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SUMMARY

The presence of different types of opiate binding sites was investigated with the use of a

computerized, weighted, nonlinear least-squares regression program. The experimental
data were obtained from four groups. Each of three labeled opiate ligands was displaced
using each of the same unlabeled ligands. The resulting nine different ligand combinations
of each group were evaluated by use of a curve-fitting program. The four groups consisted

of the ic ligand ethylketocyclazocine, the a ligand SKF 10047, and the onpavine derivatives
etorphine and diprenorphine, each in conjunction with the 5 opiate receptor ligand (D-

A1a2,D-Leu5)-enkephalin and the �i opiate receptor ligand dihydromorphine. The binding

model which best fitted each of the four groups suggested the existence of three different
binding sites in the rat brain homogenate. Two of these sites conform to the previously
described �L and �5 sites. A third site (R3) displayed high affinity for ethylketocyclazocine,
SKF 10047, etonphine, and diprenonphine but very low affinity for dihydromorphine and
[D-Ala2,D-Leu5]enkephalin. Naloxone, cyclazocine, and dynorphin-(1-13) had high affinity
for R3. Behavioral data support the interpretation that the R3 site may represent a ic site

at which SKF 10047 acts antagonistically.

INTRODUCTION

Multiple classes of opiate receptors have been sug-
gested by both behavioral and radioligand binding stud-
ies. However, the types of opiate receptors suggested by

use of the different techniques are partially discrepant.

At present, three types of opiate receptors are distin-
guished in vivo according to the different behavioral

syndromes produced by the respective prototype agonists
(1-3), i.e., morphine at .t receptors, ethylketocyclazocine

at ic receptors, and SKF 10047 at a receptors. On the
other hand, binding studies have succeeded in identifying
two distinct types of opiate binding sites, termed j� and

o, with morphine and DADL2 as their respective proto-
type ligands (4-7). Various investigations have failed to

establish the presence of putative ic or a sites in the rat

brain (6-10). However, Kosterlitz et al. (11) provided

some evidence for ic binding sites in guinea pig brain.
Previous studies also reported a high affinity of ethylke-
tocyclazocine and SKF 10047 for j� and 8 sites (6, 7, 11-

13). Thus, binding of these ligands to putative ic or a sites
should occur at a binding component additional to �t and
t� sites. A resolution of displacement or binding isotherms
into three components is difficult to achieve by use
of conventional techniques. Computerized, nonlinear,

curve-fitting techniques have proven ofvalue in the study
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of luteinizing hormone-releasing hormone (14) and beta-

adrenergic receptor binding (15). Therefore, in previous
studies (12, 13), a combination of displacement expen-
ments performed with mutual combinations of dihydro-
morphine, DADL, ethyilcetocyclazocine, and SKF 10047
and analysis of the experimental data by computerized,
weighted, least-squares nonlinear regression curve-fitting
techniques as developed by Munson and Rodbard (16)
was used to resolve the various binding components of
ethylketocyclazocine and SKF 10047. This permitted a

distinction ofthree types ofopiate binding sites in various
areas ofrat brain (13). The present study was carried out
to evaluate the application of this technique for the
distinction of multiple opiate binding sites in more detail.
Moreover, the. newly demonstrated binding site, termed
preliminarily R3, is further characterized with regard to
other opiate and opioid ligands.

MATERIALS AND METHODS

Data analysis. Computer resolution of the displace-
ment curves was performed using the “ligand” program
as described by Munson and Rodbard (16). The weighted,
nonlinear, least-squares regression curve-fitting program
constructs models of binding according to the law of mass
action for an interaction of multiple ligands with multiple

binding sites. The computerized algorithm aims at reduc-
ing the deviation of the model of binding from the exper-
imental data, with the experimental points being
weighted according to the reciprocal of the predicted
variance. The program permits simultaneous analysis of
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multiple displacement curves obtained with various corn-
binations of labeled and unlabeled ligands and provides
parameter estimates (± approximate standard error) for
the binding affinities and capacities of the ligands. The
standard error values indicated in the tables were calcu-
lated as proposed by Munson and Rodbard (14) from the

approximate values. Nonspecific binding was treated as
a fitted parameter. Binding models assuming three sites,
two sites, or one site can be tested and compared statis-

tically by an F-test incorporated in the program. A fit of
the data assuming two or three binding sites was accepted
as appropriate only if the fit was significantly improved
over the fit assuming one site less. The level of signifi-
cance chosen was p < 0.01.

For binding assays, rat brain homogenate obtained
from whole brain minus cerebellum was washed three
times in 5 mM Tris buffer (pH 7.4) and sedimented at
40,000 x g for 20 mm between the washes. After dilution
(1:100) in Tris-Knebs-Ringer buffer [composition (mill-
molar), NaC1, 118; CaCl2, 2.54; MgSO4, 1.2; KC1, 4.75;
Tris, 50 (pH 7.4)], 2-mi portions were incubated at 28#{176}

for 35 mm with 12-17 concentrations of the unlabeled
displacer and 0.1-1 nM labeled ligand. Bound ligand was
separated from free ligand by filtration over GFC glass-
fiber discs (Whatman). Specific binding, determined by
subtraction of binding in the presence of 10 .LM unlabeled
ligand from the total radioactivity retained on the filters,
varied between 70% and 93%.

Materials. [3H]dihydromorphine (73.2 Ci/mmole),

[3H]diprenonphine (9.1 Ci/mmole), [3H]etonphine (34 Ci!
mmole), and [3H]DADL (42 Ci/mmole) were purchased

from Amersham Buchler (Braunschweig, Germany), and
[3H]ethylketocyclazocine (15 Ci/mmole) and [3H]SKF
10047 (44 Ci/mmole) were obtained from New England

Nuclear Corporation (Dreieich, Germany). Unlabeled
substances were obtained as follows: ethylketocyclazo-
cine methanesulfonate (generously supplied by Sterling-
Winthrop Research Institute, Rensselaer, N. Y.), SKF
10047 or N-allyl-normetazocine (Addiction Research
Center, Lexington, Ky.), DADL and dynorphin-1-13
(Bachem AG, Bubendorf, Switzerland), naloxone (Endo
Laboratories, Garden City, N. Y.), etorphine (Reckitt
and Colman, Hull, England), sufentanyl (Janssen Phar-
maceutica, Beerse, Belgium), and dihydrornorphine
(Merck, Darmstadt, Germany). All labeled ligands were
purified by reverse-phase high-pressure liquid chrorna-
tography if necessary, which was usually the case for [3H]

dihydrornorphine, [�H]ethylketocyclazocine, [3H]DADL,
and [3H]etorphine.

RESULTS

The interaction of ethylketocyclazocine, SKF 10047,
dihydromorphine, and DADL with opiate binding sites
was investigated by measuring the binding of each of the
ligands to rat brain membrane preparations by means of
homologous and heterologous displacement experiments.

Parameter estimates of binding capacities and of equiib-
rium dissociation constants for the four opiate ligands
were derived by use of the curve-fitting program. Ini-
tially, curves obtained from displacement experiments

performed with two ligands were analyzed simultane-
ously (i.e., the two homologous and two heterologous
displacement curves of each of the combinations) (Table
1). This type of analysis is termed “two-ligand fit.”

Dihydromorphine displaced [3H]dihydnomorphine

with a steep slope (Fig. 1). Computer estimates indicated
an affinity of 2.2 ± 0.3 ni�i (Kd) and a capacity of 4.75 ±
0.3 pmoles/g of tissue. Dihydromorphine displaced [3H]

TABLE 1

Parameter estimates of binding capacity and Kd for ethylketocyclazocine, SKF 10047, dihydromorphine, and DADL (two-ligand fits)

Results were obtained by simultaneous computerized curve fitting of the experimental data, obtained by displacement experiments performed

with two ligands in the four possible combinations of labeled ligand and unlabeled displacer, i.e., 3H-A versus A, 3H-A versus B, 3H-B versus A,

and 3H-B versus B. Two to four independent experiments were performed with each of the combinations. Eight to twelve curves were analyzed

simultaneously. The standard errors were estimated by the program and include the among-experiment variations. The statistical values, as

compared with binding models assuming one site less, were as follows: A, DF = 112, F = 252, p < 0.01; B, DF = 84, F = 26.8, p < 0.01; C, DF =

85, F = 34, p < 0.01; D, DF = 94, F = 61.5, p < 0.01; E, DF = 76, F = 31, p < 0.01.

Ligand combination Binding capacity Apparent dissociation constant (Kr,)

Dihydromorphine DADL SKF 10047 Ethylketocycla-
zocine

pmoles/g tissue flM flM flM flM

A. DADL and dihydromorphine 6.3 ± 0.6 2.6 ± 0.3 3.6 ± 0.3

4.6 ± L6 311 ± 47 2.2 ± 0.9

B. Ethylketocyclazocine and di- 46 ± 0.7 2.7 ± 0.5 1.6 ± 0.2

hydromorphine 10.4 ± 3.7 1,490 ± 814 9.9 ± 4.3

C. SKF 10047 and dihydromor- 6.8 ± 1.1 2.4 ± 0.5 2.6 ± 0.5

phine 14 ± 7.0 345 ± 105 13 ± 6.9

D. SKF 10047 and DADL 7.0 ± 1.3 4.0 ± 0.7 4.8 ± 0.9

3.9 ± 2.7 2.5 ± 1.9 40.8 ± 13

2.7 ± 0.5 1,280 ± 520 4.8 ± 1.0

E. Ethylketocyclazocine and 9 ± 1.1 4.2 ± 0.7 3.7 ± 0.4

DADL 3.7 ± 2.7 9,640 ± 5,030 4.6 ± 6.2
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FIG. 3. Displacement oflabeled SKF RXM7 by DADL, dihydromor-
phine, ethylketocyclazocine, and SKF 10047

DADL, [3H]ethylketocyclazocine, and [3H]SKF 10047
with shallow slopes (Figs 1, 2, and 3), and there was 95-
100% displacement at 10 /LM. In order to fit these curves

satisfactorily, the assumption of two binding components
with which dihydromorphine interacted with approxi-
mately 100-fold differences in Kd values was required. In

the two-ligand fit of dihydromorphine with DADL, the
Kd value of DADL to the high-affinity component of
dihydromorphine binding appeared to be slightly lower

than that of dihydromorphine (Table 1). The apparent

Kd value of DADL for the second site was about 2 n�i,
whereas the Kd value of dihydromorphine was more than
100-fold greater. These two sites conform well to the
established �.t and 6 sites (4-7); therefore the term /i site

is used subsequently for the binding component which is

labeled by dihydromorphine with a Li value in the
nanomolar range, and the term iS site is used to indicate
the binding component labeled by DADL with a Kd value
in the nanomolar range whereas dihydromorphine dis-

plays a low apparent affinity to this site. Both ethylke-

tocyclazocine and SKF 10047 interacted with the �i site

with apparent nanomolar Kd values (Table 1). The low-

affinity component of dihydromorphine binding that was
apparent when deriving parameter estimates from the
two-ligand fits obtained with combinations of either SKF
10047 or ethylketocyclazocine together with dihydromor-
phine was of greater capacity than the #{244}site described
above. Ethylketocyclazocine and SKF 10047 had appar-
ent Kd values of about 10 flM for this component. Dis-
placement of [3H]SKF 10047 by the jz agonist sufentanyl
(17) permitted a distinction of two binding components
displaying high and low affinities for sufentanyl, as was
also observed before using dihydromorphine (Tables 1
and 3; Figs. 2 and 5).

DADL displaced [3H]dihydromorphine and [�H]

DADL with steep slopes (Fig. 1). The shapes of displace-
ment isotherms of DADL against [3lljethylketocyclazo-

cine or [3H]SKF 10047 were markedly different. Most of

Bit

FIG. 1. Displacement curve of unlabeled DADL against [3HJ

DADL (#{149})and [‘H]dihydromorphine (0) and of unlabeled dihydro-

morphine against [:3H]dihydromo�hine (�) and [3H]DADL (0)

The fraction of 3H label retained on �he filters after subtraction of

nonspecific binding is plotted on the ordinate. The abscissa shows the

total ligand concentration. The line was obtained from the weighted,

least-squares, nonlinear regression program. The data shown are from

one representative experiment which was replicated three times.

FIG. 2. Displacement curves oflabeled ethylketocyclazocine by Un-

labeled DADL, dihydromorphine, SKF 10047, and ethylketocyclazo-

cine

The solid lines for ethylketocyclazocine and SKF 10047 correspond

to the data in Table 3, whereas the interrupted line indicates the fit of

a one-site model. The other curves correspond to the data in Table 1.

For further explanations see legend to Fig. 1.

the radiolabeled ligand was displaced at low concentra-

tions of DADL with a steep slope which then flattened
at higher concentrations of the displacer (Figs. 2 and 3).
At 10 /.LM, displacement was 85-95% complete. The two-

ligand fit obtained with DADL and SKF 10047 was best
represented by a model assuming three binding sites.
This resulted from the fact that SKF 10047 displayed
approximately 10-fold differences in Kd values to two
apparent binding sites of DADL high-affinity binding,
whereas DADL displayed more than 100-fold differences
in affinity for the binding sites labeled by SKF 10047
(Table 1). Although the experimental data obtained with

ethylketocyclazocine and DADL fitted a three-site model
significantly better (DF = 73, F = 5.3, p < 0.01), this

assumption resulted in large standard errors. The two-
site fit was therefore preferred (Table 1), suggesting a

large high-affinity site of both ligands and a second site

of about 3-4 pmoles/g of tissue for which ethylketocy-
clazocine displayed high affinity whereas DADL dis-
played low affinity. Figure 4 shows a comparison of
displacement curves of DADL and dihydromorphine
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a Ethylketocyclazocine and SKF 10047 displayed low affinity to this site, which differs from R3 in Table 2.

FIG. 4. Comparison of fits assuming one binding site (inter-

rupted line) or two binding sites for DADL and dihydromorphine

against labeled ethylketocyclazocine

The one-site binding models for DADL and dihydromorphine were

significantly worse-fitted than the two-site model8 The parameter
estimates shown in Table 1 correspond to the solid lines.

against [3H]ethylketocyclazocine assuming either one
(- - -) or two binding components. This comparison
clearly shows the better fit of a two-site model.

In order to obtain a better resolution of the binding
components, data obtained using combinations of either
ethylketocyclazocine or SKF 10047 together with DADL
and dihydromorphine were simultaneously evaluated by
the curve-fitting program. Thus, curves obtained using
nine different ligand combinations of the three ligands
were simultaneously modeled. This approach permitted

a resolution into three different binding components. One
site was labeled with nanomolar apparent Kd values by
all ligands (R1 in Table 2). A second component displayed
high affinity for DADL, intermediate affinity for ethyl-

ketocyclazocine and SKF 10047, and low affinity for
dihydromorphine (R2 in Table 2). The third component
was labeled with relatively high affinity by ethylketocy-

clazocine and SKF 10047, whereas dihydromorphine and
DADL displayed very low affinity. Binding affinities of
the oripavine derivative etorphine, which was shown to
displace completely [3Hjethylketocyclazocine with high

TABLE 2

Parameter estimates of binding capacity and Kd for

ethylketocyclazocine, SKF 10047, dihydromorphine, DADL,

diprenorphine, and etorphine (three-ligand fits)

Results were obtained by simultaneous evaluation of the data ob-
tained using three different labeled and unlabeled ligands indicated in

A-D, i.e., nine different ligand combinations were evaluated together.

The experimental data regarding combinations of dihydromorphine

and DADL were identical in A-D. A three-site model of binding

represented the experimental data of A-D significantly better (p <

0.01), with DF between 180 and 310 and the following F values: A =

15.3, B = 29, C = 22.2, and D = 30.8.

Site Binding

capacity
lCd

Dihydro-
morphine

DADL Ethylketocy-
clazocine

pmoles/g tissue na� iw nss

A. R 4.1 ± 0.6 2 ± 0.5 3.9 ± 0.8 1.1 ± 0.2

R2 3.4 ± 1.6 233 ± 72 3.3 ± 1.6 12 ± 3.6

R3

B. R

3.4 ± 2

5.6 ± 0.5

760 i 540 1,450 ± 1,230 3.1 ± 1.8

Dihydro-
morphine

DADL SKF 10047

2.5 ± 0.31 3.8 ± 0.4 3.1 ± 0.3

R2 5.0 ± 1.4 253 ± 47 3.1 ± 0.8 29 ± 3.7

R3

C. R

6.5±.0

4.5 ± 0.7

521±134 945±339 13±6.1

Dihydro-
morphine

DADL Diprenorphine

2 ± 0.25 3.3 ± 0.4 0.26 ± 0.03

R2 3.5 ± 0.8 301 ± 44 2.8 ± 0.7 0.26 ± 0.03

R3

D. R

6.0 ± 1.8

4.3 ± 0.6

288 ± 54 549 ± 260 0.26 ± 0.03

Dihydro-
morphine

DADL Etorphine

1.6 ± 0.26 3.3 ± 0.41 0.11 ± 0.024

R2 3.9 ± 1.4 274 ± 42 2.8 ± 0.8 1.0 ± 0.7

R3 5.5 ± 1.6 204 ± 92 685 ± 292 0.66 ± 0.4

affinity (11), and of the oripavine opiate antagonist di-
prenorphine were analyzed in a similar fashion. This also
permitted the differentiation of three distinct binding
sites, the capacities and affinities of which are in agree-
ment with the data reported above (Table 2).

To establish that ethylketocyclazocine and SKF 10047
bind to the same sites, SKF 10047 was added in compe-
tition for [3H]ethylketocyclazocine and ethylketocyclazo-

TABLE 3

Parameter estimates of binding capacity and Kd for naloxone and sufentanyl

Results were obtained by simultaneous analysis of data obtained by displacement of [3H]ethylketocyclazocine, [3H]SKF 10047, and

[3H]dihydromorphine by naloxone together with data obtained by displacement of the labeled ligands by the homologous displacer and of

[3H]ethylketocyclazocine and ]3H]SKF 10047 by dihydromorphine. The three-site model (A) was better fitted (DF = 182, F - l4.9,p < 0.01) than

a two-site model. In B, results were obtained by displacement of [3H]SKF 10047 by sufentanyl (DF = 103, F = 34.5, p < 0.01, better than a fit

assuming one binding site).

Site Binding capacity

SKF 10047 Ethylketocyclazocine Dihydromorphine Naloxone

pmoles/g tissue na� n�e nse niw

A. R 5.7 ± 1.4 3.3 ± 0.4 1.66 ± 0.3 1.8 ± 0.2 1.6 ± 0.1

112 11 ± 1.9 12.4 ± 2.6 6.2 ± 3.5 179 ± 30 7.2 ± 0.95

RL� 125 ± 58 1,770 ± 1,230 190 ± 87 >100,000 12,400 ± 6,350

SKF 10047 Sufentanyl

B. R, 5.15 ± 1.25 3.5 ± 0.74 0.6 ± 0.09

R2 14.7 ± 5.8 30 ± 14 712 ± 267
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Bit

FIG. 5. Displacement of labeled dihydromorphine and SKF 10047

by sufentanyl

The curves shown correspond to the parameters indicated in Table

3-

cine in competition for [3H]SKF 10047. These experi-
ments were fitted satisfactorily by assuming one binding

site of approximately 15 ± 2 pmoles for which ethylke-
tocyclazocine had an affinity of 3 ± 0.3 nM and SKF
10047 an affinity of 8.6 ± 0.9 ni�i (Kd). However, a
significantly better fit was obtained by assuming an ad-
ditional low-affinity, high-capacity site to which ethyl-
ketocyclazocine and SKF 10047 displayed affinities of
less than 100 nM (Kd) (DF 104, F = 11, p < 0.01). This
site relied on points in the lower concentration range of
the displacer (Fig. 2: , the two-site model; - - -, the
one-site model) and could not be determined accurately.

The binding of naloxone was assessed using displacement
of [3H]ethylketocyclazocine, [3H]SKF 10047, and [3H]
dihydromorphine. Curve fitting of these data indicated
three apparent binding components, one with high affin-

ity for naloxone, which was also labeled with high affinity
by dihydromorphine, and a second site to which naloxone
displayed approximately a 10-fold greater Kd value. An
additional binding component was labeled by ethylketo-
cyclazocine and SKF 10047 with affinities of approxi-
rnately 0.2 and 1.7 �LM (Kd) and by naloxone with an

affinity of 12 �LM (Kd); dihydromorphine did not bind to
this component (Table 3). In contrast to naloxone, cy-
clazocine displaced the total binding of [3H]ethylketocy-
clazocine with an affinity of 1.25 ± 0.5 n�i (Kd).

Interestingly, the 1-13 fragment of dynorphin (18) was
also a potent displacer of [3H]ethylketocyclazocine bind-
ing. In order to evaluate the interaction of dynorphin-(1-
13) with opiate binding sites, displacement experiments
against [3H]ethylketocyclazocine, [3H]dihydromorphine,
and [3H]DADL were performed. Since specific inhibitors
of dynorphin-degrading enzymes are presently not estab-
lished, the experiments were performed at 28#{176}for 30 mm
in the absence of protease inhibitors. Computer fitting of

these data (six curves), assuming the binding parameters
for ethylketocyclazocine, dihydromorphine, and DADL
as established above (Table 2), suggested that dynorphin-
(1-13) had affinities of 6.5 ± 0.6 ni�i (Kd) for the j� site, 60
± 10 nM for the 6 site, and 1.4 ± 1.1 nM for R3.

DISCUSSION

Computerized analysis of binding data obtained by
heterologous displacement experiments of the �t and 6

ligands dihydromorphine and DADL in combination
with ethylketocyclazocine, SKF 10047, etorphine, or di-

prenorphine enabled a differentiation of three apparent
opiate binding sites. Two of these correspond to the

established �t and 6 sites characterized by a high-affinity
interaction with dihydromorphine and DADL, respec-
tively (4-7). A third site (R3) interacted with apparent
nanomolar Kd values with ethylketocyclazocine, SKF
10047, etorphine, and diprenorphine, whereas dihydro-
morphine and DADL had affinities of approximately 0.3
and 0.8 /LM (Kd). Evidence for R3 was acquired by “sub-
stracting” /.L and 6 binding sites from the total binding
capacity of ethylketocyclazocine, SKF 10047, etorphine,
or diprenorphine by using computerized modeling tech-
niques of displacement curves. Quantitative estimates of

binding parameters, derived from mutual displacement
experiments performed with two ligands (Table 1), mdi-
cated that the high-affinity component of the displace-

ment curve of DADL against ethylketocyclazocine and
SKF 10047 was of higher capacity than the high affinity
component of the respective curves performed using di-
hydromorphine. Conversely, the low-affinity component,

apparent when displacing ethylketocyclazocine and SKF
10047 using dihydromorphine, had about twice the Ca-

pacity of the low-affinity component apparent with
DADL against ethylketocyclazocine and SKF 10047.
This finding confirms that binding capacities and affini-
ties as assessed with two ligands are compatible with the
three-site model of opiate binding. A good resolution into
three distinct components was achieved only by simul-
taneous evaluation of the � and 6 ligands together with
one of the higher-capacity ligands, i.e., ethyilcetocyclazo-
cine, SKF 10047, etorphine, or diprenorphine. Remarka-
bly, both ethylketocyclazocine and SKF 10047 displayed
highest affinity to the �t site, identified by a high affinity
for dihydromorphine, but approximately 3-fold greater
Kd values for R3 and approximately 10-fold greater Kd

values for the 6 site identified by a high affinity for
DADL and a low affinity for dihydromorphine. In con-
trast, the oripavine opiate antagonist diprenorphine dis-
played about equal affinities to all types of opiate binding
sites.

Ethylketocyclazocine and SKF 10047 displaced each
other completely, suggesting an interaction with identical
sites. Moreover, naloxone also displaced ethylketocy-
clazocine and SKF 10047 binding almost completely at
concentrations of less than 100 riM, suggesting an inter-

action with all three opiate binding sites. In agreement
with results of Lord et al. (4), naloxone displayed higher
affinity for the ;.t site than for the 6 site and also for R3

(summarized as R2 in Table 3A). Experiments performed
with ethylketocyclazocine, SKF 10047, and naloxone

were evidential of an additional low-affinity binding corn-
ponent of ethylketocyclazocine and SKF 10047, for which
naloxone displayed extremely low affinity and dihydro-

morphine displayed negligible affinity (termed RL in
Table 3 to avoid confusion with R3). It may therefore not
represent an opiate binding site. Unfortunately, this com-

ponent could not be determined accurately, and requires
demonstration using a more selective or higher-affinity
ligand. Speculatively, this binding component could cor-
respond to the low-affinity binding of ethylketocyclazo-
cine and SKF 10047 to a phencycidine site, as proposed
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by Zukin and Zukin (19). Very recently, Kosterlitz et al.

(20) and Chang et al. (21) provided evidence for binding
sites in brain displaying a high affinity for ethylketocy-
clazocine and other benzomorphans but very low affinity
for dihydromorphine and DADL. These sites, termed ic

by Kosterlitz et al. (20) and benzomorphan by Chang et

al. (21), appear to correspond to R3 indicated by this

study. The IC sites demonstrated in guinea pig brain
appear to display approximately 5-fold higher affinity for
benzomorphans (20) than the respective sites in rat brain
(12, 13, 21), and may moreover represent a more impor-
tant fraction of the total opiate-binding capacity present.

Although three distinct opiate binding sites may be
differentiated by binding experiments, it is difficult to
reconcile these data with results obtained in vivo. A
surprising finding of this study was that both ethylketo-
cyclazocine and SKF 10047, the prototype ligands at ic

and a receptors, respectively (1), labeled R3 with high

affinity. Behavioral effects of ethylketocyclazocine and
SKF 10047 differ greatly (1, 2, 3, 22). In most studies
performed with rats, the agonistic-like actions of SKF
10047 were poorly naloxone-antagonizable (2, 3, 22), sug-
gesting that they are not mediated by opiate receptors.
In contrast, ethylketocyclazocine elicits naloxone-revers-
ible effects in rodents which appear not to be mediated
by ic receptors (17, 22, 23). Analgesia (3) and narcotic
drug discrimination studies (24, 25) indicate that SKF
10047 is an antagonist of ethylketocyclazocine in rats. R3
thus may correspond to a ic receptor site at which SKF
10047 is an antagonist, in addition to its established

antagonistic effects at �z receptors (1). However, it re-
mains to be explained why ethylketocyclazocine has no
agonistic or antagonistic actions at �t receptors, despite

its high affinity for this binding site. Most of the studies

suggesting that ethylketocyclazocine displays no activity
at �t receptors were performed using morphine-dependent

animals (1, 17, 23), whereas one study indicated that
ethylketocyclazocine elicits analgesia at high-affinity
morphine sites (26). Thus it is presently not clear whether
or not ethyilcetocyclazocine is an agonist at �i receptors

in nondependent animals. Other effects of ethylketocy-
clazocine appear to be mediated by a distinct class of
receptor sites (1, 2, 17, 22, 24, 25) which could correspond
to the R3 site demonstrated in this study.

With regard to a possible endogenous ligand at R3,
dynorphin was shown to display a high affinity for this

site. Since degradation of dynorphin-(1-13) probably oc-
curred under the experimental conditions used, these
preliminary values in each case may be lower than the
actual ones. The possibility that degradation products of
dynorphin-(1-13) could possess a significant affinity for
B3 cannot be completely excluded. However, this agrees
well with the high affinity of dynorphin-(1-13) for ic sites

in the guinea pig ileum (17) and may indicate some
similarity with the central nervous system R3 site. It
should be noted that fi endorphin sites which display
high affinity for cyclazocine and diprenorphine but low
affinity for various � and 6 ligands have been demon-
strated by Law et al. (27). Thus, a characterization of R3
with regard to $ endorphin appears desirable.
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