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Bicuculline and picrotoxin block y-aminobutryic acid-gated Cl~ conductance by different mechanisms'

N. Akaike?, K. Hattori, Y. Qomura and D.O. Carpenter

Department of Physiology, Faculty of Medicine, Kyushu University 60, Fukuoka 812 (Japan), and Center for Laboratories and
Research, New York State Department of Health, Albany (New York 12201, USA), 16 February 1984

Summary. Using isolated, internally perfused bullfrog dorsal root ganglion cells we have studied the dose-response curves for
y-aminobutyric acid (GABA) in the presence of internally or externally applied GABA antagonists. With external application of
antagonists the inhibition of the GABA current by bicuculline was competitive and that by picrotoxin was noncompetitive.

Picrotoxin but not bicuculline blocked when internally perfused.

Key words. y-Aminobutyric acid; bicuculline; picrotoxin; internal perfusion; competition blockade; channel blockade; frog dorsal

root ganglion.

The use of internal perfusion techniques® on isolated neurons
allows a more rigorous electrophysiologic analysis of trans-
mitter and antagonist actions than has usually been possible.
We have applied such methods to study the mechanisms of
antagonism of GABA responses on bullfrog dorsal root gang-
lion cells by bicuculline and picrotoxin.

Materials and methods. Bullfrog lumbar dorsal root ganglion
cells (primary afferent neurons) were prepared for internal per-
fusion as previously described®. To suppress the ionic currents
due to ions other than ClI” we substituted in both the internal
and external perfusion solutions TRIS* for Na*, Ca* for K,
and Mg?* for Ca®, The composition of these solutions is given
in the table. y-Aminobutyric acid (GABA) and/or its antago-
nists were added to the appropriate solutions at known con-
centrations. GABA was perfused at 10-min intervals. The volt-
age-clamp circuit used was a modification of the single-elec-
trode clamp of Wilson and Goldner*.

Ramp current-voltage (I-V) relations were obtained at rest, at
the peak response after GABA perfusion and at the peak
GABA response after perfusion of the antagonist for 10 min
extracetlularly or 15 min intracellularly. At low GABA concen-
trations all I-V curves were taken during the plateau of the
response. At higher GABA concentrations the response would
peak and then fall during perfusion as a result of receptor de-
sensitization®. In such cases the I-V plot was obtained at the
peak response as possible. Patch clamp studies were done as
described by Hamill et al.%.

Results and discussion. When bicuculline or picrotoxin was ap-
plied to the external perfusion medium each inhibited the cell’s
response to GABA. Relative conductance showed a sigmoidal
increase with increasing GABA concentration, with a half-
maximal value at 4.6 x 107% M (fig. 1a). After complete recov-
ery by washing with the control solution, the preparations
were pretreated with an antagonist for 10 min, followed by
application of a test solution containing an antagonist and
GABA. Bicuculline (107 M) produced a parallel curve shifted
to the right, without altering the maximal conductance, g, —
a shift characteristic of competitive inhibiton. Picrotoxin de-
pressed g,,. but did not change the concentration of GABA
producing a half-saturation response — a curve indicating non-
competitive inhibition.

I-V relations in the presence of GABA with and without bicu-
culline or picrotoxin are shown in figure 1b, C. In the presence
of GABA alone the relation was nonlinear, presumably reflect-
ing a decrease in the mean channel open time with hyper-
polarization, as has been observed for the glutamate-mediated
excitatory channels® and also for the GABA-activated Cl~
channels of locust muscle fibers’. While bicuculline caused a
considerable reduction in membrane conductance, it did not
alter the voltage dependence (fig. 1b). In contrast, the nonlin-
earity disappeared in the presence of picrotoxin (fig. Ic). Such
a voltage dependence of antagonism may indicate channel
blockade®. The difference in voltage dependence between these
2 GABA antagonists is consistent with the conclusion that
they act at different sites.

If picrotoxin acts at the level of the CI™ channel, it might be
expected to block when applied internally. Figure 2A shows
the currents recorded in a cell externally perfused with 107> M
GABA before, during and after a 15-min internal perfusion
with 10~ M picrotoxin. Internal picrotoxin caused a reversiblc
reduction of the GABA current. In contrast, internal perfusion
of 1073 M bicuculline had no effect on the GABA current.

Composition of perfusing solutions

Extracellular  Intracellular
Control
NaCl 112 mM -
KCl 2 30 mM
CaCl, 2 -
Glucose 5 -
K-aspartate - 100
EGTA - 0.5
Na*, Ca?*, K*-free
TRIS-Cl 83 -
CsCl, 2 35
MgCl, 5 -
TEA-Cl 23 25
4-AP 3 -
Glucose 5 -
Cs-aspartate - 70
EGTA - 0.5
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Figure 1. a Dose-dependent changes of relative conductance (g) of pri-
mary afferent neurons in response to externally perfused test solutions:
GABA alone as control (O), GABA +107> M bicuculline (®) and
GABA +107° M picrotoxin (A). The holding potential was —70 mV;
the CI” concentrations were 118 and 60 mM in the external and internal
solutions respectively. The value of g was calculated as the ratio of 2
slope conductances estimated at the reversal potential: g = g,/g), where
g; is measured under Gaba alone M) and g, is measured at the peak of
CI™ current evoked by GABA with or without an antagonist. Each
point is the average of studies on 6 neurons. b and C I-V relationships
in the absence of drugs and at a peak of current induced by 10 M
GABA alone, 107® M bicuculline + GABA or 107 M picroto-
xin + GABA. The curves were recorded by passing a depolarizing trian-
gular voltage pulses (slope, 250 mV/sec) followed immediately by a mir-
ror image hyperpolarizing pulse. The curves before and after the drugs
intersect at same reversal potential, which is quite close to the value of
E( (calculated from the Nernst equation) of —17 mV. The I-V relation
obtained with GABA alone is nonlinear, i.e. the conductance is voltage-
dependent. Such nonlinearity is retained with bicuculline blocking (&)
but removed by picrotoxin blocking (c). This experiment was per-
formed on 6 neurons, and thus results are typical.
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Figure 2. 4 Effect of intracellular application of 107> M picrotoxin (pi-
crotoxin) on CI™ current induced by external perfusion of 107> M
GABA. The current was reduced about 50% within 15 min and was
restored upon return to the control internal solution. The external and
internal solutions contained 118 and 60 mM CI™ respectively, at a hold-
ing potential of —70 mV. B Gating activity of a single CI- channel
activated by extracellular application of 107 M GABA, at the same
external and internal CI™ concentrations as in A. The recording was
stable for > 30 min after the pipette containing GABA had been sealed
on the cell membrane. The inside-out patch membrane was hyper-
polarized further to —53 mV from ECSI =—17 mV. The traces are: (a)
control, (b) 1 min after addition of 107> M picrotoxin to the cell interior
side, and (¢} 3 min after washing out of picrotoxin. These results (A and
B) are typical of observations obtained from 6 neurons.
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To confirm directly that picrotoxin was blocking GABA CI™
responses at the level of the ion channel, single GABA CI”
channel recordings were made from these neurons by using the
inside-out patch clamp technique’. As shown in figure 2B, ap-
plication of GABA (107° M) to the external surface resulted in
opening of channels, which show a unitary conductance but a
varied lifetime. When 10™ M picrotoxin was applied to the
side exposing the internal membrane surface, the channels were
blocked in less than 1 min, and this blockade was rapidly re-
versible.

These observations indicate that bicuculline and picrotoxin
block GABA responses through different mechanisms. The
blockade by bicuculline is characteristic of competitive inhibi-
tion in that the dose-response curve is shifted to the right,
without depression of g,,,. This implies that the binding of an
antagonist molecule excludes the possibility of agonist binding.
Bicuculline’s action at GABA receptors has been reported to
be competitive in some systems™ ' but not in others'!, includ-
ing cat dorsal root ganglion cells'®. The reasons for these dif-
ferences are not clear. The lack of effect of bicuculline on the
voltage dependence of the GABA-induced current and its inef-
fectiveness from the cell interior in our preparation are con-
sistent with the view that the bicuculline binding is identical to
the GABA receptor or so near to it as to exclude GABA bind-
ing.

Picrotoxin blockade of GABA responses has also been re-
ported to be competitive in some studies' ' but noncompeti-
tive in others®'!. In our experiments, the fact that picrotoxin
blocked GABA responses from either side of the membrane
implies that it acts by blocking the ion channel rather than the
receptor. It is interesting that this result is different from the
reported for picrotoxin actions on cultured neurons'®. GABA
binding to the receptor was not reduced in the presence of
picrotoxin, since the half-saturating concentration of GABA
was the same in control and picrotoxin solutions (fig. 1a). The
of direct blockade of single C1~ channel currents by the inter-
nal application of 10~ M picrotoxin (fig. 2B) provides further
evidence for channel blockade. Thus in bulifrog dorsal root
ganglion cells bicuculline binds to a site sufficiently close to the
GABA receptor to be exclusionary, while picrotoxin acts on
the CI~ channels.
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