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Abstract

　In　the　present　study，　we　attempted　to　confirm　w：hether　or　not　cardiorespiratory

response　immediately　afte：r　passive　chair　rotation　is　the　same　in　the　open－and　closed℃ye

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　
condition．s　並　m鋤。　hspiratory　mir瓢te　v（）lume　IVI＞，　tid段l　volume　〈VT＞，　respiratory

freq鷺ency／f＞，　heart　rate　IHR＞and　mean　blood　pressure　IMBP）were　determiぬed　by

breath－by善reath　and　beaかby－beat　techniques　before，　du：ring　a豊d　after　rotation　for　a

total　of　45　sec。　It　was　found　that　there　are　no　significant　differences　in．　in．cremen．t　rate

　　　　　　　　　　　　　　　
a豊dpeak　attai豊ed　time　of　VI，　HR撒d　MBP　at　the　o豊set　of　ch段ir　rot段tio豊between　ope籍

eye　and　closed℃ye　conditi《）ns　in　both　right－turn　and　lefレturぬ、　These　results　suggest

that　impulses　from　the　visual　system　may　be　not　contribute　to　ventilatory　and

cardiovascu。lar　resp（）n＄es　at　the　onset　of　physical　exercise　with　rotational　movemen．t　for

short　time　as　applied　here　i豊healthy　sublects．

要約

　本研究の目的は、ヒトを対象に受動的椅子回転直後における呼吸循環応答が閉眼と開眼で同じ

であるか否かを確かめることである。椅子回転前、回転中および回転後計45秒間の毎分換気量．

一・�ｷ気量．毎分呼吸数．毎分心拍数および平均血圧を一一呼吸および一拍動毎に連続的に測定し

た。本実験では．右回転．左回転共に椅子回転開始直後の毎分換気量．毎分心拍数および平均漁

圧における増加率と最高値達成時間には．閉眼と開眼との問に有意差は認められなかった。これ

らの結果は、視覚系からの入力は本実験で行なったような短時間の回転動作を伴う身体運動開始

時の換気・循環応答には影響を及ぼさないことを示唆するものである。
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Kntrodwaetfon

                                              ew  It is weX} knowit that pva}monary ventilation (VE) and heart rate (HR) increase

                                                      eeimmediate}y aftex physieak exereise. This abrwkpe increase in VE axkd HR usua}ky oecurs

frem the first breath (E}dridge aykd Waldrop, X991). The vexkti}atory profi}e ixk traxksitioyk

from rest te light er moderate intensity exereise is charaeterized by axk abrRJgpt step-like

increment in venti}ation withovgt aceompaitying chaitges in a}veoXar partial pressvEres of

02 axxd C02, axxd gas exchaxkge ra£io, axkd is termed phase ff, as firs£ dofined by Whipp

(a977). This phase I respoxkse, frem the first breath axxd lastiykg for abexat a5s, is

observed itot eniy dRJgrixkg voXRJgxktary exercise, bvit aXso passive movement foilowing

eXectrica}ly indwkeed mvgseXe coittractioits or f}exion-exteitsioits of the Xower legs with

ropes (Whipp et ak. X982; Adams e£ ak. 1987; Miyamura e£ ak. X992).

  Neverthe}ess maxky iykvestigators have pTerskJged mechaxkisk:kks that are respomsib}e for

the phase I response, and their epi]kions as te its natRJgre are stili a matter of dispvgte.

Since the ehanges in ventilatioit are so rapid dwkring the transitioit from rest to exercise,

£he phase I respomse eaxxxxot be expkained by hvkmorak agents beeavkse it appears to eake

at }east abokJgt 10s for the metabolie sTebstakee from the exereisiykg mxase}es to reaeh the

arterial chemoreceptors. At present, it is considered that two xkevirai mechanisms, ce]ktrai

command aitd peripheral ref}ex, mainiy trigger the increase in ventilatioit that appears

at ehe onse£ of exereise (Mitehek} 1990; Miyamvkra 1994; Mateika axxd Dvkffin X995).

Cexktra} commakd arises frem the aetivatioyk of the eerebral cortex aykd hypotha}amxas

(Goodwin et ai. X972; WiMamso]k et ai. 2003> and peripherai refiex eriginates i]k the

stimwk}atioit of grovap III and IV mvEseXe afferents (MeC}oskey and Mitchell 1972;

Kavkfmaxk e£ ak. X983), respee£ive}y. Recexktky, stimvkkaeioxx of the veseibwkkax system has

beek reported to e}icit cardievaseTelar aykd respiratery chakges (Biaggioni et a}. 1998;

Yates axkd Miiier X998>. I]k svEpport this coxkcept, JavEregvgi-Renavid et aX. (200X) ebserved

that stimwk}atioit of vertical semicircvalar caital iitcreased breathiitg freqvgeitcy in itorma}

swkbjeets bu£ xxot vestibxxkar-defieiexke paeiexx£s. Moxxahaxx et a}. (2002) a}so xeporeed

sigykMeakt chaxkges iyk respiratory freqwkekcy axkd miykTete vexxtilatioxx from base}ixxe dxarikg

dyitamic chair rotatio]k for one mixkvEte. ffxk oRJgr previovis stvgdy, it was svgggested that the

activatioit of horizoittal semicircvgXar eaita}s is oite cavasal factor of veittilatory respoitse

at the onset of exereise with rotatioxxak movement ixk heakhy swkbjeets, bvkt heart rate

respoykse is kot (MiyamTera et al. 2004). Oxk the ether haxkd, visxaa}-vestibwk}ar ixkteraetioxks

a]kd vestibvilar-avEteitomic ixkteractioxks have bee]k the focRJgs of mvgch researeh, a]kd a
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visRJgal eo]ktribvEtieit has bee]k showxk in axk aniixkaX ixkodeX. Deficits ixk transitory tilt tabie

respoitses after bilateraX vestibvglar Xesioits are partievElarly large wheit animals are

deprived for visua} ewkes ixxdicating positioxx ixx space (Jiaxk et ak. 1999; Yates axkd MM}er

1998). Frem these reswkks, it is possib}e te hypethesize that abrTept ixkcrease ixk minwkte

vexktiiatioxk axkd heart rate immediately after exereise may be related to itot o]kly ce]ktrai

command, afferent impvgXse from working mwksc}e and vestibvgXar sensory iitpvgts, bwkt also

visvkak inpvkts whieh wou}d be stimvkkated in variowks si£wkatioms of sports axxd/or physicak

k:kkovemekts ik daily }ife. To exar kkowledge, however, there are nc data availab}e

coxkeerxking this hypothesis i]k heaithy svibjeets.

  The pvgrpose of this stvEdy, therefore, was to clarify whether or itot the visvaa}

afferents mediate the ventikatory axkd eirevkkatory respoxxses a£ £he oxkset of passive ehair

rotatloxx m maxk.

k Metkods

  Eight heakhy men vo}wknteered to pareicipate in the pxesexkt stwkdy as subjee£s. No

swkbjects had a histery ef eardiorespiratory diseases, took medicatioms that serioTesly

affeeted eardiorespiratory respoxkses and smoked. Meaxk aitd staxkdard errors of age,

height aitd weight of the svgbjects were 27.0 (a.92) years, 17a.6 (X.20) cm, and 63.1 (2.40)

kg, respee£ive}y. The svkbjeets were informed of £he experimentak protoeo} axxd possib}e

risks iykvolved ixk this stkJgdy before givixkg writtek coyksexkt. The presekt stkJgdy was

approved by the HRJgmaxk Research Comixkittee of the Research Center ef Heakh, Physicai

Fkness aitd Sports of Nagoya University.

  Subjee£s were asked to xefrain from performing vigoroxxs exereise for 24 h prior to

aetTeal experimexkts. The vestibwk}ar stimwk}wks tests were earried oTet oxx each sTebjeet kJgsikg

a rotatioxk ehair i]k both epeit- a]kd cXosed-eye coxkditio]ks, i.e., dRJgri]kg experime]kt, svibjects

sat wkh their backs agaimst ait experimenta1 chair. The svabject's torso aitd head were

secureky fas£ened in a swivek chair with bek. The subjeets wexe rested comfortabky oxk

the ehair ixx sittikg pesitioyk for 20 mixk, aykd theyk asked to relax dxarikg experimenta}

periods. The rotatioxk chair eait be swiveied throvigh 360 degrees abovEt a ce]ktrai axis by

the experimenters. The rotation chair was twkrned manvgally by experimenter for 1800

ixk meaxx X.5 (1.4tw1.6) see from right to }oft ox ehe reverse (Fig. 1).

  A rotatioxt wi}1 be dexteted as "right-txark'g akd "'}eft-tTerxk'g. The rotatiek tests was

carried ovgt totally 12 times for each svEbject, i.e., the right-tRJgrn and the ieft-tRJgrxk were
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             ,.･i-i-･.,,

                            Ventilatory response (breath-by-breath)

                                        e
                                        VI, PET02, PETC02

                             Circulatory response (beat-by-beat)

                                        HR, SBP, DBP, MBP

                              Figvgre 1.

                              Schematic diagram of experimentai set-vep.

repeated raxxdom}y three times ae approximateky a few minwktes ixkeewaks ixk both "open-

eye" axxd "elosed-eye" coxkditioyks, respeetive}y. These rotatikg tests were ikitiated jTest be-

fore the start of the inspiratory phase; the experime]kter eheeked this oxk an esciifoscope

which connected to the hot-wire fXow meter (RF-H, Miuato Ikagakvg, Japan). The

goniomeeer was attached £o the axis of £he rotatioxx ehair in order to detece the seare

                                     geof tkJgrnixkg. Ixkspiratory minwkte velwkme (VI), tidal vo}wkme (VT), ixkspiratory perieds,

expiratory perieds, axkd partial pressvEres of end-tidal carboxk dioxide and oxyge]k (PETco2

and PETo2) were determined by the breath-by-breath techniqvae before, dvaring and after

                                as£xxrnixxg for a totak of 45 see, i.e., Vff axkd VT were measvkred eoxktixkuoxxsky for 30 sec

before, 1.5 see dTerixkg, axxd a3.5 sec after chair rotatioyk, respeetively. The skJgbjeet

breathed threvEgh a respiratory face mask attached hot-wire fiow meter. It was

ca}ibrated prior to each experiment vEsing a 2-}iter eaXibration pvamp at different f}ow

rates. The dead spaee of the respiratory faee mask was abou£ 100 mk. Respixatory gases

were sampled kJgsikg a thik vixkyl tkJgbe (ikyker diameter 1 mm) ixkserted ikto the faee mask,

with tip being positiened as elese to each svEbject's movith as possible. Respiratery

                                                            eefreqvEency (f) was calcwk}ated from the tota} respiratory time, aitd Vx was obtained as

the produet of VT and f. PETco2 axxd PETo2 were eakevkkated from end-£idak co2 % axxd o2

%, which were obtained by ayka}yziykg gas samp}es beiykg drawxx coyktixxxaokJgs}y throxagh the

vinyi tvibe with the vEse of a gas anaXyzer (Mi]kato Ikagakvg, MG-360, Japa]k).

  As for circwkXatory responses, oit the other haitd, heart rate (HR) aitd blood pressvgre

(BP) were moxkitoxed beat-to-beat before, dwkxixkg axxd afeer xoeaeioxx for a to£a} of 45s.

HR was ealewklated beat to beat from R spike xasixxg axk e}eetreeardiogram threwkgh a

bioampXifier (model AB-62gG, Nihen Kohden). BP was aiso measvired ]koninvasively beat
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to beat by vEsixkg photoplethysixkographic method (Fixkapres). The senser of Finapres was

attached to the middle finger of noit-dominapt haitd iit order to record blood pressvare,

axxd £he haxkd being kept ae heart kevek. The inseaneous pressure outpxxe was exansferred

oxx-liyke to the Systelie b}ood presskJgre (SBP) aykd diasto}ic b}oed pressTere (DBP) were

determi]ked by the Fi]kpres"s signaX, a]kd mea]k bloed pressRJgre (MBP) was cakRJglated from

SBP and DBP vEsing eqvgation (MBP - 1/3 (SBP-DBP) + DBP).

  Akk ven£ikatory axxd eirexxkatoxy sigxxaks wexe eoxxverted from axxakogwke £o digitak daea

kJgsiykg ayk A/D eexkverter (Cakopwks, ADX 98H, Japak) at sak:kkp}ing freqwkekcy of XOOHz.

These data were stered o]k hard disk RJgxkit, axkd axkalyzed afterwards oxk a perseitai

compvEter (NEC, PC-982aXa, Japan). Breath-by-breath and beat-by-beat data were

akigmed with onse£ of eaeh txxxxx, }inearky interpokated be£weexk eaeh breaeh or beat to

yie}d a data point at each 1s ixkterval aykd exksemble average was doyke across a}1 three

repetitio]ks (MiyamvEra et ai. g997; Ishida et ai. 2000) . We cakvElated reiative cha]kges of

Vff, HR and MBP (AVff, ZHR and AMBP) dvaring and after ehair rotation of Xeft-tvam

                                                          eeaxxd right-twkrxk in boeh open-eye axxd ckosed-eye eoxxdi£ioms, i.e., ZVx, ZHR axxd AMBP

iyk }eft-twkryk axkd right-txark were ebtaiyked by ea}ckJglatiykg a ratio (%) of abso}kJgte chaxkges

to resting vaivges (Rest), which was defined as gOO%. in additieit, peak attained time ef
mp

Vff, HR aitd MBP for each swkbject were also eakvalated in both right- aitd }eft-tvErn

                aseonditioms. The zilVff, A]i{R, AMBP and peak ateained time were defixked as vexkeikatoxy

axxd eircwklatory respokses at the oykset of ehair retatiek ixx the present stTedy.

  MeasRJgred valvies were expressed with meaxks axkd standard deviatio]ks (±SD) or

staitdard errors (±SE). The relative ehanges of the parameters in the opeit-eye aitd

ekosed-eye were axxakyzed of variance with repeaeed measwkremexkts. fff a signifieant F

ratio (p<O.05) was obtaiked, DkJgxkkett"s test was wksed te determike whexk the differekces

dvEring the tRJgrxk ocevgrred. in eomparixkg epen-eye with closed-eye, the Wileoxoxk test was

vased. The }evel of significanee was set at O.05.

2 Resutts
                           mp  Sixkee the vaiRJges at rest of VI, and EffR and BP were differexkt in the two tvirns, we

compared the differeitces iit veitti}atory aitd eircvElatory respoitses at the oitset in the

open-eye axkd ekosed-eye by £he A vakvke estimated from a meaxk vakvke of res£ for 30 sec

of 100% as described previowksly. Fig. 2 shows the resxa}ts of veykti}atory aykd eirexa}atory

respenses dvEring and after ehair rotatioxk of left-tvgr]k and right-tvErit i]k the open-eye
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and　closed－eye　conditions　with　respect　to／VI，∠HR　and／MBP、／VI　increased

significa豊tly／p＜0。05＞immediately　after　rotatio豊in　both　right加m　and　left加m．　Mean
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　　The　percentage　changes　in　inspiratory　minute　volume（∠VD，　heart　rate（∠HR）and　mean

blood　press慧re（∠MBP）du血g　and　aftαehair　mtation　of　right－turn（left　panel）and　left－tum

／right　pa簸el）i簸the　ope簸一eye／circles）蝕d　cl（）sed－eye（triangles＞conditi（）難when　the　average　of

the　v歌lues鉱rest　was　100％。　The　tum　period　is　shown　with＄h歌de　ar㈱．　Ti：me　O　i簸dicates　the

onset　of　mtatiO黛．　Vahes　are　exμessed　as　mean／±SE）．＊significa鉱difference（p＜O。05）between．

open融ye　and　elOsed℃ye．
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                             oovalvges (±SD) of peak vaivge ef AVI were X2g.7 ± 8.0% fer the open-eye axkd 120.3 ± 8.2%

for the c}osed-eye in the right-tvam, and a27.4 ± a5.7% for the open-eye aitd 130.4 ± 13.3

% for ehe e}osed-eye in ehe }oft-tvkrxx, respeceiveky. There are xxo significaxx£ diffexexkces in

      tw
the AVff betweeyk epek-eye axkd e}osed-eye, except at X3twa5 see. Meak va}kJges (±SD) of

peak vaivge of AHR were X08.0 ± 6.7% for the epe]k-eye a]kd X07.5 ± 5.6% for the elosed-

eye in the right-tvgrit, aitd 109.5 ± 8.4% for the open-eye aitd 107.8 ± 5.8% for the closed-

eye in the }eft-txxrxx, respeceiveky. Thexe are akso xxo signifieant diffexexxces in the ztiaHR

betweeyk opexk-eye aykd elosed-eye, except at a4 axxd X5 see. Fxarthermere, meayk va}kJges

(±SD) of peak valvEe of AMBP were 106.X ± 4.7% for the open-eye and X06.4 ± 7.8% for

the c}osed-eye in the right-tvgrn, and XO5.2 ± 5.9% for the open-eye and 105.6 ± 6.0% for

£he ekosed-eye in the keft-txxxxx, respeetive}y. No signifieaxxe diffexexkce was fowkxkd ixk ehe

peak valxaes of AMBP betweek opexk-eye aykd closed-eye coxxditioyk, whi}e ZMBP ixkcreased

at 1 see after rotatio]k of right-tvgrxk aitd AMBP decreased at 1 see after rotatio]k of Xeft-

tvam as showit in Fig. 2.

                                         e  Oxx £he other haxxd, peak attained times of Vff , HR axxd MBP wexe indieated in Fig.

                                        tw3. Meaxk va}wkes ef the peak attaixked time of Vff, HR axkd MBP iyk the opexk-eye were 3.4

(2.5>, 2.1 (O.9) aitd 4.0 (O.6) see fer the right-tRJgrn and 4.6 (3.5), 2.4 (O.8) axkd 4.X (g.g> sec

                                                                  ewfor the Xeft-tvam, respeetiveXy. Meait va}vges of the peak attained time of VI, HR aitd

MBP ixk £he ckosed-eye wexe 4.3 (4.0), 2.6 (X.O) axxd 4.0 (O.O) see for the righ£-evkrxx axxd 2.7

                                      M Open-eye
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  Opelt-eye (white bar) - cXosed-eye
               diof the kiiketics of VI HR and MBP
                ,
VaXues are expressed as mea]k (±SE).
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(black bay> compayisolt ef peak attai]ked time as alt i]kdex

in the right-tzxrxk (eeft paxkeb aitd eeft-tverik <right paikel).
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(O.5>, g.9 (O.7) altd 3.9 (O.4) sec for the ieft-tRJgrxk, respectively. There are lto signifiealtt

                                 ewdifferences in peak attained time of VI, HR aitd MBP between open-eye aitd c}osed-eye

coxxditioxxs as showxx ixk Fig. 3.

3 Dffseuessiome

  Iit the present stvgdy, we attempted to confirm whether or itot ventilattory aitd

cixcukatory responses at ehe omset of passive chair xotaeioxx axe the same ixk boeh open-

eye axkd elosed-eye coxxditioyks ixk healthy sTebjects. k was foxakd that there are ko

                                       mpsignificant difference ixk the peak valvie of AVff, AHR and AMBP betwee]k opexk-eye and

                                                                       eeclosed-eye coitditions. AXso ito sigmificaitt differeitee in the peak attained times of Vx, HR

axxd MBP between open-eye axxd e}osed-eye was foxxxxd as showxx in Figs. 2 axxd 3. We

believe that this is the first stTedy showikg a effeet of the viskJga} stimwk}i to veykti}atory

a]kd circvEXatory responses at the enset of passive rotatioit in hvEmans.

  When physical exercise starts, variovas eardiorespiratory adjvEstments take plaee for

aceommodatixkg ehe great}y ixkcreased metabokie requirements. in par£iexxkax, ehe

tramsitiok frem rest te light or moderate iktexksity exercise is typieally aeeempanied by

a]k abrRJgpt ixk ventilatieit a]kd heart rate at the first breath. The ixkitiai rapid iitcrease i]k

venti}atioit appearing at the onset of exercise has been referred to as phase I. (Whipp

X977). This phase ff is obsewed dvkrixxg xxo£ oniy vo}wkntary exereise axxd passive

movemekt, bwkt a}se dkJgrixxg electriea}ly ikdxaced mwksc}e eexktractioyk. Why is the iykereasikg

pvEimenary vexktilatioxk eiieited so qRJgickly jvEst at the o]kset of exereise? Nevertheless

many investigators have pvarsvaed the mechamisms of this phase ff respoitse and their

opinioxks as to its xxa£wkxe axe stikk a ma£tex of dispvkee. Sixkce ehe ehaxxges in pukmoxxaxy

vexkti}atioxk are so rapid immediate}y after exereise, phase I respokse caykxkot be explaiyked

by hvEmoraX agents becavise of the delay in transport. k has hitherto been reperted that

the cavgsa} factor of phase I are classified largely into three, i.e., ceittraX aitd peripheraX

xkexxxogenie stimvkki, or boeh (Miyamura X994; Wikkiamsoxx ee ak. 2003).

  Reeeyktly, Moxkahaxk et a}. (2002) have determiyked eardiorespiratory parameters sxach

as i]kspiratory time, expiratory time, ventilation, heart rate, axkd meaxk bleod pressvire

dvEring variowks seven (dyitamic vEpright pitch, dyitamic }ateral pitch, dyitamic head roll,

dyxkamic yaw, dyxkamie chair rotatioxx, sta£ie head dowxk rotatioxx axxd sta£ie head

rotatioxx ik }atera} deexabitTes positioxk) coykditieks iyk erder to eoykfirm the hypothesis that

activatieit ef the semieirevgXar ea]kals wovEid increase respiratio]k in hvgma]ks. Si]kce
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significant cha]kges in ixkspiratory time, expiratory time and miitRJgte ventilatieit from

baseline dvgring dyitamic chair rotatioit with a5 cyeXe/min were observed, they swkggested

£hae semieirexxkar eaxxa}, but xxot otokith oxgaxxs or xkeek mwkse}e afferents, mediate

iykereased vexkti}atioxk ik hxamayks aykd swkpport the eoxkcept that vestibxa}ar aetivatioyk alters

respiration ixk hvEmans. However, becavEse respiratio]k was ixkeasvired continRJgovEsly fer oxke

minvate in their experimepts bvEt itot for 15 see as app}ied here, it is wknclear whether this

horizontak veseibwk}ar aceiva£ioxk produeed fwkxkeeioxxa} akexaeioxxs in phase I, i.e., phase I

respoykse is eoksidered to }ast varioTes}y for aO to 20 sec amekg differeykt investigaters

(Miyamvira 1994). We have chosen the vexktiiatory respense to be defixked as rapid cha]kge

in ventilatioit oecvarring within 15 sec, in which ehemica} swkbstances may have itot

xeaehed ehe pexipherak ehemoreceptors. ffxk oehex words, ie is important to emphasize thae

vexkti}atery aykd heart rate respoykses shoTe}d be determiyked eoyktiykTeewksly with breath-by-

breath and beat-by-beat techniqvies dviring within 15 sec rather thaxk totally ene mi]kvEte

in order to clarify whether horizoptal semicircvgXar eaital stimvElvas is reXated to

ventikatory xespomse (phase ff) at £he onse£ of exereise. in ovkr previoxxs s£wkdy, we

attempted to confirm whether pxa}mekary vexkti}atioxk axkd heart rate ixxerease at the

o]kset of passive chair retatien, whieh stimRJgiates horizontai semieirevgXar canaXs, in

                          ewheakhy svEbjects. As resvaks, VI increased signMcantly immediately after passive chair

rotatioxx, whMe ]i{R vknchaxxged ae the omset of ehair rotatioxx in both }oft- axxd xigh£-

tkJgrxxs. These resxalts sTeggest that activatioxk ef horizektal semieirewk}ar cayka} is oxxe of

the cavEsal faeter of ventilatery response at the oxkset of exereise with rotatieitai

movement, bwkt itot heart rate respoitse, in hvaman svEbjects (Miyamvgra et al. 2004).

  Oxx £he o£her haxxd, viswkak-vestibxxkax interaetioxx axxd veseibwk}ar-axxtoxxomie intexaetioxxs

 have been the focwks of mwkch research, axxd a visTeal coxxtribwktioyk has beek showk ixx ayk

a]kimai model (Yates axkd MiXXer X998). fft has hitherte been reperted that visvgai evges

may be importaitt in regvgXatiitg blood presswkre dvaring movement in the cat, whereas a

previoxxs s£wkdy sxxggested eha£ visua} ixkforma£ioxk does xkoe trigger chaxkges ixk

sympathetic okJgt f}ow in hxamaks (Shertt aykd Ray a997). Wood et a}. (2000) have

determi]ked whether visvgaily indviced cha]kges i]k perceived erie]ktatioxk trigger tra]ksitory

awktoitomic reflexes iit hwkmans. They observed that severa} svEbjects showed significant

traxxsiexxt deexeases in meaxx bkood pxessxxxe xesembkixkg their initiak respoxxse to passive

head-xap ti}t xasing a mirror-bed device er a dome projector, whi}e sigkifieaxkt chaxkges iyk

cardio-respiratory parameters te iXXvgsory tilts cevEXd itot be demoxkstrated for the entire
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grovEp. Aoki et aX. (2000) aXse reported that rapid roiX tiit provoked pressor respense that

one might expect as an arovgsaX-readiness respoitse to sigitificaitt spatia} reorientatioit,

whereas with veceion, some swkbjeets BP ixkereased (eype I) axxd oehexs' BP deexeased (type

II). To owkr kxkow}edge, however, the ro}e of viswkal stimTelxas ixk cardiorespiratery respoykse

at the enset of exercise has itot beexk demo]kstrated i]k hRJgman svgbjects. in the prese]kt

stvgdy, therefore, we attempted to confirm whether ventiXatory aitd circwkXatory responses

at £he omset of passive chair rotatioxx are ehe same ixk both opexk-eye axxd ckosed-eye

coxkditioms in healthy swkbjects as described previokJgs}y. It was foxakd that there are ko

                                         mpsignificant difference ixk the peak vaivge of AVI, AHR and AMBP between open-eye

and cXosed-eye coitditions. Fvgrthermore, no signifieant differeitces in the peak attained

       eetime of Vff , HR axxd MBP between open-eye and ckosed-eye was fouxxd (Figs. 2 axkd 3).

These reskJglts swkggest that viskJga} stimwkli is xxet swkfficiexxt to significayktly a}ter

cardiorespiratory responses at the enset of passive mevement aecompany with rotatieit

for short time as appXied here. This svaggestion is partly svapported by report of Peters

et ak. (2000) who obsewed that horizontak optokinetie stimvkkaeioxx by meams of dxvkm

does xxot sigkifieaxktly affect SBP, DBP or pwk}se in hTemaxk. The laek of coxksistent

changes between opexk-eye a]kd cfosed-eye conditio]ks may be dvie to the xkatvgre of the

stimwk}i aitd individvEal variability in visvaa} cardiorespiratory respoitses.

  Axxo£her interes£ing resvkke of £he presen£ s£wkdy was that meaxk bkood pressvkre (MBP)

iykereased at a see immediate}y after rotatiek of right-txark iyk both opexk-eye aykd c}osed-

eye co]kditiens, whereas it was decreased in the left-tvgrxk as showit in Fig. 2. At present,

we caititot exp}aiit based oit the physiologicaX grovEitd why chaitges of meait b}ood

pressvkre a£ ehe X sec after rotatioxx ixx ehe }oft-tvkrxx was in a s£rikixkgky eoxktrast to

right-tkJgrxx. It is possible te asswkme that venokJgs retkJgrxx to the heart is re}ated to the

directio]k of body rotatio]k, i.e., bXood pressvgre may be decrease temporarily by the

decrement of veitowks retwkrit iit the Xeft-tvarn beeavEse heart is Xocating in left side.

Howevex, i£ wi}k be neeessary to eoxkdxxce fxxrehex investigatioxx about £his assvkmp£ioxx.



                         Cardi#respiratory respoltses to yotati#]k 55

Refewewaees

 1. Ada]re$ L, Gecez A, I]k]ke$ JA, Mugrphy K, 1987. The early eircvelatory and ve]ktilatory re$pomse

   to voevilttayy aitd e}eetricae}y indveced exeycise iit mait. J Physioe (Leitd) 383:19-30.

 2. Aoki M, Thi}# KV, Buerchi}} P, Golding JF, Grest}y MA, 2000. Agetomorrkie re$pon$e to rea}

   versugs il}ve$ory ]reotioit <vectioit). Ciin Autonomic Re$ 10:23-28.

 3. Biaggicni I, Costa F, Kavifmaltn H, 1998. Vestibva}ay infevaenees oit aviteitomie eardiovaseveEar

   coiktrol iik hvgrrk2ixns. J Vestib Res 8:35-41.

 4. Eldrige FL, Waidrop TG, 1991. Neecera} controi of breathing dugring exercise. Ilt: Whipp BJ

   Wasser](xan K (Eds) Exereise: pviEmonary physiolegy and pathoecgy. Mayce} Dekker, New York,

   pp 309-370.

 5. Goodwin GM, MeCioskey DI, Miteheil JH, 1972. Cardiovascugiar EL]kd re$piratory response$ to

   ehaltges in eeltera} eommaltd dviring ise](xeeric exereise at coitstaitt mvise}e teltsiclt. J Physiol

   (Lond) 226:173-190.

 6. Ishida K, Sato Y, Katayaixrea K, Miyamura M, 200e. I]kitia} venti}atory altd eircuglatory responses

   to dyitamie exereise are slewed iit the elderey. J Appe Physiel 89: 1771-1777.

 7. JagereguiRenaud K, Gresty MA, Reymolds R, Br#it$teiik AM, 2001. Respiratory re$ponses of

   itormal and vestibuglar defective hugmEL]k subjeets to rotatiolt in the yaw aitd piteh pla]kes.

   Nevarcsei Letters 298:17-20.

 8. Jiaik BJ, Cotter LA, Em2ixituee} BA, Ca$s SP, Yate$ BJ, 1999. Effeet$ of bi}atera} vestibge12ixr

   lesio]ks o]k orthostatic toiera]kce in awake eats. J Appi Physiol 86:1552-1560.

 9. Kavifman MP, Lcltghverse JC, Rybieki KJ, Wa}}ach JH, Miteheee JH, 1983. Effeets cf static

   mvg$cvglar c#ntr2ixetioik oit impgelse activity #f gr#vgps III and IV affereikts in eat$. J App} Phy$i#}

   55:105mm112e

le. Mateika JH, Dviffiit J, 1995. A review cf the eontyoE of breathing dveyiitg exereise. Evir J Appl

   Physio} 71:1-27.

11. MeCioskey DI, Miteheii JH, 1972. Ref}ex cardiovascugiar and re$piratory re$ponses origiitating in

   exereising mvaseee. J Physiol (Lcltd) 224:173-186.

12. Mitehe}1 JH, 1990. Neural c#ntr#} #f the circu}ati#it dueriikg exerci$e. Med Sci Sport$ Exerc

   22:141mm154e

13. Miyamvira M, Ishida K, Yasveda Y, 1992. VeneiEatery respoitse to ehe oitset of passive and aetive

   exercise in hueman subjects. Jpn J Phy$iol 42:607-615.

14. Miyaixreura M, 1994. Minireview; eontro} of ventiiation dugring exereise i]k mEL]k with $peeiai

   reference te the feaevire ae the eitset. Jpit J Physiel 44:123-139.

15. Miy2ixmvgra M, Ishid2ix K, Ha$him#to I, Yuza N, 1997. Venti}atory re$ponse at the oikset of

   voivk]ktary exercise a]kd passive xitovement in e]kduyance rultners. Eur J AppX Physi#i 76:221-229.

16. Miyamura M, Ishida K, Katayarrea K, Shirrea N, Matsuo H, Sato K, 2004. Ventiiatory and heart

   rate respomses at the o]kset ef ehair retationck ait mEtnck. Jpit J PhysaeR 54: 499-503.



56

IZ

1&

19e

20.

2 1.

22e

23.

24.

                           pttspt¥eert¥w}3wakntee agloe

Moikahan K, Sharpe MK, 1)rvgry D, Ert} AC, Ray CA, 2002. Inf}uence of vestibvg}ar activ2ixtion

e]k yespiratiolt in huxita]ks. Am J PhysieX 282:R689-R694.

Peters K, Dariingtolt CL Smith PF, 200e. The effects ef repeated eptokinetic stirreu}atieit eit

hueman agetomorrkic fuikcti#it. J Vest Re$ 10:139142.

Sh#rtt TL a]kd Ray CA, 1997. Sympathetie altd vasevkiay respenses te head-dewlt ]keck fXexie]k i]k

huerreaxs. Am J Physiog 272:H1780-H1784.

Whipp BJ, 1977. The hyperpikea of dyitamic exerci$e. in : Hvgttoit RS (Ed) Exercise Sports

Science Review, VoX 5, J#ur]kaX PvebXishing AffiNates, Caifer]kia, pp 295-311.

Whipp BJ, Ward SA, Lamara N, Davis JA, Wasserman K, 1982. Parameters of ventigatory and

ga$ exehaikge dyit2ixrrkics dgering exereise. J App} Physiol 52 : 1506-1513.

WiiXiamsen JW, McCeXi R, Mathews D, 2e03. Evide]kce for centyaX eemma]kd activati#]k #f the

huerrealt inskxgar cortex dviring exercise. J Appg Physio} 94:1726-1734.

Wood SJ, Ram$del} CD, Muel}eik TJ, Oman CM, Harm DL Pa}oski WH, 2000. Traiksient cardio-

respiratory resp#]kses to visvkaiXy indueed tiXt iiXusi#]ks. Byai]k Res BulX 53:25-31.

Yates BJ, Miiler AD, 1998. Physiogegicag evidence that the vestibkxiar system participates in

auetonomic and respir2ixtory control. J Vestb Res 8:17-25.


