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SUMMARY

TEDESCO, J. L., P. SEEMAN, AND J. D. McDERMED: The conformation of dopamine
at its receptor: binding of monohydroxy-2-aminotetralin enantiomers and positional
isomers. Mol. Pharmacol. 16, 369-381 (1979).

In order to test the identity of the [*H]-apomorphine receptor with the [*’H]-dopamine
receptor in brain, and to determine the conformation of dopamine at that receptor, we
tested the binding affinities of some semi-rigid dopamine analogues. The enantiomers of
5-hydroxy-N,N-di-n-propyl-2-aminotetralin, a semi-rigid analogue of dopamine in the a-
rotamer conformation, showed stereospecific binding to the [°H]-dopamine, [°H]-apo-
morphine and [*H]-spiperone receptors in crude homogenate of calf-brain striatum. The
affinity of the B-rotamer analogue of dopamine, 7-hydroxy-N,N-di-n-propyl-2-amino-
tetralin, to these receptors was from 5 to 22 times weaker. Substitution of the hydroxyl
into the 6-position, analogous to p-tyramine, resulted in the lowest affinity for these
receptors. The results are consistent with the identity of the [°H]-apomorphine with the
[*H]-dopamine receptor. The identity of the dopamine agonist receptor with the antago-
nist receptor, however, remains controversial. Thus, the probable absolute conformation
of dopamine at this agonist receptor is defined in terms of the torsion angles of the
ethylamine side-chain of the dopamine moiety in R-(—)-apomorphine, with the nitrogen
lone electron pair orientation at the agonist receptor also defined.

INTRODUCTION

Various 2-aminotetralin derivatives have
dopamine-mimetic properties. McDermed

or ADTN elicits contralateral turning (2)
and intense stereotypy (3) in rats. Costall
et al. have recently concluded (4) that gen-

et al. (1) demonstrated stereotyped behav-
ior in rats and emesis in dogs following
parenteral administration of low doses of
5,6-dihydroxy-2-aminotetralins. The com-
pound (%)-6,7-dihydroxy-2-aminotetralin

This work was supported by the Ontario Mental
Health Foundation and the Medical Research Council
of Canada (MT-2951).

erally the 5,6-dihydroxy-2-aminotetralins
were more potent than the corresponding
6,7-dihydroxyl derivatives in evoking both
hyperactivity and stereotyped sniffing and
biting. Another indication that these 2-
aminotetralin derivatives activate the do-
pamine receptor is that ADTN is equipo-
tent with dopamine in activating striatal
adenylate cyclase (5).
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Fi16. 1. Numbering schemes for the carbon skeletons of dopamine, 2-aminotetralins and aporphines.

The two rotameric conformations of dopamine are illustrated in the top row. Below each are representative
semi-rigid dopamine analogues in that same conformation. Thus, (+)-5-hydroxy-N,N-di-n-propyl-2-aminotetra-
line [(£)-5-OH-AT] and R-(—)-apomorphine are a-rotamer dopamine analogues while (+)-7-hydroxy-N,N-di-n-
propyl-2-aminotetralin [(+)-7-OH-AT] is a B-rotamer dopamine analogue. The absolute stereoconformation of
R-(-)-apomorphine is indicated by the orientation towards the viewer of the hydrogen atom bonded to the 6a

asymmetric carbon.

In 1976, one of us reported that mono-
hydroxylated derivatives of N,N-di-n-pro-
pyl-2-aminotetralins also produced both
stereotyped behavior in rats and emesis
in dogs (6). The most potent was (—)-5-
hydroxy-N,N-di-n-propyl-2-aminotetralin’'.
The active (—)-enantiomer was about 10
times more potent than R-(—)-apomor-
phine and was only slightly weaker than

'5-OH-AT signifies 5-hydroxy-N,N-di-n-propyl-2-
aminotetralin; 6-OH-AT signifies 6-hydroxy-N,N-di-n-
propyl-2-aminotetralin; 7-OH-AT signifies 7-hydroxy-
N,N-di-n-propyl-2-aminotetralin.

the dihydroxyl analogue (+)-5,6-dihydroxy-
N,N-di-n-propyl-2-aminotetralin. The (+)-
enantiomer was less active than the (-)-
enantiomer by a factor of at least 35.

The monohydroxyl analogues substi-
tuted in the 6 or 7 position (Fig. 1) were
much weaker than (+)-5-OH-AT (6). They
were 30 or 50 times less potent than (-)-
apomorphine in producing stereotypy, but
were approximately equipotent in produc-
ing emesis.

Thus, there is no apparent absolute need
for a dihydroxyl, or catechol, substituent on
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2-AMINOTETRALIN BINDING TO THE DOPAMINE RECEPTOR

a dopamine-receptor agonist. This has also
been confirmed by using the aporphine
structure: (%)-11-hydroxy-aporphine is
about one-fortieth the potency of (—)-apo-
" morphine (7). The likelihood that meta-ty-
ramine, a flexible monohydroxyl dopamine
analogue, can activate dopamine receptors
was established some time ago (8, 9). This
is confirmed in the present work and dem-
onstrates that the para-hydroxyl group is
not needed for high-affinity binding. How-
ever, because meta-tyramine has a flexible
side-chain, we cannot know what position
is assumed at the receptor by its meta-
hydroxyl group relative to the alpha-carbon
, and the nitrogen of that side-chain.

As a dopamine receptor agonist, (—)-apo-
- morphine seems to be specific in at least
two ways. First, it is stereospecific since
(+)-apomorphine apparently does not ac-
tivate the receptor (10). Second, it is spe-
cific as an a-rotamer analogue of dopamine
(Fig. 1), since the S-rotamer form, (—)-9,10-
dihydroxy-aporphine (isoapomorphine), is
much less active (11-13).

Since apomorphine is a fairly rigid a-ro-
tamer analogue of dopamine, we studied
whether [*H]-apomorphine and [*H]-dopa-
mine receptors would both show preferen-
tial affinity for a-rotamer analogues.

The enantiomers (—)-5-OH-AT and (+)-
5-OH-AT were therefore used as semi-rigid
analogues of dopamine in the a-rotamer
conformation to test for stereospecific bind-
ing of an agonist to both [*H]-apomorphine
and [°H])-dopamine receptors. We then
tested the compounds (+)-5-OH-AT, (+)-6-
OH-AT and (+)-7-OH-AT for relative affin-
ities to both types of receptors to determine
whether both receptors would show pref-
erential binding for one rotamer.

METHODS

Preparation of calf caudate crude homog-
enate was as described previously (14).
[*H]-apomorphine (14.1 Ci/mmole) was
prepared by New England Nuclear Corpo-
ration. General catalytic exchange of trit-
ium for hydrogen in R-(—)-apomorphine
HCl was followed by purification. Purity
was determined as 96% or higher by thin-
layer chromatography on silica gel G plates
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in an ethanol:acetic acid:water (6:3:1 V/V/
V) solvent system. The sample was dis-
solved at 0.35 mM concentration in ethanol
containing 15 mM ascorbic acid, shipped on
dry ice and stored at —20°. Purity was
checked six months later by duplicate thin-
layer chromatography using the above sys-
tem with parallel nonradioactive apomor-
phine controls. Development by iodine va-
por gave identical Rf values of 0.59. Radio-
activity scanning of the plates indicated
that radiopurity was still greater than 96%.

[*H]-dopamine (15 Ci/mmole; 68 uM in
0.15N tartaric acid aqueous solution) and
[*H]-spiroperidol ([*H]-spiperone; 26.4 Ci/
mmole; 38 uM in ethanol) were purchased
from New England Nuclear Corporation
(Boston, MA.) and used without further
chemical characterization. The [°H]-dopa-
mine stock was diluted 20-fold with 0.01%
ascorbic acid aqueous solution (previously
flushed with nitrogen gas) and stored in
aliquots at —20°. [°H]-spiroperidol was
stored in undiluted aliquots at —20°. Each
aliquot was diluted with buffer just prior to
its use in an assay.

Binding assays. All assays were per-
formed using buffer containing 15 mm Tris
HCI], 5 mMm NA:EDTA, 1.1 mM ascorbic acid
and 12.5 yM nialamide with the final pH
adjusted to 7.4 with HCl. Assay tubes were
Pyrex glass, 12 X 75 mm. Using Gilson
variable-volume automatic pipettes, 200 ul
of test ligand or control ligand (at specified
concentration) or buffer were dispensed
into each tube followed by 200 ul of the
[*H]-ligand and 200 pl of calf caudate crude
homogenate (immediately after final ho-
mogenization on a Polytron P10). When
measuring stereospecific binding, each tube
contained 100 ul of the (+) or (—)-enan-
tiomer (at the specified concentration), 100
ul of test drug or buffer, 200 ul of the [°H}-
ligand and 200 ul of the caudate homoge-
nate. Final tube concentrations were 0.5 nm
for [°*H]-dopamine, 3.5 nM for [°H]-apomor-
phine and 0.03 nm for [*H]-spiperone.
These final assay concentrations for [*H]-
apomorphine and [*H]-dopamine had been
determined to be those giving the highest
signal-to-noise ratio for specific binding
while being adequately low to maintain
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specificity of binding (i.e., at or below their
respective scatchard Kp values). For *H-
spiperone, priorities were reversed because
of concern for maintaining specificity of
binding to the dopamine/neuroleptic recep-
tor in relation especially to possible binding
to the serotonergic or noradrenergic recep-
tor (15). Thus, an exceptionally low final
concentration (0.03 nm) was chosen in order
to maximize specificity for the highest affin-
ity site (Kp = 0.10 nM; see ref. 16) while
maintaining an adequate signal-to-noise ra-
tio.

Membrane protein content varied be-
tween assays from 0.18 to 0.22 mg protein
per tube, as determined by the Lowry assay
(17). Within all assays, any control or test-
drug-concentration group contained 5 or 6
replicate tubes.

TEDESCO ET AL.

Incubation occurred at room tempera-
ture for 15 minutes ([°H]-dopamine) or 30
minutes ([°’H]-apomorphine or [*H]-spipe-
rone) after addition of the membrane with
vortexing. A 0.5 ml aliquot was then re-
moved from each tube and spread over the
central one-third of the area of a Whatman
GF/B glass-fiber filter (24 cm D) atop a
Millipore filter support under vacuum.
Each filter was then washed with 5 ml
((*H]}-dopamine) or 10 ml ([*H]-apomor-
phine or [*H]-spiperone) of buffer at room
temperature in about 5 seconds. The filter
was transferred to a glass scintillation vial
and 8 ml of Aquasol scintillation cocktail
(New England Nuclear Corp.) were added.
The tritium radioactivity was measured
after 6 or more hours equilibration at 10°.

Specific binding was defined as total
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F1G. 2. The displacement of [*H-apomorphine and [*H]-dopamine by stereoisomers of 5-hydroxy-N,N-di-

n-propyl-2-aminotetralin [5-OH-AT]

Specific binding was defined as the amount of radioligand displaced by an excess (1 uM) of apomorphine or
dopamine. Each point is the mean + standard error of sextuplicate determinations.
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binding of [*H]-ligand minus binding in the
presence of an excess concentration of non-
radioactive control ligand (200 nM or 1 um
apomorphine for [°’H]-apomorphine assays;
1 uM dopamine for [°H]-dopamine assays
and 50 nM spiperone for [*H]-spiperone as-
says). Stereospecific binding was defined as
binding in the presence of the less active
enantiomer (e.g., (+)-5-OH-AT at 70 nm;
(—)-butaclamol at 100 nM) minus binding
in the presence of the same excess of the
more active enantiomer for any given con-
centration of test-ligand.

RESULTS

Competition by (—)-5-OH-AT and (+)-5-
OH-AT for specific [*H]-apomorphine and
specific [°H]-dopamine binding is shown in
Fig. 2. In competing for [*H]-apomorphine
binding, the (—)-enantiomer with an ICs, of
18 nM showed 20-fold higher affinity than
the (+)-enantiomer. The active (—)-5-OH-
AT showed saturable competition above
about 200 nM. Almost all [°’H]-apomorphine
binding which was displaceable by 1 um
apomorphine was also displaceable by (—)-
5-OH-AT. Competition for [°H)-dopamine
binding followed the same pattern, with
(—)-5-OH-AT displaying an ICs of 4 nM,
that is, a 50-fold higher affinity than (+)-5-
OH-AT. Again, (—)-5-OH-AT at 100 nm
displaced almost as much [*H]-dopamine
binding as did a 1 uM dopamine excess.

Maximal differences in competition by
the 5-OH-AT enantiomers for [*H]-apo-
morphine sites occurred at concentrations
between 50 and 500 nM (Fig. 2). Accordingly
a concentration of 70 nM for both the (-)
and (+) enantiomers of 5-OH-AT was used
in measuring the number of [*H]-apomor-
phine sites that are stereospecific to this
agonist. The binding isotherm for [*H]-apo-
morphine in the presence of 70 nm (—)- or
(+)-5-OH-AT (Fig. 3, top) indicated that
these sites were saturated by [*H]-apomor-
phine above 10 nM. Analysis of the corre-
sponding Scatchard plot of these data (Fig.
3, bottom) gave a K for the sites of 5.4 nM
with the total number of sites as 110
fmoles/mg protein. These results were sim-
ilar to previous results (12) from this labo-
ratory for [°’H]-apomorphine binding ster-
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n-propyl-2-aminotetralin [(+)- or (-)-5-OH-AT]

Stereospecific binding was defined as [*H]-apomor-
phine bound in the presence of 70 nm (+)-5-OH-AT
minus that bound in the presence of 70 nm (—)-5-OH-
AT. Scatchard analysis indicated the total number of
such sites to be 110 fmoles/mg protein. The dissocia-
tion constant for the sites was 5.4 nM. Each point is
the result of determinations in quadruplicate of the
binding in the presence of each stereoisomer.

eospecific to the dopamine-receptor antag-
onist (+)-butaclamol (at 10~°M concentra-
tion for its enantiomers). A Kp of 3.5 nm
and total sites of 124 fmoles/mg protein
had been measured in that instance.

In Fig. 4, competition for [*H]-apomor-
phine sites stereospecific to 10™°m (+)-bu-
taclamol is shown for the enantiomers of 5-
OH-AT. The ICs values were 18 nMm for
(—)-5-OH-AT and 350 nM for (+)-5-OH-AT.
Their values were thus virtually identical
to the corresponding ICs values obtained
when competition for total specific [°H]-
apomorphine sites had been measured (cf.
Fig. 2).

The effect of shifting the position of the
hydroxyl group on the aromatic ring was
next studied. The compounds (+)-5-OH-
AT, (£)-6-OH-AT and (+)-7-OH-AT were
each tested for competition for [°H]-apo-
morphine and [*H]-dopamine sites, using
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FiG. 4. The displacement of butaclamol-stereospecific [*H]-apomorphine binding by the (+)- and (-)-
enantiomers of 5-hydroxy-N,N-di-n-propyl-2-aminotetralin

Stereospecific binding of [°H]-apomorphine was here defined as that amount bound in the presence of 1 um
(—)-butaclamol minus that bound in the presence of 1 uM (+)-butaclamol, the active neuroleptic; (—)- or (+)-
butaclamol was present in every tube. Points are mean + SEM (sextuplicate determinations).

the presence of 200 nM apomorphine or
10~°M dopamine as respective controls for
non-specific binding. Figure 5 illustrates the
relative potencies of the various structural
isomers. The ICs values for [*H]-apomor-
phine specific binding were 24 nM for (+)-
5-OH-AT, 520 nmM for (+)-7-OH-AT and 900
nM for (+)-6-OH-AT. The corresponding
ICso values for specific [*H]-dopamine bind-
ing (Table 1) were 12, nM, 88 nM and 290
nM (see also Fig. 6).

In both instances the (£)-5-OH-AT
structural isomer, the analogue of dopa-
mine in the a-rotamer conformation,
showed higher affinity than did its 6- or 7-
hydroxylated congeners. The difference in
affinities was more marked for [°H]-apo-
morphine sites (a 22- to 38-fold difference)
than for [°H]-dopamine sites (a 7- to 24-fold
difference).

ICs values for inhibition of [°H]-spipe-
rone binding by apomorphine and dopa-
mine (Table 1) were approximately the
same as those reported by Leysen et al. (18)
but were about threefold higher than values
reported by Creese et al. (19). This differ-
ence may simply reflect the fact that at the
total concentration of 0.03 nm [*H]-spipe-

rone in our assay system only about half of
that concentration is free in the aqueous
phase at equilibrium. Most of the remain-
der is bound to [°H]-spiperone receptors,
which exist at a final concentration of about
0.04 nM in our assay system. Because the
[*H]-ligand and receptor concentrations are
roughly equal and close to the Kp, the effect
of increasing concentrations of competing
ligands is initially to actually increase the
free [°H]-spiperone concentration at equi-
librium, thus shifting ICs values upward.

Affinities vary inversely with dissociation
constant Kp. The Cheng-Prusoff equation
(20) expresses a relation between ICs val-
ues and K values for a test ligand A com-
peting with another (e.g., radio-labelled)
ligand B:

Ak, = A, /(1 + [B]/Bg,).

From scatchard data (to be published) the
Kp for [°H]-apomorphine specific binding is
3.2 nM and for [°’H]-dopamine 1.6 nM. Thus,
to convert any [°H]-apomorphine ICs, value
in this publication to the corresponding Kp
value you must divide the ICs by 2.09.
Similarly, with [*H]-dopamine ICs, values,
division by 1.31 produces the corresponding
Kp.
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DISCUSSION

These results are the first demonstration
of stereoselectivity by a dopamine agonist
in binding to the dopamine receptor (ex-
cepting enantiomers of norepinephrine and
epinephrine in ref. 21).

Both R-(—)-apomorphine and (+)-5-OH-
AT can be considered as semi-rigid ana-
logues of dopamine in the a-rotamer (22) or
trans-cisoid (23) conformation (Fig. 1). The
“trans-cisoid” terminology has sometimes
been used inconsistently in the literature
(24), and so the a/B-rotamer terminology is
to be preferred. The most useful terminol-
ogy, however, is that in which the mean
values of the dihedral or torsion angles (T,
T,) for the two degrees of rotational free-
dom about the ethylamine side-chain are
estimated in degrees, as defined by Bergin
(25), Pullman (26) and Grol (27). Figure 7
illustrates the conformation of the dopa-
mine moiety in R-(—)-apomorphine as de-
termined by the x-ray crystallographic
work of J. Giesecke (28). Giesecke found
two almost identical shapes for R-(—)-apo-
morphine® with dihedral angles (T, T:) of
(—133°, —178°) and (—146°, —178°). Figure
7 (left) represents the mean conformation
(—139.5°, —178°) of the dopamine moiety
in these two forms of apomorphine. It is
apparent that R-(—)-apomorphine contains
the a-rotamer dopamine conformation (Fig.
7, right).

In derivatives of 2-aminotetralins, the 2-
amino groups can assume the axial or equa-
torial position with respect to the saturated
ring. However, the presence of bulky N,N-
di-n-propyl-substituents on the amine
causes severe steric hindrance in the N-
axial conformation, as can be readily seen
with CPK space-filling models. The equa-
torial conformation is thus probably pre-
ferred. Cannon (22) refers to spectral data
that also support this conclusion.

The dopamine moiety contained within
(=)-5-OH-AT is then described as an a-
rotamer of conformation (—160°, —170°)3

% Actually Giesecke’s data inadvertently described
S-(+)-apomorphine, but the transformation to R-
(—)apomorphine is trivial, involving only a change of
sign for T, and T..

*Measured + 5° using metal Dreiding models
(Biichi/Brinkmann Co.).
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F16. 5. The displacement of specific [*H]-apomor-
phine binding and specific [*H]-dopamine binding
by the racemates of 5-OH-AT, 6-OH-AT and 7-OH-
AT

Specific binding was defined as the total binding of
the radioligand minus that in the presence of either
200 nM apomorphine or of 1 pM dopamine (for the
respective [*H]-ligands). Each point represents a de-
termination in quintuplicate or sextuplicate + SEM.

or its mirror image (+160°, +170°). We
cannot distinguish between these two ab-
solute conformations* since no suitable
spectroscopic or synthetic data have yet

* Confusion persists in the proper use of the terms
conformation and configuration. Conformation refers
to the shape of an entity as described by signed torsion
angles, while configuration describes the order of
groups about an asymmetric center. We have used the
term absolute conformation to describe a structure
with a set of torsion angles of a particular sign, to
differentiate between it and one of the opposite con-
formation, that is, one having equal torsion angles but
of opposite sign. Such compounds, if nonsuperimpos-
able and rigid, must be enantiomers, while, if flexible,
they may be of the same configuration (or may indeed
lack an asymmetric center, as does dopamine).
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TABLE 1
Concentrations of ligands producing 50% inhibition of specific binding (i.e., ICs values) of [*H]-dopamine (0.5
nM), [*H]-apomorphine (3.5 nM), or [*H]-spiperone (0.03 nM). Specific binding was defined as in Fig. 5. Assays
involved four or six concentrations of a test-ligand, each done in quintuplicate or sextuplicate. Each assay was
replicated at least once and standard errors (or range if N = 2) of log IC: values were always less than 0.15.

ICs (nM)

['H]-Apo-  [*H]-Dopa-

morphine mine [*H]-Spiperone
Dopamine 20+0.7 1.5+ 0.2 17,500 + 2500
N,N-di-n-propyldopamine 75+ 16 15 -
R-(—)-apomorphine 38+05 37103 750 + 130
R-(-)-N-n-propylnorapomorphine 4008 34102 150
m-tyramine 112+ 18 3718 -
p-tyramine 520 + 100 - -
(-)-5-OH-N,N-(C;H),-2-aminotetralin[ (—)-5-OH-AT] 18 £ 2° 4108 190 + 60
(+)-5-OH-N,N-(C;H)2-2-aminotetralin[(+)-5-OH-AT] 360 + 40° 200 £ 30 2050 + 450
(%)-5-OH-N,N-(C3;H).-2-aminotetralin{(+)-5-OH-AT] 246 12+4 290 + 60
(x)-6-OH-N,N-(C;H:).-2-aminotetralin[(+)-6-OH-AT] 900 + 100 290 + 38 6000 + 1000
(+)-7-OH-N,N-(C;3H).-2-aminotetralin[ (+-7-OH-AT] 520 + 70 88+9 1450 £ 150

“ Concentration of apomorphine for specific binding controls was 10™°M for [*"H]-apomorphine assays of these
ligands.

105 A T T T T T T T 105
R=0.96 R=0.97
slope= 1.0 slope=1.3
s 109~ @-6-0HAT - 4 (2)16-01-AT o 1076
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@
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FiG. 6. Correlation between ICs, values for monohydroxylated-2-aminotetralins competing for [*H]-apo-
morphine and [*H]-dopamine sites (in A), and [*H]-apomorphine and [*H]-spiperone sites (in B). Data are
taken from Table 1

In our assay the dissociation constants (Kp) for [*H]-apomorphine, [*H]-dopamine and [*H]-spiperone
specific binding are respectively 3.2 nM, 1.6 nM and 0.10 nM. Thus, the inhibitory dissociation constants (Ky), as
determined by the Cheng-Prusoff equation, are essentially identical to the ICs values above for [°"H]-dopamine,
but not for [°H]-apomorphine assays where the K, values are 0.48 times the ICs, values, nor for [*H]-spiperone
assays, where K, values may be % or less of ICs values (see RESULTS).

phine and for (—)-5-OH-AT we may predict
that (-=)-5-OH-AT will prove to be the 2S
enantiomer with conformation (—160°,
-170°).

The basic line of argument used above is

been published for these stereoisomers.
However, we can see that the first confor-
mation, (—160°, —170°) (i.e., the 2S enan-
tiomer) is rather similar to the dopamine
conformation (—139.5°, —178°) in R-(-)-

apomorphine (Fig. 7). Since the receptor
for [*H]-apomorphine shows high stereo-
specific affinity for both R-(—)-apomor-

that high affinity of a ligand for a high-
affinity receptor of a rigid dopamine ana-
logue implies a similar dopamine-moiety
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F16. 7. The dopamine molecule in the conformation assumed by the dopamine moiety in R-(—)-apomorphine

This seems the most probable conformation of dopamine at the apomorphine receptor. The dihedral or
torsion angle T, = T (Ce-C,-C4-C.) is defined as the angle between the planes Cs-C,-Cs and C,-C4-C., when
viewed along their common intercept line C,-C; from the negative Z direction (indicated by the small arrow in
the left figure). The sign of this torsion angle is negative by convention, since counterclockwise rotation of the
second plane (C,-C4-C..) occurred about the line C,-Cy from an initial position coincident (T, = 0) with the first
plane. This is illustrated by the figure on the right, which is a view of the same dopamine conformation from the
negative Z direction. The dihedral angle T, = —140° is indicated by the curved arrow traveling counterclockwise.
In the left figure, the two small circles straddling one of the nitrogen bonds signify a lone-pair of electrons. Its
probable orientation at the receptor can be inferred from Giesecke’s crystallographic data (28) to be as shown
above. Since in R-(—)-apomorphine the nitrogen is a tertiary amine with the methyl group in the equatorial
position then, assuming sp® hybridization about the nitrogen, the dihedral angle T; = T(C4-C.-N-lone-pair) is
T3 = +56°. If this lone-pair is involved in hydrogen-bonding to the receptor it probably acts as a proton acceptor,

as is generally the case with tertiary amines.

conformation in the binding ligand. It is
then not surprising that the a-rotamer an-
alogue (+)-5-OH-AT has a much higher
affinity for the [*H]-apomorphine receptor
than does the B-rotamer analogue (+)-7-
OH-AT (or than the symmetric rotamer
analogue (+)-6-OH-AT). The fact that the
[*H]-dopamine receptor also displays pref-
erential affinity for the a-rotamer ()-5-
OH-AT is good evidence that both [*H]-
dopamine and [°’H]-apomorphine are in fact
binding to the same receptor.

The good correlation between binding
of these ligands to [*H]-apomorphine and

[*H])-dopamine receptors as shown in Fig.
6A also supports the identity of these two
binding sites. It is further probable that,
since both radioligands bind to a receptor
that shows preferential affinity for (—)-5-
OH-AT over (+)-5-OH-AT, the absolute
conformation of dopamine preferred at the
receptor-site is close to (—160°, —170°).
The Cheng-Prusoff equation implies that
if [°H)-apomorphine and [°H]-dopamine
sites are identical, then ICs; values of
[*H]-apomorphine should be greater by a
constant factor of 1.6 from corresponding
ICso values of [°H]-dopamine. That this in



378

fact does not hold for some ligands (Table
1), though the general correlation does
hold, is consistent with the existence of a
minor component of [*H]-apomorphine
binding that is saturated under the condi-
tions of this assay. Further evidence for two
high-affinity receptor populations comes
from a biphasic scatchard analysis of [°H]-
apomorphine binding® indicating a small
number (50 fmoles/mg protein) of very high
affinity (0.48 nm) [°H]-apomorphine recep-
tors in calf striatum. The strong suggestion
in Fig. 5 of a biphasic pattern to the com-
petition curve for (+)-7-OH-AT is possibly
a data-artefact ascribable to different per-
sonnel having contributed to different con-
centration ranges for that particular com-
pound. If in fact the biphasic element can
be replicated it would provide further sup-
port for the existence of two high-affinity
[*H]-apomorphine sites.

The presence of a dipropyl function on
the amine nitrogen of dopamine seems to
lower its affinity for the [°’H]-apomorphine
and [°’H]-dopamine receptor at least 10-fold
(Table 1). However, since R-(—)-N-n-pro-
pylnorapomorphine is about equipotent
with dopamine and apomorphine, the pres-
ence of bulky propyl functions must not per
se interfere with binding. Rather their pres-
ence on the flexible side-chain of dopamine
probably reorients the nitrogen or its lone
electron pair to a position unfavorable for
binding.

An alternative explanation is provided by
Ginos et al. (29, 30). They have observed
that N,N-n-butyl-n-propyl-dopamine has
considerable potency in various dopami-
nergic bio-systems. In contrast, the N,N-di-
n-butyl derivatives of both dopamine (31)°
and 5,6-dihydroxy-2-aminotetralin (1) are
essentially without activity. Since corre-
sponding N,N-di-n-propyl homologues are
quite potent in these systems, Ginos et al.
suggest that the N-n-propyl group specifi-
cally interacts with the receptor to facilitate
binding. This is not incompatible with our
above suggestion, since such an interaction
might be the mechanism facilitating proper
nitrogen lone-pair orientation. This labo-
ratory has recently reported evidence for

% Tedesco, J. L., unpublished data.
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the necessary involvement of the lone-pair
in binding to the dopamine receptor (32).

As Figs. 2 and 4 illustrate, the 20-fold
preferential affinity of the [*H]-apomor-
phine receptor for (—)-5-OH-AT over (+)-
5-OH-AT is also found when the [°H]-apo-
morphine binding is to receptors that are
stereospecific to the neuroleptic butaclamol
(107 M). This is consistent with the idea
that the anti-psychotic receptor is physi-
cally identical to the [*H]-apomorphine/
[*H]-dopamine receptor. One laboratory
(33) has reported that in vivo binding as-
says of mouse whole brain show that apo-
morphine may compete effectively at very
low doses (IDso = 0.3 mg/kg, i.v.) for [*H]-
spiperone labeled receptors. This also
would be consistent with identical agonist
and antagonist receptors, with perhaps two
conformations existing that are readily re-
versible in vivo but not in vitro.

However, there exists other evidence that
in fact the [°H)-dopamine receptor and the
[*H]-neuroleptic receptor are two distinct
and separate species. High affinity binding
of the dopamine agonists [*H]-dihydroer-
gocryptine and bromocryptine to neurolep-
tic receptors (after blockade of alpha-nor-
adrenergic receptors with phentolamine)
(34) does not seem compatible with the
two-conformation hypothesis. Recent ani-
mal lesion (35) and human postmortem (36)
studies show that the number of [*H]-apo-
morphine sites in brain can decrease by 40
to 70% while [°’H]-haloperidol sites increase
or remain constant.

In the present study a correlation was
found between affinities for [*'H]-apomor-
phine and [°H]-spiperone receptors for the
enantiomers and positional isomers of
monohydroxy-2-aminotetralins. This is an
interesting phenomenon, but we do not con-
sider it strong evidence for the identity of
the neuroleptic and dopamine-agonist re-
ceptors for two reasons. First, the slope in
Fig. 6B is significantly greater than 1.0. A
plot of the dissociation constants Kp in-
stead of the ICs values would simply fur-
ther increase this slope slightly. Secondly,
the affinities of these ligands are 14- to 20-
fold less for [*H]-spiperone sites than for
[*H]-apomorphine sites. Both of these facts
are difficult to reconcile with the idea of
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identical receptors for both neuroleptics
and dopamine agonists.

Rigid monohydroxyl analogues of dopa-
mine are useful in assessing the relative
contributions of the hydroxyl positions to
receptor-binding. A limitation of this ap-
proach is that it cannot control for any
interactions between the adjacent ring-hy-
droxyls that may occur in catechol com-
pounds. Dihydroxy-2-aminotetralins have
therefore been of more interest generally
since they are closer analogues of dopa-
mine. However, binding affinities of these
compounds® (37) do not correlate well with
their published biological activities in pro-
ducing stereotyped behavior (4, 38) or in
producing peripheral vasodilation (39).
Lack of correlation can, of course, be attrib-
uted to a number of possible causes. The
authors believe an important reason to be
that, in biological systems, primary and sec-
ondary amines are more susceptible both
to compartmentation by lipid barriers and
uptake mechanisms as well as to possible
metabolization by monoamine oxidases.
These factors should not play any major
role in assays of binding affinity in vitro.
Another possibility, though, is that some of
these ligands may have some antagonist
properties which may contribute to binding
but not to bio-activity.

The B-rotamer analogue 6,7-dihydroxy-2-
aminotetralin (ADTN) is potent in most of
such dopamine-receptor model systems, in-
cluding the binding to [*H]-apomorphine
receptors, despite the fact that apomor-
phine is itself an a-rotamer analogue. In
contrast, the B-rotamer analogue isoapo-
morphine (9,10-dihydroxy-aporphine) is al-
most inactive in binding to either [*H]-apo-
morphine, [*H)-dopamine or [*H]-spipe-
rone.’ Thus, it is necessary to examine this
question of optimal conformation from new
perspectives. One aspect to study more
closely concerns the relative contribution
that electrostatic and electron donor-accep-
tor complexes (such as charge-transfer and
hydrogen-bond complexes) can make in
binding to a given receptor active-site when
the amine varies from a primary to a sec-
ondary to a tertiary state. Another impor-
tant factor to examine is the absolute con-
figuration of these dihydroxyl compounds
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that actually binds to the receptor. All such
dihydroxyl compounds tested so far have
been racemic mixtures.
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