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The classification of peripheral 5-HT2-like receptors
using tryptamine agonist and antagonist analogues
P. Leff, G.R. Martin & J.M. Morse

Analytical Pharmacology Group, Department of Pharmacology I, Wellcome Research Laboratories, Langle3
Court, Beckenham, Kent BR3 3BS

1 In a previous study, we attempted to verify the classification of 5-hydroxytryptamine2 (5-HT2)
receptors in three vascular tissues, by use of the conventional antagonists, ketanserin, spiperone,
methysergide and trazodone. However, it was not possible to conclude homogeneity of the receptor
type in the three tissues due to the inconsistent behaviour of these antagonists, in particular, their
apparently variable affinities between the tissues. These results led to the reliability of the conventional
antagonists being questioned as receptor probes.
2 In the present study, a set oftryptamine analogues were investigated in two ofthe tissues, the rabbit
aorta and the rat jugular vein. Unlike the conventional antagonists, these compounds bear a close
chemical relation to the natural agonist, 5-HT.
3 In both tissues, ac,x-dimethyltryptamine demonstrated apparently simple competitive antagonism
of 5-HT-induced constrictions. Its affinity was estimated to be the same in each case.

4 The affinities and relative efficacies of 5-HT, 5-cyanotryptamine, N,N-dimethyltryptamine and N-
benzyl-5-methoxytryptamine were also found to be indistinguishable between the two tissues.
5 Unlike the conventional 5-HT2 receptor antagonists, these tryptamine analogues failed to
distinguish between the 5-HT receptors in the rabbit aorta and rat jugular vein implying that they truly
belong to the same class. In view of this result, it is suggested that simple tryptamine analogues are more
reliable probes for 5-HT receptor classification than ligands which bear little or no chemical relation to
the natural agonist.

Introduction

In a previous study (Leff & Martin, 1986) we inves-
tigated the effects of some standard 5-hydroxytryp-
tamine (5-HT) antagonists, ketanserin, trazodone,
methysergide and spiperone in three isolated vascular
preparations. Each of the tissues used had been
claimed to contain 5-HT2 receptors (Leysen et al.,
1982; Humphrey et al., 1982; Cohen et al., 1983;
Maayani et al., 1984) and the object ofthe study was to
examine the extent to which this classification could be
substantiated quantitatively. Applying the established
criteria for the pharmacological analysis of antagon-
ism (Schild, 1973; Black et al., 1983) we found that
only spiperone and trazodone behaved as simple
competitive antagonists in every tissue. However,
affinity estimates for trazodone varied between the
tissues by over an order of magnitude and smaller but
significant discrepancies were also noted for spiperone.
Although ketanserin produced surmountable com-
petitive antagonism in two of the three tissues it too
expressed significantly different affinities in these
cases. The non-surmountable type of antagonism

obtained with ketanserin in the third tissue was also
obtained with methysergide in two of the three tissues
used.
The variable effects of these antagonists meant that

the receptors in the different tissues could not be
reliably classified. The data involving non-surmounta-
ble antagonism could not contribute meaningful infor-
mation towards receptor classification and the varia-
ble affinities expressed by the same antagonist could
be interpreted either as evidence for receptor
heterogeneity or as an indication that the antagonists
used were inadequate receptor probes. The latter
argument would imply that the antagonists interact
with binding sites in the receptor which are accessory
to those with which the natural agonist, 5-HT, in-
teracts. These accessory sites could vary between the
different tissues (Ariens et al., 1979; Kenakin, 1984).

In an attempt to resolve this question we have now
studied a series of tryptamine analogues which, unlike
the antagonists used previously, retain a close
chemical relation to the natural agonist. The object of
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the study was to determine whether such compounds
would provide more meaningful information for the
classification of the receptors in question.

Methods

Vascular tissue preparations

Rabbit aorta: The thoracic aorta was removed from
male New Zealand white rabbits (2.0-2.5 kg) which
had been killed by injection of pentobarbitone sodium
(Sagatal: 60mg kg-') into a marginal ear vein. The
vessel was cleared of adhering connective tissue after
mounting on a polypropylene cannula (external
diameter = 2.5 mm). For each experiment, six ring
segments, approximately 3 mm wide, were prepared as
described by Stollak & Furchgott (1983), preserving
the plane of the circular smooth muscle.

Ratjugular veins: Male Wistar rats (375-425 g) were
sacrificed by CO2 suffocation. Right and left external
jugular veins were exposed and cannulated in situ with
polypropylene tubing (external diameter= 1.0mm).
Two ring preparations, each approximately 5 mm
wide, were obtained from each vein. Since each
experiment required six preparations, tissues were
taken from two animals. Vascular rings were carefully
transferred from the cannula onto two fine stainless
steel hooks (27-gauge) according to the method of
Hooker et al. (1977).

Tissues were mounted in 20 ml organ baths contain-
ing Krebs solution ofthe following composition (mM):
NaCI 118.41, NaHCO3 25.00, KCI 4.75, KH2PO4 1.19,
MgSO4 1.19, glucose 1 1.10 and CaCl2 2.50. This was
maintained at 370C and continuously gassed with 95%
02:5% CO2. Ring preparations were suspended bet-
ween two wire hooks (platinum or stainless steel), one
attached to a Grass FT03C force displacement trans-
ducer and the other to a stationary support in the
organ bath.

Experimental protocols

At the beginning of each experiment, a force was
applied to the tissue preparations (aortic rings, 3.0 g;
jugular vein rings, 0.4 g). During a subsequent
stabilization period of 30 min, the force was re-establi-
shed twice and tissues were exposed to pargyline
(500 gtM) in order to inhibit monoamine oxidase
irreversibly. Concomitant 30 min exposure to benex-
tramine tetrahydrochloride monohydrate (BHC:
10l1M) also inactivated al-adrenoceptors, thereby
preventing direct or indirect ax-adrenoceptor stimula-
tion by 5-HT (Innes, 1962; Apperley et al., 1976;
Fozard & Mwaluko, 1976; Marin et al., 1981). At the
end of the stabilization period, the inhibitors were

removed by several exchanges ofthe organ bath Krebs
solution. Tissues were then challenged with a near-
maximally effective concentration of 5-HT (rabbit
aorta 0I pM, rat jugular vein 1 pM) to establish
viability. Also, in antagonism experiments, this treat-
ment provided a reference contraction by which
subsequent responses could be normalized.

In six replicate antagonist experiments with a,a-
dimethyltryptamine, tissues were exposed to drug or
the vehicle for 60 min before the construction of a 5-
HT concentration-effect (E/[A]) curve. In a single
experiment each of the six vascular ring preparations
were treated with different concentrations, including
zero, of the antagonist. Therefore replicate numbers
and errors refer to the number of preparations. When
the agonists 5-HT, 5-cyanotryptamine, N,N-dimeth-
yltryptamine and N-benzyl-5-methoxytryptamine
were studied in four experiments, single E/[A] curves
were obtained in different preparations; two ad-
ditional 5-HT E/[A] curves were obtained at the same
time in tissues previously exposed for 30 min to
phenoxybenzamine (rabbit aorta: 5 x 10-8M and
10-7M; rat jugular vein: 10-8 M and 2 x 10-8 M).
Thus, each of the six ring segments was treated with a
different agonist or subjected to phenoxybenzamine
treatment. As with antagonism experiments, replicate
numbers for each condition refer to the number of
preparations used. The concentration of agonist in the
organ bath was always increased cumulatively in
0.5 logl0 unit increments.

Analysis of data

Antagonist experiments: Each E/[A] curve data set
was fitted to a logistic function of the form;

E = 4ot[A]f
[A,0]m + [A]m

(1)

in which a,[A50] and m are the asymptote, location and
slope parameters respectively. Location parameters
were actually estimated as logarithms (- loglo[A50]).
Six individual experiments were conducted with a,a-
dimethyltryptamine used as antagonist. On each
occasion, a one-way analysis of variance tested for
treatment effects on the computed estimates of a and
m. If the treatments did not significantly (P <0.05)
modify these parameter estimates, then computed
logl0 [A50] values were fitted to a linear form of the
Schild equation:

logl0[A50] = log10[A509 + logl0 (1 + [B]n/K.) (2)
where [A501 is a control Ao value, [B] is the concentra-
tion of antagonist, KB is its equilibrium dissociation
constant and n is its order of reaction with the
receptor. Ifthe average value ofn from the six analyses
was not significantly different from unity it was
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constrained to this value in order to obtain an estimate
of PKB (- logl0 KB) in each experiment. These values
were then averaged to provide a mean estimate with
standard error. [A_0] values, obtained in these ex-
periments are displayed in Clark plot form (Stone &
Angus, 1978). This plot has advantages over the Schild
plot in that it displays control [A_0]s and avoids the
calculation of concentration-ratios which tend to
over-weight the control values.

Operational model fitting: The averaged E/[A] curve
data measured in grams force were fitted directly to the
operational model of agonism (Black & Leff, 1983;
Black et al., 1985; Barrett et al., 1986):

E = EmTn[A] (3)
(KA + [A] )n + rn[A]n

in which KA is the agonist dissociation constant, T is
the efficacy of the agonist in a particular tissue, Em is
the maximum possible effect in the receptor system
and n determines the sensitivity of the occupancy-
effect relation.

four separate experiments.
The lines drawn through the data were produced by

fitting both sets of data simultaneously to the
operational model using equation (3), assuming that
the same value of KA and the same relative value of T
could be estimated for each agonist in the two tissues,
in other words, assuming that the receptors in the two
tissues were of the same type. The maximum possible
response, Em, and n, the sensitivity of the occupancy-
effect, E/[AR], relation were assumed to be tissue-
dependent. In order to estimate KA and Tfor partial
agonists it is necessary that Em be known (Black &
Leff, 1983; Leff et al., 1985; Leff, 1986). When a full
agonist is available its maximal effect, by definition,
provides an estimate of Em. In the absence of a full
agonist, Em can be estimated when Furchgott's
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Drugs and solutions

The following drugs were used: 5-hydroxytryptamine
hydrochloride (Sigma Chemical Company, St. Louis,
MO., U.S.A.); pargyline hydrochloride (Sigma): ben-
extramine tetrahydrochloride monohydrate (Aldrich
Chemical Company Ltd., Dorset, England); phenox-
ybenzamine hydrochloride (Smith, Kline and French,
Welwyn Garden City, Herts, England).

x,a-Dimethyltryptamine hydrochloride, N,N-
dimethyltryptamine hydrogen oxalate, N-benzyl-5-
methoxytryptamine hydrochloride and 5-cyanotryp-
tamine hydrochloride were synthesized by Dr H.F.
Hodson, Medicinal Chemistry Department, Well-
come Research Laboratories, Beckenham, Kent.

Phenoxybenzamine was dissolved in absolute eth-
anol which attained a concentration in the organ bath
of 0.01% v/v. This did not influence tissue responsive-
ness. All other drugs were dissolved and diluted in
distilled water.
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Results

Analysis of agonist action

The agonist effects of 5-HT and three tryptamine
analogues, 5-cyanotryptamine, N,N-dimethyltryp-
tamine and N-benzyl-5-methoxytryptamine in the
rabbit aorta and rat jugular vein preparations are
shown in Figure 1. The other analogue, a,a-dimethyl-
tryptamine, showed no agonism in either preparation.
The data are the average increases in force produced in

[Agonist] (log10 M)

Figure 1 The average constrictor effects produced by 5-
hydroxytryptamine (0), 5-cyanotryptamine (0), N,N-
dimethyltryptamine (A) and N-benzyl-5-methoxytryp-
tamine (A) in the rabbit aorta (a) and in the rat jugular
vein (b). In each case data are the averages of 4 replicate
E/[A] curves. Standard error bars are shown on the
maximal effects. The lines drawn through the averaged
data are the results of fitting them to the operational
model, equation (3). Each value of Em was estimated as
described in the text.

1.5
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method (1966) of irreversible antagonism is applied to
partial agonists. As shown previously (Black et al.,
1985; Barrett et al., 1986) 5-HT itself acts as a partial
agonist in the rabbit aorta and Em, must be estimated in
this system. Therefore, Furchgott's method was
applied in this study. The effects of phenoxyben-
zamine on 5-HT responses were measured in each
tissue and the resulting E/[A] curves were fitted
simultaneously with those of the other agonists. For
clarity, the phenoxybenzamine-treatment data are
shown separately in Figure 2. The results demonstrate
that in the ratjugular vein as well as the rabbit aorta, 5-
HT behaves partially.

Estimates of pKA and r for each agonist together
with estimates of Em and n in each tissue are shown in
Table 1. Comparison ofthe data with the fitted lines in
Figure 1 indicates that the assumption of receptor
homogeneity in the two tissues was reasonable.
Separate analyses of the data shown in Figure 2 gave
estimates of pKA for 5-HT of 6.83 and 6.70 in the
rabbit aorta and rat jugular vein respectively. These
values are comparable with the value obtained by
fitting all the data simultaneously.

Unlike any of the conventional antagonists, aa-
dimethyltryptamine demonstrated simple competition
in both tissues and expressed the same affinity.
Analysis of the agonist action of 5-HT, 5-cyanotryp-
tamine, N,N-dimethyltryptamine and N-benzyl-5-
methoxtryptamine showed that each agonist expres-
sed the same affinity and relative efficacy in the two
tissues. In general, model-fitting indicated that each
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Analysis of antagonism

The tryptamine analogue, x,-dimethyltryptamine,
which showed no agonism in either preparation, was
analysed as an antagonist of5-HT. In both tissues, this
compound produced parallel displacements of E/[A]
curves (Figures 3a and b). Analysis of computed [Am]
values by equation (2) gave estimates of n (equivalent
to the Schild plot slope) of 0.97 ± 0.03 in the rabbit
aorta and 1.00 ± 0.04 in the rat jugular vein. Each
estimate was not significantly different from unity.
The estimated pKB values (estimated with n con-
strained to unity) were 5.67 ± 0.16 in the rabbit aorta
and 5.53 ± 0.07 in the rat jugular vein. These two
estimates were not significantly different. The effect of
C,a-dimethyltryptamine on computed [Ao] values is
shown for each tissue in the form of Clark plots
(Figures 3c and d).
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Discussion

In our previous study (Leff & Martin, 1986) the
classification of 5-HT receptors in three different
vascular tissues was made equivocal because of varia-
ble qualitative and quantitative effects of the putative
5-HT2-receptor antagonists used. In this study we used
some simple analogues of tryptamine to re-examine
the classification of 5-HT receptors in two of these
tissues, the rabbit aorta and rat jugular vein. The
results obtained with agonist and antagonist
analogues demonstrate that the 5-HT receptors in
these two tissues are quantitatively indistinguishable.

0
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b
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[Agonist] (logio M)
-5

Figure 2 The average constrictor effects produced by 5-
hydroxytryptamine in the absence (0) and presence of
phenoxybenzamine treatment: 5 x 10-8M (0) and 10-7M
(A) in the rabbit aorta (a); 108M(0) and 2 x 10-8M(A)
in the rat jugular vein (b). The lines drawn through the
averaged data are the results of fitting them to the
operational model, equation (3). Data are the averages of
4 replicate E/[A] curves in the rabbit aorta and 3 or 4
replicate curves in the rat jugular vein.
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Figure 3 Panels (a) and (b) show the antagonist effects of ,ca-dimethyltryptamine on 5-hydroxytryptamine E/JA]
curves in the rabbit aorta and the rat jugular vein respectively. In each case data are the averages of 6 replicate E/[A]
curves. The concentrations of the antagonist were 3 x 10-6M, 10-5M, 3 x 10-5M, 10-4Mand 3 x 10-4M. Panels (c) and
(d) show the effects of xa-dimethyltryptamine on the [A,0]s of 5-hydroxytryptamine curves. The Clark plot (Stone &
Angus, 1978) is used to display the data for reasons given in the text. The adherence of the data with the unit slope line
drawn through them indicates consistency with simple competition. The pKB values, estimated by fitting equation (2)
to the [A50] values, were 5.67 in the rabbit aorta and 5.53 in the rat jugular vein.

agonist was about 1.5 times more 'efficacious' in the
jugular vein preparation than in the rabbit aorta
(Table 1). This difference can be explained by a higher
functional receptor concentration in the former tissue
compared with the latter and/or a more efficient
transducer system (Black & Leff, 1983; Kenakin,
1984).
The present results contradict those previously

obtained with the antagonists ketanserin, spiperone
and trazodone, each of which displayed variable
affinities for the receptors in question (Leff & Martin,
1986). Whereas the previous data allowed two possible

interpretations, namely, dissimilarity between the re-

ceptors or unreliability of the antagonists as probes,
the present data permit only one conclusion, that is,
receptor homogeneity. The use of agonists as well as a

competitive antagonist in the present study lends
weight to this conclusion since it is based on efficacy
and affinity information and not merely the latter.

Since, evidently, the chemical interactions between
the tryptamine analogues and the receptors in each
tissue appear to be the same, as judged by affinity and
efficacy, but the affinities of the conventional 5-HT2-
antagonists are variable, the simple interpretation is
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Table 1 Parameters corresponding to the fitted lines in Figure 1: the data could evidently be fitted assuming that each
agonist expressed the same affinity and relative efficacy in the two tissues

Rat
Parameter Rabbit aorta jugular vein

Em 6.40g 1.67g
n 2.95 2.25

5-HT: 6.88 5-HT: 6.88
pKa 5-CN: 5.80 5-CN: 5.80P a NND: 6.34 NND: 6.34

NBT: 7.30 NBT: 7.30

5-HT: 1.20 5-HT: 1.93
5-CN: 0.77 5-CN: 1.24

t NND: 0.44 NND: 0.71
NBT: 0.36 NBT: 0.58

Abbreviations: 5-HT= 5-hydroxytryptamine; 5-CN = 5-cyanotryptamine; NND= N,N-dimethyltryptamine;
NBT = N-benzyl-5-methoxytryptamine. For each agonist the value of t was 1.61 times higher in the jugular vein
compared with the rabbit aorta.

that the latter group of compounds interact with sites
on the receptor that are not utilised by the natural
agonist and its congeners. As discussed elsewhere (Leff
& Martin, 1986) the relevance of such chemical
information to receptor classification is arguable,
depending on the use of the term 'receptor'.

If, by this term, we mean sites for drug interaction,
then we might conclude that the receptors examined
here are 'similar' but 'different'; 'similar' because they
cannot be distinguished by the natural agonist or close
chemical analogues but 'different' because selectivity
is expressed by chemically heterogeneous compounds
that can apparently still compete with agonists. For
example, with ketanserin used as the receptor probe,
the following tissues could be concluded to contain
subtypes of 5-HT2-like receptors (pA2 in parentheses):
rat aorta (8.4) (Bradley et al., 1983); rat caudal artery
(8.8) (Bradley et al., 1983); bovine coronary artery
(9.2) (Kaumann, 1983); rat portal vein (9.7) (Lember-
ger et al., 1984); rat femoral artery (10.4) (Mecca &
Webb, 1984). In the authors' opinion, such subtyping
serves no genuine purpose in pharmacological clas-

sification as it tends to create disorder rather than
order. By implication the definition of the term
'receptor' upon which it is based must be regarded as
too plastic.

If, as we prefer, the term is reserved for sites at which
hormones and transmitters act in physiologically
intact systems then the receptors in the present study
would be classified as the same. Adopting Stephen-
son's definition of a receptor (Stephenson, 1975),
namely 'that small spatial arrangement of atoms to
which a substance endogeneous to the organism
attaches itself as an essential step in modifying cellular
functions', subtyping of receptors would only be
possible when there is evidence that the chemical
information in a hormone is processed differently by
different sites. As well as being more conservative, this
definition and the tests for receptor homogeneity or
heterogeneity that it entails, provides a means of
understanding the ways in which physiological sys-
tems are ordered. This must be one of the objects of
pharmacological classification.
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