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The y-aminobutyric acid uptake inhibitor NO-711 potentiates
3-aminopropyl phosphinic acid-induced actions in rat neocortical slices
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Abstract

In rat neocortical slices maintained in Mg?*-free Krebs medium, the GABA receptor agonists baclofen and 3-aminopro-
pylphosphinic acid dose-dependently reduced the frequency of spontaneous discharges, 3-aminopropylphosphinic acid being 10 times less
potent than baclofen. These were sensitive to the antagonist CGP 52432 (3-[[3,4-dichloro-phenyl)methyl]-amino]propyl](-P-dietho-
xymethyl)-phosphinic acid) (1, 5 and 10 uM). The GABA uptake inhibitor NO-711 (1-(2-(((diphenylmethylene)amino)oxy)ethyl)-
1,2,5,6-tetrahydro-3-pyridinecarboxylic acid) (5 and 10 wM) produced 2.9 and 9 fold increases in the potency of 3-aminopro-
pylphosphinic acid without affecting baclofen-induced responses. In this study, the low potency of 3-aminopropylphosphinic acid when
compared to baclofen, may be attributed to its uptake by NO-711-sensitive GABA transporters. © 1998 Elsevier Science B.V.
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1. Introduction

GABA receptors were first characterised as bicu-
culline-insensitive GABA receptors for which baclofenis a
selective agonist (Bowery et al., 1980). Subsequently, the
phosphinic analogue of GABA, 3-aminopropylphosphinic
acid, was found to be a potent displacer of baclofen from
GABA ; receptors (Dingwall et al., 1987), and eventually
shown to be an agonist for these receptors (Pratt et d.,
1989). In peripheral tissues, 3-aminopropylphosphinic acid
is generally considered to be more potent as an agonist
than GABA or baclofen at GABA ; receptor sites (Hills et
al., 1989; Hills and Howson, 1991; Ong et a., 1990g;
Chapman et al., 1993), but seems not to be so in a variety
of central preparations where it is either equipotent or less
potent than baclofen itself (Pratt et al., 1989; Seabrook et
al., 1990; Lovinger et al., 1992). Indeed, in the spinal cord,
Lacey and Curtis (1994) found that baclofen was some 40
times more potent than 3-aminopropylphosphinic acid in
reducing spinal field potentials. In the same way, in spon-
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taneoudly discharging neocortical slice preparations main-
tained in Mg?*-free Krebs medium, baclofen depresses the
rate of spontaneous activity by activating GABA g recep-
tors, but 3-aminopropylphosphinic acid at similar concen-
trations had little or no effect on the discharge rate (Ong et
al., 1990b). Field excitatory responses in the hippocampal
dice were similarly relatively insensitive to 3-aminopro-
pylphosphinic acid, whereas baclofen effectively inhibits
these responses by reducing synaptic transmission
(Lovinger et a., 1992). One possible explanation for these
anomalies could be that applied 3-aminopropylphosphinic
acid may be a substrate for GABA uptake carriers, and
thus does not reach effective concentrations at the GABA g
receptor sites. In the present study, we have investigated
the pharmacological actions of 3-aminopropylphosphinic
acid in the presence of a potent and selective GABA
uptake inhibitor NO-711 (1-(2-(((diphenyl-
methylene)amino)oxy)ethyl)-1,2,5,6-tetrahydro-3-pyridine-
carboxylic acid) (Suzdak et al., 1992), and show a poten-
tiation by NO-711 of the 3-aminopropylphosphinic acid-in-
duced depression of spontaneous discharges in rat neocor-
tical slice preparations. This suggests that the low potency
of 3-aminopropylphosphinic acid at GABA g receptors in
the rat neocortex may be attributed to uptake of 3-
aminopropylphosphinic acid by GABA transporters.
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2. Materials and methods
2.1. Rat neocortical slice preparations

Outbred male adult Sprague—Dawley rats (250—300 g)
were decapitated under halothane anaesthesia, their brains
rapidly removed and immersed for 15 min in ice cold
Krebs solution oxygenated with 95% O, and 5% CO,.
Cerebral cortical dlices (400 um thick) were prepared by
cutting coronal sections using a vibraslice microtome
(Campden Instruments, UK). Using a superfusion method
based on a grease—gap system as previously reported (Ong
et al., 1990b), the neocortex was initially superfused with
Mg?*-containing Krebs medium at 28°C delivered by a
peristaltic pump a 1 ml/min, and allowed to equilibrate
for 30 min, before changing to Mg?*-free medium. The
composition of the Krebs medium was as follows [mM]:
NaCl 118, KCI 2.1, KH,PO, 1.2, CaCl, 2.0, NaHCO, 25,
glucose 11, MgSO, 1.3, pH 7.4; for the Mg?*-free medium,
MgSO, was omitted. DC potentials between the cingulate
cortex and corpus callosum were monitored by Ag/AgCl
electrodes via agar/sdline bridges, with a high-input
impedance DC amplifier, and responses were displayed on
a chart recorder.

After a further period of equilibration for 60 min under
Mg?*-free conditions, the neocortical slices developed
spontaneous paroxysmal discharges. Varying doses of the
agonist were then applied to the cortical side of the tissues
for 2 min, usually at 30 min intervals, and washed out with
recovery of responses to control level. The antagonist was
superfused for 2 min prior to, and then continuously with
the agonist. The GABA uptake inhibitor NO-711 was
superfused over the slice for 15 min before further applica-
tions of either the agonist alone, or a combination of the
agonist with the antagonist. Data were analysed by count-
ing the number of spontaneous dischargesin 5 min epochs,
in the absence and presence of test compounds, and the
values expressed as a percentage depression of the average
control discharge rate measured during the 5 min immedi-
ately before the addition of drugs.

Concentration—response curves for each agonist were
constructed in the presence and absence of the antagonist,
and then repeated in the combined presence of the GABA
uptake inhibitor NO-711. As a measure of agonist potency,
the half-maximally effective concentration (EC,) was the
concentration of the agonist required to produce 50%
depression of spontaneous activity, estimated from the
concentration—response curve. For antagonist potency, the
pA, vaue was determined using the relationship pA, =
log(CR — 1)-log[B], where (CR — 1) is the concentration
ratio— 1, and [B] the antagonist concentration, derived
from the shift of the concentration—response curve in the
presence of the antagonist. All numerical data in the
concentration—response curves have been expressed as
means + standard error of the means (S.E.M). Each experi-
ment was repeated on at least six preparations from three

different animals. Statistical significance was determined
by Student’s t-test for unpaired samples (significance level
P < 0.05).

2.2. Materials

(R,S)-Baclofen, CGP 52432 (3-[[3,4-dichloro-phenyl)-
methyl]-amino]propy!](-P-diethoxymethyl)-phosphinic
acid) and 3-APA (3-aminopropylphosphinic acid) were
gifts from Ciba-Geigy (Basel, Switzerland). NO-711 (1-(2-
(((diphenylmethylene)amino)oxy)ethyl)-1,2,5,6-tetrahydro
-3-pyridinecarboxylic acid) was purchased from
Research Biochemicals (Natick, MA).

3. Results

In Mg?*-free Krebs medium, rat neocortical slices ex-
hibited repetitive spontaneous discharges. The frequency
of these discharges was consistently reduced by 3-
aminopropylphosphinic acid in a dose-dependent and re-
versible manner, over the concentration range of 50—-1000
uM, there being no evidence of tissue desensitization to
3-aminopropylphosphinic acid upon prolonged exposure to
this agonist. Also, the depression of spontaneous dis-
charges in rat neocortical dlice preparations induced by
3-aminopropylphosphinic acid was mediated through
GABA receptor Sites, antagonised by the selective
GABA ; receptor antagonist CGP 52432 (3-[[3,4-dichloro-
phenyl)methyl]-amino]propy!](-P-diethoxymethyl)-phos-
phinic acid) originally developed by Froestl et al. (1992).
In atypical experiment illustrated in Fig. 1a, 3-aminopro-
pylphosphinic acid (3-APA; 70 uM) induced a suppres-
sion of discharge rate, reversibly antagonised by CGP
52432 (10 wM); recovery of the control response to
3-aminopropylphosphinic acid occurred within 30 min af-
ter tissue wash-out (n=8). Neither the GABA uptake
inhibitor NO-711 (5 and 10 wM) nor the GABA g receptor
antagonist CGP 52432 (1, 5 and 10 wM) applied alone
showed any effects on the control discharge rate. However,
a5 uM, NO-711 enhanced the depression of the sponta-
neous activity induced by 3-aminopropylphosphinic acid
(3-APA; 70 uM), the enhanced response till being antag-
onised by 10 uM CGP 52432 (n=6, Fig. 1b). The
GABA ; receptor agonist baclofen (EC., =7 uM) simi-
larly reduced the frequency of the spontaneous activity,
also antagonised by CGP 52432 (10 uM) (n=6). How-
ever, as baclofen is not a substrate for GABA uptake
carriers, its concentration—response curve was not affected
by NO-711 (5 and 10 uM) (n =6, data not shown). As
shown in Fig. 1c, NO-711 (5 uM) did not alter the
baclofen (BAC; 10 wM)-induced suppression of dis
charges.

From the 3-aminopropylphosphinic acid
concentration—response curve shown in Fig. 2, the esti-
mated ECg, value of 3-aminopropylphosphinic acid in
suppressing the discharge rate was 66 wM, with a near
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maximal effect at 700 uM (n= 8). By contrast, baclofen
(ECy, =7 uM) was about 10 times more potent than
3-aminopropylphosphinic acid in this depressant action,
and reached a maximal effect at 80 uM (n= 6, data not
shown). Pre-treatment of the slice with CGP 52432 (1, 5
and 10 uM) produced 2, 5 and 13 fold, rightward parallel
shifts, respectively, of the 3-aminopropylphosphinic acid
concentration—response curve without affecting the maxi-
mal response (mean pA, = 6.0+ 0.1; n=8). Thisisillus-
trated in Fig. 2 by the 13 fold shift of the 3-aminopro-
pylphosphinic acid concentration—response curve with CGP
52432 (10 uM) (n=28). Again, the concentration—re-
sponse curves to baclofen were similarly shifted to the
right by CGP 52432 (1, 5 and 10 uM), giving a mean
pA, =59+ 0.1 (n= 6, data not shown).

In afurther series of experiments, the concentration—re-
sponse curves for 3-aminopropylphosphinic acid were po-
tentiated by the GABA uptake inhibitor NO-711 (5 and 10
M), with leftward shifts of the curves. Thisyielded a 2.9
fold shift with NO-711 (5 M) (control EC., = 66 uM, as
against 23 uM with NO-711; n=6, Fig. 2), and a 9 fold
shift to 7.4 uM with NO-711 (10 uM) (n=6). These
potentiated responses were also sensitive to the GABA g
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3-APA + NO-711
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Fig. 1. A typica experiment showing suppression of spontaneous dis-
charges by the GABA g receptor agonist 3-aminopropylphosphinic acid
(3-APA) in the rat isolated neocortical slice preparation maintained in
Mg?*-free medium. (&) The 3-aminopropylphosphinic acid (3-APA; 70
wM)-induced depression of discharge rate was reversibly antagonised by
the GABA receptor antagonist CGP 52432 (10 wM). The control
response to 3-aminopropylphosphinic acid was subsequently re-estab-
lished upon washing out the antagonist (n= 8). (b) Pre-incubation of the
same tissue with the GABA uptake inhibitor NO-711 (5 uM) enhanced
the 3-aminopropylphosphinic acid (3-APA)-induced depressant action,
antagonised by CGP 52432 (10 uM) with recovery after tissue wash-out
(n=26). (¢) In a different preparation, NO-711 (5 wM) did not affect
baclofen (BAC; 10 wM)-induced suppression of spontaneous discharges
(n=6).
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Fig. 2. Concentration—response curves for 3-aminopropylphosphinic
acid-induced suppression of spontaneous discharges in the rat isolated
neocortical slices, maintained in Mg?*-free Krebs medium, in the ab-
sence (@) and presence (O) of CGP 52432 (10 uM), NO-711 (5 uM)
(m) and CGP 52432 (10 M) and NO-711 (5 wM) combined (O). Each
individual value is expressed as a percentage depression of the average
control discharge rate, and represents the mean and standard error of the
mean of 6-8 determinations.

receptor antagonist CGP 52432 (1, 5 and 10 wM) which
caused paralel rightward shifts of the concentration—re-
sponse curves for 3-aminopropylphosphinic acid in combi-
nation with NO-711 (5 and 10 wM) (n = 6 for each dose).
Illustrative of this (Fig. 2), the curve for 3-aminopro-
pylphosphinic acid together with 5 uM NO-711 was shifted
13 fold to the right by 10 uM CGP 52432 (3-aminopro-
pylphosphinic acid with NO-711 EC., = 23 uM, n= 6, as
against 300 uM when applied together in the presence of
CGP 52432, n=6). This gave a mean pA,=6.0+ 0.1,
similar to the pA, value obtained in the absence of
NO-711.

4, Discussion

In the present study, both 3-aminopropylphosphinic acid
and baclofen depressed the frequency of spontaneous dis-
charges in rat neocortical slice preparations maintained in
Mg?*-free Krebs medium in a concentration-dependent
manner. These actions of 3-aminopropylphosphinic acid
and baclofen were mediated through GABA g receptors
since they were antagonised by the GABAj receptor
antagonist CGP 52432 which yielded similar pA, values
for each, indicating that the actions were mediated through
the same receptor types. Although 3-aminopro-
pylphosphinic acid was first said to be a more potent
GABA ; receptor agonist than baclofen in a variety of
tissues (Dingwall et al., 1987; Hills et al., 1989; Pratt et
al., 1989), previously we found it to be virtually inactive in
the rat neocortex, up to a concentration of 10 uM (Ong et
al., 1990b). It is now apparent that this concentration range
originally used (Ong et al., 1990b) was too low, since the
EC., of 3-aminopropylphosphinic acid found here was 66
uM, as against 7 uM for baclofen, making it approxi-
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mately 10 times less potent than baclofen. Such a low
potency for 3-aminopropylphosphinic acid is unexpected,
as it has been found to be either equipotent with, or more
potent than baclofen in other central preparations (Seabrook
et a., 1990; Ong et a., 1990a; Lovinger et al., 1992;
Thompson and Gahwiler, 1992). However, the weak activ-
ity of 3-aminopropylphosphinic acid may be attributed to
uptake of 3-aminopropylphosphinic acid by GABA trans-
porters which limit the concentration accessible to the
receptors in the dlice. This explanation is strengthened by
our finding that 3-aminopropyl phosphinic acid-induced ac-
tions were potentiated by the GABA uptake inhibitor
NO-711, a guvacine analogue which inhibits neuronal
GABA uptake with an IC.; near 1 uM (Suzdak et al.,
1992). The observed potentiation is unlikely to be due to
an agonist action of NO-711 itself since the uptake blocker
had no discernible effects on its own, or on responses to
baclofen which is not a substrate for GABA transporters.
Lovinger et al. (1992), using nipecotic acid, found no
direct evidence that 3-aminopropylphosphinic acid is a
substrate for uptake systems. We have no explanation for
this discrepancy other than tissue differences (hippocampal
vs. neocortical slices). The present results suggest that,
particularly in slice preparations, the GABA g receptor
agonist activity of 3-aminopropylphosphinic acid can be
limited through uptake mechanisms, and may require the
use of suitable blockers of the transporters in order to
exhibit the full properties of 3-aminopropylphosphinic acid
at GABA g receptor sites.
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