

ment group), 100+15(non-entrainment group)

%3 Comparison of the respiratory responses between entrainment

and non-entrainment groups.

Pedalling rate (rpm) 80 60
Subj. Ent-G Non-ent-G Ent-G Non-ent-G
n 6 6 6 6
Room air breathing
f (%) 133224 84-+18 127+25* 93+7
VE (I/min) 30.6-4.1% 21.2+6.7 26.1+4.5 25.5+5.1
Ve (%) 119+ 12%% 89112 110+10 100+15
PeTco: (%) 100+4 102:£7 98+2 98+2
PETO: (%) 103+3 101+3 103+4 1011
Breathing during hypoxia
f50 (%) 121+25% 86+16 9626 83-+13
VEso (I/min) 61.5+13.3 40.9+22.8 40.7+13.4 45.6+16.5
VEso (%) 120+ 39 9032 9731 83+24

Values are mean=+SD

Ent-G, Entrainment group; Non-ent-G, Non-entrainment group; f, respiratory frequency;

VE, minute ventilation; PETCOz or PETOz end-tidal CO; or O, pressure; f, respiratory frequency

at PETO; 50mmHg; VEs, minute ventilation at PETO: 50mmHg; (%), The values obtained at ex-
ercise with 35rpm were taken as 100%, then the relative magnitude in 95 were calculated for the
works with 60 and 80rpm, respectively. Differences between the entrainment and non-entrainment

groups are significant at 5% (*) and 1% (**) levels, respectively.
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B13 Changes of the tidal volume and respilatory frequency to progressive hypoxia
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(60rpm) T&H » 7z. 60rpm KT, 7§ group [H
CEBRELZRBD D - b, 80rpm K TR
group fJICHEZENSA SN,

%7z Perco, (%) 1, % %4 100+4 (en-
trainment group), 10247 (non-entrainment
group) (80rpm), 98+2 (entrainment group),
98+2 (non-entrainment group) (60rpm) T &H
D, VT ZHEFICBNTHH group i
BEEZRDIEP -T2, 61T Pero, (%) 13,
ZNF1 10343 (entrainment group), 10143
(non-entrainment group) (80rpm), 103+4 (en-
trainment group), 101:+1 (non-entrainment
group) (60rpm) THY, VTN OEFRKITED
THil group MICIIBEERZEE AL T

BERZETTCOSREE KI &, 80rpm &
60rpm FFD progressive hypoxia F T o IFF Ik ¥
& —ARREE HHENE (%) TRLICSD
Ths. FPR¥IZ, EBFRICXEEFRO drive 23
HU % EWNERAR L, entrainment group i

BINTHES ) X ADQFERMADEENREL T

- flbHENT.
PeTo, % 50mmHg €& U 72 Bi g T PR EL

(BH)L, =hEh 121 +25(entrainment group),

86-+16 (non-entrainment group)(80rpm), 96+
26 (entrainment group), 88-:13 (non-entrain-
ment group) (60rpm) TH Y, EKERET LB
T 3% entrainment group @ {Z 9 % non-entrain-
ment group XU &FFEHO LN HARE SN
7. 754 60rpm KfTl, W group BICHEE%E
DL - oS, 80rpm B T3 M group FHICH
BEEBAONI. X5 Pero, #8 50mmHg 1
ZEUES T oaRRgEE (Umin) &, 202
161.5+13.3 (enrainmentt group), 40.9422.8
(non-entrainment group) (80rpm), 40.7+13.4
(entrainment group), 45.6+16.5 (non-entrain-
WD EE
FRHCBW TS | group fICiE, BEEERD

ment group) (60rpm) TH » 7=.

{I8»7z. I 5IC 35rpm Ky DfEE FEHE (100) &
UTo I LR (%) THET 5 -, Zhzh
120+39 (entrainment group), 90432 (non-en-
trainment group)(80rpm), 97 +31(entrainment
group), 83+24 (non-entrainment group) (60
pm) THole. WITNOEE S entrainment
group DIE S BKREIEERLIZBEEERAS
NnNiEh -7,

% =

EHEOBITTED A # =X 2ICDOVTE, 4
HExODAFBEZON TV B. 20FERLD
&, 1) MEER» SO kS (Comroe et al.
1943, Kao et al. 1955; Dxion et al. 1961, Mc
Closkey. 1972), 2) thikit#&i# (Krogh et
al. 1913, Godwin et al. 1972, Morgan et al.
1973, Homma et al. 1984, Eldridge et al. 1981,
1985), 3) KIHHEALFRAR QEEMEH K (Weil
et al. 1972, Martin et al. 1978, Honda et al.
1979, R#(51985), 49 HRKEIMEZREORS
(Cunningham et al. 1963, Weil et al. 1972,
Spode and Schlafke 1975, Miyaura et al. 1976),
5) {RIE EFICHEIL D RELERER RUBEKT
Mo EE A (Natalino et al. 1977, Peterson
etal 1977), 6) CO; Offi~DEIRBEH A I LIS
S EA#IRI CO. A & OB ERK (Wasser-
man et al. 1974, Miyamoto et al. 1983), 7) &
BREEEOETITHEE S pH OET (Wasser-
man, 1978) WEORFHBF SN 5. HRIN
SORFI, EBORE, RERB, 5ICRE
EZHEICLD, TOBMEOEAOETIBDER
L, FRSBOMARBICIOBRAZINZATF
PHICDOE WA SN ARTFOEROEL LN
%.

L T AT WD entrainment (X, EHY X L
DIFR ) RLACHEELTOWEDTRENNET S
ZZDSECEALEEINTE. T18bBEIER



@ entrainment DOREAZ, PHE D & D itk BX
B, »50EPREBRSTED XS SHEERT
DEBRFRITENDOEEOFEEW S2ICT 2
ODFDBPD EREHDTHL. Lbrlihg
Téﬁ%%%ii , EENRFIC R (D entrainment 23
BEINEh-72E9 250 (Kelman and Wat-
son 1973, Dixon et al. 1961, Key et al. 1974),
53RO entrainment HED 5 N i & T
% b D (Agostoni and D’angelo 1976, Bechbache
and Duffin 1977, Jasinskas et al. 1980, Yonge
and Petersen 1983) iC/pbeiy, BEFE D RO
entrainment OFEEZTDGDDEREE D > TO
WELEINTEL.

ARBFF T, MO entrainment %2 35rpm O
BHREOFEMIO I BEE L. TO
TER, TNETRITMETHSN/IFRD en-
trainment OHEHEELREBPLEITZ LS ICHHE
PULB. LBLEDCER, RADHFEDASL
DHICHET) ) X A DFR Y XANOBEE I LT
DOHBFEMA 3 D T2, W®O entrain-
ment PASEEIC EBIR O BEUEEICED X D 1L
BeH5A 0P CEREBVICILDTHS. 20
FER, AP TH O I fc D entrainment @
HBERF, <FVEEHSELIE2EEEER
TRIEh 27, L ULREWVEEHOZ ) 80rpm
FrDI3 5 D8, FFK D entrainment ¢ G A8 B
THO, FRIMOBERIE U7z,

Bechbache and Duffin (1977) ¥, BHE& &<
NI A= ZEROICRRT, FVEERKOZN
B DI 5 A3, WO entrainment D HIEHIRA
BN EZRELTNE. AMEHR L EEE
I L7cDid, "D entrainment ] 5E £ #
%mm;%%@f%éi.

Jasinskas et al. (1980) 13, HigEHz v % —
FERAOCT2EBORN - IcBETEHETID
Wicd T A, KD entrainment O H B = {3,
F=Nn2h87% (low work, 30~59% Vosmax), 94
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% (high work, 70~95% Voymax) TH Y, EBY
BMEOBRNEIBHERSSVE, MELL. &
7z Bechbache and Duffin (1977) |2, HiZE =<
T F—ZHF[NT, A b/ —LiT&ELETA
Y v SEBETEDELESEA Y- F 4 —2
KELETRE Y Y EHETEDOELEADE
WD entrainment OHBRALLK L 7z & ¢ 5,
Ao/ —s2ER LB BEOHBEROEHN
CERBELTVS.

APFETIE, SEHORL 7Y XLTREY
v BERTIEDE . L LEDESHRER,
BRERENEN—FEBELS, FHERDF — 4
FDBOPLHRELETE 7. Chid, Edhg
BEOENMCEZBETTEL RVDERELITL T
OTH5B. TIEHIL, TNTCHEHREZ LT X —
BRO, Aba/ —AlEbETREY) v I E
BETiEo X8R L.

Bechbacha and Duffin (1977) &, t 1L v F
INVEROTHEEOETRED S v = v 7 %f7
Bhe & A, FFIRD entrainment OHIER
MEEEI LT A -2 2RV EAXID 8EL -
TtEBREL, TOEHRLELT, B£55v=y

IR, MERESOLETHNE L B0, iR

@ entrainment O HBEB EL L ZDTHAS
EHELTVAS.
APFEOEFHIITNTHEEI VI A -2 Tk
HRE) VT EHTHY, EBOEEH» L OKRE
B, SEITELErs7c. ULk UL VEEHO
ZVEBZE, TOMOBESRELIKY, £hic
FED IRERP IS B DB, B D ) X4 6 %A
RED, 20C 21X 3 HIRE-D B 0T RE
B~ HIR DS W% D entrainment O FEREF T
HdEITbEAOND.
AFERERLYD, BEFRIC LI LIZEEINS
FE D entrainment {3, ZER TR KU EERT
DONWTNDRAEIC B T b total output & LT
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DARBBERICE, THIEERENBEERIZL
TNRNESITHY, HEROEEESHERINT
BRI NK. LB LFVEEREKDOEL
VW 80rpm FFTIL, ZERIFWIRIC FER D entrain-
ment [ X % HEREBEOE RS HINESED
53, TR O entrainment O FHEJRFRETTHE A
DEBOTHEM AL TET 5 C ERRES LS
HERI N, A%, EHREEEAIYTHT
AT EHFEREIS>KEDNS.

¥ & B

FEEomSEICEd 5RO entrainment
DOEEDHEEZFIFT 27 DI T ORI LTI
stz THHOLEBRENE—EORGT T IEH
DRI -7 X AEEZTINbYE, EIFERRT
[EEEZ T T O FEPE O entrainment DHEEIGE~
DEELRE L.

W, RABLI2ZETHD, #BRFKIHE
BIATA—2ICk 5 3EHMOER 24 V[
B (35, 60, 80rpm) TEEZ{TIbOEL. &
LESThO EEEEE L, progressive hypoxia
ey N |

BRI, UTRRTEOITHS.

1) EHHho BEERE (Umin) 3, £h<
. 1.091-0.242 (80rpm), 1.101+0.147 (60
rpm) @ 1.10640.137 (35rpm) THY, TN
@ group HIFITFE—DOEMELNI.

2)  REN[EERFBNIC TR R OER R (E
/min) E4HKRER (/min) ZHET B &, £
nNEN 24.8+7.9, 25.9+7.2 (80rpm), 24.8+
4.5, 25.8+4.6 (60rpm), 23.4+6.7, 24.7+
4.0 (35rpm) THH, WIFHhDOHEES group [H
ICHERZEZRDE -T2,

3) 60rpm & 80rpm DFEBHCBINT, TEXFE

W DIER A 35rpm B IR D 2 WNE
% entrainment group & L, £ 7% 3E % non-

entrainment group & L7z. Z D5, entrain-

ment group (%, €N E4 6% (60rpm, 80rpm)

" TH D, non-entrainment group &FILFN6 &

(60rpm, 80rpm) TdH-7c.

4) TEEPEEROFEREE, WIhoEH (60
rpm, 80rpm) BT H entrainment group D
% 9 A% non-entrainment group k¥ & HFEIC K
XIMEER L.

5) ZERIFWEOSRBELRE, WITNOEH
(60rpm, 80rpm) ICHB T b entrainment group
73 non-entrainment group k1 & KI5 HER
L, ¥ 80rpm BTt i/ v — FREIKERED
Abhic.

6) Prrco. & Prro, i3, W DEH (60
rpm, 80rpm) BT d W7 v—FRICHEEE
BREAEDSNIE T

7) BERT TOFEEKIE, WIhoET (60
rpm, 80rpm) ZH T & entrainment group 23
non-entrainment group &k VY & KX EERL
7-. 4% 80rpm BT, Wi group fHiIC HEZE
2RO, ,

8) EEETTOS/MESE (%) 1, »wih
DOFEE) (60rpm, 80rpm) TR T H entrainment
group A% non-entrainment group X9V & k&%
2R LT3, T group BIC AEEZF DI

af:.

W ) entrainment |3, ZESIER KU EBERT
DOVTHOREBICEBNTHRRGEIC, £hidd
REBEEIRILTONRENWEITH-7. Lh
URENVEERRDOZ O EE TR, ZEIUFREITCHE
%D entrainment IC & 5 BEISEOH BN
DER D 5, WO entrainment OEB)FEHEE
TIENOBREEZLEMNICEET 5 C ERRER L
JICEbNT.
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