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Ventilation control during recovery from impulse-like
exercise: The role of arterial carbon dioxide partial pressure
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‘Humoral mechanisms are known to be important mechanism that mediate VE during
exercise and as well as during recovery from exercise. A humoral mechanism involves
stimulation of peripheral chemoreceptors by an increase in [H'], [K'] or PaCO,. Nevertheless,
some studies have ruled out a significant role for intramuscular chemoreception by using
arterial occlusion after exercise. On the other hand, among humoral factors, the role of PaCO,
in VE regulation during exercise is not well known. PaCO, remains at a constant level during
moderate exercise and is reduced during strenuous exercise due to hyperventilation.
Likewise PaCO; is known to mediate [H'], and H' is the main stimulus that mediates VE.
Thus, it is thought that PaCQO; has no effect on VE in an exercise condition or that it has an
indirect effect via changes in [H']. Therefore, the aim of this study was to investigate whether
humoral factors, especially PaCO,, have an effect on VE control during recovery from
impulse-like exercise.

Chapter 1 provides an introduction about ventilation control during exercise and recovery,
mechanisms controlling ventilation during exercise and recovery, and the objectives of this
study.

In chapter 2, the ventilatory response to humoral factors during recovery from one
impulse-like exercise and five repeated impulse-like exercises are described. High correlation
coefficients obtained for pH — VE relationships during recovery from both tests suggest that
pH has an effect on VE during recovery from impulse-like exercise. However the
relationships between pH and VE were curvilinear. In addition, although pH levels were
different during recovery from the two tests, VE was not different. This indicates that pH is
partly attributed to VE and that other factors also mediate VE during recovery from impulse-
like exercise. The similarity of VE response despite different pH levels could be explained by
the kinetics of PaCO,. In conclusion, during recovery from impulse-like exercise with a high
work load that induces metabolic acidosis, both pH and PaCO; participate in the mediation of
ventilatory response. Unlike the set point theory, PaCO; does not remain at constant level and
VE is increased by an mcrease in PaCO; level.

In chapter 3, I explain VE control and the relationship between VE and PaCO;, during
recovery from light impulse-like exercise (100 watts) in which metabolic acidosis did not
occur. Despite no change in La and pH levels, VE was elevated during recovery until 155
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sec. In the first 70 sec of recovery, a significant relationship between VE and PaCOj; p Was
found for each subject. These results indicate that PaCO, drives VE during this period and that
the effect of PaCO; on VE is independent of the effect of pH on VE. Another important
finding in this study was that in the time interval from 70 sec to 155 sec, VE was still
significantly higher than the rest, of which time PaCO, pr had already recovered to the resting
value. This finding suggests that neural factors mediate VE during this period. In conclusion,
PaCO, and some neural factors drive VE during recovery from impulse-like exercise with a
light work load that does not induce metabolic acidosis. PaCO, mediates VE independently
of, not via mediation of, pH.

VE control and the relationship between humoral factors during recovery from impulse-
like exercises of various intensities (100, 200, 300 and 400 watts) are described in chapter 4.
Being consistent with the results of the first study, high correlation coefficients were obtained
for the pH — VE relationships during recovery from 300 and 400 watts tests, suggesting that
pH has an effect on VE during recovery from impulse-like exercise. The kinetics of PaCO,
showed fluctuation, being increased at 1 min and decreased at 5 min during recovery, and this
fluctuation was more enhanced with increase in exercise intensity. This fluctuation indicates
that PaCO, acts as a feedback loop in the process of VE control so that when the control of
VE by other factors is inadequate, it is compensated by the feedback role of PaCOs,.

In chapter 5, a general overview of chapters 2-4 and a conclusion that demonstrates the
important points found in this study, is presented. The following results were obtained from
the studies conducted for this thesis. 1) During recovery from impulse-like exercise with a
high work load that induces metabolic acidosis, both pH and PaCO; participate in the
mediation of ventilatory response. Unlike the set point theory, PaCO, does not remain
constant and VE is increased by an increase in PaCO, level. 2) During recovery from
impulse-like exercise with a light work load that does not induce metabolic acidosis, PaCO,
and some neural factors, which need to be identified experimentally, drive VE PaCO;
mediates VE independently, not via mediation of pH 3) PaCO, acts as a feedback loop in the
process of VE control so that when the control of VE by other factors is inadequate, it is
compensated by the feedback role of PaCO..
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Ventilation control during recovery from impulse-like
exercise: The role of arterial carbon dioxide partial pressure
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AR EIZBARML CO, 3 ED EFIIR L TEMT A Z Lid, & ndambh T
WS, ERAWIC L 2 EFFRF CIIMBRKEITEMT 5 23, BRI CO, 5 EITE
BERENBEVWERHRLIZERLTHDI I L, BIUOEBHEENEWEIETT
BIEBHLNTWS, ZDOZ b, EEFRERNCEINRM CO, 57 EDE v hR
AV EBBY, TORA Y MEHERFT 2 FMICHBKIESEMT 5 &V 5 K
BleThhvlz, 6T, AT, EFRFOMBIEOEMICIX., Bk Co,
SEIZERBRRVWEREBENTNS, 20L& 5 ISEBROMBTICE T 5ERM
CO, BEDERENITEMICR > TE TS, LML, ZOLIRRILT T, &K
T, A 7 OV REEEBE O EIE RFIZEIRIM CO, 0 EA—FFRICH#MT 5 2 &
ZFIA LT EEEEROMBKE~DBARI CO, /7 EDZEIZ BRI LT3,

3B 1 (Acta Physiol Hung, 2012) TiX. A V7V REREENE 1 BT - /-8

L 5 BEDA RNV AERERNE 6 SEIOKRE R VI TER LBE ORIEREOM
BESEZRILTWS, 1 EDA 7OV AERETIE., MHIER DT L
MLV, 5 BOA U SAVRRIEE T, 1| BRIV MFABEEL 25,
ZDTDIT 1 BIDA LSV ARRISE LY 5 BOA 7 U0 ZARIEE TEIARML pH 2%
&< 725, BRI pH O TIIMBRREEZEMNT A2 EBHMOENTWVEBDT, 5
BlIDA 2 VARG R TIIEEBOFBIENSEL 2B Z L BHIF &L 5,
LML, BERIFRSBEIIFEATROEER IR Thol, T DEEDE)
AR CO, 3 EEFH 5 & LEIDA SV ARIEEL Y 5BEIDA 3V RARISED S
MEL poTWe, L7edd»> T, MiBKBENTERZ TRIL TH -0k,
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BhRIML pH & BIARIDL CO, 53 ED MR E~DEENEWVIZHZ LZ1DIZELE
CHERIL 7=,

8% 2 (Physiol Res, 2013) TIHMEAMRD A L ARERIReER L OEE#£
DIFBRTIGE ZRET Uiz, EB 1 Tk, BHiRM pH & BRI CO, 53 EAFFICE
{LLTWB DT, Biffkin CO, /3 ERMDMBRTE~DERBIIHB LI LIZE AR
Mofz, FNT, BRI pH BB LARWEEED A L AEREE 2 AV,
FORER, FERHT AR ESK TERINOIET LD T, EBROKN 1 &
BIZEERE~R-oTz, ZDZ &Ik, iTCo,RREICITEY BFri7e< T, Bk
MmCO,BEDEREZ 0T LBEZ LN, £/, ZOERM CO,2ED LFIX
FREZE LT, RKEOENEZ 6T EELX LN, £L T, ML
TR BT CO, ZBRICE Y BRE, TOME, BIfRM CO, nENREFIRF~E K
rrEZbNE (74 =KXy I A—7), LarL, MBRKERXSIRL Co, H/E
NEBIFICR ST ATCHLEHRLIVE -T2, T, RS OERIC K
STHBRENEML TWATEHTHD EHELT,

%B& 3 (Acta Physiol Hung, 2012) TiZ, BRI pH Z{ET S 57201
NIVARREEDOBREZEM LD, MBRKE~DOEEEZRET LT, ER2T
X, BRI CO, pEEMDBRTRE~DOEELRIT LIS, EBRI TIE, ZHiz
BhRI pH DA M X T2, ZOFRER. EEVREN NS 2 L EFHROMBRIE
LEML, 72, BRM pH 1K T L7z, L L., ko CO, 53/ EIdHERE %
B Lz, £77. ZORBIIESRENEWVERELS o, 4 V7 VAKRE
BN I BRI pH DR T oM MER I L A BEEOEMEEZE T8, 20
BN KGR ENO T, BRI CO, 5y EDBEREIC L » CEERMBRKES
Hleb L TWAEERZRL TS,

AEMRL T, ER 1 CHEH SN MBRIHASOER 2 ER 2 L ER3 T
SEEME LT, BT 2L Vo, BELRHEHELZ Tz, TOMEDER
R, UTFTOX2282HLMI Lz, 1) 1ERITESRCESR OMBRTHA
i, BRI CO, 3 EE — BRI I ICFHEH SN TV B (By bARA > MEEER)
& EZTWEM, A CIXEIRM CO, 73 ENEEE, MBKRELT 74— F Xy
N—TEBELT, AGBMLTNDZ &, 2) BRI CO, 50 EDWEIRE D & BRI
CO, ENHBRZ AT OMORTF DR+ X2 Mo TNWBEI L, 3) ZHDER
OFSLA B, BRI pH & BIRIL CO, 70 EAH EARFFRY TIE722 <. JHSZ U Chtik
[EICEEL TR LWV ZLEHALMILE, IO DRITARBERIZEBNT
H-RERE L LM TE B, |

Utz &nn, FEZ, BEREEL (BEFF) OFUEzEEINDE
BEHDILDLERD D,
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