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Dose/response measurements were made on the guinea-pig isolated ileum with six
agonists, acetylcholine, 5-hydroxytryptamine, nicotine, dimethylphenylpiperazinium,
choline phenyl ether and histamine. The dose effects were repeated in the presence
of each of twelve antagonists and one anticholinesterase. Acetylcholine and histamine
were chosen because of their direct mode of action on smooth muscle, nicotine,
dimethylphenylpiperazinium and choline phenyl ether were used as examples of drugs
that act at the ganglionic acetylcholine receptor. 5-Hydroxytryptamine was the
drug investigated. Hyoscine blocked the contractions caused by acetylcholine,
5-hydroxytryptamine and the ganglion-stimulants but left the responses to histamine
unchanged. The anticholinesterase N,N’-diisopropylphosphorodiamidic fluoride
(mipafox) potentiated all the agonists except histamine. The strength of potentiation
decreased in the order 5-hydroxytryptamine, nicotine, dimethylphenylpiperazinium
and choline phenyl ether, and acetylcholine. The local anaesthetic procaine inhibited
to the same extent contractions elicited by 5-hydroxytryptamine, nicotine, dimethyl-
phenylpiperazinium and choline phenyl ether. These results showed that 5-hydroxy-
tryptamine, like nicotine, choline phenyl ether and dimethylphenylpiperazinium,
mediated its response through the nervous plexus. Of those tested 5-hydroxytrypt-
amine was the only specific antagonist to S5-hydroxytryptamine; lysergic acid
derivatives produced spasm and prolonged changes in tone ; phenoxybenzamine caused
non-specific block. The diverse modes of action of a number of ganglion-blocking
agents were selectively used. Thus hexamethonium, pentolinium, and nicotine
in its competitive phase, blocked contractions due to nicotine, dimethylphenyl-
piperazinium and choline phenyl ether and left those due to S5-hydroxytryptamine,
acetylcholine and histamine unchanged. The depolarizing ganglion-blocking agents,

- dimethylphenylpiperazinium and nicotine, inhibited the responses to all the indirectly
acting drugs. Furthermore, mecamylamine, a drug with a less well-defined mode of
action, partially inhibited contractions due to 5-hydroxytryptamine in a concentration
that blocked those due to nicotine, dimethylphenylpiperazinium and choline phenyl
ether. Pempidine, known to act like mecamylamine, did not antagonize 5-hydroxy-
tryptamine. It is concluded that S5-hydroxytryptamine activates specific receptors
sited at the intramural parasympathetic ganglion cells.

Several sites of action for 5-hydroxytryptamine have been postulated for the
guinea-pig ileum. Rocha e Silva, Valle & Picarelli (1953) offered evidence that
S-hydroxytryptamine specifically stimulated the postganglionic cholinergic fibres in
this organ. Gaddum & Hameed (1954) discussed a hypothesis for two kinds of
receptor in the intramural ganglion cells, one stimulated by acetylcholine and by
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nicotine and blocked by hexamethonium and by large doses of nicotine, the other
stimulated by 5-hydroxytryptamine and blocked by excess doses of the same com-
pound. They also considered the possibility that 5-hydroxytryptamine acted at a
different kind of cell from the one at which nicotine acted. Later Gaddum &
Picarelli (1957) advanced evidence for two separate 5-hydroxytryptamine receptors
on the terminal ileum of the guinea-pig. Recently Day & Vane (1963) found that
5-hydroxytryptamine contracted the guinea-pig ileum by acting mainly on receptors
in nervous tissue and found that smooth muscle receptors were of negligible
importance in eliciting the usual response.

Parasympathetic ganglia are difficult experimental preparations, but a site of
action of 5-hydroxytryptamine at the more accessible sympathetic ganglia has been
shown. Thus, Trendelenburg (1956) found evidence for the presence of tryptamine
receptors in the cat superior cervical ganglion and later (Trendelenburg, 1957) showed
that 5-hydroxytryptamine, as well as histamine and pilocarpine, stimulated the
ganglion by combining with receptors that seemed to differ from the acetylcholine
receptors on the ganglion cells. More recently Bindler & Gyermek (1961) recorded
postganglionic action potentials induced by close intra-arterial injections of
5-hydroxytryptamine and dimethylphenylpiperazinium into the cat inferior mesen-
teric ganglion. Although both drugs stimulated the ganglion, hexamethonium
abolished the actions only of dimethylphenylpiperazinium.

This paper describes experiments which localize the site of action of 5-hydroxy-
tryptamine at the intramural parasympathetic ganglion cell of the guinea-pig isolated
ileum.

Part of this work was communicated to the British Pharmacological Society in
July 1962.

METHODS

Adult female guinea-pigs were killed by a blow on the head and bled. The ileum was
excised and 3 cm segments were removed from the middle and terminal regions and suspended,
oral-end down, in a 10 ml. organ-bath containing Krebs solution at 37° C bubbled with 95%
oxygen and 5% carbon dioxide. Longitudinal contractions were recorded isotonically. The
lever was weighted with 0.5 g and had a magnification of ten-times.

Drugs

Agonists. These were acetylcholine chloride, 5-hydroxytryptamine creatinine sulphate,
choline phenyl ether bromide, 1,1-dimethyl-4-phenylpiperazinium iodide, nicotine hydrogen
tartrate and histamine acid phosphate. _

Antagonists. These were hyoscine hydrobromide, procaine hydrochloride, 5-hydroxytrypt-
amine creatinine sulphate, hexamethonium bromide, pentolinium hydrogen tartrate, mecamyl-
amine hydrochloride, pempidine tartrate, nicotine hydrogen tartrate, dimethylphenylpipera-
zinium iodide, phenoxybenzamine chloride, lysergic acid diethylamide tartrate and 2-
bromolysergic acid diethylamide tartrate.

The anticholinesterase used was N,N’-diisopropylphosphorodiamidic fluoride (mipafox).

Experiments

In each experiment a dose/response curve was made for each of six agonists, usually
employing five or six doses ; next, the dose/response curves were repeated in the presence of
the antagonists. Finally, the six dose/response curves were established again 1 hr after
washing out the antagonist. Two ileal segments from the same region were matched and
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the effects of the antagonists on the responses of one were compared with the responses
of the control segment. No differences in the results were obtained whichever method was
used. The contact time of the agonists was 30 sec and the interval between doses was 2 min.
The concentrations of the agonists and antagonists are expressed in ug/ml. of base as final
bath concentrations.

Tachyphylaxis with 5-hydroxytryptamine. Tachyphylaxis is a frequent complication of
dose/response measurements with 5-hydroxytryptamine on the guinea-pig ileum. It was
found that tachyphylaxis could be avoided by the use of long dose cycles or by frequent
changes of the bath-fluid. Thus no tachyphylaxis was seen when the bath-fluid was changed
six times between doses of 5-hydroxytryptamine given at 2 min intervals.

The composition of the Krebs solution (in g/l. of distilled water) was NaCl 6.92 ; KCl1 0.35;
CaClz 0.28 ; NaHCO; 2.1 ; KH:PO, 0.16 ; MgSO47H:0 0.29 ; and glucose 2.0.

RESULTS

Hyoscine

The mean results of seven experiments in which the ileum was treated with
hyoscine (0.1 pg/ml.) for 45 min before the repetition of the dose/response curves
are shown in Fig. 1. The responses to higher concentrations of acetylcholine gave
a curve that is parallel to the original and provided evidence of a familiar kind
for competitive blockade, but the responses to histamine were unaffected. The
contractions due to 5-hydroxytryptamine were blocked and the ganglion-stimulant
effects of dimethylphenylpiperazinium, nicotine and choline phenyl ether were
reduced to less than 10% of the maximal contraction.

Mipafox

Fig. 2 shows the mean results of ten experiments in which the ileum was treated
with mipafox (10 pug/ml). The responses to acetylcholine, 5-hydroxytryptamine
and the ganglion-stimulants were potentiated ; these effects are seen in Fig. 2 as a
displacement of the curves to the left. The responses to histamine were unchanged
by the action of the anticholinesterase. The effects of hyoscine (0.1 pg/ml.) on
the preparations treated with mipafox are also shown.

Procaine

When the ileum was treated with procaine (10 pg/ml.) for 1 hr, only a small
displacement to the right of the acetylcholine and histamine dose/response curves
was produced. Responses to 5-hydroxytryptamine were inhibited to the same extent
as were those to nicotine, choline phenyl ether and dimethylphenylpiperazinium,
showing that 5-hydroxytryptamine acted at some point on the intramural nervous
system (Fig. 3).

5-Hydroxytryptamine in excess

A concentration of 5-hydroxytryptamine of 5 ug/ml. in contact with the prepara-
tion for 45 min specifically blocked the contractions to 5-hydroxytryptamine. The
responses to acetylcholine, histamine, choline phenyl ether, nicotine and dimethyl-
phenylpiperazinium were not modified (Fig. 4).
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1. The effect of hyoscine (0.1 pg/ml.) on the responses of the guinea-pig isolated ileum to

for each agonist are plotted as %, of maximal contraction against the dose (xg/ml.) on a log
scale. The open circles represent the responses to the agonists and the crosses represent these
responses after treatment with hyoscine (0.1 ug/ml.) for 45 min. Higher doses of acetylcholine
gave a dose/response curve that is parallel to the original but the responses to histamine were
not modified. The responses to 5-hydroxytryptamine and dimethylphenylpiperazinium were
greatly inhibited by this concentration of hyoscine. Contractions due to nicotine and choline
phenyl ether were affected like those due to dimethylphenylpiperazinium. Each curve represents
the mean of seven experiments.
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2. The effect of mipafox (10 pg/ml.) on the responses of the guinea-pig isolated ileum to

acetylcholine, histamine, 5-hydroxytryptamine and dimethylphenylpiperazinium. The ordinates
and abscissae are as in Fig. 1. The open circles represent the responses to the agonists and the
crosses represent these responses after treatment with mipafox for 1 hr. The curves for acetyl-
choline, 5-hydroxytryptamine and dimethylphenylpiperazinium were displaced to the left so
that they were parallel to the originals. Note that mipafox potentiated 5-hydroxytryptamine
more than it did acetylcholine or the ganglion-stimulants. Nicotine and choline phenyl ether
were potentiated similarly to dimethylphenylpiperazinium. The histamine responses were
unchanged. The closed circles show the effects of exposure to hyoscine (0.1 pg/ml.) for 45 min
on the responses to the agonists. Each curve represents the mean of ten experiments.
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Fig. 3. The effect of treating the guinea-pig isolated ileum for 1 hr with procaine (10 ug/ml.). The
ordinates and abscissae are as in Fig. 1. The open circles represent the responses to the agonists
and the crosses represent these responses after treatment with procaine. There was a small
parallel displacement to the right of the log dose/response curves for acetylcholine and histamine.
The effect of procaine on the responses to 5-hydroxytryptamine was identical with that on the
responses to the ganglion-stimulants; all were blocked. The curve for nicotine is similar to
those for dimethylphenylpiperazinium and choline phenyl ether. Each curve represents the
mean of six experiments.
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Fig. 4. The effect of treating the guinea-pig isolated ileum with 5-hydroxytryptamine (5 pg/ml.).
The ordinates and abscissae are as in Fig. 1. The open circles represent the responses to the
agonists and the crosses represent these responses after treatment with 5-hydroxytryptamine.
The responses to 5-hydroxytryptamine were blocked whereas those to acetylcholine, histamine
and the ganglion-stimulants were not modified. Dimethylphenylpiperazinium and nicotine
gave similar results to choline phenyl ether. Each curve represents the mean of seven experiments.
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Fig. 5. The effect on the responses to the agonists (open circles) of treating the ileum for 1 hr with
pentolinium (5 pg/ml., crosses; 10 pg/ml., filled circles). The ordinates and abscissae as in
Fig. 1. Nicotine, choline phenyl ether and dimethylphenylpiperazinium were antagonized by
both concentrations of pentolinium whereas there was no significant effect on the responses to
acetylcholine, histamine and 5-hydroxytryptamine. The curve for nicotine is similar to those
for choline phenyl ether and dimethylphenylpiperazinium.
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The ganglion-blocking agents hexamethonium, pentolinium and nicotine

Hexamethonium. When the preparation was treated for 1 hr with hexamethonium
(20 pg/ml), contractions due to nicotine, dimethylphenylpiperazinium and choline
phenyl ether were blocked but those due to S-hydroxytryptamine, acetylcholine
and histamine were not affected. Increasing the concentrations of hexamethonium
to 40 pg/ml. gave the same results,

Pentolinium. Fig. S shows the effects of two concentrations of pentolinium (5 and
10 ug/ml) on all the dose/response curves. Neither concentration had any signifi-
cant effect on the responses to acetylcholine, histamine or 5-hydroxytryptamine.
The responses to nicotine, dimethylphenylpiperazinium and choline phenyl ether
were blocked by both concentrations.

Nicotine, competitive block. Nicotine in large doses blocks ganglia in two ways.
Immediately after administration the ganglion cells are discharged and the acetyl-
choline receptors are blocked by depolarization (Paton & Perry, 1953). The blocking
action soon changes to a competitive nature.

Fig. 6 shows the effects of treating the preparations for 1 hr with nicotine (25 and
50 pg/ml). The results closely resembled those with hexamethonium and pento-
linium.

Nicotine, depolarizing block. The action of nicotine changes from a depolarizing
to a competitive phase within 3 min and this made it difficult to investigate the
depolarizing actions when the drug was in contact with the tissue. However, since
the contraction due to a blocking dose of nicotine (40 pg/ml.) faded within 45 sec,
it was possible to add the agonist at this time and leave it in contact for a further
30 sec. By this technique it was found that the contractions due to 5-hydroxy-
tryptamine could be blocked, which suggested that the tissue was within the
depolarization period.

Difficulty in washing out these large doses of nicotine made unsuccessful attempts
to obtain strictly comparative responses with the subsequent depolarizing doses of
nicotine (see Fig. 7, lower traces). Nevertheless, this difficulty did not interfere
with the interpretation of these results. In these circumstances nicotine blocked all
the responses to S-hydroxytryptamine up to concentrations of 0.8 pug/ml., and the
responses to 1.6 ug/ml. of 5-hydroxytryptamine were greatly reduced (Fig. 7).

Dimethylphenylpiperazinium

Dimethylphenylpiperazinium in high concentrations is believed to block ganglia
by depolarizing the ganglion cell (Ling, 1959). Dimethylphenylpiperazinium, in a
concentration of 5 ug/ml., displaced the acetylcholine but also the histamine curve
to the right to the same extent. The responses to S-hydroxytryptamine, dimethyl-
phenylpiperazinium, choline phenyl ether and nicotine were inhibited equally.
Increasing the concentration of dimethylphenylpiperazinium to 10 pg/ml. intensified
the block of the actions of all the agonists.

In some experiments with dimethylphenylpiperazinium (2.5 pg/ml.) a specific
block of the responses to 5-hydroxytryptamine and the nicotine-like drugs could be
obtained. Treating the ileum with dimethylphenylpiperazinium for 2 min was
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Fig. 6. The effect on the responses to the agonists (open circles) of treating the ileum for 1 hr with
ganglion-blocking concentrations of nicotine (25 pg/ml., crosses; S50 ug/ml., filled circles).
Ordinates and abscissae as in Fig. 1. Nicotine, choline phenyl ether and dimethylphenyl-
piperazinium were antagonized by both concentrations of nicotine whereas there was no signi-
ficant change in the responses to acetylcholine, histamine and 5-hydroxytryptamine. The curve
for choline phenyl ether is similar to those for nicotine and dimethylphenylpiperazinium.



. L] . L] L]
002 0-08 032
O.QA O.Ip
Histamine -

02040816 32
5-Hydroxytryptamine

7 » . ] (cm.)
* o2 ‘o4 ‘ols °* 6 ' 8 16 *ooe ‘ol * o5
Nic Nic  Nic Nic Nic Nic Nic Nic  Nic
5-Hydroxytryptamine DMPP Histamine

(.}
. .

Fig. 7. The upper records show the dose/response relationship of the guinea-pig isolated ileum to
5-hydroxytryptamine, dimethylphenylpiperazinium (DMPP) and histamine. The lower records
were made after the guinea-pig ileum had been exposed to 400 ug (40 ug/ml.) of nicotine (Nic)
for 45 sec. Doses of agonists were given in the presence of this concentration of nicotine. This
treatment leaves the effect of histamine unmodified but those of dimethylphenylpiperazinium
and 5-hydroxytryptamine were blocked. The agonist dose-interval was 4 min. All concentra-
tions are in pg/ml. Time mark, 30 sec.
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8. The effect of dimethylphenylpiperazinium (5 pg/ml.) on the responses of the guinea-pig
isolated ileum to acetylcholine, histamine, 5-hydroxytryptamine and choline phenyl ether.
Ordinates and abscissae as in Fig. 1. The open circles represent the responses to the agonists
and the crosses represent these responses after incubation with dimethylphenylpiperazinium
(5 pg/ml.) for 1 hr. The dose/response curves to acetylcholine and histamine were displaced
to the right so that they paralleled the original curves. 5-Hydroxytryptamine was antagonized
in a similar manner to choline phenyl ether, nicotine and dimethylphenylpiperazinium. The
curve for choline phenyl ether is similar to those for nicotine and dimsthylphenylpiperazinium.
Each curve represents the mean of nine experiments.
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9: The effect of mecamylamine (5 pg/ml) on the responses to all the agonists. Although
the responses to acetylcholine were unaffected, those to histamine were slightly inhibited so
that its dose/response curve was displaced to the right. The responses to 5-hydroxytryptamine
were greatly inhibited in six experiments and unchanged in one; the mean effect from the seven
experiments is plotted in this figure. Mecamylamine completely blocked the responses to the
ganglion-stimulants; the curve illustrated is for dimethylphenylpiperazinium, and nicotine and
choline phenyl ether gave similar curves. The open circles represent the responses of the
agonists and the crosses represent these responses after treatment with mecamylamine. The
ordinates and abscissae are as in Fig. 1.
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sufficient to block the ganglia, but the results shown in Fig. 8 are the means of
pine experiments in which the period of treatment was 1 hr, a period used in all
our experiments with ganglion-blocking drugs. Dimethylphenylpiperazinium acts
by prolonging depolarization and there is no competitive block such as is produced
by nicotine (Ling, 1959). The block was reversed rapidly on washing.

Mecamylamine and pempidine

Mecamylamine, in a concentration too low to produce local anaesthesia (5 pg/ml.),
was incubated with the preparation for 1 hr. It blocked the contractions due to
dimethylphenylpiperazinium, nicotine and choline phenyl ether; responses to
5-hydroxytryptamine were almost completely inhibited in six experiments, and
unaltered in one. The mean of the seven experiments is shown in Fig. 9. The
responses to acetylcholine were unaffected and those to histamine were inhibited
slightly.

Pempidine (5 and 10 pxg/ml.) did not inhibit the responses to 5-hydroxytryptamine
‘but behaved in a similar manner to hexamethonium and pentolinium.

Lysergic acid diethylamide, bromolysergic acid diethylamide and phenoxybenzamine

Lysergic acid diethylamide (0.1 pg/ml.), incubated with the preparation for periods
of 1, 2 and 2.5 hr, did not block the contractions produced by 5-hydroxytryptamine
or any of the agonists used. It was often observed that this concentration of lysergic
acid diethylamide potentiated the responses to acetylcholine, 5-hydroxytryptamine,
nicotine, choline phenyl ether and dimethylphenylpiperazinium, but left those to
histamine unaffected. A higher concentration of lysergic acid diethylamide (1.0 pg/
ml.) induced an intense spasm and prolonged increase in the tone and spontaneous
activity of the ileum. Experiments with bromolysergic acid diethylamide gave
similar results to those with lysergic acid diethylamide, except that the spasm and
changes in tone were sometimes seen with a concentration of 0.2 pg/ml. The
effects with bromolysergic acid diethylamide (1.0 pg/ml.) were the same as with
lysergic acid diethylamide. The preparation so treated was unworkable.

Phenoxybenzamine, incubated with the preparation for 1 hr in a concentration
of 0.05 ug/ml., slightly inhibited the effects of all the agonists and, if anything, the
response to 5-hydroxytryptamine appeared to be inhibited less than that to acetyl-
choline. A higher concentration of phenoxybenzamine (1.0 ug/ml.) blocked the
responses to all the agonists but did not affect the spontaneous movements of the
intestine.

DISCUSSION

These experiments on the guinea-pig ileum show that the main action of
5-hydroxytryptamine is located at autonomic ganglion cells.

Hyoscine, in a concentration of 0.1 ug/ml. incubated with the ileum for 45 min,
blocked the action of 5-hydroxytryptamine, and also the actions of acetylcholine,
dimethylphenylpiperazinium, nicotine and choline phenyl ether, but that of histamine
was not modified. In some experiments on the terminal portion of the ileum a part
of the contraction produced by 5-hydroxytryptamine, corresponding to about one-



320 G. BROWNLEE and E. S. JOHNSON

tenth of the maximal contraction, was not modified by hyoscine. When this effect
was observed there was always seen in addition similar residual responses to
dimethylphenylpiperazinium, nicotine and choline phenyl ether. From these experi-
ments it may be inferred that 5-hydroxytryptamine acts either on the muscarinic
acetylcholine receptor or indirectly, like nicotine, dimethylphenylpiperazinium and
choline phenyl ether, through an action on some part of the intramural nerve path-
way involving the release of acetylcholine. That the action of histamine was not
affected by this concentration of hyoscine agrees with the conclusions of others

(Feldberg, 1951 ; Day & Vane, 1963) that histamine acts directly on the smooth
muscle.

There is a similarity between these results with hyoscine and those of Rocha e
Silva et al. (1953) who showed that atropine blocked stimulation of the gut induced
by 5-hydroxytryptamine, On the other hand Gaddum & Picarelli (1957) obtained a
50% residual response after atropine. These inconsistencies may be accounted for
by the different experimental conditions. The long incubation periods with hyoscine
in our experiments were used to ensure maximal muscarinic blockade before the
repetition of the six dose/response experiments.

After treatment with the organophosphorus anticholinesterase mipafox, chosen
because of its apparent inability to release acetylcholine from nerve terminals
(Carlyle, 1963), 5-hydroxytryptamine was potentiated to a greater extent than was
acetylcholine or the ganglion-stimulants, an observation also made on the rabbit
ileum by Robertson (1954) who inhibited the cholinesterase with the true cholin-
esterase inhibitor 1:5-di(p-allyl-N-methylaminophenyl)-pentan-3-one  dimetho-
bromide. No explanation is offered for this phenomenon which is now under
investigation.

Procaine, in a concentration sufficient to block the effects of nicotine, choline
phenyl ether and dimethylphenylpiperazinium, also blocked that of 5-hydroxytrypt-
amine, a demonstration that sites the action of 5-hydroxytryptamine mainly on the
nerve pathways, a conclusion also reached by Day & Vane (1963) from their experi-
ments with morphine and with anoxia. Feldberg & Lin (1949a, b) abolished nicotine-
induced contractions with a concentration of cocaine similar to that of procaine used in
the present experiments. Rocha e Silva et al. (1953) found that cocaine did not affect
the responses to histamine or acetylcholine, in concentrations that completely blocked
the actions of 5-hydroxytryptamine. Their evidence indicated that 5-hydroxytrypt-
amine stimulated the postganglionic cholinergic fibres in the guinea-pig ileum.
Gaddum & Picarelli (1957) concluded that 5-hydroxytryptamine acted at two
different sites: one, directly on the intestinal muscle at receptors which could be
blocked by phenoxybenzamine and by lysergic acid diethylamide (“ D ” receptors) ;
the other, at some point on the intramural nervous system, called “ M > receptors
since they were blocked by morphine. They suggested that 5-hydroxytryptamine and
morphine both acted on the autonomic intestinal ganglia but admitted that there
was no direct evidence for this and certainly no proof that they acted on the same
receptors. Gaddum & Picarelli’s suggestion seemed unlikely to gain acceptance
after Lewis (1960) had shown that morphine possessed more general depressant
properties than were supposed. Gaddum & Hameed (1954) showed that ergot



5-HYDROXYTRYPTAMINE AND GUINEA-PIG ILEUM 321

alkaloid derivatives, in particular lysergic acid diethylamide, were specific 5-hydroxy-
tryptamine antagonists on the rat uterus and rabbit ear but had little effect on the
guinea-pig ileum. In experiments made by us it was found that the lysergic acid
derivatives, lysergic acid diethylamide and its bromo-derivative, did not produce
any antagonism of 5-hydroxytryptamine even when incubated for 2.5 hr, indeed in
most experiments there was a potentiation of all the agonists except histamine by
concentrations of less than 1.0 ug/ml.

Costa (1956) and Delay & Thullier (1956) obtained a potentiation of 5-hydroxy-
tryptamine with lysergic acid diethylamide on the rat uterus. Other investigators
(Cerletti & Doepfner, 1958) discovered a blocking action only. The present results
with lysergic acid and its bromo-derivative do not agree with those of Gaddum &
Picarelli (1957) and Barlow & Khan (1959).

A concentration of 1.0 ug/ml. of lysergic acid diethylamide and its bromo-deriva-
tive induced an intense spasm and increase of tone. Phenoxybenzamine proved to
be a non-specific antagonist of all the agonist drugs ; yet it did not inhibit spontaneous
activity.

The specific antagonism of 5-hydroxytryptamine by a large concentration of
5-hydroxytryptamine on the one hand (Gaddum, 1953), and the specific block of
response to the nicotine-like drugs by hexamethonium, pentolinium and nicotine
(competitive action) on the other, appear to leave little doubt that 5-hydroxytrypt-
amine was acting on specific receptors. The hexamethonium experiments made
unlikely the possibility of a preganglionic action of 5-hydroxytryptamine.

The ganglion-blocking agents that act by depolarizing the nerve cell may be
expected to block the actions of any drug upon that cell regardless of the position
of its receptor. Thus if the 5-hydroxytryptamine receptor is situated on the ganglion
cells at some point removed from the nicotine receptor, a depolarizing ganglion-
blocking agent should prevent the 5-hydroxytryptamine from acting. Thus the
observation that the contractions due to 5-hydroxytryptamine were inhibited by
depolarizing actions of nicotine or dimethylphenylpiperazinium seems acceptable
evidence for siting the 5-hydroxytryptamine receptor on the ganglion cell.

If the antagonism of acetylcholine by dimethylphenylpiperazinium is looked on
as an atropine-like action one must equally note the similar antagonism of histamine.

Mecamylamine and pempidine differ from other ganglion-blocking agents in that
they may exert an action intracellularly (Bennet, Tyler & Zaimis, 1957 ; Spinks,
Young, Farrington & Dunlop, 1958). In the present experiments mecamylamine
differed from pempidine in partially inhibiting the action of 5-hydroxytryptamine,
an observation which indicated a difference in their modes of action ; thus, a pathway
common to both 5-hydroxytryptamine and the nicotine-like drugs is blocked by
mecamylamine. The partial inhibition of responses to histamine was thought to
be a histamine-antagonist action of mecamylamine because the hyoscine and pro-
caine experiments eliminated the possibility of a nervous action of histamine on
the guinea-pig ileum. The fact that the responses to acetylcholine were unaffected
was accepted as further evidence for the specificity of the block of the responses
to histamine. Since it has been shown that 5-hydroxytryptamine acts by stimulating
receptors on the intramural nervous system the inhibition of the responses to
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5-hydroxytryptamine by mecamylamine seemed acceptable evidence for siting the
action of 5-hydroxytryptamine at autonomic ganglia. The receptor sites differ from
those at which the nicotine-like drugs act and the possibility arises that 5-hydroxy-
tryptamine acts at one of two pharmacologically distinct types of ganglion cell,
evidence for the existence of which was given by Shaw, MacCullum, Dewhurst &
Mainland (1951) and Hertzler (1961) for sympathetic ganglia.

We are grateful to Dr P. Hey of the Smith, Kline & French Research Institute for the
gift of choline phenyl ether bromide, to Parke Davis & Co. for the dimethylphenylpiperazinium
and to May & Baker for a gift of pempidine tartrate. One of us (E.S.J.) was supported
by a Scholarship from the Medical Research Council.
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