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Abstract

Ž . Ž . Ž .The pharmacological properties of q - S -5,5-dimethylmorpholinyl-2-acetic acid Sch 50911 were evaluated on GABA receptorsB

in rat neocortical slices. The GABA receptor agonist, baclofen, produced a concentration-dependent depression of the frequency ofB
2q Žspontaneous discharges in slices maintained in Mg -free Krebs medium with an EC of 6 mM, reversibly antagonised by Sch 50911 5,50

. Ž . Ž .10 and 25 mM with an apparent pA of 6.0"0.1. The y enantiomer Sch 50910 500 mM and the racemic des-methyl analogue Sch2
Ž . w3 x48588 500 mM were inactive. In slices preloaded with H GABA, Sch 50911 antagonised GABA autoreceptors, increasing theB

3 Ž .electrically-stimulated H overflow in a concentration-dependent manner, with an IC of 3 mM. The maximal effect 148"10.5% was50
Žfound at 10 mM, but at 50 mM the response was reduced to 67"19%. In contrast, evoked release was unaffected by Sch 50910 100

.mM whilst Sch 48588 at 100 mM increased the overflow by 51.3"11.6%. In summary, Sch 50911 is a relatively potent antagonist of
considerable potential in studies of GABA receptor function. q 1998 Elsevier Science B.V. All rights reserved.B
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1. Introduction

Ž .g-Aminobutyric acid GABA is a major inhibitory
neurotransmitter in the central nervous system that acti-
vates three distinct classes of receptors, GABA , GABAA B

Žand GABA receptor subtypes Bowery, 1993; Johnston,C
. Ž .1996 . Baclofen b-p-chlorophenyl GABA is the prototyp-

ical agonist for the bicuculline-insensitive GABA recep-B

tors that are coupled to a variety of effectors through
Ž .pertussis toxin-sensitive G proteins Bowery, 1993 . Re-

cently, two GABA receptor splice variants have beenB

cloned, showing sequence similarity to the metabotropic
Ž .glutamate receptors Kaupmann et al., 1997 . In general,

presynaptic GABA receptors modulate synaptic transmis-B

sion by depressing neurotransmitter release, including that
Žof GABA itself, through autoreceptors Pittaluga et al.,

.1987; Baumann et al., 1990; Waldmeier et al., 1994 ,
whilst postsynaptic GABA receptors contribute to theB

inhibitory control of overall neuronal excitability.

) Corresponding author. Tel.: q61-8-8303-5163; Fax: q61-8-8303-
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The original GABA receptor antagonists, phaclofenB

and 2-hydroxy-saclofen, which were discovered in our
Ž .laboratory Kerr et al., 1987, 1988 , are compounds based

on bioisosteric replacement of the carboxylic moiety in
baclofen. The first major improvements in the potency and
bioavailability in GABA receptor antagonists resultedB

from the synthesis of phosphinic bioisosteres of GABA
Ž .Froestl et al., 1995 . Subsequently, the potency of these
phosphinic analogues on GABA receptors was increasedB

greatly by the introduction of N-benzyl and 2-hydroxy
substituents into the parent phosphinic analogues of GABA
Ž .Froestl et al., 1995; Froestl and Mickel, 1997 , with the
2-hydroxy substituent being found in the original antago-

Ž .nist 2-hydroxy-saclofen Kerr et al., 1988 . A unique series
of GABA receptor antagonists has recently been de-B

Žscribed based on 2,5-disubstituted-1,4-morpholines Kuo et
.al., 1994; Blythin et al., 1996 . The most potent of these is

Ž . Ž . Žq - S -5,5-dimethylmorpholinyl-2-acetic acid Sch
. Ž .50911 Fig. 1 , first characterised as a selective, competi-

tive, and orally-active antagonist at central and peripheral
ŽGABA receptors Bolser et al., 1995; Hosford et al.,B

.1995 . This compound not only displaces GABA binding

0014-2999r98r$ - see front matter q 1998 Elsevier Science B.V. All rights reserved.
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Ž . Ž . Ž . Ž . Ž .Fig. 1. Chemical structures of q - S -5,5 dimethylmorpholinyl-2-acetic acid Sch 50911 , the enantiomer of Sch 50911 y - R -5,5 dimethylmor-
Ž . Ž . Ž .pholinyl-2-acetic acid Sch 50910 and the racemic des-methyl analogue Sch 48588. Extended conformations of q - S -5,5 dimethylmorpholinyl-2-acetic

Ž . Ž . ŽŽ . .acid Sch 50911 and S -3-hydroxy-GABA S -3-OH-GABA , showing the identical positions of their oxygen atoms which can act as hydrogen bond
acceptors.

to GABA receptors in rat brain tissues, but also blocksB

the inhibitory responses to baclofen in the guinea-pig
trachea and antagonises the central antitussive and respira-
tory depressant effects of baclofen in cats and guinea-pigs
when administered systemically, indicating its ability to

Ž .penetrate the blood brain barrier Bolser et al., 1995 . Sch
50911 was shown to be an effective, orally-active GABA B

receptor antagonist in further in vivo studies in which it
suppressed seizure activity through blocking GABA re-B

Ž .ceptors Hosford et al., 1995 . From a structure-activity
viewpoint, such morpholinoacetic acids are of particular
interest, since they represent GABA analogues partially
frozen in an antagonist conformation which retains the
N-substitution and b-hydroxy of the previous antagonists

Ž .incorporated into the morpholine ring Fig. 1 .
To date, relatively little work has been done in charac-

terising the pharmacological properties of these mor-
pholino-acetic analogues, particularly using isolated tissues
from the central nervous system. In the present study, we
have evaluated the antagonist potencies of Sch 50911, its

Ž . Ž .enantiomer y - R -5,5-dimethylmorpholinyl-2-acetic
Ž .acid Sch 50910 , and the racemic des-methyl analogue

Ž . Ž ." -Sch 48588 Fig. 1 , on baclofen-induced suppression
of spontaneous discharges in rat neocortical slices, medi-
ated through GABA heteroreceptors. We have also exam-B

ined the actions of these compounds on GABA autore-B

ceptors modulating GABA release, using electrically-
w3 xevoked release of H GABA from brain slices preloaded

w3 xwith H GABA. In these preparations, Sch 50911 demon-
strated moderately potent antagonist activity at GABA B

receptors. Since its antagonist properties reside in the
morpholine ring that partially restricts the molecular flexi-
bility of this compound, Sch 50911 forms a novel class of
antagonist at GABA receptors.B

2. Materials and methods

2.1. Preparation of rat neocortical slices

All studies described here were conducted in strict
accordance with the guidelines of the Principles of Labora-

Žtory Animal Care NIH publication No. 85-23, revised
.1985 , the Australian Code of Practice for the care and use

of animals for scientific purposes of the National Health
and Medical Research Council and The University of
Adelaide Animal Ethics Committee. Rat neocortical slices
were prepared from halothane anaesthetized outbred male

Ž .adult Sprague–Dawley rats 250–350 g which were de-
capitated. The brains were rapidly dissected out and im-
mersed for 30 min in ice-cold oxygenated Krebs solution
Ž .95% O :5% CO ; pH 7.4 of the following composition2 2
Ž .in mM : NaCl 118, KCl 2.1, KH PO 1.2, CaCl 2.5,2 4 2

NaHCO 25, glucose 11, MgSO 1.3. Cerebral cortical3 4
Ž .slices 400 mm thick were prepared by cutting coronal

Žsections using a vibraslice microtome Campden Instru-
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.ments, UK , and a radial wedge was cut from each side of
the dorsal midline to yield slices of cingulate cortex and
corpus callosum 2–3 mm wide. The slices were subse-
quently equilibrated in gassed Krebs solution at room

Ž .temperature 208–238C for 60 min prior to experimenta-
tion. Slices were then randomly assigned to the experi-
ments described below.

2.2. Grease-gap recording of brain slices

Using a superfusion method based on a grease-gap
Ž .system as described previously Ong et al., 1990 , the

slices from the neocortex were superfused with gassed
Mg2q-free Krebs medium at 258C delivered by a peri-
staltic pump at 1 mlrmin. MgSO was omitted in the4

Mg2q-free medium. DC potentials between the cingulate
cortex and corpus callosum were monitored on a chart
recorder using AgrAgCl electrodes, agarrsaline bridges
and a high input-impedance DC amplifier.

After a period of equilibration for 10–15 min under
Mg2q-free conditions, the neocortical slices developed
spontaneous paroxysmal discharges. The GABA receptorB

agonist baclofen, added to the superfusing medium, was
applied to the cortical side of the tissue for 2 min and the
preparation was allowed 30 min recovery between drug
applications. The antagonist was first superfused for 2 min
and then added together with the agonist. Results were
quantified by counting the number of spontaneous dis-
charges in 10-min epochs, in the absence and presence of
test compounds, and the values expressed as a percentage
depression of the average control discharge rate, during the
10 min immediately before the addition of drugs. Concen-
tration–response curves for the agonist were constructed,
in the absence and presence of the antagonist. The EC50

value, that is the concentration which produced 50% inhi-
bition of the discharge rate, was calculated from the con-
centration–response curve. Due to limited amounts of test
compounds available, estimates of apparent pA values2

Ž .were made using the relationship pA s log CRy1 y2
w x Ž .log B , where the concentration ratio CR , relative to

corresponding controls, was produced by a single concen-
w xtration of antagonist B , assuming competitive antagonism

and Schild regression close to unity. Each experiment was
repeated on six to eight slices obtained from at least three
different animals and data are expressed as mean"S.E.M.

2.3. Neurochemical release studies

Pairs of neocortical slices were equilibrated in Krebs
Ž .solution 378C; 95% O :5% CO for 40 min and then2 2

w3 x Žincubated in Krebs solution containing H GABA 0.1
.mM for 20 min. Each pair of slices was rinsed, placed in a

small chamber and superfused at 1 mlrmin with Krebs
Ž .solution 378C; gassed . Aliquots of superfusate were col-

lected at 10 min intervals for the first five collections and
for 5 min thereafter and their 3H contents were assayed by

liquid scintillation spectrometry. GABAergic neurons in
the slices were stimulated through platinum field elec-

Žtrodes by square wave pulses 2 Hz, 2.0 ms duration, 25
.mA for 40 pulses at 10 min and for 300 pulses at 65 min

Ž . Ž .S , 100 min S , and in some experiments at 130 min1 2
Ž .S after superfusion commenced. At the end of each3

experiment, the residual 3H content in the neocortical
Žslices was extracted in 0.4 M HClO containing EDTA,4

.3.0 mM and Na SO , 10 mM at 48C for at least 16 h and2 3

then assayed. From this data the fractional overflow of 3H
during each collection period was computed and the over-

Ž .flow per min was plotted see Fig. 4 . The GABA uptake
Ž .inhibitor, NO-711 10 mM , was added to the perfusion

medium at the beginning of superfusion and remained
throughout each experiment, while the three test com-
pounds reported in this study were added 15 min prior to
the second or third stimulation. Krebs solution used in

Ž .these experiments was of the following composition mM :
Ž . Ž . Ž . Ž .NaCl 120 , KCl 4.7 , NaHCO 25 , KH PO 1.0 ,3 2 4
Ž . Ž . Ž .CaCl 2.5 , MgCl 1.0 , glucose 5.5 , and contained2 2

Ž .aminooxyacetic acid AOAA; 0.05 mM . Incubation
w3 x Ž . Žmedium comprised H GABA 0.05 mM , GABA 0.05

. Ž .mM in Krebs solution containing AOAA 0.05 mM .

2.4. Resting and stimulation-induced oÕerflows of
[3 ]H GABA

The resting overflow of 3H is defined as the fractional
overflow in the 10 min prior to stimulation. The stimula-

Ž .tion-induced SI overflow for each stimulation, SIO ,1

SIO and SIO was calculated by subtracting the resting2 3

overflow in the 5 min period prior to stimulation from the
fractional overflow in the 5 min following the onset of
stimulation at S , S and S respectively. The effects of1 2 3

the test compounds on the resting and SI-overflows of 3H
were determined by comparing the R rR or R rR and2 1 3 1

SIO rSIO or SIO rSIO ratios with the equivalent ratios2 1 3 1

in the absence of the compound. Hence, a putative antago-
nist of GABA autoreceptors would increase the SI-over-B

flow ratio.

2.5. Statistical analysis

The significance of the effect of a compound was
assessed by paired or unpaired Student’s t-test, with signif-
icance levels at p-0.05.

2.6. Drugs

ŽBaclofen was a gift from Novartis Pharma Basel,
. Ž .Switzerland . Sch 50911, Sch 50910 and racemic " -Sch

48588 were synthesised in the Chemical Research Depart-
Žment at the Schering-Plough Research Institute Kenil-

. w3 xw xworth, NJ . 2, 3- H N -GABA, specific activity 1.06
TBqrmmol was obtained from New England Nuclear
Ž .Boston, MA . Aminooxyacetic acid hemihydrochloride
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Ž . Ž .AOAA was purchased from Sigma MO, U.S.A. and the
Ž Ž ŽŽŽGABA uptake inhibitor, NO-711 1- 2- diphenylmethyl-

. . . .ene amino oxy ethyl -1,2,5,6-tetrahydro-3-pyridinecarbox-
.ylic acid , was obtained from Research Biochemicals

Ž .Natick, MA .

3. Results

3.1. Effects of Sch 50911, Sch 50910 and Sch 48588 on
baclofen-induced suppression of spontaneous discharges
in rat neocortical slices

When superfused with Mg2q-free Krebs medium, neo-
cortical slices exhibited spontaneous depolarisations within
10–15 min. Once these were established at a stable rate,
baclofen, superfused at concentrations ranging from 1–60
mM for 2 min, reduced the firing rate in a concentration-
dependent manner. Fig. 2a shows a representative experi-

Ž .ment in which baclofen Bac; 30 mM abolished the
spontaneous activity for 8 min, with a subsequent slowing
of the discharges for a further 5 min; these effects gener-
ally lasted some 10–15 min and returned to baseline levels
within 20 min following the initial wash-out of the drug.

Fig. 2. Representative records from a typical experiment showing the
Ž . Ž . Ž .effects of q - S -5,5 dimethylmorpholinyl-2-acetic acid Sch 50911 on

Ž .the responses to baclofen BAC in the rat neocortical slice preparation,
2q Ž . Ž .maintained in Mg -free Krebs medium. a Baclofen BAC; 30 mM

Ž .induced a suppression of spontaneous discharges b reversibly antago-
Ž . Ž .nised by Sch 50911 10 mM and c the control response to baclofen was

subsequently reestablished upon wash-out of the test compounds.

Ž .Fig. 3. Concentration–response curves for R,S -baclofen-induced sup-
pression of the frequency of spontaneous discharges in the rat isolated
neocortical slices, maintained in Mg2q-free Krebs medium, in the ab-

Ž . Ž .sence and presence of q - S -5,5 dimethylmorpholinyl-2-acetic acid
Ž . Ž .Sch 50911 . The concentration–response curve for baclofen ` was

Žsubsequently shifted to the right, in a parallel fashion, by Sch 50911 v 5
.mM; I 10 mM; B 25 mM . Values are expressed as a percentage

depression of the control discharge rate. Each point represents the mean
and standard error of the mean of eight determinations.

As can be seen from the baclofen concentration–response
curve in Fig. 3, the threshold concentration for the reduc-
tion in frequency of spontaneous activity by baclofen was
1 mM and the estimated half-maximally effective concen-

Ž .tration EC value was 6 mM. Over the 10-min period,50

the maximal baclofen effect, with complete cessation of
discharges, was obtained with 60 mM baclofen. No desen-
sitization of the tissues to baclofen was detected, since
continuous exposure to baclofen induced a consistent ef-
fect, with no resultant decrease in tissue responsiveness in
all slices studied.

Ž .Pretreatment with Sch 50911 10 mM alone for 2 min
did not affect the discharge rate or amplitude, but in

Ž .combination with baclofen 30 mM for 2 min, reversibly
antagonised the baclofen-induced suppression of sponta-

Ž .neous discharges by 78% Fig. 2b . Following wash-out of
the compounds, there was a complete recovery of the
spontaneous activity and the depressant response to ba-

Ž .clofen 30 mM; Fig. 2c within 30 min. To quantify the
antagonist potency of Sch 50911, the effects of three

Ž .concentrations of Sch 50911 5, 10 and 25 mM on the
baclofen concentration–response curve were measured. In-
creasing concentrations of Sch 50911 caused a progressive
shift of the baclofen concentration–response curve to the
right, without depression of the maximum response. Using
the ratio method and averaging, this yielded an apparent

Ž .pA value of 6.0"0.1 Fig. 3; ns8 . At a concentration2

of 50 mM, Sch 50911 itself did not elicit any partial
agonist activity since it did not affect the spontaneous

Ž .discharges, but antagonised the baclofen 30 mM response
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Ž .data not shown, ns6 . By contrast, neither Sch 50910
Ž . Ž .500 mM , the y enantiomer of Sch 50911, nor the

Ž .des-methyl analogue Sch 48588 500 mM affected ba-
Ž .clofen-induced responses or discharge frequency ns6 .

[3 ]3.2. OÕerflow of H GABA from rat neocortical slices

The resting overflow of 3H into the Krebs solution
w3 xsuperfusing neocortical slices, prelabelled with H GABA

Ž .0.1 mM , reached a near steady-state within 50 min of
Ž .commencing superfusion Fig. 4 . In the presence of the

Ž .GABA uptake inhibitor NO-711 10 mM , electrical stimu-

Fig. 4. The fractional overflow of 3H per min from rat neocortical slices
in a typical experiment in which two pairs of slices were stimulated at the

w3 xarrows at 2 Hz for 300 pulses. Slices were pre-incubated with H GABA
Ž . Ž0.1 mM and superfused with Krebs solution containing NO-711 10

.mM . Prior to and during both the second and third periods of stimula-
tion, Sch 50911 was added to the perfusion medium superfusing one pair

Ž .of slices v at a concentration of 0.1 or 5.0 mM as shown by the bars.
At the lower concentration, Sch 50911 had little effect on either the

Ž . 3resting or stimulation-induced SI overflows of H, whereas at 5.0 mM it
Ž . Ž .increased both. Concentration–response curve to q - S -5,5 dimethyl-

Ž .morpholinyl-2-acetic acid Sch 50911 on the electrically-stimulated re-
w3 xlease of H GABA from rat neocortical slices. The data presented are

means"S.E.M. from four to six experiments calculated as a percentage
of the increase above the same ratio in the absence of the antagonist.

lation increased the overflow of 3H approximately 2-fold
in the 5-min collection following the onset of stimulation,
an increase that returned to the resting level within a
further 5 min. The magnitudes of both the resting and SI
overflows of 3H before and as a consequence of the second
and third stimulations were almost identical with those

Žduring the collection periods at R and S viz, R rR s1 1 2 1

1.04"0.05; R rR s1.02"0.05; SIO rSIO s1.01"3 1 2 1
. Ž0.04; SIO rSIO s0.98"0.04 paired Student’s t-test,3 1

R rR cf. R rR , p)0.2; SIO rSIO cf. SIO rSIO ,2 1 3 1 2 1 3 1
.p)0.6; ns8 . Hence, the significance of changes in the

resting or SI overflow ratios produced by any of the
compounds tested were calculated against the pooled
R rR plus R rR or SIO rSIO plus SIO rSIO ratios.2 1 3 1 2 1 3 1

3.3. Effects of Sch 50911, Sch 50910 and Sch 48588 on
[3 ]H GABA release

w3 xThe effects of Sch 50911 on the release of H GABA
from neocortical slices was examined at concentrations
between 0.1 and 50 mM. As shown from the results of a
typical experiment, and from the concentration–response

Ž .curve Fig. 4 , the compound failed to affect the SI-over-
flow at a concentration of 0.1 mM, but facilitated the

w3 xoverflow of H GABA at 5 mM. Facilitation was maximal
Ž .148.2"10.5%, ns4 at a concentration of 10 mM, but

Ž .was substantially lower 66.5"18.7%, ns4 at the high-
Ž .est concentration tested 50 mM . The EC for Sch 5091150

was 3 mM. Although, in some experiments, Sch 50911
3 Ž .increased the resting overflow of H see Fig. 4 , this

effect was variable and at none of the concentrations tested
did the compound enhance the mean resting overflow

Ž .significantly. The y enantiomer Sch 50910 was without
effect on the resting or SI-overflow of 3H at the one

Ž . Ž .concentration tested 100 mM . While Sch 48588 10 mM
did not affect either the resting or SI-overflows, at a
concentration of 100 mM, the SI-overflow was increased

Žby 51.3"11.6% unpaired Student’s t-test, p-0.005,
.ns7 and the resting overflow increased by 34.6"7.5%

Ž .unpaired Student’s t-test, p-0.001, ns7 .

4. Discussion

Spontaneous paroxysmal discharges in rat neocortical
slices superfused with Mg2q-free Krebs medium is a well
described phenomenon, involving excitatory amino acid
neurotransmission, particularly N-methyl-D-aspartate re-

Žceptors Harrison and Simmonds, 1985; Horne et al., 1986;
.Aram and Lodge, 1988; Ong et al., 1990 . Baclofen, a

specific GABA receptor agonist, effectively reduces theB
Žfrequency of these discharges Horne et al., 1986; Ong et

.al., 1990 , an action that is attenuated by the selective
GABA receptor antagonists phaclofen and 2-hydroxy-B

Ž .saclofen Kerr et al., 1988, 1989 . In the present study, the
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suppression of spontaneous firing rate by baclofen was
concentration-dependent and sensitive to Sch 50911, which
reversibly antagonised the baclofen-induced depression of
discharge rate in neocortical slices, with an apparent pA 2

value of 6.0"0.1. The latter value is similar to the pA 2

value of 5.8"0.004 for the antagonism of baclofen-in-
duced inhibition of electrically-stimulated contractile re-

Ž .sponses in the guinea-pig trachea Bolser et al., 1995 .
Moreover, in competitive binding studies, Sch 50911 has
been shown to inhibit the binding of GABA to GABA B

receptors in rat brain synaptosomes with an estimated IC50

of 1.1 mM, whilst in vivo, it blocks the antitussive and
respiratory depressant effects of baclofen, indicating a

Ž .central site of action Bolser et al., 1995 . By contrast, in
Ž .the present study, neither Sch 50910, the y enantiomer

of Sch 50911, nor the des-methyl analogue Sch 48588, had
any effect on baclofen-induced depressant responses in the
rat neocortex, even at a high concentration of 500 mM.
The lack of effect of Sch 50910 confirms that the action of
the active enantiomer Sch 50911 is stereoselective. This is
in agreement with the binding data where the affinities of
Sch 50910 and Sch 48588 for GABA receptor bindingB

Ž .sites were relatively weak )100 mM , when compared to
Žthe binding potency of Sch 50911 IC s1.1 mM; Bolser50

.et al., 1995 .
In rat brain cerebral cortical slices, Sch 50911 not only

inhibits baclofen-induced augmentation of isoproterenol-
stimulated cyclic AMP accumulation, but also antagonises
baclofen-mediated inhibition of forskolin-stimulated cyclic
AMP production, and may be useful in characterising the
functional and pharmacological properties of GABA re-B

Žceptors in biochemical assays Cunningham and Enna,
. Ž .1996 . Furthermore, Hosford et al. 1995 showed that Sch

50911 was active in suppressing spontaneous absence
Ž .seizures in the lethargic lhr lh mutant mouse model, as

well as in g-hydroxybutyrate or pentylenetetrazole-induced
absence seizures. Notably, in each of these models, Sch
50911 was found to be more potent than any of the clinical
agents used so far, such as ethosuximide, trimethadione or
valproic acid, and GABA receptors may well provide aB

rational therapeutic target for the treatment of absence
Ž .seizures Hosford et al., 1995 . In this regard, it is note-

worthy that Sch 50911 may also be useful in some of the
clinical applications involving GABA receptor activationB

which includes cognition, analgesia, gastric acid secretion
Ž .and gut motility Kerr and Ong, 1995 .

In the present study, our findings that Sch 50911 in-
w3 xcreased the electrically-evoked release of H GABA from

rat neocortical slices implies that this compound is an
antagonist at GABA autoreceptors. The antagonist actionB

of Sch 50911 at GABA autoreceptors appears to beB
Ž .stereospecific, given that the y enantiomer, Sch 50910,
w3 xhad no effect on the release of H GABA. However, upon

increasing the concentration of Sch 50911 above that
w3 xwhich produced maximal facilitation of H GABA re-

lease, this facilitation was reduced by more than 50%; we

have no explanation for the latter, although a similar effect
was also observed with the GABA receptor antagonistB

Ž .CGP 55845A see Fig. 3a in Waldmeier et al., 1994 . On
the other hand, Sch 50911 had no effect on spontaneous
discharges at concentrations up to 50 mM. Despite the lack
of activity of the racemate Sch 48588 on GABA het-B

eroreceptors in the spontaneously discharging slices, it
appears to be a weak GABA autoreceptor antagonist,B

given that it increased the stimulation-induced overflow of
3H by 51.3% at 100 mM. Such weak antagonist actions
have also been reported in functional and binding studies
Ž .Blythin et al., 1996 . However, concentrations of Sch
48588 beyond 100 mM were not tested on evoked release,
due to limited supply of the compound.

As a class the morpholino-acetic analogues examined
here are of particular interest as GABA receptor antago-B

nists, since they represent GABA partially frozen in an
extended conformation which evidently corresponds with
the antagonist recognition site on the receptor. The abso-
lute configurations of Sch 50910 and 50911 are known

Ž .from X-ray crystallography, with the inactive y -enanti-
Ž .omer Sch 50910 in the R -form, having the 2-acetic

moiety attached below the plane of the morpholine ring, a
Žring that adopts a chair conformation Frydenvang et al.,

. Ž .1997 . By contrast, the active antagonist q -enantiomer
Ž .Sch 50911 exists in the S -form, with the 2-acetic moiety

attached above the plane of the morpholine ring that again
Žadopts a chair conformation see the stereo-projection in

.Blythin et al., 1996 . The latter projection makes clear the
extended, zigzag, GABA antagonist conformation of theB

GABA backbone, partially incorporated into the morpho-
line ring, although some flexibility is retained around the
methylene group of the acetic acid moiety. This establishes
the antagonist orientation of the substituted ammonium
functionality, and of the morpholine oxygen which may be

Ž .equivalent to that in the antagonist S -3-hydroxy-GABA
Ž .Falch et al., 1986 . This interpretation is reinforced by our

Ž .finding that S -3-hydroxy-GABA is a weak partial ago-
nistrantagonist that blocks baclofen responses at GABA B

Ž .receptors Ong and Kerr, unpublished data . Such partial
Ž .agonist properties of S -3-hydroxy-GABA in guinea-pig

ileal preparations can also be seen in Fig. 6 of Kristiansen
Ž .and Fjalland 1991 . The two molecules, in their extended

conformations, can place their oxygen atoms in essentially
identical positions, even though Sch 50911 is an ether and
Ž .S -3-hydroxy-GABA is an alcohol, and thus may interact
similarly with the GABA receptor since both ethers andB

Ž .alcohols can act as hydrogen bond acceptors Fig. 1 . One
difference between the structures of the relatively weak
des-methyl analogue Sch 48588 and of the more potent
antagonist Sch 50911 resides in the two methyl sub-
stituents on the latter where antagonist activity may be
related to the presence of a hydrophobic binding pocket in
the GABA receptor or a sterically unhindered region.B

Other substituents at the 5-position might well yield even
more potent antagonists than Sch 50911, a compound
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which is of great potential pharmacological and therapeutic
interest.
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