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Abstract

In electrically stimulated rat neocortical brain slices preloaded with [*H]y-aminobutyric acid (GABA) or [H]glutamic acid, the
pharmacological actions of 1-(aminomethyl)-cyclohexaneacetic acid (gabapentin, Gp) were compared with the GABAg receptor agonists
baclofen (Bac) and (3-amino-2-(S)-hydroxypropyl)-methylphosphinic acid (CGP 44532). Gabapentin, baclofen and CGP 44532 all reduced
the electrically stimulated release of [*H]glutamic acid (ICso=20 uM, 0.8 pM and 2 uM, respectively). These effects were sensitive to the
GABAg receptor antagonists (+)-(S)-5,5 dimethylmorpholinyl-2-acetic acid (Sch 50911) or N-3-[[1-(S)-(3,4-dichlorophenyl)ethyl]amino]-2-
(8)-hydroxypropyl-P-(cyclo-hexylmethyl)-phosphinic acid (CGP 54626). By contrast, gabapentin was without effect on the release of
[PH]JGABA, whilst baclofen (ICso=8 pM) and CGP 44532 (ICso=1 uM) inhibited [’H]GABA release. It is concluded that gabapentin
selectively activates presynaptic GABAg heteroreceptors, but not GABAg autoreceptors, and may be a useful ligand to discriminate between

presynaptic GABAg receptor subtypes.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

1-(Aminomethyl)-cyclohexaneacetic acid (gabapentin;
neurontin) is a novel lipophilic compound that readily
enters the brain. It is a widely used anticonvulsant and
antinociceptive drug that may possess antihyperalgesic and
antiallodynic properties in inflammatory, surgical and neu-
ropathic pain (Field et al., 1997, 2002; Hwang and Yaksh,
1997; Shimoyama et al., 1997); however, the mode of
action of gabapentin remains somewhat of an enigma
(Taylor et al., 1998). Gabapentin does not bind with high
affinity to either y-aminobutyric acida (GABA,) or
GABAg receptors, nor does it influence GABA uptake,
inhibit GABA-metabolic enzymes (Taylor, 1994) or affect
GABA-induced neuronal responses (Rock et al., 1993).
However, it binds with nanomolar affinity to the auxiliary
28 subunit of voltage-dependent Ca®" channels (Gee et
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al., 1996) and inhibits high-threshold neuronal Ca2" cur-
rents (Stefani et al., 1997), but whether this can account
for the anticonvulsant and antinociceptive actions remains
unknown.

GABARg receptors belong to Family 3 of the G-protein-
coupled metabotropic receptors and are activated by the
neurotransmitter GABA that mediates neuronal inhibition.
These receptors are heterodimers of two subunits, GABAg;
and GABAg,, which are essential for functional expres-
sion, as well as receptor activation and ligand specificity
(Bowery and Enna, 2000; Vacher and Bettler, 2003). The
most abundant GABAg subunits are the two N-terminal
splice variants, GABAg;, and GABAg;,, and GABAR,
subunits, which, together, mediate GABAg receptor func-
tions in the brain. GABAg receptors either activate in-
wardly rectifying K™ channels or inhibit voltage-gated
Ca®”" channels in both pre- and postsynaptic components
of excitatory and inhibitory neurons of the central nervous
system (Kerr and Ong, 2001; Vacher and Bettler, 2003).
Stimulation of presynaptic GABAg heteroreceptors
decreases neurotransmitter release by reducing Ca’>* con-
ductance, whilst activation of postsynaptic GABAg recep-
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tors increases a K conductance (KIR) responsible for the
long-lasting hyperpolarizing inhibitory potentials (Misgeld
et al., 1995).

There are conflicting reports on the pharmacological
effects of gabapentin on GABAg receptors. For instance, it
has been suggested that, in hippocampal neurons, gaba-
pentin is a GABAp receptor subtype-selective agonist,
activating postsynaptic K™ currents without presynaptic
actions (Bertrand et al., 2001, 2003; Ng et al.,, 2001);
yet, gabapentin itself does not have any agonist activity on
GABAg receptors, in a variety of preparations (Lanneau et
al., 2001; Jensen et al., 2002). Although gabapentin has
been shown to inhibit K -evoked glutamate release from
rat brain neocortical slices, it is not known if this effect is
mediated through GABAg receptors (Dooley et al., 2000).
Moreover, any pharmacological actions of gabapentin on
electrically stimulated release of [PHJGABA and [*H]glu-
tamic acid from rat neocortical slices have not been
examined previously on presynaptic GABAg auto- and
heteroreceptors modulating transmitter release. In this
study, we show that gabapentin reduced the electrically
stimulated release of [*H]glutamic acid but was without
effect on the release of [’H]JGABA. Using the same
neurochemical assays, we have also compared the phar-
macological actions of gabapentin with those of the
known GABAg receptor agonists baclofen (Bac) and the
phosphinic acid analogue of B-hydroxy-GABA, (3-amino-
2-(S)-hydroxypropyl)-methylphosphinic acid (CGP 44532;
Froestl et al., 1995; Ong et al., 2001). It is concluded that,
unlike the latter two agonists, at least in this paradigm,
gabapentin activates presynaptic GABAg heteroreceptors,
but not GABAg autoreceptors, and that it may be a useful
ligand to discriminate between presynaptic GABAg recep-
tor subtypes.

2. Materials and methods

Rat neocortical slices were prepared as described previ-
ously (Ong et al., 1990). Briefly, outbred male adult
Sprague—Dawley rats (250—350 g) were anaesthetized with
halothane and were decapitated. All animal experimenta-
tions were carried out according to the guidelines of the
Australian Code of Practice for the care and use of animals
for scientific purposes, of the National Health and Medical
Research Council and of the University of Adelaide Animal
Ethics Committee. The brains were removed rapidly and
were then immersed for 30 min in ice-cold oxygenated
Krebs solution (95% 0,:5% CO,; pH 7.4), prior to the
preparation of coronal slices (400 pm thick) using a vibra-
slice microtome (Campden Instruments, UK).

2.1. Incubation in [°’H]GABA

Slices of neocortex were equilibrated in warm, gassed
Krebs solution (37 °C; 95% 0,:5% CO,) for at least 40

min prior to incubation in Krebs solution containing
GABA (0.05 pmol/l) and [PH]JGABA (0.05 pmol/l) for
30 min. Pairs of slices were rinsed, placed in small
chambers and then superfused at 1 ml/min with Krebs
solution containing the GABA uptake inhibitor 1-(2-
(((diphenylmethylene)imino)oxy)ethyl)-1,2,5,6-tetrahydro-
3-pyridinecarboxylic acid (NO-711; 5 pmol/l; 37 °C,
gassed). Aliquots of superfusate were collected at 10-min
intervals for the first four collections and for 4 min
thereafter and their *H contents were assayed by liquid
scintillation spectrometry. Slices were stimulated through
platinum field electrodes by square wave pulses at 2 Hz
(2.0 ms duration, 50 V) for 60 pulses at 10 min and for
300 pulses at 48 min (S;) and 76 min (S,) after super-
fusion commenced. At the end of each experiment, the
residual *H content in the slices was extracted in 0.4 mol/
1 HCIO, (containing EDTA, 3.0 mmol/l; Na,SOs, 10
mmol/l) at 4 °C for at least 16 h and was then assayed.
From this data, the fractional overflow of *H during each
collection period was calculated.

When required, the GABAg receptor antagonists, (+)-
(5)-5,5 dimethylmorpholinyl-2-acetic acid (Sch 50911) or
N-3-[[1-(S)-(3,4-dichlorophenyl)ethyl]amino]-2-(S)-hydrox-
ypropyl-P-(cyclo-hexylmethyl)-phosphinic acid (CGP
54626), were added to the superfusion medium 20 min
before S,, and the agonists, either baclofen, gabapentin or
CGP 44532, were added 10—12 min prior to S,.

2.2. Incubation in [3H]glutamic acid

Slices of neocortex were equilibrated in Krebs as
described above and were incubated in Krebs solution
containing glutamic acid (0.3 pmol/l) and [*H]glutamic
acid (0.3 pumol/l) for 45 min. During the equilibration and
incubation periods, the Krebs solution contained semi-
carbazide (100 pmol/l) to inhibit the metabolism of
glutamic acid. Pairs of slices were superfused at 1 ml/
min with Krebs solution as described above. Aliquots of
superfusate were collected at 8-min intervals and were
assayed by liquid scintillation spectrometry. Slices were
stimulated at 2 Hz (2.0 ms duration, 50 V) for 60 pulses
at 16 min, 500 pulses at 64 min (S;) and at 104 min (S,),
after superfusion commenced. Agonists (baclofen, gaba-
pentin and CGP 44532) and antagonists (Sch 50911 and
CGP 54626) were added to the superfusion medium prior
to S, at the times described here. Amino acid analysis
using o-phthaldialdehyde derivatization with high-perfor-
mance liquid chromatography separation confirmed that an
excess of 85% of the trittum, which overflowed in the
8 min from the commencement of stimulation, was gluta-
mic acid.

2.3. Resting and stimulation-induced overflows

The resting overflow of *H (R; or R») is defined as the
fractional overflow in the 8 min prior to stimulation (S; or
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S,). The effects of agonists and/or antagonists on the resting
overflow of *H were determined by comparing the Ro/R,
ratio with that in appropriate control slices.

The stimulation-induced overflows of *H at S; and S,,
SIO; and SIO, respectively, were calculated by subtracting
the resting overflow (8 min) from the fractional overflow in
the 8 min following the onset of stimulation. The effect of an
agonist or antagonist was determined by comparing the SIO,/
SIO, ratio in the presence of the agent with that in control
tissue.

2.4. Solutions

Krebs solution was of the following composition (mmol/
1): NaCl (120), KCI (4.7), NaHCO3 (25), KH,PO, (1.0),
CaCl, (2.0), MgCl, (1.3) and glucose (5.5); and contained
aminooxyacetic acid (0.05 mmol/l) for the ['H]GABA
experiments.

2.5. Statistical analysis

The significance of the effects of an agonist, or antago-
nist, was assessed by unpaired Student’s #-test, with signif-
icance levels at p<0.05.

2.6. Drugs and chemicals

2, 3-[’H][N]GABA, specific activity 1.06 TBg/mmol and
L-[3,4—3H]glutamic acid, specific activity 1.89 TBg/mmol,
were obtained from New England Nuclear (Boston, MA,
USA). CGP 54626 and CGP 44532 were gifts from Novar-
tis (Basle, Switzerland). Aminooxyacetic acid hemihydro-
chloride and semicarbazide were purchased from Sigma
(Missouri, USA), whilst the GABA uptake inhibitor NO-
711 and baclofen were obtained from Research Biochem-
icals (Natick, MA, USA). Sch 50911 was a gift from
Schering-Plough (USA) and gabapentin was a gift from
Pfizer (Australia).

3. Results

3.1. Release of H from neocortical slices incubated in
[PH]GABA

The overflow of *H from neocortical slices preincubated
in [*"H]JGABA resulted in an SIO,/SIO; ratio of 0.94 + 0.03
(n=12). For comparative purposes, the SIO,/SIO; ratios in
the presence of either the agonists or the antagonists were
standardised against an SIO,/SIO; ratio of 1.0 in untreated
slices, and were then expressed as a percentage.

As shown in the concentration—response curves, CGP
44532 was a more potent inhibitor of the release and
overflow of *H than baclofen, in that the maximal inhibition
(at 200 uM) was 61% as against 48% for baclofen, and the
estimated EC5y was 1 uM as against 8 pM for baclofen (Fig.
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Fig. 1. Concentration—response curves for the inhibitory effects of baclofen
(©) gabapentin (O) and (3-amino-2-(S)-hydroxypropyl)-methylphosphinic
acid [CGP 44532; (A)] on the stimulation-induced overflow of *H in
neocortical slices preincubated in [PHJGABA. Values shown represent the
inhibitory effect of each agent on the overflow, expressed as a percentage of
the overflow in the absence of the agent. Data are the means and standard
errors of the means of at least four experiments, except baclofen (0.2 mM)
and gabapentin (1.0 mM) where n=3.

1). Gabapentin had little or no effect on the SI overflow of
[PH]GABA, except at a concentration of 100 puM, which
produced an inhibition of 12%.

3.2. Release of °H from neocortical slices incubated in
[ H]glutamic acid

The SIO,/SIO; ratio in untreated neocortical slices was
0.90 + 0.06 (n=28). As described above (see 3.1), the SIO,/
SIO; ratios in the presence of agonists or antagonists were
standardised against that in the absence of agents, and were
expressed as a percentage.

In these experiments, the maximal inhibition elicited by
gabapentin on the overflow of *H was similar to that with
baclofen, although less than with CGP 44532. From the
concentration—response curves, the ECs for each agent was
0.8 uM for baclofen, 2 uM for CGP 44532 and 20 uM for
gabapentin (Fig. 2).

3.3. Effects of either agonists or antagonists alone, or in
combination, on the overflow of *H from neocortical slices
preincubated with [PH]JGABA or [PH]glutamic acid

3.3.1. Baclofen, Sch 50911 and CGP 54626

At the higher concentration of baclofen used in this study
(GABA series, 20 uM; glutamic acid series, 10 pM), the
agonist inhibited the SI overflow of *H by approximately
40% (Fig. 3). In contrast, while the GABAg receptor
antagonist, Sch 50911 (10 pM), enhanced the release of
[*H]JGABA by 140%, it had little effect on the SI overflow
in tissues preincubated in [*H]glutamic acid. Sch 50911
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Fig. 2. Concentration—response curves for the inhibitory effects of baclofen
(#), gabapentin (@) and (3-amino-2-(S)-hydroxypropyl)-methylphosphinic
acid [CGP 44532; (A)] on the stimulation-induced overflow of *H in
neocortical slices preincubated in [*H]glutamic acid. Values shown
represent the inhibitory effect of each agent on the overflow, expressed
as a percentage of the overflow in the absence of the agent. Data are the
means and standard errors of the means of at least four experiments, except
CGP 44532 (0.2 mM) where n=3.

reversed the inhibitory effects of baclofen on the release of
both [P’HJGABA and [*H]glutamic acid; although in the
latter experiments, the SI overflow remained slightly less
than that in untreated tissues. The other antagonist, CGP
54626 (0.1 pM), increased the SI overflow of *H by 71% in
the GABA experiments but had no effect in the glutamic
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Fig. 3. The effects of baclofen (Bac)* and (+)-(S)-5,5 dimethylmorpholinyl-
2-acetic acid (Sch 50911; Sch; 10 uM) on the stimulation-induced overflow
of *H from rat neocortical slices preincubated with either ["H]GABA (0.1
uM, open columns) or [*Hlglutamic acid (0.6 puM, hatched columns).
Results are expressed as a percentage of the overflow in untreated slices
(100%) represented by the broken line (n=11). “The concentration of
baclofen was 2(#) or 20 uM in the [PH]|GABA experiments and 1(#) or 10
M in the [*H]glutamic acid experiments. *Effects of baclofen or Sch 50911
in untreated slices (unpaired Students’ #-test; p <0.05). >“Effects of Sch
50911 in baclofen-treated slices (unpaired Students’ #-test; p <0.05; n=at
least five experiments).
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Fig. 4. The effects of N-3-[[1-(S)-(3,4-dichlorophenyl)ethyl]amino]-2-(S)-
hydroxypropyl-P-(cyclo-hexylmethyl)-phosphinic acid (CGP 54626; CGP;
0.1 pM), in the presence and absence of baclofen (Bac)*, on the
stimulation-induced overflow of *H from rat neocortical slices preincu-
bated with either [’HJGABA (0.1 pM, open columns) or [*H]glutamic
acid (0.6 uM, hatched columns). Results are expressed as a percentage of
the overflow in untreated slices (100%) represented by the broken line
(n=11). The effect of CGP 54626 on the release of [PH|GABA in
baclofen-treated slices was not examined. *The concentration of baclofen
was 2(#) or 20 uM in the [PH]GABA experiments and 1(#) or 10 uM in
the [*H]glutamic acid experiments. *Effects of baclofen or CGP 54626 in
untreated tissue (unpaired Students’ r-test; p<0.05). PEffects of CGP
54626 in baclofen-treated tissue (unpaired Students’ #-test; p<0.05; n=at
least five experiments).

acid series (Fig. 4). While not tested in the GABA series,
CGP 54626 prevented the inhibitory effect of baclofen (10
M) on the SI overflow of *H in the glutamic acid series.
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Fig. 5. The effects of gabapentin [Gp; 10(#) or 100 uM] and N-3-[[1-(S)-
(3,4-dichlorophenyl)ethylJamino]-2-(S)-hydroxypropyl-P-(cyclo-hexyl-
methyl)-phosphinic acid (CGP 54626; CGP; 0.1 uM) on the stimulation-
induced overflow of *H from rat neocortical slices preincubated with either
[PH]GABA (0.1 uM, open columns) or [*H]glutamic acid (0.6 uM, hatched
columns). Results are expressed as a percentage of the overflow in
untreated slices (100%) represented by the broken line (n=11). The effect
of CGP 54626 in gabapentin-treated slices in the [’H]JGABA series was not
tested. “Effects of gabapentin or CGP 54626 in untreated neocortical slices
(unpaired Students’ r-test; p<0.05). PEffects of CGP 54626 in gabapentin
(100 pM)-treated tissues (unpaired Students’ #-test; p <0.05; n=at least five
experiments).
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In slices pretreated with ["H]GABA, while baclofen (2
M) did not affect the SI overflow of *H, Sch 50911, in the
presence of baclofen, enhanced the overflow by 98% (Fig.
3). In contrast, in the glutamic acid experiments, baclofen (1
uM) inhibited the overflow of *H by 23%; an inhibition that
was not reversed by either Sch 50911 (10 uM) or CGP
54626 (0.1 pM; Figs. 3 and 4).

3.3.2. Gabapentin, CGP 44532, SCH 50911 and CGP
54626

The effects of gabapentin (10 and 100 pM) and of CGP
44532 (2 and 20 uM) on the SI overflow of *H from slices
pretreated with either [’H]JGABA or [3H]glutamic acid, in
the presence and absence of the GABAg receptor antago-
nists Sch 50911 and CGP 54626, are shown in Figs. 5 and 6.
Gabapentin (100 uM) inhibited the overflow of *H in both
series of experiments, although the magnitude of the inhi-
bition in the GABA experiments was small (12%; Fig. 5).
At the lower concentration (10 uM), gabapentin had little or
no effect. Whilst the agonist CGP 44532 (10 and 100 uM)
inhibited the SI overflow, inhibition was greater at the
higher concentration (Fig. 6). Sch 50911 (10 pM) reversed
the effects of CGP 44532 in the GABA experiments, but
only at the higher concentration of CGP 44532 (20 pM) in
the glutamic acid series. An alternate GABAp receptor
antagonist, CGP 54626 (0.1 uM), enhanced the SI overflow
of *H in slices preincubated in [’HJGABA, but not [*H]glu-
tamic acid, and reversed the inhibitory action of gabapentin
(100 uM) in both series of experiments (Fig. 5).

The resting overflows of *H in neocortical slices pre-
incubated with [*H]glutamic acid were unaffected by any of
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Fig. 6. The effects of (3-amino-2-(S)-hydroxypropyl)-methylphosphinic
acid (CGP 44532; CGP; 2(#) and 20 uM) and (+)-(S5)-5,5 dimethylmor-
pholinyl-2-acetic acid (Sch 50911; Sch; 10 uM) on the stimulation-induced
overflow of *H from rat neocortical slices preincubated with either
[PH]GABA (0.1 pM, open columns) or [*H]glutamic acid (0.6 uM, hatched
columns). Results are expressed as a percentage of the overflow in
untreated slices (100%) represented by the broken line (n=11). *Effects of
CGP 44532 or Sch 50911 in untreated neocortical slices (unpaired
Students® t-test; p<0.05). "Effects of Sch 50911 in neocortical slices
treated with CGP 44532 (unpaired Students’ #-test; p <0.05; n=at least five
experiments).

the agents tested; however, in those tissues incubated with
[PH]GABA, the antagonists Sch 50911 (10 pM) and CGP
54626 (0.1 pM) increased the mean resting overflows by
24% and 52%, respectively. These effects of the antagonists
were also noted in neocortical slices that were treated with
the agonists.

4. Discussion

Despite the conventional notion that gabapentin is a
structural analogue of GABA (Satzinger, 1994), it is a
spiro-compound that assumes a conformation where the
acid and amine moieties mimic an a-amino acid and thus
might not be expected to interact with any GABA receptor
(Bryans et al., 1997). Yet, recent studies have demonstrated
agonist actions of gabapentin on GABAg;, and GABApg,
heterodimers coupled to Kir 3.1/3.2, inwardly rectifying K"
channels in Xenopus oocytes, as well as on postsynaptic
GABAg receptors in hippocampal neurons (Ng et al.,
2001). Gabapentin also inhibits membrane Ca” " mobiliza-
tion in a mouse pituitary-intermediate malanotrope clonal
cell line which expresses endogenous GABAp;, and
GABAg; receptors. Likewise, it depresses voltage-depen-
dent Ca”"channels in hippocampal neurons (Bertrand et
al., 2001). These results point to a subtype-selective
agonist action of gabapentin on the GABAg;.,/GABAR,
heterodimers without any effects on the GABAg;y/
GABAg, subunits (Bertrand et al., 2001, 2003). This is
surprising because gabapentin does not appear to bind to
GABAg receptors in radioligand binding studies (Taylor,
1995).

Gabapentin does bind to an a-amino acid binding site in
the brain; a binding that is inhibited by branched-chain L-
amino-acids such as L-leucine (Hill et al., 1993). Because
the distribution of gabapentin binding overlaps with that of
GABAg receptors in the central nervous system (see Ng et
al., 2001), the above finding could be interpreted to mean
that gabapentin acts as a modulator at such sites. Indeed, we
have shown earlier that a range of L-a-amino acids are
GABAg receptor modulators at GABAg receptor sites,
potentiating GABAjg receptor-mediated hyperpolarizing
responses in rat brain (Kerr and Ong, 2003). Consistent
with this hypothesis, our preliminary studies have shown a
modulatory action of gabapentin on baclofen-induced
hyperpolarizations (Ong and Kerr, unpublished observa-
tions). The pharmacological action of gabapentin on
GABAg1./GABApR, heterodimers might then be that of
modulation of the actions of endogenous GABA, mediated
through gabapentin acting at these a-amino acid binding
sites on the GABAg receptors. Although gabapentin does
not appear to have any action on GABAg receptors in some
preparations (Lanneau et al., 2001; Jensen et al., 2002), in
this study, we found that gabapentin activates presynaptic
GABAg heteroreceptors modulating electrically evoked
[3H]g1utamic acid release from rat neocortical slices. Fur-
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thermore, such agonist actions were found to be mediated
through GABAg receptor sites because they were sensitive
to the GABAg receptor antagonists Sch 50911 and CGP
54626 (Froestl et al., 1996; Ong et al., 1998).

When compared to the activities of baclofen and CGP
44532 on heteroreceptors, gabapentin was considerably less
potent in reducing electrically stimulated [*H]glutamic acid
release. Here, the ICs, for gabapentin was 20 pM, close to
the ECs value of gabapentin (15 pM) acting on GABAR,/
GABAg, heterodimeric receptors in Xenopus oocytes (Ng
et al., 2001).

In the present study, gabapentin had little or no effect
on GABAg autoreceptors modulating electrically stimulat-
ed [P'H]JGABA release from rat neocortical slices, produc-
ing only a small inhibition (12%) at a concentration of
100 uM. This concentration lies within the upper range of
the estimated therapeutic concentrations present in plasma
and brain tissue (Dooley et al., 2000). Consistent with
these findings, Ng et al. (2001) showed that gabapentin
did not depress monosynaptic GABA inhibitory postsyn-
aptic currents, suggesting a lack of effect on presynaptic
GABAg autoreceptors in hippocampal neurons; nor did it
affect inhibitory postsynaptic currents in the hippocampus
from any strains of mice (Bertrand et al., 2003). In
addition, in adult superficial dorsal horn neurons, gaba-
pentin (100 pM) did not alter the frequency or the
amplitude of spontaneous excitatory and inhibitory post-
synaptic currents, implying that presynaptic transmitter
release was unaffected (Moore et al., 2002). However,
gabapentin at 300 pM inhibited inhibitory postsynaptic
currents recorded from CA1 pyramidal cells in rat hippo-
campus (van Hooft et al., 2002). In the present experi-
ments, the GABAg receptor agonists, CGP 44532 and
baclofen, reduced [*’H]GABA release with ICs, values of
1 pM and 8 uM, respectively, similar to our previous
study (Ong et al., 2001), whereas gabapentin was rather
inactive. This suggests that gabapentin is without effect on
GABAg autoreceptors, whilst both CGP 44532 and baclo-
fen inhibit [’H]JGABA release through activating GABAg
autoreceptors sensitive to the antagonists Sch 50911 and
CGP 54626. As previously reported, the binding affinity
of CGP 44532 (IC59=45 nM) for GABAR receptors in rat
cerebral cortex is higher than that of baclofen (IC50=109
nM) and about twice as active as baclofen in inhibiting
electrically stimulated GABA release from cortical slices
(Froestl et al., 1995).

In conclusion, presynaptic transmitter release in rat
neocortical slices was differentially affected by gabapentin;
the latter showing a preferential activation of presynaptic
GABAg heteroreceptors regulating [*H]glutamic acid re-
lease. By contrast, gabapentin did not have any significant
effects on GABAg autoreceptors modulating ["HJGABA
release. Such discrimination by gabapentin between
GABAg receptor subtypes is difficult to explain because
gabapentin does not display any distinct pharmacological
actions at presynaptic GABAg receptors in previous studies

(Lanneau et al., 2001; Ng et al., 2001). Nevertheless, the
mechanism(s) of actions of gabapentin are obviously com-
plex, and further studies are required to clarify any effects of
gabapentin at GABAg receptor-mediated transmission in
relation to heteroreceptor control in nociception, spasticity
and anticonvulsant actions.
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