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Spontaneous and evoked release of
neurotransmitter substances in the longitudinal
muscle of the anterior mesenteric artery
of the domestic fowl
T. B. BOLTON
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1. Changes in length of the longitudinal muscle of the anterior mesenteric
artery of the domestic fowl (LMAMA) were recorded isotonically.
2. The actions of physostigmine and hyoscine suggest that the tone of the
LMAMA is dependent on a resting release of acetylcholine within the tissue.
3. Catecholamines inhibited the contractions obtained in response to stimula-
tion of cholinergic nerves; this was a ,-receptor effect. After p-receptor
blockade, noradrenaline, but not isoprenaline, weakly facilitated the effects of
stimulating cholinergic nerves.
4. In the presence of hyoscine, nicotine relaxed preparations of the LMAMA
in which the tone had been raised with barium chloride. These relaxations
were considered to be due to a release of catecholamine probably from
sympathetic nerves.

The longitudinal muscle of the anterior mesenteric artery of the domestic fowl
(LMAMA) differs from the smooth muscle of arteries such as the rabbit aorta
(Furchgott, 1955) and the sheep carotid (Keatinge, 1966) in that it exhibits " single-
unit" activity and is capable of much larger percentage changes in length. More-
over, it is unlike most other vascular muscle in that it is relaxed by noradrenaline
and strongly contracted by low concentrations of acetylcholine. Furthermore, it is
unique among vascular muscles so far described in that it is supplied both by
excitatory cholinergic nerves and by inhibitory adrenergic nerves (Bolton, 1966,
1968a, b). Results presented in this paper suggest that neurotransmitter substances
may also be released both spontaneously and in response to nicotine, thus providing
further evidence for the existence of these two types of innervation. The physiologi-
cal antagonism by catecholamines of the effects of acetylcholine released by
cholinergic nerve stimulation is also examined.
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Methods

The method has been described previously (Bolton, 1968a). The anterior mesen-
teric artery of domestic fowls 1-4 months old was severed at its origin from the
aorta and at a point beyond the origins of several intestinal arteries; the segment
so isolated was 3-7 cm long. This was immersed in physiological salt solution (pH
7.5) at 41Po42 C, and anchored by its aortic end around which two annular elec-
trodes were placed. When it was desired to stimulate the nerves supplying the
LMAMA, short bursts (5-20 sec) of rectangular 0.5 msec pulses, delivered at supra-
maximal rates (10-20/sec), were applied between these electrodes. The other end
of the artery was connected to .n isotonic frontal writing lever which magnified the
contractions 5 or 10 times. The tension applied to the tissue was 1-2 g. In the
illustrations the change in length of the preparation is represented as a percentage
of the resting length of the preparation measured under tension in the bath.
The concentrations of catecholamines used are expressed as base, the concentra-

tions of other drugs are expressed as the following salts: guanethidine sulphate,
hexamethonium bromide, hyoscine hydrobromide, mecamylamine hydrochloride,
nicotine hydrogen tartrate, pempidine tartrate, phentolamine hydrochloride, physo-
stigmine salicylate, propranolol hydrochloride.

Results
Acetylcholine release

Initially the majority of preparations exhibited tone; such preparations were
relaxed by catecholamines. When tone was present, rhythmical contractions usually
occurred. These disappeared as the tone fell and were usually absent from prepara-
tions which showed low initial tone.
The addition of physbstigmine (10 ng/ml. upwards) to preparations with low tone

produced a rise in tone (Fig. la). Although it is possible that physostigmine may
act on acetylcholine receptors itself or release acetylcholine from nerve endings
(Mason, 1962; Carlyle, 1963; Ehrenpreis, Bigo-Gullino & Avery, 1965), it is
unlikely that the low concentrations of physostigmine which were effective, were
acting other than by preserving acetylcholine spontaneously released within the
tissue. This is supported by the observation that the addition of hyoscine (1 ng/ml.
upwards) produced relaxation of preparations with tone (Fig. lb). It was possible
alternately to raise and lower the tone by adding alternate, increasing concentrations
of physostigmine and hyoscine (Fig. la, b).
The effects of stimulating cholinergic nerves supplying visceral smooth muscle

are antagonized by catecholamines (Bowman & Everett, 1964; Kosterlitz & Watt,
1965), so it was of interest to discover whether catecholamines antagonized the
effects of stimulating cholinergic nerves supplying the LMAMA. Bursts of 0.5 msec
pulses applied to annular electrodes encircling the aortic end of the artery produced
contraction of the LMAMA by stimulating cholinergic nerves; these contractions
were blocked by ganglion-blocking agents showing that a ganglionic synapse is
involved (Bolton, 1968a). Simultaneously, inhibitory adrenergic nerves are also
excited using this method of stimulation and this results in a relaxation following
the initial contraction (Bolton, 1968a, b). The effects of exciting inhibitory nerves
were only occasionally seen in preparations with low tone (Fig. 2).
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1IG. 1. Effects of physostigmine (Physo) and hyoscine (Hyos) on the tone of two preparations
of the LMAMA. (a), A low-tone preparation which did not exhibit spontaneous activity
when the tone was raised. Physostigmine caused an increase in tone which was antagonized
by hyoscine. (b), A preparation with tone and spontaneous activity. Hyoscine reduced the
tone and was reversed by physostigmine. In both preparations the tone could be alternately
raised or lowered by adding alternate, increasing concentrations of physostigmine and hyoscine.
All concentrations are in g/ml. and were added cumulatively without washing the tissue. In
this and subsequent figures, the horizontal calibration is 10 min and the vertical calibration a
10°, change in length of the LMAMA.
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1-1G. 2. Inhibition by catecholamines of the responses of the LMAMA to cholinergic nerve
stimulation. The upper and lower records are continuous. Electrical stimulation (0.5 msec
pulses of supramaximal strength and rate) was applied for 10 sec periods at the white
diamonds. The stated concentrations (Qug/ml.) of (-)-isoprenaline (IP) and (-)-noradren-
aline (Nor) were added cumulatively, and the tissue was washed (W) as indicated. Control
responses are shown in the upper panel and in the lower panel are shown the effects of phentol-
amine (Phentol, 2 ,ug/ml.) or propranolol (Propran, 0.4 ug/ml.) on the inhibition by catechol-
amines of the responses to cholinergic nerve stimulation.
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The contractions in response to stimulating the cholinergic excitatory nerves in
the manner described, were reduced or abolished by catecholamines. The charac-
teristics of this inhibition showed that only ,8-receptors were involved. When the
relative potencies of (-)-isoprenaline and (-)-noradrenaline in inhibiting choli-
nergic nerve effects were compared in five preparations, the mean concentrations
of (- )-isoprenaline and (- )-noradrenaline producing 50% reduction of the
responses were 17 and 276 ng/ml. respectively. In two experiments adrenaline was also
a less potent inhibitor than (- )-isoprenaline. Propranolol (0.2-0.5 ggg/ml.), but not

%0, potentiation

100o
°h inhibition

to 100 1 10
ng/ml. .g/mi.

FIG. 3. Inhibition by noradrenaline of the responses of the LMAMA to cholinergic nerve
stimulation. The % inhibition of the responses of six preparations (numbered 1 to 6) are
plotted before (M) and after (V) the addition of pronethalol (2 ,ug/ml., preparation 1) or propra-
nolol (0.2-0.5 jug/ml., remaining preparations). All preparations show some potentiation of the
responses after ,8-receptor blockade when catecholamine is added, although this potentiation
is less pronounced or absent at higher concentrations. Isoprenaline never potentiated the
responses after R-reptor Mlockade.

B - -
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dihydroergotamine (2 yAg/ml.) or phentolamine (2-5 ,ug/ml.), prevented this inhibi-
tion by catecholamines of the effects of cholinergic nerve activity (Figs. 2 and 3).

Although propranolol blocked the inhibition produced by (-)-isoprenaline of the
contractions in response to cholinergic nerve stimulation, ( - )-isoprenaline did not
produce any potentiation of the responses to cholinergic nerve stimulation in the
presence of propranolol. On the other hand, ( -)-noradrenaline did potentiate the
responses to cholinergic nerve stimulation in six experiments after /-receptor
blockade, although the degree of potentiation was small, the greatest potentiation
observed being 30% (Fig. 3). This potentiation is not apparent in the experiment
illustrated in Fig. 2. It appears that ( -)-noradrenaline inhibits the contractions
elicited by stimulation of cholinergic nerves by an action on /-receptors, and this
/-receptor inhibitory action normally masks a much weaker facilitatory action on
the responses. As this postulated facilitatory action is presumably mediated by
a-receptors, it would be expected that in the presence of an av-receptor blocking
agent, the inhibition produced by ( -)-noradrenaline would be potentiated. This
was found to be the case; in five experiments the mean concentration of noradren-
aline producing 5000,/ inhibition before the addition of phentolamine (2-5 yxg/ml.)
was 256 ng/ml. and in the same preparations in the presence of phentolamine this
concentration was 210 ng/ml. In all the above comparisons the exact concentra-
tion of catecholamine producing 50°/ inhibition was obtained from the log dose-
response graphs (compare Fig. 3).

Although propranolol antagonized the inhibitory action of (- )-isoprenaline on
the contractions produced by cholinergic nerve stimulation, larger concentrations of
( -)-isoprenaline (0.1-1 ilg/ml.) still produced an appreciable inhibition of the con-
tractions despite increasing the concentration of propranolol to 2 5 gg/ml. and
also adding phentolamine (5 ,Lg/ml.). This is possibly due to a papaverine-like
action of isoprenaline which has been postulated (Ariens, 1960).

Propranolol (0.2-0.5 ,ug/ml.) itself often potentiated the responses. This was
probably due to the fact that the electrical stimuli applied between annular elec-
trodes surrounding the artery stimulate both excitatory and inhibitory nerves

(Bolton, 1968a, b) and in the absence of propranolol, the effects of stimulating the
former are reduced to a small extent by excitation of the latter. Larger concentra-

tions of propranolol (2-5 gg/ml.) produced a progressive reduction in the size of
the responses, probably due to the local anaesthetic activity of propranolol (Morales-
Aguilera & Vaughan Williams, 1965).

Catecholamine release

As previously reported (Bolton, 1968a), relaxations produced by applying 0.5
msec pulses to annular electrodes encircling the artery were blocked by propranolol
or by guanethidine. These relaxations were increased by raising the tone with
barium chloride and were not appreciably affected by concentrations of ganglion-
blocking agents which abolished the contractile responses obtained on excitatory
nerve stimulation (Bolton, 1968a). These relaxations presumably result from the
release of catecholamine, probably noradrenaline, from sympathetic nerve endings.

In preparations in which the tone had been raised with barium chloride (0.1-0.5
mg/ml.) and in the presence of hyoscine (10-100 ng/ml.), nicotine produced relaxa-
tions similar to those produced by sympathetic nerve stimulation (Fig. 4). These
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responses to nicotine showed marked tachyphylaxis but no relaxations were obtained
in the presence of the ganglion-blocking agents, hexamethonium (20 ,ug/ml.), pempi-
dine (5 1gg/ml.), or mecamylamine (1 ug/ml.). Relaxations could be obtained in
the presence of phentolamine (2 ,ug/ml.) but in eight experiments no relaxations
were obtained in the presence of propranolol (0.2-0.5 gg/ml.) as illustrated in Fig.
4a. After blockade by guanethidine (2-5 ,ug/ml.) of the relaxations obtained with
electrical stimulation, no relaxations in response to nicotine were obtained in five
preparations but in three other preparations relaxations occurred, as illustrated in
Fig. 4b. In the presence of propranolol, nicotine sometimes produced contraction
(Fig. 4a) and this contraction occurred despite increasing the concentration of hyo-
scine to 1 ,ug/ml. Hyoscine (10 ng/ml.) in the absence of barium chloride, has been

Phent Propran

1 Nicr1 Nic

a

Nic
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ll
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FIG. 4. Nicotine responses of two preparations of the LMAMA contracted with barium chloride
(0.1 mg/ml.) and in the presence of hyoscine. (a), Responses to nicotine (5 ,ug/ml.) and to
stimulation of the inhibitory nerves (for 20 sec periods at supramaximal strength and rate at the
dots) were unaffected by phentolamine (Phent, 2 ,g/ml.). After washing (W) the addition of
propranolol (Propran, 0.2 ,g/ml.) 'blocked the effects of inhibitory nerves and nicotine produced
a contraction despite the presence of hyoscine (10 ng/ml.). (b), After blockade by guanethi-
dine (Guaneth, 5 ,ug/ml.) of the responses to stimulation of the inhibitory nerves (for 10 sec
periods at supramaximal strength and rate at the dots), nicotine (5 ,ug/ml.) still produced
relaxation.
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previously shown to block nicotine contractions of low-tone preparations of the
LMAMA (Bolton, 1968a). Thus nicotine contractions of low-tone preparations
seem to result from the stimulation of the ganglia of cholinergic nerves (Bolton,
1968a), while nicotine contractions of barium-sensitized preparations must result
from a direct stimulant action of nicotine on the muscle, as in other smooth muscle
(Evans & Schild, 1953).

Discussion

These experiments show that there are remarkable similarities between the
LMAMA and mammalian visceral muscle. A spontaneous resting release of acetyl-
choline probably occurs in the smooth muscle of the intestine (Feldberg & Lin,
1949), the stomach (Paton & Vane, 1963), the chick amnion (Cuthbert, 1962, 1966),
the trachea (Carlyle, 1964), and in cardiac (Day, 1956) and skeletal muscle (Brooks,
1954; Mitchell & Silver, 1963), but the results described in this paper are the first
evidence that a similar resting release of acetylcholine may occur in vascular muscle.
As the LMAMA is innervated by cholinergic nerves (Bolton, 1968a), in contrast to
the smooth muscle of other large blood vessels, it is likely that the acetylcholine
originates from these nerves.

In view of the fact that catecholamines inhibit the effects of stimulating the
cholinergic nerves supplying visceral muscles (Bowman & Everett, 1964; Kosterlitz
& Watt, 1965), it is not surprising that they have a similar effect on the responses to
stimulating the cholinergic nerve supplying the LMAMA. This inhibition involves
only ,8-receptors, in contrast to the situation in visceral muscle (Bowman & Everett,
1964; Kosterlitz & Watt, 1965), and as relaxation of the LMAMA by catechol-
amines also involves only ,8-receptors (Bolton, 1968a), it is probable that the under-
lying mechanism of these two effects is the same, that of hyperpolarization of the
smooth muscle cell membrane resulting in a block of the generation and propagation
of action potentials (Bolton, 1968b).

It does not follow, however, that the apparent facilitatory action of noradrenaline
on cholinergic nerve activity in the LMAMA is due to an effect on the cholinergic
nerves, as is the case of the cholinergic nerves supplying skeletal muscle (Bowman,
Goldberg & Raper, 1962; Bowman & Raper, 1966) and some smooth muscle
(Christensen & Daniel, 1966). First, in the LMAMA adrenergic nerves were being
stimulated simultaneously with cholinergic nerves (Bolton, 1968a), and second, there
is no doubt that a-receptors are present on the LMAMA (see responses to noradren-
aline 1 gg/ml. in the absence and in the presence of phentolamine, Fig. 2). Hence,
when P-receptors are blocked, exogenous noradrenaline might be expected to have an

excitatory action on the smooth muscle of the preparation via a-receptors, and thus
potentiate the responses to cholinergic nerve stimulation by a mechanism similar to
that by which acetylcholine lowers the threshold to electrical stimulation in the
guinea-pig taenia caecae (Burnstock, 1958).

Relaxations produced by nicotine were not obtained during fl-receptor blockade,
so it is likely that, like the relaxations in response to sympathetic nerve stimulation,
they were due to a release of catecholamine. Unlike these latter responses, however,
they were not always blocked by adrenergic neurone blocking agents. Others have
made similar observations on the action of nicotine on visceral smooth muscle
preparations (Gillespie & MacKenna, 1960; Jarrett, 1962; Bucknell, 1965; Burn-
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stock, Campbell & Rand, 1966). This release of catecholamine by nicotine in the
LMAMA is probably from sympathetic nerves as in other tissues (see Ferry, 1966).

I am grateful to Professor E. C. Amoroso and to Professor W. C. Bowman for their advice
and help and to Professor G. A. H. Buttle for the privilege of working in his department.
These results formed part of a thesis approved for the degree of Doctor of Philosophy in
the University of London. The work was supported by the British Egg Marketing Board
through a grant to Professor W. C. Bowman and by a scholarship to the author, and in
part by grants from the U.S. Public Health Service, numbers GM 064089-05 and HD 01476-05.
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