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Abstract

Ž . Ž .A series of original 2 3H -benzoxazolone and 2 3H -benzothiazolone derivatives were evaluated for their affinity at s and s1 2
w3 xŽ . w3 x Ž .receptor subtypes in competition binding experiments, using H q -pentazocine or H 1,3-di-o-tolyl-guanidine DTG in the presence

Ž . Ž .of 100 nM q -N-allylnormetazocine NANM in guinea-pig brain membranes. Several of these derivatives showed preferential
w Ž . xselectivity for s binding sites. Compound 1 3- 1-piperidinoethyl -6-propylbenzothiazolin-2-one emerged as a potent s receptor1 1

Ž . Ž .ligand K s0.6 nM and displayed a moderate selectivity over the s receptor subtype K for s rK for s s29 . Compounds 2i 2 i 2 i 1
w Ž . x w Ž . x3- 1-piperidinopropyl -6-propanoylbenzothiazolin-2-one and 3 3- 1-piperidinopropyl -6-propanoylbenzoxazolin-2-one still showed
rather high affinities for s binding sites with K values of 2.3 and 8.5 nM, respectively. On the contrary, they had 87- and 58-fold less1 i

affinity at s receptors, respectively. Unlike their potent affinity for s binding sites, these compounds had negligible affinity for m-, d-2

and k-opioid receptors, 5-HT , dopamine D , and muscarinic M receptors. s Receptor ligands may affect neuronal transmission and2 2 2

display, in animal models, antipsychotic, cognitive, motor, neuroprotective and anticonvulsant activity. Therefore, on the basis of these
findings, these novel s receptor ligands were assayed, in mice, in three tests: maximal electroshock, subcutaneous pentylenetetrazol and
rotarod neurotoxicity. Compound 1, administered intraperitoneally, was the most effective against maximal electroshock-induced seizures
and was devoid of significant neurotoxic effects. q 1997 Elsevier Science B.V.

Ž . Ž . w3 xŽ .Keywords: s Receptor; 2 3H -Benzoxazolone; 2 3H -Benzothiazolone; Anticonvulsant; H q -Pentazocine

1. Introduction

s Binding sites were first defined and classified by
Ž .Martin et al. 1976 as being an opioid receptor subtype.

Later on, it was reported that these sites were identical to
Ž . Žphencyclidine PCP receptors Zukin et al., 1984;

.Mendelsohn et al., 1985; Sircar et al., 1986 . However,
further investigations demonstrated that s receptors were

Ž .distinct from opioid Su, 1982; Tam, 1983 and PCP
Žreceptors Largent et al., 1984; Gundlach et al., 1985;

.McLean and Weber, 1988; Walker et al., 1990 . It is now
well established that s receptors are heterogeneous. At
least two distinct s receptor subtypes have been phar-

Žmacologically characterized Hellewell and Bowen, 1990;

) Ž . Ž .Corresponding author. Tel.: 32-2 764-7364; Fax: 32-2 764-7363;
e-mail: ucar@cmfa.ucl.ac.be

.Itzhak and Stein, 1991; Quirion et al., 1992 and desig-
nated s and s . Recently, a purported s receptor1 2 1

subtype has been purified and cloned from the guinea-pig
Ž .liver Hanner et al., 1996 . Its sequence shows significant

similarities with sterol C –C isomerases from fungi. This8 7

enzyme is crucial for the biosynthesis of ergosterol which
is the fungal equivalent of cholesterol.

Ligands displaying preferential affinity for the s re-1
Ž . Ž .ceptor subtype are the q -benzomorphans such as q -

Ž . Ž .pentazocine and q -N-allylnormetazocine NANM
Ž .whereas haloperidol and 1,3-di-o-tolyl-guanidine DTG

Žexhibit high affinity for both receptor subtypes Walker et
.al., 1990; Quirion et al., 1992 . Several authors have

described novel compounds displaying high affinity for the
Žs Chaki et al., 1994; Hudkins et al., 1994; Matsuno et1

. Žal., 1996 or for the s receptor subtype Bowen et al.,2
.1995 . The development of a large variety of compounds

of diverse chemical structures, displaying high affinities

0014-2999r97r$17.00 q 1997 Elsevier Science B.V. All rights reserved.
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and selectivity for s binding sites, has contributed to the
identification of s receptor properties and to the under-
standing of their possible physiological role and of their
involvement in pathological conditions. s Receptors seem

Ž .to be implicated in neuroprotection Contreras et al., 1991
by modulation of N-methyl-D-aspartate receptor complex
Ž .Monnet et al., 1992; Yamamoto et al., 1995 , regulation

Žof movement and postural tone Walker et al., 1988;
.Matsumoto et al., 1990 , modulation of immune functions

Ž . ŽSu et al., 1988 and display antipsychotic activity De-
utsch et al., 1988; Snyder and Largent, 1989; Gilligan et

.al., 1994 . Moreover, dextromethorphan, carbetapentane,
and caramiphen which bind to s receptor subtype with1

Ž .high affinity Walker et al., 1990; Karbon et al., 1991
protected rats against maximal electroshock-induced
seizures, an effect which was potentiated in the presence of
the anticonvulsant drug phenytoin and not associated with

Ž .any cholinergic activity Tortella et al., 1988 . Addition-
ally, it has been reported that phenytoin enhances the

Ž .binding affinity of q -NANM and dextromethorphan for
Ž .the s receptor subtype DeHaven-Hudkins et al., 1993 .1

In this study, we report the synthesis and the binding
profile to s and s receptor subtypes of a series of1 2

Ž . Ž .original 2 3H -benzoxazolone and 2 3H -benzothiazolone
Ž .derivatives. Previously, Dalkara et al. 1988 have de-

scribed the anticonvulsant properties of a series of 3-
ethanone- and 3-ethanol-benzoxazolone derivatives. There-
fore, on the basis of this report, the anticonvulsant activity
of these novel compounds was evaluated by the National
Institutes of Health Antiepileptic Drug Development Pro-
gram. In this paper we report and analyze these data to see
if there is a correlation between s affinity and in vivo1

anticonvulsant activity.

2. Materials and methods

2.1. Animals

Ž .Male Hartley guinea pigs 300–400 g and male
Ž .Sprague–Dawley rats 250–300 g obtained from Charles

Ž .River Calco, Como, Italy were used. Animals were kept
Žin air-conditioned rooms 22"28C and 60"10% relative

.humidity under a constant 12 h light:12 h dark cycle and
received standard diet and tap water. All procedures fol-
lowed the guidelines of the animal care and use committee

Ž .of the University of Bologna Bologna, Italy .

2.2. Drugs

Ž .Haloperidol, DTG, q -N-allylnormetazocine hydro-
Ž . w 2chloride NANM , methisergide maleate, D-Ala , N-Me–

4 5 x Ž . w 2 5 xPhe ,Gly-ol enkephalin DAMGO , D-Ala ,D-Leu en-
Ž . Ž .kephalin DADLE , " -trans-U-50488 methanesulfonate

Ž .U-50488 and naloxone hydrochloride were purchased
Žfrom Research Biochemicals International Natick, MA,

. w3 xŽ . w3 x w3 xUSA . H q -pentazocine, H DTG, H spiroperidol,
w3 x w3 x Ž .H ketanserin and H -N-methylscopolamine NMS were

Ž . w3 xobtained from DuPont NEN Milan, Italy . H dipre-
Ž .norphine was obtained from Amersham Milan, Italy .

2.3. Compounds

Ž . Ž .3- 1-piperidinoethyl -6-propylbenzothiazolin-2-one 1 ,
Ž .3- 1-piperidinopropyl -6-propanoylbenzothiazolin-2-one

Ž . Ž .2 , 3- 1-piperidinopropyl -6-propanoylbenzoxazolin-2-one
Ž . Ž .3 , 3- 1-piperidinoethyl -6-pentanoylbenzoxazolin-2-one
Ž . Ž .4 , 3- 1-piperidinopropyl -6-pentanoylbenzoxazolin-2-

Ž . Ž .one 5 ,3- 1-piperidinoethyl -6-propanoylbenzothiazolin-2-
Ž . Ž .one 6 , 3- 1-piperidinoethyl -6-pentanoylbenzothiazolin-
Ž . Ž .2-one 7 , 3- 1-pyrrolidinoethyl -6-benzoylbenzothiazolin-
Ž . Ž . Ž2-one 8 , 3,6-dipropanoylbenzothiazolin-2-one 9 , 3- 1-

. Ž .piperidinoethyl -6-propanoylbenzoxazolin-2-one 10 , 3-
Ž . Ž .1-morpholinoethyl -6-benzylbenzothiazolin-2-one 11 ,
Ž . Ž .3- 1-piperidinoethyl -6-benzoylbenzothiazolin-2-one 12 ,
Ž .3- dimethylaminoethyl -6-benzoylbenzothiazolin-2-one

Ž . Ž .13 , 3- 1-morpholinoethyl -6-pentylbenzoxazolin-2-one
Ž . Ž .14 , 3- 1-pyrrolidinoethyl -6-benzoylbenzoxazolin-2-one
Ž . Ž .15 , 3- 1-piperidinoethyl -6-benzoylbenzoxazolin-2-one
Ž . Ž .16 , 3- 1-pyrrolidinoethyl -6-pentanoylbenzoxazolin-2-

Ž . Ž .one 17 , 3- dimethylaminoethyl -6-benzoylbenzoxazolin-
Ž . Ž .2-one 18 , 3- 1-pyrrolidinoethyl -6-propanoylben-

Ž . Ž .zothiazolin-2-one 19 , 3- 1-pyrrolidinoethyl -6-propan-
Ž . Ž .oylbenzoxazolin-2-one 20 , 3- dimethylaminoethyl -6-

Ž .pentanoylbenzothiazolin-2-one 21 .
All these compounds were synthesized by standard

procedures. They were characterized for purity by thin
layer chromatography, and elemental microanalysis. Their
structure was ascertained by proton and carbon-13 nuclear
magnetic resonance. Their synthesis, analytical and spec-

Žtroscopic properties will be reported elsewhere Ucar et al.,
.data not shown . Their chemical structures are presented in

Fig. 1.

2.4. s and s receptor binding1 2

Membranes were prepared from guinea-pig brain as
Ž .described by Mach et al. 1995 . Animals were decapi-

tated, the brains rapidly removed and the crude P mem-2

brane fraction was prepared. Tissue homogenisation was
carried out at 48C in 10 mM Tris–HClr0.32 M sucrose
Ž .10 mlrg tissue weight , pH 7.4 using a Potter–Elvehjem
tissue grinder. The homogenates were centrifuged at 1000
=g for 10 min and the supernatant saved on ice. The
pellet was suspended in 2 mlrg tissue weight of ice-cold
10 mM Tris–HClr0.32 M sucrose, pH 7.4. After centri-
fuging at 1000=g for 10 min, the pellet was discarded
and the supernatants were combined and centrifuged at
31 000=g for 15 min. The pellet was then suspended in 3

Ž .mlrg 10 mM Tris–HCl pH 7.4; 48C by vortexing and
the suspension was allowed to incubate at 258C for 15 min.
Following centrifugation at 31 000=g for 15 min, the
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Ž . Ž .Fig. 1. Chemical structure of 2 3H -benzoxazolone and 2 3H -benzo-
thiazolone derivatives.

pellet was resuspended by homogenisation to 1.53 mlrg in
Ž .10 mM Tris–HCl pH 7.4; 48C and aliquots were stored at

y808C until used. The protein concentration of the sus-
Ž .pension was determined Bradford, 1976 .

w3 xŽ .s Binding sites were labelled with H q -penta-1
Ž .zocine 31.6 Cirmmol ; s binding sites were labelled2

w3 x Ž .with H DTG 35 Cirmmol .
Žs Binding assay was performed as described De-1

.Haven-Hudkins et al., 1992 . Briefly, each assay tube
w3 xŽ .contained 500 mg of membrane proteins, 3 nM H q -

Ž .pentazocine, Tris–HCl 50 mM, pH 7.4 378C . Non-
specific binding was determined by 10 mM haloperidol.
The reaction was performed for 150 min at 378C and
terminated by rapid filtration over Whatman GFrB glass

Žfiber filters pre-soaked in a 0.1% polyethyleneimine solu-
. Ž .tion . The value of the apparent dissociation constant Kd
w3 xŽ . Ž .for H q -pentazocine was 4.3"0.8 nM ns3 . Ra-

dioactivity of the filters was measured by liquid scintilla-
tion spectrometry using a Beckman LS 1701 counter after
overnight incubation in scintillation cocktail.

s Binding assay was carried out using the method2
Ž . Ždescribed by Mach et al. 1995 . Membranes 360 mg of

. w3 xmembrane proteins were incubated with 3 nM H DTG
Ž .K s9.9"0.8 nM; ns3 in the presence of 100 nMd
Ž .q -NANM to mask s sites. Incubations were carried1

Ž .out in 50 mM Tris–HCl pH 8.0; 258C for 120 min at
room temperature and assays were terminated by the addi-

Ž .tion of ice-cold 10 mM Tris–HCl pH 8.0 followed by

rapid filtration through Whatman GFrB glass fibers pre-
soaked in a 0.1% polyethyleneimine solution. Non-specific
binding was determined in the presence of 5 mM DTG.

2.5. Binding assay to k-, m- and d-opioid receptors

To evaluate the specific binding to k sites, a crude
membrane fraction from guinea-pig cerebella was prepared

Ž . Žas described Gillan et al., 1980 . Aliquots 800 mgrml of
.membrane proteins were incubated at 258C for 60 min

w3 x Ž .with 5 nM H diprenorphine K s0.55"0.7 nM; ns5d

and various concentrations of test compounds. Binding
Žstudies were performed in the presence of DAMGO 300

. Ž .nM and DADLE 300 nM to eliminate the interaction
with m and d receptors, respectively. Non-specific bind-

Ž .ing was determined by the addition of U50488 1 mM .
Binding to m and d sites was carried out on crude

membrane fraction obtained from the whole rat brain
Žminus cerebellum as previously reported Gillan et al.,

.1980 . To evaluate the specific binding to m sites, dis-
w3 x Žplacement of the binding of H diprenorphine 1 nM;

. ŽAmersham was measured by the addition of U50488 300
. Ž .nM and of DADLE 300 nM added to saturate the k and

Žd receptors, respectively the K of the radioligand wasd
.0.22"0.03 nM; ns5 . Non-specific binding was deter-

Ž .mined by the addition of naloxone 10 mM . To evaluate
the specific binding to d sites, the displacement of the

w3 x Žbinding of H diprenorphine the K of the radioligandd
.was 0.44"0.03 nM; ns5 was measured in the presence

Ž . Ž .of DAMGO 300 nM and U50488 300 nM added to
saturate the k- and m-opioid receptors, respectively. Bind-
ing assays were carried out as previously referred. Non-
specific binding was determined in the presence of DA-

Ž .DLE 10 mM .

2.6. Binding assays to dopamine D , muscarinic M and2 2

5-HT receptors2

Dopamine D receptor binding assay was performed2
w3 x Žusing 0.5 nM H spiroperidol 18.5 Cirmmol; K s1.98d

."0.4 nM; ns3 and rat striatal membranes according to
Ž .Briley and Langer 1978 . Non-specific binding assay was

measured in the presence of 10 mM haloperidol.
Muscarinic M receptor binding assay was performed2

w3 x Žusing H NMS 79.5 Cirmmol; K s0.48"0.03 nM;d
.ns3 and rat heart homogenates according to the proce-

Ž .dure described by Waelbroeck et al. 1986 . Non-specific
binding was assessed in the presence of 10 mM atropine.

5-HT receptor binding assay was performed using 12
w3 x ŽnM H ketanserin 77.1 Cirmmol; K s1.49"0.4 nM;d
.ns3 and rat frontal cortex membranes according to the

Ž .procedure described by Tam et al. 1992 . Non-specific
binding was measured in the presence of 1 mM methis-
ergide.
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2.7. In ÕiÕo tests

Maximal electroshock test, subcutaneous pentylenete-
trazol test and rotarod neurotoxicity test were carried out
by the Anticonvulsant Drug Development Program,

ŽEpilepsy Branch, National Institutes of Health Bethesda,
. Ž .MD, USA Krall et al., 1978; Porter et al., 1984 . All

compounds were tested for anticonvulsant activity with
male Carworth Farms a1 mice in 18–25 g weight range.
Each compound was administered i.p. to mice at three or

Ž .sometimes four dose levels 10–300 mgrkg . The com-
pounds were suspended in 0.5% methylcellulose.

Maximal electroshock seizures were induced 30 min
after drug treatment by application of a 60 Hz current of
50 mA for 0.2 s via corneal electrodes into the eyes. The
protection was defined as the abolition of hind-leg tonic
maximal extension component of the seizure. The subcuta-

Ž .neous pentylenetetrazol Metrazol seizure threshold test
was carried out by an i.p. administration of 85 mgrkg of
penthylenetetrazol. Mice were observed over 30 min. Fail-
ure to observe the generalized clonic seizures was defined
as protection. Locomotor incapacitation was measured by
the rotarod test. Mice were placed on a 1 inch diameter
knurled plastic rod rotating at 6 rpm after the administra-
tion of the drug and their ability to maintain the equilib-
rium was evaluated. Locomotor deficit was indicated by
the inability of the animal to maintain its equilibrium for 1
min on the rotating rod in each of three trials. All the
compounds were administered 30 min or 4 h prior to
perform the tests.

2.8. Data analysis

ŽScatchard parameters and inhibition constants K val-i
. Ž .ues were calculated using the EBDA McPherson, 1985

Ž .and LIGAND Munson and Rodbard, 1980 programs. The
results are expressed as mean"S.E.M. All assays were
done in duplicate and for each compound at least three
independent experiments were done.

3. Results

Ž .The affinity of a new series of 2 3H -benzoxazolone
Ž .and 2 3H -benzothiazolone derivatives for s and s1 2

binding sites was determined in competition binding exper-
w3 xŽ . w3 ximents by using H q -pentazocine and H DTG, re-

Ž .spectively. Binding constants K values are presented ini

Table 1. Several of these derivatives were found to have
preferential affinities for s sites. Compound 1 was the1

Ž .most potent s receptor ligand K s0.6 nM with a1 i
Ž .selectivity K for s rK for s of 29. The affinity ofi 2 i 1

compound 1 at s binding sites is almost 3-fold greater1

than that of the reference s receptor ligands haloperidol,
Ž . w Žq -pentazocine, N, N-dipropyl-2- 4-methoxy-3- 2-phen-

. x Ž .ylethoxy phenyl -ethylamine monohydrochloride NE-100

Table 1
Ž . Ž .Affinities of 2 3H -benzoxazolone and 2 3H -benzothiazolone deriva-

tives for s receptor subtypes

Ž . Ž . Ž .Compound K nM K s rK si i 2 i 1

s s1 2

1 0.6"0.3 18.1"6.2 29
2 2.3"0.3 202"18 87
3 8.5"0.5 496"50 58
4 23"3 84"9 4
5 40"3 155"13 4
6 47"5 481"21 10
7 49"4 232"35 5
8 54"3 225"16 4
9 63"4 670"40 11
10 72"6 900"42 13
11 72"6 515"25 7
12 83"7 1906"257 23
13 105"6 )10000 )95
14 177"21 966"93 5
15 185"10 125"11 0.7
16 236"25 780"69 3
17 323"20 685"50 2
18 365"15 )10000 )27
19 571"42 919"87 1.6
20 617"32 494"33 0.8
21 628"40 4612"525 7
Haloperidol 1.6"0.3 13"2 8

aŽ .q -pentazocine 2.1 1348 642
bNE-100 1.5 85 57
cSA4503 17.4 1784 103

Ž .Affinity constants K values are the mean"S.E.M. of three separatei

experiments, each carried out in duplicate. A one-site model was the best
fit to all curves. All Hill coefficients were not significantly different from

Ž .unity P )0.05 . s Binding assays were performed in guinea-pig brain1
w3 xŽ .using H q -pentazocine. s Binding assays were determined in2

w3 x Ž .guinea-pig brain using H DTG in the presence of an excess of q -
NANM to mask s binding sites.1
a Ž .Taken from Hudkins et al. 1994 .
b Ž .Taken from Chaki et al. 1994 .
c Ž .Taken from Matsuno et al. 1996 .

Ž . Ža n d 1 - 3 , 4 - d i m e t h o x y p h e n e t h y l - 4 - 3 -
. Ž . Žphenylpropyl piperazine dihydrochloride SA4503 Table

.1 . Compounds 2 and 3 interacted with s displaying K1 i

values of 2.3 and 8.5 nM, respectively. Compound 2 had a
87-fold greater affinity for s sites than for s binding1 2

sites. Compound 3 had a 58-fold greater affinity for s1

sites as compared to s binding sites. Compound 122
Ž .showed moderate affinity K s83.4 nM for s bindingi 1

Ž .sites with a rather good selectivity Table 1 . Compounds
13 and 18 did not bind significantly to s receptor2

Ž .subtype Table 1 . Competition binding curves of haloperi-
dol and of compounds 1, 2 and 3 to s and s receptor1 2

subtypes are represented in Fig. 2.
The selectivity of the first three compounds for the s

binding sites was examined and these substances were
found to have no apparent affinity at 5-HT , dopamine D ,2 2

Žmuscarinic M , and m-, d- and k-opioid receptors all K2 i
.values were over 10 mM .

Anticonvulsant and locomotor screening data in mice
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were provided by the Antiepileptic Drug Development
Ž .ADD Program, Epilepsy Branch, Neurological and De-
velopmental Disorders. The data of the most effective

Ž .compounds administered i.p. to mice are shown in Table
2. These new s receptor ligands were effective, injected1

30 min before performing the test, against maximal elec-
troshock-induced seizures while they were ineffective
against subcutaneous pentylenetetrazol-induced seizures.
In this regard, their pharmacological profile is similar to

Ž .phenytoin and carbamazepine Krall et al., 1978 . Com-
pound 1 was the most potent anti-maximal electroshock
compound of this series; it protected 50% of treated mice
against maximal electroshock-induced seizures when ad-
ministered at the dose of 10 mgrkg whereas it induced

Žlocomotor incapacitation as determined by the ability of
.mice to maintain their position in the rotarod test in 50%

of tested mice when injected at the dose of 30 mgrkg. In
the maximal electroshock test, compound 6 displayed sig-

Žnificant protection against convulsions 100% of mice
.were protected at the dose of 30 mgrkg while it induced

locomotor incapacitation in 50% of treated mice when

w3 xŽ .Fig. 2. Competition binding curves of selected ligands against H q -
Ž . w3 x Ž .pentazocine s and H DTG s in guinea-pig brain membranes.1 2

Binding affinities to s and s binding sites were assessed with 3 nM1 2
w3 xŽ . w3 x Ž .H q -pentazocine or 3 nM H DTG with 100 nM q NANM, respec-
tively. Each data point represents the mean of two determinations. The
curves are from a representative experiment which has been repeated at

Ž . Ž . Ž .least three times. Key: l haloperidol; \ compound 1; I com-
Ž .pound 2; ` compound 3.

Table 2
Anticonvulsant and locomotor screening data in mice a

b c dCompd. Dose MES scMet Rotarod test
Ž .mgrkg 30 min 4 h 30 min 4 h 30 min 4 h

1 10 2r4 nd nd nd 0r4 0r4
30 1r1 1r1 0r1 0r1 2r4 0r4

100 1r1 0r1 0r1 0r1 8r8 0r1

6 30 1r1 0r1 0r1 0r1 0r4 0r2
100 3r3 0r3 0r1 0r1 0r8 0r4
300 1r1 1r1 0r1 0r1 2r4 0r2

9 10 1r4 nd nd nd 0r4 nd
30 1r1 0r1 0r1 0r1 0r4 0r2

100 3r3 0r3 0r1 0r1 0r8 0r4
300 1r1 0r1 0r1 0r1 2r4 0r2

nd, not determined.
a Test compounds were administered intraperitoneally.
b ŽMaximal electroshock test number of animals protectedrnumber of

.animals tested .
c Subcutaneous pentylenetetrazol test.
d ŽRotarod test number of animals fallen off the rotarodrnumber of

.animals tested .

injected at the dose of 300 mgrkg. Compound 9 was
found to be active against maximal electroshock-induced

Žseizures 25% of treated mice were protected against
.seizures at the dose of 10 mgrkg and induced locomotor

Žincapacitation only at a much higher dose 50% of mice
.displayed locomotor deficit at the dose of 300 mgrkg .

Compounds 7, 8, 14, 19 and 21 protected against maximal
electroshock-induced seizures at the dose of 30 mgrkg
whereas motor incapacitation was observed at the dose of

Ž .100 mgrkg data not shown . Compounds 3, 4, 10, 11, 15,
17 and 18 displayed anticonvulsant activity in the maximal
electroshock test, concomitantly with significant rotarod

Žataxia, only after the i.p. injection of higher doses 100 and
.300 mgrkg; data not shown . Compounds 2, 12, 13, 16,

and 20 were not tested.

4. Discussion

Despite the purification and molecular cloning of s1
Ž .binding sites Hanner et al., 1996 , the functional role of s

receptors remains still unknown and this is due, in part, to
the lack of selective s receptor ligands. Radioligand
binding assays carried out on this novel class of com-
pounds revealed that compounds 1, 2, and 3 appear to be
highly potent and selective for s receptors. Indeed, they
did not bind to 5-HT , dopamine D , muscarinic M , and2 2 2

m-, d- and k-opioid receptors. Compound 1 is among the
most potent s receptor ligands known up to date, with a
good selectivity for the s receptor subtype. Indeed, this1

Ž .compound is more potent than haloperidol, q -penta-
Ž . Žzocine, SA4503 Matsuno et al., 1996 and NE-100 Chaki

.et al., 1994 for the binding to the s receptor subtype and1
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w Žmore selective of the potent s ligand 2- 4-phenyl-1
. Ž .piperidinyl ethyl 1- 4-nitrophenyl cyclopentanecarboxylate

x Ž .HCl RLH-033; K s0.05 nM which also binds toi
Ždopamine D and muscarinic M receptors Hudkins et al.,2 2

.1994 . Compounds 2 and 3 are interesting regarding their
affinity and selectivity for s binding sites. Compound 21

has a high affinity for s receptor subtype with almost the1

same potency as haloperidol and NE-100. However, its
selectivity for s binding sites is greater than that of the1

above prototype s ligands. In fact, haloperidol displays1

high affinity for dopamine D receptors while NE-100 has2
Ža moderate affinity for s binding sites K s85 nM;2 i

.Chaki et al., 1994 . Therefore, compound 2 could be used
as a s receptor probe to investigate the structure and
possible functions of s receptors.

In preliminary studies, we have observed that several
compounds which display high affinity for s receptors1

possess in vivo anticonvulsant activity whereas rotarod
ataxia is observed when these compounds are administered
at higher doses. Compound 1 which is the most potent s1

receptor ligand of this novel series, is also the most active
anticonvulsant compound in the maximal electroshock test.
In addition, compounds 6 and 9 which bind to s receptor1

subtype in the nanomolar range, exhibit a high degree of
protection against seizures induced by maximal elec-
troshock. It has been reported that s receptor ligands
induce stereotyped behavior and locomotor hyperactivity,
which are often used as an indication of ‘psychotic behav-

Ž .ior’ Contreras et al., 1986; Marquis et al., 1989 ; how-
ever, they also cause impairment of motor coordination
which must be taken into account when interpreting behav-

Žioral effects Jerram et al., 1966; Walker et al., 1993;
.Carter, 1994 . Therefore, motor incapacitation observed

after the administration of these novel compounds could be
related to their interaction with s receptor. Interestingly,
the most active anticonvulsant compounds induce rotarod
ataxia only at higher doses. Taken together, present data
add more evidence to the hypothesis that s receptor1

ligands may represent a novel class of anticonvulsant
Ž .compounds Tortella et al., 1988 .

In conclusion, this study reports the synthesis of a new
class of potent and selective s receptor ligands which
bind preferentially at s receptor subtype. Some in vivo1

observations revealed that several of these potent s re-1

ceptor ligands have significant anticonvulsant activity
against maximal electroshock-induced seizures in mice.
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