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Late inhibitory postsynaptic potentials in rat prefrontal cortex may be mediated by GABA receptors
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Summary. The GABA, antagonist phaclofen blocked the postsynaptic hyperpolarization induced by the GABA; agonist
baclofen during intracellular recordings in rat cortical cells. This effect appears to be selective since responses to GABA
agonists (muscimol, THIP), GABA, 5-HT and L-glutamate were unaffected. Phaclofen also blocked synaptically evoked late
inhibitory postsynaptic potentials (late IPSP). These results suggest that the late IPSPs in cortical neurons are mediated by

GABA acting on GABA,, receptors.
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Gamma-aminobutyric acid (GABA) is the major inhibitory
neurotransmitter in the central nervous system. It mediates
its action via two classes of receptors, GABA, and
GABAg" 2. Whereas the physiology of GABA, receptors is
understood in considerable detail, the role of GABA, recep-
tors has been less thoroughly investigated. Activation of
GABAj receptors has been shown to inhibit the release of
various transmitters centrally** and peripherally 3. More
recently, it was demonstrated that GABAg receptors mediate
the late inhibitory postsynaptic potential (IPSP) in the
hippocampus, thalamus and septum ®~8. This late IPSP re-
verses near the equilibrium potential for potassium (K *)°
and resembles the K *-dependent hylperpolarization induced
by the GABA, agonist baclofen 1% 11, In the present study,
we have investigated whether the late IPSP recorded in corti-
cal neurons is also mediated via GABAj receptors. The
selectivity of the new GABA, blocker phaclofen !? has not
been extensively tested ®, and to date, no data on phaclofen
binding has been reported. Therefore, in one series of exper-
iments, the potency and selectivity of the new GABA, block-
er phaclofen in cortical tissue was determined. Subsequently,
the effect of phaclofen on the late IPSP in the cortex was
investigated. Some of these results have appeared in a pre-
liminary report 3.

Methods. Male Sprague-Dawley rats (80-150 g) (RA 25, Tif,
Sisseln, Switzerland) were decapitated under light ether anes-
thesia. The brain was rapidly removed and immersed for 10 s
in a cooled artificial cerebrospinal fluid (ACSF) solution
(3-5°C) pregassed with 95% Q,/5 % CO,. Transverse slices
(500 pm) of the medial frontal cortex were cut with a Vi-
bratome. Slices were maintained semi-submerged in a modi-
fied version of the Haas chamber '# and perfused, the first
hour at room temperature and then at 33—-35°C, in ACSF
(pH 7.4) of the following composition (mM): NaCl 124,
KCl2.5, CaCl, 2.5, MgSO, 2, KH,PO, 1.25, NaHCO, 26
and D-glucose 10. Intracellular recordings were made from
cortical neurons in the cell layers 2—4 with glass micro-
electrodes filled with 2 M potassium methylsulphate (resis-
tance 70—120 MQ). An Axoclamp-2 A amplifier was used.
Changes in input resistance were determined by injecting
constant current hyperpolarizing pulses every 60 s through
the recording electrode. Postsynaptic potentials were evoked
by constant current stimulation (60—140 pA; 0.6-2.5-ms
duration) (Grass S 11 stimulator with stimulus isolation unit
PSIU6) of superficial cortical layers through a bipolar stain-
less steel electrode. The following drugs were used : baclofen
(Ciba-Geigy, Basle), phaclofen (Dr R. G. Hall, Ciba-Geigy,
Manchester, UK and Tocris Neuramin), muscimol (Ciba-
Geigy, Basle), THIP (Research Biochemicals Inc.), GABA
(Serva), S5-HT (Fluka) and L-glutamate (Fluka). All drugs
were dissolved in ACSF and added to the perfusion chamber
via the main perfusion line.

Results. Recordings were obtained from 45 cortical neurons
which had resting membrane potentials more negative than
—50mV (—68.84/—1.5mV; mean+/—SEM). Phaclofen
(0.5—-1 mM) had no consistent effect on input resistance or

resting membrane potential in cortical cells (n = 26). At the
highest concentration (1 mM), however, phaclofen induced
a weak transient depolarization (1-2 mV) of the membrane
potential in 4 out of 8 cells tested. Baclofen at 1-10 uM
produced a hyperpolarization which was associated with a
mild decrease in membrane input resistance (data not
shown). At 1 mM, phaclofen inhibited the maximal response
to baclofen (10 pM) by 72.6+/—7.7% (mean+/—SEM)
(n = 9). The inhibition occurred rapidly (46 min) and re-
covered within 10—12 min from the start of the washout. The
effect of 0.5 mM phaclofen on baclofen-induced (1-10 pM)
responses ( n = 4, data not shown) was not as consistent and
reproducible as the results obtained with 1 mM phaclofen.
We therefore used 1 mM phaclofen in the remaining experi-
ments of this series. The GABA, agonists muscimol (3 uM,
n = 2) and THIP (0.5 mM, n = 2) both induced membrane
depolarization. Phaclofen at 1 mM had no effect on re-
sponses to either agonist (data not shown). GABA (0.5~
1 mM, n = 4) produced membrane depolarization, which in
two cells was followed by a brief hyperpolarization. On the
other hand, 5-HT (0.2 mM, n = 2), hyperpolarized the cells.
However, phaclofen had no effect on responses to either
GABA or 5-HT in the same cell (data not shown). The
depolarizing response induced by L-glutamate (0.5 mM,
n = 4) always resulted in cell firing. The amplitude of the
L-glutamate-induced response was slightly reduced during
phaclofen-perfusion (1 mM). Figure 1 depicts an example of
the effect of phaclofen on baclofen- and L-glutamate-in-
duced responses in the same cell.

Electrical stimulation of superficial layers of the cortical slice
evoked a biphasic IPSP in 19 out of 29 neurons impaled
(fig. 2). The remaining cells (n = 10) showed an action po-
tential riding on a pure depolarizing potential (data not
shown). In all neurons tested, phaclofen (0.1—1 mM) re-
versibly reduced the stimulation-evoked late IPSP. The onset
of action was 3-4min at 0.1 mM (n=4), 2-3min at
0.5mM (n=7) and 1-2min at 1 mM (n = 2). Recovery
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Figure 1. Effect of phaclofen on baclofen (B)- and L-glutamate (G)-in-
duced changes of the membrane potential during intracellular recording
in rat cortical neurons. Phaclofen (1 mM) was perfused 5 min before as
well as during the baclofen (10 uM, 45 s) and L-glutamate (0.5 mM, 20 s)
perfusions. Resting membrane potential of the cell was —82 mV.
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Figure 2. Effect of phaclofen (1 mM, 4 min) on synaptically evoked late
IPSP during intracellular recording in rat cortical neurons. Resting mem-
brane potential of the cell was —63 mV.

occurred 4-8 min and 8—12 min after start of the washout
of the low (0.1 mM) and higher (0.5—-1 mM) doses, respec-
tively. Phaclofen up to 1 mM had no effect on the synaptical-
ly elicited EPSP, the action potential or the early IPSP (data
not shown). Figure 2 shows a typical example in which
phaclofen depresses the late IPSP in a reversible manner.
Discussion. In the present study we demonstrate that
phaclofen, although originally claimed to be a weak presy-
naptic GABA, antagonist on spinal neurons '2, is a remark-
ably selective blocker of the postsynaptic action of baclofen,
and that it selectively abolishes the late IPSP in cortical cells.
The fact that phaclofen inhibited the K*-dependent!®!!
GABA-mediated action of baclofen, but had no effect on
responses induced by the. GABA, agonists, muscimol and
THIP, strongly indicates that the effect of phaclofen is selec-
tive on GABA, receptors. Moreover, phaclofen did not af-
fect the action of 5-HT, which has been shown to be mediat-
ed by the same K™ channels but not by the same receptors
as baclofen-induced responses '3, This is in agreement with
what has been reported in the hippocampus®. At moderate
concentrations phaclofen had no effect on basic membrane
properties. At higher concentrations (1 mM), it induced a
weak transient depolarization. This might be due to a reduc-
tion in tonic input of GABA. In the presence of phaclofen,
the effect of glutamate appeared to be slightly reduced
(fig. 1). However, this effect may be indirect, arising from
the tendency towards membrane depolarization during
phaclofen-perfusion. The observation that phaclofen mark-
edly reduced baclofen-induced responses but had no effect
on those of GABA may seem surprising. However, in our
experiments GABA primarily elicited depolarizing respons-
es. According to findings by Scharfman and Sarvey 'S this
effect is due to dendritic GABA receptor activation. Further-
more, it has been shown in the hippocampus that
dendritic GABA responses mediated by GABA, receptors
predominate and mask responses mediated by GABA re-
ceptors

The effect of phaclofen on synaptically evoked postsynaptic
potentials in the present study supports recent findings in
other brain areas®~® that phaclofen selectively inhibits the
GABAg-mediated late IPSP, but not the EPSP and the
GABA ,-mediated early IPSP. The involvement of the
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GABA, receptor in the induction of the late IPSP in the
cortex is further supported by the findings that the GABA,
receptor is coupled to a K* channel and that the late IPSP
is sensitive to changes in external K * concentrations ®, How-
ever, relatively high stimulation intensities are needed to elic-
it the late IPSP (own observations % ). This suggests that the
activation of the GABA receptor depends on the strength of
the afferent input, i.e. on the amount of GABA released.
This concurs with studies showing that higher concentra-
tions of GABA are required for the activation of GABA,
than of GABA, receptors !”. Phaclofen, which has been re-
ported to be a weak competitive antagonist of baclofen’,
was effective in reducing the late IPSP at much lower concen-
trations than those needed to antagonize baclofen-induced
responses. Thus it seems that phaclofen in this study was
potent enough to compete with endogenously released
GABA for the GABA, receptor and was therefore able to
block the synaptically evoked late IPSP.

In summary, we have demonstrated for the first time that
phaclofen, the only available GABAg-blocker, is a useful
pharmacological tool which selectively antagonizes ba-
clofen-induced hyperpolarizations recorded from rat corti-
cal neurons. Furthermore, phaclofen blocks the late IPSP,
thus providing strong evidence for the involvement of
GABA; receptors in synaptic transmission. The presence of
late IPSPs 8 as well as GABA,, binding? in various brain
areas suggest that this GABA, receptor-medlated IPSP rep-
resents a relatively common inhibitory mechanism in the
mammalian CNS.
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