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S U M M A R Y 

Literature concerned with reports or stimuli which cause or 

modify oesophageal activity have been reviewed and has been associated 

with the evidence obtained in the experLmenta undertaken. 

The preparations of eats which have been used in these experiments 

were:-

Anaesthetised cats. Chloralose ?0 mgm/kgm injected as a 

solution in saline (?0°C), or an organic solvent (dimethyl 

sulphoxide). 

Decerebrated cats. 

Decerebrated cats with the spinal cord sectioned at the sixth 

cervical vertebra. 

Decerebrated cats with the spinal cord sectioned at the third 

cervical vertebra. 

Cats with the central nervous system totall7 deatroJed b7 

pi thins. 

Oesophageal .otilit7 has been recorded b7 ieoaetric and isotonic 

qateu. In al.l caeee oeeophapal contraction• .. re detected b7 

balloon• 3-5 cc yoluae. 

Contractions of the tersinal oesopbagae iD re&pOil.. to dut naion 

of thie rep.on haYe been obtaia cl in the absence of an eztriaG.o 



i.DnerYation. These results, and those obtained ill decerebrate 

preparations , indicated the existence of both local and inter­

oeso�hageal reactions. These intrinsic reactions were found to be 

roflexl.y modified by stimul.i arising in other parts of the prepar­

ations, particularly the alimentary tract. The reflexes appeared to 

be mediated certainly through vagal and possibly through sympathetic 

afferents to centres in the medulla oblongata or pons. Vagal efferent 

pathwaJs have been shown to affect the oesophagus, and indications of 

a sympathetic efferent innervation of the oesophagus have been 

obtained. 

Stimuli which facilitated the local responses of the terminal 

oesophagus to diatcnsion were:-

Greater degrees of distension of this region of the oesophagus. 

(Very high levels of distension tended to be inhibitory . ) 

Acidification of the mucosa of the terminal regions of the 

oeoophaguo. 

Acidification of the isolated stomach to a pH of about 2.0. 

Stilluli which iDhibited the response of the terainal oesophagus 

to distension were:-

Diate.naioll of a aore cranial recion of the oesophapa. 

Bip ns:n•• of cU.ateaaioa of the oeaophapa at the poiat troa 

which the reoordinc waa takea. 



Distension of the stomach. 

Noxious stimuli arising from the operative procedures. 

These facilitatory and inhibitory stimuli were found to summate. 

The oesophageal response observed was a reflection of the nett afferent 

discharge. 

Reactions of the oesophagus to cholinergic and adrenergic drugs 

and blocking agents such as atropine, hexamethonium and nicotine have 

been studied. 

The resulto are discussed in relation to the function of the 

oeaophat�B in the intact animal and in relation to how co-ordinated 

responses are obtained in swallowing and other circumstances. 
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Chapter 1 

TII£ OE;.>OPHAGUS - UIPPOCHA'lE.;; TO 1965 

It ie reported that Hippocrates, after administering a coloured 

beverage to pigs and simultaneously slitting their throats , concluded: 

"When liquid i.s swallowed, a portion goes to the lung and from thti're 

is filtered into the pericardial sac, where it lubricates and cools 

the feverish heart. The rest of the liquid is exhaled as vapour." 

According to :l:�yknaan ( 1747), this notion was refuted by th� publication 

of l!,ridericus Bernardus l'\.�binus' s "De lieglutione11, hich eatablished 

that, normally, swallo�red li·-tuida never entered the respirntor.f tract 

(cited by .;>anchez, Kraraer and Ingelfinger, 1953). 

The accessibility, for motility studies, of the oenophaguv cu; 

realised in the 1880's by Kronecker and Meltzer. They published their 

findings in 1883 and at that time recognised that a contraction wave 

followed a buccopharyngeal movement of swallowing, and alno that 

d isten sion of the oesophagus by balloons led to a contraction wave. 

{A reproduction ot one or the�r records is contain d in a paper 

publi.shed by SaDchez _!! !!• • 1953.) 

CaaaOA aade his tirat contribution to the study of oesophageal 

110tilit7 iD 1896 b7 the u of the nuoroacopio techniqu e. Three 

Jeara after tld.a, ltzer poatulated the exist ace or two toraa ot 

oesophageal aotUJ.tJ&-

Pr r'7 periatalais - the contraotioD waq 1Ditiate4 

b7 a ccopharfapal aonu tot ...Uodac• 



Secondary peristalsis - the contractions following 

distension of the oesophagus. 

2 

Heltzer sought to separate these two phenomena on the grounds of their 

control . lie proposed that prim3ry peristalsis w�s controlled entirely 

by a central ne rvous S)'stem mechanism. lie did not think discharge 

from receptor a the oesophagus was essential for its pro ession 

(see Ingelfinger, 1958). This concept has been re-stated by Davenport 

(1962). In contrast , Meltzer considered that the aecondary peristaltic 

wave was dependent upon the successive activation of receptors as the 

bolus moved cautlally down the �sophagus. Evidence to justi.fy the 

above postulutes was:-

Oesophaeoal transection did not stop the progresbion 

of pri.mary peristal.si.s; 

secondary peristalsis was less sensitive to central 

nervous syst m depressants; 

and sec tion of one vagus nerve in the neck had little 

ffect on primary peristalsis, although it either 

abolished secondary peristalsis or increa d the 

threshold for its •timulation. 

These proposals of Meltser's •tiaul ted oth re to �ud7 oesophageal 

aotUit7, and work cloae at this tiae paerall7 supported hie 

po•tu1atea. 

Ia a etud)' he IWle of th effects of sectioa of the Yagus aerns, 

CazmOD ( 1907) reported tbat, after bUateral eection of the 'ftSi, the 

at.riatecl le of the upper oeeopha • of cate • a paral7 while 
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the lower (unstriate d mus cle) showe d a peristaltic contraction to a 

l oca l disten ding stimulus . Cannon also studie d the e ffects ot partial 

sympathectomy at d iffe rent levels of the oesophagus and var ious 

combinations of de nervation proce dure s .  These studies of the extr insic 

nerve s or the oesophagus we re con tinued by a group of worke rs und er 

A.J. C arlson in the early 1920's (Carleon, Boyd and Pe arcy, 1922). 

These, and later experiments aimed at the definition of the e xtrinsic 

inne rvation of the oesophagus, were conce ntrated on the re actions of 

the terminal oesophagus. Carlaon con cluded that the splanchnic ne rves 

and vagus nerves cont ained both e xcitatory and inhib itory fibres. 

�ince this report, nerve stimulation studie s, pharmacological studies, 

and !!! vitro investigations have been reported which support, in 

various degree s, this original observation. 

Hanzlik an d Butt (1928) separated the circular and longitudinal 

components of oesophageal motility in the pige on crop, but atternpts to 

follow up this work in other specie s have not been reported in the 

lite rature . 

Oesophageal motor responses to distension of the st omach by w ater 

were stud ied b7 PaJD• and Po ulton {1928). These worke rs used a 

technique and ap proach which had not been uaed up to this time. This 

app roac h wae the deliberate d�etenaion of the oesophagus to provid e an 

excitator7 backcround oa whic h  other stiauli (auch as diste ns�on) llll7 

be auperiapoaed and a&Maaed. PllJ1le aad Poulton'• results were 

npported b7 Gold'bers (1931), who fowad that renuz of atoaach content• 

into the oeaophape oocurred at a lo .. r tlar ahol.d 1.f the p7loric antrua 

-• diatend.ed. The aotU1t7 of the oeaophapa was not recorded in t hi.a 



studJ . Pennington (1946) noted that dist ension of the jejunum lo red 

the tonicity of the cardia in unanaesthetised dogs. The more recent 

work of Schenk and Fredrickson (1959) refers to a reflex inhibition of 

the resting tone of the terminal oesophagus with distension of the 

pylorus. 

Knight (1934.!) reported a series of investigations on the motor 

innervation of the eat's oesophagus; earlier (1933) he had postulated 

that the anti-reflux mechanism at the caudal end of the oesophagus wao 

an intrinsic smooth muscle sphincter rather than a mechan ism involving 

the cruciatc fibres of the diaphragm or the presence of a mucosal cuff. 

Knight's conclusions were supported by the results of an investi�ation 

of thi.s anti-re nux mechanism by .:;eller and Burget { 1937). 

These investigationa on the anti-reflux mechanism were taken up 

again in the mid 1950's by various groups, whose conclusions supported 

one, but usually soveral, or five postulated mechanisms:-

An intrinsic smooth mu cle sphincter: Fyke, Cod and Schlegel 

{1956); Fleshler� B ndrix, Kramer aad Ingelfinger (1958). 

A mucosal cutt or ro ette : Dornhurst (1955-56); Nauta (19.56); 

'olt (1960); Hayward (1961); MUsteiD, E4wards and Berridge 

(1961) . 

AD obliquit7 ot the p.atro-oesophapal jllllction: Boag (1954); 

Marohaat ( 1955); CobD, Cloae and eeton ( 1956) • 

Aa lll-.olw-at of the cruclate fibre• of tu cU.ap : Peters 

(1955); lauta (19.56); S.UDk aa4 Fre4riobota (1959). 



An involvement of the abdominal segment of the oesophagus: 

Creamer, Harrieon and Pearce ( 1959); .�ol£ ( 1960); Nagler and 

Spire (1961); MacLaurin (1963). 

5 

In general, studies of the cervical oesophagus had not received 

the attention that was given to the terminal regions of the oesophagus. 

Hwang, Grossman and Ivy (194?) postulated that the cervical oesophagus 

was not innervated by the recurrent laryngeal nerves. It was proposed 

that a all branch of the superior laryngeal nerve, called the 

pharyngo-oe ophageal ne rve , carried the sensory and motor fibres 

responsible for motility of the cervical oesophagus. Chauveau (1862) 

ie re ported (by H ang, Grossma.n and Ivy, 1948) to have considered the 

contribution of this nerve in the horse, cow, lamb, cat, dog and 

rabbit. }{wan:;, in collabor.J.tion wi th various other workers, continued 

to work on the innervation or the oe sop hagus until he published a paper 

in 1954 entitled " he Mechanism of Transportation of Contents in the 

Oesophagus." In this paper he expresses these findings as a total 

integrative statement of motility of the oesophagus. 

During this period, 1948-49, two workers who were to becoae pr -

e�ent in oesophageal aotility tudies began their c�ntributions. 

Inplfinger, in collaboration with Kraaer and Sanchez ( 1953), studied 

oesophageal tilit,., at all levels, in response to awallowing or 

oesophageal diatensioa ill health,. and diaea..d hUIIIUl patients . Be 

proYecl, iD the• earl,. ataps, powerful in influeaciDg thoughts about 

oesophageal aotilit,.. For exaaple, when intralwd.Dal recordias of 

oesophageal .otilit,. a introcluced in 1953 b,. ButiD, Olaea, Moeracll 

.I 
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and Cod e , he was able to offer , and have accepted, some very pertinent 

criticisms of this m�thod (Ingelfinger, Kramer and Sanchez, 1954}. 

However, he adopted this method of recording himself in later years 

and used it to extend his studies in h uman patients. llis critical 

review articles in 1956, 1958, 1961 and 1963 indicate his knowledge 

and contribution to the study of oesophageal motility . 

The introduction ot intraluminal recording apparatus in Code's 

laboratory at the Mayo Clinic at the time ar:>peared to provide the 

solution to the gastroenterologist's problem of preventing stimulation 

by a bulky recording d vice. Code and his associates (in particular , 

�chlcgel) adopted a rel�tively simple and repeatable method of serial 

motility studies, and its application by various groups of workers h�s 

provided large volumes of data on �otility patterns in man. �he early 

oesophageal studi a were repeated, using thes� G��ll pressure recording 

units, and this emphasised the differences between primary and 

secondary peristalsis. It was presumed that the small recording units 

allowed the detection of motility followin� a buccopharyngeal movement 

of swallowing or a distension ot the oesophagus without modification of 

the response by its presence . Specific studies on this problea (Hwang, 

1954; Flesh1er, Headr:Lx, Kr8Jier and Iagelfi.Dger, 1959; Siegel and 

Headrix, 1961) led the workers coaceraed to conclude that the 

oesophageal motor reepODae waa the eaae, regardless of the initiating 

atiaul.ua. la 1956 Anclre• carried out the firat and, Wlti� veQ 

receatl7, the oD17 electrical iaYestS.gatioa of aotor aa4 eeaeo17 

acUYity of the oesophageal iaaeryatio aacl auaoulature. Ilia atuclJ waa 

ooacel'llecl wS.th the cerrical oeeophapa of rata. 
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The j ority o f  the work on oesophageal aotility since 1953 has 

been related to clinical investigations. Motility patterns have been 

studied in normal patients and patients with disorders such as 

cardiospasm, hiatal herniation, scleroderma, oe sophagitis , heartburn 

and other less frequently reported disorders. Recorda have been 

obtained in conscious human subjects with the same type of pressure 

recording units and all have yielded essentially the same record. In 

1958 Code and Schlegel publiahed data which suggested that the records 

of the lower oesophageal sphincter activity obtained by this systea 

were suspect, and modified their recording system. Other investigators 

altered their systems and the motility studies continued. 3ome workers, 

however , have not altered their me thods , and the type of pressure 

sensing device must be carefully considered in each instance . Th 

procedure used by most workers depends upon the respiratory reversal 

point to position the recording units relative to the oesophageal 

hiatus of the diaphragm. The value of this method as a reliable 

indication of position has been qu stioned in the report of Goisel, 

Aria , Jefferson and Necheles (1965). They suggest that this point is 

variable and aay occur iD the fundus of the stomach or the thoracic 

regions of the oesophapa. Thia report, if subetantiatecl, aay result 

in doubt beills cast on the Yalue o f  recorda obtaiaed and the aethode 

eaplo7ed in the ana}7aia and interpretat�OD in aaQ7 atudie of 

oeaophaseal aot1lit7. 

la t li.ght of obeenat1oaa Oil the e ffects of ••tioa o f  t e 

.apa HrYee on oeeopha al aoti.Ut7 , preMatecl b7 Dasracli , Steapl.ea, 

Set. fer and ei.Jabers (1962, 1963), ancl the oriaia•l atate .. nt of 
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automaticity by Cannon ( 1901) , experimental procedures ueiag dogs in 

which the vagus nerves were cut were designed at the t�o Clinic 

Physioloby Unit. These experiment s were designed to study the 

dependence or independence of the motility pattern (moasured by intra­

luminal pressure changes) on the extrinsic nerve supply. Carveth, 

Schl.egel, Code and E�lis ( 1962), and Greenwood, Schlegel, Code and 

Ellis ( 1 962) reported that the relaxation, in response to a swallow, 

of the Drea of high tonus at the terminal end of the oesophagus 

continued after partial sympathectomy, vagotQM1, phrenicotomy and 

oesophageal interruption. This study, plus other work in the same 

labor3tory (Helm, 3chlegel, Code nnd Summerskill (1965), on the trans­

mucosal junction potentials at the gaatro-oesophageal junction; and 

the very recont v1ork of Arimori, Schlegel and Code ( 1965) on the 

electromyography or the oesophagus), places this group at the Hayo 

Clinic as the most active in this branch of gastrointestinal physiology. 

In recent years the attention of various groups has been 

concentrated on specific clinical problems involving the oesophagus. 

Tho studies have been undertaken in hospitalised patients aurfering 

from the specific eo plaints ntioned above and coapared with results 

obtai.Ded f'roa control subjects. ID 1961 two groups published the 

results of studies on heartbUI'D (Hagler and Spiro, 1961 a 1'uttle, Rufin 

aad Bettarello, 1961). This work was continued by Siepl aAd Beaclriz 

(196}) • .Siepl (1�). revieriDg the work dou OD heartburll, indi.cated 

the wa7 1D which tbe• specific probleae had been 1Dvest1g tec1 aD4 

iDtroduced 1Dto t Uterature the idea that the oeaop pa ezh.ibita 

tifferent leftl.a of e:zci.tabillt7. � oeaophapal reapoaee to ao14 



infusion was thought to be dependent upon the background leYel of 

excitability. 

9 

A further specific study which appears to have just been started 

is a study of belching. McNally, Kelley and lngelfinger ( 1965) 

published the results of a study of this problem, and it might be 

foreseen that this investigation may be de.eloped in a manner similar 

to that of the investigations on heartburn which followed the original 

observation by Lazer, Pulletti, Douglass, Danovitch and Texter (1959), 

that abnormal motility patterns followed acid infusion of the 

oesophagus. 

An important aspect of oesophageal motil ity which has not been 

studied in detail is the sensory innervation ot the oesophagus. This 

is probably due to the idea that the motility response is largely 

central in origin. Howev r, both direct and indirect evidence does 

exist tor a sensory innervation. 

The use of oesophageal motility studies in clinical investigation 

is established, and ita continued application will provide data on 

motilit7 patterns in Yarioua clinical conditions. Winahip , Poindexter, 

Thayer and Spiro ( 1965) haYe reported that the oe ophaps of the aonke7 

is silllilar in ita raotilJ.t7 patterns to 1181l .  'rhi a  88.7 allow a bolder 

approach than used at present. Further progreea in the Wlderataading 

of oesophageal. aotUit7 will lNt pined froa ati.aulatinc it in a 

Yariable -er b7 a etiauli other thaa nallowiag IUld b7 recorclJ.ag 

ib aot1U.t7 b7 a •thod aore direct in ita Masure•at tluul 1Dtra-

111W1Dal preaeure recorcU.q, tor exaaple , b7 recordillg the eleotrical. 
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activity of the musculature or separation of its walla. 

The experimental investigations reported in this thesis have been 

concerned with the to�ow!Ag:-

the nature of the oesophageal respon to distension of itself. 

Interrelationships between different levels of the oesophagus and 

ho\'f this might lead to an integrated response of the oesophagus 

as a whole to a stimulus. 

The effects stimulation or changes in conditions in different 

parts of the alimentary tract have on oesophageal. motility. 

The sensory and motor innervation of the oenopbagus. 

The action of selected pharmacolob�cal agents on ouaophageal 

motility. 

The dependence of oesophaceal motility on an extrinsic inner­

vation. 

'fhis has provi.ded a start towards an illtegrated approach to 

subject which has been treated iD particulato fashion b7 most workers 

because of preoccupat�oa with the solution ot various cl�cal problems. 

Ingel.fiDpr ( 1963) ude tbe eat t ta " ••• but acute experiaeata 

perforae4 wader azaaeatheaia aACl applJ'ia8 electrical aDd claaaical 

pbanaaoolop.o •tiaull to •nreq audpul.atecl gaatro-oeeopbapal 

•peat• haft pro '-17 beeD expl.ol.tecl to the ud- aDd haft lltUe 

-r• to otter." It 1s hoped that the experiaeatal ob .. rn.tioaa 
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presented ia this thesis, coupled with clinical inyestigations, 

c hronic experimental Lnvestigatio�s, histological studies, or taken 

alone, may make some contribution to the understand ing or oesophageal 

motility. 



Chapter 2. 

STIMULI ;,RICH CAU.i.>E OH ALTER 01!-SO?HAG:t.AL 

MOTILITY IN THh CAT 

INTRODUCTION 

Evidence tor a eensory innervation or the oesophagus has been 

derived from four sources:-

Subjective sensations arising from the oesophagus. 

Reflex effects arising from stimulation of the oesophagus. 

Recording from afferent nerve fibres from the oesophagus. 

Histological evidence or sensory nerve endings in the 

oesophagus. 

Subjectively oesophageal sen sation may be recognised. Pain and 

gross distension can be noted and referred to the oesophagus. Recent 

work on heartburn would indicate that the pain associated with this 

condition is due to abnormal motility caused by the acid stimulation 

(Siegel, 1964). 

Reflex effects due to oesophageal stimulation haTe been reported. 

l.a7 ( 1958) has ahowa that tactile atiaulatioa of the thoracic 

oesophagus of the sheep will cause refiex ..U.vatioa. Philllpaoa and 

Reid (1958) have deaoastrated an oesophageal diatensioa-ea11vatol'7 

renex ill the calf; Sellers alld ft.tchea ( 1959) have alM ehowa thia ill 

the sheep. aad. that diateaaioa -7 eau• aa illh1b1t1oa of ru.ea-



re ticulum moYementa .  This e ffec t  was elicited at a lower t hreshold at 

two regions - the anterior thoracic and terminal oesophagus. The 

sensory nerve fibres o r  these re flexes appear to be carried in the 

vagus nerve s .  Oesophageal re sponse s t o  distension o f  the oe sophagus 

have be en reported by various workers ( Andrew , 1956J!; Creamer and 

Schlegel , 1957) . Hazarika , Coote and Downaan ( 1964) report t ha t  the 

abdominal segment o f  the eat ' s  oesophagus has a sen sory nerve supply 

carried via the dorsal roo t s  T3-T10• They employed a technique 

introduced by :<!cDowall ( 1925) . An a fferent discharge ( in  t hi s  case 

stimulated electrically or by pinching) cau se s an inhibition o f t he 

oculo-motor constri c t or tone . This causes dilatat ion o f  t he pup il o r  

a cat under chloralose anae sthe sia . 

Neurophysiological record inG from t he oesophagus and a fferent 

nerve fibres arising from t he oeso9hagus has provided de finitive 

evidence for t he pre sence o f  re ceptors in the oesophagus . Andrew 

( 1956b , c )  has recorded discharges from receptors sensitive t o  
- -

distension and tac t ile stimula tion . I t  also appeared that the se 

receptors were activated by a contrac tion o r  the oesophagus. Iggo 

(1957a) distinguished an oesophageal receptor activated by contrac tion . 
-

These reports are conriraed by Mei ( 1965) , who has suggested that these 

receptors which are activated by distenaioa or a contrac tion are 

concentrated in two regiona - the anterior thoracic and the teraiD&l 

oeaophapa ( Me Sellers and Titchea , 1959). 

Biatologioal ed.cleace for nceptora la acaaty . DeWltt (1900 -

clt.d lty Doucherty , Baltel and Boa4 ,  19.58) 4eacriM4 tiDe aeaao17 Dei'Y• 
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endillgs ot t he subepitheli.al cells . Also , dense " end ballr• o t  

interdigitating aborisations were noted . The se sensory nerve endings 

were located a t  the pharyngo-oe sophageal junction . Coml.ine and Hessage 

( 1964) have iden tified nerve fibre s in t he oesophagus o f  the sheep 

vhich have lo'll cholinesterase levels . ·rhey sucge st t hat these are 

oensory fibre s .  

The evidence cited 1.1ould indicate t h.:l t  there doe s exist u sensory 

innervat ion o f  the oeao p lw. gus . The fibre s of this innerva t ion are ,  in 

all probability , carried �a the vagus nerve s and eympathe tic nerve 

trunks . The receptors pre sen t appear to be sensitive to both fixed 

and moving distension stimuli and alno t he passage o f  a con t rac tion . 

'tac t ile and. acid recep tors are alao indicated by the observu tions cited 

above . The evidence iti not une :-tuivocal , <c•.nd '1 charac terisation o f  

recep tors , auch a s  Ig� and tlo.intal have carried out for gastro­

intestinal recep tora ( see Yaintal , 1963) , is re quired . 

The reac tions o f  the oesophagus to d iotenaion o f  i t self huve long 

since been re co gnised . Two forms o f  diot cnsion hbve been employed , 

namel.J' , wi th a fixed ball.oon distension (Carlson .!! .!!• ,  1 922 ; Zell r 

and Burget ,  1937 ; Kramer and lngel tinger , 1949 ; Baylla ,  X.auntze ancl 

1ToUDce , 1955; Creamer and Schlegel , 1 957) , and with a fluid or aoYillg 

balloon diateDaiOD (Hwang, Eseez and Maim ,  1 947 ; Bwaag ,  1954 ;  Creaser 

ADd Schlepl, 1957) . De tiDiti'Ye obaerYatione OD the nature of the• 

nepOJleee 1a lacking. The trequenc7 and threshold of these reepoJUJee 

4epellclecl on tbe region of the oeeop gue diatended , and an ia'Yer• 

nl.atlonohip bet... aapU.tude aad fnquenc7 appeare4 to ed.at 
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( IngelfiDger , 1958) . 

Oesophageal distension has been report•d to have an inhibitory 

e ffect on oesophageal activity caudal to the point o f  distension aad an 

excita tory e ffect on oesophageal activity cranial to the applied 

distension ( Hwang , 1954 ; Creame r and Schlegel , 1 957 ) . These re sults 

were not supported by the experimental observations made by Dornhurst , 

Harrison and Pierce (1954) . 

A fall in tone o f  the terminal regiona of the o e sophagus in 

re sponse to the buccopharyngeal movement o f  swallowing,  a distension o f  

the oesophagus , or contractions o r  the oe sophagus cranial to this 

re sion , has attracted the attention o f many workers ( Zeller and Burge t , 

1 937 ; But in , Olaen , Moersch and Code , 1 953 ; Fyke , Code and Schlegel , 

1956 ; Code , Creamer and Schlege l ,  1 958 ;  Kelley , .. ilbur , Schlegel and 

vode , 1 960 ) . The records obtained have shown a fall in tone 1 . 5 - 2 . 5 

second s a fter the buccopharyngeal movement of swallowing whJ.ch 

continue s for 5- 1 2  second s .  The fall in tone was followed by a 

contraction .  I f  a second swallow was stimulated when the tone had been 

inhibited , the contrac tion was turther delayed . �bether this 

inhibitory pbaae o f  -allowing ia present throughout the oe aophague 

and whether it is caused by the buccopbar)'D.pal aove .. nt of awal.lowing 

( Kronecker and Melt .. r ,  188' ; Saachea et al . ,  1 95' ;  Dornhurat et al . ,  
- - ._.... _ 

1954; Ingelfinpr , 1 958 ) , or contraction or distension of the cervical 

oeaophape (Zel.l.er and Burpt ,  19)7 ; Bwans, 19.5't ;  Cre ... r u4 

Sehlegel , 1957) , bae not beea deteraiaed . 

kroaecker and lleltur ( 1883) recopi•d that a coatractioa -" of 
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the oe sophagus followed the buccopharyngeal movement of swallowing. 

The form of this wave has been inve stigated by numerous worke rs with 

many different forms of recording me t hods (Burge t and Zelle r , 19}6 ; 

Kramer and lngel finger ,  1949 ;  But in !! !!.!• 1 1953 ; Code !1 .!!• 1 1 9.58 ) . 

Originally this con trac tion wave was differentiated from the 

contraction wave Lmitiated by distension o f  the oe sophagu� in bo th its 

mo t ility charac teristics and the nervous elements involved . Ho wever , 

the reports o f  Hwang ( 1 954 ) ; Fle shler _! �· (1959) ; and Sie gel and 

Hendrix ( 1 96 1 )  indicat that the "primary'' and " secondary" contraction 

waves o f  t he oesophagus arc similar in form and mechanism. The se 

reports simply su gge s t  the manner o f  their ini tiation is d i f fe rent . 

The e ffe ct o f  gross distension o f  t he lower oesophagus appears to 

have an inhiLitory e ffec t  on the tonus o f this area {Nagler and Spiro 9 

1 963 ; V innil and Kern ,  1964 ) . The ae workers noted , wi th p rolonged 

gastric intuba t ion , t h� t  ma te rial was re f1uxed into the oe sophagus . 

They suggested t he re sting t one was lost , and that t his was due to t he 

gross d i stension o f  the terminal oe sophagus. This re nux c ould also 

have been in terpre ted as arising !rom the straightening o r  the 

obliqui.ty of the pstro-oe sophageal junction . 

Siegel ( 1964) suggested that acid pplled to the lower oesophagus 

would cause abnontal tUity o t  the di.stal oeaophapa . This editorial 

COiliUMAt , relatecl to a consideration ot beartbura , was based on the 

obeenation ot Laser .!1 .!!• ( 1959) • that abnoraal aotUit7 patterDa 

tollowe4 acid illtuaS.o ot the oeaophape. ste,.l aad Beacl.ria ( 1960, 

196') PQbli their ti""i•s• toll.o1d.Jls both poaitiw and pUw 

erideace troa other workers ('l'uttle • BettareUo aad Gro • 1961; 



17  

Tuttle , Rufin and Bettarello , 1961 ) .  They reported that abnormal 

motility patterns were observed following acid infusion into the 

terrdnal oe sophagu s .  In some case s acid in fusion into t he  terminal 

oesophagus wae associated with the substernal pain c harac teristic o f  

heartburn . I t  was sugge sted by Siegel that foilure t o  ob tain these 

effec ts may have been due to t heir subjects being in a supine position 

which did not allow concomitant distension o f  the oe sophagus with the 

acid infusion . 

Cineradiographic studie s reported by Dougherty and Habel ( 1955} , 

working with consc ious she p ,  indicated th�t t he terminal oe sophagus 

may be sensitive to tac tile or chemical stimuli . They noted the 

reac tivi ty and mot ility o f'  t hi s  area increased markedly when material 

to be rumina ted entered the terminal oeso�hagua . 

The re s�onae s o f  t he oes ophagus t o  changes in condi t ions in the 

stomach have received little sy stematic considera tio n . Moat o f  the 

observations made have been incidental to a study o f  re flux into the 

oe sophagus or stomach conten t s . However , Payne and Poulton ( 1928}  did 

show t hat d istension of the stomach caused a wave o f  contrac tion to 

paae OYer the entire length of the oesophagus . No mention o f  the 

direction of this wave was aade . The oeaophapa wae ,  in their 

experiaenta, eubjecte4 to diatenaion b7 the larce recording balloons 

eaplo7ed . The7 also obeel'ftd that a ai•ilar 41ateaa1on of the atoaach 

cauee4 an 1Dhib1t1oa of coatractiona which had beea at1aulate4 b7 

diateaaioll of the eopbapa . Golclberg ( 1931 ) fouacl that when 

dietenaioa of a p7lorio poach cauaecl �tine tbere was a ooncoaitaat 
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r duc tion iD the tonus o f  the termi.Dal oe sophagus . Results obtained b7 

Schenk and Fredrickson ( 1959) supported this obser.ation . An 

inhibition o f  the terminal oe sophageal t one , as eaaured by the 

resistance to re flux o f  stomach contents to the oe sophaeus , was 

obtained wit h distension o f  the entire stomach . Distension o f  a fundic 

pouch of the stomach did not cause this inhibition . The distensions o f  

the stomach in experimental animals hic h  are reported a s  being 

inhibitory are only likely to occur in intac t animals during yomit ing 

or d urine etrong con trac tions of the abdominal walls .  I n  t hi s 

connec tion , McNally !! !!· ( 1965 )  report that 1 ooo-2000 cc o f  air may 

be int roduced to t he stomac h  wi th a rise in pre ssure o f  only 4-7 mm Hg . 

Pennington ,  HaDey and Youma.na ( 1946 ) reported t h  ..• t dist ension o f  

the jejunwu caused a fall in tone o f  the terminal oeaopb.::.gus .  

Published observa tions o f  th� e ffec t s  o f  o the r s t imuli applied to 

other part s of t he 0astrointestinal trac t are not available . This is 

in contrast to what one might have expec ted to have found a fter 

Ingelf:inger made the s tatemen t in his 1958 review : ".Pre sumably , 

howeTe r ,  the waTe is susc ptible to a f ferent stimuli originating fro 

Yarious sources ,  and this susceptibi.lity may account for the incon tallt 

feature s o f  all. t,-pes o f  oesophageal per:l.stalaia with respect to 

incidence , point o f  origin, force and course . "  

The experiments reported 1n this chapter haYe been carried out to 

deteraille the effect which Tarioua stlauli azq haft o the acU.Yit7 of 

the resting or actiYe ter11iaal. oe aophape. The aature o f  the r.8p01leea 

baa been innetigatecl 1D teraa of their l.ateaq , duration and directioll . 



The sensory pa thways involved in the se re oponses have �so been 

otudied . 
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A preliminary comsunic at ion o f  the results cited in this chapte r 

has been pre sented U 'itehen and '1leeler ,  1966 ) . 
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METHODS AND MATERI ALS 

Decerebrated , anae s the t ised , isola ted medullary , and pithed 

preparat ions o f  c a t s  haTe been used in a study or oesophageal motility 

o f  t he cat . In all preparations anae sthesia was induced wi th e thyl 

chloride anj continued with e ther-oxygen inhalation . Tracheal , 

femoral venous ,  and femoral ar terial cannulae were inserted in the 

usual maJ'lJler ( Uddell and Sherrington , 1 929 ) . In some expe riment s an 

endotracheal tube was inserted instead o f  a tracheal cannula . 

Unless speci fied to t he cont rary , all dissec tion procedure s 

re ferred to were undertaken during the period o f  e t her anae sthe sia . 

The me thod and sequence o f  decerebration w&s as described by 

Comline and Titchen ( 1 951�) . Fol lowing decerebrat ion , the pre para tions 

were placed on their right side and the right femoral artery was 

cannulated . The terminal oe sophageal balloon and balloon used to 

record respiration were c onnec ted to the re cord ing apparat u s . The 

femoral arterial cannula was c onnec ted t o  a mercury mano e ter , and 

recording commenced . The carotid c lamps used during decere bration were 

remoYed after the se procedure s had been c ompleted . 

The anaeathe tieed preparations re ferred to were prepared in the 

followi.Ds aanaer :  Anaesthe sia was in.duced using e tiQ'l chloricle 

tahala tioa followed by an ether-cnqpn ldxtun . Veaoue aDd tracheal 

oanaula were i.naerted . Chloralo .. aade up iD ealiae ( 70°C ) , or 1D llD 

orpnic aolYeat (cU. .... tiQ'l eul.phoxicle) ,  waa lnjeotecl iatraYenoual7 . 

The do• uauall.7 P,fta waa 70 11&8/kp bocl7 wight . lll otber operatiYe 

proce411fta wen c.arri.ed out while the aa1-l waa UDder the chloraloM 



2 1  

anaesthesia . 

For the inve stigations o f  vago-vagal re flexes involving t he 

oe sophagus , isolated medullary preparations we re made . The procedure 

was similar to t hat for dece rebra t e  pre para t ions . Just prior to 

decerebra tion the spinal cord ( contained within the dura ) �as c rushed 

with mosquito forceps through an e x�o sure at the a tlanto-oc cipital 

j un c t ion r�de immediately be fore . 

Proced ures which involved spinal c ord section we re c arried out . 

The lamine c tomy re quired wa s �de during the e t her anaesthe sia and the 

spinal cord wne sec tioned during the e xperimen t .  

::ats w i t h  their centra l ne rvou s sy!'ltem to t�lly d e s t royed we re 

prepared . ?he'3e E)rep�ra t ions are he reina fter re ferred to us to tally 

pithed prep:-ir$ tions . .!�nae sthe sia wo s indu ced with e thyl chloride 

anJ maintained wi th ether . '.i.'he t ra c hea was cannul.:1 ted and a venou s 

tube inoertcd into the femoral vein . � la�dnec tomy · a o t hen ��de 

cranial to t he sacrum . and the spina� cord was exposed . The exposure 

was sever 1 se�ents long and t he s�inal cord was cut at this point . 

The carotid arteries we re tied and the vago-syapathe tic nerve trunks 

were sec tioned ill the neck . The tracheal vein was tied and both 

jugular veia nre iaolated . Ou of the was tied while the other 

froa the Mad . A large packing n"dle was 

paa•cl UDder the ap1aal ool.wla , behi.ad the willp o f  the atl.aa, to 

CU"17 cord wh1cb ••• t1ecl tightl.J' to occlude the Yertebral arteries. 

The •oODd juplar Yeila ••• then tied . The adaialatratloa of the 

uaeathetl apat then oeaae4 u4 the Abject reeplrecl froa a poaltlYe 



pressure respiratory pump timed to approximatel7 match the previous 

respira tory rate . The cord was exposed at the atlaato-occipital 

articulation and the artificial ven t ila tion adjusted to create a 

su f ficiently high intrathoracic pre esure to cause haemorrhage trom the 

cervical exposure . The braiu was then pi thed and swabs w re forced 

forward to ensure to tal destruc tion . A plastic covered wire was then 

passed down the spinal column and out t he sacral lamine c tomy wound . 

This wire was t hen used to .pull a rubber tube down the column to 

remove the cord entirely and fill the evacuated space . This procedure 

was devised a fte r attempts to comple tely remove the spinal cord failed 

because o f  a coronary thromboni s ,  due to either air or fat eMbolisms . 

l'his wn.s overcome by creatin,_� the cont inuous (even on ex.t•ira t ion ) 

posi t ive pre ssure wit hin the thorax by mhllipulation of the re spiratory 

pu!!tp outpu t and amount o f  expira t ion pousible . Thus t he venous 

channels from the spinal c ord did not accept air or fa t emboli during 

the ne gative thorax pressure o r  inspira tion . Iorio and Hcisaac ( 1965} , 

in a short note , made ment ion or a similar procedure , but a 

con siderat ion o f  th difficultie s was not undertaken . 

'l'o stud7 the e ttects of chaages in the conditiOAs o f  the atoaach 

on oesophageal otility th stomach was isolated from the oe sophagus b7 

a special cannulation tecb.Di.que . U er ether aaaestheaia a YeDtral 

abdomiDal inciai.on about 10 ea long waa aad.e . The p7lorus was located 

and was tied llghtl7 with a doubl.e li.pture . AB incisi.on 2-3 ea lOllS 

iD the atoaach was aa4e 5-6 a troll the cardia on the p-eater cnaryature 

or t atoaaoh . A flexible tube wa down the oe.ophapa to 

taci.l1tate id nt!.fi.cati.on o f  tbe poi.at of couecUoD of the oeaop sua 
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Fig .  2 . 1 .  D iaeram o f  cannul a t ion t e c hni,:tue used to 
separate th . s tomach and the oe soph� gus at t he 
gastro-oe sophageal mucosal j unction . The 
oe sophageal cannula al so prcvides & menns o t  
balloon placement at the termin. l site . The 
stoaach cannula was d signed to allo in fusion 
ot fluids t hrough the stomach and alao tlu�d 
d istension o r  the sto eh . 



with the stomach . The gastro-oesophageal mucosal junction wan located 

and a purse-string suture , which passed into the muscularis or the 

stomach , was placed to tie a cannula in at this region . A ttached to 

thi s cannula as an oesophageal bal.loon ; t he tube to which this as 

attached passed out of the stomach to the recording app�a tus ( se e  fig . 

2 . 1 ) . A gastric cannula (8-9 mm diame ter ) vas tied into the �tomach 

incision with n purse-otring suture . The re st of the s t omac h incision 

and the skin inci sion r�as closed . The form o f  the oe sopha6Gal cannula 

altered , depending on whe ther drainage of the oesophagus was re quired . 

In t his case a large bore tube was attached to the ou t side o r  the 

oe so9hageal cannula and ?assed out o f  the stomach . The cannula t ion o f  

tbe oe sophagus in this manner allowed a ball.oon • or balloons . to be 

introduced in to t he oesophaguD without pharyngeal stimulut ion . I t  nlso 

permi tted saliva or fluid whi c h  entered the oesophagus to drain from 

t ho caudal end and thus avoided a fluid distension of the oesophagus . 

The gastric cannula was inserted in order to allow t he introduc tion o t  

fluid s into the stomach ,  prov�de quick drainage o f  the stomach conten t s ,  

and allow the disten sion o t  the stomach b;y a column o t  fiuid . 

A study of tho effect of various stimuli on the terminal oe sophagus 

was carrl.ed out wbi..le this reP.OD of tbe oeaop wae clistelldecl b7 

water-tUlecl bal.l.OOila. se bal.looaa were 1 .2 - 1 .  7 011 lOJag azad 1-2 

ea diaaeter at 2.0 �0 preeaure . SiAce the7 wre na4U.7 d.i.ateiUd.ble , 

the7 perw.itte4 � clesre•• of U.tendoa to be 4eU.nre4 1a tba 

ea��e preparation 

pnparatJ.ona. 

er cliffereat concU.t101U1 aa .. u aa ill cU.ffenat 
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Fig . 2.3 . Diagram of isometric form o f  balloon 
record�ng . Oesophageal balloon connec ted to 
t ransducer (AIDL) external to auimal . The 
transducer output ia tran slated by ulti­
pen recorder ( Sanbora ) . 

Fig. 2 . 2 .  Diaaraa of 1.eotoaic form of balloon 
recordiac. Oe phageal balloon i connected 
to a Y&ri.al»le ad pressure doae . The nuid 
mo•e .. at 1a chaaged to a.1J' aoYe•at i.D t 
closed SJat.. . The a1.r llOftMnt ia a d 
bJ tambour wriU.ag oa qmogr ph. 



The aethods uaed to record the motility measured by these 

oesophageal balloons were two : -

The tube to which the balloons were attached ( bo th tube and 

balloons were water-filled ) was connec ted to a dome in which 

the d isplace•ent of water wa s converted to a d isplacement o f  

air . This displacement was t ranslat ed into a kymographic 

record with t he use o f  a tambour-lever system . The pressure 

in the record ing part o f  the system wa s atmospheric and the 

pre ssure at the balloon was tha t  colUIUl of water which it 

supported in the system . The re sistance a cont rac tion 

expe rienced was approximately the same throughout i t s  c ourse , 

the recording system measuring only a displacemen t .  This 

system will hereinaft er be re ferred to as the I so tonic 

recording system { see fig . 2 .2 ) . 

The availability o f  a Sanborn electro-physiograph allowed 

precise recording of pressure chang s wit hin the oe sophagus. 

Kinut recording balloons we re not u sed because the se did not 

provide a concomitant distension with recording. Large air­

filled balloons { 1 .5 cm long , variable diameter) were at tached , 

via tubing, to transducers (AIDL) . The techrd.que o f  enlargi.Dg 

these balloona to a degree su fficient to accord 41atenaion and 

eatabliah excitabUitJ waa continuecl . The dleplac• .. at of air 

froe the bal.looa to the traneducer la this qatea - Yer'7 

•ell • The coatractioa of the oesoplaape waa there fore cloM 

to belas ieolletri.c , ae oppoae4 to an isotonic coatractioa neon 
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in the k7mograph-balloon-tambour system . This syst m will here­

inafter be re ferred to as the I some tric system ( see fig . 2 . 3 ) .  

Theoe two forms o f  recording are similar to those u sed by 

Se tekleiv ( 1 9C4�) . 

Respiration wao recorded in all experiment s .  This ind i c a ted what 

portion of t h& oesophageal record was du to re spiratory movement s .  

The re cord o f  re spiratory movements was obtained by a t t�c hing u balloon 

( 1-2 cm long and 1 .  5 - 2 cm diame ter ) to t he exte rnul thorax by m�:w n s  

of  an inflexible cu f f .  thus measuring expansion of t he thoracic cavity 

In all record s inspiration is indicated by an upward movement of the 

wri t ing lever . 

Jlood pre ssure was re corded from a fe.norlll nrtery . In ky•'llograph 

recording a l.!lcrcury manome ter .o�as u sed . In :.)anborn recor d !3  a 

transducer and ar terisl tube we re filled wi t h  hepa rinised saline and 

calibrated by re fe rence t o  a me rcury manome ter at tac hed in parallel . 

� timula t ion o f  the vagus nerves required their isolation and 

section . This was done as soon be fore stimula tion as possible , to 

minimise nerve d amage . For electrical stimulation , bipolar &hielded 

elec trodes or aaUue-sla s bead elec trode s were utled ( Porter and 

Allaaoa , 1 936 cited by COill1De and Tltchen , 1951a ) . 'lhe glaea 'bead -

electrode s gave repeatable coa41t1ona tor stt.ulatlon . A Pal .. l' 

atudeat • s atimulator waa used to 4el1Yer the atilluli. (at fre(lueaciea up 

Sallae uaed ... o.� •I• and kept lD a tbenaosut1call7 coatrollecl 

water bath at )7°C . 
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Fi g . 2 . 4 .  tlec er�bra te c a t . S. e t;,i)on se o f  the te rlllinal 
oe ··opha su s  to d i e  tension by a ball oon in t his resion . 
C oupled t i t h  th.ia record i s  shown the e xcitatory 
e ffec t  o f  ueep a spira tory movement s .  h e c o rd s  from 
above d o wnward s :  30 se c t ime-marker , terminal 
oe sophab�s , re spira tion . The bal l oon was dist nd ed 
at i' , and the arro s signal the deep inspiratory 
mov ment G .  



T E R M ' L  T H O R  

Fig . 2 .5 . D cere brate cat . Blood pre ssure re sponse 
to re�oval o f  the clamps attached to the carotid 
arteries in the neck during dec re bration . The 
t rmi.D&l oe sophapal ac tirlty present within 1 0  
ainute o f  deoenbratio i unaffec ted b7 the 
hnotenaion . Recorda troa abov downwards: 
terminal oeeopbap• , respiration , blood pressure 
(lUll Hg) , si pal ,  30 eec tiae-marker . 
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RESULTS 

Contractions o f  the terminal thoracic or abdominal oesophagus were 

stimulated in decerebrate preparations o f  cats by distension o f a 

balloon in thi.s region o f  the oe sophagus . 'l'lda res oonse was recorded 

as soon as 1 0  minutes after decerebration ( the ear1iest opportunity o f  

observation } .  Infla tion wi t h  2-4 ml o f  H2o o f  balloons 1 .2 - 1 .7 cm 

lonG to a diameter o f  1 -2 cm diame ter with a head o f 20 cm n2o stimulated 

a series of c ontracti.ons which continued for four to 20 minute s .  The 

contraction s occ urred nt a fre quency o f  about six/minute ; bo th fre quency 

and intenaity o f  the contrac tions gradually dec lined a fter distennion 

( fig . 2 . 4 ) . 

The dura tion o f  t he ren.r•onse and t he �na�i tude o f  the inJ ividual 

eontr:1c tions vnried L"l di. fferc llt preparations . '")ecere brate 1:a•ep <J.rat ions 

""hic h did not display corneal �.nd pinna re nexe s ,  a mean arteri�!.l blood 

pre asure o f  60 mm l!g or more , re gul.ar resp iration ,  and modoratG ri gidity 

within 30-40 3inute s of decerebration , wer discarded . 

Oesophageal contrac tion s stimulat d by distension were observed in 

decere brate preparations be fore remova� o f  the clamps applied to the 

carotid arteries during decerebration . The reapon•s appeared to be 

unaffec ted b7 the tall in 'b�ood pressure which occurred when the clamps 

were remoYed ( Pagano-Berins re fiex) . This fall 1a blood pressure itaelf 

prodded an inUcation of the con.Ution of the preparatioa ( tig. 2.5) . 

Stiauli other than dlatenuon aocUfi.ed the oeaophageal nspon••· 

Gentle abductioa of t h1D4 lia'b 1a which t w.noua caaDUla was 

in•rted leaaened tb.e iatenalt7 of the oeaophapal coatractiona ( t1c .  
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Fig . 2 . 6 .  Decere brate cat . I nhibi tion or t erminal 
oe sophageal mot il i t7 stimulated by gentl 
abduc t ion o f  t he le ft hind limb in which a 
femoral venc.ue cannula had be n inserted . 
Records froa ahov downwards : terminal 
oesophagus , terior t horacic oesophagua • 

bloocl pr ssure <- Hg) • aignal , 10 aec tiae­
aarar. 'l'he aipal. aarka aJ.z ntle abductions 
ot the hi.nd 11ab . 



Fig . 2 . 7 .  Decere brate cat . Inhibition o f  terminal 
oeso .hngeal ac tivity following manipul tion o r  
the stomac h  cannula . �eeord a from aboYe 
downward s :  }0 sec t ime-t�mrkcr , terminal 
oe sophagus . signal . re spi x·a tion . 



Fig . 2 .8 .  Decerebrate cat . He sponse o f  the terminal 
oesophagus t o  increased balloon distension in thia 
r gion . Re cords from above down•a rd s :  terminal 
oesophagus , blood pressure (mm Hg) , re piration , 

ignal , 30 aec t ille-marker .  :;tgnal indi tea aa 
increase of the balloon he d from 1 5  c to }5 
H20. 
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2 . 6) with little change ill their frequency . The inhi.bition persisted 

for two minute s . Similarly , a reduc tion in oesophageal contrac tions 

wae observed wi t h  manipulat ion of the gastric cannula ( fig . 2. 7) . In 

contrast , it was observed that a deep inspiratory e f fort increased the 

oe sophageal contractions ( see fig .  2 . 4)  or , when the se had disappeared , 

led to their re-appearance . �be se observations influenced the conduct 

o f  the expe riment s .  Care was taken to avoid manipulations or 

inter ference s  which might c hange the oesophageal re sponse . ,.hen such 

inter ferences were unavoidable , they ere succeeded by a period during 

�hich no �timuli were del ivered . This allowed the re sting ac tivity o r  

the oesophagus t o  be e stablished be fore any observ�tions were under-

taken on the re aponses or the oe sofhagus to a change or stimulus . 

Cnce the r'� s�onse o f  the terminal oesoehagus t o  i t s  initia.l 

distension hud wholly or largely ceased , the activity re turned if the 

distension was increaaed . The first o f  the serie s o f  con tractions 

stimulated by a further d�sten sion was observed 20-30 seconds a fter the 

application of this fur ther distension and rese t ting of the recording 

appara tus ; thus the responoe exhibited a latency of up to or less than 

30 seconds ( tig . 2 . 8) . Th duration o f  the rosponse to illcreasecl 

distension varied in di fferent preparatioaa and ccording to the level 

o t  distension. 

The terminal thoracic oeaophacuf respoDded to the flow ower ita 

mucosa of N /10 Bel with a •nee of contraotiona. lfhe oeeophapal 

Oamlul.a 1UJ4tCl allowed fiuid to be washed (n8r the oeaopb.apal o• 

between the ncordilaa balloon and the oanaula with a wdmt•el amollllt of 
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2 . 9 .  D e c e r e b r a t e  c a t . The re sp o n s e  o f  the oe sophagus t o  
t he appl i c a t i on o f  2 ml N/1 0 HCl . C omp l e t e  invo l veme n t  

o f  t he o e sophagu s  i s  r e c o rded w i t h  rhyt hmic ac t i vity in 
the mid - t h o r a c i c and t e rminal oe s o p hagu s  following t he 

appl i c a t ion o f  the ac id . The re s p o n se i s  t e rmin a t e d  by 
the appl i c a t ion of 2 ml saline t o  t he t e rminal oe sophagu s . 
Fluid in t h e  o e sophageal cannula w a s  su c ked out at vari o u s 
in t e rval s a s  signalle d .  R e c o r d s  from above d ownward s :  
c e r vi c al o e s o p hagu s , mid - thorac ic o e sophagu s , 1 0  s e c  t ime ­
marke r , t e r minal oe sophagu s ,  signal , r e spirat ion . The 
arrowed signa l s  mark t he in trodu c t io n  of saline to t h e  
te rminal o e s o p hagu s . The signal m a r k e d  "A" signal s t h e  
app l ic a ti o n  o f  2 m l  N/1 0  acid t o  t h e  te rminal o e s ophagu s . 

The o t h e r  s i gnals indicate sucki n g  o f  t he oe sophage al 
c annul a . 
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Fig . 2 . 1 0 .  Decerebra te cat . Contra c t i on s  o f  the 
ter.ninal <md mid-t !10.ro eic re i:ion of the 
oesophagus stimulated by 0 . 2  ml :�/5 HCL Twenty 
sec ond s elapsed be fore the re sponse �as noted in 
t he mid-t horac ic oesopha gus . R cord s fro above 
downward s :  terminal oe sophagus , signal , mid­
t horacic oe sophagus . 1 0  sec time-marker , ce rvic 1 
oesophasus ,  respiration . The signal marks t he 
appl ication o f 0 . 2  al N;5 BCl to the termiaal 
re gion of t he oesophagus . 



3 0 sec 

Resp.  

30 sec 

0· 033 N 
HCI  

0 0 2 5 N  
H C I  

R esp . 

S a l i n e 

zr u11 

S a l i n e  

Fig . 2 . 1 1 . llecerebru te cat . rea:;>onse o f  t he terr.dnal 
oe sopha�s t o  aui fi c  t ion o f  the st o�ach c onten t s . 
Hecord s fro11 nbove downward s :  30 se c  time-marker , 
terminal oe sophagus , re spira tion . l'he low r hal f o f  
t he figure sl\ows the same record s .  The signal marka 
the t i  e during which an in fusion o f  t he stomach 
with acid or saline was made .  
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distension . In some cases continual sucking o ff of the contents o f  

the cannula was undertaken in order t o  avoid , as far as possible , 

distension by the nuid introduced . ..i t hin 5-60 seconds o f  t h.e  

introduction o r  the /10 HCl the firs t  o f  a series o f  con t rac tions o f  

the te rll'..ina.l oe sophagus occurred . The dur!:t tion o r  the re sponse to ac1d 

was 1 o-20 �inuto s and it ceased within 1 0  second s o f  a control in fusion 

o t  sa line . Shorter endurinb re sponse s o r  !!lOre cranial region s o f'  the 

oe sophagus re observed with this s timulus ( fig . 2.9) . rhe latQncie s 

and durat ion o f  the re sponses o f  t he terminal and more cranial regions 

o f  the oe sopha gus varied ( see figs . 2 . 10 and 2 . 9 ) . In general , t he 

latency o f  this r S?On::;e wa o 5-10 se conds .  

Change s in cond:i.tiona in t he stomach a f fec ted the terrlliual 

VC !30 ,Jha.E,"U 5 . :.ci i i fi c 3 t ion o f  the contento o f  the s t omuch stirnu . .t<:�. ted 

oesopha geal contrac tions ; di sten sion o f  the stomac h inhibi ted 

contra c t ions o f  the ter�inal oesophagus . 

Hydrochloric acid in strengths between U/4o and N/1 0  in fus d 

through th stomach increased bo t h  the ac tivity o r  t he terminal 

oe sophagus and i ts re sponsivene ss to other stimuli ( such ae distension 

o f  itsel f ) . The latency o f  the re spoaees to the gastric intuaiona with 

acid varied according to the streagthe of acid used . 'lhis can be seen 

ill fig . 2 . 1 1 , 1n which respoiU!Iea to H /,:so and N /4o ICl iAfuaect lnto the 

toaach are compared in the same experillent . With /-,o BCl ,  4o •coacle 

elapsed be fore the f1rat oesophageal coatractioa occvzoe4 , whereaa J.t 

was 105 .ecoada after If /lto Bel 1arua1oa before a respoaee of the 

tersilaal oesophapa waa recorcle4 . Care ne taken iD al.l. expel"iilleata 
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Fig . 2 . 1 2 .  Decerebrate cat . The re s?onse o f  the 
oesophagus , distended at the terminal and mid­
thoracic levels , to the removal ot a 100 m1 
N/10 HCl distension of the atoaach . Records 
trom above doWDward : terminal oesophagus, 
signal , p har)'llX, 10  eec tille-.arker, mid­
thoracic oesophagus , respiratioa . Note the 
degree or respoaalvenoes o t  the d-thor cJ.c 
oesophape which i.a deterailled bf the relative 
placemeat aad clep-ee of diatal181oa . Tile aipal 
aarka the re110val ot 100 a1 /1 0 HCl from the 
atoa eh . 
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Fig . 2 . 13 .  Decerebrat e  cat .  Inhibition o f  terminal 
oe sophageal distension due to distension o f  the 
stomach . Records from above downwards :  30 sec 
time-marker , terminal oesophagus , signal , 
respiration . 



oa the in fusion o t  acid into the stomac h  to avoid di�tension o t  t he  

stomach .  The cannulation procedure described above (Me thods and 

Material s ,  Chapter 2 )  prevent•d the entry into t he oe sophagus o f  

aolutione introduced into the stomach in the se experiments . I t  is 

29 

intere sting to note the di fferences in the latency of the re sponse s to 

the introduc tion of acid into the oesophagus and the stomach ( figs . 

2 . 9 , 2 . 1 0 ,  2 . 1 1 ) .  Control i.Dfusi.ons o f  0. 9'� saline were wi thout e ffec t  

provided n o  gastric distension was pre sent . 

0 Distension o r  t he s t omac h �ith 1 00  al o f  saline ( 37 C) reduced the 

activity o f  the terminal oe soph�gus . The re sponsiveness to other 

stimuli was al co reduced . Fig - 2 . 12 shows the for� of record wr�ch led 

to this finj:J.n� . the dis tension o f  the sto�ach wi th acid wa s 

ine ffe c tive . Ho·.vever , on removul of the d i s t e n sion , the te r•tdnal. 

oe aopht..J gus contracted st rongly . 'l'he la tency o f  the termi.nal oe sophageal 

re S}lOnse was , in this instance , only 10-15 seconds . I nhibi tion o f  

te rminal oe sophageal motility a s  regularly observed wi t h  disten sion o f  

the stomach . The e f fect o t  gastric distension (50-100 ml) depended 

both on it s extent and t he level o f  te rminal oe sophageal distension . A 

low level o t  te rminal oe sophageal distension was inhibited by a 50 al 

saline distension of the tomach . Higher oesophageal disteneions , such 

as that accorded by a head or 30 cm a2o ,  requi.red higher levels ot 

stri.c di.atenaion to cause an 1Dhibltioa . 

'rerainal oesophageal coatr ctiona • re l.Dhibited within 1<>-20 

•concla of pstrlc clistenaioa , clepeDdins upoa the 1Dtenait7 of tbe 

actiri.t,- preaeat 1D th terwtn•l oesophagus ( fig. 2 . 1)) . �h• lDhibitS.Oa 

paerall)" laate4 tor the duration of th gastric 41atell8ion . Tbe 
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RESP'N 

i! ig . 2 . 1 4 .  Decerebrate cat . Re sponse o f  the t e rainal 
oe sophagu s  t o  d inte noion by a balloon o f  the 
c e rvienl oe nopho.[;Ua . :,'ecord s  from above down ard s :  
cervicr.l oeso;>ha.gue , �id-thoracic oe sophai!>--us ,  30 
sec ti�� -marke r ,  te rminal oe sophagus , signal , 
respiration .. 
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Fig .  2 . 1 5 .  �eeere brate cat . Record o f  two buccopharyngeal 
movements followed by a contrac tion wave sequent ially 
iDYOlving the whol.e oe sophagus .  ��ote the inhibitorJ 
e ffec t  o r  the buccopharyngeal movements on activity of 
the terminal and mid-thoracic oe sophagus .  Records 
from above downwards :  terminal oe sophagus , sipal 
aarld.ng exit o f  fiuid from the t nd.nal oesophageal 
cazmula , mU-thoracic oesophagus , 30 sec time-marker , 
cervical oeso�basua , si8ft&l arking swa1lows , 
respiration . 



inhibition o f  strong terminal oe sophageal activity by a low level o f  

gastric dis te nsion as , in some cases ,  not e ffective t hroughout tho 

gantric dis t ension . Highe r le ve ls of gastric d i stension caused an 

inhi bi tion whi� h con t inued after removal o f  the distension . 

Distension, by a balloon, of th cervical oesophagus caused an 

inhibition o f  terminal oeso�hagcal contrac t ions in re sponse to a 

d i stension ( fig. 2 .14) . This inhi bi tion invariably occurred within 

fi ve second s , and normally cont inued for t he dura tion o f  the 

di stension o f  the cervical oe oo ohagus . iielease o f  the distension was ,  

in mo s t  case s ,  followed o.l.mo st im.."'led ia t e ly b;r incre ana d  ac tivi ty o f  

the te rminal oo sop hn ;us . The inhibi tory e ffec t  o f  a more c ranial 

� sol;h;:..g<H• l distension on the ac t i v i t y  o r  thtt tez-min.d oe sophagus 

could be e l ic i ted Jt �l le v� l s  o f  tho oe soph& gus . 

�ontra c t ion o r  the terminal oe sophagus usually follo�ed , with 

va.riable la tencie o ,  the buceopharyngf! al movement or a swallow . The 

oc currence o f'  a contrac t ion wave o f'  the oesophagus follo·•ing a 

buccopharyngeal movemen t  stimula ted by fluid introduced to t he pharynx 

appeared to depend on the presence o f  f'luid or a distension in the 

cervical oe sophagus in addition to the buccophar.7ngeal movement of 

swallowing ( fig. 2 . 15) . 

Elec trical atillul.atioa of the central end of the superior 

lal7JlPal nerve can be used rellabl7 to initiate the buccopharyDgeal 

aoveunt noraall.7 aaeoc1ate4 with ..-Uowias &Dd aa aophapal 

coatr cUoa wave . Fig. 2 . 16 1• a record obtaiDed fi'OJil a decerebrate 

cat � atilmlating th o ntral elld of the superior l�al nerYe at 
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Fi g . 2 . 1 6 .  Dec e re bra te ca t .  Oe soph3geal re s�onse to 

s t imula t ion of t he central end of t h e  superior 
laryngeal a. r.e . Record from above downward s :  
caudal cerYical oeeophagua . signal �arking 
buc c opharynceal aoYeeent s ,  te rainal oe sophagus , 
10  sec tiae-aarke r ,  aid- t horacic oesophagus , 
signal aarkiaa nerYe etiaulation , re spira tion . 

ote the contrac tion •••• following the deep 
inapira tio • 



i· ig . 2 . 1 7 .  Dece rebra t e  cat . Vomi t ing in re sponse to 
3 . 25 m gm  a,)omorp hine inj e c ted intravenously . ,-. 
100 ml sali�e d i stension o f  t he stomGch was 
re�oved 30 sec prior to the ac t of vomi ting. 
Record s  from aboYe d ownward s :  te rmina l oe sopha s ,  
events si gnal , ·uid-tboracic oe so £. h&gu s ,  1 0  sec 
time-marker , mid-cervical oesophagus , signal 
marking buccopharTDgeal moYemen t s ,  respiration . 



r/\ 
tl flt(l,(, rrrtl' rrrrrrrrrrrrrd rrrrrrrrm �, r t1rrrrrrrrrrrrrrrrrtrrrrrrrrrrrr 

Fig. 2 . 1 8 .  Dec rebrate cat . Contraction of the 
terminal oeeophagus associated with an inhibit ion 
ot respiration which occurs at the height of the 
terai.Dal oeaophapal contraction . Recorda from 
aboYe downwards :  aid-cerYical oe sophapa , lld4-
thoracic oesophagus , 10 eec ti e-aarker, termiDal 
oeaophagua , respiratio • 



,, 

a fre quency of five shocks/second for 20 second s at a strength of o . 6v . 

Six buccopharyngeal movemen t s  were s t imulated and the inhibi tion o f  

re spirat ion whi c h  occurs a s  a part o f  this re flex was apparent wi th 

each such �ove ent . r, ftcr the st imulus ce�sed , there was a very rapid 

caud ally moving wave o f  con trac tion . The re sponses to three separate 

pe riod s  o f  stimul a t ion are shown to indica te t heir repeatabilit y .  The 

te r,J!inal oe sophageal con trac tion which occurred a t  t he end o f  the 

awallo�ing ac t occurred 3-40 seconds �fter the buccopharyngeal movement 

o f  swallowing. 

An inhibitory phase o r  the buccopharyngeal mo vement of swallowing 

wan iden t i fied . Terminal oe so p hagN1 l contrac t ions in re sponse to 

d i s tension we re inhibited 2-3 second o a fter the buccopharyngeal 

!!1ove:nent rw s no ted . 'rh.is inhi bition la sted un t il the contrnc t ion o f  

t his re �ion occurred { see fig . 2 . 1 5) . 

Vomi t�ng ,  whe thor elici ted by d i stension o f  t h� stom� ch wi t h  

saline , or by t he intravonoua inject ion o f  apomorphine , wa B not 

followed or associated wit h an7 de tecta bl e react ion of the te rminal 

oesophagu� ( fig. 2 . 17) . 

Distension of the terminal oe sophagus was noted in aome decerebrate 

preparations to cause an inhibition o f  respiration . Th latency o f  this 

iahi.bition wae 2-3 .. cond a .  All iDllibition of respiration has also been 

noted with contrac tion of the terminal oesophagua ( fig . 2 . 18).  �hie 

iahibition occurred at the height of the 

oeaophasus or withia 2o-2S .. eo da a fter co.aeace .. at of the contraction 

and it was also obaerYed after the iDtraw.noua iajectioa of atropiDe , 
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Fig . 2 . 1 9 .  Decerebrate cat . Response o r  oesophagus 
to terminal oe sophageal distension following 
inj ec tion of 0 . 65 m atropine intravenousl7 . 

ote t he inhibition o f  reap�ration following t he 
d i  tension . Recorda from above downwards :  a�d­
c rvical o sophagua ,  aid-t horacic oesophagus ,  10 
MC tiae-aarker • tel'llinal oesophagus , signal , 
respiration . Each signal aarks a 2 ml distension 
of the tendllal oesophageal balloon . 



Fig. 2 .20 . I sola ted medullary preparation o f  a cat . 
Re spons o f  the ta�nal oe sophagus to low fre quency 
stiaulation o f  a vaeu s nerve cut in the neck in an 
afferent sense . Records from above downwards :  
terainal oesophagus ,  blood pressure (mm Hg) , 
respiration , sigDal , 30 sec t arker . Th 
arrowed signal marka the application of the stimulus : 
f1Ye shocks/sec , 1 2 . 5V ,  tor 60 sec . 
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ig . 2 .2 1 . I solated medull<:�ry preparat ion o f  a cat . 
Inhibi t ion o f  t e �minal oc sophage ul motil ity by high 
frequency stimul� tion o f  the cen tra l  end o f  a va�us 
nerve cu t �n t he ne c k .  �ecorda from above downward s :  

terminal oe eophagus,  blood pre ssure ( mm  Ug) , 
re spira t ion , signal , 30 c t ime-marker .  Signal 
( arrowed ) mark atimulu : 30 shocks/sec , 1 2 . 5V ,  tor 
60 eo . 



which blocked all activity o f  t he terminal oesophagus ( fig . 2 . 1 9 ) . In 

contrast to thi s ,  it �ns observed in decerebrate preparations that a 

deep inspir3tory movement caused incre a sed ac tivity o f  the terminal 

oesophagus or , where there wa s no ac tivity , initi�ted it ( see fig . 2 . 4 ) . 

Because o f  thi s  terminal oesophageal-respira t o ry interac tion , 

s tudie s on t he a ffere n t  vagus stimulation , particularly the stimulation 

o r  a vagus nerve cu t in the nee , were undertaken in partially i solated 

medullary preparat ions to avoid Hering-Breuer re flex mod i fication o f  

re spiration . 

Elec t ri cal stimulation o f  the v� gus nerve 1n an af ferent sense 

c aused bo t h  inhibition or e xcita t ion o r  t he ac t i vity o f  the ter�in&l 

oe so:ph.:J gu s , depending on the fre quency o f the st imul�t ion . I n  

decere bra te :md part ially ioolo tcd medullary preparations of ca t s ,  

stimula t ion o. t  fre ·;,uencics o r  five/second init iated ac tivity o r  t he 

terrnina1 oe sophagus usu:1lly a fter t he s timulus was ceased . Tonus 

change s were some time s  noted durin6 the per�od of stimula tion . The 

duration o f  the ac tivity after the withdrawal o r  the stimulu s was 5-8 

minutes ( fig . 2 .20) . A t  fre quencies o f  stimulation o f ,  or above , 30/ 

se cond , an inhibition o r  terminal oe aophag a.l contrac tions was produced 

( fig . 2 .21 ) .  The lateDCJ of this re spon was 5-10 se conds and the 

duration depended larp1J upon the decree of oesophageal diateasJ.oa . 

Horzaal.l.7 , terai.Dal oesophageal contrac tion co encecl with1.D 1o-20 

eeconda o f  witbdr wal o f  the atiaul•• · 

Experiaeata were deagaecl to illYeatipte the pathwqa of the 

aeDSOJ'1 fibrea iaY01Ye4 1a the patric 41etena1oa 1nhib1tOJ'1 effect oa 



Fig .  2 . 22 . Decerebrate cat . Th re e?on se o f  the te rminal 
oe sophagus to s timul�tion o f  the cent rul end o f  a Yague 
ne rve cut in t he abdomen . The re sponse is d ter�ined by 
t he separation or the stimul i .  Records fro aboYe 
downw rds :  terminal oe sophagus ,  blood pressure ( I!Uil  Hg) , 
re epi.ration , sigDal , 30 sec t ime- rker . Each signal 
indicates the application of an le c trical aU.mulu : 
20/ c ,  12 . 5V for 10 se c .  
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the terminal oe sophagus . Procedure s involving spinal cord se c t ion at 

the t horaco-lumbar junct ion were carried out in t hree prepura tion s .  

Two forms o f  re c ord were obtained . :-1od era.te or gro ss d istension h:.1d no 

e ffec t on terminul oesophage al ac tivity . : �odera te d i 3tcnoion C<-lU3ed 

inc rea sed ac tivit y ,  while hi c;h·:.. r d e gree s o f  ea s tric --i i sten sion d id no t 

cause an inhib i t ion . In con tra st , it was recorded in partL:ll ly 

isolated medullary pre pa ra t i on s  t h� t  d i s t e nsion of t he stom � c h  caused 

an inhibit ion o f  termin al oe �oph�gcal ac tivity . 

The ven t ra l  branch o f  t he abd omin.J.l Vil Gll S ne rve o f  d e c e re brate 

cats ,-;�: :> s t i:nul:.l ted by mec1ns of a unipol ar glass be ad elec troJe • 

.J t i:r.ulLl tion o f  thio ne rve at u fre .�uency o f  20/sec ond , .:; t  in ten si ty 

1 2 . 5V fer 1 0  se c ond s ,  cause rl .":l serie s o f  contra c t ion .::; o f  the t e r�<:in:.:l 

oe so .Jh:.qz;u •; :hich l .- :3 tcd for 3 . 5  - 5 minut e s . I t  was u su l .ly ne cc .ss<-1.ry 

to c s t � t li sh un ini tiul exci t n t ion by a prel ir-incry s t irr.ulu::.> be fore an 

e ffe c ti ve sti'llulus 'ItJ. s  noted . 'l'he t ime separa t ion o f  succ e s ni ve 

stimuli J e t e r:.ined the � f ficacy o f  t he succeedin.; st imuli . Fi� . 2 . 22 

compure s t he e f fe c t  of tuo stimuli se p � rated by 30 seconds with t hree 

st imuli se pa ra t ed by 60 se c ond s .  ' i t hin limit s ,  disten sion o f  the 

terminal oe sophagus increased t he re sponse to ne rve stimula tion . . it h  

a modera te ( 23 ea ) distension from t he balloon there was a grea ter 

re sponse to a f ferent vagus nerve stimula t ion than there waa with the 

distension , due t o  a head of 15 cm H2o . The re sponse when the te rminal 

oe sophagus was subjected to a larger distension ( accorded by a head o f  

35 c ) was only slightly greater than t he re sponse no ted wi t h  t he 

distension with a head o f  23 cm .  Stimulation during a distension 

accorded by a head o f  55 c H20 was le s s  effectiYe than with the 
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Fig . 2 . 23 . Dece rebrate cat . E f fec t s o f  ele c t rical stimulation o f  the cent ral 
end o f  the ventral branch o f  the vagus ne rve in the abdomen when the 
terainal oesophagus was subje cted to varying degree s  o f  balloon d i stension . 
Recorda from above downwards in each fi gure : te rminal oe sophagu s ,  blood 
pre s sure (mm Bg) , respira tion , signal , 5 sec time-marker . Figure s left 
to right - e ffects of stimula t ion during the oe sophageal distension 
ac corded by a head o f s  25 cm ; 1 5  cm ; 35 c m ; 1 5  cm three minute s after 
the removal o f  the dis tension due t o  t he 55 cm head . The signal in each 
figure marks the application of the st imulu s : 20/sec , strength 1 2 . 5V ,  for 
1 0  sec . 



d i stension a t  heads 23 and 35 cm H2o . The re sponse or the te rmina1 

oe sop hagus after the head was reduced from 55 Clll to 1 5  cm was recorded 

and was greater than all levels pre viously noted ( fig . 2 . 23 ) . 
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DIS�USZION 

Rhythmic contrac tions o r  the termina l oesop hagus oc cur when t hi s  

region o f  the oe sophagus is subj ected t o  distension by a balloon . 

Thl.a re sponse ha s be-en re c orded in t otal.ly pithed prep:.1rat ione and 

a fter large d o se s  o f  nicot ine had been admini ste red , ind ic a t ing t ha t  

thi s  re sponse i s  independen t of an ex trinsic innervation and may be a 

dire c t  oe sophageal re sponse . In the decere bra te cat this a c t i v ity 

could be �od i fied by chemical and physical stimul i applied t o  the 

oesophagus or more d istan t  regi ons . l�vid en ce su gge s t s  t ha t the 

mod i fi c a t ion o f  t his ba sic a c t ivi t y  is reflex in nature . �timul ation , 

in an a f ferent sen se , o f  a vati� S  ne rve in t he neck and o f  a branch o f  

t he vagu s  ne rve i u  t he abdomen has fa cilita ted und inhibi t e d  te rminal 

oe sO iJha geal mo til ity . In nartially i sol�ted medullury prep.n· ;.1 t ions , 

sec t ion o f  the oth�r va gu s  ne rve i n  t h� neck , o r  the ad mini otr�t ion 

of atrop ine , hn.n ah'-'lished the se re s . .  onseo . Further in1 ic a. t ions o f  

the re flex nature o f  the res:;onse s  d e scribed above come s from the 

charac te r  of the re sponses an d  some of t heir prope rtie s ,  namely , 

latGncy , inhibition , a fter-disc harge , and summa tion o f  s t imul i .  The 

re sponses to stimulat ion o f  the cen tral end o f  a vagus nerve cu t in 

the neck never occurred less than four oeconds after tbe com��encement 

o f  stimulation . 

1'he re nex centre , or c ntre a ,  1 probably located in the medull.a 

oblongata. !be response were recorded iD part�all7 isolated medullarJ 

preparationa . The cent.rea are Wll1kel7 to be ait.uated iD the pou 

whi.ch aa7 auf�er dat�age cluri.Dg decerebration 'b7 aechani.cal tranaectio • 



The medul lary si te o f  t he re flex c en tre s  is supported by the report 

o f  Lawn ( 1 964 ) , who re corded c on trac tions o f  the oe aop hagus o f  the 

sheep follo w ing st imul� tion t hrough elec t rode s inserted into the 

medulla oblonga ta .  

J t imuli which fac ilitate contrac t ion s o f  the termina l oe sophagus 

are : d i sten sion o f  t his region o f  the oe sophagus , acid i fica t ion o f  

the terminal oesophagus , and acid i fica tion o f  the c ont e n t s  o f  the 

sto!Dac h .  1'hc res?onse t o  di cte n sion o f  t he terminal oe sophagus is 

pre se n t  in t he to tnlly pithe d  prepara t ion .  This would i nd icate that 

the respon se i s  e i t he r  d ire c t or mediated by a shor t  in trinsic 

g-o:1ngliona ted or non-ganglion.1ted neural pa t hway . 'rhe se possi b i l i ties 

have not been inve sti ga ted . The fac il itQ tion o f  te r :ninu.l. oesophageal 

ac tivity by u.cidifica t ion o f  t he oesophagt�a.l mucosa in t hi s  re sion 

generally had a shorte r  late ncy t han t he fac i l i t & t ion a c corded by 

ac id i fica tion o f  t he �astric muco sa . The latter re sponse wns � l so 

More ea sily inhi bi ted t han t he re sponse t o  acid i fica t ion o f  t be 

termin.:;.l oe sopha gus . .: he ther thi s  re sponse is pre sent in t be to tallJ 

pi thed prepara t ion haa not been inY stiga ted , but t he dependence o f  

this respon .. on extrinsic nerve s  ma� De less than the re sponse to 

acidi fication o f  t he contents of the stomach .  

The acid aenaitiye receptore in the stomach which haye been 

i4en ti fied by Iggo ( 19.57�) are preeumabl� r eponsible for the actiYation 

of the afferent lillb of this re nez. Reoeptore which are reepOIUd.•• 

to aoid in the oeeopha a ha•• not been 14ntitie4 , but the oeeophapal 

reapoDH to acidification of ita JBUco .. haa been preri.ouel7 reeop' sed 

in coaacioaa humans aad 1Ulallaeatheti•4 doga (Siepl and llendriz, 196') . 



37 

Stimuli which inhibit contractions o t  the terminal oe sophagus are : 

a more cranial oe sophageal dis tension , gross terminal oe sophageal 

dist en sion , and distension o f  t he stomach . The lat ter e ffec t  

resembles t he inhi bition o r  re ticulum movemeftt s  by distension o r  the 

aboma sum reported by Phillipson ( 1 939 ) , vussardier ( 1955 ) , and Titchen 

( 1958�) in intac t anaesthe tised and decerebrate sheep . The a f feren t s  

involved in thi s  re flex inhibit ion o f  re ticulum moveme n t s  were found 

to occur in bo t h  t he splanc hnic and vagus nerves ( Dussa rdier , 1 955 ; 

T i t c hen , 1 953�) . Faci l i ta t ion o f  re t iculum movements on d istension o f  

the st omach w�s found t o  be due t o  vagal afferen t fibres ( Titc b e n ,  

1953�) . l'he pre sence o r  these fibre s tras only appre ciated a fter 

sec t ion of bo t h  o;:lanchnic nerve s .  l'he evidence ob tained in these 

expe riment s  indic.J.te s t ha t  the pa�sat:.:: o f  the inhibitory affe renta may 

cou rse in the splanchnic nerve s .  The inhibit ion o r  t c r�in�l oe nophageal 

<..<c t ivity evoked by stL'IIul .t tion or t he ventral abd ominal bran c h  of t he 

va gus nerve tm u the pre sen c e  o f  this re flex in p a r t ially isolated 

�edullary preparat ions provide s atrong e vidence for the pre sence o r  

vagal inhibi tory afferents be inc stL�ula ted by distension o r  t he 

stomach . The fac�itation o r  thi s abd ominal vagal branch sugge sts 

tha t  care ful inye stigation or the pathwa7 o r  sensory pathwa7s may show 

t ha t  distension of the stomach at lower degree s of distension 

faci�itates terminal oe eophageal ac tiYit7 . A complete investiga tion 

of the paths of MDsor7 fibres ill the eplancludc , spiaal and yagal 

Dei'Yea ia gpsted b7 the aboft . The i.Dhibitor7 effects of oesophapal 

disteaaion are atlll preaeat 1a totall7 p1the4 preparatioaa an4 are 

probabl7 .. 41ate4 b7 i.ntriaaio ganslioaatecl or aoa-gansliODate4 



pathways . ·�hen it has been ascertained that a particular response may 

b obtained when all extrinsic nervous pa thways have b�en removed , the 

d ifficul ty whi c h  then arises is to d e te rmine whe ther extrinsic nervous 

pathways are normally involved in t he intact animal . T he problems 

associated with such an inve st i ga tion resemble the d i f fi cul t ie s  

involved i n  deciding be tw en ne rvou s and hormonal motor pathways in 

other gastrointe atinal re flexe s ( see Gre gory , 1962 , p .  1 03 ) . .�n 

inve stigation o f  the elec trical d ischarge in extrinsic sensory nerve s 

following t he appl icat ion o f  one o f  the above stimuli might indicate 

whe ther ext rinsic pathways were involved . � ssessing the ir relat ive 

con tribution s t i l l  remains an apparently insuperable problem . 

·rwo p rominent r� o ture s o r  the se re nex mod i fi c a t ion n o r  te rminal 

oe sophage a l  mot ility are the lon g  latencie s and t he lon� dura tion o f  

the e f fe c t s  a fter sti!uUl!� t ion had ceased . This proper ty :uay account 

for the ab�l i t y  of several inade quate s t imuli , separa ted by some 

minu te s ,  to summate and cause a reRponse ( see fig . 2 . 23 ) . 5alivatory 

re sponse111 anJ a faci l i t at ion or inhib ition o f  rumen-re t i culum movemen ts 

obtained wit h  an oe sophagPal d is tension accorded by a moving balloon 

were found to be grea ter than the re ponse to a fixed balloon 

distensioa ( Sellers and Titchen , 1959) . Tbi.s !lUl7 be explained b7 this 

a fter-discharge and suaeation pheno .. non . The succesai¥ stimuli 

being delivered will be more e tfee tiY ae the site of summation is 

conclitioned by the precediag after nt diacha.r-p . ne SUil!llation of 

stiauli. aa4 the ooncli tiOD.i.ng ot one reaponae b7 another atilnlll. haa 

been reported ill coiUlectJ.on with the re nex atiaulation of naen­

reticulum .OftMIIta ill decerebrate aheep ( Coali.D.e aad Titchea , 1961 ; 
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Reid and Titchen , 1965) . From the re sul t s pre sented aboYe , it would 

appear t ha t similar me chanisms are opera t ing in t he c ontrol and 

stimula t ion of ter�inal oe so � hageal ac tivity . The site o f  this 

cond it ioning and summ� t ion may be e i t he r  at the medullary re fle x 

centre s or a t  the site o f  activi ty - t he terminal oesophagus . The 

me thod o f  investiga tion o f  thi s problem would be xtremely d i f ficult , 

i f  a t  all possible , to undertake . 

l'he re ce ptors in t he oe sophagus whic h are senzd t ive to stretch or 

d i s t ension by a fixed or movin g balloon have been iden ti fied bu t not 

fully charac teri sed . Andrew ( 1 956�) , who atudied the ele c trical 

diecharce of vagal a fforen t s  in anae sthe tis d ra t e ,  recorded an a f fe ren t 

::! i sc harge wi th bo t h  a di ste nsion anJ with t he pas5agc o f  n contrac t ion 

in the cervicnl oe sO:ihat;us . I-:ei ( 1 965 )  hn s confirmed this report in 

bot h  the skele tal and �oo t h  musc l e  re gions of the oeso phagus of the 

cat . �he f3 c i l i t a t ion o f  ter�in31 oesoph�geal ac t ivity during the 

ne gative t horacic pre ssure e n c ountered during a deep inspiratory 

movemen t ,  c oupl ed with these re sul t s , mie;ht provide CUl indi ca tion that 

the oe sophageal stre tc h  receptors ay be responsive t o  bo th a passive 

displacement o f  the walls o f  t he oe sophagus and the displacement 

associate d with the passage of a contrac tion . This conclusion is 

oupported by the identifica t ion of receptors in the stomach which are 

activated b7 both stre tch and t he passage of a contrac tion ( Paintal , 

1953!; I cco ,  1957�) . The auaceptibllit7 o f  the contrac tions of the 

striated cle or the U.ep oesopbapa to D-tubocur riDe has been 

reported ( Sellers ud 'rite en , 1959) , and Inplfiapr ( 1 958 )  augeata 

that theee regloaa of the oeaophap are eaMntially ai.Jiilar to elwletal 



muscle elsewhere . These reports ,  coupled with the re sul t s o r  Andrew 

( 1956�) and Mei ( 1965) , may sugge st tha t  the slowl7 adapting stre tch 

receptors in skele tal muscle may be pre sent in the oe sophageal striated 

muscle and are responsible for a fferent discharge in t he vag�l fibre s .  

The form and charac teri stic s  o f  t he smooth muscle receptors re sponsive 

to both ac tive and passive stretch cannot , at the momen t ,  be known . 

An analysi s o f  vagal a fferent fibre s activated by stimul i applied to 

the oe sophagus and a histological e xamina t ion of t he rece p tive endings 

o f  nerve fibre s are re quired for a full underatunding o f  the sen sory 

innerva tion o f  t he oesopru1 gu s .  

The inve s t i Ga t ion o f  se eme n t al spinal re flexe s has no t been 

studied , but an ind ic 3 t ion t hc.. t a dor.,<::..l root  innervation o f  the 

oe sophagus is p re sent ha s been obtained ( Kirk and heelo r , unpubli shed 

obserV<) t ions ) . The in fluence o f  the ce rebellum on visceral ac t i vity 

ha s been reviewed by Eoruzzi ( 1 950 ) . :-�lthou gh Titchen ( 1 958.!:!,) has 

indica ted that t he cerebellu� is not necessary for the occurrence o f  

some visceral re flexe s ,  i t  i s  probable that the cerebe llum exerts sooe 

influence on t he re flex centre s in the medulla . A report o f  hypo­

thalamic stimul at ion causing c ontrac tions o f  the oe sophagus ( Kazawa , 

1964) indicate s  that higher regions o f  the central nervous s7stem play 

a part in the coDtrol or oesophageal motUity . This coDtrol ia 

probablJ exerted b7 a regulation o r  the medull.ar7 refiez centre s .  



Chapter 3 

THE MOTOR INll.mVATION OF T lL OESO.�HAGUS OF THE. CAT 

INTRODUCTION 

Branc he s  o f  the vagus nerve inne rvate the cervical oe sophagus o f  

all mammalian spe cies s tud ied . The anterior cervical regions o f 

variou s spec ie s  is innervated by an oe sophageal branch o f  the 

supe rior la ryngeal rami o f  the vagus nerve . Thi s was first noted by 

�hauveau ( 1 886 ) in his s tudie s on horse s ,  cows , lamb s ,  d ogs , ca t s ,  and 

rabbi t s .  His work is cited by Hwang !! !!· ( 1948 ) , who called t his 

branch the p haryngo-oe sophageal ne rve . Bilateral sec tion of t hi s  

nerve c au se s a loss o f  contrac tile ac tivity i n  the an terior cervical 

oe sophagus . Ho we ver ,  a re turn o f  ac tivi t y  oc curs wit hin a few weeks 

in d ogs ( H  ang , 1 953 ) . This func tiona l re covery is at tributed to the 

recurrent laryngeal nerve , which is normally predominantly sensory , 

a ssuming t h o  mo tor requiremen t s  o f  t his region o f  the oe sophagus . The 

number o f  large diame ter sensory fibres in the re current laT,TDgeal 

nerve of t be cat has been found to decrease in the more cephalad 

regions ( Murrq , 1957) . This p rori.dea an indication that the recurrent 

laryngeal nene contributes to the raotor inDel"nltion o f  the aore caudal 

regions o f  the oeeophagua. 'lhe electroph7aiolopcal studies of Aadrew 

( 1956�, s.> with the cerdcal oe sophagus of the rat prori.de erlclence 

that efferent fibrea ill the YB.pa are co cene4 ill both pr!aar7 ud 

aecondar;r peristaleia of the cerdcal oeaophagua. 



The thoracic oe sophagus receive s a motor innerYation from fibres 

carried iD oe sophageal branches o f  the vagus nerves (J.titchell , 1 953 ) . 

Unilateral section of  one vagus nerve in the neck does not 

qualitatively affect the oesophageal response in swallowing ( Uwang , 

1:;ssex and Mann , 1 947 ) . Sec tion o f  bo th vagus nerve s cause s  paralysis 

o f  the skele tal muscle por tions and a loss o f  purpose ful motility o f  

the smooth mu scle re gion s o f  the more caudal oe sophagus . A spasm or 

rise in tone ru1s been noted in t he terminal oe sopha�eal re gions a fter 

both vagu3 nerves were cut ( Hwang , Essex and Hann , 1 947 ) . These 

workers al so  re port t hn t  small irre gular and s trong te tanic 

con t rac tions o f  the skele tal muscle re gions , even n ftcr bila teral 

vagotomy , may be evoked by dis tension . 

?he p a t hological condition o f  cardiospaso or mega-oc sophaeus 

indicu t e s  th nt the myenteric plexus o f  Aue rbach is nec e ssary for the 

orderly progre ssion of oesophaceal c on trac t ions and the normal 

func tioning o r  t he te:r:'llinvl Oe SO?h<agus ( I ngel f'inger , 1 953 ) • 

The neural pathways re sponsible Cor tbe inhibi t ion o f  tbe tone o f  

t h e  terminal oe sophagus have bee n  investigated b;r many workers . Zeller 

and Burget ( 1 937) reported that the inhibition o r  the tonus of tile 

distal oe sophagus in response to yagal etiaulatioa was not abolished 

b7 bilateral sec tion of the Yagi below the hUue o f  the lWlS • Grondahl 

and Baae;r ( 1940) repeated thia work ruac1 showed that the 1ahi'bit0Z7 

Yagal 1mpu1eea were aboli.Ucl b7 41rl.cliag the oeeophapal uscu1ature 

!t 011 above the oeaophapal hiatue. Thia waa coatirllecl b7 Leh••aa 

( 1 945) . la 1�7, Hwang ,  Rases and Mama ahowecl that hi.gh bUateral 



.agot� cauaed a narrowing o f  the dista.l oesophagus , but vagot oay 

below the hilus o r  the lung did not produce this re sponse . 

Essentially the same observation was made by Alnor and Ohnesorge 

{ 1 958 ) . I t  appears from t he above reports tha t the vagal fibres 

respon sible for the contrac tion whi c h  occurs in t hi s  region were 

carried in the main thoracic vagal trunks . The re cent �ork o f  

Carveth .!! �· ( 1962) , and Greenwood � .!!· ( 1 962 )  shows that the 

re laxation or inhibition which was pre sUfl}(Jd to be due to vasal 

impul ses carried in t he walls o f  the oe sophagus is not dependent upon 

any e x trinsic inne rvation . Thi s re �ort apparently remoYe s the 

nee ssity for the inhibi t ory fibre s which were supposedly carried 

within t he wall s of the oesophagus as opposed to the t horacic vagal 

trunks . Further , it wou�d explain t h e  di fficulty in loca t ing the se  

fibre s .  

·':he t he r the rc :.o tin'2: discharge o f  the vaga.l fibres i s  excitat ory 

or inhibitory is an imuortant que stion which must be asked if a 

complete understand ing o f'  the vagal e ffe rent contribut ion to the 

resting oesophagus i s  t o  be obtained . Dagradi !! !!• { 1 962 ) reported 

obaeryat ions on 1 4  cases o r  high bil a te ral vago tomy in human patient s . 

They c onsistently obser.ed an obstruc tion to swallowed food , and 

radiological1y DOted a narrowing o t  the dietal oesophagus . Thia 

report , coupled with the achalasia which follows degeneration of the 

!Q'eateric pnglioa cella ( Iapl tiager , 1956 ;  Scherb and Ariaa , 1962 ) , 

WOuld i.Jidicate that the preclolliJ:uuat Yap). iJlfi eaca 1.a iDidbitOI'J' 

( ... Butin et al . , 1953 ; aacl Manzaao ,  Torrea, Ball and Cobo , _  1961t) . - -

The• reports are apported by the report of Higa aDd Ellla ( 1965) , 



that bllateral aupre.-zaodoae vagot� cauoes an achal.asic condition 

in dogs . 

Th role o f  the sympathe tic n rves is uncertain . Knight ( 1 934b ) -

reported t ha t  cervical sympathe tic nerve stimulation poten tiated 

vagal stimu1a tion of the skele tal muscle portions o f  the c rvical 

oesophagus . Sympa the tic denervation doe s  not af(e c t  cervical 

oe sophageal motil i ty .  f�ly �rkers suggested that the sympa the tic 

innervation is exci.tatory to mot ility in the distal t horacic 

oesophagus , which was considered a sphinc ter , and inhibitory in the 

body o f  the oesophagus . Part o f  t he e vidence cited in favour o f  

this is the greater tonus d veloped after v�otomy . However , this 

implies that it is onl1 n sympathetic excitatory drive which is 

subservan t to the vagal innervat ion . Carlson £! !!· ( 1 922)  showed 

t ha t  both sec t ion o f  the splanchnic nerv s ,  and �timula t ion o f  them , 

had excitatory effe c t s . They c oncluded tha t  the splanchnics c arried 

e xc i t a t ory and inhibi tory e ffere n t s  to the uistal oe sophagus . 

¥�ight ( 1 934� .  �) reported tha t stimulation o f  the stellate ganglia 

poten t iated vagally stimulated contrac tions o r  the upper thoracic , 

but diminished those o r  the lower thoracic oesophagus. These 

variable results would possibly indicate a relation between the 

response obtained aad th resting toaua, the fon and paraae tera of 

atiaula tioza , th thod of recordiDg , and posaibl7 the coza41tiozae 

UDder which the expert..ent was uadertakea . 0 aspect of thl probl .. 

which haa beea well eo tlnae4 ia that orierq prosr-eeio of a 

batanUal 11J8Pat ctoa7 (Oneawood 

et al . , 1962 ; CU'ftth et al . , 1962 ; Maaaaao et al . , 1964) . - - - --- - --



A final po1Dt to consider is the dependence o f  oesophageal 

otilit7 upon the extrinsic motor innerYation . I t  would appear from 

the report o f  Hwang , Essex and Mann ( 1 94?) that the bilateral 

sectioning of t he pharyugo-oesophageal nerve s and the 'V'agi in the 

neck o f  the dog and eat cause s  the loss of all contrac tile activi t7 

in t he cervical and thoracic regions o f  the oe sophagus . A spasm , or 

hypertonicity , of the terminal o sophagus was noted . Dagradi .!! .!!• 

( 1 962 ) reported that high bilateral vagotomy in humans c used 

e ssentially t ho same tfe c t s .  The presence o f an innervation similar 

to the pharyngo-oeso�hageal nerv ha� not been established in humans 

( Hwang, 1 953 ) . 

Zympathectomy has been shown no t to haTe an e ffect on e ither 

the re stin>: tone or the progre ssion of a contrac tion wave ( Greenwood 

!! .!!· •  1 962 ;  :;arve t h !! !i!!· •  1 962 ; Manzano .!!, ..!!!• •  1 964 ) . I t  would 

thus appear t h3 t  the contrac tile ac t ivity o f  t he proximal port ions of 

the oe sophagus io dependent upon an in tac t vagal innerva t ion while 

the d i stal oe sophagus posse sse s  some mot or func tion a fter denervation .  

O ' Mallane ( 1954 ) made the observa tion tha t  there was no sphinc ter at 

the terminal oesophagua ,  as a ganglion blocking agent did not affect 

the threshold pressure tor re flux of sto eh content s  to t he 

oesophagus . Be aasuaed , in making such a eo nt , that an innerYation 

waa aeceaeaey for cloare of thia region ill respoaae to a challenp.ng 

pnseure . Greenwood e t  al .  ( 1962 )  showe4 that the relaxation whi.cll - -

follows deglutitioa CODtiaucl after de rYatioa ( 1acludia& oeeoplaapal 

1Dtel"r11pti.o ) • 'lheae worbra do aot ca.ait theaalfta to a IIOCM ot 

control , but OM ••--• the7 would poatulate hoi'IIO a .  Oae ot tJut 



ditf�culties associated with dener.ation studie s which are undertaken 

rith a rl w to allowing observat ions to be made on recovery from the 

t>pera tive procedure s i s  that there may be recurrent or unre cosnised 

course s  taken by nerve fibre s . For example , Harper .  Mc�winey and 

Su f folk ( 1935) ob tained e vidence t �� t  afferent nerve fibre s passed 

from the va gus nerve s  into intercos tal nerves withou t entering 

sympathe tic ne rve trunks . Further evidence for the p re sence o f  

unaapped nervous pat hways involved in visceral re flex s has been eited 

by Titc hen ( 1 954a ) . :, gas tro-colic re nex elicited by ele c t rical 

sti$ul ut ion o f  an �bdominal branch o f  the vagus nerve continued a fter 

bo th vagus nerve3 bad been cut in the ne c k . 7he a f ferent fi bre s 

s t imul ated we re presumed t o  p a s s  in t o  t he spinal cord with the 

symp a t he tic ne rve trunks . 

The oe so p ha geal re avon&e to distenGion , or stre t c h  o f  i t s  wall s , 

has no t be e n  studied to a gre at ex tent , but i t  t'la3 ahom1 by ·.::o.nnon 

( 1 907) that the smoo t h  muscle por tion o f  t he oe sophagus re ni)Onded to 

stre t c h  a ft e r  complete d ene rva tion . A con firmat ion o r  this coma� from 

Hwang ( 1 949) . Sympathectomy does not reduce tho hypertonic ity , or 

hyper se n si tivity , to tactile or distending stimuli associa ted with 

achalasia . I t  the observed e ffects of Yagal denervatioD iD thia 

condition were due to an autonomic 1aba.lADGe , 8711pathectoaJ would be 

e ttectiYe , but t here mu at be � other driYing force which ia 

aub•rrlent to the yagal ilme.,.atioa . The electroJ170graph1c work of 

KiDaUDo ( 1961t) woulcl 1Dclicate that aetioa poteatiala ill the lower 

oe.opbapa illcna• after wd.l.at.ral Y&SOt0117• 



The results and discussion presented in this chapter are based on 

experiments on variously modi fied cat s .  The ablation of areas of the 

central nervous system , coupled wit h  the resul ts o f  pharmacological 

blocking pre sented in Chapter 4 ,  have provided evidence for the path 

or motor fibres . The re sting disc harge and e f fec ts o f  stimulation 

have been conoidered und discussed . The use of totally pithed 

preparations has allowed the centraLly denervated oesophagus to be 

studied . Thi3 has provided evidence for the control o f  motility 

exerted by i t a  extrinsic innervation und by the intrinsic nervous 

element s .  



METHODS AND MATERI ALS 

The preparation of the animals used to stud7 the otor 

inner.ation o f  the oe sophagus have been deacrib d in the Me t hod s 

and Materials section , \:hap ter 2 .  Both the i..sotonic tllld isome tric 

systems of re cording from oe sophageal balloons were employed . 

Re spiration was recorded in all case s  from an external thoracic 

balloon and blood pressure was recorded from the femoral artery by 

u mercury manometer or calibrated t ransducer . 

Variou s autonomic blocking and stimulating drugs have been used 

in conjUDc tion with nerve stimul.ation e xpe r:i.ments . The dosage s are 

expressed as m� o t  the salt , inje e t ions and d ilut ion s being made 

in o . g, •. w/v saline . The stimula t ion o f  the various nerve s was 

derived from a Palmer s tud ent ' s  .st imula tor , using fltdd ( unipolar ) 

ele c t rode s  o r  ailver bipolar ele c t rode s .  



Fig . 3 . 1 .  Decerebrate cat . Res � on of the ant e rior and t r i nal 
region �· ot  the thoracic oe aopha gus to ati.mul<.� tion o t  the 
peripheral end of a vagu ne r•e cut iD t he neck . The blocking 
ac tion of atropiae and D-tubo curarine is recorded . Record a  
tr abo•e doWDwarda:  anterior t horacic oesopha -us ,  t rminaJ. 
oe phagua , blood pre ssure (aza Bg) , respiration , si.gnal , 5 sec 
tiae-aarker .  "a11 marks th applic tion of the etiaulua :  30/ 
sec , 1 2 . 5V tor 5 sec . "b.. rke the applica tion of the 
•tillul.uaa 5/ .. c ,  12 . 5'/ for 5 sec . Be tween tbe two recorda 
1 ap/kp atropine was iajeoted i.atraYenoual7 . The arrowed 
a1 al. aarb the injectio of 0 . 1  /kp D-tubocurariae ; 2 
al •liae touo .. d thia l.Djectioa ( sipall.ed ) • llou the 
81.1 t e ffect atropille llaa oa the fora of the ooatraotio of 
the -terior thoracic oe aop • ( tic. ,.2 ) .  



Fie . ,; . 2 . -Lnne 3 th·< t 1sed cat . Chloralose 70 m /k!.?U in sal.ine 
solu t ion ( 70° : ) . C ontrac tion o f  t bo �d-thoracic oe eopha s 
1D re sponse t o  t imulat ion o f  t he peripheral end of t he le ft 
Yagus nerve cut in the n ck b fore an·J fter t he inje c t ion of 
1 ap/kgm atropine . The final alo port ion of the contracti.oa 
aad the brad7cardia are abolished by the atropine le ving the 
ia1 tial fast portioa ot the oesopbapsl. coatracti.OD . Recorda 
troa abo•e downwards: mid-thoracic oe phagus , blood presSQI'e 
<- Bg) , re sp1r tioa , sigJll.ll , 1 eec tiae- rker . The si. 1 
1D ach record rka the application o f  the etillulua : 25/eec , 
15.0¥ for 1 sec .  tweeD the record shown 1 -..lksa atropi.De 
was iajected iD tra•enoualJ · 



HESULTS 

E1ectr1cal stimulation o f  the vagus nerve s ,  their se c t ion , apinal. 

cord s�c t ion , and other simplificutions of the central nervous system 

have been undertaken in these studie s on t he contribution of the 

extrinsic innervation o f  t he oe so phagus . The e f fects o f  autonomic 

blocking agents have been used to provide a further de finition o f  the 

for2 o f  the motor pathways involved . 

Contrac tions o f  the anterior , mid , and terminal re gions o f  the 

oesophagus have been evoked by electrical stimulation o f  the peripheral 

end o f  e ithe r vagus nerve cut in the neck . These re spon se s  ·ere 

ind pendent of the hypotension which re sulted when the stimulus 

applied was su fficiently intense to c au 3e bradycardia . The at�uli 

used ttere c hosen to minimise the se  e f fec t s on blood pre ssure . In 

fig . 3 . 1  a contraction o f  the anterior thoracic and terminal oe sophagus 

is shown . These regions are skeletal and smooth muscle re spectively . 

Also shown in fig . 3 . 1  is the oe sophageal re sponse to peripheral vagus 

stimul.a.tion following the administration o f  a tropine and D-t ubocurarine . 

�he contraction o f  the smooth acle re gion is blocked by atropine and 

the skeletal auscle regioa is ali�htq affected . Curare inject d 

intraYenoualy abollahea this ooatrac U.on ia reapoaee to peripheral 

vagus atiaulati before the contractions of the 41aphrap are blocked 

( see �ig. 3 . 1 ) . The jaDotioaal. recioa of the two t)'Pea o� sole 

appeawa to be la the ald-tJaorad.c regioa o� th oeaophapa . .l ballooa 

pl.aeed at thia pol.at recor4e4 a reaponae to atbal.atioa of the 

periplaeral • 4 of a Y&pa Ul'ft whi.ell ... aa4e 11p of two portio- ( ... 



! i g .  3 . 3 .  Jecere brate c a t . :,e sponse o f  t he te r;:�inul oe ophsgus 
t o  sec tion of t he ribht va gus ne rve in t he neck . The le ft 
va gu e  nerve h<>-d been cut ?reviou sly . t he applicat ion o f  a 
stimulus ( 50/sec . 1 7 . 5V for 35 sec )  to t he peripheral end 
of t he le ft vagus nerve cut in the neck caused an inhibitioD 
o t  the activi ty . Removal o f  the stimulu$ was followed by a 

trong contrac t ion which ended t h  oe sophage a l  re ponae . 
Record s from above downward s :  terminal oe sophagus , blood 
pressure ( &�  Hg) , respira tion , signal , 1 0  sec time-marker . 
The signal ( arrowe d )  marks th sec tion o f  t he right vagu 
ne rve . The o t he r  si�nal a rks the a t i  ul a tion o f  the le ft 
vagus Derve in an e f fe reat nse . 



} is; . 3 . 4 . Decere bra t(;> cat . :tlesi;oru;c o f  the ter�&inal oe so?ha gua 
to se c t ion o f  t he spinal cord � t  t he sixth c rvical se gment . 
The increased activity o f  the t rminr.:.l tw ooph::.t gus continued 
for longer than 10 minutes . !(ecords from a bove d ownward s :  
terminal. oe sophngus , r spira t ion , signal , 30 c t 
marke r .  The signals mark first the spinal cord sec tion nnd 
oecondly the in t roduction o f  cot ton swab between the cut 
end of the spinal cord . 



Fig . 3 . 5 .  Totall7 pithed prepara t ion o r  a cat • • c tiYi ty o f  the 
tercinQl oesophagus in re sponse to a ballooD diatea ion o f  this 
region or the oe sop gus . The frequency of the coatractioaa 
is aimilar to that obeerved in decerebr te prepar tioa a .  I t  
appeared t t the ��plitude o r  the coatrac t�Oil8 ••• greater 
thaa those observed iD decerebrate prep ratt.oae . Recorda troa 
aboy dowawarde: tendaal oesophagus , cerrical oesopha a ,  
blood prea <- B ) , respiratioa , 30 .. c tiae-.arker . 



fig. ).2) . A rapidlJ developing and short duration contrac tion was 

followed by a more slowly decaying contract ion . 'rhe lat t  r portion o f  

t he contraction was blocked by atropine which did not a f fect the 

rapid , �tial portion of the contrac tion . 

Unilateral or bilateral sec tion o f  the vagu s  nerYG s in the neck 

o t  decerebrate preparat ions wa found to increase the ac tivity o f  the 

dis t ended terminal oe sophagus ( fig. J.J) . This response wae generally 

initiated by a contrac t ion at all regions o f  the oe sop hagus which we r  

being re corded from in the part icular experiment . This initial 

response may be at tributed to t he echanical stimulation during 

eection o f  the nerve . The response o f  the te rminal region a o r  t he 

oe sop hagus con tinued for 2-10 minutes and re sembled the original 

re aronae to distension . 

5ec t ion o f  the spinal c ord at the fifth or sixth cervic�l segment 

:aa ca rried out in three preparations . In all the se prepara t ions an 

increaBed re sponse o r  the distended terminal oesophagus was noted 

( fig . ) . 4 ) . 

From t he bove results i t  appeared that the re sponse o f  the 

tendnal. oe ophapa to distension of itsel f waa not depeadent upon 

the extrin �c illnerYatioa of the oeaophapa. To inYeatigate the 

iafluace of the extrillsi.c aerYOua path'ft7e , totall7 pitb.ed prepar­

ations ot oata ftre llad.e . The re poaae of the tendaal oeeophague to 

cliateaaion o t  �teelf 1D such a preparatS.o clid aot q�tat1Yel.J' ctitfer 

troa t t obtaiaetl 1a the cleoerebrate oat ( tis. ).5) . �he trequuc7 

( dz/.W.h) wae approU..tel7 tJae -- ·  tbe aapllt ot tlae 
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Fig . 3 . 6 .  To tally pi tbed p rep.xration o i  a eat . The respon o f  the 
te rminal oe sophagus to di f fe ren t degrees of balloon distension 
of this re�ion . Inc re ased distension cont inue s to eau 
contractions , but over aiailar periods o f  time leas contrac tions 
.. re recorded . Reduc tion of the dis tension resulted in aD 
iacreased oesophageal responee . R cords from above .Sownward : 
teraillal oesophagus , blood presiAlre ( tabllised at 60 Bg b7 
a reser..-oir ) ,  reaplratioa , aipal , 30 sec time-marker. Bet .. ea 
"a" aDd "btt and the period followbs "c" th temi.nal oeeop pa 
was subjected to dlatenaioa acoorcle4 b7 a head o f 25 ea H2o . 
Be fore "a" , d bet ... a "b" -cl "c" , the clistending head - Ita 
oa a2o. Baae-llae ald.fta are d to the cloaecl tur of tile 
reoorcliaa eyatea . 



F�g . } . ? .  To tally pitbed preparation o f  a cat . Inhibition ot 
term�nal oe sophage a l  motili ty in re sponse to  distension of  
the ante rior thorac ic recording balloon . Record s from aboye 
downwards :  terminal oesophagu s ,  anterior thoracic oe sophagus , 
blood pre ssure ( stabilised o.t 50 mm Hg by a reaervo�r ) ,  
respiration , signal , 30 sec t ime-marker . The s�gnal marks 
the distension of the anterior thoracic oe sophagus . The 
distension is ma�taiaed , but the base-l ine hae been �eaet . 



contrac tions , although difficult to measure with the recording 

technique used , appeared to be greater than tha t observed in 

decerebrate preparations .  

The de gree o f  balloon distension o f t he terminal oe sophagus in 

totally pithed preparations was o b served to al ter the inten si t y  o f  
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the contrac tions h this re gion . The greater degree o f  d istension , 

although it c ont inued to cause contrac t ions , produced a shorter serie s 

o f  c ontractions t han the le sser degree o f  oe sophageal distension ( fig . 

3 . 6 ) . 

The inhibitory e ffect on terminal oe sophageal motility exerted 

by a more cranial oesophageal distension was observed in the totally 

pi thed preparat ion ( fig . 3 . 7 ) . The inhibition oc curred 3G-40 second s 

after t h� more cranial distension aas applied , and persisted until 

the distension was removed . The form o f  thi 3  r eponse �as e ssent i�lly 

the same as t h� t  observed in decerebrate preparations ( aeo fig . 2 . 1 4 ) . 
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DISCUSSION 

The re flexes d e scribed in the p revio u s  c hapt e r which mod i fy the 

t erminal oe sophage al response to dist ension appear to have their mo tor 

fibre s in t he vagus ne rve s .  The fac i li t a t ion o f  contrac t i on s  o f  t he 

t e rminal , and o t he r  more cranial , regions o f  the oe so�ha gu s  in 

r e sponse to pe ripheral vagu s  s t imul a t ion , and t he p re sence o f  t he se 

re sponse s in partiall y  i sol a ted medul lary pre para tions , support t his 

concl usion . 

The n a ture of the e fferent va ga l pathway t o  t he t e rminal 

oe sopha gus is sugge sted by the form o f  the response and t he ac tion o f  

p harmac ologi c a l  blo c king age n t s 8  The smoot h  mu scle port ions o f  t he 

oe so�hagus appear to be innerva t ed by cholinergic muscarinic fi bre s .  

I n  t he anterior t horac ic oe sopha gus ( stria t ed muscle ) soll'le port ion s 

ap pear t o  be se n s i t ive to atropine ( se e  fig . } . 1 ) . he t he r  t he 

port ion a f fe c ted was smoo t h musc le c e l l s  or some o ther a t ro 9ine 

sens i t ive mechenism o f  t he stria ted muscle con trac t ion wao not 

ind i c a t ed . The b a sic me c hani sm o f  the te rminal oe sophageal c on t rac t ­

ions appears t o  be ind e pe nden t o f  ganglionated neural pathways , 1e t 

remains susceptible to atropine ( se e figs . 4 . 4  and 4 . ? ) . This ma7 

ind ica te that the mechanism involved in the rh7thmic contrac tions o f  

the smooth muscle in response t o  distension has ,  as an integral part , 

a neuro-effec tor site , the transmit ter for which is ace t7l choline . 

The form of the extrinsic motor pa thwa7a is aot shown bJ the eYidence . 

In the decerebrate preparations used , it  appears that the resting 

discharge iD aotor pathwaJS to the oesophagus ia pr doaiaantlJ 
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inhibi tory . Thi s is probably a re fle c tion o f  t he acute na ture o f  the 

preparations and t he surgical , and o ther , mod i ficat ions employed in 

t he se inve s t i�at ions . Removal o f  t he ext rinsic pathways by surgical 

or pharmacological mean s appeared t o  remove this inhib i tory d i scharge 

suppre s sing t h e  more basic ac tivity which is not dependen t on these 

e x t rinsic neural pathway s .  The independence o f  the te rminal 

o e sophageal con trac tions o f  extrin si c  ne rve s is supported by the 

stud i e s  o f  a chalasia ( Hwang, Essex and Mann , 1 947 ; Inge l f inge r , 

1 956 ) . '11he increased t one o f  t h i s  re gion and the a sso c i .:1 t e d  re si stance 

to t he passage or ma te rial would ind i c a te t ha t  t he denervat ion which 

i s  reported to cause t h i s  c ond i t ion ( In&el finger , 1 961 ) remove s 

inhibitory in fluence s from t hi s  re gion . This basic ac t i vi t y ,  �hich 

16 �ub servan t to the e xt rinsic inne rva t i on , provides an altern� tive 

drive to the sympa the ti c  innerva t ion . The sympa t he t ic d rive Has 

re �or ted to c a u se the inc reased ac t i vity wi t h  the a u t onomic balance 

d ue to re moval o f  t he paraaympa t he t i c  f fe c t s  ( i{anzano !.!. .!! · ,  1 964 ) . 

The me c ha nical t ran se c t ion o f  t he motor pathways is bo t h  irreve rsible 

and drastic . A more pre c i se ind i c a t i on o f  their con tribut ion would be 

obt ained wi t h  a reversible and unstimula t ing se ct ion auc h  as that 

possible with c o ol ing of t he nerve t runks . 

The e ffect s  o t  stimulation o t  t he peripheral end ot t he splanchnic 

nerves has not been investigated . The result s  of Carlaon e t  al .  ( 1 922 ) 
- -

and �ght ( 19}4�) indicate that the e f ferent sympathe tic fibres may 

be both excitatory aad iahibitory to teraiDal oeeophaseal aotility . 

�his conclusion is supported by the facilitation and iDhibition o t  t he  

oe aophaceal contrac tions , stimulated by distension , in response to 



adrenergic d rugs ( see figs . 4 . 9 ,  4 . 1 1 ,  4 . 1 2 and 4 . 1 3 ) . 

In to tally pithed preparation s , the pre sence of a modi fication 

of the basic oe sopbag�al re sponse by stimuli applied to posi t i ons 

o ther t han the site of action ind icates that intrinsic ne rvous 

patbw�ys are involved . The form o f  t he se pa thways may , in t hei r 

most e labor3 te form , be gan gl ionated neural pathways . The pithed 

p repara t i on ,  be ing e ssen tia lly a p reganglionic preparation , allows 

the fo llowin g forms o f  neural pathway t o  exist : two neuron para­

sympathe t i c  pathway ; two neuron sympathe tic pa tbr1a.y ;  axon re nex 

pat h�ay ; and dire c t in t ramural conduc t ion . The inve s t i ga t ion of 

these possibilities Mould be di f ficul t ,  but i s  e ssen t ial t o  the 

unders tand ing o f  t he manner in which t he e x t rinaic nervous p a thways 

a f fect t h i s  basic ac tivity . T he site and form of t he c on j unc t ion o f  

t he e x t r in s i c  ne rve s and int rin sic mec hanism o f  the basic ac t ivity is 

a l so o f  bre a t  inte rest . 

The d iscussion above raises t he quest ion of t he level to whi c h  

the oe sophage a l  inn e r va t i on mu st be simpli fied to , to study the form 

and degre e o f  extrin sic control . The use of � vitro xperiment e  to 

study t he se basic me chanisms may be pro fitable, provided t he 

oe sophageal musc le can b isolated wi thout exc salve damage to t he 

intraaural connec tions whi.ch aay be involved . The pre sence of the 

..,apathetic post-ganglionic pathways in the totally pithed preparations 

aust be considered as co ntributing to the aotUity &lld the aodi fication 

ot t his in the preparationa . A further analysis by the use of 

specific adrenercic blocking drugs, coupled with the ablation of th 
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sympathetic ganglia in totally pithed prepara tion s ,  may give an 

ind i c a t ion o f  the con tribut ion o t  the sympathet ic e f te re n t s  t o  this 

basic a c t i vi t y .  



Chapter '+ 

THZ R:SPONSES OF THE OE�OPHAGU� OF THE CAT TO 

5ELEGTED PlliiRMACOLOGICAL AGENTS 

INTROi:UCT ION 

Pharmacologic investigations on the oesophasus have been reported 

in a numbe r o f  species and under a variety o f  condition s .  In man ,  

observat ions have been made in normal conscious subjec t s ,  patients 

su ffering from a varie ty of oesophageal disorders , and in subj ects 

who haye undergone varying degrees o f  sympathectomy and sec t ion o f  the 

vagus nerves .  I solated atrips o f  the oe sophagus have been ob t�ined 

from ad ul t  humans during thoracotomy and post mortem from human 

foe tuse s .  The re s•onee n o f  the oe Ro,hagua in anaesthe tised and 

consc ious experimental animals huv� al so been studied . 

In bo t h  man and experimental animal s most work has been dire c ted 

towards an investi�ation o f  the ac tion o f  c holinergic and adrenergic 

drugs , dru�s which block the ac t ion of the se agent s ,  and o f  drugs 

which affec t gang�onic or neuromuscular transmission . In a11 reports 

o r  drug ac tion on the oesophagus a number o f  factors such as the 

following ha Ye to be borne in ad.nd : -

Route o f  administration . A pure e ffect o f  a given substance 

JU:7 be difficult enough to obtain in an aaaeethe tiaed subject 

whea glnll b7 the intravenous route ; it a47 be ilapoaaibl.e to 

deaonatrate wllell givea b7 the int� ecul.ar or auboutaaeou. 



rout e . In t he se lat ter instances there is ample time for 

compensatory mechanisms or reac t ions to develop as t he agent 

is slowly absorbed and presented to the reac ting tissue . 

Anae sthetic agent s may inter fere �ith the re sponse s due to 

a particular sub stance . 

Few o f  the so-c alled blocking agents are spec i fic in their 

ac tions . 
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Even t he in travenous injection of a substance may lead to 

con fusing re sul ts because o f :  e ffec ts on distant struc tures ( e . g . , 

centr�l nervous system ) . e ffe c t s such as a facilitation of receptors , 

st im1u�t ion or re flex compenoatory reac t ionc masking the pure 

reac t ions to the agen t , concomitant chanb&s in blood supply and 

there fore oxygen<-!t ion . ( fhis is o f  part ic tJ.la.r im�)ortnncc in smooth 

muscle which exhibit s  strong contrac t ions when anoxia develops . ) 

The se  c omment s , whic h are bo t h  cursory and perh ap s  be tter fit ted 

for a disc u ssion , are thought to be desirable to pre face a survey o f 

observat ions such as those t hat follow in this introduc t ion to the 

pharmacological investigationo reported later in this chapter . 

Cholinergic drugs h •• been reported to exert onl7 a mild ac tion 

on the oe aophapa. Sleiaeaser , SteiDberc aacl Al.lq ( 1 953 - cited b7 

lllpl tinpr , 1958) reported that the se  agent• exert no aarkecl e ffec t• 

oa aotilit7 ill respoaae to diateatdoa or oeaophapal. 110uth to etoii&Ch 

transit tilDe ia anaesthetised or coaaoioua pati ata . lloweYer , 



cholinergic drugs administered by various routes in a varie ty of 

subjects have boen reported to : cause a spasm of the terminal. segment 

of t he oesophagus ( Bettarello , Tuttle and Grossman , 1 960 ;  Schenk and 

Fr drickson , 1 961 ) ; increase the re flex activity o f  the oesophagus 

( Bllhle r-Vieira , 1963) ; and cauae a shortening of the oe sophagus 

(Schenk and Fredrickaon , 1 961 ) .  Physostigmine and neostigmine have 

been reported to be excitatory to oe sophageal activity , e specially in 

the terminal regions ( Robins and Jankelson , 1926 ; Ellia !! !!· • 1960 ) . 

Ellis .!! .!!· ( 1960) , wit h human oe sophageal muscle strips , 

recorded contractions of both circular and longitudinal muscle 

preparat ions from t he distal and thoracic regions of  the oesophagus in 

re aponse to acetyl choline . This report is  supported by 3chenk and 

Fredriekson ( 1 96 1 ) ,  wi th the exception thnt they report ace tyl choline 

as hav.ing no e f fec t on t he circular muscle of  the distal oe sophagua . 

Oe soxhageal motility c an  be easily altered by cholinergic blocking 

agents .  Carlson e t  al .  ( 1 922 ) showed that the fre quency o f  c ontractions - -

in the lower oesophagus in the cat , dog , and rabbit , in response to 

distension , was reduced with  the adminiatrat�on of atropine . The 

contrac tLle response to peripheral vagus or splanchnic stimulation waa 

also blocked b7 atropine . In 11an , cholinergic blocld.Dg ageata ( ba.nthine , 

atropine and murel) disrupt the propulsive nature of oe ophageal 

contractions be fore the ooat.ractioaa are blocked ( lngelfinger .!! .!!· ,  
1954 ;  nood uad Fiak, 1960) . The report• on the reepoaaea o f  the 

terminal oesophagus are varied . lDcrea 4 atrencth of contracture 

(Iaaelfiapr .!! �· • 19S't) and 1Jacreaae4 reluatloa aaaociatecl ritll 



re flux o f  s t omach conten t s  into t he oesophagus ( Robins and Janke l son , 

1 926 ; Be t t arello !! �. , 1 960 ) have bo th been note d a ft e r  t he 

int ravenous injec t ion o f  a tropine . 'l'he contrac tions o f  t he thorac i c 

oe sophagus ,  in re sponse t o  a d i s t e n sion , o f  t he she e p  are su sceptible 

to t h e  bloc king ac tion o f  D - t ubocurarine ( S e l 1ers and ? i t c he n , 1 959 ) . 

� vi t ro exp e r imen t s wi th human ( Lllis !! !!· • 1 960 ) , guinea pig 

( Mann , Schl e ge l , Elli s and Code , 1 962 ) , and c hi c k  ( Bowman and cvere t t , 

1 96 4 )  mu scle Gtri?s from t he terminal oe soph�6US ind ic a te t ha t  

a t ro pine blocks t h e  re l!l?onse s  t o  ne rve st imul a tion . 'fhe contrac t i on 

in respon se to nicot ine wa s al so abolished by a t ropine ( Ellis � �. , 

1 960 ) . 

C urare hu :- bee n  re p o r t e d  to block the e f fec t s  o f  va f.U s  sti!llUl ::l t ion 

on the i �ola ted ::5 t r i � l S  o f  re. t  oe so ;; ha 7,u s  ( Hughes and :'�c Uowall , 1 951+ ) . 

�uccinyl choline doe s  not b l o c k  t he e f fe c t  o f  ace tyl c hol ine on �ascle 

s t r i p s  from t he lowe r humHn oesopha gu s .  

The e f fe c t s  o f  gangl ion bl ocking d rugs on the oe sopha gu s  have no t 

received mu c h  a t t e n tion from workers in t h i s  field . O ' Mall an e  ( 1 954 -

cited by I nge l finger , 1 958 )  reported t h  .� t a gangl ion bl o cking agen t 

had no e f fec t on t he thre shold o f  re flux o f  stomach contents to the 

oe sophagu s . This led him to d iscount the exi s t ence o f  an ac tive 

sphiDcter in the lower oesophagus . A report by Flood and Fink { 1960) 

indicate s that various ganglion blocking drugs may cause the 

disarrangement o f  an ordered contrac tion wave . Bo .. aa and Everet t  

( 1964) , usillg an isolated preparation o f  the chick oesophapa , fowad 

that nerve stiaulation was not e ffec tively blocked by ganglion blocking 
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agents . They suggest that ephaptic transmission be tween t he pre- and 

post-ganglionic neurons is re sponsible for this result ( see Martin and 

Filar , 1 96}� ,  �) . 

A t  t his point i t  i s  opportune to  mention the phe nomena o f  

cardiospa sm , o r  ac hal a si a . !hi s d i sease c ondi tion appears to be due 

to a degenera tion or destru c t ion ( in the cas� o f  the endemic 3outh 

" 6 American me ga-oe sophagus - Buhler-Vieira , 1 9  3 ;  Ingel finge r ,  1 963 ) 

o f  the ganglion cells o f  .\uerbach ' s plexu s .  Patien t s  wit h  t his 

condi tion have been found t o  be hypersensi tive to c ho l in e reic drugs . 

'I'he re a son proposed for this phenomena i s  the sensitise. tion or  t he 

post-gengl ionically , cholint>rgically , denervated s� oo t h  ILuscle  

( K rame r a nd Inge l fin�e r , 1 951 ) . fhe sy�p to�s o f  t h i s  cond i t ion are : 

re tP.n t ion o f  fluid in t he oe sop h a gu s , l:1ck  o f  tone in the body o f  

t ha oe�-<o:- ha. s.:;u s ,  and hype rac tivi ty t o  c hoU nl:'r·b-i.c d rugs . '.i'he c o n d i t ion 

o f  a c hnl� sia is reported in �any p lace s in t he l i t e ru t ure . The 

ac c ou n t s  o f  l' ramer .md Inge l finge r ( 1 949 ) , I nge l fi n ger ll &· ( 1 954 ) , 

Hie;htoNer , Ol sen and r-�oe r s c h  ( 1 954 ) , and .auhler-Vieira ( 1 963 ) , cover 

the main poin ts of the pharmacology o f  ac hal asia of the oesophagus o f  

humans . 

The report s o f  the e f fects o f adrenergic druse on motility o r  t he 

oe sophagus are variable . Carlson ' s  doge , when unanaesthe t i eed , 

re sponded to adrenaline by a contrac tion of  the terminal oesophagus .  

�hen t he same dog were anae sthe tised , t he t rminal oesophagus relazed . 

Excitatory e ffects o f  adrenergic drac have been reported in t he 

pigeon ( JlanslJ.k d Butt , 1928) , c t ( Scheak and Fredrickaon , 1961 ) ,  
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gu inea pig ( Bailey , 1 965 ) , and human ( Ellis � !!· •  1 960 ) . The above 

worke rs found the exc i ta tory effects in bo t h  circular and longitudinal 

layers o f  t he termin� l oe sopha gus . 

Inhi b i t o ry e f fe c ts o r  ad rene r gic d rurs have been reported . The 

hy p e r a c t ivity o r  the t hora c i c  oe sophagus a s s o c ia t e d  ��o i t h � h.aga ' s 

d i sease is d e pressed by adrena l ine ( Buhle r-Vieira , 1 96} ) . Hughe s 

{ 1 957 ) , inve s t i �� t ing the re sponsc 3 o f  the human foe tal oe sophagus to 

ne rve s t imu l a t ion , showed t hat SJmpa the t ic stimula tion inhibited 

spontaneous ac t iv i ty . Si�ilar sympa the t i c  s t imul� t ion re laxed t he 

c on trac t ion o f  the oe sophagus induced by parasy�patbe t i c  st imula t io n . 

� or-ad renal ine ha e been report ed t o  have the sa�e e ffec t s as 

adrenal ine o n  isolated s t ri p s  o f  t h e  humc-D terminul oe sophagus { .;:;llia 

e t  !!.!.· , 1 960 ) and the f,"Uineu P i ;1 t e r'llinal oe so _t>hagus ( Bailey , 1 965) . 

�he re port o f  B l iley ( 1 965)  on the a c t ion o f  i sopre nal ine on t he 

stlloo t h  mu sc le o r  t he guinei..l p i g  oeso phagus is alone <.illd subge s t s  t he t 

thi s amine ac t s  on be ta receptorR to  cause a relaxa tion . 

The ac tion o r  nd rene reic blockinG agen t s  on the oe so phagus has 

no t be e n  e x t e n sively s t ud ie d . The !a vi tro work o f  illi s !! !!· 
( 1 960) , using muacle strips fro the human d istal oe sopha gu s ,  showed 

tha t phentolamine blocked the con t rac tion but d id no t a ffec t  the 

relaxation caused by adre naline . On the basis of this observation , 

they postulated a popul ation o f  recep tora to dreaaline which was 

greater in the area o f  fuactional re laxa tio , the terminal oe sophagu s ,  

d 1 e a  at higher left la of the oe aophape .  Thia report , coupled 

with the obaerwation of Raazlik &D4 Butt ( 1928) , that the effects o f  



sympa t he t ic nerve stimula t ion were not affec ted by ergo toxine , 

represent s the s tud ie s made on the e ffec t s  o f  sym¥ a t he t i c  blocking 

drugs on oe so�hageal motil i ty .  

'l'he evidence c i ted from thf' l itera ture , viewed in t he light of 

t he comme n t s  made at the s tart o f  this se c t ion , indica ted tha t  a 

sy s t ema t i c  inve stiga tion o f  t he re spon se s  o f  t he oe sophagus to 

au t onomic s t imul a t ing and bl ocking drugs was needed . By me an s  o f  

close in t ra-arteri�l inj e c tions o f  d ru �s and a c on sidera tion o f  t he 

ln t enc ie s o f  t he r e s ,  onse s obtained , the oe ao; :hHgeal reac tions 

p re sented are considered t o  be attributable t o  t he a gents inj e c ted . 

·.fhe re s pon se s  to d rugs in j e c ted into anae sthe t i sed , decerebrate Dnd 

totally pit hed prepart.J. t ions h .. tve _!)O rrl'.i. t ted t he e f fec t s  of the 

<Jlae sth�.� t ic and n.u tonotnic d.rugs on th�: cen tral nervous sys tem to be 

asse ssed . 
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METHOD� AND M�TE RI ALS 

Decerebrate , anae sthe tised and t o tally pithed preparat ions o f  cats 

have been used to s tudy the re sponse s  of the oe sofha gu s  to selec ted 

phanaac ologic ::il :�.ge nt s . ( .;ee Me thods and •·Ul. terial s . Clta F t t: r  2 ,  ror 

d e ta i l s  o f  anim� l pre parat ion . ) 

To en sure a c lo se a ssocia t ion o f  the adminis tered d ru g  and t he 

oe sophagus , inj ect ions we re made by a c annula pla ced in t he t ho racic 

aorta . ;, polyethylene tube wa s I-'assed from the femoral ar tery to lie 

in the t h;)racic aorta . I n  so�ae e x1'e rime n t s  a cannula wa s ptssed down 

the caro t i·1 artery to lie at t hF j unc t ion o f  t he common caro tid 

arterie s .  £his ena bled smal l vo l ume s  o f  low c once n t ra t ion c o f  d rugs 

to be admini stered almo st d i re c tly to the oe oo�h� �us . The e ffe c t s  o f  

t e in j e cted J ruf;G on struc ture s othe r  t h cJ n  t h.e> oeso :·,h3 ,<.;US 1 s u c h  a �  

the heart �n� centr�l nc rvoun syste� , we re thus minimised . 

I'hree d i f fere n t  re cording systems h<' "e been used : -

. a te r- filled balloons o f  approxima t e ly 3 cc volume . lhis ayste , 

a s  d e sc ribed in t he Me t hod s and tia terials sec t ion , � ha�ter 2 ,  

( iso t onic systea ) , al lowed a distension to be applied to the 

oe sophagus at Yarious lev la. 

Large air-filled balloons which recorded motil ity oa t he Sanborn 

elec t ro-physiograph ( iso e t ric a7stea ) . This system al so allowed 

the oe sopbaps to be distended to aote the e ffec ts of clruss which 

blocked the aotility iacluced by cH.steas1oa . The effects of d rugs 

which potentiated .otilit7 , or enhanced receptors , were also 



studied oa this backgrouad o t  excita tory oesophageal distension . 

Very small air- tilled balloons , d imensions 10 mm long and 

diameter 5 Thi s me thod allowed the e f fe c t s  o f  drugs on the 

quie scen t ,  unstimulated oe sophngus t o  be obser•ed . These 

balloons recorded moti l it y  by activa ting transducers which 

recorded by way of the Sanborn elec tro-physiograph . 

The doses o f  drugs inj e c t ed are expressed as a weight o r  the 

salt . All inj e c t ions and dilutions were made in 0 . �� •I• saline , 

unless othe rwise sta ted . 

The drugs use d  were : -

Cholinergi c drugs : 

Ace tyl c holine hydroc hloride ( Mercbe ) . Inj ec ted as a 5� 

Na2HP04 sol ution o f  tb� powder . 

Physostigmine salicylate , B . P .  ( t�cFarlane Smi th L td . ) . 

Injected as a 5� Na2nPo4 solu tion o f  the powder . 

Nicotine ( 4Q� aqueous solution o t  the alkaloid ) .  Inj ected 

aa a 0. 9% aaliae dilution ot the aqueous alkaloid . 

Cholinercio blocki!g !J!Dt a : 

Atropine sulphate , B . P .  ( British Drag Houaea Ltd . ) . 

1Djecte4 aa a 0.9% 8&line aolutioa o t  the table t .  

D-tubocurarlae chlorS.de , B .  P .  ( "Tubarlu" , Burroughe 

ellcou aa4 eo. , Loa4oa . ) .  Iajectecl as the � tactU'er ' a 

aolutioa diluted 1a 0.9% aali•• · 
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AdreDergic druss : 

AdreDaliDe tartrate , B . � . ( May and Bake r L td . ,  Dagenham . ) .  

Inje c ted a s  the manu fac ture r ' s  solution d iluted in 0 . 9N 

saline . 

L-Hor-adrena.line ( Koch-Light Lab . ) .  Inj e c ted as a 5;;, 

Na2nro,. solution o f  the powder . 

I soprenali.De sulphate , B . l' . ( Burroughs ,�ellcolle and Co • 

• ( N  . z . ) Lt d . ) .  In j ec ted as a 5.b Na2H:POI.t solu t ion o f  the 

powder . 

A drenergic blockin� agent s :  

Tola.zoline , 2-benzyl -imidazoline-hydrochloride , B . P . 

( '' ?riscol'' , CIB.-. Laboratorie s Ltd . ) . Injec ted a s  the 

manu fa c t urer ' s  sol u t ion d iluted in 0 . 9 saline . 

Ganglionic blocking agent s :  

Hexame t honium bromide , B . ;; . G . ( '1 Ve goly son" , May und Baker 

Ltd . ,  Dagenham . ) .  I n j e c ted a s  t he manu t1:ac turer ' s solut ion 

diluted in 0. 9� saline . 

Nicotine ( 40� aqueovs eolutioa of the alkaloid ) .  Injected 

as a 0 .9% saline d ilution ot the aqueous alkaloid . 
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Fig . 4. 1 .  Anaest h tisect cat . Chl.oralose ?0 mgm/k.p. Response 
of the mid-thoracic oe eopbague to an intra-arterial iajection 
( thoracic aorta) of  0. 1 � gm  acetyl c boliAe . Records froa 
aboYe clowward e :  ld.cl-thoracic oesophagus ,  fe oral bloocl 
pre sure ,  reapirati.o , aigaal. , 5 •c title-marker . 



Fig . 4 .2 . ae sthe t i  d cat . Chlora.l.ose 70 mgm/kgm. He ponae 
ot the distended mid-tho rac ic oe sophagus to t he intra­
art rial injec t ion ( thoracic aorta) of 0 . 5  �gm/kgm acetyl 
choline . Recorda troe aboft downwards :  mid-thoracic 
oesophagus, blood pre sur (• H ) • re spirat ion , signal , 
10 eec ti.ee-marker . 



Fig . � . 3 . Anae sthe tised cat . C hloralose 70 mgm/kgm . Inhibi t ion 
of aid- t horacic oesophage al contrac t ions stimulated b7 
distension of this region fol1owing the intravenous intra­
ar teria1 inj ect ion of 0 .23 mgm/kgm e se rine . Record a  froa 
aboYe downward s : mid-thorac ic oesophagus , b1ood pressure 
( .. Hg ) , respiration , signal , 1 0  sec t iae -aarker . 
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nr;.;uLTS 

The response s of the oe sophagus t o  some pharmacological agent s 

have been inve s t i gated in anae s the tise d , de cerebrate , partially 

isola ted me dullary , and t o t al ly p i t hed p re para t ion s o f  cats . Routes 

o f  admini strat ion o t  t he d ru�s have been in trave nous and close in tra­

arterial . In all instan c e s  a t temp t s  have been made to reduce t he 

vascular e f fe c t s  o f  t he drugs t o  a minimum . 

The close in t ra-ar teria l inje c tion of a c e tyl choline c au sed a 

single c o nt ra c t i on o f  t he mid - t ho ra c i c  oe sop hagus . The contrac tion 

occ urred 3-5 se c ond s a fter t he commencement o f  t he inj e c t ion . The 

oe sophageal re s r, on c.e oc curred a t  the r.;ame t i:ne a a  b o t h  bradyc ar,lia 

and hypo tension . 'fhe amrJ l i t ude o f  the contrac t ion varied ac c o rd ing 

to t he ( lose inj e c t ed , J.n:i response s  were obtained wit h 5 .  0 - �1 . 0-05 

11gm/kg:11 d ose s . Fi g . 4 . 1  shows the c on t ra c tion re c o rded a f t e r  the 

inj e c t ion of 0 . 1  ugm ace tyl c holine in t o  the t ho rac i c  aorta . . •  

se rie s o f  contrac tions could a l so be e voked b y  ace tyl chol ine . The 

re sponse started 5-1 0  se cond s a fter t h e  c o��enceme nt o f  t he injec t ion 

and was o f  varia ble dura tion ( fig. 4 . 2 ) . Such a response was 

generally noted a fter t he oe sophagus had been subjec ted t o  an 

inhibi tion or was subj ected to a greate r desree o f  distension . The 

initial contrac tion due to acetyl chol1ne appeared to trigger the 

reapODae to distension . 

Eserine injected intra-arteriall7 was found to have an initial 

excltator7 e ffec t  which was followed b7 an inhibition of the aid­

thoracic oesopbaseal contr c tione in respo •• to distension ( fig. 4 . } ) . 



Fig . 4 . 4 .  Decere brate cat . Terminal oe so phage al responoe to the 
intravenous injection ot 0 . 1  mgm/kgm atropine . !< cords from 
above downwards :  1 0  sec t ime-m..<lrker , ter!Jlinal oeso,t>hagus , 
si.gnal , respira tio • 
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Fig . 4 . 5 .  Totally pi thed preparation o f  a cat . Block o f  terminal 
oesophageal contract ions following the intravenous injection 
of 1 •sm/ksm atropine . The peripheral end o f  the le ft Tagua 
RerYe •• stimulated befor and a fter administration o f  

tropiae . Records froa a boTe downwards : terminal oesophagus . 
anterior thoracic oesophagus , blood pressure (mm Hs stabilised 
b7 a re•J>Toi.r ) , respi.r ti.oa , signal , 30 sec ti111e-marker . The 
arro .. 4 i.pals mark the application of the periphera1 Tagu• 
et1aul tio : 30/sec , 1 2 . 5V for 10 sec . "a" •arka the 
iajectio of 1 •am/kga atropi.Ae , " b" aarks the injectioa o f  
a turtber 2 asm/ksm atropi.De . 



Fig . 4 . 6 .  Totally pithed preparat ion . The re sponse o f  th 
distended anterior thoracic oesophagu to the iaj c t�on 
o f  1 ap/k.ga D-tubocurarine . 3 mgtl/kgm atropiJae had been 
injected iA trawenoualy 10 lllinute s  prertoual7 . N�cotiJae 
{ 1 . 1  al 40% aolut�on } had also been dcinistered . Recorda 
from abowe downwards : termh 1 oe sopha gu s ,  anterior 
thoracic oeaophapa , blood pre ssure (lllll Bg) , re apiratioa , 
sipal , )0 •o tiae--rker . 
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The inhibit ion o f  contractions occurred 30-40 seconds a f t e r  commence­

ment of the inj ec tion and continued for gre a ter t han ten minute s .  

Fserine wu a ad mini stered in dose s  o f  0 . 1 - 0 . 5 mgm/kgm . The exei ta tory 

e f fe c t  o f  e serine w 3 s  �ore evident a fter injection o f  a small dose . 

A t ropine caused t he d i�appearance o f  bo th  the contrac tion s  o f  

the smooth musc le portions o f  the  oe sophagus evoked by d i st ension of 

itse l f  :1nd t ho se prod uced b y  s t imula tion o f  the peripheral end o f  a 

vagus ne rve cut in the ne c k . Injected intravenously in dose s  ( 0 . 2  -

1 mgm/kgm) t o  anae sthe t ised , decere brate , medullary and totally pithed 

proparn tions , a comple te c e s sa t ion of contra c t ions wa s seen wit hin 

30-60 second s ( figs . 4 . 4  and 4 . 5) .  The co nt ra c tile re s oonse o f  the 

skele tal mu sc le re gions o f  t h e  oeso phu eus to d istension �nd st imulation 

o f  th� peripheral end o f  a va hu s nerve w&.s largely un a l t e re d  { se e  fiF�s . 

3 . 1  and 3 . 2 ) . 

The int ravenou s injec tion o f  .i) - t uboc urarine blocked t he contrac tile 

re sponse of the skele tal muscle portions or the oe sophagu s .  Following 

t he injection o f  1 mgm/kgm a tropine int ravenou sly , a cont rac t ile 

re sponse of  the an terior t horacic oe sophagus t o  stimula t ion o f the 

periph ral end of a Yagus ner..-e remained . This was bloc ked bJ 0 . 1 

aga/kge D-tubocurariae injected 1ntra•enoualy ( fig . 3 . 1 ) . Distension 

o f  the cranial thoracic oesopha gus in a tot�7 pithed preparation 

caused a rhJthmic tonus c hange o f  tlds reston . This re aponee persisted 

a fter the intra•enoue injection of a 1 ·� and a Z aga/kga doae o f  

atropille . A dose of nicotine ( 0 . 37 aga/kga o r  a � aolutioa ) hacl 

also been adainiatered . Stt.ulation o f  the peripheral end o f  a ••su• 



FJ.g . 4 . ? .  Anae sthe tised cat . Chloralose 10 ga/kp. Responae 
of the aid-thor cic oesophagus to the intravenous injection 
of 1 ap/kgm hexamethonium . The ganglion block prod ced 11a7 

e illte rpreted e aa ua t1mulat1ng release o f  the oe.ophapal 
auacle froa the pre-aanglionic innervation . Recorda froa 
above downwarda :  IU.d-thoracic oesopha a ,  bloocl pr saure 
( .. Bg) , respiratio , ai al ,  10 sec tiae-aarker .  
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Fig . 4 . 8 .  Totally p i t hed p repara t ion o f  a ca t . �omparl aon o f  t he 
e f fe c t s o f  a low and high d o se o f  nicot ine on t he te rminal 
and ante rior thoracic region s of the oe &opha gu s . The ini tial 
do ( 0 . 1  ml 40% solution ) timulated a so rie s  o f  contractions 
of �he te rminal oe aophague ; the tone ot the ante rior thoracic 
oesophagus as inhibited . A fur th r dose ( 1  ml 40t solution ) 
of nicotine caused an inhibition o f  te rminal oe sophageal 
con tr ctiona . Stiaulation o f  the p ripheral end of the vagus 

erwe cut in the neck continued to cause an inhibition o f  
terainal oesophageal cont ractions a fter the adminietratio of 
nicotine . Recorda troa above do ward s :  terminal oeaop gu. s ,  
anterior thoracic oeaophaSVJI , blood pre ssur <- Hg atabiliaed 

7 a naervoir) , reepir tioa , sipal , 30 sec tiae rbr .  "a" 
aarka the intravenous injection o f  0. 1 Ill. 40'-' aoluticm of 
a1cot1ne , "b" aarka the intrawenoua injection of 1 al � 
a1oot1ne solution . The a.rro .. d aipala aark the peripheral 
va a atiaulation : 30/ .. c ,  1 2 . 5V for the periocla indicated . 
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Fig . 4 . 9 .  Anae sthe tised cat . Chloralose 70 mgm/kga . Record of aid­
thoracic oe sophagus showing both the excita tory and inhibitory 
etr cts o f  adrenaline on t his region o f  t he oe sophagus . Records 
troa bove downwards :  aid-thor cic o sophagus , blood pre ssure 
( B ) • re epiration 9 sipal , 1 0  aec tiae-marker . "a" rks the 
illjec tion of 5 11sa/ltfP1 adrenal.i.ne ( intr -art rial , thoraci.c 
aorta) , " b" marks the injection ot 0 . 5  t.tgaa/kp adrenal.iae . 
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Fig . 4 . 10 .  Anae sth tised cat . A com�arison o f  t he ffects o f  
injec ting 1 0  �gm ace tyl cholin intra-�rte rinlly alon and 
following the inje c tion o f  1 0  �gm adr�nal ine intr -

arteriall7 ( thoracic aorta ) . Record s from aboYe downwards :  
caudal cervical oe sophagu , signal , mid-thoracic oeooph gus , 
5 .. c time-marke r ,  blood pressure , respiration . Signal "a" 
aarlts 10 � gra acetyl choline ( I  . A . ) ,  "b" mark sali.Jle wash 
of illtra-arterial cannula ,  "c., aarks 1 0  ugm adrenali.Jle 
( I . A . ) ,  "•" IU.J'ka 10 up acetyl choline ( I . A . )  
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nerve was wi thout e f fec t . This rhythmic ac tivity was blocked by t he 

intravenous inj e c t ion o f  1 mgm/kgm D-tubocurarine ( fi g .  4 . 6 ) . 

In t ht: .; �cere brate ca t ,  he xame t honium bromide administered 

int rave nously , in doses of 0 . 2 - 2 mgm/kgm , had an e xc i t a t ory ac t ion 

on t he d i s tended smoo t h  muscle port ions o f  the oesophagus . Fig . 4.?  

shows the e ffec t  o f  1 mgm/kgm he xame thonium on the terminal thoracic 

oe so phagus . The hypo tension deve loped w i thin five second s and t he 

in c reased ac tivity 'N i t hin 60 se cond s .  

N ic o t ine , inj e c ted in d ose s o f  0 . 01 - 0 . 03 mgm/kgm , was e xc i t a t ory 

to the a c t i vity o f  the te rminal oe sopha gu s  in bo th to t al ly pi t hed and 

dece re brat e  prepara tion s . Hi ghe r dose s ( 0 . 5 mgm/kgm) we re found to 

cau se an inh i b i tion o r  con trac t i ons whi c h  l a s ted for up to five 

minut e s .  Con t rct c t i o n s  o f  this re gion o f  the oeso� hagus r e t urned a fter 

t h i s  period ( fi g . 4 . 8 ) . S t imula tion of t he periphe ra l  end of a v�gus 

nerve c u t  in the ne c k  cont inued to e xe rt an inhibit ory e f fe c t  on the 

contrac t ions o f  the t e rminal oe sophagus ( see fig .  4 . 8 ) . 

Adrenaline administe re d as a c lose intra-arte rial inje c t ion bad 

both an e xci ta tory and inhibitory e ffect on the smoo t h  muscle por tions 

o f  t he oe sophagus . The intra-arterial inje c tion o f  adronaline iD 

dose s o f  1 -5 � gm ,  when the oe sophagus was contrac ting rhythmic ally 

in re sponae to a d istension , usually cauaed an initial excitation 

which was followed by an inhibition ( fig . 4.9) . The excita tion was 

apparent 30-50 seconds after the injection and the inhibition ppeared 

100-1)0 seconds after the injection .  A �ar injection aade • a 

the oesophagus was not contractillg was pnerall7 excitato17 . The 
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Fi • 4 . 1 1 .  cerebrate cat . Re sponoe o f  the terminal 
oeeophagus to 5 ,_, p/k aor-adrenaline . The 
respoaee appears to coaprt.e both excitato17 aad 
1Dhlbitor7 e ffec t e .  Records fr above do warda : 
termiaal oe eopha e ,  blood preeaure (11111 Hg) , 
reapira ti , aipal , 30 eec time-marbr . 



Fig . 4 . 1 2 .  Dec rebrate cat . Inhibit ion o f  terminal 
oesophageal tone strength o f  contraction 
followiAg the intrnv nous injection of 5 us-/ 
kp nor-adreiUlliae . Records from above clown­
wards : t rmi al oe phagua , blood preaaure 
( Bg) , reept.r tioa , aipal , }0 ec tiae­
�ker . 



Fig . � . 1 , .  Decerebrate cat . Inhibi tion of terminal 
oe aopha cootr ctions following the iotra-
Yenous inj ection o f  5 �gm/kgm isoprenaline . 
Recorda from aboYe downward s :  termiaal 
thoracic oesop a ,  blood pre ssur ( Be) , 
l'espira tion , aipal , ,0 sec t -marker . 



Fig. 4. 1 4 .  Dec rebrate cat . Effec t o f an intr venous injection 
of 0.25 mp priscol . Record trom aboft dowuwaria: 
termill 1 oe sopha a, 'blood pre nre ( a ) , r spiration , 
aipal , )0 sec U.ae-tlal"ker . The o Mt of the ctiri.t7 
llight be coaparecl with the waatimul tiag aene 'block b7 
bexaaetbollba < •• fie· .7) . 
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contrac t ions evoked (usually one or two ) occurred 30-50 second s a fter 

the t ime of injec t ion ( fig. 4 . 9 ) . Ad renaline was al so found t o  

sensi tise the caudal re gions o f  t he oe sop�� cus t o  ac e tyl c ho l ine . 

Fig . 4 . 1 0 shows the e f fe c t  o f  1 0  �gm acetyl c hol ine alone and a repeat 

inj ec tion 1 60 second s a f ter t he inj e c t ion o f  10 �gm adrenal ine . The 

c on trac tion occurred simul t ane ously w i t h  t he hypo t e nsion prod uced by 

ace tyl c hol ine . I n  t hi s  e xpe r ime nt t he oe sophageal mo t il i ty was 

recorded by balloons ( 1 0 mm lon e and 5 mm d iame te r ) . fhe oesophagus 

was the re fore unde r  l i t tle or no d i stension . This re sponse w n c  seen 

in only one anae sthe t i sed prepara t ion . 

The oeso uhagcal re sponse to nor-adrenal ine and isoprenal ine has 

been obse rved in one dec� re bra te pre parat ion . N o r -adrenal ine ( 5  � gm/ 

kgm) caused bo t h  fac i l i t � t ion �n� inhib i t ion o f  t� rminal oe sophage o l  

ac tivi ty ( figs . 4 . 1 1  a n d  4 . 12 ) . I sop renal ine ( 5  �t gm/kgm ) had a 

consistent inhibitory e f fec t  on both t he tone and c o n t ru c t ions o f  t he 

te rminal oe sophagus ( fi g .  4 . 1 3 ) . 

The intrave nous inje c t ion o f  priacol in 0 . 1 - 1 mgm/kgm doses 

c onsisten t ly caused incre a sed ac t ivi ty o f  the distended terminal 

oesophagus . The re sponse to priscol was obserYed 1 0-20 sec ond s after 

t he eo ple tion of the injec tion and 'the re sponse continued for 

greater than ten minute s .  Large contrac t ions of the terminal 

oe aophagu were generall7 seen at the eo encement of the oesophageal 

re sponse to priacol ( fig. 4 . 1 4 ) . 
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DISCUSS ION 

The pharmacologi cal investiga tions re por ted in this chap ter 

ind ica t e  t ha t the smoo t h  muscle por t ion s of t he oesopha gu s  po sse ss a 

mu scarinic c holinergic innervat ion . The contrac t ions o f  t he 

oe sophageal st riated muscle d i splay a re si s tance to t he blocking 

ac tion of a t ropine bu t are suscept i ble to c urare . Although similar 

t o  ske le tal muscle in t hi s  re spe c t , fu rthe r  s tudie e are re quired to 

ascer ta in t he form o f  t he innerva t ion o f  t he se more c ranial recions 

of the oe sophagus o f t he cat . 

The s t ud ie s  o f  £lli s !! !! •  ( 1 960) wi t h  s t rip s  o f  human d i s t al 

oe so � h� gu s  showed th� t c on t r a c t ions c ould be o b tained w i t h  ace tyl 

choline and the se re sponses c o u l d  be blocked by a t ropine . 'l'he 

e f fe c t s  o f  ne rve st imulat ion on t he isolated c hick oe sophagus 

pre p a ra t ion could be . in par t , blocked by ganglion blocking a gen t s , 

and c holinergic drugs were e f fe c t i ve in produc ing c ontrac t i on ( Bowman 

and Evere t t  ( 1 964) . The se repor t s su ppor t t he conclusions p re se n ted 

above . 

The junc tional region o f  t he ske le tal and smoo t h  muscle in the 

mid-tho racic re gion s  o f  the oe sop ha gus o f  t he e a t  is a region of great 

intere s t . The degree to which the di fferent muscle ce1l a , and the 

c haracteristics of each auacle type , overlap is uncertain . Studies 

involving histological. , pharaacologi.cal , and !!! vitro ezaaiaation are 

necess� for a -.rsteaatic investicatio of this region o f  the 

oesophapa . The presence of gan lion cells in the skele tal auacle 

reg1.ons hae been obsenoecl b7 various worker• ( .. e Inplfinpr , 1961 ) . 



C omline and Message ( 1 964) su ggest t he se ganglion cell s may be 

involved in va scular c ont rol . The se worke rs have also iden t i fied , 
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in the t erminal re gion s o r  t he oe sophagu s of the sheep , mo t o r  end 

plate s similar t o  t h o se found in ske le tal mu scle bu t whi c h  are 

approxim.!.t t ely one - fourt h t o  one-six th the size . �ome s t riated mu sc le 

c e l l s  �ere also seen t o  have a serie s of shor t l ine ar nerve te rm­

ina t ions alon� the fi bre . Thi s form o f  mo tor ne rve fibre was 

pre viou sly t hought to occur only in the slow s tria ted fibres in t he 

pos tural musc les o f  amphibia and som� bird s .  This e vidence r4ir, h t  

sugge t� t a mechanism by which t h  s t ria ted mu scle o f  t he oe sopht:s.gu s  

can re spond slowly and d i scre e t ly t o  various sti.nuli ra t he r  t han 

rapidly and compl e te ly as in swall o win g ,  re 1�rgi t a t ion a nd e ruc t a t ion . 

The a b il i t y  o f  a t ro �ine t o  se parate t he c on tr�c t ion o f  t he oe so?h2 £US 

a t  this j unc t i on:tl re g i on \ see fi g .  3 . 2 ) , and t he e ffe c t  a t r o iJ ine has 

on t he c on t rac t ion of a re �ion 5-7 c m  c r�niad to this j unc t i onal 

region { fig . 3 . 1 ) , �'iould su t:ge .::: t that t he re is both an overlap o f  

ce ll s and o f  mu - cle c harac te ri s t ic s .  The problem o f  a sse ssing whe t he r  

t h e  smo o t h  muscle re gions are inne rvated on l y  b y  post-gan glionic 

fibres i s  more d i fficul t , as vharmacologi c a l  blocking agent s whic h 

block the pre-ganglionic fibres have e ffec t s  such as ganglion 

st imul a t ion or a blocking ac t ion t t he neuro-e tte c tor site . 

Rhythmic contrac t ions o f  the an terior t horacic oesophagus in 

response to distension o t  this re gion ( see fig .  4 . 6) persisted a fter 

the adllli.Distration of nicotine and atropine . This re sponse appears 

to eugge t :  that t he iaDerYation i a dire c t  one and doe a not inYolYe 

a nicotine- ensitiYe ganglion ; that the response which occurred aiapl7 
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involved a post-ganglionic neuron ; or t he reac tion was a dire c t  

response o f  the oe so phageal muscle . The last possibility appears to 

have been dismiss�d by the blocking action ot curare which does not 

a f fe c t  the muscle i t self but blocks transmission from the neurone . 

I t  p roduc e s  a neuro -e ffec tor block and no t a dire c t  mu scular paralysi s .  

'rhe abil i ty o f  t he thorac ic oe so p ha gu s  to respond to a di s t ensi on 

appe ars t o  be part o f  a pro t e c t i ve me e h o n i sm �Whi c h  i s  large ly 

independent o f  extrinsic nervous pa th ·ay s . ' · here port ions o f  t he 

thorac i c  o e sopha ge al muscle are s t riated in c hara c te r , suc h  as in t he 

shee p  or cat , mec hanisms may have been developed o r  re tained t o  allov 

the se local response s to oc cur . The slow- fibre inner va t i on d e scri bed 

by �omline and Me ssa ge ( 1 964)  and t he r e s p onse o f  st ria ted mu scle 

a fter a t ropine and nicot ine d e sc r ibed abo•1e b o t h  may be t a ken as 

indic� t ions tha t pri�i t i ve l o c a l  mec hanism s  exist in t he s t ria t ed 

mu:>cle region s .  ·rbe chara c t e r i sat ion o f  the innerva t ion o f  s t ria ted 

o e so � hageal muscle , a desc rip t io n  of the local re sponse s ,  a compar i son 

wi th t he local re sponse s o f  the smooth re gions of t he oe so p ha&� s ,  and 

t he degree to whic h t he se local re sponse s are present in o t he r  spec ie s ,  

would be a probable study . 

The e f te c t a  o t  stiaulating and blocking drugs on the vascula ture 

ot a smooth muscle organ , such as the caudal oe sophagus , make s t he 

interpre tation o t  the result s  d i f ficult . The well known senaitiYitJ 

o t  s ooth muscle to anoxia , which aay occur following a vaso­

constric tion , can be cited as a possible e ffect of vascular change s 

on the thoracic oe ophague of t he cat . 
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In t he e xpe riment s reported here a sys tema ti c s t udy o f  t he ac tion 

ot gangl ionic blo cking agen t s  on t he t horacic oe sophagus has not been 

unde r take n .  Any a t t emp t t o  do so mu st involve e xpe rime n t s  wi th 

controlled blood pre ssure c ondi tions and a compari son o f  the e ffec t s  

o f  gan glion blockin g agen t s which e i t he r ac t b y  produc ing a persi stent 

depolariza t ion o f  t h e  post-synap tic membrane or by produc in g a 

compe t i t i ve block a t  the post-synap tic membrane . I t  must also involve 

an inYe s t iga t i on o f  the e f fe c t s  of t he above ganglion blocking agen t s 

after the admin i s t ra t ion o f  sympat holytic agen t s . Thi s would exclude 

the pos sibil ity of t he e ffec t s  be ing a t t ributable t o  a bloc l ot vaso­

mo tor fiore s  or even po ssibly a block o f  a dire c t  sympa the t ic 

innervctt ion o f  the oeGophngeal ske le tal mu sc le . Goodman and G ilman 

( 1 955 . p .  6 1 9 )  report : ' ' H e xa�e t honium ( C6 )  also s t o b il i se s  the 

post synap t ic membrane ; ho�eve r , und e r  c e r t ain expe rimental cond i t ion s 

C6 can s t imu la t e gun 0l ia , bu t t h e r e  i s  no e vidence t hn t  any o f  i t s  

c l o se  c on gene r s normally c au se s  d epolarisa t ion . "  T he o bserva t i on that 

te rminal and �id - t horacic oe so p hageal ac t ivity incr e a se s a f t e r  

administra tion o f  he xame thonium be come s o f  par t ic ular moment as it 

may be in te rpre ted a s  an unst isulated re le aRe o r  oe sophageal mu sc le 

fro post-ganglionic , parasrspa the tic and sympa the tic inne rva t ions . 

No re sponse o r  t he t e rminal oe sophagus to pe ripheral vague s t imulat ion 

following the administ rat ion o t  hexame thonium has been obserYed . This 

would confira the susgestion ( froa the use of atropine ) that t he 

inner.ation of thia region of the oesophagu ia poat-sanglionic . 

Nicotine was both excitatory and 1Dhibitor7 to terainal oesophageal 

actiYitJ . Thie aa7 be due to the stlBulation or th block o f  both 
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para sympathe tic or sympa the t ic post -gangl ionic ne rve s . The pe rsistence 

o f  an inhibi tory e ffec t  o f pe riphe ral vagus stimula t ion following t he 

admin i s t ra t i on o f  0 . 6 mgm/kgm o r  nico t ine m i ?,ht sugge st two 

possibi l i t i e s :  t he pre senc e o t  the synap se above t he site o f  

st imul a t ion o f  t he vagus nerve in t he nec k ;  o r  e p bap t i c  t ran smi ssion 

between the pre- and pos t - ganglionic neuron e s .  Bowman and �vere t t  

( 1 964)  have reported a similar phenomenon in t he i solated , innervated 

chick oeso �bagus and o f fe r t h e  l a t te r as an explanat ion o f  the ir 

re sul t s . 

A ce tyl chol ine has been found to only caus� a c ont ra c t ion o f  t he 

oeso r hagus . The inhibitory e f .fe c t  o f  e se rine on te rrrinal oe so �)hagcal 

c o n t r a c t ions ind icates tb., t ace tyl c holine released or ud min i s t e red 

in large d o se s m9y act as an inhi b i t o ry t ran smi t ter in t he t horacic 

oesopha gu s .  I n  t he e x 9 e rimen t s  reported , only an ind ic� t ion has been 

obtained th� t t he oe so y h� gu s  may be inhi bited by cholinergic ne rve 

fibre s .  In contrast t o  thi s ,  t he ad m in i s t rE1 tion o f  sympa t homime t i c  

d rugs ( adrenalinP. , nor -adrenaline and i soprenal in e ) cause bo t h  

fa c i l i t a t ion and inhibi tion o f  oe sophageal mot il i ty . The p re sence 

o f exc i t at ory and inhibitory adrenergic receptors has been deduc d 

fro expe rimenta in the huaan te rminal oesophagus (Ellis !! !!• • 1960) 

and i n  t he chick ( Bowman and EYerett , 1964) . The e ffects of these 

drugs on a background of oe sophageal activity h •• be n recorded , but 

the reports of Hanzlik and Butt ( 1928} and Knight ( 1 9,4b ) indicate -

that adrenaline a&J facili t ate the e ffects of stiaulation of the • gal 

efferenta . In one expert.ent an interaction between acetJl choline 

and drenaline was noted . Thi.a II&J indicate that a atudJ o f  the 
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interactions o f  the two e fferent pat hways and t he ir transmi t te r s  would 

be pro fitable . 

Hanzlik and But t  ( 1 928 ) and E l l i s !! !!· ( 1 960) have reported 

that t he lon gi t udinal and circul u r  e l ement s  o f  the oe sophageal 

musculature are inne rva t e d  separate ly and di fferen tly . The se 

conc lu sion s  have been base d  on t he re spon se s o f  the oesopha gus and 

s t ri p s o r  oe so p hageal mu scle t o  drugs . The inte rac tions and 

innerva t ion o f  t h e se  t wo �ortions of t he oe sop hage al sall s have no t 

been s t u d ied in the p re sent e xperime nt s .  � c lear - c u t  way o f  d o ing so 

under !! !1!2 c ond i tions may be wi t h  t he u se o f  elec trophy siological 

te c hnique s  � i t h  s�ul taneou s recording o f  mec hanical and ele c t ric al 

ac tivi ty . 

The re 'lloval o f  sym !Jathe t i c  e f fe c t s  from t he oe t:>Of;ha gu s  may be 

d one par t ially by sureical a blat ion o f  t he symya t he tic pat hway s .  

�omplete re mo val , howeve r ,  requires t he u se o f  pharmacologi c al blocking 

age n t s .  The d rugs available for thi s are bo th non-spe c i fic in their 

ac tions and may a l so ac t dire c t ly on t he e f fe c tor organ . The e f fe c t  

o f  priscol ( tolazoline ) reported above may be due t o  a re moval o f  a 

sympathe tic inhibi tory d ischarge or a direc t  action on t he terminal 

oe sophageal u scul a ture . Goodman and Gilaan ( 1 955 , p .  583 )  re fer , for 

exaaple , to the " labile" block o f  sympa the tic neurons produced bJ it , 

its direc t act ions on saooth and cardiac muscle , and ita �staaine­

like effec ts . The tt.e course o f  the oesophageal re sponse to priacol 

was geaer 111 ta ster thaa the non-atiaulatiag block o f  th poet­

paglioaic iaaerYa tion b7 hexaae t hoaiua . TM.a td.ght indicate the 
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p resence o f  a dire c t  e f fe c t  o f  pr iscol ( see fig . 4 . 1 4 ) . A further 

c larific a t ion o f  the sympat he t ic inne rva t ion might be obtained by the 

use of more speci fic blocking a gen t s , which might se lec tively block 

the exe it a tory and inhibit ory adre nergic re ceptors . S t imula t ion o f  

t he pe ripheral end o f  a splanc hnic nerve a t  d i f ferent frequencie s ,  

under di f fe ren t  cond i t ions and aft e r  the administra t ion o f  various 

drugs , is e ssential t o  o btain evid ence on t hi s  problem . 

The p ort ion o f  the oe sophageal response s whic h are due to the 

fa c i l i t a t ion or stimul a t ion o f  receptors by pharmacological age n t s  

is o f  impor tan ce . Faint al ' s  report ( 1 954 ) that ad re naline might 

fac ili tate t he di�;cha rge o f  s t re tc h  receptors in t he cat ' s st oma c h 

ind ica t e s  t ha t  t h i s po ssibi l i t y  mus t  be con sidered . The di f fic u l ty 

o f  asse ssinz the c on t ribution o f  au ch a sensory d is c harge might be 

overcome by u sing pre para t i o n s  with a de-af ferentated oesopha0� s .  

T hese preliminary ob se rva t ions sugge s t  the need for � n  extended 

syst ema t ic anu compara t i ve observa t i on o f  the reac tion s of bo th smoo th 

muscle and skele tal mu scle par t s  of t he oe sophagus to selec ted 

pharmac ologi c al agent s . A more c omplete understand ing may be obtained 

by using a varie ty of animal preparation s ,  naaelJ : 

The i solated oe sop ha gu s  in !! vit ro studie s ,  with a para­

syapathet1c , post-ganglionic innervation . 

I solated strips o f  oe sophageal muscle iDd.ependent of the 

11Jenteric ganglia . Obtained b7 tliaaectioa , or troa eabr7oa 

be fore the paraaJapathe tic iDnerYatioa 1• established . 



To tally pithed preparations with both a parasympathetic and a 

sympa t he t ic post-gangl ionic innervation . 

To tally pithed preparations with t he sympathe t i c  e leme n t s  

removed as muc h  a s  is po ssible t o  allow a comp a r i son o f  the 

in fluences o f  t he parasympa t he t i c  and sympathe tic ne rve s .  

Totally p i t he d  prepara tions wit h  t he oesopha gus d i vided to 

remove t he possib i l ity o f  int e r-oe sophage al reac t ions . 
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Howeve r ,  t he u ee of such animal prepara tions will not ove r come 

the l imitat ion s o f  the pharmac ological agen t s .  The problems which 

arise from this have been brie fly me n t ioned in rel� t ion t o  the u se o !  

priscol , b u t  t hey can perhaps b e  overcome b y  t h� u se o f  n varie ty o f  

a gen t s  wi t h  similar e f fec t s  but di f fe rent sid e - e f fe c t s .  



Chapter 5 

G�N''J<AL DI ...iCUS 3ION 

Rhythmic contrac t ions o f  localised regions o f  the smooth and 

ske le tal muscle portions o f  t he t horacic oe sophagus have been evoked 

by local d i s tension o f  t he se regions by balloone ( 3-5 ec volume ) . 

The se contrac t ions do not appear to be dependent on an e xtr in sic 

innervation as t hey have been rec o rded in pre para t ions wi t h  t heir 

central nervous sy stems totally d s troyed by pithing and also a fter 

the administrat ion o f  ganglion blocking agent s .  

I n  dece re brate pre parat ion s t he response o f  t he te rminal t ho racic 

oesophagus to d i s te n sion of i t se l f  was ei t he r fac ilit ated or inhibited 

by st imuli applied to t he oe sophagus ( at this or o the r re gions ) ; o t her 

re gions of t he alimentary trac t ; and more distant parts of t he 

prepara tion . E f fe c t s  o f  a c hange in one par t o r  the oe sophagus on t he 

activi ty o f  ano t her part o f  the oe sop hagus ( inter-oe sophageal respon so G ) 

may be mediated over intrinsic pathways within the oe sophagus i t sel f .  

The importance o f  extrinsic nervous pathways in these reac t ions has 

not been de fined . The e f fects of extra-oe sophag al stimuli are aediated 

b;r extri.Dsic nerves and the various afferent nerYes appear to connrge 

on the dulla oblongata . The e ffects of theN atiauli re nectecl back 

to the oesopb.a�e appeared to be ..Giated certaial7 b;r ••sal and 

poaaiblJ aleo .,_pathetic efferent fibres. 

'lhe recurriJlg contraction• of both the caudal ud hiper regioll8 

of the o eopbague which 11a7 be e•okecl b7 diaten81oa, and the inter-
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oe sophageal reac tions de scribed above , may repre sent an oesophageal 

protec tive mechanism . The e xisten\':e o f  nch mec hanisma doe s not 

prevent the oesophagus ia these regions from part icipat ing in other 

more comple te ac tivitie s o f  the oesophagus as a whole . However , it 

does appear t ha t  the prot e c tive func t ion can be demon stra t ed in the 

absence or an extrin sic inne rva tion and is there fore a more basic or 

elemen tary form o f  re sponse . 

More compl te ac tions o f  the oe sophagus are supe rimposed and at 

time s submerge t he more direct oeso p hageal reac tions. Comple te 

involvement o f  the oeso phagus whic h may follow the buc copharyngeal 

movements o f  swallowing also involve t h a t  part of t he oesophagus which 

displays the mos t  obviou s local re sponse s - the te rminal thoracic 

oeso p ha gu s .  In c on tras t  to the variable form o f  the local re sponses 

of t he t horacic oe sopha gus , i t s  comple te involvement in an event such 

as swallowing was found to be , in any one prepara t ion , remarkably 

con sisten t . 'l'h i s  might be expe c ted if the more local reac t ions can 

be regarded as due to int rinsic mechanisms modi fied by a variabl 

degree ot activity of the extrinsic innervat ion . As men tioned 

previously , the ac tivity o f  the oe sophagus stimulated by d istension 

of iteelf 111a7 be affected by a varie ty of etiauli which are either 

faci.litatory or inhibitoQ . The nett or fiaa1 effect o f  the tota1 

afferent input froa the various eenaor7 areas wi11 deteraiae the 

e ffec t  the exti'Uaic ianerYatioa has Oil the iatl'iaa:ic acti.vity of the 

thoracic oeaopbapa. Durins awal1owi.Ds the.re appear• to a 

cloaiaating iafiueace eserte4 OD the oeeophapa to proclaoe a oo­

ordiaated reepoaae . '!o what clep-ee the central. aervcNa qat .. alone 



orders or predetermille e  the sequence and form o f  the oesophageal 

re sponse is not known . There exists an orderliness o f  oesopha geal 

re sponse w it hout the extrinsic nervous system and it might be 

suggested that the central nervous system cause s a facilitation or 

inhibition o f  thie intri.nsic oesophageal orderline ss . 

8o 

Separation o f  the oe sophageal re sponse from t he buccopharyngeal 

movement o f  swallowing , and t he observation t ha t  the oesophageal 

contraction wave of swallowing may not troverse the whole oe sophagus 

( Hwang , 1 954 ) , ind icates that the sequential contraction o f  t he 

oe sophagus in swallowing re quires t he pre sence o f  a stimulating 

" bolus" in the oe sophagus . Creamer and Schlegel ( 1 957) and Siegel 

and Hendrix ( 1 961 ) concluded from t he similarit ie s  of the oe sophageal 

re sponse following buc copharyngaal �ovements o f  swa llowing and those 

evoked by d istension of the oe sophagus that a central me chanism �hich 

ordered t he form of oesophageal re sponse existed and was stimulated 

by e i ther o f  t he se stimuli . The presence o f  one mec hanism for ordering 

a se quent ial c on trac tion may preclude the need for duplication ; 

however , for adequate func tioning there should surely be a me ans o f  

adjusting the degree o f  response according t o  conditione or require­

meats . The presence of a central aechaai• which aa7 adjust the degree 

but not the fora of oeeophageal response in ewallowtn.s would explain 

the recor41Ag of sreatl7 different ratee of paeaase of the contractioa 

•• .,. without eh Yari.atioa 1a the form of the ooatractioa waft . 

(Iap1fillpr, 1958 ,  haa reportecl the wide raap of YelocitJ o f  

oeeophapal coatractioa obael"ftcl in ...U.cnrills eYeD 1a the .­

apeciea . )  Eri.cleaoe bae been obtaiaecl that ooacl1t1oaa 1a the oeaopha • 
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Fig . 5. 1 .  Dee rebrate ca t .  S t imula tion o f  an oe o phdgeal 
eoetrsc tion wave oving 1D a cranial direction b7 th 

applie tion ot 2 ml N/10 HCl to the terminal regions 
o f  the oe sophagus . The cerrtcal oe sophageal contraction 
ie aaaociated �ith , or attm.lated b7 , a buccopbaryaseal 
aoYeMnt aillil r to t at ob l'ftd during ewal.lowing. 
Recorda from bove do ward : u terior cerYlcal 
oeeop p_a , aaterior thoracic oesopha e ,  10 MO U.��e­
aarker , terainal oeaoplaagua, si al , reapiratJ.oa. 
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an d other part of the  alillentary tract affect the degree o f  central 

facilitation o f  the o aophageal ae�ueatial response to a distension 

and c ould thus lead to c hanges in the speed of the contrac tion wave . 

This interpretation is c on t rary to the contention that the oesophageal 

component in swallowing is not dependent on an afferent discharge o f  

oesophageal receptora. The use o f  pre parations with a de-afferentated 

oe sophagus rdght provide an indication of the validity of t hi s  

contention . 

For a cont raction wave to pass over the oesophagus in a craniad 

direction , the fac ilita tion of the oesophagus which occurs as a local 

re sponse ( in ter-oesophageal ) above the point of contrac tion or 

distension mu s t  be inhibited . I f this fac ilit atory discharge e i ther 

ceased or changed to an inhibitory discharge , a dis ten:;ion or 

st imulation by othe r  moans of the caudal regions of t he oesophagus 

could be expected to lead to eithe r a contraction which progre ssed 

c ranial ly over the oesophagus or to an overall inhibition o f  the 

oesop hagus . Contraction wnves moving c ranially have been re corded in 

the decerebrate cat ( figs.  2 . 1 8  and 5 . 1 )  and occur in ruminants during 

regurgitation . In ru•inanta ,  in eructation , there aa7 be sillp l.y a 

passive ove ent o f  gas up t he oesophagus , although this point 

requires more iDve attcation . 

Buccophar'J'Ilgeal. •ov...ata of swallowing have also been ob .. rTe4 

followins th �ease of a wan of contraction cranially fi'OII the 

teninal to the cervical repODa o f  the oeaopbasua ( fi. • 5. 1 ) .  fhi.a 

"•allow" could ariM troll atiaul.ation of the cerrical oeeopbapa 1a 





. .  -�----TI · - - - · ··· 

�._ 

Fig . 5 . 2 . Decere brate cat . luid d istension o r  t he 
c rvical oe sophagus caused a c on trac t ion o f  this 
region of the oesophagus . This appeared to 
stimulat a buc cophQrynge 1 movement similar to 
tha t  obse ned during swallowing. contrac tion 
wave o f  t he oe sophagus follo ed tb bucco­
pharyngeal oveeeat . Records fro above 
downward : termi.nal oesophagus , sign 1 marking 
fluid diateasioll of cervical oesophagus , mid­
thoracic oesophagus ,  1 0  MC tiae-aarker , 
cervical oe ophagua , ai al aarking bucco­
pharyngeal eoveaent ,  respiration . 



t he course o f  t he passage o r  the contrac tion . Hwang ( 1954 ) reported 

t ha t  swallowing could b stimul ated by distension o f  the cervical 

oe sophagus. This type o f  re sponse has also been obtained in the 

present studie s ( a  e fig. 5 . 2 ) . 

The re flex modi fication of the basic contrac tile ac tivity o f  the 

te rminal oe sophagus described might indicate the way in which this 

region will func t ion in controlling the passage o f  stomach contents 

in to t he oesophagus . Rather than presenting a barrier o f  re sting 

high tone , as su ggested by many workers , it would provide a region 

whi c h  would be stimulated by re fluxing material . The e ase with which 

this re gion o r  t he oe sophagus would be stimulated might depend not 

only on the nature of the tilll te rial but also on the condi ti ons exi sting 

else �here in t he alimen t �ry trac t .  Mate rial pas sing from the se 

terminal regions , as far craniad as the anterior thoracic oesophagus , 

would encoun te r a similar me chanism stimulated in essentially t he same 

manner . Greater stimulation , or t he stimulation of ore cranial 

regions , would then 1 ad to a more complete oesophageal clearing 

mechanism being brought into pla7 . 

The oesophagus appears to be capable , in ita more caudal regiona , 

of i.Dtriaaic responaes to applied et� :  thoee that c an  be aodi.tied 

b7 conditioas which exist elsewhere la the oe80phape and 1a aore 

cU.stant areaa. particularl7 of the aliaentar7 tract . The aodificati.oa 

���q be &D illtriaudc reaction , aa iater-oeaopha.p 1 reactiona , or 

•diated b7 enrilld.c pathwqa •• re tl.ex effecta. Refiex centre• 

appear to ezlat either ia the IMCI\ll.la or poatiae repone of the 



central nervous system .  Higher regions of the central nervous s,Jstea 

may al so affect the e fficacy o f  the re flex modification o f  oesophageal 

ac tivity i f  an analogy can be made with the dullary control o f  

respira t i on ,  blood pre ssure , and o t her ac tivitie s .  
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