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Picrotoxin antagonism of
y aminobutyric acid inhibitory
responses and synaptic inhibition
in the rat substantia niigra
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G. N. WOODRUFF
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Neurones in the substantia nigra of the rat,
anaesthetized with urethane, are inhibited both
by electrical stimulation of the ipsilateral
caudate nucleus and by iontophoretically
applied y-aminobutyric acid (GABA). Ionto-
phoretically applied picrotoxin reversibly
blocks both of these inhibitory responses.
These results are consistent with the hypo-
thesis that GABA is the transmitter released
by the inhibitory striato-nigral pathway.

There is good evidence for the existence
of an inhibitory pathway from the caudate
nucleus to the substantia nigra (Frigyesi &
Purpura, 1967; Goswell & Sedgwick, 1971;
Yoshida & Precht, 1971). It seems
possible that this pathway may utilize y-
aminobutyric acid (GABA) as the inhibi-
tory transmitter. The substantia nigra con-
tains high levels of GABA (Fahn & Cotd,
1968; Okada, Nitsch-Hassler, Kim, Bak &
Hassler, 1971) and glutamic acid decarb-
oxylase, the enzyme responsible for GABA
formation (Albers & Brady, 1959; Muller
& Langemann, 1962). In cats, the intra-
venous injection of picrotoxin blocks the
caudate-evoked inhibition of nigral
neurones (Precht & Yoshida, 1971).

Feltz (1971) reported that neurones in
the substantia nigra of cat, which were in-
hibited by caudate stimulation, were also
inhibited by GABA. We therefore thought
it of interest to investigate the effects of
iontophoretically applied picrotoxin on the
inhibition of substantia nigra neurones
caused by caudate stimulation and ionto-
phoretically applied GABA.

Methods.-Experiments were performed
on 10 female Wistar albino rats weighing
150 g. The animals were anaesthetized
with urethane (I 2-1 5 g /kg, i.p.) and placed

in a stereotaxic frame. Stimulating elec-
trodes consisting of steel pins (insulated
except for the tips) were inserted into the
head of the right caudate nucleus using
the co-ordinates of a stereotaxic atlas
(Konig & Klippel, 1970) and secured to the
skull with dental cement. Rectangular
stimulating pulses (0 5 ms duration, 5-20
V) were supplied from a Devices gated
pulse generator and stimulus isolation unit.
Recordings were made from single neu-
rones in the right substantia nigra with
multibarrel glass microelectrodes to the
sides of which were glued single barrel
recording electrodes, arranged so that the
recording barrel protruded beyond the
multibarrel assembly by 10-20 ,um. The
recording barrel was filled with 5 M NaCl,
the other barrels containing 1-5 M NaCl,
DL-homocysteic acid (0 05M, pH 8-9),
GABA (1 M, pH 4) and picrotoxin (satu-
rated in distilled water, pH 5). Usipg the
barrel containing 1 5 M NaCl, the technique
of current balancing (Salmoiraghi &
Weight, 1967) was employed for the ionto-
phoretic ejection of drugs.

Results.-All of the neurones in the
substantia nigra from which recordings
were made were spontaneously active and
all of them were inhibited, by small cirrents
(up to 50 nA) of GABA. Picrotoxin (40
nA) was iontophoretically applied onto
20 GABA-sensitive neurones and blocked
the GABA response in 19 of these cells.
The effect of electrically stimulating the
caudate nucleus was tested on 16 GABA-
sensitive neurones. Fifteen of these cells
responded to caudate stimulation with com-
plete inhibition of firing for periods of
between 100 ms and 1 second.

Picrotoxiq was iontophoretically applied
to 11 neurones which were inhibited both
by caudate stimulation and iontophoretic
GABA. On 10 of 'these neurones, picro-
toxin was effective in blocking both the
caudate-evoked and the GABA-induced
inhibition. Completle blockage of the
GABA response occurred within-2-3 min
of picrotoxin application. Three to 10 min
were required for complete blockage of
the caudate-evoked inhibition.

Figure 1 shows the results obtained from
one of these neurones. Traces A, C and E
are rate meter recordings showing the effect
on the firing rate of the cell of ionto-
phoretically applied GABA (40 nA for
15 s). Traces B, D and F are oscilloscope
traces showing the effect upon the same
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FIG. 1. Recordings taken from a single neurone in the rat substantia nigra. Traces A,C and E
are rate meter recordings of cell firing frequency showing the effect of iontophoretically applied
y-aminobutyric acid (GABA) (40 nA for 15 s, indicated by solid bars). Traces B, D and F are
4,i&cilloscope traces and show the effect on spontaneous firing of stimulation of the ipsilateral

idate nucleus (3 stimuli, 0 5 ms duration at 12 V, indicated by black circles). Traces A and
t before picrotoxin; traces C and D, after 10 min application of picrotoxin; traces E and F,
10 min after picrotoxin application was discontinued.

cell of stimulating the caudate nucleus
with a train of 3 stimuli (0 5 ms duration,
12 V). The top pair of traces (A and B)
were recorded before application of picro-
toxin and show inhibition of the cell both
by iontophoretic GABA and caudate
stimulation. The middle pair of traces
(C and D) were taken after iontophoretic
application of picrotoxin (40 nA) for 10
min and show complete abolition of the
inhibition caused by both GABA applica-
tion and caudate stimulation. The bottom
pair of traces (E and F) were taken 10 min
after the application of picrotoxin had
been discontinued and show recovery of
both responses.

Discussion.-The results presented in this
paper confirm, in the rat, the observations
made by Feltz (1971) in the cat that cells
in the substantia nigra which are inhibited
by electrical stimulation of the caudate
nucleus are also inhibited by iontophoretic-
ally applied GABA. Furthermore, it has
been shown that the inhibition of nigral
neurones caused by both caudate stimula-
tion and iontophoretically applied GABA
are completely and reversibly blocked by
iontophoretically applied picrotoxin. The

fact that both the drug and synaptically-
evoked responses are blocked by the?same
antagonist is consistent with the hypothesis
that GABA is the transmitter released by
the inhibitory striato-nigral pathway.
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