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SUMMARY

Literature concerned with reports of stimuli which cause or
modify oesocphageal activity have been reviewed and has been associated

with the evidence obtained in the experiments undertaken.

The preparations of cats which have been used in these experiments

were: -

Anaesthetised cats. Chloralose 70 mgu/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 totally destroyed by

pithing.

Oesophageal motility has been recorded by isometric and isotonic
systems. In all cases oesophageal contractions were detected by

balloons 3-S5 cc volume.

Contractions of the terainal oesophagus in response to distension

of this region have been obtained in the absence of an extrimsic



innervation. These results, and those obtained in decerebrate
preparations, indicated the existence of both local and inter-
oesophageal reactions. These intrinsic reactions were found to be
reflexly modified by stirull 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
pathways have been shoon 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 distension were:-

Greater degrees of distension of this region of the ocesophagus.

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

Acidification of the mucosa of the terminal regions of the

oesophagus.

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

Stimuli which inhibited the response of the terminal oesophagus

to distension were:-

Distensioa of a more cranial region of the oesophagus.

High degrees of distemsion of the oesophagus at the point froa

shich the recording was taken.



Distension of the stomach.

Noxious stimuli arising from the operative procedures.

These facilitatory and inhitbitory stimuli were found to summate.
The oesophageal response observed was ua 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 resultsc are discussed in relation to the function of the
oesopharus in the intact animal and in relation to how co-ordinated

respuonses are obtained in swallowing and other circumstances.
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Chapter 1

THE OE5CPHAGUS - HIPPOCRATES TU 1965

It is reported that Hippocrates, after adaminisgstering a coloured
beverage to pigs and simultaneocusly slitting their throats, concluded:
"Yhen liguid is swallowed, & portion goes to the lung znd from there
is filtered into the pericardiul sac, where it lubricates and cools
the feverish heart. The rest of the ligquid is exhaled as wvapour.’
According to Fykman (1747), this notion was refuted by the publication
of Fridericus Bernardus #4lbinus'’s ''De Leglutione’, which establiahed
that, normally, swallowed lijjuids never entered the resgiratory tract

(cited by Sanchez, kramer and Ingelfinger, 1953).

The accessibility, for motility studies, of the cesophzgus was
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 also that
distension of the oesophagus by balloons led to a contraction wave.

(A reproduction of one of their records is contsined in a paper

published by Sanches et al., 1953.)

Cannon made his first coatribution to the study of oesophageal
motility in 1896 by the use of the fluoroscopic technique. Three
years after this, Meltzer postulated the existence of two forms of

ocesophageal sotility:-~

Primary peristalsis - the contraction wave initiated

by a buccopharyageal movement of swallowing.



Secondary peristalsis - the contractions following

distension of the oesophagus.

Meltzer sought to separate these two phenomena on the groumds of their
control. le proposed that primary peristalsis was controlled entirely
by a ceatral nervous systemm aechinisa. He did not think diascharge

from receptors in the oesophagus was essential for its progression

(see Ingelfinger, 1958). This concept has been re-stated by Davenport
(1962). 1In contrast, Meltzer considered that the secondary peristaltic
wave was dependent upon the successive activation of receptors as the
bolua moved caudelly down the oesophagus. Evidence to justify the

above postulstes was:-

Qesophageal transection did not stop the progression

of primary peristalsis;

secondary peristalsis was less sgensitive to central

nervous system depressants;

and section of one vagus nerve in the neck had little
effect on primary peristaxlsias, although it either
abolished sccondary peristalsis or increased the

threshold for its stimulation.

These proposals of Meltszer's stimulated others to study oesophageal
motility, and work done at this time generally supported his

postulates.

In a study he made of the effects of section of the vagus nerves,
Cannon (1907) reported that, after bilateral section of the vagi, the

striated muscle of the upper ocesophagus of cats was paralysed while



the lower (unstriated muscle) showed a peristaltic contraction to a
local distending stimulus. Cannon also studied the effects of partial
sympathectomy at different levels of the oesophagus and various
combinations of denervation procedures. These studies of the extrinsic
nerves of the oesophagus were continued by a group of workers under
A.J. Carlson in the early 1920's (Carleon, Boyd and Pearcy, 1922).
These, and later experimenta aimed at the definition of the extrimsic
innervation of the oesophagus, were concentrated on the reactions of
the terminal oesophagus. Carlson concluded that the splanchnic nerves
and vagus nerves contained both excitatory and inhibitory fibres.
Since this report, nerve stimulation studies, pharmacological studies,
and in vitro investigations have been rejorted which support, in

various degrees, this original observation.

Hanzlik and Butt (1928) scparated the circular and longitudinal
components of oesophageal motility in the pigeon crop, but atteupts to
follow up this work in other species have not been reported in the

literature.

Oesophageal motor responses to distension of the stomach by water
were studied by Payne and Poulton (1928). These workers used a
technique and approach which had not been used up to this time. This
approach was the deliberate distension of the oesophagus to provide an
excitatory background on which other stimuli (such as distension) may
be superimposed and assessed. Payne and Poulton's results were
supported by Goldberg (1931), who foumd that reflux of stomach contents
into the oesophagus occurred at a lower threshold if the pyloric antruas

wag distended. The motility of the oesophagus was not recorded im this




study. Pennington (1946) noted that distension of the jejunum lowered
the tonicity of the cardia in unanaesthetised dogs. The more recent
work of Schenk und Fredrickson (1959) refers to a reflex inhibition of
the resting tone of the terminal ocesophagus with distension of the

pylorus.

Knight (1934a) reported a series of investigations on the motor
innervation of the cat's oesophagus; earlier (1933) he had postulated
that the anti-refluxz mechanism at the caudal end of the oesophazus was
an intrinsic smooth muecle sphincter rather than a mechanism involving
the cruciate fibres of the diaphragm or the presence of a mucosal cuff.
Xnight's conclusions were supported by the results of an imvestigation

of tiis anti-reflux mecharniex by Jeller and Burget (1957,.

These investigations omn the anti-reflux mechsnisa were taken up
again in the mid 1950's by varlous groups, whose conclusions supported

one, but usually several, of five postulated mechanisas:-

An intrinsic smooth muscle sphincter: Fyke, Code and Gchlegel

(1956); Fleshler, Hendrix, Eramer amd Ingelfinger (1958).

A mucosal cuff or rocette: Dornhurst (1955-56); Nauta (1956);
wolf (1960); Hayward (1961); Milstein, Edwards and Berridge
(1961).

An obliquity of the gastro-oesophageal jumction: BHoag (1954);

Marchant (1955); Cohn, Close and Weston (1956).

An involvemeat of the cruciate fibres of the diaphragm: Peters
(1955); Nauta (1956); Schenk amd Fredricksoa (1959).



An involvement of the abdominal segment of the oesophagus:
Creamer, Harrison and Pearce (1959); ‘olf (1960); Nagler and

Spiro (1961); MacLaurin (1963).

In general, studies of the cervical oesophagus had not received
the attention thut was given to the terminal regions of the oesophagus.
Hwang, Grossman and Ivy (1947) postulated that tke cervical oesophagus
was not innervated by the recurrent laryngeal nerves. It was proposed
that a small branch of the superior laryngeal nerve, called the
pharyngo-oesophageal nerve, carried the sensory and motor fibres
responsible for motility of the cervical oesophagus. Chauveau (1862)
is reported (by Hwang, Grossman and Ivy, 1948) to have considered the
contrivution of this nerve in the horse, cow, lzab, cat, dog and
rabtit. Hwang, in collaboration wiih various other workers, continued
to work on the innervation of the oesophagus until he published a paper
in 1954 entitled "The Mechanism of Transportation of Contents in the
Cesophagus.” In this paper he expresses these findings as a total

integrative statement of motility of the oesophagus.

During this period, 1948-49, two workers swho were to become pre-
eminent in oesophageal motility studies began their contributions.
Ingelfinger, in collaboration with Kramer and Sanchez (1953), studied
oesophageal motility, at all levels, in response to swallowing or
oesophageal distension in healthy and diseased human patients. He
proved, in these early stages, powerful in influencing thoughts about
oesophageal motility. For example, when intraluaminal recording of

oesophageal motility was introduced im 1953 by Butim, Olsen, Moersch



and Code, he was able to offer, and have accepted. some very pertinent
criticisms of this mcthod (Ingelfinger, Kramer and Sanchez, 1954).
However, he adopted this method of recording himself in later years
and used it to extend his studies in human patients. His critical
review articles in 1956, 1958, 1961 and 1963 indicate his knowledge

and contribution to the study of oesophageal motility.

The introduction of intraluminal recording apparatus in Code’'s
ladboratory at the Mayo Clinic at the time appeared to provide the
solution to the gastroenterologist's problem of preventing stimulation
by a bulky recording device. Code and his associates (in particular,
5chlegel) adopted a relatively simple and repeatable method of serial
motility studies, and its asplication by various groups of workers has
nrovided large volumes of data on motility patterns in mzn. ‘The early
oesophageal studies were repeated, using these susll 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 following a buccopharyngeal movement
of swallowing or a distension of the oesophagus without modification of
the response by its presence. Specific studies on this problem (Hwang,
1954; Fleshler, Hendrix, Kramer and Ingelfinger, 1959; Siegel and
Hendrix, 1961) led the workers concerned to conclude that the
oesophageal motor response was the same, regardless of the initiating
stisulus. In 195 Andrew carried out the first and, until very
recently, the only electrical investigation of motor and sensory
activity of the ocesophageal imnervation and susculature. lis study was

concerned with the cervical oesophagus of rats.



The majority of the work on oesophageal motility 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, oesophagitis, heartburn
and other less frequently reported disorders. Records have been
obtained in conscious human subjects with the same type of pressure
recording units and all have ylelded essentially the same record. 1In
1958 Code and Schlegel published data which suggested that the records
of the lower oesophugeal sphincter activity obtained by this system
were suspect, and modified their recording systea. Other investigators
altered their systems and the motility studies continued. Jome workers,
however, have not altered their methods, and the type of pressure
sensing device must be carefully considered in each instance. The
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 guestioned in the report of Geisel,
Aria, Jefferson and Necheles (1965). They suggest that this point is
variable and may occur in the fundus of the stomach or the thoracic
regions of the oesophagus. This report, if substantiated, say result
in doubt being cast on the value of records obtained and the methods
employed in the analysis and interpretation in sany studies of

oesophageal motility.

In the 1light of observations on the effects of section of the
vagus nerves on oesophageal motility, presented by Dagradi, Stespien,

Seifer and Weinberg (1962, 1963), and the original statement of




automaticity by Cannon (1907), experimental procedures using dogs in
which the vagus nerves were cut were designed at the Mayo Clinic
Physiology Unit. These experiments were designed to study the
dependence or independence of the motility pattern (measured by intra-
luninal pressure changes) on the extrinsic nerve supply. Carveth,
Schlegel, Code and Illis (1962), and Greenwood, Schlegel, Code and
211is (1962) reported that the relaxation, in response to a swallow,
of the srea of high tonus at the terminal end of the oesophagus
continued after partial sympathectomy, vagotomy, phrenicotomy and
oesophageal interruption. 7This study, plue other work in the same
laboratory (Helm, Schlegel, Code and Summerskill (1965), on the trans-
mucosal junction potentials at the gastro-oesophageal junction; znd
the very recent work of Arimori, Schlegel and Code (1965) on ths
electromyography of the oesophagus), places this group at the Mayo

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

In recent years the attention of various groups huas been
concentrated oa specific clinical problems involving the oesophagus.
The studies have been undertaken in hospitalised patients suffering
from the specific complaints mentioned above and compared with results
obtained froa control subjects. In 1961 two groups published the
results of studies on heartbura (Nagler and Spiro, 1961; Tuttle, Rufin
and Bettarello, 1961). This work was continued by Siegel and Headrix
(1963). Siegel (1964), reviesing the work done on heartburm, indicated
the way in which these specific problems had been investigated and
introduced into the literature the idea that the ocesophagus exhibits

different levels of excitability. The ocesophageal response to acid



infusion was thought to be dependent upon the background level of

excitability.

& further specific study which appears to have just been started
is a study of belching. McNally, Kelley and Ingelfinger (1965)
published the results of a study of this problem, and it might be
foreseen that this investigation may be developed in a manner similar
to that of the investigations on heartburn which followed the original
observation by Lazer, Fulletti, Douglass, Danovitch and Texter (1959),
that abnormal motility patterns followed acid infusion of the

oesophagus.

An important aspect of oesophageal motility which has not been
studied in detail is the sensory innervation of the oesophagus. This
is probably due to the idea that the motility response is largely
central in origin. However, btoth direct ond indirect evidence does

exist for a sensory innervation.

The use of oesophageal motility studies in clinical investigation
is established, and its continued application will provide data on
motility patterns in various clinicel conditioms. ¥#inship, Poindexter,
Thayer and Spiro (1965) have reported that the oesophagus of the monkey
i8 similar in its motility patterns to man. This may allow a bolder
approach than used at present. Further progress in the understanding
of oesophageal motility will be gained froma stisulating it in a
variable sanner by a stimuli other than swallowing and by recordiag
its sotility by a method more direct in its measurement tham intra-

luminal pressure recording, for example, by recording the electrical
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activity of the musculature or separation of its walls.

The experimental investigations reported in this thesis have been

concerned with the following:-~

The nature of the oesophageal response to distension of itself.

Interrelationships betwsen different levels of the ocesophagus and
how thia night 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 oesophagus.

The action of selected pharaacological agents on oesophageal

motility.

The dependence of oesophageal motility on an extrinsic inner-

vation.

This has provided a start towards an integrated approach to a
subject which has been treated in a particulate fashion by most workers
because of preoccupation with the solution of various clinical probleas.
Ingelfinger (1963) made the comment that: "... but acute experiments
perforsed under anassthesia and applyimg electrical anmd classical
pharmacologic stimuli to severely manipulated gastro—oesophageal
segments have probably been exploited to the maxisum amnd have little

sore to offer.” It is hoped that the experimental observations
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presented in this thesis, coupled with clinical investigations,
chronic experimental investigations, histological studies, or taken

alone, may make some contribution to the understanding of oesophageal

motility.



Chapter 2

STIMULI #HICH CAUSE OR ALTER OnSOPHAGEAL
MCTILITY IR THL CAT

INTRCDUCTION

Evidence for a sensory innervation of 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.

listologicel evidence of sensory nerve endings in the

oesophagus.

Subjectively oesophageal sensation may be recognised. Fain 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 have been reported.
Kay (1958) has shown that tactile stimulation of the thoracic
oesophagus of the sheep will cause reflex salivation. Phillipson amd
Reid (1958) have demonstrated an oesophageal distension-salivatory
reflex in the calf; Sellers and Titchen (1959) have also shown this in

the sheep, and that distension may cause amn inhibition of rumea-



L

reticulum movements. This effect was elicited at a lower threshold at
two regions - the anterior thoracic and terminal oesophagus. The
sensory nerve fibres of these reflexes appear to be carried in the
vagus nerves. Oesophageal responses to distension of the oesophagus
have been reported by various workers (indrew, 1956b; Creamer and
5chlegel, 1957). Hazarika, Coote and Downman (1964) report that the
abdominal segment of the cat'’s oesophagus has a sensory nerve supply
carried via the dorsal roots TB-T10' They employed a technigue
introduced by McDowsll (1925). An afferent discharge (in this case
stimulated electrically or by pinching) causes an inhibition of the

oculo-motor constrictor tone. This causes dilatation of the pupil of

a cat under chloralose snaesthesia.

Heurophysiological recording from the oesophagus and afferent
nerve fibres arising from the oesovhagus has provided definitive
evidence for the presence of receptors in the oesophagus. .ndrew
(1956b, c) has recorded discharges from receptors sensitive to
distension and tactile stimulation. It also sppeared that these
receptors were activated by a contraction of the oesophagus. Iggo
(1957a) distinguished an oesophageal receptor activated by contraction.
These reports are confirmed by Mei (1965), who has suggested that these
receptors wshich are activated by distensiom or a contraction are
concentrated in two regions - the anterior thoracic and the terminal

oesophagus (see Sellers and Titchen, 1959).

Histological evidence for receptors is scamty. DeWitt (1900 -

cited by Dougherty, Habel and Bond, 1958) described fine sensory nerve
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endings of the subepithelial cells. Also, dense '"end balls" of
interdigitating aborisations were noted. These sensory nerve endings
were located at the pharyngo-oesorhageal junction. <Comline and iessage
(1964) have identified nerve fibres in the oesophagus of the sheep
which have lox cholinesterase levels. They suggest that these are

sensory fibres.

The evidence cited would indicate that there does exist ¢ seasory
innervation of the oesophagus. The fibres of this innervation are, in
all probability, carried via the vagus nerves and sympathetic nerve
trunks. The receptors present appear to be sensitive to both fixed
and moving distension stimuli and also the nassage of a contraction.
Tactile anl acid receptors are also indicated by the observations cited
above. The evidence is mnot unejuivocal, #nd n chuaracterisation of
receptors, such as I[ggo end Paintal have carried out for gastro-

intestinal receptors (see raintzl, 1963), is required.

The reactions of the oesophagus tc distension of itself have long

since been recognised. Tao forms of distemnsion huve been enmployed,
namely, with a fixed balloon distension (Carlson et al., 1922; 2Zeller
and Burget, 1937; Kramer and Ingelfinger, 1949; Baylis, Kauntze and
Trounce, 1955; Creamer and Schlegel, 1957), and with a fluid or moving
balloon distension (Hwang, Essex and Mann, 1947; Hwang, 1954; Creaser
and Schlegel, 1957). Definitive observations on the nature of these
responses is lacking. The frequency ;nd threshold of these responses
depended on the region of the oesophagus distended, and an inveree

relationship between amplitude amd frequency appeared to exist
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(Ingelfinger, 1958).

Oesophageal distension has been reported to have an inhibitory
effect on oesophageal activity caudal to the point of distension and an
excitatory effect on oesophageal activity cranial to the applied
distension (Hwang, 1954; Creamer and Schlegel, 1957). These results
were not supported by the experimental observations made by Doramhurst,

Harrison and Pierce (1954).

A fall in tone of the terminal regions of the oesophagus in
response to the buccopharyngeal movement of swallowing, a distension of
the oesophagus, or contractions of the oesophzgus cranial to this
region, has attracted the attention of many workers (Zeller and Burget,
193?7; Butin, {lsen, Yoersch and Code, 1953; Fyke, Code and 3chlegel,
1956; Code, Creamer znd Schlegel, 1958; Kelley, .ilbur, Schlegel and
Code, 1960). The records obtained have shown a fall in tome 1.5 - 2.5
seconds after the buccopharyngeal movement of swallowing which
continues for 5-12 seconds. The fall in tone was followed by a
contraction. If a second swallow was stimulated when the tone had been
inhibited, the contraction was further delayed. i‘hether this
inhibitory phase of swallowing is present throughout the oesophagus
and whether it is caused by the buccopharyngeal movesent of swallowing
(Kronecker and Meltser, 1883; Sanches et al., 1953; Dornhurst et al.,
1954; Ingelfinger, 1958), or coatraction or distension of the cervical
oesophagus (Zeller and Burget, 1937; Hwang, 1954; Creaser and
Schlegel, 1957), has not been determined.

Kronecker and Meltzer (1833) recognised that a contraction wave of
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the oesophagus followed the buccopharyngeal movement of swallowing.

The form of this wave has been investigated by numerous workers with
many different forms of recording methods (Burget and Zeller, 1936;
Kramer and Ingelfinger, 1949; Butin et al., 1953; Code et 2l., 1958).
Originally this contraction wave was differentiated from the
contraction wave initiated by distension of the cesophagus in both its
potility cheracteristics and the nervous elements involved. However,
the reports of Hwang (1954); Fleshler et al. (1959); and 3iegel and
Hendrix (1961) indicate that the "primary" and "secondary" contraction
waves of the oesophagus are similar in form and mechanism. These

reports simply suggest the manner of their initiztion is different.

The effect of groass distension of the lower oesophagus appears to
have an inhibitory effect on the tonus of this area (Nagler znd Spiro,
1963; Vinnik and Kerm, 1964). These workers noted, with prolonged
gastric intubation, th:t material was refluxed into the oesophogus.
They suggzested the resting tone was lost, and that this was due to the
gross distension of the terminal oesophagus. This reflux could also
have been interpreted as ariszing from the straightening of the

obliquity of the gastro-oesophageal junction.

Siegel (1964) suggested that acid applied to the lower oesophagus
would cause abnorsal motility of the distal oesophagus. This editorial
comment, related to a consideration of heartburan, was based on the
observation of Laser et al. (1959), that abnormal motility patterns
followed acid infusion of the ocesophagus. Siegel and Headrix (1960,
1963) published their finmdimges following both positive and negative
evidence froa other worhers (Tuttle, Bettarello aad Grossman, 19613
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Tuttle, Rufin and Bettarello, 1961). They reported that abnormal
motility patterns were observed following acid infusion into the
terminal oesophagus. In some cases acid infusion into the terminal
oesophagus was associated with the substernal pain characteristic of
heartburn. It was suggested by Siegel that failure to obtain these
effects may have been due to their subjects being in a supine position
which did not allow concomitant distension of the oesophagus with the

acid infusion.

Cineradiographic studies reported by Dougherty and Habel (1955),
worzing with conscious sheep, indicated that the terminal oesophagus
may be sensitive to tactile or chemical stimuli. They noted the
reactivity and motility of this area increased markedly when material

to be ruminated entered the terminal oesouhagus.

The responses of the oesophagus to changes in conditions in the
stomach have received little systematic consideration. Most of the
observations made have been incidental to a study of reflux into the
oesophagus of stomach contents. Bowever, Payne and Foulton (1928) did
show that distension of the stomach caused a wave of contraction to
pass over the entire length of the ocesophagus. No mention of the
direction of this wave was made. The oesophagus was, in their
experiments, subjected to distension by the large recording balloons
employed. They also observed that a siailar distension of the stomach
caused an inhibition of contractions which had been stimulated by
distension of the oesophagus. Goldberg (1931) found that when

distension of a pyloric pouch caused voaiting there was a concoamitant
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reduction in the tonus of the terminal oesophagus. Results obtained by
Schenk and ¥redrickson (1959) supported this observation. Am
inhibition of the terminal oesophageal tome, as measured by the
resistance to reflux of stomach contents to the oesophagus, was
obtained with distension of the entire stomach. Distension of a fundie
pouch of the stomach did not cause this imhibition. The distemsions of
the stomach in experimental animals which are reported as being
inhibitory are only likely to occur in intact animals during vomiting
or during strong contractions of the abdominal walls. 1In this
connection, Mchally et al. (1965) report that 1000-200C cc of air may

be introduced to the stomach with a rise in pressure of only 4-7 ma Hg.

Penninston, Haney and Youmzns (1946) reported th.t distension of
the jejunum caused a falil in tone of the terminal oesophugus.
FPublished observations of the effects of other stimull applied to
other parts of the gastrointestinul tract sre not available. This is
in coatrast toc what one might have expected to have found after
Ingelfinger made the statement in his 1958 review: ‘'Fresumably,
however, the wave 1is susceptible to affereat stimuli originating from
various sources, and this susceptibility may account for the inconstant
features of all types of oesophageal peristalsies with respect to

incidence, point of origin, force and course."

The experiments reported in this chapter have been carried out to
determine the effect which various stimuli may have on the activity of
the resting or active terminal cesophagus. The nature of the responses
has been investigated in terms of their latency, duration and directiosn.
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The sensory pathways involved in these responses have elsc been

studied.

A prelimin~ry communication of the results cited in this chapter

hns been presented (Titchen and “heeler, 1966).
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METHODS AN} MATERIALS

Decerebrated, anaesthetised, isolated medullary, and pithed
preparations of cats have been used in a study of oesophageal motility
of the cat. In all preparations anaesthesia was induced with ethyl
chloride ani continued with ether-oxygen inhalation. Tracheal,
femoral venous, and femoral arterial cannulae were inserted in the
usual manner (Liddell and Sherrington, 1929). In some experiments an

endotracheal tube was inserted instead of a trachesl cannula.

Unless specified to the contrary, all dissection procedures

referred to were undertaken during the period of ether anaesthesia.

The method and sequence of decerebration was a3 described by
Comline and Titchen (1951a8). Following decerebration, the preparations
were placed on their right side und the right femoral artery was
cannulated. The terminal oesophageal balloon and balloon used to
record respiration were connected to the recording apparatus. The
femoral arterial camnula was connected to a mercury manometer, and
recording commenced. The carotid clamps used during decerebration were

removed after these procedures had been completed.

The anaesthetlised preparations referred to were prepared im the
following sanner: Anaesthesia was induced using ethyl chloride
inhalation followed by an ether-oxygen mixture. Venous and tracheal
cannulae were inserted. Chloralose made up in saline (70°C), or in an
organic solvent (di-methyl sulphoxide), was injected intravenously.

The dose ucuslly given was 70 aga/kga body weight. All other operative
procedures were carried out while the animal was under the chloralose
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anaesthesia.

For the investigations of vago-vagal reflexes involving the
oesophagus, isolated medullary preparations were made. ‘The procedure
was similar tc that for decerebrate preparatioms. Just prior to
decerebration the spinal cord (contained within the dura) wsas crushed
with mosguito forceps through a2n exvosure at the atlunto-occirital

Junction made imnmediately before.

Procedures which involved 3pinal cord section were carried out.
The laminectomy rejuired was zade during the ether anaesthesia and the

spinal cord »aas sectioned during the experiment.

cats with their central nervous systea totally destroyed were
prepared. These preparations are hereinafter referred to as totally
pithed preparstions. :“naeathesia was induced with ethyl chloride
and muaintained with ether. The trachea was cannulated mnd a venous
tube inserted into the femoral vein. /4 lasinectomy was then made
cranial to the sacrum, amd the spinal cord was exposed. The exposure
was severzl segaments long and the spinal cord was cut at this point.
The carotid arteries were tied and the vago-sympathetic nerve trunks
were sectioned in the meck. The tracheal vein was tied and both
jugular veins were isolated. One of these was tied while the other
allowed venous drainage from the head. A large packing needle was
passed under the spinal column, behind the wings of the atlas, to
carry a cord which was tied tightly to occlude the vertebral arteries.
The second jugular vein was then tied. The administration of the

anaesthetic ageat then ceased and the subject respired froa a positive



pressure respiratory pump timed to approximately match the previous
respiratory rate. The cord was exposed at the atlamto-occipital
articulation and the artificial ventilation adjusted to create a
sufficiently high intrathoracic pressure to cause haemorrhage from the
cervical exposure. The braimn was then pithed and swabs were forced
forward to ensure total destruction. A plastic covered wire was then
passed down the spinal column anid out the sacral laminectoay wound.
This wire was then used to pull a rubber tube down the column to
remove the cord entirely and fill the evacuated space. This procedure
was devised after attespte to completely remove the spinsl cord failed
because of a coronary thrombosis, due to either air or fat embolisms.
This was overcoame by creatin. the continuvous (even on expiration)
positive pressure within the thorax by manipulation of the respiratory
pusp output znd amount of expiration possible. Thus the venous
channels from the spinal cord did not accept air or fat emboli duriag
the negative thorax pressure of inspiration. lIorio and McIeaac (1965),
in a short note, made mention of a similar procedure, but a

consideration of the difficulties was not uandertaken.

To study the effects of changes in the conditions of the stomach
on oesophageal motility the stomach was isolated from the oesophagus by
a special cannulation techmique. Under ether amaesthesia a ventral
abdominal incision about 10 ¢a long was made. The pylorus was located
and was tied lightly with a double ligature. An incision 2-3 ca long
in the stomach was made 5-6 ca from the cardia on the greater curvature
of the stomach. A flexible tube was passed down the cesophagus to

facilitate idontification of the poimt of comnection of the ocesophagus



To Tambour Gastric
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= Mucosal Junc'n

Stomacn Desophagus

Fig. 2.1. Diagran of cannulation techniijue used to
separate the stomach and the oescphagus at the
gastro-oesophageal mucosal junction. The
oesophageal cannula also provides & mezns of
balloon placement at the terminal esite. The
stomach cannula was designed to allow infusion
of fluids through the stomach and also fluid
distension of the stomach.




23

with the stomach. The gastro-oesophageal mucosal junction was located
and a purse-string suture, which passed into the muscularis of the
stomiach, was placed to tie a cannula in at this region. Attached to
this cannula was an oesopbhageal balloon; the tube to which this was
attached passed out of the stomach to the recording appzratus (see fig.
2.1). & gastric cannula (8=9 mm diameter) was tied into the stomach
incision with a purse-string suture. The rest of the stomach inciaion
and the skin incision was closed. The form of the oesophajeal cannula
altered, depending on whether drainage of the oesophagus was reguired.
In this case a large bore tube was attached to the cutside of the
oesophageal cannula and vassed out of the stomach. The cannulation of
the oesophapus in this acnner allowed & balloon, or balloong. to be
intreduced into the nesophagus without pharyngeal stimulation. It clsc
permitted saliva or fluid which entered the oesophagus to drain from
the caudul end and thus avoided a fluid distension of the oesonhagus.
The pgastric cannula was inserted in order to allow the introduction of
fluids into the stomazch, provide quick drainage of the stomach contents,

and allow the distension of the stomach by a column of fluid.

A study of the effect of various stisuli on the terzinal oesophagus
was carried out while this region of the oesophagus was distended by
water-filled balloons. These balloons were 1.2 - 1.7 oa long and 1-2
cm diameter at 20 cm H20 pressure. Simnce they were readily distensibdle,
they peruitted varying degrees of distensioca to be delivered in the
same preparation under different conditions as well as in different

preparatioas.
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Fig. 2.3. Diagraa of isometric form of balloon
recording. Oesophageal balloon connected to
transducer (AIDL) external to animal. The
transducer output is translated by multi-
pen recorder (Sanborm).

Fig. 2.2. Diagream of isotonic form of balloon
recording. Oesophagezl balloon is comnected
to a variable head pressure dose. The fluid
sovesent is chamged to air movesent in the
closed system. The air movement i3 measured

by tambour writing on kymograph.
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The methods used to record the motility measured by these

oesophageal balloons were two:-

The tube to which the balloons were attached (both tube und
balloons were water-filled) was connected to a2 dome in which
the displacement of water was converted to a displacement of
air. This displacement was translated into a kymographic
record with the use of a tambour-lever system. The pressure
in the recording part of the system was atmospheric and the
pressure at the balloon was that column of water which it
supported in the system. The resistance a contraction
experienced was approximately the same throughout its course,
the recording system measuring only a displacement. This
system will hereinafter be referred to as the Isotonic

recording system (see fig. 2.2).

The availability of a Sanborn electro-physiograph allowed
precise recording of pressure changes within the oesophagus.
Minute recording balloons were not used because these did not
provide a concomitant distension with recording. Large air-
filled balloons (1.5 cm long, variable diameter) were attached,
via tubing, to transducers (AIDL). The technique of enlarging
these balloons to a degree sufficient to accord distension and
establish excitability was continued. The displacement of air
from the balloon to the transducer in this system was very
small., The contractioa of the cesuphagus was therefore close

to being iscaetric, as opposed to an isotonic contraction record
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in the kymograph-balloon-tambour system. This system will here-

inafter be referred to as the Isometric system (see fig. 2.3).

These two forms of recording are similar to those used by

Setekleiv (196L4a).

Respiration was recorded in all experiments. This indicated what
portion of the oesophageal record was due to respiratory wmovements.
The record of respiratory movements was obtazined by attaching a balloon
(1=2 e long and 1.5 - 2 cz dizmeter.) to the externsl thorax by means
of an inflexible cuff, thus measuring expansion of the thoracic cavity
In all records inspiration is indicated by an upward movement of the

writing lever.

Llood pressure wa:z recorded from a fesoral artery. In kyuogragh
recording a mercury manometer was used. In cenborn records a
transducer and arteriszl tube were filled with heparinised saline and

calibrated by reference to a mercury manometer attached im parallel.

Ltimulation of the vagus nerves required their isolation and
section. This was done as soon before stimulation as possible, to
ainimise nerve damage. For electrical stimulation, bipolar shielded
electrodes or saline-glass bead electrodes were used (FPorter and
Allamon, 1936 - cited by Comline and Titchen, 1951a). The glass bead
electrodes gave repeatable coanditions for stimulation. A Palmer
student®s stimulator was used to deliver the stimuli (at frequencies up
to 100 impulses/sec and intensity 0-25 volts).

Saline used was 0.9% w/v and kept in a thermostatically controlled
water bath at 37°c.
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Fig. 2.4. oDecerebrate cst. Nesponse of the terminal
oesophagus to distension by a balloon in this region.
coupled with this record is shown the excitatory
effect of deep inspiratory movements. iecords from
above downwards: 30 sec time-marker, terminal
oesophagus, respiration. The balloon was distended
at o, and the arrows signal the deep inspiratory
movenents.
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Fig. 2.5. ULecerebrate cat. Blood pressure response
to removal of the clanps attached to the carotid
arteries in the neck during decerebration. The
terainal oesophageal activity present withim 10
minutes of decerebration is unaffected by the
hypotension. Records fros above dowawards:
terminal oesopbagus, respiration, blood pressure
(=2 Hg), signal, 30 sec tise-marker.
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RESULTS

Contractions of the terminal thoracic or abdominal oesophagus were

stimulated in decerebrate preparations of cats by distension of a
balloon in this region of the oescphagus. This reesonee was recorded
as soon as 10 minutes after deceretration (the earliest opportunity of

observation). Inflationm with 2-4 ml of H.O of balloons 1.2 - 1.7 en

2
long to a diameter of 1-2 cm diameter with a head of 20 em HZO stimulated
a series of contractions which continued for four to 20 minutes. The

contractions occurred at a frequency of about six/minute; both frejuency

and intenslity of the contractions gradually declined after distencsion

(fig. 2.4).

The duration of the resuonse and the maynitude of the individual
contractions varied in differcut preparations. Hecerebrate prepurations
which did not display corneul and pinna reflexes, a mean arteriol blood
pressure of 60 ms Hg or more, regular respiration, and moderate rigidity

within 30-40 ainutes of decerebration, were discarded.

Cesophageal contractions stimulated by distension were observed in
decerebrate preparations before removal of the clamps applied to the
carotid arteries during decerebration. The responses appeared to be
unaffected by the fall im blood pressure which occurred when the claaps
were removed (Pagano-Hering reflex). This fall im blood pressure itself

provided an indication of the condition of the preparatioa (fig. 2.5).

Stimuli other than distension modified the oesophageal responses.
Centle adductiom of the hind 1imb in which the wvenous cannula was

inserted lessened the intensity of the oesophageal comtractions (fig.



Fig. 2.6. Decerebrate cat. Inhibvition of terainal
oesophageasl motility stimulated by gentle
abduction of the left hind limb in which a
femoral venoue cannula had been inserted.
Records from above downwards: terainal
oesophagus, anterior thoracic oesophagus,
blood pressure (mm Hg), signal, 10 sec time-
marker. The signal marks six gentle abductions
of the hind limb.



Fig. 2.7. Uecerebrate ciat. Inhibition of terminal
oesophagenl activity following manipulation of
the stomacn ¢snaula. Hecords from sbove
downwards: 30 sec time-marker, terminal
oesophagus. sigmal, respiration.



Fig. 2.8. Decerebrate cat. Jesponse of the terminal
oesophagus to increased balloon distension in this
region. Records from atove downwards: terainal
oesophagus, blood pressure (mm lig), respiration,
signal, 30 sec time-marker. Jignal indicates an
increase of the balloon head from 15 cm to 35 em

HZC.
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2.6) with little change in their frequency. The inhibition persisted
for two minutes. Similarly, a reduction in oesophageal contractions
was observed with manipulation of the gastric cannula (fig. 2.7). Im
contrast, it was observed that a deep ingpiratory effcrt increcased the
oesophageal contractions (see fig. 2.4) or, when these had disappeared,
led to their re-appearance. These observations influenced the cocnduct
of the experiments. Care was taken to avoid manipulations or
interferences which might change the oesophageal reaponse. hen such
interferences were unavoidable, they were succeeded by a period during
which no stimuli were delivered. Thisc allowed the resting activity of
the oesophagus to be established before any observations were under-

taken on the responses of the oesojphasus to a change or stisulus.

tnce the resconse of the ternminal ocescohagus to its initisl

distension had wholly or largely ceased, the activity returned if the
distension was increased. The first of the series of contractions
stimulated by a further distension was observed 20-30 seconds after the
application of this further distension and resetting of the recording
apparatus; thus the resgonse exhibited a latency of up to or less than
30 seconds (fig. 2.83). The duration of the response to increased
distension varied in different preparations and according to the level

of distension.

The terminal thoracic oesophagus responded to the flow over its
mucosa of ¥/10 BCl with a series of contractions. The cesophageal

cannula used allowed fluid to be washed over the oesophageal mucosa

between the recording balloon and the cannula with a sminisal amouat of
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2.9. Decerebrate cat. The response of the oesophagus to
the application of 2 ml N/10 HCl. Complete involvement

of the oesophagus is recorded with rhythmic activity in
the mid-thoracic and terminal oesophagus following the
application of the acid. The response is terminated by
the application of 2 ml saline to the terminal oesophagus.
Fluid in the oesophageal cannula was sucked out at various
intervals as signalled. Records from above downwards:
cervical oesophagus, mid-thoracic oesophagus, 10 sec time-
marker, terminal oesophagus, signal, respiration. The
arrowed signals mark the introduction of saline to the
terminal oesophagus. The signal marked "A" signals the
application of 2 ml N/qo acid to the terminal oesophagus.
The other signals indicate sucking of the oesophageal
cannula.
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Fig. 2.10. Decerebrate cat. Contractions of the

terainal 2nd smid-thoracic regpions of the
oesophagus stimulsted by 0.2 aml /g HUl. Twenty
seconds elapsed before the response was noted in
the aid-thoracic oesophagus. Records from above
downwards: terminal oescghagus, signal, mid-
thoraciec oesophagus, 10 sec time-amarker, cervical
oesophagus, respiration. The signal marks the
application of 0.2 ml K/5 HC1l to the terminmal
region of the oesophagus.
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Fig. 2.11. Lecerebrate cat. Response of the teruinal
ocescphasus to adification of the stomach contents.
Rkecords froa above downwards: 30 sec time-marker,
terminal oesophagus, respiration. 7The lower half of
the figure shows the same records. The signal anrks
the time during which an infusion of the stomach
with acid or saline wmas made.
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distension. 1In some cases continual sucking off of the contents of

the cannula was undertaken in order to avoid, as far as possible,
distension by the fluid introduced. ./ ithin 5-60 seconds of the
introduction of the N/1() HC1l the first of a aseries of contractious of
the terminal oesophagus occurred. The durxation of the response to acid
was 10=20 minutes and it ceased within 10 seconds of a control infusion
of saline. G3Shorter enduring responses of more cranial regions of the
oesophagus were observed with this stimulus (fig. 2.9). The latcncies
and duration of the responses of the terminal and more cranial regions
of the oesophagus varied (see figs. 2.10 and 2.9). In general, the

latency of this response was 5-10 seconds.

Changes in conditions in the stomuach affected the teraminal

oesoshagus. Lcldification of the contents of the stomuch stimulated
oesophageal contractions; distension of the stomach inhitited

contractions of the teraninal cesophagus.

liydrochloric acid in strengths between N/40 and N/10 infused
through the atomach increased both the activity of the terminal
oesophagus and ite responsiveness to other stimuli (such as distension
of itself). The latency of the responses to the gastric infusions with
acid varied according to the strengths of acid used. This can be seen
in fig. 2.11, in which responses to ¥/30 and F/40 HC1 infused into the
stomach are coapared in the same experiment. With u/)o HCl, 40 eeconds
elapsed before the first oesophageal contraction occurzred, whereas it
was 105 seconds after ¥/40 HCl infueion before a response of the

terainal oesophagus was recorded. Care was taken in all experiments
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Fig. 2.12. Decerebrate cat. The resuonse of the

oesophagus, distended at the terminal and mid-
thoracic levels, to the removal of a 100 ml
N/10 HC1l distension of the stomach. Records
from above dosmwards: terminal oesophagus,
signal, pharyax, 10 sec time-marker, mid-
thoracic ocesophagus, respiration. Note the
degree of responsiveness of the mid-thoracic
cesophagus which is determined by the relative
placeaent and degree of dis sion. The signal
msarks the removal of 100 sl "/40 HC1l from the
stomach.
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Fig. 2.13. Decerebrate cat. Inhibition of terminal
oesophageal distension due to distension of the
stomach. Records from above downwards: 30 sec

time-marker, terminal oesophagus, signal,
respiration.
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on the infusion of acid into the stomach to avoid distension of the
stomach. The cannulation procedure described above (Methods amd
Materials, Chapter 2) prevented the entry inte the oesophagus of
golutions introduced into the stomach in these experiments. It is
interestinz to note the differences in the latency of the res;onses to
the introduction of acid into the oesophagus and the stomach (figs.
2.9, 2.10, 2.11). <Jontrol infusions of 0.%< saline were without effect

provided no gastric distension was present.

Distension of the stomach with 100 ml of saline (B?OC) reduced the
activity of the terminal oesophugus. The responsiveness tc other
stimuli was 2lco reduced. Fig. 2.12 shows the fora of record which led
to this finding. 7The distension of the stemach with acid was
ineffective. rHowever, on removul of the distension, the ter:uinzl
oesorhagus contracted strongly. The latercy of the terminal oesephageal
response was, in this instance, only 10-15 seconds. Inhibition of
terminal oesophageal motility was regularly observed with distension of
the stomach. The effect of gastric distension (50-100 ml) depended
both on ita extent and the level of ter=inal oesophageal distension. A
low level of terminal oesophageal distension was inhibited by a 50 ml
saline distension of the stomach. Higher oesophageal distensions, such
as that accorded by a head of 30 cm HZO. required higher levels of
gastric distension to cause an imhibitionm.

Terminal oesophageal contractions were inhibited withim 10-20
seconds of gastric distension, depending upoa the intensity of the
activity present in the terminal oesophagus (fig. 2.13). The inhibition

generally lasted for the duration of the gastric distemsion. The
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. 2.14. Decerebrate cat. FReszsponse of the terminal
oesophagus to Jdistension by a balloon of the
cervicnl oesophagus. “ecords from above douwnwards:
cexrvicn! oesophagus, aid-thoracic oesophsa:us, 30
sec time-marker, terxwinal oesophagus, signal,
respiration.
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Fig. 2.15. Decerebrate cat. Record of two buccopharyngeal

moverents followed by a contraction wave sejquentially
involving the whole oesophagus. Note the inhititory
effect of the buccopharyngeal movements on activity of
the termin2l and mid-thoracic oesophagus. Records
froa above downwards: terainal oesophagus, signal
marking exit of fluid froam the terminal oecsophageal
cannula, mid-thoracic oesophagus, 30 sec time-marker,
cervical oesopbagus, signal marking swallows,
respiration.



inhibition of strong terminal oesophageal activity by a low level of
gastric distension was, in some cases, not effective throughout the
gastric distension. Higher levels of gustric distension caused an

inhivition which continued after removal of the distension.

Distension, by g balloon, of the cervical oesophagus caused an

inhibition of terminal oesophageal coatractions in response to a
distension (fig. 2.14). This inhibition invariably occurred within
five seconds, and normally continued for the duration of the
distension of the cervical oesovhagus. release of the distension was,
in most cases, followed almost immediately by increased activity of
the terainal oesonhaj;us. The inhibitory effect of & more cranial
oesophagenl distension on the activity of the terzinul oesophagus

could be elicited at all levels of the oesophzgus.

Jontraction of the terainzl oesophagzus usually followed, with
variable lateacies, the buccopharyngeal movement of a gwallow. The
occurrence of a contraction wave of the oesophagus following a
buccopharyngeal aovement stimulated by fluid introduced to the pharynx
appeared to depend on the presence of fluid or a distension in the
cervical oesophagus in addition to the buccopharyngeal moveament of
swallowing (fig. 2.15).

Electrical stisulation of the central end of the superior
laryngeal nerve can be used reliably to initiate the buccopharyngeal
movement normally associated with swallowing and an ocesophageal
contraction wave. Fig. 2.16 is a record obtained from a decerebrate

cat by stimulating the central end of the superior laryngeal nerve at
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Fig. 2.16. Decerebrate cat. GCesophageal response to
stimulation of the central end of the superior
laryngeal nerve. Records from above downwards:
caudal cervical oesophagus, signal marking
buccopharyngeal movements, terminal oesophagus,
10 sec time-marker, mid-thoracic oesophagus,
signal aarkiag nerve stimulation, respiration.
Note the contraction wave following the deep
inspiration.
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rig. 2.17. Decerebrate cat. Vomiting in resjonse to
3.25 wge apomorphine injected intravenously. 4
100 ml saline distensicn of the stomach was
renoved 30 sec prior to the act of vomiting.
Hecords from atove downwards: terxsinal oesophagus,
events signal, ald-thoracic oesophagus, 10 sec
time-aarker, mid-cervical oesophagus, signal
marking buccopharyngeal movements, respiratioan.
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Fig. 2.18. Decerebrate cat. Contraction of the
terainal oesophagus associated with an inhibition
of respiration which occurs at the height of the
terminal ocesophageal comtraction. Records froa
above downwards: aid-cervical oesophagus, mid-
thoracic oesophagus, 10 sec time-marker, terminmal
ocesophagus, respiration.
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a frequency of five shocks/second for 20 seconds at a strength of 0.6V.
S5ix buccopharyngeal movements were stimulated and the inhibition of
respiration which occurs as a part of this reflex was apparent with
each such @movement. /After the stimulus ceased, there was a very rapid
caudally moving wave of contraction. The responses to three separate
periods of stimulation sare shown to indicate their repeatability. The
teriinal oesophageal contraction which occurred at the end of the
awallowing act occurred 3-40 secoands after the buccopharynzeal movement

of sgwallowing.

An inhibitory phase of the buccopharyngeal movement of swallowing
wag identified. Terminal oesophagesnl contractions in response to
distension sere inhibited 2-3 seconds after the buccopharyngeal
aovement wus noted. This inhibition lasted until the contraction of

this region occurred (see fig. 2.15).

Yomiting, whether elicited by distension of the stomsch with
saline, or by the intravenous injection of apomorphine, was not
followed or azsociated with any detectable reaction of the terminal

oesophagus (fig. 2.17).

Distension of the terminal oesophagus was noted in some decerebrate
preparations to cause an inhibition of respiration. The latency of this
inhibition was 2-3 seconds. An inhibition of respiration has also been
noted with contraction of the terminal oesophagus (fig. 2.18). This
inhibition occurred at the height of the comntraction of the terminal
oesophagus or withia 20-25 secoands after coamencement of the contraction

and it was also observed after the intravenous imjection of atropine,
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Fig. 2.19. Decerebrate cat. Response of oesophagus
to terminal oesophageal distension following
injection of 0.65 mgm atropine intravenously.
Note the inhibition of respiration following the
distension. Records from above downwards: =aid-
cervical oesophagus, mid-thoracic oescphagus, 10
sec time-marker, terminal oesophagus, signal,
respiration. Each signal marks a 2 ml distension
of the terainal cesophageal balloon.
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Fig. 2.20. 1I30lated medullary preparaticn of a cat.
Response of the teralnal oesophagus to low freguency
stimulation of & vagus nerve cut in the neck in an
afferent sense. Records from above downwards:
terzinal oesophagus, blood pressure (mm lg),
respiration, signal, 30 sec time-marker. The
arrowed signal marks the applicatican of the stimulus:
five shocks/sec, 12.5V, for 60 sec.
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Fig. 2.21. 1Isolatad medullary preparsation of a cat.
Inhibition of terminal oesophageal motility by high
freguency stimulation of the centrul end of a vavus
nerve cut in the neck. =Hecords from above downwards:
terminal oesophagus, blood pressure (wm ilg),
respiration, aignal, 30 sec time-marker. 3ignal
(arrowed) marks stimulus: 30 shocks/sec, 12.5V, for
60 sec.



which blocked all activity of the terminal oesophagus (fig. 2.19). In
contrast to this, it was observed in decerebrate preparations that a
deep inspiratory movement caused iacreased activity of the terminal

oesophagus or, where there was no activity, initiated it (see fig. 2.4).

Because of this terainal oesophageal-respiratory iateraction,
studies on the afferent vagus stimulation, particularly the stimulation
of a vagus nerve cut in the neck, were undertaken in partially isolated
medullary preparations to avoid Hering-Breuer reflex modification of

respiration.

Electrical stimulation of the vigus nerve in un afferent sense
caused both irhibition or excitation of the activity of the terminsl
oescrinazus, dependiny; on the freguency of the stimulation. 1In
decerebrate /nd partially isclated medullary preparations of cats,
stimulation at fresuencles of five/second initiated activity ef the
terminal oesophagus usuzlly after the stimulus was ceased. Tonus
changes were sometimes noted during; the period of stimulation. The
duration of the activity after the withdrawal of the stimulus was 5-8
minutes (fig. 2.20). At frequencies of stimulation of, or above, 30/
second, an inhibition of terminmal oesophageal contractions was produced
(fig. 2.21). The latency of this response was 5-10 seconds and the
duration depended largely upon the degree of oesophageal distension.
Normally, terminal oesophageal contraction commenced within 10-20

seconds of withdrawal of the stimulus.

Experiments were designed to investigate the pathways of the

sensory fibres involved im the gastric distension inhibitory effect on



Fig. 2.22. Decerebrate cat. The response of the termimal
oesophagus to stimulation of the central end of a wvagus
nerve cut in the abdocmen. The response is deterained by
the separation of the stimuli. Records from above
downwards: terainal oesophagus, blood pressure (ma Hg),
respiration, signal, 30 sec time-marker. Each signal
indicates the application of an electrical stimulus:
20/sec, 12.5V for 10 sec.
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the termimal oesophagus. Procedures invoclving spinal cord sectiom at
the thoraco-=lumbar junction were carried out in three preparations.

Two forms of record were obtaimed. :foderate or gross distension had no
effect on terminal oesoprhageal activity. !oderate distension caused
increased activity, while hishcr degrees of gustric distension did not
cause an inhibition. 1In contrast, it was recorded in partially
isolated medullary preparations that distension of the 3tomuch csaused

an inhibition of terminal oesophageal activity.

The ventral branch of the abdeminaul vasus nerve of decerebrate
cats wus stimulated by mexns of a unipolar glass bead electrolde.
otimulation of this nerve at = freiuency of 20/second, 5t intensity
12.5V feor 106 seconds, cause:dd 2 seriles cof contractions of the terminsl
oesozhapus wndeh lusted for 2.5 - 5 ulnutes. It was ususlly necessary
to establish an initizl excitation by a prelimincry stiwmulus before an
effective stimulus was noted. The time separation of successive
stinuli deter~nined the efficacy of the succeeding stimuli. Fiz. 2.22
conpures the effect of two stimuli separated by 3¢ seconds with three
stimuli sepirated by 60 seconds. ‘ithin limits, distension of the
terminazl oesophagus increased the response to nerve stimulation. ith
a moderate (23 cm) distension from the bzlloon there was a greater
response to afferent vagus nerve stimulation than there was with the
distension, due to a head of 15 cm HZO. The response when the terminal
oesophagus was subjected to a larger distension (accorded by a head of
35 cm) was only slightly greater than the response noted with the
distension with a head of 23 cma. Stimulation during a distension

accorded by a head of 55 cm HZO was less effective tham with the
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Fig. 2.23. Decerebrate cat. Effects of electrical stimulation of the central

end of the ventral branch of the vagus nerve in the abdomen when the
terminal oesophagus was subjected to varying degrees of balloon distension.
Records from above downwards in each figure: terminal oesophagus. blood
pressure (mm Hg), respiration, signal, S sec time-marker. Figures left

to right - effects of stimulation during the oesophageal distension
accorded by a head of: 25 cm; 15 cm; 35 cm; 15 cm three minutes after

the removal of the distension due to the 55 cm head. The signal in each
figure marks the application of the stimulus: 20/sec, strength 12.5V, for
10 sec.
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distension at heads 23 and 35 cn 520. The response of the terminal
oesophagus after the head was reduced from 55 cm to 15 cm was recorded

and was greater than all levels previously noted (fig. 2.23).
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DISTUSIION

rhythmic contractions of the terminal oesorhagus occur when this
region of the oesophagus is subjected to distension by 2 balloon.
This response hazs beea recorded in totally pithed prepzrations and
after large doses of nicotine had been administered, indicating that
this response is independent of an extrinsic innervation and may be a
direct oesophageal response. In the decerebrate cat this activity
could be nodified by chemlical and physical stimuli applied to the
oesonhagus or more distant regions. Ividence suggests that the
modification of this basic activity is reflex in nature. Stimulation,
in un afferent sense, of a vazus nerve in the neck and of a branch of
the vagus nerve in the abdomen has facilitated nnd inhibited terminzl
oesophageal motility. In vartially isolated medullary prenaratioas,
section of the other vazus nerve in the neck, or the administrxtion
of atrogine, has abcolished these res.onses. Turther indications of
the reflex nature of the reszonses descrited above comes from the
character of the responses and some of their properties, nanmely,
latency, innibition, after-discharge, and summation of stimuli. The
responsss to stimulztion of the central end of a vagus nerve cut in
the neck never occurred less thzn four seconds after the commencement

of stimulation.

The reflex centre, or centres, is probably located in the medulla
oblongata. The responses were recorded im partially isolated medullary
preparations. The centres are unlikely to be situated in the pons

which may suffer damage during decerebration by mechanical transection.
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The medullary site of the reflex centres is supported by the report
of Lawn (1964), who recorded contractions of the oesophagus of the
sheep following stimulation through electrodes inserted into the

medulla oblongata.

Jtimuli which facilitate contractions of the terminal oesophagus
are: distension of this reglon of the oesophagus, acidification of
the terminal oesophagus, and acidification of the contents of the
stonach. The res»onge to dictension of the terainal oesophagus is
prescent in the totslly pithed »reparation. This would indicate that
the response is either direct or mediated by a short intrinsic
ganglionated or non-garglion:ated neural pathway. These possibilities
have rot been investigated. The facilitotion of terminul oesophagesl
activity by acldification of the oesophageal mucosa in tnls rejgion
generelly had a shorter latency than the facilitation accorded by
acidification of the gastric mucosa. The latter response sas zlso
more easily inhibited than the response to acidification of the
tersinul oesophugus. “hether this response is present in the totally
pithed preparation has not been investigated, but the dependence of
this response on extrinsic nerves may be less than the response to

acidification of the contents of the stomach.

The acid sensitive receptors in the stomach which have been
identified by Iggo (1957b) are presumably responsible for the activation
of the afferent limb of this reflex. Receptors which are responsive
to aecid in the ocesophagus have not been identified, but the oesophageal
response to acidification of its mucosa has been previously recognised

in conscious humans and unanaesthetised dogs (Siegel and Hendrix, 1963).



37

Stimuli which inhibit contractions of the terminal oesophagus are:
a more cranial oesophageal distension, gross terminal oesophageal
distension, and distension of the stomach. The latter effect
resenmbles the inhibition of reticulum movements by distension of the
abomasum reported by Phillipson (193G}, vussardier (1955), and Titchen
(19582) in intact anaesthetised and deceretrate sheep. The afferents
involved in this reflex inhibition of reticulum movements were found
to occur in both the splanchnic and vagus nerves (lrussardier, 1955:
Titchen, 1958a). Facilitation of reticulum movenents on distension of
the stomach was found to be due to vagal afferent fibres (Titchen,
19532). The presence of these fibres was only appreciated after
section of both anlanchnic nerves. The evidence obtained in these
experiments indicates that the pasasa;;e of the inhibitory afferents may
course in the splanchnic nerves. The inhibition of ter=inal oesophageal
activity evoked by stimuliation of the ventral abdominal branch of the
vagus nerve and the presence of thies reflex in partially isolated
medullary preparations provides strong evidence for the presence of
vagal inhibitory afferents being stimulated by distension of the
stomach. The facilitation of this abdoainal vagal branch suggests
that careful investigation of the pathway of sensory pathways may show
that distension of the stomach at lower degrees of distension
facilitates terminal oesophageal activity. A coaplete investigation
of the paths of sensory fibres in the splanchnic, spinal and wvagal
nerves is suggested by the above. Tﬁo inhibitory effects of oesophageal
distension are still preseat in totally pithed preparations and are

probably mediated by intrinsic ganglionated or nom-ganglionmated
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pathways. %hen it has been ascertained that a particular response may
be obtained when &©ll extrinsic nervous pathways have been removed, the
difficulty which then arises is to determine whether extrinsic nervous
pathways are normally involved in the intact =znimal. The probleas
agsociated with such an investigation resemble the difficulties
involved in deciding between nervous and hormonal motor pathways im
other gastrointestinal reflexes (see Gregory, 1962, p. 103). an
investigation of the electrical discharge in extrinsic sensory nerves
following the application of one of the above stimuli might indicate
ahether extrinsic pathways were involved. issessing their relative

contribution still remains an apparently insuperable nroble=.

Two prominent feztures of these reflex modifications of terminal
oesophageal motility are the long latencies anid the long duration of
the effects after stimulation had ceased. This property may account
for the ability of several inadegquate stiamuli, separated by some
minutes, to summate and cause a response {(see fig. 2.23). 3alivatory
responses an:! & faclilitation or inhikitlon of ruzmen-reticuluiz movements
obtained with an oesophageal distension accorded by a moving balloon
were found to be greater than the response to a fixed balloon
distenaion (Sellers and Titchen, 1959). This may be explained by this
after-discharge and sumsation phenomenon. The successive stimuli
being delivered will be more effective as the site of summation is
conditioned by the preceding afferent discharge. The summation of
stimull and the conditioming of one response by another stimuli has
been reported im connection with the reflex stimulation of rumen-

reticulum movesents in decerebrate sheep (Comline and Titchen, 1961;
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Reid and Titchen, 1965). From the results presented above, it would
appear that eimilar mechanisas are operating in the control and
stimulation of terminal oesophageal activity. The site of this
conditioning and summition may be either at the medullary reflex
centres or at the site of activity - the terminal oesophagus. The
method of inveastigation of this problem would be extremely difficult,

if at all possible, to undertake.

The receptors in the oesophazug which are sensitive to stretch or
distension by 2 fixed or moving balloon have been identified but not
fully characterised. indrew (1956b), who studied the electrical
discharge of vagal afferents in anaesthetised rats, recorded an afferent
discharge with both a distension and with the passage of a countraction
in the cervical oesouha;us. Fei (1965) has confirmed this report in
both the skeletal and smooth muscle regions of the oesophagus of the
cat. The facilitation of terminal oesophageal activity during the
negative thoracic pressure encountered during a deep inspiratory
novement, coupled with these results, might provide am indication that
the oesophageal stretch receptors may be responsive to both a passive
displacement of the walls of the oesophagus and the displacement
associated with the passage of a contraction. This comnclusion is
supported by the identification of receptors in the stomach which are
activated by both stretch and the passage of a contraction (Paintal,
19534; 1Iggo, 1957a). The susceptibility of the contractions of the
striated muscle of the sheep oesophagus to D-tubocurarine has been
reported (Sellers and Titchen, 1959), and Ingelfinger (1958) suggests

that these regions of the oesophagus are essentially aimilar to skeletal



muscle elsewhere. These reports, coupled with the results of Andrew
(1956b) and HMei (1965), may suggest thzt the slowly adapting stretch
receptors in skeletal muscle may be present in the oesophageal striated
muscle and are responsible for afferent discharge in the vagal fibres.
The form and characteristics of the smooth muscle receptors resyonsive
to both active and passive stretch cannot, at the moment. be known.

An analysis of vagal afferent fibres activated by stimull applied to
the oesophagus 2n4 a histological exasination of the receptive endings
of nerve fibres are required for & full understanding of tae sensory

innervation of the oesorhayus.

The investigation of sepmental spinsl reflexes has not been
studied, but an indication that a dorsal rcot innervation of the
oesophagus is present has been cbtaimed (Kirk 2nd heeler, unpublished
ebservotions). The influence of the cerebellum on visceral activity
has been reviewed by Moruzzi (1950). slthough Titchen (1958a) has
indicated that the cerebellum is not necessary for the occurrence of
sone visceral reflexes, it is probable that the cerebellum exerts some
influence on the reflex centres in the medulla. A report of hypo-
thalamic stimulation causing contractions of the oesophagus (Kazawa,
1964) indicates that higher regions of the central nervous system play
a part in the control of cesophageal motility. This control is

probably exerted by a regulation of the medullary reflex centres.



Chapter 3

THE MOTOR INN.RVATION COF TH. C=SCrHAGUS OF THE CAT

INTRODUCTION

Hranches of the vagus nerve innervate the cervical oesophagus of
all mammolian species studied. The anterior cervical regions of
various species is innervated by an oescphageal branch of the
superior laryngeal rami of the vagus nerve. This was first noted by
Chauveau (1886) in his studlies on horses, cows, lambs, dogs, cats, and
rabbits. His work is cited by Hwang et al. (1948), who called this
branch the pharyngo-oesophageal nerve. Bilateral section of this
nerve causes a loss of countractile activity in the anterior cervical
oesorhagus. However, a return of activity occurs within a few weeks
in dogs (Hwang, 1953). This functional recovery is attributed to the
recurrent laryngeal nerve, which is norwally predominantly sensory,
a3suming the motor requireaents of this region of the oesophagus. The
nusber of large diameter sensory fibree in the recurrent laryngeal
nerve of the cat has been found to decrease in the more cephalad
regions (Murray. 1957). This provides an indication that the recurrent
laryngeal nerve contributes to the motor innervation of the more caudal
regions of the oesophagus. The electrophysiological studies of Andrew
(1956b, ¢) with the cervical oesophagus of the rat provide evidence
that efferent fibres in the vagus are concerned in both primary amd

secondary peristalsis of the cervical oesophagus.



The thoracic oesophagus receives a motor innervatiom from fibres
carried in oesophageal branches of the vasus nerves (Mitchell, 1953).
Unilateral section of one vagus merve in the neck does not
qualitatively affect the oesophageal responsze in swallowing (Hwang,
kEssex and Mana, 1947). Section of both wvagus nerves causes paralysis
of the skeletal muscle portions 2nd a loss of purposeful motility of
the smooth muscle regions of the more caudal oesophazus. 4 spasm or
rise in tone has been noted imn the terminal oescophageal rcgions after
both vagus nerves were cut (Hwang, Essex and Maann, 1947). These
workers also report that s23ll irregular and strong tetunic
contractions of the skeletal muscle regions, even after bilateral

vagotomy, may be evoked by distension.

The pathological condition of cardiocspesn or mega-ocesophapus
indicates that the myenteric plexus of Auerbach is necessary for the
orderly progression of oesophageal contractions and the normal

functioninz of the terminol oesophagus (Ingelfinger, 1953).

The neural pathways responsible for the inhibition of the tone of
the terminal oesophagus have been investigated by many workers. Zeller
and Burget (1937) reported that the imhibition of the tonus of the
distal oesophagus in responase to vagal stimulation was not abolighed
by bilateral section of the vagl below the hilus of the lung. Groamdahl
and Haney (1940) repeated this work and showed that the imhibitory
vazal impulses were abolished by dividing the oesophageal musculature
k cm above the oesophageal hiatus. This was confirmed by Lehmann

(1945). 1In 1947, Hwang, Essex and Mann showed that high bilateral
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vagotomy caused a narrowing of the distal oesophagus, but vagotoay
below the hilus of the lung did not produce this response.
Lesentially the same observation was made by ilnor and Chnesorge
(1958). 1t appears from the above reports that the vagal fibres
responsible for the contraction which occurs in this region were
carried in the main thoracic vagal trunks. The recent sork of
Carveth et al. (1962), and Greenwood et al. (1962) shows thaut the
relaxation or inhibition which was presumed to be due to vagal
impulses carried in the walls of the oesophagus is not deperndent upon
any extrinsgic innervation. This report apparently removes the
necessity for the inhikitory fibres which were supposedly carried
within the walls of the oesophagus as opposed to the thoracic vagal
trunkg. further, it would explain the difficulty in locating these

fibres.

“‘hether the rcstinx discharge of the vagal fibres ia excitatory
or inhibitory is an imuwortant question which sust be asked if a
complete understaniing of the vagal efferent contribution to the
resting oesophagus is to be obtained. Dagradi et al. (1962) reported
observations on 14 cases of high bilateral vagotomy in human patients.
They consistently observed an obstruction to swallowed food, a2nd
radiologically noted a narrowing of the distal oesophagus. This
report, coupled with the achalasia which follows degeneration of the
myenteric ganglion cells (Ingelfinger, 1956; Scherd and Arias, 1962),
would indicate that the predominant vagal influence is imhibitory
(see Butin et al., 1953; and Manzano, Torres, Hall and Cobo, 1964).

These reports are supported by the report of Higgs and Ellis (1965),



that bilateral supra-nodose vagotomy causes an achalasic condition

in dosso

The role of the sympathetic nerves is uncertain. Kmight (1934b)
reported that cervical sympathetic nerve stimulztion potentiated
vagal stimulation of the skeletal muscle portions of the cervical
oesophagus. Sympathetic denervation does not affect cervical
oesophageal motility. iFarly workers sugzgested that the sympathetic
innervation is excitatory to motility in the distal thoracic
oesophagus, which was considered a aphincter, and inhibitory in the
body of the oesophagus. Part of the evideance cited im favour of
this 18 the greater tonus developed after vagotomy. However, this
implies that it is only a sympathetic excitatory drive which is
subservant to the vagal innervation. <Jarlson et al. (1922) showed
that both section of the splanchnic nerves, and stimulation of thea,
had excitatory effects. They concluded that the splanchnics carried
excitatory and inhibitory efferents to the :distal oesophagus.
¥night (1934a, 2) reported that stimulation of the stellate ganglia
potentiated vagally stimulated contractions of the upper thoracic,
but diminished those of the lower thoracic oesophagus. These
variable results would poseibly indicate a relation between the
response obtained amnd the resting tonus, the form and parameters of
stimulation, the method of recording, and possidly the conditionms
under which the experiment was undertaken. One aspect of tkis problem
which has been well confirmed is that orderly progression of a
contraction wave occurs after substantial sympathectoay (Greenwood
et al., 1962; Carveth ot al., 1962; Manszano et al., 1964).



45

A final point to conaider is the dependence of oesophageal
motility upon the extrinsic motor innervation. It would appear from
the report of Hwang, Zssex and Mann (1947) that the bilateral
sectioning of the pharyngo-oesuphageal nerves and the vagi in the
neck of the dog end cat causes the loss of all contractile activity
in the cervical and thoracic regions of the oesophagus. A spasm, or

hypertonicity, of the terminal oesophagus mas noted. Dagradi et al.

(1962) reported that high bilateral vagotomy in humans caused
esgentially the same effects. The presence of amn innervation similar

to the pharyngo-oesophageal nerve has not been established in husans

(Hwang, 1953).

Sympathectomy has been shown not to have an effect on either
the restin;- tone or the vrogression of a contraction wave (Greenwood
et al., 1962; Carveth et al., 1962; Manzano et sl., 1964). It would
thus appear that the contractile activity of the proximal portions of
the acesophagus ic dependent upon an intact vagal innervation while
the distal oesophagus possesses sowme notor function after denervation.
C'Mallane (1954) made the observation that there was no sphincter at
the terminal oesophagus, as a ganglion blocking agent did not affect
the threshold pressure for reflux of stomach contents to the
ocesophagua. He assumed, in making such a comment, that an innervation
was necessary for closure of this region in respomse to a challenging
pressure. Greenwood et al. (1962) showed that the relaxation which
follows deglutitioa continued after denervation (imcluding oesophageal
interruption). These workers do mot commit theaselves to a mode of

control, but ome assumes they would postulate hormones. One of the



difficulties associated with denervation studies which are undertaken
with a view to allowing observations to be made on recovery froa the
operative procedures is that there msy be recurrent or unrecogaised
courses taken by nerve fibtres. For example, Hurper, Mciwiney and
Suffolk (1935) obtained evidence thit afferent nerve fibres passed
from the vagus nerves into intercostal nerves without entering
sympathetic nerve trumks. Further evidence for the¢ presence of
unaapped nervous pathways involved in visceral reflexes has been cited
oy Titchen (195%4&). . gastro-colic reflex elicited by electrical
stimulation of an ubdominal branch of the vagus nerve continued after
both vagus nerves had been cut in the neck. The afferent fibres
stinmulated were presumed to pass into the spinal cord sith the

sympathetic nerve trunks.

The oesophageal response to distension, or stretch of its walls,
has not been studied to a great extent, but it waz shown by Cannon
{1907) that the smooth muscle portion of the oesophagus responded to
stretch after complete denervation. A coanfirmation of this comes froam
Hwang (1949). Sympathectomy does not reduce the hypertonicity, or
hypersensitivity, to tactile or distending stimuli associated with
achalasia. If the observed effects of vagal denervation in this
condition were due to an automomic imbalance, sympathectomy would be
effective, but there must be some other drivimg force which is
subgervient to the vagal innervation. The electromyographic work of
Minguno (1964) would indicate that actiom poteantials in the lower

oesophagus increase after unilateral vagotoay.
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The results and discussion presented in this chapter are based on
experiments on variously modified cats. The ablation of areas of the
central nervous gystem, coupled with the results of pharmacologicel
blocking presented in Chapter 4, have provided evidence for the path
of motor fibres. The resting dischargs and effects of stimulation
have been considered and Jdiscussed. The use of totally pithed
preparations hss allowed the centrally denervated oesophagus to be
studied. This has provided evidence for the control of motility
exerted by its extrinsic inmervation and by the intrinsic nervous

elements.



METHODS AND MATERIALS

The preparation of the animals used to study the motor
innervation of the oesophagus have been described in the Methods
and Materials section, Chapter 2. Both the isotonic and isometric
systems of recording from oesophageal balloons were employed.
Respiration was recorded in all cases from an external thoracic
balloon and blood pressure was recorded from the femoral artery by

a mercury manometer or calibrated transducer.

Various autonomic blocking and stimulating drugs have been used
in conjunction with nerve stimulation experiments. The dosages sre
expressed as mzm of the s8alt, injeections and dilutions being made
in 0.9 w/v saline. The stimulztion of the various nerves was
derived from a lFalmer student's stimulator, using fluid (unigolar)

electrodes or zilver bipolar electrodes.



Fig. 3.1. Decerebruate cat. es.onse of the anterior and terminal

region: of the thoracic oesophagus to stimulation of the
peripheral end of a vagus nerve cut in the neck. The blocking
action of atropine and D-tubocurarine is recorded. Records
from above dowawards: anterior thoracic oesogha us, terminal
oesophagus, blood pressure (ma Hg), respiration, signal, 5 sec
time-ausrker. "a' marks the application of the stimulus: 30/
sec, 12.5V for S esec. '"b" marks the application of the
stimulus: 5/sec, 12.5V for 5 sec. Between the two records

1 aga/kga atropine was imjected intravenously. The arrowed
signal marks the injection of 0.1 mga/kgm D-tubocurarine; 2
ml saline followed this inmjection (signaslled). Note the
slight effect atropine bas omn the form of the coatraction of
the anterior thoracic ocesophagus (see fig. 3.2).
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Fig. 3.2. naesth=tised cat. CLhloralose 70 mga/k:m in saline

solution (70°C). Contraction of the mid-thoracic oesophagus
in response toc stiaulatiom of the perinheral end of the left
vagus nerve cut in the neck before anl after the injection of
1 agn/kgm atropine. The fimal a&low portion of the comtractiom
and the dbradycardia are abolished by the atropine leaving the
initial fast portiom of the oesophageal contractioam. Records
froa adbove downwards: amid-thoracic oesophagus, dlood preasure
(mm Hg), respiration, signal, 1 sec time-marker. The signal
in each record marks the application of the stimulus: 25/sec,
15.0V for 1 sec. Between the records shown 1 mga/kgm atropine
was injected intravenously.



RESULTS

Electrical stimulation of the vagus nerves, their section, spinal
cord section, and other simplifications of the central nervous system
have been undertaken in these studies on the contribution of the
extrinsic innervation of the oesophagus. The effects of 2utonomic
blocking agents have been used to provide a further definition of the

fora of the motor pathwayes involved.

Contractions of the anterior, mid, azad tersinal regions of the
oegophagus have been evoked by electrical stimulation of the peripheral
end of either vazus nerve cut in the neck. These responses were
independent of the hyvotension which resulted when the stimulus
applied was sufficiently intence to cause bradycardia. The stiaulil
used were chosen to minimise these effects on blood pressure. Ia
fig. 3.1 a contraction of the anterior thoracic amd terminal oesophazus
is shown. These regions are skeletal and amooth muscle respectively.
Also shown in fig. 3.1 is the oesophageal response to peripheral vagus
stimulation following the administration of atropine and D-tubocurarine.
The contraction of the smooth muscle region is blocked by atropine and
the ekeletal muscle region is slightly affected. Curare injectcd
intravenously abolishes this contraction im response to peripheral
vagus stisulation before the contractions of the diaphragan are blocked
(see fig. 3.1). The junctionmal regiom of the two types of muscle
appears to be ian the mid-thoracic regioa of the ocesophagus. A ballooa
placed at this point recorded a response to stimulation of the

peripheral end of a vagus nerve which was made up of two portions (see
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2.3. Decerebrate cat. nresponse of terxinal oesophagus
to section ef the rizht vagus nerve in the neck. The left
v nerve had been cut previously. The application of a

stimulus (50/sec, 17.5V for 35 sec) to the peripheral end

of the left vagus nerve cut in the neck caused an inhibition
of the activity. Femoval of the stimulus was followed by a
strong contraction which ended the¢ oesophageal response.
Records from above downwards: terminal oesophagus, blood
pressure (mm Hg), respiration, signal, 1C sec time-marker.
The signal (arrowed) marks the section of the right vagus
nerve. The other si;nal merks the stimulation of the left
vagus nerve in an efferent sense.
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iz. 3.4. Decerebrate cut. Response of the terminal oesoshagus
te section of tihe spimal cord ut the sizth cervical segment.
The increased activity of the termimnal ocsophagus eontinued
for longer than 10 minutes. iecords from abhove downwards:
terninal oesovhogus, resciration, signal, 30 sec time-~
sarker. The s8ignals mark first the spinal cord section and
secondly the introduction of & cotton swab between the cut
ends of the spinal cord.
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Fig. 3.5. Totally pithed prepzration of a cat. .ictivity of the

terzinal oesophagus in respomse tc a balloon distemsion of this
region of the oesophagus. The frequency of the contractions

is similar to that observed in decerebrate preparations. It
appesred that the amplitude of the contractions was greater
than those observed in decerebrate preparations. Records from
above downwards: terzinal oeszophagus, cervical oesophagus,
blood pressure (mm Hg), respiration, 30 sec time-aarker.



fig. 3.2). A rapidly developing and short duration contraction was
followed by a more slowly decayimg contraction. The latter portion of
the contraction was blocked by atropine which did not affect the

rapid, initial portion of the contraction.

Unilateral or bilateral section of the vagus nerves in the neck
of decerebrate preparations was found to increase the activity of the
distended terminal oesophagus (fig. 3.3). This response was generally
initiated by a contraction at all regions of the oesophagus which were
being recorded from in the particular experiment. This initial
response may be attributed to the mechanical stimulation during
section of the nerve. The response of the terainal regions of the
oesophagus continued for 2-10 minutes and resesbled the origzinal

rea3zonse to distension.

Section of the spinal cord at the fifth or sixth cerviczl segnment
was carried out in three preparations. In all these preparations arp
increased response of the distended terminul oesophagus was noted

(fig. 3.4).

From the zbove results it appeared that the response of the
terzinal oesophagus to distension of itself was not dependent upom
the extrinsic innervation of the oesophagus. To investigate the
influence of the extrimsic nmervous pathways, totally pithed prepar-
ations of cats were made. The response of the teramimal ocesophagus to
distension of itself in such a preparation did mot qualitatively differ
from that obtaimed in the decerebrate cat (fig. 3.5). The frequency
(aix/minute) was approximately the same, and the amplitude of the



3.6. Totally pithed preparation of » cat. The response of the
terminal oesophagus to different degrees of balloon distemsion
of this region. Increased distension contimues to cause
contractions, but over similar periods of time less contractions
were recorded. Reduction of the distension resulted in an
increased oesophageal response. Records from above downwards:
terminal oesophagus, blood pressure (stabilised at 60 mm Hg by
a reservoir), respiration, signal, 30 sec time-marker. Between
"a" and "b" and the period following ''¢" the terminal oesophagus
was subjected to a distensiom accorded by a head of 25 cm H,0.
Before "a", and between "b" amd "c', the distending head was 40
ca H;0. Base-line shifts are due to the closed nature of the
recording system.



Fig. 3.7. Totally pithed preparation of a cat. 1Inhitition of

terminal oesophageal motility in response to distension of

the anterior thoracic recording balloon. Records from above
downwards: terminal oesophagus, anterior thoracic oesophagus,
blood pressure (stabilised at 50 ma Hg by a reservoir),
respiration, signal, 30 sec time-marker. The signal marks
the distension of the anterior thoracic oesophagus. The
distension is maintained, but the base-line has been reset.



51

contractions, although difficult to measure with the recording
technique used, appeared to be grester than that observed imn

decerebrate preparations.

The degree of balloon distension of the terminal oesophagus in
totally pithed prepsrations was observed to alter the intensity of
the contractions in this region. The greater degree of distension,
although it continued to cause contractions, produced a shorter series

of contractions than the lesser degree of oesophageal distension (fig.

3.6).

The inhivitory effect on terminal oesophageal motility exerted
by a more cranial oesophageal distension was observed in the totally
pithed preparation (fig. 3.7). The inhibition occurred 30-40 seconds
after the more cranial distension was applied, and persisted until
the distension was removed. The form of this response was essentiully

the same as that observed in decerebrate preparations (sec fig. 2.14).
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DISCUSSION

The reflexes described in the previous chapter which modify the
terninal oesophageal response to distension appear to have their motor
fibres in the vagus nerves. The facilitation of contractions of the
terminal, and other more cranial, regions of the oesophagus in
response to peripheral vagus stimulztion, and the presence of these
responses in partially isolated medullary preparations, support this

conclusion.

The nature of the efferent vagal pathway to the terminal
oesophagus 1is suggested by the form of the response and the action of
pharmacological blocking agents. The smooth muscle portions of the
oesophagus appear to be innervated by cholinergic muscarinic fibres.
In the anterior thoracic cesophagus (striated muscle) some portiocns
appear to be sensitive to atropine (see fig. 3.1). hether the
portion affected was smooth muscle cells or some other atrooine
sensitive mechanism of the striated muscle contraction was not
indicated. The basic mechanism of the terminal oesophageal contract-
ions appears to be independent of ganglionated neural pathways, yet
remains susceptible to atropine (see figs. 4.4 and 4.7). This may
indicate that the mechanism involved in the rhythmic contractions of
the smooth muscle in response to distension has, as an integral part,
a neuro-effector site, the transmitter for which is acetyl choline.

The form of the extrinsic motor pathways is not shown by the evidence.

In the decerebrate preparations used, it appears that the resting

discharge in motor pathways to the oesophagus is predomainantly
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inhibitory. This is probably a reflection of the acute nature of the
preparations and the surgical, and other, modifications employed in
these investigations. kemoval of the extrinsic pathways by surgical
or pharmacological meanc appeared to remove this inhibitory discharge
suppressing the =more bagic activity which is not dependent on these
extrinaic neural pathways. The independence of the terminal
oesophageal contractions of extrinsic nerves is supported by the
studies of achalasia (Hwang, issex and Mann, 1947; Ingelfinger,
1956). The increased tone of this region and the associated resistance
to the passage of material would indicate that the denervation which
is reported to cause this condition (Ingelfinger, 1961) removes
inhibvitory infiuences from this region. This basic activity, which

is subservant to the extrinsic innervation, rrovides an alternative
drive to the sympathetic innervation. The sympathetic drive sas
reported to cause the increased activity with the sutonomic balance
due to removal of the parasympathetic effects (ianzano et al., 1964).
The mechanicsl transection of the motor pathways is both irreversible
and drastic. / more precise indication of their contribution would be
obtained with a reversible and unstimuleting section such as that

possible with cooling of the nerve trunks.

The effects of stimulation of the peripheral end of the splanchnic
nerves has not been investigated. The results of Carleon et al. (1922)
and Knight (1934a) indicate that the efferent sympathetic fibres may
be both excitatory and inhibitory to terminal oesophageal motility.
This conclusion is supported by the facilitation and inhibition of the

oesophageal contractions, stimulated by distension, im response to



adrenergic drugs (see figs. 4.9, 4.11, 4.12 and 4.13).

In totally pithed preparations, the presence of a modification
of the basic oesophageal response by stimuli applied to positions
other than the site of action indicates that intrinsic nervous
pathways are involved. The form of these pathways may, in their
nmost elaborate form, be ganglionated neural pathways. The pithed
preparation, being essentially a preganglionic preparation, allows
the following forms of neural pathway to exist: two neuron para-
sympathetic pathway; two neuron sympathetic pathway; axon reflex
pathway; and direct intramural conduction. The investigation of
these possibilities would be difficult, but i3 essential to the
understanding of the manner in which the extrinasic nervous nathways
affect this basic activity. The site and form of the conjunction of
the extrinsic nerves and intrinsic mechanism of the basic activity is

also of great interest.

The discussion above raises the question of the level to which
the oesophagesl innervation must be simplified to, to study the foram
and degree of extrinsic control. The use of in vitro experiments to
study these basic mechanisas may be profitable, provided the
oesophageal muscle can be isolated without excessive damage to the
intramural connections which msay be involved. The presence of the
ayapathetic post-ganglionic pathways in the totally pithed preparations
must be considered as contributing to the motility amnd the modification
of this in these preparations. A further analysis by the use of

specific adrenergic blocking drugs, coupled with the ablation of the
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sympathetic ganglia in totally pithed preparations, may give anmn
indication of the contribution of the sympathetic efferents to this

basic activity.



Chapter &4

THE RESPONSES OF Td: OELCPHAGUS OF THE CAT TO
SELECTED PHARMACOLOGICAL AGENTS

IRTECLUCTION

Pharmacologic investigations on the oesophagus have been reported
in a number of species and under a variety of conditions. In manm,
observations have been made in normal conscious subjects, patieants
suffering from a variety of oesophageal disorders, and in subjects
who have undergone varying degrees of sympathectoay and section of the
vagus nerves. Isolated strips of the oescphagus have been obtained

from adult humans during thoracotomy and post mortem fron human

foetuses. The responses of the oesophagus in anaesthetised and

conscious experinmental animals have also been studied.

In both man und experimental animals most worx has been directed
towards an investization of the actiom of cholinergic and adremergic
drugs, drugs which block the action of these agents, and of drugs
which affect ganglionic or neuromuscular transmission. In all reports
of drug action on the oesophagus a nuaber of factors such as the

following have to be bornme in mind:-

Route of administration. A pure effect of a given substance
may be difficult enough to obtain in an ansesthetised subject
when given by the imtravenous route; it may be impossible to

demonstrate when given by the intramuscular or subcutaneous
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route. In these latter instances there is ample time for
compensatory mechaniasms or reactions to developr as the agent

i3 slowly absorbed and presented to the reacting tissue.

Anaesthetic agents may interfere with the responses due to

a particular substance.

Few of the so-called blocking agents are specific in their

actions.

fven the intravenous injection of a substance may lead to
confusing results because of: effectz on distant structures (e.g.,
central nervous system)}, effects such as a facilitation of receptors,
stisulution of reflex compensatory reactions masking the pure
reactions to the agent, concomitant changjes in blood sugply and
therefore cxygenation. (lhis is of particular imvortance in smooth

muscle which exhibits strong contractions when anoxia develo:s.)

These comments, which are both cursory and perhaps better fitted
for a discussion, are thought to be desirable to preface a survey of
observations such as those that follow in this introduction to the

pharmacological investigations reported later in this chapter.

Cholinergic drugs have been reported to exert only a =ild action
on the oesophagus. Sleisenger, Steinberg and Alay (1953 -~ cited by
Ingelfinger, 1958) reported that these agents exert no aarhed effects
on motility im response to distemsion or ocesophageal mouth to stomach

transit time in anaesthetised or conscious human patients. Bowever,



cholinergic drugs administered by various routes in a variety of
subjects have been reported to: cause a spasm of the terminal segment
of the oesophagus (Bettarello, Tuttle and Grossman, 1960; Schenk and
Fredrickson, 1961); increase the reflex activity of the oesophagus
(Buhler-Vieira, 1963); and cause a shortening of the oesophagus
(5chenk and Fredrickson, 1961). Physostiguine and neostigmine have
been reported to be excitatory to ocescphageal activity, especially in

the terminal regions (Robins and Jankelson, 1926; £1lis et al., 1960).

£1llis et al. (1960), with human oesophageal muscle strips,
recorded contractions of both circular and longitudinal muscle
preparations from the distal and thoracic regions of the oesophagus in
response to acetyl cholinme. This report is supported by Schenk and
Fredrickson (1961), with the exception that they report acetyl choline

as having no effect on the circular muscle of the distal oesophapgus.

Qescphageal motility can be easily altered by cholinergic blocking

agents. JCarlson et al. (1322) showed that the frequency of contractions
in the lower cesophagus in the cat, dog, and rabbit, in response to
distension, was reduced with the administration of atropine. The
contractile response to peripheral vagus or splanchanic stimulation was
also blocked by atropine. In man, cholinergic blocking agents (banthine,
atropine and aurel) disrupt the propulsive nature of oesophageal
contractions before the contractions are blocked (Ingelfinger et al.,
1954; Flood and Fink, 1960). The reports on the responses of the
terminal oesophagus are varied. Increased strength of coantracture

(Ingelfinger et 8l., 1954) and increased relaxzatiom associated with
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reflux of stomach contents into the oesophagus (Robins and Jankelson,
1926; Bettarello et al., 1960) have both been noted after the

intravenous injection of atropine. The contractions of the thoracic
cesophagus, in response to a distension, of the sheep are susceptible

to the blocking action of D-tubocurarine (Sellers and Titchen, 1959).

In vitro exgeriments with human (illis et al., 1960), suinea pig
(Mann, &chlegel, Ellis and Code, 1962), and chick (Bowmzn and Everett,
1964) muscle strinss from the terminsl oesophazus indicate that
atropine blocks the ressxonses to nerve stimulation. The contruction
in response to nicotine was also abolished by atropine (fllis et al.,

1960) .

Curare har been reported to block the effects of vagus stimulation
on the isolated strips of rat oesorhazus (Hughes and McLowall, 1954).
Succinyl choline does not block the effect of zcetyl choline on nuscle

3trips from the lower human oesophagus.

The effects of sanglion blocking drugs on the oesowvhagus have not

received much attention from workers inm this field. O0O'Hallane (1954 -
cited by Ingeifinger, 1958) reported th:t a ganglion blocking agent
had no effect on the threshold of reflux of stomach contents to the
oesophagus. This led him to discount the existence of an active
sphincter in the lower oesophagus. A report by Flood and Fink (1960)
indicates that various ganglion blocking drugs may cause the
disarrangement of an ordered comtraction wave. Bowman and Everett
(1964), using an isolated preparation of the chick oesophagus, found

that nerve stimulation was not effectively blocked by ganglion blocking



agents. They suggest that ephaptic transmission between the pre-~ and
post-ganglionic neurons is responsible for this result (see Martin and

Pilar, 1963a, b).

At this point it is opportune to mention the phenomena of
cardiospasm, or achalasia. This disease condition appears to be due
to a degeneration or destruction (in the case of the endewic South
American mega-oesophagus - Buhler-Vieira, 1963; Ingelfinger, 1963)
of the ganglion cells of Auerbach's plexus. Patients with this
condition have been found to be hypersensitive to cholinergic drugs.
The reason proposed for this phenomena is the sensitisation of the
post-genglionically, cholinergicaily, denervated s=zooth muscle
(Kramer and Ingelfinger, 1951). The symgtoms of this conditien are:
retentiocn of fluid in the oesorhagus, lock of tone in the body of
the oescrhagus, and hyperactivity to cholinezrgic drugs. ‘he coudition
of achnlzazia is reported in many nlaces in the literuture. The
accounts of Kramer .md Ingelfinger (1949), Ingelfinger et al. (1954),
Hightowser, Clsen and Moersch (1954), and Buhler-Vieira (1963), cover
tke main points of the pharmacology of achalasia of the oesoxhagus of

humans.

The reports of the effects of adrenergic drugs on motility of the

oesophagus are variable. Carlson's dogs, when unanaesthetised,
responded to adrenaline by a contraction of the terminal oesophagus.
“hen the same dogs were anaesthetised, the teraminal oesophagus relaxed.
Excitatory effects of adrenergic drugs have been reported in the
pigeon (Hamzlik and Butt, 1928), cat (Schemk and Fredricksom, 1961),
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guinea pig (Bailey, 1965), and human (E11lis et sl., 1960). The above

workers foumd the excitatory effects im both circular and lomngitudinal

layers of the terminal oesophagus.

Inhibitory effects of adrenergic drugs have been reported. The
hyperactivity of the thoracic oesophagus associated with cChaga's
disease 1s depressed by adrenaline (Buhler-Vieira, 1963). Hughes
(1957), investigsting the responses of the human foetal oesophazus to
nerve stimulation, showed that sympzthetic astizmulation imhibited
spontaneous activity. 3Similar sympathetic stimulation relaxed the
contraction of the oesophagus induced by parasyspathetic stimulation.
Nor-adrenaline hae been reported to have the sase effects as
adrenaline on isclzted strips of the humon teraminal oesophagus (:llis
et ¢1., 1960} and the suinea pis terminal oesophagus (Bailey, 1965).
ihe report of Bailey (1965) oa the action of isoprenaline on thne
smooth muscle of the guineu pig oesophagus is alone and suggests thet

this amine acts on bveta receptors to cause a relaxation.

The action of adrenergic blockins agents on the oesophagus has

not been extensively studied. The in vitro work of :Zllis et al.
(1960), using muscle strips from the human distal oesophagus, showed
that phentolamine blocked the contraction but did not affect the
relaxation caused by adrenaline. On the basis of this observation,
they postulated a population of receptors to adrenaline which was
greater in the area of fumctional relaxation, the terminal oesophagus,
and less at higher levels of the oesophagus. This report, coupled

with the observation of Hamzlik and Butt (1928), that the effects of



sympathetic nerve stimulation were not affected by ergotoxine,
represents the studies made on the effects of sympathetic blocking

drugs on oesophageal motility.

The evidence cited from the literature, viewed in the light of
the comaments made at the start of this section, indicated that a
systematic investigation of the responses of the oesophagus to
autonomic stimulating and blocking drugs was needed. By means of
close intra-arterizl injections of drugs and a consideration of the
1lstencies of the res:;onses obtained, the oesojhageal reactions
presented arc considered to be attributable to the agents injected.
‘The resyosses to drugs injected into ansesthetised, deceretrate snd
totally pithed preparstions have nermitted the effects of the
znaesthetic and sutenomic drugs on the central nervous system to be

assessed.
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METHCDS AND MATERIALS

Decerebrate, anaesthetised and totally pithed preparations of cats
have been used tc study the responses of the oesorhagus to selected
pharmacological agents. (Gee Methods and iaterials, Cha.ter 2, for

details of animczl preparation.)

To ensure a close association of the udmninistered drug and the
oesaophagus, injections were made by a2 cmnnule ulaced in the thoracic
aorta. i polyethylene tube was passed froum the femorzl artery to lie
in the thoracic aorta. In some experiments a cannula wss vassed down
the carotid artery to lie at the junction of the common carotid
arteries. This enabled small volumes of low concentrations of drugs
tc be administered almost Jdirectly to the oesonishz;us. The effects of
the injected drucs on structures other thun the ocesonhagus, such as

the heart znd centrzl acrveus system, were thus minizisged.

Three different recording systems have been used:-

.ater=-filled balloons of approximately 5 cc volume. <ihis aystenm,
ag described in the Hethods amd lateriale section, Chapter 2,
(isotonic system), allowed a distension to be applied to the

oesophagus at various levels.

Large sir-filled balloons which recorded motility om the Sanbora

electro-physiograph (isometric systeam). This system also allowed
the cesophagus to be distended to note the effects of drugs which
blocked the motility induced by distension. The effects of drugs

wvhich potentiated motility, or enhanced receptors, were also
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studied on this background of excitatory oesophageal distension.

Very small air-filled ballooas, dimensions 10 am long and
diameter 5 mm. This method zllowed the effects of drugs om the
quiescent, unstiaulated oesophagus to be observed. These
balloons recorded motility by activating transducers which

recorded by way of the Sanborn electro-physiograph.

The doses of drugs injected are expressed as a weight of the
salt. All injections and dilutions were made in C.94 w/v saline,

unless otherwise stated.
The drugs used were:-

Cholinergic drugs:

Acetyl choline hydrochloride (Merche). Injected ac a Sw

NaZHPOu solution of the powder.

Physostigmine salicylate, B.P. (liacFarlane Smith Ltd.).

Injected as a 5 N‘ZEPO“ solution of the powder.

Nicotine (40% agueous solution of the alkaloid). Injected

as a 0.9% salime dilution of the aqueous alkaloid.

Cholinergic blocking agents:
Atropine sulphate, B.P. (British Drug Houses Ltd.).

Injected as a 0.9% saline solution of the tablet.

D-tubocurarine chloride, B.P. ("Tubarine", Burroughs
%ellcome amd Co., Lomdon.). Injected as the manufacturer's

solution diluted im 0.9% salinme.
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Adrenergic drugs:

Adrenaline tartrate, B.r. (May and Bzker Ltd., Dagenham.).
Injected 28 the manufacturer's solution diluted in 0.9%

saline.

L-Nor-adrenaline (Xoch-Light Lab.). Injected as a 5x

NaZHPoh solution of the powder.

Isoprenaline sulphate, B.l's (Burroughs ‘ellcome aand Co.
h.2.) Ltd.). Injected as a 5% Na,H?0, solution of the

powder.

Adrenergic blocking azents:

Tolazoline, 2-benzyl-imidazoline~hydrochloride, B.r.
("Priscol", CiBa Laboratories Ltd.). Injected as the

manufacturer's solution diluted in 0.2 saline.

Ganglionic blocking agents:

Hexamethonium bromide, %...C. ("Vegolyson', May and Baker
Ltd., Dagenham.). Injected as the manufacturer's solution

diluted in 0.9» saline.

Nicotine (40% aqueous solution of the alksloid). Injected

as a 0.9% seline dilution of the aqueous alkeloid.



Fig. 4.1. Anasesthetised cat. Chloralose 70 mgm/«gm. Resconse
of the mid-thoracic oesophagus to an intra-arterial injection

(thoracic aorta) of 0.1 ugm acetyl choline. Records from
above downwards: wmid-thoracic oesophagus, femoral blood
pressure, respirstion, signal, 5 sec time-marker.



Fig. 4.2. Anaesthetised cat. Chloralose 70 umgn/kgm. Hesponse
of the distended mld-thoracic oesophagus to the intra-
arterial injection (thoracic aorta) of 0.5 ugm/kgm acetyl
choline. Records from above downwards: mid-thoracic

oesophagus, blood pressure (mm Hg), respiration, sigmal,
10 sec time-marker.
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Fig. 4.3. Anaesthetised cat. Chloralose 70 mgm/kgm. Inhibitionmn
of mid-thoracic oesophageal contractions stimulated by
distension of this region following the intravenous intra-
arterial injection of 0.23 mgm/kgm eserine. Records froam
above downwards: mid-thoraclic oesophagus, blood pressure
(m= Hg), respiratiom, signel, 10 sec time-marker.
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The responses of the oesophiugus to some pharmacological agents
have been investigzated in anaesthetised, decerebrate, partially
isolated medullary, and totally pithed preparations of cats. Routes
of administration of the drugs have been intravenous and close intra-~
arterial. 1In all instances attempts have been made to reduce the

vascular effects of the drugs to a minimum.

The close intra-arteric:l injection of acetyl choline caused a

single contraction of the mid~thoracic oesorhazus. The contraction
occurred 3-5 seconds after the coamencement of the injection. The
oesophageal respomse occurred at the same time as both bradycardia
and hypotension. ‘The amplitude of the contraction varied according
to the dose injected, uni respgonses were ovtained with 5.C - 5.305
ugm/kzm doses. Fig. 4.1 shows the contraction recorded after the
injection of 0.1 ugm acetyl chollne into the thoracic aorta.

series of contractions could 21so be evoked by acetyl choline. The
response started 5-10 seconds after the commencement of the injection
and was of variatle duration (fig. 4.2). O5uch a response was
generally noted after the oesophagus had been subjected to an
inhibition or was subjected to a greater degree of distension. The
initial contraction due to acetyl choline appeared to trigger the

response to distensaion.

Eserine injected intra-arterially was found to have an initial
excitatory effect which was followed by an inhibition of the amid-

thoracic oesophageal contractions in respomse to distension (fig. 4.3).



Fig. 4.4. Decerebrate cat. Tercinal oesophugeal response to the
intravenous injection of 0.1 mgm/kgm atrcopine. fLecords from
above downwards: 10 sec time-anrker, terminal oesophaguas,
signal, respiration.



Fig.

4,5. Totally pithed preparation of a cat. 3lock of terminal
oesophageal contractions following the intravenous injection
of 1 mgm/kgm atropine. The peripheral end of the left vagus
nerve was stimulated before and after adzinistration of
atropine. Records from above downwards: terminal oesophagus,
anterior thoracic oesophagus, blood pressure (mm Hg stabilised
by a reservoir), respiration, signal, 30 sec time-marker. The
arrowed signals mark the application of the peripheral vagus
stimulation: 30/sec, 12.5V for 10 sec. "a" marke the
injection of 1 mgm/kgm atropine, "b" sarke the injection of

a further 2 aga/kgn atropine.
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Fig. 4.6. Totally pithed preparation. The response of the
distended anterior thoracic oesophagus to the injection
of 1 mgm/kga D-tubocurarine. 3 mgm/kgm atropine had been
injected intravenously 10 minutes previously. Nicotine
(1.1 m1 40% solution) had also been adcinistered. Records
from above dowawards: terminal oesophagus, anterior
thoracic oesophagus, blood pressure (mm Hg), respirationm,
signal, 30 sec time-marker.
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The inhibition of contractioms occurred 30-40 seconds after commence-
ment of the injection and continued for greater than ten minutes.
Fserine sus administered in doses of 0.1 - 0.5 mgm/kgm. The excitatory

effect of eserine wus more evident after injection of a small dose.

atropine caused the disuppearance of bLoth the coatrazctions of
the smooth muscle portions of the oesophagus evoked by distension of
itself und those produced by stimulation of the peripheral end of =a
vagus nerve cut in the neck. Injected intravenously in doses (0.2 -
1 mgn/kgm) to anaesthetised, decerebrate, medullary and totally pithed
presarations, a complete cessation of contractions was seen within
30-60 seconds (figs. 4.4 and 4.5). The contractile resgonse of the
skeletnl muscle regions of the oesochupgus to distension and stimulation
of the peripheral end of a vagus nerve wes largely unaltered (see figs.

3.1 and %.2).

ine intravenous injection of U-tubocurarine blocked the contractile

response of the skeletal muscle portions of the oesophagus. ifollowing
the injection of 1 agm/kgm atropine intravenously, a contractile
response of the anterior thoracic oesophagus to stimulation of the
peripheral end of a vagus nerve remained. This was blocked by 0.1
mgm/kga D-tubocurarine injected intravenously (fig. 3.1). Distension
of the cranial thoracic oesophagus im a totally pithed preparation
caused a rhythmic tonus change of this region. This response persisted
after the intravenous injection of a 1 mga/kga and a 2 mgn/kga dose of
atropine. A dose of nicotime (0.37 mgm/kgm of a 40% solutiom) had

also been administered. Stimulation of the peripheral end of a vague
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Fig. 4.7. Anaesthetised cat. Chloralose 70 mga/kgm. Response
of the mid-thoracic oesophagus to the intravenous injection
of 1 agan/kgn hexamethonium. The ganglion block produced may
be interpreted as am unstimulating release of the oesophageal
auscle from the pre-ganglionic innervation. Records from
above dommwards: mid-thoracic oesophagus, blood pressure
(mm Hg), respiration, signal, 10 sec time-marker.
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Fig. 4.8. Totally pithed preparation of a cat. <Jomparison of the

effects of a low and high dose of nicotine on the terminal

and anterior thoracic regions of the oeeophagus. The initial
dose (0.1 ml 40% solution) stimuluted a series of contractions
of the terminal oesophagus; the tone of the amterior thoracic
oesophagus was inhibited. A further dose (1 ml 40% solution)
of nicotine caused an inhibition of terminal oesophageal
contractions. Stimulation of the peripheral end of the vagus
nerve cut in the neck continued to cause an inhibition of
terainal ocesophageal contractions after the adainistration of
nicotine. Records from above dowmwards: terainal oesophagus,
anterior thoracic oesophagus, blood pressure (ma Hg stabilised
by a reservoir), respiration, signal, 30 sec time-marker. "a"
sarks the intravenous injection of 0.1 ml 40% solutionm of
aicotine, "b" marks the intravenous injection of 1 ml 40»
nicotine solution. The arrowed signals mark the peripheral
vagus stimulation: 30/sec, 12.5V for the periods indicated.



Fig. 4.9. Anaesthetised cat. Chloralose 70 mgm/kgm. Kecord of mid-
thoracic oesophagus shosing both the excitatory and inhibitory
effects of adrenaline on this region of the oesophagusa. Records
from above downwards: mid-thoracic oesophagus, blood pressure
(mm Hg). respiration, sigmal, 10 sec time-marker. "a" marks the
injection of 5 .gma/kgm adrenaline (intra-arterial, thoracic
aorta), "b" marks the injection of 0.5 ugm/kga adrenaline.
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4.10. Anaesthetised cat.
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A comparison cof the effects of

injecting 10 ugm acetyl choline imtra-arterially alome and
following the injection of 10 ugm adrenaline intra-

arterially (thoracic aorta).

Records from above downwards:

caudal cervical oesophagus, signal, mid-thoracic oesophagus,
S5 sec time-marker, blood pressure, respiration. Signal "a"
sarks 10 uga acetyl choline (I.A.), "b" marks saline wash
of intra-arterial cannula, "c" marks 10 ugm adrenaline
(I.A.), "a" aarks 10 uga acetyl choline (I.A.)
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nerve was without effect. This rhythmic activity was blocked by the

intravenous injection of 1 mgm/kgm D-tubocurarine (fig. 4.6).

In the Jucerebrate cat, hexamethonium bromide administered

intravenously, in doses of 0.2 - 2 mgm/kgm, had an excitztory action
on the distended smooth muscle portions of the oesoshagus. Fig. 4.7
shows the effect of 1 mgm/kgm hexamethonium on the teraminal thoracic
oesophagus. The hypotension developed within five seconds and the

increased activity within 60 seconds.

Nicotine, injected in doses of 0.01 - 0.03 mgm/kgm, was excitatory
to the activity of the terminal oesophasus in both totally pithed and
decerebrate preparations. iHigher doses (0.5 mgm/kgm) were found to
cause an inhibition of contractions which lasted for up to five
minutes. Contractions of this region of the oesorhagus returned after
this period (fig. 4.5). Stimulation of the periphersl end of a vagus
nerve cut in the neck continued to exert an inhibitory effect on the

contractions ef the terminal oesophagus (see fig. 4.3).

Adrenaline administered as a close intra-arterial injection had

both an excitatory and inhibitory effect on the smooth muscle portions
of the oesophagus. The intra-arterial injection of adrenaline in
doses of 1-5 ugm, when the oesophagus was contracting rhythmically

in response to a distension, usually caused an initial excitation
which was followed by am inhibition (fig. 4.9). The excitation was
apparent 30-50 seconds after the injection and the inhibition appeared
100-130 seconds after the injection. A similar injection aade when

the oesophagus was not contracting was generally excitatory. The
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Fig. 4.11. Decerebrate cat. Response of the termimal
oesophagus to 5 pgs/kgm nor-adrenaline. The
responese appears to comprise both excitatory amd
imshidbitory effects. Records {from above downwards:
terainal cesophagus, blood pressure (ma Hg),
respiration, signal, 30 sec time-marker.



Fig. 4.12. Decerebrate cat. Inhibition of termimal
oesorhageal tome and strength of contraction
following the intravenous injection of S5 ugm/
kga nor-adrenaline. Records from above dowa-
vards: terminal oessphagus, blood pressure
(mm Hg), respiration, signal, 30 sec time-
sarker.
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Fig. 4.13. Decerebrate cat. Inhibition of terainal
oesophageal contractions following the iatra-
venous injection of 5 ugm/kgm isoprenaline.
Records from above downwards: terminal
thoracic oesophagus, blood pressure (mm Hg),
respiration, aignal, 30 sec time-marker.



Fig. 4.14. Decerebrate cat. iffect of an intravenous injection
of 0.25 mgn prisecol. Records from above downwards:
terminal oesophagus, blood preasure (mm Hg), respiration,
signal, 30 sec time-marker. The onset of the activity
might be coapared with the unstimalating nerve block by
hezasethoniun (see fig. 4.7).
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contractions evoked (usually one or two) occurred 30-50 seconds after
the time of injection (fig. 4.9). Aidrenaline was slso found to
sensitise the caudal regions of the oesophazus to acetyl choline.

Fig. 4.10 shows the effect of 10 ugm acetyl choline alone and a repeat
injection 160 seconds ufter the injection of 10 ugz adrenaline. The
contraction occurred simultaneously with the hypotension produced by
acetyl choline. 1In this experiment the oesoschageal motility was
recorded by balloons (10 mm long and 5 mm diameter). T[he oesophagus
was therefore under little or no distension. This response was seen

in only one anaesthetised preparation.

The oesovhageal response to nor-adrenaline and isocorenaline has

beer observed in one decerebrate prepuration. Nor-adrenaline (S uga/
kgm) caused both facilitation ani inhibition of terminal ocesophageanl
activity (figs. 4.11 and 4.12). Isoprenaline (5 ugm/kgm) had a
consistent inhibitory effect on both the tome and contractions of the

teraninal oesophagus (fig. 4.13).

The intravenous injection of priscol imn 0.1 - 1 mgm/kgm doses

consistently caused increused activity of the distended terminal
oesophagus. The response to priscol was observed 10-20 seconds after
the completion of the injection and the response continued for
greater than ten minutes. Large contractions of the terminal
oesophagus were generally seen at the commencement of the oesophageal

response to priscol (fig. 4.14).
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PISCUSSION

The pharmacological investigations reported in this chapter
indicate that the smocoth muscle portions of the oesophagus possess a
muscarinic cholinergic innervation. The contractions of the
oesophageal striated muscle display a resistance to the blocking
action of atropine but are susceptible to curare. Although similar
to skeletal muscle in this respect. further studies are required to
ascertain the form of the innervation of these more cranizl regiouns

of the oesophagus of the cat.

The studies of Ellis et al. (1960) with strips of human distal
oesochagus showed that contractions could be obtsined with acetyl
choline snd these responses could be blocked by atropine. ‘'The
effects of nerve stimulation on the isolated chick oesophagus
preparation could be. in part, blocked »y ganglion blocking agents,
and cholinergic drugs were effective in producing contraction (Bowman
anl Everett (1964). These reports support the conclusions presented

above.

The junctional region of the skeletal and smooth muscle in the
mid-thoracic regions of the oesophagus of the cat is a region of great
interest. The degree to which the different muscle cells, and the
characteristics of each muscle type, overlap is uncertain. Studies
involving histological, pharmacological, and in vitro exasmimation are
necessary for a systematic investigation of this region of the
oesophagus. The presence of ganglion cells in the skeletal muacle

regions has been observed by various workers (see Ingelfinger, 1961).
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Comline and Message (1964) suggest these ganglion cells may be
involved in vascular control. These workers have also identified,

in the terminal regions of the oesophagus of the sheep, motor end
plates similar to those found in skeletal wmuscle but which are
agproximutely one-fourth to one-sixth the size. Uome striated muscle
cells were also Been to have a series of short linear nerve term-
inations along the fibre. This form of motor nerve fibre was
previously thought to occur only in the slow striated fibvres in the
postural auscles of amphibia and some birds. This evidence wmipght
suggest a mechanisz by which the strizted muscle of the oesophigus
can resgond slowly and discreetly to various stinuli rether than
rapidly znd cempletely as in swallowing, regurgitation and eructation.
The zbility of atrouine to separate the contrzction of the oesochegus
at this junctional region {(see fig. 3.2), and the effect atropine has
on the contraction of a region 5-7 ce craniad to thig junctional
region (fig. 3.1), would suggest that therc is both an overlap of
cells and of muscle characteristics. The problem of assessing whether
the smooth muscle regions are innervated only by post-ganglionic
fibres is more difficult, as pharmacological blocking agents which
block the pre-ganglionic fibres have effects such as ganglion

stimulation or a blocking action at the neuro-effector site.

Rhythmic contractions of the anterior thoracic oesophagus in
response to distension of this region (see fig. 4.6) persisted after
the administration of nicotine and atropine. This response appears
to suggest: that the innervation is a direct one and does not involve

a nicotine-sensitive ganglion; that the response which occurred simply
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involved a post-ganglionic neuron; or the reaction was a direct
response of the oesophageal muscle. The last possibility appears to
have been dismissed by the blocking action of curare which does not
affect the muscle itself but blocks transmission from the neurone.

It produces a neuro-effector block and not 3 direct muscular paralysis.
The ability of the thoracic oesophagus to resgond to a distension
appears to be part of a protective mechonism which is largely
independent of extrinsic nervous pathways. ‘“here portions of the
thoracic oesophageal muscle are striated in character, such as in the
sheep or cat, mechanisms may have been developed or retained to allow
these local responses to occur. The slow-fibre innervation described
by Comline and Message (1964) and the response of striated nuscle

after atropine uand nicotine described above both may be taken as
indications that primitive local mechanisms exist in the striated
muscle regions. ‘The characterisation of the innervation of striated
oesophageal muscle, a description of the locul responses, a coamparison
with the local responses of the smooth regions of the vescphagus, and
the degree to which these local responses are pregent in other species,

would be a probable study.

The effects of stimulating and blocking drugs omn the vasculature
of a smooth muscle organ, such as the caudal oesophagus, makes the
interpretation of the results difficult. The well known sensitivity
of smooth muscle to amoxia, which may occur following a vaso-
constriction, can be cited as a possible effect of vascular changes

on the thoracic oesophagus of the cat.
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In the experiments reported here a systematic study of the action
of ganglionic blocking agents on the thoracic oesophagus has not been
undertaken. Ainy attempt to do so must involve experiments with
controlled blood pressure conditions and a coaparison of the effects
of gunglion blocking agents which either act by producing a persistent
depolarization of the post-synaptic membrane or by producing a
competitive block at the post-synaptic membrane. It must also involve
an investigation of the effects of the above ganglion blocking ugents
after the admimnistration of sympatholytic agents. This would exclude
the possibility of the effects being attributable to a block of vaso-~
motor fiuvres or even possibly a block of 2 direct sympathetic
innervation of the eesophageal skeletal wmuscle. Goodmap and Gilman
(1955, p. 619) report: '"Hexamcthonium (C6) alsn stutilises the
pustsynaptic meambrane; however. under certain experimental conditiomns
C6 can stimulate ganygliz, but there is no evidence that any of its
close congeners normally causes depolarisation.'" The observailon that
terminal and mid-thoracic oesophageal activity increases after
administration of hexamethonium becomes of particular moment as it
may be interpreted as an unstimulated release of oesophageal muscle
from post-ganglionic, parasympathetic and sympathetic innervations.

No response of the terminal oesophagus to peripheral vagus stimulation
following the administration of hexamethonium has been observed. This
would confirm the suggestion (from the use of atropine) that the

innervation of this region of the oesophagus is post-ganglionic.

Nicotine was both excitatory and imhibitory to terainal oesophageal

activity. This may be due to the stimulation or the block of both
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parasyapathetic or sympathetic post-ganglionic nerves. The persistence
of an inhibitory effect of peripheral vagus stimulation following the
administration of 0.6 mgm/kgm of nicotine mizht suggest two
possibilities: the presence of the synapse above the site of
stimulation of the vazus nerve in the neck; or ephaptic transmission
between the pre- and post-ganglionic neurones. Bowman and Lverett
(1964) have reported a similar phenomenon in the isolated, innervated
chick oesophagus and offer the latter a2s an expluanation of their

results.

Acetyl choline has been found to only cause a contraction of the
ocsorhagus. The inhibitory effect of eserine on ter:inal oesochageal
contractione indicates thit acetyl choline released or administered
in large doses muy act 88 an inkibkitory transmitter in the thoracic
oesophagus. 1In the exveriments reported, only an indicaticn has been
obtained thut the oesorhagus may Le inhibited by cholinerglc nerve
fibres. In contrast to this, the administration of sympathomimetic
drugs (adrenaline, nor-adrenaline and isoprenaline) cause both
facilitation and inhibition of oesophageal motility. The presence
of excitatory and imhibitory adrenergic receptors hss been deduced
from experiments in the human terminal oesophagus (Ellis et al., 1960)
and in the chick (Bowman and Everett, 1964). The effects of these
drugs on a background of oesophageal activity have been recorded, but
the reports of Hanzlik and Butt (1928) and Knight (1934b) indicate
that adrenaline may facilitate the effects of stimulation of the vagal
efferents. In one experiment an interaction between acetyl choline

and adrenaline was noted. This may indicate that a study of the
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interactions of the two efferent pathways and their transmitters would

be profitable.

Hanzlik =nd Butt (1928) and Ellis et al. (1960) have reported
that the longitudinal and circular elements of the oesophageal
musculature are innervated separately and differently. These
conclusions have been based on the responses of the oesophagus and
strips of oesophageal muscle to drugs. The interactions and
innervation of these two portions of the oesophageal walls bave not
been studied im the sresent experiments. 4 clear-cut way of doing so
under in vivo conditions may be with the use of electrophysiological
techniques with sizul taneous recording of mechanical and electrical

activity.

The removal of syesnathetic effects from the oesophagus may be
done partially by surgical ablation of the sympuathetic pathways.
vomplete removal, however, requires the use of pharamacological tlocking
agents. The drugs available for this are both non-specific in their
actions and may also act directly on the effecter organ. The effect
of priscol (tolazoline) reported above may be due to a removal of a
sympathetic inhibitory discharge or a direct action on the terminal
oesophageal musculature. Goodman and Gilman (1955, p. 583) refer, for
example, to the "labile" block of sympathetic neurons produced by it,
its direct actions on smooth and cardiac muscle, and its histamine-
like effects. The time course of the oesophageal respomse to priscol
was generally faster than the non-stimulating block of the post-

ganglionic inmervation by hexamethonium. This aight indicate the
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presence of a direct effect of priscol (see fig. 4.14). A further
clarification of the sympathetic innervation might be obtained by the
use of more specific blocking agents, which might selectively block
the excitatory snd inhibitory adrenergic receptors. Stimulation of
the peripheral end of a splanchnic nerve at different freguencies,
under different conditions and after the administration of various

drugs, 1s essential to obtain evidence on this probtlem.

The portion of the oesophageal responses which are due to the
facilitation or stimulation of receptors by pharmacological agents
is of importance. Faintal's report (1954) that adrenaline might
facilitate the discharge of stretch receptors in the cat's stomach
indicates that this possibility must be considered. The difficulty
of agsessing the contribution of such a sensory discharge might be

overcome by using preparations with a de-afferentated oesopha;us.

These vnreliminary observations suggest the need for an extended
systematic and comparative observation of the reactions of both smooth
muscle and skeletal muscle parts of the oesophagus to selected
pharmacological agents. A\ more complete understanding may be obtained

by using a variety of animael preparations, namely:

The isolated oesophagus in in vitro studies, with a para-

syapathetic, post-ganglionic innervation.

Isolated strips of oesophageal muscle independent of the
myenteric ganglia. Obtained by dissection, or from eabdbryos

before the parasympathetic innervation is established.
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Totally pithed preparations with both a parasympathetic and a

sympathetic post-gunglionic innervation.

Totally pithed preparations with the syapathetic elements
removed as much as is possible to allow a comparison of the

influences of the parasympathetic and syapathetic nerves.

Totally pithed preparations with the oesophagus divided to

rezmove the possibility of inter-oesophageal reactions.

However, the use of such animal preparations will not overcome
the limitations of the pharmacological agents. The problems which
arise from this have been briefly mentioned in rel:tien to the use of
priscol, but they can perhaps be overcome by the use of a variety of

agents with similar effects but different side-effects.



Chapter 5

GzNERAL DISCUSSION

Rhythmic contractions of localised regions of the smooth and
skeletal muscle portions of the thoracic oesophagus have been evoked
by local distension of these regions by balloons (3-5 cec volume).
These contractions do not appear to be dependent on an extrinsic
innervation as they have been recorded in preparations with their
central nervous systems totally destroyed by pithing and also after

the administration of gznglion blocking agents.

In decerebrate preparations the response of the terminzl thoracic
oesophagus to distension of itself was either facilitauted or inhibited
by stimuli applied to the oeasorhagus (at this or other regions); other
regions of the alimentary tract; and more distant parts of the
preparation. Effects of a change in one part of the oesophagus on the
activity of another part of the oesophugus (inter-oesophugeal responses)
may be mediated over intrinsic pathways within the oesophagus itself.
The importance of extrinsic nervous pathways in these reactions has
not been defined. The effects of extra-oesophageal stimuli are mediated
by extrinsic nerves and the various afferent nerves appear to converge
on the medulla oblongata. The effects of these stimull reflected back
to the oesophagus appeared to be mediated certainly by vagal and

possibly also sympathetic efferent fibres.

The recurring contractions of both the caudal and higher regions

of the oesophagus which may be evoked by distension, and the inter-



oesophageal reactions described above, may represent an oesophageal
protective mechanism. The existence of such mechanisms does not
prevent the oesophagus in these regions from participating in other
more complete activities of the oesophagus as a whole. Houwever, it
does appear that the protective function can be demonstrated in the
absence of an extrinsic innervation and is therefore a more basic or

elementary form of response.

More complete actions of the oesophagus are superimposed and at
times submerge the more direct oesophageal reactions. Complete
involvement of the oesophagus which may follow the buccopharyngeal
movements of swallowing also involve that part of the oesophagus which
displays the most obwvious local responses - the terminal thoracic
oesophaguas. In contrast to the variable form of the local responses
of the thorucic ocesoprhagus, ite complete involvement in an event such
as swallowing was found to be, in any one preparation, remarkably
consistent. This might be expected if the more local reactions can
be regarded as due to intrinsic mechanisms modified by a variable
degree of activity of the extrinsic innervation. As mentioned
previously, the activity of the oesophagus stimulated by distension
of itself may be affected by a variety of stimuli which are either
facilitatory or inhibitory. The nett or final effect of the total
afferent imput froa the various sensory areas will determine the
effect the extrinsic innmervation has on the intringic activity of the
thoracic oesophagus. During swvallowing there appears to be a
doainating influence exerted on the ocesophagus to produce a co-

ordinated respoass. To what degree the central mervous systea alone



orders or predetermines the sequence and form of the oesophageal
response is not known. There exdists an orderliness of oesophageal
response without the extrinsic nervous gystem and it might be
suggested that the central nervous system causes a facilitation or

inhibition of this intrinsic oesophageal orderliness.

Separation of the oesophageal response from the buccopharyngeal
movement of swallowing, and the observation that the oesophageal
contraction wave of swallowing may not traverse the whole oesophagus
(Hw#ang, 1954), indicates that the sequential contraction of the
oesophagus in swallowing requires the presence of a stimulating
"bolus" in the oesophagus. C{reamer and Schlegel (1957) and Siegel
and Hendrix (1961) concluded from the similarities of the oesophageal
response following buccopharyngeal movements of swallowing and those
evoked by distension of the oesophagus that a central mechanism which
ordered the form of oesorhageal response existed and was stimulated
by either of these stimuli. The presence of one mechanisa for ordering
a segquential contraction may preclude the need for duplication;
however, for adequate functioning there should surely be a means of
adjusting the degree of response according to conditions or require-
maents. The presence of a central mechaniesa which may adjust the degree
but not the form of ocesophageal response in swallowing would explain
the recording of greatly different rates of passage of the contractioa
wave without much variatioa in the form of the contractioa wave.
(Ingelfinger, 1958, has reported the wide ramge of velocity of
oesophageal coantraction observed in swallowing even in the same

species.) Evidence has been obtained that conditions in the oesophagus
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Fig. S5.1. Deceorebrate cat. Stimulstion of an oesophageal

contraction wave moving in & cramial direction by the
application of 2 ml §/40 HC1 to the terminal regions

of the oesophagus. The cervical oesophageal contraction
is associated with, or stimulated by, a buccopharyngeal
movement similar to that observed during swallowing.
Records from above downwards: anterior cervical
oesophagus, anterior thoracic oesophagus, 10 sec time-
marker, terminal oesopbhagus, signal, respiratiom.
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and other parts of the alimentary tract affect the degree of central
facilitation of the oesophageal sequentizl response to a distension
and could thus lead to changes in the speed of the contraction wave.
This interpretation is contrary to the contention that the oeaophageal
component in swallowing is not dependent on an afferent discharge of
oesophageal receptors. The use of preparations with a de-afferentated
oesophagus might provide an indication of the validity of this

contention.

For a contraction wave to pass over the oesophagus in a craniad
direction, the facilitation of the oesophagus which occura as a local
response (inter-oesophagezl) above the point of comtraction or
distension must be inhibited. If this facilitatory discharge either
ceased or changed to an inhibitory discharge, a distensionm or
stinulation by other mcans of the caudel regions of the oesophagus
could be expected to lead to either a contraction which progressed
cranially over the oesophagus or to an overall inhibition of the
oesophagus. <Contraction waves moving cranially have been recorded in
the decerebrate cat (figs. 2.18 and 5.1) and occur in ruminants during
regurgitation. In ruminants, in eructation, there may be simply a
passive movement of gas up the oesophagus, although this point

requires more investigation.

Buccopharyngeal movements of swallowing have also been observed
folloving the passage of a wave of contractionm cranially froa the
terminal to the cervical regions of the oesophagus (fig. S5.1). This

"gwallow” c¢ould arise from stimulation of the cervical ocesophagus in
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Fig. 5.2. Decerebrate cat. Fluid distension of the

cervical oesophagus caused a contraction of this
region of the oesorhagus. This appeared to
stinulate a buccopharyngeal amovement similar to
that observed during swallowing. A contraction
wave of the ocesophagus followed the bucco-
pharyngeal movemeant. Records from above
downwards: terminal oesophagus, signal marking
fluid distension of cervical oesophagus, mid-
thoracic oesophagus, 10 sec time-marker,
cervical oesophagus, signal marking bucco-
pharyngeal movement, respiration.
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the course of the passage of the contraction. Hwang (1954) reported
that swallowing could be stimulated by distension of the cervical
oesophagus. This type of response has also been obtained in the

present studies (see fig. 5.2).

The reflex modification of the basic contractile activity of the
terminal oesophagus described might indicate the way in which this
region will fumnction in controlling the passage of stomach contents
into the oesophagus. Rather than presenting a barrier of resting
high tone, as suggested by many workers, it would provide a region
which would be stimulated by refluxing material. The ease with which
this region of the oesoghagus would be gtimulated might depend not
only on the nature of the material but also on the conditions existing
elsewhere in the alimentary tract. Materizl passing from these
terminal regions, as far craniad as the anterior thoracic oesophagus,
would encounter a similar mechanism stimulated in essentially the saae
manner. Greater stimulation, or the stimulation of more cranial
regions, would then lead to a more complete oesophagesl clearing

mechanism being brought into play.

The oesophagus appears to be capable, in its more caudal regions,
of intrinsic responses to applied stimuli: those that camn be modified
by conditions which exist elsewhere in the ocesophagus and in more
distant areas, particularly of the alimentary tract. The modification
may be an intrinsic reaction, as inter-ocesophagezl reactions, or
mediated by extrinsic pathways as reflex effects. Reflex centres

appear to exist either im the medulla or pontine regions of the
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central nervous system. Higher regions of the central nervous systea
may also affect the efficacy of the reflex modification of oesophageal
activity if an analogy can be made with the medullary control of

respiration, blood pressure, and other activities.
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