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SUMMARY

In vivo Study of the Upper

Alimentary Tract of the Fowl

l. Vagal stimulation produced contractions of the pre-crop cesophagus,
crop and stomachs (proventriculus and gizzard) and a fall in arterial blood
pressure., Stimulation of the descending oesophageal nerve produced
contractions of the pre-~orop ocesophagus and orop but had no effect on the
stomachs or blood pressure.

2., The residual response of the orop to high cervical vagal stimu~-
lation after cutting the recurrent nerve was very small, suggesting that
the recurrent nerve supplied the main efferent vagal fibres to the crop.
The response of the blood pressure to high cervical vagal stimulation was
not affected by ocutting the recurrent branch of the wvagus and stimulation
of the cut recurrent nerve had no effect on the blood pressure, suggesting
an absence of cardiac vagal fibres in the recurrent nerve.

3¢ The effects of stimulation of the vagus or descending oesophageal
nerve were potentiated by physostigmine and abolished by hyoscine,
suggesting that these nerves are cholinergic; but hexamethonium did not
abolish responses to nerve stimulation.

4. In decerebrate chiokens not anaesthetigzed with pentobarbitone,
intravenous hyosoine abolished the contractions of the cescphagus to vagal

or descending oesophageal nerve stimulation.
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The Chicken Isolated Oesophagus

1. Contractions of the chicken isolated cesophagus produced by
stimulation of the vagus and descending oesophageal nerves were potentiated
by physostigmine and abolished by hyoscine (1 to 100 ug/ml) if the duration
of stimulation was less than 5 sec, but prolonged stimulation p?oduccd
contractions not antagonized by hyoscine. The contractions were not

abolished by hexamethonium or tuboourarine even when the nerves were

stimulated for leas than 5 sec.
2. The contractions to nerve stimulation were abolished by cocaine and

nerve section, showing that the plain muscle was not atimulated directly.
Bretylium, mepyramine and methysergide did not antagonize the contraction
to nerve stimulation, however, suggesting a lack of involvement of nora=-

drenaline, histamine and 5=hydroxytryptamine, respectively, in the trans-
mission of impulses producing the hyoscine-resistant response.

3. Hyoscine-resistant contractions of the oesophagus to nerve stimu-
lation were obtained from thin external muscle preparations, and previous
intravenocus injection of hyoscine into chioks did not prevent subsequently
isolated oesophageal preparations from contracting to nerve stimulation,
nor did exposure to hyaluronidase modify the effect of hyoscine on the
contractions to nerve stimulation, suggesting that resistance to complete
block by hyoscine is probably not due to an inability of the drug to
diffuse into the preparations.

4. Prolonged nerve stimulation of an isolated oesophagus preparation

did not produce a contraction of a preparation of isolated guinea-pig ileum
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or post-crop chick oesophagus suspended in the same organ bath.

5. It seems possible that small amounts of a slow contracting
substance were released from the stimulated nerves together with acetyl-
choline, although such a substance could not be pharmacologically detected

in the bathing solution.

Selection o or Bloc nergl
esurones end a- and p-Receptor

l, Stimulation of the Remak nerve produced a contraction of the rectum
but when the tone of the preparation was raised with acetyl-pemethylcholine,
nerve stimulation pmduocd-a transient contraction followed by a relaxation,
Pharmacological characterization of the relaxing fibres of the Remak nerve
necessitated an in vitro evaluatlion of drugs whioh block adrenergic neurones
and a- and pereceptors.

2. Propranolol was 26 times as potent as MJ-1999 in blocking the hypo-
gastrio nerve of the guinea~pig, but it was 550 times as potent in antag-
oniging the action of isoprenaline on the pB-receptors of the chick rectum,
showing that propranclol was the drug which was most likely to block
pereceptors without producing a nerve block. Moreover, propranolcl
(0.05 ug/ml) did not antagonize contractions of the chick rectum to acetyl-
choline or histamine whereas MJ-1999, at a concentration which was equi-~
potent with propranclol (0,05 ug/ml) in blocking isoprenaline, antagonized
both agonists. Thus propranoclol (0,05 ug/ml) was selected for experiments

with the chick Remak nerve-reoctum preparation.



3« Tolazoline, but not phentolamine, potentiated contractions of the
guinea=-pig vas deferens to hypogastric nerve stimulation, making it an
unsuitable drug for antagonizing the action of a neurotransmitter at
a-receptors. Furthermore, tolazoline (10 ug/ml) antagonized histemine
acting on the chick rectum, whereas phentolamine (0.1 pg/ml), which was
equipotent with tolazoline on the rat seminal vesicle, did not. Phentol=
amine (0.1 ug/ml) was therefore selected for blocking the a=receptors of
the chick rectum,

4. Bretylium (10 pg/ml) blocked contmc?i;ofna of the guinea-pig vas
deferens to hypogastric nerve atimulation,fggﬁ;it did not antagonize
contractions of the guinea-pig cesophagus to vegal stimulation or
contractions of the chick rectum to acetylcholine or histamine, Thus
bretylium {10 pg/ml) produced a specific block of adrenergic neurones and
was used for this purpose in experiments with the chick isolated Remsk

nerve-rectum preparation,

The Chick Isolated Remak

Nerve-rectum Preparation

1, Contractions of the rectum to Remak nerve stimulation resisted
complete block by hyoscine as did the contractions of the chick isolated
oesophagus to vagal and descending oesophageal nerve stimulation, but the
rectal contractions, unlike the oesophageal contractions, were usually
abolished by hexamethonium and tubocurarine.

2. Phenylephrine, which typically stimulates a-receptors, produced
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relaxations of the rectum which were greatly inhibited by propranoclol but
not phentolamine. A small residual relaxation to phenylephrine persisted
in the presence of propranclol, and this was abolished by phentolamine.
This suggests that nearly all of the sympathomimetic receptors of the
chick rectum were atimulated by phenylephrine and blocked by propranolol,
although these two drugs do not normally combine with the same receptor.

3. Propranclol only antagonized noradrenaline when isoprenaline and
phenylephrine were tested on the same preparation, Furthermore, antagone
ism of the relaxation of the rectum to Remak nerve stimulation by pro=
pranolol was greatest in experiments where isoprenaline and phenylephrine
were tested. This suggests that isoprenaline and/or phenylephrine had an
influence on the combination of noradrenaline and/or propranolol with the
sympathomimetio receptors.

4. Relaxations of the rectum to Remak nerve stimulation were abolished
by a combination of propranclol and phentoclamine, and were inhibited by
bretylium or by pretreatment with reserpine, suggesting the release of a
noradrenaline-like substance from sympathetioc fibres contributed by the

coeliac plexus.

Records obtained from the upper alimentary tract were of the circular muscles

in vivo but of the longitudinal muscles in vitro.



1.

JNTRODUCTION

The literature dealing with the general pharmacolegy of the alimentary
tract of the domestic fowl (Gallus domesticus) was reviewed in a previous

thesis (Hassan, 1966).,

ATROPINE~RESISTANT RSSPONSES OF

In the experiments to be desoribed in the present thesis contractions
of the chicken cesophagus, crop, proventriculus and gissard to stimulation
of the vagus and descending oesophageal nerves were abolished by atropine
or hyoscine in vivo, whereas the contractions of the isclated cesophagus
to stimulation of these nerves resisted oomplete block by either drug.
Furthermore, contractions of the chiok isolated rectum produced by
stimulation of the Remak nerve exhibited a similar hyoscine-fastness.
Failure of atropine to abolish responses of the alimentary trect and
urinary bladder to parasympathetic nerve stimulation in other species
has been described before, both in vitro and in vivo, and a review of

some of these observations follows.



I. ALIMENTARY TRACT

JaoocbJ(1891) observed that the exoitation of the dog's alimentary
tract produced by vagal stimulation in vivo exhibited resistance to
blook by atropine. Similarly Bayliss and Starling(1899) showed that the
contractions of the anaesthetlised dog's duodenum end ileum produced by
vagal stimulation were only partly antagonised by an injection of 4 mg of
atropine, the residual oontractions remaining unaffected by a higher dose
of 30 mg of atropine. Cushny(1910) observed that the excitation of the
dog's intestine elicited by wagal stimulation in vivo was not affected by
an injection of 2 mg of atropine, a dose which abolished the excitation
of this organ produced by pilocarpine. In later experiments Henderson
(1923) investigated the effect of atropine on the excitation of the
intestine produced by cervical or thoracic wvagal stimulation in anaesthet-
ized dogs. Atropine, 0.5 to 1 mg, always decreased the tonus of the
intestine but even 30 mg of the drug d1d not abolish the response to
nerve stimulation.

Although the motor response of the alimentary tract to vagal
stinulation seems to be atropine-resistant in dogs in vivo, it was
blocked by atropine in the spinal cat(Harrison & MoSwiney,1936).
Published information about the effect of atropine on responses of the
alimentary tract of other species to parasympathetic nerve stimulation
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in vivo is very scanty, however, apart from the work of Stiraub &
Stefansson(1937) who found that the excitation of the guinea~-pig small
intestine evoked by vagal stimulation was blocked by atropine in doses
as small as 10 ug/kg injected intravenously. Hobbiger & Lessin(1955)
found that in rabbits devoid of serum atropinesterase, previously
determined manometriocally, an intravencus injection of atropine sulphate,
0.25 mg/kg, produced a lasting inhibition of the contraotion of the
stomach to supramaximal stimulation of the vagus nerve. However, in
rebbits in which serum atropinesterase was present, atropine, 0,25 to

1 mg/kg, produced only a transient and wesk block of the response of the
stomach to vagal stimulation,

B. IV VIIRO

a. Re ses to Ext ic Nerve St ation

Resistance to block by atropine of oontractions of the isolated
alimentary tract to parasympathetic extrinsic nerve stimulation has not
been desoribed in the available literature.

b. Responses to In Ne 8 atio

i) Transmural Stimulation of Intrinsic Nerves
The response of isolated preparations to transmural stimulation is

generally believed to be due to exoitation of postganglionis neurcnes.
(Paton,1955). Munro(1953) found that transmural electrical stimulation
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of isolated segments of proximal and terminal guinea~pig small intestine
produced a quick transient contraction, the voltage being 30 to 80V and
stimulus applied for 2 sec every 20 sec. Exposure of the preparations
to atropine sulphate, 0,13 pug/ml, for 2 to 3 min, reduced or abolished
the rapid oontractiona, but in the continuous presence of atropine a
residual response appeared consisting of a small, quick contraction
followed by a second slower contraction. The secondary contraction
gradually increased in sise, but it was still preceded by the slight
twitch. At this stage the preparation no longer responded to added
acetyloholine, Although the atropine-resistant response could have been
due to stimulation of adrenergic terminal fibres since adrenaline also
contracted the terminal ileum(Munro, 1951,1552), the author thought this
unlikely as the atropine-resistant response was not antagoniszed by
ergotoxin, However, Paton(1955) using guinea-pig isclated ileum prepar-
ations contracting to transmural electrical stimulation found that the
rapid twitohes of the preparation elicited by single shocks of 0.5 msec
duration and 5 to 15V potential were abolished by small concentrations of
atropine (0.01 pg/ml).

Recently Ambache & Freeman(1969) described atropine~resistant contraoct-
iona of the separated, plexus-containing, longitudinal muscle of the
guinea-pig isolated ileum to transmural atimulation (27V, pulse width 0.1
to 0.2 mseo). Single eleotrical shocks produced a twitch response which
was abolished by atropine, & to 10 ng/ml, as in the experiments of Paton
(1955). However, in the presence of atropine, delayed spasms were
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revealed by tetanic stimulation at & frequency of 50 o/s for 1 seo; these
spasms were not antagonized by concentrations of atropine up to 1 pg/ml
and only slightly depressed by 10 ug/ml of the drug. The atropine-
resistant response was similar to that desoribed by Munro(1953) and was
not affected by drugs whioch antagonise histamine, S-hydroxytryptamine or
prostaglandina, although it was abolished or reduced by the nerve blooking
drug tetrodotoxin, 0.1 %0 0.2 ug/ml. Ambache & Freeman(1969) concluded
that the tetanic spasms were mediated by the release of a substance

( 'tetanic spasmogen' ) from nerves in Auerbach's plexus which was not any

of the above amines or a prostaglandin,

11) Stimulation of Intrinsio Nerves by Drugs

A number of workers have found that the contractions of the longlitud~
inal muscle of the rabbit i1soclated intestine produced by nicotine resisted
complete blook by atropine(Zuler, 1345; Ambache & Edwards, 1951; Ellis &
Rasmussen, 1951). Although contractions of the rabbit intestine to
nicotine resisted block by concentrations of atropine as high as 100 ug/ml,
the contrastions of the preparation produced by acetylcholine or muscarine
were invariably blocked by atropine (Ambache & Zdwards,1951). However,
Ambache & Robertson(1953) later obtained results which were at variance
with these cbservations in that the contractions to nicotine were greatly
reduced or abolished by atropine, 0.05 0 0.2 ug/ml, in two out of five
preparations. Aubache(1955) in a later review concluded that the failure
of atropine to block contractions of rabbit intestines to nicotine oould
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not be ascounted for by the destruction of atropine by atropinesterase
in the preparations as fresh concentrations of atropine were added

1 min before each exposure to nicotine, and the action of musoarine was
abolished under the same conditions. Thuas he considered it likely that
nicotine stimulated cholinergic motor neurones in the wall of the
rabbit's intestine and that the usual inability of atroplne to inhibit
these responses was due to the "close proximity"” of the nerve endings to
the receptors, as previously suggested by Dale & Gaddum(1930). In
support of the view that both atropine-sensitive and atropine-resistant
contractions to nicotine were due to an action on cholinergic neurones
was the finding that botulinum toxin always abolished the response of the
rabbit intestine to this drug (Ambache & Lessin, 1955).

The effect of atropine on the response of the rabbit intestine to some
other neuronal stimulants was similar to its effeot on the response to
nicotine., Thus the contractions of the longitudinal muscle of the
isolated intestine produced by piperidine, which has nicotine-like
pharmacological actions(Puler,1945), and by the neuronal stimulant
bromophenyl-ethers of choline(Ambache & Robertson,1953), exhibited resist-
ance to bleock by atropine. Feldberg(1951) found that contractions of the
rabbit intestine to dbarium were more resistant to block by atropine than
contractions to acetyloholine., The relative resistance to atropine of
the responses to barium was thought to be due to acetylcholine being
released from the stimulated nerve endings in such close contact with the
musole fibres that it was less susceptible to the effect of atropine than
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added acetylcholine; alternatively, the transmitter substance might have
been similar to the atropine-resistant smooth muscle stimulating substance
{Darmstoff) released from the frog's stomach as a result of vagal stimul~
ation(Vogt, 1949).

In other specles such as the guinea-pig or cat, contractions of
isolated pieces of alimentary tract produced by nicotine were abolished
by small concentrations of atropine however (2mmelin & Feldberg, 1947;
Tripod, 1949; :1llis, 19513 Ambache & Fdwards, 1951; Ambache & Robertson,

1953).

II. URINARY BLADDER

A. IN YIVO

Langley(1911) found that the contractions of the urinary bladder of
the anaesthetiszed cat produced by electrical stimulation of the pelvic
nerves resisted complete blook by atropine. Similarly Henderson &
Roepke(1934, 1935) found that the contractions of this organ to pelvic
nerve stimulation were not affected by doses of atropine sufficient to
abolish the contractions produced by acetylcholine., Their experiments
were carried out on dogs and cats anaesthetiszed with morphine and
chloralose or with urethane maintained with ether. After a delay of 1 to
2 sec electrical stimulation of the pelvic nerve produced a sustained
contraction of the bladder which relaxed slowly following cessation of the
stimulation., Intraarterial injeotion of acetylcholine produced a
contraction which was similar to that produced by nerve stimulation except
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that its onset was slower. Injoction of atropine, 100 ug/kg, partially
antagonised the response to nerve stimulation, only a transient residual
contraction being obtained after atropine. The response to acetyloholine
was abolished by this dose of atropine, however, but ingsreasing the dose
of acetylsholine 10 to 100 times produced s transient contraction similar
to that produced by nerve stimulation after atropine. The suthors
suggested that the response to a large dose of acetylcholine was due to
the drug stimulating ganglia in the bladder; and concluded that the
atropine~sensitive "tonal" response to pelvic nerve stimulation was
nediated by choclinergioc nerve fibres whereas the initial contractile
response was produced by a neurotransmitter other than esetylcholine,

The effeot of atropine on the contrections of the urinary dladder to
pelvio nerve stimulation was also studied by Xdge(1955) using cats
ansesthetized with chloralose. The bladder was made to contract to
stimulation of the pelvio and hypogastric nerves, Contractions to pelvio
nerve stimulation were potentiated by atropine, 100 ug/kg, within 1 min
of its injection and this effect lasted for at least 20 min, Hexa~
methonium, 0,25 mg/kg, antagonized the response o pelvio nerve stimul-
ation, the onset of the action of the drug and its duretion being similar
to those of atropine. On the other hand, the contrections to hypogastrio
nerve stimzlation were not affected by elther atropine or hexamethonium,
Pihydroergotamine abolished the contractions to hypogastris nerve
stimulation but 414 not antagonize those to pelvic nerve stimilation; thus
the failure of atropine to inhibit contractions of the bladder to pelvic
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nerve stimulation was not due to the stimulation of excitatory adrenergiloc
fibres in the pelvic nerve. An injection of acetylcholine produced a
contraction of the bladder which was abolished by atropine although a
large dose of acetylcholine still produced a transient contraction. The
atropine-resistant contraction to acetylcholine was nearly abolished by a
large dose of hexamethonium suggesting a stimulant action of acetyl=-
choline on the ganglia of the bladder after injection of atropine, and
supporting the view previously expressed by Henderson & Roepke(1934)
regarding the effect of acetylcholine on the dog's bladder,

Ursillo (1961) recorded isotonic and isometric oontractions of the
urinary bladder to electrical stimulation of the pelvic nerve in bitches
ansesthetized with dial-urethane, The height of the contractions
produced by supramaximal stimulation at a frequency of 15 c/s was only
partielly antagonized by atropine, 1 to 10 mg, injected into the abdominal
aorta. The contraction produced during prolonged stimulation of the
pelvic nerve was still well sustained after the injection of atropine.
The discrepancy between this observation and that reported by Henderson &
Roepke(1934, 1935) was thought to be due to fatigue of the preparation
caused by a high frequency of stimulation in Henderson & Roepke's
experiments (which was not defined); hence the apparent inhibition of the
"tonal" response by atropine.

Chen, Portman & Wickel(1953) studied the effect of atropine on
contractions of the anaesthetized dog's urinary bladder to the ganglion
stimulant DMPP (1, l-dimethylei~phenylpiperazinium iodide), Atropine,
2,5 ug to 10 ns/kg, injeoted intravenously, only slightly auppresaed'tho
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response of the bladder to 40 ug/kg of DMPP, although it abolished the
contractions of the preparation produced by carbachol. However, atropine
at doses above 10 mg/kg produced a marked suppression of the contractions
to DNPP, an effect which the authors attributed to a partial ganglioniec
blooking action and a partial antispasmodic aotion of atropine as these
doses of atropine also suppressed the hypertension produced by DMFP
acting on aympathetioc ganglia or by adrenaline. | The results obtained
by using weaker doses of atropine were thus taken to be comparable with
those of Henderson & Roepke(1934, 1935).

Resistance to bloock by atropine of contractions of the urinary bladder
to intraarterial DUPP and pelvis nerve stimulation was also reported by
Gyermek(1961) using anaesthetized dogs and cats. An intravenous
injection of atropine, 1 to 2 mg/kg, partially antagonised the contracte
dons produced by DMPP or pelvic nerve stimulation whereas the contractions
to muscarine or acetyl=pgemethylcholine were abolished. Hexamethonium,

1 mg/kg, abolished the residual atropine-resistant contractions to DMPP
and nerve stimulation. These results led the author to postulate the
existence of specific receptors in the plain muscle of the urinary bladder
which behaved functionally like autonomic ganglia. Thus the motor
innervation of the bladder supplied by the pelvia nerves was regarded to
be wholly cholinergic in opposition to the view held by Hendsrson &
Roepke(1934, 1935).

Garret(1963) showed that contractions of the spinal dog's urinary
bladder to intravenous DMPP were not affected by a dose of atropine which
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antagonized the fall in blood pressure produced by acetylcholine or wvagal
stimulation. In these experiments the hypogastrio nerves were cut on
both sides of the bladder so that DMFP only produced contraction of the
bladder through its action on the parasympathetic ganglia of the pelvic

nerves.

B, IN VITRO

Ursillo & Clark(1956,) were the first to desoribe an isclated prepar-
ation of urinary bladder with parasympathetic nerve attached, A strip
of the detrusor muscle from the rabbit urinary bladder about 2 mm thiock,
was suspended in an organ bath filled with Krebs solution bubbled with
5% €O, in 0, and kept at 37°c.  The preparation supported a tension of
0.5 to 1g and the contractions to nerve stimuletion were magnified 20
times. The nerve fibres supplying this strip were dissected together
with the adjoining blood vessels and passed through platinum wire loop
electrodes which were immersed in the bathing solution. These nerves
were found to be postganglionic as histological examination of sections
of the bladder wall revealed only a few scattered ganglionioc oells and
the response to nerve stimulation was not antagoniszed by the ganglion
blooking drugs tetraethylammonium and hexamethonium; moreover, the gangliom-
stimulant DMPP 444 not usually produce a contraction of the preparation,
The contractions of the preparation to stimulation of the nerve (12V,
1 msec and 30 o/s applied for 5 sec every 2 min) were partially antagon-
ized by atropine, 2 ng/ml, but the residual atropine-resistant contraction

was always obtained even after exposure to atropine, 20 ug/ml. The



iz,

contractions of the bladder produced by acetylcholine were abolished by
atropine, however., It was observed that the time for the onset or
offset of a steady state of antagonism by atropine, was 8 times longer
for block of nerve stimulation than for acetylcholine. FPhysostigmine
potentiated the contraction to submaximal nerve stimulation and reversed
the partial antagonism produced by atropine. The effects of atropine
and physostigmine on the responses of the bladder to nerve stimulation
led the authors to conclude that at least a portion of the response of
the nerve~bladder strip was cholinergic.

Similer atropine-resistant contractions of the isclated urinary
bladder to pelvio nerve stimulation have been reported in other species
such as the ringtail possuam (Burnmatook & Campbell, 1963), the toad
{Burnatock, O'shea & Wood, 1963) and the rat {(Hukovic , Rand & Vanov,
1965). Furthermore, transsursl stimulation of the isolated bladder
produced contractions whioh resisted ocomplete block by atropine in rats
(Carpenter, 1963) and in guinea~pigs(Chesher & Thorp 1965).
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M=THODS
I, CHEMICALS

The drugs used were: acetylcholine chloride (B.D.H.), acetyl-p-
methyloholine chloride (Kooch-Light), atropine sulphate (B.D.H.), Bretylium
téaylate (Burroughs Welloome & Co.), carba&hol chloride (ecarbamylcholine
chloride, B.D.H.), cocaine hydrochloride (T. & H.Smith), Halothane (I,.C.I.),
heparin (Boots), hexamethonium bromide (May & Baker), hintauine.acid
phosphate (B.D.H.), hyaluronidase (Fisons Pharmaceuticals), hyoscine
hydrobromide (B.D.H.), isoprenaline hydrochloride (!/ard Blenkinsop & Co.),
meolofenamio acid (Parke Davis & Co.), MJ=1999 (4'~ (2~isopropylamino-le
hydroxyethyl) methanesulphonanilide hydrochloride, Mead Johnson & Co.),
mepyramine maleate (May & Baker), methysergide bimaleate (Sandoz),
f-noradrenaline bitartrate (Kooh-Light), pentobarbitone sodium (Abbott
Laboratories), phentolamine mesylate (Ciba), f-phenylephrine hydrochloride
(Xoch-Light), physostigmine salicylate (B.D.H.), pilocarpine hydrochloride
(B.D.H.), propranolol hydrochloride (l-isopropylamino-3- (l-naphthyloxy)=2-
propanol hydrochloride, I.C.I.), reserpine (Ciba), tetramethylammonium
chloride (B.D.H.), tolazoline hydrochloride (2-benzyl-k,5-imidagoline
hydrochloride, KocheLight) and tubocurarine chloride (Burroughs Velloome
& Co.). The doses of drugs in the text, tables and figures refer to the
above compounds,

The Kreﬁn’ solution was made by dissolving salts of the A.R.grade in
de-ionized water. Its composition was as desoribed by Krebs & Henseleit

(1932), except that the concentration of caloium was halved in the
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experiments with the chick isolated cesophagus, The solution contained
(&/£): NaCl 6.9, KC1 0.35, Cabl, 0.28, KH,PO, 0.4, ¥gS0, 0.1, NalCO,
2,1 and dextrose 2,

Chemiocals used in the cholinesterase staining were: acetylthiocholine
iodide (Koch=Light), n-butyrylthiocholine iodide (KooheLight), copper
sulphate (CuSO,, 5,0, A.R., B.D.H.), DFP (diisopropyl phosphorofluoridate,
Koch=Light), glycine (A.R., B.D.H.), sodium acetate (hydrated salt, A.R.,
B.D.H.), sodium sulphate (Nazso#. 10H,0, A«Re, B.D.H.) and sodium sulphide

(H-h.Ri ’B.DOH.) »

II. IN PR =D, 0

A. THE ANAFSTHETIZED FOVL

Cockerels (Brown or White Leghorn) weighing 0.8 to 2 kg were fasted
overnight and anaesthetiszed with pentobarbitone sodium (30 to 35 mg/kg,
intravenously). Sometimes cookerels were lightly anaesthetized with
halothsne and the skull quickly trephined over the ceredbrum which was then
sucked out with a pump and replaced by ocotton gauze to stop bleeding, 60 %o
90 min being allowed for halothane to be removed before start of an
experiment. The anaesthetiszed or decerebrate birds were secured on their
backs and ept warm.

The trachea, Jugular vein and carotid or brachiocephalic artery were
cannulated. The arterial blood pressure was recorded with a meroury
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manometer, or with a *Greer micromanometer{Greer, 1958) operating a pen
recorder, Drugs dissolved in 0,97 W/V NaCl were injeoted into the
venous oanmila and washed into the circulation with 2 ml of saline run
into the cannula from a burette,

* A Greer mioromanometer is a pressure transducer consisting essentially
of & reflective diaphragm mounted in a sealed capsule so that pressure
may be applied to either side. Light from a single bulb 1is reflected
by mirrors to illuminate both faces of the diaphragn and is then
reflected on two photocells., When the pressure on both sides of the
diaphragm is equal, the width of the reflected beam is the same on each
side and thus the intensity seen by the cells is equal; the bridge
oircuit, in which the cells are wired, thus remains belanced, If,
however, the pressures are unequal the light tends to be fooused on one
cell and "defocused" on the other, and this results in an ocut-of-
balance ourrent flowing in the bridge proportional to the pressure
differential across the diaphragm.
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Thin rubber balloons attached to polythene tubing (10 mm external
diameter) were introduced through a fistula in the posteorop oesophagus
into the stomachs (proventriculus and giszard), and through the mouth
into the orop and pre-crop ocesophagus, the exact locatlon of the bdalloons
being verified at autopsy. The balloons were connected by rubber
tubing to water manometers and filled with 4 to 8 ml of air; when
inflated their external diameter was 20 to 30 mm, On completing the
disseotion, heparin (100 to 200 u./kg) was given intravencusly, Pressure
changes in the water manometers attached to the balloons were recorded on
& smoked drum with a frontal writing lever attached tc a tambour, or, by
means of a Greer miocromanometer operating a pen recorder,

The vagi and glossopharyngeal nerves were cut proximally on either
side of the neck and the branches of the vagi to the glossopharngeal
nerves and of the glossopharyngeal nerves to the pharynx wers severed
(Fig. 1). A pair of silver electrodes was hooked around the peripheral
end of a cut vagus or glossopharyngeal (descending oesophageal) nerve,
the nerves being kept moist with cotton wool soaked in warm liquid
paraffin., The nerves were stimulated for 5 sec in every 2 to 5 min with
a train of square wave pulses: width 8 to 10 mseo, frequency 20 to 50 o/s
and the voltage adjusted to give submaximal responses.

In some experiments the bird was artificially ventilated and the thorax
opened with bone foroeps to expose the thoracioc wvagus and recurrent nerves.
The rescurrent branch of the left vagus was cut near its origin, and the
vagal trunk was out Just oranial to the origin of the recurrent nsrve and
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at a level about the middle of the pre-orop oesophagus (Fig. 1).
Stimulating electrodes were placed around the peripheral ends of the
severed nerves and the stimuli applied as adove,

B, FS A O

o]
o

In each rabbit & drug solution was instilled into one eye and 0,97 W/V
NaCl into the other. Both corneatwere touched 5 times with the bdlunt
end of a glass rod at intervals of 2, 4, 6, 10, 15, 20, 25 and 30 min
after instillation of the solutions, the number of blinks from each
cornea being recorded in each instance. Each drug was tested in five
rabbits, and the mean per cent inhibition of the corneal reflex for each
solution at eeoh time intervel was ocalculated and plotted on the
ordinate of a graph, the time frem instillation of the drugs being
plotted on the abscissa.

III. JISOLATED PREPA 0

A, CHICK OSSOPHAGUS

Brown Leghorn Chicks aged 1 to 1, days were killed Dy an air embolus
and the whole pre-orop oesophagus together with the right jugular vein and
the accompanying nerves rapidly removed and pleced in Krebs' solution. A

nerve~muscle preparation was made by ligating the vagus, descending
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oesophageal nerve and Jugular vein at the level of the pharynx and
separating them from the pre-crop oesophagus 1 om of their length,
A preparation of separated external muscle with nerve attached was made
by everting an isolated nerve-ocesophagus preparation on a glass rod,
peeling away the mucosa and reverting the tubular muscularis externa.
The ocesophagus was set up in a 4Oml organ bath filled with Krebs!'
solution, so that its oral end was tied with a thread to a frontal
writing lever and the lower end tied to a supporting glass rod. The
Krebs' aoluti&n in the bath was bubbled with a mixture of 5&'5{:02 in
oxygen. The organ bath and glass warming coils were immersed in a
water tank kept at 35% by means of a toluene-mercury thermostat and
heating element. The nerves were drawn through an electrode, similar
to that desoribed by Burn & Rand (1960), immersed in the bathing |
solution. Contractions of the longitudinal muscle of the preparation
were recorded isotonically on a kymograph with a frontal writing lever
which exerted a force ofi2g om and n;agnifiod the coniractions four times,
Occasionally the post-crop cesophagus or a plece of guinea-pig ileum was
suspended in the same organ bath as the nerve-oesophagus preparation
such that their longitudinal contractions could be recorded with isotonio
levers.

The vagus and descending oesophageal nerves were usually encircled by
the same electrodes and stimulated together; and the term "nerve
stimulation" in the text and figures always refers to the synchronous

stimulation of the two nerves. In some experiments the vagus
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or descending oesophageal nerve was freed from other tissues and
stimulated separately; in referring to these experiments the terms "vagal

stimulation™ and "descending oesophageal nerve gsimulation' were used,
Unless otherwise apegified, the nerves were stimulated with a train of

square wave pulses: width 10 msec, frequency 20 o/s and intensity 5V,
which usually produced maximal reaponses. Trains of atimuli were applied

for periods varying from 3 to 90 sec in every 2 to 15 min.

B, _CHICK RECTUM

Chicks (Brown Leghorn) aged 1 to 3 weeks were decapitated and bled so
as to fagilitate the dissection. The abdomen was opened with a pair of
rough scissors and the whole rectum together with the emak nerve and
adjoining blood vessels (Fig.2) removed and placed in a petri dish
containing Krebs' solution. The contents of the rectum were washed out
with Krebs' solution. To nake & nerve-rectum preparation the Remak nerve and
caudal mesenteric vein were tied with cotton and freed along 0.5 to 1 cm
of their length from the caecal end of the rectum, The posterior end of
the rectum was out at the level of the apex of the Bursa of Fabriocius to
exclude cloacal striated muscle. The preparation with open ends was
suspended in a 4O ml organ bath containing Krebs® solution bubbled with
5 C02 in 0, and maintained at 35°C. The method of recording contractions
of the longitudinal muscle of the preparation, and of nerve stimulation

was similar to that desoribed for the nerve-cesophagus preparations,
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The Remak nerve was stimulated with a train of square wave pulces:
width 1 to 10 msec, frequency 20 ¢/s and intensity 5 to 10V. Trains of
stimuli were applied for periods varying from 15 to 60 sec in every 5 to

15 min.

Ce GUINEA-PIG VAS DEFERENS

Hale guinea~pigs were stunned by a blow on the head and bled. The
abdomen was opened in the midline and the vasa deferentia with hypogastirio
nerves attached dissected by the method of Hukovie(1961). The prepar-
ations were mounted in organ baths filled with Krebs' solution kept at
35°C and bubbled with a mixture of 5  oarbon dioxide in oxygen, contract-
ions being recorded with an isotonic lever carrying & frontal writing
point and exerting a force of l-a;om on the preparation. The hypogastric
nerve was drawn through the channel of a palr of electrodes similer to
that desocribed by Burn & Rand(1960); and in some experiments a Perspex
gutter carrying tvo perallel platinum wires for transmural stisulation
(Birmingham ¢ wilson, 1963) was placed round the vas deferens. The
hypogastric nerve was stimulated with 0.1 msec pulses at 30 o/s and the
preparation was stimulated transmurally with 0.5 msec pulses at a
frequency of 50 d/n. the voltage being submaximal for both methods of
stimulation. The stimulation was applied for 5 sec in every 5 min,
either through ﬁhe hypogastric nerve alone, or alternating the transmural
stimulation with hypogastric nerve stimulation,

In a few experiments a preparation of vas deferens without the hypo-
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gastric nerves was made for the purpose of studying the sction of nore
edrenaline. These preparations produced steady ocontractions when
exposed to noradrenaline(1l0 ug/ml) for 30 sec in every 5 min,

D. GUINEA=PTG OZSOPHAGUS

A preparation of isclated oesophagus with vagus nerve attached was
made from guine-pigs as desoribed by Bartlet(1968a). The oesophagus
with open ends was suspended in an organ bath filled with Krebs' solution
kept at 35°C and bubbled with 5% carbon dioxide in oxygen, contractions
of the longitudinal muscles being recorded with an isotonic lever
carrying a frontal writing point and exerting a force of 2.5 g cm on the
preparation., The vagus nerve was drawn through bipolar platinum
electrodes and stimulated with bursts of 0.1 mseo pulses at 30 o/s for
5 sec in every 5 min, the voltage being adjusted to give submaximal

responses.

E, RAT SEMINAL V=SICLE

Male rats were stunned by a blow on the head and bled. The abdomen
was opened in the midline and the seminal vesiocles exposed. The
glandular tissue adherent to the curved blind end of the seminal vesicle
was dissected away and the organ removed and placed in a petridish
containing Krebs' solution where it soon emptied itself of the seminal
contents. The preparation was suspended in an organ bath filled with
Krebs' solution and its contractions to noradrenaline recorded as for
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the guinea~pig isclated vas deferens preparation,

III. M:=THOD OF TESTING DRUGS ON
ISOLATED PREPAIATTONS

Stock solutions of drugs were made with de~ionigzed water and kept in
the refrigerator at 5° for not more than a week. Meclofenamio acid
(10 mg/ml) was freshly prepared by dissolving the drug in 10 ml of de~
ionised water with the addition of 1 drop of 5N NalH and adjusting the
solution to a pH of 8.7 with 0,1N HCl. Reserpine was dissolved in 207
w/V ascorbic aoid and used on the same day. The drugs were diluted to
the required concentrations with 0,97 W/V NaCl just before use, Drugs
were added to the organ bath with an all-glass syringe in a volume not

exceeding 1¥ of that of the organ bath,
Agonists were left in ocontact with lsolated preparations for specified

poriods of time and the solution in the bath changed twice after each
test, the tests usually being repeated every 5 to 10 min,

When the responses to agonists became steady, an antagonist was added
to the bathing solution and its concentration maintained throughout the
period of test. Vhenever possible antagonism was measured in terms of
the dose ratio(Gaddum, Hameed, Hathway & Stephens, 1955), which is the
ratio of equi~active concentrations of agonist in the presence and
absence of the antagonist, the measurements being made when the antagonism

became steady.
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The method used for the localisation of cholinesterase in tissue
sections was that introduced by Koelle and Friedenwald(1949) and modified
by Lewis(1961) and by Krnjevio and Silver{1965). Details of some un-
published modifications were kindly supplied by Dr. A.Silver.

The stock solutions required in this technique were:
isotonic sodium sulphate (38 g/L Na,S0, , 10 H,0, A.R.), fixative (107 V/V
Formalin, A.R., in isotonic sodium sulphate), ¥/10 sopper sulphate
(25¢/L Cu 80, , 5 HY0, A.R.), N/1 sodium acetate (136 g/L of hydrated salt,
A.R.) and N/1 scetic acid (57 ml/L glaoial acetic acid). Salts were
dissolved in distilled water.

The inoubation medium was prepared by dissolving 100 mg of acetyl=-
thiccholine iodide, or 110 mg of butyrylthiocholine iodide, in 4 ml
distilled water and preocipitating the solute with 7ml of /10 copper
sulphate., The initial portion of copper sulphate was added a drop at a
time with shaking after each addition. After completion of the addition
of copper sulphate, the solution was allowed to stand for 10 min before be~
ing centt fuged for 15 to 20 min at 2,000 rev/min, 10 ml of the super-
natant fluid was then pipetted off and 62 mg glycine added to it. Vhen
the glycine had dissolved, sufficient N/1 sodium acetate (about 3.5 ml) was
added to adjust the pi to 5.4, using a glass electrode.

The sulphide solution was made by rapidly dissolving 2 to 3 g of sodium
sulphide, M.A.R., in N/5 acetic acid, 45ml of acid being used for each gram
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of sodium sulphide, The pH of the final solution was checked with a glass
electrode and was within the range 5 to 6. The solution was then stored
in a screw~cappesd bottle,

Both the inocubation medium and the sulphide solution were prepared the
day before use and were stored in stoppered bottles at 4°c. The inoubat-
ion medium was made first to avold it resoting with sulphide vapour in the
room.

To fix the tissues, the isolated ocesophagus was placed in 107 Formalin
for 4 hr at 4°C. It was then transferred to another bottle containing
207, V/V ethanol and kept at 4°C for 12 hr to 10 days. Small pieces of
fixed tissue were frozen with carbon dloxide on a freezing microtome and
sactions.out at a thickness of 40 miorons. The sectlions were tranaferred
to a petri dish containing distilled water. 4 to 5 sections were then
transferred by means of a camel hair brush into each of a number of perspex
haemegglutination tray 'ocups' half-filled with incubation medium., The
- tray was covered with a sheet of glass to prevent evaporation and to
exclude dust, Sections were inocubated at room temperature for 5 hr.

Some seotions were placed in 0,25 solution of sodium sulphate ocontaining
DFP, 10 ug/ml, for 30 min before being incubated in a medium which contained,
in addition to the substrate, the inhibitor at the concentration mentioned,
Inoubatlon of sections with butyrylthiocholine produced staining at sites
of pseudocholinesterase activity only, whereas when acetylthiocholine was
used as substrate, stalning was produced at sites of true and pseudo-

cholinesterase aotivities, DFP, 10 pg/ml, inhibited the activity of
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pseudooholinesterase only.

After the incubation, the medium was carefully removed from the cups
with a pipette and the seotions washed twlice with distilled water. BREach
group of sections was then transferred to another cup and washed once
more with distilled water for a total time of 5 to 7 min, The water was
pipetted off and replaced with sulphide solution which was left in contaot
with the sections for 2 ¢o 3 min, The sulphide was then pipetted off and
disoarded and the oups refilled witﬁ distilled water.

To mount the sections, a very small quantity of gylcerine albumen
(George T.Gurr) was smeared onto & clean glass slide. Sections were
transferred individually to the appropriate slide with a large camel hair
brush and laid fiat with the aid of a smaller brush., Excess water was
removed from the slide with bdlotting paper and the rest allowed to evapor-
ate in air at room temperature. When the slide was dry enough, it was
placed in a beaker of absolute alcohcl for 2 to 3 min and then transferred
to xylene for 2 to 3 min, The sections were mounted from xylene into
Neutral Mounting Medium (George T.Gurr) and were covered with olean glass

cover slips,

V. STATISTICAL ANALYSIS OF RASULTS

When more than two cbservations were made, the values given in the text
and tables refer to means with standard errors and the number of obser-
vations in parenthesis. The significance of differences between means was
estimated by the "t" test(Emmens,1948) and probability (P) values are given,
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A walue for (P) of more than 0,05 is considered to de not significart.
Regression lines were caloulated by the method of least squares and the

probebility (P) of significant regression was computed by analysis of
variance( immens, 1948).
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RESULTS

I. SPONTANECUS MOVEMENTS OF THE OESOPHAGUS,
ROP ST OMA

The pre-crop oesophagus exhibited small rhythmic spontansous movements.
Sometimes large contractions which were about 15 times as high as the
regular rhythmic contrsctions appeared every & to 10 min, The larger
contractions were followed by relaxations before the smaller rhythmic
movements were resumed (Fig, 3)., On the other hand the orop was usually
quiescent.

The stomachs (proventrioulus and gissard) contracted spontaneously but
at a variable rate, The contractions were more frequent at the beginning
of the experiment, and the effects of drugs and nerve stimulation were
therefore studied 30 to 60 min after the dissection. The spontanecus
contractions of the stomachs usually ocoourred every 3 to 5 min but
occasionally contractions occurred every 90 sec, the proventriculus always
contracting Just before the gissard. The contraction was often brief and
monophasic but biphasic or triphasie contractions were also observed

(Fige. 3).
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II. EFRXT OF NERVE STIMULATION ON THE
UPPER ALIMZNTARY TRACT

Stimulation of the wvagus nerve produced contractions of the pre-orop
oesophagus, orop, proventriculus and gisezard, and a fall in arterial
blood pressure (Fig. 4). The effects of stimulating the right or left
vaghswere similar. Stimulation of the right or left descending
oesophageal nerve produced a contrection of the pre-crop cesophagus and
orop but had no effect on the stomachs or blood pressure (Fig. 4). The
contractions of the cesophagus and crop were prompt and sustained
throughout the stimulation, but the onset of the response of the stomachs
wes delayed for about ) sec and the initial transient contraction was
usually followed by other contractions for 5 to 10 min after cessation of

stimulation,

To trace pathways of efferent vagal fibres innervating the upper
alimentary tract, the vagal trunk was out at different levels and the
responses to high cervical vagal stimulation recorded. Only the left
vagus was ocut at the thorasic level as it was the more accesaible.

Transection of the reourrent branch of the wagus reduced the response
of the orop, but not that of the pre-crop oesophagus, stomachs or blood
pressure to high cervical vagal stimulation., Stimulation of the severed
recurrent nerve produced a contractlion of the crop equal in height to that

produced by stimulation of the vagus before cutting its recurrent dbranch
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but it did not have an effect on the pre-orop cesophagus or blood pressures
(Fig. 5). However, when the stimuli were initially applied to the vagal
trunk Just cranial to the recurrent nerve the contraections of the crop were
abolished after cutting the reourrent nerve(two experiments). |

Transection of the vagsl trunk near and crenial to the origin of the
recurrent nerve abolished the response of the stomachs and blood pressure
to high cervical vagal stimulation. Severing the vagus at a level ebout
the middle of the pre-crop cesophagus abolished the response of the crop
to high cerviocal vagal stimulation,

Contractions of the pre-orop oesophagus and crop produced by stimulation
of the descending oesophageal nerve were not affected by transection of the
vagus nerve at the levels described above.

Further experiments were made to find out whether the responses of the
pre=grop oesophagus and orop to stimulation of the descending oesophageal
nerve were partly due to stimulation of fibres contributed by the corresp-
onding vagus nerve. In two cockerels anaesthetized with pentobarbitone
sodium the left vagal trunk at the base of the skull and its branch to the
glossophayngeal nerve were cut and allowed to degenerate, Three weeks
after the operation the birds wers anassthetized and the crroéta of
stimulation of the degenerate vagus nerve and the correaponding descending
oesophageal nerve on the pre-crop cesophagus, crop and blood pressure were
studied. The right vagus and descending oesophagezl nerves were alsoc
stimulated, High cervical stimulation of the degenerate vagus produced

no effect, but stimulation of the normal wagus produced contractions
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of the pre-ocrop oesophagus and erop and a fall in arterial blood pressure.
Stimulation of the descending oesophageal nerve corresponding to the
degenerate vagus produced a contraction of the pre~crop cesophagus in doth
experiments and & contraction of the orop in cne,

Additional evidence of degeneration of the cut vagus was obtained
histologically. Both the intact and severed cervical vagi were removed
at the end of the experiment and fixed in formol-saline. Degenerate
myelin was demonstrated in sections made from the cut wvagus by the
Chiffelle and Putt's fat~soluble dye method and the Swank-Davenport osmium
tetroxide method(Culling, 1957).

IV, EFFECTS OF PRUGS CN RESPONSES TO NWRVE STIVULATION

Since the vagus and descending oesophageal nerves belong anatomically
to the parasympathetic nervous system(Hsieh, 1951; Vatanabe, 1960, 1964)
the following experiments were made to find out whether the two nerves
would behave phermacologically as ChoLinergic nerves, For this
purpose, pharmacological agents which are known to modify the actions of

acetyloholine were used.

A. ATROPINZ AND HYOSCI
In five experiments hyoscine, 0.1 to 1 mg/kg, abolished the responses of
the pre-crop oesophagus, crop, stomachs and arterial blood pressure to vagal
and descending oesophageal nerve stimulation (Fig. 6). In four other
experiments intravenous injection of atropine, 0.1 %o 1 mg/kg, also blocked
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the responses to stimulation of these nerves. The full effects of
atropine and hyoscine usually developed within 5 min of injecting the

drugs.

B, RIY,OSTIGMINE

The cholinesterase inhibitor, physostigmine, 0.2 mg/kg, potentiated the
response of the upper alimentary tract and blood pressure to wvagal or
descending oesophageal nerve stimulation (four experiments). The effect
of physostigmine on the duration of the responses was more pronounced than
on their magnitude. Higher doses of physostigmine produced spasm of the
organs which was abolished by atropine or hyoscine, 0.3 mg/kg (two

experiments).

C. HEXAMSTHONIUM

Hexamethonium, a ganglion blocking drug(Paton & Zaimis,1949) d4id not
ebolish the contractions of the upper alimentary traoct to vagal or
descending oesophageal nerve stimulation. 1In three experiments hexameth-~
onium, 5 to 10 mg/kg, only partly reduced the heights of the contractions
of the pre-crop oesophagus and crop; and in two other experiments, hexa-
methonium, 10 and 50 mg/kg, respectively, had no effect on the contractions,
In two further experiments, however, hexamethonium, 10 mg/kg, potentiated
the effects of vagal and descending oesophageal nerve stimulation on the
pre-crop oesophagus and crop, but lowered the blood pressure and partly
reduced the vasodepression produced by vagal stimulation. In both these

experiments a further dose of hexamethonium, 50 mg/kg, abolished the vaso=
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depression produced by vagal stimulation but had no further effeot on the
responses of the oesophagus and crop to vagal or descending oesophageal
nerve stimulation (Fig. 7).

Contractions of the pre-crop oesophagus and crop to the ganglion
stimulant tetramethylammonium, 0,25 mg/kg, were abolished by hexamethonium,
5 mg/kg(two experiments).

OF A 0 ARBACHO.
ON THE UPPER ALIMZNTARY TRACT,

The antagonism of the responses of the upper alimentary tract to vagal
and desoending oesophageal nerve stimulation by atropine or hyoscine and
their potentiation by physostigmine showed the cholinergic nature of these
nerves, The following experiments were carried out with acetylcholine
and other parasympathomimetic drugs in the expectation that these drugs
would mimioc the actions of the neurotransmitter on the alimentary tract
and blood pressure.

Intravenous injection of acetylcholine, 50 to 100 ug, or carbachol,

5 ¢0 10 ug, produced a fall in the arterial blood pressurs and contractions
of the oesophagus, crop, and stomachs (five experiments). The effect of
carbachol lasted longer than that of acetylcholine and was acocompanied by
profuse diarrhoea, but acetylcholine made the bird struggle and was some-
times fatal; thus acetylcholine was tested last in most of the experiments,
Piloocarpine, 250 to 500 ug, produced effects on the alimentary canal and
blocd pressure similar to those produced by acetylcholine and carbachol.
The fall in blocd pressure produced by the drugs was followed by a rise
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in blood pressure, whereas vagal stimulation produced a wvasodepressor
response only. Atropine, 0.5 mg/kg, abolished the effects of these
drugs on the upper alimentary tract and blood pressure (three experiments).

The excitatory response to vagal stimulation of the oesophagus, crop,
proventriculus and giszzard supports the anatomical evidence of the
innervation of these struotures(’atanabe, 1960), Stimulation of the
peripheral end of the severed vagus below the vestigial dlaphragnm
produced an inoreased motility of the intestines(Nolf, 1934a), suggesting
that moat of the alimentary tract of the domestic fowl is innervated by
excitatory vagal fibres.

Stimulation of the desoending oesophageal nerve produced contractions
of the pre-orop oesophagus and crop but had no effect on the stomachs or
blood pressure., This supports the anatomical evidence that the
descending oesophageal nerve does not extend beyond the cervical part of
the alimentary tract (Hsieh, 1951; Watanabe, 1964).

Since transection of the recurrent nerve did not affect the vaso-
depression produced by wagal stimulation and since the blood pressure was
not affected by stimulation of the recurrent nerve, the recurrent fibres
to the heart described by Watanabe(1960) must have been absent or in-
suffioiently inhibitory to affect the bdlood pressure. Although the
response of the orop to high cervical vagal stimulation was much reduced
after cutting the recurrent nerve, stimulation of the recurrent nerve

produced contraction of the orop, which was similar in height to that
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produced by stimulation of the vagus nerve with its recurrent branch
intact. This suggests that the reourrent nerve supplied the main
efferent vagal fibres to the orop.

Stimlation of the recurrent nerve d4id not produce an effect on the
pre-crop cesophagus. This was in agreement with the finding that the
recurrent nerve does not extend cranially beyond the orop(lsieh, 1951;
Fatanabe, 1964) and supports the use of the term "reourrent nerve"
(Fedde, Burger & Kitchell, 1963) instead of "recurrent laryngeal nerve”,

The peraistence of the responses of the pre-crop ocesophagus and crop
to stimulation of the descending oesophageal nerve following chronio
degeneration of the corresponding vagus nerve indicates that the
descending ocesophageal nerve could function independently.

The actions of the vagus and descending ocesophageal nerves on the
alimentary tract and arterial blood pressure were potentlated dy physoste
igmine and abolished by atropine or hyoscine, This suggests that these
nerves supplied cholinergic fibres,

Large doses of hexamethonium did not adbolish the response of the
oesophagus or crop to stimulation of the vagus or descending oesophageal
nerves. It is possible that some postganglionio fidres were stimilated,
or, that transmission at the synapses was mediated by direct eleotrical
ooupling(Martin & Pilar, 1963 a, b) as the response to stimulation of
the nerves was very rapid; alternatively synaptic transmission might be
pediated by a chemical transmitter not having nicotinselike properties
(Dale, 1514).
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Chapter 2.

THE CHICK®N ISOLATED OZSOPHAGUS

I,

ITS MOPIFICATION BY PHYSOSTIGMINE AND

«~ACET YLCHOLINE DRUG!

Stimulation of the vagus and descending oesophagesl nerves, separately
or synchronously, produced a contraotion of the oesophagus within 1 to 2
sec of application of the stimulus. On prolonged stimulation, the
preparation contracted for 10 to 20 sec and then partially relaxed to about
half the initial response. Sometimes the response remained at this level
with inoreased rhythmioity (Fig. 8); in other preparations a second smaller

contraction developed. After cessation of stimulation, relaxation was
complete within 15 sec. The responses were reproducible for over 2 hr
when the nerve was stimulated for 90 sec at intervals of not less than

5 min,

A, PHYSOSTIGMINE
Exposure of the oesophagus to physostigmine, 0.1 pg/ml, for 15 min,
potentiated the height of the contractions produced by 5 sec of nerve

stimulation by a mean of 21,3+h.X% (n=2, P<0.05).
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B. HEXAMSTHONIUM AND TUBOCURARINE

Hexamethonium, 5 Hg/ml, did not appreciably reduce the height of the
contractions of the oesophagus to nerve stimulation after 60 min exposure
to the drug (four experiments), but in six experiments exposure to
hexamethonium, 50 ug/ml, for 60 min, reduced the height of the contractions
by a mean of 8,5:3.07 (P<0,05). This mean includes the results of two
experiments in which hexamethonium was without effect.

Tubocurarine, 5 or 50 ug/ml, added to the organ bath for 30 min, did not
antagonize the response of the ocesophagus to nﬁrva stimulation (two

experiments in each instance).

C. HYCSCINE AND ATROPINE

Exposure of the oesophagus to hyoscine or atropine, 1 ug/ml or more, for
30 min, abolished the contraction to nerve stimulation when the period of
stimulation was less than 5 sec but not when the nerves were stimulated for
longer periods. Hyoscine was no more effective in blocking the response
to prolonged nerve stimulation when its concentration was raised to 100
pg/ml. The resistance of the contraction to hyoscine or atropine blockade
was also observed in five experiments when the nerves were stimulated with
1 msec pulses at 10 o/s inastead of with the usual stimulus parameters (see
Methods). ihen the effect of hyoscine became steady the preparation
contracted to nerve stimulation after a delay of 4 to 7 sec, the contraction
rapidly reaching a peak (Fig. 9) which was usually lower than that of the



37.

contraction in the absence of hyoscine, On application of a prolonged
train of atimuli, the hyoscine-resistant contraction was only maintained
for about 10 sec, the preparation relaxing to the baseline without
exhibiting a sustained high tone or seocnd contraction as observed in the
absence of hyoscine (Fig.8).

It was shown in the previous Chapter that in vivo, the sontraction of

the ocesophagus to vagal or descending cesophageal nerve stimulation was
abolished by intravenous hyoscine. Although the muscles recorded from were

different in vivo and in witro, two factors which might account for
the anomaly between the effects of hyoscine in the present experiments

and in the earlier in vivo experiments were that pentobarbitone scdium
blocked the hyoscine-resistant response in the in vivo experiments, or
that the birds used in the in wvivo and in vitro experiments were different
in age. To find out whether the ansesthetio and/or the maturity of the
birds precluded a hyosoine-resistant ocesophageal response to nerve
stimulation, the in vivo experiments were repeated with unanaesthetised
deocerebrate birds, and hyoscine was tested on isclated preparations made
from mature chickens.

In decerebrate chickens, contresctions of the ocesophagus to vagal and
decsending cesophageal nerve stimulation were abolished by intravenous
injection of hyoscine, 100 ug/kg (four experiments) even when the duration
of stimulation was as long as 30 or 45 seo (Fig. 10)s In one of these



sxperiments the administration of pentobarbitone sodium, 30 mg/kg, did
not affect the reaponse of the cesophagus to atimulation of the descending
ocesophageal nerve although the contracticn was subsequently abolished by
‘hyoscine, 100 pg/kg.

(n three isolated oesophageal preparations made from 10-month old
cockerels hyoscine, 100 ug/ml, sbolished the contraction produced by nerve
stimulation of short duration (3 to 5 sec), but a hyoscine-resistant
contraction was produced on prolonged stimulation.

Thus it seemed that the appearance of a hyoscine-resistant resaponse of
the oesophagus to nerve stimulation was assoolated with the in vitro
preparations only. Three possibilities were thought likely to account for
this phenomenon. First, the oesophageal wall may be stimulated directly
by passage of current through the bathing solution or through the plain
suscle of the Jugular vein which was encircled by the stimulating eleot-
rodes; second, hyoscine added to the organ bath may not diffuse to all the
receptors responding to acetylcholine released from the nerves; and third, - ‘J L
it 4is possidble that a hyoscine~resistant neurotransmitter was released
together with acetylcholine, To examine these possibilities the following ! ;_“‘}-"
experiments were carried out in the continuous presence of hyoscing, 100 i

p&/ml.
B. DI STIMULATION OF THS N MUSCLE

To ascertain that the oesophageal wall was not stimulated directly by
passage of ourrent through the bathing solution or jugular vein, the
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preparation was exposed to cocaine or the nerves were cut near the
oesophagus and the stimulation repeated. Furthermore, in some experiments
the vagus and descending cesophageal nerve were dissected free from the
vein and all other tissues before stimulation.

Exposure of the preparation to cocaine, 50 ug/ml, for 30 min, abolished
the hyoscine-resistant response to nerve stimulation (three experiments).
Similarly after cutting the nerves the preparation nc longer contracted
to nerve stimulation in the presence of hyoscine whereas it still
contracted to potassium chloride (three experiments).

Prolonged stimulation of the vagus (four experiments) or descending
oesophageal nerve (three experiments) produced a hyoscine-resistant
contraction of the cesophagus. However, the response to vegal stimul-
ation in the presence of hyoscine was not as steadily reproducible as that
produced by stimulation of the descending ocesophageal nerve or the two

nerves together.

G. I RSICN ! "II“

The possibility that hyosoine failed to reach receptors responding to
acetylcholine released from the nerves was investigated by exposing the
preparation to a combination of hyeosoine and hyaluronidase, an ensyme
which promotes the spresd of drugs into tissues; and by testing hyoscine
on a thinner preparation of the separated musoularis exterma with nerve
attached, Moreover, hyoscine was injeoted intravenously into chicks from
which isolated nerve-ocesophagus preparations were subsequently made.

In four experiments hyoscine-resistant contractions of the oesophagus



to nerve stimulation were still obtained after exposure of the preparation
to hyaluronidase, 0.3 to 30 i.u./ml, for 15 to 60 min.

Similarly, ocontractions of the separated external muscle to nerve
stimulation resisted complete block by hyoseine (four experiments).

Furthermore, when hyoscine, 100 ug/g, was injected intravenously into
8ix chiocks 5 to 10 min before making isclated nerve-ocesophagus preparations,
the preparations contracted to nerve stimulation when they werc made
although acetylcholine, 10 pg/ml, did not produce contractions until 1 hr
or more had elapsed. Three of these chicks had been anaesthetized with
halothane and a fourth was killed with halothane before making the nerve-

oesophagus preparations.

D. RELZASE OF A NON-CHCLINFRGIC SUBSTANCE

This possibility was investigated by testing antagonists of some

naturally ocourring substances on the hyoscine-resistant response, and by
attempting to deteot a pharmacologically active substance in the bathing
solution.

Exposure of the oesophagus to mepyramine (0.1 to 10 ug/ml, for 30 min,
three experiments) or to methysergide (0,1 to 10 ug/ml, for 30 min, two
experiments) which are antagonists of histamine and 5-hydroxytryptamine,
respectively, had no effect on the hyoscine-resistant response to nerve
stimulation. Similarly bretylium, which bloocks responses of isolated
tissues to sympathetio nerve stimulation(Bours & Green, 1959), did not

antagonigze the hyosoine-resistant respcnse of the ocesophagus to nerve



stimulation after 90 min exposure to 10 ug/ml of the drug (three
experiments). PFurthermore, 30 min exposure to 10 pg/ml of meclofenamic
acid, which antagonizes the actions of kinins and related substances on
guinea~pig lungs(Collier & James, 1967), did not affeot the hyoscine-
resistant contractions of the oesophagus to nerve stimulation (four
experiments).

In five experiments, i1solated oesophageal preparations were made %0
contract to nerve stimulation in the presence of hyosoine, 100 ug/ml, the
train of stimuli being applied contimiously for 30 min. In three of
these experiments a plece of isolated gulnea-pig ileum was suspended in
the same organ bath as the nerve-cesophagus preparation, pieces of post-
orop chick oesophagus being suspended in the organ bath with the other
two nerve-muscle preparations., Neither the guinea~pig ileum nor the
post-crop ohiock oesophagus contracted during thia prolonged nerve
stimulation.

The inability of hexamethonium or tubocurarine to abolish the oontract=
ion of the oesophagus to nerve stimulation reised the question of the
presence or absence of ganglia in the innervation of this organ, However,
histochemical staining of cholinesterases has shown that Auerbaoh's plexus
is present in the external muscle layers of the chick oesophagus, although
no ganglia oould be demonstrated in the mucosa in this way{Hassan, 1966).
This was probably due to a masking of the staining attributadle to mucosal



true cholinesterase by the dense staining produced by the activity of
pseudocholinesterase which was present in the muscularis mucosae and
mucosal glands,

In the present experiments sections were inocubated with acetylthio-
choline after treatment with DFP, 10 pug/ml, which inhibits pseudocholine
esterase(Krenjevic & Silver, 1965), so that staining due to mucosal true
ohblinosteraaa, and thus ganglia, would become apparent. Control
sections were incubated with acetylthiocholine alone.

In sections incubated with acetylthiocholine and DFP, a few ganglia
were demonstrated in the muscularis mucosae (Fig. 1la), but in sections
incubated with ndetyithiooholinl alone ganglia could not be demonstrated
in this layer as the staining due to true cholineaterase activity was
masked by the heavier staining attributable to pseudocholinesterase
activity (Fig. 11b). Sections incubated with butyrylthiocholine alone
confirmed the presence of pseudocholinesterase in the muscularis mucosae

DISCUSSION

The contractions of the isolated oesophagus %o nerve stimulation for a
short period (5 sec or less) were potentiated by physostigmine and
abolished by hyoscine or atropine, suggesting the release of an acetyl-
choline~like substance from the nerves.

The contractions of the isolated oesophagus to prolonged nerve stimu-

lation in the presence of hyoscine could not have been due to passage of
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ourrent through the plain muscle of the Jugular vein which was encircled
by the stimulating electrodes since a hyosoine~resistant contraction was
cbserved on stimulation of either nerve dissected free from oontiguous
tissues. Nor ocould the effect have been due to passage of ourrent through
the bathing solution, since & response to nerve stimulation was not
obtained after cutting the nerves or exposure to cocaine. The response
did not seem tc be due to stimulation of adrenergic fibres for it was not
affected by bretylium. Similarly, it is unlikely that the hyosoine~
resistant contraction was due to the release of histamine, S-hydroxytrypt-
anine or bradykinin since it was not affected by antagonists of these
substances.

In dscerebrate chickens, contractions of the oesophagus to nerve
stimilation were abolished by intravenous hyoscine. These preparations
weres left for 1 hr after brief ansesthesia with halothane for the
anasesthetic to be removed before recording contractions of the oesophagus.
Thus it seems improbable that pentobarbitone sodium masked a hyoscinew
resistant response to nerve stimulation in the previous in vivo experiments
(Chapter 1.), although it has been reported that some barbituric acid
derivatives blook some effects of wagal stimulation on the cat's heart and
alimentary tract in vivo(Garry, 1930; Brown & Garry, 1932).

Hyoscine-resistant contractions were cbtained from isolated cesophageal
preparations made from the adult fowl, showing that a difference in age
of the birds did not account for the difference in effectiveness of
hycscine in the in vitro and in vivo experiments,



It is improbable that the slow hyoscine-resistant contraction of the
oesophagus to nerve stimulation was produced by direct electrioal coupling,
since ephaptic transmission is very rapld (Martin & Pilar, 156%). A more
plausible poasibility is that hyoscine did not reach all the receptors
stimulated by acetylcholine released from nerves in the isoclated chicken
oesophagus, for, it has been shown that some drugs only combine with
receptors in the muscularis mucosae of isolated guinea~pig cesophagus
after separation of the external muscle from the mucosa(Bartlet, 1968b,0).
However, hyoscine sbolished the contractions of the chick oescphagus
produced by physostigmine, which apparently stimulated neural structures
since its sotion was blocked by cocaine(Bartlet & Hassan, 1968). Thus in
thess experiments hyoscine seemed effective in antagonizing acetyloholine
released from neural structures, Nevertheless, hyoscine did not abolish
the contractions to nerve stimulation of a thin separated external muscle
preparation made from the chiok oesophagus. Moreover, intravenous
injection of lerge doses of hyoscine into chicks before isclation of the
nerve-oesophagus preparation was ineffective in abolishing the contraction
to nerve stimulation, and exposure of the oesophagus to hyaluronidase, an
enzyme which promotes the spread of drugs into tissues, 4id not alter the
effect of hyoscine on responses to nerve stimulation, Thus it is hard
t¢ reconcile these results with the assumption that hyosoine falled to
reach all the receptors responding to acetyloholine,

It seemed posaible that the hyosoine-resistant contraoction was due to
the release of a slow contracting substance from the nerves together with
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soetylcholine. A similar view has recently been put forward by Ambache
& Freeman(1969) from their experiments with the separated longitudinal
nmuscle of guinea-pig ileum stimulated transmurelly. It might be that
in vivo a slow gontracting substance coculd be removed from the vicinity
of the nerve terminals by the circulation before it contracted the
cesophagus. In vitro, a slow contracting substance released from nerves
would only be removed by diffusion and/or metabolism, and if these effects
ooocurred slowly, the substance might acoumlate in sufficient amount to
produce & contraotion., However, pieges of guinea-pig ileum or chiock
oesophagus did not contract when suspended in the same organ bath as the
nerve stimulated chick cesophagus, so that no slow contraoting substance
could be detected in this way.

It is oustomary to classify cholinesterases into "$rue" and "pseudo”
cholinesterases(lendel & Rudney, 1943; Mendel, Mundell & Rudnaey, 1943).
In mammals both enzymes hydrolyse acetylcholine; in addition, true
cholinesterase hydrclyzes acetyl~f-methylcholine but not benzoylcholine
or butyrylcholine, whereas pseudocholinesterase hydrolyses benzoylcholine
and butyrylocholine but not acetyl-Semethylcholine. Although chicken
pssudooholinesterase has been reported to show some differences to the
corresponding mammalian enzyme regarding substrate and inhibitor
speocificity(iarl & Thompson, 1952; Myers, 1953; Blaber & Cuthbert, 1362)
the present experiments show that DFP inhibited pseudocholinestersse and
not true cholinestersse of this species. Thus in the present experiments
DFP could be used to restrict the histochemical staining of cholinesternses
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by the thiocholine method to sites of true cholinesterase activity.

Staining of sections of cesophagus for true cholinesterase demonstrated
the presence of ganglia in both the externa and the mucosa. Thus the
failure of hexamethonium and tuboourarine to abolish the contractions of
the oesophagus to nerve stimulation both in vivo and in vitro can not be
attributed to an absence of ganglia in the preparation. It is posaible
that the stimulated nerve fibres do not synapse at the intramural ganglia
of the preparation, for, the vagal fibres innervating the external muscle
of guinea-pig cesophagus do not synapse with the intramural ganglia of
Auerbach's plexus(Bartlet, 1968a). Alternatively, transmission at the
synapses may be effected by a substance not having a nisotinio action, or
hexamethonium and tubocurarine may not reach ganglionic receptors in the
preparations.

Agoording to Bowman & Everett (1964) atropine (0.02 ug/ml and above)
abolished the contractions of the ohiok isoclated oesophagus to pare~
sympathetic nerve stimulation. In their experiments the nerves were
stimulated with rectangular pulses of 0.5 or 1 mseo duration, whereas in
the present experiments 10 msec pulses were usually used, However this
difference in pulse width does not acoount for the difference in block by
atropine, for, in some of the present experiments in whioh the pulse width
was reduced to 1 msec duration, an atropine-resistant contraction was still
obtained, 1In the experiments of Bowman and Everett(1964) hexamethonium
(2 to 4 ug/ml) and other drugs which block ganglia produced a 50 to 807
depression of _t:.‘no height of contraction of the chick isolated ocesophagus
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produced by vagal stimulation. Moreover, Everett (1966) assumed that the
addition of hexamethonium (4 pg/ml) to the Krebs' solution bathing the
cesophagus restricted the effective transmural stimulation to the post-
ganglionio fibres., This is at variance with the present results where
hexamethonium in e concentration of less than 50 ug/ml failed to produce a
significant antagonisa of the response to vagal stimulation, No plausible
explanation can be suggested for these differences in the actions of hexa-
methonium and atropine as observed by Bowman and Everett(1964) and in the

present experiments,



SELE OF DRUGS B ERG.

Some anti-adrenaline drugs were tested on isolated tissues to find
concentrations which blocked a~ or f-receptors without producing & nerve
bdloock and with little or mo antagonism of receptors for other agonists,
The adrenergic neurone blooking drug, bretylium(Boura & Green, 1959), was
similarly tested to £ind a concentration which blooked sympathetio nerves
only. These experiments were carried out with a view to using the
bloocking drugs in experiments with the chiok isclated nerve-rectum

preparation,

X B L

I, PROPRANOLOL AND MJ=1999

To find out which of the two drugs was the more potent 3-receptor
antagonist in vitro, their relative potencies es antagonists of iso-
prenaline relaxations of the reotum were determined. The dose ratios for
isoprenaline in the presence of propranclol or MJ-~1999 (Table 1) have been
plotted on the ordinate of a graph (Fig.13), concentrations of the
antagonists being plotted on the abscissa. According to the caloulated
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regression lines propranclol was 550 times as potent as 1J»1999 in blocking
p~receptors since the dose ratio for isoprenaline was 100 in the presence
of propranclol, & ng/ml, or We-1999, 2.2 ug/ml.

B. _NERVE BLOCKING ACTICNS
0 OPRANOLOL AND MJw

W«1999, unlike propranolol, is reported to lack local anaesthetio
action(Lish, Weikel & Dungan, 1965), To find out whether MJ=1939 could be
used for anatagonising the activity of a neurotransmitter at p-receptors
without producing a nerve block, the drug was compared with propranclol
and proocaine as a blocking agent against contractions of the guinea~plig vas
deferens to hypogastric nerve stimulation.

Both MJ-1999 and propranolol antagonized the contractions of the vas
deferens to hypogastric nerve stimilation, The nerve blooking sotions ‘of
procaine, propranclol and KJ-1999 are depioted in Figyg), , which shows that
8 60/ reduction in the height of the contraction was produced by 20 min
exposure to procaine, 57 ug/ml, propranolol, 5.4 ug/ml, or MWJ-1999,

42 ug/ml. Thus propranclol was about 10 times more potent than proocaine
and 26 times more potent than MJ=1999 in blooking the hypogastric nerve.

If MJ=-1999 blocked the hypogastrisc nerve through a local anaesthetic
agction, it might anagsthetise the rabbit cornea; thus MI=1999 was compared
as a surface anaesthatic with propranolol and cocaine on the rabbit eye,
The effects of the three drugs on the corneal reflex of the rabdit eye are
shown in Figys , which shows that propranolol (0.2¢ #/V) and cocaine (27 W)
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ansesthatized the cornea to a similar degree within 5 min of instillation
whereas !1J=1999 tested at 50 times the oconcentration selected for propran=
0lol had no effect on the cornea.

The results with the rabbit eye threw some doudt as to whether the
hypogastrio nerve blocking action of MJ~1999 was due to a local anaesthetic
aoction. Thus the experiments with the guinea~-plig vas deferens were
extended to investigate the site of action of propranclel and "'J=1999 in
blocking responses to stimulation of the hypogastric nerve, Concentrations
of the two drugs which produced 65-857 reduction in the height of contract-
ion in the previous experiments were used. Preganglionic stimulation of
the hypogastric nerve was alternated with postganglionic transmural
stimulation(Birmingham & wilson, 1963) before exposing the vas deferens to
MJ=1999 or propranoclol,

Exposure of the vas deferens to propranolol, 10 ug/ml, for 20 min,
depressed contractions to both hypogastric and transmural stimulation
(three experiments) (Fig.l%). However, in four experiments 20 min
exposure to propranolol, 5 ug/ml, potentiated or did not affect contractions
of the vas deferens to noradrenaline. In two experiments additional
exposure to propranolol, 20 ug/ml, d4id not reduce the height of the
contractions to noradrenaline below that of the control responses to the
drug (Fig.16b). MJ«1999, 200 ug/ml, produced a marked inhibition of the
contractions of the vas deferens to hypogastric nerve stimulation but the
contractions to transmural stimulation were hardly affected by the drug
(three experiments) (Fig.l?.
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The dissimilarity between the effects of propranoclol and MJ-1999 on the
response of the vas deferens to transmural stimulation suggests that the
drugs blocked the response of the preparation to hypogastric nerve stimu-
lation through aoting at different sites on the nervous pathway. To
confirm this suggestion, propranclol and MJ=-1999 were tested on the
guinea~pig isolated ocesophagus ocontracting to vagal stimulation.

The guinea-pig oesophagus responds to stimulation of the vagus nerve
with a twitch followed by a sustained contracture(Bartlet, 1968a),
Exposure of the ossophagus to propranclol, 10 pg/ml, for 20 min almost
abolished both components of the response of the preparation to wagal
stimulation, the per ceant reduction of the response being 72:14% (three
experiments)., However, 20 min exposure of the preparation to MJ=1999,
200 pg/ml, antagonized the contracture but not the twitch, the height of
the contracture being reduced by 1813.57 (n=2, P<0,02), Fig.18(a) and (b)
1llustrates .these effects of propranclol and }MJ=1999, respectively, on the
response of the guinea-pig ocesophagus to vagal stimulation.

C., EFPFE OF PROPRANOLCL, AND

[ NTR ITIONS
5 HCTUM
1 5 AND STAMINE

The unspecifioc blocking effeots of propranolol and M -1999 on receptors
for acetylcholine and histamine were studied as a final step in evaluating
the comparative usefulness of these drugs.

The data in Table 1 shows that propranclol, 0,05 ug/ml, and ¥J-1999,
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50 ug/ml, antagonized isoprenaline aoting on the chick rectum to &
similar degree, so these oconcentrations of the drugs were sompared for
antegonism of acetylcholine and histamine., Contractions of the rectum
to acetylcholine or histamine were not antagonised by propranclel, 0,05
pug/ml (Tadble 2). However, when the concentration of propranclol was
raised 10 times ¢to 0.5 ug/ml it produced a slight but not statistically
significant antagonism of both acetylcholine and histamine, the dose ratio
for acetyloholine being 1.5:0.3 (n=2, P>0.2) and that for histamine
1.9+0.3 (n=2, P>0.05). On the other hand MJ-1999, 50 ug/ml, significantly
antagonized acetylcholine and histamine, the dose ratio for acetylcholine
being 5.2+ 1.3 (n=3, P<0,05) and that for histamine 2.,1:0.1 (ne2, P<0,01).
%hen the concentration of WJ-1999 was lowered to 5 ug/ml the drug still
produced a slight but statistiocally not significant antagonisam of scetyl-
choline and histamine, the dose ratio for acetylcholine being 1.3: 0.2
(ns3, P>0.2P) and that for histemine 1.3:0.1 (n=2, P»0.05).

The potency of these drugs in antagonizing noradrenalines acting on the
rat seminal vesicle was determined., Phentolamine, 1 ug/ml, and tolazoline,
100 pg/ml, were equipotent in antagonizing the contraction of the ret
seminal vesicle produced by noradrensline (10 ug/ml) (Tablel ).
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ixposure to phentolamine, 10 ug/ml, for 20 min, had no effect on the
contractions of the guinea-pig isolated vas deferens to hypogastric nerve
stimulation or ooaoph‘aguu to vagal stimulation, However, although
tolazoline, 100 ug/ml, had no effect on the ocesophageal contractions to
vagal stimulation, it potentiated markedly the contractions of the vas .

deferens to hypogastric nerve stimulation (Table 3.

. Ce  LEF-CTS OF PHINTOLIMIIN' A2D
TOLLICLINS O CONTRACTICNT CF

TEZ CITICY. ROCTUM TO AC TYLCHCLINS

TIST AT

Contractions of the chick rectum produced by acetylcholine or histamine
were entagonised by phentolamine, 1 ug/ml (Table 2), the antagonism of
histamine being significant (P<0.02). Phentolamine, 0,1 ug/ml,appeavedls
antagonise histamine, but the antagonism was not significant (P>0.3).
Tolazoline, 100 ug/ml, which was equipotent with phentolamine, 1 p.g_/ml, in
antagonising noradrenaline aoting on the rat seminal vesicle, did not
antagonige acetylcholine acting on the chick reotum (Table 2,, but it
antagonized histamine significantly (P<0.05). txposure of the rectum to
tolagzoline, 10 ug/ml, also antagoniszed histamine signifiocantly (P<0.02),



IIT.  BRATYLIVK

The sympathetioc nerve blocking action of bretylium was studied on
contracticns of the guinea-piz isolated vas deferens to hypogastric nerve '
stimulation. DBretylium was also tested on contractions of the guinea-pig
isolated oesophagus to vagal stimulation to ascertain that a concentration
of the drug whioch was effective in blocking the adremergic nsurone was free
from cholinergio neurons blooking activity. The height of the contraction
of the vas deferens was reduced significantly after 20 min exposure to
bretylium, 2 or 10 ug/ml, but these concentrations of the drug had no
afﬁmt on the responses of the cesophagus to vagal stimulation (Table 3).
Bretylium, 20 ug/ml, slightly inhibited the responses of the oesophagus to
vagal stimulation, however.

B, ZELFCT OF BRETYLIUM ON CONTRACTICNS

AND HISTAMING

ixposure of the chick rectum to bretylium, 10 pg/ml, for 20 min, 3id not

antagonize the contractions to acetylocholine (five experiments) or histamine

(three experiments).



DISCUSSION

I. PROPRANOLOL AND MJ-1999

The local anaesthatioc action of propranoclol presents a problem when the
drug is used to investigate the poss ble action of a neurotransmitter at
B-receptors. MJ=1999 which is free from local anaesthetioc action(Lish
et al, 1965) might antagonize the action of a neurotransmitter at
p-receptors without bloocking its release from the nerves., However,
although propranclol was 26 times as potent as MJ=1999 4in blocking the
hypogastric nerve of the guinea-pig, it was 550 times as potent in antagone
izing isoprenaline acting on the chick reotum. Thus propranolol seemed
to be the drug which was moat likely to block B-receptors without producing
a nerve bloock.

I -1999 seemed to block ganglia, for, it blocked responses of the
guinea-pig vas deferens to stimulation of the preganglionic hypogastrio
nerve without affecting responses to postganglionic stimulation. Morsover,
the action of MJ«1999 resembled that of hexamethonium(Bartlet, 1968a) in
that both drugs antagonized the contracture but not the twitch of the
guinea-pig oesophagus produced by vagal stimulation,

MI=1999 (50 ug/ml) antegonized acetylcholine and histamine acting on the
chick rectum. On the other hand propranclol (0,05 ug/ml) 4id not antagon=
ize acetylcholine or histamine on the rectum although it was equipotent
with MJ-1999 (50 ug/ml) in bdlocking isoprenaline relaxations of the
preparation. Thus the p-receptor blocking aotion of propranolol (0,05
ug/ml) was preferable  to that of MJ=1999 (50 ug/ml) since the latter drug
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was the more likely to antagonize acetylcholine, histamine and nerwvous

transmission,

II. PHENTOLAMINE AND TOLAZOLINE

Tolazoline (10 ug/ml) and phentolamine (0.1 ug/ml) entagonized the
action of noradrenaline on the rat seminal vesicle to about the aame degrese,
but tolazoline (10 ug/ml) antagonized the action of histamine on the chick
rectum (P<0,02) whereas phentolamine (0,1 pg/ml) did not (P»0,3). MNoreover,
tolazoline (100 .g/ml) markedly potentiated the response of the guinea-pig
vas deferens to hypogastric nerve stimulation, making it an unsuitable drug
for antagonizing the action of a neurotranamitter at a-receptors. Thentol-
amine (10 ug/ml) did not have suoh an effect on the response of the vas
deferens to hypogastris nerve stimulation, howsver, and was therefore

selected for blocking the a~receptors of the chick rectum.

II. BRETYLIUY

Bretylium (2 or 10 pg/ml) blocked responses of the guinea-pig vas
deferens to hypogastrio nerve stimulation without having an effect on
responses of the oesophagus to vagal stimulation or antagonising the
responses of the chiok rectum to acetylcholine and histamine, A higher
consentration of bretylium (20 ug/ml) slightly blocked the vagus nerve,
however. Thus bretylium (10 ug/ml) seemed to produce a specifio blockade
of the responses of isolated preparations to adrenergic nerve stimulation,
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Chapter 4.

THE CHICK ISOLATED RECTUM

WITH REMAK NERVE ATTACHE!

The response of the chicken isolated oesophagus to parasympathetic
nerve stimulation resists complete block by anti-muscarine or ganglion
blocking drugs. The question arose as to whether responses to nerve
stimulation of other parts of the chicken alimentary tract are also
resistant to blookade by antagonists of acetylcholine and noradrenaline.
The chick rectum was chosen for comparison with the oesophagus as it
represents the other end of the alimentary tract and has a parasympathetic
extrinsic innervation contained in the Remak nerve, IMoreover, since the
Remak nerve oontains aympathetic fibres(Nolf, 1934b), studies with the
nerve-rectum preparation have shown whether responses to sympathetic nerve

stimulation are atypical in this speciles.

RES U S

I. RESPONSES OF THE RECTUM TO NFRVE
IMULATION, ACETYLCHOLINE

NORADRENALING

On stimulating the Remak nerve the rectum contracted after a delay of
1l to 3 sec. The height of the contractlion reached a peak after 10 to 15
sec of stimulation and then deolined to the baseline., However, when the

tone of the preparation was raised by acetyl-gemethylcholine, 2 ug/ml, or
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by hyoscine, 100 pg/ml, stimulation of the Remak nerve produced a
transient contraction followed by a relaxation which lasted until the
cessation of the stimulation. The reotum contracted to acetylcholine,

0.05 to 0.1 ug/ml, and relaxed to noradrenaline, 0,1 to 1 ug/ml.

II, FHARMACOLOGY OF THE CONTRACTION
OF THE RECTUM TO R'MAK N:RVE

STIMULATION

The Remak nerve contains fibres originating from the sacral and

coeliac plexuses(Nolf, 1934b); +thus it seemed likely that the contraction
of the rectum was due to stimulation of cholinergic fibres contributed by

the sacral plexus since the preparation also contracted to acetyloholine.

The following experiments investigated the possible oholinergic nature of

the neurotransmitter producing contraction of the rectum to Remak nerve

stimilation,

A, EFFUCT OF HYOSCINE

Exposure of the preparation to hyoscine, 1 ug/ml(two experiments) or
10 pg/ml(four experiments), for 45 min, did not antagonisze the contraction
" to nerve stimulation. Hyoscine, 100 ug/ml, antagonized the contraction,
however, the antagonism usually being fully &evsloped after 30 min
exposure to the drug when the contraction became briefer and slower in
onset(six experiments). The effect of hyoscine, 100 ug/ml, on the height

of the contraction was variable; in three of the experiments the height of
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the contraction became so small as not to be readily distinguishable from
the spontaneous movements of the preparation (Fig.1l9a), but in the other
three experiments it was only slightly depressed (Fig.l9b). Moreover,
hyosoine, 100 ug/ml, raised the tone of the preparation in five of the six
experiments, and when this occurred, nerve stimulation produced a transient

contraction followed by a relaxation (Fig.l9a).

B. EFFECTS OF HEXAMETHONIUM AND

TUBCCUT 1)

Hexamethonium, 5 pg/ml, reduced the height of the contraction of the
rectum to Remak nerve stimulation (two experiments). In four experiments
hexamethonium, 10 ug/ml, produced a slight rise in the tone of the
preparation and abolished the contraction; dbut in a fifth experiment the
contraction to nerve stimulation was not affected after 45 min exposure to
the drug at this concentration. 1In those experiments where hexamethonium
abolished the oontraction, 30 sec stimulation of the nerve (10 msesc, 20
¢/s) produced a relaxation (two experiments) or had no effect (two
experiments).,

Exposure of the rectum to tuboourarine, 10 pg/ml, for 10 to 20 min,
abolished the contraction to nerve stimulation (five experiments), Tubo-
curarine raised the tone of these preparations and when the nerve was

stimulated for 30 sec (10 mseoc, 20 o/s) the preparations relaxed.



III. PHARMACOLOGY OF THZ RELAXATION

OF TH= R-CTUM TO REMAK NERVE
STIMULATION

In experiments where relaxations of the rectum to Remak nerve stimul-
ation were studied, the tone of the preparations was raised by continuous
exposure to acetyl-p-methylcholine, 2 ug/ml.

As the Remak nerve contains fibres originating at the coeliac plexus
(Nolf, 1934b) and since noradrenaline produced a relaxation of the rectum,
it seemed likely that the relaxation of the preparation to nerve stimulation
was due to a release of cateoholamines from sympathetic fibres. This
possibility was investigated by exposing preparations to phentolamine
(which blocks a~receptors), propranoclol ( a p-receptor antagenist) and to
bretylium, an adrenergic neurcne blocking drug(Boura & Green, 1959). 1In
addition, a study was made of the responses of preparations made from
chicks pretreated with reserpine, which depletes tissues of their catechol-
amine content(Muscholl & Vogt, 1958),

A. ACTION OF AGONISTS AND ANTAGCNISTS

Before attempting to block the action of the neurotransmitter at the
sympathetic receptor sites, it was necessary to investigate the presence of

a= and/or g-receptors in the chick rectum. FPhentolamine, 0,1 ug/ml, and
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propranolol, 0.05 ug/ml, were used to block a=- and B-receptors, respectively,
in accordance with the results obtained in Chapter 3. The two antagonists
were tested on rectal relaxations to phenylephrine, which is reported to
stimulate the a-receptor only, and to isoprenaline, the p-receptor
stimulant(Ahlquist & Levy, 1959) as well as to noradrenaline,

Phenylephrine (0,5 to 1 ug/ml), isoprenaline (0,5 to 5 ng/ml) or nore
adrenaline (0.1 to 1 ug/ml) produced matching relaxations of the rectum,
the three amines always being tested on each preparation. The onset of
the relaxations were prompt and the preparation regained its tone within 1
to 2 min of washing out noradrenaline or phenylephrine, recovery from iso-
prenaline being slightly more delayed.

In five experiments 20 to 60 min exposure to phentolamine, 0.1 ug/ml, did
not antagoni?e the relaxations of the rectum produced by phenylephrine,
noradrenaline or isoprenaline, but propranolol, 0.05 ug/ml, antagonized the
relaxations produced by the three sympathomimetic amines. Fig. 20 shows
the lack of effect of phentolamine, 0,1 ug/ml, on the response of the rectum
to phenylephrine and its antagonism by subsequent exposure to propranolol,
0.05 ug/ml. In six experiments 20 min exposure to propranolol, 0,05 ug/ml,
abolished the relaxations produced by isoprenaline and reduced the relax-
ations produced by norsdrenaline and phenylephrine by 71+10% and 8247
respectively, the residual responses to the amines being briefer than before

exposure to propranolol. These mean values include the results of two

experiments in which the effects of noradrenaline and phenylephrine were abolished by
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propranolol, 0.05 ug/ml (Fig.2l). In the four experiments where pro-
pranolol-resistant relaxations to noradrenaline and phenylephrine were
obtained, increasing the concentrations of the amines about 100 fold did

not increase the size of the propranoclol-resistant relaxations. In the six
experiments, the dose ratios for isoprenaline, noradrenaline and phenyl-
ephrine in the presence of propranolol, 0.05 ug/ml, were 16674366, 238440
and 13824647, respectively. Comparison of these dose ratios by Students
"t" test has shown that the antagonism of isoprenaline by propranclol,

0.05 ug/ml, was significantly greater than that of noradrenaline (tcalc.“
3.865, n = 10, P<0.01), but was not significantly different from that of
phenylephrine (toalc. = 0,382, n = 10, P>0.7).

The propranolol-resistant relaxations of the rectum produced by nor-
adrenaline and phenylephrine were ebollished by additional exposure to
phentolamine, 0.1 pg/ml (four experiments).

These results suggested that the sympathomimetic receptors in the chick
rectum are mainly of the p-type, and that the a-type forms such a small
proportion of the total number of these receptors that the response to
their stimulation becomes apparent only when the 3-receptors have been
blocked. Thus it was deolded that propranolol was the adrenaline antagon-
i1st which was most likely to block the relaxation produced by stimulation

of the Remak nerve, and was therefore the drug first tested,
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B, EFFECTS OF PROPRANOLOL AND PHENTOLAMING
ON _RELAXATIONS OF THE RZCTUM TO RTUMAK

NERVE STIMULATION

The rectum was made to relax b{j stimulation of the Remak nerve ;

- .o¥ with noradrenaline, the tone of the préparatian being raised with
scetyl-f-methylcholine, 2 ug/ml. Exposure of the preparation to pro-
pranolol, 0.05 ug/ml, for 20 min, reduced the relaxations to nerve
stimulation by a mean of 2244% (n = 3, P<0,02) but had no effect on the
relaxations produced by noradrenaline. In four further experiments a
combination of propranolol, 0.05 pg/ml, and phentolamine, 0.1 pg/ml,
abolished the relaxation to nerve stimulation and almost abolished that to
noradrenaline, the height of the initial contraction to nerve stimulation
being unaffected although its duration was prolonged (Fig.22).

As propranclol markedly antagonized noradrenaline in the earlier
experiments where noradrenaline was tested on preparations which were also
exposed to phenylephrine and isoprenaline, the fallure of propranolol to
antagonize noradrenaline when the amine was alternated with stimulation of
the nerve seemed to require some further investigation,

Acetyl~g=methylcholine was present in the earlier series of experiments
but absent in the later experiments where the nerve was stimulated, so it
seemed possible that acetyl-p-methylcholine affected the antagonism of
noradrenaline, Thus the experiments with noradrenaline, phenylephrine

and isoprenaline were repeated on preparations suspended in Krebs' solution



containing acetyl-p-methylcholine, 2 ug/ml, to investigate this possibility.
In three experiments exposure to propranclol, 0.05 pg/ml, abolished the
relaxation of the rectum to isoprenaline, and reduced the sige of the
relaxations to noradrenaline and phenylephrine, the per cent inhidbition of
the relaxations being 75i+77 for noradrenaline and 78387 for phenylephrine.
Propranolol antagonized noradrenaline to the same degree in the presence or
absence of acetyl-B-methylcholine, showing that the choline ester d4id not
affect the antagonism of noradrenaline by prOpranolol.‘

Some further experiments were made to find ocut whether phenylephrine and
isoprenaline made the relaxation of the reotum to noradrenaline and Remak
nerve stimulation more sensitive to block by propranolol. Rectal prepar-
ations were made to relax to Remak nerve stimulation and to phenylephrine,
isoprenaline and noradrenaline in the continuous presence of acety-=f-
methyloholine, 2 ug/ml. In five experiments exposure of the preparations
to propranoclol, 0.05 ug/ml, always abolished the response to ismoprenaline,
and reduced the responses to phenylephrine, noradrenaline and nerve
stimulation by a mean of 654117, 56412 and 76410/, respectively, the
response to nerve stimulation being abolished in two of the experiments.

In the present experiments where the rectum was relaxing to noradrenaline,
isoprenaline, phenylephrine and nerve stimulation the per cent reduction in
the size of the noradrenaline relaxation produced by propranolol, 0.05 pg/ml,
was not different from that in the earlier series of experiments in which
the preparation relaxed to the three sympathomimetic amines only (toalo-n
0.09%, n=9, P>0.9), Thus isoprenaline and phenylephrine did make the
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relaxation of the rectum to noradrenaline more sensitive to block by
propranolol, regardless of whether or not the Remak nerve was stimulated.
Furthermore, the redcution in the sige of the relaxation to nerve stimul-
ation produced by propranolol, 0.05 ug/ml, was significantly greater in
the experiments where phenylephrine, isoprenaline and noradrenaline were
tested than in those where only noradrenaline was alternated with nerve
stimulation (toa.lo.")"'sos’ n=7, P<0,01).

C. EFFECT OF BRATYLIUM

Exposure of the rectum to bretylium, 10 ug/ml, gradually inhibited the
relaxations to nerve stimulation. In four experiments the size of the
relaxation was reduced by 65.5:+2.9% (P<0,001) after 2 hr exposure to
bretylium, 10 ug/ml, but the height of the initial transient contractions
was hardly affected by the drug at this concentration (Fig.23).

Reserpine, 5 ug/g, was injected intramuscularly in five chicks on two
successive days, the second dose of the drug being injected 24 hr before
isolation of a nerve-reoctum preparation. Three of the reserpinized
preparations responded to Remak nerve stimulation with a contraction
only, and did not relax when the duration of stimulation was as long as
1 min (Fig.24). The other two reserpinized preparations responded to
1 min of nerve stimulation with a contraction, which was sustained for 45

seo, followed by & relaxation. In five control preparations nerve



66,

stimulation produced a brief contraction, which was never sustained for

more than 15 sec, followed by a relaxation.

DISCUSSION
]

Since the Remak nerve oontains parasympathetic fibres originating at
the secral plexus(Nolf, 1934b) and acetylcholine contracts the rectum,
the contraction of the preparation to stimulation of the nerve is likely
to be due to stimulation of cholinergic fibres. However, the contraction
to nerve stimulation of the isclated reoctum, like that of the chick
isolated cesophagus, was not abolished by hyoscine. Thus the responses
of both i1sclated extremities of the alimentary tract of the domestic fowl
to stimulation of extrinsio parasympathetic nerves are resistant to
complete block by hyoscine; this phenomenon has been discussed before in
Chapter 2,

Hexamethonium and tuboourarine usually abolished the contractions of
the rectum to Remak nerve atiﬁulation although they always failed to
abolish oontractions of the oesophagus to vagal and descending cesophageal
nerve stimulation., Thus although responses of both the rectum and
oesophagus to nerve stimulation were atyploally resistant to hyoscine,
only responses of the oesophagus were atypically resistant to ganglion
blooking dmss-. The c¢loacal region, which contains striped muscle, was
excluded from the rectum preparation, thus the action of tuboourarine on
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the preparation could not have been a neuromuscular bloai:ing action,

Noradrenaline and phenylephrine (which stimulate a-receptors) produced
relaxations of the rectum which were antagonized by propranclol but not
phentolamine, However, there was a small residual relaxation of the reotum
to noradrenaline and phenylephrine in the presence of propranclol, and this
was abolished by phentolamine, Thus it seems that the sympathomimetio
receptors in the chick rectum are mainly B-receptors, so that relatively
higher concentrations of phenylephrine and noradrenaline than of isopren=-
aline were required to produce relaxations of the preparation, The pre~
dominance of Z-receptors in this organ may account for its usefulness in
detecting adrenaline insympathin(Mann & West,1950; Vane, 1969).

Propranolol only antagonised noradrenaline when isoprenaline and phenyl=-
ephrine were tested on the same preparation, suggesting that isoprenaline
and/or phenylephrine had an influence on the combination of noradrenaline
and/or propranolol with the sympathomimetio receptors., Similarly iso-
prenaline and phenylephrine seem to influence the action of the adrenergic
neurotransmitter, for the antagonism of the relaxation to Remak nerve
stimulation by propranolol was greater in experiments where isoprenaline
and phenylephrine were tested.

Phentolamine and propranoclol together, at concentrations which blocked
only a= and p-receptors, respectively, abolished the relaxations of the
rectum to nerve stimulation, isoprenaline and phenylephrine not being
tested in these experiments., Furthermore, bretylium inhibited the relax-

ations of the rectum to Remak nerve stimulation, and recgtal preparations
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made from reserpinized chicks responded to nerve stimulation mainly by
contraction, These results sugrest that the relaxations to Remsk nerve
stimulation were produced by an adrenergic neurotransmitter released from
sympathetic fidres contributed by the coeliac plexus(Nolf, 1934b), and
show that the action of the adrenergic neurotransmitter can be antagonized
by a= and Bereceptor blocking drugs in this species.
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ANTAGONISM OF THZ a~ACTICON OF NORADRFNALINE

L% 1

ON THZ RAT ISOLATED SEMINAL VESI

THE B-ACTION OF ISOPRENALINE
ON _THY CHICK ISOLATED RZCTUM.

Dose ratlos were measured when the antagonism became steady.

“here more than two observations have been made, results are quoted as

means and standard errors with the number of observations in parenthesis.

ANTAGONIST CONCENTRATION DOSE_ _RATTOS
(ng/ml) NORADRENALINE ISOPRENALINE
CONTRACTIONS RELAXATIONS
TOLAZOLINE 1,0 23, 2.7
10 705_4;0.2%4;
100 8348 8(4 1.0(5)
PHENTOLAMING 0.1 6.0+ 1.0(%
1.0 1{-3-05_":. 700@!- 1.0( 3)
PROPRAIOLOL 0.0005 15.1+5.6(4)
0.05 1390+626(4.)
1,0 1.0(4)
W-1999 0005 3.7_-!;1.5%‘!-;
005 16.0::2‘5 z'-
5.0 1.0(3 168+16,8(4)
50.0 1.0(4 1655+592(4)
200,0 1.0(4



TABLE 2

ANTAGONISM OF ACETYLCHOLINE AND HISTAMINE

CONTRACTIONS OF THE CHICK ISOLATED RTCTUM

Dose ratios were measured when the antagonism became steady.
Where more than two observations have been made, results are quoted as

means and standard errors with the number of observations in parenthesis,

ANTAGQONIST CONCENTRATION DOSE RATIOS
(ug/ml) AC ZTYLCHOLINE HISTAMINE
HYOSCINE 1,0 3400, 3350 1.240.2(4)
MEPYRAMINE 0.l 193+71(3)
TOLAZOLINE 10.0 2.&:_0.22 3;
100,0 1.0(4) 8eb2,0(4
PHENTOLAMINE 0.01 1.0(3)
001 1.4:0.2 J-I- 102_4_-'0-2520-;
1.0 1.440.3(6 2.440.3(4
10‘0 8.013.0 !1-
PROPRANOLOL 0.05 1.0(4) 1.0(3)
0.5 1.5+043(3) 1.940.3(3)
MT=1999 5.0 1.3;0.2%43 1.3_+_0.1§ 5;
50.0 5.2413(4 2.140.1(3



EFFZCT_OF TRUCS N CONT

TABLE 3

RACTIONG T

NoVE STDNULATION OF CUINTA-PIG
ISOLATED VAGUS=O0SSOPHAGUS AND HYPO-

ASTRIC~VAS DEFERENS PREPARATIONS

Potentiation (+) or inhibition (=) of contractions measured after 20 min

exposure to drug.

"here more than two observations have been made, results are quoted as

means and standard errors with the number of observations in parenthesis,

DRUG CONCENTRATION
(ug/ml)
TOLAZOLINE 100
PHENTOLAMINE 10
BRETYLIUM 2
10
20

VAGUS=0ESOPHAGUS
PREPARATION

No effect (3)
No effect (2)

No effect (3)
No effect (3)
=8427(3)

HYPOGASTRIC P
VAS DEFERENS
PREPARATION

+964245°( 3) <0.1

No effect(3)

=-39+27(3) <0,01
"7?:5}:( 3) <0,01
>0, 05
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Apart from the work of Norr (1934 a, b, ¢; 1938) the role of the extrin-
sic nerves in the activity of the alimentary tract of the domestic fowl has
received little attention. In view of the anatomical peculiarities of the fowl’s
digestive tract (BRADLEY and GraHaMme, 1960) and the innervation of its
upper part by two cranial nerves, the vagus and glossopharyngeal (Hsien,
1951; WATANABE, 1960, 1964) it was thought worthwhile to study the role of
these nerves in the activity of various parts of the tract.

Methods
Nerve Effect on Fowl Alimentary Tract

Male birds weighing 0.8—2 kg. were fasted overnight and anaesthetised
with Sodium Pentobarbitone (30—35 mg./kg. i. v.). The bird was secured on
its back and kept warm. The trachea, jugular vein and carotid or brachiocepha-
lic artery were cannulated. In some experiments, the thorax was opened to
expose the thoracic vagal trunk and recurrent nerve and the bird artificially
ventilated. Thin rubber balloons attached to polythene tubing (10 mm. ext.
diam.) were introduced into the stomachs (proventriculus and gizzard) through
a fistula in the post-crop oesophagus, and into the crop and pre-crop oesopha-
gus through the mouth. The balloons were filled with 4—8 ml. of air and
when inflated their external diameter was 20—30 mm. Pressure changes in
the balloons were recorded kymographically by means of a water manometer-
tambour system. The exact location of the balloons was verified at autopsy.
Arterial blood pressure was recorded with a mercury manometer. Heparin
(100—200 Units/kg. i. v.) was given on completing the dissection.

The vagi and glossopharyngeal nerves were cut proximally on either side
of the neck and the branch of the vagus to the glossopharyngeal nerve was
severed (Fig. 1). The nerve on the electrodes was kept moist with cotton-wool
soaked in warm liquid paraffin. The nerve was stimulated for 5 sec at 25—50
stimuli per second using a square wave stimulator and the voltage was adjusted
to give submaximal responses. The pulse duration was fixed at 8 msec.
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Fig. 2 (left). Cockerel, sodium pentobarbitone. From above down, contractions of pre-crop
oesophagus, crop and gizzard

Fig. 3 (right). From above down, pre-crop oesophagus, arterial blood pressure and signal
marking stimulation of vagus (V) and descending oesophageal nerve (D) for 5 sec
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The drugs used were atropine sulphate, eserine salicylate, hexamethonium
bromide, hyoscine hydrobromide and tetramethylammonium chloride. The
drugs were dissolved in aqueous NaCl (0.9 g/100 ml.) and injected intra-
venously in a volume not exceeding 2.8 ml. The doses in the text and figures
refer to weights of the above salts.

Results

The oesophagus exhibited rhythmic spontaneous movements but the crop
was usually quiescent (Fig. 2). The proventriculus and gizzard (Fig. 2) con-
tracted spontancously and the rate and amplitude of the contractions varied
with individual birds and at different stages during the experiment.

Effect of nerve stimulation

Stimulation of the vagus produced contractions of the precrop oesophagus
(Fig. 3) crop, prmentruulus and gizzard and a fall in arterial blood pressure.
The effects of stimulation of the r1g.,ht and left vagi were similar. Stimulation
of the right or left descending oesophageal nerve produced a contraction of
the pre-crop ocsophagus and crop but had no effect on the stomachs or blood
pressure (Fig. 3). The contractions of the oesophagus and crop were prompt
and sustained throughout the stimulation, but the onset of the response of the
stomachs was usually delayed for about 3 sec. and the initial transient contrac-
tion was usually followed by other contractions for 5—10 min. after cessation
of stimulation.

Nerve transection

The responses of the pre-crop oesophagus, crop, stomachs and arterial
blood pressure to stimulation of the vagus were recorded following transec-
tion of the vagal trunk at various levels. At the thoracic level only the left
vagus was cut as it was the more accessible.

Transection of the recurrent branch of the vagus reduced the response of
the crop, but not that of the pre-crop oesophagus, stomachs or blood pressure
(Fig. 4), to high cervical
vagal stumulation, and
abolished the contraction
of the crop produced by
stimulation of the vagus
just cranial to the recur-
ent nerveny produced a
contraction of the crop
similar to that produced
by stimulation of the va-
gus with its recurrent
nerve intact but it did not

Sb‘: muiabron o/ »s

Aerth e 2 currand
PP SOy

Fig. 4. Crop (rop) and arterial

blood pressure. The left vagus

(V) and recurrent nerve (R)

were stimulated at (.) for 5 sec.

T]']L' récurrent nerve was cut at
I]TL‘ Arrows
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have an effect on the pre-crop oesophagus or blood pressure (Fig. 4). Trans-
ection of the vagal trunk near and cranial to the origin of the recurrent nerve
abolished the response of the stomachs and blood pressure, but not of the crop,
to high cervical vagal stimulation. Severing the vagus at a level about the
middle of the pre-crop oesophagus abolished the response of the crop to high
cervical vagal stimulation. These transection procedures did not alter the
response of the pre-crop oesophagus and crop to stimulation of the descending
oesophageal nerve.

Chronic denervation

To test for the presence of vagal fibres in the descending oesophageal
nerve the vagus was cut, allowed to degenerate and the responses of the pre-
crop oesophagus and crop to stimulation of the corresponding descending
oesophageal nerve were recorded. The left vagal trunk at the base of the skull
and the branch to the glossopharyngeal nerve were cut in 2 anaesthetised
cockerels. Three weeks after the operation, the birds were anaesthetised and
the effects of stimulation of the degenerate vagus nerve and the corresponding
descending oesophageal nerve on the alimentary tract and blood pressure were
studied. The right vagus and descending nerve were also stimulated.

Stimulation of the degenerate vagus had no effect on the pre-crop oeso-
phagus, crop or blood pressure, whereas stimulation of the normal vagus had.
Stimulation of the descending oesophageal nerve corresponding to the degene-
rate vagus produced a contraction of the pre-crop oesophagus in the 2 expts.
and a contraction of the crop in one.

Additional evidence of degeneration of the cut vagus was obtained histo-
logically. Both normal and cut cervical vagi were removed at the end of the
experiment and fixed in formol-saline. Degenerate myelin was demonstrated
in sections made from the cut vagus by the Chiffelle and Putt’s fat-soluble
dye method and the Swank-Davenport osmium tetroxide method (CuLLiNg,
1957).

Effects of drugs on nerve stimulation

Eserine, 0.2 mg./kg., potentiated the response of the alimentary tract and
blood pressure to vagal or descending oesophageal nerve stimulation (4 expts).
The duration of the responses was potentiated more than their magnitude.
High doses of eserine produced spasm of the organs which was abolished by
hyoscine or atropine.

Atropine or hyoscine, 0.1—1 mg./kg., antagonised the effects of vagal
and descending oesophageal nerve stimulation on the alimentary tract or
arterial blood pressure within 5 min. after injection.

Hexamethonium did not abolish the responses of the alimentary tract to
vagal or descending oesophageal nerve stimulations; in 2 expts., 10 and
50 mg./kg. respectively had no effect on the responses to nerve stimulation
and in 3 other expts. 5—10 mg./kg. only partly reduced the responses (Fig. 5).
In 2 further expts. hexamethonium, 10 mg./kg., potentiated the effects of
vagal and descending oesophageal nerve stimulation on the pre-crop oesopha-
gus and crop, but lowered the blood pressure and partly reduced the vasode-
pression produced by vagal stimulation (Fig. 6). In both these experiments a
further dose of hexamethonium, 50 mg./kg., abolished the vasodepression
produced by vagal stimulation but had no effect on the responses of the
oesophagus and crop to nerve stimulation. Hexamethonium, 5 mg./kg., abolish-
ed the contractions of the pre-crop oesophagus and crop produced by the
ganglion-stimulant tetramethylammonium (2 expts.).

Zbl. Ver. Med., Reihe A, Bd. 14, Heft 9 57
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Fig. 5. Contractions of the pre-crop vesophagus (top) and crop produced by \LIIHUIIUL)I! of
the v agus (V) and descending oesophageal nerve (D) for 5 sec. Hexamethonium, 10 mg./kg..
was injected at the arrow
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Fig. 6. From above down; — pre-crop oesophagus, arterial blood pressure and signal
marking sumulation of vagus (V) and descending ovesophageal nerve (D) for 5 sec. The
2 arrows mark the intravenous injection of hexamethonium (Cy). 10 and 50 mg./ke.,

respectively ’
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Discussion

The excitatory effects of vagus stimulation on the oesophagus, crop,
proventriculus and gizzard supports the anatomical evidence of the innerva-
tion of these structures (WATANABE, 1960). Since stimulation of the peripheral
end of the cut vagus nerve below the diaphragm-like structure produces an
increased motility of the intestines (NoLF, 1934 a), it seems that the whole
alimentary tract of the domestic fowl is innervated by excitatory vagal fibres.

Stimulation of the descending oesophageal nerve produced contractions
of the pre-crop oesophagus and crop but had no effect on the proventriculus,
gizzard or blood pressure. This supports the anatomical evidence that the
descending nerve does not extend beyond the cervical part of the alimentary
tract (Hsien, 1951; WATANABE, 1964).

Since transection of the recurrent nerve did not affect the vasodepression
produced by vagal stimulation and scince the blood pressure was not affected
by stimulation of the recurrent nerve, the recurrent fibres to the heart describ-
ed by WaTtanase (1960) must have been absent or insufficiently inhibitory to
affect the blood pressure. Although the response of the crop to vagal stimula-
tion was much reduced after cutting the recurrent nerve, stimulation of the
recurrent nerve produced a crop contraction similar to that produced by
stimulation of the vagus nerve with its recurrent branch intact. This suggests
that the recurrent nerve supplied the main efferent vagal fibres to the crop.

Stimulation of the recurrent nerve did not produce an effect on the pre-
crop oesophagus. This was in agreement with the finding that the recurrent
nerve does not extend cranially beyond the crop (Hsien, 1951; WATANABE,
1964) and supports the use of the term “recurrent nerve” (FEppE, BuRGER and
KiTcHELL, 1963) instead of “recurrent laryngeal nerve”.

The persistence of the responses of the pre-crop oesophagus and crop to
descending oesophageal nerve stimulation following chronic degeneration of
the correspondmg vagus nerve indicates that the descending ocsophagml nerve
could function independently.

The actions of the vagus and descending oesophageal nerves on the
alimentary tract and arterial blood pressure were potentiated by eserine and
antagonised by atropine or hyoscine. This suggests that these nerves supplied
cholinergic fibres.

Large doses of hexamethonium did not abolish the effects of stimulation
of the vagus or descending oesophageal nerve on the oesophagus or crop. It is
possible that some post-ganglionic tibres were stimulated or that transmission
at the synapses was mediated by direct electrical coupling (MARTIN and Prrag,

1963 a, b) or by a chemical transmitter other than a nicotine-like substance
(DaLE, 1914).

Summary

1. Electrical stimulation of the vagus nerve in the fowl produced contrac-
tions of the pre-crop oesophagus, crop, proventriculus and gizzard and a fall
in arterial blood pressure. Stimulation of the descending oesophageal nerve
caused contraction of the pre-crop oesophagus and crop but had no effect on
the stomachs or blood pressure.

2. Transection of the recurrent nerve did not abolish the response of the
stomachs or arterial blood pressure to high cervical vagal stimulation, and
stimulation of the recurrent nerve had no effect on the blood pressure.
Transection of the vagal trunk cranial to the recurrent nerve abolished the
responses of the stomachs and blood pressure, but not of the pre-crop oeso-
phagus or crop, to high cervical vagal stimulation.
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3. Cutting the vagus and allowing it to degenerate did not abolish the
actions of the descending oesophageal nerve.

4. Effects of stimulation of the vagus or descending oesophageal nerve
were potentiated by eserine, blocked by atropine or hyoscine and variably
affected by hexamethonium.
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Zusammenfassung

Reizeffekte des Halsvagus und der absteigenden Osophagusnerven
auf den Verdauungsapparat des Haushuhnes

1. Elektrische Reizung des Nervus vagus beim Haushuhn bewirkte Kon-
traktionen am praingluvialen Teil des Osophagus, am Kropf, am Muskel-
und Driisenmagen sowie einen arteriellen Blutdruckabfall. Reizung der ab-
steigenden Usophagusnerven verursachte Kontraktionen am priingluvialen
Teil des Osophagus und am Kropf, hatte jedoch keinen Effekt auf den Drii-
sen- und Muskelmagen sowie auf den Blutdruck.

2. Durchschneidung des N. recurrens fithrte nicht zu einem Ausfall der
Reaktionen der beiden Magenabteilungen sowie der Blutdrucksenkung im
Gefolge der Reizung des proximalen Halsvagus. Auch hatte die Stimulation
des N. recurrens keinen Einfluffl auf den Blutdruck. Durchschneidung des
Vagus kranial vom Abgang des N. recurrens fithrte zu einem Ausfall der
vagalen Reizeffekte an den beiden Magenabteilungen und am Blutdruck, nicht
aber der Effekte am priingluvialen Osophagus.

3. Durchschneidung des Vagus mit konsekutiver Degeneration desselben
hob die Aktivitit der absteigenden Osophagusnerven nicht auf.

4. Die Effekte der Reizung des N. vagus oder der absteigenden Oso-
phagusnerven wurden durch Eserin verstirkt, durch Atropin oder Hyoszin
hingegen blockiert und durch Hexamethonium uneinheitlich beeinflufit.

Résumé

Effets de la stimulation du nerf vague cervicial et des nerfs oesophagiens
descendants sur le systéme digestif de la poule

1. Une stimulation electrlque du nerf vague de la poule provoque des
contractions de loesophaoc antérieur au jabot, du jabot, du proventricule et
du gésier, de méme qu’une chute de la pression artérielle. Une stimulation
du merf oesophagien descendant cause une contraction de loesophage
antérieur au jabot et du jabot, mais n’exerce aucun effet sur les estomacs ou
la pression sanguine

2. La section du nerf recurrent ne supprime pas la réponse des estomacs
et de la pression arterlelle a une forte stimulation du vague cervical et une
stimulation du nerf récurrent n’a aucune répercussion sur la pression
sanguine. La section du tronc cranial du vague vers le nerf récurrent abolit
les réponses des estomacs et de la pression sanguine a une forte stimulation
du vague cervical, mais non les réponses de la portion oesophagienne
antérieure au jabot ou du jabot.

3. Si l'on sectionne le vague et qu'on le laisse dégénérer, on ne
supprime pas les actions du nerf oesophagien descendant.
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4. Les effets de stimulation du vague et du nerf oesophagien descendant
sont renforges par I’ésérine, bloqués par I'atropine ou I’hyoscine et affectés
de facon variable par I’hexamethonium.

Resumen

Efectos de la estimulacién de los nervios vago cervical y esofigico
descendiente sobre el tracto alimenticio de las aves domésticas

1. El estimulo eléctrico del nervio vago en la gallina produce contraccio-
nes en el esofago pre-ingluvieico, buche, proventriculos y molleja, asi como
hipotension en la sangre arterial La estimulacion del nervio esofagico
descendiente ocasiona la contracaon del esofago pre- mgluvuelco y del buche,
pero no surte efecto sobre los estomagos o la presién sanguinea.

2. La seccion transversa del nervio recurrente no abule la respuesta de
los estémagos o de la presidn en la sangre arterial al elevado estimulo vagal
cervical, y la estimulacién del nervio recurrente no surte efecto sobre la
presion sanguinea. La seccién transversa del tronco vagal craneal cerca del
nervio recurrente abule las respuestas de los estomagos y de la tensién
sanguinea, pero no las del eséfago pre-ingluvieico o del buche frente a un
estimulo vagal cervical considerable.

3. La tajadura del vago y su degeneracion no abule las acciones del
nervio esofagico descendiente.

4. Los efectos de la estimulacion del vago o del nervio esofagico
descendiente son reforzados por la eserina, bloqueados por la atropina e
hioscina, comportandose el hexametonio de forma variable.
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A hyoscine-resistant contraction of the chicken isolated oesophagus to stimulation of the
vagus and descending oesophageal nerves

T. HassaN (introduced by F. ALEXANDER), Department of Veterinary Pharmacology,
Royal (Dick) School of Veterinary Studies, Edinburgh

Isolated oesophageal preparations with vagus and descending oesophageal nerves attached
were made from young and adult chickens (Bartlet & Hassan, 1968a), and the contrac-
tions of the longitudinal muscle recorded isotonically. The preparations were suspended
in Krebs solution containing half the normal concentration of Cat*, equilibrated with
5% carbon dioxide in oxygen and maintained at 35° C. /n vivo experiments were carried
out on cockerels anaesthetized with halothane and decerebrated; after an interval of
60-90 min contractions of the oesophagus to stimulation of the vagus and descending
oesophageal nerves were recorded by a balloon-tambour system (Hassan, 1967). In
both in vitre and in vive experiments the nerves were stimulated with square wave pulses
(width 10 msec, frequency 20 c/s and intensity 5V) the duration of stimulation being
5-15 sec applied every 2-15 min.

Exposure of the isolated oesophagus to hyoscine (1-100 pg/ml.) for 30 min abolished
the contraction produced by stimulation of either nerve if the duration of stimulation
was less than 5 sec; however, prolonged stimulation produced a delayed contraction
which was not antagonized by hyoscine (100 g/ml.) although cocaine (50 ug/ml.) abolished
it (Bartlet & Hassan, 1968b). The hyoscine-resistant contraction was abolished by cutting
the nerves, but mepyramine, methysergide or bretylium had no effect on it. Physostigmine
(5 pg/ml.) did not have a significant effect on the hyoscine-resistant contraction and
physostigmine (50 pg/ml.) antagonized it (P<<0.05). In six experiments tubocurarine
(50 ug/ml.) reduced the height of the hyoscine-resistant contraction by a mean ( +S.E.
of mean) of 219 ( +8, P<<0.05) and hexamethonium (100 pg/ml.) reduced it by a mean
of 599, (14, n=3, P<0.05). N

In previous experiments with pentobarbitone-anaesthetized chickens, the contraction of
the oesophagus in vive produced by stimulation of the vagus and descending oesophageal
nerves was abolished by intravenous hyoscine (Hassan, 1967). Decerebrate preparations
have now been used to find out whether the pentobarbitone had blocked a hyoscine-
resistant response of the oesophagus to nerve stimulation. Hyoscine (100 ug/kg intra-
venously) abolished the contractions of the oesophagus produced by prolonged stimulation
of the vagus and descending oesophageal nerves.

The in vivo experiments suggest that the vagus and descending oesophageal nerves are
cholinergic, but the in vitro experiments suggest that these nerves release acetylcholine
which acts on receptors inaccessible to hyoscine added to the organ bath.
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Physostigmine produces a contraction of the muscularis mucosae but not of the external
muscle of the isolated guinea-pig oesophagus. The oesophagus of guinea-pigs contains
a striped external muscle innervated by vagal fibres which are not blocked by hexametho-
nium, and a muscularis mucosae consisting of plain muscle innervated by post-ganglionic
nerves. This led to the suggestion that contractions produced by physostigmine in the
isolated guinea-pig oesophagus involved only post-ganglionic nerves or the muscularis
mucosae (Bartlet, 1968a, b). The chicken oesophagus has a plain external muscle and
muscularis mucosae (Calhoun, 1933, 1954), and in the present experiments physostigmine
increased the tone of both the external muscle and the muscularis mucosae. The possibility
that physostigmine acted through non-neuronal structures has been investigated by testing
its effect in the presence of cocaine. In addition the histochemical localization of cholin-
esterases was investigated to depict the site of action of physostigmine.

METHODS
Isolated organs

Preparations of external muscle, muscularis mucosae, oesophagus and oesophagus with nerve attached
were made as described by Bartlet & Hassan (1968). The terms ‘‘ external muscle ** and *‘ muscularis
mucosae "’ in the text, table and figures refer to the separated oesophageal layers, and the term ** oesophagus
refers to the whole organ. The isolated tissues had open ends and were set up for the recording of contrac-
tions in a 40 ml. organ bath filled with the saline-bicarbonate solution of Krebs & Henseleit (1932) with the
Ca** halved, gassed with 59, carbon dioxide in oxygen and maintained at 35° C. The preparations were
attached to an isotonic frontal writing lever which exerted a force of 2 g cm, and the nerves were drawn
through an electrode similar to that described by Burn & Rand (1960). The nerve was stimulated for
5-30 sec every 5 min or for 1.5 min every 10 min with square pulses of 10 msec duration, a frequency of
20 stimuli/sec and a voltage adjusted to produce a submaximal or a maximal contraction.

The drugs used were acetylcholine chloride, cocaine hydrochloride, physostigmine salicylate and hyoscine
hydrobromide. Quantities of drugs in the text, table and figures refer to the salts.

Histochemistry

Pieces of oesophagus were fixed at 4° C for 4 hr in an isotonic solution of sodium sulphate containing
3.69% v/v formaldehyde. After rinsing the tissue with distilled water, it was transferred to 20%, v/v ethanol
and kept at 4° C for at least 15 hr and sometimes as long as a week. Sections were cut at a thickness of
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40 1. on a freezing microtome. The freshly cut sections were stained for acetylcholinesterase or butyryl-
cholinesterase by the thiocholine method (Krnjevi¢ & Silver, 1965), with incubation in the substrate con-
taining solution being carried out at a pH of 5.4 for 5 hr. Some sections were placed in a solution of physo-
stigmine salicylate (4 wg'ml.) or diisopropyl phosphorofluoridate (DFP) (10 pg'ml.) for 30 min before being
incubated in a medium which contained in addition to the substrate the inhibitor at the concentration men-
tioned. Incubation of sections with butyrylthiocholine produced staining at sites of butyrylcholinesterase
activity only, whereas when acetylthiocholine was used as substrate staining was produced at sites of acetyl-
cholinesterase and butyrylcholinesterase activities. DFP (10 pg'ml.) inhibited the activity of butyrylcholin-
esterase only, and physostigmine salicylate (4 pg/ml) inhibited both acetylcholinesterase and butyryl-
cholinesterase activities.

RESULTS

Effect of cocaine on the contractions produced by vagal stimulation, acetylcholine and
physostigmine

Exposure of the oesophagus to cocaine (50 pg/ml.) for 20-30 min abolished the contrac-
tions produced by submaximal or supramaximal vagal stimulation (seven experiments), and
potentiated the contraction of the oesophagus to acetylcholine added to the organ bath.

Height of contraction (cm)

b

3.00 p.m. 4.10 p.m.

Fig. 1. Contractions of the isolated muscularis mucosae. The arrows mark the addition of physostigmine
salicylate (5 pg/ml.) to the organ bath at the times shown. After exposure of the preparation to physo-
stigmine for 5 min the drum was stopped and the drug washed from the organ bath. Cocaine hydro-
chloride (50 pg/ml.) was present in the organ bath from 3.15 p.m. to 4.15 p.m. Time, 30 sec.

Physostigmine (5 pg/ml.) always produced contractions of the whole oesophagus and
external muscle and muscularis mucosae preparations. The preparations contracted
after addition of physostigmine to the organ bath after a delay of 0.5-3.5 min, and relaxed
only slowly after washing the drug out of the organ bath. Preparations were exposed to
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physostigmine long enough to produce a suitable height of contraction—1-3 min in the
case of the oesophagus and 5 min in the case of the external muscle or muscularis mucosae
preparations. The interval between tests with physostigmine was about one hour and in
these conditions a constant response to a given concentration of physostigmine was
obtained. Hyoscine (100 ng/ml.) abolished the responses to physostigmine, and exposure
to cocaine (50 pg/ml.) for 30-60 min also antagonized it (Fig. 1 and Table 1). The antago-
nism of physostigmine by cocaine was greater on the oesophagus than on the external muscle
or muscularis mucosae preparations (P<0.01).

TaBLE 1
EFFECT OF COCAINE ON CONTRACTIONS PRODUCED BY PHYSOSTIGMINE

Residual contractions to physostigmine
salicylate (5 ug/ml.) in the presence of

cocaine hydrochloride (50 pg/ml.). The P
results are expressed as 9, controls, (antagonism
Mean values+s.E. (No. expts.) by cocaine}
Oesophagus 8-8--2-8 (4) <0-001
External muscle 38:3-4-2-8 (7) <0001
Muscularis mucosae 44-04-5-7 (5) <0001

Fig. 2. Transverse section of post-crop oesophagus (< 75). Black staining depicts butyrylcholinesterase
activity. Dense staining was present in the muscularis mucosae (M) and mucosal glands (Gl).



A. L. BARTLET and T. HASSAN

534

"J1 10} a[qisuodsal st A[U0 3seIa)saU[0Yd[£1208
(9) ur pue ‘urels Ay} 0) ANQLIUID ISER)SIM[OYI-[AIAJUQ PUB ISBIAISAUI[OYD[AIaoe “(B) u[ ‘(D) Spupld [esoonwr pue
() oesoonu spre[nasniu ‘(<) saIqy aa1au 4(8) eidued ur AJ1anoe aserasautjoyd syordap sutuiels (001 %) (Tw/sd 1) I
PUEB 3ul[oy201yl-[A3a0e (q) pue suljoys>if)ae (&) yim pareqnour sneydosao doid-jsod Jo SuOId9s 9SIoASUBIE ¢ 'S1J

(@) )

o SRR SN RILR O
B SN WY




PHYSOSTIGMINE AND ESTERASES OF FOWL OESOPHAGUS 535

Cholinesterase staining

Sections made from different parts of the oesophagus exhibited a similar pattern of stain-
ing for cholinesterases, and in sections incubated in the presence of physostigmine staining
was absent,

In sections incubated with butyrylthiocholine, butyrylcholinesterase activity was demon-
strated in the muscularis mucosae and mucosal glands. The stain was usually black (Fig. 2),
but in some sections the staining was lighter and brown in appearance. The external longi-
tudinal muscle was usually stained faintly but the circular muscle, ganglia and nerve fibres
were not stained. Butyrylcholinesterase activity, and thus staining, was inhibited by pre-
treatment of the sections with DFP (10 pg/ml.).

In sections incubated with acetylthiocholine and DFP (10 wg/ml.) acetylcholinesterase
activity was demonstrated in ganglia and nerve fibres (Fig. 3b). In sections incubated with
acetylthiocholine alone, however, some additional staining attributable to butyrylcholin-
esterase was found in the muscularis mucosae and mucosal glands, and in these sections
the staining attributable to mucosal acetylcholinesterase was masked by butyrylcholin-
esterase being present at the same site (Fig. 3a). Acetylcholinesterase activity was found
in ganglia between the external longitudinal and circular muscle layers, in a few ganglia
in the muscularis mucosae and in nervous networks associated with the external muscle,
the muscularis mucosae and the mucosal glands.

DISCUSSION

The contraction of the isolated chicken oesophagus produced by physostigmine was
blocked by hyoscine, and cocaine, in a concentration sufficient to block vagal stimulation,
also antagonized it. This suggests that when physostigmine inhibits cholinesterases, an
acetylcholine-like substance accumulates and stimulates neural structures, Cocaine
reduced the height of the physostigmine-induced contraction of the whole oesophagus
to a greater extent than the contractions of the external muscle and muscularis mucosae
preparations. This suggests that separation of the external muscle from the mucosa
damaged neural structures stimulated by acetylcholine when cholinesterases are inhibited.

The small residual contraction obtained with physostigmine in the presence of cocaine
was blocked by hyoscine, which suggests that an acetylcholine-like substance was produced.
Such an acetylcholine-like substance could have originated at nerve terminals or at a non-
neural structure. According to Cuthbert (1963), an acetylcholine-like substance is present
in the nerve-free plain muscle of the chick amnion.

A high level of butyrylcholinesterase activity was found in the muscularis mucosae and
mucosal glands and not in the external muscle. Because physostigmine produced similar
contractions of anaesthetized preparations of the external muscle and muscularis
mucosae, butyrylcholinesterase does not seem to play any part in the metabolism of
endogenous acetylcholine. Staining in sections incubated with acetylthiocholine depicted
the location of acetylcholinesterase and butyrylcholinesterase, but the activity of the latter
enzyme can be selectively inhibited by DFP (10 pg/ml). In sections incubated with
acetylthiocholine and DFP (10 pg/ml.) acetylcholinesterase activity was confined to
neural structures. Thus the distribution of acetylcholinesterase does not support the
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hypothesis that physostigmine causes an accumulation of acetylcholine at a non-neural
structure, and we assume that in the chick oesophageal preparations small amounts of
acetylcholine were released from anaesthetized nerves.

SUMMARY

1. Physostigmine salicylate (5 pg/ml.) produced contractions of the isolated whole
oesophagus, and external muscle and muscularis mucosae preparations. These contrac-
tions were blocked by hyoscine.

2. In the presence of cocaine, at a concentration sufficient to block the effect of vagal
stimulation, the contractions produced by physostigmine became smaller whereas those
produced by acetylcholine were potentiated.

3. Acetylcholinesterase activity was demonstrated histochemically in ganglia and nerve

fibres. Butyrylcholinesterase activity was found only in the muscle and glands of the
mucosa.

We thank Dr. F., Alexander for his interest in this work, Dr. J. E. Wilson for providing chicks, the Depart-
ment of Veterinary Anatomy for the use of their microtome, Miss Anna Clark and Mr. I. S. Warwick and his
staff for technical help and Mr. R. C. W. S. Hood for photography.
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