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COMPARISON OF THE BINDING CHARACTERISTICS OF TRITIATED
OPIATES AND OPIOID PEPTIDES

MAUREEN G.C. GILLAN, H.W. KOSTERLITZ & S.J. PATERSON
Unit for Research on Addictive Drugs, University of Aberdeen, Aberdeen

I Binding assays on homogenates of guinea-pig brain showed that the maximal number of binding
sites was different for different tritiated ligands interacting with the opiate receptors.
2 At 25°C the binding capacity of morphine or dihydromorphine was only about 3 pmol/g fresh
brain whereas etorphine and D-Ala2-L-Leu5- and D-Ala2-L-Met5-enkephalin amide had capacities of
13 to 15 pmol/g brain. D-Ala2-D-Leu5-enkephalin had an intermediate capacity of about 6 pmol/g
brain.
3 The binding capacities of the natural methionine- and leucine-enkephalins measured at 0°C were 5
to 6 pmol/g brain. At this temperature, the binding capacity of dihydromorphine, D-Ala2-D-Leu5-
enkephalin and of the two enkephalin amides was only slightly lower than at 25°C.
4 In assays in which unlabelled ligand competed with the same labelled ligand, the inhibition
constants (K,) were equal to or not more than twice as large as the equilibrium dissociation constant
(KD) determined in saturation assays. In contrast, the K, of unlabelled dihydromorphine against
[3H]-D-Ala2-D-Leu5-enkephalin or of unlabelled D-Ala2-E-Leu5-enkephalin against [3H]-dihydro-
morphine were about 20 times higher than the respective KD values.
5 When for a given compound the ratio of the K, value against [3H]-D-Ala2-D-Leu5-enkephalin to
the K, value against [3H]-dihydromorphine (discrimination ratio) is calculated, a high value indicates
selectivity in favour of the t-receptor and a low value selectivity in favour of the 6-receptor. The most
selective p-agonist known so far is normorphine with a discrimination ratio of 70 and the most
selective 6-agonist is D-Ala2-D-Leu5-enkephalin with a ratio of 0.11. The selectivity of the known
antagonists is in favour of the j-receptor, since their discrimination ratios are larger than 1, varying
between 10 for naloxone and 4 for Mr 2266.

Introduction

In the last 3 years, evidence has accumulated for the
view that the enkephalins and P-endorphin interact
with at least two different receptors, the p- and
6-receptors (Lord, Waterfield, Hughes & Kosterlitz,
1976; 1977; Kosterlitz & Hughes, 1978; Kosterlitz,
McKnight, Waterfield, Gillan & Paterson, 1978; Kos-
terlitz, Lord, Paterson & Waterfield, 1980). On the
basis of four parallel assays using two pharmacologi-
cal models, the guinea-pig ileum and the mouse vas
deferens, and two models measuring the inhibition of
binding of [3H]-naltrexone and [3H]-leucine-
enkephalin in homogenates of guinea-pig brain, it was
proposed that the enkephalins interacted in the
mouse vas deferens mainly with 6-receptors and in the
guinea-pig ileum with ft-receptors, although to a
lesser extent, whereas f,-endorphin was equipotent in
interacting with 6- and p-receptors in both prep-
arations. This interaction with 6-receptors was mir-
rored by the inhibition of [3H]-leucine-enkephalin
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binding in the brain and the interaction with i-recep-
tors by the inhibition of [3H]-naltrexone binding.

In view of the degradation of leucine-enkephalin by
peptidases, the binding assays had to be performed at
or near 0°C but the advent of more stable analogues
made it possible to conduct assays at 25°C. For the
assay of the 6-binding sites, [3H]-D-Ala2-D-Leu5-
enkephalin was chosen because it had been shown to
have retained an enkephalin-like pattern of activity
(Kosterlitz et al., 1980). Further support for the choice
of this analogue was obtained by the finding that un-
labelled D-Ala2-D-Leu5-enkephalin protected the
binding of [3H]-D-Ala2-D-Leu5-enkephalin against
the alkylating action of phenoxybenzamine much
better than unlabelled dihydromorphine, while the
reverse was observed when the binding of
[3H]-dihydromorphine had to be protected (Robson
& Kosterlitz, 1979).

In this paper, we have examined the dissociation
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equilibrium constants and the maximal number of
binding sites of various tritiated ligands having a high
affinity for either the p- or 6-receptors or both and the
influence of temperature on this binding. Further, we
have determined the constants of inhibition (K,) of a
number of unlabelled ligands against the binding of
the tritiated ligands. Thus, information has been
obtained on the specificity of the ligands and the cross
reactivity between receptor binding sites. Some of
these results have been communicated at a meeting of
the British Pharmacological Society (Gillan, Koster-
litz & Paterson, 1979).

Methods

Binding assays

Guinea-pigs, weighing 400 to 600 g, were killed by
cervical dislocation. The technique of the binding
assays was the same as described previously (Koster-
litz et al., 1980), except that the incubation periods
were either 150 min at 0°C or 40 min at 25°C.

In the experiments, in which the equilibrium dis-
sociation constant (KD) and the maximal number of
binding sites were determined, the specific binding
was obtained for each concentration of labelled ligand
by deducting the non-specific binding that was not
inhibited by the opiate antagonist Mr 2266, from the
total binding. The concentrations of Mr 2266 varied
for the different tritiated ligands, being 100 to 300
times the K1 values of Mr 2266; they were 150 nm for
[3H]-dihydromorphine, 300 nm for [3H]-etorphine,
500 nm for [3H]-D-Ala2-L-Leu5-enkephalin amide and
1700 nm for [3H]-D-Ala2-D-Leu5-enkephalin. That the
inhibition of specific binding was complete, was con-
firmed by experiments in which in the same homo-
genate Mr 2266 was replaced by the respective un-
labelled ligands in concentrations 100 times higher
than their KD values (see Table 1). There were no
differences in the KD values or the maximal number
of binding sites.

For the calculation of the kinetic parameters of the
binding of the tritiated ligands, the methods of Scat-
chard (1949) and Hill (1910) were used. In the latter
method, the maximal number of binding sites was
obtained directly from the saturation curves (Figure 1)
while in the former method this value was obtained
from the intersection with the abscissa scale of the
line for the regression of the ratio of bound to free
ligand on the amount of bound ligand. The presence
of binding sites with different affinities for the same
ligand was indicated when the Scatchard plot
deviated from linearity and the slope of the Hill plot
(Hill coefficient) from unity. Since in this investigation
the accuracy of the estimation of the total number of
binding sites was particularly important, the Hill plot

was used routinely; log KD was obtained when log
occupied/free binding sites was 0. The linear corre-
lation coefficient for the Hill plot was smaller than
0.96 only in one experiment which was discarded. No
significant differences were found between the values
of KD and maximal binding obtained by the two
methods.

Since the specific binding at the point of maximal
binding may be low and therefore the estimation of
the number of maximal binding sites difficult, it was
important to establish whether or not this latter value
was correlated with the degree of specific binding. The
compounds with low values of maximal binding,
dihydromorphine and D-Ala2-D-Leu5-enkephalin had
values of specific binding at maximal occupation of
22.3 + 1.6 and 42.2 + 3.7% of total binding, respect-
ively, and those with high values of maximal binding,
etorphine and D-Ala2-L-Leu5-enkephalin amide had
values of 53.0 + 1.5 and 21.7 + 0.7%, respectively.
Thus, no correlation was found.
The inhibition of binding by cold ligands was deter-

mined from the regression of log percentage inhibi-
tion of specific binding on log concentration of cold
ligand. The inhibition constant (K1) was calculated
from

K, _icso
1 + [L]/KD'

where [L] is the concentration of the labelled ligand
and KD its equilibrium dissociation constant (Chang
& Prusoff, 1973). When the ratio of the K, against
[3H]-D-Ala2-D-Leu5-enkephalin to the K, against
[3H]-dihydromorphine is larger than 1, it indicates
selectivity of a compound for the p-receptor and,
when it is smaller than 1, selectivity for the 6-receptor.
The magnitude of deviation from unity gives a
measure of the degree of selectivity for one or the
other receptor and is therefore called the discrimi-
nation ratio.

Labelled primary ligands

The following primary ligands were used:
[3H]-leucine-enkephalin (30 to 40 Ci/mmol),
[3H]-methionine-enkephalin (34.6 Ci/mmol), [3H]-D-
Ala2-leucine-enkephalin amide (17 to 39 Ci/mmol),
[3H]-E-Ala2-methionine-enkephalin amide (15 Ci/
mmol), [3H]-D-Ala2-o-Leu5-enkephalin (44 to 48 Ci/
mmol), [3H]-dihydromorphine (50 to 81 Ci/mmol),
[3H]-morphine (28 Ci/mmol) and [3H]-etorphine (36
Ci/mmol). All were obtained from the Radiochemical
Centre, Amersham.

Drugs and peptides

The following drugs were used: morphine hydrochlo-
ride (Macfarlan Smith); levorphanol tartrate (Roche
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Products); naloxone hydrochloride and naltrexone
hydrochloride (Endo Laboratories) and (-)a-5,9-di-
ethyl-2-(3-furylmethyl)-2'-hydroxy-6,7-benzomorphan
as free base (Mr 2266, Dr H. Merz, Boehringer Sohn,
Ingelheim).

All peptides were synthetic. Tyr-D-Ala-Gly-Phe-D-
Leu was supplied by Dr S. Wilkinson (Wellcome
Laboratories), Tyr-D-Ala-Gly-Phe-Leu NH2 by Dr J.
S. Morley (ICI) and Tyr-D-Ala-Gly-Phe-Met NH2 by
Dr B. A. Morgan (Reckitt & Colman).

Stock solutions of the peptides (1 mg/ml) were
made in distilled water and kept in plastic tubes at
-25°C. Stock solutions of the other compounds were
made in distilled water, with addition of HCI when
necessary.

Results

Binding characteristics of tritiated enkephalin ana-
logues and opiates at 25°C

The results obtained with six tritiated ligands at 25°C
are given in Table 1. The KD values of the three pep-
tides and of morphine and dihydromorphine varied
between approximately 1 and 3 nM; etorphine had a
lower value (0.3 nM) than any of the other com-
pounds. The Hill coefficient for dihydromorphine was
low which was in agreement with the low correlation
coefficient found in the Scatchard analysis
(0.892 + 0.026) and indicated a high (KD = 0.3 nM)
and a low (KD = 1.9 nM) affinity binding site at the
j-receptor. For the remaining compounds, however,
the Hill coefficient was around unity and the corre-
lation coefficients of the Scatchard plots varied
between 0.942 and 0.986.

In contrast to this relative uniformity of the affinity
Values of dihydromorphine and the peptides, there
were considerable differences in the maximal number

of binding sites. Morphine and dihydromorphine had
the lowest binding capacities of approximately 3
pmol/g brain whereas the two D-Ala2-enkephalin
amides and also etorphine had the highest capacities
of 13 to 15 pmol/g brain. D-Ala2-D-Leu5-enkephalin
had an intermediate capacity of about 6 pmol/g brain
(Table 1). These differences were well illustrated when,
in paired experiments in the same homogenate, a
comparison was made of the saturation curves of
specific binding of representative members of these
three groups or of the Scatchard plots for D-Ala2-D-
Leu5-enkephalin and D-Ala2-L-Leu5-enkephalin
amide (Figures 1 and 2). In another series of such
paired experiments it was found that the capacity of
[3H]-dihydromorphine was 3.8 + 0.2 pmol/g brain
and that of [3H]-D-Ala2-L-Met5-enkephalin amide
13.9 + 0.8 pmol/g brain (P < 0.001; n = 4).

Binding characteristics of the enkephalins, their ana-
logues and dihydromorphine at 0°C

Because of the lability of natural enkephalins in brain
homogenates, their binding characteristics had to be
determined at 0°C (Kosterlitz et al., 1979). It was
therefore important to determine the effects of lower-
ing the temperature of the assay medium on the bind-
ing of the more stable compounds (Table 2). The KD
values varied between about 1 and 4.4 nm, with only
dihydromorphine and D-Ala2-L-Leu5-enkephalin
amide having values apparently higher than at 25°C.
This was confirmed when these two compounds were
assayed in the same homogenate at 250 and 0°C; the
KD of dihydromorphine rose from 1.7 to 2.7 nm
(P < 0.025; n = 4) and that of D-Ala2-L-Leu5-
enkephalin amide from 3.7 to 6.0 nm (P < 0.05;
n = 3). Similarly, lowering of the temperature from 25
to 0°C reduced the maximal number of binding sites
for dihydromorphine from 3.8 to 2.8 pmol/g brain
(P < 0.025; n = 4) and that of D-Ala2-L-Leu5-

Table 1 Binding affinities and capacities of tritiated opioid peptides and opiates at 25°C

Tritiated ligand

D-Ala2-D-Leu5-enkephalin (5)
D-Ala2-L-Leu5-enkephalin amide (5)
D-Ala2-L-Met5-enkephalin amide (5)
Dihydromorphine (4)
Morphine (3)
Etorphine (3)

Equilibrium
dissociation

constant, KD (nM) Hill coefficient

0.96 + 0.12
2.77 + 0.67*
2.63 + 0.53
1.66 + 0.29
0.86 + 0.18
0.29 + 0.02

1.07 ± 0.03
0.99 + 0.04
0.98 + 0.04
0.85 + 0.08
0.99 + 0.03
1.03 + 0.02

Maximal number of
binding sites

(pmol/g brain)

6.1 + 0.5
13.0 + 0.5*
13.9 + 2.4
3.8 + 0.4
2.6 + 0.2

14.6 + 1.6

The values are the means + s.e. mean; the number of observations is given in parentheses. KD was calculated from
Hill plots.
* The values from three experiments, paired with 0°C, were 3.73 + 0.57 nm and 13.8 ± 0.2 pmol/g.
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Figure 1 Saturation curves of the specific binding of tritiated D-Ala2-L-Leu5-enkephalin amide (-) and D-Ala2-D-
Leu5-enkephalin (A) (a) and of tritiated etorphine (U) and morphine (A) (b). Each pair of ligands was examined in
the same homogenate of guinea-pig brain.

probably not far removed from those pertaining at
more physiological temperatures.

Competitive inhibition of the binding of tritiated dihyd-
*> romorphine, D-Ala2-D-Leu5-enkephalin, D-Ala2-L-Leu5-

5
< enkephalin amide and etorphine by the same or closely
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When an unlabelled ligand competes with the same
tritiated compound, the inhibition constant, K1,
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o 2 4 6 8 10 12 25°C, the K, and KD values for dihydromorphine

Bound ligand (pmol/g fresh brain) were 1.4 and 1.7 nm, respectively, for D-Ala2-D-Leu5-
enkephalin 1.8 and 1.0 nm, for D-Ala2-L-Leu5-

Scatchard plots of the specific binding of enkephalin amide 3.0 and 2.8 nm and for etorphine 0.5
la2-L-Leu5-enkephalin amide (U) and [3H]-D- and 0.3 nM (Tables 3 and 4).
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Leu5-enkephalin, 52 nm against D-Ala2-L-Leu5-en-

amide from 13.8 to 10.5 pmol/g brain kephalin amide and 27 nm against etorphine (Table 3).
n = 3). Since the effects of lowering the Thus, morphine had a low affinity for the binding site
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for D-Ala2-o-Leu5-enkephalin which has a lower
binding capacity than D-Ala2-L-Leu5-enkephalin
amide and probably represents the 3-receptor binding
site.
When unlabelled D-Ala2-D-Leu5-enkephalin was

the displacing ligand, it had K, values of 6.2 nm
against [3H]-D-Ala2-L-Leu5-enkephalin amide, 16.8
nm against [3H]-dihydromorphine and 125 nm
against [3H]-etorphine. It was therefore more potent
in displacing [3H]-dihydromorphine (discrimination
ratio of 0.11; see Methods) than was unlabelled di-
hydromorphine in displacing [3H]-D-Ala2-D-Leu5-
enkephalin (discrimination ratio of 29; Table 4). Com-
pared with dihydromorphine, normorphine was less
potent in inhibiting the binding of [3H]-dihydromor-
phine and, to an even greater degree that of [3H]-D-
Ala2-D-Leu5-enkephalin. Therefore, normorphine is at
present the most selective agonist for the p-binding
site with a discrimination ratio of about 70 (Table 4).
The two compounds with high binding capacity

showed quite a different pattern of competitive inhibi-
tion. D-Ala2-L-Leu5-enkephalin amide was a good in-
hibitor of the binding of [3H]-dihydromorphine (dis-
crimination ratio of 1.2), representing the p-receptor,
and of [3H]-D-Ala2-D-Leu5-enkephalin (discrimi-
nation ratio of 2), representing the 6-receptor; against
etorphine, however, it had a K, value which was
about five times higher than its KD value. Etorphine
was the only unlabelled ligand whose K, values
against all four tritiated ligands (0.5 to 1.1 nM) were
sufficiently close to its KD (0.3 nM).

Competitive inhibition of the binding of tritiated dihyd-
romorphine, D-Ala2-D-Leu'enkephalin, D-Ala2-L-Leu'-
enkephalin amide and etorphine by the antagonists
naloxone, naltrexone and Mr 2266

All three antagonists were good inhibitors of
[3H]-dihydromorphine binding; Mr 2266 discrimin-

ated least and naloxone most between the binding of
dihydromorphine and D-Ala2-D-Leu5-enkephalin; Mr
2266 was about twice and naltrexone 2.4 times more
potent than naloxone in displacing [3H]-dihydromor-
phine binding. This pattern was slightly different for
the inhibition of [3H]-D-Ala2-D-Leu5-enkephalin
binding, with the result that naloxone had the highest
discrimination ratio of 10 in favour of the p-binding
site. None of the antagonists was a good inhibitor of
the binding of [3H]-D-Ala2-D-Leu5-enkephalin to the
3-site (Table 5).

In contrast to naloxone and naltrexone, Mr 2266
showed only minor differences in the inhibition of the
binding of [3H]-dihydromorphine, [3H]-D-Ala2-L-
Leu5-enkephalin amide and [3H]-etorphine. In this
context, it may be important that, only with Mr 2266.
was the Hill coefficient consistently larger than 1.

Discussion

The main aim of this investigation was to obtain
further support for the hypothesis that the naturally
occurring opioid peptides, methionine- and leucine-
enkephalin and f-endorphin, can interact with at least
two receptors, the p-receptor and the 6-receptor. The
evidence obtained so far is based, first, on the different
rank order of potency of compounds in four parallel
assays, two of which were pharmacological and two
were binding assays (Lord et al., 1976; 1977; Koster-
litz et al., 1978; Kosterlitz et al., 1980) and, second, on
the ability of the appropriate cold ligands to protect
the two receptors selectively against the alkylating
action of phenoxybenzamine (Robson & Kosterlitz,
1979).

In the two binding assays, the inhibition of [3H]-
leucine-enkephalin and [3H]-naloxone or [3H]-nal-
trexone was measured at 0°C. In the present paper,
the binding capacity of some of the tritiated ligands

Table 2 Binding affinities and capacities of tritiated opioid peptides and dihydromorphine at 0 C

Tritiated ligand

Equilibrium
dissociation

constant KD (nM)

Leucine-enkephalin (3)
Methionine-enkephalin (4)
D-Ala2-D-Leu5-enkephalin (2)
u-Ala'-L-Leu5-enkephalin amide (5)
D-Ala2-L-Met5-enkephalin amide (5)
Dihydromorphine (4)

1.95 + 0.32
1.63 + 0.22
1.12, 1.11

4.39 + 1.01*
2.39 ± 0.23
2.71 + 0.17

Maximal number of
binding sites

Hill coefficient (pmol/g brain)

1.04 + 0.03
0.95 + 0.04

1.3, 1.1
1.05 + 0.04
1.01 ± 0.09
0.94 + 0.11

4.9 + 0.5
6.1 + 0.7
6.9, 5.9

10.6 + 0.5*
12.7 + 2.0
2.8 + 0.3

The values are the means + s.e. mean; the number of observations is given in parentheses. Kt, was calculated from
Hill plots.
* The values from three experiments, paired with 25°C, were 5.99 + 0.4 nm and 10.5 ± 0.9 pmol/g.
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was up to 25% lower at 00 than at 25°C. Our values
for methionine- and leucine-enkephalin at 0°C are in
good agreement with those obtained at 37°C in the
presence of the protease inhibitor, bacitracin (Meu-
nier & Moisand, 1977). As far as KD values were con-
cerned, we found a minor rise of the KD of dihydro-
morphine at 0°C while no change was observed by
Law & Loh (1978). These data would indicate that KD
and binding capacity at 0°C give a useful indication of
equilibria obtained at physiological conditions al-
though rate constants have been shown in many
laboratories to be greatly affected by changes in tem-
perature.
The next two steps were the determination of the

binding capacities of different tritiated ligands in
homogenates of nervous tissue, of whole brain in the
first instance, and the estimation of the constants of
inhibition, K,, of unlabelled ligands against tritiated
ligands with the purpose of finding ligands which are
able to discriminate between the 1.-receptor and the
6-receptor.
Caution has to be used in the interpretation of

Scatchard plots because the estimation of the specific
binding near saturation is difficult, due to the low
ratio of specific to total binding. Extrapolation of the
Scatchard plot to the x-axis may give misleading
results, particularly when the plots are biphasic. Simi-
lar considerations were recently raised for subtypes of
the ,B-adrenoceptor when computerized curve fitting
was recommended as an alternative (Hancock, De
Lean & Lefkowitz, 1979). For our purpose, direct esti-
mation of the maximum of saturable binding was
found to be satisfactory.
As far as binding capacity is concerned, [3H]-

dihydromorphine and [3H]-morphine, the two repre-
sentatives of ligands for the j-receptor, bound to the
smallest number of binding sites, 3 pmol/g brain.
Since these two compounds had a high ratio of dis-
crimination of about 30 against [3H]-D-Ala2-D-Leu5-
enkephalin, the ligand for the 6-receptor, it may be
assumed that the estimated binding capacity is prob-

ably close to the true value for the s-receptor. It is
likely that the [3H]-dihydromorphine and [3H]-mor-
phine binding sites are composed of sites of higher
and lower affinity because the linear correlation coef-
ficient of the Scatchard plot and the Hill coefficient
are both low. However, the binding capacity of 3
pmol/g brain comprises the total number of sites up
to saturation of specific binding. High and low affinity
binding sites for [3H]-dihydromorphine have already
been described (Wong & Horng, 1973; Pasternak &
Snyder, 1975); these authors found KD values of 0.3
and 3 nm, values which agree with those obtained by
us when we were able to demonstrate biphasic Scat-
chard plots. If there are such high and low affinity
binding sites at the j-receptor, their significance is
unknown. It seems very likely, however, that the low
affinity sites are not situated at the 6-receptors. First,
the discrimination ratio of dihydromorphine of 29 is
larger than the ratios of the KD values for the high
and low affinity binding sites and, second, [3H]-D-
Ala2-D-Leu5-enkephalin has twice the binding ca-
pacity of [3H]-dihydromorphine.

It has been found that the discrimination ratio of
EAla2-D-Leu5-enkephalin of 0.11 deviates much less
from unity than that of dihydromorphine, which is 29.
This difference in degree of selectivity agrees well with
that found for the selective protection against alkyla-
tion by phenoxybenzamine (Robson & Kosterlitz,
1979). Thus, D-Ala2-D-Leu5-enkephalin is not suffi-
ciently specific for the 6-receptor to avoid cross-
reactivity with the ji-receptor in higher concen-
trations. For this reason, the estimate of binding ca-
pacity of 6 pmol/g brain may overestimate the
number of 6-receptors.
The finding that the two tritiated D-Ala2-

enkephalin amides have a larger binding capacity
than either dihydromorphine or D-Ala2-D-Leu5-
enkephalin is in good agreement with the earlier find-
ings (Lord et al., 1976; 1977; Kosterlitz et al., 1978;
Kosterlitz et al., 1980), namely that amidation makes
enkephalins more morphine-like. D-Ala2-L-Leu5-

Table 4 Comparison of the inhibitory effects (K,, nM) of dihydromorphine, morphine, normorphine and D-Ala2-D-
Leu5-enkephalin on the binding of [3H]-dihydromorphine (0.55 nM) and [3H]-D-Ala2-D-Leu5-enkephalin (1.8 nM)

Unlabelled compounds [3H]-dihydromorphine (DHM)
K,
(nM)

[3H]-D-Ala2-D-Leu'-
enkephalin

K,
(nM)

Discrimination ratio
(D-Ala2-D-Leu5/DHM)

Dihydromorphine
Morphine
Normorphine
D-Ala2-D-Leu5-enkephalin

The values are the means + s.e. mean; the number of observations is given in parentheses.

1.4 + 0.08 (3)
2.8 + 0.62 (3)
5.0 + 0.44 (3)

16.8 + 3.8 (5)

40 + 5.4 (4)
90 + 17(3)
360 + 26 (3)
1.8 + 0.3 (10)

29
32
72
0.11
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enkephalin amide is a good inhibitor of binding of
tritiated ligands to either the V- or 6-receptors. It is of
interest to note that the binding capacity of D-Ala2-
enkephalin amides of 13 pmol/g brain appears to be
greater than the sum of the capacities of dihydromor-
phine and D-Ala2-D-Leu5-enkephalin binding.
The capacity of etorphine binding, which has been

known to be large (Simon, Hiller & Edelman, 1973;
Simon, Hiller, Groth & Edelman, 1975), is of the same
order as that of the D-Ala2-enkephalin amides. At the
same time, unlabelled etorphine is equipotent in inhi-
biting the four tritiated ligands. In view of the high
binding capacities of the D-Ala2-enkephalin amides
and particularly of etorphine, it is tempting to specu-
late whether or not there are opiate receptors with a
different pattern of binding. A good candidate would
be the K-receptor demonstrated in neurophysiological
investigations (Martin, Eades, Thompson, Huppler &
Gilbert, 1976; Gilbert & Martin, 1976) and in vitro
preparations (Hutchinson, Kosterlitz, Leslie, Water-
field & Terenius, 1975).

While the investigations presented in this paper
were in progress, results were published which were
obtained independently and which confirmed the con-
cept of multiple receptors for opioid peptides and
alkaloid opiates (Chang & Cuatrecasas, 1979). These
authors used [l25l]-DAla2-DLeu5-enkephalin in-
stead of the tritiated compound used by us. The
iodonated compound has the advantage that much
lower concentrations can be used and the disadvan-
tage that the iodonation causes a significant increase
in molecular weight and may also lead to a change in
the hydrophobic balance of the molecule. In fact,
mono-iodonated D-Ala2-D-Leu5-enkephalin has only
30% of the potency of the parent compound in the
guinea-pig ileum and 13% in the mouse vas deferens
as shown by Miller, Chang, Leighton & Cuatrecasas
(1978). Chang & Cuatrecasas (1979) found ratios of
the K1 values against [125I]-D-Ala2-E-Leu5-enkeph-
alin to those against [3H]-dihydromorphine of 96 for
morphine, 26 for naloxone and 0.24 for D-Ala2-L-
Leu5-enkephalin. These values are in fair agreement
with our ratios of the K1 values against [3H]-D-Ala2-
D-Leu5-enkephalin to those against [3H]-dihydro-
morphine of 32, 10 and 0.11 for morphine, naloxone
and D-Ala2-D-Leu5-enkephalin, or 66, 21 and 0.22 if
the KD (0.3 nM) for the high affinity binding was used
instead of its median KD (1.7 nM). As far as the num-
ber of binding sites is concerned, Chang & Cuatre-
casas (1979) found that the binding capacity of [3H]-
dihydromorphine was about twice that of [1251]-D-
Ala2--Leu5-enkephalin whereas-in the present paper
the number of [3H]-D-Ala2-D-Leu5-enkephalin bind-
ing sites is about twice as high as that of [3H]-dihy-
dromorphine. This difference may be due to the use of
the iodonated compound by Chang & Cuatrecasas
(1979). Later, Chang, Cooper, Hazum & Cuatrecasas
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(1979) examined the distribution in the brain of 6- and
p-binding sites with high affinities for [2I5I]-D-Ala2-
D-Leus-enkephalin and [l125]-D-Ala2-MePhe4-Met-
(O-ol5-enkephalin as representatives of enkephalin-
and morphine-like ligands, respectively. Finally, Pert
& Taylor (1979) have recently classified opiate recep-
tors by the differential effects of guanosinetriphos-
phate (GTP) on binding; it is possible that their type
1, which is GTP-sensitive, may be correlated to the
j-receptor, and their type 2, which is GTP-insensitive,
to the 6-receptor. Both Chang et al. (1979) and Pert &
Taylor (1979) have demonstrated regional differences
in the proportions of p or morphine or type 1 recep-
tors and of 6 or enkephalin or type 2 receptors.

Another possible explanation for the findings
presented in this paper and of those of Chang et al.

(1979) and Pert & Taylor (1979) has been suggested
by Simantov, Childers & Snyder (1978) and Childers,
Creese, Snowman & Snyder (1979) who propose that
there are several points of attachment to a single
receptor. It would appear that the final decision will
have to await successful isolation of the receptor; the
weight of the evidence available at present appears to
be in favour of the hypothesis of multiple opiate
receptors.
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