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1）Au七oma七ic ac七ivi七y and pacemakeT Si七e  

2）c00rdina七ion between 七he a．uricle and ven七Ticle   



1）Au七oma七ic ac七ivi七y and pacemaker si七e  

The molluscan hear七is s七a七ed 七o be of myogenic na七ure，i・e・  

七he au七oma七ic ac七ivi七y oTigina七esin 七he myocardium（KRIJGSMAN  

and D工VAR工S，19うう；H工11and WE工′SH，1966）．  

In some m01luscs such as gas七ropodβ（OCHIAI，1959；NOMURA，  

1963；KISSand S－RbzsA，1973；KUWASAWA，1979；HILLandYANTORNO，  

1979），and bivalves（IRISAWA e七 al，1961a，b；IRISAWA and  

KOBAYASHI，1964．；E】〕ARA，1964．a，b，1966，1967，1969；IRISAWA e七  

al．，1967；IRISAWA e七 al．，1968；SHIGETO，1970；WILKENS，19r72a，b；   

WILKENS and GREENBERG，1973；IRISAWA e七 al．，1973a；IRISAWA e七  

al．，1973b；EBARA and KUWASAWA，1975；EBARA e七 al．，1976），七he   

SPOn七aneous elec七rical ac七ivi七ies have been recorded   

in七TaCellulaTly by using micr・Oelec七TOdes or the sucTOSe gaP  

me七hod from七heis01a七ed hear七IeSPeCially fTOm七he ven七Ticle．  

The spon七aneous ac七ion po七en七ials are pTeCeded by a slow  

dep0larizing po七en七ial（pacemaker po七en七ial）whichi日 a  

Charac七eris七ic of七he pa・Cemaker ac七ivity seenin七he pacemaker  

reglOn Of 七he veT七ebra七e heaT七s・MoTeOVerI七he membTane Curren七日  

Of 七he ac七ion poten七ials geneTa七ed spon七aneou81yin 七he  

Ven七ricular myocardia have simila．r charac七eris七ics as 七ha七 of 七he  

Ver七ebra七e heaTtS（KISS，1980）． These indica七e 七ha七 each   

myocaTdium of七he m011uscan ventricle possesses七he pa・CemakeT  

proper七y and has 七he ab土11七y七o bea七au七oma七土cally・  

The pacemakeT aC七ivi七ies of七he ven七riculaT myOCar・dialcells  

arein七egra七ed 七o be synchronized 七hrough 七he elec七rical  

junc七ions七o func七ion as a wh01e（EBARA，1964a，b，196r7：＝RISAWA  
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e七 al．，1973a），bu上 土heini七ia七ion site of 七he ac七ivi七y may  

wander from area 七o ar・ea（EBARA and KUWASAWA，1975）． Though the   

PaCemakeT Cellsin ver七ebra七e hea・r七s are smaller 七han the o七heT  

myocaTdialce11sInO Temar・kable differences are found among 七he  

myocar・diain m011usca．n ven七ricles（IRISAWA e七 al・，1969；NISBET  

and PLUMMER，1969；ELEKES e七al．，1973；IRISAWA e七 al．，1973b）．   

Thus，i七 has been considered 七ha上 土he pacemaker of 七he m01luβCan   

ven七Ticlei8 diffused（a so－Called diff－use pacemakeT：IRISAWA，  

19r78），and 七ha上 土hereis n010Calized area of 七he hea．r上 土ha七  

consis七en七Iy domina七es七he r・eβ七of七he myocaTdia（JONES，1983）．   

In some gas七ropod＄，however，SOme func七ional diffeTen七ia七ion  

among myocardia has been foundin 七he ven七ricle（KUWASAWA，1979；  

KOESTER e七 al．，1979）． Even 七hough 七he hear・七is of diffuse  

myogenic na七ure，the auriculo－Ven七TiculaT（A－Ⅴ）valve ordinarily  

ac七s as 七he dominan七 pacemaker・Of七he ven七Ticle（KUWASAWA，1979）．  

In con七ras上 土○ 七he ven七ricle，七he auTicles are no七 日七udied   

SO muCh，neVer七heless the a・u七oma七icityiβ 七houghセム00rlglna七e  

Similarlyin七heindividualmyocardium（HILL and WELSH，1966）．An   

is01a七ed oys七er auTicle can con七inue 七o bea七 byi七self．wi七h a  

Tegular rhy七hm（JULLIEN a．nd MORIN，1931；TAKATSUKI，1932；OKA，  

1932），and seems 七o func七ion as a wh01e wi七h a similaT meChanism   

as ln 七he ven七ご土cle．  

Thuβ，eaCh auricle and 七he ven七ricle of 七he molluscan heaT七   

is considered 七o possessin七rinsic a・u七oma七ic ac七ivi七yini七self  

（JOⅣES，1983）．  
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2）C00r・d．ina七ion be七ween the auricle and ven七Ticle  

In spi七e of 七he fac上 土ha七 ea．ch auricle and ven七r・icle of．   

七he m011uscan hear七sin七rinsically have the abili七y 七o bea七   

independen七1y withi七s own r・hy七hm，they bea七 a．1七erna七ely and   

regularly wi七h a cons七an七 A－V delayin七hein七ac七 s七a七e・  

工n 七he hearts of higher ver七ebra七eβI七he cardiac muscles  

having pacemakeT PrOPer七y are foundin a specific si七e（sino－  

a七rialnode）of the hear七．The ac七ivi七y of 七he hear七 as a wh0le   

beglnS aセ セhe pacema．ker si七e and spTeads through七he specially   

developed conduc七ion sys七em which propaga七es 七he exci七a・七ion fr．0m   

七he a七rium 七○ 七he ven七ricle． MoTeOVer， due 七○ 七he   

Charac七er・is七ics 七ha上 土he conduc七ion veloci七y of 七he system   

appeared ver．y slow aセ セhe poin七 fTOm 七he a七rium 七○ 七he ven七ricle，   

七he a七Tium and ven七ricle bea七wi七h a cer七ain 七imelag，i．e・A－V   

delay．  

A conduc七ion sys七em as foundin higher ver七ebra七es has no七  

been repoT七edin m01luscs（JONES，1983），neVer七heless 七here 8eemS  

七o be some soT七 of in七erac七ion be七ween 七he auricle（s）and   

ven七ricle．I七 was s七a七ed in 七he Helix hear上 土ha上 土he elec七r・ica．1  

COnduc七ion pa七hway as 七he sys七em was not presen七 be七weeni七s  

auTicle and ven七ricle（RIPPLINGER and RIPPLINGER，1972）． on 七he   

Other hand，in many m011uscs，七he hear七is suspendedin 七he   

Pericardial cavi七y andis aセセached 七○ 七he pericar・dia．1wall．  

Hence，七he auricle（s）and ven七ricle s七re七ch each o七her  

al七erna七ely by 七heir con七rac七ions・Willems（1932）foundin 七he  

Helix heaTt 七ha上 土he c00rdina七ion be七ween 七he auricle and  
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ven七Ticle was main七ained by connec七ing七hem wi七h a silveT Wire   

and supposed七ha上 土he c00rdina七ion was media七ed by s七re七ching・  

Ma七sui（1945）also sugges七edi七by similaT eXPerimen七sin 七he   

D01abella hear七．  

In spi七e of 七he sugges七ion 七ha上 土he c00rdination of rhy七hms   

be七ween七he auricle and ven七ricle migh七 be media七ed by mu七ual   

S七re七ching，七he effec七 of a brieflylas七ing stTe七ch caused by七he   

COn七TaC七ion haβ nO七 ye七 been examined．Moreover，the mechanisms   

七oin七egra七e 七he rhy七hmic ac七ivi七ies be七ween 七he auTicle a．nd   

Ven七ricle and 七o form 七he bea．七 rhy七hm of 七he wh0le hear・七 have   

S七i11remained unsolved．In oTder 七o unders七and 七he hear七 no七   

Only as a physi0loglCalorgan bu七also as a bi0loglCaloscilla七oT  

（PAVL工D工S，1973：WIⅣFREE，1973a，b：P工ⅣSKER，1977a，b），1七 土s  

impor七an上 土o know the mechanisms of 七he heaT七．  

The pTeSen七 s七udy was carried ou上 土o elucida七e 七he   

mecha・nismsin which七he aur・icle and ven七riclein oys七eT hear  

achieve 七he c00Tdina七ed and al七erna七ed bea七s wi七h a cons七an七 and   

func七土onalA－V delay．  
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1）Ma七erlals  

旦主星旦早 WeTe uSed 七hroughout 七his s七udy・  Cras∈；○β七rea  Oys七ers，  

The animals weighing50－150g were c01lected a上土he shore of’  

Nakamina七○（Ibaraki，Japa．n），and were kep七in a 七ank filled wi七h  

aera七ed and filtra七ed running ar七ificialsea wa七er（ASW）at a  

七empera七ure of15 －180c・ For 七he exper・imen七sI七he animals  

wi七hin 七hr・ee Weeks in 七he 七ank were used．  

2）Ana七omicalobserva七ions  

The oys七er hear七 conβis七s of 七wo auricleβ and one ven七Ticle・   

The 七wo aur・icles aTe narrOWly connec七ed near 七he venous end  

（TORIGOE，1981）and joined 七○ 七he ven七Ticle． A pair of A－Ⅴ   

Valvesis a上 土he A－V junc七ionsinside 七he hear七・ The bl00d runs   

in七○ 七he 七wo auricles 七hTOugh 七he Tigh七 andlef七 veins，flows   

in七○ 七he ven七ricle andis sen七 ou上 土hrough 七wo a．0r七ae・The heaT七   

is a上土ached 七○ 七he pericardialwa11aセ セhe venous and aor七ic ends   

by七he vessels・I七is suspendedin七he pericardialcavi七y beside  

七he adduc七or muscle（Fig．1）so 七haセセhe auricle contr・aC七s and   

七hereby s七Te七ches 七he ven七ricle andヱ主望旦ヱ旦こ巨旦，al七erna七ely・  

The visceralganglionlies on 七he ven七ralsuTfa．ce of the   

adduc七or muscle． The cardio－regula七or nerve fibers con七ainedin   

七he visceralneTVe descend from七he ganglion andinnerva七e each  

auricle and ven七ricle（OKÅ，1931）．  
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3）prepara七10nS  

a）semi－in七ac七 hear七in situ  

Af七er・七aking off七he Tigh七 valve（upper valve），Smallpartβ   

Of 七he man七1e and 七he pericardialwallwere r．emoved 七o expoβe 七he   

hea．r七・ Nervesinnervating from 七he visceTal ganglion 七0 七he   

hear七 were severed a七 a poT七ion near 七he adduc七or muscle 七o   

exclude ex七rinsic neuralr・egula七ions． Two aoT七ae and 七wo veins   

WeTe Cu七 a七 por．七ions near 七he pericardial wall七o avoid effects   

Of t）100d pressure．  

The prepara七ion was placedin a small experimen七al chamber   

and elec七Tical ac七ivi七ies of 七he hear七 wer・e reCOrded in si七u．   

Two 七ypes of pr・eParations weTe uSed・ FoT reCOrding spon七aneous  

ac七ivi七ies of 七he auricles and ven七ricle）七he hear・七 composed of  

七wo auricles and one ven七ricle was lef七in七a．c七． To examine 七he   

in七erac七ion be七ween 七he auricle and ven七ricle）One Of the  

auricle8 WaS Cu七 off aセ セhe auriculo－Ven七TiculaT boundary（A－V  

boundaTy）and a上土he venous end七o simplify七he ob七ained resul七s，  

SO 七he hear七 consis七s of a ven七ricle and only one auricle・Wi七h  

七helat七er prepara七ionl七he al七era七ion of bea七 cycle by  

elec七ricals七imula七ion was examined・In ei七her case，  the  

Pericardialcavi七y was con七inuously perfused wi七h aerated ASW．In  

SuCh a s七a七e）S七eady and c00Tdina七ed bea七ing Thy七hms of 七he  

auricle（s）and ven七ricle were main七ained．  
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吐辿主生麺旦堅垣画  

The hear七 was is01a七ed from 七he pericardial cavit・y by   

Cu上土ing i七s aor七ic and venous ends． Af七er・TemOVing 七he   

Ventricle，七he Temained auTicles were opened bylongi七udinal   

incision七o expose 七heinner wall．The auricles were plnned on   

七he bo上土om of 七he expeTimen七al chambeT and elec七ricalconnec七ion   

be七ween 七hem were examined elec七rophysi010glCally．  

To examine 七he exis七ence of an elec七ricalpathway between   

七he auTicle and ven七ricle，One Of 七he auTicles was TemOVed from   

七heis01a七ed heaT七・ The hear七 was openedlongi七udinally and   

Placedin 七he chamber・ The A－Ⅴ valve was paT七1y removed 七o   

expose 七he A－V boundaTy・  

c）Isola七ed auTicle and ven七ricle  

To examine 七he effec七 of a bTief s七re七ch on 七he elec七r・ical   

ac七ivi七y of 七he myocardium and 七he bea七 rhy七hm of 七he hear七J七he  

is0la七ed auricle oT Ven七ricle was prepaTed by separating 七he 七wo  

PaT七s a上 土he A－V boundary・  One end of 七he prepara七ion was  

Plnned on七he bo上土om of七he chamber and七he o七her end was 七ied by  

a fine thread 七○ 七he h00k of 七he s七re七ching appaTa七us・ The  

experimen七alarrangemen七s are schema七ica11y illus七ra七edin  

Flg・12・  

4）s01u七土ons  

ASW was prepaTed as 七he physi01oglCal s01u七ion． The  
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composi七ion of七he ASW wa・S aS f01lows：  

ⅣaCl   ；461．9mM   

KCl  ； 9．4 mM  

CaC12   ； 9・O mM  

MgC12   ；3う・7mM  

MgSOん  ；17・んmM  

Trls－HCl； 6．o mM（pH；7・2－7・ん）  

The ASW was used during七he dissec七ion of七he pr・ePaTa七ion and for  

PeTfusion 七hroughouセ セhe experimen七s・  

To suppress 七he au七oma七ic ac七ivi七y of 七he prepara七ion）ACh－  

ASWwas preparedbyadding ace七ylch01ine chloride（10－んM）七○七he  

ASW（Sh土ge七○，1970）・  

All七he experimen七s weTe CarTied ou七 a七 a 七emperature of 20  

－ 2う Oc．  

5）Elec七TOPhysi010gica．lrecordings  

The ex七racellular ac七ion poten七ia．ls representing 七he bea七s  

were recorded from 七he auricle（s）and 七he ven七ricle wi七h gla8S  

βuC七ion elec七rodes（inner diame七er：100 －150 pm）． A   

Peris七al七ic pump was employed 七o main七ain nega七ive pTeSE＝ユTe   

inside 七he elec七TOdes． Under 七his condi七ion，COn七inuou8   

recording became pos8ible for overlO hours wi七hou七remaTkable   

decayin七he ampli七ude of七he po七en七ial・The ac七ion po七en七ials  
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were amplified by conven七ionalAC－amPlif’ieTS（AB－620G，Nihon  

Kohden Kohgyo）wi七h a 七ime cons七an七 of O・1r2・O sec・  

Thein七racellular recordings were performed by using micTO－   

elec七rodes filled wi七h3M KClhaving a resis七ance of20 － んO M   

Ohms．The elec七ricalslgnals were amplified by employlng a DC  

pTe－amPlifier（MEZ－7101，Nihon Kohden Kohgyo）・  

The mechanical movemen七日 of 七he hear七 preparation were  

TeCOrded．employing a mechanoelec七TO一七ransducer（TB－612T，Nihon  

Kohden Kohgyo）． A 七apeTed 七ungβ七en wiTe（0．5mm 七o ca O・01mmin  

diame七er，50 mmin leng七h）was joined 七○ 七he 七ip of the   

七ransducer for 七he aセセachmen上 土○ 七he hear七．The cuTren七 slgnals   

from 七he 七ransducer were conver七ed 七○ 七he v01七age slgnals by   

employlng a Carrier amplifieT．  

All七he slgna．ls induced were displayed on a ca七hode Tay  

oscilloscope（561B，Tek七ronix）or on a s七oTage OSCilloscope  

（DSS－5020A，KikusuiElec七TOnics CoTP．），七hen pho七ographed．A  

Pen－WTi七ing oscillograph（WR3001，Wa七anabeIns七TumentS Corp．）and  

a magne七ic 七ape da七a：reCOTder（RMG－5304．，Nihon Kohden Kohgyo）  

Were also employed for recordings・  

ヨ⊥辿rhy七hms廷辿  auricle and ven七ricle in si七u  

The ex七racellulaT PO七en七ials of七he auricle（s）and ven七ricle   

Were reCOrded simul七aneously 七oinves七iga七e 七he bea七 pa七ternS Of   

七he hear七in si七u．The TeCOrding elec七rodes wer・e Placed near 七he  

venous end（s）of 七he auricle（s）a．nd 七he aor七ic end of 七he   

Ven七ricle 七o keep 七he dis七urbance due 七○ 七he movemen七 of 七he   

hear上 土o a minimum・The curren七 applying elec七rode was placed by  
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七he r・eCOrding elec七rode 七o evoke an extra ac七ion po七en七ial・  

To record 七he mechanicalmovemen七s of 七he hear七，a Small   

Par七 of 七he ven七Ticular myocaTdia near・七he A－V boundaTy WaS  

h00ked up by七he a・七tachmen七 of 七he mechanoelec七r・○一七ransduceT・   

The con七rac七ions of 七he auricle and ven七ricle were de七ec七ed by   

七he v01七age changes indica七ed in posi七ive and nega七ive   

diTeC七ions，TeSPeCtively．  

b）Elec七ro七on土c  Spread辿玉垣  hear七  

Spread of elec七Tic cuTren七 between 七he 七wo aur・icles was   

examined・Anodalcurren七 was applied 七hrough a suc七ion elec七rode   

Placed on one of七he auricles and elec七TOtOnic poten七ials wer・e   

recorded with a microelec七TOde fTOm 七he o七her auricle．  

To examine 七he exis七ence of an elec七ricalpa七hway be七ween   

七he auricle a・nd 七he ven七ricleI七he curren七 applying elec七rodes   

Were Placed on bo七h 七he auricle and 七he ven七ricle and   

in七racellular recordings・Were ma・de at various poT七ions aTOund 七he   

A－V boundary・In bo七h casesISPOn七aneous ac七ivi七ies of 七he  

PrePara七ion were suppressed by per・fusion of ACh－ASW（SHIGETO，  

1970）．  

立  Bea七in七eTVal  chanffes 1n 七he lβ01a七ed auricle  Ven七ご土cle  主文  

七he s七re七ch  

Cha・ngeβin spon七aneous elec七rica・1ac七ivi七y caused by a  

S七Te七ch were recoTdedin七racellularly from 七heis01a七ed  

Ven七ricles・ The hear七 wallaTOund 七he por七ion where 七he  

microelec七rode wasinseT七ed was 七igh七1y fixed wi七h plnS 七o avoid  
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produc七ion of aT七ifaLC七s due 七○ 七he s七re七ch・  

Effec七s of’a s七re七ch on 七he bea七in七ervalwere examined also   

ex七r・aCellularlyin七heis01a七ed auricles and ven七Ticles・  

The applied s七re七ch was moni七ored・Wi七h a mechanoelec七ro一  

七Tan＄duceT． The arrangemen七 of 七he recording devices is   

schema七1callylllus七ra七edln万一1g・12・  

6）s七1mula七ion  

a）Elec七rlcals七1mula七10n  

Electric pulses were applied as s七imuli七○ 七he cardia  

muscle from an elec七ronic s七imula七or（MSEM3R，SENh3201，Nihon  

Kohden Kohgyo）七hrough 七he βuC七ion elec七TOde placed on 七he   

auricle or on 七he ven七ricle． The s七imulus was a rec七angula．r－  

cathodalor anodalpulse（1－10 V，0．1－1sec）．ca七hodalpulse   

WaS aPPlied七○七he pTePara七ionin si七u七o evoke an ex七Ta aC七ion   

PO七en七ialin 七he s七imula七ed paT七 and anodalpulse was applied 七o   

theis01ated prepara七ion to examine 七he spread of elec七TO七onic  

po七en七i乳1sin七he heart．An Ag－AgCIwire（0．3 mmin diame七er）   

WaS Placed near 七he s七imula七ing elec七TOde and used a＄ 七he   

indifferen七 elec七rode．  

旦1  Mechanica18七imula七ion  

A galvanome七er for a pen－Writing oscillograph（WTR751，  

Wat，anabe＝ns七rumen七s Corp・）was used．foT aPPlying s七Te七ches 七○  

七he is0lated auricle or ven七ricle． A s七ainless wiTe h00k  
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（diame七eT OflOO メ1m）was joined 七○ 七he galvanome七eT for the  

a上土achmen上 土o the hear七．The galvanome七er was con七r011ed by a  

feedback amplifieT（WA751，Wa七anabeIns七rumen七s CoTP・）七o give  

rec七angular shaped s七r・e七ches 七ha七 aTe PrOPOr七ional七○ 七he   

r・eC七angular elec七ric pulses glVen Off七hrough七he amplifieT・ The  

s七Te七ches were moni七ored wi七h a mecha．noelec七ro一七r・anSducer（TB－   

612T，Ⅳihon Kohden Kohgyo）a上土ached七○ 七he h00k．Theβe S七Te七ches  

were rangedin a dur・a七ion of 50－500msec（bTief s七re七ches）and a  

magni七ude of O．ん－1．3 mm（5－25 冤 of 七he auricular or ven七TiculaT  

leng七h）．  

7）oscilla七or七ermin010gy andi七s defini七ion  

The concep七 of bi0loglCalosci11a七or can be applied 七○ 七he  

hear七which bea七s wi七h a cons七an七 rhythm・ An oscilla七oris a   

＄yS七em which con七inuously al七ersi七β Values be七ween a maximum and．   

mlnlmum． The va．lueindica七es 七he s七a七e of 七he oscilla七oT a七 a   

glVen mOment．  

Anin七ervalof七he oscillatoT Ca・n be defined as 七heleng七h  

Of七ime from one s七a七e七○七he nex七same s七a・七e・In a cons七an七Iy  

OSCilla・七ing βyS七em（isochTOnOuS SyS七em），七hein七er・Vals mus七 all  

be of七he sameleng七h・  

A phaseis a poin七of七ime which corTeSPOnds七0 0ne＄七a七e  

Of七he oscilla七orin七hein七erval・ThereforeIin aniβOChronous  

SyS七em）七he phaβe Can be regarded as七he se七of七ime of七he same  

S七a七eBin 七he sequence of 七hein七eTVals as defined by 七he  
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equa七10n  

Px＝（七Ⅹ 一 七○）mod T  

Px：Phase of 七he s七a七ellx††   

七Ⅹ：Time showing the s七a七ellxl†   

七○：Time defined 七o be zer・O   

T：Leng七h of free－r・unin七erval  

The phase can be expr・eSSed ei七herin uni七s of 七ime orit can be   

normalized and expTeSSed as degrees of angle or－ aS a PeTCen七age   

Of七hein七erval・In七his s七udy，七he phaseis expressed a．s 七he   

Per．Cen七age of free爛runin七erval．  

If 七he oscilla七oris per七ur・bed by a s七imulus a七a phasein   

七hein七eTVal，七he nex七 cycle shif七ed 七o be advanced or delayed．   

This changeis referred七o as 七he phase shif七 andis defined t）y   

七he equa七10n  

P（Ⅹ，S）＝［七（Ⅹ，S）－七（Ⅹ，○）］mod T  

P（Ⅹ，S）：Phase shlf七of七he s七a七e‖Ⅹ－－by a B七1mulus  

七（Ⅹ，S）：Time showing七he s七a七e 一一ⅩT－ af七er 七he s七imulus  

七（Ⅹ．0）：Time showing七he ＄七a七e －tx‖ before 七he stimulus   

T  ：LengtJh of free－Tunin七er・Val  

The phase shif七is no七an enduring change of七heinterval．In  

七his s七udy，七he phase shif七was also expr・eSSed as七he percen七age  
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of fTee－run in七erval．  

A phase response curve（PRC）is a plot of the phase shift  

versus 七he phase of 七he s七imulus（s七imula七ion phase）・ The  

charac七eTis七ics of 七he PRC depend on bo七h 七he fea七ures of the  

s七imulus（e．g．in七ensi七y，dura七ion e七c．）andi七s phase rela七ive  

七○ 七he phase of 七he oscilla七oT・  

8）Mea．suremen七 of bea七in七ervals and PRC  

裏＿塑旦meaSurlng sys七em  

A micro－COmPuter SyS七em（PC－9801／F，NEC Corp．）was used foT  

au七oma七ic measuTemen七 of the bea七 in七ervalβ． The ac七ion   

POten七ialβreCOrded ex七ra・Cellularly were amplified七hrough七he AC  

amplifier and digi七a・1ized by an analogue七o digi七alconverteT  

（A／D conver七eT；ANALOG－PRO，Canopuβ Elec七ronics C0．）which has a  

res0lving power of12 bi七s（10／4．096 v）within七he range of－0・5  

七0 5．0 V．Each digi七alized slgnalwas 七akenin七○ 七he compu七er by   

a delay of17071SeC 七hen s七oredini七s main memory・  

The slgnalsin七he memory weTe uSed for de七ec七ing七he peak  

of七he ac七ion po七en七ial．The mean of七he newes七10 signalβ（new  

mean）on 七he memory were compared wi七h 七he mean oflO signals of  

170yβeC bef。re（。1d mean）・The m。men七。f七he peak was defined  

a．β 七he七ime a七which七he value of七he 01d mea．n minus 七he new mean   

became posi七ive・The七ime wa白read ou七from七hein七ernalclock  

of 七he compu七er・Which ha8 a re801ving power ofl／102ん SeC・  

The bea七in七ervalwas defined as 七he dura七ion fTOm a Peak of 七he  
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ac七ion po七en七ial七○ 七ha・七 of 七he nex七・  

A br・ief s七re七ch was applied 七○ 七he pTePar・a七ion under・COn七r01  

0f七he computer・A七Tiggering elec七Tic pulse was sen七ou七from  

the computer七○七he elec七ronic s七imula七or七o drive 七he s七retching  

apparatus・The七ime of七he s七Te七ch application was r・ead from七he  

clock as 七he 七ime when 七he triggering pulse was sen七 ou七・  

A11七he progTamS emPloyedin七he expeTimen七s were wri上土enin  

Pasca11anguage on an operating sys七em of MS－DOS Ver・2－11（see  

appendlx）・  

址  Procedur・eS for measur・emen七s  

In order七00b七ain a PRC，七hein七eTVals oflO free－run bea七s   

WeTe meaSured 七o check up 七he s七abili七y and 七0 0b七ain 七he  

con七T01in七erval（100 完）of 七he hear七 bea七．When 七he fTee－Tun  

in七ervals weTe Sufficien七Iy s七able（al七eTa七ion oflesβ 七hanl冤），   

a single bTief s七Te七ch was 七riggered t）y 七he compu七er and applied   

七○ 七he prepara七ion・ The 七ime of 七he ac七ion po七en七ialpeak was  

defined a．s phase O（i．e．phaselOO）．The phase shif七of七he bea七   

due 七○ 七he s七Te七ch was calculated as 七he peTCen七age of 七he   

COn七r01in七eTValand displayed on 七he CRT as a func七ion of 七he   

S七imula七ion phase when 七he s七re七ch was applied・ The s七imula七ion   

Phase was measured as 七he 七ime of onse七 of 七he s七re七ch and   

indica七ed by七he peTCen七age of七he con七r・01in七erval・In order・七0   

0b七ain 七he curve，七he phase shif七s were examined a七 50－200   

differen七 phases of 七he s七re七ch・  
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1）Bea七rhy七hms of七he auricle and ven七Ticle  

2）Al七era七ion of bea七in七ervals by elec七Ticals七imula七ion   

3）Mediating fac七or ofin七er．ac七ion  

a）Elec七ricalcoupling be七ween 七wo auricles  

b）Electricalis01a七ion be七ween 七he auricle and ven七ricle  

c）Mechanicalin七erac七ion be七ween 七he auricle and ven七Ticle   

4）Effec七s of a single brief s七re七ch  

a）AlteTa．七ion of elec七ricalac七ivi七y and bea七in七eTVal  

b）MembTane PO七en七ialresponses of七he myocardium  

c）pRC ob七ained by single bTief s七retches  

5）En七rainmen七 of bea七rhy七hm by repe七i七ive brief β七re七ches  

a）S七able en七Tainmen七and phase－locking  

b）Incomple七e en七r・ainmen七  

and changein 七he phase rela七ionship   

6）Bea七interva．1al七era七ionsin七he hear七in si七u  
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1）Bea七 rhy七hms of七he auricle and ven七r・icle  

Ac七ion po七en七ials of 七wo auTicles and one ven七Ticle weTe   

recorded simul七aneously．In 七hein七ac七 hear七，七he auricles and   

七he ven七ricle con七inue 七o bea七 rhy七hmically dur・ing perfusion of  

l ASW七hr・Ough七he pericardialcavi七y．Thein七ervalt）e七ween sp主ke  

poten七ials（bea七in七erval）Tanged fTOml．8sec七02．8sec，a．nd   

七he delay 七ime be七ween ac七ion po七en七ials of 七he 七wo auricles was   

fairly shor七・The delay be七ween 七he auricular and 七he ven七ricular  

ac七ion po七en七ial（A－V dela．y）widely varied（0．5 sec － 2．3 sec）  

among preparations a七 220c・An exampleis shownin Fig・2・  

When one of 七he experimen七alcondi七ions was changed（e．g．  

S七op of 七he perfusion，Or raPid changein 七empera七ure），七he  

C00rdination of ac七ivi七ies be七ween auricle a．nd ven七r・icle   

gradually disappear・ed・As 七he perfusion was s七oppedI七he bea七  

Thy七hmsJmainly 七ha七 of 七he auricle becameiTr・egular・ A七Ias七〉  

七he auTicles and七he ven七ricle began七o bea七irregularly・In  

mos七 caβeS，七hough，七he bea七s of 七he auricles were almos七   

SynChronized・When 七he peTfusion was s七arted againJ七he  

C00rdina七ion quickly TeCOVered．  

In 七he couTSe Of disappearance of 七he c00rdina七ionI七wo  

CaSeS Of changein spon七aneous bea七 pa・上土eTn Were Observed from a．  

number of prepara七ions・ Oneis 七he caβe Where 七heleng七h of  

auTiculaT bea七in七ervals became sligh七1ylonger 七han tha七 of 七he  

Ven七ricle，and 七he o七heris 七he reversed case where 七he auricular  

bea七in七eTVals became shor七er as compaTed wi七h 七he ven七Ticular  

in七eTVal・An example of七he former ca・Seis shownin Fig・3a．In  
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七he c00rdina七ed s七a七e，七he bea七in七ervals were 2．O secin 七his  

prepaTa七ionIWi七h a shor七 A－V delay of O・68 sec・ As 七he  

C00r・dina七ion disappear・S，七he mean a・uricular bea七in七er．valbecame   

2．3 sec which waslongeT aS COmPared wi七h七ha七 of 七he ven七ricle   

（2．O sec）．In 七his case，七his changeinin七ervals caused七he A－V   

delay 七o become gradually shor七erIbea七 by bea七Iun七il七he   

auricular ac七ion po七en七ial七urned ou上 土o succeed 七he ven七ricular   

One． A上 土ha七 momen七， 七he a．uricular bea七in七erval became   

remarkablylong． In an example of 七he o七her case，七he beat  

in七eTValwas 2．O sec wi七h along A－V delay ofl．ん6 secin 七he   

COOTdina・七ed s七a七e．As七he c00Tdina七ion disappeared，aS Shownin   

Fig．3b，七he mean aur．icular bea七in七ervalbecame 2．2 sec which  

WaS Shor七er 七han七ha七of七he ven七ricle（2．6sec）．In七his case，   

七he A－V delay t）eCame gTaduallylongerIbea七by bea七・Then 七he   

auTicula・r aC七ion po七en七ial七urned ouセ セo precede 七he ven七Ticular   

One． A上 土his ins七an七，七he auriculaT bea七in七ervals became   

remaTkably shor七ened as compared with 七he foTegOing beat  

in七eTVals・ These remarkable in七erval changeβ OCCuTTed  

perlodlcally（Flg．3）．  

The r・eSul七日 ob七ained from a numbeT Of prepara七ions sugges上  

土ha上 土here may be 七wo s七a七eβ Of hear七 prepara七ions under 七he  

experimen七alcondi七ionsin七his s七udy・ Oneis 七he s七a七e where 七he   

Ven七ricle possesses 七he higheTin七rinsic rhy七hm and七he hear七  

bea七s wi七h a βhoT七A－V delay（shor七er七han approxima七ely half of  

七hein七erval），and七he o七heriβ七he s七a七e where 七he auricle haβ  

七he higherin七rinsic au七oma七ici七y and七he hear七bea七s wi七h a・10ng  

A－V delay（longer七ha・n aPPrOXima七ely half of七hein七eTVal）．  
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2）Al七era七ion of bea七in七eTVals by elec七ricals七imula七ion  

Ex七Ta aC七ion poten七ials were evoked at various momentsin  

七he phase of七he aur・icular or ven七ricular cycle by applica七ion of  

ca七hoda．lcurren七，七0 0bserve 七he changein 七he ven七Ticular oT   

aur・icula．r bea七in七erval＄，reSPeC七ively・  

When an auricular ac七ion po七en七ialwas forced t0 0CCur a七 an  

advanced phase（i．e．pr0longed A－V delay）七o produce an ex七ra  

ac七ion po七en七ialJ七he corr・eSPOnding ven七ricular beatin七erval  

became shor七er（Fig．4a）．Fur七her，七he phase of 七he ex七ra ac七ion   

PO七en七ialbecame moTe advanced，七he ven七Ticularin七eTVals began   

七o pr0long．Thus，七he ven七r・icular bea七in七ervals were aff．ected by   

七he momen七 of evoked auTiculaT aC七ion po七en七ial七o pT010ng OT 七o   

ShoT七en・On七he con七rary，When a ven七ricular ac七ion po七en七ial   

WaS eVOked by a ca七hodal curren七 pulse，七he auTicular bea七  

in七erval8 Were also affec七ed 七o be al七erna七ed（Fig．4b）in a   

Similar manneT・In any ca8e，七heleng七h of the auricular bea七   

in七er・Valchangedin accoTdance wi七h七he momen七 of七he ven七r・icular   

ac七ion po七en七ialin七he auricular cycle as men七ioned above．  

FTOm the above TeSul七sIi七 canl⊃e COnClusively sugges七ed  

七ha七changes（shoT七ening or pr010nga七ion）in七heleng七h of a．n  

auricular bea七in七erval occurs when 七he ven七ricular ex七ra ac七ion   

PO七en七ialis evoked during七he former period of 七he corresponding  

auricular bea七in七ervalor 七hela上土er peTiod of七he foTegOing  

aurlcular bea七．  

The changes in auricular bea七in七ervalweTe Ploセセed veTSuS  

七he AqV delay・The curves were ob七ained 七o be biphasic i・e．  
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showingin七eTValpr010nga七ion and shor七eningin coTreSPOndence  

wi七h 七he A－V delay．In 七he example shownin Fig・5，七he maximum  

shoT七ening was O．49 sec and七he maximum pr0longation was O・29  

sec．The maximum values of in七erval change varied among  

preparationsI七houghI七he curvesin allcases are more orless  

biphasic・The ef．f．ec七of七he changeinA－Vdelayon七he auTicular  

bea七intervals wasinvestiga七edin 七he same way・ Essen七iallyI   

similar resul七s were ob七ainedI七hough 七he effec七s weTe SmalleT   

than those of the resul七s men七ioned above．  

3）Media七ing fac七or ofin七erac七ion  

a）Elec七ご土cal  be七ween 七wo auricles  COupllng  

As men七ioned above，七he 七wo auricles bea七 synchronously・The   

mechanisms 七o achieve 七his synchronici七y were examined   

elec七rophysi010glCa11y・  

The auricles are narrowly コOined near 七he venous ends． The   

bridge connec七ing 七hem waβ Ca 300Jユmin diame七eT and ca 50071min  

lengthin an example shownin Fig．6a．Some myocaTdialbundles   

WeTe found running 七hrough 七he bridge・  

Anodalcurren七 pul＄eS Were aPPlied七0 0ne Of 七he auricles   

七hrough a suc七ion elec七rode and 七he reβul七ing electlrO七onic   

PO七en七ialB Were reCOrdedin七racellulaTly from 七he myocard．ia of   

bo七h auricles．When七he pulse was applied 七○ 七helef七 auTicle  

（Fig．6a，Al），bot，h auricles showed elec七ro七onic po七en七ial，  

七hough七he po七en七ialrecorded from七he righ七 auTicle was smaller  
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（Fig．6b，1ef七records）・Similarly，When七he pulse was applied七○  

七he righ七auricle（Fig・6a，A2），PO七entialwas again recorded  

from bo七h par七s（Fig．6b，righ七 records）．Thus，bidirec七ional   

elec七ricalcoupling was found be七ween 七he 七wo auricles・  

The dis七ance from 七he curren七 applying elec七rode 七○ 七he   

TeCOrding elec七TOde was progressively increased 七o examine 七he  

degr・ee Of po七en七ialdecay七hrough 七he connec七ing bundle（Fig．7）．   

The elec七ro七onic po七en七ialdecr・ea．Sed exponen七ially wi七hin 七he  

auriclein which 七he curren七 was applied（Fig．r7，Al）and wi七hin  

七he o七her auTicle（Fig．7，A2），Wi七h a βPaCe COnβt，an七 of O．7－  

0・9 mm・FuT七hermoTe，七he po七en七ialdecay wi七hin 七he 七wo auricles   

WaS found七o fi七in七o each o七her七o for・m aβinglelinear func七ion  

Of dis七ance（pく0・02），七hus 七he space cons七an七 wi七hin 七he  

COnneC七ing bridge was considered 七o be 七he same as tha七 of wi七hin   

七he aurlcles．  

b）Elec七ricalis01a七ion be七ween七he auricle and ven七ricl  

The possibili七y of an elec七Tical pa七hway be七ween 七he  

auricle（s）and 七he ven七ricle wasinves七iga七ed．TheノTei8a pair  

Of A－Ⅴ valves a七 each junc七ion of 七he ven七Ticle wi七h 七he 七wo   

auricles・FTOm mOrPh010glCalobserva七ionsImyOCaTdialbundleβin  

七he ven七ricle seemed七o be con七inued wi七h七hosein七he A－ⅤvalveI  

WheTeaS，bundlesin七he auricle8 Were Seen七o be 七ermina七ed aセ  

セhe por七ion of七he A一V boundaTy・No bundle running七hrough七he  

boundary was de七ec七edin his七0loglCalsec七ions．  

Elec七ricalconnec七ions among七he myocardiain七hese paT七s  

Were eXamined elec七rophysi010glCally・Anodalcurren七pulses were  
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applied 七○ 七he auTicle and 七he ventricle 七hrough suction  

elec七rodes and the r・eβul七ing electro七onic po七en七ials were   

recordedin七racellularly from myocardiain vaTious por．七ions  

around七he A－V boundary（Fig．8a）．when七he pulse was applied 七0  

七he auricle，七he ele七ro七onic po七en七ia．lwas r・eCOrded only fTOm七he  

auricle and no七from七he ven七ricle nor七he A－Ⅴ valves（Fig．8b  

lef七records）． On七he con七rary，When七he pulse was applied七0   

七he ven七ricle，an elec七ro七onic po七en七ialwas recorded from七he  

ventricle and 七he A－Ⅴ valves bu七 no七 from the auricle（Fig．8b，  

Tigh七records），indica七ing七hat myoca．Tdiain七he ven七ricle andin   

七he A－Ⅴ valves were elec七rica11y coupled・  

Elec七ricalis01a七ion be七ween 七he auricles and 七he ven七ricle   

Wa・S fur七herinves七igated． When tlhe dis七ance from 七he curren七   

applying electrode 七○ 七he TeCOTding elec七rode was progressively   

incTeaSed，the ampli七ude of 七he elec七ro七onic po七entia．l8 decTeaSed  

exponen七ially wi七hin 七he auricle（Fig．9a）a．nd wi七hin 七he  

Ven七ricle（Fig．9b）．No electrotonic po七en七ial，however，WaS   

TeCOrded over 七he A－V boundary from 七he auTicle 七○ 七he ven七ricle   

and vice versain spi七e of七he many TeCOrdings along七he boundaTy  

（Fig．9）．Mor・eOVeT，an aC七ion po七en七ialinducedin the auricle  

Or Ven七ricle did no七 cause any po七en七ialchangein七he o七heT・  

旦1  Mechanicalin七erac七ion be七ween 七he auricle and ven七Ticle  

When七he A－V boundary of七he regularly bea七ing hear七 was  

七ied by a fine 七hread and fixed wi七h fine forceps 七o  

in七eTfere wi七h 七he mu七ual s七re七chingI七he auricle and 七he   

Ven七ricle began七o bea七wi七hindividualrhy七hms・In七he case  
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shownin Fig・10aI七he mean bea七in七ervalwas 2・11secin 七he  

auricle and 2．81secin 七he ven七ricle，bu上 土he rhy七hm can be   

fas七er in 七he auTicle or・in 七he ven七ricle depending on 七he  

prepar・a七ion・As七he f．0TCePS WeTe releasedl七he auricle and七he  

ven七ricle s七retched each o七her again and七he c00rdina七ed bea七s  

were recovered（Fig．10a）． These TeSults sugges七ed 七ha上 土he  

c00Tdina七ion of individual rhy七hms be七ween 七he auricle and   

Ven七ricleis media七ed by mu七ua・1s七re七ching・  

This was fuT七her confirmedin 七he f0110Wing expeTimen七β・   

The boundaTy be七ween七he auricle and ven七ricle which bea七in a   

C00r・dina七ed rhy七hm was 七ied a七 tlWO POr七ions and cutin 七he  

middle．After recovery f’rom七he effec七of’cu上土ing（i・e・30－60 min  

af七er 七he βePaTa七ion），七he auTicle and 七he ven七ricle began 七o   

bea七inindividualrhy七hms． When 七he auricle and ven七ricle weTe   

COnneC七ed again by七ying 七he 七hreadslef七 a上 土he 七wo por七ions，   

七hey mu七ua11y s七re七ched a・nd bea七in a c00rdina七ed rhy七hm  

（Flg．10b）．  

From 七he above resul七s，七he coordina七ion of 七he bea七 r・hy七hms   

be七ween 七he auricle and ven七ricle was considered 七o be media七ed   

by mu七uals七re七ching and no七 by elec七ricalin七erac七ion．  
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ん）Effec七s of a single brief s七Te七ch  

The mechanicalmovemen七s of bo七h 七he aur・icle（s）and   

ven七riclein 七he c00rdina七ed s七a七e were recoTded ＄imul七aneously・   

Con七rac七ionin 七he auricleimplies s七re七chingin 七he ven七ricle  

and ヱ主旦旦ヱ旦工旦旦・The．ac七ion po七en七ials of 七he auricle and  

ven七r・icle appeared al七erna七elyI七hus al七erna七e con七rac七ions were  

developed・As βhownin Fig・11IeaCh con七TaC七ion was seen wi七h a  

cer七ain 七imelag fTOm 七he coTreSPOnding ac七ion po七en七ial・ The   

七ime from 七he peak of 七he ac七ion po七en七ial to 七ha七 of each  

con七rac七ion waLS meaSured 七o t）e ん00－600 msecin the auricle and   

500－700 msecin七he ventricle． As men七ioned above，these bTief   

las七ing s七r・e七ches due 七o the con七rac七ions were consideTed 七o be   

七he media七ing fac七or・七o achieve 七he c00rdina七ed．bea七β Of 七he   

hear七．In ordeT 七o elucida七e 七he func七ion of 七he s七Te七ch，七he   

effec七s of an ar・七ificial brief s七re七ch on 七he bea七in七eTVal and   

On 七he membrane po七en七ialwere examined．  

a）Al七eTa七ion of elec七Ticalactivi七y and bea七in七erval  

Anisola七ed auricle or ven七r．icle usua11y con七inues 七o bea七   

Wi七h a regular rhy七hm・ The effec七 of a bTief s七re七ch on 七he   

SPOn七aneous elec七rical ac七ivi七y of 七he myocaTdium was examined   

in七racellularlyin 七heis01a・七ed ven七ricles・ The myocardium   

exhibi七ed periodic firing of 七he ac七ion po七en七ialpTeCeded by  

Slow dep01arizing po七en七ial（pacemakeT PO七en七ial）． As shownin  

Fig・13，a brief s七re七ch a・PPlied七○七he myocardium al七ered 七he   

Periodic changes of七he membrane po七en七ialand exer七ed a nega七ive  
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or a posi七ive chrono七ropIC eff’ec七 on 七he bea七in七ervaldepending   

on七he phase of 七he applica七ionin 七he bea七 cycle・  

A s七re七ch of 500 msec in duTa七ion applied a七 a momen七   

during 七he falling phase of 七he ac七ion po七en七ial caused  

Pr0longa七ion of 七he bea七in七erval compared 七○ 七he pTeCeding  

con七r01in七erval（Fig．13－1and13－2）． As 七he applied s七re七ch  

WaS PrOgr・eSSivelyin ala七er phaseI七he degree of．pr0longa・tion   

gradua11yincTeaSed un七ila cer七ain poin七 and 七hen decreased・   

The maximum pr0longa七ion wa．sinduced by 七he s七r・e七ch applied a上  

土he pla七eau of 七he ac七ion po七en七ial（Fig．13－1）．  

Al七eTa七ions of 七he membra．ne po七en七ial by 七he s七Te七chis   

Shownin Fig・1んa・ The ac七ion po七en七ialincreasedin duTa七ion by   

elonga七ion of 七he pla七eau and was f01lowed by decreasesin七he   

maximum hyperp01ar．iza七ion and in 七he Ta七e of rise of一 七he  

PaCemaker po七en七ial七○ 七he nex七 ac七ion po七en七ial．（Fig．14a）．  

Mor・e OTless of 七hese fea七ures of 七he po七en七ial changes were   

Obser・Ved wi七h a s七re七ch applied a七 any momen七 duTing 七he fa11ing   

Phase as descTibed above and caused pr010nga七ion of 七he bea七   

1n七erval．  

In con七ras七）S七Te七ch applied around七he phase be七ween七he   

maximum hyperp0laLTiza七ion and 七he peak of．七he nex七 ac七ion  

PO七en七ialincreased 七he ra七e of rise of 七he pacemaker po七en七ial  

（Fig・1んb）and caused sh。r七ening。f七he bea七in七erval（Fig．13－ん  

and13－5）・ The 七uTning poin七 fTOmin七er・Valpr0longa七ion 七o  

Shor七ening was］found a・七 a poin七JuS七 before 七he maximum  

hypeTP01ariza七ion（Fig・13－3）・ As 七he applied s七re七ch was  

PrOgreSSivelyin ala七er phase of 七he peTiodic ac七ivi七yI七he  
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degTee Ofin七er・ValshoT七ening was gTadua11yincTeaSed and af．七er a   

Certain poin七Ii七 was decr・eaSed・ The maximum shor七ening was   

induced by 七he s七re七ch a・PPlied a上 土he beglnning of 七he pacemaker  

po七en七ial（Figs．13－4 and14．b）．  

Thus，a brief s七r．e七ch alter・ed 七he bea七in七eTValin whichi七   

WaS aPPlied・The f0110Wingin七ervalwas usua11y no七 affec七ed when   

七he magni七ude of 七he applied s七re七ch was wi七hin ca 25 冤 of 七he   

Pr・ePara七ion leng七h・HoweverI When 七he s七r・e七ch was applied   

Sufficien七1y close 七○ 七he nex七 ac七ion po七en七ial，a de七ectable   

Pr0longa七ion was always seenin 七he f01lowing bea七in七erval by  

Sligh七 elonga七ion of 七he ac七ion po七en七ialduTa七ion（Fig．13－5）．  

b）Membrane  PO七entialTeSpOnSeS Of 七he myocardium  

The brief ＄七r．e七ch applied 七○ 七he ven七Ticlein which 七he  

au七oma七ic ac七ivi七y was suppressed by applica七ion oflO－4M ACh  

CauSed a smalldep01aTiza七ionin七he membrane po七en七ialof七he  

Ven七ricular myocardium（Fig．15）． when 七he s七re七ches weTe  

applied repe七i七ively，七he dep01a・rizing po七en七ials were summa七ed．，  

七hen an ac七ion po七en七ialwas evoked（Fig．15a）．The amoun七 of  

七he dep01arizing po七en七ialwa・S de七ec七ed 七o be wi七hin a Tange Of  

O・4－5・O mV with a slow decay ofl－10 sec by 七he s七re七ch of O．ムー  

1・O mmin magni七udes（Fig・16）・ Moreover，in some pTePara七ions，  

七here were cases where 七he dep01ar・iza七ionlas七 and／or developed  

even af七er 七he s七re七ch was removed（Fig．16b）．  

FTOm 七he resul七sI七he s七re七ch was sugges七ed 七o posses  

dep0larizing effec七s on 七he membrane po七en七ial七o cause   

al七eTa七ion of七he spon七aneous elec七ricalac七ivi七y・  
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c）PRC  虹旦蔓亜旦  brief s七retches  ob七alned  

A PRCis a plo七 of 七he phase shift veTSuS 七he s七imulation  

phase・To analyze the rhy七hmic charac七eristics of七he auricle  

and ventricLe，七he brief s七r・e七ches as s七imuliwere appliedin a   

random or・deTin 七he bea七 cycle 七0 0b七ain a PRC・ Examples of 七he   

PRC aTe Shownin Figslr7 and18・The con七r01bea七in七eTVals were  

ranged wi七hin2．45－4．82 secin七he auricle   （8pTePara七ionβ）  

and2．01－4．60 secin七he ven七ricle（12 preparations）．The curves   

are ob七ained 七o be biphasic，Showing pha．se delay and phase   

advance・In all prepaTa七ion＄，the s七re七ch appliedin 七he foTmer・  

phase of 七he cycle（ca o－ん0 冤）induced phase delay and 七he  

S七re七chin thela上土eT Phase（ca 40－90 冤）caused phase advance．   

The s七re七ch applied a七 90－100 冤induced ali上土1e phase delayin   

ma・ny PrePara七ions・  Thus，七he s七re七ch can pTOduce phase advance   

OT Phase delay as a func七ion of一 七he phase of 七he bea七 cyclein   

Whichi七was applied．The PRCs of七he aur・icle and七he ven七Ticle   

Showed no Temarkable difference which sugges七s 七ha上 土hey bo七h  

have similaT rhy七hmic charac七eris七ics（Fig．1r7）．   when 七he  

magni七ude of 七he s七re七ch wasincrea・Sed）七he amoun七 of－ phase shift  

becamelaTger（Fig・18）・The maximum values of七he phase delay  

and of七he phase advance were ca＋20 冤and ca －30 冤，reβPeC七ively  

under 七he experimen七alcondi七ions・ Wi七hincTeaSing dura七ion of  

七he s七Te七ch，七he PRCs 七ended七o shif上 土○ 七helef七（advanced side）   

土n many cases．  
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5）En七Tainmen七 of bea七 rhy七hm by repe七i七ive bTief s七Te七cheB  

When TePe七i七ive br・ief．s七Te七ches weTe aPPlied 七oisola七ed  

auricle oT Ven七ricleJ七he spon七aneous Thy七hm changed andi七s  

frequency became eq．ualto 七ha七 of 七he s七re七ches（s七able  

en七rainmen七）a＄10ng aS the fTequenCy Of 七he s七Te七ches were noセ  

セ00differen七from七ha七of七he free－run bea七（Fig．19－2，3）．By   

increasing 七he magni七ude of 七he s七re七ches）七he s七able en七rainmen七   

COuld beinduced even when the frequency of 七he s七re七ches was   

diffeTen七by more 七han 20 完 from七ha七 of 七he fTee－Tun bea七． On   

七he o七her hand，When 七he frequency of 七he TePe七i七ive 8七TetCh was   

Sufficien七Iy differen七 from 七ha七 of 七he free－run，七he beat／   

frequency could no七 be s七a．bly en七Tained and al七ered periodically  

（incomple七e en七rainmen七，Fig．19－1，4）．  

In bo七h cases，七he en七Tained bea七 fTequenCy re七urned quickly   

七○七ha七of七he fTee－run When七he applica七ion of七he s七re七ches was  

七ermlna七ed（Flg．20）．  

望⊥建立主旦旦坤工亘互生垂  ha∈；e－10Ckln  

In 七he s七a七e where 七he s七able en七rainmen七 occurred，七he   

ac七ion po七en七iala・nd七he briefヨセre七ch werein a conβ七an七phase  

rela七ion8hip（phase－locking）・Four examples of phase－10Cking  

Wi七h differen七 phase Tela七ionships are shownin Fig．20．In 七he   

CaSe Where 七he frequency of 七he s七Te七ch wasloweT 七han 七hat of   

七he fr・ee－run bea七，eaCh β七Te七ch posi七ioned jus七 af七eT 七he ac七ion  

PO七en七ial（Fig．20－2）・As 七he frequency of 七he s七re七ch was  

decrea8edI七helocked phase of 七he s七re七ch was a七a more delayed  
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posi七ion wi七hin七he period of ca O－30 冤 of七he free－Tunin七eTVal  

（Fig．20－1）・In七he opposi七e case where 七he frequency of 七he  

s七retch was higherI七he s七re七ch posi七ioned bef’ore 七he a・C七ion  

po七en七ialwi七hin 七he per・iod of ca 50－90 冤（Fig・20－3，ん）・  

Fur七heTmOreIWhen 七he fr・equenCy Of 七he stre七ch was close but   

sligh七Iylonger 七han the free－run frequencyI七he cons七an七 phase  

of 七he s七re七ch was neaT 七he ac七ion po七en七ial（ca 90－100 冤）． The   

S七re七ches，however，Were nO七10Cked around 七he middle of 七he   

in七erval（ca 30－う○ 冤）．  

In 七he couTSe Of ge上土ing 七○ 七he s七able en七rainmen七〉   

differen七 pa上土erns of 七he bea七 rhy七hm a・1七era七ions were observed   

depending on 七he phase a七 which 七he firs七 s七re七ch was applied・   

Fig・21日hows 七he examples of the differen七 paセセerns in 七wo   

en七raining frequencies・ Of 七hese en七raining fr・equenCies，One Of   

七hem adjusts 七he bea七 frequency 七○ 七ha七 of 七he applied repe七i七ive  

s七re七ches by slowing down（Fig．21a－1，2）and 七he o七her，by  

SPeeding up（Fig．21bql，2）．In七he couTSe Of slowing down，七he  

bea七in七ervalbecame pr・010nged when七he firs七 s七re七ch was applied  

a七 an early period・Of 七he bea七in七eTVal（Fig．21a－1），七hen  

quickly en七rained wi七h only li上土Ie changes in 七he phase   

Tela七ionship・ A diffeTen七 pa上土ern was seen when 七he firs七   

S七re七ch wa8 a七 ala七e period．The bea七in七eTVals were a七fir8t   

Shor七ened・and七hen gradually pr010nged bea七 by bea七 wi七h grad・ual  

Shif七 of．七he phase r．ela七ionβhip un七ils七able en七rainmen七 was   

achieved・ ConverselyJin 七he course of speeding up）Similar・  

TeSul七s bu七 TeVerSed pa上土erns were ob七ained（Fig．21b－1，2）．  
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When 七he frequency of applied repe七i七ive s七retJCh was much   

lower oT higher 七ha・n七ha七 of七he free－run）S七able en七rainmen七 was  

no七 es七ablished（incomple七e en七rainmen七，Fig．22）．  

In 七he case where the frequency of 七he s七r－e七ch was   

sufficien七1ylowI七he phase of 七he s七re七ch gra・dually shif七ed・  

七owar・d 七he delayed posi七ionin七he bea七in七erval（Fig．22－1）．   

When 七he s七r・e七ch was a七 a posi七ionin 七he ear・1y period of 七he  

interval（Fig．17），the bea七in七eTValbecamelonger（hence，  

became close 七○ 七ha七 of 七he s七Te七ch），and 七hen，七he phase   

rela七ionship appeared fairly s七able 七emporarily． However，t，his   

faiTly s七able s七a七e did no七 con七inue for a long 七ime． A七 an   

ins七an七，七he phase rela七ionship quickly changed・ A上 土hiβ mOmen七，   

七he bea七in七ervalbecame remarkably 8hoT七 compaTed 七○ 七ha七 of 七he   

free－Tun・ Then the phase of 七he s七re七ch gradually re七urnedin七o   

a positionin七he early peTiod of 七hein七er・Val・ AccoTding 七o  

above changesin 七he phase Telationship，七he bea七in七ervals were   

PT010nga・七ed and shor七ened 七oinduce peTiodic al七era七ions of 七he  

rhy七hm（Fig．23a．－2）．  when the frequency of 七he TePe七i七ive  

S七re七ches was fuT七heTlowered，七he periodicalin七erva．1al七eration  

became more frequen七（Fig．23a－1）．  

On七he o七heT ha・ndJin七he case wheTe the frequency of 七he  

S七re七ches was sufficien七1y high）七he phase of 七he s七re七ch became  

gradually shif．七ed・七oward 七he advanced posi七ion（Fig．22－2）．  

Similarly，七hein七ervalal七era七ion wasinduced（Fig．23b－1，2）．  
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6）Beat．in七ervalaltera七ionsin七he hear七 j迫旦主玉堂  

The auricle a．nd 七he ven七ricle in 七he hear七in si七u bea七  

al七eTna七ely wi七h a regular rhy七hm（c00Tdina七ed bea七）in七he s七a七e  

where 七he ASW was con七inuously perfusedin七o the pericardial   

cavi七y・ When 七he perfuβion was s七oppedI the c00Tdina七ion  

gradua11y disappear・ed・In 七he course of 七he c00rdination   

disappearing，七wo 七ypes of peTiodicalThy七hm al七er－a七ions weTe  

noticed（Fig．24）． Fig．24a shows a pa上土ern where 七he  

Ven七ricular bea七in七erval＄hor七ened，and 七he auTicularin七eTVal   

PT010nged・ A faiTly s七able s七a七e of 七he bea七in七ervals was   

七emporarily achieved when七he auTicular and ven七TiculaTin七ervals   

became close 七o each o七her－．In 七his s七a七e，七he phase rela七ionship   

be七ween七he auricular and ven七riculaT bea七s al七ered gradually   

Wi七h gr・adualshor七ening of the ven七ricular bea七in七ervaland   

Pr010nga七ion of 七he auricularin七erval・ F0110Wing七he s七able   

S七a七e， 七he auriculaT bea七 in七ervals largely pr010nged   

associa七ed with fairly sma11in七erval shor七enings of 七he   

Ven七ricle・Dur・ing 七his 七ime）七he phase Tela七ionship be七ween 七he   

ac七ion po七en七ials of 七he auricle and ven七ricle al七ered rapidly・  

These 七wo s七a・七e8 aPPeared periodically and resembled 七he  

Phenomena of rhy七hm al七era七ion shownin Fig．23． Fig．24b shows  

七he case where 七he aur・icular・bea七in七eTVal shor七ened and 七he   

Ven七Ticularin七ervalpr010nged・ The reverse pa上土eTn Of Thy七hm  

al七eTa七ionsin 七he auricle and ven七ricle occurredin 七he similar   

manneT．  
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1）Bea七 rhythmsin 七hein七ac七 hear七   

2）In七erac七ion of ac七ivi七iesin 七he hear七  

a）Elec七ricalin七eTaC七ion be七ween 七wo auricles  

b）Elec七ricalis01a七ion be七ween 七he auTicle and ven七ricle  

c）Mechanicalin七erac七ion be七ween 七he auricle and ven七ricle   

3）Effec七s of a single brief s七re七ch  

a）Changein bea七in七erva．1  

b）changein elec七ricalac七ivi七y  

and responsesin membrane po七en七ial  

C）pRC ob七ained by single br・ief’s七re七ches  

4．）En七Tainmen七by repe七i七ive brief s七re七ches  

a）s七a．ble en七Tainmen七 and PRC  

b）工ncomple七e en七rainmen七and PRC  

5）Mechanisms of c00rdina七ion be七ween  

七he auricle and ven七ricle  

a）Achievemen七of七he same bea七frequencies  

b）Developmen七of cons七an七A－V delay  
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1）Bea七 rhy七hmsin 七hein七ac七 hear七  

In 七he in七ac七 heaTt，七he auricles and ven七Ticle beat  

regularly and a．1七eTna七ely（Fig・2）・When a curren七 pulse which  

could evoke an ac七ion po七en七ialwas applied 七○ 七he auricle，七he  

al七era七ion of 七he bea七in七ervals appeared no七 onlyin七he auricle  

bu七alsoin七he ven七ricle（Fig．4a）．similarly，When 七he curren七  

was applied七o the ven七ricleIal七era七ion of七he bea七in七eTVals  

appeaTed alsoin 七he auricle（Fig．んb）．In bo七h cases，七he  

al七era七ion of bea七 rhy七hms gradually re七urned 七o be c00rdina七ed   

Wi七hin seveTalbea七s．These TeSul七s sugges上 土ha上 土here may be   

SOme SOr七 of mu七ualin七eTaC七ion 七o cooTdina七e 七he beat rhythms of’   

七he auricle and ven七Ticle．  

The auricle and 七he ven七Ticle，eaChin七rinsica11y possesses   

an au七oma七ic ac七ivi七y and has 七he abili七y 七o bea七independen七1y  

（TAKATSUKI，1949）．The ra七e of 七hein七r・insic rhy七hm of 七he   

Ven七ricleis always higher 七han 七ha七 of 七he auTicleinI）0labella  

（MATSUI，19ん5）．The pre8en七 resul七s of七he oys七er hear七，however，  

SuggeS上 土ha七 such a findingis not always applicable． UndeT   

experimen七a・1condi七ions，七hein七Tinsic rhy七hmis fas七er・in七he   

Ven七ricle or auricle depending on 七he pTePara七ions・In 七he   

C00rdinated s七a七eI七he ca8ein which 七hein七Tinsic rhy七hmis  

fas七erin the ven七ricle has a七endency七○七ake a shoT七A－V delayI  

and七he casein which七he Thy七hm of七he auTicle has a fas七er ra七e  

is ap上土○七ake along A－V delay（Fig．3；UESAKA e七 al．，1987a）．  

Wi七h七his resul上土oge七her wi七h七he cuTVeS Shownin Fig．5，  

i七 can be supposed 七ha七Iin 七he case where 七he prepaTa七ion has a  
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shor七A－V delayJthe ven七ricular ac七ion po七en七ialpTOduced during   

the former period of 七he auricula・r bea七in七erval is in 七he   

POSi七ion 七o shor七en the auTicularin七erval七hus acceleTa七ing 七he  

auricular beat，While 七he auricular ac七ion po七en七iali＄in 七he   

POSi七ion which pr010ngS 七he ventTiculaTin七erval七husinhibi七ing  

the ven七ricular bea七 opposi七ely・ On 七he o七heT hand，in 七he case   

Wi七h along A－V delayJ七he similar phenomena can be ob七ained bu上  

土he posi七ion of七he auricle and七he ven七ricle reveTSed（UESAKA e七  

al．，1987a）．  

2）In七erac七ion of ac七ivi七iesin 七he hear七  

a）Elec七Ticalin七erac七ion be七ween 七wo auricles  

The myocaTdia of 七he 七wo auTicles，コOined 七oge七her near 七he  

VenOuS end were elec七rically coupled（Figs 6 and 7）． The  

C00Tdina七ion of bea七 rhy七hms media七ed by electr・icalinterac七ion   

has been repor七edin 七he connec七ed half－Ven七ricles of 七he oys七eT  

（EBARA，1964a，b；196r7；1969）．In 七he repoT七s，When 七he  

COnneC七ing bridge of myocardia wa．s 七hin（con七aining several  

myocaTdia）， 七he halves of 七he ven七ricle showed mu七ual   

PeT七urbationin 七he bea七 rhy七hms by a spread of elec七ro七oni  

PO七en七ial・When七he bridge was faiTly七hickJhoweverI七he bea七  

Thy七hms of bo七h halves became synchronized・  

The synchTOnized bea七 of 七he 七wo auricles was considered 七o   

be achieved by 七he similar mechanisms asin 七he connec七ed half－   

Ven七ricles・The diame七er of七he connec七ing bridge be七ween七h  
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auricles was measured to be ca 300）ユm，Whichi＄ Sufficiently  

七hick compaTed wi七h 七ha七 of 七he ven七ricle pTePared by Ebara・   

Fur七hermore，七he space cons七an七 wi七hin 七he br．idge was O・7－0・9 mm   

which was 七he same wi七hin 七he auricle． These are considered 七o   

be sufficien上 土o spTead 七he ac七ivi七y foT SynChroniza七ion be七ween   

七he 七wo auricles considering 七heleng七h of 七he connec七ing bridge   

Of caう00）ユm・  

吐辿旦主辿主生玉  on be七ween 七he auricle and ventT  

The synchTOniza七ion of bea七ing rhy七hms media七ed by   

elec七rical in七erac七ion was found be七ween 七he 七wo a．uricles．   

However，i七is unlikely 七ha上 土he c00rdina七ion of rhy七hms be七ween   

七he auricle and ven七Ticleis media七ed 七hrough an elec七rical  

COnneC七ion（Figs 8 and 9）．  The space cons七an七 of 七he   

Ven七Ticular myocardia of 七he oys七eris TePOTted 七o bel．1mm  

（IRISAWA e七 al．，1973a）．In七his s七udy，i七 was O．7－0．9 mm and  

l・1－1・2 mmin 七he aur・icle andin 七he ven七ricle TeSPeC七ively〉   

Wi七hin七ense elec七rical coupling wi七hin each par七・ However，nO   

evidence of elec七rical connec七ions was ob七ained，be七ween 七he   

auricle and 七he ven七ricle morph010glCally noT  
elec七TOPhysiologlCally． On 七he o七her hand，Kuwasawa（19r79）has   

Shownin Dolabe11a 七ha上 土he A－Ⅴ valve ha．s charac七eris七ics of   

dominan七pacemaker of七he ven七Ticle・Myocardia wi七hin七he A－Ⅴ  

Valves of七he oys七er hear七were elec七rica11y coupled七○ 七hose of  

七he ven七ricle，but no上 土○ 七he auTicle（Fig．8）． Thus，七he  

auricle and 七he ven七ricle of 七he oys七er heaT七 ar・e elec七Tically  

is01a七ed and nei七her possibili七y of a conduc七ion pa七hway nor of  
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an elec七rical connec七ion be七ween them has been found．  

n七r土cl  Mecha．nicalin七erac七ion be七ween 七he  aurlcle and ve  

abella（MATSU■Ⅰ，  （WIllEMS，  1932）and D01  In 七he hear七 of Helix  

1945），七he auTicle and ven七ricle were sugges七ed tointerac七   

mechanica11y・In oys七er・J七he c00rdina七ion of bea七 rhy七hms be七ween   

七he auricle and ven七ricle was wi七h－held when 七he mu七ual s七r・e七ches   

arein七erfer・ed（Fig．10a），Whereasi七 could be TeS七ored by  

COnneC七ing 七he auricle and 七he ven七ricle by 七ying a fine 七hread  

（Fig．10b）． Theseindica七e 七haセ セhe c00rdina七ionis main七ained，   

a七 1eas七 when 七he mechanical in七erac七ion is presen七・   

Conclusively，i七 can be s七a七edin 七he oys七er hear上 土hat 七he   

in七erac七ion 七o c00Tdina七e 七he individualin七rinsic bea七ing   

rhy七hms of 七he auricle and ven七ricle mus七 be media七ed by’七he   

mu七ual s七r・e七ches wi七hou七 any direc七in七erac七ion in 七heir   

elec七r・ical ac七ivi七ies．  

3）Effec七s of a single brief s七Te七ch  

立地主旦辿蓮垣ヱ旦主  

The m01luscan heaT七 responds 七o con七inuous s七re七ch by  

incTeaSing七he bea七frequency（KRIJGSMAN andI）IVARIS，1955；HILL  

and WELSH，1966；JONES，1983）・In迦主立蝮主主旦，七he bea七 f．requency  

Of 七he hear七incTeaSeS While 七he muscle fibers of 七he ven七ricle  

are con七inuously s七Te七ched（MATSUI，1961；MATSUIe七al．，1961；  

NOMURA，1963）．In oys七er・hear七 as well，COn七inuous s七re七ch  
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incTeaSeS 七he bea七frequency（TAKATSUKI，194・9；UESAKA e七al・，  

1987b）．Thus，七he effec七of c。n七inu。uS S七re七chis s七a七ed to  

cause a posi七ive chTOnO七ropIC effec七which could con七r・01七he  

cardiac ou七pu七・  

In con七ras上 土o the continuous s七re七chesIa brief s七Te七ch  

applied七○ 七heisola七ed auricle oT Ven七ricle of 七he oys七er  

TeSul七edin more complex changesin七he bea七in七erval（Fig・13）・  

when七he s七re七ch was applied dhring七he former peri。d（0－ん0冤）in  

anin七erva・lIa PT0longa七ion of 七hein七ervaloccurred・Bu七when  

七he s七re七ch wasin 七hela上土eT Period（ん0－90 冤），七hein七er・Valwas  

shor七ened．ThusI七he effec七was 七o cause not only a posi七ive bu七  

also a nega七ive chr・OnO七ropIC effec七 depending on 七he phase where  

七he s七re七ch was applied・FuT七hermoreI七he change was usually  

ob七ainedin 七heintervalin which 七he brief s七re七ch was applied，   

although ali七tle change appearedin七he f0110Wingin七ervalwhen   

七he s七re七ch was applied close 七○ 七he nex七 ac七ion po七en七ial・  

FTOm these consideTa七ion＄，七he effec七 of brief s七re七ch   

SeemS 七oimply 七he mechanisms which con七r01七he auricular and   

Ven七rleular bea七β 七o be c00rd土na七ed．  

吐辿迫旦主望  

po七en七1al  

elec七rlca  主 建立ヱ主立ヱ 旦旦旦 responseβin membrane  

Change of elec七Ticalac七ivi七y by con七inuous s七re七ch has been   

recorded intra．cellularly in single muscle bundles of 七he  

（ⅣOMURA，1963）and ex七racellularlyln s七ripβ  D01abella ven七ricle  

Of辿Ven七ricle（ALMQVIST，1973）．They found七ha上土he β七re七ch  

increased 七he ra七e of rise of 七he pacemaker po七en七ial and  
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resul七edinincreasein bea七frequency．And Nomura（1963）also  

found七ha上 土he pla七eau of ac七ion po七en七ialincreasedin dura・七ion   

by s七re七chlng・  

In this s七udyJa bTief s七re七ch applied 七○ 七he oys七er  

ven七ricle caused differen七 changes on 七he membrane po七en七ial of   

七he myocardium depending on 七he phase of．i七s applica七ion and  

caused pr010nga七ion or shor七ening of 七he bea七in七erval  

（Figs．13 and14）． When 七he s七re七ch was applied dur・ing 七he  

falling phase of 七he ac七ion po七en七ia・1I七he pla七eau of ac七ion  

PO七en七ialwas elonga七ed・ Though 七he maximum membrane po七en七ial   

WaS decreased，i七 was f01lowed by a decreasein 七he ra七e of rise   

Of 七he pacemaker po七en七ial七○ 七he nex七 ac七ion po七en七ial and  

resul七edinin七ervalprolonga七ion（Flg．14a）． con七TaTily，a   

S七re七ch applied during 七he pacemaker po七en七ialincreased 七he Ta七e   

Of rise of 七he pacemaker po七en七ialand TeSul七edin shortening of  

七he bea七in七erval（Fig．14b）．  

These po七en七ial al七era七ions and 七he resul七ing in七erval   

Changes by 七he brief s七re七ch were very similar 七○ 七he ef－fec七s of  

a brief elec七ricals七imula七ion（EBARA，1967：EBARA and SATO，  

1971），aS We11as七○七he effec七s of8mallpo七en七ialpr・OPaga七ed  

elec七ro七onically（EBARA，196んb，1966，1969）．These ＄uggeS上 土ha上  

土he brief s七re七ch mayinduce dep01aTizi－ng effec七s on 七he   

membrane po七en七ial of 七he myocardium．In fac七，a Small   

depolarizing po七en七ialwi七h slow decay was ob七ained by 七he bTief  

S七re七chin the is01a七ed ven七riclein whichi七s spon七aneous  

ac七ivi七y was suppressed by applica七ion oflO－4 M ACh  

（Fig・15and16）・The sl。W decay of七he po七en七ialis七hough七to  
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be the cause of pT0longa七ion of 七he nex七in七ervalwhen 七he  

s七re七ch wa．s applied sufficien七1y close（90－100 冤）七o the nex七  

ac七ion po七en七ial（Fig．13－5）．  

立迎  brief s七Te七ches  旦ヱ旦塵旦  Ob七ained  

The bea七 Thy七hm of 七he auricle and 七he ven七ricle showed  

phase shif七 by a single bTief s七re七ch wi七h phase delay oT  

a．dvance，and七heiT PRCs were rema．rka．bly alike（Fig．1r7）．This  

implies七haセセhe七wo are similar elec七Tically－OSCilla七ing organs   

havlng au七oma七土c ac七ivl七y．  

The PRCs ob七a．ined by applica七ion of 七he s七r・e七ch resembled  

七hose ob七ained by applica七ion of dep0laTizing curren七s（EBARA，  

1967；EBARA and SATO，1971）． Hence，brief s七re七ch and   

depolarizing cur，ren七s have similar effec七s on 七he cell membrane   

in rela七ion 七○ 七he c00rdina七ion foundin 七he oys七er hear七．  On   

七he o七her hand，SOme diffeTenCeS be七ween 七he above men七ioned PRCβ   

Were a＄ f01lows・ A curren七 applied a・上 土he ac七ion po七en七ial  

（phase O oTlOO冤）showed no phase shif七whereas a brief ＄七r・e七ch  

七ended七o cause a sligh七phase dela．y（Figs17 and18），i．e．七he  

PRC was shif七ed ali上土Ie（wi七hinlO冤）七oward 七he advanced side  

（1eft side）・Secondly，七he七urning poin七fTOm Pha．βe delay七o  

Phase advance was repor七ed七o t）e a上土he phase where 七he cur・Ten七  

WaS aPPlied jus七 af七er 七he maximum hyperpo七en七ial（EBARA，196r7；  

EBARA and SATO，1971），WheTeaS 七he poin七was seen jus七befoTe  

ins七ead of af七er when七he 8七imula七ion wa・S a brief s七re七chJ七hus a  

li上土Ie七ime diffeTenCe WaS found．Hence，七he effec七of s七re七ch   

WaS SuggeS七ed七○ 七ake more 七ime 七o appear upon observation・ This  
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shif七 of 七he PRCs became more evident wi七hlonger dura七ions of   

七he s七re七ch（500 msec）．  

As shownin Flg．5，七he auTicle TeSPOnded 七○ 七he ex七ra   

ac七ion po七entialevokedin 七he ven七ricle by pr・0longa七ion oT   

shor七ening of 七he bea七in七ervaldepending on 七he A－V delay・The   

Same reSPOnSe WaS Ob七ained alsoin七he reverse direc七ionIi・e・   

from 七he auricle 七○ 七he ven七Ticle． The rela七ion be七ween 七he   

Change of bea七in七ervaland七he A－V delay was bipha・Sic showing   

in七ervalpr0longa七ion and shor七ening，and Teβembled 七he PRCs  

ob七ained by 七he brief s七re七ches（Figslr7and18）． However，七he   

r・eSPOnSe 七0 七he ex七ra ac七ion po七en七ialwas delayed abou七 500－   

700 ms compared with七ha七 of七he brief s七Te七ches・The delay was   

COnSideTed as 七he 七ime 七aken fTOm 七he peak of 七he ac七ion  

PO七en七ia・l七○ 七ha七 ofi七s corresponding con七rac七ion（400－600 msec  

in 七he auricle，500－700 msecin七he ven七ricle：Fig．11）．  

4）En七Tainmen七by repe七i七ive brief s七re七ches  

a）s七ab  1e en七rainmen七 and PRC  

S七able en七rainmen七 of 七he bea七 rhy七hm by 七he repe七i七ive  

S七re七ches was es七ablished when 七he frequency of 七he s七Te七ch wa  

no七 so much differen七from七ha七 of七he free－Tun（Figs19，20 and  

21）・In七he en七rained s七a七e，七he phase of七he s七re七ch waslocked  

in 七he period of 90－100 冤 or O－30 冤 of 七he free－run bea七in七erval   

When七he frequency of 七he s七re七ch waslower（Figs 20－1，2 and 21－  

1，2），andin七he period of 50－90 冤when七he frequency of・七he  
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s七re七ch was higher（Figs 20－3，んa．nd21－3，4・）・Theselocked phases  

coincid．e wellwi七h 七he phase where phase delay or advance was  

induced as shownin 七he PRCs（Fig．17）． Wi七hincreasing oT  

decreasing 七he frequency of 七he s七re七chI七helocked phase of 七he  

s七re七ch shif七ed七oward七he phaseinducing more phase shif七in 七he  

PRCs（cf．Figs17and20）・From七hese findings，i七is s七TOngly  

sugges七ed・七ha上 土he s七a七e of s七able en七rainmen七 migh七be regar・ded  

as a 七rain of single phase responses・  

This was fur七her confirmed from 七he resul七s of．bea七in七erval   

changesin 七he course of ge上土ing 七○ 七he β七able en七rainmen七  

（Fig．21）．In七he case where 七he fTequenCy Of．the s七re七ch waβ  

10Wer than 七ha七 of 七he free－run and 七he firs七 s七Te七ch was applied   

a上土he posi七ion of phase delay）七he bea七in七ervalwas smoo七hly   

en七rained wi七hou七remarkable changein 七he phase rela七ionship  

（Fig．21a－1）． On 七he con七rary，When七he firs七 s七Te七ch was a上 土he  

POSi七ion of．phase advance）七he bea七in七ervalbecame even shor七er   

than 七ha七 of 七he free－runin spi七e of 七he a上土emp上 土0lower 七he  

frequency of 七he bea七（Fig．21a－2）．opposi七e bu七 simila．r changes   

Of bea七intervalwere ob七ained according 七○ 七he phase of 七he   

firs七s七re七ch when七he frequency of七he s七re七ch was higher 七han  

七ha七 of 七he free－run（Fig．21b－1，2）．  

吐Incomple七e  en七rainmen七  and PRC  

When 七he frequency of repe七i七ive s七re七ch was much lower or   

higher 七han 七ha七 of 七he free－Tun，Periodicin七ervalaltera七ions  

WeTe Ob七ainedins七ead of s七able en七rainmen七（Figs 22and．23）．In  

七hese casesJa gra・dual．shif七 of 七he phase rela七ionship was  
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observed according 七○ 七he difference be七ween 七he two fTequenCies  

（Fig．22）．Because七he phase relationship migh七de七ermine 七he  

in七ervalleng七h according 七○ 七he PRC）七he frequency of 七he  

periodicin七er・Valchangeis sugges七ed 七o be rela七ed 七0 七he  

differ・enCe be七ween 七he 七wo frequencies．  

The amoun七 ofin七erval al七eTationin each s七a七e could be   

pred・ic七ed from 七he PRCs・ During the shift of 七he phase  

rela七ionship〉 When七he s七r・e七ch was appliedin a posi七ion of phase   

delayin 七he PRC，七he correspondingin七er・ValpT0longed by an   

amoun七indica七ed by七he PRC． Opposi七ely，When 七he s七re七ch was   

Si七ua七edin七he phase of advancing posi七ion，七he beatin七erval   

Shor七ened by 七he amoun七 shownin 七he PRC・ Thus）七he Tange   

be七ween 七he maximum pr010nga七ion and shor七ening could be   

expec七ed from七he range of七he maximum phase shif七indica七edin   

七he PRC a七 a glVen magni七ude and dura七ion of s七re七ch・  

From七he above considera七ions，i七 can be conclusively s七a七ed  

in general七ha七：1）The frequency of’七he peTiodicin七erval   

al七era七ions migh七 be a f■unc七ion of fr・equenCy diffeTenCeS be七ween  

七he free－r・un and repe七i七ive s七imuli，i．e．七he s七re七ches． 2）The   

range of 七hein七ervalal七era七ionsis Tela七ed 七○ 七hein七ensi七y of   

七he s七imulir．a七heT 七han七he frequency differences．Whe七her 七he   

frequencyis higher orlower 七han 七he free－run does no七 make any   

difference．  
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5）Mechanisms of c00r・dina七ion be七ween  

the auricle and ven七ricle  

a）  Achievemen七 of 七he same bea七  frequencies  

In 七he in七ac七 hear七，七he auricle and ven七Ticlel⊃ea七   

al七erna七ely wi七h a regular‥rhy七hm・The mechanismin achieving   

七he coord．ina七ed bea七 ma．y be expec七ed from 七he resul七s of   

en七rainmen七 as f0110WS．  

The ven七ricleis found 七o possess charac七eris七ics of being   

en七rained by TePe七i七ive s七re七ches・In 七he s七a七e of s七able  

en七Tainmen七，七he ven七ricle 七urned ou上 土o have the same bea七   

fTequenCy aS 七he s七re七ches・ The s七re七ch，in七hein七ac七 hear七Iis  

PTOduced by 七he repe七i七ive con七rac七ion of 七he auricle・  

TherefoTe，七he ven七r・icleis Tegarded 七o be en七Tained by 七he   

auricular con七rac七ionin 七hein七ac七 s七a七e． On 七he o七her hand，   

the auricle migh七 possess similar charac七eristics a8 七he  

ven七ricle（Fig．1r7）． Thisindica七es 七ha上 土he auricleis also  

reveTSely entrained by 七he ven七Ticular con七TaC七ions・ HenceI   

mu七ualen七r・ainmen七 can be expec七ed・in七hein七ac七hear七・ ThusI   

七he frequencies of七he auricle and 七he ven七ricle became equal  

七hough they werein七rinsically differ・en七・In fac七Iin 七he course  

of 七he c00r・dina七ion disappearing（Fig．3），七he bea七in七eTVal  

Pr010nga七ion of七he auricle was associa七ed by七he ven七TiculaT  

in七ervalbeing shor七ened（Flg・24a），and conversely 七he  

shor七ening of 七he auricular bea七in七ervalwas associa七ed by 七he  

pr0longa七ion of 七he ven七ricularin七erval（Fig・24b）・ These  

COTreSPOndedin七ervalal七era・七ions were observedin many  
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prepara七lons・  

The amoun七 ofin七ervalal七era七ion of 七he auricle was much   

larger七han七ha七of七he ven七ricle（Fig．2ん）・This resuL七seems  

七o correspond 七○ 七he fac上 土ha上 土he amoun七 of 七he phase shif七  

becamelarge when 七he applied s七Te七ch wasincreasedin magni七ude  

oTin dura七ion（Fig．18）． Because 七he ven七ricle con七rac七ed more  

powerf．u11y 七han 七he auricle and moreover・because one of the  

auTicles was removedI七he auricle mus七 have been largely   

s七re七ched．  

Conclusivelylin 七he mechanism 七o es七ablish 七he c00r・dina七ed   

bea七 of 七he oys七er hear七：七he in七Tinsic frequencies of the   

auricle and．ven七ricle should no七 be 七00 differen七，and each of   

七hem mus七 have 七he abili七y 七o produce sufficien七 power of   

con七rac七ion．  The au七oma七ic ac七ivi七ies of 七he auricle and   

Ven七Ticle migh七 be a．1tered by 七he mu七ual s七re七ches 七o change 七he   

bea七in七ervalwhich could be predic七ed from 七he PRCs．In 七his  

ins七ance，七he fas七er par七（auricle or ven七ricle）may be affec七ed  

七o be slowed－down by・七he β10Wer Par七IWheTeaS 七he slower par七is   

βPeeded－uP by 七he fas七er one，depending on 七he achieved phase  

rela七ionship be七ween 七he 七wo par七s（mu七ualen七rainmen七）． Thus，  

in the coordina七ed s七a七e，七he hear七as a wh01eis consider・ed 七o   

bea七 wi七h a Thy七hm 七ha七 was formed a8 a reSul七 of mu七ual   

en七rainmen七 rather 七han 七o bea七 wi七h 七hein七rinsic rhy七hm of 七he   

auricle or 七he ven七ricle i七self．  

吐9evelopmen七9E  cons七an七  むこ旦軸  

The A－V delayis七he七imelag fTOm七he peak of七he auricula＝・  
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ac七ion po七en七ial七○七ha七of七he ven七ricular one・According七○  

七hislagJ七he bl00dis effec七ively pumped－Ouセセhr・Ough七he auricle  

七○ 七he ven七ricle・In七he oys七erJ七he A－V delay was repoT七ed－七o  

be widely ranged（0．5－2・3 sec）among prepara七ions when七he bea七  

in七eTValwasl．8－2．8 sec（UESAKA e七al．，1987a）．Bu上土he delay  

was cons七a・n七in one prepara七ion when 七he experimen七alcondi七ion  

was fixed． The mechanismsin which 七his cons七an七 A－V delayis   

es七ablished migh七 be considered from 七he TeSul七s of 七he   

en七rainmen七．  

When 七he ven七riculaT Thy七hm was en七rained by applied  

repe七i七ive s七Te七chesla・COnS七an七 phase rela七ionship be七ween 七he  

ac七ion po七en七ialand七he s七r・e七ch was es七ablished（Fig・20and21）  

according七0七he diff．erencein frequencies be七ween七he七wo・In  

this s七a七eI七helocked phase of七he s七re七ch could be predic七ed  

from the PRC（Fig．17）． The shape of 七he PRC，f．ur七hermore，  

depends on七he magni七ud．e of七he s七re七ch（Fig．18）．TherefoTe，  

七helocked phase of 七he s七re七ch could be predic七ed when bo七h 七he   

frequency diffeTenCeS and 七he magni七ude of 七he s七re七ch are known・   

工n 七hein七ac七 hear七，七he auricle and 七he ven七ricle are considered   

七o be en七rained by each o七her in 七he c00rdina七ed s七a七e as   

men七ioned above． So 七he rela七ionship be七ween 七he action   

PO七en七ial and 七he applied s七re七ch could be regarded as 七he  

corTeSPOndence be七ween 七he auriculaT（or ven七Ticular）ac七ion  

po七entialand 七he ven七ricular（or a．uriculaT）con七r・aC七ion． This   

SuggeS七s 七haセ セhe phase rela七ionship be七ween 七hem migh七 be   

dependent on 七he degree of 七he difference be七ween 七hein七rinsic   

frequencies and七he power of七he con七rac七ion of七he auricle and  
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七he ven七ricle． On七he o七her hand，aS Wellknown，七he七iming of’   

七he con七rac七ion and七he ac七ion po七en七ialis direc七1y coupled・In  

the oys七er，i上 土akes 400－600 msecin七he auTicle and 500－r700 msec   

in 七he ven七ricle fTOm 七he peak of 七he action po七en七ial七○ 七he   

COrreSPOnding con七TaC七ion・The delay from ac七ion po七en七ialto   

con七raction mus七 be one of 七he fac七ors which de七er・mines 七he A－V   

delay． Therefore，by shif七ing 七helocked phase of 七he s七TetCh to   

七he advanced side by 七his delay 七ime，七he phase rela七ion＄hip   

be七ween七he ac七ion po七en七ials of七he auTicle and七he ven七ricle   

COuld be predic七ed．  

工n conclusion，七he A－V delay of．七he oys七er hear七 can be   

COnSideTed 七o be 七he phase rela七ionship be七ween 七he ac七ion   

PO七en七ials of 七he auricle and 七he ven七ricle in the s七a七e of  

mutuals七able en七rainmen七（i．e．七he c00Tdina七ed s七a七e）．I七was   

dependen七 on bo七h七he degTee Of七he differencein七hein七r・insic   

bea七fTequenCieβ be七ween七he aur・icle and 七he ven七ricle and 七he  

POWer（bo七h magni七ude and dura七ion）of con七rac七ion．Fur七her，七he  

七ime delay from 七he ac七ion po七ential七○ 七he con七rac七ion is   

t・hough上 土o be one of 七he fac七ors．  
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Ⅴ． SロMMARY  
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1）C00r・d．ination of ac七ivi七ies between 七he aur・icle and ven七Ticle   

2）Media七ing fa．c七ors of七hein七erac七ion  

3）Effec七s of a brief．s七re七ch   

4．）Mechanisms of c00rdina七ion be七ween 七he auricle and ven七r・icle  
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1cle  be七ween 七he auricle and ven七r   ユ⊥  C00rdina七ion of ac七ivi七ies  

a）C00rdina七ion of ac七ivi七ies be七ween七he auricle and ven七ricle  

WaS S七udiedin 七he hear七 of oyster．   

b）Somelines of evidence showed七ha上土he auricle and ven七ricle  

POSSeSSindividualintrinsic Thy七hmsIWhereas 七hey bea七   

c00rdina七ely wi七h a cons七an七 a．uriculo－Ven七ricular（A－Ⅴ）  

delay・ The A－V delay widely varied among prepara七ionβ・  

c）In 七he c00rdinated s七a七e，七he ex七ra ac七ion po七en七ialevoked  

elec七ricallyin 七he auricle pr0longed or shoT七ened 七he bea七  

in七er・Valof 七he ven七ricle depending onits momentin 七he  

Ven七TiculaT CyCle．Opposi七ely，七he ex七ra ac七ion poten七ial  

evokedin 七he ven七ricle also changed 七he auricular bea七  

1n七erval日工mllarly．  

d）The mu七ualin七er・aC七ion was sugges七ed 七o produce 七he  

C00rdina七ion of beat rhy七hms between the auricle and  

Ven七r土cle．  

呈⊥叫声dia七1ng  fac七ors of 七he in七era．c七ion  

a）The七wo auricles bea七 synchronously because 七hereis an   

elec七r・icalpa七hwayin 七he connec七ing bridge which contains  

SOme myOCardialbundles．  

b）No elec七rica．lconnec七ion was found be七ween 七he auricle and  

Ven七r土cle．  
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c）The coordina七ion be七ween 七he auricle and ven七ricle was  

main七ained evenin 七he sta七e wher・e Only mu七ual s七re七ching  

WaS kep七．  

d）I七 was assumed 七haセ セhein七erac七ion 七o c00rdina七e 七he bea七  

rhy七hms of 七he auricle and ven七ricleis media七ed by mu七ual  

S七r・e七ching wi七hou七 any direc七in七erac七ion in 七hei  

elec七rlcal ac七1vl七1es．  

3）Effec七s of a brief stre七ch  

a）A brief s七r・e七ch al七ered 七he periodic membTane PO七en七ial  

Changes of 七he myocardium and caused pr010nga七ion or  

βhoT七ening of 七he bea七in七ervaldepending on七he phase of  

l七s appllca七土on．  

b）The bea七in七ervalwas prolonged when七he s七re七ch was applied   

during 七he pla七eau phase of 七he ac七ion po七en七ial． On 七he  

COn七raryJ七hein七ervalwas shor七ened when七he preparation  

WaS S七re七ched during 七he phase of pacemakeT PO七en七ial・  

C）The 七urning p。in七fr。min七ervalpr0longa七ion七o shoT七ening   

WaS コuS七 before 七he maximum hypeTP01ariza七ion of 七he ac七ion  

po七en七1al．  

d）These effec七s of 七he bTief s七re七ch weTe COnSideTed七o be  

fundamen七ally produced by 七he dep01aTi2；ing membTa．ne   

PO七en七ialresponse of 七he myocaTdium．  
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auricle and ven七ricLe  Mechanisms of’c00rdina七ion be七ween  

a）The phase responβe CurVeS（PRCs）of 七he auTicle and   

ven七Ticle by single brief s七re七ches were veTy Similar to   

each o七her showing biphasic pTOPer七y of phase delay and  

advance．  

b）Byincreasing七he magni七ude of七he s七re七ch，七he amoun七of   

PhaBe Shif七increased・  

c）The bea七 r・hy七hm could be en七rained by TePe七itive s七re七ches   

wheni七s frequency was no七 so much diffeTent fTOm 七he free－   

run bea七 fTequenCy（s七able en七rainmen七）．  

d）In七he s七a七e of s七able en七Tainmen七，七he momen七 of applied  

s七re七ches was lockedin a specific phasein 七he bea七   

in七eTVal（phase－10Cking）．  

e）Thelocked phasein 七he en七rained s七a七e depended on 七he  

freq．uency differences be七ween 七he applied s七r．e七ches and  

fr，ee－run， and coincided wi七h 七he phase which could be  

Predic七ed from 七he PRC・  

f）When七he fr・equenCy Of七he s七re七ch was very differen七from  

七hat of 七he free－Tun bea七，七he beatlThy七hm could not always   

be en七rained and al七ered per・iodica11y（incomple七e   

en七rainmen七）．  

g）In 七he s七a七e ofincomple七e en七rainmen七，al七eTa七ion paセセern   

Of 七he bea七in七ervals depends on 七he shif七 of 七he phase  

Tela七ionβhip． The phenomena resembled 七he unc00rdina七ed  

auriculo－Ven七Ticula．r bea七s in which 七he auricle and  

Ven七ricle in七era．c七 wi七h each o七her in 七he unc00rdina七ed  

S七a七e．  
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h）I七 can be concluded tha上 土he c00rdina七ed bea七 rhy七hm of 七he   

oys七er hear七is achieved as 七he TeSul七 of’mu七uals七able  

en七rainmen七 be七ween 七he auricular and ven七ricular・bea七  

Thy七hmsI七hein七Tinsic ra七es of whichis consideTed 七o be  

diffeTen七 from each o七her・．   

i）The A－V delayis regarded as 七he phaβe rela七ionship be七ween  

七he auricular and ven七r・iculaT aC七ion poten七ials during  

mu七ual s七able en七rainmen七．  
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Fig・1・Schema七ici11us七ra七ion of七he oy＄七er・The Tigh七 valve，  

par七s of 七he man七Ie and the pericardialwallweTe remOVed 七o  

expose七he hear七；A）Auricles；VJVen七ricle；Ad・，Adduc七～oT muSCle・  
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Fig・2・ Spon七aneous Thy七hmic ac七ivi七ies recor・ded simul七aneou＄1y  

fTOm七wo auricles（Al，A2）and。ne Ven七Ticle（Ⅴ）with con七inuous  

PeTfusion of ASWin七○ 七he pericardial cavi七y・ Records wer・e   

Obtained extracellularly fTOm the auricles and 七he ven七ricle of   

七he in七ac七 heaTt． Elec七rical ac七ivities be七ween 七he auricles and   

七he ven七Ticle show a cons七a．n七 A－V delay，and 七ha．七 of 七he auricles   

is almos七 synchronized．  
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Fig．3． Spon七aneous activi七ies recorded simultaneously from one  

auricle（A）and one ven七ricle（Ⅴ）severalminu七es af七er 七he   

StOPPage Of per・fusion・RecoTds show two cases of changein bea七  

in七eTVal・（a・）：As auricular bea七in七ervalbecomes sligh七1y  

longer 七han 七ha七 of 七he ven七TiculaT OneJ七he A－V delay 七urnS Out   

七o be shor七eT，bea七 by beat・ Finally，the auriculaT beat   

manifests and succeeds 七he ven七TiculaT One・A七 thisins七antI七he  

auricular beatin七ervalbecomes remarkablylong and the  
Ven七riculaT One Sligh七1y shor七．（b）：As auricular bea七in七erval   

becomes sligh七1y shoT七er 七han tha七of七he ven七Ticular oneI七he Aq  

V delay 七urns ou上 土o belongerIbea七 by bea七・ Fina11yI七he  

auriculaT beatJPr・eCedes 七he ven七riculaT One・A上土hisins七an七I  

the auriculaTin七ervalbecomes remarkably shor・七 and 七he  

Ven七r・iculaT One 81igh七1y long・ These remaTkable in七erval  

al七erna七ions appeaT Periodically as shownin七he slow records  

（lefセ セ＝1aCeSin each c01umn）．  

7う   



a  

l  

tト   う1  

， ⊥ I- ⊥ 
L‡霊感  

1‡l¢  

（
0
】
S
）
 
」
く
）
∝
］
ト
≡
 
 川  15  

TIM［  （S E C）  

■
h
U
 
 

A
 
 

ll恥瞥  
W
l
 
 

（
U
山
S
）
 
」
（
）
≡
ト
N
－
 
 

】  
J  

0    わ9苛  
くこフ  

F   

】  

＝9ニ＝rO－■●一0膚■■■●－0、【℡●－0  

0 Y血tricle  

・AuricIe  

●－－0－●■－－  

l
 
 

n
リ
 
 

0
 
 10  15  

TIM E  （s E C）   



Fig．ん． Bea七in七ervalal七erna七i。nSin 七he auricle（A）and  

ven七ricle（Ⅴ）ob七a．ined by aT七ificialchangesin七he bea七in七erval  

by applica七ion of ca七hodalcuTren七（50msec，2V）・The arr。W  

indica七es 七he momen七 of curren七 applica七ion and tindica七es 七he  

A－V delay・a；bea七in七ervalof七he auricle was changed・b；bea七  

in七ervalof 七he ven七ricle was changed． The bea七in七er－Vals of   

bo七h the auricle and ven七ricle aTe Plot七edin eachlower gr．aph；   

七he bea七in七er・Vals in 七he ordina七e and 七he 七imein the abscissa．   

No七e 七ha．上 土heinteTValchanges weTe also seenin七he uns七imuヱa七ed   

par七・  
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Fig・5・Changesin七he auricular bea七in七ervalversus A－V delay・  

The con七rolbea七intervalwas measuTed as 七he leng七h of 七ime   

during which no ex七ra－aC七ion po七en七ialof 七he ven七r・icle was  

evoked． Thein七ervalchange（ordina七e）shows 七he difference  

be七ween 七he con七r01in七erval and 七he al七ered in七erval． The A－V   

delay（abscissa）shows 七he 七ime differ・enCe be七ween the auricular  

ac七ion po七en七ialand 七he ven七Ticular ex七ra・－aC七ion po七en七ial・  

Time zeTO（brokenline）indica七es 七he momen七 when 七he auricular   

ac七ion poten七ialappeared・  
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Fig．6． Elec七ricalconnec七ion be七ween 七he 七vo auricles．a：  

Schema七icillus七ra七ion of七he opened auTicles connec七ed・by七he  

bridge・Al，A2；七he auricles・AnodalcuTren七pulses were applied  

through 七he suc七ion elec七rodes placed on 七he auTicles and 七he  

recording elec七rode wasinser七ed a七poin七sindica七ed byland2・  

b：Elec七ro七onic po七en七ials recordedin七racellularly・Pulse was  

applied七00ne Of the auricles（Al）in七helef七TeCOrdingsand七0  

七he other auTicle（A2）in七he Tユgh七 recordings．The TeS七ing  

membrane po七en七ialwas 58－60 mV．  
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Fig．7■ Spread of elec七ro七onic po七en七ials． Dis七ance from七he   

S七imulating elec七rodeis shownin七he abscissa and 七helog of 七he  

PO七en七ial，in七he ordina七e・Aland A2aTe Wi七hin t）he auricles）  

and the area be七ween 七he ver・七ical broken lines indica七es 七he   

COnneC七ing bTidge between七he aur・icles・No七ice 七ha七exponen七ia・11y  

deca・ylng electro七onic po七en七ials were obtained beyond 七he  

COnneC七ing bridge・ The line was drawn by 七he lea・S七 squaTe   

me七hod．  
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Fig・8・Elec七ricalconnec七ion aTOund 七he A－V boundary・a‥ Sche－  

ma七icillus七ra七ion of an opened heaT七．A；auricle，Ⅴ；Ven七ricle，   

Va；A－Ⅴ valve・ Anodalcurrent pulses were applied七hTOugh七he   

suc七ion electr・Odes placed on 七he auricle and 七he ven七ricle，and   

七he recording elec七rode wasinser・七ed a七 poin七sindica七ed byl－3．   

b：Elec七TO七onic po七en七ials recordedin七racellularly。 Pulse was   

applied 七○ 七he auriclein 七he lef七 recor・dings and 七○ 七he   

Ven七ricle in 七he righ七・Record81－3 correspond to 七he posi七ions   

Shownin a・ The res七ing membrane po七en七ialwa＄ ん2・7土3・んmV・  
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Fig．9． SpTead of elec七ro七onic po七en七ials・Distance from七he   

s七imula七ing elec七rodeis shownin the abscissa and 七helog of 七he   

PO七en七ialJin 七he ordina七e・Ais wi七hin七he auricleJVis wi七hin   

七he ven七ricle and 七he ver七ical broken line indica七es 七he A－V   

boundary． a：Spread of elec七ro七onic po七en七ialfrom 七he auricle・   

b：Spread from 七he ven七Ticle・No七ice 七ha七 no elec七ro七onic   

PO七en七ialwas obtained over 七he A－V boundaTyin bo七h cases・ The   

lines were drawn by 七heleas七 square me七hod・  
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Fig・10・ The r01e of mu七ualstre七chingin七he c00rdina七ion of   

Thy七hms be七ween 七he auricle and ven七ricle．Illustra七ions on 七he   

lef七 show 七he hear七in 七he pericaTdial cavi七y・ One of 七he   

auricles was cu七 a上 土he A－V boundaTy・ Righセ セraces show  

elec七Ticalac七ivi七ies r・eCOrded ex七TaCellular・ly from 七he auricle  

（A）and七he ven七ricle（Ⅴ）．a：A fine七hread was七ied a上土he A＿V   

boundary and fixed wi七h forceps）七hen 七he forcep七s was released．．  

b：The aur・icle and ven七ricle were each 七ied and cu七in 七he   

middle・No七ice when 七he 七hreads were connec七edl七he c00Tdinat．ed   

bea七s recoveTed．  
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Fig．11．Mu七ualstTe七ching of 七he auricle and ven七riclein七he   

COOrdina七ed hear七・AIAuricular action po七en七ial；VIVentricular   

ac七ion po七en七ial；Mec，Mechanicalcon七rac七ions of 七he auricle  

（upward dir・eC七ion）and ven七ricle（downward direc七ion）．  
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Fig．12．  Schema七ic represen七ation of the expeTimen七al   

aTrangement； ME－T， meChanoelec七ro一七ransducer； CA， Car・rler   

amplifier；BA，bi0loglCalAC amplifier；PA，Pre－amPlifieT；CRO，   

Ca七hode ray oscilloscope；PRIPen－Wr・i七ing osci1lograph；DR）  

magne七ic da七a．recoTder；A／D，analogue 七o digi七alconver七er；PC，   

micTO－COmPu七er；Prn，doセーimpac七 prin七er；ES，elec七ronic   

日七1mula七or，；FA，feed－ba・Ck amplifier；GM，galvanome七er．  
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Fig・13・Effect of a brief s七re七ch on七he elec七ricalac七ivi七yand  

on 七he bea七in七eTVal・Records were 七akenin七racellularly from  

七heisola七ed ven七ricle・Upper七race；membr・ane PO七en七ial，lower  

trace；mOni七or of stre七ch・The phases（冤）where the stTe七ch was  

appLied are12I28）ん5I66and90冤in TeCOrdsl－5，reSPeCtively・  

工n七ervalchangei＄Shown by完rela七ive七○七he preceding con七r01  

1n七erval（100 諾）．  
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Fig．1ん．Effec七 of a br・ief s七Te七ch on membTane POten七ial・  

Maximumin七eTValpr010nga七ion（a）and shortening（b）in Fig．1ん   

are shown． Po七en七ialchange of七he preceding con七T01interval  

（1）is superimposed on七○ 七ha七 of the s七re七ch appliedin七erval  

（2）．upper 七TaCe；membrane po七en七ial，10Wer 七race；mOni七oT Of   

S七re七ch．  
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Fig・15・Effec七of a brief s七retch on七he membrane po七en七ialof  

the ven七ricular myocaTd・ium・ Spon七aneous ac七ivity of’七he  

ven七ricle was suppressed bylO－4M ACh・ Upper 七TaCeJ  
in七race11ular record・S；Lower 七race）mOni七or of s七re七ch・The  

8七re七ches werelOO msecin dura七ion andl．O mmin magni七ude・  
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Fig・16 Effec七 of a brief s七re七ch on the membTa・ne PO七en七ialof  

七he ven七riculaT myOCaTdium・Upper・七raceIin七race11ular records；  

Lower 七r－aCe，mOni七oT Of s七re七ch．Dura七ion of he s七Te七ches was   

l・O sec・The magni七udes were O・8 mmin七he upper TeCOTd（a）and  

l．2mmin七heloweT reCOrd（b）．  
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Fig．17．Phase－reSPOnSe CurVeS（PRCs）of 七he auricle（A）and  

ven七ricle（Ⅴ）ob七ained by 七he applica七ion of single brief  

日七re七ches as s七imuli．Ordina七e，Phase shif七（冤）；Abscissa，  

stimula七ion phase（冤），rela七ive 七○ 七he con七r01in七er・Val（100％）・  

The E；七Te七ches were 50 msecin dura．七ion and O．6mmin magni七udein   

A，100 msec and O．8 mmin V・Auricular con七TOlin七ervalwas 3・3－  

3．6 日ec and．ven七Ticular con七roI was 2．1－2．3 sec・  

89   



a
 
 

0
 
 

（
謹
）
 
ト
ヒ
エ
S
 
山
S
＜
エ
d
 
 

50   

STIMULATION PHASE（葛）  

100  

■
n
U
 
 

□  

日  

斎≧＝＝＝ギ ＝＝  

「  

＃  
□  

□  
⊂】  

ロ  
Ⅲ  
ロ  

【コ  

■・抗・‡t一  

ロ  

〇
 
 

二
〓
 
ト
」
l
エ
S
 
山
S
く
エ
d
 
 

0  50  100  

STIMULATION PHASE（駕）   



Fig．18． PRCs of 七he auTicle ob七ained by the application of   

8ingle brief s七TetChes of－ diffeTen七 magni七udes・Dur・a七ion of’七he   

S七TetChes was 50 msec．Magni七udes werel．5 mm in a and O．7 mm in   

b． Con七rolln七erval was 2．うー2．6 sec．  
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Fig．19． Effec七s of repe七i七ive brief s七r・e七ches on 七he bea七   

rhythm of七he ven七ricle・Upper七races）eX七racellulaT POtentials；  

Lower 七races，mOni七oT Of s七re七ch．In七ervals of－ the s七re七ches  

WeTe3・9 secinl，3．6 secin 2，3．1secin3 and2．9 secin4．．  

S七able en七Tainmen七was achievedin bo七h cases when七he fr・equenCy  

Of．repeti七ive s七re七ches was ei七her・10Wer（2）or higher（3）七han  

七he fTee－run fTequenCy・  However）S七able en七rainmen七 could not   

be achieved when七he frequency of七he s七Te七ches was 七0010V（1）  

Or七00high（ん）・Free－run COn七r01in七ervalwas3．ん sec，and七he  

8tre七ches were 500 msecin dura七ion，1．2mmin magni七ude．  
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Fig・20・ S七able en七rainment of 七he ven七ricula・r bea七 r・hy七hm・   

Upper 七r・aCeSIeX七racellular record；Lower 七races）mOni七oT Of   

s七re七ch．The s七re七ches were 500 msec in duration andl mm in   

magni七ude・In七ervals of 七he r－ePe七i七ive s七re七ches were 3．40 secin   

l，3．20 BeC in 2，3・10 sec in 3 and 2．90 sec in ん．Free－Tun   

COn七r．01intervalwas 3・14・－3・18 sec・ No七e 七ha七 phase－10Cking of   

七he s七r・e七ches wi七h 七he ac七ion poten七ials occuTTedin diffeTen七   

Phase rela七ionships d・ePending on the f－requencies of the   

日七re七cheβ．  
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Fig・21・Pa上土erns of bea七in七ervalal七era七ionsin七he course of   

becoming s七ably en七TainedJaCCOTding七○七he phasein which七he   

fiTS七 s七Te七ch was applied・a：DiffeTen七pa上土erns ob七ained by a   

lower en七raining frequency of s七Te七ch・In七ervalof 七he s七re七ches   

was 3．4う sec，Whereaβ 七he free－Tun bea七in七eTValwas 3．11sec．   

Phase of 七he f．irst s七re七ch was 5 冤inland 69 冤in 2． b：   

Differen七 pat七er・nS Ob七a・ined by a higher frequency of s七re七ches・   

＝n七eTVal of 七he s七re七ches was 2．95 sec whereas 七he free－Tun   

in七eTValwas 3．26 日ec． Phase of 七he fiT8七 s七re七ch was 76 冤inl，   

and 25 冤in 2． The s七re七ches were 500 msecin dura七ion andlmm  

in magni七ude・ Graphs show tlhe al七era七ion of bea七in七ervalsin  

七he 七ime course as 七he free－Tun bea七s become en七rained． Plo七s of  

open circles（1）and closed ciTCleβ（2）corTeSPOnd七0七he uppeT  

TeCOr・ds，1and2）reSPeC七ively・Arrowsin七he graphindica七e 七he  

in七ervalin which 七he firs七 s七re七ch was applied・  
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Fig・22・ Bea七 rhy七hm al七era七ions and βhif七s of phase  

rela七ionship between 七he s七re七ch and ac七ion po七en七ial・  

Frequencies of七he s七re七ches were七00low（1）and七。O high（2）  

compaTed七o tha七of七he free－runJ七hus s七able en七Tainmen七was no七  

achieved・ Upper 七races）eX七racellular record；Lower traces）   

moni七oT Of s七re七ch． In七er・Valsl〕e七ween 七he s七re七ches were   

3．んO secinland2．80 secin2．FTee－runin七eTValwas 3・18 sec   

in t）○七h cases．The s七re七ches were 500 msecin dura七ion，1mmin   

magni七ude・ Arrow headsind・ica七e 七he same phase rela七ionship   

wl七hln 七he records．  
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Fig・23・ Al七eration of beatin七eTVals when s七able entr・ainmen七  

could no七be achieved． a，FTeq＿uenCy Of 七he stTe七ches was to0  

low compared 七○ 七ha七 of 七he free－run・Thein七ervals of 七he  

s七re七ches were3．50 secinland3．40 secin2・b，Frequency of  

七he s七re七ches was 七00 high・Thein七ervals weTe 2・80 secinland  

2．70 secin 2． Free－runin七ervalwas 3．18 sec・The s七re七ches   

were 500 msecin dura七ion，1mmin magni七ude・ Brokenline shows  

七hein七erval of 七he s七retches，and arrowindicates 七he bea七  

in七ervalin which七he repe七i七ive s七Te七ch was s七ar七ed・（GTaPhs a－  

2＆b－1ar・e Plo七s of the recordings of Fig・8 －1＆ 2，  

re叩eC七土vely．）  
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Program PRC；  
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（Definition of variables）  

START；   

MAXDATANUM ＝ 500；  
MAXPERCENT ＝100；   

timerport  ＝＄20；  
stb＿Ofしtest＝＄7；  
Stb＿On＿teSt ＝＄F；  
Stb＿Off＿Std ＝＄8；  
Stb＿On＿Std ＝＄0；  

dataname  ＝ String［14］；  
percent  ＝ 0‥MAXPERCENT；  
elements  ＝ array［0‥10］ofinteger；  
datarec  ＝ reCOrd  

dataNO  ：integer；  
COntCyCle ：integer；  
Stimphase ：integer；  
phaseshift ：real；  

end；  

1abel  

COnSt  

type  

0‥MAXDATANUM；  
array［0‥MAXDATANUM］of datarec；  
array［0‥10】of real；  
register；  

PerCent；  

integer；  

real；  
Char；  

dataname；  

datanum  
expdata  
timebuf  
registparam  

maxPS  
maxinputISlicelevel  

mSeC  

select  
datafilename  

Var  
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（PRC Procedures）   

（＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊  DataI／O Procedures  ＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊）  

Procedure flushexpdata；  

Var  l  ：integer；  

begln  

for i：＝O to MAXI）ATANUM do  
begln  

WithⅩPdata［i］do  
begln  

da亡aNO   ：＝0；  

COntCyCle：＝0；  
Stimphase：＝0；  
Phaseshift：＝0；  

end；  

end；  

end；  

Procedure dataIO（func：Char）；  

Var  datafilevar ：file of datarec；  
dumpdest  ：Char；  

Procedure savedata；  

Var  i  ：integer；  

begln  

writeln（一Save data file ・一，datafilename）；  
if exist（datafilename）＝false  

then  

begln  

writeln（一record number ＝ ▼：34，datanum）；  
assign（datafilevar，datafilename）；  

rewrite（datafilevar）；  
for i：＝O to datanum－1do  

Write（datafilevar，eXPdata［i］）；  

Close（datafilevar）；  
end  

else  

begln  

Wr土teln；  

Writeln（datafilename，一 already exists！一）；  
end；  

Wrlteln；   

end；  
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Procedure loaddata；  

Var  l  ：integer；  

begln   
Wrlte   

readln  
e叩く・DAT］・’）；  

1m  

（
（
－
 
 if pos（T．T，datafilename）＝O   

then datafilename：＝ datafilename＋I・DTAT；  
if pos（一：一，datafilename）＝O   

then datafilename：＝Currentdrive＋T：Y＋datafilename；  
if pos（T：．▼，datafilename）〈〉O   

then datafilename：＝一T；  
uppercase（datafilename）；Writeln；  
Writeln（’work data file ’，datafilename）；  

datanum：＝0   
flushexpdata；   

if exist（datafilename）＝true  
then  

begln  

assign（datafilevar，datafilename）；  

reset（datafilevr）；  
datanum：＝filesIZe（datafilevar）；  
writeln（’record number ＝ t：34，datanum）；  
for i：＝O to datanum－1do  

read（datafilevar，eXPdata［i］）；  

Close（datafilevar）；  
end  

else  

begln  

Wr土teln；  

wri亡eln（－Ⅳew f土1et）；  
end；   

Writeln；  

end；  

Procedure Consoleout；  

Var  ］  ：integer；  

begln  

writeln（一dataNO一：15，一control一：15，一Stim Phase’：15，  
PhaseShiftl 

writeln（ ）T：3。，T（冤）一  
†（冤）－  ：15）；  

Wr土teln；  
for j：＝O to datanum do  

：1う，  

begln   

with expdata［j］do  
writeln（dataNO：15，COntCyCle‥15，Stimphase：15，  

phaseshift：15：1）；  
end；  

end；  
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Procedure Printerout；  

Var  コ  ：integer；  

begln  

writeln（lst，一く 一＋datafilename＋一 ＞一：20）；  
writeln（1st）；  
writeln（lst，TdataNOl：15，一controIT：15，Tstim Phase’‥15，  

一phase Shift一：15）；  
（msec）－ ：30，－（冤）t  

：15）；  

：15，   writeln（lst，Y  
－（冤）－  

writeln（1st）；   
for j：＝O to datanum－1do  

begln  

with expdata［j］ do  
writeln（1st，dataNO：15，COntCyCle：15，Stimphase：15，  

phaseshift：15：1）；  
end；  

end；  

Procedure outdata；  

begln  

ニ；；teln（一D。mP Out the data to Console （‥c‥）：？；  
or printer？（－－p－－）’）；   write （－   

readkeyboard（dumpdest）；   
writeln；Writeln；   
case dumpdest of  

▼c7，一c▼：Consoleout；   
†pl，†p†：Printerout；   

end；  
end；  

begln   

case func of  
†sT：SaVedata；  
lwI：loaddata；  
ToT：Outdata；   

end；  
end；  
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（＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊ pRC Graphic Procedures ＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊ 
）  

fun VWX（Ⅹ：integer）：integer；  

VWX：＝ rOund（Ⅹ／640＊32767＋13000）；  
end；  

VWy（y：integer）：integer；  

：＝ rOund（y／400＊32767＋16000）；  

func亡土on   

begln  

VWy  

Procedure drawframe；  

Var  maXSt   ：Strings；  

begln   

OPengraPh；   

1inecolor（blue）；   
box（vwx（0），VWy   

box（vwxト20），VWy   

l土ne（vwxト20），VWy   

line（vwx（180），VWy  
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，VWy  

IVWy  

IVWy  

textcolor（cyan）；   
writetext（vwx（0），VWy（－195），†0一）；   
writetext（vwx（350），VWy（－195），▼100T）；   
writetext（vwx（175），VWy（p195），一50一）；   
str（maxPS，maXSt）；   
writetext（vwx（－60），VWy（157），’＋一＋maXSt）；   
writetext（vwx（－60），VWy（－ 3），’0’）；   
writetext（vwx（－60），VWy（－162），，一一＋maXSt）；  

end；  

Procedure d＿ispinfo；  

begln  

Clrscr；   

・） 

rite（T。atafile‥一）；  
highvideo；Writeln（datafilename）；   

・） 

rite（・。atan。mber：一）；  
highvideo；Writeln（datanum）；   

，） 
rite（一A▼）；l。WVi。e。；Write（fbs。MAX ‥一）；  

highvideo；Write（maxPS：3）；  
lowvideo；Writeln（，冤 7）；  
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gotoXY（1，10）   

writeln（Tく Data records  
writeln（一 data NO．  
writeln（一 cont．cycle  
Writeln（’ stim．phase  

Writeln（T phase shift   
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 lowvideo；   

lowvldeo；   

lowvideo；   

lowvideo；   

lowvideo；   

h土呂hvldeo；  

end；  

Procedure currentinfo（maxin，1evel：integer）；  

begln  

gotoXY（1，17）；  

lowvideo；Writeln（，〈 Monitor 〉，）；  

lowvideo；Write （， maxin（＜2047）：，）；  

highvideo；Writeln（maxin：4）；  
lowvideo；Write （Y silcelevel  
highvideo；Writeln（1evel：4・）；  
lowvldeo   

writeln（－   
writeln（1   
writeln（Yく Message 〉   
hlghvldeo；  

end；  

Procedure dispdata（dn：integer）；  

begln   

WithⅩPdata［dn］  
begln  

do  
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Procedure getmax（var maxval：PerCent）；  

Var  maX   ：PerCent；  

begln  

repeat  

go亡0ⅩY（21，20）；Wr土te（－  －）；  

go亡0ⅩY（1，20）；  

highvideo；Write（’Max phase shift？：．）；  

read（max）；  

gotoXY（1，20）；  

lowvideo 

． 

1f maxく〉O  
then maxval：＝maX  
else maxval：＝maXPS；  

gotoXY（12，7）；  

hlghv土deo；  
write（maxPS：3）；   

end；  

Procedure plot（stph：integer；Phsh：real；mark：markertype）；  

Var  COeffx，COeffy，mk  ：integer；  

begln   

COeffx：＝3600 divlOO；   
COeffy：＝16000 div maxPS；   
gsxxl：＝VWX（coeffx＊stph divlO）；   
if abs（phsh）く＝maXPS  

then gsxyl：＝VWy（round（coeffy＊phsh／100））  
else  

if phshく－maXPS  
then gsxyl：＝VWyト170）  
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 then polymarkercolor（ye1low）  

else polymarkercolor（red）；   
POlymarkertype（mark）；   
marker（gsxxl，gSXyl）；  

end；  
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Procedure volumeplot（mk：integer）；  

i   ：integer；  
mark：markertype；  

Var  

begln   

mark：＝markertype（mk）；   
for i：＝O to datanum－1do  

begln  

dispdata（i）；  
with expdata［i］do plot（stimphase，Phaseshift，mark）；  

end；  

end；  

Procedure monoplot（dn：integer）；  

begln  

dispdata（dn）；  
with expdata［dn］do  

plot（stimphase，Phaseshift，aSterisk）；   

end；  

Procedure hardcopy；  

be81n  

writeln（1st，一（T＋datafilename＋一〉’：20）；  
⊂OPygraPh；   

end；  

Procedure graphmain；  

var  answer   ：Char；  
mk  ：integer；  

begln   

drawframe；   

dlspinfo；  

repeat  

getmax（maxPS）；  
drawframe；  

repeat  

gotoxY（24，21）；Wrlte（－  ’）；  

h土ghvldeo；  
gotoxY（1，21）；Write（一Marker type？［1‥5］：一）；  
readln（mk）；  

lowvldeo  

gotoXY（  
・
－
1
 
 

l   
21）；Write（TMarker type？［1‥5］：一）；  

untllmk 土n［1‥5］；  
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gotoXY（21，23）；Write（T 一）；  

highvideo；  

gotoXY（1，23）；Write（一Begin plot？（y／n）：T）；  

readkeyboard（answer）；  
lowvldeo；  

gotoXY（1，23）；Write（一Begin plot？（y／n）：T）；  

highvideo；  

untilanswerin［一YT，7yl］；   

VOlumeplot（mk）；   
gotoXY（1，2ム）；Wrlteln（’   

gotoXY（1，24）；  

end；  

ー）；  

（＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊  PRC Experiment Procedures  ＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊ ）  

Procedure initalldata；  

begln  

flushexpdata；  

datafilename：＝＝；  
datanum：＝0；  
maxPS：＝0；   

end；  

Procedure testsin；  

var  MPS，k   ：integer；  

begln  

write（一Max data number？  
write（一Max phase shift？  
flushexpdata；  
for k：＝O to datanum－1do  

readln（datanum）；  
readln（MPS）；  

begln  

WithⅩPdata［k］do  
begln  

dataNO   ：＝k；  

contcycle：＝2＊k；  
stimphase：＝random（100）；  
phaseshift：＝MPS＊sin（stimphase＊3・6＊pi／180）；  

end；  

end；   
writeln；  

end；  
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Procedure settime（hset，mSet，SSet：integer）；  

begln  

With registparam do  

begln  

ax：＝ ＄2DOO；  

CX：＝ hset＊256＋mSet；  
dx：＝ SSet＊256；  
MsI）os（registparam）；  

end；  

Procedure puttime（i：integer）；  

begln   

With registparam do  

begln  

ax：＝ ＄0；  

bx：＝ Ofs（timebuf  
es：＝ Seg（timebuf  
intr（＄1C，reglstp  

end；  

end；  
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Function readtimebuf（i：integer）：real；  

byte；  

土nteger；  

real；  

Var  yy，11，dd，hh，mm，SS  

day，minute，SeCOnd  

hour  

begln   

yy：＝mem［seg（timebuf   
ll：＝mem【seg（timebuf   
dd：＝mem［seg（timebuf   
hh：＝mem【seg（timebuf  
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ss：＝mem［seg（timebuf  
（year  ：＝（yy dlv16  

f
 
 

yy mod16）  
（month ：＝（11div16）；   

day   ：＝（dd div16）＊10＋（dd mod16  
）
 
 
 

hour  ：＝（hh d．iv16）＊10＋（hh mod16）；   

minute：＝（mm div16）＊10＋（mm mod16）；   
SeCOnd：：（ss div16）＊10＋（ss Od16）；   
readtimebuf：＝ hour＊3600 ＋ mlnute＊60 ＋ SeCOnd；  

end；  
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Procedure timerstart；  

begln   

Settime（0，0，0）   

Port［timerport   
Port［timerport   

Port［timerport   
Port［timerport   

Port［timerport   
Port［timerport  
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Procedure timerstop；  

begln   

Port［timerport   
Port［timerport   
Port［timerport  

end；  
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Function ADread（ch：byte）：integer；  
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Ort［chsel  
Ort［cnvst  

repeat  

data：＝PortW［rword］；   
until（data and ＄8000）＜＞ 0；   
data ：＝data andiOFFF；   
ADread：＝data－＄800；  

end；  

Procedure DigitalOut（ch：integer）；  
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d  ：integer；  Var  

begln   

CaSe Ch of  

O：Port［oscsel］：＝ONoutO；  
1：Port［oscsel］：＝ONoutl；   

end；   

for d：＝O tolO do begln end；   
Port［oscsel］：＝OFFout；  

end；  

Procedure getslicelevel（SL：PerCent；Var maXin，1evel：integer）；  

1ive，i ：integer；  

maxpot ：real；  
Var  

begln   

maxpot：＝0；   

for i：＝－10000 to lOOOO do  
begln  

live：＝ADread（0）；  
if maxpotくIive then maxpot：＝live；  

（channelO selected）  

1evel：＝rOund（maxpot＊SL／100）  
round（maxpot）；  maXln  

end；   

Procedure getpeak（var flag：boolean）；  

databuffer  ：array［0‥10］ofinteger；  
Oldsum，neWSum，i   ：integer；  

Var  

begln   

if ADread（0）く slicelevel  
then  

begln  

repeat untilAI）read（0）〉＝Slicelevel；  
fori：＝O tolO do databuffer［i］：＝AI）read（0）；  
repeat  

Oldsum：＝0；  
newsum：＝0；  
fori：＝O to 9 do databuffer［i］：＝databuffer［i＋1］；  
fori：＝O to 9 do oldsum：＝Oldsum＋databuffer［i］；  
databuffer［10］：＝AI）read（0）；  
fori：：1tolO do newsum：＝neWSum＋databuffer［i］；  

until oldsum － neWSum 〉＝0；  
flag：＝true；  

end  

else flag：＝false；  
end；  
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Function intervalSE（num：integer；data：elements）：real；  

integer；  

real；  
Var  l  

Sum，Slgma，Varience，mean  

begln   

Sum：＝0；   

Varience：＝0；   
S土gma：＝0；   

fori：＝O to num－1do sum：＝Sum＋data［i］；   
mean＝Sum／num；   
for 

． 

intervalSE：＝ Sqrt（varlenCe）；   
Writeln（1st，一SE＝T，Sqrt（varience））；  

end；  

Function mean10int（num：integer；data：elements）：real；  

integer；  

real；  

var l  

Sum，Slgma，Varience，mean   

begln   

Sum：＝0；   

Varience：＝0；   

S土gma：＝0；   

fori：＝O to num－1do sum：＝Sum＋data［i］；   
mean：＝Sum／num；   
mean10int：＝ mean；  

Function seqdelay（sequence，CyClelength：integer）：integer；  

Var  i，unit，unitdelay：integer；  

begln  

unit：＝CyClelength divlO；  
unitdelay：＝unit＊（sequence modlO）；  
Seqdelay：＝unitdelay ＋ random（unit）；  
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Procedure Interval；  

const CYCLEMAX  ＝100；  

1，j  
found  
realmsec  

CyCle  

POans  

1nte  r
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Var  
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－
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1］of real；  
CYCLEMAX］ofinteger；  

begln   
ClrSc   
Wr土te  

＿
l
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r
 
 

▼printer Out？［Y／N］：T）；  
）
 
 

S
 
 

n
 
 

a
 
 

readkeyboard（PO  
］
 
 
 

●
 
l
 
l
 
 

then writeln（lst）；  1f POansln［－Y▼，－y  
Writeln；  

wrlte（－HIT ANY KEY －）；  
repeat untilkeypressed；  

writeln（∧G）；  

getslicelevel（70，maXinput，Slicelevel）；lowvideo；  
write（∧G）；  

writeln（YMaxinput ＝ 一，maXinput：5，’＊  
slicelevel＝ 一，Slicelevel：5）；highvideo；  

i：＝0；  

repeat getpeak（found）untilfound；  
timerstart；  

repeat  

repeat getpeak（found）untilfound；  
Puttime（0）；  

timerstart；  

wr土te（人G）；  

realmsec［0］：＝readtimebuf（0）  
cycle［i］：＝rOund（realmsec［0］  
write（i：2，一：一，CyCle［i］：4，’  

）
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l
 
l
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）
 
 

if（imodlO）＝9 then writeln；  
if i＝99 then writeln  

if POansin［一Y一，一yT  n
 
 

e
 
 
 

h
 
 

ト
し
 
 

●
l
 
］
 
 begln  

write（1st，i：2，T：一，CyCle［i］：4，一 一）；  
if（imodlO）＝9 then writeln（1st）；  
ifi＝99 then writeln（lst）；  

end；  

if i＝99 then i：＝－1；  
土：＝i＋1；  

until（i＝CYCLEMAX）or（keypressed）；   
timerstop；  

end；  
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Procedure Experiment；  

Var  l，j，DM，DN  

msecstr  

found  

realmsec  

interval  

anSWer  

maxst  

Rcontcycle  

SL  

integer；  

String［12］；  

boolean；  

array［0‥10］of real；  
elements；  

Char；  

Strings；  

real；  

PerCent；  

begln   

dlspinfo；   

drawframe；   

getmax（maxPS）；   
drawframe；   

hlghvldeo；   

gotoXY（1，21）；Write（一Data Numbers？［0，．500］：一）；   
read（DN）；   

lowv土deo；   
gotoXY（1，21）；Write（一Data Numbers？［0‥500］：’）；   
highvideo；   

gotoXY（1，22）；Write（一Slice Rate（冨）？［0‥100］：，）；   
read（SL）；   

lowvideo；   

gotoXY（1，22）；Write（’slice Rate（冤）？［0‥100］：’）；   
highvideo；   

gotoxY（1，23）；Wrlte（－HIT ANY KEY’）；  
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repeat  

currentinfo  

FOR j：＝O TO  
BEGIN   

gotoXY（1，23）；   
write（fGet SLICE LEVEL  T）；Write（＜G）；   

getslicelevel（SL，maXinput，Slicelevel）；   
currentinfo（maxinpu亡，Slicelevel）；   

repeat  

gotoXY（1，23）；  
write（一Test the STABILITY．一）；Write（∧G）；  
timerstart；  

for i：＝O to lO do  
begln  

repeat getpeak（found）untilfound；  
Puttime（i）  
realmsec［i   

end；  

wr土te（∧G）；  

writeln（1st）；  

●
 
●
 
 
 

●
，
］
 
 

＝readtimebuf（i）；  

write （1st，Tinterval：T）；  
for l：＝O to 9 do   

begln  

interval［i］：＝rOund（realmsec［i＋1］－realmsec［i］）；  
write （1st，interval［i］：5，一 ＊一）；   

end；  
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writeln（1st）；   
timerstop；  

untilintervalSE（10，interval）（30；  
for i：＝O to l do   

begln  

write（∧G）；  

delay（10）；  

eIld：  

gotoXY（1，23）；  

write（TsTIM．＆ EXP  ー）；  

I）M：＝rOund（meanlOint（10，interval）＊0．95）；  
timerstart；  

repeat   

getpeak（found）；   
puttime（0）；  

until found；  

repeat   

getpeak（found）；   
puttime（1）；  

until found；  

delay（seqdelay（j，DM））；  
DlgltalOut（0）；  
puttlme（10）；  
repeat   

getpeak（found）；   
Puttime（2）；  

until found；  

repeat   

getpeak（found）；   
puttime（3）；  

until found；  

repeat   

getpeak（found）；   
puttime（4）；  

until found；  

（Zerotimeaction potential）  

（1st action potentialtime）  

（Stimulation trigger out ）  
（Stimulation time  ）  

（2nd action potentialtime）  

（3rd action potentialtime）  

（4th action potentialtime）  

tlmerstop；  

fori：＝O to 4 do realmsec［i］：＝ readtimebuf  
realmsec［10］：＝ readtimebuf  

WithⅩPdata［datanum］do   
begln  

dataNO   ：＝datanum；  
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Rcontcycle：＝meanlOint（10，interval）；  

contcycle：＝rOund（Rcontcycle）；  
stimphase：＝rOund（（realmsec［10トrealmsec［1］）  

＊100／Rcontcycle）  
Phaseshift：＝（realmsec［4トrealmsec［0  

＊100／Rcontcycle；  
－Rcontcycle＊4）   

end；  

monoplot（datanum）；  
with expdata［datanum］do   
writeln（1st，’NO T，dataNO：3，COntCyCle：9，Stimphase：5，  

Phaseshift：5：1）；   
wrlteln（1st）；  

datanum：＝datanum＋1；  
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gotoXY（1，23）；lowvideo；Writeln（TExperiment end．   

repeat  

highvideo；Write（Tsave data？（y／n）：一）；  
readkeyboard（answer）；   

untilanswerin［’Y’，一y一，TNT，TnT］；  

ー）；  

Clrscr  

if answerin［’Y一，一y一］then dataIO（一s一）；   

（＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊  PRC Main Routine  ＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊ 
）  

Begln  

initalldata；  

START：  
ClrScr；  

lowv土deo；  

Writeln； highvideo；  
write（一L一）；lowvideo；Write （Togged drive   ・†）；  

highvideo；Writeln（currentdrive＋T：’）；  
write（一W一）；10WVideo；Write （一ork data file ・一）；  

highvideo；Writeln（datafilename）；  
Wrlteln；  

writeln（一＊ OPERATIONS ＊一）；  
lowv土deo；  wrltel  

write  

wrlte  

write  
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lowv土deo；  

lowv土deo；  

lowvideo；  

lowvideo；  

lowvideo；  

lowvideo；  

lowvideo；  

lowvldeo；  

lowvideo；  

lowvideo；  

lowvideo；  

lowvldeo；  

lowv土deo；  

lowvldeo；  

lowv土deo；  
lowvldeo；  
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Write  
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write（一H一）  
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wr土te（－’）  
wrlte（－F’）  
write（－0’）  
wr土亡e（－c－）  

write（－Q－）  
wr土te（－ －）  

wrlte（一丁－）  

wr土te（－Rt）  
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eln；  wrlt  
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repeat   

wr土亡e（－〉〉－）；   

readkeyboard（Select）；Writeln；   
wr土teln；   

Case Select of  
†L†，Ill  
tw†，lwt  

－F▼，－f－  

1H†，†hI  
ID†，Id†  

†Y†】†yI  

Changedrive；  

dataIO（－w’）；  

ph；  a
 
 

r
 
 

g
 
 

n
 
 

e
 
 

p
 
 

O
 
 
 hardcopy；  
d土rectory；  

：fileerase；  
lc†，†cI：filecopy；  
†Rl，†rl：filerename；  
－Ⅰ－，－1－ ：In亡erval；  
一E’，Te一：ben 

datafilename＝‥thendata工。（一wt）；  
experiment；  

end；   

’s’，’st：ben 
datafilename＝，一the。dataI。（Tw一）；  

dataIO（†s一）；  

end；   

’oT，’0’：ben 
datafilename＝‥thendataI。（・w一）；  

data工0（－0－）；  

end；  

’G’，’g’‥ben 
datafilename＝‥thendataIO（Tw一）；  

graphmain；  

end；  
TT’，’t’‥ben 

。atafile。ame＝7－then dataIO（TwT）；  
testsin；  

end；  
一Q一，▼q一：begln end；  

else  

goto START；  
end；   

untilselectin［TQT，一q’］；  
End．  

115   



（＊＊＊＊＊掴＊＊＊＊＊＊＊＊＊＊＊＊＊＊牒司＊＊＊＊＊＊＊＊＊＊＊輌＊＊＊輌＊＊納＊＞伸伸紳伸伸伸摘＊＊＊ ）  

GraphicExtensionProcedS 
2ndversi。n。fT。RTLE．PAS  

（＊＊＊＊＊＊＊＊＊＊＊＊＊＊湧＊＊＊＊＊＊＊牒牒湧＊＊＊＊＊＊＊＊掴＊＊＊＊＊牒巧く＊＊＊＊＊＊＊＊＊＊＊＊＊＊輌＊＊＊＊＊ ）   

GSX‾86 
（ 

s 

（＊掴＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊輌＊＊＊＊＊＊＊＊村村＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊輌＊＊ ）  

COnSt  

MAXPOINT ＝100；  
MAXCONTRL＝ 5 

MAXINTIN ＝ 80；  
MAXPTSIN ＝ 200；（MAXPOIⅣT ＊ 2）  
MAXINTOUT＝ 45 

MAXPTSOUT＝12 

亡ype  
color ＝（black，red，green，blue，Cyan，yellow，magenta，White，nOne）；  

1inestyle ＝（noneline，SOlidline，dash，dotline，dashdot，longdash）；  

markertype ＝（nonemarker，dot，Plus，aSterisk，ring，CrOSS）；  

fillint ＝（hollow，SOlid，harftone，hatch）；  

filltype ＝（nonefilltype，Vertical，horizontal，Slash，backslash，  

CrOSS2，ⅩⅩⅩ）；  

Pblock ＝ reCOrd  

COntrlptr：＾integer；  
intinptr ：＾integer；  
PtSinptr ：∧integer；  
intoutptr：＾integer；  
PtSOutPtr：＾integer；  

end；  

register ＝ reCOrd  

ax・bx，CX，dx，bp†di，Si，ds，eS，flag：integer  

end；  

POSitionelement ＝ reCOrd  

X，y   ：integer；  
end；  

POSition ＝ array［1‥MAXPOINT］of positionelement；  
Strings ＝ String［80］；   

Var  

Parameter：Pblock；  
COntrl  ：array［1‥ MAXCONTRL］ofinteger；  
intin   ：array［1‥ MAXINTIN］ ofinteger；  

t 

ptsout  ：array［1‥ MAXPTSOUT］ofinteger；   
’gSXy2’  

；  
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PrOCedure gdos；  

begln   

With bdosparam do  

begln  
CX：＝ ＄473；  
DX：＝ Ofs（parameter）；  
I）S：＝ Seg（parameter）；  
intr（224，bdosparam）  

end  

end；  

PrO？edure setwritemode（mode：integer）；  
begln   
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COntrl  

COntrl   
lnt土n   

gdos；  
end；  

PrOCedure opengraph；  

begln   

With parameter do   

begln  

COntrlptr：＝ addr  
intinptr ：＝ addr  
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PtSinptr ：＝ addr（ptsin   
intoutptr：＝ addr（intout   
PtSOutPtr：＝ addr（ptsout  

end；   

］
］
］
］
］
］
］
］
】
］
］
 
 

1
 
2
－
q
 
l
 
つ
ム
 
3
′
q
 
5
′
h
U
 
7
 
8
「
■
J
］
 
 

［
［
［
ト
r
－
L
－
ト
ト
L
ト
L
［
［
r
ト
0
ノ
0
 
 

：＝ 1：  COntrl   

COntrl   
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in亡土n  

intin  
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lntln  
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1；  
：＝1；  

：＝ Ord（white）；  

：＝ Ord（dot）；  

：＝ Ord（white）；  

：＝］．；  

：＝ Ord（white）；  

：＝ Ord（solid）；  

：＝ Ord（hollow）；  
：＝ Ord（white）；   

gdos；   

1angle：＝ 0；   

gsxxl‥＝ 0；  

gsxyl‥＝ 0；   

setwritemode（1）；  
end；  

PrOCedure cleargraph；  
begln   

contrl   
contrl   
gdos；  

end；   
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PrOチedureline（Ⅹ1，yl，Ⅹ2，y2：integer）；  

begln  
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con亡rl  

contrl   

ptsi   

ptsi   

ptsl   

ptsi   

gdos  

end；  
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procedure fillcolor（cl：COlor）；  
begln   

contrl［1   

contrl［2   
1ntin［1】   

gdos  

end；  
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procedure circlefill（Ⅹ，y，r：integer）；  
begln   

contrl［   
con亡rl［   

contrl［   
pts土n【1   

ptsln［2   
ptsin［5   
ptsln［6   

gdos  

end：  
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procedure arc（stdeg，eddeg，Ⅹ，y，r：integer）；  
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procedure move（distance：integer）；  
Var   

angle：real；  
begln   

ifiangle mod 90  

then  

CaSeiangle of  

O ：gSXX2：＝ gSXXl＋ distance；  
90 ：gSXy2：＝ gSXyl＋ distance；  
180：gSXX2：＝ gSXXl－ distance；  
270：gSXy2：＝ gSXyl－ distance；  

end  

else  

begln  

angle：＝iangle ＊ 0．017453292；  

gsxx2：＝ gSXXl＋trunC（distance＊cos（angle））；  
gsxy2：＝ gSXyl＋trunc（distance＊sin（angle））；  

end；   

if currentcolor （〉 none  
thenline（gsxxl，gSXyl，gSXX2，gSXy2）；   

gsxxl：＝ gSXX2；   
gsxyl：＝ gSXy2  

end；  

PrO？edure moveto（Ⅹ，y：integer）；  
begln   

gsxx2：＝ Ⅹ；   

gsxy2：＝ y；   
if currentcolor く〉 none  

thenline（gsxxl，gSXyl，gSXX2，gSXy2）；   
gsxxl：＝ Ⅹ；   

gsxyl：＝ y  
end；  

PrO？edure where（var x，y：integer）；  
begln   

X：＝ gSXXl；   
y ‥＝ gSXyl；  

end：  

procedurelinecolor（cl：COlor）；  
begln   

contrl［1   
contrl［2   
int土n［1】   

gdos；  
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 ：＝ Cl  currentcolor  

end；  
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PrOedure turn（a：integer）；  
begln   

iangle：＝iangle ＋ a；   
ifiangle 〉＝ 360  
theniangle ‥＝iangle mod 360  
else  

ifiangle ＜ O  

then  

Whileiangle く＝ O do  
iangle：＝iangle ＋ 360；  

end；  

PrOedure turnto（a：integer）；  
begln   

iangle：＝ a；   
ifiangle 〉＝ 360  
theniangle：＝iangle mod 360  
else  

if iangle 〈 O  
then  

Whileiangle（＝ O do  
iangle：＝iangle ＋ 360；  

end；   

procedure polyline（var cordinate：POSition；number：integer）；  
Var   

i：integer；  
begln   

⊂Ontrl   

COntrl  

］
 
「
■
」
 
 

1
 
2
 
 

［
［
 
 O

 
 

d
 
 

・
I
 
r
 
 

r
 
e
 
 

e
 
b
 
 
 

，
D
 
m
 
 

m
 
u
 
 

…
 
u
 
n
 
 

′
b
 
n
 
 

O
 
 

ニ
ニ
十
し
 
 
 

●
 
●
 
 
 
●
 
＿
 
 l

 
 

for i：＝  
begln   

with cordinate［i］do   
begln  
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end；  

end；   

gdos；   

gsxxl：＝ COrdinate［number   
gsxyl：＝ COrdinate［number  

end；   



PrOCedure polymarker（var cordinate：POSition；number：integer）；  
Var   

i：integer；  
begln   

contrl［1］：＝ 7；   

contrl［2］：＝ number；   
for i：＝1to number do  

begln  

WithOrdinate［i］do  
begln  

ptsin［1＊2－1］：＝ Ⅹ；  

ptsln［1＊2］ ：＝ y；  
end：  

end；   

gdos；   

gsxxl：＝ COrdinate［number   
gsxyl：＝ COrdinate［number  

end；  

PrOCedure marker（Ⅹ，y：integer）；  

begln   

contrl   

contrl   

ptsln   

pts土n   

gdos；  

end；  

7
 
1
 
Ⅹ
 
Ⅴ
ノ
 
 
 

T
∴
 
∵
∵
 
コ
パ
 
∵
T
 
 
 

●
 
●
 
 
 
■
 
●
 
 
 
●
 
●
 
 
 
●
 
●
 
 

］
］
］
］
 
 

1
 
2
 
1
 
2
 
 

［
ト
［
［
 
 

procedure polygon（var cordinate：POSition；number：integer）；  
Var   

i：integer；  
begln   

contrl［1］：＝ 9；   
contrl［2］：＝ number；   
for i：＝1to number do  

begln  

WithOrdinate［i］do  
begln  

ptsin［i＊2－1］：＝ Ⅹ；  

ptsin［1＊2］：＝ y；  
end；   

end；  

gdos；  
gsxxl：＝ COrdinate［number  
gsxyl：＝ COrdinate［number  
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procedure writetext（Ⅹ，y：integer；tXt：Strings）；  
Var   

i：integer；  
begln   

con亡rl［1］：＝ 8；   
contrl［2］：＝1；   
contrl［4］：＝length（t   
fori：＝1to contrl［  0
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 1ntln［1］：＝ Ord（txt［   

ptsin［1］：＝ Ⅹ；   

ptsln［2］：＝ y；   

gdos  

end：  

procedure characterheight（height：integer）；  
begln   

contrl［   
contrl［   
ptsin【1   

pts土n［2   

gdos  

end：  
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procedure fillstyle（style：filltype）；  
begln   

contrl［1   
contrl［2   
intln［1］   

gdos  

end；  

0；  
ord（style）；  

procedure fi11interior（style：fillint）；  
begln   

contrl［1   
contrl［2   
intin［1］   

gdos  

end；  

0；  
Ord（style）；  

procedure polymarkercolor（cl：COlor）；  
begln   

contrl［1   
COntrl［2   
土ntln［1］   

gdos；  
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procedure polymarkertype（marker：markertype）；  
begln   

COntrl［1   
COntrl［2   
土ntin［1］   

gdos；  

end；  

0；  
Ord（marker）；  
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PrOCedure characterupvector（angle：integer）；  
begln   

contrl   
contrl   

intin［   

gdos；  

end；  
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procedure textcolor（cl：COlor）；  
begln  

con亡rl［  
contrl［  
土nt土n［1  

gdos；  
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Function randomcolor：COlor；  

Var  

t   

coldetermin   

Cl  

integer；  

1‥7；  

COlor；  

begln   

randomize；   

coldetermin：＝trunC（random＊7＋1）；   
Cl：＝black；   

for t：＝1to coldetermin do cl：＝SuCC（cl）；   
randomcolor：＝Cl；  

Procedure box（Ⅹ1，yl，Ⅹ2，y2：integer）；  

begl   n   
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end  

PrOCedure？ircle（Ⅹy，r：integer）；  

VElr l  ：1nteger；  
theta：real；  

begln   

POlymarkercolor（red）；   
POlyarkertype（dot）；   
for l：＝O to 360 do  

begln  
theta：＝Pl＊i／180；  
gsxxl：＝rOund（r＊sin（theta））；  
gsxyl：＝rOund（r＊cos（theta）＊64／40）；  
marker（Ⅹ＋gsxxl，y＋gsxyl）；  

end；  

end；  
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（＊＊＊＊＊＊＊＊＊＊＊＊  G－VRAM Hard Copy Procedures  ＊＊＊＊＊＊＊＊＊＊＊＊  

（＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊  

Procedure copygraph；  

COnSt Copy8bit：array［O  
CopyMode：array［O  
NatvMode：array［O  
PrntMode：array［O  
LFcopy ：array［O  
LFnative：array［O  
PrnBusy ＝ ＄ん2；  

PrnWrite＝ ＄40；  
PrnCtrl＝ ＄46；  
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type bitblock ＝ array［0‥7］of byte；  
VRAM  ＝ array［0‥399，0‥79］of byte；  

VRAM absolute ＄A800：0；  
VRAM absolute ＄BOOO：0；  
VRAM absolute ＄B800：0；  
integer；  

bitblock；  

var BluV  
RedV  

GrnV  

h，i，j，k，1Ⅹ，kx  

gbuf，Pbuf  

procedure BitPatTxfer（gbuf：bitblock；Var bitimage：bitblock）；  

const mask：byte ＝ ＄01；（0000－0001）  

：integer；  
：byte；  

Var  l，］  

Pout，maSkedGB  

begln   

for l：＝7 downto O do  
begln  

for］：＝7 downto O do  
begln  

Pout：＝ Pout shll；  
maskedGB：＝ gbuf［j］and mask；  
Pout：＝Pout or maskedGB；  
gbuf［j］：＝ gbuf［j］shrl；  

end；  

bitimage［i］：＝Pout；  

end；  
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Begln   

Write（1st，LFcopy）；   

write（1st，PrntMode）；   
Write（1st，CopyMode）；   
for i：＝O to 49 do  

begln  

rite（1st，Copy8bit）；  
1Ⅹ：＝1＊8；  

for j：＝O to 79 do  
begln  

for k：＝O to 7 do  
begln  

kx：＝ix＋k；  

gbuf［k］：＝ BluV［kx，j］；  

gbuf［k］：＝ gbuf［k］or RedV［kx，j］；  

gbuf［k］：＝ gbuf［k］or GrnV［kx，j］；  
end；  

BitPatTxfer（gbuf，Pbuf）；  

for h：＝O to 7 do  
begln  

repeat unti1164＝POrt［PrnBusy］；  
port［PrnWrite］：＝Pbuf［h］；  
POrt［PrnCtrl］：＝14；  
POrt［PrnCtrl］：＝15；  

end；  

Wrlteln（1st）；   
end；  

write（1st，NatvMode）；  

write（1st，LFnative）；  
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（＊＊＊＊＊＊＊＊＊＊＊＊＊  File工／O Procedures  ＊＊＊＊＊＊＊＊＊＊＊＊ 

（＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊ 
）  

）  

1abe1 0PE START；  

Strlng［14］；  
record   

ax，bx，CX，dx，bp，Si，di，ds，eS，flag：integer；  

end；  

type name  

reg土st  

Char；  
boolean；  

reglst；  

String［38］；  
string［128］；  

Var  SelectpopeIdrive  
direx15t  
registparameter  

FCB  
DTA  

Function Exist（filename：name）：boolean；  

Var filevar：file；  

begln  

assign（filevar，filename）；  

（＄Ⅰ－）  

reset（filevar）；  
close（filevar）；  

（＄工＋）  

exist：＝（IOresult＝0）；   
end；  

Procedure UpperCase（var strg：name）；  

begln  
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Procedure readkeyboard（var character：Char）；  

Var  Charcode ：integer；  

begln  

With registparameter do  

begln  

ax：＝＄0100；  

MsDos（registparameter）；  
char⊂Ode：＝ aX and ＄00ff；  
character：＝ Char（charcode）；  

end；   

end；  

Function currentdrive：Char；  

driveNO ：integer；  Var  

begln   

With registparameter do  

begln  

ax：＝ ＄1900；  

MsI）os（registparameter）；  
driveNO：＝aX and ＄00ff；  
currentdrive：＝Char（driveNO＋65）  

end；  

end；  

Procedure selectdrive（newdrive：Char）；  

begln  

With registparameter do  

begln  

ax：＝ ＄OEOO；  

dx：＝integer（upcase（newdrive））－65；  
MsDos（registparameter）；  

end；  

end；  
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Procedure setFCB（filename：name）；  

begln  

With registparameter do  
begln  

ax：＝＄2900；  
ds：＝Seg（filename）；  
si：＝Ofs（filename）＋1；  
es：＝Seg（FCB）；  

dl：＝Ofs（FCB）；  

MsDos（registparameter）；  

1f ax＝＄29FF  
then  

be 

tel。（一Invalidfile。ame。r。ri，e．T）；  
end；  

end；   

end；  

Procedure set】〕TA；  

begln  

With registparameter do  
begln  

ax：＝＄1AOO；  

ds：＝Seg（DTA）；  
dx：＝Ofs（DTA）；  
MsDos（registparameter）；  

end；   

end；  

Procedure searchfirstentry；  

begln  

With registparameter do  

begln  

ax：＝＄1100；  

ds：＝Seg（FCB）；  

dx：＝Ofs（FCB）；  
MsDos（registparameter）；  

if ax＝＄1100  
then direxist：＝ tru  
else direxist：＝ false  

end；   

end；  
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Procedure searchnextentry；  

begln  

With registparameter do  

begln  

ax：＝＄1200；  

ds：＝Seg（FCB）；  

dx：＝Ofs（FCB）；  

MsI）os（registparameter）；  

if ax＝＄1200  
then direxist：＝ true  
else direxist：＝ false  

end；   

end；  

Procedure deletedirentry；  

begln  

With registparameter do  

begln  

ax：＝＄1300；  

ds：＝Seg（FCB）；  

dx：＝Ofs（FCB）；  
MsDos（registparameter）；  

end；   

end；  

Procedure memoryout（segment，Offset，bytenum：integer）；  

Var  aSCiichar ：Char；  
bytedump，i：integer；  

begln  

fori：＝O to bytenum－1do  
begln  

bytedump：＝mem［segment：Offset＋i］；  
asciichar：＝Chr（bytedump）；  
write（asciichar）；  
if i mod16 ＝15 then writeln；  

end；   

end；  
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Procedure dumpfilename（dumpfilename：name；Wide：boolean）；  

label DUMPENI）；  

Var  ］  ：integer；  

begLn  

setFCB（dumpfilename）；  
SetDTA；  

J：＝0；  

SearChfirstentry；  

if direxist＝false  

then  

begln  

wrlteln（－No f土1es．’）；  
gotoI）UMPEND；  

end；  

memoryout（seg（DTA），Ofs（DTA）＋1，11）；  
if wide＝true  

then wr■ite（T ／ 一）  
else writeln；  

repeat  

begln  

SearChnextentry；  

if direxist＝true  

then  

begln  

memoryout（seg（DTA），Ofs（DTA）＋1，11）；  
if wide＝true  

then  

begln  

rlte（－／－）；  
］：＝j＋1；  

if j mod 5 ＝ 4 then writeln；  
end  

else writeln；  

end；  

end；  

until direxist＝false；  
DUMPEND：  

Writeln；   

end；  
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Procedure  

Var  

directory；  

dirfilename：name；  
begln   

write（一File name：’）；   
readln（dirfilename）；   
if dirfilename＝＝  

then dirfilename：＝†＊．＊T・ I   
if dirfilename＝†a：†  

then dirfilename：＝一a：＊．＊T・ ！   
if dirfilename＝†b：†  

then dirfilename：＝Tb：＊．＊一・ ）   
if dirfilename＝Tc：†  

then dirfilename：＝Ic：＊．＊t・ ）   
if dirfilename＝Td：†  

then dirfilename：＝Td：＊．＊T・ I   
if pos（▼：一，dirfilename）＝O  

then dirfilename：＝Currentdrive＋一：T＋dirfilename；   
dumpfilename（dirfilename，true）；   
Wrl亡eln；  

end；  

Procedure filerename；  

var filevar  ：file；  
01dfilename，  

newfilename ：name；  
begln  

write（一File name to rename：T）；readln（oldfilenarne）；  
if pos（一：一，01dfilename）＝O  

then oldfilename：＝Currentdrive＋一：一＋01dfilename；  
Uppercase（Oldfilename）；  
write（一  new name：T）；readln（newfilename）；  
if pos（一：一，neWfilename）＝O  

then newfilename：＝Currentdrive＋†：7＋neWfilename；  
Uppercase（newfilename）；  
Writeln；  

if exist（01dfilename）＝false  
then  

writeln（TFile 一，01dfilename，一 not found．一）  
else  

if exist（newfilename）＝true  
then  

writeln（一File T，neWfilename，一 already exists！T）  
else  

be 

teln（一Rename ▼，。1dfilename，7  as 一  

，neWfilename）；  
assign（filevar，01dfilename）；  
rename（filevar，neWfilename）；  

Wr土teln  
Writeln   

●
I
（
 
 
 

rename end．一）；  
Writeln；  

end；  
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Procedure fileerase；  

erasefilename  

erasefilevar  

anSWer  

Var  

begln  

repeat   

be 

te（一Filenamet。eraSe：一）；  
readln（erasefilename）；  
if pos（1：一，eraSefilename）＝O  

then erasefilename：＝Currentdrive＋一：一＋eraSefilename；  
upprCaSe（erasefilename）；  
asslgn（erasefilevar，eraSefilename）；  
setFCB（erasefilename）；  
Writeln；  

dumpfilename（erasefilename，false）；  

repeat  

begln  

write（Tcorrect？（y／n） 一）；  
readkeyboard（answer）；Writeln；  
Wrlteln；  

end；  

untilanswerin［1YT，Ty▼，一N一，一n一］；  
end；   

untilanswerin［Ty一，TYl］；  

deletedirentry；  

writeln（．file erase end．一）；   
Wrlteln；  

Procedure filecopy；  

COnSt bufrecsize  

bufbytesize  
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records in a buffer）  
records ＊128 byte ）  

SOurCefilename，  

destinationfilename ：name；  
SOurCeVar†  
destinationvar  ：file；  
buffer  ：array［1‥bufbytesize］of byte；  
MFR，（Max File Records）  

EOR（End Of Records）：integer；  

Var  
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begln   

write（Tsource file name  ．－）；  

readln（sourcefilename）；  
if pos（一：T，SOurCefilename）＝O  

then sourcefilename：＝Currentdrive＋▼：l＋SOurCefilename；  
uppercase（＄OurCefilename）；  
write（一I）estination file name：一）；  
readln（destinationfilename）；  
if pos（’：1，destinationfilename）＝O   

then destinationfilename：＝Currentdrive＋†：I  
＋destinationfilename；  

uppercase（destinationfilename）；  
Writeln；  

if exist（sourcefilename）＝false  
then  

writeln（一File 一，SOurCefilename，一 not found．T）  
else  

if exist（destinationfilename）＝true  
then  

writeln（一File 一，destinationfilename，  
T  already exist！7）  

else  

begln   

writeln（一Copying 一，SOurCefilename，一 to  
destinationfilename）；   

assign（sourcevar，SOurCefilename）；   

reset（sourcevar）；  
assign（destinationvar，destinationfilename）；  

rewrj＿te（destinationvar）；  
MFR：＝filesize（sourcevar）；  
Wh土1e MFR〉O do   

begln  

if MFR（＝bufrecsize  
then EOR：＝MFR  
else EOR：＝bufrecsize；  

blockread（sourcevar，buffer，EOR）；  

blockwrite（destinationvar，buffer，EOR）；  
MFR：＝MFR－bufrecsize；  

Close（sourcevar）；  
Close（destinationvar）；  

Writeln   

Writeln（Tfilecopy end．一）；   

Wrlteln；  

end；  
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Procedure changedrive；  

begln  

write （－New Drlve：’）；  
readln（drive）；  
selectdrive（drive）；  
wrl亡eln；   

end；  
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