v

www.elsevier.nl /locate /g phar

ELSEVIER European Journal of Pharmacology 383 (1999) 209—214

w-Opioid receptor specific antagonist cyprodime: characterization by in
vitro radioligand and [**S]GTP+yS binding assays

Arpad Marki °, Krisztina Monory 2, Ferenc Otvis 2, Géza Toth 2, Roland Krassnig ©,
Helmut Schmidhammer €, John R. Traynor 1, Bernard P. Roques ©, Rafael Maldonado ©*,
AnnaBorsodi 2°

# Ingtitute of Biochemistry and | sotope Laboratory, Biological Research Center of the Hungarian Academy of Sciences, H-6701 Szeged, POB 521,
Hungary
b Department of Pharmacodynamics, Albert Szent-Gyorgyi Medical University, H-6721 Szeged, EGtods U.6, Hungary
¢ Ingtitute of Pharmaceutical Chemistry, University of Innsbruck, Innrain 52a, A-6020 Innsbruck, Austria
d Department of Chemistry, Loughborough University, Leicestershire, LE11 3TU, UK
¢ Département de Pharmacochimie Moléculaire et Sructurale, INSERM U266, CNRS UMR 8600, UFR des Sciences Pharmaceutiques et Biologiques, 4,
avenue de I’ Observatoire, 75270 Paris Cedex 06, France

Received 13 August 1999; accepted 20 August 1999

Abstract

The use of compounds with high selectivity for each opioid receptor (w, 8 and ) is crucial for understanding the mechanisms of
opioid actions. Until recently non-peptide p.-opioid receptor selective antagonists were not available. However, N-cyclopropylmethyl-
4,14-dimethoxy-morphinan-6-one (cyprodime) has shown a very high selectivity for p-opioid receptor in in vivo bioassays. This
compound also exhibited a higher affinity for p.-opioid receptor than for 8- and k-opioid receptors in binding assays in brain membranes,
although the degree of selectivity was lower than in in vitro bioassays. Cyprodime has recently been radiolabelled with tritium resulting in
high specific radioactivity (36.1 Ci /mmol). We found in in vitro binding experiments that this radioligand bound with high affinity (K
3.8+ 0.18 nM) to membranes of rat brain affording a B, of 87.1 4+ 4.83 fmol /mg. Competition studies using ., & and « tritiated
specific ligands confirmed the selective labelling of cyprodime to a p.-opioid receptor population. The p.-opioid receptor selective agonist
[D-Ala2, N-MePhe*,Gly °-olJenkephalin (DAMGO) was readily displaced by cyprodime (K; valuesin the low nanomolar range) while the
competition for 8- ([p-Pen?,p-Pen’lenkephalin (DPDPE)) and k- (5a,7a,88-( —)-N-methyl-N-[7-(1-pyrrolidinyl)-1-oxaspiro(4,5)dec-8-
yl]-benzene-acetamide (U69,593)) opioid receptor selective compounds was several orders of magnitude less. We also found that
cyprodime inhibits morphine-stimulated [SSS]GTPyS binding. The ECy, value of morphine increased about 500-fold in the presence of 10
M cyprodime. These findings clearly indicate that cyprodime is a useful selective antagonist for p.-opioid receptor characterization.
© 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction tion with opioid receptors in the central nervous system.
Opioid receptors are known to be a heterogeneous popula-

Opioid drugs and opioid peptides produce their phar- tion consisting of at least three major types (., 8 and k)
macological effects, including antinociception, by interac- which exhibit different ligand selectivity profiles (Borsodi

and Toth, 1995). Most endogenous opioids and synthetic
ligands do not possess absolute specificity for a given
receptor type, but interact with more than one opioid
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(Kieffer et a., 1992; Evans et al., 1993), w.-opioid receptor
(Chen et d., 1993) and «-opioid receptor (Reisine and
Bell, 1993) are known. The further development of highly
selective ligands remains a challenge for better characteri-
zation for each receptor type and possible subtypes.

Opioid receptor antagonists have been indispensable
pharmacological tools for identifying receptor types in-
volved in the actions of endogenous and synthetic opioid
receptor agonists. Antagonists are especially useful when
the pharmacological endpoints are identical (e.g., antinoci-
ception or the inhibition of a smooth muscle contractions),
and when it is not easy to distinguish among -, 8- and
k-opioid receptor mediated effects. Matthes et al. have
recently reported that the p.-opioid receptor gene product is
the molecular target of morphine in vivo and that it is a
mandatory component for the main pharmacologica re-
sponses of this opioid (Matthes et al., 1996).

It is known that opioid receptors exert their biological
functions by interacting with GTP binding proteins. G, /G,
proteins to which the opioid receptors are coupled regulate
effector molecules such as adenylyl cyclase and/or ion
channels (Standifer and Pasternak, 1997). Signal transduc-
tion can be monitored in membrane preparations by mea-
suring the binding of the non-hydrolysable GTP analogue,
guanosine-5-0-(y-thio)triphosphate (GTPyS) as a func-
tion of the amount of a given ligand (Traynor and Na
horski, 1995).

Cyprodime (N-cyclopropylmethyl-4,14-dimethoxy-
morphinan-6-one) has been shown to be a selective -
opioid receptor antagonist by using guinea pig ileal longi-
tudinal muscle preparations, rat and mouse vas deferentia
and acetic-acid writhing tests (Schmidhammer et al., 1989).

In the present study, we have further defined the in
vitro ligand-binding profile of cyprodime and described
the biochemical characterization of its tritiated derivative,
[3H]cyprodime. We have adso evaluated the functiona
effectiveness of cyprodime to ater [**S]JGTPyS binding
and to inhibit morphine-stimulated [*S]GTPyS binding.

2. Materials and methods
2.1. Chemicals

Cyprodime was synthesized as previously reported
(Schmidhammer et al., 1989). p-Phe-Cys-Tyr-b-Arg-Thr-
Pen-Thr-NH, (CTAP) and [p-Ser?, Leu®, Thr®lenkephalin
(DSLET) were a generous gift from the National Institute
of Drug Abuse Drug Supply System (Rockville, MD).
(+)Ethylketocyclazocine methanesulfonate was supplied
by Sterling Winthrop Research Institute (Rennsealeer, New
York). Dihydromorphine, deltorphin Il, Tyr-Tic-Phe-Phe-
OH (TIPP) and lle>®deltorphin Il were synthesized as
previously reported (Toth et a., 1982a; Buzas et d., 1992;
Nevin et al., 1993, 1994, respectively). 5a,7a,83-(—)-
N-Methyl-N-[7- (1-pyrrolidinyl) - 1-oxaspiro(4,5) dec-8-yl] -

benzene-acetamide (U69,593) and trans-3,4-dichloro-N-
methyl-1-N-1-pyrrolidinyl-(cyclohexyl)-benznecetamide
(U50,488) were obtained from Upjohn (Kalamazoo, M1).
[D-Ala2, N-MePhe* Gly 5-olJenkephalin  (DAMGO), was
purchased from Bachem (Switzerland). All other chemicals
were of analytical grade. .

[*H]Cyprodime (31.6 Ci/mmol) (Otvos et a., 1992)
and [*H]naloxone (72 Ci /mmol) (Toth et al., 1982b) were
synthesized in our Isotope Laboratory as previously re-
ported. [°H]U69,593 (43 Ci /mmol) was purchased from
DuPont-New England Nuclear (Boston, MA, USA) and
[*HIDAMGO (59 Ci/mmol) and [*H][p-Pen? p-Pen®len-
kephalin (DPDPE) 32 Ci/mmol) from Amersham
(Buckinghamshire, England).

2.2. Membrane preparation

Rat brain membranes were prepared according to
Pasternak et al. (1975) with a small modification. Rats
(PVG/C and Wistar strain) were decapitated. The brains
without cerebellum were removed and then homogenized
in twenty volumes (w/vol) of ice-cold Tris—HC1 buffer
(50 mM, pH 7.4) and centrifuged (40,000 X g, 4°C, 20
min). The fina pellet was resuspended in buffer (50 mM
Tris—HC1, pH 7.4) and incubated for 30 min a 37°C.
Centrifugation was repeated and the final pellet resus-
pended in buffer (50 mM Tris—-HC1, 0.32 M sucrose, pH
7.4) and stored at —70°C. The guinea pig brain mem-
branes were prepared similarly.

2.3. Radioligand binding assays

Ligand binding experiments were carried out in 50 mM
Tris—=HC1 buffer (pH 7.4) with or without 100 mM NaCl,
inafina volume of 1 ml containing approximately 0.3-0.5
mg protein. Incubations were started by addition of mem-
brane suspension and continued in a shaking water bath
until steady-state was achieved (40—45 min). The reaction
was terminated by rapid filtration on a Brandel M24R cell
harvester through Whatmann GF/B or GF/C filters and
washed with 3 X 5 ml of ice-cold buffer. The filters were
dried and the bound radioactivity was determined in a
toluene based scintillation cocktail in Wallac 1409 liquid
scintillation counter. Total binding was defined as that
measured in the absence of competing agent and non-
specific binding as binding remaining in the presence of 10
wM naloxone.

2.4. [*9 GTPyS binding

For [®*SIGTPyS binding the same membrane prepara-
tion was used. Tubes contained 10 p.g of protein, 30 uM
GDP, 1071 t0 10~° M opioid receptor ligands, and 0.05
nM [®*SIGTPyS, al in 50 mM Tris—HCI buffer containing
1 mM EGTA and 3 mM M(CI, in afinal volume of 1 ml.
Tubes were incubated for 1 h at 30°C. Total activity was
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measured in the absence of tested compounds, and nonspe-
cific binding was measured in the presence of 100 uM
non-labelled GTPyS. The incubation was terminated by
filtrating the samples through Whatman GF /B glass fiber
filters. Filters were washed three times with ice-cold buffer
in a Millipore filtration instrument, then dried. Radioactiv-
ity was measured in a Wallac 1409 scintillation counter
using a toluene based scintillation cocktail. Stimulation is
given as percentage of specific binding. Data were calcu-
lated from three or four separate experiments done in
triplicate.

2.5. Data analysis

All assays were carried out at least three times in
duplicate, and values are given as means+ S.E.M. The
binding capacity (B, ) and K, of [*Hlcyprodime were
calculated according to Rosenthal (1967) using GraphPad
Prism 2.01 computer program. Competition data were
analyzed with the program LIGAND (Munson and Rod-
bard, 1980), using a non-linear least sguares fitting algo-
rithm.

3. Results
3.1. Competition assays

The selectivity of unlabelled cyprodime was tested in
rat brain membranes using highly selective radioligands
for each receptor (., & and k) (Table 1). The p-opioid
receptor selective peptide, [*HIDAMGO, was readily dis-
placed by cyprodime (K; value 54 nM). Cyprodime
showed much less affinity for 8 binding sites, which were
labelled with [*HIDPDPE. More than 40-fold difference
was observed (244.6 for DPDPE vs. 5.4 nM for DAMGO
K; values) when compared with binding to [*HIDAMGO.
Almost a similar low affinity (K, 213.7 nM) was found
when cyprodime competed for the k binding sites labelled
with [*H]U69,593.

Further characteristics of cyprodime in rat brain were
investigated when [*H]naloxone, a general opioid receptor
antagonist, was displaced in the absence and presence of

Table 1

Affinity of cyprodime for opioid receptors labelled with different tritiated
ligands

Rat brain membranes were incubated with [*HIDAMGO for 45 min at
35°C, [*HIDPDPE for 150 min at 25°C and [*H]U69,593 for 30 min at
30°C with 11 concentrations of cyprodime (10~° to 10~ '?). Values
represent means+ S.E.M. from three separate experiments.

Tritiated ligands Specificity K; (nM)
PHIDAMGO R 54+24
.6+ 23.
[*HIDPDPE 8 2446+ 23.1
[*H]U69,593 K 2187+42.3
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Fig. 1. Equilibrium saturation binding isotherm for [*H]cyprodime bind-
ing to rat brain (Wistar strain). Membranes were incubated for 40 min at
25°C. Specific binding was measured at 12 concentrations of radioligand
varying from 0.1 to 20 nM using 10 mM naloxone to define nonspecific
binding. The insert represents the Rosenthal transformation of the equilib-
rium binding isotherm. Prism 2.01 computer program was used to fit
experimental data and the following parameters were calculated: K, 3.8
nM and B, 87.1 fmol /mg protein.

100 nM NaCl. Without the salt, a K; value of 14.95 + 1.01
nM was estimated, which did not change upon addition of
NaCl (K; value 14.70 + 1.92 nM). This result clearly
demonstrates the antagonistic property of cyprodime.

3.2. Binding of [*H] cyprodime

Binding of [*H]cyprodime to rat brain membranes
reached equilibrium at 25°C in 40 min and was stable for
at least 90 min. In the saturation experiments, a single
class of binding site was detected with a K, value of
3.83+ 0.18 nM. The hinding capacity was found to be
87.1 + 4.83 fmol /mg protein in Wistar rats (Fig. 1). The
same affinity (3.84 + 0.12 nM) was observed when an-
other strain (PVG/C) was used. However, it is interesting
to note that the B, value was significantly (p < 0.01)
higher (124 + 13 fmol /mg protein) in this strain.

Specifically bound [*H]cyprodime was displaced readily
from rat brain by cold cyprodime (K; 8.1 nM) and by the
p-opioid receptor agonists dihydromorphine (K; 0.4 nM)
and DAMGO (K; 1.1 nM) (Table 2). The p.-opioid recep-
tor selective somatostatin analogue, CTAP, showed less
affinity (K, 43.8 nM). On the other hand, the mixed opioid
receptor antagonist, naloxone, exhibited high affinity (K
0.9 nM). The weak labelling of 8- and k-opioid receptors
was confirmed by the low affinities of the 3- (deltorphin I
and lle>®deltorphin 11) and k- (norbinaltorphimine and
U50,488) opioid receptor selective ligands. Of the highly
d-opioid receptor specific agonists, deltorphin 11 and
lle>®deltorphin 1l showed very low affinity K; values,
1186 nM and 1900 nM, respectively. The d-opioid recep-
tor specific antagonist TIPP was even less potent (K; 2827
nM). DSLET, the fairly 8-opioid receptor selective ligand
which shows cross reactivity with p.-opioid receptor (Gacel
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Table 2

Displacement of [3H]cyprodi me by opioid ligands in membranes of rat and guinea pig brain
Membranes were incubated with 2 nM [*H]cyprodime for 40 min at 25°C with 11 concentrations (105 to 10~ 2) of each competing ligand. Values

represent mean + S.E.M. from three observations. N.T. means not tested.

Competing ligands K; (nM)

Rat brain (Wistar) Guinea pig brain
Cyprodime w-opioid receptor antagonist 81+18 26.6 + 3.9
Dihydromorphine w-opioid receptor agonist 04+01 6.0+ 23
DAMGO w-opioid receptor agonist 11+23 26+19
CTAP w-opioid receptor antagonist 43.8 4+ 33.0 48.1 + 26.9
Naloxone mixed opioid receptor antagonist 0.9+ 0.03 14+ 05
DSLET 3-opioid receptor agonist 98+24 6.3+37
TIPP d-opioid receptor antagonist 2827 + 1243 7060 + 850
Deltorphin I 3-opioid receptor agonist 1186 + 104 2878 + 1242
11e>8-deltorphin 11 d-opioid receptor agonist 1900 + 98 N.T.
U-50,488 k-opioid receptor agonist 288.1+55 303.7 + 112.8
Norbinaltorphimine k-opioid receptor antagonist 1716 + 57.0 769.8 + 321.8

et al., 1988) competes with relatively high affinity (K, 9.8
nM) for [*H]cyprodime. The affinity of the highly selective
k-opioid receptor agonist U50,488 is much lower (K
288.1 nM) and the k-opioid receptor selective antagonist
norbinaltorphimine showed a comparable low affinity (K;
171.6 nM).

In guinea pig brain, all ligands except DSLET, showed
higher K; values than in rat brain. Cyprodime itself had
about 3 less affinity (K; 26.6 nM), and DAMGO
showed about 2.5 X less affinity (K; 2.6 nM) than in rat
brain. Naloxone still exhibited high affinity (K; 1.4 nM)
whereas dihydromorphine showed a somewhat decreased
affinity (K, 6.0 nM). DSLET exhibited about the same
affinity in guinea pig (K; 6.3 nM) asin rat brain (K, 9.8
nM). The §-opioid receptor selective agonist deltorphin I
showed a K; value in the micromolar range (K; 2878 nM)
while the 8-opioid receptor antagonist peptide TIPP was
even less potent (K; 7060 nM). The «-opioid receptor
specific ligands displayed higher affinities than the 8-opioid
receptor ligands where K; values for U50,488 and
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Fig. 2. Effect of different concentrations of morphine [ A ] and cyprodime
[m] on [®SIGTPyS binding to G proteins in crude rat brain membrane
preparations. Total binding [without any stimulating agent] is 100%. Data
points achieved by the addition of cyprodime do not differ significantly
from the basal line. Assay tubes contained 10 mg of protein, 0.05 nmol
[3SS]GTP«/S| 30 mmol GDP, 1 mM EGTA and 3 mM MgCl, in
Tris—HCI buffer, pH 7.4. Incubation was carried out for 60 min at 30°C.
Experiments were done three times in triplicate. Data are mean+ SE.M.

norbinaltophimine were found to be 303.7 nM and 769.8
nM, respectively.

3.3. [*9 GTPyS binding

We first examined the effects of increasing concentra-
tions of cyprodime on [®S|GTPyS binding. Morphine, a
potent w.-opioid receptor agonist, was used as a reference
compound. The responses in this assay were detected in
the concentration range from 107° to 10~° M (Fig. 2).
Cyprodime caused a slight, but not significant increase of
the amount of bound [*SIGTPyS. Thus, the maximal
stimulation induced by cyprodime was about 110% above
the basal value, while morphine reached a plateau at
155%.

In further experiments, the effects of two different
concentrations of cyprodime were studied (Fig. 3). Mor-
phine was incubated either with buffer (negative control),
1 wM cyprodime, 10 wM cyprodime or 1 .M naloxone
(positive control). When morphine was incubated with
buffer alone an ECg, of 244 nM was detected with 155%
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Fig. 3. Stimulation of [®S|GTPyS binding to crude rat brain membranes
by various concentrations of morphine was tested in the presence of 0
[a], 1 [m] and 10 [O] mM cyprodime or 1 mM [4] naoxone.
Stimulation of [®S]GTPyS (50 pmol) binding to crude rat brain mem-
branes (10 mg/tube). Assays were performed in the presence of 30 mM
GDP for 60 min at 30°C. Points represent means+ S.E.M. from three
separate experiments done in triplicate.
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maximal stimulation, in agreement with the results of the
previous experiment. 1 .wM naloxone abolished the stimu-
lating effects of morphine aimost completely (EC, ~ 100
uM). 1 wM cyprodime had no significant effect on the
morphine dose—response curve when incubated at the lower
concentration (1 pg). However, a higher dose of cyprodime
(10 pg) dramatically reduced the stimulatory responses of
morphine on GTPyS binding. At this concentration of
cyprodime, the dose-response curve of morphine shifted
to the right, revealing a 500-fold increase of the ECg,.

4. Discussion

The present findings with [*H]cyprodime strongly sup-
port previous bioassay data which indicated cyprodime to
be a highly selective p-opioid receptor antagonist
(Schmidhammer et al., 1989). The w/k selectivity ratio in
the guinea pig ileum was found to be 37, while in the
isolated mouse vas deferens preparation it was 28, which
were 2 to 3 X greater values than with naloxone. In the
mouse vas deferens preparation the /8 selectivity ratio
was 15 X greater than with naloxone (Schmidhammer et
al., 1989). In the present radioligand binding assays highly
selective compounds [*HIDAMGO, [*HIDPDPE and
[*H]U69,593 were used in rat brain membranes for la-
belling -, 8- and k-opioid receptors, respectively. Unla
belled cyprodime displaced [P HIDAMGO with high affin-
ity (K; 5.4 nM). The affinity of cyprodime for the 8 and «
sites was more than 40 X less. It is interesting to note that
the same rank order of affinity was seen in guinea pig and
frog brain (data not shown) as in rat. The antagonist
property of cyprodime was shown in binding assays where
[*H]nal oxone was displaced by cyprodime (almost identi-
ca K; values were observed when the experiments were
performed in the presence or absence of 100 nM NaCl).

Cyprodime was labelled with tritium resulting in a
specific radioactivity of 31.6 Ci/mol (Otvds et al.,1992).
The detailed binding properties of this ligand were investi-
gated. The binding was saturable and a single binding site
was detected with high affinity: K, value of 3.8 nM in
two different strains of rats (PVG/C and Wistar). The
maximal number of binding sites were 87 and 124
fmol /mg protein in Wistar and PVG/C strains, respec-
tively. Although cyprodime labels a single population of
receptorsin rat brain, the density is less than that measured
by [’HIDAMGO (B,,,, 222+ 5 fmol /mg) and may indi-
cate that cyprodime is only labelling a subset of .-opioid
receptor, possibly supporting the concept of w-opioid re-
ceptor heterogeneity (Varga et al., 1987).

The selectivity of tritiated cyprodime was tested in rat
and guinea pig brain. Unlabelled cyprodime, the p-opioid
receptor agonists dihydromorphine and DAMGO, as well
as naloxone showed affinities in the low nanomolar range
(K, 0.4-8.1 nM). Somewhat lower potency was detected
with CTAP (K; 43.8 nM) which is a peptide derivative

analogue of somatostatin (Pelton et al., 1986). In guinea
pig brain al of the above unlabelled ligands showed
affinities in the nanomolar range with somewhat higher K;
values (2.6—-26.6 nM). These differences might be related
to the different ratio of - and x-opioid receptors in the
two species (Benyhe et a., 1992). A number of 3-opioid
receptor selective ligands (including DSLET, TIPP, deltor-
phin 1l and Ile5,6 deltorphin 1) were applied to compete
for tritiated cyprodime. Low affinities were observed (K;
values in the micromolar range) when using these com-
pounds in rat as well as guinea pig brain. These findings
confirm the high selectivity of tritiated cyprodime. Low
affinities were also measured using the k-opioid receptor
selective agonist U50,488 (K; 288 and 303 nM) and the
k-opioid receptor selective antagonist norbinaltorphimine
(K; 171 and 769 nM) for representing x-opioid receptor
specific compounds.

The most currently used non-peptide antagonists, nal ox-
one and naltrexone, do not exhibit high selectivity for any
of the opioid receptors. B-funaltrexamine (Takemori et d.,
1986) and CTAP (Pelton et al., 1986) were found to be
p-opioid receptor selective antagonists. However, B-
funaltrexamine is a non-competitive ligand for p-opioid
receptor and CTAP which does not cross the blood—brain
barrier also has high affinity for somatostatin receptors.
Such inconveniences limit the application of these com-
pounds. The basic pharmacological properties of cyprodime
have been previously described (Schmidhammer et al.,
1989). The selective antagonistic properties of this ligand
were shown in the guinea pig ileal longitudinal muscle,
mouse vas deferentia and rat vas deferentia preparations.
High selectivity ratios for cyprodime were shown in these
assays (. /3: 74 in rat vas deferentia and 100 in mouse vas
deferentia; 6 p/k: 28 in mouse vas deferentia and 37 in
guinea pig ileal longitudinal muscle preparation).

When used as a tritiated ligand, cyprodime labels a
population of receptors in rat brain confirmed to be -
opioid receptor by competition assay. The high selectivity
for p-opioid receptor found with [*Hlcyprodime in the
binding study is supported by the high selectivity of cold
cyprodime also reported in rat brain membranes in the
present paper. These results extend the previous findings
(Schmidhammer et al., 1989) suggesting that cyprodime
can be a useful pharmacological tool to characterize the
p-opioid receptor.

Besides in vitro binding experiments, functional assays
were also performed. The effects of cyprodime on agonist
stimulated [*S|GTPyS binding in crude rat brain mem-
brane preparations were studied. These functional experi-
ments confirm the finding that cyprodime is an antagonist
at w-opioid binding sites, since it reversed the stimulatory
effects of morphine in the [®S|GTPyS binding assay at a
concentration of 10 wM. Inhibition could not be detected
at lower concentrations of cyprodime showing a weaker
antagonist property in comparison with naloxone, which is
in agreement with the previous findings in in vivo phar-
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macological assays. Indeed, cyprodime exhibited about
one-tenth the potency of naloxone to antagonise
morphine-induced antinociception in the acetic acid
writhing test in mice, and a similar one-tenth ratio was
obtained to modify respiratory activity parameters in rab-
bits and to precipitate withdrawal syndrome in morphine-
dependent mice (Schmidhammer et al., 1989). Cyprodime
itself produced a negligible and non-significant stimulatory
response on [*S]GTPyS binding, which may reflect a very
small degree of agonist property of the compound. In
binding assays, cyprodime exhibited a lower potency than
naltrexone or naloxone to displace [*H]naloxone in the
presence of NaCl, but the binding properties of cyprodime
were strongly impaired in the absence of NaCl which
suggests a pronounced antagonistic activity in this test
(Schmidhammer et al., 1989).

In conclusion, the present study provides binding com-
petition and functiona results showing the properties of
cyprodime as a selective p.-opioid receptor antagonist and
indicates that [*H]cyprodime is a selective p-opioid recep-
tor radioligand with high affinity that has the potential to
be a useful tool in probing p.-opioid receptor mechanisms.

Acknowledgements

Helpful discussion of Dr. Sandor Benyhe and excellent
technical assistance of Ms. Zsuzsanna Canjavec are greatly
acknowledged. This work was supported by COPERNI-
CUS CIPA CT 94 0226, Hungarian National Committee
for Technica Development No. 94-97-48-0767, PECO
ERB 3530 PL 941123, Biomed || BMH4-95-0510, 0511
and BMH4-98-2267, National Committee for Technica
Development OMFB 96-47-48 /1205, and National Scien-
tific Research Foundation (OTKA: T022104).

References

Benyhe, S., Szucs, M., Borsodi, A., Wollemann, M., 1992. Species
differences in the stereoselectivity of «k-opioid binding sites for
[*H]U-69593 and [*H]ethylketocyclazocine. Life Sci. 51, 1647—1651.

Borsodi, A., 1991. In: Bashaum, Besson (Eds.), Towardsin New Pharma-
cotherapy of Pain. Wiley, pp. 241-257.

Borsodi, A., Toth, G., 1995. Characterization of opioid receptor types and
subtypes with new ligands. Ann. N. Y. Acad. Sci. 757, 339-352.
Buzas, B., Toth, G., Cavagnero, S., Hruby, V.J., Borsodi, A., 1992.
Synthesis and binding characteristics of the highly delta-specific new
tritiated opioid peptide, [3H]de|torphin Il. Life Sci. 50, PL75—PL78.

Chen, Y., Mestek, A., Lin, J., Hurley, JA., Yu, L., 1993. Molecular
cloning and functional expression of a p-opioid receptor from rat
brain. Mol. Pharmacol. 44, 8-12.

Evans, C.J,, Keith, D.E. Jr., Morrison, H., Magendzo, K., Edwards, R.H.,

1993. Cloning of delta opioid receptor by functional expression.
Science 258, 1952—1955.

Gacel, G., Daugg, V., Breuze, P., Delay-Goyet, P., Roques, B.P., 1988.
Development of conformationally constrained linear peptides exhibit-
ing a high affinity and pronounced selectivity for delta receptors. J.
Med. Chem. 31, 1891-1897.

Kieffer, B.L., Befort, K., Gaveriaux-Ruff, C., Hirth, C.G., 1992. The
delta opioid receptor: isolation of a cDNA by expression cloning and
pharmacologica characterization. Proc. Natl. Acad. Sci. U.S.A. 89,
12048-12052.

Matthes, H.W.D., Madonado, R., Simonin, F., Vaverde, O., Slowe, S,,
Kitchen, 1., Befort, K., Dierich, A., Le Meur, M., Dallg, P., Tzavara,
E., Hanoune, J, Roques, B.P., Kieffer, B.L.,, 1996. Loss of
morphine-induced analgesia, reward effect and withdrawal symptoms
in mice lacking the p.-opioid-receptor gene. Nature 383, 819-823.

Munson, P.J., Rodbard, D., 1980. LIGAND: the versatile computerized
approach for characterisation of ligand binding systems. Anal.
Biochem. 107, 220-239.

Nevin, ST., Toth, G., Nguyen, T.M.-D., Schiller, P.W., Borsodi, A.,
1993. Synthesis and binding characteristics of the highly specific,
tritiated delta opioid antagonist [PHITIPP. Life Sci. 53, PL57—PL62.

Nevin, ST., Kabasakal, L., Otvos, F., Toth, G., Borsodi, A., 1994.
Binding characteristic of the highly selective delta antagonist,
[®H]lle>8deltorphin 11. Neuropeptides 26, 261—265.

Otvos, F., Toth, G., Schmidhammer, H., 1992. Tritium labelling of
cyprodime = (—)-17-cyclopropylmethyl-4,14-dimethoxymorphinan-
6-one mu receptor-selective opioid antagonist. Helv. Chem. Acta 75,
1718-1723.

Pasternak, G.W., Wilson, H.A., Synder, SH., 1975. Differential effect of
protein modifying reagents on receptor binding of opiate agonists and
antagonists. Mol. Pharmacol. 11, 340-351.

Pelton, J.T., Kazmierski, W., Gulya, K., Yamamura, H.I., Hruby, V.J,
1986. Design and synthesis of conformationally constrained somato-
statin analogues with high potency and specificity for mu opioid
receptors. J. Med. Chem. 29, 2370-2375.

Reisine, T., Bell, G.I., 1993. Molecular biology of opioid receptors.
Trends Pharmacol. Sci. 16, 506-511.

Rosenthal, H.E., 1967. Graphicad methods for the determination and
presentation of binding parameters in a complex system. Anal.
Biochem. 20, 525-532.

Schmidhammer, H., Burkard, W.P., Eggstein-Aeppli, L., Smith, C.F.C,,
1989. Synthesis and biological evaluation of 14-alkoxymorphinans: 2.
(—)-N-Cyclopropylmethyl-4,14-dimethoxymorphinan-6-one, a selec-
tive opioid receptor antagonist. J. Med. Chem. 32, 418—-421.

Standifer, K.M., Pasternak, G.W., 1997. G proteins and opioid receptor-
mediated signalling. Cell Signal 9, 237-248.

Takemori, A.E., |keda, M., Portoghese, P.S., 1986. The p-, k- and
d-properties of various opioid agonists. Eur. J. Pharmacol. 123,
357-361.

Toth, G., Kramer, M., Szucs, M., Benyhe, S., Sirokman, F., 1982a.
Preparation of [1,7,8-*H1]dihydromorphine of high molar activity and
its application in opiate receptor binding experiments. Radiochem.
Radioanal. Lett. 56, 209-216.

Toth, G., Kramer, M., Sirokman, F., Borsodi, A., Ronai, A., 1982b.
Preparation of [7,8,19,20-*H]naloxone of high specific activity. J.
Labelled Compd. R. 19, 1021-1026.

Traynor, J.R., Nahorski, S.R., 1995. Modulation by p.-opioid agonists of
guanosine-5-0-(3-[® Slthio)trisphosphate binding to membranes from
human neuroblastoma SH-SY5Y Cells. Mol. Pharmacol. 47, 848—854.

Varga, E., Toth, G., Benyhe, S, Hosztafi, S., Borsodi, A., 1987. Synthe-
sis and binding of [*H]oxymorphazone to rat brain membranes. Life
Sci. 40, 1579-1588.



