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LARYNGOSPASM DlJRIHG GENERAL ANAESTHESIA I 

I INTRODUCTIOII 

c:ae of the -.q bua:rda of paenl aaeatheaia 1a pa• of tJut -.olea 

of Ule air puea s - that la la�� tracheal epua aad bron� 

&111 oae of the e 1a aeY re� 1 t call l.eecl to h7P0xia or anoxia aDil 

death, iD addiUOD to lesa serioua uelae such aa the t UOD of 

ulcers IUld gftllll].oll&ta ill the larJDX azad tracbea. This theai• ia concerned 

'ri.th e of theM CODditiou - lal'yngospum9 which •3 be d fi.Jled as 

occlueion of the aditu �by the actiOil of the iatriDaic larynaeal 

Tbe illYestiptioa hae been 1a the tun of an experiaental at11C17 on 

the iD tion of and the -.chant...,. iDYOlYecl iD lar� A clearer 

defildtioD of these mechmdsM is esaeatial. if the OCC111T'eDce of tide 

baYe _ ...se to defille both the aitea of st.illulat.icm, and the afferent 

aJid effereat l1abs of the laryrageal renex respoues tiJiulated b7 the 

inbe.l..eUon of 

which an prori.clecl aa ap 

tl'oa clia1 experi ce 

pr 

dicea 1 



Fig. 1 

,.. 

I 
I 

Diagram ot the larynx 

------------------ T 

A ache•tic diarr•• of • horitontal a�c\ion throush • lar,U to ahoe the Min teatw-••· 
A Adi tue hrrnsi• 
Ar ArJepialottic folcia 
T F'ir..1t trach••l cartilep 
Ye Ventricle 

a F•l•• cord• 
b True yocal corda 
V Vestibula 
1: EplRlot tlo 



1 .  A �4eratioD of the Stractwal u4 J'tmctioaal BaaSa 
ot . LarJiliO!E!!! 

(a) !be cro• enatolr.f ot the l.ai7Az 

2. 

Altllou&b tU detaU� illtenal atnctve or the 1.arJu ftries 

cODSiderablJ from epeeS. to .,.ei (.. • 1�), a gneal descriptioll 

or the l.ar.7u la poeaibl.e. the l.aMD ot the lar7ax •7 'be cl1v14ed into 

three areu. !be anterior part called the wati.bule, extetada r� the 

tip of the epiglottia craniall7 to the falae ftCal c:orcls eaudall7. !M 

falae eorda or Yeatricular de are two tol4a of coaa (fig. 1, faciag p.2) 

nich atretcb troll the ea 1 svtace of epi&lottia to the tipa ot the 

arJt i4 cartUapa. C&u4al to the false Yocal co.rcia, the tru 'lOCal. 

COl"da stretch fl'oa the apicea of the &rfl4tnoid carUlapa to tbe � 

ca.rtilap neer tbe -.. of the epiglottis. !he 111441• portioD of the larJDZ 

1a that area betweea the true •d false cords. It bas a 1 - OD eacb 

aa the natricl.e. '!be lit bet ... n the tNe YOCal 

the acrti.on of tbe iatl'iaaic larJ'Il&'Hl -.clea. caudal porU. ot 

the larJapal c:nitJ la that N&loD bet a the gl ttia all4 tlae tint 

tncbeal ee.nn.a.s.. 

h l..a.rJapal. apua 1a MA, eiU..r the tn. ftC&l. corda alo , or the 

tne tal.M Yooal • an ap,_.._ 1D tbe llicll1ae• COIIpletel7 cloa1q 

the aclitua l.arJq:t.a (KeaUJag, 196.5). 4fWo otber tJpea of l.arJDpal 

UJ4tpiglottic tolda, aa4 the o r where a4dvotioa � the tr.e COJ"C18 

cohc:idea with iupiratioo, baYe alao beea deacribec:l (Caipr aa Sichel, 19.51J). 



Pig. 2 The Cartilage a of the eat' s le.rynx 

ltwr lllio\ ( 1963). 
l lJ7WD014 
I lpiclo \\1o 
Cr Cr1ao14 
R f1Jo14 appare\uo 

Cartilage a ot the Cat• 1 L&rynx. Th Th1ro14 
CrL Cr1co\ll1ro14 lis ... n\ 
T t'rechea 



Pig. 3 The Intrinsic Laryngeal Muscles o! the Cat 

AT CD 

TA Cl 

U\er IUlo\ ( 196}). The In\rinoic �.ArTnceal Mueclea of \he Cat. 
Pan ot \bo �rold oarUJ.a«o hao been cut a-.y \o oh"" \he lateral IIUaeleo. 
A! fnllfter• &J7hno1d c Cricoid earUlac• 
Cl) llclnal lr100&J7\onoid •uoelo CL Lateral er1eOAJ7hnold .,eel• 
I lplClotUe T Tb;rroid e&rUlac• (part eu\ .-.,) 
fA �roel)'WDOid .Ueele 



Pig. 4 Diagram to show the Mechanism of I.ar)"ngeal Closure 

c 

(a) 

2 

(b) 

At\er lillrr (19�2) 
a Ae\1on of thr doriAl cricoarytenoid auaclro ao abduetoro of thr Yooal eordo 

b Act1011 of thr lateral 1ntr1no1e auocloo ao adductors ot thr Yooal eordo 

A ArJtenoid eart1l&«• 
CD Dor .. l er1eoaryteno1d ausclo 
Y focal cord 
2 T!vro&l')'trno1d aJocl• 

C Cr1eo1J eart1l&f!t 
T l'htroid cart1l&«• 

Latrral er1eoarJt•no1d &118C>t 



Pig. 5 Diagram to show the Adduc tor Action of the 

Cricothyroid Muscle 

T 

After 111llor ( 19�2) 
a Cr1cott�ro1d aa.cb �laxed - Abduction 

A 

(a) 

A 

(b) 

Cricoth.Jroid aaacle contractin& - Adduction 

4 A�ten01d cartil�� 
CT Cricot.J\Troid muech 
Y Vocal cord 

c 

c 

Cricoid car�11A«• 
T Th,yroid cartilA«t 



Dle oat •a larJI&X le aupported b7 tbr" wapaiftd oartilapa, the 

th1J"'id1 cricoid, 8A4 epislottio , ud b7 a pair of oartilapa, the 

aeytenoicla (fta. 2, faoiq p.3). !be tbJroid cartilap for. al.Met 

two th11"4a of a 0111acler and enclose• the other oartilasea YentrallJ aD4 

laterall7• !be eplglottio oartila .. 1a attached to tlw lliclcUe or ita 

oranio-Yentral border aascl the wbole cranial ar.U or the tlqro14 aartilap 

la coueote4 to tbe IQ'olcl apparatua. !he dorsal border articulates o udal.l.J 

with a poiat OD the lateral aapeot or the orioo14 oartilage. The cl'iooid 

oartilap 1a auular in ebape and ite doraal border ia broader than the 

Yentral OJle. J'roa the cauclal aapect of the cricoid oartilag there 1a a 

mellbraaOWJ attaohaent to the tirat tracheal riq. 'Dle ar;rtenoid cartilapa 

are triaqul.ar pJI"ami4e which artioulate with the cranial bor der of tu 

cricoid cartilap. tile lateral cricoarJtenoid, �,tenoid and clonal 

ol'iooaeytooid -olea are attaobe4 to the &1'7tenoid oartilapa (Fia. 3, 

r oina p.,). tbe action of theae olea i to cause adduction aa4 

abcluatioa or tlw Yocal corcla (Fig. ,., taoins p.:5). The epl&lottic 

cartila .. ie attachecl to the oruial border or the th)'I"'icl cartilap u4 

aupporta the epislottia. CoatraoUon of the th1J'OhJOid .. cle, atJlobJoicl 

IIWICle U the McliaJa aJI4 inferior COIUJtl'i.ctora or the pharJax IIOYea tba 

laJ711X u a whole OJ'IlDiall.J• lfbe atel"'Utbtroicl auole IIOYea tbe whole 

l&rJ'IIIC wlall7 when it ooatracta. the intriuio -.olea of the larJBX 

(�oae wbiob IIOYe t1ut paru of the laJ7U 1A nlatloa to eaoh other) an 

tba o .. • which an ooaoenaecl lA the PI'Od• tioa o r l.aJ7qoapua. la thla 

ooatex\1 the 11011\ t.portant of the iatriaaio auclea e the clonal 

oriooal"1tenoi4 (abductor), the lateral 01"1 oarJtenoid, the th7NU'JteDoid 

(adcl•ctore of sJ,ottia) aa the ctrioot!Q'roicl whioh 1actrMaea the teaeioa ot 

'he ftoal ool"Cla aa4 la therefore ooaaiclerecl aa • cluotor en,. '· facd..q p.3). 



(b) !he 1Bnenatioll of the lar;JD aacl receptor anu 1lhicll 
.aJ M iDYOlYecl ill the lar,ap&l. rena 

There are C:Oil&idvable differeneH of opill1011 expreaaecl iD the 

litentvre on the iafterntioa of t he l.arJu IUI4 it ia eYideDt that it 

nri.e.s troa epe:ciee to apeeiea. 

{1) Motor illnenatioa 

t.. 

b7 the n.pt aJid left rMWrut � aenea. Dle extemal bralach of 

the nperior laryaseal •l'Ye is paerall7 conaiclered to be the oal7 aotor 

ilmenatiOD to tile cric:oth,Jroid -ele 1a aa (AnaolA. 1961; Faabors­

Anderaen, 19S?; IC1a& aacl Grea, 19't8; I..-.re, 19:52a, 19�. 1933; Ogura 

ad taa, 1953; Pre.-a aa4 KeleMil, 1955; TechiaUD7, 1�; Yop1, 

1952) aa4 la dogs (nag aa4 Grqg, 1�1 Vop1, 1952). Leaere (1932a), 

howeYer, attribated the •tor ilmenatioa of the cricot1J1roid •scle ia 

!ift7 per cellt of the doge )le workecl with to a third or •ediall nerwe 

rather tb&D the atei'Dil1 raiiU8 of the superior lai'JDPill llel"'N, u 1a 

u11&l.l7 deecribed. 

ID eats, S.,aov and •Dr7 (1954) atate that the cricothyroid -cl• 

reee1Y .. its •tor ianerw.tioa t.... the extemal braach of the aupwior 

l.arJDpal aene, nt Baat aDd Jtutner (1�) 4eseribe aa aclditioul auppq 

to tllia Mle b7 • M1'ft troll the plaaJ'YilSMl plexu. Mmora7 (19,.,) 

4eacribea the nle of the noarr•t � aanea 1a the ilmenatioa or 

the iatl'i.ulc larJape1 IRleelea of tile oat. !taMe __.... pi"Micle Ule 

110tu iallenaUae to all the iatriaaio •sclM except the er1coth,yroi4. 

le d14 aot illvestipte tile aupel"ior � aerna. 



uecl cate with �· cut ill the l.tlr1JIX to .U. dir.ct obsenatiou of 

-.ocal cor4 -. .... ta ill respo��ae to nene atialat1CD, anct a catheter 

aad cut! techDiqu to obtaill recorda ot cbaap8 ill lar,'D.pal Yol.a.. ID 

his later experi&leata, Martagll used eillilar tecbniquu ill goat., becauae 

the .-11 siae of tlle cat'• lai'J'BZ raiaed techaical difticultiee. Be 

conclllCMd that the nteraal braDch of the auperior larJD&Hl aene ia the 

goat was the •tor aern to the cr1coth71'014 _.cle aad tbat there na 110 

mcleace of •tor tuacti• ia tu iaterul braach of that aern. !be 

eriooth7J"'id •Ml• •• toad to be a atraac aclductor of the Yocal oorcle. 

Ill 19,.., J1urta &Dd Callpbell paliahed reaults Of experiaeDte ill &OAU 

iJl which t.he7 uH electl'otlyosrapldo techld.qua to record the acti't'1t7 of 

the 1D tr1Jiaic lai'Jilgeal aasclu. IJ'beir aia was to secva, if poeaible, 

direct eYicleDce as to the utve of l&I'JIIIMl .,.... '!'be aoata were 

anaasthetiH<l with peetobarbitoae ao4iua aad neeclle electrodes,_. 

iuerte4 illto the cricotb1roid aad dorsal cr1c0111'1teaoid aaaolea througta a 

tracheoatoa'7 1Dc1aion betweea the aeecua4 aacl third tracheal rinp. The 

electJ"01110graa& of the .. aacl.ea ah01recl what the authors couidereci to be 

a aoral reapiratorr pattena. The7 alao deecribed the prodllctiOD of 

�,._ (hip floeq•eaor diacbarp troa a geater r of .otor aaita 

than et been recorded dllriDc aonal reapiratioa) b7 aecbanical atillalatioll 

of the lar7J1Pal •coea. Obaerntioas *ich thq M4e oa the effects of 

baftitvatu .. � bloddas p11te oa l.arJDsoepua will be 

ui4ancl later 1a tbi.e t.JlMia• 

(U.) fte affereat pat-.,. 

'ftleN are a IUIIIber of at!enat pathwap wbioh � fOl'll part of 

t.M rana U"' ill �- aad these ftZ7 accorctiaa to the &it. of 



atial.aticm aad the aatwe of the atial • Ila the J"eapiratOl'J' tract 

itNlf lnltaehller (187o) deacri.Md. the pnactioJl of apaoea, cloave of 

6. 

the larJax ud })ra47c&rdia b7 chnical, electrical, d lleehuical 

stiDlatioa of the oasal •coa in rabbits, ef !ec:ta which he was uaable to 

elicit after eetioa of the trigeaiaal aene roota. !h.i8 work sa•• aa 

earl7 in41catioll of the yar.f.et,- of stiauli whic:h act Oil receptors 1a the 

1lppel' N pireto17 traet. BoweYer, the fact tbat there aft sreat clifferellCH 

bet•Ma a�ea 1Jl the che110refiexea eak.es it awiae to truster o'beerY&Uoaa 

-d• ill ORe epecies clirectl7 to ..aother. Rauoll (1921), ill a cliacuaai.oa 

of retlex etiiiUlaU.• of reepiratoJ7 IIOYe-ta 1»7 at�latioa of Yariou 

affereat aenu, renewed the literature 8llCl aoted tbat ehaagea ill 

respirator,- m,.tbll rttaul cl troll after•t iapalaee traYelliag ill aot oD17 

the yapa aer.es, bat also the superior laryapal., trigelli.Dal, auditor,-, 

phrenic, 8C'iat1c, splanchnic and other 8eSlSOJ'7 aenee. Be Mpbasiaecl the 

tact that it is 110t aln711 clear what coaditioaa detend.ae the obaracter 

of an illdiYidual nspoue. Streagtb of at11alu, aaaeathetic used, aad 

the parti.cular Det'Te atialated are all illportaat ill detel'lllilliag what the 

effect will be. Raaaon asserted that afferent braaches of the npa tr01a 

the lar,..x, trada.ea ocl lugs exert a doetnant illnaeace OYW the napirator,­

centre. 

Other work pertiaeDt to the .. paeral. obael'Y&Uoaa 1s N'ri.�ed 1a 

tile folloriaa aeetious 

Sts.l.aUoa ot the aaaal acoa, eort palate aD4 pla!n!! 

All• (1929a) iaYestiaatecl U..ther Ule reeplratozT aacl circulatoi'J' 

ohallpe tol.loriag short iabalatioaa of YU"iou ftpoul'll 1ll 1"8'bbite aad oata 

witll their oltaeto17 or trigeaiul aenea cat. •7 be attl'ibatecl to cU.rect 



eU.malaUoa of the oltaotoJT aat tripaiaalaenee, OJ" to etiallaU.oa of 

other sites. All Ht two of tlle experille.Dte u reports .. .-e carrin out 

oa raltld.ta, ut he refen hie ooaelueioee to tlle cat ae .. u ae to the 

ral»bit. He coJud.clen4 tile poeaibilltJ of diftot atilnalatloa of the 

oheeoreoeptore or tlle lledulla b7 a eorbecl n.pov, and cli.aouee4 lees direot 

effHte wbioh oou14 result ill ohftoreoeptor ett..latioa euoh ae the aaoxia 

artatac ill the abaeue of reapt.ratioa. le ebowed that in.ba1atioa ot 

odorifel"'llS aad i.rritatiq IAlbetaaoH iato tlle aoe\rile prod ce4 lllll'ke4 

ohanpe ill r .. piratioa aad oiroulatioa. '.ftloe reaoti.ou ooulcl H noke4 

bt etiaulatiq either the oltaoto17 or the trta-lliaal ead1ap ill tta.e aaaal 

IIUOOea, aad ooulcl thenfOJ'e be ooaaiderH clireot effect • � ae��eN1 

etf9et oa reapiratioa waa oae of clepreaaioa and iDhibitioa. Some .olatile 

aseats uaecl 4epreaaioa and iDbibitioa, or even oo�lete c eaatioa of 

reepiratioa. 

Tale obaena\10118 Allea •d• on the evocation of aneesiJl8 bJ eit er 

olfact017 a0ne or tl"i� aerYe noeptora e �aaiae the illport&Jaoe of 

reeopiaiq the 1deAtltt of tta ... two reoeptor lleObaai- 1a the DUal 

aruooaa. Ocloritero eubataaoH •1 be preent in nffioieat ooaontfttioa 

to aU•ulate tripllillal r ... ptora u well a olfaot017 reoeptora. SaHsills 

wu det10 tratecl iD oouoiou or aueathet1Mcl rabbit• with tri..--1 

aenee illtaot, aacl olfaotor7 aenee Gllt• 

left iata t, the tl'lcea1aale cut, a 

Wbea the oltactoi'J ae"M wen 

•• oolllcl 0Dl7 be •.oked oea 

tbe •atMl waa couoloua. AaaMtheala a'boliallee tbe _.. .. reepoaae to 

oltan017 att.latioa. q otber a, etller, ohlOI"'tora u4 

•...S.a wwe ehowa to • al.Mat u etteoti•• olfacto17 etiaulaate u \h• 

an Vl ... S.aal at1aulaate. Di.Uioa of the 4epr•eaor, Yap, u4 entcal 

eppat!letio .. "•• at tbe 1•••1 of t e larpx 414 aot iat•rt•re with t 



8. 

streath or the reactioa ill aoral rabbits llGI" 1a rabbits with � 

or olfactorJ aer .. a diYicled. ftere 1a a aped.ea ftriatioa 1a the ata.se of 

anaest eda at which the oltacto17 respirato17 refie:x d-isappears. la 

ral»bits it was not 1Dhibited until stage three, whereaa ill dos& it wae 

ahoUabecl duriag the f11'8t stage of aaaesthea1a (Allea. 1936). .Alien foUIId 

that the tri.ge 1Dal. reapil'ato17 refies troll the inhalatioa of chlorofora 

wae obliter te4 at abo1at the icldle of stage three in dop and l'abbita. 

Extead!ag hia obserMtiODa to MA9 .Allea (19291») clemoutrated that 

1a aoral coDSCiou ubjects tM inhal.atio of stroq irrlt ta prodllcea 

-.arkecl depreasiOJl aad alowi.Dg, or coaplete arrest of thoracic respiratiOD. 

An 1nhibitor,r resptrator.J reacti was proYoked bJ the inhalation of aa.e 

ageate 1a MD uacler ether uae.stheeia. This cOIUSisted of a ahorteldq, 

or shorteaillg and alowiq of tll respirato17 excursions. Allen considered 

that this wae an olfactoi'J-trigemiul renex identical to that seen in 

rabbite. 

Adr1aa (1953) recorcled troa Ullita in the olfact.oey bulb of the 

rabbit, and was altle to iafer that receptora were atiiiUlated by a DUIIber 

of .alatlle su stances, for eaaple1 X7lol9 eucal1J)tlaa1 acetOD.e, p,-r141ae 

all4 cedar. n.. t�oarse of excitatioD wa deteraiaecl b7 the P7eical 

and otaemcal propert'iea of the taace be1q iaYeetipted. 

Dboa aacl 8rocU.e (1903), •orklac -�with cats, eoatJ.de4 

ll'atachae-r'• ob.sel"fttiou o the reepirat01'7 effeota of .,.. iDhalatioa 

a nts. StinlatioJl of the pel"ipheral ead of either of the • pa a.ene• 

cut ill the neck in the t w&a ahowa to prodac• a illitial ali t 

coDStrictioa ot the bronchiolee followed b7 r.ccvt r7. More iDteraee 

broachiolar constrictiOD n. obaenecl .-e aeeouda after the etiwallae ha4 

ceaae4. 'llurJ attributed thie efrect to the fact that broD.cho-411ator fibrea 



nerwe are partioularl7 well deYeloped in the o t. Anaeatheaia 

with ether or ohlorofo• aboliehed the effect of the Yapa on the 

bronchiole• becauae the urre eacliAga were paral.JH4 b7 direct absorption 

of the anaeathetlo t.Juooup the IIUOoua membraae. Tht7 foUD.d tbat renex 

broaohiolu ooutrictioe ••• beat obtaille4 bJ exoitatioa of the nasal 

IIUcoua ... braae ad that little or no reaul.t waa o"aiaed 'b7 atiaulatiDc 

the aciaU.e nene, Otlltral npa, or the auperior l.aJ7apal aene. 

Ill thia theeia, the pro4uotioa of lar7Ja8oapaa •d ctwaaea ill 

respiratoey rh)'tbll ill decerebrate oats baa beta de oribed when the 

naso-pharyngeal nooaa was expo eel to ether ftlpoul'e Methocla of -.dif1'1D.s 

or aboliahiftg this reapoue baYe beta iDYtatipte4. 

'l'eitell»aum, Rie aad Liaua)q (19") 4tJDOutrated that reapiraUoa 

was llllll'ke4l.7 aooelerate4 iD. the uaeethetiaect oat when the ph8J'7D.gtal 

muooaa or aoft palate was et:l.IIUlated. MohaD.1eally. ID. eo• iaetaacea, 

inhibition of respil'atioa occurred aad not acceleration. The inhibitor.r 

r tlex was aboliabed b7 aeotioa of the lf'eater palatiae breaohte of the 

•nllar7 aene, whereas sectioa of tht sloeeopharJD.pal. aene abollabe4 

the acoelerator reapoue. ThtJ alao procluoe4 mdeace --t the auperiOP 

laJ7118eal unea lltdiated a IDillor portS. a of the �1 iahibito17 

renex, but Ulat the •in 0011p0aeat waa ..U.te4 tbroush the phaeyapal. 

raa.oh of � nsu• aeft'e. Aadtr (19,,) atate4 that touohi.D.s the -.aal 

llUCoA iD nttbita 4epnase reapintioa aa4 that the •re ,. ... ,e of a 

atr ... of air tbroup the aoetl'lla ued atiiiUlatioa ot br tlW.aa. 

wher ... Ra8oa (19�) reported a oapUoate4 reapoue to the pa._p ot aa 

all' cnarr•nt, witll .. pr..S.oa of reapintioa btiaa followed bJ bor ..... 

inapiratoi"J aotirit7. 



10. 

Stialatioa of the ep1&lott1a &lld la!'J!! 

AH.rew (1956) carrie4 out • ftmctioDal aaal.7.U of IQ'811Date4 ft.bfts 

1a the 811pel"ior laJ71lPal aerYe of the rat. He fOUDcl that the iDteraal 

braacll of the superior lar;yJlgeal DerYe (bftJleh 1) coataia cl the largest 

aeneoJ7 t1U'ea, as judsed b7 the dae of th 1r action potut1al8. Theae 

fibres ead ill stretch receptora ill tM illtl'iaaic lo.eyageal auaelea u4 

joillt proprioceptora ill the joiata MtlJMil the l.aJ'7qeal cart1la.gea. 

•ne tibrea froa lleCUDO ceptora 1a the IIUCOH of the epi.glottia are 

alao carried ill tbia ....... Affereat tibNs of &GIIIeWhat -uer 4i ... ter9 

traYel 1a the ... aerYe trOll chelloreceptora 111 the coaa of the 

epiglottis aad J..u7az aaterior to the YOC&l corda. Aadrew auageahd that 

a tidrcl branob of Ule superiOl' larJilPal aene i.Benates the lar)'U, 

below the leYel of the Yooal corda9 ae well aa the oesopbagua, tnat be 

oD17 prodHed eYideace for ita oeeopha al act1Yit7• 

PreaaM.D and Eel._ (1955), diaouaiDg the MIUIO!'J iJUlenatioD of 

the llli'JIIX ill an9 atatecl that &eD&OI"J fi reach the l.ar,ax Yia the 

inte.raal branch of the superior J.ar.yapal ;ene, which imternt .. it tl"OII 

its superior bowldaries to the leYel of tbe lowv bofter of tb.e tnae YOC8l 

cords. Stiaulat1oa of the cotral ea4 of the aeYered nperior laJ!'11lP8). 

aerYe 1a the oat will fNqueatlJ r salt la aa iDhibitioa of r.apirati.oa 

the whole periocl of ati.:l.atioa, eTeD when th1e 1e 

for aa l u thirt7 to tort7 f1ye secoacla. !he7 cite o'baenatiou b7 

Opra sad Lut (1953) to nbatantlate thel.r etate-.te. Below the l.eYel 

of the Yocal cor4a tbe7 atattt4 tlaat UOJ'7 el ... te are earriecl 1a the 

recurreat lar7Daeal rYea, aa otaaenatioa preri.oue� reported bJ Jtarta&ta 

and CUpheU (1951.)� Pro..-. aa4 lteleM aleo eate4 t the 

cU.atrl.ntioa of aeiUIOJ7 receptar throqboat the l._,ax ia aae .Ut to 



u. 

ellclt pl"'OIpt •tOI" n cUou 1a cue of Med. the ctep-.. of eeuitirit;r 

:la area tut arowa4 the eatraace to t lar"JDZ9 a d1atr1 Ucm 'ldd.c)l the;r 

1aUrpJ"et.. to A.PpeH the � '7 t!aat tbese rec.ptors fol'll part of tH 

protecUn •cMaiM tor the airwa7. !UJ atate4 that ael.ectift ataiJWag 

t.ebaiq... d 4...u-atecl that the �e COIIpllCt iJIDenaUoa la OD the 

�aspect of the epislotU.. tile &rJepialoUic folda. the 

the poateriol' aspeot of the tFM 't'OC&l corcle, which is 80nt expoee4 to 

fonip aaterial tbaa the antel"iOI" aspect, ia •eh 110re paerotal7 applied 

thaa the aateriol' ftli•• 

Frallk ......... r (19ft8) I'H01"4ed iapulaea la larp Derw t1bree r... 

the epi&lOttia of tlle nltbit 1D tiM with reepiratoi'J air flow; u 

poetulated tUt then an receptera stt.alate4 �air _,._at 81l4 that 

th•J1187 be ia.olYecl ill the �na resuJ.atioa of reepil"atioa. Urchaer 

d Jk• (1965) deseribed artereat ct1acharps tl"'OI t�eelaa'IIOl"eceptora ill 

the lar)'llp&l. joiat capsules of the t. ibeir work proricl:.. ..n.c:teaoe 

tbat the pri.Dcipal laMnatloa of tile c:ricothJ'I'oid joiat 1a b;r •1 f 

articular braachn of the iJNtilatenl reclll'r•t lar7Dpal aene. Pn--. 

aa4 Xeleaea cite Corteai (1�9) wile foa4 t • dfeot of att.latiall 

of the nperlor lar� aene oa napiratioa ia cats, clop aad l"'dN:Jits 

ftriea wt. the 1Dteuit7 of att.alat� wllether the at1aalu 1a 

electrical. aechaaical, th..-1. Sti'Oiq ati•lS deC,.._ ... ._ 

tU 901 aacl � of breathtas aa4 ftea c:naecl t paral.,aia; 

weak .u.ali iMnaMcl tile � au YOta. of reapilw.Uoa. Pre._ 

aa4 Jtel .... (1,,) deacr1M tbe SJ��PatlleU.c iaaenati• of the 1...,_9 *loll 

la eoaeiclen4 M coaerucl Wi t1l \ea' ooaVol 8Bil wi coabol ot 

� aecreti • DlnhulHtr, GrMD • �eaear (1965) •-u.w 

�.- .. 
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tbat atlereat iapa)Ha troa tlw larJU wn tnau:ltt 1t7 taw nC111"1'eat 

l.ar;Japal UI'Ye8 Ue the l..ai"JD Ra stiR] atect daemicall7 .. 

D1nh r et al (1965). Barr1.8oe (1962). Barrieoa aa4 Vuik (1963). 

aa Barr18oa, Moir allCl Vuik (1963)9 ba•• deaoribecl ch..tcal att.latioa 

of .receptora ill t1ut cat•a l,arJim. Dinlhuber K al ncorded actioa 

poteatial fl'oll tibNa of the recnarnat 181'11l&Hl Ml'ft ia reapoaae to 

.u.ulati.oa of the l8I"Jil8ftl •coaa � ice-cold aaliae aed i.rritaat 

ch..tcale. !he7 towad tbat eiagle cold-HIUiitlft Dnroaea ot the cat•a 

l..ai"1JIX caa 'be stilmlatecl 1tJ Uri\aat che ctala, wher.u 01&1..7 o.. fibn 

whS.cll ... aot eti.lmlate4 &t7 colcl reapoacl� to cheld.crale ill aiDe expel"iileJlta. 

Pr.rlo applieatioe ot the chemoale cU.cl aot DOticeab17 1llter the re� 

to 1ce-col4 salille, cteeoMtratiJI& t!aat then 1a ao iatwactioa bet .... 

Barrieoa et al UM4 1Bbale4 pau u the .u.al• tor the l..arJapal 

nceptora. I.a.r11lgeal renn area Jli'Obabl7 preclolliute at the cerebn.l 

aad braia at .. lnel, ..,..._ couciou pe.rcepUoa of l.aryagMl ett.&l.atioa 

cenOral cortex (Laa 8:lld Opra, 195,2). 

JaoUGe (1922) .repo.rtecl that tU JWe•-- of a foreip boq ill tile 
' 

of pal8aUJ7 

bra.lacMa of the� aerne a 4 o el'ftCl •l**l• • ••11 ae hypot.Miaa 

• tftye)Uq 

prodace tit. ... . nna effect&. 



Ull'oap a tracheal caamala, proctace4 dMp, pro1oapcl aac.t ••od1o 

1upiraUoa 111 rabbits, folloftd b7 a t period of ap10e41 aa4 t1t.ea 

rap14 reapiratioJs. Jac.k8oa (1922), cleacribiq bia broachoecopic 

obsenatioU of the coap renez 111 , reoorclec.t the tact t 8Hbaaioal 

sUDl•tioa of the tracheobJooacldal •cosa wUl proYOke a 'f'iol•t attack 

of o.p1aa. lfolveace to the au.l.u le • tabliahed qui�, prow1cle4 

t.lae attal.u, 1a tllia GaAN a broD.cb.o.cope, 1.e kept 1a oa. place ucl aDt 

••ect Uea\. 1'o1ertUlu ia ctld.ckl7 1oat whea the brolldloecope le r..,..ecl. 

Lar..U Barpt (192�), u1q ita aJlCl clop, ooafu.e4 Jac:Uoa'a 

obaenatio• tlaat aacbaD1cal att.UaU.oa of t.lae 1arpr air paeaagea elicita 

a fOI"Cecl expirato17 napoue aacJ tbat the atfereat pethwq 1a 1D the npa 

llei'Yea. 

More recea\17 '114dicoalHt (19,_) ftPOJ"tecl three \Jpta of 

MCbaaoncep-ton 111 tU � tree of cate eathetise4 ritll 

cbl.oraloae. � •1 tie .u.ti� bJ their reapoaee to ftri.ou 

lleebaaical aact claell1oal atWali. IM \eel ( icoabe, 19,_) Usat rena 

couptq 1a • to eecbaaical ati•l•tioa •1 be bloclred to' 

i.Jltra-trac eal ether -.apowr or pJ"'OOl1M apra7 aacl Uaat tu paUenl ol 

r epoue Y&riect with the t� · 4ept1l of Ht.beUo .... r (19.58), 

cliaouaeiaa Ule t�lo17 colog of coup•as. 1llcl 

aechaaioal ch..sal aUal.atioa of t • tnaheal oaa aa two t tile 

ats..all wld.cla � ..... • 

re n.4 la t.bia eat.a ....,. t •ts.J.atlea of a 

�- a 18olate4 M ot tracMa, ritll ita .. I"N 

llloocl ppl7 iatact, u ex:poq4 to eUler wpow. It hu al8o beea 

dnoaaU.hcl tlaat � •1 atialate4 • er • 1a 

iDhal.ecl 1ato e cliatal 4 1-. Hd, aa o t1 ccmaiatftt 



witll Collroe'a atat .... t {1965a) that chelloreceptora an pH8ftt ill the 

1uag beet. 

SUIIuJ,atiea of the abdoaiaal Yisoera 81ld diapbry! 

Brewer, Luckhardt, Leea, and Br;yaat (1934} report-a a Mri.ea of 

experiaeata oa dop der peatobarbitoJ&e, ether or parald.eh.Jde anaeatb.eaia 

1A whicll acldu tor apaaa of the SJ.ottia occurred after electrical etialatioa 

of the aplanchlaic aenes or tracti.oa oa the Maeat•J7• Brewer u4 ..,._'t 

(19}.5} carrie4 out t'vtJm' apenaeate in dop Ullder etller -estlaeda 

b fore and after aeotioa of the aplaacb•ic unu. na.,. coaclactecl that 

th splaacba:l.c aenea wen the oaly oau pi"'ri.ding aa atfereat pathway 

tor this nnez fi'OII the abdOIIiaal Yiacera. 

Reeft, NauoJl aad Rudle (1951) reported tbat periocta of apnoea 

were � c1uriJ11 upper a'bd011tnal operatiou 1D 8Ul1 but that tlle7 occu-red 

iJlfre<twtAtly iD other abdoaiDal operatioJla. !he7 were •ial.7 ueoe1ate4 

ritb 1Dtraper1toaeal -1pulatioaa of the upper abdoaiaal 'riscera. 

Pressure, tenaioa ud trictiOD applie to the deep avfacea ot the parietal 

peritoae• were the atiaul1 which causecl th1a effect aa4 the attereat 

pathway was said to be ill the iatercoabl aervea. 1he7 detDODStrated the 

saae renez 1a ra ita ll1l4 dop. '1'he nrp.cal stt.ali were the -- u 1Jl 

.aa ltut 1Jl the ra'bbit the recaptor t1e14 waa l.arpr. Cloave of the 

&].ottia cUl"l'eCl 1D tbe ra it at the lut!pt of, or dW'iq, the 1aR 

1aap1raU before reapirat017. �t1oa. The 1-ae were lael.cl 

1Jl 1Jl piraUoa, or tile &J.ottia - opeae4 a little to pel"'d.t a alw 

ezp1rattoa. la the dos t1ae nlabit 1• or tb cliaptarap• 

cauaecl 'by tnctioa. a1owecl 01' arrested napiratioa 1acreu Ua• 

tuact1oDal. re 14ual air. 2'bb renex- abo cl b.r aectioa of tbe 
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yaps _..ea 1a tU cenical. rq:I.OD aad tiM aJathore sugeat that it •7 

" tbe iatlatioa B.ertac-...... renu. Ala eqaal.l.J plSlleibl.e explautioa 

1a that it � M the reaul.t ot stialatioa of receptora 1a the cU.a�. 

It - DOt .... 1a -· •d tlle7 -cgeate4 tllat thi• � tte bee&-. 

Ulere le leas U..tioa applled to tile diapbrap duiJac opentioa. !he7 

__. te4 that U. 1nM.b1\or7 respll'ato17 renez � be  beat aboliahed 

� local aaaeatbesS. of the parietal peritolMUII. Ia their experillenta. 

reapiratw)' recorda were obta1M4 IQ' the use of a sptro.eter 1D aaoth rabbits 

ad clop. la ra�ib the1 had obMrn4 the bebariov of tbe la1"7U 

wcnm4, or the aiM of tile lar'J'Il&e&l orltice waa ••awed illcU.rec'tl7 b7 

llleU1II'iq the resiataDce of the llli'JU to a atreu ot air blo throqh lt 

m. bel ... 

Theoriee ot laryDpal. cl • •ere saaeated b7 • Jl'Wiber of woriatn 

la the aiut .. nth centaJ7. W71lie (1866) oarried 011t experiaente Oil the 

U.. l..ar7u tai.Mcl at poat Mrt• exeaiD Una aa4 CODCludecl t.ba t then 

le a iouble ftl.Ye -.c:-hazda withia the 1.arJ1a which 1e capa le ot 

coatroUtq botll tJae trance aacl exlt of air. He poRul.ated U.t wh• 

I71Ue •a work ea tlae actloa ot the tne 

.,.._ (li90a) •cl• obael'fttloaa oa the actlola of the larJ'!m iD quiet 
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resplrati • 1a -· Be coacluclecl t.M.t 1a - tU dorsal cri.coa.ryteaoid 

_.clea (cl1latora of the l.arJB) are aoNall7 1a a state of partial 

COiltraetioa, that th1a coatraetiola is tollie ill utlll'e mad tba t the affereftt 

iapulaa illYOlYed 1a the renex are -1Bl7 coacblcted aloas tile wagi. The 

addutor -clea of the YOC&l cercla baTe primaril7 110thiag to do with 

re•piratioa aad are lild.tH to aaai.atiq 1a the protectioe of the lower 

air peaaapa aaeiut 8D.W7 of foreip bodie aad ill the McbniH of the 

110clifiecl fo..-a of upiratioa, eou;stdDg ud laupiftl• Later ill 1890, 

Set10D aa4 Horal� pu'blialaed the results of aa experiaeatal. illYeatigati.on 

of ceatral 80tor ianeJ"Yatia of the larJiax• 'l'lle7 belleYed tllat the 

at:J•lu for pboaator;r lar1Jl8e81 110ft11eata ra117 oripaate 1a the cortex 

aad the ati..:l.•a for reapirat017 la..,..,.al .,. _.ta 1a th 1Nlber re&ioa• 

Bj atiaulatiac the floor of the fourth ventricle, thq locaU...d areaa 

whoee atialatioa reaulte.t 1a adductioa aa4 abduetioa of the vocal corda 

rea,.ctiYel.J. 1he7 DOted that results Yaried •bell illtellSitJ of 

at18Ulat1o• was DOt kept coaatant, or llba aa eYea d.eptll of estheaia 

waa aot Milltaiaed. Differences 1a reapoaae betweell species, aad ev 

d.1ffereacea betweea differeat azaiMl.e withia a epeci .. were obsene4. 

SMoa (1890b) publidaed 110re detaile of the work leadiag to hie 

CODCltlaio. abolat the refiex toa1l8 of the abductor -clea aad the tlmctioa 

of tile adductors. B1a conel•1oaa were baaecl oa eYicleace froa "tn&StwOJ"t.h7 

e w1 th of tile glottial 

dari.lta quie� reepiratioa aa4 atter 4•th , aai oa the rnults f n1•1 

aperillellta. lle at�tH t!l.e At eecl of the recvnat lar� 

aene, 1a .aoat aped.ea tbe � weal cord - draa towarda tJae 

llidUae. Be stated that \be ea\ pi"'Ye4 to be aa excepti.oa to thi.a paenl 

o enation, bat glft• DO 4etaila of aD7 experiaeJlta oa cab. the 



adductor and abcSuo� _.olea wen stialated equal17 atronslJt tu 

OYerall effect wu adductioa. Be OOMeatecl tbat this obaenatioa wae 

iaoospatible with theorlee which had bHa expreaaed preYioulJ that there 

is a cl0111aaaoe of abductor o-ver aclduotor toae lA the l&J7u• 

More reoeatlJ. Ratteabors (1961) ue postulated Uaat 1a •a the 

laJ'1U plaJS aa iaport.aat part ill the replatioa ot trequeaq aacl depth 

of breathillc. lie baa ehowa \U.t the reaiet&IICe of the larynx clecreuea 

wb.ea resi.etaaoe to expiraUOil 1e iaCl'eaeecl. Be COIIpal"e4 frM exba1at1oa 

throup the atouth wUh ea..l.aUoa thr'Oup the aoae ud sraded reeiataacea. 

Be awsta that the lai"JJIX la the priMI'J site of, or at l ... t aa i.ltportant 

contributor to intl"iaaio a4ju�ta of airn7 reaietalloe. 

Tbe ourreat op1nioa of tbe .. joritJ of aaaea�etieta baa beea put 

forward )q Keat1q, who atatea \bat the prlaJ7 pwpOM of Use iatriaaio 

adcluotor auclee of the l&rJb 1a to protect the airft1 aad prevent toreip 

uterial naobiq the lup (KeatiDg, 196,). Re atreeaee the t.aportuoe 

ot reooptst.as that bloo4, ealiva, IIJlC\UI all4 vollitua provide a etliNlu tor 

llli'JDI08paae if the7 are allowe4 to a cuul.ate ill the resioa ot the 

aaterior laJ"1DX• fte taot that 11'rltaat 1ahalat1oa anae thetica -., 

procluoe the .... etteot :le noted. ea the lar1Jlleal apertve la clhdaSab.ed, 

but DOt obliterated, a "orowiq" aoiee 1a heerd at 1Dep1ratloa aa4 reaplratoq 

effort le iacreaaecl. Collplete apua la iftdieate4 b7 a eUeat state, la 

whi ao ,. ... .. , paae the tllbt17 olo .. t llottle, 4eaplte aldera�e 

reepintoq etforu la tboae uea where tile .- 1a Dot &4SCOIIPUle4 bJ 

&plOM. tar,ncoapua pi"Meata a eatlal baaal"4, wl:aloh too INqueatlJ 

beo ... • a ,. .. 1 daa r to the ..Ute oe of a olear airwaJ ftl-iac paeral 

aaaeetbeeia. 

TU pne t reri.ew of 80M of the •n lllpol'taa ooatri uUou to 
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the litel'fitwe oa nspir U1'7 ren.aa •kea it clear that refla 

lar)"agoapua, broDChoapau, coupiag ud c:haapa iA reapil'a� rh7UMI •7 

be stillulate4 by the reepoaee of various types of reeeptors 1a a broad 

distributioa throqhoat the 'boq. A •jor part of this 1AYeet1gat1oa baa 

1MeD c:oac.rae4 with the defiJdtioa of sitea of stillulation, types of 

reoeptor, aad aerYe pathwap ia"fo1Ye4 1a tu procluetion of these renexea. 

2. fte Clhical Sipific:aaoe of La!'lMO!J!!!! 

Lar)'llaoa� has beea detiaed as aa oeclusiu of the aditus l�gle 

'by the actioa of the iatrinaic �1 .ac:lea. It ... coaaidered 

eaaeati.ally to be a protect-iYe refia by Keatiag (1965) ADd 1a supposed 

to preYe.at for 1p uterial reachi.q the tl'&cheobrollChial tree ud lUDgS. 

Broaohoapaam, a conditioa ill which contractioa of the bronchial IIUSCUl.ature 

c:auaea c:oaatl'ictioa of t e smaller air passages, •7 be aseociated with 

laryagMl spaaa 1a aOM circuaatucea. Ednrds, Hortoa, Pask ,  and ylle 

( 1956) state that "bl'oachoapua" 1a a tera oftea uecl by auesthetists 

to denote a state 1a which 1JlfiaUoa of the 111118& �· 1DcreuiD&l7 

difficalt or illpoasible. Ia all aixtee c:aaea listed 1D their repori it 

waa pouible to defiae a • or a atilnalua which aa respouible for tM 

brollChi.al. coJ&Stl'ictioa aad the7 •Jib•ai.ae the likelihood of the ooetar!'8llCe 

of .. bPoachos�" wh• protectin refiexes are 1Dadequatel.7 auppreeaed. 

tile e tve of t!le -.cb•n1• of "bJ'o choapua" baa aot bHa 4 teraiDecl 

aD4 it 1a iBterutlac to note t ill 80118 cues it •Y M nUeYecl 1a 

4op b7 the iatnYUOU �eetioa of a -..ele nlaxaat ( u, 1963) . u 

Gra7 (1965) re rt ttlat broac oapasa •7 be nl1.eY wh• coaphte 

-cle paral.ya1B 1a p1"041lee4 a.acl draw attentioa to the ap rent COIIDesioa 

bet•- what to tt. brollChi.al epum d a lack of �ete ac:ul..al' 



le aroucl braachiolee aa4 alYeoU 1• tb. (JIIaokl.ia, 1929) .  

(a) '.na. 18portaace of l� aad brcmchoapua la -. 
aa4 anjula 

broacho pum a4d to the basardB 

en1•la. Ia 1,.9, tb Auociat 

Irelaad 

c�tt .. aad t�e results published ( · wat"da et al, 1956). 

wu the result of H8piratol"7 ob&trucUOD t oae sort or aaot.her. Of 

of the respira'-7 

oecurre4 1D Di.De, aixteeD wen repon-4 aa cl1ap1.aJiq broachoepaaa, 1D 

aut COIIpl1catiou of endotracheal iatu tioa ooCUTed , aad a1x bad 

pper reapt.rat017 obatncti " la th fona of a uoplaa or oed ot 

tM slotU. aaaod.ate4 witll the c11111cal COilfU.Uoa. Otller aut ra to 

19. 

state that 

laryaaeal apaaa 1a pot. ti•ll7 the 

1Dt u.o.. 

�.a.&.Gltioa 

f�t IlD•� ot reap1ratof7 

ala 1D -· eJ"fflcMr 

Ia a dlacus1 of tile l.arJapal sequelae of dotn al iD ti 9 

of the •;Sor 

ea tbla - a I"N1llt of d1fficult7 
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ill 1ababat101l Uaroqll attapUa.c the procecbare *• there - p1riial w 

coaplete 1� �· Aaother ea � 1te cla.piq of th coJ'da 

apiut tM tUe chari.Ds aaaestbeeia. lie (1950) , aa4 Lew1a aJid SWerilolr 

(196\) ha•• aleo reporte4 Va1la char1aa clinct laryaaoacoP7 tor illu.laaUoa 

whea -.cle Nl.axatioa aad retla eappreeai• were iacollplete. 

I.-. (1963a),  Weathuea u4 Fritaall (1965a) u4 lall (1966&) atate 

Uaat lai'JII84t8]. apaa haa bMil reporte4 41lriJI& puNl uaeatheeia 1a all 

species of .,_atic aniala, bat that the coa41t1oa oceva _, tl-equeatl.J 

1a cat� eapeciall7 whea tlae7 are nbjected to hip c ceatratioaa of etber 

npour or th • is exce lYe IIUCU9 aalift , or 'blood iD CODtact rith 

the laJ7U before the protectift lar.JDpal refiexes •• beeR subdae4. 

Broachi•l apaa la also ._tioaed aa a basarcl of paeral aD&Hthesia iD 

all apeci.ee b7 th ae authora. 

(la) eo.41tiOIUI ader which � ocean 

Oudel (19Sl ) eouitlen tlaat two separate lleCJMtni•• coatri.bate to 

tlM OCClU'J'eDCa of lAarJ118tNll apua 4wt.aa el.ilaieal uaeatheeia. fte first , 

ill wbich there is direct irrltaUoa of the "fOCal. cor4e9 oocu.n • there 

is a ddea iJioreaae 1a taa.e OOIICfttN.tioa of the il'ritatias wpov at tile 

Milk the depth of aeathuia la 1Maft1ci.eat to _,preu t1ae •ocal 

to nl1we9 th1l"t7 to fort7 tin 111atea 'a7 elapse befon •tne 

r .. pS.ratioa" 1a eatalaliahe4 &pia. !be aecoa4 Meh••S• be coaaidera 1a 

p to the U • with trac\1 Oil abdoeinal or pelde Ylaoua beiJI& 

the JI08t illportftt atiBl.M iaftlYMe 

!bat the latioe of 1rritaat ftpova aDCl aaeathetic apata a:z 

pro4lace � a , apaoea, coupsns or bro� ill .an 4 
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ua'l•la 1a apported b7 tU m rk  of AU •  (1929&, 1929') , Collroe (1965') 9 

Bar.r1Mil et al (1963) u4 a.x (1966, 1967) .  Alla •• aenatMD YOlatU. 

nbatuoea u well u et!aer aad chl.OJ"'fOI'II Oil UIWlaeatbeUsecl h.-a 

Abjeeta, al .. pia& eabjecte, aa4 oae o waa an08111c. Be also carr1e4 oat 

1nhalatiOD testa OD aauathetised bjecta at the ead of operatioa. bat 1D 

UdAl caae h• ue4 oal7 fiYe of the wolatile agab and 1Dclucled aeither 

ether llGI" chlorofora. Collroe � the occarJ •oe of renex apaoea, 

� cloeare, an4 broncbocoutricti.oll u pouible naul.ta of cheaical 

or ... buical irritatiola of the DIU!I8l puupa of ea.e aat.ala. Be 

atate• that 1a tile rabbit, the rena apao folloriac tioa of etMr 

or chlorofom •7 be eo proloaged aa to cauae death. Collroe dpJuud.a• 

tbe aeed for 110re in t.ll'Sltioa alMNt tile 1me41ate reapoDae of - to a 

nriet7 or paea aad ftpoars _.. iD cliaical aueatheeta. !he --

atat t � be applied to the ait tioa 1a Md•l eatheea. Barrl.Aiou 

(1962) -..pared the daratioa of actift reapiratorJ reapou .. to irritatioa 

of th.e reapir'a\oz7 tract cltlr1q ua.eatheaia with diffennt apnta. fte 

irritut atial he uaed - a paff of ci&arette 8110b. larriaoll __..tecl 

that the clifferucee in duatioll of ftSP011H are cletend.aed b7 the strength 

tbarati.oll o1 the atilhal.u ucl b7 tile effect of the etic agent. 

Bia propoaitS.C. .. t Ule -eat!uttio ap��ta � 1tiu ree.ptora, act 

oa tbe pirat017 . V., r ...., � respirator.J -.cl.e acUritJ'• 

t&r7qos tntio of 1Prltaat yapoara 8a7 

recl1aea e f tbeee •pova reachiq the �· lurt dabe ...-. 

lw tntiou of ..... ird.taata iDcNue aina7 reaia 1a 

ua. ...- Mll tile tratiaa 1a 1w tor tM ject to aware of 

it, or too loa' " elicit t11a renu ( , 196sa.) .  

tile Mcbni• aeat1ou4 7 OH4el 1a .. u aupporte4 Q U.. 
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report ttr lleeYe et al (1951) referred to earlier 1a Ud.a literature redH. 

fte techaiq• uecl 1a the upper bd081Dal operatiou the7 describe waa 

•;aorphi.De-thiopeatoae-4-tUocvari.De aaaeatheaia" ( tbat le, thiopeatoae 

acttd ni aterecl attar a mrptd:ae pnMdioatiOB and uiag cl-t11boclarariae aa 

a .acle rel.axaat) . Perioda of apDHa aleo occwred 1a patieata •der 

other cOIIbiaaUoaa o f  qa thetic 4rup aDd ther were •1•17 aaociatecl 

with iatraperitoae&l sald.ptalatiou to tu upper sbdoeiMl riacera . 

LarJDgMl spaaa ha8 aleo bHJl nported u be1aa produced � •clumical 

atillulatioa of the epialottia cluriJag atte��pts at illt tioa , whea the 

glottic renex waa aot abol.iahed b7 deep aaaestheaia , a IAJSCle rela:xaat , 

or a local anal.peic epN.J of the plaar;rax aad Allterior lai"JJIX (Baatorth 

aJl4 SJ.ebecker, 1963) .  Uader CODd1.tiou of light thiopentoae urcoaJ.a , 

DuD4ee (1965) atates that there 1e ea apparet illcreaae 1a the MJ181tirit7 

of the lar;raseal refiexes, with aa illcreuecl iad.dftce ot l.arJaaos..-

oYer that obeerYecl Rea iDiaalatioa techJLlqwa are ...t. Be augeata U..t 

tbia is probablJ' due mre to • tailve of the laarbituratea to depreaa tM 

l.llrplgeal. renexes, tball to u:r stilaalu:t actioa. CouatUa&. azaeea1ac, 

hiccup or broachoepua are alAo statecl to be c� with tile barbitvatea. 

!be pnsenoe of •ea• lhlCUa or fore1p Mdi .. 1a the upper respirato17 

tract a... precliapoa1aa oaUM. Dadee coui4era tbat thia a.:J be 

becaue t.hiopeatoae upre.... tbe QJ�P��thetic !'YOU apt• 80re tl'aaa 

the p&raaJIIIJMltlletic &7 tea. 

(1960) at.atea t ... _.. larJilPS). spa• ill ... 1a leaa � 

thall it - fo,....q. !lda ill probablJ' chae to the wider ue of le 

rel.axaat Uvcat wlaereaa r .... rlJ' atropine, ..... ill pre-eaa•thetic -.41catioa 



••• tile 0111.7 apat whicJl would coatriate to the eoatrol of l.arJaao.,.... 

Roeea cliel:wlaea the ratioBale of the ... of atropiM 1a botll prenaU.• 

aa4 tr at.eat of lar1Jl&OBPUL Jlal'r1aoll aacl VaJa1k (196:5) bawe alao 

cl18cueecl the effeot ot atropiae oa tM iaciclnce of 181"7Jls-J. apua. '1'tle 

cou••• of opiaioa ...- to M tlaat at.ropiae 4oea aot m•eat laryagos,._, 

altlloqla it •7 remw aoM of the pncliapoeia& ea b7 appnea1ag tile 

aecretioa of •lin and ..cua. Effecta of atropiae ar. coaai4erecl 1a 

liON detail at a later ate,. ill tJl1a •Wd7• IAIIIb (196,. ) atat.cl that 

atropiae •7 be uaecl as pre eue theUc 118d1catioa to preYeDt � 

aad IM CGDS14era �t 1t � be -.d ill the t.reat��eet of t coatiUoa 

oace it ctenlope. 

Other 8etho48 which bne beea advocated t.o Ulp 1D the prrHDtioa of 

l.ar1Bso� are � UN of iAcreaeed cleptll of aaa .. theaia , -.cle 

rel.uaDta, or local aul.peic •Pft18 (Ckle4el, 1951) .  the prec:a.U011a 

Ln1a aa4 s..Nlow (1964) ted for aY014iac cardioYUcular baaarda 

of eA4otracheal iDtubaUoa were the aiateaaace of adequate ors tio , 

prneaUoa of lar1ageal apaaa, c:ouatWas aa4 b1acki.ll&. ue of a -.cle 

nlauat or deep aaaeathetd.a, aa4 blockias of qt.ozloaic renuea \17 

appl1caUoa ot a top1cal a.Dalgea1o to the �traciMal coa. 



Ill EXPERIMEJITAL PR AliATIOKS IMPLOtm AND '1'111 ACftVlT! OF TBE 
LARTtiG!:A.L MUSCLES AJID TIO: DIAPHRAGM DURING QTJift RESPIRATIOH 

AND INtLA'!ION AND DD'LATIOII OF !HE LtJRGS 

'lbe c:at was ohoaea for th1a atuq of 18J71lP&]. renexae because it 

was eaail7 ayaUq1e aad relat1Yel7 eae7 to b•Mle. �pa• ie acre 

oc••oa du1.Dg aaaeatheaia iD tbe cat thaa iD other species of clolteatic 

anial.e. ftaere is a fair baokpouDd of uatoaical. etucl7 011 the cat aad 

a coaeiderabla bocl7 of an4eaoe 011 reapi.l"atoi"J nne� laaa bee acc�ate4 

1a thia �·•· <the an1•l• 'UNCI were clinieall7 heal.th7 Blld d not 

ben nbJDitte4 to anaeatheai.a for a period of at 1-t oae 110 th before tbeJ 

were eel iD an experillellt. b: drecl nd t1 f\7 two cats w.-e ue4 ill 

tbe atucl,- of whicll eixt7 four were lea aad iahtJ ai&bt feMlea. !hef 

were a variet7 of •se ad their ••i&t&t. rangecl troa 1.2 to 5. 9 q. 

It ns couidaNCl D&Ceaa&r7 to bawe a recOI"d of the act1Yit7 of the 

� asclea and d:iapaar..- dllrlJas quiet re piratioa iD eacb preparetioa 

before 1J:117 etiauli were appliecl. It ••• alao eeaeatial that tba actintr 

of tile la17DX and diapbra.p oal aot be cotapllcatecl b7 the additioa of 

ea of eathetic agent c:lviac the covae of u experiaellt .  

ID aa attes�pt to proYide each coa41t1o a, the followiJI& teoblliqau were 

c 14en4a 

(a) ftt.e adwdwd•tratioa t chl.oraloae 1at.-.__.q 

after iaduUoa or aaa theaia with hal.otlulae 

(b) '!'he pi'Oftctioa of a 4eoerebrate aniul after 

iD cUoa of - t 1a witb a YOlatile 



aaaeathetie, tor example halothaDe b7 eaek. 

(o)  Ma1JateaaDCe of uaeatheaia with other apnte. 

These are diacuaed 1Ja 4etail ill the followiJa aeoticme. 

(a)  MalnteUAoe of anaestheeia with ohloraloee 

Heffter (1889) waa the f1rat to isolate and describe oblOJ'&lOH. 

'l'hie publicatioa 1JlClude4 an aoooUilt or the eb..U.oal rather thaa the 

pbanlaoo1oslcal propertiea ot tile ciJ'UI u it waa writhll tor • oheaical 

journal. A 4eaoription of the pba�oo1o11 of chloralose by BaDriot �4 

Riohet ill 1893 atillulated Heffter to publiah an accouat of hie experillenta 

in trop, 4op and rabbits (Beftter, 1893) .  BaiU'iot and Riohet ( 1893) ,  

workilla with dogs aad oata, reported that when obloJ'aloae waa in3ecte4 

illtraYeaoul7 or adllinietere4 eitber 1ntraperitoaeal17 or b7 aouth• U 

produced loas of ooeeciouaneaa and analgesia. Sp1Dal retlexee were not 

abol18be4 and the aniaala abowed hJPerexcitab111t7 to aechalliaal atiauli. 

The blood pnaiJUI'e was raised ud th drus appeared to pro<luce no diaturbances 

o t  cardiac rh1'tha• Reepiratorr IIOY' •ate tended to be rather in'egular. 

Temperatve ooatro1 waa loet aad the •nj•le tended to ah1Yer. The7 

couidend that chloralose was a uetul cSruc tor pbtaiolo(Cical experilletal 

work bee use 1 t renclered aniala uacoaacioue and h'M troll perception of 

peill without illterfariq wUh renex actint,.. the oal7 d1eaclnntap 

the7 nporte4, waa that beoauae of ita low eo1ubil1t7 a larae Yolae of 

aolutioa had to be 1n3eote4 to pronde aa etteotiYe 4oea. Hettter ( 1893> . 

usiDs the dnc 1n trop, d.oga 4 nltbita, 4.-onatratecl excit.billtJ ot 

renexee ia all tu-.. apeoiee du1Jla 1oaa ot ooaaoiouneu. He oonaiderecl 

that ohloraloae proYidecl piU'al.Jei• of the oerebrua aacl tbat hiper doe• 

procluoacl paralJSie ot the r•epira torr •eatre. The trellb11q nporte4 b7 
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Hanriot anoi Riohet (1893) was alao obsert'ed 'b7 Heffter . Blood presave 

was .. 1Dta1Ded unleaa there wae a considerable reduction iD respirator, 

rate. Hettter oouidered that when overdosage with chloralose occurred, 

death was due to paralysis of the respirator7 centre. 

Chloralose bae been ed extenaive1J iD the cat for experi�ntal 

work iD which a prolonged period of anaesthesia without 4epre aion of 

refiexes is r.qu1re4. Westhues and Fritsch (1965\:t) nc011mead a do e rate 

in cats of '!IJ-70 111 per q aivell intravenousl7, LUIIb (196-'b)  recommends a 

doee rate of 79 118 per q. Widdicombe (195'ta , 19540, 1954c ) uecl 

chloralose at a doee rate of 60 ag per kg to anaesthetlae cats for the 

iaveatiption of reapirator7 renexea ori 1Aat1rag trOll the atiaul.atioa of 

receptora iD the tl"aohea, U'onehi lllld lup. Green and Neil (19.55) used a 

mixture of chloralose and uretbaae iatraperitoneall7 1n an investigation 

of the reapiratol"7 function of the laryngeal IIWIClea. Waq and Niaa [1948) 
reported that ohloraloae cleprened reapt.r tioll ill oats, and that the drug 

also depressed the etiaul.atiag action o f  carbon dioxide on respiration. 

Chloraloae has the adftlltap that it allows the aeuraxt. of the 

animal to naia intact while a relatb•el7 atable state o f  anaesthesia 

oaa be •intaiaed over a loag period. It iad ctioa of &Daeetheaia 

is ach1eYed with an 1nh lation aceat b fore tbe chloralose 1• 

admin1atere4, the 1Dbalat1on a at •1 be larplt eli1111lated via the 

l\lllgs before t e experiaeat 1a startect. Disachaatapa of chloraloae 

are a ten4eaot for tb.e anial to be bJ'perexo1table and a poaibUitJ 

that the ctrua •1 interfere with, depre , or aufPMilt renex ettecta 

duriaa an expert.eat. !'hi8 leads oae te aak if the respo ea ob .. ned 

dUiq the oouree of aa eXJUtriMat e a t.I'Ue result of the atiaul1 

used, or q iadicatioa ot the aett of the atiaulu ill relatioa 



P18. 6 Diagram to show the Level of Transec tion of the 

Neuraxi s in a Decerebrate Preparation prepared by 

Intercollicular Sec tion 

A C  P C  

l p c 

.U\er LonU !nno ( 1949c ) Lon«1tud1nal section or a cat 1 o brain. 
AC AD\erior colliculuo C Cerobellua 
L Lenl ot ,raa .. cUon ot neurul a Pone 
JIC Pootorior colliculuo 
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to chloralose. Chloralose waa .... in tw t7 foar cata iD this etuq. it 

waa adaiai tered intraveDOUaly at a dose te of 65 o:r 10 -a per q after 

iad•ctioa of anaeatheeia with halothaae b7 -*• Ro nbstatial 

oom:luaioaa bave beea der1Yed 1ft thia theaia f:roa experiaellta perforlle4 

wader chloralose al.oae. Siailar e.zpe:rillellts have ei tlae:r beeD dou 1a 

decerebrate pnparatiODB or eoaclueioaa laan M8 supported b7 work 4oae 

uader eoD41tioae other thall chloralose 

(b) n.. 4ecerebJ' te prepa:rat1oa 

estheaia. 

SectioJl of the braiD stea at a llidbraia level leaves both the pou 

aDd aedulla oblonpta iatact IUl4 COIU'lected with the apiaal cord throu&h 

their deac diag patlnra7a. A state of hn»eractiri.t7 of the st.:retcll 

reflex•• enea, &i•iDg riae to "decerebrate riP.ditJ". !he rigid.it7 of 

the decerebrate preparatioa was described clearl7 b7 Sherrin&toa (1898 ) .  

Be regarded "decerebrate rigid1t7" as the rnult of releaaiDg the loweJ' 

braia at• fi'OII the control of the hi&b•:r centres of t forebfti.D. 

Dece:rebratioa b7 iat.ercollicular sectioa illYOlYea the tra.asecttioa of the 

ne111"8Xia anterior to the boD7 tentori\111, with the ani•l wader 

inhalatioa aaaeetbetle (balothaae iD the case of experi.Miata described ill 

th1e tbeaia) .  J'ig. 6 ( tao1q p.Zl) ahowa the leYel at which U. aevuia 

is tranaecte4. 

Aa altenatiye aethod of ecrerHraUoa ill ta b7 the proclucti.oa ot 

iHJlaetd.a of tile toreb:raill - acr1lte4 '-7 Pollock &Ad Daria (192)). 

!lae7 achiuecl thla b7 lipti.JI& t baaUar artery with tlla cat der etller 

atheaia. !be baailar arteJ7 waa ex:pNttd b7 trepM•i•g throup the bue 

ot the ataa1l iD Uae llidlJae ltet...a the t� lnallae. 'fhe dura •'-

was expoaed, the ailar arte27 ligaua. 'l'tle � carotid arteri .. 



Pig. 7 Diagram to show the Level of Decere bration of the 

Neuraxi s  in the I schaemic Techniq�e 

Afwr Pollock IUid D .. ie ( 1 923)  
•tbJleoe blue hae been inj e c tf?d 1ntravenouely be fore death. That part o t  the new-uie 
Wit.b an t.nact blood supply ie eta.ined, the 1 schatom.1 c a�a reaaine Wlat&i.ned. 



•en tMta u.aate• aact a 4eoerftrate preJII!ll"ltioa renlhd. ne .. 7 

( facti p.28) a t.llat eeerebratioa '7 iaehil.m• ... lou of tuctioa 

t the .. terior lullf of the cerebell , the cerel:tral eld.eptaena, u4 tbe 

whole of Ule anralda anteriar to tile m.4-pou. Pollock ad Dllna (1923) 

arped t.Mt operati for tu pro41lctioa of dec..-.l:trate preparatiOJLa )Q' 

tNDsectloll of the bra1a etea •ere attea4ed b7 a hip 80rtal.1t7 aa4 

coaaiderable abock. !he7 -pate« that fref�Miltlz _,.. part of the 

braia, aateriol' to the poiat of aectioa, reaaiaed illtaot u4 that ha.-ol'Thap 

was UDcoatrolle4 i.,....sarable. The7 stated that shock WOtllcl alter tbe 

properu .. of the pr.paratioe aad that other 1mtonrcl SJIIPtOM �t be 

a .. a becauae of baeiiOft'bap cauai.Da COIIpN 1oa of braiD u.a.ne c:a11dal to 

the eecttoa. 

Pollock aad Jlay1a ' techJd.q-. or 1 ..U decerebrat.ioa was atteapt.S 

ill t•ent7 three cats 4urias the coune of thia •bcl7· AlthOQ&Il eacc4tuful. 

clecerebratioa na aohieYecl iD tittee of the t ... t7 tbree te, their 

beba'riov u experiMDtal preperatioaa ... •t cOIUILJteat. la the 11thor 'a 

oa4a, the teehaiqM took -a lo tuJ1 tbat of 1at oll1eular uctioa 

cl the reaul.ta ••re aot pl'ecliota1tle. Tile aarri.Till tt.ee of these 

preparatiou to O't'el" eleYea hoa.ra. la �­

cats, prohM ueiiOI'I'bap occvriq 41lr1ag atteapta to Upte the lMlaUar 

IU"t.ft'7 t!ae aMit t of tbe experlMat. Pollock cl Da.Yia a e\M 

that the area of tile la NadeNCI iaobaealc ai&bt be •Pl*l oat 1111 

1JljecUq •th71- l:tlae eol ti 1Dtra•eaoul7• !h1a proc ure -

carrie4 Gilt ill a1x of the t t7 thne ta. Staiatq a 1d tt 1 with 

that 111 bated 1a Fia• ?, t 1a the cue ot 011e t ,  1a which a larp 

bft.IICil O-f tM builel" arteJ7 ppl.J1q fl nbra1a - DOte4 jut 

poateri.or to tile l.i.&at.re. Althoqll nn- of tM ·-·7 three eau 



ti.atacto17 

preparatioas tor aa iDYestipUoa of the l..arJDpal refiexea. 

� •JorltJ' or experiMa ta whose results are report.d 1a th1a 

de4 oace eeotiea of the anras1a hacl beea 

carried oat. Aaaeatheaia dm'iaa the proce of decerebratioa ... proridecl 

1a tile earlier exper18eata b7 l!ullothau a4 ether, aa4 later b7 halothaae 

the l before eaoh n:periaeat was started. There was thu vnlib}J' 

the proceaa of ctecere raUcm. !hie � be eYOided b7 caretul teohniqu 

aiUl the judicio e of wart� aali.ae, cottoa l packa, aad eu.ctioa. 

the control of baemoJ'I'ha&e resulted 1a the jorlt7 of 

preparatioaa bei.Da eatiafactor.J tor experillellta oa the � refiexee. 

(c) Mailltuaaoe of atheaia w1t!l o r apata 

orkera 1a the field of larJilP&). aacl respiratol7 ph781 log n 
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a --.r of pau otbel' t chloralose tor the Miateaaaoe of -estlaeda 

1a cata. For uaaple, J'1ak aDd llpl (1959), M:Uojeric ad last (1� ) .  

noJd, Nld lieU (1951) aDd Urikae, ltlrose, �a ..... . S.waahila ... 

Koba)'aahi (1962 )  hne ue4 peatobaft1toae ao4iull ' the iatraftllO'U or 

i.ntraperitolieal route. BuNteia allCl ltoftaetiaa ( 1938) aaae thetiae4 cata 

ituratn ( 1aclu4iag peto rbitou) whicla 

the7 ac!aiB:l.atered intraY oual7. 'ftle1 d.-onetratecl addtaet1oa or the YOcal 

corn aad hJpe1"Bet1Yit7 of the � refiex dur1ag this type of 

aaaeethea:ia. !be f1A41D of Bureteill aad Rov tille 811CP&t that 

bar itvatea ., .. • enaltia&Uoll ot tile 1� rena. ,... th1e 

reuoe.. rbituratea Pre t to aaae tbeU&e cata ill this atGQ. 

Vl'etllalle beea ued b7 worlten t. prol -••tUIIia 1a 

the t. .. a loq period of 11pt anaeatheeia, t 1t 

. esiJ"Qle aide effect. 8UCh -. t. It al.o beea 

8111P8t that thaae •1 •• carc1Bogea1c effecta ( , 1956) . J'ol' 

th1IJ re 

aolati • 

Teitel.twl.- et al (1936) aa4 Nai&Jo ( 1955) cl ether to - theti&e 

cata tor the iDYeatiptiAil of reap1ratoJ7 nfiuee cl re pil'atai"J' 

ele aet1Yit7 re peotiftly. D.her was • aa acljact to e 

1a eaJ'ller .,...,._. .. 1a thi8 at.llcb"• Ita e • to 

eliaiute tile tlsatioa of IQ' et r. 

Ia t reported ben, tb ecerebrstioa • 1atl'ln'ello 

acllli.a1atl'atio of chloral..oH wn f, t '-bl• t1 

Em�er.illf!!Jl·ta ot ap to Dirle houn f t1oa wen carriecl oat wlt.ll . coaeiatantq 

repro411oible renlta. For • ton, prepqaU 

ua theu..4 with raloee, 01' ate pft);IU'ati • re 



2. letboda Va to IaYHtiet• the Acti"li.tz of the J.erppal Jeuclee 

!he l41"1U GilD be obaen-e4 c11NcU7 if tiM oat •a jau are held opea 

with a PC• !Me -� of obeenatioa proYed uuaU.f to17 becaaee a 

penaaeat ncor4 of 'fteal cord actirit7 could aot be obta1u4. Ciae 

pho\ograpiQ" Of the coNe WU Coui4eftd tG be apnctical becaue Of 

l.1alte acceea sad expaae. EYea 1t rMOI'dB of the IIOY-..ata of the weal 

corcl8 dviag qaiet reepiratioD coalct ��Ye Mell obtalaecl, it would laaYe beea 

iapoaaibl.e to fUll 001'4 aat1Ylt,- clv1Jaa a41d.Jd.atratiola of iDbalatioa agnta 

�,. -·· 

llecti'OillOsraphic recorda f the 1 triaaic •eel- of the larJu •7 

be obtaiDed with aeedle electrodes ( Adriaa aacl ll'ollk, 1929) iD.&erted iDto 

tl:lue •act... 'file -.acle actirit7 call be .aitored frooa l•da t'roll the 

uedle •lectrodu to the iapat of aa amplifier b7 feecliq the aipal to a 

lCNdapeaker. !'hie techla:lq• -...s be coabiaed •itll cl1rect obsenatioll of 

t larJiliMl, muclea. PeNbellt noorda of aach -.cle ctio potential8 

CAll be ntaia b7 photographiaa the cliapla7 pro4aca4 1lheD the algnal 

holl a aeeclle electrocle 1a aaplU1e4 appropriatel7 d cliapla,-.4 oa a 

cathode rq oaoilloacope. AootJaer aethocl of ®taiaSq a � reCGI"d 

la to feed tU a1gBal illto a �nlti-chalmel nooi'Ur. !Jut NCOJ'Cliag of 

actioa poteatiala troa -.sol.. ctu1Jas their aoUri.t7 1a kao aa electroiiJOgrapb,J', 

1a lu -.t preoUe fOl'll lt iaYol..- the - of ..,_.,. apeec� NCOr4illc 

.. -.cl• 

ra. tbia .. the 

U'l'i.Q ia � ·�· 

(a) A hlatorical cODSl eratioa of el.ectrolllecra 

Ia the eighteeath ceatv7, Gal.Yaal lwl obaerYe4 tbat akeletal -.cl .. 
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procbace a detectable YOltase whu the� coatract. h also ahowe4 that t11q 

woulcl coAt.ract if thq Mn ats..latecl eleetrioal.lJ• haroJ'h781olog1ate 

a.ad anatOIIiate 1a the twe tietll cntv7, aotalt}7 Aclriala 41114 Broak, 

--JS.., IU! Delmy-Brolm, cleYeloped techld.cpaea tor reoorclilla the electrical. 

pote•tiala proclucft b7 actin -clee. !'he iatro4uctiea of the CODCfttrio 

... 41• elect1'04e b7 Aclr1aa aa4 Broak (1929) .. a coDSicluattle atep tOI"Dl"4l. 

dell, Feiaateill aD4 Patt1e (1944) weN the firat to nport oa 

e1ectro11Josraph1cal iaYeat1ptiou of \be •eole• of the lar;ra ia -· 

Their reoora ot l...,.apal aoUY1t1 fOJWecl • -u aecti.oa of work • tbe 

boq IIIIUICUlatUH aa a whole. SiJace le44ell et al (1�) pabliahed the 

reaulta of their wol"'l, Ma.7 pape.n haYe appeare4 4eecrild.aa the uae of 

e1ect�pQ � the 1D tlptioa of 1ar;yapal acUY1t7 1a - (f. 

e:xaaple : tbal, 19"; haboJ'I-Aaclera•, 1957, 196Sa Faa rs-.Aaderaea 

aacl Bachthal, 1956; Fa.UoJ-s-Aaderaa ud felclt, 1958; J"uborg-AaderMa 

aacl V arcl, 1964a latauld., 19SO; Port-.a , 1956, 1957; Port1aan, 

HUIIbert ,  Robia, Lapt aa4 Vannier, 1955; Poraaan, Robla, Laget alld 

Duacotlbe , 1959; Roaeier, Jfi.eporeat, Pipber r aad KaliD, 1�; an4 Spool' 

aDd 'AD Diahoeok, 19S8) aDC1 iD aaimala ( for eUIIplez Do� aad Boaa , 1956; 

Feaard aacl V&llaneiell, 1956; K1riJale et al, 1962; Jlilojnic aad But, 

196'1; V,.ecla d Soaecla. 1958). 

(b)  'rechai�• tor e1eotJtollyopapQ 

e two M1a tnea of el.ectrocle e4 iD electl'oll7o Jlh7 an sartace 

el trod .. aad eleotrodea iaserte41 iato tile -.clea be � • !lae 

latter ha•• una117 b ..u... IAcaU.Md ftCOJ"clilag boa a aiacl• 

uall aucle 1a ut pouible 18& a plate electro4e ua1 ... tile electroU 

be placecl direcU)' OD th cle 111 q atioa. !he record 1a ca.plicate4 
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IQ' � act1Yit7 of otller -.clu ia the nc11d.t7. J'or thie ....._., plate 

electrodee were DOt ued at a117 atap 1a thia inveetigaUoa. 

,..._ eoat COII!DOIIl.7 uecl aeedle el.ctroclee are the eountric tJPe 

tirat described b7 Adr1aa 8lld Broak ( 1929) , 4 these were uaecl throuabollt 

the wol'k reportecl ill tbie theaie. !be e cOBc tric DMdl.e eleetroclee 

couiste4 of a stailll 

1lh1 coatailaed aa iuulated 0.005" cliaaeter ataialeee ateel central core. 

!be aacle at the aeedle tip 1a 22.0• Act10D poteatials are Ma.SVed betweeD 

the tip of tbe ceaUal core aad t 8U'J'OIIIldirl« nee4le tt. 'ftle coueatric 

e.cn. electrode baa a4nntape ewer the atU"face cl \�Dipolar tn-a ill 

Mlectirit7, trequeaq respoase, JtObe leftl (Beaker aad ct&aaberlia, 

1960) .  ID tile ante experiaeata which ton the baa1a of the work 

reported here, f• pl'ObleM were eD.COlUltered :Ul retatainl electrocf.. iD 

po itioa ctur1aa aa experl.lleat . Ill fllt.ar. work, bowner, wha it la 

art p4 t electrodea will be iapl 1a chroaic preperatiou, 

ataiDle steel 1d..n loop electrodes ( j:lAm., 1962&) or ao.thiaC a:Jwil•r 

will haft to M ...ct. 

ahoul.4 M COIUleCtecl to a hilb :la ampUtler with a aelect1Y1t7 for 

freqllftCd.ea ill tile reap fl'a. t to seftftl tho qcl per aecoa4. 

t!lal, cl Roeeatal.ck (19,..) couldeNCl t a nap of 2 to 

109000 MCeuaJ7 to P""Bt 418tort1Ga. !be a1pal troll the 

apl.J.tler be fed illto or rtq oacillo copea - the 

OtUr .. thoU of reool"d1.ac, lDYolriac the •• of iak-writiag or hot 

a\7baa recoriera, ft the 1aportaat dladY&atap tltat their Dical 



Pig. 8 Block Diagram of the Rec ording Sy stem use d for 

Electr�ography 
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recon... are DOt oapa� of repro4ac1ac at.pala of ewer lOO c,. 

aocurate17. UltraYiolet reeorclere •1 proricle a saUafacto17 altwuUw 

to pbotosrapbic reoorciJ.Iac• 

(c) DeYelopaent of a recorcliJaa tedmiqae 

Ia th1a iav aU.gatioa a •thocl of ncorclia& waa l'eq1l1red wbieh would 

both proYide &cClU'&te reccmle of tiM act1't'lt1 of Ule laf'11lP&l cl• 

!he actirit7 of the 
. .  

� .-al .. could tHa be relatecl to ...... ta 1a tile reapiratoi'J CJCle.  
I 

the oatpat of u aucl1o-aapl1f1er. lfo record waa obtaiAecl. 'file aut 

etep wae to feed the aipala ti'OII two eedle electrodea illto the uplitiera 

of a two M.a D)}R 'l'elequipllellt oecilloacope aDd iAto two a'U41o-allplitiera 

(Pia. 8, facia& p.,.).  A coatimlo record of the oacUlaUou iJl tbe Y 

uia of etati.oaa17 beau ( neep) could be obtaiae4 'b7 ui.Dc a ea ra 

(TelequipMDt) wh1ch •• fila paat tu beua at a conataat epeed. 

Agfa ARP2 paper .. uecl 1a the ca8H'& 1lhoae fUll transport 8pM4 colllcl 

M Yarled tro. 0.1 1Dchea pv Hcoad to 9.0 iDcMe per MOOil4. 

cuaett. hol4 25 f .. t of 35 • fila or paper. 

tu. Ia aa 

at 



Pig. 9 The Effect of Excessi ve Intensi ty of the Oscilloscope 

'!'race 

A.nae st.he U zed ca t 3 . 0  kg. :r.loralose (60 at,p; pP!"' ki- J a.! :. P r  r.alothMe/e ther induction. 
!lec tr�Q€raa from diaph..ragm durirJ€ i nspi !"'Fl t :on. 



� a null of l.itJlt ner, oae fifth of a MOOad. For thia a •111� 

olook .tor waa ued � 4r1Ye a J"O\&tiag cl1ao which laa4 a el.ot cnat 1a it 

• that a na.h of liP' occurecl fiYfl%7 au f1ftll ot a aecoad. !h1.a ..., 

cli.nctecl to ra the cBMn b7 a perapez rocl. Later ill the at11C17 a 

larp aereea .,altar - adde4 to tJle cii'Cuit. !hie .a4e both pbotograpldc 

recorcU.as aa4 ooatimaou Yiaual IIOJlit.ori.ag poeaibl.e. 

(4) Dilti.cnllt1ea encouatered ill obtaiaiag a •U.tacta17 recard 

!'oo sr .. t aa iateadt7 of the oscill(MICOpe trace ill relation to the 

caaera apertan. caue4 iDonaae iD width, aa4 blvri.Ja8 of tbe 

photographic ncorcl of the tran (J'1&. 9, tac1ac P•35) . 'lh1a probl.• ••• 

oy.,.... b.J adj1Uit1Jag the oacmoscope illtn.sitJ aAd the callel'& atop. 

Care ... aeedecl to eanre that the paper or tila trauport speed waa 

81ICh that a c�ear recori o f  actioa polelltial.s waa obtaiaed oa a 1� of 

fila which could be baa4led eu1l7 aD4 which &YoidH the probl.-s of 

illterpretatiOD wbich ar1ae 1lheD the reat.i.Jag trace 1a too short or whell 

tr c• .,.. cat 1a the aiddle of a reapoaae. Alter iq a --.r of 

Utfereat 8pMCia 1a the .... 17 etapa of the ine tiptioa, a paper apeed of 

approziate17 laa1f iacb per MOOJMl ... cboea. 

potentiala of 1 aY or lea are beiJ1a recorcled9 the elilliDatioa 

of c:kpouad DOiae and 1Jiterfer 

ttielcl (19!i9) 4et1Aea "aoiae leftl." aa the d._.... of ru4a. MY t 

of .. ... liae to apoataD n11Ctuatiou 1a tile .,..... Source 

aotae 1a a facti-OR of the i.llpedallce aad the t.perat.re of the alpal 

aovce. Dd.a 1a uanolcla�e. IMt it be lild.ted 1 aaiq aa iaat�t 

which does .ot reepGD4 to tnquenolee oYer 10,000 cpa. Mpl.ifi.er DOlae 

ia iat .,. the reoord1aa apparat.a aDCI a capabl.e of r tiOD, 



Pig. 10 The E 1imination ot Noi se and Unwanted Signals 
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Decerebre.te eat, edu.lt re-le. Decerebration tmder halott�Me/ether anaeettw•1a. 
&lec:t�� t'na dona.l cr1coe.rrteno1d .ueele. 
!leotrc,.QCfta rroa dlapbnp. 
Decerebrate cat, adu.l t •le. Decerebration Wlder halothane/ether aoaeetbeeia. 
Bleotrc,.oc..a frC8 diapbnp. 
llect�OIS1"8 trca cr1cottu-ro1d .,acle. 

(Spikes ,.. touched )  



"· 

it aot OGIIpl.ete eUwt••U • b7 proper cl .. ip ot ecaul}aeat. It 1a or II08t 

d.pi.ftceace 1a tile ftrat atap of a �. aus there it i s  uuall7 

aneral Uaea aa larp as the 1DtriDsic IIOUrCe Dolse. la order to approach 

the tlutoNUca� m.s._. oareful tirR-au.g. •d3•taat le Deceaaa17 a.4 

it la UIPiiM to e -xt- p1a oa a tlnt ataae aapl.l&r. 

Iater�ereaee OCC1U"s aa a result or the appantue J4cldas •P waatad 

aipala eitlaar tJ'OII the preptratloa ltaelt or tr. the � .  

"nl4-.no .. t1oall7t thla iatertereaoe abould M coapl.etel)- noiclableJ 1a 

pnct.loe S.t � J'Nft tapraetloal to elJatute it coapletaq. !he *»at 

0011moa tne of iatarfel'elloe la t .-..uq troa tJae driJig of tM 

�· llldaa nppl7. !he MSJls nppl7 to the apparataa itaelt la UQII117 

adeq tel;t _,.,tiled, t otlle.r ias� world.a& m. t • ... 1ae abo1alcl 

be kept at a diatuee or, better atlll, aitchecl oft wb.ell J"eC::O'cl1Jac la 1a 

prosreaa. Otber leaa 18portaat aGUCH of iDtePferace are elecboatatic 

iate.rtereACe and bl'olldcast racU.o iaterfU"eeiCe. 

110et illta.rfel"f�DM oaa be elhrluted, �Mat thia •thod la npeui•• to Mt 

1IP an4 pnaeab - practical probl-. Ilateder e le Ndaeed rs tile 

- of 8CI'Htled cable tor tile JIOia'U" RpplJ, co-exial cable for iutr••t 

l.•4a• aad a earth lAa4 1a tile 8J8Ma• Earth loops, oauaecl bJ tba 

.. ot aore U.. aattla laacl, � 1D mre 1atartereaoe u 

ao aart.h 1.... It la poaillle to paara11u a t tile . 

e11111Dat1oll ot 1at..r • !M o � atpal oaa 01117 be ta'M4 lW 

a .,_.. of tJ'ia1 1184 eJ'l"'O" 1a U. poalt� t ., 

l•da U a •U.f<ll01-Y 

a1pal. la _,�-

act1Y.I.t7 aa4 *M actiwlQ ol 
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•cone fro. decerebrate cata. DecerebraUon UDder halothane or halothane/ether anaeat.be•t•. 
A• All U.C••· 1'1• aarftr 0.2 aec. 
81 �. 1 ,  2 and '· Electrc:,.ocrtaa rrc. crtcottQ-roid aaecle. 

'l'lw:e 4. Elect�� fr<a leteral cr1coarJteno1d .. ecle. 
trw:-. s. llec�Cir8!'-.. rrca dor-.1 cricoarytenoid -..acle. 

Cz All t....,u. Elect�- rr.- d1a"""­
(Sp1kea retouched ) 



then 1e aoaroe noise aDd aa nated electrocariiosra- (ecs) aipal 

('l'race 1). ·!he aecoad trace 1a t.Jd8 fipre ahwa a noor4 of d1aphl"ap 

aa4 cricotlqroid -cl.e iD wld.eh ulae aad eca haYe 1»Ma eU.taate4 

(erne. 2). 

(e) Seetioa 

eJlCla stialate4. 11le object of cuttbs aad eti.aatiag aei"Yea •• to 

atteapt to de-tiDe the affereat aad effereat pathwaJS COilCemed 1a the 

productioa of la!'1DFapea• Act1oa poteat1ala ma the diapbrap aacl the 

.. twa usec1 are preeetecl iD chapters V aD4 VI of t� thesis. 

3. ReSlllta of Ia•eattptio• iato the Reatiaa Act1Yitz of the 

Diapbpp and the Iat.r:l.asic I.arnlp!l lflaaelea 

Before aa tt..pt waa •c1e to ftCOri the act1Y1t7 of the cU.a� 

aad the 1atriu1c laryDgeal auca• cllariq larJil&'OSpa•. the tJPH ot 

acUY1t7 •hi-eh occur dariq quiet re�U.cm had to be eatnliahecl. Fis• 

11 ( fscbc p.Y/) abow NOOrda of act1oa pobAUala ti"CCII tbe diaJJIIr-. 

OrioothJI'Oid -.cl•• lateral C1'1oou7t4t l4 aascle aa4 clonal 

cl"ieoN7teao1Al _.cle cbariJ1c quiet .,..ptrattoa. Rlqtbld.c bvats of acUoa 

aot1Y1t7 ot • cric:oth1J"Oi,4 -.cle ..... ocsrM17 c1etect • 0.. ot theee 

cou1ate4 of 11lteraitteat apoataDeoaa act1Y1V of relat1ftl.7 t• •tor 

aaite UllNlatecl to the 4iapbraaat1c rhJ'thll ('!'n.ce 1 •  n.s. 11). !M 



Fig. 1 2  A Record of Intrathoracic Pre ssure Superimposed on the 

A 
B 

c 

Diaphragmatic emg Signal 

�d tllltlt 

1 S e c  

O.eenbrate cat 1 . 8  kg. �cerebration under halothane &nae'athesia. 
At 'f1ae Mrker 0.2 aec. 
B1 llec\.raiQ'o.gr-.. rrc:a cr1.cott\Tro1d a�scle. 
C :  Elec t:ra���rasrea frca diaph.rap. W1 th 1ntrs-thorac1c pressure rorcord au.�rt...poeed. 

(Spikes no touched ) 



,a. 

other ne ot phaeio aotiri.t7, apill of relatiYel1 few 110tor Wlitaa  the 

phaaie aot1Yit1 ••• relatH to the iupil"atory aet1Y1ty of the diapbn .. 

( Trace 2, rts. 11 ) .  A third type ot aotlnty ot the cl'iooth7ro14 aecle 

waa obaene4 oeoaaioull;r. Thie was alao phaaio iD cbaraot r, but tu 

aetiYity ••• related to the expi.J!'etory plwM of the reepirato17 orale 

Qal'lJ 1Jl the atuq, Neorda weN obtaiae4 fl!oll two of the other 

1atr1Daie l� IIWIClea, the lateral wicOfli'Jt o14 auaole and tbe 

40J"sal criooartteaold •aole. The lateral crieoar,teaoid aueole ia u 

adductor ot the 'focal cor •• The reoortiap troa thia IIU&ole abowe4 phaeio 

aotiYitt l'elated to the expiratort pbaee of the reapirator7 cycle ('l'l"aoe 4, 

ne. 11) .  The dorHl cr1ooa.ryteno14 -..ole ahna plwtic acti'fitJ atart1a1 

sligbtly before the start of inspiratio.a and oatiauiq tbroup the 

iupirato17 phase of the cycle (Tr oe 5, n.s. 11) . In oDe cat a record 

ot iatratnoracic preuure •• obtaille4, � a  tranadu.ow, t1'011 a tuM 

attaohe4 to a ballooD ill the oeaopb.apa. ID tb .... oat a better 

p.reuwe reeor4 was obtaine4 b7 atbohiq tubiq troa a n"dle SA the 

oocaeiou the preesare l'eM.rd wae euperiapoee4 OD tbat of the 41aphrapat1o 

eq. It ••• poeaible to eh , '-1 thia ,.... , tbat eleotrical actirit7 of 

the cliaplara .. extenclecl •ert allpU, illto U.e explratOI'J pbue in ._. 

c)'clea (ft.s• 1.2, tacd.q p.)8) . 

�. '!be Aotintz of the Diaphrye an Soli ot the latriaaic Larz!l!!l 
Muacl!! 4yW J!Gatio! and Detlatioa ot tbe Lpaa 

A aJ.au oaaau.la •aa Uecl lllto the trachea at the junotioa ot the 

l.arJIIX u4 the tirat tracbeal rtq. !hi bad a piece ot rul:tber t\l'biq 

attached to ita external •a4 eo .-t the airw'a7 could M olaape4. Reapouea 



Pig. 1 3 The Effects of Lung Inflation on the Ac tivit,y of the 
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8ecorcta rro. decerebnt e  ca t e .  O.cerebra t l OD Wlder Mlot�D. or halotba.De/etber "lllaeatbeeia . 
A: !'iee Mrker 0.2 eec i D  trace• 2 ,  3 a n d  a. .  ( l a trace 1 t h e  lYDp ••r• ia .. htH 

throu ... o\lt , le. trecea 2, 3 and L. arra-a iodicata tbe etart of iorlatioD ) .  
1: Tree .. 1 ucl Z .  Electro.,ova• rro�� cricotbJroid ouecla. 

Trace '· Electr�va· rro. lateral cricoerJtanoid ... c l e .  
Trace t. .  Elect�ov- fro. do r  .. l cricoarytenoid -.ecle. 

C :  .Ul trecH. Oactr�yogr•• !r� diaphrap. 



to ianat.lon aad detlatiea of the luaga haft be D well 40011M!lte4 

(Wi4cticoabe, 19541> aD4 195'-c) .  !be object of these experiJiellte - to 

ahotl that cats which had bee g1Yea chloralose or decerebrated diepla7 

aol"'l&l reapirat017 renexea. 

(a) lnfiatioa '·· 

Inflation of the lUJ16s was achieYed b7 blowiJas air into the t'lbe at 

the tiae of a �  iruspii'Ettioa. !he l1uaga were OYer-iatlatecl aacl the 

airwa7 was th• el.aape4. Arter a blarat of aotiOD potential• at the tS.. 

of iD.tlatioD, no actirit7 waa recort:le4 tro. the 41aphnp du'i.ag the 30 MO 

tor which the lap were held 1D the illtlatecl poaitioa (All Traces, fts• 13, 

taciDa P•39) . 'I'M crlcothlro14 IIDScle diap1.qecl two patteru of acti'fit7 

oa lug illflatiea. la the tirat tJ'P8 (Trace 1, n.a. 13) a contilnaoaa 

cliacbar cas obsene4 4llri.q the perio4 of 41aphraa-t1c illacUYit7. Ia 

tu • oad tne, the criootb1J'Oid -.cle act1Y1t7 was clepreaaecl Gl" 

aboliahH duriq the period of iaflation (Trace 2,  J"ia .. 13) .  The lateral 

crieo&r7teaoitl aucle abolrecl a ceaeation of actiri.t7 •• the l\\1l88 "" 

intlatecl ('!'race 3, ft.s· 13) .  Later, when the airwa7 claap waa reiiOYecl 

the ..cle returae4 to it. n_._l reatiq pJaasic riQ'tba at once. 'ftWt 

1a not ahowa ill the tipre. 

!lle doraal cncoaeyteaoicl aucle llhowed 4epreaa1on of actlY1t7 cfuoiJia 

the perio4 ot inllatioll (Trace lt, ft.a· 1)) .  Phaaic aot1Y1t7 of the donal 

crioearyteaoi -.cle start cl apia when tbe airwa7 ela.p .. r.-oftCI. 

(tt) Denatloa 

DetlattOa ot the ).up - acbieftCI 'b7 euck1Jaa air out tl'o. tile 

tnoheal at the cl of a llOnal. npiraU. .a .U..pills tu 

tue. ActiYit7 ot tile cliaphrap us teeS, u jdgecl b7 ita -.. 



Pig. 1 4 The &ffects of Lung Deflation on the Activi � of the 
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Diaphragm and Intrinsic Laryngeal Muscles of the Cat 
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DlteerelllraW cat 2.� q. I»cerebretiaa under b&lotbaoe .-..tbeata. 
Ao All -... !1-. -r 0.2 .. c (arraoro i.Ddicate otart ot detlaUOD). 
l1 !Noe 1 .  IC.oc�� trca crtcotb;rroid -le. 

"-• 2. IC.eo'""-� trca lateral cr1CC>a17WD01d -1•. 
tr.oe }. IC.octl'CIIIIfac.- t .... doroal crtc....,.wnoid .. oele. 

Co All -... llect,.__ t .... d1api1Np. 
(Sptku retoucbecl) 
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r duratiOD thu 1Jl aOI'Ml qld.et 

r ptratioa all4 eore •tor wd.ta .en i.DY01Ye4 (All !recea ,  n.s. lfJ, taciD& 

p.ltO). !he criooth1J'oid -.cle alao showed u iacreaee 1a acti'rity oa 

defiatioa which was siJiul. tauoua with that of the cliapbraga (Trace 1, 

n,. 14) .  The lateral cl"icoarytemoid -.cle ..Ut:aiae4 ita pbasic 

act1Yit79 alternati.Dc with that of the ct1apbraaa. ActiYit7 of thia -.sole 

i.Jlueaaed duri.Dg defiatiOD aa ja4ge4 "r q inor .... iD the !rect••07 aad 

iD the m.ber of 110tor ualta la'fol•..S (Tn.ce 2, n.g. 1,.) .  the cloraal. 

cricoar,-teaaid -ele aho ed greater coatractioa 4ar1.lla deflation aDd aleo 

ailltaiae4 its pbaaie actiY1t7 related to 1napirat101l (\'race '• Fig. 14).  

s. A I>:l.ec'Q81on ot tu Reooru ObtailuKl 4v11ag Q1:!iet Reapizoatioa 

and 011 Illflatioa aB4 De.flaUoa of the Lgy! 

(a) Actirit7 dar1Jt& quiet reeplratioa 

F1Dk 8Jld Npi (1959) obaene4 that 1a deM.rebrate eats electrical 

aetirit7 eoald De recorded throqbollt the cliapbrap clur1a& inspiration • 

.Ba8118jiaD (1�) stated that 1MJQ' ot the atwiiee of electrical aat1Yit7 

ot the diapbrap haYe Hell coaductecl Ull4er hi&b17 aBpbpiological. eollditioaa. 
, 

He ClUOtecl u an exaeple 8Jl ellS atuq b7 D1 Beaedetto, Siebella, C1Dcott1, 

Gralat AD4 Glau (19.59) wh1 - eoaducted oa hepatectoeiae4 dop •boA 

ab4otleu were opea c11ar1aa reeor41Ds- .._jiaa'• at. aa4 thoH o f  tile 

preeeat author clifter 1B 

ana theU&ecl or ct.e .. bl"ate preperatioa, wher..a he was iatereet.d la 

-.ale tintr 1a the coucioaa an1•l. Sleob'olaJOSftpld.§ ncorcUap 

Tb«N 1a paeral ._.. ... Dt tbat aoUoa pot atiala -..s be nooi"Cle4 

troa the diap!lrap 4aJt1as iaapiratioa. Paul7 (19.57) pneeate4 the eiaple 
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Ton i c  A c tivi ty of the Diaphragm durine � ui c t Re s p i ra t i on 
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Decerebrate cat 2 . S  Jl8. Decerebration und"r ha l othane/ether anaeetheaia. 
A: Ti.Ae •rker 0.2 eec. 
B:  Electra.;Jogr&m from cricothyroid musc l e .  
C :  EloctrOIIO' e>gr&ll f r0111 dlapnr�. 

(Spikes rt> ... ?uched ) 



InapiJ'ation 

kpiratioa 

Table 1 .  Actiri.ty ot the cU.aplu=ap and larzpsel -cl•• 

4!£igs suiet reapiration 

• 

Diaphr .. Cr1cothyro14 

Acti•e Actin 

Iaactift • Variable • • 

Lateral 
cl"1ooamepo14 

Iu.cti•e 

Actift 

'l'onie aot1'fit7 ne obaerTecl ill the 41aplu'a.p ill oae 
prepantioa (rts. 1.5, faoiq p . .. l )  aD4 1a the other 

olea on a nuaber of oocaeiona . 

• • Aeti•e ill eo• oate , 'bu\ i.Daot1•e 1R othera. 

Donal 
CriOO!l'l\ell014 

Actift 

Iucti•• 



. ltl. 

ruw • beaed. OD eleoUoe;rosraphJ, that ill - the 4iaphrap 1a act1Ye 4uJi.q 

1nep1rat1on and 1Dact1Ye cluriq expiJ'atioD. MvJahJ, ltoepke, Sld.th , ea4 

Dlold.neoll (1959 ) ,  howeYer, reported that there ie a C&J"!'1-0Yel" of 

eleotrioel aottv1t7 of the cliaphrap into expiratioll 1ll -. eftll. dul"llls 

quiet respil"atiOil. 'l'be7 notea t t thie did not oecv d\ll"iDg foi"Ca4 

expii"&UOD• ihe7 poatulatecl that the cliaphrapattc: ooatHot101l aad that 

of the intercostal ll\l8olea 4uriq expiration aer..-ecl u a ''ltJ"akiias force" 

asainet the elastic forcea o f  the lUDC durias paesive expiratioa. 

Ia this atud7 diaphrapatic: aotiY1t7 bu Hell obeerved. 4ur1.q 

inspil'ation . B7 obtaiAiA�J a reoorcl of intrapleural preuure on the AM 

trace aa tu 41aphrapat1o .. , it waa po ible to ahow that electrical 

aot1Yit7 of the cltaphrap exteDdecl veey aliptl7 1Dto the expirator7 pbaae 

in aoae oroles (Fis. 12, faoilla p.,&) . There waa oal7 one 1Detance of 

trul7 ooat1Duoua or tonic aotiYitJ of the cliaphrllgll ctu.riDs quiet 

respiration ill the ou huadred. and fifty two t uaed 1D the atuQ 

(Fia. 15, faoilla p.ltl ) .  Table 1 (faoiq p.lt1) �iaea the actiY1t7 

of the cliaphra , the orioOthJ1'014 .uaole (adductor) ,  the lateral 

or1008J'7teao14 IIIISC:le (acld.uotor) , aacl the d.orsal oricOIU'Jteaoicl INSole 

(abductor) cluriaa quiet respiration. 

!he orioo�7Foicl anaaole hu been 1deatit1e4 u an ad.du.otor of the 

Yooal oorde ( Faabors-Anderan, 19,71 Se.JIIOV ancl H8D1"7, 19,r.) . Ill the 

F• t at 47 ita actiYi'J wu to\1114 to be repneentatiYe of that of the 

YOCAl cord a44uotor 4v11la lar,_.al apua. !tlerefore 1D liNt of the 

experillente the aotift.t7 of tbe or1 othJf'olcl _.1• cl the d.iaphra• 

waa reoorclect. A auu r of author• baYe reported aotirit7 of tu 

criootbJFo1cl IIUOle 4ul"1Ds 1Pp1ratioa ia ftl'iou epeoieaa Arutroq aacl 

Smitb (19,5) 1ft 4oaea Aadrew (19,5} ill ntaa ucl Fubo.rs-Anderun (1951) 



1a -. Arllold (1961) reported iJtacU.YiQ of tile cricoUlJToi4 .acl• 

4urias expirattoa 1a •a• ID eo tzout. lllartaall aad Caltpbell (19,..) 

ltl. 

ia the pt aJld TachiaUD7 (191t't) la tile dos lacl reported electrical 

act1'f'1t7 of the ... le dU"tq expirat • !llere appear to be f• reporta 

of the aotinty of tile cricothJI'old -e1e 1D cab apart fl'oll thoae of 

Se� aa4 hDr7 (195't) aad Mllrta&b (1,..5) that it haa a -.He4 adductor 

tuutioll. DuriJac upiraUon, in this �. the cricoth1J'oid --1• 

haa been obseJ"Yed ill &OM cat• to be iaactin and 1a otbens to be aetift 

(PJ.a. 11, fac1q p.J'l) .  la ._. cata, contiaaou toaic act1Y1t7 Jaaa 

Mea obaer.ed 1a the aeole ens. 11, taciq p.J?). !oDlo ac-t1'1'it7 llaa 

aleo .,._ report.d b7 J'aaborg-AaderMD (1957) 1a - aa4 '-7 Jlalra•ra 

et al (l,S) ill dop. 

'Dut paeral coaaeDaU of opiaiOII ia U.. literature la t tile 

lateral cr1ooar;rteno14 8Pele (oae of the chief aclducton of the l81"JD) 

1a illacUYe 4arias iupirati aad tiw du"1ac expiratioa 1a -.a 

(Port , 1957 ) ,  (BaJr.uuoa et al, 1958) , ad cata (Qreea and Hell ,  

1955) . Faa e-AII4..-- (1957 ) ,  bolreYer, reported iacreaeed aot1rit7 of 

thia le 4uriac inepiratioD ill ooaaciou -· Ia the preseDt at.V 

tzoa t1ttea ezpers.ata ill wlU • electrocle ... pl.ace4 1a the latvel 

cri� -.ecle ill te, it •aa t to be inactl•e dvillc 

iiUipiraUOil cl aotift cblrilas apiraU.Oa (n.g. 11, taeiq p.}1). 

tlae oraal crieou'7t ...U. tau bea reportecl - acU'ft 411rlq 

illaplntia 1a -.a, t,  do , all4 t reapectl"Ml.7 1 Por (lm> • 

GneD all4 lieU (1955) ,  Jlfaka_.. et al (1958) , -.rtap cl Caapbell 

( 1�). Paabors-Azalhn• (1957) nportecl iahibitioa of acti.YiQ of 

t!d.a -.acle 411r11ta iaapiratloa 1a -.. la t:h preaeat atucl7, 111 U.lw 

eau la wblc:h NCOI'48 wen obta1Ae4 r... tU ..cle, it abowe4 actirit7 



It h.M 

cricotbJroid aucle of c t. 

cata, to ldentf.IJ thne tnee of actin t7 which occnar ill cata breatJd.as 

quietl.7. Oba natieu of other rkere 01l tlut aotiY1t7 of the diaphrap 

cNr1q quiet reaptratioa hne ben llf1Ne4. A ...n n.-ber ot reoorcla 

was o'btailled fr. o r 1atriu1o l&rJil&Ml -.olea. fte d.iYupllt 

NpOJ'ta u to the actlrit7 of t 1atr · ic larynpal 11118cl•• 1adieate tbat 

there •1 80118 aptd.M dlffereacea iD their patt s of act1Yit7• fhe7 

alao add wet. t to Ba-.11aa' (19624h � cu Olll7 pe that 

rea reaearc!l wUl eoo• eu.s-te tbe CODti"'ftt"Q 

allolat tbls 1aportant rep ". 

{'b) AcUY1t7 cluJ'1Jaa •1Jltaiud lnfiaUoa of th 1 

Wld41cOIIM (1954c} eoatireed the OCC1alftllM of the Ber1ac-1Ner 

lab1b1to-iaapirator7 rena 1a tile t: clarias ..Uta1M4 illnatioa of tile 

lUIIP the diaplaraall le reluecl (1'11• 13, faciq P•»> • e aho 1det1tie4 

aaotlaer refles h reepoase to larp pul.aaaarJ illfiattoaa. !h1a waa u 

i..Dhib1Uon of reepirato17 actlrit7 of short tiOA. dticoabe 

t th1e ... clietillct fro�� the lleri.lla-Brn• r nez. !beae 

el"t'lltiou him bMa coaf1l"aed the covae of tlda ·�. 

Ia th1.e iaftatip.tiGa luaa wen 1Atlated tM cricotbJro14 

bMa · baerY to ahaw oa acUY1t7 of a 1Jit,er tnq...e7 

lPaCIGW'll!lacl aur:a..- Donal quiet reapi.ntloa. lateral 

O!'iooai'J't id -.acle �4 � irit7 1a ecae cata. 

eCI'eUeCI acUdt7 1A otllera (for U81tple iA U.. ezperiaellt Ul U.ted 

ill Fla• 1,, faciJis p.)9). 4oraal. ori.oou7t old owe4 HcrWC!l04��a 



Table 2. Aotintz ot the diaphpp set larpl!!l aucle! 

duriy ¥i!t&1De4 bfiatioa ud •ytaiaed defiation 

Mailltaille4 
IDflatloll 

Mailltaille4 
Deflatioa 

DJ.apbry! CJ>1oothzroi4 

IuctiYitJ' ActiYe 

( Apaoea) CoatillUOU , ara4 
of hiper 
freqUUOJ tba 
ural . 

Illcreaae4 lv•ta ot 
actiY1t7 actiYitJ' 

87Jtohroaoua wi t.h 
1aap11'at1oa . 

Lateral 
cricO!lrlt••o14 

Variable • 

AcUY1t7 
Uilltaiae4 
with 
1acreaacl 
f1'�1181l07 . 

Ooral 
o1"1c2!£ll!ael4 

O.Cnaaed 
aotiYitJ 

Act1.S.tJ 
•1DWD.e4 
with 
illcreeaecl 
freq.HDCJ• 

• Act1YitJ illOJ"eased in soae cata but 4ecreaee4 iD othera. 



acUYitJ claria,g intlatioa of the l\JIIIS aa4 claapiag of the tzoacheal 

eaanula. lftleae obaenatiou, aU81Jari.&e4 iD Taba 2 ( faciq p.,. '-1 ) ,  clo 

aot asr" ooapletel7 with t�e of GrMD and Neil (1955) . 

( c )  Actlrit7 dllriA& aailltaiJaecl dellatioa o f  the luage 

Collroe (l965c ) etatetl that lllliatailled cletlat1oa of the luasa iaereaaecl 

tbe frequeACJ ud force of resplratorJ effort, that the ripe aenea 

protaabl7 toN the pathu7 for the refiez and that tifferent recaptor& are 

ill"f'OlYed f1'0II tbo8e atillulated iD the iafiatloa refiex. Lwloden had 

reportecl the existence of this renez in eata ill 192:5. It • a poeeible 

to deiiOutrate this renex in preparatioJaa used iD thia atud.r (Fig. l't, 

taciq p.lfO) . 

Dar1ag •1ata1Ded deflatioa, the Cl'lcotbJroid IIUCle showed barete 

of action poteatiala ot a hi8her fl'equellCJ thaD ill ctuiet re.apiratioa, ud 

these were &Jnohronoae with diaphragsatlc actirit7. 'lhe lateral 

cr1coaJ7teno14 .aac:le •1ataiae4 ita phaslc actiYit7 related to expiratioa, 

aDd there wa.a an 1Dcreaae 1D the trequenCJ of actin potentiale. 'l'lae 

dorsal cricoaryteaoid �le also ebowed coatimae4 phaaic act1Y1t7 of 

increaaecl trequeac7. ActiY1t7 of the cliaphra&�� aDAt lar1Dgeal IIU8clea 

durias Miataiu4 4enaUoa 1a .-r1aed in Table 2 ( tacias P•'- 4) . 

(cl) Collclulou dn .. t'I'Oia elHUoiiJOp-aplde reoorcla obtai.DM 

cluriac intlatlon aad 4etlatloa ot tale lap 

TH J'eCOl"de of actb1.tJ' of the di&phra• obtalaecl la aperiaeuta 

4\lriag tb1.a tH;r COJdil'll prntou work b7 Greea alld U (1955) , I�ua 

(192:5) aacl 14dicoabe ( 1CJ5'kt). fte effecta of 1Dflatloa aa4 cletlati.oa 



difterecl ill aoae experillents troa thoae reported b7 GreeD aad NeU . ft1a 

emphasises oDoe more Baemajian ' •  coameDt that aore research is needed into 

�ryageal JIWJOle actiY1t7 (Bfiustnajiaa, 19624 } .  Wid41combe wsecl cats 

anaesthetised with pentobarbitone sodiua or decerebrate cats. tuasden 

used both aaaeethetized and decerebrate oate for hie experiaeDte. GreeD 

net Neil ' a cats were anaeetheti.Hcl with a mixture of ohloraloae ( 50  q 

per q) aad urethane (2!50 ag per kg) aclm1nistered b7 illtrap.ritoneal 

injection. 

Becauae it was poeaible consistently to repeat observations on 

dis.phragmatic acti'rit7 which had b"D recorded b7 earlier worura ia 

anaesthetised and decerebrate oate , it ••• ooDcluded that the preparation• . 

wsed in thia stud1 were suitable for the inve tiption of respiratoey 

re flexee. 



.i&SPORSES OF mB LA DGEAL SCL8S AHD DIAFBRAOM 'fO KECIIAJfiCAL 
AIID CBDIICAL SflKDLA!'IOII OF TilE RESPIRA'l'Oltt !liACf 

cle iD the oat la the eat acceaeible of tile 

sr p of YOCal cord a4chtctor -cla• ill this epeclee (Mtartap. 1945a 

S..f110U' aDd BeU7, 195'+). For these reuoJIIJ9 reeordiap "re takn hOII 

the cricoth,roid JNSCle iD the -.jo.ritJ of the experiaou. Ita actirit1 

••• COIIpll"e4 rith that of other illtrinaic � -cl•• ill .,.. 

preparatloa•• 

!he t1J*I or ellS acUYit1 which .. n recorded fl"ooa the 41aphraga aD4 

intriJudc larJa8eal wact.a � quiet reap1nt1oa •• been c:leaoribed 

ill cbapt_. In of thle t.heeie. t'he next step - to nconl electroiQosra-

aecbaBicall7 or c:AeBcall7. .l druatic cbaage la the patten of act1rit7 

of the adductor IIIUClee fi'OII that •bich bacl beeA recorded chlr1.q �&111et 

reepil"a Uoa waa obaerYecl. tile 41acllarp was of a IIRICh hi&ber treq DAq9 

aDd inolftd • larp a...,. of 110tor aaita wblch heel Hell iDaotlft preri.oual.7. 

la� ooewr.cl9 1t aa accompaJde4 b7 a c 

rJqtlaa of the 4iapbrap. 

tloa or tile replar 



1. Experillea�e to Record tb:e Respoases o f  the La.J:z!pal cl• aDd 

Diaphrag! to J!!ch•n1cal aacl C!M!1eal Su.ulatioD of the 

Reapiratoq Tract aad the Ufects ot Soae Othv Drue oa 

l!lese Reapo •• 

(a}  'fl:ae effects of aechaaical sUaulatioa of the pb.aryaz, 
soft palate , l8J7D.X and trachea 

la thP. earq uperiaente on 11ech81lical stillulatioa, cats aDaeatheti&ecl 

with chloralose were eel. The cat '• IIOllth wae held opell with a gag aa4 

a pol,.thelle t be was used to prorlde the stillalua. Sti.aul.atiOD of the 

soft palate re ultecl ill .,., .... t of the soft palate ill aa aDterior direction, 

breath-holdi.a.g, aacl iDcreuecl actiri.t7 of the lateral cricoarJteDOid IIIUBcle 

which ua &.JilChrollou with the aoft palate aov .... t. !he actiri.t7 of the 

lateral cricoa.rJtenoid -.ecle waa recorded bf au of a needle el ctrc4e 

the YOC8l cords were sti8ulate4 

aechanical.l7 a cough was prcwokecl together with a aimultaneoua i.Jlcre se ia 

the actiri.t7 of the lateral cric:oarJtenoid and cricothyroid auelea. la 

oae cat ,  aaaeatheti&ed witJa chl.OJ"alo , the dorsal crico8J"7teraoid (a ctor) 

becaae 110re actiYe cilar1.q eechaaical. aU.aulatiOil of the soft palate. !b.ia 

was a rather paradorlcel obaenatioll 1acU.catiag that ia aoae i.astaacH 

at�t.ioa of t e larYII&'Hl renex •7 re ult ill 8J111811 of the abductors 

aa well •• tile adductora - total illt.riDaic cle tspUII• 

:Decerebrate t who .. soft palatM or Yocal. corcla were at�ate4 

with a polJt 

rhytba and iacr•aowtU actiri.t7 of both cricothyroid lateral cricoar,'teJ101d 

ctirlt7 of the lateral crieo&rJteaoid -le could be clel101118trat 

throu out the re•piratory CJCle, ill coatr et to ita rtqthaical. actiY1t7 
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The Re sponse of the Diaphragm and the C ri c othyroi d Musc le 

t o  Mechanical S timula ti on of the Larynx and Trachea 
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Decerebrate cat 3 . 4  kg, :>ec e re t. ra t !.on Wlder halo thane anae e theaia, 
A 1  T1.a -..l<er 0 . 2  ee e  (in terruptions o f  the time trace an d  arrows indicate mechanical 

ati&UaUon ) ,  
lh IUect�ogru frca c ri c o t�r�i c :nuscle. 
C1 IUeet�ogru from d iaphragm, 
Trec.a 1 and 2: Reoponse to me chanical s timulation of the anterior larynx . 
'!'rloce 3: Reoponee to endotracheal Intubation after analge sic apra,y of pharynx an d  l arynx .  
'!'rloce 4: Reaponee t o  pudl.1118 t h e  endotracheal tube I n t o  the d l ata.l trachea, 
'/'rloce 5 :  Reaponae t o  puah..1118 the endotracheal tube, lubricated tr1 t h  analge sic c re UI ,  into 

tbe dlsta.l trachea, 
(Spikes re t ouche d )  



uaoeiat.t with expiratioa recor4ed cbar1Ja& quiet reapirati011. the bvata 

of increuecl actirit7 of the lateral. criCOQ'1teAOid _.cle 1a rMpoase to 

aeobanieal sti••l•Uola were followed � tel1 b7 a r tuna to the aoral 

rhytbll of the ... cle ' a acti'ri.tJ• 'lll• reapoaae to aecbaaical atillulatioa 

wae topoJ'81"7 cl08W'e of the &).ott1a, c.tv1.Jas which tu whole 1.ar1ax waa 

obHI"Yecl to IDOYe crald.all7. 

la a 3.a,. q deeerebl'ate cat (ftc. 16, faciq p.48) recorda were 

ot»tailae4 of the act1dt7 of the cricot}qro1d -cl• ad the diaphrap *­

the tip of ea ualUric:atect 5.0 • endotracheal t•be waa puhe4 apiut the 

aaterior larJIDt• tt'race l aad 2 ahGW bveta of actiCllll poteatiala troll the 

cricothJroi,d llUCle i.BdioatiYe of l.aJ7Dpal cl081lre, AllCl a diaturballce 1a 

the regular rb,.thll of the c11apbraga. 'l'Joace 3 eowa a leas Yiaoro• 

reactioa troll the cricot)QToid -.scle as the noa-labricate4 endotracheal 

tuM ne 1uerte4 iato the trachea after apn)'iag tbe pharJDx &Dd l.aJo7u 

with ltO q of Upoeaiae �chloride. T.b1a nactioa occurred aa the 

tube pasae4 clowa the trachea ao4 not c1ar1.ns ita paaaage tbroqh the gl.ottia. 

Diaphra tic rhJtba waa altered Y"8r7 aliptl7 at tbe tille of i.DttabfltiOJl 

'bat ttaere - no apao•• • the endotracheal tabe waa pushed to tile 

4istal tra.cbea a bllrat of actiri\7 troa the cricoth1J'oicl anascle laatia& 

1 aec occurred (Trace a.).  !'hia C01Ip8l'ed with actiYitJ ot 0.3 aec • 

1Dit1al iuertioa of the tuN to the traclaea u ill 'l'race }. '!'here 

- 1.Dcreaae4 �aq of acUOB poteetiala &c. the cricotla7rol4 

auole whft tile bM - pMhe4 illto tile c11ata1 traehea .. OOIIp&n4 wltll 

the frequMC7 wb• the ttabe - tint � lato the tnda... !h18 

teadll to oo fire the cl1a1.cal obeenati.ce tlaat Qe trachea 1a 110ft 

• A.fter lubricatiq the tU. rith 2 per cell't 
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The Re sponse of the Dorsal and Laterel C ricoary tenoid 

Muscles when the Pharynx and Anterior Larynx are Sprayed 

w1 th E ther 

1 S e c 

Decerebrate cat , adult femal e .  ::lecerebru. t � on u..-.J.er halothane/e!ner anaesthesl&. 
A: Electra.;,ogram !"rem lateral cricoRrytenolj musc lP.  
B:  Electrt::a1 ogram from d o r sa l  c M c oary tenoi J :nusc l t' .  
T rac e  1 :  Q\liet reepi ration in netlflg statf' . 
Trace 2:  Effe c t s  ot epra.,y i �  �hP pharynx 'llld l a rynz wt th e the r  (arrow indicates start or 

oprll,)' } .  



ita el.otroiQ'osru (!Joaoe 5) , waa le Md, 'b t the naptr. torr r� 

of tu cU.aJllra&lt aa till alteft4. 

Ia the Mriea of 9 upe.rt.Mate OD �  sti•lat»a. clo_.e 

of 

u4 t.racb•• A uootll e dotracbeal tv of the tne aae4 1a cltMcal 

uaes ee1a aa u effenift aa a piece of � tUillc iD procluc1Jaa 

('b) !tae etfeou of apn.71q \Jut. pbar,ax 
with YOlaUle aaeatlletio a te 

Volatile aaaeatheUc agnta were SFAT.ecl troll a m..pl.e aebuliaer 
oato the �  aad aaterlor larJB• Du1.a& the procedve, the cata were 

pos1 tioae4 ill clonal l"eCUIIiMiaCJ' aa4 a PI -.cl to hold their IIOUtlaa opea. 

lfeedle electrocl.es ftN place4 1a tile crlootlqro14 -.cle ucl the tliaphrap 

1a 1S of the experiMDta, t iD 3, eleetro4ee were placecl 1a the dorsal 

lateral cl"'1coa.J')"tao14 ..olea. 

la the t1Joat �ta 1a which etller - 8Jfl'll7eCJ oato tbe pilar,._ 

of 



so. 

1ll tile donal aD4 la\eral �14 -.olea. Dar1ac quiet nepiraUca, 

tlae aot1Yit7 of theM aaacl.M alte led, the clonal �4 be1Jtc 

act�ft • i.Jlaptreti aacl the lat_..l Cl'icoar7taoicl actiYe azpintioa 

(Trace 1 ) .  'l'Nce 2 ahowa tbat ahor\1.7 atter tu atart of the eth• apoa7 

which lutetl 12 MC, there wu a CODtiaaou 41acJaarse ti"OII tbe latual 

cricoar;rtao14 of h1&b fraquue7. ttda 1aate4 tor 14 MO. It coataiae4 

�ioa potaDUals fi'08 Mre .tor 11Dita tllaa lla4 ._ anin ill quiet 

reapiratiGil. Dur1q th1a period or larJ�t&CN�pa• tMre - apnoea M4 

tbe 01117 aoUYi\7 hoe the cloreal. Cl'icoar;Jte110:1.4 -..cle w.a } barata of 

4arat1• o� acUYiQ wha tlle •sole waa eboll1ac rhJ'hllic C:ODtNcU• 

clv1a& quiet napiratica) .  !h tint relat1Yeq llONal dj..-rge � 

the dora1 cr1ooar:yteao14 � after ateppias tile ether apra7 - 3 t1llea 

tile cbaratloll of tboae occvrS.ac clar1Dc qgiet .....,uatioa aa4 uhib1W a 

wu spraJed oa to the plaarJD aad uterlor lar,ax ill a ai•U•r MJmer, 

CODtilnlou iYi\7 waa tiaalate4 :la tU lateral cric:oar:yteaold -.cle, 

bat llO actiU.\7 ... recorde4 tJ'CIIl the doraal oric011.J7teaoicl acept tor a 

O.S aeo at of U.Ylt7 approxillatel7 2 - baton tiM ad of the 

balotaaa. 8p1187• !M tirat nlat1•al7 aoral cliac:harae rrc. tM clonal 

� after tile witll .al. or bal - 2i tillea the tioa 

obMrftcl 4ariq quiet n.pintioa u4 of ...-tv �· !lda 

1MHaae4 aeUYi\7 of tlae cloreal cric� -.ole (a :taCtclr) an. 

.,... --- b7 - ether tiJIN.7 •7 - 1aterprete4 .. • toJ7 

Mebell1• prod41aa � aifta7 dJAMter. 

e effect t ., er aa4 hal tllaae apl'87a � 'be  ...,.17 to tactile 

att.al.aU.O. ot noep n ill • area. r poui U1t7 la tllat tile 
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Larynx wi th Saline , E ther, and Halothane 
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Decerebrate cat 2. 7 k8· �ceretration tmder halothane anaesthesia. 
A s  'N.ae arll.er 0.2  sec ( 1nteri""U.pt1ons o f  the tlme trace and arrows indicate the start of 

opn,ri.Dg) , B: llectr�ogrM frca cr1.cothyro1j musc le. 
C 1  ll.ect�ogNa frca diaph.ra.gm. 

0 �. 1 :  Errech o r  aprayl.ng the p hArynx  ILn d  larynx with saline at n c 6  
�. 2: l!:!!och or aprayill8 the pharynx &nd larynx wt th eo line at 26. 5  c .  
�. , ,  E!'!ech o r  apray11l8 the p hArynx  &n d  larynx W1 t b  ether. 
Trace 4: Et'fecte o! spraying the pharynx and laryru: with halothane. 

(Spikes re t ouched) 



apra.J •1 atial.ate colcl-aeaait1Ye receptere. !be eftecta of spraJiq 

.51. 

0.9 �,. cen eal1ae HN turefore oollpfll"eCC with the effects of ·� 

ether aa4 hal.otllaae. A clecerebrate cat weishiac 2 .7 q Jaad DMdle electrodes 

pl.ae .. 1a the diapbl'ap aD4 left orloot�Q'roicl .aaele. Sal.iu at ,7.0°c 

- 8pl'e7H • tile plaarJu ucl uterior la.rJu for 2 MC• th1a nnl.tecl 

1a 80M 1.Jac.-naae 1a crlcoth,Jivicl actifttJ aJlCI a cbaap 1a the reapiratoi'J' 

rlqlhll oftl" the period whea apra)'iag A8 ill progreae (1'1&• 18, 'l'race 1, 

taciq p.5l ) .  F1Ye aiatea later, aprayi.Dc with eal.iae at 2.6.S°C to%' the 

-- t111e reaulte4 iD 1 ... alt&ratloa 1a tu nepiratory rJQtU and prochaM4 

a ... ller iacreue 1a cri.�d acUY1t7 (Tnce 2) . ft.Ye llintea after 

tbe HCOilcl eal1ae SJJ1'1.71 the pharJDx aJtCl anterior lai"JDX wve aprtl7eCJ for 

2 aec with etller. A M"Cbarp of II'Udl �er freque&C71 iawlri.Dg a 

.,...ter Jllllaber of mtor unite was atiBlatecl ill tile crioothfroicl aad tl&ere 

was IIOI'e cl1atllrbaace of the reapifttorJ r� thaa tbere hacl Mea with 

aal.iae (Tra ') . s� the area with balotlaue for 1.8 aec 5 Ilia 

late.r ati.Jiul•te4 a cricoth,.roid reactioll of .... p-eat-er freqUDCJ tbaa 

bad the ether apraJ, aad the cliaptuoap ••t iato a atate of ·� for 1? aec 

(7race If).  !M COKlua1oa to be 4rna fi'OII th1tl expel'illeDt 1a that 

w ptora are ��ore Ulportaat 1a t!a1a ntla tMa reoeptora aeaalUYe 

to tactUe or cold atillulatioa. 

( c )  '1'tw effect. of the 1nb•latioa of wolatile aaaeathetlc ageDta,. 

aMi wtet.I'M b7 -k, iato tile iatact reepbatof'7 tract 

la the ext .. rt• o.f �ta, etller aad hal.otlaaae were adwtm aterecl 

aa Yapo'lll"a � a coa1cal latex ndtber -..k (Ball, 1957) to 4ecere'brate 

a stuclari �le eth• nporiser with the leYer 1n the tall-oa poai\1011l aDd 

the plli83W "P• !!le oouea'traUoa of etller ftJIOV obtaiu4 troll ttae 
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The Effects of Admini stering Ether and Halothane by 

Mask to the I n tac t Re spiratory Trac t 

1 S e c  

•• 1 1 1  �-·•� .. • • • ••••HIIIIII •• "  , ... •u••• • "" ,,. ,.. ... �., lit '' •• ,, , , ,  

Decerebrate cate. Decerebration under ba.lotbane/ether anaeetbeaia. 
(!racu I IIDd 2 are r.- the - ea\ ) ,  
! 1  llectr<:IIIJ'acraa !.- CriCOth;fro1d IIIUOClO, 
11 nectr<:IIQ'ocr- r.- d1&p�. 
!'race 1 1  Quiet re•p1rat1on, breath1nc QZJ'gen thr<:Jugh the -.U". 
!race 2 :  U!ecto or l..nbal&t1011 o! o\her b7 -•· 
�- 't £t'teCt8 ot 1nba.lat1on of balothane by Mak. 

(Spikeo re \ouched ) 



w.portaer ill theae coa41tioaa ... beU.. 10 aa4 ZO pco cat (JIIaoilltoa. 

.sp.teia, 1963). Ia clia1eal practice, OOIIHDtratiou u 

h1aJa aa 20 per oat � lM l"eq1d.."e4 for the � of aaautlleaia la 

- ( th aD4 Stewart, 196,2) .  Balotbau waa adld.ldat.recl &oil a 

11041t1 .. t.riohloroeth7l- w.poriael" (Hillarcl, lffl) .  '!he coac tra,ion, 

taka ti'Oil Uae calibnttoa cvn (Brit18h 0Jt7pa Co. ) ,  ... ill the I"U.P 

6 to 8 per ..u. Tb1ll 1a witlaia tJae raqe -.4 b7 Johllawae (1961) 

tor hill hi&" peroeataa- iacbacUoa techalq11e iD ... 

�s- 19, Traa 1 ( tao1q p.52) abon actiYitJ of the 01"1� 

-cle ud tile 41apbl"qql ill a decerebrate oat clvllla Cllliet l'e8}d.r11Uoa. 

1'1-ace 2 8hon coats..,.. aotidQ of tile cr1coth7J'C)ld of hiP � 

1a't01'11q lup en of 110tor aita (�) aJS4 apDMa clar1ac 

the edadtti•tfttioa of 10 to 20 per ceat ether '-1 •*• Trace 3, taUa 

fr.- the ncorcl of aaotbar �te t ,  a!ton the act1nt7 of tM 

oricothJroicl -cl• aD4 the cliapbraga at the eBcl of IW3 sec iahalatioll of 

6 to 8 per Mat halotlaaae --� -*• Decreaa1.a« aotin t1 of tlae 

crico� aaele ... OCCV1"ill& at the eDcl of a period of 8JliU8.. cl the 

atan of actioll poteatiala troa the clia:pbn&ll caa be aeea follow1q •JIIlOM• 

It ia clear that YOl.atile eathettc 

a epl'll7 troll a ubul.iur (as ill aectioa ( ) ) 

ta, a4w1 ataterect aa 

na • atudarcl llll&Mthetio 

-*• oaa prtm*e �. apeoea, aacl claaapa ill reapirato17 

l'bJtllll• !laue etfeeta 87 M the nSlllt of ati•latloa of receptore iD 

the � la..,_, tnobea, the 1-. or to acti• at other 

aitee at r abaorpUoa ot tile wlaUle a t.a the t.loocl au.a. hrtlael' 

experi8eata "" eriaecl 1a aa att.pt to 4efiae 110re uaotl7 tM .ttea 

of at�Uoa. 

1 
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:.. 

The Posi tions of Tracheal Cannulae in Experimental 

Pre parations 

C a n n u l a 

a. Diagram to i l lustrate the si tE' o �  

introduction o f  a cannula i n to the 

first tracheal rtn,g to i so l a te tne 

naaoph&ryru and larynx. 

T r a c h !! a  

b. Dia,gram to 1 l luatrate the si t�e of 

in trod.uc tion of cannulae into the 

first tracheal rin,g and into the 

di at&l trachea to i solate a aegaent of 
cerrical trachea aa •e l l  aa the na.ao­
pl\aryru and l &ryrut .  



(4) TM •'feota of the ra-P of YOlatU. -eatlleti.o 
apata t.ato lao� anu of the respil'atGrJ tran a 
the uaopbarJu ..S laPJ'al the traehea; U. 
clilstal traclaea aad l.ap 

At tU ad of eectiea (e) ,  it _. •aaeated tbat tUN •7 be a 

....,_. of aitea at wb1oh 'JOlatUe • thetic apata aot to atialate 

larJII&lMP"•• 'Dda MriM of experilleata ... deai&llecl to cleterld..M whether 

ati..:J.•tioa oocva at ditfernt lftela of tM reapi.rato17 tract itself. 

M paese4 throlaab the U80pha;rJa _. larJa eithoat teriJ1C tile t.nchea. 

aaad l.aap (ftc. 20a, tac1.q p.5,). AltlloqJl the effect• of aU.Uatioa 

'blood nppJ.7 illtact - 18olate4 b7 iuerlillc • eecod c:ammla iato tile 

ct1.etal trac:bea (ftc. 20b). Ia thMe preparatioaa, the illllalaU. apat 

oo.U be paaHCl tbroq1a tile pbar;Ja and l.ai'7U oelz, tllrou&ll the 

iD the cl1a........_ 

Darlaa cam,.t reapiraUo • l'tQ'tbld,c lMrata of acU.oa poteaUala were 

et.cte4 ,.._ tbe tia� oa • t..aap:intioa. !M eoet ••• fOI'II 

·� In. tile aeMle el.eobocle 1a tiLe criootiQTo14 -.cle 

of or1 thJN14 actinty, � ill P'• m. 
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The Effects of Exposing the I solated Nasophar,ynx and 

Larynx to E ther, Halo thane and Me thoxyflurane 

1 S ec 

Dec.robraw oah }.0 q (?r.co 1 , )  1 . 6  q (Tracoo 2 and 3 ) .  Decorob,..UOD UD4or 
blt.l.ou..a./o\bor -.otboo1a. 
A :  !'1a -r 0.2 • c  (1.DWM'\lpt1ono a! \bo u - \ rac o  and arrooro 1.Ddice\o \be o\or\ a! 

adlo1n1o\rat1oo ot 1nb&lat1oo as•nt) . 
B 1  noe�- trca cr1cotb,7ro1d ....,1 • •  
C: lloc�- f r<a  diaphrap.. 
?r.co 1 :  llttoch ot adai.nio\raUae ot other b7 -•· 
?r.ce 2: llftocto of a4ai.n.1 o \rat1on of blt.l.otbazle by -•· 
tr.ee ' : Krtect• of &4111n1•traUoa ot • tho:z;Tfil.li"aal� b7 -•· 

(Sp!k .. ro\ouched ) 



(1) Paaaac• of YOl.&Ule uaaeathetic aceata � 
the DUOpllVJU act lai'JIIX 

Etlaer, halotbaDe ad aeth.oQfiaraae 1Nft puaecl thrcnt&h the 

iaolatecl � aad lal"1f.IZ 1t1 aeeu of a latex ru ber •* (Ball , 

19.57} • � IIUk waa atnpped OJato tile cat • s face ad leab were prflfttecl 

� iuertiag cottoa wool pad41ag 'bet ... a the uek u4 the f*ee. DuriJac 

the exponre of tJse uaopharyax to the Yolatile &&at, the •t breathH 

OS1&ell or ail' t!lrouP a tracheal eaanula. WMD 10 to 20 per cat •th• or 

6 to 8 per ceat ha1otbaae were a41Wd.aterecl 1a tbeae COD<Iitiolae, a 

prolosasecl hicb treq•eJJC7 d1schal"ce in the cricotbJroid ascle n.e t�tect. 

ID ...,. experiMats this respcmse oceurred dthiD 0.2 aec of the start 

of ether adJiiDistntioa (J'ig. 21 , Trace 1, faciq p.� ) ,  anct withill 0.6 sec 

of the start of balotbaae (�ce Z) or 2.9 per cellt aetl'lox1fiUI'&Jle (Trace ') 

adaiaiatratioa. � period 1Mt•MD the start of adaSaiatratioa of the 

1ahal t1oa ageat aacl stilmlatioa of a cricotll11'014 IIU&cle discharge nr1e4 

fJ'OII 0.1 to z.4 sec for ether (lq experillellta) , .fJ'OII o.6 to 4.0 aec for 

halothau ( 15 exper1aellta),  and froa o.6 to a.o sec for •thox1tlaraae 

( 4 experiaenta) .  

(11) Pa1181lp of .olatUe �U�Uathetic apab throqh 
aa isolated tracheal aea-eat with aer.e aD4 

blood auppl7 iatact 

fte effeeta of pa•iaa eth• Y&J*Il' throuatl n 1aolate4 ee_.t 

ot the trach• were 4.-.a\ratd ill OOIISecnrtiYe experilleata oa 2 chcerebnte 

diaoharp ti'Oil the �lcl .aacl.e .. " recorded.. Whea ether ftJIOU' 

of tile .... c:OACeatraU.oa wae paeaed tJuooup \he laolatecl tracUal. Mga t� 



Pi«• 22 The Effects of Passing E ther Vapour Through an I solated 
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3 

4 

Tracheal S egment 

A I I I I I I I I !  I I I I I I I I I I I I I I I I 1 1  I I l l  I 1 1 1 1  I I I I I I l l  1 1  I I '  

8 

c ''"'' 11'1'11 'I I I'll •N*Ital ••'I Ill 

L---J 1 1  mV 
• 1 S ec 

I I I I I I I I I I I I I I I I I I I I I I 0 I 

' 11 I J till 'I tiWt f&t ;P ttl  ' hM ' • �:mpt• '' ., .. 

IIW'IW'-�1 IHII 

. .  + I 1 1 1 1 1 1 1  I 1 1 1 1 1 1  I I I 1 1 1 1 1  I I 1 1 1 1  
,· 

Decerebrate cata 2 . 8  kg (Traces 1 and 2 ) ,  ,.o q ('!'races 3 and 4 ) .  Drecerebrat1on w:.der 
h&lo�/oU>er �othuia. 
A :  T� -.rker 0 . 2  ee c  (interruptions o f  the tiw trace an d  arrows indicate the atart of 

e tber &dainiotration ) .  
B :  Elect�� frc. cricotb,yroid au.ac le. 
C: Eloct�oe;raa froa d1aptlnga. 
Tt.ce 1 :  Quiet reap1rat1on w1 t h  oz;ygen paea1n«: thrCJU«h an i aolated tracbeal Hpeot. 
Trace 2:  !ftecta of ad.a1n1atrat1on ot ether into an 1 eolated tracheel •s-ent. 
?raco 3 :  :I.Uot re op1rat1oo. 
'trace 4 :  !tfecta of &d.ainietration o r  ether into an i eolated tracheal Mpent. 

( Sp11<u re touch� ) 



• sia11ar reault ... obtaiaecl. n,. 2.2, '!'race 1 ( facias p.55) ahows the 

record obtaiAecl wheD olqgea a10M was paaeed thl'o1lgh an iaolated tracheal 

aesment. Iaterait teat epoa eoae actiYit7 was present ill tbe 

cricotb�id aacle , and the electroeal"diograa ia Yiaible oa both the 

cricoth71"01cl &Ad the cliaphrap 1 recori, the beart rate being recorded 

aa 240 per Ilia at this tiae. Trace 2 ahowa the effects of puaiJla 10 to 

20 per c t ether wpoar tbrou&b the tracheal sepent for 10 eec. Afaoea 

and a continuou high frequeao7 cli charp trOll the cricoth1J"Oid auacle 

were sU.IIUlatecl. At the eame tiae, the heart rate fell troll 240 per a1a 

to 180 per Ilia. Apaoea persiate4 for 13 aec , nt increased cricoth7roicl 

ctiYit7 wa still appareDt a fter 23 aec. Ia the aecoacl cat , iate�ttent 

spoataneo actirtt7 wu alao pre t ia the cricoth.)"roid aac1e (Trace 3 ) .  

lA this experiaent,  ether waa passed t.hroui)l the isolated tracheal a peat 

for 21 aec. La.ryngoapau was atilnalatecl, but did DOt occur uati.l 7. 5 sec 

after the start of aUiaistration ot ether (Trace .. ) . Spau of the 

cri.coth7J"Qid -.:le olll.7 laated 2 aec ia this cat , but, after a ri.et 

etiaulatiOD of iDspiratioa, apaoea laated tor 10 sec. A fUrther period 

of eo U.Duoua iacr.ased cricotb1r'o1cl act1rtt7 occlU"recl tollowi.llg the 

cea tioD of ether adll1otstrat101l (llOt ahon ill J'is• 22 ) .  

( U.i )  Puaap o f  YOlatUe aaaesthetic apaw iato 

the distal trac:h• aDd 1 

It had beaD tecl dariJaa pUot expe.ria t , that the iJihalatioa 

of lo coac trati 

1 caanula J'Multed ill iacreaae 1a the !reqHDC7 of actioa 

r te. 

eoae cats and increaeecl ill othera. Adaiaiatratio of balotlaaM reaul� 
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The Effects of Admini stering Ether Vapour to the Distal 

Trachea and Lungs 

I I 1 1  1 1  I I I I 1 I I I I I I I I I 1 1  I I l t  I I I I +, , , , , , , , , , ,  . .  , . I I I I I I • 1 1  I I I I I I I I I I I I I 1 1  I I I I I I I I I I I 1 t  I I I 

'--' 
1 Sec 

.� t 1 1  t t t I I I I I I I I I I I I I I I I I I I I t  I t  I I I I I I 

1 Sec 

!'wo 4ecerabraw ea t o  1 . 5  leg {�rac• 1 )  an d  J.O leg {Trac• 2 ) .  DeeerebraUco IID4er 
balo- -o\h .. ia. 
·� 'f1M .artl:er 0.2 �C (interruptiOn! of the time trace and �� indicate \.be lar1 fill 

e\her -llil\raUon). 
lh llee\�OCNa r,_ er1eoteyro1 j .,sol•. 
C o  lleet�oc,.... r,_ dlaphnlgm. 
f'rw.ee 1 :  lttec\1 o f  adaini atration of e ther into the di atal trachea ADd lYD&I• 
'f'roac:e 21 Ettecta ot ada1n1"trat1on o:' ether into the di stal traclwa and l\11111 (abon.JII 

b1phlt.a1c l"'e!lponee ) .  
(Sp1kee �touc:-.N; 
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B 
c 
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A compari son o! the Effe c ts of Halothane and. Methox;y!lu.rane ,  

Administered t o  the Trachea and Lungs 

I I I t  I I I I I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

1'*11111 I''IIMei · 

I 1 mV 

� 1 Sec 
I I I I ' '  ' I I I I I I I I I I ' ' '  ' '  o I I I I I I I I I I I I I I I 

11111111 1111111' 111111 .. "I ' 11•11• I Ill 

I IIIUI IIIII�WII 111111 .. 1 11•1111 n•IMI -

+ 
t I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

11::01111=:· I 1�:: �.1111��-���� 

Decerebrate oat 1 .6 kg. Dec:erebraticm under b&lotbaoe/etber acaeeU.eia. 
Ao !'1a -r 0.2 .. c (1n\errupt1one or tbe tat t.....,e and errowe 1nd1oate the •""'"' f1l 

••uzhU.UCIIl or 1nbalat1CIIl llj!ent) .  
Bo llec�ocr- rr<>a cr1co�1d .,ecle. 
Co neo�ocz- rn. d1ap� 
!race 1 1  lttee te o t  ada1.n1etrat1on ot halotn.ne into the d.ia\&1 U.Cbea acd l.,..a. 
!'No• 2• lf!ec t e  or ada1n1etrat1on or .. tbO>;YflW'&Ile into tbe dhtal �- - 1 .... . 
!.....,. ,, !!'recto or adla1n1etrat1on or .... thO>;Yfll1ralle b7 -at to tbe -Jib&r7ua ... lu7a· 

(Sp1kee "" tow:bed )  



ill aarke4 a1owiJac of the reap.irato17 rate. Whell, haeYer, ether M4 

halothaae were adaiaiatel"ed at hiper COilCeatfttiODB, la�, 

acCOilpiiJlie4 b7 apaoea or a ceuatioA of the repdar respiratorJ rh7tha, 

waa recorded. la thia aeries, therefore, ether was adllhdaterec! at a 

oonoeatration of l.O to 20 per ceat qcl halothalle at 6 to 8 per cat. 

56. 

ea ether yapour waa a<bdai•tencl 1Jlto the diatal trac:ltea and 1uap (f'1g. 

23, Trace 1, taciq p.56) , a abcrt lRarst of cricotlqroid actint,- laatiq 

2 ••• waa eti..tatecl. AD ilaterruptioa of the rtqthll of the 41aplara• 

for 1 aec occvred ai11Ultaneoul7• !»'ace 2 ahewe a diffeNDt pattena of 

reapoDSe wha ether wa adaa1atstere4 iD the .... •1• Ill thia cat, the 

ericothpold actirit7 which waa aURl•te4, occvre4 ae a bi)lbaaic reepoDSe. 

Slthi.D 1 aec of startiaa the adasiaiatratioa of ether then ••• an illcrea 

in trequeJlC7 ot action poteatiala aa4 illepiratioa was 1Dh1bite4. <ll'eater 

cricothJ'I"'id acti'ri.t,-, Cld.l.ar to tbat pJ"'YYb4 wha ether was adlliniatere4 

7 ��aalt, occurred after 6 sec, at t!ae � U. aa 1Dspinto1"7 efforts b7 

the diaphra. •tart • 

Both hal.otluaae and Mtboqfiurau wha ada11liatere4 b7 •*• had 

beea non to st illulate l.arJqoepaaa aucl llJll'loe& ill decerebra te catc 

c ... p.�). It was therefore of tatereat to COIIplll"e the effects �f theM 

2 �latil.e apate wh the7 were adaiaiat.recl directl7 iato the tal 

· ·, tra aad 1 •· !he experiaeat aa c:arrie4 oat oa 3 cata. la each 

t. 6 to 8 per ... balotlulae, a<lat n1.steN4 thro1a&ll • tNU.l cnnla. 

atiBlatecl l� aDil aa iaternptloa 1A tM replar 41A tlo 

rh7Uul (fta. 21+, !race 1, taoiq p.56) . 2.9 per cat MUI.u7fi81'8De1 

how Yer, atl•l•t.d aeitber la� r tiel it caue a117 ia 

the rh,-tlla of ' e diapbrap wheD ad•SaJaterecl to tile trachea 1111lp 

('rrace 2},  althoqta wh aft1piatentel b.J 8Uk it d14 att.ulate botll 



laeyagospua and apnoea (Traoe ') . The difference iD reepoue to 

these 2 apnts 1a considered further in the cliscuasion of thia chapter 

(&H p. ?,) . 

In the work reported up to this po1Dt, it haa beea shown that volntile 

anaesthetlo cent , whether adJDiniatered aa a apra7 or in vapour foi'ID, 

are o pable of stiaulotiag laryngoapaa and changes 1n respiratory rhythll. 

These reactions •1 be at111Ulated by exposure of the intact respirator)' 

tract , or of iaol ted pa.l'b of the tract . The nature &lld tiae sequace 

o t  these cbangea differs accordtna to the method and site of a4min1atrat1on 

ot the agenta. Veey early ill the eriea of experillenta , it wu noted 

that low concentratioaa of anaesthetic asents caused iaoreased act1Y1tJ of 

the cricothyroid wsole and changes 1D respirator)' r te , but 414 not 

ati.llulate laryzapapau or apnoea. These findJ.Ags suggested that there 

may be a threshold concentration for t1mala tion o f  laryngoapaaa and apaoea . 

'file experiaeata described 1a the aext section were carried out to trr aD4 

determine whether auoh a threshold exiate. 

( e )  Tb.reahold o f  stial&tioa o f  l&I'JD80 pa• 

Six expe�ata were carried out 1D an atte-,t to determiDe the lowest 

conoeDtrati of ether and halothane at which l8J'11180apa• and apnoea were 

aU . .al.ated. 'fbe thresholds tor tiiN.latioa of laJ7Dgoapaea ancl apnoea 

were determtne4 b7 ad•Saisterilla graduall7 inor aatac coDceatratioaa of 

halothalle aael ether. In the first experuent 1D this croup, 2 per cot 

halothaae administered b7 m ak troa a ''Balox" ( Bl"itiah Olqsea eo. ) yaporiaer 

atiallatecl 18J'1D&Ospaaa and apnoe in a decerebrate oat. Dher, aclmilliaterecl 

tree a ataDdard Bo7le ether yaporiaer with the leYer in the tull-oD 

poaitio aael the pluger up (10 to 20 per oat ) , etiiiUlatecl larjnso pa• 

and apDOea each tiae it ••• 1YeD by aek. Althougb. iD the same oat , 



Pie· 25 The Etfects ot Inhalation of Increasing Concentratiooe of 
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Ether Vapour 

A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , , , , , 
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c 
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1 Sec 

.. 
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• tltt' .. � f1$'r If 11 trhtUfltll 

.+ I I I I I I I I t  I I I I I I I I I I I I I I 1 I I I I I I I I I I I I I I I I I 

• 
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Deoenbr-.teo cat 2.0 q. Decerebration under halothane anaeatbeeia. 
A I  !la -r 0 , 2  •c (iD\e...,.,uona or t.be u .. \race and arr ... iodiea\e \ he  1\ar\ ot 

e\ber Mmaia-Ucm 1.D �. 2 ,  3 ADd � aDd t.ho - in Treco 4 ) .  
81 llao\�...- f'na CriCO\IITI'Oid -le, 
C1 lleo�...- rna di� 
!nee 1 1  Quie\ reaplraUcm, 0117sen ada.lni otend �h \bo •ak• 
""-ce 2• atteote at et.ber ada:1n1ett!'red through the Mak; Yapori ser leftr at poe1UOD 1 .  
!nee ' I  ltf'eo\a of' e\ber -nia\ered �h t.be aak ;  ... por1Mr lnu a \  poaiUOD 2, 
t"noe 4• Etfeo\11 of e t.be r  acla1.n11W r""'d throu,gn t� •ak; nport��er leftr at poi1U• '· 
'frMe 5 •  Rrteate t:4 ether ada1Dieten-e1 tbrou,gh the meek; vapori ser lever a t  t\Lll OD• 

(Spik•• ,... t?Ucte � )  



58. 

apaoea was produced whea 2 �r ceat halothaae irlhaled, the coacentratioD 

had to be raised after the firat exposure to iac:luce a cricot)Q'roicl 

tiacharp characteristic of la17Jlsoepaaa. ID the majorit� of experiMata ,  

halotha• wu adwi ai•terecl froa a lt0difie4 trichloroethyleu YAporiser 

(Hillarcl, 1957) ,  at a coacentratioa o f  6 to 8 per cen.t , which 1a 

cCDSideJ'Ql7 hiper thaa the threshold leYel.. 

la aaotller experillft.t ether was ada1ni tered b7 mask to the iaola tecl 

aaaoplla.r)"u aa4 l.ar)"lax of a decerebrate cat fNII a Bo7le ether yapor:ber 

with the pl\Ulpr •P• !'he oqpa now rate na 1t.5 litrea per 11iD and 

ether npov was paeaecl throup the auk for 30 aec at iDtervala of 

appron tel)" 30 Ilia. Fig. 2.5, TN.oe 1 ( �  ci.ac p.58) ahowa the actirit7 

recorded froa the cricoth)"roid JIIUCle and diapbrap c!atriJas <tuiet reapiratioa 

with OX)'pll fiOwiaC throqh the -*• 'Dlere is aOIIe cricotb7roid act1Yit7 

aasoctated with. iaapiratioa. '!race 2 ahowa the effeet of the administration 

of ether with the npori&er leYer t the first position. There is a Yeq 

alig'bt decrease in tbe duratioa. of actiYit7 of the diaphrap as compared 

with the duratioa duriag quiet respiration.  !bree actioa potential 

spikes t:roa a aotor unit ill the cricoth,Jroid previously iaactiYe were 

recorded dwiq adlliatstrat1oa of the ether (not llhOirll 1.n this section of 

th trace) .  Trace 3 ahowa the effect of adlliaietratioa o f  ether with 

the lner at poaiUoa 2. !here ne 110 cbaap 1.a the recorda troa the 

cricoth71"01� or tha tiapb.rap. lhea ether waa adti:Sntstered with the 

1ner at poaitioa 3 for 30 aec ,  a coati.maou low freqaeJlC1 cliacbarp troe 

tile crlcoth)"l'old atarte4 1.8 sec after ether adaiaJ•trati atoppecl 

( 'frace lt). !hi• low treq 'AC7 diecharp coatia-.4 for 18 aec .  but there 

._ DD ehaap la the re•plrat� r��Jtha. fttb. taa. leYer oza the wporiaer 

at the full-oa poa1tioa aad the pluapr 'liP• ada1.1l:1.tra.Uoa of ether 
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'l'he Ettecte ot Inhalation ot Increasing Concentrations ot 

Ether Vapour wben Ether i s  Inhaled Cont1nuousl.7 
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Decerebrate cat 1.8 q. O.Cerabntioo w.der halothane aaeaaUt. .. ia. 
• :  TiM •rUr 0.2 MC ( 1aternapt1� o f  the tiM trace aad arroea iDdicete • c ..... 1a 

Ut.e c�eatntioD of ett.ar lahalM ) .  
1 :  llect�cre• r roe  cricotb)Toid ... cl•.  
C: l:l.ect.._.,p-88 r ..... 41apllr••· 
'!'race 1 :  EffKta of etller aclaiaiatereod •1tb t bt  ••pori&er l•••r at poeitioa 1 .  
Tnce 2 a  Eff.cte o f  etber adlliaietared ri th  tbt ••poriaer l•••r a t  poeiUoa 2 .  
'!'rece 5: Effecta of eta.ar eda1aieterH eitb tbe ••por1aer la•ar at poait1011 5. 
Tnee a. :  Eff.cta of etber aMiaiaterad •ith t be  ••poriur l••f"r at full-oa. 
TraH 5: Etfecta or eUaer adainlat�red •itb tbe ••por-laer lewer at tvl l -oa .  a fter 

brNtbiD« oKJcea b7 ••k ror ,a Un . 



st1aulated . hip freq 07 41scbarge rro. the crioot�oU -.cle witllia 

0.1 aec all4 apzaoea whicll l.aatd tor 15 sec (Trac. 5 ) .  !he cricotb7roicl 

actirlt7 was cli.Jiillia!dq at the title reapil"aUon started asaiD, but 

persisted as a contilmoua diacharge wstil after ether adlliaistratio 

d stopped. 

Silace in ao• experi.aellts it had not been poasible to stillulate 

lar,agoapa.a11 aad apnoea wbei the iateJ"flll "betwea expoavea to a Yol tile 

aae thetic agnt bad beea abort, aa experta.t waa plaaed ill which tU 

coaceatratiOD of ether ftpour illhaled b;r a decerebrate eat was iacr ... ecl 

at 15 Ilia 1Dtenala. Bet•-• recordiap, the cat coatiaaed to iahale 

ether yapov at tile nacatratioa tor which a record bad jut beeD obtained. 

lt ... tboupt tbat ill thia .. , the thrub.old for atilmlatioa or 

1� would be raiaetl or the renex e•ea abol.iahe4 becaue the 

recaptor& were expoaecl to ether tor a lcmc peri.o4, all4 a deeper plalle of 

aaaeatheaia was achieYecl. The coaceatratioa was the r&iae4, a ftarther 

record obta1De4, aad the cat allowed to iahale the aew conceJltratioD for 

a tarther 15 Ilia. !he cat breathecl oqpn at a now rate of 4.5 litru 

per lliD thro11p a latex I'Ubber .. k. 1to t 1 caanula s iaeerted. 

Aa abacwber coatata1q ' os  of aocla-U.ae wae placed betweea tale aak 4 

tile niiNathia& Ne• '1'b expil'atoJ7 Yalft ia the apt& all 

exceu pa to pus 01at (J'ia. 26, taciq p.59).  At the a tart  ot tJae 

e�t tile eat •a p1Jma aJt4 palpebnl renexea wera l"'ia'k. '!he lner 

oa the loJle ether nporlser waa IICWN to tM tir8t poaitioa, wiUl tlle 

pl av ap (fts. Z/, Trace 1 ,  facias p.,). 'fbn ao ill t • 

napira'-7 l"biJt • Pour MC after adwd•' atrati• of ethv cl started 

2 aplkea were ncor oa tile elec� troll the cricotlqroi.d. !he .. 

were aot tn>ical of thoee recor eel d1ar1ac lai'JII&08,._ aa4 •7 •• 



e cat ccmtia d breathiag 01e7pa aa4 ether throu&b the 

•*• with the npo1"'isv leYer remaiaiq at the first positioa. .After 

15 Ilia the leYer. waa JIOYecl to the ftCODd poaitioa (Trace 2 ) .  At thia 

etace the piJma renex was still bri.sk, bat the palpeual reflex -

at the start of the experi.lleat. 

of replar reap1ratoJ7 rb7t ftich laated for 12 sec .  DuriJag th1 U• 

a c tiluao1ls eeriH of actio potati.ale at iatenala of O.Z5 to 0.5 sec 

was recorded h'OII the di.aphra&la. 'ftl re •s a poa4ual illcrease ill 

acti'rit7 of the cricot!qroid aucle, startiq approxt..tel7 3.5 c after 

the poaitioa of the lner was changed. cricotlqroid acUrit7 

r ched a Mxi .. ill t'req C'l and a•IIDttra Of IIOtGr units iaYal.Yed 10.5 

sec a fter alter tioa of the 1 Yer's poaitiOD, 8ACl 4ecreaaed IJ"Ilduall7 ae 

ao..-1 respiratorJ rtqtlul we r suae4. '!he lner retlllined at po iticm 2 

aad the cat coatia ed to breathe ether th.rollgh the •*• 

J'iftea ld.Dutea later, the 1eYer - IIOYM to iti 3 (!race 3) . At 

this stage the piDna reflex reaiucl bris1c, t the palpebl'al r nex 

was al\lU:leb. The 4uratioa of diapbrapatic acUYit'l iller eel tra. 

1 to 2 • frect1IOC7 of tbe diapbl'apatic 4iachar 

act1Yit7 of the crioot�Qroid necle, reacMaa a •ri- 10.5 eec after 

alteraUoe of tu leftl'•a pod.tioa. Ilacreeeecl cricoth1J'olcl UY1t7 

c tiaaecl for the 4wet1 of tlte r I'd (1" aec). !he 1eYv � 

it waa _..... to tile tull-oa poaitloa 
' 

(Trace ,.) . n.. p1ua ntla wail -�Ul lii1Aic, bat tl\e palpebral rena 

- Yel7 al.D.aiU. lo apaoea - •t.1Jidate4, bat tbe dlafttioa or 
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The Effe c ts of Inhalation of Increasing C oncentra ti on s  of 
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O.cerebrate oat 2 . 0 k&· Decere b ra t i on under halothane �es thPeia. 
A: '!'iw !Mrker 0.2 sec ( i n terruptions of tnf' � imP tracf" and arrows ind.icatt a change 1n 

the ccmcentration of e ther inhaled ) .  
B: Eleot�ograa from cricothyroid �uscle.  
C :  !lect�ogl'IUII !roa diaphragm. 
!'race 1 :  E1'fects ot e ther adm.ini stere..: wi tl': th<> vapori zer lE.>vcr a t  posi tion 1 .  
b-ace 2: .E:tfecte  ot P ther administered Wl th the vapori zt'!r le ve r at posi ti on 2 .  
T"rac e  ' :  E!fecta o� e ther ad.m1.ni st ered w1 t h  the vaport ze !"'  levt.> r  a t  poei tion 3 .  
?race 4 :  Effects o! e ther ad.m.inistf-!rcd wi t h  the vapori::.er lever a t  ful l-on. 
'frace 5 :  After adm::..nistration o f  e ther f o r  'j al.i n  w !  !o h  thP lever  a t  fUl l -on. 

(SpiKes r'' !.ouchcl1 ) 



aotiY1t7 of the cliapbrap •aa iaerMae4 fraa juat oYer 1 eec to 2 eeo 

u the leYel' .., � to the hll-oa poaitioa ad to 6.5 MC after a 

after iacrAeiDC the ether coaceatratt u4 this reached ita ..m­

with a bllrat of actirit7 after 14 sec. Cricothyroid actirit7 graduall7 

nbaidecl aa4 the cbaraUoa of the cliaphra •s acti'ri.t7 retVDed to .1 t 

oYer 1 eec 4v1Dg the 98 eec tor wtlich ncord11lg waa cont.imae4. After 

15 IliA 

lner 1a the tull-oa polliUOD, the pl 

Dabbled thl'oqh the et • More orico�icl act1'fit7 ocetai'N4 th 1a 

Trace lt, but ao a wae atillalate4 (not ..,_ 111 1'1&• Z'/). Palpebral 

aa4 piaDa refi:ex could aot 1te ellcit at tb1a atap. e oat -

then an.o. .. to twe the OXJift throqb the aak tor 30 aiD. 87 thia 

tiae a ltriak piaaa renex alld eluagSa palpebral renex could be elicited. 

the leY«r at the full-oa poeitioa 

('rrace 5) . 

7l.e Rporiaer with the plaapr 1IP 

Ae ether 1a •porta ita te��p&rature clropa. Tao experiM ta were 

therefore 081'1"1 .. out 1a which • water tll at a te�rperatsn of 28.5°C 

wu placed the lo7le etller ftporiser. Olq waa puaed throuatl 

the ftpori&er at a nw ate of 8 litree per aiD. '!he ftpori..ser pl. aer 

_ .,  tbe lner a ed to poaitioa 1 at 30 

facia& p.61). ere - a  aU4at 1acneae 1a floeq of cricotbvolcl 

le 41•allar... Aft 1 Ilia at poaitioa 1 ..  tb lenr wu ..,... to 

positica 2 ('fn e 2 ) .  leftr waa IIOftCI to positioll 3 after a ftlrtber 

aietlte (Trace 3) aa4 to poeitioll lt (tull-oa) after ther matte (Trace ,.) . 

the ftJIOI"iMr 1...- - 80Yed to poeitioa J, • effect of the 



1Acreaaed ether coACeatratioa oa the diaphrafPI was to atilnllate prolo 

i.Dapiratory act1Yity. wher .a wba the lever was at poaiti 2 ancl 4, 
paoea occurre4 aad a coatimloua b1sb frequeacy cliacharp wu atilnlated 

fro. � criCOthJ'l'Oid IIUBcle. 1!&e lever was tileD left at poaitioa 4 .  
Tr-ace .5 was obtained 5 a1a after the le.er was ••e<l to positioa ... Tbere 

wu norul di.aphragat1c rh7tha at t!d.a step cl the aponta880U8 

actiYit7 of the cricothyroid waa less tbaa at the start of the ex.periaat .  

Re p1r tioa ha d  started ap1a 12. 5  sec after IIO'Yi.DI the lever to position 4 ,  

and the high frequeDCJ cricothJroid 41 c:barp cbaracteristic of l.aryngosp!lSII 

d sradu lly subaicled. 

hour later BD experia t was carried out oa the same cat 1a which 

the laYer RA� placed at positioa 4 first allCl th 110ved 4owa throup 

poaitiOIUI 3. 2 and 1 at 1 Ilia iatenala. OD this occaaion, apaoea a 

high f.requacy cricothyroid discharge were only stiiiUlated with the leftr 

t positi lt, apaoea laste4 13.5 sec and crico�id actiY1t7 clecreuecl 

throuchout the experille t. la each of these experilleata9 the water-bath 

teaperatu:re rea1aecl at 28.!)°C. Two ideDtical. experilleata were carried 

o t with the 3 os iatere ' soda-l.ille caJd.ater re.wed fi'OII the 87Btea. file 

result• were the aaae aa thoae reeordecl with a aoda-liJie abeorber 

incorporate4 iJl the circuit. 

ther or not t ... experiaeftte pi'OYS.cle en for the exS.ateace 

:ODC:ea·tratioa for the atialaU.oa of apnoea 

laryzago.,... will be v--··U!•recl iD the 41 uaai • 

( f) The effects ot ab'opiae 

of the re pir to17 tract 
the reaotio to att..ulatioa 

The effect. of atrop • ada2 aisterecl iatravoo 11. the tilnllatiOD 
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1'be Et�ecte ot Atropine on the S tilllu.lation o! laryngoapa• 

b7 Ether Vapour 

f I 

n.cer.�n� e:a\ ,.0 lire· �·ft-NUoo ���nder M.lotbane MMatbea1a. 

1 Sec 

la � -r 0,2 we ( in\erNpUona or tho tl.M t....,e ....S .,..._. indieaw tbo a\art of 
e-r -D1 •-Uoa). 

•• lloe�- r .... er1eot11Jroid .... to. 
ea llec�- r...,. 41ap""-· 
!race h lrtoeta ot ether adainhterod b7 -· . 
!race 2: lrfaeto of etl»r ada1nhtero4 b7 t....,bo&l cUIIIUJ.a. 
!race '' Ql&io t r .. piraUoa after a4a1n1atrauoa ot atropine. 
!race 4: ltfecto of ether ada1D1atero4 b7 •all:, 1 0  a1n attu atrop1Ae. 
!race 5 :  l!!tfecta o f  ether ada1niatero4 b7 aaall: , 40 a1 n  atter atropine. 



tlret preparatiOA, a 4oee rate of 0.1 Ill per q waa si�en. AU'oplDe 

at \hla 4oae rate, wll1oh le c.aoal1 uae4 1a cU.n1oal pn-anaeethetS.o 

M41cat1oa, had ao effect oa the eu.alatioa of apao .. &1ld WJDIO.,._ 

when ether •• paeaecl thl'ousb the laolatecl uao� aa4 larpx. 

In the .. ooad cat a 4oee of atropine ewer 30 t1aee that •eel iD 

olillioa1 aueathetlc practice us au1alaterecl. n.,. 29, Trace 1 

( taoi.lls p.6,) ahowa apnoea and OJ"ioothJI"'14 epaea Ualated 'b7 expoave 

to ether bJ aek before the adll1nlatrat1on of atropiae to th1a eooacl oat. 

trace 2 ehowa tbe efteot •hell ether la a._,n1etere4 throUib aa A,re •a 

!•piece to tbe traebea and lusa of the .... cat. l.u"Jil&Oepa• la 

etillulated, ac oapqiecl b1 apaoee wh1 follows en 1Diu.al 1Dapirato17 

bvat. The etteot of the adaillialratioa of '•' 111 per q atropiae 

aulpbate 1a 20 Ill of 0.9 per Oftt ealille t.Uoup a oanaula ill the feiiOI'al 

Yeill wae to etillulate apaoea for 19 eeo, after whioh the reep11'ato17 

nte 4ecrea e4 t.011 22 per a1a to 18 per Ilia. fen llllnat .. later the 

reapil"atoi'J r te bad ctMreaeed to 16 per ld.a. 'Bae cbal'atioa of 1upbatoJ7 

aoti.tt7 of • 41aphra,. 1acreaae4 r.ro. 1 . ,  eeo �tore atroplDe to 2., 

Ho after atropiae (Tl'aoe J) . Tl'ao• 4 ADd ' aho. the efteo\a of t • 

acllriD.t.avation of ether 1»7 -.t and CNUlula r .. peot1�el7 10 ld.a aac1 

'-<> II1D after the atropw bad been cl�e•a. 87 -"• ether att.lated. 

lai'1Jl808pa• ud aza illMI'I'llpU.Oil of the replar l'h7thll of the diaphrap. 

Ether 1Dhalecl into the trachea 1 att.late4 1ar�• a1ld 

arm • Atl'opille appeare4 to ft dinot etf t oa the atl-.lati 

of la� deJt tbeae OOiltitl • 



(&) !be etfecta of leoal A�Blgeaic •pra71Jac of tbe pllarJB 
... twior lai'Ja - tlae etillulatioa or l.Au7Dgoapua 

� wlat11e eatbetic aa-te 

It was cle80DStl'atecl 1a aeotioa (a) ot Uda chapter tbat a ligDOC&iae 

apra7 appl.iecl to the pllarJU aBcl larJ'U aacl the 18rloatioa of • 

endotracheal tube with ... thoc•i M cr.- aboliah or reduce the nacUoa 

tile effects of lpaic 8J'I"l18 ..-. ilwest tecl iJl relation to the 

iahaleU of YOlatlle aaa•Uleticul. Ia a cat aaecsthetise4 with chloraloae, 

whOM reapJ.rator7 tract n kept iDtact, apra"Jiag with ether atuW.atecl 

lar ospa• aid apaoea .  Atter aprapag tU pMrJu aa4 larJa td.th 2 per 

ceat U.saocaiae , ao a:paoea - atialated b7 ether tnlt there were two 

bursts of act.ioa poteatials troa the criooth71'01d aacle 10.5 aec and 14.5 

sec after the ether epn.J. The ettecta ot the Ugi10C&iae SJ'I'IIJ' were stUl 

toad to persist 9.5 Ilia later . It waa ld•U•rl.J cl.-oaatn.tecl 1a decerebrate 

cats tbat 1ar7Dgoepaaa 8Dil apaoea atinlated bJ the iahalatioa ot ether 

aa4 balotbaM could be re41acecl b7 spra1illg the pbarJax aa4 teri.or larJIUt 

with a 2 per CeDt .olutiOil ot lipocei•• ReectiOJa to the ati-.lu ... 

not entirel7 a-bolJ.sbe4, howe.-er, aD4 the tact tbat 1a MJq cases tbere was 

stUl l:loth e illcreaae ill acUYitJ of the crico�icl IRISCle aa4 eoa 

cbaap 11l the reapira. tor7 rbytU au.gaeeted that the stialatiOil ot 

r eptora lower dowa the reapir tGr7 tract should be coaaiclerecl. 

Cats with a tncbal caDIIUla 1aaertecl at the l.aJ7111o-U.ohe&l jallctioa 

!be t1• tweea the etart of •def•iatratia of ether aad the oaaet of 
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The Effects of Sp�ing the Phar,ynx and Anterior Lar,rnz Wi th 

Local Analgesic in a Cat W1 th a Tracheal Cannula 
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Deoere�raW •' 1 . 5  q. DecerebraUoa under halothane/ether &nae'a'theaia. 
AI f1-. -r 0.2 .. 0 (iD'-rnapUone or the u. .. trace and arrooos indicate the otart at 

•-r Meaiotrsucm). 
lh n.e'"-r� t1-<a cr1oo\11rroid .. acle. 
C1 &ac'"-f'� t,_ dia� 
!rM9 1 :  ltfooto ot oV..r -.mate rod b7 -· 
!rM9 2• ltfocto ot o\ber -.u oterod bJ trscho&l cannllla. 
!rM9 3 1  ltfocto o t  oV..r -.uaterod bJ trac he al  cODIIIlla after Ollal«eaie op� ot 

.......,_ ODd l.alTm<• !rM9 4: Ettocta at ether ada1D1 •toreo by -all after ana}« .. ic op� or pb&rJDlr - l.alTm<· 
( Spiku re touchod ) 

• 
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'!'he Ettec ta ot S� tbe Pbaeynx and Anterior Larynx W1 tb 

Local ADalgeeic in a Cat whose Reap1rator,y Tract 1 a  Intact 

. . . . . . . . . . . . ' ' . . .  ' ' ·"' t t 1 t 1 t f 1 t f I I I I I t  I t  I I I I I I I I I I 

1 Sec 

• 
o I I I I I o o o o 0 ' I I I I I ' ' 

lloeeroo-te ea\ '·4 q. llecerebrau., -r b&lo-.. -•\bene. 
At "'- -.. 0.2 ..., (1Dte...,.UGG11 ot \be U. \noe - ...,..,.. I.Ddloe\e tM etuot fll 

�). 
la llH�ac- r,... tll'lce\llri'Gld -1•. 
Ca llH�ac- tl'Ca dlepbnp. 
!nee h atrecte ut � \be J11>aJ71m Md lar7Dz wt\b etbor. 
!nee 2a atrec\e ot �• \be pbaqJul - 1.ar7u wt\b ..u... a\ "0c. 
fnoe '' atfM\e fll •"f'lDI \be � ....s lar7Dz wt\b e\bor atwr -.lawele --.. 

(Spill: .. ft\OIIIIbed) 



betw .. a 0.4 an4 7.5 seo b7 caaaula . This la 1llaatrate4 1D traces 

fro. a decerebrate oat ( Fis. )0, faataa p.65 ) .  Trace 1 ahowe the 

e ffeota of ether a<la1Jl1atered b7 rauk. There was a high frequenc7 41acharp 

o f  a large llWiber of saotor Wlita fro11 the cricothyroid, and the diaphrap 

showed apnoea followed b7 apneusis. Ether dministered iato the trachea 

and lUDgs stillulated a ahort period of  l.arynpspa• (2 sec ) and aa increaee 

in the i.llt nal betw .. n diaphre acUwitJ fro• 2 to 6.5 sec (Trace 2) . 

'l'he pharynx and anterior larynx were then apra;red with 2 per cent llgnocaille .  

Trace J showa the effect of adaliniatration of ether to the trachea u4 

lungs after praJ1ng with the looal analgesic aolutioa. Tbe record is 

al110 t identical in duratioa of cricottqrold activity and obange i.D 

reapiratoi"J rb7tb.a to that iJl 'l'ra�e 2. Adainiatration of ether by maak 

(Trace 4 ) , however, now produced only a small increase in cricoth3rold 

actiw1ty or  short duration. There wu ao initial st1an.tlatioa o t  the 

diaphragm, but there wu a period of apnoea followed b7 apneuela. 

In Mother decerebrate cat ,  with no tracheal cannula inaerted, tbe 

technique of spraJi.Dg local anal�eaic aolutioa currently eel for 

intubation o f  cata in clillioal an estbeaia wea iaweatigated .  In this cat 

ether apra7 atilnalated lar1Jlgospea aacl apnoea (Flg. Jl, Trace l, faciq 

p.65) end an 0.9 per oent wara aalllle ap.ra.7 alao atiiNlated laJ"1Dgosp1u111 

of brief d\ll"atioa and a weey miaor iftterruption 1ft the regular respirato17 

rhytha (Trace 2 ) .  After •pr 1iac the phar,rax and larJDX with a 10 per 

cent l1pooai.De aolutioa tJooa u aeroaol pack, u ether epraJ etiaulated 

a weey lilbt increase in oricot.hfl'o14 acUYitJ after 1t • .5 eeo . !he 

interval between period• ot actiY1t7 of the diapbrap was 1noreaae4 

fr� 1., to 3.?5 seo tor one reapirator7 CJOle and then returned to normal 

( Traoe 3) . ID the .... cat reaotioa to .. ohaaical stt.ulatioa and 
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Compari son of a Movement A rtifac t during Artificial Respiration 

wi th the emg from the Diaphragm in Spontaneous Re spiration 

. . . . . . . . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 

DecerebraW cat 2.5 q. Decerebration under halothane/et.her anaeet.bea1a. 
A: !1-. arker 0.2 •e. 
1: llee�- froa er1cotl\)'ro1d .,eclc. 
C: lleet�acru froa cliap�. 
T'raee 1 z  � i.ns  &rt1f1c1a.l reapiration. WoYeMnt artifacts an d.ia� trace. 
!'race 2 :  Spontaneous reap11"11Uon. 

(Splkea retouched ) 
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The Effect of Suxaaetbonium on the Stt.ulation of Lar,ragoepaaa, 1 . 
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··-··-···'111.71' Ullllbll ilU:ObJI i;l ,�., •. 
I liJI. f 11 I 11 11 11 N I 11 

lleceftliNW cat 2.7 Ire• Deeereb,.tioa \llldor balot- -otlloiOia. 
,, TlM -er 0.2 •e (1nternapt1oao or the t� t.-ee - arroooo 1Dd1caw \be otert or 

otller -o\Ntioa). 
I• lleet...-r- traa er1eo�1d -lo. 
eo ll.ec�- r.- dia� 
,._. 1 o  Qlliot .. .,1,.Uoa. 
,...,. 2• ltteeto ot e tller adainiotored bJ ••· 

"-e 3• !be ft tllft> ot di� aetirti;J. 
,._. 4 • ltteeto ot ether lldainiotorod bJ t.-ebeal cannllla. 



illtubatiOD waa p-eatl7 di•Sniahecl, aa ha8 beea deacribed ill secti01'1 (a ) 

of th1.a chapter. 

(h) 'the effect of auaaethoni• OD the stiJiulatioa of 

laeyDgospaalll and Oil the act1Y1ty or the cricothyroid 

anascle aad diaphrap 

Aa the crico-�id IBUSCle aDd diaphrap are striated 11N8Cle atruct11rea 

it was considere of iaterest to record the effect of suxa��etboDi.uaa (a 

clepolari.aiDg .su .... thoDi.u (l 11g per 

kg) was g:l.Yen iatraY ousl7 to a decerebrate cat which d exhibited 

laeyngospasa wheD exposed to other b7 mak or b7 tracheal caanul• . Apnoea 

occurred 8 sec after the injection and 0.5 aec later there • a a ll 

increase in cricotb7Z'Oid ctiYit7 which lasted 3 sec. The cat ' a  lungs 

were ventilated �call7 with ox,.ge b7 openi.as aad closing the e d 

ot the T-pieoe. Sxposve to ether by mask did not st.ill\llate 8117 actiYit7 

ia the cricotb,roicl ale, nor waa any apontaneou actiYitJ recorded. 

A fter 25 rails, apontalleoua respiratioa atartecl again aad expoaure to ether 

by mask now at1aulate4 act irlt7 of 11lcreaae4 frequency. the eat 's 

lungs were beiq Y: atilate4 b7 intermittent positive preasure , there was a 

slisbt rh7theical fluctuation 1n tbe baseline of the diapbrasa trace due 

to Yellellt of tbe cliapbragaaatie needle electrode ( Fig. 32, Trace l ,  

facing p.66 ) .  !fhia recorcl waa o f  quite a different nature froa that of 

tbe di.apbra tic actio potutiala cl11J'1ac spoJltaa re piratio (Trace 2) . 

Fig. 33 ( faoinc  p.66) ebowa bao • obtained troa clecerebrate t with 

ul.ae 1a the tr ea 

('lrace 1). 

laryngoapaaa were atillulate4 withia 0.2 aec ('rftce 2 ) .  Spua of the 
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The Effec t of Swcame thonium on the Stimulation of Lar7nloepa•• 2. 

• Ill td ' t 

I I l mV 
• 1 Sec 
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I I' f I I �I� 11 I P I 11 kfl:lltl * •• i I ,.,., hJ 

I ,,ti rll ��I 
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Decorob,..to cat 2 , 7  q (Th• - p ro pa,.. t1on ao 1n Pie. 33 ) .  
AJ T� u.rker 0.2 .. c (interruption• or the tiM trace and &ITOWI indicate tbl 1\ar\ of 

1\ber adm.n1etrat1on in Tracee '• • and 'J, L.,j 1\ll:a.tthoni\a 1DJecUon in "'-• 2 ) .  
8 1  lloct,..._oc,... fro. cr1coteyro1d .. oclo, 
C 1  llec�oc,... fro. diap�-. 
TI'Mt h Qui e t  !"'' lp1rat1<Xl. 
r .... 21 AOiniot ... uon of },0 "' 0\aUO\honl..a 1ntra .. nouol.J. 
TI'Me }1 !ffocto of other ada1n1 otorod b7 aaok. 
TI'Mo 41 ltfocto of ether a0in1otorod b7 tnochoal cann�o�la. 
r .... 51 Eftecto of other adll1niotorod by uok 15 llin after ...a ... thonl ... 

(Spiku ro t oi.IChod) 
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The Effect of Thi opentone on the S timulation of Lar,yngoepa .. 

L-....1 
1 Sec 

Decerwbrat.e oat 2 . 5  q .  Deeerebrw.tion under halothane/ether anae ethe11a • 
.l: 1'1M Mrl<or 0 . 2  •c (inteiTUptiono ot the u .. traco and �• 1nd1cato \he o\an at 

o\llor -ll1otr.t1on ) .  
8 :  Eloc�acr- t..- cr1coU>Tro1d .... . cl •• 
C: llectr-.,0«,... froo: diapllnca. 
froaco 1 :  ltffeoto o f  ether aclainiotered by -· 
'fraoe 2: lttect• � ether ada1n.ietere4 by Mlk a.tter 1n tra•enoue 1nJect10D at tbiopentcme. 



cricotbl'roid cle coatiae4 tor 36 eec atter tu start ot repl.ar 

iJUJpirator;r acU.rit7 of the diaphrap (i'rac. J} . .. ether n.e adaird.atered 

tor 10 aec illto the tracheal CBIUllll.a a •eh ller iaenase ill actiri.t7 

was stiJIUl.ated at th sa-. tiae as illt.rrvptioa ot the regular rb7tha ot 

the 4iaphr- ('.rrace lt) . Ia the aue cat , Fig. Jlt , Trace l ( taciac p.6? )  

ahowa acUri.t7 o f  the cricotlqroid cle aad. the cliaphrap 20 Ilia after 

ad•1 niatration of ether b7 tracheal. caanul.a. Trace 2 sbowe the effect 

of the adainlstratio.a of .:5 ag auxa��ethoni• illtravuoueq . Increased. 

actirtt;r o f  both the cricothyroid and tiaphra waa stiJiul.ated 6.5 aec 

after the clepolariaiag relaxant waa glv.a. Acti'ri.t;r ill the crico�d 

cuacle stopped 18 sec arter the iaJection of suxaaethoaiua, whereas the 

diaphrap reaaiaed in a atate o f  apneuaia for 30 s.c followed b.J 30 sec 

ot reduced activit;r, before action potential• troll it stopped. The luags 

were thea veatil ted l'h;rtllaically b7 the technique de cribed abon. 

Duriag the period of paralysis ot the cricotb.,yroid IIUBcle ud th di.aphrap ,  

lar.fD&08Pil&ll could not be otiaulateci b7 th adaillistration of ether by 

sk or tracheal cannula (Tracea J aad '-> · '!'race .:5 llhowe that the 

diaphraaa waG atill exhibitiDc aa.e rh7tha1c actiYitJ whe ether wa 

adai.Jaiatered b;r auk. FiftHD �ea a tter the 81I.Xaltetbolliua had been 

given , apoataneowa reapiratioa started again, and 1 rJDgospa• could be 

atiaulated b1 tu dlliaistraUoA or eth•r ('l'raa 5 ) .  

(1) fte etreet ot thiopeatou oa the tVnal&Uoa ot the 

reepireto17 tract b7 volatile anaesthetic ap�ata 

Dudee (196S) atated that there ia 811 appare t iacreaae 1a tile 

eeaaitiviQ ot the la�l retlexea wader liclat tJdopentoae narcoeie, 

iohalatJ.oa t lmiqaa are ..... n,. ''· Trace 1 ( taciaa p.6?) sho .. the 
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recor4s obtaille4 f!'OII the cricoth7roid aacle all4 cUaphragm ftriq 

admillietration of e-ther and oxyge• b7 -*• taryagospaaa ad apnoea were 

stiaulated. Re ti.ag actiYit)' was couiderabl.e in the cricoth7J'oid aad 

diaphragll in thie cat. After 5 ag thiopentone sodium, given intraYenou.lJ 

( one tenth the clinical inductioa dose for a cat of this weight ) the 

reepirstoey rate aloncl froa 30 per Ilia to 18 per Ilia and the trequeac:J 

o f  the reati.Dg discharge from tbe cricothJ'roid auacle was lower tbaa it 

had been before. Adainistration of ether b;r Mek (Trace 2 )  still caused 

lar,'(Jlgospasa and apnoea, but leea IBOtor unita ••re iavolYed in the 

cricoth;rroid discharge tbaJ:a had been before thiopentone. 

2 .  Diseuasioa o f  the E!p!riaeatal .Results Reported ill Chapter IV 

(a) Mechanical atimulatioa 

Ia expe.riaenta describecl iD th1a thesis, the cat 'a 110uth was helcS 

open b7 a aas while Mehanical atillula tion of the clifferent areoa was 

carried out .  This 1a one technique adopted for endotracheal intubation 

in clinical anaesthesia. Another aethod i to hold the mouth open either 

with a pg, or b7 the fingers aad the blade of a l817Jl&0scope. Coatraction 

of the dorsal cricoaJ7teaoid auacle (abductor ) aialultazaeoual)' with the 

adductor group had been obaened b;r Murtaah ami Callpbell ( 195'J ) .  SeiiiOJl 

( 1890b) repol"ted tbat whea the adductor and abduetor cle of the l.arJax 

were stiiiUlated eq� stro slY, the oyerall effect waa adductioa. Man7 

afferent stiiAll.i cauaia& epa• of the adductor INSCle sroup •Y cauae spa• 

of the abd tor -.eles at the aaae t�. 

eel ot the lai"JIIZ occnan a� taneo•lJ, the ad r.sult appears to l»e 

larJDge-.1 closure• aenex protec tion of the airwa7 takes precedence 

OYel' rb;rthlllical IIIU8Cle actiri. t7 olMierved cluri.Jic quiet respi.ratioa . 



There are liBJl1 re ferences to aechanical stlJNlatioa or tbe 

respirator7 tract and its associatioa with laryngospaaa and other 

protective reflexes iD both II&D and aDiliA)S ( tor example : .Bucher, 19.58; 

Cole, 19}9; Dot7 and BoBII&, 1956; Jackaora, 1922; Larsell and Burget , 

192Jt; Murtagh and Campbell . 19.54; Ogura and Lam, 195}; Ranaon, 19,21 ; 

and Teitelbawa et al ( 19}6) . 

In the work reported here, the effects o f  aechanical stiaulation of 

the pharynx and anterior lar)'llX were essen.tiall7 the ... e in decerebrate 

cats and iD cats anaesthetiaed with chloralose. These were glottal 

closure, interruptiou in respiratory rh.,thlll, and coughing. 

the whole lar,JDX craniall1 occurred during glottal closure . 

Mo•e��ent or 

'l'hia poses 

the question as to whether the records obta1Decl were moveuat artifacts 

rather thaa action potentials troll the intrinsic la.rJDgeal llUcles . 

Mi.lojevic and Haat ( 1964) , workiD& on the stiaulat1011 or hryageal auscle 

_,tor areas in the dog ' a  cerebral cortex, pointed out tha t groas IIOTeMAt 

o r  the lar7Jllt and contract1oa o r  aeck ��Uaeles proYOked .. chanical artifacts 

which could be contuaed with actioa potentiala. Recorda obtained in the 

present study are similar to those described b7 Milojevic and Hast ( 1964 ) 

aa elec-trocyograu, and quite ualike their examples o f  IIIOYdlent arti facts. 

Moveraeat of the whole larJDX cranialq when laryngospaac was 

stillulated cbanicalq 8\l ests tha t  the renex UJ have 80M a1mi.larit7 

to swall.owiD&. Dot7 ud BoSIUl (1956) , 1Dveatipt1D.g the sw-allowiDg reflex, 

ahowecl that in do , cats ancl 1101lke7s, anaesthetized w1 th urethaae or 

ether, a abort perio4 o f  increaaecl actiri\7 in the cricotlQToicl IIWSCle 

fol1owed a period or inhibition. Swallowilla was elicited bJ tactile 

stiat.latioa of the pb.a.r;yax. More recentl7 Store1 (196&) carried out a 

functioaal ual.J8ia of euo'7 units inaenating the epiglottis and lar111x 



t cata. Jl1.a parpoae waa to tlad the l.aJ71lgeal receptore excitecl 'b-7 

adeq \e atiali tor tbe awallowillg u4 cou&Ma reneua ( th 

'10· 

protectiYe .renuea of the aina7) ,  ed to defiae the cbaracteriatiea of 

their 41acbargea. Soae preparati.ODa ..re "electrol7t1cal.l7 4eeerebrated" 

after iadaction of &Daeathuia with tbiu;tlal aodlua; othera • re 

an.aeathetiae4 with chloralose or pea\obal'bitou ao41 • le applied a 

wi e � of .. chazd.cal , cheaical , ocl tllei'Dl stt.ali to the epi.gl.otti.a 

ud lar,ax of clecerebrate e ta to ote iAe the threaholc:ls ad 110at 

rupo 1Ye eitea for atiallatio of awal.lo•1Jas (Store71 l«J68b) .  He 

eo clucle4 that ewallowia81 W t1ate4 fro�� site 1Jmenate4 b7 the superior 

lerJDceal DerYe, 1 a r"'e to guard the lar1J1X from ealJ.ya aad li�uicl 

bolu reaicluee, or to clear the lar;tDx of aecretiou coltia& up froa the 

trachea and broltchi. Mecball.ical atillalati011 of the receptora desc� 

result ill larJDgOapas • 

A local analgesic apra7 al1D08t completel7 elilli.Dated the reactioa to 

•echan.ical atiaulatioa of the BI'JIIX &Del aat.n.or l.ar,yzax aDd to the 

passage of tube iato the trachea. This wUl be di.scuase4 110re fllll7 

later. obaenatiora of Larsell and Burget (192 .. ) 

(l�b) that 

resiODJS .. re CODfirMcl iD this t 

of c ta. 

• Coafi1'11atio wa.e ob iaecl that 

0.) Sprqias the pbU'JIIll and 1a17Dz with a eathetic ta 

ealJBe 
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Dirahuber et al (196.5) haYe deacribed the reaction to two irritaat 

chemical solutiona iDMrle4. ill to the la17ftX, which h 4 been isolated 

tro. the trachea b7 iJleertion of a tracheal cannula . The preparations 

ueed were anaesthetiucl cats. Senao17 fibres in the recurrent laryngeal 

0 
nerves fired at a .biper trequnq ill reaponse to saline at 5 C thau to 

saline at 32°C. There was alao a difference ill freqaenc7 response to 

eolutioaa of the two c.beaicals, oae atiJIUlatiag a reapou. of a higher 

and the other of a lower trequenq tha.n that produced b7 saline at 5°C. 

In the experiaellta reported in section (b) of thia chapter, both ether 

and halothSJle au.alated 41.acharg.. troa the crieoth71"o1d IIUSClea of 

greater frequeaq and dvatioa t!uua theMe prodllcecl by 0.9 per cent saline 

0 -.L 0 
at 37.0 C and cv • .5 C. Thia could be iJaterpreted as bei clue to coolir&s 

at the lhlc:oaa who ether and halothau droplets vaporised, nt the fact 

that iJa later experiaeata diacharcea of similar aaagnitude were at1.8ulated 

b7 ether and halothaae ftpolU' llake it Wllikal7. Spraying with Baliae 

at ,Oc was aot attaptecl. It appears fi'OII the work of DirDhuber et al 

(1965) that the r�eptora in the cat ' lar7J1X stillulatecl b7 irritant 

chemicals are those which are colcl-aen iti.Ye. 

Aza i.Dteraatiag point which caae otrt of the experillata in th1.a aectio 

was the pHaibilit7 of C011peD88to!'7 acti'ri.ty of the dor•l cricoar7tenoicl 

acle after lar7ftsospa• as ahowa b7 prolonpcl acti'ritJ o f  thia mwscle 

cJurilt.& the illapiratoq phase o f  the cycle after lar1JI&Oapaaa. 

( c )  Illhalati.o.n o f  anaesthetic agenta to the illtact reapiratoq 

tract 

iddi.coMe ( 1964b ) ,  coJIIIMJlting Oil t e effects ·of d.r1ap an4 chellicala 

on respiratorJ reflexes stated: "la ai.Dial doaea these •1 infiueace 

oae particular poup of receptors, but larger doaea iDYariably 1Dti'Od.ace 



further actiou. Paiaat.ak'•s experiaellts •1 be aeeUd. to tabU. 

pecificitJ of eUect (Dawes and Coaro , 1954) . Ir h experi.M ta 

'/2. 

are daa., a dnag M7 be a yal. Ill tool tor atU<lyiag a re flex. " la the 

work reported ill tld.s thesis, renex lar,yngoapaa�� waa stillulated bJ the 

inhal� tion of Yolatile an esthetic ageats, and it was ill this coatext 

that the renex wa..a bei.Dg studied. In cbapt r VI ,  experilleats are 

reported in which h7drogen cyani.de W88 uaed as a tool ia an atteapt to 

detel'llimt the s1 te of 80IIe of the receptora ia�l•ecl• 

Allo (1929b) reported that the irlhal.ratioa of stroas irritallta iD 

Jl8.ll caused cleprM ion. , alowias, ud arrest of thoracic respirstion. Mild 

irri tanta onlJ reduced the inapira to17 phase cl produced c ill 

respiratory rat.. ID experiaeats reported 1D this thesis 1ft which low 

concelltrati o f  yol tile anaesthetics were iDbalecl , both illcre se and 

decreaaea ill respiratorT rate were recorcled. An ano c pati t iD 

Allea ' a  series re po ed to inhalatioa of et t- and chlol"'fon, 8IIODC 

other ub tancea, but Dot to wiDter....- and xylol , which had producecl 

challgee iD orul ps.t1 ta. This o enaUo shows t t 1a the 11J>per 

re pirato17 tract ol.facto17 receptora are not the on.}J oaea illYolYecl. lA 

the experi.a nta iD th1a aectioa, aillilar results were obtaill in 

decere te ta. ill whi 

the neu:raxia, Dd ill cata 

All ,., .. ,� ..... ticm. 

the oltacto.rJ enea had o eotll!l\lll1.cat1oa with 

esthetiaecl with chloralose. Th1a caat'1rllecl 

arrUoll aad Vanik (1963) pr04uce4 lar,. Fll!PMPlal!t ezperiaeDtally ill 

estheU.S. c ta � atilnllaUia the Yocal coria aith bm"8 t ether 

• pour. t •de o attftpt to detel'llille the ait.a of receptor • !'he7 

were iatere tecl 1a e effect of atropine OD l.ar1Dpal pa. 

I work repon.cl ill thia theaia iDhalaUOA of ether d halo e to 



the 1atact reapiratoJ7 tract , at peroeAta 8 withia the reaae• uM4 

4111'iq illdvctioa aad Miateaance of uae•theaia 1a cliJlical pr ctioe, 

waa capable of eu.aulatiBc apaoea and laryngoapa811. Further experillellte 

were De4t4ed to detel'llille the sites of sU.aulatioa. 

( d )  !he eftecte o f  YOJ..a tile aesthetic apnte oa isolated 

areoas or the reepirat017 tract 

The illportance of this ectiOD o f  the experimental work ie that it 

aho a quite clearl7 that are of the respirato1'7 tract &llt rior to and 

iDcludillg the lar1JlX are DOt the oD17 o a whoae stiJialaUOD b7 anaesthetic 

yapours 881 result iD l�tryngoapu�� and a oea. 'l'hia is a Yeey i.a rtaDt 

coacept iD &Daesthetic practice , because it iDdicates that the presence 

of an endotracheal tube does not aecesaarU7 protect a patient apiut 

these undesirable hazarda of aaa atheaia. 

It is iDteresting th t there are apparent Yariatioaa ill the latent 

perioc:le of ether, halotb.aae ,  81ld aethcnqtluraae. This •7 be due to 

diff' r� 1a aolulailit.J iD blood of the different ap��t • Dietlql 

ether 1e 110re soluble thall balotha• or aethoqtluraae. · Painte.l ( 1957) 

reported that th lateaciea betweea the tart of :iaeuffl.ation and the 

ODBet of a discb.arp froll plllaoaa&"J detlatioll receptore were loncer after 

tric:hloroeth;rlae tbaa after ether. Ether 1a aore soluble ill bloo4 

t al.ao de d Oil the 

coadittoa of the alj=cniiiJ �raae &lll"tace, preaeRCe of eecretioaa , blood 

nppl7 d aiJIUar factors. 

or •• 110ft illtereat 1a the rau.n of 2.9 per ce t aetbox,Jnanme 

ada1•1 sterecl tllrota&b a ti'8Cheal caanula � the diatal. trachea ucl to 

stillula.te lar,�..,!l,vvpull or chalapa iD the r.apiratoq rh7tha althouab it 
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had done so when administered by mask. O>ix to eight per cent halothane 

did stimulate the laryngeal reflex when administered by tracheal cannula. 

This aay huYD been because absorption of methoxyflurane was too slow , 

becauee the threshold of the receptors was not reached , or b cause those 

receptors sensitive to etber and halothane are not 3ensitive to 

11t thoxyrlurane. 

The diacbarge stimulated trom the cricothyroid IIU8Cle when ether 

vapour was passed through an isolated tracheal eegllellt was less intense 

in frequenc7 and of shorter dura.tioa than when 1 t was adm1 nist red by 

1188k to the DBaopb.eryax and lar1JlX , or by cannula to the distal trachea 

e.nd lungs. This •Y be explained bJ Elt'tman's obserTation (194}) that 

in general there are fewer net"Ye endings distributed &lema the trachea 

than in arq o ther pa rt or the respirtl tory tre • She stated that there 

were 110re a fferent endings in the region of the tracheal biturcatiOA 

and the lung hilus , but added the r servation that the &IIIOUDt of lllUSCle 

was greater in these regions , therefore th€'re fUJJ' be no actual di fference 

in the n ber of endings per unit voluae of muacle . nidence has alread7 

been pre-sented , that the trachea 1..8 110r sensitive to m hanical stimulation 

in the re ion of its bifurc tion (see section (a ) ,  this chapter ) .  Dixon 

and Brodie (1903) , however, stated tbat sensitirity of the coua mbr 

to chemical irritants bee le and leas the lo111er don the r spirato17 

tr et the7 i.nY ti ted. liddicombe (195 a )  sti.Jiulated vigorous coughing 

bJ expos:illc the 1 ot cats to aulphv dioxi4e, but toun4 the tr chea 

and brollchi "rather ins itive" to thia atiJiul. • Be c id.ntd, howev r ,  

tbat ther are receptora ill the trachea and ain bronchi which are eo 

recaptor for chaico.l aa well aa mechan:ical atiauli. '!!le two .xperiae te 

in which l.a.rJDgos sti.llu.latecl wheD eth r vapour was passed thro 



aD iaolatecl tracheal aegaent prori.de further eriMDCe for the existeace 

o f  cheaoreceptore in that regioa of tlle respirator7 tract. Ill both caeea 

the .respoue was of suffici•t 118gnitude to le d oae to queatiOB 

Widdicoabe 'e statea1e11t that the trachea and b.roachi are "rather 

1nsenait1Ye'' to chemical stiaulatioa. 

Coaroe ( 1965b) reported the presence of eh oreceptors iD the lmlg 

becl and his f'iDcli.ap add weight to the experillental Yiclence presented 

here . Pain tal ( 1957 ) ,  diacussi.Dg pulat01&11J7 defiation receptors , stated 

that insufflation of the luags with ether, trichloroethylene, or chlorofo� 

stiaulated sad sensitised the deflation receptore. This was followed by 

a depression or total loss o f  excit3bility of the receptors . 

Up to this stage a the investigation, the respiratoJ7 tract had 

beea exposed to ether or halothane at relatiYely constant coacentratioDS 

( 10 to 20 per cent :md 6 to 8 per cent respeetivelJ) . The next stage was 

to ascertain .tlether there was threshold for atialatioa of laryagospa• 

azul apnoea , and whether proloaged adii1.Jlistration of iahalation naeathetic 

agents desensitized the receptora involYecl. 

( e )  Threahold of atialatioa 

A4riaa ( 195') recorded action potentiale froa the oltactoi"J bulb of 

the rabbit .  Be drew the concluaioa that tor the ., ... wlatile aubstaaces 

the threshold coaceatratiOD needed to produce aa olfactoJ7 diacbarp 1a 

tb.e rabbit cliffen Uttle f� that neecled to eYOb aeuatioa 1a -.. 

Earl1 experiaeat 1D the Mrie reported 1D this thesis established the 

tact that expoaure of the respirato%'7 tract to YolatUe anaesthetic aaata 

at abort intenala prod ced illconaiatent re alta. !his •1 bave b .. D 

1ndi.catioa that it was i&lpoaaible to obtain coaaiatent results. Oa the 
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other llaad i.t •1 llaft 1Ddioate4 that the reupton wer. bei.aa deeeaa1t1Jie4. 

or t1ae llllole ial aaeatlleU&ed b7 too tr.queat expoare to the apata. 

Paiatal (1951 ) ,  •iaa cata ua eatheti&ed with chloralose, clellollatratecl 

tbat iasutnatioa of tlle lags with etlaer or trichloroethJleM waa 

i.rlYariabl7 fo1loncl b7 lowerecl excitabilitJ ot the detlatioa re ptora. 

!he reapoaaea were not alwaJB coap1eteq abolialaecl, bat the charatiOD aacl 

ht.eaait7 of the ctis rp .. .re recllleecl. The period ot 4epr-iell ftl"1ecl 

iD diftereat expert.nts troa 2 to 30 aiatea ad excitabilitJ tn4e4 to 

retva SftduallJ. lfarriaoa et al (1963) bad alao abon tllat the 

aenaitiritJ of tu reapirator7 tract to aUaulati.oJa with etller c:oal4 be 

depreased •1 otur iUalati ageta. llitroua oxide ea ed little c:haQp 

in etaaitirit7• qclopropaM oal7 depreasecl tile reapoaae 1D deep uaeatheeia , 

1nat halo ae aad trichloroet.�ql_. caued aracha111 d reuillg aeuitirit7. 

They cOiltiraed Paatal•a obaenatioa tbat theft waa a tadne7 tor naponaeta 

to dilli.Diah tollow1Jac repeated ti li at ahcrt illtenala. 

la this atud.J experi.Mata .. re collduted 1lb.1ch cletaoutrated u 

approxiate tbreaholcl !I the et of � cl apnoea 1D relatioa 

to iabalatioa of et er halotbau. With the ftpori&era •"• it -

aot ponible to c!eterm.. ace11rate17 the anatratioa of ftpow at M.7 

t1M ill the experilleata. At the tint upoave to bal.othane, it -

posaible to aUaulate llpiiOea cl larJagoapua with 2 per cat .,.pov i.a 

o:q h"oa the "Baloz" npori&er, iah i.e a relatinlJ aocwate ft,poriaer. 

fte ooK•tratiOil cl to be ra.1ae4. ...er, after tbe tirat ezpo811N• 

rfttio oa er.cl excita!dlitJ ot receptore • 

Paiatal (1951), � et a1 (1963).  experilleat 1a .u.a.JII-

iacreaaiJic oo tratiou of ether ft ort 

perioda at iaternla ot 30 a1a (ftc. 2S, taoiq p.S8) --.. t�aat cr1cotbJro14 



actirit7 i.Acreaae<l with 1Bcreaa1ag ether coacHtratioa. 

yaporiaer leYer was t po itioa 4 ( fall-oa ) with the pl 

laryugospa aDd apnoea were stimulated for the t.Lrst tiDe .  -

en the 

r up, 

!he concentration 

o f  ether produced with this settiq o f  the nporiser •1 be regarded aa the 

threshold concentra tion for sti�latioa of lar,ngospa ad apnoea ill 

thia decerebrate cat but it is acknowledged tha t preYious exposure to 

e ther durias tU experi.aat 7 han r iaed thtt threshold. ID the next 

experiltent ( Fie. Z7 ,  f ciq P• 59 )  • when the reepira tor1 tract was exposed 

coat1Duoul.7 to ether .a poar  the re por115e of the cricoth,roid IIWSCle to 

an increaae iD ether coacentratio was dela7ed . The general effect on 

the actiY1t7 o f  the dia f11 wa to depress and prolong i t ,  rather than 

to cause apnoea . 

Pet rs ( 195" ) IIUJUttsted that bronchospa f1A1 be associated with 

eleYation of the arterial carbon dioxide tenaioa 1a dop. '1'Wo experillenta 

were carried out in which the ether nporiaer was encl eel iD a large water 

Absorption of carbon dioxide in one experiaeat but aot 

in the o�r had ao effect on the results . .Uthougb Peters ' work showed 

that an increa e iJl arterial carbon dioxide tension in do eoas1atefttl7 

stimulated broncho pass, the threshold for stillula tioa or laryngo pau 

in th cat was not raised b7 illsertiag a carbon dioxide absorber in the 

naesthetic SJ'Ste•. '!he iacrease ill i:Ualed carbon dioxide tension 

OCCUT.iag W the aod l.i.lle all» rber was wi thdl'l n did not potentiate the 

action of ether ya v ·i.a stiaul.at lar1Jlgoapaalll. Ro experi.aleata were 

rried oat ill •hi car dioxide s added to the 1 led ld.xtur•· 

thlder teJ�perature COIIIJHliUII.!l 

apaoea aDd cricotll71"01d -..cl• a .. re tiaula tecl at leYer poaitioa 2 ill 

t the 



concentration of ether npour at that ISettills provided a threshold tor 

the renex. 

( f) The effects o f  at.ropiu 

?8. 

Bur teill and RoYftBtiae (1938) aqgestecl that drugs of the a tropine 

group should be ad•iaiat red before uains ahort-aotiag barbiturates. !heir 

experillenta were carr1ed out Oil cata ucl were iaeoncl in, althoup 

excessivel7 hip doe of atropine were gi.vn. Rall , Gilbert and Trullp 

(19'5) , 1ag decerebrate dogs, reported that in 10 of 11 sai.mals neither 

vagotot17 nor doses of atropille of 10 11g per clog atirel7 aboli ed renex 

bro c:hocoutrictio • Bronchoco trictio was produced by secbardcal 

stt.ulation o f  the naao l'JDX, electrical stiaulati of. the peripheral 

end of the cut vapa nerve, or inj ction of drugs such as acet7lcbolille 

aad histamine. Roaen {1960) stress cl that there is no evidellce t the 

larJRgeal .uacles and their motor aervea differ fro other triated muscl es 

and motor aenes iD the boclJ. 

to relieve laryngeal apu��. 

Therefore , atropiae should not be expected 

Be pohted out that the doses of atropine 

used by Burateia and RoveuU.Ae in cat would be coll8idered po1aonoua 1n 

man. B rri.aOD (1962 )  reported that atropiae, at a dose rate of 1.2 •« 

per cat ia animal.a anaesthetised with c7clopro e or thiopeatoae failed 

to modU'7 respoas such aa coughiq, bl'eatll-hol.diag or l.ltryngo pa to the 

i.Jlhalation of cigarette smoke. ueatly HarriaoJl aad Vaaik ( 1963) 

ncordecl a aU.sbt deer e 1a a ver1t7 of larJDpal epaaa ill ta aaaeathetized 

With qclopropane whi were jecte4 to ta of hip ooaceatrati 

of eth.•r Y&pov. '!be • rate• of atroptae ed ••re 6.6 to 1.8.2 aa per 

k (flo to 18o tiae the cliaical t1oae nte ill t.) .  !hq e tec1 that 

the tiaialoso ction of atropiaa is the oal7 o likel1 to •• � 

effect oa the 1DC1 e and sner1t7 ot l&I'JD&OSp&a• 
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In the two cats which were gi.YeD atropiae illtraYeJaOUaly, o change 

waa obaei"Yed iD t.he effects of ether administered b7 mask or b7 tracheal 

cannula , althoup the ecoad cat receiYecl Oftl" .'30 tillee the dose rate 

uaecl ill eliaical a esth ia ,  thus coatirains the re ulta ot these 

workers. 

(s ) 'l'be effect of aaalg aic apraJ• 

In the pnaent study, the tact that aboliticm or a reduct1oa ot  the 

respoue to lleChaaieal sti.llulation of the J7DX llDcl larJDX occurred 

after epr8.7iq theee atructvea with a local 8JUll ie olution auspste 

that 11811.7 of the uchaaoreeeptore for the l&r)'Dgeal renex are it ted 

in these area.a. HoweYer, 1n 1BD7 prepara.Uo a 80118 la.J7Dpal c14uctor 

actiYit7 was till tiaulated, auggestiag the exiateDCe ot receptors 

turthar clowa the respirato17 tract which the local analgesic spr 1 had aot 

reached. Rec ptors ill t1ae sopharJiax aild }arlJ would not be blocked 'bJ 

these techniqas uc! thia wu cleaaoutrated b7 the fact tha t when ether 

was ac!ta:iaistered throush the aaaopharJiax aacl larynx after local analpsic 

praJ of t pi1B.J'7U and. aDterior larJDX ther was a small increase in 

cricoth,yroid actirit1 and aa alteration ill diaphr ptic rh7thll ending in 

a �riocl of apneusie ( ng. 30, 'l"race 4, taciJI& p.65) . '!Ilia -s pro blJ 

clue to atiaulaticm of tripii1Dal receptora iD the aaaopharJDx or receptora 

iD the clistal. part of the l.aJ7u iaaenatecl b7 the renrreat laJ7Dpal 

enea. Adaiai traticm ot ether thro fi:J the tracheal c&Arnu..a ill thia cat 

att.lated effecta a.l.Jiost identical •1th thoae before the anal ic pr&7, 

illdi.catiq t 4epreaai ot the rena as a whole had. aot occurred. 

10 per c t aeroaol apraJ of lignocaille bad been applied to 

the pharJBx aad l4J'11D, acta1niatratioa of ether b7 ask etilwlatecl a Ye'r7 
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sll&llt illcre e 1.D crlcoth)'roid. aetirity after 4 sec ( Fig. 31, 'mac. 3, 

taciJ:I& p.65) 1a a clecereltnte cat wboae re pirator)" tract was illtact . The 

norEl ranee of latency for ether stWul tioa b7 ask in this stucq 

0.1 to 2 . 1t  sec. Reactioa to -.c:hanical stimll.atio of the epiglottis 

YOCal cords at th1a stap was sreatly refiuced and ndotracheal intubat.ioa 

wa.a ach.ieYecl wit.a e. !his fact bae been applied in eliaical anaesthesia 

in c ta wi.th the result that wlaat was at oae tiae reprd.ed as a hazardows 

aad difficult procedure may now be carried out with little 4 ger. 

Experillenta which will be deacrib d ill the chapter on aerve euttia& aa4 

st111Ul.ation proride a logical ba sia tor the results of the application ot 

local analgeaica. 

The e experiaeDta confirm aad ampli.f7 earlier work b7 Laraell and 

Burget (1924 ) ,  who de cribect the effects of cocaille oa the trach in the 

rabbit and dog, and by Teitel et al (1936) who reported that coeai.De 

deeeuiU.secl the cat • a  phaFJngopalatille cosa to .. challical stimulation. 

Walt  8Jld Kaesity (1965) uaed Mthyl e ltl1M to stwly the spread ot 

a local analgesic solution. !hey ad•1a1stered the lutioa through the 

cricothyroid • braiSe or betw"n the first 81ld seco d tracheal rings in 

couaciou .. D .  They found tbat tb degree of spread of the gent waa not 

neceaaarily related to the 1te of injectio and that extenaiYe spread 

aboye the Yocal. corda could result troll both tech.Diq,Ha. •1r techlliq11ea 

eM for future work iD ani •le, for taace aa a •tho4 ot 

lpaia of the larJax for clotracheal int11 UJ:m ia tbe pig. 

(h) 'file effecta of 

'fhe adainiet tioa ot 811X1111ethoa1 2 to 3 Ill illtrayea011817 ialediatel7 

after 1D4ution ot • theeia baa been 4 for .aD7 yeara to taciUtate 



endotracheal 1Dtubst101l ill the cat {Hall, 1966b) ,  and 1a ued ill h­

anaesthesia ( ti.:YaD& aacl Gn7, 1 965) . The duration of actiOD of 

nxaaethoaiua 1a loqer {usual..l.7 lO to lS Ilia) iD the cat th- 1a -. 

81. 

{up to 5 lli.ll) aad tllerefore it baa the diaedY&ntap tbat a loqer period of 

controlled or assisted respira tion is neceeaar.r after ita use. Bjork 

and iVahlia (1960) adlliaistered aux&Mthoai• iodide iJl dosea of 0.5 

to 1.0 ac 1DtraYeaoual7 to cats aaaes thet!se4 with eth�l" and pe.atoPJ"'bitoae 

sodiu. The7 veatilatecl the eau 'b7 aea.aa of a � dariD& apaoea. !he 

diaplarag,a waa exposed surg1callt and i ta  eJ1C recorded f:roa laoquerecl 

needle electrodes. 'l'he7 reported that aa apparentl7 nol'IIAl 1Julpiratoz'7 

phase which was oeeaaio1Ulll7 prolollged, was geAerall7 recorded. !h1a 

was followecl 'b7 an exteaded period of actiri.t7 equiY&leat in length to 

several noi"Ml reapirator7 ph&sea. Mm-tagh and CUpbell (195ft) pve 

doses of the order of 5 •s or swcaaetholliUII to several aoa ts of unapecified 

w ipta, which were anaesthetized with illtraperitoneal peatobarbitoae 

sodin. Respiratioa stopped withill 1 aillvte , bvt the actioa poteatiala of 

the intl"iilaic la�eal muaclea coatia1lecl. In the aniiDill. thet used as 

an Ulustratioa, the dose of auxaaethoni.UII wu a divided one, and the7 

give no record of the aaoat ill each of the two tractioas. It 1a therefon 

ditfic:ult to draw concluaiou troll their experiaeat. However, it doea 

provide u iDdicatioa tkat the actiri.t7 of aux•MthoDiu on the illtriJI81c 

laJ7D&e8l -clea 8aJ differ ill cata aacl goata. la the record hoa the 

scat , the illtriasic l.arJapal -.scl.M are still act1Ye althoqb. the 

diaphrq�� 1e �. la t two experi.lleate in the eat reportecl h.n, 

paraqaia of the 41aphrap was aocoapaniecl lt7 panl.JIIia of the larJilCMl 

Raelea. 

In the two exper18enta ill which auxauthoD1• - aclll1ai.stered ia 



ttda at.q it H8 iapoaaible to atilrula te l.arJapapua b7 npoaiq the 

cate • rupiratoJ7 traeta to ether. � rH111t was expected, beca ... 

the iatri.Daic �•• of the larJu are striated aad tbe7 are therefore 

paralJNd by I5\1UIIethcmi•· 

(1) Ttae effect of barbiturate• 

IJl oae expel"iMat in thia st-'7, the effect ot iatrayeaoaa thiope toae 

eodiua OD tU i.Dcid•ce of l.ar7D&'06paea wa recorded. Ether etUl 

sti1Nlate4 l.arJD&oepa• after tlle adaill1straUoa ot thiopeatoae \Mat it 

was leas iate.DH than it had ben before the barbitvate ... sb•ea. ftia 

result aupporta Duadee ' a  sgeaUoa that the aupposed stillulatioa of 

larJB&Oapaaa b7 barbiturates 1a .a fA7 ill tact •r.l7 be a failure of 

depreasiOD of lar7Jlpal reflexea (Dulld .. , 1965) . Martap and CU:pbell 

(1954) were uao waable to d.-oestrate 8.'47 nideDCe of i.acraased actiri.t7 

ot the iatriaaic l.ar1JI&eal llliiJClea ill goata 1a raapoaae to W.Opelltoaa 

sodiua. Barriaca (1962 ) ,  ho .. Yer, eo clucled that ill ... renex raapoDaea 

to reapirator7 irritatioa .. ra DOre prolcmgecl with thiopeatoae aad 

C7clopi"' • thaA with llitroaa oxide a1oae or balotbaae wit.ll aitroua 

oxide. The effect of 'barbiturates oa the �pal refiex rellf1ir1a to be 

cl tenliaecl uequiYocally, bat the erlcleace appears to poiat to a fallan 

to auppre .. the refiu rather thaa to aa actin atiBlatioa or 

ae.aa1Uaatioa. 



V 'l'RE EFFECTS OF Ctrl'TIHG NERVES WHICH KAt BE INVOLVED IN TBE 
LARYNGEAL REFLE..'( , AND SOME RSSULTS OF THEIR STIMUl.ATION 

The literature on laryageal structure and tuaotion oonaidere4 

in chapter II indicated the probable nerve pathways 1Dvolve4 in the 

atiaulation o f  laryngoapaam. Murtagh an4 C..pbell (1954 ) for example , 

conei4ered tha t the afferent pathWaJa iDYolved are thoae froa the surface 

o f the pharynx aad larynx ( cranial nerves V ,  IX and X ) ,  and (in theor1 at 

leaat ) any other afferent nene alllce the7 postulated that the entire 

central nervous a7ste• .. , act aa a connectins pathwa7 between afferent 

and efferent liaba ot the reflex. Tbe7 coaaidered the efferent pathwa1a 

to be in the vague n rve aad ita branches , the superior lar,ngeal nervea , 

and the recurrent larJDs al nerves . Tbe7 stated that the external 

br eh o t the superior lar1Jlgeal. nerve proTid a motor ianerva tion to the 

cricoth,roid •ueole,  and that the recurrent. lar1Jl88al nene has motor 

branches to the other intrinsic larJDgeal muaolee. 

In chapter IV of thia theaia, epraJing the phai'JDX and anterior 

larJDX with a local analge ic solution had been shown to abolish or reduce 

the effects of expo ure ot the e areaa to volatile anaesthetic agents ,  

indicating \ha t  reoeptore in these res1oae were inYolved in the reflex , 

but giving no intoraatioll ae to the afferent nene pathw•78 · 

!be expert.ents reported in chapter IV baYe ahowa that recaptor aitee 

tor lar)'llso paaa are eituated not onl7 in the naaopherJU and lai"JBX, but 

al o ill the trachea and the lunp . A further aeriea ot lt6 experi.Jienta 

n now carried out to detel"'lille the eftecte ot cuttiag aenea on the 

reaponae ot the illtrinsic larJDseal .ueclee to the iabalation of anaeoth tic 

apnta. In 8 preparations , the eff eta of electrical ett.ulation of 
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Stimulati on of the Nasopharynx and Larynx by Ether a!ter 

Cutting the Internal Branch o! Both Superior Lar,yngeal 

Nerves 
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1 Sec 

Deoe"brete cat 1 . 3  kc• Decerebration Wlder Mlotbane anaeethe.:l.a. 
A1 !1M arker 0.2 •a (1nten"\lpt1one o! the Uar trace and arro•• indicate \be .an ot 

a\ller -.nnrauoo). 
11 lleo�- rr- cr1coteyro1d .. eel•. 
C1 llac�- !re. diaphr-
!race 1 1  lt!'!ac\e or Ma1nio\rat1oo ot ether by uo l<  tnrough th• naoophaJTm aDd lar7u• 
!race 21 l!toc\e or admniotrauon ot ethor by •al< atter cutunc tbo intoraal brancboo of 

�b �perior l.ar7nle&l nerYee. 



central and peripheral ends of cut nerves were also recorded. 

1 .  Experiments to Record the Effects of Cutting Nerves Which May 
be Involved in the Lar;rngeal Refiex and Soae Effects of Their 

Stimulation 

(a) The effects of cutting the internal branch of the 

superior laryngeal nerves 

84. 

The early experillenta on cutting the internal braaoh of the superior 

laryngeal nerve were carried out on oats under chloralose anaesthesia , 

with the respiratory tract intact .  In the first experi nt of this type , 

laryngospasm was stilllUlated 3. 5 seo after spraying the phar,nx and larynx 

with ether , and apnoea occurred. The internal branch of the 

ipsilateral sup rior laryngeal nerYe was then cut . On exposure of the 

pharynx and larynx to ether spray, laryngospasm occurred 4. 5 sec after the 

start of the spray, but no apnoea occurred . The internal branch of the 

contralateral superior laryngeal nerve was then cut . On exposure to ether 

spray there was a very slisht increase in cricothyroid discharge , but no 

apnoea . The cricothyroid activity was not sustained and it was thought 

at that time that it may have been due to stimulation of receptors lower 

down the respiratory tract . Stiaulation of the intact ipsilateral external 

branch of the superior laryngeal aerve at the end of the experillent was 

followed iamediately by vigorous contraction of the cricothyroid muscle , 

showing that there had been no interference with the motor pathway. 

As the investisation continued in decerebrate cats , it was found 

that even with the nasopharJDX and larynx isolated froa the rest of the 
I 

respirator,r tract , aoae response was stimulated when ether was administered 

by mask after the internal branch of both superior laryngeal nerves had 

been cut ( Fig. 36 ,  Traces 1 and 2, facing p . 8\} • This response could have 
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Stimulation of the Nasopharynx and Larynx after Cutting 

the Recurrent Laryngeal Nerves 

1 t I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

lpt' 'I I 

. .  , . . . . . . . . . . . . · . . . , .i 
f I llilifiQil. ,,., 

1 Sec 

.. 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

I illliiU !IJI!fl, 

O.Cerebrate cat 2.25 ke;. Decerebration uder halotbaae an••atbeeia . 
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A I  'N. .. Mrker 0 . 2  e•c ( interrupt lone or tb e  t i.M t race and •rr"a iadiCII te t M  a tart o f  
etber a<Winiatra t ion ) .  

11 Elec:troeJov•• rroe cricotl\yroid Mtecle. 
C :  £'lect r�JO«J' .. rroa c:liaphrap. 
Tnce 1: £trecta of act..iniatrat ioa o r  ether bJ ••k throup. tbe oaaopbaryax aacl l.erJU 

a fter cuttt.ac the 1nterMl br��tncb or tbe auperior b rJ1lt:e•l .,... •• aadl tM 
recurrent l•rTDse•l nar••• on both aidaa. 

Trace l: Etfecta o f  aUiniatr•t ion of ether by ••k a fter block of the tr1pa1Ml Mrfte. 
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after Cutting the Internal Branch of both Superior I.ar,yngeal 

Nerves 

I *  I I t  I I l l  I I I I I I 

+ ·  
1 S ec 

ltl Q I I P 18 

Decere .. rate aa\ 1 .  3 q:. :Jecerebrat1 on Wlder balothane anaeatheeia. 

sn I 

A t  !lM Mrker 0 . 2  •c ( 1nteTNptiona o f  th• ttae trace u d  &rTQel indicate tbl 1\al"t at 
ot.ber ..-.uatreUoa). 

l a  lloc�ccrea trc. crtcot11Jro1d auocle. 
C• lloct�ccrea trc. diapnreca. 
,..._.. l 1  lttocto ot &4a1n1otreUon o r  ether by -u thr""Ch the na110p� alld l&:JI'II. 
!nco 21 lttocto ot ada1n1 otreUoa ot other b7 -u otter CYttiCC tho intomal bi'UICboo 

of �otb wperi.or l&r7nc••l nenea. 
freoa '' lttocto ot aclll1n1otreUoa or o tber by -•k after ••Uon ot tho internal b.....,hoo 

ot both -.aper1or larynce&l neM'ea and block or both trtcemnal nerna. 
( Spikeo ro tCNCh•d ) 



bean clue to ett.alation of raoeptora with afferent pathways 1a the racurreat 

laryngeal nerves, or recaptora ia tba naaophar7DX with fferent pathW&7s 

in the maxlllaJ:1 branches of the trip•illal nenea. Branches of the 

gloaeophAryageal nerves may also be iavolYecl and their afferent i.Dner'Ption 

ot the carotid boclies 1e ooaoidere4 in chapter VI . 

( b )  The effects of cutting the recurrent laryageal nerves 

The recurrent l&r,11li4Ull. nerves were out in 9 axperiaente durins the 

1Dvastisation. Thia was clone 1a moat ea ea to determine whether the1 had 

branches which provided part ot the afferent nerve supply to the trachn 

ancl lunge and will be conaidared further ill section ( d )  of this chapter. 

en ether waa pasoad throup the aaaopbaeynx and lar)"DX after 

the internal bnnchea of  both uperior lar)'ft8eal nerves heel bean out an 

int rruption of d1apbra,.at1c rhJtba and lar,asoapa .. were etimulat�, 

as baa bean daacribecl ill eeotion (a)  of thi chapter. It both the recurrent 

laryngeal nerYea were alao out, there wae no chaDse 1n the effect of 

ether administered b7 mask ( Fls• 37, Trace 1, facias p.85) . The injection 

of lignocaine solution arouad _ .the tl'igellinal nenee within tM cranial 
.•, · 

oavit7 at this etap abolished the etialation of laryngoepaa by ether 

dmia1atered through a Msk ( Trace 2 ) .  

( c )  The effects of a perineural block of the tripaiJUll nenaa 

with local analgesic solution 

Lar1ftgoapaaa, and apnoea or oban a 1a respiratory rhytha were 

cou1 tantly ati.llulated by pauins ether Yapour b1 maak throup the iaolste4 

naao · I'.JilX aad l&J'7U (Fig. }8, Trace 1, taoiq P• 85) ,  a the iatel'll&l. 

bJ'Illloh ot the superior laqzageal nene waa cut on both aide , tu effeota 
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The Effec ts of Cutting the Cervical Vagus Nerve s 

. .  + I I I I I I I I I I I I I I I I I I I I I 1 1  f I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

• 1 Sec 
I I I I I 

..-uAjiMIIINIIIt-1 ---tf�MIIIi='��=::, :, :,:,. • �,. 

l i mY 
1 I j 1 I I J I I I I I I I I I I I I I I I I I I I I I I I I I I 0 I I I I I I I I I I I I I I I I j I 

-"""to oato J,O  q (Trace 1 )  1 , 3  q (l'raceo 2 and J ) ,  llecerwb .. Uao �mder b&lo�/ 
e�r ADd baloUlane anaeat.hea1a. 
As  � Mrker 0 . 2  "c ( i nterruptions 'Jf t.h e  t iae  trace an d  a � a  indicate the a\&1"1 ot 

o\llor a4a1nl.ot.-Ucn ) ,  
Is llec�� ot cr1cott\)'ro1d auscl,..  
C 1  lloc�acr- of 111•� 
!noco 1 :  !tfooto of ldain1o\raUon of e ther thrOUj!h an ioolatod .. _nt ot \""-· 
trace 2' !ttect.a of adlliniatraUon or e ther to trachea and lWI£8 atter aect.ion ot \he 1D\ei"Ml 

,ranabea ot both wperior lazoynceal net"'f'ee Md block of both triceaioal ne�a. 
'f"Joaoe '' !tfect.a of &dain1atrat1on of ethrr tu trach�• and lu.rt«• a.fter cut\inc both .,..,.. 

ne t"'Na at the leYel of tht: firat trachc4.1 r1ng. 
(Zpikeo retouched )  
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Stimulation of Diaphragmatic Ac tivi ty when E ther i s  Inhaled 

S e c  

Deeere,raM ea\ 4.6 q. Deoerebre\ioa \lnder h&l.o\hane aauatbellia. 

. . . . . .  

A 1  ! l.M  MZ"t:er 0 . 2  ee e  (interrup tions o r  the tiar tNce and arrowa 1nd1cata the etart ot 
e\ber -n1etrat1on ) .  

l1 llect�e«rwa frca cr1cottvroid auac l•f• 
C• lhot�OIIr&a r,._ diapnn.sa. 
frace 1 r  !tfac ta of ether adaini atered to t.rach�a And lW\gl after McUon ot tbe 1DWrual 

brcchea ot both superior l&!")"n«eal nenes and block of bo\h trice&.Dal nar-ree. 
'frve 21 A a in '!'race 1 ,  but 'l.!ter cut tine both Yft«ua net"fel at the 1•••1 ot the t1ret 

tNCheal rin,s. 
(Spikeo �touched) 



86. 

of ether, a4ain:1sterecl 30 Ilia later, were recl1tced, bat l4li"1DSO pa81D AJl4 

apnoea were still aUaul.ated (Trace 2 ) .  Perineural block of the 

trigeainal nerYes aaterior \o the Qaaaerien ganalion 1n acl41tion to 

aect1on of the interDAl branch of lloth euperior l1117Dgeal aerves aboliahe4 

the effect of ether on the naaopharJD.x ancl larJDX (Trace 3 ) .  

(cl) '!'he effects of cutting the eerri.cal ngu nanee 

Ether , admiDiaterad b7 tracheal cannula to an iaolatecl ••s-ent of 

traehea when the larynx • a by-pas ed (Fig. �. Trace 1,  tacina p.86) 

or to tba distal trach .. aa4 lunge when the illtenaal branch of both 

superior lar,ngeal nerYee had been out and the trigeminal narvea bloekecl 

( Trace 2) ,  still ett.ulated apaoea aacl lar.rngo paea. The evidence 

therefore indicates that the afferent aerYa pathways for laryngoepaaa 

initiated in response to receptora in the trachea and lungs are different 

tro. those 1nnel"Y8ting receptor within and anterior to the larJDX. Tbe 

direct pathw&Ja tJooa the trachea could be in the rac\li'Tent laeyqeal or 

vague nerYa , whereaa thoae fl"ool the lug llight be in the vague nenes . 

Another poaeibilitt 1e that the cervical &Japathetic SJatem .a7 be 

involved . en l»oth vasu nenea were cnat at the level of the tirat 

tr cheal rina, 1ar11110spaaa waa not att.ulate4 b7 illbalatioa of ether 

to the dietal trachea and 1 ill 15 or 19 experiMnta (Traee ,) . Ia 

the other 4 expert..nta there • a clela7ed etteot on reapirator,r rbJtba 

aACl stillulatio of oricotbJrold actirit7 whiah •1 have ben due to 

cai"'ticl boq atialatioa ( ... chapter VI ) .  In oae cat attar the yapa 

nal"Yaa were cut ,  iDbalation of ether reaalted not onl)- 1a illhi'biticxa ot 

cricothJrold .uaola act1YitJ bat alao in att.ulatioa ot di phra tio 

a tiYitJ ( J'ia • .lto, Traces 1 an4 2, facias p.86 ) . D1aphraa-t1c actirit7 



••• il'lerea eel both in frecauenc7 of acti011 pot&at.iala ll!ld 1a the auaber o f  

110tor ualta iJlyolv 4. These apparat anoaliea will be couiclered ill the 

( e )  Stinl.atioA o f  aervea thoupt to fOJ'IIl part o f  the 

l&r1Ageal reflex pathwa,a 

ID 8 cata, eleotrical atiaulation of 1Dtact or cut aervea ne carried 

out . This wae a aiaor part o f  the stucly for reasons which will be considered 

in the di ouaeion. Ver-J earlJ in this work, the illtact extenal branch of 

the superior lai'JDpal nerve was isola ted. Electrical atlaulatioa of the 

iatact external branch o f  tbia aerYe resulted ill contraction o f  the 

ipailateral cr1ootb1ro14 cle and &D audioaignal tro• a a .. dle electrode 

in the muscle. la tbe aa.e cat , ott.ulatioa of the neck .uaclea produced 

no contraction of the cricothyroid .uacle and no sisaal froa the electrode . 

In 3 oats , stt.ulation of the iatact recurrent larJDgeal nerve re ulted in 

IIOY aeat o f  the ipsilateral vocal cord and arytenoid to a posit ion 1114••7 

betw .. n adduction ed abduction. 'l'he cord sta78d 1D this poaU10Jl for the 

duratioa of the atillulua . In another oat sti.llulat1on of the iJltact 

external branch ot the superior laryngeal nerYe reaul.ted in allloet S...d1 te 

contraction of the cricothJroid MUscle, whereas att.ulatioa of the internal 

branch produced DO a18ilar 18med1ate contraction .  

en the 1Dterul and external branche o f  the superior larJDP&l 

aene were out iD a cat which bad ahoft larya oapan and apaoea on 

upoaure to ether and halothalae , no luJDgoapaaa occurred when ether waa 

illhaled, althoup the dtaphra.-tlc reoorct be_. irregular. llectnoal 

etiaulatloa of tbe oentral ea4 of the out internal branch o f  the euperior 

1� nene reaulted 1D a cliaohup of aotion potential• fi"'OI the 

ipsilateral cricotbJro14 .uacle after a pause, thua providiaa aupportiac 
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evidence for the role of the internal branch of the superior l&r,JDge&l 

aene a.a aa afferen.t llab 1Jl the lai")'Dpal Penex. StiiNlatioll of the 

peripheral cut ead of the aa .. n.erve resulted iD no di.soharp tJooaa either 

cricotb7Jto14 aucle, ooafiraillg evideace 1D the literature that thle 

branch has DO 110tor function to th crico�id mu olea. Tbia effect 

was repeated in another cat 1n which electrical stiiiU.latiOD of the central 

ead of the out iateraal branch of  the auperior lar1Jll88l nene reaulte4 

in the contr ctioa of ipsilateral ancl coatralateral cricothJroid cl•• 

and apaoea . 

2.  DiecuaeiOD of the Effect• o t  CUtttaa or St1.ulat1aa Nervee Which 

Haz be Involvecl ill the Larzyeal Renex 

Earl7 1n the work reported ill thie the�d.a, it ne dMOn.etratecl that 

cutting the illteraal branch of the auperior lar11'8eal nerve• reduced the 

effects of iDhalilla ana .. thetic ageata. ror a ooasiderable t18e in the 

tud7 resiclual etfeota of exposure of tbie ar to ether ( tor ex ple 

aee Trace 2,  Jl'lg. �. fa ing P• 84) were oouiclered to e due to eti.INlatiOD 

of reoeptore ill the oaudal lar'JDX or anterior trachea. They pereistecl, 

however, when the ftp.e aervea were cut at the lBr)'DIOtraoheal junotiu 

suase tiAa \bat the ftereat pathwa7 tor the residual effect waa neither 

ill the recurrent l.ar1JS�eal ne ne a, nor t.a the yap nenea caudal to the 

point at which the7 were cut . 

Alln'• work (Alle , l929at 19") aad tbat of Murtap aad O..pbell 

(195ft ) ,  sua atecl that the tripllinala MJ p ride a pathwa7 troa 

• , ill experiaeata deacrlb d 1n aectioll (c)  

ot tbia chapter, the tr1gee1Dal nenee were bl eked with lipocaillee 

the etteote of expoalllg the iaolated aa •pharJIIX and laJ7DX to ether 
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Deoenbret.e eat 4 . 6  q. :>ecerebration wuter halothane anaeethe11a. 
As � .arn r  0.2 "c ( 1nterNpt1one of the U.M tr&ee and A.rl"CJ'rl 1nd1ca W tbe 1\art o1 

ot.ber -.u.o�Uoa in '!'ra<:eo 2, 3, •• aM � ) .  
l1 lleet�CIINil trca c rieoth.Jroid •�•c le. 
C1  lloct�� r.- 41apnr-. 
Trece 1 t  Q.Uet reap1rat1on. 
'f'raee 2• rtfec te of e ther adalniete�d b7 MU t�h the oaeopha17ru: and l&I'JDI:• 
'fnee ' '  !ffecte ot e ther adainiete�d t o  trachea an d  harte•• 
Treoe 41 lffecte of e ther ada1tUetered bJ Mal after eecUon of the inte� branchee of 

both aapertor larynceal """e• and procaine block of both trt.ceCnall. 
'frwce �� A I  1n Trace 4, but a!ter cuttirc both '"8CUI ne,-.es at the leYel of the t'iret 

tr&ebMl r1fl«• 
(Spikee rt' t<Nchod ) 



were 'bol.iahed. At tire� , an attempt wu IUlde 1D c!acarebrata prepar tioae 

to out tba tripai.Dal aenea intracraniall7 aater1or to tha Gaueriaa 

ganglia . It proved difficult to out tba Aervea at thie aita without 

pl"OYOkiD.s protuae bauonh&p , Which Mcle the prepar tion Wlaatiafa.ctol'J 

or c uaad ita death. To avoid tbia co.pliaation , atte�ts ware .. eta 

to cut the nerve uaiag electro a tai'J• This teahll1caue proved ao liON 

aatiaf&etOI'J than lisation and outt1Dc, because haemorrhaae waa equall7 

severe. After the e • tho4a had proved unaatiaractor,, it waa decided 

to attempt a perheural looal analsesio block of the triplliul nenea 

withia the cranial cavity. The po 1t1oa at which the block was carried 

out was juat aAterior to the orbital ti aura ana roWld tora•n• Because 

or the nsoularit7 or the dura ,  haeaorrbap still preaentecl web a 

problea that 3 of tba 8 oata iD which tb1a hchniqu wa usecl bled 

profusely duriag the proc.cture. Ot these J, 1 diec! aad tbe other 2 were 

considered UABuitable tor further expert.ental work. !ha trigemiD&l 

n rvaa were blocked auccesatully, aa juclpcl by abolitioa of the laryugeal 

renex , ill lt cate ill which 2 par cent lignocaine was uae and iD 1 

oat in which 2 par cent procaine was uaa4. 

In tha 4 oats ill which the tripllin 1 nenea were blocked with 

11 ocaine attar cuttiac tba internal branch of th auperior laf'11l88al 

nenee, ettllulatioa of the D o-phar1Jlll and iaryu with eth r vapour 

provoked neither apao .. nor lllJ'1DSOIIJI& • la t!aa 1 cat 1a which pl"'CaiJut 

waa u eel, lal'fll&O•pua wae 1Dhibited. but in tta4 of 1¥1bit1on of 

la this prepar tion, 

etiaulatioa of d1aphra,.at1o activity by ether oocurre4 both when it waa 

a41a1D1atere4 !I ••k aDd 1 treoheal oaDDvla ( n.g. 41. taoiq p.89) . 

S.tore the npe tne were out , eth r ttYOke4 illtel'lllittent perioda of 



1Aspirato17 actiY1t1 of the diaphrap (Trace 2) , pneueis (Trace lt ) ,  or 

90· 

a ooabiDatioa of these two tJPea of acti•it1 (Trace , ) .  After outtiag 

the .agua nerves, the diaphra tic cti�ty ttmulated was aiailar to 

that produced b7 o roticl 'bo4y stiatulation (a" chapter VI ) .  It re ains 

to be cletel'lliAed whether ill aoae anillala at1aulat1on b7 1Dhalat1oa age:ots 

oauaea 41sphrageat1c apau r ther than paral18ia , or whether thla was 

a specific drug e ffect stimulated by procaille.  It is intended that this 

reaction should be i.Dvestigated raore tull7 in future work. ':he results 

ot cutting the intei"Dfll branch of the aperior 1 rJDpal nenea aad 

blocking th tripminal nerves confirll the reports or the fuactio:o of 

these nerYea as atferents from the naso-pharynx and larynx ( Allen , l929a , 

l936t Faabor -Andersen, 1957 1 Gruber, 1917; Jewett , 19641 ling and 

Gresg, 1948a ltirikae et al., 19621 tu and Ogura, 19521 Le•re , 19}28. , 

19:52b a Murtagb, 1�5l Murtap and Caapbell , 195'+1 Opra. and La , 

195.31 Preas11S1Ul a:od Kelemen, 1955; Teitelbaa et al , 1936) . 

It ie well eatabliahe , troa the literature al.reacly Quoted in 

chapter II , that afferent a ne• troa the lQ"11lX caudal to the •ocal 

cords tanervate chemoreceptor 1D that area. 1ft the xper1-.nt described 

in section ('b)  of this chapter, the recurrent lar1ftpal nenea were not 

ehom to be ln•olvecl 1a the laJ'11lgeal renex tiDllated trOll the 

naeo-phaeyu and larJDX• In thia experilleat , apnoea and cricothJroid 

epaM persisted atter cutting the interul branoh ot the auperlor laryngeal 

nenea as well as the recurrent l"Jilpal nerves , but were a'boliahecl when 

the trigeminal en a were blocked. Ia other eXperim nta (aectiOD ( c )  of 

tbie chapter) the laryngeal effects of ether bJ mask were aboliahecl b7 

aectioa ot the iate1"'118l braJlol:a of the au,perior rynaeal nervea a the 

tJ'ipllinal nervee without reoouree to outtinc Ule re urn t lar1Jlseala • 



91 .  

It tbua appears that afferent pathwa7a 1ri the recurrent larJ118eal nerves 

have little part in the effects of the inhala tion ot volatile anaesthetic 

aaenta on afferent reoeptora in the naso-pharynx and larynx. 

A practical problea 1n experi .. nta in which the recurrent laryngeal 

nerves were cut was that it resulted iD motor paralysis ot all the intrinsic 

muscles ot the lar7JU' except the cricotb7Jtoi4 IIUSele . For this reason, 

it the recurrent lar1ftseal nerves or the vague nerves were out the 

procedure was carried out aa late as poaa1ble in the course ot an 

experillen t .  

The poeeibilitJ still rellllills tbat the recurrent lar11'lgeal nerves 

IDBJ ton part ot the afferent pathwa7 tor the stiaulation of laryngospaam 

b7 the action of  inhalation anaeathetio agents on an isolated segment of 

trachea . This was sugpated by the experi��ent illustrated in fig. -'9• 

Trace 1 ( facing p. 86 ) .  Durins the course ot  th experiaent , cutting the 

vasua nerves at the diatal end of the iaol ted tracheal segment reduced the 

reaction to ether throuJb the segment ( this ia not shown in the trace ) . 

This interrupted the afferent pathwa7 troa the recurrent lar111geal nerves , 

suggesting that theJ provided part of the •�nsoey innervation of the trachea . 

Cutting the vague nerves at the anterior end ot the tracheal aes-ent 

reduced the reaction to ether passed through it still fUrther. Tb1a 

demonstrated the poeaible existence ot tterent path• 1 troa the trachea 

to the cervical vacua. en tb recurrent laryngeal nerYea themeelv a 

were out at the level of the anterior end of the traoheal segaeat , it w • 

not possible , with certainty , •o detect 8ft1 reactioa to ether vapour 

pa eed throup the aepeat . lAMre (l9Ja) had deeoa tratecl olearlJ iD 

dose that a � aaasto.atic exiet•d betweea the superior and recurrent 

la� nerves , an4 \hat its fora varied froa a aiagle trunk to a plexus. 
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It 18 possible tbat the p aieteace of reflex stimulation up to thia point 

iD the experilleat could haYe been due to afferent 1apulaea 1a the 

recurrent lar1flpe.l nenea paaaiq to the ngue throuch the 1'811U 

anastomoticu. 

'1'he h,balation ot ether yapov iato the distal trachea and 1 

tailed to etliNlate lal"JD&Oapau and the rhJtba of th diaphrap 

r maine4 regubr iD IIDBt caaea when the Yaps nerree were cut at the leYel 

ot the larJilgotracheal juaction. The latenCJ ktween the start ot ether 

dmilliatr tioa aad the oaset ot 1acreaeed· aot1Y1t7 in tbe cricothyroid 

IIUaole was measured iD 10 recorcls repre entat1Ye ot the aeriea. It waa 

touad to ranse betweea o.� to ?.0 sec whea admiaistratioa waa by tracheal 

caanula . The shorter latenoies are coaeistent with stimulatioa ot 

receptore ill the tracheal liUeosa and luap aad aa ttereat pathway 1A 

the yagua nenea. The existenee o t  auch a pa thway ia wpported b7 

Coeroe • • report that chet10receptora are present 1a the luns bed ( Comroe , 

1965& ) .  The longer latenoies and the o et ot the econd pbaae ot 

biphaeie reeponaee ( ftg. 23, Trace 2 ,  taciaa p . 56 )  are couisteat with 

the poaaibilit7 that ohe�receptora ia the aortic arch aad carotid bod7 

aa1 haYe been atiaulated after ether waa absorbed iato the bloodetreaa. 

Jewett ( 196�) a este4 that there 1 be a aaall nuaber ot clireot 

nenoua co�mexioae betweea car4ioYaacul.ar aacl re plrator1 organs. 

Murtap aacl CUpbell (1954 ) , 1a their a ... aeaeat ot poeeible a fferent 

pathwa,. for the lar1Jipal renex, included the sloeaopbaryn al llel"ft 

UIGGI poaaible nen .. 1AYolYe4. e e1rnae ner••• troa the carotid 

bodies are branahea ot the gl.oaaopbar1Jlpal aenea ( J'is . ..  2 ,  taoifta p.92 ,  

after leJIUIU and NeU , 1958 ) .  In the a xt chapter, experiaate are 

4eaoribe4 lD whic&l an atteapt ne •de to 4et81'11iae whether thie pathwa7 



ia iDvolTed as well as that recosnised in the yagus nerves . 

Stimulation o f  intact and out nerves in 8 cats confirmed obserTations 

of previous workers that the external branch of the superior laryngeal 

nerve is the sole motor supply to the cricothyroid muscle in the cat , 

whereas the internal branch proTides afferent inneryation to part o f  the 

larynx. Because the work in this study is mainly concerned with the 

influence of Tolatile anaesthetics on the laryngeal reflex , emphasis has 

b en placed on stimulation of receptors in the respiratory tract by 

these agents, rather than on electrical stimulation of nerves thought 

to be involved in the reflex . Re flex pathways were defined b7 recording 

cessation or modification of the e ffects of inhalation agents after the 

nerves considered to fora part o f  the reflex arc had been cut . 



YI THE � OF Dl'l'J.AYENOUS IRJECTIO- OJ' A SOLO!IOJI OJ' &1'DR. 

A COHPARISOJf rrB TU EFFECTS OF IliJECl'I1Il A SOLmOJI OF 
RIDROOEII CT.AliiR 

9ft. 

!lae experillenta 4eacrl.H4 in thia chapter ._.. oa�e4 oat iD aa 

atteapt to detenaiae 110re definitel7 the receptol' aitea aad u.n. patht�a7�t 

i.JnolTecl wlaeD l.arJagoapa• 1s atiaalated b7 Yolatile au.eathetic apnta 

iahaled iato the cliatal trach .. an4 lap. It was IJU8P te4 ill chapter V 

that the couiderable YU'iati.oall 1a lateDOiN all4 the bipbasic •ffecta 

lmap � haYe occlll"'"e4 becaue au.uJ.atioa wu not oal.J' at the tracheal 

u4 pu1wma17 �-· bd al.ao at .,.. otJaer aite OP aites attv abaorptioll 

to the bloodau-.a. • •th ft&U Del'Y .. 1NJ'e cnat at the lnel of the 

tlret tracheal rills tor aaaple. l..arJ'qo.spau and r.-piratory r!s7tba 

dumps were aot at18ulate4 "J' 1Dhalat1oa of ether iD IIOat e;qteriaetata 

nt there •er. occaaional ezceptiOM (see chapter V, aectioD (d) p.86) . 

ttor.oYer the la telle7 between the start of etlMr adll1 Di atration b7 tracheal 

eaaDula aad the oaaet of iiiCI"eelllecl acU'rit7 ill the cricothp'oi.d -.cle wu 

foud to l"88lp troll o.a. to ?.0 -.c. 

!Mt altere.U iD the COIIpOSitic.a of tbe blood iD the aorta could 

--- reapirat<Jr7 nnexee 

( 1927) citecl lt7 Lnatt 

al.reaq Mea &ban (ae,-aa all4 s.,_... 

(l�ga)).  The nnex ... aecol'd1q to tbe .. 

av.thol'a. aroee tr. atiallaUoa of tU aorU.c bodJ, aa4 taa. atfenat 

pa� "" ia tlae w.- ..,...... 

the OOCtll"NIUie of lAI"JJl-eoe� ia a boNe 1a *1oh ..... tll..sa 

waa Miac .a1Dtaiae4 b7 tile ia.t.ioa of a 5 per etller aolatioa. Ill 
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Solutions 

� 
I I I I I I I I I I I I I I I I I I I I I I I t  I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

111111111 lit 

1 Sec 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 1  I I I I I I I I I I I I I I I I I 

• 
I I I I I I I I I I I I I I I I I I I I I I I I 1 1  I I I I I I I I l l  I I I 1 1  I I I I I 

DK-ere�rat.e oat 2.e q. :.oenbratioc �d.er halotn.ae anaeet.heala. 
A1 Tia 8Utler 0.2 MC ( interrupti ons or the u .. ,....,. Md arro-a iDdicato \be atar\ ot 

1aJoot1oa in TNces 2 aDd l and the end or inJoc\ion in ,.....,. 1 ) .  
l1 llect...,._ troa cricoth,yrol d auacle. 
C 1  nau...,.oc,... froa uiap� 
frMt 1: Effec t e  of lntra•enoua 1 n ; f'c Uor. or a � per eent balot.nuae eolwuon. 
,..... 2: Effect• of 1ntraYt'no�s i�Jec t1on or • � per cent ether eolutlon. 
rz..o. ': Effect::� of intravenous in;ection of o.q per cer.t ll&llne. 

( Sp i k e s  Ntouc!".�d J 

1 1  



eiaSlarl.J be att.al.at ill the t � the tat.rtr.eaoaa ift3ecU.oa of a 

.5 per c•t eo1utioa of ether 1a al.ifte, the illjeot.iou Mias • 

thl'ouab an iAdlrellias polJth_. ea.Dil1fl.a 1a the t..:mal Yeia. 

Lowatt &Yall8 (1�) alao record4Hl uperiaeata ill wbich be llbotrecl 

that a 8Mll dose of aodi• opllide, iajecte4 iato a periptwral .-.ia caald. 

be ue4 to lleiUJ1II'e the eirculat1oa U.. tJo'GII that Yeia to the carotid boq. 

en tU c;raaide reached the ·caJ"'ticl bocl7 1t caued h.n-rpnoeeJ after 

the lateat periocl 1Dcreaae4. Be coacl114ecl t t tile late &upllltatioa of 

breathiaa wu probabl.7 cble to the act1oa of eariMJa dioxide at the lledulla. 

It waa ooas1del'e4 therefore tbat a OOIIplll"1Jioa of the eftecta of 

iAJ.otiq eohltiou of .tller ancl qdro- qaniu ooalcl iadi.cate whether 

or 1\0t the caroU.4 bodl .. ••e iavo1ftCl 1a the lar,aseal renn.. 

1. .!xp!ri!e!t to Record the Etf.ct• of the IDtraYeaoM I!jectioa 

of Solutiou of Ether ad Bzdrop Cpaid! 

(a) !he effects et injecttaa anaeRheUo eolllti.OU eel 
aal iN iato tile f.-oral ft1la 

h the t1nt 2 experiaeata, ill which up to 10 Ill ot a 5 per CJ.t 

.olutlae of ether 1la o. 9 per o•t uU.ae ..,.. injected iato the feiiOftl 

Yein, apua of t1w cri.ootbJrold --.le ead &pDOell were DOt BtiJIIdate4. In 

tM third upv111eat u 1ajecU.o:a of 20 Ill 5 per Milt ether 1atraftl10ual.7 

stillalatecl a buat or actiftt:r fr. the cricot.bJroid --.l.e et apaoM .  

A �  na followecl lt7 a pertocl of apaeuaia &IUI attw th1a tbe reapira*7 

aa apaoea were ati.8ulate4 b7 a .5 per c.t hal.otUae 80latioa .. •ell u 

ltJ' 5 per ceat ether (ftc. 1J3, TRees 1 aad 21 faciq p.9,) . A COJltN1 
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1'be Erreou or In�raYenou In�eoUon of Etber ad I£W 

Sol.uUone, 1 .  
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' f 
t he  

• • • • • • • • • • •  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

. ' 

. . .  � . .  ' ' ' ' ' ' ' ' ' ' ' ' ' ' . ' ' . ' . ' ' ' ' ' ' ' ' ' . . . . . . .  ' ' ' . . . . . . .  ' 

._ .... _. •t ,,e lie· Cll1_1_ (65 .. ,., llcl ••lnl•t•rM •ttor lla1et- I!Mwtl•· 
A :  fl8e •rtotr 0 . 2  MC ( l nttrnopU- o t  tilt tl .. tNU ODd .,..._ lndlcote - et 

laj"tl• l ·  
1 :  ll .. tNeJOVH r ... crlcoth)'f'Old -1t . 
C :  ll .. t....,....... r ... HOJ'IIN .. . 
'!'NH t I lrrHtO of lntf'Utft .... lnj .. t lOft or 5 o1 5 ,., c .. t tthor oo1•t1•• 
,.,... 2: ,, .. ,. or lotre ....... lnj .. t l• o r  ' O) 5 ,., ... t ttMr ool•U• •tter -"-

or tM \nt•-1 •ronthet or llo\11 av,.r\or )Of'711 ... 1 .. , ... , 
,_, '' &rttcU or litre ... _ lnjtct\ 011 or t ol • ,., cnt IIC1I oolvtl•• 



�cti.oa of 20 Ill of 0.9 per c•t uUne att.al.ate4 110 cbaap ill tbe 

cricot.bJro1d. .-cle acti'rit7 or 1ft reepiratioD. ('l'race 3) . The lateuq 

betweeD. start of iD.jectioD. ud. effect waa avch loaaer 1A tbe caae ot 

hal.othaD.e (9.0 aec ) ,  thaa wlaeD ether was injected (1 • .5 aec ) .  

Ba't"iag dellcmatrated that iatraYtmOIUJ injeetioas O f  aohat:iona of 

YolatUe aaaeethe tica will atillulate larJD808pa• ancl apDOea , the next 

step us to attaapt to deteraiae where the raceptors were 1oc ted. 87 

cuttiq Y8r'1.ou altere t ael"fta aad obaei'Yillc U.J cbaD.ges ill the effects 

of the 11lject1oa of eolutiODS, ,PONib1e D.el"Ye patha78 could 'be cletel'llilled .  

In the earlJ experi.MDta iD. thi.& aect1cm the results of cuttiD.s D.erYea 

were iDcoaaiatent. PaiiUal (1963) atatea that tor a COI'J"elat1oa of 

c1rculatio1l U. with i.D.Jectiou of cl&eaicala the illportaD.t taes to record 

are start of 1Dject1oa and start of discharge. It wu clecidad. to COIIp8re 

th• effects of iDjectiJa& .5 per caat ether with thoae etialated lrJ 

injectiOD of h7dzopa C)llaide •lut1oD.. 

(b) A COIIplrt.oD. of the et-tecta of tbe illtrannowa iajectioa 

of eo1ut1oae of ether and bJVosen qard.de 

Ila a cat under chloralose a eatheaia (65 ag per q) 5 Ill of 5 per 

ceD.t eth r aclllild.st.-.4 iatraYenoulJ atilnalated a buret of cl"icot)qro14 

-ol• actioa potential• and a abort period of apnoea (7.5 aec )  Which 

exteadecl beJOD tbat ahOWD. on the tr ce (ftg • ._,., !ra 1,  faciDC p.g&) . 

Ill the eaae eat, after cuttiac the 1D.tei"Ml. Nllches of 'both aupm.or 

�1 aenea, 5 Ill of 5 per cat ether si.Ya illtraY.-� . 

.,.. iBcnaH 1D. cricotlqro14 actin t7 4 a cllallp 1a c!aaraUoa of 

41aptaragatic ot1Yit7 ('!'nee 2).  Dlere ... alao att.alatioa or actiYit)-
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41 I ••• I 

·;'till 

+ t 1 t 1 I I I I 1 1 1 1 1 1  I l l  I I 

1 Sec 

I I 1 I I I I I I I I I I I I I I I I I I I I I I I I f  I I I I I I I I t  I I I I I I I I I I I I I 

14i• 

• I I I I I I I I I I I t  I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 

-·�·--------�•�t'•Piii .• ,M ••.• ,,�··------------ti .. UI� 

'-oU..U .. d cat },4  "«• Chlora.looe (65 Ill! per q )  adain1stered af\er halothane ind110Uoa, 
A 1  !1 •  ..rker 0.2  ecc ( 1n tern&pt1ona o r  the ti• trace an d  arrowa indicate a\art ot 

iDJooUoa), 
l1 lltat,..,.ocraa fro. crtcoteyroid IIIWICle, 
C 1  !ltatraov� traa dlaphrllga, 
!nee 1 1  ltttc\e ot intravenout 1DJec Uon or 5 al 5 per cent other tolllUon. 
!raoa 21 lttecte at intravenoue inJection of 1 11.1 4 per cent !«:M aol\lt1oo, 
fnce } I  ltttcto O f  in\rovenOill 1nJecUon o f  � aU 5 per aent t\her OOlll\1011 atttr OOCUOil of 

\be int.enwl branchea or both IJUperior l�eal nerYaa, 
trace 4 :  lttecta of 1ntraYenoua 1njecUon or 1 al. 4 per cant lfCN aolut.ion &tttr eect.ion or 

tbe internal bra.nC?h�• or both eu.perior lal"'1'"1&e&l nervee. 



�-

8 aec. fte atart of aotirit7 or tbMe md.t.o can be see ill '1'l"ace 2. 

1 Ill ( 40 q) of Bell aolut�n, acJa1a1sbre4 1Dtraftll0'1181J' aa4 WMhe4 1a 

with 1 ral of aal1ae oaaaecl tia.Phr'&e;atic stialet� 6 MC atteP the ea4 

of iftJect.ioa, bat ao cri tbpoicl act�'fit;r waa at'�wal•te4 (TJoace 3).  

'l'he la.teac7 tor cH.apWilpatlc et1aalatioa b7 BCN wu '  aec cOIIpll'etl with 

att.alatioa of the orico-thJ'roid b7 ether withia 0.6 .. c of the ead of 

illjectioa. JioweYer, the ebcn-t.aiq of ctaratioa of acUYitT of the 

41apbrap after ether 414 not OOC1U'" uaUl 6 see after injectioa. ill 20 

cata uecl ia th1a ael'iu of injeetioa expari..ata exhibited iaeruaed 

cricotlql'o14 acUri.tJ aad apnoea or chaagea ill reapiratorJ' rl\7thll when 

the7 iDbal ether lq -.u or tracheal caanla. 

Three experiMDta coatribaled 110re 1Dtoratioa tball arq of tm. others 

towards the locaUoa of aitea of atillalaUcm oataide tile napiratoJ7 tract 

iteelf. lt 1.a propoM4 to clescri.M these 111 detail : 

(1) Ttt.e cat wa.a aaa..thetisecl with illtnvellOH chloralOM (65 q 

per q) atter illdRctioa with baloU..... xtber ftJIOV adatnt•ten4 illto 

a tracheal ula at1aal.AU4 Ulwoua CJI"icot!tlroid aetirit7 .U a 'break 

iD the � of the 41apbr... 5 Ill of a 5 per ceDt ether .olution rau.4 

to tiaalate 1acreaae4 cricotll7J'oicl uUrit;r Ht --.4 lmtatb-holclia& for 

OM iJlapiratoi"J CJOl.• (l'ic• 1t5, Tftce 1, faoiq p.97)• 1 Ill ("> lfC) 

liCII adatnSa�e4 iabaYe!l0111117 ati•late4 aD iaoNaae 1a freqUD07 of 

tia:plarqll aetinQ ill \he ..-bel" of 1111iu iaYolY • the lateaq 

- �.� -.o after c.pl..U. ot tile �tioa aa4 tU 1DcNue ill act1ri.t7 

- of the 'ne aeaoolate4 wiUt caroW boq et�tioa (ttnce 2).  !M 
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�I'J�f·••••'r·--.. I'�I,----------�,·-J������J�s--­

! 1 mV 
1 Sec 

•• 

+ t I t  I 1 I I I I I I I I I I I 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 I 

� 
I I I I I I I I I I I I I I I I I I I I I I I I I 1 I I I I I I I I 1 1 

AIIMaU.. U aed cat ,,4  q. Chloralose (65 1111! per 1<41) adainiatered after halotbano 1nd\IC UOD 
(a- ..u.al ao in Pie. 45) .  
AI  f 1M  -r 0,2 M C  ( interruptions o !  the t i  .. trace and arr""o indicato otart c! 

iAjoc U OD ) ,  
11  !ltc\ra�V'ccru tree cricoth,rrcid IIUoclo, 
C1 lloo�- tree diapllracla. 
,._. 1 1  l:ttocto ot int,.nnouo inJection o! 5 al 5 per cont other eolution attor MCUOD 

of tbt intimal branc:bee of both wper1or l&1'711Ce&l nenea and both ncu• Der.ee. 
11'Me 2: ltfeo te of 1ntrancoua inJection of � al. 0.9 per oeot aal1ne. Nern1 C\l\ aa 1D 

,.., , . 
,._. 'I l:ttooto o t  intrannouo inJection or 5 al 5 per con i  elhtr oolutictl &! to r  an 

at�\ to O\lt both linl.ll nerv• • •  
,._. 41 JCttocto ot intrannouo inJection or 1 al 4 per cont HCN ooluUon attor aa atW.,t 

to cut both a1nu1 nenee. 
( Spikoa retouched) 
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oncoth7roid cliaobar a tter a lateao7 ot l aeo. ' Ill .5 per cent ether 

giTea iatraTenoual.J' atilaalated a buret ot aotirit;y tr011 the criooih1J'C)1d 

and a short break ill the reapiratOI"J rhJtha 1 • .5 sec after completion o f  

the lnjeotioa, Two further a4aaiaistratiou of .5 Ill 5 per cent ether 

iatraTenoual7 at 1.5 Ilia iatervala stianala.ted a cricothyroid 41scharp and 

bort apnoea 1n each oaae (Trace J) . .5 a1 o f  oa.line iatraTeDOulJ had 

no effect 011 cliaphraaa or crioothJ'roicl, Du.t 1 Ill (40 as> KCN followed 

b7 a 1 Ill saliJle waah•in atilllll.ate4 an illoreaae 1a 41aphrap actirit7 

6.0 aeo after the BCM bad b"D iajeotecl, and ao .. aotioa potential apikea 

from the oricotbJ,roid (Trace - ) . !Wo .tautea later there was ooasiderable 

increa e 1ft oriootb1J"oid aot1'ri.t7, laatiag ' lliD, which waa not r corded. 

The ••sua aerTea were thea cut at the level of etr7 ot the tracheal 

oaanula. Ether ••pour adainiatered into the tracheal caanula now at18Ulated 

neither apaoea DOr crioo\bJro14 aoti'ri.t7. 5 al of a 5 per oeat ether 

aolutioa liven intraTenoua11 t�ated DO cricoth1J"Oi4 cti'ri.t7, no apnoea , 

but clid atilllulate an i.Dcre ae 1A frequenc7 and auaber ot diaphr tic 

tor W'lita }.0 aec a fter the start of the illjection (n.g. '+6, Trace 1 ,  

taciaa p.,S) ( the ., ... tiM illtena1 which h 4 occurred etwHn iaepi tiona 

before the illj otioa) . 5 Ill ot aali.Jle intraTenoualJ 5 IliA later atiaulate4 

no ohall8•• in reapiratioa or cricotbfroid acti'ri.t;r (Trace 2 ) .  Ten •imatea 

lat r 1 tal (� q) ICI slY iatraTenOWJl7 aAd waahecl 1D with l al. aaliae, 

etilmlated an in rea e ill aotint7 of the cliapbre.p 2 to J •• after the 

aali.ae w ah-ia:a. 

atteept waa ade to t the aiawl ne (afferenta ti'OII the 

carotid dl" to joill the s].n80p J7DP•l aenea) oa both a1dea. ' Ill 

ot S per eat ether a4ainiatere4 intraTeAo 11 still tiaulatecl diaph.rapatio 



Fig. 47 

A 

B 

c 

2 

The Effects ot Intravenous Inj ec tion o! Ether and HCN 

Solutions, 4. 

I Sec  
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O.O.rebrate oat 2. 5 q. Decerebration UDder balotbane an&e8tbea1a. 
A1 Tt.e -r 0.2 oee ( inwrn&p\1011 of tbe t.1ao \rece end arrooo in Trace 1 indicawo 

and of 1.DJeet1C11).  
l h  llee�- f r<a  er1eo\IIJTo1d .. ..  1 • •  
C1 !lee�� fr<a diaphnp.. 
?rMe 1 :  l.tteeta of 1Dtrannoua inJec tion ot 20 al. 5 pe r  cent ether .alut1ao. 
tr.oe 2: Tbe - ae 'Trace 1 ,  8.5 eec after the end of injec uoo. 

(Spikes ro\OUc h od )  
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act1Y1t7 "·� MC after the at.N-t of 1D3ectioa (!nee }) • lo apDM& waa 

ati.lh:Wlt .. bat ttaere ••• a alipt iacreaae 1D oricothJrOicl aeti?i\7 at 

the .... tille aa the 41aplarap - atiwlate«. ,._ HCOJlda after tJut 

�ioa tllere waa a Alllclea i.JacnaM iD trequeaq an4 ll1lllber of ao-t1Ye 

uite 1a tale crteotlqroU aac:le, t!ae atart of which C8Jl be ... at the ad 

of True '· !Ilia· iadiaatu that all tJM atfereat MJ'ft8 fi'01I tb• carot14 

bocll• ha4 not Ne t. 'frac• 3 •4 1t ill fts· ft6 41agpat UM poeaibU1t7 

tJIU9 a fter atUaa tU gu aerYea, •th ether aa4 ICI ca.ue ati•laUoa 

or carot1 boq dtroreeeptore. 

(11) The cat waa 4ecerebrated 1J7 1atenoll1cntlar aectiCID acler 

halot.lume aaauth..U. Ether ftpoal' .a.lldaiateftd tbro1IP a tracbeal 

0811Dul.a etialate4 coati.Dou ori �old actiri.qo ea4 a� la th1a 

experiMat all iDJectioM Hft of 20 Ill of eolUioll, wlutnaa 1D SOM 

uperilleata ethft' aad ICJ __.. al•• ill dLfferat wl_. of eolu�ioa. 

ZO al of a 5 per cat etll.er eolatica s:lftll iatra� at�\H apaoea 

aa illcreaae ill crleotbpoicl aotiri.tJ kfore the eacl of the inJectioa 

(Pis• lq, Trac. 19 taoiq p.99). !b1a wu followed 9 eec later t17 a liON 

Yiol•t cr1cotlq.ro1cl NapoDM ('fl'ace 2 )  •• the � act1ri.t7 etartecl 

qda with a per1.od of apan.ata (coat!Jmoaa diaphft.-tic acUYiQ) .  

20 Ill 0.9 per oat ealiu slwea 1atra•eaoa•1.J .U•l•tect 110 NapoDM. 

20 al ( 11() q) BCI sl•• laVanaoualJ' .U-.lete4 iller .... 1a freclMDC7 

u4 wrt• of tad.ta aoU.w 111 tU 4Sapllrqll wllicla wu � witlt. 

at.s..laU. of a 4Uacla-ar t.roa tM Cl'leo� lotla tMae •ftecte 

ftl'e ftCOI"U4 ' ... an. tM .U of �· � crioo�14 

ut1Yit7 ,...aiaU. iD ,.._ d lupboaUon.. pad.u.J diwt•tns•a o.., 

• perio4 of 1.8 .... 
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Decerebrate oat 2.5 q. 
rtc. 47). 
As f1a. arker 0.2 He { int.erntptiona ot the time trace and &r""rCMe 1nd1ea1,e end ot 

1l1Ject1.,...) .  
I• llec'"'-csru !r<a cr1cotb;'ro1d ., .. le. 
c. Bl••'"'-cs,_ !r<a diaphnp. 
!rate 1 :  ltfecte of 1ntrannou.a injection ot 20 al S per cent ether eolu.tlon after ..eUoa 

ot the 1ntemal branchee of bot.b euperior l&l')'nleal nerne. 
!'race 2: ltfecta ot intravenoue injec tion ot 20 Ill 0.2  per cent ICN eoluUoa. 

ae in 'rrace 1 .  
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a r . .  I 4 41111 

Deoerebl'te cat 2.5 q. Decel"f>bration Wlder halothane anaesthesia (Saae an1Ml ae in 
P1co. 47 and 48). 
A. 1  !1. M  arker 0.2 aec ( 1ntern1pt1or.s o r  the time trace an d  arr01re i n  Traces 2 ,  3, 4 ,  an d  S 

indioate end ot injP.c tion) . 
B :  Uect�ogre.m !rea cricotb,yroid •uac le. 
C:  Elect�� !raa d!aptlrap. 
T'race 1 :  Quiet respiration after eectioo ot both vagus nerve a. 
'frace 2: Effects of intravenous inJec tion et 20 m.l 5 pe r  cent ether solution atter eecUOD 

or both YagWI ner·ne. 
!'raeo , ,  ttfecta at intravenous i.nJec t1on at 20 al 0.2 per cent HCH after eectioo ot both 

Yta,gul nenea. 
!raoe 4 :  &!tecta o t  intravenous inJ ection of 20 11ll 5 per cent etber solution after eectioo 

ot both ainua nu-yea. 
"""• 5• tttecte ot intr&Tecoua inj ec ti on of 20 11ll 0. 2 per cent lfClf solution after eec tion 

ot both ai.nua nerves. 
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!lae iatenal lmulolaea ot the •perior lar� HI"'YM were tit.• 

C1lt oa botll ddM. Etlaer yapov, aa1.Diatered to the trachea ad 1-. 

still atiaUate4 ap--. and a cricotJQro14 tiedaarp. !he pattel'll of 

reapoue to illjecUoa of 20 al. of a 5 per ceat aol1ati011 of ether cht�Jlpd. 

!taere waa a pqa ill reapintioa of ,. see at the eDd of i.Qjecttoa. 

After thia then waa a aial taneou illcreaae iD cricot!qroicl fl'eqHJaC7 

d uuita llllcl ill di.aphrlls-tic actift.'J (l'ig. Ita, !ran 1 ,  facifts p.lOO). 

20 Ill ( AJo q) BCB P, ne illtftY ao sl7 atillulated 8ll iacrease ill freqllCq 

ot cl:iaphra• discharp, 8ll iDcreaM 1a reapintoq rate acl a ..:U 

cric:o�d diacbarp lt MC after the eDcl of the injectiOA (ftc. �, 

"lrac. 2 ) .  

Both ftp& aerna were thea ettt.  Trace 1 ,  n.a- � ( facilla p.lOO) 

shows the pattera of actiYitJ of tiM cricotbJroicl auc1e cl diapb.Np 

after the yagu nea were cat. te tlult cricotbJroid actiYitJ 1a 

a cbroaoaa with 11lapirator7 actiYitJ of the cliapllrap. r adata1ater.cl 

�� tracm.a1 caDDul.a did aot sUIIIllate &pl • n... aeooada after the 

start of ether adataiatratioa tllere waa a ..U. reapoa.ae tJooa tile 

oricot)Qroicl. 'l'W•tJ ou aecoada after ether aAat•tatratioa started, 

c-oatiauou cliaphraaatS.o actiYitJ waa ati-.latecl for 11 a4 DO 

aoUY1t7 recoriecl � the cricotb�J'ol4. 20 al. 5 per oeat ether 

pna 1atra alJ atiala'-cl apaoea. A iacnuecl cricotlqroicl 

actiYitJ .. n att.al.atecl 0.2 eec after t e e of the iDJecti• the 

cricot!Qro14 actiW'ltJ eo timled tor 6 aeo ('trace 2),  a tor a ftal"tlaer 

3 MC after a 1 aec bnak 1a actirit,. Coatiallou iapbn&llatic acUrit7 

atarte4 7 MO after the ad of e iajectioa aacl laate4 11 MC ,  be1Jac 

fol.l.on4 b7 a peri. ill which tYre were 1 aec ppe of a actiri.Q• 
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The Effects of Intravenous Inj ection of Ether and HCN 

Solutions, 7 • 

.. 
1 1 1 1 1 1 1 1 t 1 1 I 1 I I I I I I I t  I I I I I I I I I I I 1 I I I I I I I I I I I I I I I I I t  I 

1 Sec  

• I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

11�·· 

I I I I I I I I I I I I I I I I I I I I t  I I I I I t  I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Decerebrate cat 2 . 1  k8· Decerebration under halothane anaeethee1a. 
-' :  t1Ae Mrk e r  0 . 2  eec ( interruptions o f  the time trace an d  arrows 1n41cate start of 

injection), 
B: IUec �� froa cricothyroid IIIUecle. 
C :  Electr�ogram tro. di aphragm, 
'rr&ce 1 :  Ettect• ot intravenous injection of 20 m.l 5 per cent ether solution. 
Trace 2 :  Etfecte of intravenous inj ec tion o f  20 m l  0 . 2  pe r  cent HCR solutioo. 
Trace 3: Etfecte ot intraTenoue inJection ot 20 Ill S pe r  cent e ther aolutioo alter section 

ot the internal branches of both superior la.rynge&l nerYea. 
!race 4 s  E:tfecte ot intraYenoue inJection ot 20 la.l 0 . 2  pe r  cent HCJrl solution after aeetioo 

ot the intenl.&l branches of both superior laryngeal n�M'ee. 
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20 Ill ('-0 11g) BCN giYea i.Dtrave.oua� stiaulat.e4 aa iacrease 1a r� 

aa4 1D the nuaber ot actiw 41apbrap unite 2.5 aec a fter the -.cl ot the 

1Djecticm, which was accoapaaied by an iDcreaae in cricothpoid acti'd.Q 

('r;race 3) . 

The aimls ael"Yea were then cut oa both aides. 20 Ill ot 5 peJ" eat 

eth.r i.AtraY . oul7 atialalated an i.Dcreaae 1D treqHA� ot the cri.cothJI'oid 

��UCle 0.2 .. c after the end of the injectioa.. This illcreaae 1B 

fr�7 ••• •iatailled tor ? sec. Oae periocl ot c11aphra tic 

iJac;pireto.r,- actirit,. waa aiMed aad tbAtA actirity was reSUIIed with ateadecl 

tioa and a Y&r1 abort paue betw bvsts of actirlt7 (Trace fl.) . 

20 al. saliD.e, gi.Yea iatravaC'Ul7t su.al.ate4 ao chaqea iD diapll.rap 

or crlcotlqroid actiritJ. 20 � ('+0 as) HCJI btnYenoual7 ati.Dl.ate4 

n iacreaae in cliaphrapatic au cM.cothJrOicl actirit7 aialltauo al7 

0.4 aec atteJ' tile ftcl or the injection (Trace 5) . 11l•• two iajectiona 

were coapletH iD approxillatel.z the sue tille, a4 ret"ore tU �tot 

periocla lMbeen start ot injecti aa4 effect _, be reprclecl u rl.rtuall7 

equl ror ether aDd HCB aolutioaa. 

(111) the cat waa 4eoerebr teeS .., iatercolll.cnalar aectioa del' 

halotbaae &Da .. theaia .  

atiellat .. cricothJrolcl 

!Mr yapour acla4 wtet.I'M b,- a traoMal caa•la 

• aa ia� 1a the � ot the 

cliapllraaa. 20 Ill of 5 per cut etller p'Nil iatraftllou.al7 att.late4 

apaoea tor 10 aec 1acrea.M iD cricotiQI'o14 aetlrit7 3 eec atter the 

atut of the Sajectioa (ft.s. 50, 1, faelq p.lOl) .  20 Ill (ltO •> 

Cl si• :J.ati'8Y o..q att.•let iaoreaMcl cUa�Uc act1Yit7 U HO 

att.r Ule .tart of tU iajeoU• (rta. 50. !Nee 2 ) .  

!be tat.nal bl'&llcUe of tiN •pe1"1or � were tbft t 

oa both au... 20 Ill of 5 .-r .nt ether &1•• 1atra•eaoul7 at�te4 
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The Ettecte ot In travenoue InJ ec tion of Ether and �N 

Solutione, a • 
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� 1 S e c  
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Deeerwbraw oet 2.1 q, Dec*""braUon w>der balothane &Meotheoia (- -1 u 1JI 1'1c· 50), 
AI !'la Ml'ker 0,2 oec ( 1n tnn&pt1ono o r  the u .. trace Uld ........., 1Jid1cate 1 \ar \  ot 

lDJecUaa 1D Trac .. 1 ,  2, and '• and the end in Trace 4 ) ,  
• •  llect�- rroa cr1cottl)'ro1a ... c1o. 
Cs 11ect�� rrc:a d i apt>.raga. 
trace I s  lrtocto or 1ntravenoua inJection or 20 al � P<'r cent e ther 10111t1cm after oecUaa 

ot both � nerYea. 
trace 2 1  lrrec to o r  1ntraYODOU8 injection or 20 al 0 , 2  per cent II:N 10111\icm after oecUaa 

at both 'Ng\la ncrYca. 
!Nee ' '  !tteeta o t  intr.venoua 1nj,.et1on o r  2 0  al 5 per cent ether eolu.Uon at \e r  an 

att.e.pt �o out both e1nu.a nerrea . 
Trace 4 1  lrtecto o r  1ntruvcnouo inJ•cUon or 2 0  m l  0 , 2  J)t! r  cent I IC N  10111\ion af\tr an 

atteapt to out both ainua n•·r¥'!a. 
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apao .. aad aa 1aer ... e in crico�JTOid actiY1t7 5 aeo after the tart of 

tile iAjeoUoa (J'ia. !i(), Tr oe 3) . 20 Ill ( 'to  q) HCN siTeD illtraTenowslJ 

att.ulated iacreaeed aotiT1t7 of the diaphra,a 10 eec after the atart of 

the injection ( n,. 50. Trace �) • 

loth ••au nenes were thea nt . 20 Ill of 5 per cut ether aolution 

&i•ea 1Atra•enouel7 st11nllattd a buret of cl1aphrapaU.c aot1Tit7 7 eec 

after the start o f  the 1nject1oa (na • .51 ,  Trace 1 ,  fao1aa p. l02). 20 Ill 

( lto  q) HCK, gi.Yea 11ltraYenouel.7 •U•lated an increase 1a the act1T1t7 

or the cliaphrap 9 aec after the start of the illjectioa ( Fig. 5]., Trace 2) . 

An att•pt wu •4e to cut. tllt aiau enee OD both sidea. 20 al 

of 5 per cut ether illtravenouel.J tiiNlated u iaoreaae ill the actirity of 

the ctiaphrap lt ate a fter the start of the illject.ioa (P'ia • .51, Trace )) . 

20 Ill ( lfO 111> BCM iJltra•enouel7 stiaulatecl a auch aMl.ler illore se ill 

cliaphrap actl'11t7 thaa prerious1J', l1 sec a fter the start of the injeotioa 

(1'1&• 51 ,  Trllce t.) • 

2.  DlacuuioD o f  the Results o f  liixp!riaeate oa the Intraveaou 

Injection of Solutio• of Ether and Bzd.rop Czanicle 

Colll'Oe (1965a ) had 4tacr1Hcl chuoreceptore in the laa btcl l 

Wicldiooabt (19,.b) 4escr1be4 \ilea iD the trachea . ID sOM experiaellta , 

ether yapour adllli.Dieterecl to the traohea aa4 lup had at.s..ulatecl effects 

with late ciea loager tbaD thoae Which would be expeotecl if the reoeptore 

were in the 1 

hacl not 1Dhiltitt4 \be effeota of  ether Ubalat.ioa. Ia eoae txperS.aellta 

ether wae ahowa to eUJiulate diaplaraSMtl aotiTitJ• 'lht reoeptore 

outa14e the pulaoaar,J bed .. ,. be ia the aortic bodies, carotid bodiea , or 

the7 llllJ H oeatral. Noept •· <label (1961) 4eacribe4 the ooo1li'Ttlloe of 
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larJDFSJIU!a ill a horse recei Yia8 aa ether aolution iratra•81l01H117. 

l.arJD8ospa811 i rarely ucoster 4 ill the horse, therefore , it was decided 

to see if the effect cot.Wl be pl'Oduce4 in th1& RJ' ill the cat 1Jl which 

lar)"Dgospa• is a eomoa hasard. Thea lateneiee for effects were coaq;ared 

with thoee after ailli.l.ar i.Jljectiou of BCff with the yagua aenea illtact 

and cut. This wi ll cli!fereaUate aa effect a t  the lungs fi"'OI an effect 

at the carot14 bod7, aD4 will detloastrate whether ether has u effect 

at the carotid Hd7 after yaptOII,J. 

It wae fouad that althoup ..n - .oluMa of 5 per eeat ether aolutioa 

iajected illt.ra•eao.-l7 aoMt:UM stiaalat" cricoth7J"oid .,._ d chaapa 

in reapirator'7 rb.Jtba, 1IP to 20 Ill were required to ett.ulat. thie tn-e of 

actiri.t7 coasistentl7. 'l'Wellt7 experi.MDta were carriect oat iD which the 

effects of aoltatiODS injected 1ntraYeDoul.7 were etv.cl1ecl. lR all 20, a 

5 per cent ether aolutioa was injected , ill 10 cats this was COilJlllrH with 

the effect-a of iatray � BClf, ad 1a 1 preparatioa the effects of 

iatraYeDOU balotbaae were recor4e4. 

Cricoth11'014 spaea aad apaoea can be stillul.ated '-7 the illjectiOJl of 

a 5 per c t ether aoluticm illtraYoo-.1.7 and 'b7 a ajailar injection of 

5 per c.t halotbaae. !be lateaq a fter halot .. 1aj tiOD -

coasidenbl7 loqer aa that followiJas ether, aad this ..., M related 

to thei.r relatiYe eol bU1t7 1a blood. To diaco t tbe poeai'bilit7 that 

the ac-ti'fit7 stJwlated waa Ml"e� cauecl b7 tbe illtroda-ctioll of 20 · 111 of 

fi111cl into the c1rcalation, �eotiue of 0.9 t saline were clYeD 

1atra-..eaoul7• !111117 ett•l•te4 aeitbe.l" Oli.cotlt;rnicl aeUY1t7 nor apnoea. 

iatal '• stat.-at (196,) , t.bat 1t a corNla.tica of d.rc1alati tiM 

llith 1aJect1• of oheRcala ia aoqllt tile illportut t1Ma to noor4 are tile 



atart of the ilajeotioa aad the start of the ruotioa,  wu fo'Wld to be 

true iD the exp riaeats :la thia seotioa. Results were leas oorudateat 

lO'l. 

whea tbia teobniq .. of ..r.k1ag waa not followed. ID the earl7 experiaeata , 

with the wagua aervea iatact , howeYer, it ••• iamediatelf appareat that 

t.here was a difterellee ill the effect of intraYenous ether coapared with 

that obtained whell BCN was injected intraYenousl7• Ether att.ulated an 

iDoreaee iD cricotbJro14 aot1Yitt and apaoea or respiretor7 rh1thz changes , 

poa ibly with 80118 other delayed effects ; BCN stillulated an increase 1a 

diapbras-atie aotiYitJ identical with that deeoribed bt LoYatt EvaDe (19�9b) 

but ao cricotbyroid aotiYit7. Ill later experiaeDta alisbt cricothyroid 

actiYity waa at18Uleted aa well aa illcreased diapbra�tic actiY1t7 

(aH Fig. 49, taciq p.lOO) . Latenc7 waa 0.6 sec for ether coaparecl 

with 6 aeo tor BCN, but ' al of ether wu uaed ompared with 1 al (ftO ag) 

HCR. 

Tbr" experi .. nts iD the intr&Yenoua series contributed -.re 

illfonaatioe th81l 8JS7 othera. la the tint of the e ( (1)  p.9'1) • the results 

followed the .... pattern of aotiYitJ Hll in the earlier experiiMDta , in 

that 1a eYei'J wt oe except at the first iajeo�ioa, the result• of BCN 

iajectioa were obeer.ed after a a1&Difioantl7 loaser latent period thaa the 

result of  the injection of ether. ther the saae receptora were 

atiaulate4 aore quicklJ 'b7 ether, or circulation tiae to the receptora 

reapo ctills to ether wae horter than tbat to thoM re poacl1Da to BCJC. 

!b1a euaaeated that ether wu aotiDc at Coaroe •a (196.5&) ttluaa-bed receptora" 

4 BCN at the cerotld bodies. It ia 1atereat1Jaa to  note that CM 414 

etiaulate aoae 1Acr••• 1Jl criootb.Jrol4 aotiYitJ a fter 6 aeo iD this cat 

ad \bat there • a a oaelderable iaoreaae ill oriootbJ.roid aotiY1t7 

after 2 Ilia. 'l'bia � poA1bl7 haYe bMD an anoxic effect . After cuttiDa 
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tile .-.- ..,...,... iatl"aYeDCJU lnjectioa of atller JII'O<laced a ai allar affect 

oa the 41&J*" .. to tbat. att.al.ate4 bJ aa iaJectiaa of JlCJI, with a 

aiatlar latat periocl. !tda �ed tbtt etber aa BCII wee aow laotll 

ati-.latiJac reoeptore ia the carotU bodlea. tbe C.. •n .. froa tile 

caroticl bodi .. to tM &lo � --. .. f:l&'ft'7 afferat illpll8M 

troa recepton 1a tM carotid t.ocU.ee. All atteapt to cat the aiaa •nea 

1a th1a espeF1Mat fa1�4. 

�t (li) (p.99) coatbiN4 tJaat, 1a the cat with ft&U aenea 

1atact, the lat.U perlocl f1 nS-.l&Uca of cliaplarap act1Y1t7 .,7 RCJI 

&1• .. iatraYeaoaal-7 waa lcapr u.aa tbat for atitnalaU.• of apaoea _. 

cricotlQroicl act1dt7 'b7 1atra� ether. la thia t (a decerebrate 

oae COIIJI8I' .. with a.. tlllder chloralose uaest!ae 1a 1a upert.at ( 1 ) )  the 

pattena of reapoaae to 1ajectioll ot 

!he lateat period for the effect• of ether waa aow the -• aa for tbo 

of Bel. !be cbeiiiONCapton •1 •• -.. deeelald.Use4 111 prerlou 

upo81ll"e to ether npov, or ether 1a the bloo4 reacbtas tbe l.arJax wu 

uable to prowb the rena the nceptora M4 beft claenat .. 

111 cuttiDa the iatenaal .__ of tU RJ8r1or � aerna. !M 

effecta _, DOW ha•• Me& the .-.. ult f caroticl bocl7 or oeatral unoaa 

a,at. at1Ml•Uoa. la thla •t. after tttag tlae -... Mrna, 

coatiaao• cliapllra-tic act1rit7 waa ati.•lated b7 .u..r npov at'-r 

21 ... laate4 for 11 -· !ld.a aa proba 17 a ... tnl affect. 

IatraYeaou ether tiGhtS. al.llo ati-.J.atad ooatiaou cH.a)lllracatio 

actidt7 M4 .-e Gl'icot!Qrold acUY1t7 attar tiq the • 

!h1a CIIOatnatecl with tU raaulta of experiaeat (1). fte affeota of 

tatraY 1ajecU• of RCK wen ·� ntttac tile ..... a.nea. 
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la tbia uperiaat9 it appean flooa the .nsulte that all fibrea iD the 

ai.Du aenea were DOt cut. as stiaula tiOJl of the diapb.rap b7 iJltraYooaa 

UC1f persisted. 

Ia expen-t (111) (a dec.rebrate cat) the lateat period8 for aa 

effect atter iatraYft0118 adainiatratioa of BCN were again significaatl7 

loapr thaa thoae for a .5 per cat ether aolutioll before the ngua aenea 

were cut , Ht YerT aiJIUar ( 9 sec for BCIII, 1 eec for ether) after the Yas­

aenee had bHil cat. After n atteapt to cut the aimas aene fibres a 

.5 per cut ether eolutioa sti.aalated an 1Dcreaae ill diaphrap act1Yit7 

' aec after the atart of iajec:Uoa, wher ... BCI st.t.alatecl OA17 a Yer'7 

ali&ht iacnaae 1a 41apbrap actiYit7 11 aec alter the start or injection. 

The .. .at both haTe ..._ central effects. but the 4iffereace iD lateaci" 

1a diftieult to aplaia. 

It •1 be concluded troa the aperilleats in this chapter tbat ether 

probabl7 atiaulatea eftecta at the carotid bodies aDd poaibl7 CeDtrall7 alao. 

These eftecta are Dar..UJ obeCNI'ecl b7 the reactiOA to atiaulaUOD of 

receptora at otMr aitea, t the7 UYe beea obeerTe4 iD 80M aperiMilta 

- bipbaaic or "abaoral" reactioaa. 



VII GENERAL SUMMARY AND COMCLUSIOHS 

'.l'he work reported in thta theaia has bHa ooncerned with the 

mecbaniall of l.a.eylagoapaa cturtaa araae theai& iD the oat ,  with ao111e of the 

••1• in which it •1 be etillulated, aad , aost i.Jiportant tor the cliniciaa, 

with sethoda of pr eventias it . 

One of the proble• wae to fiad a •a:t iD which a penMneat record 

of the occurrence o f  lar1ft1ospau could be obtained. ElectroiiJographJ 

was used to obtain recorda of the action potential& from the iatriasic 

lar1111 al IIQaolea. 1Ja thi way, the sustained activity of the 1ntr1naio 

larJilgeal muscles oocurrinc during lAU')'zsgoapas• could be recorded. Th1a 

susta ined activity , causing closure of the aditus laryagie , is lar)'Dgoapau. 

Ho t of the recording was done froa a needle electrode in the c.ricotb1ro1d 

IIIWICle because it waa eaeil.y acceaaible , and ha d  been fo\llld to be 

representative of the adductor group of larJDgeal muscles in the cat. An 

electromyogram recorded trom a second needle elec trode in the diaphra,a 

iD most experi•ents made it poasible to de teraine if any changes iD the 

respiratory cycle were asaooiated With lar1DSOapaam. The techni'ue of 

electroJil1ograph1 has great potential as a tool iD the iavesti tion of · ·  · 

arJaesthetic proble•• Its 'ftlue for iaveatiptioa of larynpal reflexes 

has been shown in thia thesis , aa well as iD the work of oth r authors 

(see p . }2 ,  chapter III of this theaia ) .  It 111 poaaible that the technique 

•1 pro?e useful ill the iaYeaU.pticm ot tt'bronohoapaa" duri.ag anaesthesia , 

and lt has alreadr been uae4 aa a techa1que tor aasesatas tbe depth of 

anaeetheaia and the clesree of oul&l' relaxatioa ( Nanjo , 195') . 

!be prepa.rationa uae4 ill thie work were cats , either anaeethetiaecl 

with chloralose or decerebrated b7 intercollicular section 4urias halotbaae 
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or balothaae/etlaer aDBeatheaia. Deoer.bn.te preparatioaa .. ,.. •• ill 

128 experilleata, aa coeparM witll 2� ill which llftlleetheaia - .ailltainM 

ri. th chloralose. la aei tller cue waa the aclditioa of azq anaHt!leUc 

clnag requil"e4 to .aiataia U&Htheeia after the experi.Mat bad startecl • 

.Ko recordillp were take •tU OM boar after the •dwdlfl•tratioa of halotllaM 

or balo� ucl •tlaer Jaa4 stopped. Tile ...._.brate preparatJ.ou 001ll4 

tu. be :reprtlecl as bariq 110 pen1st1q clrq actia& 4uiac the experlaeDt , 

whereaa ill the ....,.tltetise4 cata chloralo .. perld.ate4 1a the preperatioa 

� tbe experi.JNat. !be 4eoenbrate preparaUoa lt.u the a4ftatap 

that thaN la DO pereistills pbanacoloP,cal act1Yit7 cluriag aa aperillet ,  

nt the aeu:rsxis 1a tftUecte4 ucl refieue ill wbich that part o f  the 

braia aaterior to tbe poiat of t.rauectioa ia 111Yo1Ye4 •1 be adJJaecl. !!le 

forftraia •1 be iaYolftd directly, for eD!Iple ill stiJIUlatioa of the 

olfactorJ reeeptora, or iadirecU7 there aq' be axtificaUoa of refiaH 

lower doa the nnraxia. It 1a 1Dt...Se4• ill tatue work, to explore 

laJ'1D&M]. rena actint,- 1a eau with an illtact bNill without the infiuace 

of chlOI'&loM. 

LaJ"11lgospaaa aad apaoea or cballgea 1B reapi.ratoq rh7tbll were �cl 

ill the C01II'M of tb.eae espen.a.ta b7 ....Uaical .tialatioa of the p�aarJu. 

laJo7ax aDd trachea as .. u a.a br the au4clea application of tdah 

ooacentfttiOIIa of YOlatile aaaesthetica 1a the ton ot a WJIOU' or a aprq. 

It waa al80 poiiiJible to at.ial•b � '-7 the iJitfty__. iaJecuc. 

of •luu. .. of ether 01" halotbaae. All endotl'ao!wal t.be of t!a• t;ype 

cc••oalf .... ta c11•1oal ........... -. capable of pi'Ori.dia& ..rna..t 

IIHbqical etiaalatioa wh• iaaerte4 iato tile a.preparecl �. 1Q7D 

or trachea. Nee n1eal. atial•tJ.a ot tU aoplaarJu - DOt attempted -

tide roat.e 1.8 ranl7 .... for tl'acheal 1llt tioa 1D u1•l aueathMia. 



Volatile &Daeathetiu were applie4 as a apn,- to e p!:larJu aDd aakri.or 

lai"JJIX, aad 1ft RJOV tozoa to the aaao}lltaJ7DX, l.arJu, trachea and lugs. 

Larpgoepaaa was atiaulated not cml.7 b7 expoaure of the intact reapiratoq 

tract to tbe .. apate, lNt alao when eaeh part of the tnct ••• expoae4 

ill i.aolatioa tr. the rest . st�tioJa of receptore ill a,.ste• other 

tlYaD the reapiratoi'J' tract 1a capable of noJd.a& larJagoapaaa (for uaaple 

Mehanical at.i.IIW.atioa of the cliaphra.p d aaterior abdotlea, Brewer aDCl 

Brfad , 19,5) . !'hia iaYeatipti.Oil bu beeD COiltiud to direct effects 

oa the l'MJd,rator,- &J'St•, or to the eftecta of drap after the,- are 

absorbecl fro�� the reapiratoq 87st• .. 

Ether waa the aaaeat.hetic apat whoee actioa waa atudi.ecl ill .et of 

the experiaeeta, bot ita e.tfecu wen compared with those of �hue 

ud •thox7fianme 1D a -n  auaer of eau. Ia the earl.7 exp&rt..at. 1a 

the iDYesUgatioa, the effecta of eth7l chloride ..-e also obserYed. All 

these "fOlatile aaaesthetic apata, whea acJaSni oterecl ill sv4derl hip 

CODCelltraticms, were capable of atiaW. tias larJ1180spaaa a4 apuea or 

cbaApa ill r.apiratoJ7 rlqtba. 'file actioa of MthoX7fitaraae Yapour dicl 

not coafora to the pattena utabllahed tor etker aud halotbaae. lhereaa 

ether aaci balotlume sUIRilated � whether a4ai•1aterecl b7 ..ak 

or ..,,. track•l caDallla, •tbox7fi1U'11De waa onl7 effect1Ye 111 at1-.la t1q 

the renu it _. atta1aiatere4 b)" -k. !tle reaaoD for this 

diff_._ce waa not eat:Qliallecl, alth 1t 1a •aeated ttaat it � be 

to tbe tact tbat •thoSJn_.... llaa a low wpoar preaaare ud 1a alilo 

1 ... alule thea halotlwle or et.Ur. A aeriee of expert.ata -. 

carried out to detel"'liae • ether there waa a threabol.tl OOIICeDtl'ati.GB of 

ether wpour at 1lb1eh l.a.rJaaoaJUII •• att.ulate4. !he reeuite ir&d.1cate4 

that alth_,. it aA7 be peae1b1e to cleterld.M a "coaceatratioa tlareehol4" 



uo. 

tor an imliTict.l •a1•19 it wu aot poaible to eatabliah a threaholcl 

applicable to eYery cat. t - perbape mon i.llportaot was the 

ooll1'1.rllatioa tbat loas exponre to ether or halothaJie npov clecreaeed or 

abollalle4 the abillt� of cc.-siTe at1auli to eTOlte lVJDgOapa-. !h1a 

•1 be clue to an effect at the receptore tu.eelTes , or to the effect of 

aa iac:reas.ecl depth or aaa.eatbead.a oa the oeatral pathtlaJ'8 1Jm»l•e4· 

The ianaeaee of otller clnap oa the 1aciclnce or lAJ'7Btpapaaa 1a 

of ooaaiclerable illportuc:e 1a eli.Dic:al .....theeia. Atropiae 9 part1culal'q, 

bu beea � � e.-. uthors as a clrq whi.ch will preYeat 

1U'1D&'Oapa• or ita iacidace 4V1ac paeral aaaeatheaia (BarateiD 

ud RoYeaatiae, 1938; t..b, 196Ja) . la th1a atwt;y, atropiae wae DOt 

fou:ad to haT aa:t "protecti•• efteot" agaSaat la.,...,_,._ wllea aAit1ni•tere4 

to cats before tbe7 were expoae4 to ether ftJ'Olll'• 

!biopeatoae aodi- eol.Uon, adaiDisterecl illtl"'l'TeDoueq at a low 

doae rat-e , na not toad to ilacreue the MJUii.tirity of the l.arJBgeal. 

re nu. Oa the COilti'U'7, la�pa• st.1Blated b7 ether at this stage 

was le .. iat thaa it ha4 been before the thiopeatou waa acta1niste.J-.d. 

'Phis coafirMd the experiaeatal obaerTAtiou of Jluotagh aa4 caapbell (195 ) 
in soata, bat ft ao nppon to llaJ'rt..on'• (1962) coacluaiOD t reflex 

re.pouea to reapirat017 initatioa ia - •ere 110re iateJUJe after 

thiopeatou. ft1a •1 llel"el� be an illcl1cat1oa of a species differeDM 

ill tile effect ot ttd.opeato!le., tMt it ..... liON likel.7 that the tnth liM 

ill '• ....-ti.orl t t the nppoaed aeuitiJiatioll 'bJ' baftitvatea 

la - 1a lleft� a tailare to depna the ntlex (DuladM, 1965) . 

saa-thoai , b7 oauiJ1a cl.epolarizatioa of tile 1atriu1c � 

-.lea, wu eft..U•• ill pre-...tJ.aa t 

order of -.le ll'ftP paral.Jaia 1a tile 

.u.latioa of lU7JI&oepaa• !be 

t tol.l.o1Nd U..t cleecri.Mcl b7 Ball 



lU . 

(1966o ) aa beiq eo on to all apeciee. ill that the diapbrag11 re•ine4 

active aner paralJBie o f  tale intriuic lar:rns-1 arueolea. In the pat , 

howeYer, Murtagb. ancl Oupbell ( 1954) reported tbat the cricothJTOid muscle 

re•ined act1Ye after the 4iaphrap wben auxaMthoniu bad b"n 

adllin1stere4. There ia a confiict ot opinion here which should be 

investigated iD future work. 

In clinical anaesthetic pnctioe , l&l"JD80spas , and otlaer tor• ot 

obstruction of  the airwsy are hasards which 1 cause h7P0xia w enoxia . 

Tecblliquea which will reduce or abolish the possibility that laryngo pan 

� be stimulated durins seneral anaesthesia re wortht ot consideration. 

Spra71a8 the pharynx Rnd anterior l41"JDX with a loc 1 analgesic 

eolution reduced the response of the intrinsic lar7D8eal olea to 

inhalation of ether and 'by abolishing the effect of .echanioal eti.ula tion 

o t  these are facilitated the inaertion of an endotrahceal tube. It was 

shown, however, that stimulation of larJDiO pas• could till oocur after 

such a spray by sti� tion of receptora in sitae which the loaal analgesic 

had not reached. Lubrication of an endotracheal tube with a local 

analtJesic creaa such as amethocaine wae capable of leasening or aboliehins 

the re ction to • chanical ett.alatioll of receptore ln the tracheal wall . 

'l'be work reported in this Ul.eaia foru a sound experi.Matal 'basia for 

a techlliq1le ot endotraoh 1 int1lbat1on 1A the cat which .a proYed 

oonaisteDtly tea anaesthesia is iDchaced with an ultra- bort ctiq 

barbiturate intraYenouely, the pbar,rax an4 larJBX are epra,e4 with 

20-� ag U.pocaine, u4 a tube lubricated rith an an lpeic oreu 1e 

inserted throuah the laryax into the trachea . Another Mthod of tlepre .. ins 

the' la1"71laeal retle� ao that iatu tion .. 1 be acco•pliahetl, ia to induce 

a d"p pl e of an estheaia before inaerting the t�. '!'hie is tteot1Ye , 



112. 

lnlt ofta the cat ast be take to a 4eeper plau of qa th ada t ia 

desired. A. tUr4 techlliqae of illtubat1oa iD tU cat is to 1IM 

�thoJd.aa, a clepol.ar.ia1:ag aecle reluaa.t , to paral,.ae the illtri.Aaic 

larJ'apal IIWIClea. 'fhia gi.Ye8 Te'F7 Soo4 COUitioas for iatu · tiOA ,  bllt 

the fact that the c!iaphrap ia al.ao peralyaed, ..... t t artificial 

reepiratioa tl1l6t be carr1.e4 out for 10 to 15 Ilia. ell thia teclmiq,De 

ia uaed, a local aD&l.paic spray DMCI not be tliMCl. !his ia of particular 

Talu it tu protectiwe larJDgeal reflex is require4 to n active 

audiatel7 after 8Vpl71 far iDataace whe oro-naaal &argeJ7 haa been 

lllldert.un. 

CliDical aDAesthesia ill the cat ia ofift •iatailled by iDbalatioa 

nta adlld.nistered b7 •*· 1a new of th high illcil!eace of lar,yngospa• 

ill the cat ara ar t 88.7 1Mt presat .. for spraJiag the lar,J�X with a 

local aaalpsic aeluti011 n •hell iatabatioa ia aot �teaplate4. Th1a 

appears to be a loc;l.cal aqgeetion , except in caaea aere aa active la�l 

refiex 1a aeecled ae aooa aa �RarPF7 1a coaplet.cl. 

la the prea t st q, ericlaoe a bee presented tor the exi.ateace 

of afferent pat.hwap for the la.rJI&P&l renu ill the iAt raal raDCh of the 

•pert.or l.aryapal aezoye , the � •nee , aa4 tbe Ya aerTe • 

Altboqll. the recurreDt la.rJI&P&l aenea a pear to be r laUYel7 1UWiporta.Dt 

aa afferent enee 1a � refiex, the tw experi.aeata ill which ether waa 

paaee4 throqtl aa 1eolate4 aepeat of trachea ngeat that the7 .aJ' caft7 

fib troll che�eptora ia th tracheal o.aa . It 1a poaaible tbat 

fferaat stial.l •1 paaa tl'oll the recarreat lar,ageal aerYes throup tlle 

r- -atoaloti aa sacpatecl b7 Lellere (19:Jlb) aa all aa up the .,. 



A 11.-ber of mtexpected results waa ncordM whea the resp1rato� 

tract wu apoae4 to Yolatile -••tlletic apata. !he 1110at iaportaat of 

tbeQ were: a biphaaic reapoJUSe to atillalatioa; a dela74fd reapoue to 

stialat1oa; ud aa iaCJ'MH ill iaapi!'atoey actirit7 of tile 4iapbra• 

rather tbaa illtel'nlptioa of l'h7tlall or &p��Ma . !heae thr .. re ulta 

aqgeoted that Y4latile agents -7 act aot Olll7 OD receptol"S witbin the 

respiratoJ'7 tract , but aleo on receptora at other aites after abaorptioll 

to the bloodstreaa. In cllapter- YI of tllis thesis • the results of 

iaJectilla aolutiou o f  ether and balothaae iatra.en0lls17 are reported. 

Lal7Jlgospasa could be stialate4 iD this ••7 and it ne accoapu1e4 b7 

ati•latioa of diaphra.-tic actirit7 aa well ae apnoea and iaterruptioaa 

of the n.OJ'Ml respirato17 rhJtha. '1'be effect of iatreveDou ether were 

cOIIpU'ed with thoae o t  a aolutioa of ICJI gbe iatra•n0118ly. After 

cuttillg the npa llerYes, both aol•tiDM aUinalated increaae4 diaphraprs Uc 

actint7 aDd the la tent perioda rroa tu tih of 1Ajeetioa to etrect were 

a111Uar, su.ggestills that both .olut1oaa were at'•ala tlDs ree.ptora in the 

caroU«l bodies ill the claaaical aaaer deacr:UHtd. b7 Loyatt (19'f9b) . 

It this were the case, the ef'!eet ehould be altol.iahed b7 cuttiDs tU ai.Du 

nenea Oil both aides. It proYe4 tecbDical.l7 difficult to cut aU tile 

tibrea ot th aiau ui"Yes, lNt iJl OM preparatioa t reaction to 

tn.1ect1oa ot JIClt was ciraaticel.q l'efte .. ( ... experi.MBt (1ii) p.lOl ) .  

ftere 1a coaeiderable aup rt , f'roa tlt.is work, tor the c ta.Uoa tluat 

"abnolwal" aad biplauic reapoaaea are • to atialaUOD of �•ptore ill 

tlw cant14 bodi.M. 

Coacluiou 

1. tar� d ._ ... ill respil'ato17 rb7Uia or apnoea are atiaalate4 

•hell the reepi.raterJ tract ia espoaM to aa44e Irish COJlCelltraUGM of 



YolatUe ._.•theUc ageata . 

2 .  '1'he sites o f  at1RJ.at1on o r  la� are not oal7 the 

aaaopharyax ud l817J1X, bat also the trachea ucl l11J188 . 

U4. 

'· !be aoat illportut aftereat pathwaJa 1B the nfiex are the auperior 

la� Jlel"'l'ea , the triplli•l aenea, ancl the ape nenea . 

4 .  A Jmowledp or the Mchalaiaaa iaYOl't'ed ill the atialatioa or 

1� 1a or oliaical illportaac. aa4 baa led to illproYeaota ia 

t.cbll1q• or pro't'iclecl a logical a1a tor esbblhllecl tecbDiqaea of 

coatrol.UJas tbia haaard chlriag aaae theaia. 

5. 'fta experi8ental aethocle dnoelopecl 1n this work •7 prcwe of great 

nlue in the CCi>Dt1auecl 1Dveat1pt1.c:m of l"e p11"ato17 probl <hu1.Dg 

anaeatheaia . 
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