—127 —

FATE b LV —= 2 7102 & 3 By BSR E OB i3
YE () OBEX H=ZXLNEDOHRERETE0H0 ?

(GtRF5EE) 16 T & X
7] oA
7] =N f
[2] ¥ H T

How Does the Central Adaptative Mechanism Contribute to the Attenuation
of Exercise Hyperpnea from Strenuous Regular Exercise Training?

by

Tadayoshi Miyamoto, Kenta Yamamoto, Atsunori Kamiya,
Hiroshi Takaki, Masaru Sugimachi
Department of Cardiovascular Dynamics,
Advanced Medical Engineering Center,

National Cardiovascular Center Research Institute

ABSTRACT

Background: We have shown that minute ventilation [VE] and end-tidal CO, tension
[Pe1COy] were determined by the interaction between the properties of controller and
plant. During exercise, the controller shifted to the direction of decreased Pr;CO,, so as to
compensate for the shift of plant accompanying increased metabolism. This effectively
fixes PrrCO, in the normal range, with the expense of exercise hyperpnea. We examined
how athletes are trained to reduce this exercise hyperpnea. |
Methods: In 6 trained (Tr) and 6 untrained (UT) healthy males, to characterize the
controller, we induced hypercapnia by changing inspiratory CO, fraction and measured the
linear PpyCO,- VE relation (VE = S+ (PgrCO, - B)). To characterize the plant, we
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made subjects alter VE and measured the hyperbolic VE-PgrCO, relation (PgrCO,=A /

VE +C). We characterized these relations both at rest and during light exercise.

Results: Physical conditioning did not affect characteristics of either controller or effector

during rest. Exercise decreased B in UT, while not in Tr (p<0.05).. During exercise, slope

S slightly increased in both groups. The hyperbolic plant property shifted right and upward

during exercise as predicted by increased metabolism. Though constant C was slightly

lower in Tr than that in UT, this does not contribute much to changes in VE. The VE

during exercise in Tr was by 22 % lower than that in UT.

Conclusion: The attenuation of exercise hyperpnea induced by regular exercise training

results mainly from the adaptation of the controller, the lower sensitization of chemoreflex

controller. Strenuous regular exercise training almost abolishes the exercise-induced shift

of central ventilation controller.

" F

R DETHEICT, e MNHRCFERETROL
Pex GIEE (PR Y ba—3) EHEHIEEE (R
W77 Y8 CoBELERETT A2 8T, Khf

R 0B O MR R PSR & SR EEHI S B Tk

iz L7z, Aufl, REzBEWTTRY) -
F DOEFFFHESITREORMzHOL TS
EEREMET A, HE DRI H £ FAMES) b
L=V 72 EBL T2 BEET R - 164
(TrBE) Lo hO— BG4 (UTEE). iR
v o= J O (BIRMLIFREERICO, 5 E
(PgrCOy) —4EEi R & (VE) BfR) %335
7212, —EREDCO, % BAEE, VEBIU
PerCO, 2 HlE L7z, K77~ + 0%tk (VE
— PprCO BIER) 2FARD 2012, —EDRE
K2 BRMIATOR, TR Tk L R
EEIFRFOFEFIRETHIE Lz, &% D EHIFOH
oy bo—S%8 (VE=S: (PgCO,-B)) O
X ST CAEZ RO Lo 7205, X i)
K BERTIESUTEL ) OBEERLE (p<
0.05). EBIREOEM T T~ M (PgCOy=A/
VE + C) O XE#i5# CHEIX TrREASUTREL

HRREEERR L, WYY AT LD (B
ef) OVEEIXTrEEAUTEL D b 22% A HIC
BAEZR L7, MBEMOBRKRIEDERII PR
YhO—-FHHOENIIL o TIRIZBHETE /-,
kim0 7 A — MRS N EHE BRI R OBA
PRSI, B L—= > Z70hE S AR ()
DBISEAY T AN AL THDLZ EHHS
mE R,

£

I

HAME N L—= v 71E, EEEORAIGERE
PRUNRERFELLLD, BHEL SRR
FBALRTTLRLBADKREIZBWVWTH QOL
(Quality of life) DHEIZEHET 51219, fE3k,
BRI RIZTFD ML~ ZR RO
B A A = X800, s - KREIEER, ARG
DUEIPE ) FLBREERDOHWIFETH L LEZ
BNTENY, PL—z= 710 X 2EEIRFIRE
TCERIGOEBIER I LEEANT L A VEEE SR
WISRREETES TS R VBB S D 2 ERD, I
BRE2EORMEREANTH A DAL LIEHIC,
P () OB A A= XL5HELTVwEE
Zzbhb,

FHr b AR—VFE Vol. 28



LH»L, W€K, R (AAT74774—Fv
7) O Y AT LT D ERFRALERE RO
BRI E R 2 RIS 2 AR e DL L
TWigrolele®d, FORTO M= 72k
BBGEER A H = A L OFIERE RN 217 5
ZEIHEETH o, FIT, WE, RibiTY
AT A LHEERNERE T EAT
B & o, EATPRALEFHE R 2 B
D0y, CO,, pHZEM L THAZHEHEESLH
WKarbe—-7 (H#EEH) &, BRICLY 0,5
LU CO 2BALEEDHEMTT b (BEilfEER)
D2 TV AF AL, EHRVATFLD
ke e RmATM S5 FERERAE L

R EmE T A — MGERTAZ &
T, A DL —= 0 712 & 2 BRI LA A
FROEBRRLICE DI A 7 = X L% FHT S
ZEzHEHBELL.

1. MIRHE
1. 1 #HERE
WHEREL, REFA 2D VIHICHFRL, WA
A
Central controller
(Controlling element)
Medullary respiratory center |
Sl Chemo receptors
PaCO2 VE
Lung |
system

Peripheral plant

{Controlled element)

— 120 —

PEEE) L —= Y R HAEBL TR HBMET A
J—h6% (Trdf) &, 2> bu—VEE (UTHE)
ELTHRE, FEHOREIE6HTH 5.
RO S AR IR L.

R MROGHEIME

Trained Untrained
(n=6) (n=6)
Age (yrs.) 218+ 1.2 193+ 05
Height (cm) 1728+ 55 1712+ 64
Weight (kg) 61.0 + 4.2 62.7 + 8.0

VOymax (mL/min) 3752+ 311** 2667 +128
VO,@VT (mL/min) 2696 + 385%* 1327 + 222

Central controller

Values are means = SD. **p<0.01 vs. Untrained
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Trained (T) Untrained (U) ANOVA (P-value)
(n=6) (n=6)
Rest Exercise Rest Exercise Tvs.U Rvs.E (Tvs.U)
(R) (E) (R) (E) X (R vs. E)
Central controller
S mL/min/mmHg 1207 21x06 1.0+ 04 15+ 05 ns 0.001 ns
B mmHg 253+£79 342464 264+ 6.0 201 = 11.7 ns ns 0.016
Peripheral plant
A mmHg/L/min 330% 48 1166 £ 240 206 = 78 1187+ 214 ns 0.000 ns
C mL/min 87x11 15+42 89+ 44 550 4.7 ns 0.015 ns
Total loop G 28+31 39413 28+ 0.8 1.9+ 1.0 ns ns 0.028

Values are means + SD
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Trained (T) Untrained (U) ANOVA (P-value)
(n=6) (n=6)

Rest Exercise Rest Exercise Tvs. U Rvs. E (Tvs. U)

(R) (E) (R) (E) X (R vs. E)
VE (L/min) 125+ 14 247+ 31 103+ 14 321+ 36 0.045 0.0000 0.0007
PerCO, (mmHg) 389+ 33 49.0+ 38 385+ 2.2 453+ 53 ns 0.0000 ns
Vo (mL) 820 & 149 1360 £ 265 703+ 138 1362 £+ 441 ns 0.0002 ns
RR (breaths/min) 159+33 19.7£45 158 £ 5.0 255+ 6.2 - ns 0.0037 ns
\'9'02 (mL/min) 270+ 23 852+ 59 221+ 30 845 + 40 ns 0.0000 ns
\'ICOZ (mL/min) 229+ 23 746 = 69 180 £ 20 780 + 70 ns 0.0000 ns
K* (mmol/L) 40+02 44+01 42+ 02 44+ 0.1 ns 0.0002 ns
LA (mmol/L) 11862 97+£49 121+ 33 12.7%£ 35 ns ns ns

Values are means +SD. VE, minute ventilation: P1COs, end-tidal pressures for CO,; Vi, tidal volume; RR, respiratory rate;

VO,, oxygen uptake; .VCO,, carbon dioxide output; .LA, blood lactic acid concentration; K *, plasma potassium concentration.
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