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It has been observed that under suitable
experimental conditions, tryptamine produces
a specific desensitization of the isolated guinea-
pig ileum to serotonin and vice versa. On the basis
of this finding, Gaddum (1953) suggested that
in the guinea-pig ileum, serotonin and tryptamine
act on the same receptors. On the other hand,
Woolley and Shaw (1953) have shown that by
aging carotid artery segments from sheep, the
tissue loses sensitivity to tryptamine but remains
responsive to serotonin. Furthermore, by using
the serotonin antimetabolite, 1-benzyl-2-methyl-
5-hydroxytryptamine (BAS-phenol), the latter
investigators found that in anesthetized dogs,
pressor responses to serotonin could be blocked
selectively without affecting similar responses to
tryptamine (Shaw and Woolley, 1957; Woolley
and Shaw, 1957). More recently, Barlow and
Khan (1959a) reported that on the isolated rat
fundus strip preparation, contractions in response
to serotonin could be blocked much more readily
by 2-bromlysergic acid diethylamide (BOL) than
those induced by tryptamine. 1t was, however,
also reported that the differentiation in antago-
nism of serotonin and tryptamine could not be
demonstrated in the isolated rat uterus (Barlow
and Khan, 1959a,b). In the chicken, various
Jysergic acid derivatives have also been found to
reverse  arterial pressure responses to both
serotonin and tryptamine without any apparent
diserimination (Bufiag and Walaszek, 1962a).

The difference in test objeets used by the
various investigators has been offered as an
explunation for the divergent results which have
lieen obtained (Woolley and Shaw, 1957). The
present report is mainly concerned with an
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investigation of the arterial pressure effects of
serotonin and tryptamine in various animal
species. In order to establish a correlation between
variations in indolealkylamine structure and the
corresponding cardiovascular effects, arterial
pressure responses to 4-hydroxytryptamine,
dimethyltryptamine, bufotenine, psilocin and
psilocybin were also studied. The effect of BAS-
phenol on the responses to the indolealkylamines
was determined not only on blood pressure of
intact animals but also on isolated organ
preparations.

MEeTHODS AND MATERIALS. Compounds. The
agonist drugs used were serotonin creatinine
sulfate, tryptamine hydrochloride, 4-hydroxy-
tryptamine oxalate, dimethyltryptamine, bufo-
tenine, psilocin and psilocybin. In most experi-
ments, control injections of acetyleholine bromide,
histamine phosphate, epinephrine bitartrate or
norepinephrine bitartrate were also given. The
doses for all of these drugs are expressed in terms
of the base. The antagonist used was 1-benzyl-
2 - methyl - 5 - hydroxytryptamine hydrochloride
(BAS-phenol) and its doses are expressed in terms
of the salt.

Blood pressure recordings. Fourteen dogs, ten
cats, seven rabbits and twenty-four chickens were
used in these studies. The animals were anesthe-
tized as follows: the dogs with sodium pentobar-
bital (Nembutal), 30 mg/kg, intravenously; the
cats with sodium pentobarbital, 30 mg/kg, intra-
peritoneally; the rabbits with urethane, 1.2 g/kg,
intraperitoneally; and the chickens with sodium
phenobarbital, 200 mg/kg, intramuscularly.
Graphic tracings of blood pressure were made with
a suitable mercury manometer from the femoral
artery in dogs and cats, the carotid artery in
rabbits and the ischiadic artery in chickens. To
keep surgical procedures to a minimum, drug
injections were made into cannulae inserted in
ipsilateral veins exposed through the same in-
cision; the femoral vein in cats and dogs, the ex-
ternal jugular vein in rabbits and the ischiadic
vein in chickens. To study BAS-phenol antago-
nism, most of the agonist drugs were initially
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injected at 10- to 15-minute intervals and then
repeated in gradually increasing amounts, 15 to
30 minutes after the administration of varying
doses of BAS-phenol. Blood pressure responses to
the dimethylated compounds were generally of
longer duration, and in those animals in which
these compounds were used the intervals of drug
injection were adjusted accordingly. The doses of
the various indolealkylamines used in the arterial
pressure studies are given in tahle 1. The doses of
BAS-phenol used in the different species are: 2.5
mg/kg in the dog, 1 to 2 mg/kg in the cat, 0.1 to
2.0 mg/kg in the rabbit and 1 to 12 mg/kg in the
chicken.

Invitro procedures. The antagonistie potency of
BAS-phenol on responses to serotonin and tryp-
tamine was tested on the isolated guinea-pig
ileum and rabbit ear preparations. For the former,
pieces of guinea-pig ileum were suspended in

TABLE 1

Doses (ug/kg) of indolealkylamines used in the
blood pressure studies

j Animal Species

Indolealkylamine

Dog Cat Rabbit | Chicken
Serotonin 50-120 20-10 5-20 5-25
Tryptamine 125-1000 | 125-500 125-500 75-250
4-Hydroxytryptamine | 200-300 - 50-100
Bufotenine 50-200 | 100-200 50-100 50-100
Dimethyltryptamine | 250-500 | 500-1000 | 125-250 | 300-750
Psilocin 100-200 -— - 50-100
Psilocybin 200-400 — — 100-200
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oxygenated Tyrode’s solution at 35°C in a 7-ml

organ bath. The rabbit ear preparation was set up .

according to the procedure deseribed by Gaddum
and Kwiatkowski (1938), such that the height of
the tracings in the records indicates the time in-
terval between drops. The perfusion fluid used
for the rabbit ear was that recommended by Page
and Green (1948). The experimental design em-
ployed in the in vitro experiments is essentially
the same as that which is deseribed for the blood
pressure studies. Two reservoirs were used to
allow addition or perfusion of alternate solutions,
one containing BAS-phenol. The concentrations
of BAS-phenol used were 2 to 5 ug/ml for the
guinea-pig ileum and 2 to 10 pg/ml for the rabbit
ear.

Resvrrs. Effects of the indolealkylamines on
blood pressure. In the dog the usual response to
serotonin was triphasic as described by Page
(1957), consisting of an initial transient fall in
pressure concurrent with slowing of the heart
rate, followed by a rise and then finally a more
prolonged fall. The response to 4-hydroxytryp-
tamine was biphasic, consisting of an initial
sharp drop in pressure followed by a slight but
more prolonged rise in pressure. The response to
all the other indolealkylamines tested, namely,
tryptamine, dimethyltryptamine, bufotenine,
psilocin  and psiloeybin, was predominantly
pressor although occasionally the major response
was preceded or followed by slight depressor
effects. Blood pressure responses recorded in our
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Fi1c. 1. The effects of BAS-phenol on blood pressure responses of the anesthetized dog to the in-

dolealkylamines.

Upper tracings taken from a dog, 13.2 kg, under pentobarbital nnesthesin. S, serotonin; B, bufotenine;
T, tryptamine; and DD, dimethyltryptamine. Lower tracings taken from another dog, 19.5 kg, also under
pentobarbital anesthesia. I3, epinephrine; and N, norepinephrine. Time signal: I minute.
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I't¢. 2. Blood pressure responses of an anesthetized dog to the primary indolealkylamines before

and after administration of BAS-phenol.

Dog, 8.6 kg, under pentobarbital anesthesia. 8, serotonin; 4HT, 4-hydroxytryptamine; and

T, tryptamine. Time signal: 1 minute.
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T16. 3. Blood pressure responses of an anesthetized chicken to the indolealkylamines before and

after administration of BAS-phenol.

Chicken, 1.75 kg, under phenobarbital anesthesia. A, acetylcholine; S, serotonin; 4HT, 4-hydroxy-
tryptamine; and Pn, psilocin. Time signal: 1 minute.

dogs to the different indolealkylamines mentioned
are represented in figures 1 and 2. With regard
to the duration of these pressor effects, the re-
sponse to tryptamine usually lasted for 2 to 3
minutes; the response to bufotenine and dimeth-
vitryptamine, 5 to 10 minutes; and upon adminis-
tration of psilocin or psilocybin, the pressure
remained elevated even 1 to 1}4 hours after
jection.

The usual cardiovascular effect of serotonin
and tryptamine in the chicken is an abrupt and
short-lived fall in arterial pressure (Buiiag and
Walaszck, 1961a). As shown in figure 3, the other
primary amine employed in the present studies,
4-hydroxytryptamine, also produced a sharp and
transient  depressor effect  upon  intravenous
injection. On the other hand, the tertiary amines,
dimethyltryptamine, bufotenine, psilocin  and
psilocybin, produced an clevation of biood pres-

sure which was of relatively long duration and
occasionally preceded by transient vasodepres-
sion, particularly in the case of bufotenine (see
fig. 4). )

In the cat, the predominant cardiovascular
effeet of serotonin observed was a fall in arterial
pressure. Tryptamine, on the other hand, was
pressor. Bufotenine elicited a biphasic response
consisting of a transient fall followed by a rise of
greater magnitude and duratioi. The response
to dimethyltryptamine in the cat consisted of a
sustained clevation in blood pressure lasting for
8 to 10 minutes. Cardiovascular responses to the
indolealkylamines in this species are exemplified
in figure 5. These responses were, however, rarely
purely pressor or depressor, the major phase
usually being preceded or followed by a change
in pressure in the opposite direction.

In the rabbit cardiovascular responses to the
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Fre. 4. The effects of BAS-phenol on blood pressure responses of the anesthetized chicken, to the

indolealkylamines.

Upper tracings taken from a chicken, 1.8 kg, under phenobarbital anesthesia. 8, serotonin; and B,
bufotenine. Lower tracings taken from another chicken, 1.9 kg, also under phenobarbital anesthesia.

T, tryptamine; D, dimethyltryptamine; and A, acetyvlcholine. Time signal: 1 minute.
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Fre. 5. The effeet of BAS-phenol on blood
pressure responses of the anesthetized cat to the
indolealkylamines.

Cat, 3.9 kg, under pentobarbital anesthesia.
T, tryptamine; B, bufotenine; S, serotonin; and
13, dimethyltryptamine. Time signal: 1 minute.

indolealkvlamines were even more inconsistent
than in the other species. The response to sero-
tonin was usually depressor, although pressor
responses to this drug were observed in two of the
rabbits used. Tryptamine was pressor; bufotenine
was biphasie, depressor-pressor, while dimeth-
vltryptamine elicited a prolonged pressor response
occasionally preceded by a transient fall (see
fig. 6).

Effects of BAS-phenol on arterial pressure
responses to the indolealkylamines. The original
observation of Woolley and Shaw (1957) con-
cerning the serotonin specificity of BAS-phenol
blockade in the dog was confirmed in the present
studies. In figure 1, the lower tracings show the
responses of an anesthetized dog to serotonin
and tryptamine together with control responses
to epinephrine and norepinephrine, before and
after administration of BAS-phenol. The record
is essentially a reproduction of Woolley and
Shaw’s findings. In addition, however, the upper
tracing in the same figure shows the responses of
another dog to the dimethylated analogues of
serotonin and tryptamine, bufotenine and di-
methyltryptumine, respectively. It is evident that
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F16. 6. The effect of BAS-phenol on blood pressure responses of the anesthetized rabbit to the in-
dolealkylamines.

Upper tracings taken from a rabbit, 2.9 kg, under urethane anesthesia. 8, serotonin; B, bufotenine;
T, tryptamine; and D, dimethyltryptamine. Lower tracings taken from another rabbit, 2 kg, also under
urethane anesthesia. A, acetylcholine; control injections given to test specificity of BAS-phenol an-
tagonism. Time signal: 1 minute.
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Fie. 7. The effect of BAS-phenol on the pressor response to serotonin and tryptamine in the
atropinized chicken. o

Atropine sulfate, 6 mg/kg, was injected intravenously prior to the start of the experiment. Chicken,
1.6 kg, under phenobarbital anesthesia. S, serotonin; H, histamine; and T, tryptamine. Time signal:
1 minute.

BAS-phenol antagonism is not limited only to tested. As shown in figure 2, the predominate
scrotonin induced responses but also extends to  response to BAS-phenol is a rise in pressure,
responses to bufotenine. The responses to com- which in this instance is preceded by a fall. A
pounds without any substituents other than the finding which was singularly unique for serotonin

cthylamine chain on the indole nucleus, i.e.,
tryptamine and dimethyltryptamine, were not
affected. Furthermore, BAS-phenol also blocked
the arterial pressure effects of 4-hydroxytryp-
tamine (see fig. 2) and those of its dimethylated
analogues, psilocin and psilocybin, BAS-phenol
itself produced cardiovascular effects which
simulate those of the indole compounds being

was its prolonged depressor effect in the dog
pretreated with BAS-phenol. Since this prolonged
depressor response can be blocked with antihis-
taminic drugs, the involvement of a histamine
mediated mechanism has been suggested (Bunag
and Walaszek, 1961b).

In the chicken, the depressor responses elicited
by the primary amines, serotonin, tryptamine
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and  Lhydroxytryptamine, were completely
rovorsed after the adiministration of BAS-phenol.
On the other hand, the pressor response to the
tertiary amines, dimethyltryptamine, bufotenine,
piloein and psilocybin, was not affected by BAS-
phenol. However, whenever a depressor phase was
present in the response to the tertiary amines,
then 13AS-phenol blocked the depressor and
angmented the pressor component. The responses
of the chicken to the various indolealkylamines
before and after BAS-phenol administration are
represented in figures 3 and 4. Since Woolley and
Shaw's differentiation between serotonin and
tryptamine receptors in the dog was bhased on a
selective blockade of pressor responses by BAS-
phenol, experiments were also done on chickens
in which responses to serotonin and tryptamine

B C

i BAS i#Tyrode's %

; : i i
! phenol . Sol. bioy
| 20min Ll
T
H|T
| ? |

#16. 8. Guinea-pig ileum in 7-ml organ bath.

Concentrations in wg: Sl and S2, serotonin,
0.25 and 0.5; H1 and H2, histamine, 0.02 and 0.04;
T1 and T2, tryptamine, 100 and 200, respectively.
Between A and B, the solution containing BAS-
phenol, 2 ug/ml, was used. Contractions induced
by all three agonists are markedly depressed,
serotonin and tryptamine being antagonized to a
greater degree than histamine. Upon doubling the
dose, responses to histamine approximate the
height of control contractions but serotonin and
tryptamine responses still remain markedly de-
pressed. Between B and C, control Tyrode’s
solution without any BAS-phenol was resumed.
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were rendered pressor by pretreatment with
atropine. In figure 7 the tracings were takon from
an atropinized chicken and as previously
reported, following atropine administration, the
coffects of serotonin and tryptamine on blood
pressure are reversed (Buiiag and Walaszek,
1961a) and injections of these agents now produce
pressor instead of the usual depressor responses.
Upoun administration of BAS-phenol in such an
animal, pressor responses to both serotonin and
tryptamine were diminished without any per-
ceptible differentiation.

The effects of BAS-phenol on the arterial
pressure responses of the cat to the indolealkyl-
amines are shown in figure 5. The depressor
responses to serotonin and bufotenine were
completely blocked while the predominantly
pressor responses to tryptamine and dimeth-
vltryptamine were not. Representative tracings
for the rabbit are shown in figure 6. In this species,
the administration of BAS-phenol apparently
favors the pressor component of the cardio-
vascular response to the indolealkylamines. When
serotonin was depressor, as is the case in most
rabbits, BAS-phenol converted the response to a
pressor one. However, inthose rabbits in whichthe
response to serotonin was initially pressor, BAS-
phenol was without any significant effect.
Interpretation of antagonism of BAS-phenol on
blood pressure responses of the cat and the rabbit
to the various indolealkylamines is relatively
more difficult than in the other two species
studied beeause of the highly variable nature of
the responses. In the rabbit, an added complica-
tion is the marked diminution in baseline pressure
consistently produced by the intravenous injec-
tion of BAS-phenol.

The results obtained in our blood pressure
studies are summarized in table 2. From an
examination of the table and the data just

CONTROL BAS-phenol 1Qug/ml RECOVERY
l /”"‘/

2 ey M 4
gt [N S 4 EZ x |
- | | i 1 1

T S T S T S
200 i0 200 10 200 10 mug

. ) F16. 9. Isolated rabbit ear.
T, tryptamine; and S, serotonin. Upon addition of BAS-phenol to the perfusion medium, responses to

both serotonin and tryptamine are depressed.
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presented, the following general statements can
be made: (1) In all the species studied, except
the chicken, tryptamine is a pressor agent while
serotonin  and 4-hyvdroxyvtryptamine are pre-
dominantly depressor. (2) On comparing the
effects of the three primary amines studied on
chicken blood pressure, larger amounts of tryp-
tamine than of serotonin or 4-hydroxytryp-
tamine are required in order to produce the same
degree of vasodepression. (3) In the chicken the
tertiary amines, dimethyltryptamine, bufotenine,
psilocin and psiloeybin, possess stronger pressor
activity and a relatively longer duration of action
than the other indolealkylamines studied. (4)
In the dog, BAS-phenol blocks not only serotonin
but also other compounds with hydroxy substitu-
ents on the indole ring whether at position 4 or
5. This antagonism is not affected by dimethyla-
tion of the terminal nitrogen.

Effects of BAS-phenol on responses of isolated
organ preparations lo serotonin and tryptamine.
Figure 8 represents the responses of the guinea-pig
ileum to serotonin and tryptamine, before, during
and after addition of BAS-phenol to the bath.
BAS-phenol antagonized contractions induced by
serotonin and tryptamine to a greater degree
than those due to histamine, Twenty minutes
after the removal of BAS-phenol from the bath,
the gut had completely recovered insofar as its
responses to histamine were concerned, but its
responses to serotonin and tryptamine still
remained markedly depressed. Figure 9 shows the
tracings taken from a rabbit ear preparation
before, during and after the perfusion of the
solution containing BAS-phenol. No difference
could be discerned in the antagonism of BAS-
phenol against responses to serotonin and tryp-
tamine since both agents were blocked equally
well. Qur 4n vitro findings are in agreement with
those of Gaddum (1953) and would support his
contention that the receptors in the guinea-pig
ileum are eommon to both serotonin and tryp-
tamine. Furthermore, a similar situation ap-
parently also exists in the rabbit ear vessels.

Discussion. The variability of the effects of
serotonin on arterial pressure is well known and
widely documented (Page, 1958). Upon intraven-
ous injection of serotonin into animals of the
same species, or even the same animal at different
periods of time, a broad spectrum of blood pres-
sure responses can be observed, sometimes purely
pressor or depressor, but more often a confusing
medley of both. The numerous mechanisms which
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contribute to the diversified cardiovascular
activities of serotonin may arbitrarily be classi-
fied under two main groups, those which increase
and those that diminish arterial pressure. Among
the influences which would elevate blood pressure,
peripheral vasoconstriction, myocardial stimula-
tion and chemoreceptor stimulation have been
mentioned (Page, 1957) and of these, the wide-
spread vasoconstriction induced by serotonin
appears to be the most important mechanism
(Reid, 1952). The mechanisms which have been
proposed to explain the depressor components of
the responsc to serotonin have previously been
enumerated (Bufag and Walaszek, 1961a) and
they include the Bezold-Jarisch reflex, histamine
release, ganglionic blockade, and an inhibition
of vasomotor tone, both central and peripheral.
Of these depressor mechanisms, the Bezold-
Jarisch effect and the release of endogenous his-
tamine appear to be the most dominant and
consistent (Page, 1958; Bufiag and Walaszek,
1961b, 1962b).

In view of the multitude of variables which
may be operative to a greater or lesser degree in
any given animal, it is therefore not at all sur-
prising to find marked species differences in the
cardigvascular response to serotonin (Page and
McCubbin, 1953; Schneider and Yonkman,
1954), The complex pattern is even more magni-
fied when the character of the response is
examined in the light of changes in chemical
configuration of the basic indolealkylamine
structure. The presence of hydroxyl groups on the
indole nucleus, as in serotonin and 4-hydroxy-
tryptamine, favors depressor activity. In terms
of the mechanism of action, this would imply that
a hydroxyl radical on position 4 or 5 of the indole
ring strengthens the compound’s affinity for the
receptors concerned with histamine release and
the Bezold-Jarisch reflex. On the other hand,
dimethylation of the terminal nitrogen, as in
dimethyltryptamine, bufotenine, psilocin and
psiloeybin, favors pressor activity with the
implication that dimethylation strengthens the
compound’s affinity for the receptors responsible
for vasoconstriction. Another effect of dimethyla-
tion which is even more consistent is a prolonga-
tion of the compound’s duration of action. The
relatively longer duration of action of the di-
methylated compounds has been ascribed to their
greater resistance to inactivation by monoamine
oxidase (Gessner et al., 1960).

In the anesthetized dog, Woolley and Shaw
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(1957) found that BAS-phenol blocks pressor
responses  to  serotonin  and  serotonamidine
(5-hydroxy-3-indoleacetamidine) but not those
to tryptamine and tryptamidine (3-indoleacet-
amidine). The common presence of a hydroxyl
group ut position 5 of the indole ring in serotonin,
scrotonamidine and BAS-phenol may lead one to
suspect that it is the key structure on which the
selective antagonism is based. That this is not
the case is shown by the fact that BAS-phenol
antagonism also extends to the 4-hydroxy ana-
logues, 4-hydroxytryptamine, psilocin and psil-
ocybin. In the cat and the rabbit, it is difficult
and probably unnecessary to use BAS-phenol
blockade as a means of differentiating between
serotonin and tryptamine, since the effects of the
two compounds on blood pressure in these species
are usually diametrically opposed to begin with.
In the chicken, both compounds are depressor
and their effects arec reversed equally well by
BAS-phenol. On the basis of the present findings,
Woolley and Shaw’s hypothesis on separate
receptors for serotonin and tryptamine could
well be extended to include the cat and the
rabbit but not the chicken.

From studies conducted on isolated organ
preparations, a greater antagonism of serotonin
than of tryptamine has thus far been demon-
strable only in the isolated rat stomach (Barlow
and Khan, 1959a,b). In this preparation and on
cat blood pressure, iproniazid, a monoamine
oxidase inhibitor, potentiates tryptamine but
not serotonin (Vane, 1959). Since tissue homog-
enates of the rat stomach showed an amine
oxidase activity which inactivated serotonin and
tryptamine to the same degree, Vane suggested
that the difference was due to the presence of a
cellular diffusion barrier which allows passage
of tryptamine but not of serotonin, and since
amine oxidase is located intracellularly, only
agents which could penetrate the barrier would
be subject to Inactivation. On this basis, the
alternative possibility has therefore been brought
up that the receptors involved are common to
both tryptamine and serotonin and that differ-
ential antagonists act by interfering with the
transport of tryptamine (but not of serotonin)
across the cell wall (Barlow, 1961).

SUMMARY

] Studies were made on the antagonistic effect of
; BAS-phenol on blood pressure responses of
4
)

different animal species to various indolealkyl-
amines. In the dog, BAS-phenol selectively
blocks responses to serotonin, bufotenine, 4-
hydroxytryptamine, psilocin and psilocybin
but not those to tryptamine or dimethyltryp-
tamine. A similar differentiation could usually be
shown in the cat and the rabbit but not in the
chicken. Differentiation between serotonin and
tryptamine by selective specificity of BAS-phenol
antagonism could not be demonstrated in the
isolated guinea-pig ileum and rabbit ear
preparations.
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