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There are two kinds of tryptamine receptor in the guinea-pig ileum, namely the M receptors
which can be blocked with morphine and the D receptors which can be blocked with dibenzyline.
Atropine, an atropine-like drug, cocaine, and methadone inhibit effects due to the M receptors,

even after dibenzyline, but have no additional effect after morphine.

Lysergic acid diethylamide,

dihydroergotamine and S-benzyloxygramine inhibit effects due to the D receptors, even after
morphine, but have no additional effect after dibenzyline. The M receptors are probably in
the nervous tissue and the D receptors are probably in the muscles.

The drugs which act as antagonists of 5-
hydroxytryptamine (5-HT) give different results
when tested on different preparations. Various
derivatives of ergot have been found to be very
potent antagonists of 5-HT in experiments on the
rat uterus or on the rabbit ear perfused with salt
solutions, but the ergot derivatives were not, how-
ever, very potent antagonists of 5-HT in the case
of the guinea-pig ileum (Fingl and Gaddum, 1953;
Gaddum, 1953 ; Gaddum and Hameed, 1954 ;
Gaddum, Hameed, Hathway, and Stephens, 1955).

In order to explain such facts, Gaddum and
Hameed (1954) suggested the existence of two
kinds of tryptamine receptor: one in the plain
muscle of the rat uterus and the rabbit ear which
was easily blocked by lysergic acid diethylamide
(LSD), gramine, or dihydroergotamine, and
another in the intestine, not easily blocked by
such drugs.

There is evidence that 5-HT causes contraction
of the guinea-pig intestine by acting through the
nerves, but this is not due to an action on the
nicotine receptors, since it is not suppressed by
hexamethonium or by the eventual paralytic
action of large doses of nicotine (Rocha e Silva,
Valle and Picarelli, 1953 ; Robertson, 1953). The
tryptamine receptors seem, in fact, to be different
from other kinds of receptor, since large doses of
S-HT eventually abolish the effect of 5-HT itself
on guinea-pig intestine without diminishing the
response to histamine or substance P (Gaddum,
1953) or acetylcholine or nicotine (Rocha e Silva
et al., 1953).

Gaddum and Hameed (1954) found that LSD,
in a concentration of 0.1 ug./ml., diminished the
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response of guinea-pig ileum to 5-HT by 50%, but
concentrations 100 times larger. had no more
effect. Cambridge and Holgate (1955) made simi-
lar observations with atropine, using histamine
and acetylcholine as control drugs. When the
responses of guinea-pig ileum to a constant dose of
agonist were plotted against the log. dose of atro-
pine these two drugs gave simple S-shaped curves,
but with 5-HT there was a plateau over the range
of concentrations 0.01 to 1.0 ug./ml. These ob-
servations could be explained on the theory that
the two types of receptor postulated by Gaddum
and Hameed are both present in the guinea-pig
ileum and drugs may block one type of receptor
without affecting the other type. The results
described below confirm this theory and provide a
method of studying each type of receptor separ-
ately by eliminating the effects of the other type
with specific antagonists.

METHODS

Guinea-pig lleum Preparation.—Pieces of terminal
ileum were removed from guinea-pigs (180-250 g.)
which had fasted overnight, and suspended in a 2 ml.
bath containing aerated Tyrode solution maintained
at 35°. The movements of the longitudinal muscle
were recorded with a frontal lever having a magnifica-
tion of x5,

Effects of Antagonists.—The effects of the antagon-
ists have been measured in terms of the dose-ratio
(Gaddum et al., 1955) by constructing dose-effect
curves for the stimulant drugs at the beginning of the
experiment, and comparing their subsequent effects in
the presence of the antagonist with these curves. The
dose-ratio is the ratio of equiactive doses in the
presence and absence of the antagonist,

The concentration of the various antagonists was
maintained in the bath either by adding fresh doses
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whenever the fluid was changed, or by adding the
drug to one of the reservoirs from which the bath
could be refilled. The effects of most of the com-
pounds used were complete within 30 to 40 min., but
some effects were developing even after 60 min. In
such cases, 60 min. was adopted as the standard time
at which measurements were made. In order to avoid
errors due to the persistence of effects, a separate
piece of ileum was used for each experiment.

Histamine and nicotine were used as control drugs.
The drugs used were: 5-hydroxytryptamine creatin-
ine sulphate [Upjohn]; histamine acid phosphate,
atropine sulphate, and nicotine acid tartrate [British
Drug Houses]; morphine hydrochloride [Duncan,
Flockhart] ; dibenzyline [Smith, Kline, and French];
Iysergic acid diethylamide (LSD), 2-bromo-lysergic
acid diethylamide (BOL-148), and dihydroergotamine
methanesulphonate DHErg [Sandoz] ; cocaine hydro-
chloride [Duncan, Flockhart] ; 3:3-diphenylpropan-3-
ol-1-diethylamine methiodide (186C47) and methadone
hydrochloride [Burroughs Welicome], and 5-benzyl-
oxygramine (5-BOGram) [Glaxo]. Doses are given in
terms of the bases.

RESULTS

Compounds were tested on the guinea-pig ileum
preparation for their effects against 5-HT, hista-
mine, and nicotine by the following method. Suit-
able doses of 5-HT (0.01 to 0.100 ug.), histamine
(0.005 to 0.015 ug.), and nicotine (0.5 to 1.5 ug.)
were added in turn at regular intervals, until regu-
lar responses were obtained. The doses were then
altered and curves constructed by plotting the
height of the responses against the doses. The
drugs to be tested as antagonists were added in an
initial low concentration (0.001 pg./ml.) and main-
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tained in the bath for 60 min. During this time
5-HT, histamine, and nicotine were reapplied to
the intestine and, if necessary, the doses were in-
creased in order to overcome the inhibition caused
by the antagonist. If the effects of the stimulant
drugs were unchanged, higher concentrations of
the antagonists were tried. The dose-ratios were
calculated as described above.

Table I shows the results of some experiments
with various drugs which antagonize 5-HT. 1t is
included for comparison with Table II, and to
show the effects of morphine and dibenzyline
alone in the preliminary treatment of the ileum
in the later experiments.

Morphine, in a concentration of 0.01 pg./ml,
reduced the response to 5-HT by 50 to 70%, but
higher concentrations (10 ug./ml.) appeared to
have no more effect on it (see Kosterlitz and
Robinson, 1955).

The depression of the 5-HT response caused
by atropine began with a concentration of
0.001 ug./ml., and increased to 40% at a concen-
tration of 0.01 ug./ml. ; no further depression was
produced until the atropine concentration was
larger than 1 ug./ml. This confirms the results
of Cambridge and Holgate (1955).

The same thing, as already observed by Gaddum
and Hameed (1954), occurred with LSD. The de-
pression of the 5-HT contraction began with an
LSD concentration of 0.001 ug./mi., increased
with a concentration of 0.01 ug./ml., but no fur-
ther depression was observed with much higher
concentrations of LSD (10 ug./ml.). The effect of
LSD is small compared with its effect against

TABLE [

RATIOS OF DOSES OF S-HYDROXYTRYPTAMINE, HISTAMINE, AND NICOTINE CAUSING EQUAL CONTRAC-
TIONS OF GUINEA-PIG ILEUM IN THE PRESENCE AND ABSENCE OF VARIOUS ANTAGONISTS

Dose-ratio
Antagonist ( Co;:]c;i )
#g. ml. 5-HT Histamine Nicotine

Morphine .. . 1 2-3 1-6 80 2:6 1-0 1-0 2-5 1-0 40 1-6 2-6 3-0
1-4 1-5 4-1 2-5 1-0 1-1 1-0 1-0 33 2-1 3.7 2-2
5-5 2-6 4-8 4-0 1-0 2-0 1-4 1-6 30 30 17 2-0
4-0 50 20 26 1-0 12 1-2 1-5

Atropine .. 0-1 33 50 3-0 1-1 1-3 1-0

186C47 0-07 2-6 1-4 3-8 12 1-0 1.2 2-0 2-5 3.7

Cocaine .. .. 10 50-100 10 20 18 1-2 1-0 14 08 82 2-5 30 3-3

Methadone .. 1 50 55 2:0 2 10 16

Dibenzyline 01 70 47 60 33 107 40 40 80 2-3 15 22 1-5
60 83 40 66 44 85 60 100 1-0 3-0 1-2 1-0
32 30 80 40 150 80 33 210 2:0 2:1 1-5 1-6
94 31 44 41 25 43 100 30 20 1-0 1-2 1-0
53 1-3

LSD 0-01 66 80 3.0 1-1 1-3 1-0

DHErg 2-5 52 50 | 12 1-6 2:1 2-0

5-BOGram 01 40 62 | 1-0 1-0 1-1 1-0
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5-HT observed on the rat uterus (Gaddum et al.,
1955). Of the drugs shown in Table I, dibenzyline
is the only one with much action as an anti-
histamine.

After these preliminary experiments, morphine
and dibenzyline were chosen as the specific antag-
onists for the two kinds of tryptamine receptor.
The receptors which were blocked by morphine
have been called the M receptors and those
blocked by dibenzyline have been called the D
receptors.

When a concentration of 1 ug./ml. of morphine
is maintained in the bath, the M receptors appear

HT N H HT HT HT HT N H
0.06 | 0.0l 0.06 0.030.0I5 0.06 I 0.0l
I 4 7 10 13 1l 21 24 27

H HT N H HT HT N

| 0.2 I 1.5 0.2 18 1.5 1.5 I

4 7 I 14 17 30 36 43 50
FiG. 1.—Guinea-pig ileum.

Doses pg. in 2 ml. bath. Above with morphine (1 ug./ml.).

dibenzyline (0.1 xg./ml. for 30 min.).
ml.) from 38 min. onwards. Dose-ratio >300 for 5-HT.

Contractions due to 5-HT (HT), nicotine (N) and histamine (H).
Effects on D receptors un-
changed by atropine (0.1 ug./ml.) from I8 min. onwards. Dose-ratio=1.3.
Effects on M receptors inhibited atropine (0.1 ug./
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to be more or less completely blocked, and any
additional antagonistic effect is then thought to be
due to an action on the D receptors. When the
intestine is exposed to a concentration of
0.1 ug./ml. of dibenzyline for 30 min., the D re-
ceptors appear to be more or less completely
destroyed and any additional effect is then thought
to be on the M receptors. Different pieces of in-
testine prepared in these two ways thus provide
two types of preparation for studying effects of
the antagonists on the two types of receptor.

Fig. 1 shows an experiment with atropine
(0.1 pg./ml) on each type of receptor. In the
upper part of this figure
effects on the M receptors
have been eliminated be-
cause these receptors were
completely paralysed by
morphine throughout the
experiment. Atropine had
very little effect on the
response of 5-HT. A dose
of 0.06 ug. of 5-HT after
atropine had about the same
effect as 0.045 pg. of 5-HT
before atropine; the dose

H HT N HT ratio was therefore esti-

001 006 3 0.06 mated as about 1.3. In the

. : 2 '_uz' lower part of the figure the
58 62 70 min.

ileum had been treated with
dibenzyline, and the same
concentration of atropine
had much more effect. It
will be seen that 60 ug. of
5-HT after atropine had less
effect than 0.2 ug. before
atropine. The dose-ratio
was therefore greater than
300. These results show
that atropine had a large
effect on the M receptors
and little effect on the D
receptors. It had little
effect on the response to
histamine, and it antag-
onized the effect of nicotine
after dibenzyline less than
that of 5-HT.

H H HT N Fig. 2 shows an experi-
1 1.5 60 4pg. ment with 5-benzyloxy-
57 9] 100 110 min. gramine on each type of

receptor. This was the
most active of a series of
indole compounds tested
by Gaddum et al. (1955)

Below after
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for antagonism to the action
of 5-HT on the rat uterus.
This substance had marked
antagonism to 5-HT in the
presence of morphine, as
shown in the upper part of
the figure, where 12 ug. of
5-HT had about as much
effect at 97 min. as 0.24 pg.
had at 7 min. The dose-
ratio was therefore esti-
mated as 50. In the
presence of dibenzyline
(lower records), the effect
of this antagonist was com-
paratively small; in the
lower part of the figure it
will be secen that 1 ug. of
5-HT at 110 min. had 7 12
about the same effect as
0.5 ug. at 4 min. and 16
min, The dose-ratio .was
therefore estimated as 2.0.
These results show that 5-
benzyloxygramine had a
large effect on the D
receptors and a small effect
on the M receptors.

The results of such ex-

eriments with  various
5-HT antagonists are shown
in Table II. Here, when
the dose-ratio is 1 it means
that the second drug has no
effect in addition to that
produced by the first drug.

The first five drugs have
large effects against 5-HT Nl
after treatment of the ileum 1.5 05
with dibenzyline and little 4 8 12 16
or no effect in the mor-
phine-treated one. They
are thought to act on the M
receptors.

The last five drugs have large effects against
5-HT in the presence of morphine and less action
in the ileum previously treated with dibenzyline.
They are thought to act on the D receptors.

HT N

HT H
0.5 0.4

DiscuUsSsION

These results indicate that 5-HT causes contrac-
tions of the guinea-pig ileum by two different
mechanisms, one of which is blocked by dibenzy-
line (D receptors) and the other of which is
blocked by morphine (M receptors).

J. H. GADDUM and Z. P.

H HT N H HT
024 3.5 0.01 0.4 3.5 0.0l 0.4
17 22 27 32 37

FiG. 2.—Records as Fig. 1.
inhibited by S-benzyloxygramine (1 ug./ml.) from 38 min. onwards. Dose-ratio=50 for
5-HT. Below after dibenzyline (0.1 ug./ml. for 30 min.). Effects on M receptors almost
unchanged by 5-benzyloxygramine from 50 min. onwards.

PICARELLI

N H HT HT N H HT
3.5 0.01 0.8 35 001 12 pug.
2 47 52 77 82 87 97 min.

N H HT N H HT N H HT H HT
18 0.6 | 1806 | 1806 1| 06 | ug
40 44 48 53 57 6l 90 95 100 105 110 min.

Above with morphine (1 ug./ml.). Effects on D receptors

Dose-ratio=2.

The drugs which block the D receptors (di-
benzyline, ergot compounds, and 5-benzyloxy-
gramine) are the drugs which antagonize the
effects of S-HT on the rat uterus and the rabbit
ear. These effects are thought to be due to an
action on smooth muscle and it seems probable
that the D receptors of the guinea-pig ileum are
also in smooth muscle.

The drugs which block the M receptors on the
other hand probably act on the nerve ganglia or
the nerve fibres. Various authors (Rocha e Silva
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TABLE II

RATIOS OF DOSES OF 5-HYDROXYTRYPTAMINE, HISTAMINE, AND NICOTINE CAUSING EQUAL CONTRACTIONS
OF GUINEA-PIG ILEUM IN THE PRESENCE AND ABSENCE OF VARIOUS ANTAGONISTS

Dose-ratio
Antagonist (fg‘.’;ﬁi.) After Dibenzyline With Morphine
5-HT Histamine Nicotine 5-HT Histamine Nicotine
Morphine 1 25-35 25-50 18 66 >10
Atropine .. | 01 | >400 >300 15 10 | 410 30 1-0 13 1-0 10 | >30
>16  >300 3.0 1.0
M | 186C47 007 | >320 500 1-0 2.0 60 3.0 1-0 14 1-0 14 | >30 >20
ine 10 80 50°100 | 1-2 I-5 40 >30 20 10 1-0 1-0 60 30
10-20 10 >4-0 1.0 06 >30
Methadone 1 200 300 2:0 20 | >40 40 43 15 16 10 10
Dibenzyline | 0-1 —_ — — >400 >500 | >400 >1500 | >2-5
LSD .| o0 }(2) 60 }-g 10 %-g 10 |80-120 75 10 10 26 14
D|DHEmg. ..| 25 23 1-5 12 10 11 16 100 125 12 1-0 16 16
5-BOGram. | 01 20 13 12 13 10 10 50 50 12 10 16 1-6
BOL-148 .. | 001 | 20 16 10 10 13 15 50 80 13 15 26 2:0
et al., 1953; Robertson, 1953; Gaddum and and the subsequent wave of contraction of the

Hameed, 1954 ; Garven, 1956) have come to the
conclusion that 5-HT has an action on nervous
structures in the guinea-pig ileum. This conclu-
sion has been based on the similarity between the
effects of antagonists on the responses to 5-HT
and nicotine, and particularly on the fact that the
effects of both these drugs are blocked by cocaine.

The results shown in Table II confirm this con-
clusion. The first four drugs in the Table all
showed marked antagonism to 5-HT after di-
benzyline, but no definite antagonism to 5-HT in
the presence of morphine. Methadone gave simi-
lar results, but did show some effect in the
presence of morphine. This may mean that
methadone has some action on both types of re-
ceptor.

These drugs showed definite but feeble antagon-
ism to nicotine, but no definite antagonism to
histamine. Since histamine acts on muscle and
nicotine on nervous ganglia, this difference con-
firms the theory that these drugs act on nervous
tissues, but they do not necessarily all act in
exactly the same place.

Atropine and 186C47 are known to be specific
antagonists of acetylcholine and their effect on the
response to 5-HT may be the result of antagon-
ism to the acetylcholine liberated by nerves when
these are stimulated by 5-HT. If this is so, it
is surprising that their antagonism to the action
of nicotine is comparatively feeble. Cocaine is
thought to act mainly on the nerve fibres.

The site of action of morphine is uncertain. P.
Trendelenburg (1917) found that morphine in-
hibited both phases of the response of the guinea-
pig ileum to a rise of internal pressure, namely
the initial contraction of the longitudinal muscle

circular muscle. O. Schaumann, Giovannini, and
Jochum (1952) showed that the actions of various
drugs on these internal reflexes are related to their
potency as analgesics, so that the study of the
actions of these drugs on the intestine may provide
a clue to their central actions. Morphine might
produce these effects by acting on the nervous
ganglia in the intestine. It has been suggested that
its site of action may be in the nerve fibres
peripheral to the ganglia (W. Schaumann, 1955),
but it must be less peripheral than the site of
action of atropine, since the action of morphine,
unlike that of atropine, is associated with inhibi-
tion of the release of acetylcholine (Paton, 1957 ;
W. Schaumann, 1956). These actions of morphine
on intestinal reflexes may be related to its antag-
onism to 5-HT, but the relationship is not neces-
sarily a simple one.

The M receptors for 5-HT are probably in the
nervous tissue of the intestine, but it is not pos-
sible to say exactly where they are in this tissue.
U. Trendelenburg (1956) has found that small
doses of 5-HT, histamine, and certain other sub-
stances potentiate the action of acetylcholine on
sympathetic ganglia, whether it is injected or liber-
ated by nerves. There is some evidence (U. Tren-
delenburg, 1957) that the actions of the drugs on
ganglia are antagonized by morphine. These
results suggest by analogy that S5-HT and
morphine both act on autonomic ganglia in
the intestine, but there is no direct evidence of
this and no proof that they act on the same
receptors as one another.

Z. P. Picarelli undertook this work during the
tenure of a British Council Scholarship,
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