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1. 13C®IC

N EERRTE D & EENIRFEIZFAT T % & FFIRASTTHE L, P D #EEE (M E) & 3R (— 1l
5 i) O TH AMILAEDINT 5 ZTIUTIME A A (B & ZERILhcR) OEE MR
(RAFAY T A) 2HI L L8R3 - BRI 2R TH Y, ZoflEizF L LT
(R - ) ISR S T AP A 5 TV B o FFIHR AR 2> & 10T 5 % Al s i 5
HERHES) = 2 — 0 2\ CIEEERENFEAL (central respiratory drive potentials, CRDPs) 7%
WA SN LAY, & FRC, R AP, IR GBI, OLFR - A AYZ LICBE 3 51
WS, AL A dn GEREAMUET), Rigby2 5t CHBIIR/ME), B L BN OIKFEZE
(b2 ER - BWZER) 2N L CRUMMEICADENTWE 7, T4hbb, AAF A
A% BBy & LB R ORI, (b E R & BMMERE RIS X o TRBEZEMICHRE 2T
Wb,

—J5, MFERENCE, FTEMEES P E N S, B E A L Z2RET D AR T S TENE
FENE, L THBEIASEE 5-3 2 AR 720 FRET & KR B B & Ak & 3 2 Ry 7 T AT 12
S eNnD, fiE ORBEMRED) (X, BREPRVICLAMROFENSHEN AL LTI
L9 o ZEHREBIZO b 53, BRI L o T— R E (VT) 2 8ind 5 2 &
(Fig. D", F72, ALK X o T (R) 2583 5 7215 T <, T o3 & fH A O FER
% (trait anxiety) & OBIZHMA S 5 2 & (Fig. 2)"PHE SN T2, &E (MERHRE) O
BlE LT, ARG, ERGOHEZE, B2 6 X, PR, L RO ENERIENEIT 5

FACHRE R R R RCE AT S NS ER A T R
DOI : 10.14943/b.edu.125.193
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%o BHEEIPI O FEHL AN B BAE B ST O W) 5 S B AR AT - L T B 2 &7, BREEAYRE 3L
WS T {532 (IMRI) R ¥ F W g i (PET) 2 W 7B FEOMRIC X > TSIz ST
K{)ZQIZ*ISO

AN O G RERY L, £FN—2 3>, Bk A, B 55, B RRE v o 72 0ELIREE
o TITONZ2ONEETH S ). F72, A DPHRER) 21T FEICIE, RIS A HE 2
720, BAZZY, MR EA L) b v RN AR AT ) DRI ZZ & Tld%
Vo ZNHDOFEFEIE, AMIZBWTIE, EEYRF O ILHE I IATE AR i ATE 2 2 & A7
LTWwa ey 2 & LR, EER OIS X O A+ 28 o XA 2 LA B X O
WP S G & 2 2 BEERET S A7 4 8 LCHBET 2 1ZI3RADRH L L) 2 L2 BRT
%% M (R T, EEY R ITHEOFTEIERE 2B 5 2 1T e B L O E B J 0%
LS 5o
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Fig.1 Inspiratory time (¢1), expiratory time (¢E), and tidal volume (VT) during quiet breathing under various
10]

experimental conditions. [From Han et al.

Difference in f

Trait anxiety
Fig.2 Relationship between trait anxiety scores and change in respiratory frequency (/R) during anticipatory anxiety.
[From Masaoka et al.'']
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2. WIROITENRE —ARESAY & HlE—

2.1, BAKEFE

FIL004ERTIZM % A%, Krogh and Lindhard 1%, A OEEIRIAGHR I 3515 5 MG B S A % 5
N, ATEEFE OG- 2R T 5 WO OEELHL WS Lz, T4bb, (a) #ED
ERIREE 2 & BBy (B HLER), B 1 - 3kg)  FIAT 5 & BIESITI (W5 & — i sis)
HEIL 72 (Fig. 372), (b) Z DM, ZeErIREED ©H 28U EE) 2 PG5 2 4 Hai i1 -
THBRE BT LIV TH - 72, (0) TD & ) LblsE Clx, ZHFRED S B RIT L 72
B BB AT (RAOFIIIK L) ¥ u (0kg) TH - T b EEAM (30kg) #EE) D FIAGE & [7]
U &9 (SR AENEE 80 L 72 (Fig. 345), £V b D TH -7z, &8 2 filts L CRETEW )
MHCEE T2 T, o2, RBEWHH 2> & M ik L Sl b m5 4 c8#E T 5 F
TICIEEB 2S5, L7 > T, BR (a) 1, EBIBILGE LSRG 2 EB§ 5 w2
WASTCHET 2 2 L2 BRT 5, F72, BIR (b) & (o) 1, BB OMIITHEIZ I, FAEH
BIOFGA/NS VI L1300 2, EB)OFE L A G- 5 W etk 2 "% 3 5 Krogh and
Lindhard &, T & 9 % b0 - BMOERE CEMS 2 2 & 25T & 2\ @B BHIG R O I
JoiE = SIH T 5 72912, “cortical irradiation” &\ AW Z AL RRE L, ThbL, KR
BEENIT 2 S {H BN ~% S N5 HAKESNIE S (central motor command) ASPHERIFIR FRAK~ %
B L (irradiation), SNAMWITHEZFIER T EVIEHTH L, TORHIE, ZDR%,
TR A 5 B~ O R HGEB) I 4 % BRET 5 H I TRz SR S IRE I 2 F V7 L ) 5
SEMARRIGEIC X o THIBR S, BIETIE, "y M ovaxry R E LTRSS N )1
%o T\ 5o REJEF A SIHE)H O P HGES R4 13500 ¥ — /BiPE3 ST & L TSP~ im %
SNHIERER T B &) BRI S 2% L8512, EEIREO PHGESNTE 5 O K & S EE K
WHKETAHERLZENTWS, I4bb, "By I va<xy FEHICBWTIL, EEZEORT)
IEASTEE) A (KR BB EF) & P Ax (i) 078 LoV 2l teAb % i@ L CE BRI T
EEFETLHEEZ LN TS,

¥
69
PP L Ar 95~ Puteafor m TY %e 106 Padic fon .
HH rl—'l?;llll et Tt 1 —
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‘2290 ro sews W Ko, avr i
L3 Al Y o T A}

Fig.3 Changes in breathing for one subject during transition from rest to work with a load (3.0 kg, left panel) and
without any load (0 kg, right panel) on the ergometer. Scale in liters. Time in 1/10 minutes. + Ready, x Begin, # Stop.
[From Krogh and Lindhard "]

L LD omiltlile ), BB B 2 B EFEREOMRTTEE, L3 L b ES R
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196

al? i, WBREN T v T RA A=V D &, BB SIHE O FEE M R E RS ([
DOSVA)BHFHELBWVIZOED ST, A A=V ENLBNE (5= v FHEE) ICIERBIL 72
B ORI D72 2 & S L Cwhs S 512, Thornton et al®id, IR T OWEEH A LD
Wt A7) v 7k A A= LIZREEEASEE I L7228, TOR A7) 74 A= HC
D L) IFRIEATED SN o2 L RBIZEL, ZOEDTHIEFIEE, Hi/LEE)E, &
BEiE, N OWEEOEW RN 25 ZPETIC X VAEEL T\ b, A, Williamson
et al®ix, Ny F7 ) v TEE)O A X — DIk T BIEBRIDE DHERE OB EIZHE IRFE L,
BEEEAL & L CRIMIRRIE L B EAFEL TWh, 2O X912, EEFII B 2 B EF
SUEOWE L, ERI 7 Ly bV a~y Rl CIEBHTE 2w EEZLNL L1
o TWAY,

2.2. ME &R

IR TOER A 2 — Y L1382 ), BIEOER T, &ISEIT 2 5 PR R~O
T4 = NNy 7 A3 %o BINEEIHHEBYIE SO T ¥ — (&0 3 U —/BitE5S) 254
BB L HNT WSS, i, WEERTHROMKMEIEE 7 4 — FoNy 7 SRS % 15
i L7 PGEB TR S & SO BIRDSERIEIRIC £ o TEALT A TR PR ST
Whe Thbt, BEOEHTIE, (GBI HROROMEE S DS O & I 2 2 e
Bdbe LLans, RKUOEETORRKE 2 555G & 5 W IdEE) & T O 2 LILE B 1A
BN 20T, EEJATOLILICH T A0 EVE B L URIR & LTRSS I 2
BAZTIREMEDSH 50 & 2 CTHEE LML, EENEM OZITH T 250 X 2 BB O IR
EEACSE D DB R L. T OMR, BERE DS~ s E o Wi S i E) (Fig. 4-a2) %
T I BRI, AME—EThD L), FELALLMBOHREFRICGZONL L, IELW
T E 52 5 NTRIZHAT, EBREOIFIISE D MES L 72 (Fig. 4¢)o ZOFEBRTIL, 220
SMEOB T L PALEENE S (OB HIHEE) \SEN Do 7205, BZELICH T 55
DEDVBIBERE G2 ONL T LICL > THEIKT L7z (Fig. 4b)o L7225> T, BRI
TiHEE, BHETERLRADEDH L VIIHRER L BT 2EBICEEINR T EIEH SN
TV, GOEHAHVIEERER, FHrz KB SIELANLAO—D2THDL, flziL Bhi
EOMEERIIFAEZ /- L CTHIR TR ZZ 5N 2 LA SN TWw 5% ¥ Kuwaki et al™
& Zhang et al™id, MR THICHELET A AL F Y 0 =2 — 0 v GBI OMPRIEBR R BV
TEEREEHTR-T LRI TVD, Elk L-BRERHIIREE b F 2Rk & Fkk
WZIBBI RS ICBG T A IE AL E L THIS TV B o MRS 2200 72 R I DR I B X T
VLB TR WD, KOXHDLWIIEEIC L o THER SN L FEEEA NS DOINIRAL %16
AL, R L LC, EEIBAMGE21 T  REFB OEBIREIC B VTS 2 O IMPIRIGEIZ 8
RZTeEzHND,

EHIZEHESME, Bk Lo & E 5 (Fig. 4-a, Control) OIS S %, i & fif &
B OASIE T L 24 BE I RTICMI L A% » A b L —= ¥ 7 % 4T 5 7241} (resistance exercise
condition, REC) &, i & i id &h o> BAATTAS B |3 22 % 14 - 72414 (control condition, CC)
THB L 720 ZOf%, BHIOMRFIGE (V) 1ZCCE Y RECIZBW THEIZH VL 7 >
7 (Fig. 5 and Fig. 6)c ZO—)C, @EEIFF QMR A & (BRENE L Lk ZPHLE),
M LB, B0, BMALICH T 280 &, HGEBIES (FamEN A o HEw) 2510
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MOZETEO SN, 72, RECTIRIHRVAE L2 DDIFEFIIFHNE DO THo72, ThHED
MDD, RECIZBWTBIS SN LIV AY VAN — = v 724 1212 B 1) 2 B EhIREIFIR
TUEDRE R, AL - BMER 12 L o TIHBI TS vz &, 2 LT, EERIFIRITHE R,
HE)E DR (ZOFERIZBWTE, LYAY YA ML -2V THROKETHDL L) H
CORIFZH) 12X > TORBINLWRENI R SN TV %0

(a) Fig.4 Effects of awareness of change

in load on ventilatory response during
Load W W moderate exercise (N = 7) (data from

(Control) Yunoki et al.*"). (a) Prior information and

S o ) e i 3 i i e (i i — actual exercise. The load was imperceptibly
increased from 1.0 to 1.5 kp in steps of 0.1

Load kp every 3 min. In the control protocol,
oal — - . . .
J Prior information Actual exercise subjects were correctly informed that the

(Deception) load would be progressively increased. In

Time Time the deception protocol, subjects were told
that the load would be constant, while, in

actuality, they were made to exercise in the

: same loading configuration as that of the

() Control £ £ .
: control protocol. In both protocols, subjects
the two conditions in an individual subject.
i Dotted lines denote the time at which the
@ load changed. Vertical solid lines denote the

were asked to press a button attached to the

handlebar of the cycle ergometer when they
were aware of or felt an increase in load. (b)

This chart shows the frequency of awareness
of change in load during exercise under

time at which the subject pressed the button.

Awareness of change in load

The first solid lines are marks to locate the
start of the exercise. The subject pressed the
button 23 times and 3 times in the control

and deception protocols, respectively. There

1.0 1.1 1.2 13 ' 14 1.5 (kp)

0 3 6 9 12 15 18 (min)
Load (kp) or Time (min)

was a significant (P < 0.05) difference in

the frequencies of awareness between the
two protocols. (c) Relationship between
ventilation and carbon dioxide output

(c) %r obtained during exercise performed under
~ 50} -O— Control the two conditions. The relationship shown
£ —@— Deception ° was obtained from mean values for the
= 45 F group. Slope of the relationship was found
.§ to be significantly (# < 0.01) lower in
-;‘—; 40 the deception protocol than in the control
E % k protocol. [From Yunoki'®]
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Fig.5 Respiratory frequency (fR), Tidal volume (VT), Ventilation (VI), End-tidal CO, partial pressure (PprCO>),
Osuptake (VOz), CO; output (VCOz), and ventilatory equivalents (VI/VOZ and VI/VCOZ) during incremental exercise

performed under the resistance exercise condition (REC, filled circles) and control condition (CC, open circles). Data

presented are means = SEM. *P < 0.05, refers to comparison with CC. [From Yunoki et al.*’]
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Fig.6 Relationship between ventilation (Vl) and carbon dioxide output (VCOy) during incremental exercise performed
under the resistance exercise condition (REC, filled circles, y = 0.031x + 1.707; r = 0.999, p < 0.001)and control

condition (CC, open circles, y = 0.028x + 4.276; r = 0.996, p < 0.001). The relationship presented was obtained from

mean values for the group. Data presented are means = SEM. [From Yunoki et al.¥’]

3. MIROITENERE —BERRY & HlE—

3. 1. KREEZESE (FEREEER) OEHEE

RAFRAY T A% HIYE L7 RN - BB 2R oHIEE, & LTl (1 - EH) 12
TEBL S TV B IR AR DSH - T 2 o IR AR 2 6 (X 2 AR 3 2 B REEE) = 2 —
0 22 CIEE BRED TR AL (central respiratory drive potentials, CRDPs) 8 & sty —
i, MG IS HIE T 2 2 L AR CTH Ho ZIUT LD, BRI, BEBROEHE,
BIbZ, R L, RAFAY A LI L 722558313 5 o BRI o) Z6 312 A
Bz B BB O MP G S RS AS G- L T B 2 & 28, BERRIRE S LI I (51 (IMRI) %W & 1-
WM RS (PET) 2 W72 EORIZRIC & o TH S 22 ST W 1270, K iz B E 8) B
M5 NS LR 2 GRS fE L, BRI RS & T m L ClERE, R & RSl A
FEES 2 — 0 o ~NEERHNLMEEZ SN TWA, F72, Fink et ali, EBh & 512
EBE AT & SN VBB T R O THEREC, BRI % 7 5 R B AL (A —
UGEBIRE) ANEHAL L2 2 E 2 L TW b,

3. 2. BEEMWY A DHREBICRITTRE

TEEEFOIFIRFET LA X A A Y ¥ ADMEFHIAT REERETH Ho L LRADH, TOKRX
F AL v ARERRIIIFIGROME— DOREITIE Ao B 21X, HEPUERTII R IO & 2 1k
SRAOMERRRE DTG P FAEH R TR (2 B 1 % BRVEIRB) U S HE 2 2 s 8 5 2 &
IR, FPIRSR ORI N R T, MR DA PRIE AT U 7RIS, R o B B Bl A 1 A
BIML72 2 LG ST 5 T, PSR GHERMRE ORI & o THIE S N5 UK
AEE) = 2 — 1 ¥ T — VOB OZALHIFRIE SRR & & & 124 U 2 TR EUE N
WX o TSN 2 2 L &R 5%, & 512, NS & 44 B ER) I BT, (8
5~ D HAGE B ) 28R AU 2 B g O L 2 v L TRl S A RIS S hvTw
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Y O XD, WPIRHTER I, ORI RO TG AL & DU EE R B L OV B i
FHER) = 2 — 0 OFEROMOMENEH %@ U CTHEMB & O GHEO I HES) O T2k
BRICEGTDL)TH A,

T, Li and Rymer*i&, #REEZFHEMIME: (TMS) 235 2 & 12X - T, kB
73 (MVC) D10% C % RYA:A5 71 3838 ih O FHRHG O B2 BB B B GEBIA ISR HYRE
W&o THML722 & 28 L7z, 51%, FEHICHERE L 2B RE0 HIEE I E 8L
BFEAMG$ 5D R BMAE TN TV & RIS, BEEIIZIC X 2 W% R B &
BB OGS T OB RIS/ L BB L Tnb, 2OLHIZ, MRS AT AL, I
R MO TEEAL 2 T <, BB (W0 B8R & B B o 16 L) %8 L C, DU
EHOHEICES L Twb EE 2 5N 5Y, FEkIZShirakawa et al.“i&, & RPENUHER O T
i (PMANAR) 1BV T, MEIFIIC X - CREFHIKEEE (MEP) 258 L 72 2 & % iR
L (Fig. 7 and Fig. 8), & 512, MEP &R Z T & oM % R L T2 (Fig. 9. a9
W A IR B L 2 P 5 & SZ S 2 BB B IS O B S F 0, TN T A B ENO T
IR SCER I 0 L TR OB R b - L7z e E X2 b T,

NORM IN out

Expiratory phase /\
0

Inspiratory phase -\/
-5

Flow (L/s)

Force (% MVC)

EMG (uV)
- 8

free

-500 500 =500 500 -500 500
Time (ms) Time (ms) Time (ms)

Fig.7 Representative electromyogram (EMG), knee extension force (Force) and respiratory flow (Flow) during
isometric knee extension of the right vastus lateralis (VL) at the intensity of 10% maximal voluntary contraction (MVC)
performed under the three breathing conditions (normal breathing [NORM ], forced inspiration [IN], forced expiration
[OUT]). Vertical dotted lines denote the moment of transcranial magnetic stimulation (TMS) application. [From

Shirakawa et al.*6]
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Fig.8 Motor-evoked potentials (MEP) in the three breathing conditions (normal breathing [NORM], forced inspiration
[IN], forced expiration [OUT]). MEP was recorded from the right vastus lateralis (VL) during isometric knee
extension at the intensity of 10% maximal voluntary contraction (MVC). Data from individual subjects (closed circles,
n=7) and the group (open circle, mean) are shown. Asterisks (*) indicate significant difference compared with
NORM (p <0.01). [From Shirakawa et al.*¢]

1.5 7

MEP (AU)

05 - T T T 1
0 2 4 6 8

Breath—RPE

Fig.9 Relationship between effort sense of breathing (Breath-RPE) and MEP (rs = 0.619, p < 0.01). Data presented

are each subject’s mean value calculated in each condition (NORM: circles, IN: squares, OUT: triangles). [From

Shirakawa et al.*¢]

4. £&O

ERIPIRITAE & v ) BIFIE, ARNIZ BT, FHxt G (WEAL71 2 158 ISRIGD 1T %
I BBTHMEST 22 LIITEY, & LAZTIULERE O FBLFERIITISE L TWD L)
Thbo ORI, FAFT ALY T AOBEIZIL, FMENLZBEEOH AN S TII R, TRt
bo TWLEEEHFICH L CHEST L L) BBl RO EEZ LN,

70, EEJREIFIROTEOITEIERE BT A ER & LT, BB D 5 WV I3RE
EVo AR ERPEE S NZD, Thbid, EFE 2N BRBICOBESINLLES ),
BIZIL, MEOFAEL ZD—DTH Y, SHMVMEINLIREFETHS ) 6
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Abstract

Breathing during exercise is an important physiological function for maintaining homeostasis
of blood gases. In general, ventilatory response during exercise is considered to be automatically
controlled depending on exercise intensity and the corresponding perturbation of neurohumoral
factors. However, in awake humans, the act of performing physical exercise is coupled with
conscious elements such as motivation, effort, and emotions. This means that ventilatory control
during exercise cannot be explained well enough by the automatic control system. In this review
article, previous works in which behavioral control of exercise hyperpnea was examined are

overviewed.






