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Abstraet  

The】neCJlanism of manganese（MT12’）一induced contraction was stlldiedin  

主竜Ol且tedileallongitudinalmuscle ofguinea－Pig．MnC12（1×10‾6t〔一5×10‾4M）  

caused a tran5ient c（つれtraCtion which8ubsided within approxim乱kly6T【】m O†  

al）I）】icati（汀L’1’hecoTltraCtjonw経SrePr（〕ducibleanddependentohthe00nCentr8tion＿  

The doserCSPOnSe CurVe WaS bell－Shap13d．AmaximaLrespon8eWaS Observed at  

cpncenLr且tionor5×10‾5M，Thecontractileerfectwasinhibit虐dtosome degrec at  

加p C【）r byも頼Orlotoxin（0．1／上呂ソTnJ），hyoscine（0．1／‘g／【－1J）orI】eX礼Inettl（）∫li11m  

（1OPg／m／），bllt COmPletelyiTThibited by Ca2＋－remOValfTOm themedium．   

Mn2＋inereased the output of［】4c］－aCetylcholinebiosynthesized frdm［14cl－  

c厄1ille by tk preparation depen山堀 口n the concelltratlDll．TheincrelまSeter－  

minated within the first6min and wasreduced bytetrodotoxin（0，1〟g／m［）orby  

（・emil）V貞lorCa2－fromthemediu上n，Boththecontraeti18andtransmitterreleasing  

effects ofMn？十weredeper）derlt On theconeentratioTIOfexternalCaZ＋．strorltium  

ions were able to replace Cna＋forMn2十induced transmitterrelease．  

1tiss堀打出当地（1thaLh4rlZ＋contracbile払1lo堀itudin且11nuSClethrぐ）u官hはrel畑1ざe  

ofく－holinergl（－もraTISmitter from the p且raSympatheLjc鵬rVe termir】als．whichi6  

‘壇稚－1derlt‖n eXtern81（二掟2＋．1t～11so h損S臼S打川11er h叩鉦inピーreSi8tant COntra（・tiTe  

e汀やCt．Pl’帽l川1a†〉ly（111e L（）a（1i！■批taCti（）Il（川1さTrlⅢ】th†n11＄Cl8Cells．  

iぐ）11S，nickelio【LS，項〉PPtlri（）rlS．冗in（：ion＄and  

hh2十arereportedtoproduce乱COlltraCtionin  

首uin組Pigil闘1nltlβClel〉ref】aTati8n54t19，2U〉  

Cf］dTTliumi（）nS（Cd2十）also havebeenfoundto  

have a similar acti、0I10rlSn100t）1111u畠Cle、and  

lthasbeensuggest忍（1L上】山け1ey批thyincreasing  

lntrodllCtil】n  

m・1a噂a】leSelons伸In2十）are kllOl和Lol〕aVe  

aniIlhibitollynCtion（）JlnleChanicnlresponseirl  

smr）Otわ mlほご】e preT〕arations by vaTiou＄印aS  

mogens点▼13・21）．or hca、rylneta1lollS．COt〕alt  
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relea紆′ Of endogenロu8 aC号tyl亡boli批 from  

cboline曙ほnefVe teminal古1〉・   

Tlle pr鍵entinvestl紳tion was earried outt亡〉  

du¢ida惚tbe 

r由pon朗in 舶allon郎tudin且Imu8ele of  

糾Inea－plg．Th月e梅ctpFMmZ十onも如丁如嵐ざe  

of transp山tter rromil組1longitudinalmlユSCle  

prepafations was alざOiTlVeSもig象捷dlnrelation  

t¢eXternaleaZ十eoncenもratioTl．  

Mat併ial＄那IdMe仇od＄   

11組11（）咽itudillalml】SCle（ILM）wasisく〉1ated  

fmmユn良1e琴迫1－1eかplgS Ofも地H融点ey8tr8in  

（av訂ageW¢ightaPPg）bytbemやtbqdsdescribed  

byf・ATOポ14・川・Thelo喝itudi旭1mu8elelayer  

WaS SeP往rated rrom the uJ】derlying cirぢular  

musclebystrokingitaw且yfromitぷmeS8nterie  

attaehm組tn（）tQrtlyattheupT）erendbutal（）TLg  

他ewhDlelen離h（10to15cm）ortheportiqnof  

ilQuml〕曙i丑nl咽10cm aもove tl－eileo－ご＆郎al  

】WICtion・1LMw8Srixedvertic811ybetweentwo  

bo（〕ksom＆holder andSeしupunder，且lo且dlng  

tをnSidmQ川．1glna20mJ肝ganbatb巴t）ntainl噂  

Tyrr）desQlutionwitIミthefollowlrlgCOmpnSition  

（mh†いN′ai姐7．K2＿7，Ca2ふMgl．0．Cl143．8，  

臼COall．9，Sq41．35a¶〔1glucoβ¢5．5．The s81u－  

tionl好猥苔aS昂ed with amうⅩt11reOr5％C〔〕28nd  

95馬Oz転ぼatleastlhr befqre uポe aIld also  

duri喝th88蕊匹riment，aI－dkeptatpH7．2Ⅶnd紆  

0Ⅹygen軋tioれ托rlし137q C・Th8meC毎mie温1re－  

spく）嘔eWaSreぐOrdedi路OtOnic乱Ily【）yaIl料）tnnlC  

transdue¢r（N見臨ume Ltd）．   

A亡母毎1choline（A（：鵠）叩tpu上rromcholinerg、ic  

nerves orlLM w8S dekrmined by me乱nS Or  

rぎdio風5Say Qr【】1キュトA〔）hbiosyntheslヱed亡rom  

「竹㌻トcholine．1LⅣ1wasincub良一edwithr14C卜  

cholln¢（3x、10｛5h4，SpeCific actlVity．67mCi／  

m心1）rdrご60mirlinTyrddesollIt拍n仁qnt往ininど  

pby80Stigmine（Phys，1xlO了M）．For仙＝1e見L  

鍋汀11n．thelmcubatedILM☆a、SWaSh巳d（；tim良畠  

atrominintervalswith50mlof［L4c卜choline  

free、8日l雨i｛）頂上ontain】瑚上｝h〉rS▲ Aft㊤rWaShin琴，  

theinEⅥhatedlL几4r（！mained ror6mllllヱ13mJ  

OfPhys－でyrode s（∋1咄1Pn，也nd th℃QXternalme－  

dil】mWa写COllectedforcol】nting．Pr8treatmerr臨  

with tetrodo10Xin（TTX）orl（摘Caヱ＋＆pd re－  

placement or Cag＋with str（）ntilユmiゎn5（SrZ＋）  

Ⅵ噂re 匹rformed dlユfing tbe00min w追払i爪音  

perlqd and 丑兎kl18Wimg ち minincub如1わの  

per血1．Mn2＋was applied d11ring tlle6min  

inc11batioD period．［王4cl－AChin tllemediⅦm  

w且Sidentifi8d by cbromabgrap毎anddeter・  

minedbyamethod：Similart－｝t旭t加seriも色dもy  

PoTTER川．aIldits cpntentwas pr醍印鹿d郎d  

min【】g】1wetweight ofILM．   

DrugsⅥ昆ed werモ：manganeSe ehloride〔KQ－  

kusan Ch鰭11cal8）；tetrOdotoxiIl（S8nky¢）；  

hyQSCineムydrDbromide－hexametl王Oniumchlo－  

rid単，eboline chloride and p桓so＄tigmin号Sul－  

phate、（Wako Pure Chem正妃S）；aCetyleholiTte  

cblorlde（Sigma）：14cCholinechlori由（NBC－  

141，Cholille Chloride，［In親hyト14c］．1TnCi／3．8  

mgim5．O mJethanoIs（】1utit〕n，New耳ngla持d  

Nuclear Corp．）  

Result＄  

Effe亡t Or～1112十 onln¢Chani飽1r終pOnSein  

ilea11tlngitll（ii冊1－n11SCleor即in組－pig：Gui11－  

ea－Pig TLM tlSedin these experiments、maiIl－  

tained如tablecontr冴亡hleac由ityinbypertQ雨c  

40mMpcltaSSiumchloride、SOlution（H40K）for  

－1・㌧・∫  
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 Fig．1上∃1■f胱じsゎーMn2十【）nmeeh8nlCalrespo托Se  
and hypertonic pot8SSium chloride so－  
111tion（H40壬ミトilldueやd conもで注ごti叩ili  
ileallongitudinalmuscleofguinea－pig．  
Mn2十，mang耶eSeChlo呵e（1xlO‾5M）；  
W，pre′p且r且tion w札Shed．Thls concBn－  
t沌tiqn of Mi12十 did not代血¢e 血¢  
r8Sけ⊃nEetn一丁40K（cf．Fig．2）  

け   



Mn2十＿ind11Ced contractioninILM  11   

象tleast4hr．Mn2＋（5×10‾5～1）c且uSed atran－  

sieTlt COntraCtion which s11b日ided withiTL6min  

（Fig．1）．T鮎＝ransient contraction rea沌ed且  

maximallevelwithirlthe firstlto2min．The  

effectofMn2＋wasreproducibleanddependent  

onit5COnCentration．Dose－reSP（）nSe CurVe tO  

Mn2十is pr8Sentedin Fig．2，The coTltTaCtil8  

effectofMn2十is presented asapercentage of  

the maximallevelof the H40K－induced coTl－   

tractioninnormalrllyrode如1ution．TheMn2十－   

induced contractiて）n apPeared at a concen－   

tration oflXlO－6M and reached a peak with   
5×10‾5M．How¢Ver，the contractile respon8e   

decreased at cpncentratiollS OVerlXlO‾4hI．   
Thedos8－reSpOnSeCurVeW88bell－Shaped・Mn2十  

iTlhigherconcentrationsranglngfromlx“「4   
tolXlO‾ah4．reduce〔1tlle H40K－induced con－   

tractiondependingorLitscoTICentrations．  

Efrects oflowEnng t8mper温t11r白 and neural   
oTCh（－】inoc叩tOrblockadeonM㌦十－COntraCtion：   

At 2D。C，the 入・1n2＋－ir）duced contrac加n w且S   

completelyinhibited（Tablel）．Lo購正鴨the   

temperature also slgnificantly reduced the   

H4nK－COntra武ion to75±2．1％ofcontrol（Pく   

0．05），butdidnotaffecttheeontra¢tloninduced   

by ACh（5XlO‾8～Ⅰ）．TTX（0．1〟g／mg）軸・   

nlficantlyreduced the～－n2＋－COntraCtiontoll±   

5．7％（P＜0．01），but did not affectthefI4OK－   

aTu】ACh＿COntraCtion．The Mn2＋－COntraetion   
was siどrliricalltly］爬duced to64±2．5霧（Pく   

0－Ol）in t†le preSenCe Or hex且methorlium（Cる，   

10〟g／汀り）whiclldiぐ1nota鮎cttheH40K－and   

＾Ch－COntraCtions．HyQ8Cine（0．1LLg／ml）coTn－   

pletelylrlhibited the ACh－COntraCtion and sig－   

nificantly reduced the MT12十，（一OrltraCtion tl〕   

35＋4．5％（P＜0．Ol）．but did not affect the   

）  

aIld Ca2十remOVa】rrom the一丁le（1iuェn on muscle  

【
㌔
〓
■
〔
▼
膏
2
1
u
g
ぎ
【
長
義
 
 

1  

1【〉gル1⊂∩爪Centraliu＝川n2十  

Fig。2 Dose・reSpOnSe CurVetOⅨ′1n2十（○）ror  
effects oTlmeCh且nicalresponBe 軋nd  
errect日0川′1n2＋（●）onhyper拍nic40Tn†）・1  
potassiuF11（】hloride（H40K）－in（1uced  
contractlOTlirlileELllongitudinalmuscle  
of gulnea－plg． Allthe contractile  
erfectsoftheagentsareexpressedasa  
percentage of tht：m且Ximalre8pOn呂e  
ind11Ced byIi40Kin】－OrmalTyrode  
sり1utionてVerticalbarss壬l〔）WS．e．mean  
of川陪又periments．  

TablelErrectβOfloweringteI叩rdLure（200C  
（（ニ6．1紬g／皿lり，hyosclne（0．】〃g／［1J）  

。t），1traetioninducedbYM㌦十（1xlO▼5M），aCetylcholine（A（：h，5xIO‾8h！1）orhypcrtonic  
loIlgltudiIlalmuscle．  ution（H40K）h訂ユ1ne邑【piどi如1  4O mM potassium chloTirIes（）l  

止血川1日山11elative to colltrて）1response（％）  C〔〕ntra亡tion to each  
TreatllleIlt  

ACh  H40K  

75±2．1＊  

t】8±2．4  

95±3，6  

97⊥2．5  

（〕†〕nり11ete block  

1U3±1．5   

102±2．7  

99±1．3  

ComT）】ete hl（）Ck  

Cこ〉mPlete t）】‖Ck   

ll⊥5、7＊＊   

64±2．5＊＊   

35±4．5＊＊  

20nC  

TTX  

C6  

Hyosc主ne  

CaZ＋rrernovEll  Complete b］ock  Completc block  

AllthetreatmentヂtViい1i［1hibitorswereapplicd30miTlt〉eforeadditionofstilm11ants．1ちaehvalue  
repr・eSent，Sthemean±s・e・forFiexl】erimeTltS・TrhetoI－iccomponeTttOf江嶋A（】h－CO－1Lraction was  
measured．＊Significantlydirf■erentr上10mCOntrOl，pく0・05・＊＊SうどniricatlLlydifler紺tfromcontroII  
pく0．01．   
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orwithout Mn2◆（5×10‾5M）ror6．12，Or24  

mim Tbe amount nf［14c］－ACh outputfroね  
ILM主s¢太pressedasdmin‾1g‾1w融w軸吊or  
tissue（Fig．3）．［Hc］－ACh outputincrea8ed  
linearly withincreascinincub且tiDnPeri0／din  

tbecontroIBOlutiofl．Mn2＋incre88edthe［14c］－  

ACh（〕utPし1t8nd eaused a parallelshiftoEthe  

cⅦrVe tQ theleft（Fig．3）． でh七i駅m咽頭  

am〔餌nt or［14c］－ACh released by Mn2十wa百  

almost the samein8aChincub且tion pBri8d．  

Thiβ Shows that MT12十■inducedincTeaSein  
transmltter rele8日e terminates within tI柁first  

H40Ⅹ－COntraCtiDn． Higher coTl¢entr色tion of  

hyo5∈ine（10〟g／mの reduced the Mn2◆ぺOn－  

tr及Ction to29±3．0彩（Pく0．01．N＝6）．Uhd訂  
a TeStiI唱tenSion of O．1g，remOValof Ca2十  
from the m¢dlum rQduced spontan¢0鵬 me－  

ch且mCalactiyity，自ndC良2＋r組d弛ion（2．5mM）  

restored thespontaneous activity．Removalof  

C8月＋fromthemediummmpletQlyinbibitedthe  
Mn2十一 且nd H40K－COJltr且dion 且nd 仇e tonic  

cわ′mPOnent Of the ACh－COntr8Ctio】l．A simu－  

1taneQuS applic融ion of人血2＋（5×10‾5M）且nd  

C㌔十（2，5mM）r由bredtheMn2＋・COntraCtion．   

Ef如もofhIn2十on［14c］一句Cetylch01ineoutput  
frDmil白色llongltudinalmus加：A畠th8n8ural  

＆nd cholinoceptor blocking 昭ent8inhibited  

Mn2十－COntraCtion，theeffectofMn2十on［14c］－  

ACh outp11t rrOmILM w且S eXaminモd．【LM  

10且ded witb［14c］－Chnli口e W且SincⅥbatedwith  
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等 4  

【uビル】cDnCentratioれOfMn21   

Fig．4 月0＄e－reさpDnSeCⅦⅣe t臼Mれ2十for the  
effe舶 On［14c］一缶C8tylcbolin¢（［llc】－  
ACh）ontput（■），On meeh乱ni組1  
re8pOnS愈（0）．amd on hype止onie p8－  

tas扇um chloride（H4〔】ミトind11C啓dcoTl－  
traction（●）inileall伽頑血diIl盆1  

mlユSeleofguln8a－plg．†n乱me羊p牟riInent  
determin払g［14c］一ÅCh肌噸血．1P pre－  
paration6 WeTe 也c法b如ed simult8一  
汁eo11S1y，and4苧叩肝im合口極Wer8e8rried  
out；（□）c？ntrOl叫座血Of［14c］－ACh  
for（iminlnCub8tio‡Iperiod．FQr tbe  
r朗ults of［1dc］一AChOu桝t・ア血やI  
bar8Show＄．8．me】まnOf4㊦Ⅹp8rlment8；  
in tlle r（〕Sults of mech丘nicalresp8n冶金，  
Ye止ic且1bars shpw∃・e・m組n OflO  

experimeTlt凱   

InrlユbRtiijn PeTi（山（rninJ  

Fig．3 Ⅲfects ofMn2＋un［14c］堵Cetylcholine  
（［1tc〕TACh）outputLincub且はねn Period  
curveinileallongitudinalmu如1e of  
guln純一P哨．！n aTleXper血管nt de一  
触miing［14c〕－ACh output・1O p白r－  
par扇10nS Wer8inmb8ted simult8－  
neouslv．and4experimenもSWer8¢arried  
ouも；（0）cαntrOl；（●）inthepre5enCeO†  
M刀2＋（1XlO‾5†＼′t）；VeTtlc且11）arS5h｛〉W  

s．e．mean（ユー4experimeT一七日．  

－】ご  
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Effectsoftetrodotoxin，eXterTlalCa2＋urSr2＋   

onMn2＋一inducedacetylcholinerelease：Pr8tre－   

atmentwithTTX cく〉mpletelyinhibitedtheACh   

re】easing errectorれ1n2十．This effect ofTTX   

W且SCOnSistentwithit5inhibitoryeffectonthe  

－  

Fig．5shows the eff8CtS Of externalCa2寸  

concentratiorlOTl症e㍉′InZ＋＿in（1ucedlncreasflin   

［14c］－ACl10ⅥtPut邑nd al日0（〕ntlleCOntraCti（〕nS  

t  

0f C8Z＋ decreaSed tbe spontaneou弓 re8ting   

［1dc］－ACh output to且pprOXlm且tely halfth且t   

ofthecontrol，［】4c］－AChoutputmaintaineda   

ste且dyl台Ⅷ1in thepresence of C色2▲ranglng   

frD皿0．5to5．OmM．Removalof C且2＋fro汀1   

the medi11m COmplete】yinhibited the ACh   

relea別ng effect of M㌔∴】lowever，in the   

pre6en七eofCaZ十（0．5to2．5mⅣⅠ），九1n2＋11nearly   

incr8aSedthe［14c］－ACh outputdependitlg On   

CaZ＋c6ncentration．ThiscffectofMn2十reached   

a maximallevelat2．5mM Ca2十．The C合ろ＋   

dependency of the Mn2＋－inducedincreasein   

［‖c］－ACh output w且S COnSistent with the   

れIn2＋－COntraCtioれ（lepending om externalCa2＋   

concentration．The tonic component of the   

ACh－COntraCtion maintained a steadylevelin   

concentratlonsofC且2＋0VerO．5rllM．  

Eqnlmolar replacement（〕r eXternalC82十   

with Sr2＋81ightly deereased the［14c］・ACh   

OutPutbutthi8WaSnOtStatistic温11yslgnificant．   

AlthoughMn2＋incTeBSedthe［14c］一AChoutput   

approximately three fold above the control   

OutPutin normalTyrode sollユtion，this effeet   

WaS reduced to 且n 且pprOXimately two f｛）ld   

increasebythereplacemlPntWithSrZ＋一Itseems   

thatSr2＋canreplaceCaZ＋intheMn2＋－ind11Ced   

increa8eintransmitterrel組Se，butthatSr2＋is   

les6efrective．  

Discussion  

We observed thEltMn2＋prⅢ1u（漸】atransient   

contractionlnII．M．「11llis effect〔）一九‡n2十was   

inhibitcd to s（〕me degret3 t）y】0椚ring the   

ユ3 一   

6min．Thisis（）OnSistent with thetimecourse  

ortheMn2十＿COntl・aCtion，   

Fig．4showstheerfecto‖血2★onthe且Ver昭e  

［】4c】一AChoutputfor6minincubationperiod．  
Mn2＋in concentrations ranglng行omlXlO－6  

t。1×1ロー4ゝlincreased the o11Lput8f［14c〕  

ACh depending on the concentratiorl． The  
［】4c］－ACh ontput wasincreased by Mn2十in  
concentr丘tionswhichinhibited the contractions  

induced by几′1n2＋itself andIi40K（data no  

Shown）．ItseemsthattheAChrele且SingQffect  

ofMn2＋canbedis80Ciatedfromtheinhibitory  
effector舶s昭entロnmuSCleく：OntraCtion．   
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艮Z†（11湖）   

Fig．5 Ⅲfects（）r eXternalC82＋concentration  
on叩OntaneOⅥS output Or［14c］－aCet－  
ylcholine（［14cl－ACh）（○）．0¶人血2＋－  
inducedincreasein［14c］・AChりutPut  
（●），OnM㌦＋－indⅥCedcontraction（1′）  
チnd on ACh－induced contract∃〕n（「）  
lni18allongit11dirLalmuscle ofguユnea－  
plg．1n 且n eXperiment determining  
［14c］－ACh output，10 preparations  
Were SimultaneolユSlyincub且t飢1，and  
4 experiment6 Were Carried out；for  
the 

． 

experiments；for the results or me－  
chanicalresponse，VCrticalbars show  
S．e．meanOrlOexperiments．Thetonic  
component ofthe ACh－COntraCtio¶Wa胃  
measured．  
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樋粗per孔t11re 8r by the applieation of TTXl  

h8Ⅹametbonlum or hyoscineWhich sug卵8t声  

tぬt Mn之十Basitsln且in effects on the ehDli－  

∧ne曙ICinnervatioれ bf theIIJM．rrhis was  

con－irmB4bY e又peril¶e雨Sin which tIleeffects  

。一九餌2◆ontransmi恍errelea白眉耶ree又amined．  

T‡1eCOntr卯tiQnandtheincreaseintranBmitter  

r鵡a8einduced by M㌔十 werQ t柑n5i由nt amd  

subsidedwithinthe first6、min，8ugge8tingtb学  

pos由bility t王1at 抽e contractionis bro11紳t  

ab8ut bytbet∫anSientincr組S8in tr庄れSmitter  

feleas8．A8mallp8．rt（appγ0Ⅹhnately30％）of  

t鵬M由Zナ＿i王1dlユCed′C（〕ntraCLion was resis旭nt to  

hyo8Cine′（0．lorl〟g／mヱ）wbich completely  

inhlb如d the ACh－Cdntr乱Ction．！tis po朗ible  

thaモMnヂ＋乱CtSrlj陀（栂dnSmO、QthmuseユQ．Wな  

如叩き旦1r飽dy demonBtrated thaも the Cd2＋一  

induced e¢nt柑¢tiく）nls evol（ed by anincrease  

intheoutputpfend9genOuS′AChrTOmlI」Ml）．  

Ttle mOde or㍉1n2＋＿induced con毛raction w8S  

由milartoth：atofCd召＋＿iTl（1u〔拾deontr且Ction．   

Tlle血卑e－で輯pOn6eCurVeOftbeefr9CtOiMnヱ＋  

○れ仏e m白chanic色1rやSp8nSe W慮S臨11－S旭ped，  

In high8r CnnCentration，Mn老十 reduc8d 伽  

contraet沌nin（1ⅦC8（1byitself，ACh Dr上Ⅰ40K．  

N研eI竃hや1¢∬．h4n2十increa朗d ACb re】e旦S旨．  

ⅣIn2＋h払S beens加WntOinhibitmtほCl－∋eOntra・  

ct1日ni】1in上菅日tinalsmo′Oth血uSClebyiTlhibiting  

e且皇十influx之・】3〉．Theinhibitoでyefrectd「Mn2＋  

on the meeh盈niealresponse QbservediTl∧抽e  

preBe雨experimentsIsalsopロS≦iblyd11etOits  

directa℃tionDfinhil）iti叩Ca2＋influx由島台nt18ユ  

∫art加eontlraCtiユemすChlnやry．   

TTX inhibited the ACh releasinR effect of 

Mn2十．TTXis known toinhibitne∫Y8e郎it8－  

bility by rやducing N乱Spil仁eSI2），While not  

inhibitiTlg a〔：tiun poLenti邑1generation at the  

motor nerve terminallO）．Howe拗，nOinfQr－  

mation c－ynCerTliTlgthe a℃tioて10fTTXonnerve  

termimals or the parasymp8thetic systemis  

available15），a町＝血行応虹址吋丹er桓t．ofTTX  

on the tfansm出er releasing aetk汀ICfⅨ′In2十  

c且nnOt be eヌplained frnm the preヨent dat乱．  

一14  

Sponもan8011S 代StiIlg ACh ロutput W88 nO土  

呂lgnificantly red11C8d by TTX、．Thi昌i古inq8n－  

sistentwitharindin嘗byPAT佃e七alノ烏〉whieh  

WaSl〕btailled with、且100rold h料鮎ー押鱒印－  

trationofP上1y白thanlnthepresentexp鮮i血合n短．  

ACllreleaseha眉been一日pUr胞靂ねもeprom（∋ted  

by Physitself3）．Atlligherconcentr且ti8n80f  

Pbys．spontan㊤OuS r81ease df ACあ may be  

maiTlt鋸ned旦t蹟higherlevelwhici〕WOⅦ1d t〉e  

SenSitive to TTX．   

TheMn2十－indlユeedeo血相etion鵬Bdep釘1加鵡  

on tbe externalC82－ cone¢ntration．E癒r鼓＿  

cellular CaZ＋1swellknowfl伽b担e≦Sやnti乱1fさr  

tr鱒nSmitter rel紺S¢fr〔）m叫OtOr n寧rVe termi－  

n且18リ）andp8raSympatheticnerveterminal㌔】5〉  

江ndformus℃18C（〕ntr沈C伍on．It s¢emStbatMng十  

cann｛）trePla（二eC乱2←initse鮎ctoれtr邑nSmit七色r  

reユease． The present experiment＄indkaもed  

that the ACh－COnt√aCtionⅥr且S maint哉it18d at8  

ste畠dylevelin the presence of C盆署＋ranglng  

froIl10．5to5．OmM，SuggeSt主ng tb良t抽e r合一  

叩Or】Se OrII」M to A（ごhis alm（－St川nS七8ntin  

these concent陀止ons ofC㌔＋．Tt料th封切も柁．  

possiblethattheCa2＋－dep8ndencyoftheMn受＋－  

e¢ntradionisdu好わ仇eh′In2十－inducedincreas是  

in transmitter rele8Se．The contr8鴎ile eff即t  

and the trans面itter r8leasing erfeむt′持r Mn2＋  

weremaintainedatamaxiTれal1冒Veli町や幻鱒汀喝1  

C82十concentr且tloilS乱b椚e2．5mM．s昭彦eStin嘗  

the po6日ibility th且t Mn2十∫ully以東顆鹿＝血  

process of transmitteT rele早良e atthese Ca2＋  

Jeyels．AccordingtQtheCaZ＋bypotb飴ispで恥  

pαSed by KATZ etaユ．る），ACbl瑠1ea等efrqmthe  

cholinergic sitei白1nediat台d by aninfl払え1扇  

extemalCa2＋，随8ed oTlthe Ca2＋hypothesis  

the CaZ十一d印en山頂噂′ りf L18 tran5m．itもer r針  

1ea別ngei一献td「ルーn2＋sllggeStSthepossibility  

蝕atゝln2十increas餌ttleもraⅡ8membr註neiTlfh戊  

ofC㌔十attheaxonterminals．  

1thasbeenreportedthaもNIn2十inhil琉8CaZ＋  

influx tbrolIgh 抽e membr8ne O－ the motor  

nerve termiTlals24）and intestiTlal占雨甜）馳  

ml⊥SCleい3）・7、1－eitleOnSistency betw由n this   
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塙  要   

マンガン（h′Ina＋，1XlO‾8～5XlO‾d㍉′Ⅰ）はその単独  

適用により，モルモット回腸縦走筋に約6骨髄の一過  

件の収縮を誘起した。この収締反肺には再現性および  

慢度依存性が認められた。円崇反応曲稼はベル型を示  

し，最人反応は5〉（10‾SMで観察された。   

ル1n2十（1X比「5h′1）による収縮は，低温（劫丘C），  

tetrodotoxin（0．1／上官／mろ），hyり8Cine（8．1甚g／mヱ）  

およびh8又amet恒血hm（1馳g／mヱ）により抑制さ  

れ，外破からめかレシウム（C白Z十）の除去により完全  

に抑制された8   

M㌔＋ は．回腸緬走萌において1ヰc＿eho最lセから  

生合成された川c－aC融ylchり1ine（Ⅰ4けACh）の放出  

を，濃度に依存Lて増加した¢ この増加は6分以内に  

終rL．tetrodotoxin（0．1／上g／mg）および外硬から  

のCa2十の除去により抑制された。MtT2十による収縮  

反応と14c－AChの掛1けL外液のCa2＋混掛こ依存  

Lた。1‘c－AChのMnZ＋による放山促進に関して，  

ストロ：ノ子ウム（2．5m九4）はC82＋を部分的に代替  

した。   

以上の成綴から．阿膀縦達筋の Ⅸ′in2十 による収縮   

1l、  



九ヰn2十＿i王1ducedco雨ractionirlIしM   

は，副交感神経終末からの内因性AChの遊離促進に  

起因すると考えられる。さらに．この作用は細胞外の  

Ca2＋の動態に関連すると思われる。  

17   
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