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Exercise and  Ventilatory Chemosensitivities
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 Althouh physical training does not  affect  C02 chemosensitivity  at rest, different kinds of

physical training  affect  hypoxic  ventilatory  chemosensitivity  at rest  in different ways.

 On the other  hand, a number  of  stud!es  indicated that  the  mechanism  of  exercise  hyperpnea

is related  to hypoxic chemosensitivity.
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  It is well  known  for years that blood gas  is well

maintained  at its homeostatic level at  rest  as  well  as

a  number  of  different exercises  with  varying  inten-

sities, To  accomplish  this end,  powerful  negative

feedback system  to control  alveolar-arterial  02 and

C02 pressures  has been assumed  to play an  impor-

tant role  iri athletes.  Followings are  a brief review

summarizing  the data accumulated  in our  labora-

tory  and  in the literatures.

Ventilatory chemosensitiyities  at  rest  in athletes

  Byrne-Quinn  et al. (1971) first reported  the blunt-

ed  ventilatory  responses  to hypercapnia and  hypox-

ia in athletes,  a number  of  investigations studying

the chemical  control  of  ventilation  have been car-

ried  out  in athletes  of  various  sports  activities  (God-

frey et al, 1971, Rebuck and  Read 1971, Leitch et al,

1975, Miyamura  et al. 1976b, Saunders et al, 1976,

Scoggin et aL  1978, Martin et  aL  1978, Kelley et al.

1984). The  reported  results,  however, are  conflict-

ing, some  agree  with  the initial findings, but ethers

could  not  confirm  significant  changes  in ventilatQry

chemosensitivities,  The  disagreement from these

results  may  be accounted  for by training period,

degree'of exercise  or  athletic  performance of  the

subjects  studied.  Moreover, there is evidence  in-

dicating that blunted chemosensitivities  found in

elite athletes  may  be related  to familial or  genetic
infiuences (Rebuck and  Read 1971, Leitch et aL  1975,

Scoggin et al. 1978),

  In our  study  (1989), 54 maie  track  and  field ath-

letes and  18 male  non-athletes  were  examined  by

C02  rebreathing  test. We  found that all the athletes

did not  show  any  significant  difference in hypercap-

nic  ventilatory  sensitivity in comparison  with  that

of  non-athletes  (Fig.1).

  On  the other  hand, we  {1989) found blunting in

hypoxic ventilatory  re$ponses  in long distance run-

ners  and  sprinters  (Fig.2), From  the findings

obtained  from this experiment,  we  assumed  that
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Fig.1. Averaged  ventilatory  response

      hypercapnia in different kinds of

      non-athletes  (Ohyabu et  al, 1989),
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 Ventilatory Chemosensitivities

               (Zwillich et al. 1975, Stockley and  Bishop  1977,

     Honda  et al. 1983, Ohyabu  et  al, 1984),

 The effects  of  physical training on  ventilatory

     chemosensitivities  might  have been derived in the

     integrated results  of these complex  influences,

ers
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Fig.2. Averaged ventilatory  response  curve  during

      hypoxia  in athletes  and  non-athletes  <Ohyabu
      et al. 1989),

blunted hypoxic response  formerly reported  in the

athletes  may  be attributed  not  only  to possible

familial factors as  mentioned  above,  but also  to

these particular, aerobic  or  anaerobic  power  train-

ings.

  In our  previous  studies  (1982, 1984), we  observed

the increasecl hypoxic ventilatory  sensitivity  in

heavy  weight  judo athletes  and  discussed the possi-

bility of  the underlying  rnechanisms  as  increased

metabolism,  muscle  hypertrophy and  obesity

<Ohyabu et  al. 1982, Nishibayashi et al. 1987}.

  From  our  previous  findings, depressing and  aug-

menting  factors for hypoxic  ventilatory  response

were  assumed  to exist.  Among  these depressed

hypoxic response  may  have derived from the follow-

ing influences:

  1) aerobic  power  training (Byrne-Quinn et al,

1971, Scoggin et  ai. 1978, Ohyabu  et al.  1984),

  2) anaerobic  power  training <Martin et al. !978),

  3) lifelong sojourn  in high altitude  (Milledge and

Lahiri 1967).

  On  the other  hand, enhancing  factors for hypoxic

ventilatory  response  were  proposed  as  follows:

  1) obesity  (Nishibayashi et  aL  1987),

  2) increasing body weight  (Ohyabu et al. i982,

1984),
                                      '

  3) short  term  sojourn  in high altitude  (Hayashi et
       '
al. 1982),

  4) increased metabolism  or  muscle  hypertrophy

     Ventilatory response  to hypercapnia

          during moderate  exercise

 The  results  obtained  by Asmussen  and  Nielsen

(1956), Deours C1964) and  Duffin  et al, <1980) have

generaliy  been accepted  that the slope  of  the C02
-ventilation response  curve  is not  significantly  dif-

ferent during rest  and  exercise.  However, contradic-

tory  data have been reported  by dlfferent authors,  e.

g. increased responsiveness  by Cunningham et al.

(1963), Weil et al. (1972) and  Miyamura  et  al, (i976a)

whereas  decreased responsiveness  by Clark and

Godfrey (1969}, and  Miyamura  et  al.  (1976b) during
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  The  mean  ventilatory  response  curves  at rest

  and  during exercise  (30, 60, 90W)  {Ohyabu et al.

  1989),
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exercise  as compared  with  rest. Accordingly, a

consensus  of  opinion  seerns  sti]l not  to have been
established,

  We  (1985) have also  tried te explore  this problem
by applying  external  dead space.  The  C02-ventila-
 ,tion

 response  curves  thus  obtained  were  generally

shifted  upwards  in parallel from rest  to exercise  as

shown  in Fig,3. Similar results  have  also  been repor-

ted by Asmussen  and  Nielsen (1975), Dejours (1964),
Cunningham  (1974), Martin et al. (1978) and  Duffin
et al, (198e).
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Table  1. Ventilatory response  to hypoxia during mod･
        erate  exercise  in norma]  healthy subjects

                         (Ohyabu et  al. 1988)

Rest Exercise

tlvE (1'min-e.mmHg)
Vo {l'minsui) .AVEso

 (1.min-i)

306.5±229.1
 4.7±2.9
 8,9±5.6

1,082,9±928.3,
  16.2±9.0..

  38.4±22,lt

        Ventilatory response  to hypoxia

           during moderate  exercise

  A  number  of studies  indicated that the mechanism

 of  exercise  hyperpnea is related  to hypoxic

 chernosensitivity.  Asmussen and  Nielsen <1956) has

 found that exercise  hyperpnea decreased by 02

 inhalation. Honda  et al, (1979) showed  the decreased

 exercise  hyperpnea in paPients with  bilateral carotid

 chemoreceptor  resections.  Furthermore, Weil et al.

 (l972) and  Martin et al. (1978) demonstrated an

augmentations  ef  ventilatory  sensitivity  to hypoxia

during moclerate  exercise  in normal  humans. These
results  suggested  that contribution  of  the periopher-

al  chemoreceptors  is greater during exercise  than  at

rest,

  We  (1988) also  confirrned  that ventilatory

response  to hypoxia was  enhanced  during exercise

(Table 1).

  A  number  ef  investigators have proposed possible
mechanism$  to explain  involvement of  the periph-
eral  chemorecepters  in exercise  hyperpnea,

Yamamoto  (1960) pointed out  that increased C02

production by exercise  will  make  greater  arterial

Pco2 oscillation  in synchronization  with  the respira-

tory cycle,  and  that this would  stimulate  ventilation

even  with  the mean  arterial  Pco2 maintaining  un-

changed,  In a recent  review,  Linton et al. (1984, 1985)
and  Band  et al. (1985) reported  that arterial  plasma

potassium rose  rapid]y  at the start  of  exercise, and

that this may  have stimulated  ventilation  via  activa-

Values are rnean  ± SD. n=12  (one maie  and  11 female)
'and":

 The differences comparad  to the values  at rest

ure  significant  at  the 5 and  O.1 %  levels, respectively.

Paired t test was  conducted,

AvE: The slope  constant  ef  the hyperbola expressing  the

qegree of  hypoxic sensitivity,
Vo  : Horizontal asymptote  in ventilation  for infinite end-
tidal Pcoz･ .AVEso

 : The absolute magnitude  of hypoxic re$ponse  in
ventilation  at PETo2 50 mmHg,

tion of the peripheral  chemoreceptors.

               REFERENCES

 Asrnussen E, Nielsen M  <1956) Physiological dead

  space  and  alveolar  gas  pressures at  rest  and

  during muscular  exercise.  Acta, Physiol, Scand,,
  38:1-21.

Asmussen E, Nielsen M  <1975) Ventilatory response

  to C02 during work  at  normal  and  at low oxygen

  tensions. Acta. Physiol, Scand., 39:27-35.
Band DM,  Linton RAE  Kent R. Kurer FL (1985)

  The  effect  of peripheral  chemodenervation  on  the

  ventilatory
 response  to potassium.  Respir.

  Physiol., 60:217-225.

Byrne-Quinn  E. Weil JV, Sodal IE, Filley GF,

  Grover RF  (1971> Ventilatory control  in the ath-

  letes. J. Appl, Physiol,, 30(1):91-98.

CIark TJH,  Godfrey S (1969) The  effect  of  C02  on

  ventilation  and  breath-holding during exercise

  and  while  breathing through  an  added  resistance,

  J. Physiol, {London), 201:551-566.

Cunningham  DJC, Lloyd BB,  Patrick JM  (I963) The

  relation  between ventilation  and  end-tidal  Pco2 in

  man  during moderate  exercise  with  and  without

  C02 inhalation. J. Physiol. (London), 169;104-106p.
Cunningham  DJC  (1974) Integrative aspects  of  the

 regulation  of  breathing: a  personal view  In: MTP



Japan Society of Physiological Anthropology

NII-Electronic Library Service

JapanSociety  ofPhysiological  Anthropology

120

  International Review  London  Butterworths, pp.

  303-369.

Dejours P (1964) Control of  respiration  in muscular

  exercise  In: Handbook  of Physiology, Section 3,

  Respiration vol  1, edited  by Fenn WO,  Rahn  H

  Washington  D,C. American  Physiological Society,

  pp.631-648.

Duffin J. Goode  BRC, Chung SA  (1980) The

  ventilatory  response  to carbon  dioxide in hyper-

  oxic  exercise,  Respirat. Physiol., 40:93-105.

Godfrey S. Edwards RHT,  Copland GM,  Gross PL

  {1971) Chemosensitivity in normal  subjects,  ath-

  letes and  patients with  chronic  airway  obstruc-

  tion, J. Appl. Physiol,, 30:193-199.

Hayashi F, Yoshida A, Ohyabu  Y, Usarni A. Honda

  Y  (1982) Effects of  athletic  training on  ventilatory

  chemosensitivities  at  low and  high altitudes,  J.

  Physiol. Soc. Japan, 44:417.

Honda  Y, Hasegawa  MS,  Hasegawa  T, Severingh-

  aus  JW  (1979) Decreased exercise  hyperpnea in

  patients with  bilateral carotid  chemoreceptor
  -

  resection,  J. Appl. Physiol., 46(5):908-912,

Honda Y, Ohyabu Y, Yoshida A, Hayashi F, Sato N

  (1983> High  ventilatory  response  to hypoxia obser-

  ved  in heavyweight judo athletes,  In: Modelling

  and  Control ef Breathing, ed. by Whipp  BJ,

  Wiberg  DM,  Elsevier Sci. Publ., New  York  and

  Amsterdam, pp.266-274.

 Kelley MA,  Laufe M, Millman  RP, Peterson DD

  (1984) Ventilatory response  to hypercapnia before

   and  after  athletic  training, Respir. Physiol., 55:393

   -400,

 Leitch AG,  Clancy L, Flenley 
'DC

 (l975) Maximal

   oxygen  uptake,  lung  volume  and  ventilatory

   response  to carbon  dioxide and  hypoxia in a  pair

   ef  identical twin athletes,  Clin. Sci, and  Mol.

   Med,, 48:235J238L

 Linton RAF,  Lim  M,  Wolf  CB, Wilmshurst P, Band

   DM  (1984) Arterial plasma  potassium  measured

   continuously  during exercise  in man,  Clin, Sci., 67:

   427-･431.

 Linton RAF, Band  DM  (1985) The  effect  of  potas-

Ventilatory Chemosensitivities

 sium  en  carotid chemoreceptor  activity  and  venti-

  lation in the cat,  Respir, Physiol., 59:65-70.

Martin BJ, Weil JV, Sparks KE,  McCulleugh  RE,

  Grover RF  (1978) Exercise ventilation  correlates

  positively with  ventilatory  chemoresponsiveness,

  J. AppL  Physiol.: Respirat. Environ. Exercise.

  Physiol., 45:557-564.

Milledge JS, Lahiri S (1967) Respiratory control  in

  lowlandeTs and  Sherpa highlanders at  altitude,

  RespL Physiol., 2:310-322.

Miyamura M, Folgering HTH,  Binkhorst RA, Smol-

  ders EDJ, Kreuzer F (1976a) Ventilatory response

  to C02  at rest  and  during positive and  negative

  work  in normoxia  and  hyperoxia, Pflifgers Arch.,

  364:7-15.

Miyamura M,  Yarnashita T, Honda  Y  (1976b)

  Ventilatory responses  tQ C02 rebreathing  at rest

  and  during exercise  in untrained  subjects  and

  athletes,  Jpn, J, Physiol., 26:245-254.

Nishibayashi T, Kirnura H, Maruyama  R, Ohyabu

  Y, Masuyama  H, Honda  Y  (1987) Differences in

  ventilatory  responses  to hypoxia and  hypercapnia

  between  normal  and  judo athletes with  moderate

  obesity,  Eur. J. Appl, Physiol., 56:144-150.

Ohyabu  Y, Yoshida A, Hayashi F, Sato N, Honda  Y

  (1982) High ventilatory  response  to hypoxia obser-

  
'ved

 in obese  judo athletes,  Jpn. J. Physiol., 32:655

  -665.

 Ohyabu Y, Yoshida A, Hayashi F, Nishibayashi T,

  Sakakibara Y, Sato N, Honda  Y  (1984)

  Ventilatory and  heart rate  responses  to hypoxia

  in well-trained  judo athletes,  Eur, J. Appl.

  Physiol,, 52:451-456,

 Ohyabu Y, Sato M,  Honda  Y  (1985) Ventilatory and

  heart rate  responses  to hypercapnia during exer-

   cise  in dead space  breathing, JJ. Physical Fitness

   and  Sports Medicine, 34(6): <in Japanese),

 Ohyabu  Y, Sato M, Honda  Y  (1988) Enhanced

   ventilatory  and  heart rate  responsiveness  to

   hypoxia during moderate  exercise  in man,  J. J,

   Physical Fitness and  Sports Medicine, 37(1):93-99.

 Ohyabu  Y, Usami  A, Ohyabu I, Ishida Y, Miyagawa

NII-Electronic  



Japan Society of Physiological Anthropology

NII-Electronic Library Service

JapanSociety  of  Physiological  Anthropology

Y. OHYABU  and

  C, Arai T, Honda  Y  (1990) Venti]atory and  heart

  rate  chemosensitivity  in track  and  fleld athletes,

  Eur. J. Appl, Physiol., 59{6):460-464.

Rebuck AS, Read J <1971) Patterns of  ventilatory

  response  to carbon  dioxide during recovery  from

  severe  asthma,  Clln. Sci., 41:13-21.

Saunders NA, Leeder SR, Rebuck  AS  (1976)

  Ventilatory response  to carbon  dioxide in young

  athletes,  Arn. Rev. Respi. Dis., 113:497-507.

Scoggin CH, Doekel RD, Kryger MH,  Zwillich CW,

  Weil JV (1978) Familial aspects  of  decreased

  hypoxic drive in endurance  athletes,  j, Appl.

  Physiol., 44(3):464-468.

Stockley RA,  Bishop JM (1977) Effect of thyrotox-

 Y. HONDA  121

  icosis on  the reflex hypoxic respiratory  drive,

  Clin, Sci. Mol. Med., 53:93-100.

Weil JV, Byrne-Quinn  E, Sodal IE, Kline JS, McCul-

  lough PE, Filley GF  {1972) Augmentation  of

  chemosensitivity  during mild  exercise  in normal

  man,  J. Appl. Physiol,, 33:813-819.

Yamamoto  WS  <1960) Mathematical analysis  of  the

  time  course  of  alveolar  C02, J. Appl.  Physiol,, 15:
  215-219.

Zwillich CW,  Piersen DJ, Hofeldt FD, Lufkin EG,

  Weil JV (1975) Ventilatory control  in myxedema

  and  hypothyroidism, N, Engl. J. Med., 292:662-665,

                    (:Received Mdrch I. 199QJ

NII-Electronic  


