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A study is performed of the effect of the convulsants picrotoxin and bicuculline, blockers
of GABA-dependent Cl--conductivity, on the rate of desensitization of muscimol-in-
duced 3$Cl- entry into synaptoneurosomes isolated from rat cortex. Both picrotoxin and
bicuculline, despite the difference in the mechanisms of inhibition of the GABA re-
ceptor/Cl- ionophore complex, markedly reduce the rate of desensitization. However,
the initial moment of the action of both convulsants is characterized by inhibition of
Cl- transport alone, without a drop of the rate of desensitization.
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The GABA receptor/Cl- ionophore complex is one
of the most important molecular structures of pre-
and postsynaptic membranes. Binding of GABA or
its agonists (in particular, muscimol) with the
GABA receptor opens up the coupled Cl- channel
and leads to a transient increase of the Cl- per-
meability of neuronal membranes and, correspond-
ingly, to spike inhibition. Long-term action of the
transmitter results in desensitization of the recep-
tor/ionophore complex, i.e., in a decrease of
GABA-dependent Cl- permeability [2,3].

In our previous study we showed that penty-
lenetetrazole inhibition of muscimol-dependent ¢Cl-
entry into synaptoneurosomes is accompanied by a
considerable delay of desensitization. Here we re-
port on experiments with the classic blockers of
the GABA receptor/Cl- ionophore complex bicu-
culline and picrotoxin, which act through different
mechanisms. Bicuculline inhibits binding of GABA
with the GABA receptor in a competitive manner
[7], while picrotoxin inhibits Cl- transport via the
Cl' channel by binding with the so-called picro-
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toxin center, which is situated either directly on
the Cl- channel or close to it [5]. The inhibiting
effect of pentylenetetrazole is thought to be medi-
ated via its binding with the picrotoxin center of
the receptor/ionophore complex [6].

MATERIALS AND METHODS

In our experiments we used the methods described
earlier [1] with some modifications.

White random-bred male rats weighing 180-200
g were decapitated, and the cerebral cortex was re-
moved and homogenized manually (5 frictions) at 0-
4°C in a glass homogenizer with a Teflon pestle in
Krebs-Ringer medium containing (in mM): 145
NaCl, 5 KC], 1 MgSO,, 1 CaCL, 10 glucose, and
10 HEPES, pH 74 (20°C, 15 ml/g tissue). The
homogenate was sequentially filtered through 300-,
99-, 60-, and 27-u capron sieves (Rakhmanov plant,
Russia). The filtrate was centrifuged at 2700 g for 5
min, resuspended in the same volume of Krebs-
Ringer medium, and recentrifuged under the same
conditions. After the second centrifugation the pel-
let was suspended in Krebs-Ringer solution so that
the final concentration of synaptoneurosomes was 4
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Fig. 1. Desensitization of GABA
receptor/Cl- ionophore complex as a
function of time of preincubation of
sypaptoneurosomes with muscimol.
Here and in Figs. 2—4: shaded bars 801
represent muscimol —dependent *%Cl1-
entry after simultaneous addition of
muscimol and ¥Cl- to synaptoneu- 60-
rosomes; white bars represent mus-
cimol ~dependent *Cl1~ entry after
successive addition of muscimol and 404
%Cl- to synaptoneurosomes; dark
bars represent degree of desen-
sitization. g) muscimol — dependent L
¥C]~ entry as a function of time of 20
incubation with muscimol (2.5 uM); b)
degree of desensitization of GABA
receptor/Cl- ionophore complex as a 0
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function of time of incubation with
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mg protein/ml. The synaptoneurosomes were used
immediately after isolation.

The Cl- permeability of the membrane regu-
lated by the GABA receptor/Cl- ionophore com-
plex was assayed by 3¢Cl- entry into synaptoneuro-
somes. The synaptoneurosome suspension was ali-
quoted 100 ul per tube (=400 pg protein) and the
test preparations were added in the necessary con-
centrations, and incubated at 20°C during 30 min.
Then 100 ul Krebs-Ringer solution containing 0.5
uCi %Cl- (Izotop, Russia) and muscimol in an
appropriate concentration were added to the sam-
ples and vigorously agitated. The entry of *Cl-
into synaptoneurosomes was terminated after 5 or
10 sec by vacuum filtration through GF/C fiber-

glass filters (Whatman, UK) and the filters were
washed 3 times with 4 ml Krebs-Ringer solution
(0-4°C) containing 100 uM picrotoxin. For deter-
mination of the baseline entry of *Cl- the radio-
active label was added to synaptoneurosomes with-
out muscimol. The muscimol-stimulated *¢Cl- en-
try into synaptomeurosomes, characterizing the
functional activity of the Cl- channel of the GABA
receptor complex, was defined as the difference
between the baseline and muscimol-stimulated *Cl-
uptake In synaptoneurosomes. For the study of the
desensitization of the GABA receptor complex, the
synaptoneurosomes were preincubated with muscimol
before the addition of 3Cl-. The radioactivity was
measured on a 1219 Rackbeta counter (LKB).
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Fig. 2. Effect of concentration of §
muscimol on desensitization of GABA 4+ \
receptor/Cl- ionophore complex. a) \
muscimol — dependent %*Cl~ entry as \
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b) degree of desensitization of GABA
receptor/Cl- ionophore complex as a
function of muscimol concentration.
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Fig. 3. Bicuculline and picrotoxin—
induced inhibition of desensitization
of GABA receptor/Cl~ ionophore
complex. a) muscimol —dependent
3C]1- entry in control and in the
presence of bicuculline and picro-
toxin; b) degree of desensitization of
GABA receptor/Cl~ ionophore comp-
lex in the presence of bicuculline and

picrotoxin; concentration of muscimol
20 uM; time of incubation of syna-
ptoneurosomes with bicuculline and
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RESULTS

The rate of desensitization of the GABA receptor/
Cl- ionophore complex was assessed by the degree
of desensitization, which was determined as the
decrease (in %) of the muscimol-stimulated trans-
port of 3Cl- after a 5-sec incubation of synapto-
neurosomes with muscimol. The entry of 3¢Cl- into
synaptoneurosomes after the simultaneous addition
of muscimol and *¢Cl- served as the control.

- The rate of desensitization increased with the
length of time of that the synaptoneurosomes were
incubated with muscimol (Fig. 1, a, 5) and with
the increase of the concentration of muscimol

picrotoxin 30 min.

(Fig. 2, a, b). Muscimol-stimulated 3Cl- entry
decreased 62.1% after 20 sec at a concentration of
muscimol of 2.5 uM. The half-maximal value of
muscimol-stimulated 3¢Cl- entry under these con-
ditions was attained for T, =12.2 sec. Increasing
the concentration of muscimol from 5 to 50 uM
increased the degree of desensitization from 44.7
to 68.82% (1.54-fold), the muscimol-stimulated
6Cl- entry being increased from 11.6 to 20.1
nmol Cl/mg protein, i.e., by 73.3%. The con-
centration dependence of the muscimol-stimulated
36C)l- entry is nonlinear, since the dose-response
curve in the chosen concentration range is close
to saturation.
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Fig. 4. Desensitization of GABA
receptor/Cl- ionophore complex in
the early moments of action of bicu-
culline and picrotoxin. a) muscimol -
dependent *Cl- entry in control and
in the presence of bicuculline and
picrotoxin; b) degree of desensiti-
zation of GABA receptor/Cl~ iono-
phore complex in the presence of
bicuculline and picrotoxin; concent-

bicuculine picrotoxin control
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A 30-min incubation of synaptoneurosomes
with picrotoxin or bicuculline results both in the
inhibition of muscimol-dependent *Cl- entry and
in the delay of desensitization of the receptor/iono-
phore complex (Fig. 3, a, b). Picrotoxin (5 mM)
against the background of 20 UM muscimol reduced
the degree of desensitization from 51.3 to 16.9%
and bicuculline (1 uM) reduced it to 11.9%. It is
initeresting to note the absence of a correlation
between the inhibition of muscimol-dependent ¢Cl-
entry and the degree of desensitization for differ-
ent inhibitors. For instance, bicuculline reduced
the muscimol-dependent transport of *¢Cl- and the
degree of desensitization by 30.3% and 4.1-fold,
respectively, while picrotoxin reduced them by
39.2% and 2.8-fold. ‘

When picrotoxin and bicuculline were added to
synaptoneurosomes simultaneously with muscimol
(without preincubation), the inhibition of musci-
mol —dependent *Cl- entry was the only phenom-
enon observed, while the rate of desensitization re-
mained unchanged (Fig. 4, a, b). Thus, the effect
of the convulsants on desensitization may be as-
sumed to develop more slowly than the effect on CI-
transport. Moreover, the convulsants increased the
rate of desensitization even higher than in the con-
trol: the degree of desensitization comprised 69% for
picrotoxin, 56.3% for bicuculline, and 36.8% in the
control. This effect was apparently due to different
times of exposure to the convulsants during the
measurements of inhibition of 3¢Cl- transport and
" desensitization. Since the convulsants were added
simultaneously with muscimol, the exposure lasted
for 5 sec during the determination of 3¢Cl- trans-
port inhibition and for 10 sec (including preincu-
bation) during the determination of desensitization.

Desensitization of the GABA receptor/Cl
ionophore complex is one of the autoregulatory
mechanisms of GABA-dependent postsynaptic feed-
back inhibition. An increased concentration of the
transmitter or its prolonged action results in greater
desensitization. The necessity of rapid inactivation
of GABA-induced Cl- permeability as well as its
mechanism remain poorly understood. In particu-
lar, it is unclear which functional element - re-
ceptor or ionophore - undergoes changes which are
responsible for desensitization. The assumption that
desensitization is caused by a reduced affinity of

855

agonists for GABA receptors is confirmed by the
time and concentration dependences of the effect
of muscimol on desensitization. The inhibition of
desensitization by bicuculline, a competitive inhibi-
tor of the GABA receptor, also argues in favor of
this assumption. However, the data presented here
on the inhibitory effect of picrotoxin, a blocker of
Cl- channels, on desensitization together with the
analogous effect of pentylenetetrazole reported ear-
lier [1] are inconsistent with this hypothesis. If the
mechanism of desensitization is located in the
ionophore domain of the complex, the rate of
desensitization may be expected to depend on the
number of the CI- ions transported through the
CI' channel. However, electrophysiological studies
performed on cultured cortical neurons have not
observed any relationship between desensitization
and the absolute Cl- current or transferred charge
[4]. Nor have these experiments revealed any ac-
celeration of desensitization with an increase of the
intracellular concentration of CI- (up to 149 mM).
Although the authors established the inhibition of
desensitization by bicuculline, they have failed to
find any effect of picrotoxin on desensitization.

Thus, an analysis of the effect of convulsants
with different mechanisms of action leads us to the
conclusion that desensitization of the GABA recep-
tor/Cl- ionophore complex is a complex process
which includes changes of both receptor and CI-
ionophore.

This study was supported by the Russian Foun-
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