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Sodium-independent [PH]JGABA and [*H]muscimol binding was determined in adult rat cerebral cortical and spinal cord
membranes and in membranes from fetal mouse cortical and spinal cord neurons in primary dissociated cell culture. In adult rat
cerebral cortical membranes, [P HJGABA bound to two sites (K¢ = 8 1M, Biax = 0.62 pmol/mg protein; Kq = 390 nM, Bpax ==
3.9 pmol/mg protein) whereas the GABA agonist, [¥H]muscimol, bound only to a high affinity site (Ka = 5.6 nM, Bpax = 1.9
pmol/mg protein). In adult rat spinal cord, only a low affinity site was seen with FH]JGABA (K« == 340 nM, Bmax = 9.8 pmol/mg
protein) and only a high affinity site was seen with [3H]muscimol (K¢ = 5.6 nM, Bmax = 0.25 pmol/mg protein). The
inability to measure a high affinity [BH]JGABA binding site in spinal cord probably reflects the high ratio of low to high affinity sites
in spinal cord (39:1). In membranes from mouse neurons in cell culture, [FBHJGABA bound to two sites on cortical neurons (Kg =9
nM, Bnax — 0.24 pmol/mg protein; K¢ = 510 nM, Bpax = 1.3 pmol/mg protein) and spinal cord neurons (K« =: 13 nM, Byyax =
0.12 pmol/mg protein; Kq = 640 nM, Bmax = 3.2 pmol/mg protein). Again, the ratio of low to high affinity sites in cultured mouse
spinal cord neurons was high (27:1).

The effects of the potent GABA antagonist, (+)bicuculline, on both low and high affinity [P H]GABA binding was determined.
Bicuculline appeared to inhibit binding to both sites competitively but the K; for inhibiting the high affinity site was 5 #M and for
inhibiting the low affinity site was 115 M. Bicuculline inhibited [3BH]muscimol binding in both brain and spinal cord competitively
with Kis of 4 M and 10 uM respectively. Bicuculline inhibition of [3H]muscimol binding in cultured neuronal membranes was
similar to that in adult rat membranes.

The binding of the potent GABA agonist, muscimol, only to the high affinity site in both adult rat and cultured mouse neuronal
membranes suggests that the high affinity site is the physiologically relevant postsynaptic GABA receptor. The fact that bicuculline
inhibits the high affinity site (but not the low affinity site) in concentrations similar to those needed to block GABA-responses in
physiological experiments28 supports this hypothesis.

INTRODUCTION

Binding studies have been developed in the past
decade which have made it possible to measure
synaptic GABA receptors biochemically15.16.31,55,
56, [BH]GABA binding shows a pharmacology and
subcellular distribution similar to that expected for
the postsynaptic GABA receptors. Binding is dis-
placed by numerous GABA analogs and agonists.
However, only certain antagonists, exemplified by
the convulsant alkaloid bicuculline, appear to act
directly to displace bound GABA!5:56, Qther
GABA antagonists such as picrotoxin, penicillin and
pentylenetetrazole have been found to have no effect
on GABA binding33. [3H]bicuculline binding has
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been measured directly and binding was displaced
by GABA"-27, [3H]dihydropicrotoxinin binding has
also been demonstrated and penicillin and pentyl-
enetetrazole are capable of displacing the bound
ligand but bicuculline and GABA are not32.48,
These findings suggest that the GABA receptor
complex may be composed of a number of subunits
or independent sites which interact in the intact
living cell but which can be partially dissociated
and/or desensitized biochemically upon membrane
isolation,

Early studies of [3H]JGABA binding to neuronal
membranes demonstrated only one population of
binding sitesl9.29.56; however, treatment of mem-
branes with Triton X-100 (0.05% v/v) and/or re-
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peated freeze-thaw of the membranes followed by
extensive washing yielded, in addition, a second,
higher affinity GABA binding site!8.55. It has been
proposed that tritonization removes an endogencus
inhibitor!8.20,50 which may normally lower the affi-
nity of the GABA receptor. The removal of this
inhibitor by extensive washing, mild detergent treat-
ment or phospholipase C increases the binding
affinity for GABA nearly 100-fold!%.23, Additional
evidence suggests that the benzodiazepines may
prevent the binding of this inhibitor thus enhancing
the affinity of the receptor for GABA20,

The high affinity GABA binding site may be
involved in the development of supersensitivity.
After denervation of substantia nigra by hemitrans-
ections, GABA receptors were found to become
supersensitive by behavioral studies! and, further-
more, the number of GABA receptors increased!?-
52, However, only the number of high affinity bind-
ing sites increased after the nigral deafferentation,
with no change observed in the low affinity sites!8.50,
The high affinity site can be selectively assayed using
Triton-treated membranes and [3H Jmuscimol (a po-
tent GABA agonist)3.44,

The above characteristics of the high affinity
binding site suggest its association with GABA-
mediated postsynaptic inhibition. Nevertheless, the
actual functions of the high and low affinity sites and
which site mediates the physiological postsynaptic
response remain uncertain. It is difficult to draw
conclusions from the current literature because one
must compare biochemical data from one prepara-
tion with physiological data from another. To
make such comparisons, we have investigated
GABA binding and physiology using mouse neu-
rons in primary dissociated cell culture. Properties
of GABAergic synaptic transmission have been in-
vestigated using chick and mouse neurons in cell
culturel0.11,17,45,49  The physiological actions of
GABA and bicuculline on neurons in cell culture
have also been studied?.12,25,36,

We have studied the properties of GABA recep-
tors in membranes from adult rat spinal cord and
cortical neurons and from mouse spinal cord and
cortical neurons in primary dissociated cell culture.
We have examined the effects of the potent convul-
sant bicuculline on GABA binding in order to
compare biochemical and physiological effects. Bi-

cuculline has been said to be a competitive inhibitor
of GABA responses by some®-13and noncompetitive
by others1,42.47 but little detailed biochemical work
has been performed on its effects on GABA binding
in mammalian preparations. In conjunction with the
following paper?®, we have studied the mechanism
of action of this drug and suggest which GABA
binding site may have relevance to mediation of
postsynaptic inhibition.

MATERIALS AND METHODS

Primary dissociated cell culture

Primary dissociated fetal mouse neuronal cell
cultures were prepared as described. previously37-and
used for binding studies. Spinal cords were dissected
from 12-14-day murine fetuses and cortices were
removed from 14-16-day fetuses. Dissected tissue
was mechanically chopped and dissociated by tri-
turation with a Pasteur pipette then trypsinized and
grown in Eagles Minimum Essential Medium sup-
plemented with heat inactivated horse serum (109
v/v), fetal calf serum (109 v/v), glucose (6 g/1), and
sodium bicarbonate (3.7 g/l).

Spinal cord cells were plated at a density of
1/4--1/2 spinal cord per plate and cortical cells at 1/3
hemisphere per plate. Cells were grown on collagen-
coated culture dishes in a humidified 35 °C, 10Y%,
C02/90%, air incubator. Cultures were maintained
for 4-8 weeks and the medium changed semiweekly.

Tissue preparation

Rats were sacrificed by decapitation and the
brains and spinal cords rapidly removed and frozen
at —20 °C for 1-30 days. Frozen rat cerebral cortex
and spinal cord were homogenized in 50 vols. ice-
cold 50 mM Tris-citrate buffer, pH 7.1 at 4 °C with
a polytron homogenizer (setting 7, for 30 s). Triton
X-100 was added to make the hemogenate 0.059,
v/v and the samples incubated for 30 min at 37 °C
and then centrifuged at 48,000 g for 10 min. The
pellet was then resuspended in fresh buffer and resedi-
mented at 48,000 g for 10 min. This washing proce-
dure was repeated 3 times. For some experiments,
crude synaptic membranes were prepared initially
from fresh brain and spinal cord and tritonized -as
previously described?®.

For tissue culture, spinal cord and cortical cul-



tures were homogenized in 200 vols. ice-cold 50 mM
Tris-citrate buffer pH 7.1 at 4 °C and Triton X-100
added to achieve a final concentration of 0.0259,
v/v. This homogenate was incubated at 37 °C for 30
min and centrifuged at 48,000 g for 20 min. The
pellet was resuspended in fresh cold Tris-citrate
buffer and washed twice.

Binding studies

The final washed pellets were resuspended in ice-
cold 50 mM Tris-citrate buffer pH 7.1 and aliquots
of the tissue suspension (0.1-0.3 mg protein) were
incubated in triplicate at 4 °C for 20 min in 2 ml
containing various concentrations of [3H]muscimol
or [BH]GABA and in the presence or absence of 0.1
mM GABA or (+)bicuculline. For competition
studies, the final incubation medium was 2-4 nM
[3H]muscimol or [3BH]JGABA. For saturation stu-
dies, the concentrations of [3H]muscimol varied
from 3 to 100 nM and those of [SH]GABA from 5 to
800 nM. The assays were terminated by filtration
under vacuum through Whatman GF/B filters fol-
lowed by three 5 ml washings (each less than 3 s)
with ice-cold 25 mM Tris-citrate buffer pH 7.1 at 4
°C54. The filters were placed in 6 ml ACS (Amer-
sham) and the amount of bound radioactivity deter-
mined by liquid scintillation spectrometry (Beckman
LS-8100, 38 9 efficiency). ‘Nonspecific’ binding was
estimated as the amount of radioactivity bound in
the presence of 0.1 mM GABA or (+)bicuculline.
‘Specific’ binding was obtained by subtracting non-
specific binding from total binding. Protein was
determined by the method of Lowry et al.24.

Materials

Eagles Minimum Essential Medium, horse serum
and calf serum were purchased from Gibco. [3H]-
muscimol (19 Ci/mmol) and [PH]GABA (58
Ci/mmol) were obtained from Amersham Corpora-
tion. (-+)Bicuculline, imidazoleacetic acid, 2,4-dia-
minobutyric acid, f-alanine, S-guandinoproprionic
acid, y-amino-f-hydroxybutyric acid, glycine and
L-glutamic acid were all purchased from Sigma
Chemicals. Muscimol was purchased from Research
Organics.

RESULTS

[3H ]G ABA binding in rat membranes
[FH]JGABA binding in membranes from rat cere-
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Fig. 1. Rosenthal analysis of specific [*FHJGABA binding in
rat brain (left) and spinal cord (right). Membrane suspensions
(0.2-0.4 mg protein/ml) were prepared as described in the text
and incubated in triplicate with increasing concentrations of
[BH]JIGABA (5-800 nM). Specific binding was obtained by
subtraction of the binding in the presence of 0.1 mM GABA
from the total binding. Each point represents the mean of
triplicate determinations. The experiment has been replicated
4 times.

bral cortex was saturable and Scatchard analysis38
of the data was most consistent with two sites (Fig.
1; Table I). When the two sites were separated by
Rosenthal analysis38, the high affinity site had a Ky of
& nM and a Bpax of 0.62 pmol/mg protein; the low
affinity site had a Kq of 390 nM and a Buax of 0.62
pmol/mg protein; the low affinity site had a K4 of
390 nM and a Bmax of 3.9 pmol/mg protein. Further
tritonization and/or washing after freeze-thaw of
the membranes did not significantly alter the binding
curve. Likewise, when binding studies were perform-
ed on a crude synaptic membrane fraction by a
centrifugation assayl3.58 similar saturation curves
were obtained.

In spinal cord membranes, only a low affinity site
for [*H]GABA binding was demonstrable with a Ky
of 340 nM and Bmax of 9.8 pmol/mg protein (Fig.
1; Table I). Using crude synaptic membrane frac-
tions and a centrifugation assay, a consistent second
site was also not demonstrable. Varying amounts of
tritonization from 0.025 to 0.10 9, did not unmask a
high affinity site.

[3H Jmuscimol binding in rat membranes
[BH]muscimol binding in tritonized rat cerebral
cortex revealed only one site with a Kz of 5.6 nM
and Bmax of 1.9 pmol/mg protein (Fig. 2). In spinal
cord, [3H]muscimol binding also had only a high
affinity binding site with a Ky of 5.6 nM and Bmax of
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TABLE I

Summary of binding constants obtained from cortical and spinal cord membrane preparations

n.d., not determined ; n.f., not found.

High affinity site

K{l Bﬂl ax
(nM) (pmol/mg protein)

[3H]GABA binding

Rat cerebral cortex 8 0.62

Rat spinal cord n.f. n.f.

Cultured mouse cortex 9 0.24

Cultured mouse spinal cord 13 0.12
[BH]muscimol binding

Rat cerebral cortex 5.6 1.90

Rat spinal cord 5.6 0.25

Cultured mouse cortex 6.3 0.50

Cultured mouse spinal cord n.d. n.d.

20 0.3 .
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Fig. 2 Scatchard analysis of specific [*H]muscimol binding in
rat brain (left) and spinal cord (right) membranes. Conditions
were identical to those in Fig. 1 with the exception that
various concentrations of [SH]muscimol (3-100 nM) were
used. Each point represents the mean of triplicate determina-
tions. This experiment was typical of 4 separate experiments.
The lines were derived by linear regression. Insets are the Hill
plots of the same data.

0.25 pmol/mg protein. Thus muscimol appeared to
label specifically a high affinity binding site in wash-
ed tritonized membranes. Furthermore, the Bmax of
the muscimol binding site in spinal cord was 0.25
pmol/mg protein which was only 2.5% of the Bmax
of the low affinity [BH]JGABA binding site. Hill plots
of the binding curves in brain and spinal cord were
linear with unity slope and thus the Hill coefficients
were 1.0 (Fig. 2, insets).

[3H]GABA binding and [3H Jmuscimol binding in
cultured mouse cortical and spinal cord neurons
[3H]GABA binding to tritonized membranes of
mouse cortical neurons in dissociated cell culture
was similar to that in rat cerebral cortex membranes
with a low affinity site (Kz 510 nM and Bmax 1.3

Low affinity

K(i Bm ax

M) {pmol/mg protein)
390 3.9

340 9.8

510 1.3

640 3.2

n.f. n.f.

n.f. n.f.

n.f. n.f.

n.d. n.d.

pmol/mg protein) and a high affinity site (Kz; 9 nM
and Bmax 0.24 pmol/mg protein) (Fig. 3). As in rat
membranes, [*H]muscimo] binding revealed only
the high affinity site (K; 6.3 nM and Bpax 0.5
pmol/mg protein) (inset, Fig. 3) (Table 1).

Unlike rat spinal cord membranes, however,
membranes of mouse spinal cord neurons in cell
culture displayed both a high affinity site (K; 13 nM
and Bmax 0.12 pmol/mg protein) and a low affinity
site (Kz 640 nM and Bmax 3.2 pmol/mg protein)
with [*H]GABA similar to those seen in membranes
from cortical neurons (Fig. 3). The amount of
membrane obtained from culture plates was small
and it was more difficult to obtain accurate satura-
tion studies using membranes from neurons in cel!
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Fig. 3. Rosenthal analysis of specific [*HJGABA binding to
membranes from cortical (left) and spinal- cord (right) cell
cultures. Membrane suspensions ‘were prepared as described
in text and assayed as in Fig. 1. Inset on the left is the
Scatchard analysis of specific [¥H]muscimol binding to cort-
ical culture under identical conditions. Each point is the
mean of triplicate determinations. Lines were derived by
linear regression. Each experiment was repeated at least 3
times.



culture than using adult rat membranes. Our studies
nevertheless have always indicated curvilinear Scat-
chard analyses using membranes from spinal cord in
cell culture. At present we have not performed
saturation studies with [3H]muscimol using spinal
cord neurons in cell culture.

Competition studies of [3H Jmuscimol binding in adult
rat and cultured mouse neuronal tissues

Competition studies of [3H]muscimol binding in
spinal cord and cerebral cortex membranes from
adult rat and in membranes from cultured mouse
cortical neurons were similar (Table II). The ICsgs of
a variety of GABA agonists were similar to those
previously reported!%.30:31,56 for GABA receptors
with muscimol being most potent with an ICsp of 6
nM, GABA next most potent followed by imidazol-
eacetic acid, y-amino-f-hydroxybutyric acid and f-
guanidinoproprionicacid. 8-Alanine which was quite
weak in displacing [3H]muscimol binding. Glycine
and glutamic acid, two other putative amino acid
neurotransmitters, were virtually inactive in com-
peting for binding as was the uptake inhibitor, 2,4-
diaminobutyric acid. (-~)Bicuculline potently com-
peted for [3H]muscimol binding but picrotoxin was
inactive as previously reporteds.

TABLE 11
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Bicuculline displacement of 3H/GABA and [3H ]-
muscimol in rat cerebral cortex and spinal cord
membranes

{(+)Bicuculline displaced [*H]JGABA binding to
tritonized rat cerebral cortex and spinal cord mem-
branes (Fig. 4). In brain, (-4 )bicuculline had an ICsy
of 5 uM whereas in spinal cord, the ICs5q was 40 uM.
This appeared as a major discrepancy between brain
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Fig. 4. Semilog piot of displacement of specific FH]GABA
binding by (+)bicuculline in brain and spinal cord mem-
branes. Membrane suspensions were prepared as described in
text and incubated in triplicate with [BH]JGABA (2-4 nM) and
various concentrations of (+)bicuculline. Specific binding
was obtained by subtracting the amount bound in the pre-
sence of 0.1 mM GABA from the total binding. Each point is
the mean of triplicate determinations and the experiment has
been repeated 5 times.

Competition studies for [3H ]muscimol binding in adult rat cerebral cortical and spinal cord membranes and membranes from fetd,

mouse cortical neurons grown in PDC

In these experiments [3Hmuscimol concentration was 2-4 nM and the Kq for [*H]muscimol was 4-8 nM. Thus the K; values would
be 2/3 ICs¢ in each case. (K; == ICs0/(1 + [L]/Ka)). The data was obtained from competition studies. Fach value is the mean of the

1Cs0s from 3 separate experiments that varied less than 15 %,

ICs0 (M) for inhibition of [3H Jmuscimol binding

Compound
Adult rat Cultured neurons
Spinal cord Brain Cortical neurons
Muscimol 0.006 0.006 0.006
GABA 0.030 0.044 0.025
Imidazoleacetic acid 0.9 0.6 0.6
v-Amino- f-hydroxybutyric acid 1.1 0.7 0.4
f-Guanidinoproprionic acid 0.6 0.7 0.4
p-Alanine 10 10 45
Glycine 1000 1000 1000
2,4-Diaminobutyric acid 1000 ~~1000 1000
L-Glutamic acid =>1000 == 1000 -1000
(-+)Bicuculline 16 S S

Picrotoxin

=>1000 1000 = 1000
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Fig. 5. Semilog plot of displacement of specific [3H]muscimol
binding by (+)bicuculline in brain and spinal cord mem-
branes. Conditions were identical to those in Fig. 4 except
that [3H]muscimol (2-4 nM) was used as the ligand. Each
point represents the mean of triplicate determinations. The
EDsos are the mean 4+ S.E.M. of the EDsos from 3 separate
experiments.

and spinal cord and was present whether assays were
performed on washed and tritonized whole cord
membranes or on crude synaptic membrane frac-
tions. In contrast, when (-)bicuculline displace-
ment of [3H]muscimol binding was investigated, the
1Csq in spinal cord (16 uM) was much closer to that
in brain (5 M) (Fig. 5).

Bicuculline is not a stable compound at neutral
pH?29, therefore solutions were made up fresh daily
in 0.02 N HCI and dilutions added to the reaction
mixture just prior to the assay. A series of bicucul-
line displacement curves of [3H]muscimol binding
were performed at various times after adding (4-)-
bicuculline to the 50 mM Tris-citrate buffer pH 7.1.
No change in the ICso for (+)bicuculline displace-
ment of [3H ]muscimol was detectable until between
I and 2 h after the addition of the (-+)bicuculline to
neutral medium. By 4 h, there was an approximately
209, increase in the 1Csp. Finally, spinal cord dis-
placement curves were always run prior to the
cerebral cortex curves on any given day to make
certain that the increased 1Csg in spinal cord was not
secondary to a degradative phenomenon.

To investigate the mechanism of bicuculline dis-
placement of [SBH]JGABA binding in brain and spinal
cord, saturation curves were performed on brain
and spinal cord membranes in the presence of
various concentrations of bicuculline. In brain,
where two GABA binding sites were demonstrated,
(--)bicuculline at 10 uM affected the high affinity
site but not the low affinity site (Fig. 6). Further-
more, by separating the high and low affinity sites by
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Fig. 6. Scatchard analyses of specific [FHJGABA binding to
brain (left) and spinal cord (right) membranes alone (@) or in
the presence () of (-+)bicuculline. In brain, the concentra-
tion of bicuculline was 10 #M and in spinal cord, it was 50
#M. Saturation curves were performed as.described in Fig. 1.
The inset in the left-hand figure represents the Rosenthal
analyses of the saturation curves from brain. The experiment
has been replicated 3 times.

Rosenthal analysis38, bicuculline appeared to inhibit
high affinity [SH]JGABA binding competitively (Fig.
6, inset). In spinal cord where only a low affinity site
was seen with [SH]GABA, bicucullisie at 50 uM also
appeared to be competitive (Fig. 6). At the low
affinity sites, the K; for (-+)bicuculline calculated
frem the dose ratio method® or from the slope of the
Scatchard plot22 was 115 yM. In both spinal cord
and rat brain membranes, (-)-bicuculline appeared
to inhibit [3H]muscimol binding competitively
(Fig. 7) with K;s of 4 uM and 10 uM for brain and
spinal cord, respectively, calculated from slopes of
Scatchard plots. These K;s obtained from saturation
studies agree well with K;s obtained from competi-
tion studies.
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Fig. 7. Scatchard analyses of specific [*H}muscimol binding to
brain (left) and spinal cord (right) membranes alone (@) or in
the presence (O) of (-+)bicuculline (concentrations indicated
in figure). Saturation curves were performed as in Fig. 2.
Lines were derived by linear regression. The experiment has
been replicated 4 times.
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Fig. 8. Semilog plot of displacement of specific [3H]muscimol
binding by (+)bicuculline in membranes from cortical and
spinal cord cultures. Membrane suspensions were prepared as
described in text and assayed with the same conditions as
those in Fig. 5. Each point is the mean of triplicate determi-
nations and is typical of each of 3 separate experiments.

(-+) Bicuculline displacement of [3H Jmuscimol bind-
ing to mouse spinal cord and cortical neurons in cell
culture

(-F)Bicuculline displaced [3H]muscimol binding
in membranes from cortical (ICs0 4.5 uM) and
spinal cord (ICso 12.5 M) neurons in cell culture
with potencies similar to those found in adult rat
cerebral cortex and spinal cord membranes (Fig. 8).
There appeared to be a slight tendency for bicuculline
to be less potent in spinal cord than brain. Satura-
tion curves in the presence of bicuculline have not
been performed in culture secondary to the difficulty
of these experiments.

DISCUSSION

GABA receptors are distributed throughout the
central nervous system and much is known about
their physiological, pharmacological and bioche-
mical properties. In brain, biochemical studies of
GABA receptors have revealed two sodium-inde-
pendent binding sites for tritiated GABA in trito-
nized or frozen and extensively washed mem-
branes!6.18,30.55 The density and regional distri-
bution of the two sites appear to vary independently
throughout the CNS35. The function of the different
binding sites is unknown. We have studied GABA
receptors in adult rat and cultured mouse spinal
cord neurons so that biochemical data could be
compared with neurophysiological data obtained
from the same preparation2s,

As observed by others16:30, we found two binding
sites for [3H]JGABA in tritonized membranes from
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cerebral cortex. However, in extensive studies, we
have only been able to demonstrate one binding site
for [BH]JGABA in spinal cord. This is a low affinity
site. Tritiated muscimol on the other hand labeled a
high affinity site in both brain and spinal cord. In
brain, the ratio of low to high affinity [BH]JGABA
binding sites was 6.3:1 and that of low affinity
GABA binding sites to high affinity [3H]muscimol
binding sites was 2:1. In contrast, in spinal cord the
ratio of low affinity [BH]JGABA binding sites to high
affinity [3H]muscimol binding sites was 40:1. In
neurons in cell culture, similar relationships were
seen. The ratio of low to high affinity [PH]GABA
binding sites in brain was 5.3:1 and in spinal cord
27:1. Thus with both aduit and cultured murine
spinal cord neurons, the low affinity [BH]GABA
binding site was present in concentrations 25-40
times that of the high affinity binding site. [3H]Mus-
cimol labeled only a high affinity site in both brain
and spinal cord tritonized membranes. Hill coeffi-
cients of unity were found for the dose-response
curves for [3H]muscimol binding in brain and spinal
cord membranes which suggests that there is one
population of mutually independent high affinity
binding sites.

One implication of the high ratio of low affinity
[BH]JGABA binding sites to high affinity sitcs in
spinal cord is that even at the low ligand concen-
trations (2-5 nM) used in routine binding assays
with [SH]JGABA 30-50 9, of the observed binding is
to the low affinity site (assuming reversible ligand-
receptor interactions where Ky = [Bmax] [L]/B and B
= bound ligand, Bmax = maximum number of
binding sites, L = ligand concentration and Ky ==
the dissociation constant®). In order to look reliably
for changes in the high affinity site in spinal cord, it
would be preferential to study [3H]muscimol bind-
ing. In brain, either ligand is adequate since only
5-159%; of GABA binding is to the low affinity site at
2-5 nM.

In studying bicuculline displacement of [3H]-
GABA in spinal cord, the effects of the low affinity
site also became apparent. (-+)Bicuculline had an
apparent 1Csg of 40 uM in displacing [3H]GABA (2
nM) in spinal cord. In experiments in spinal cord
using 100 nM [3BH]JGABA when 909, of the bind-
ing is to the low affinity site, the 1Csg for (+)bicu-
culline displacement of [BH]JGABA binding was 100
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uM (data not shown). When [3H]muscimol was the
ligand, (4 )bicuculline has an ICs¢ of 16 uM, which
is similar to but nevertheless slightly higher than the
1Cso for (- )bicuculline displacement of [BH]JGABA
or [3H]muscimol binding in brain membranes,

Saturation curves of [BH]JGABA binding in the
presence and absence of 10 M (+-)bicuculline in
brain showed competitive inhibition of the high
affinity binding site with no significant alteration of
the low affinity site. In spinal cord, 10 uM bicucul-
line had little effect on the [3BH]JGABA binding. The
K; for the high affinity site calculated from the
Scatchard analyses (slope in presence of bicuculline
equals (1 + [I]/K;)) was 5 uM for the high affinity
site in brain. At 50 uM however, bicuculline inhibit-
ed [BHJGABA binding competitively in spinal cord
and the K; for (-+)bicuculline at the low affinity site
was 115 uM as calculated from saturation studies in
the presence of (-+)bicuculline. Previous investiga-
tions®:14 have found little or no regional variation in
the potency of bicuculline for inhibiting [3BH]GABA
binding but most of these studies were focusing on
the high affinity site.

The high K; for bicuculline inhibition of low
affinity [BH]JGABA binding is less than the ICsg for
bicuculline inhibition of high affinity GABA-trans-
port (about 400 yM)29-34. The GABA transport
system is very sensitive to triton and freezing, and is
highly temperature- and sodium-dependent2$.
These binding studies were performed on frozen and
tritonized membranes in the absence of sodium, and
it is thus unlikely that this low affinity binding site is
the same as the transport site. A further reason
against the low affinity site representing binding to
the uptake site is that the number of low affinity sites
have been found not to change in the projection
areas of GABAergic pathways after lesion of the
GABAergic neurons!? 52, For this same reason, it is
unlikely that the low affinity site represents binding to
presynaptic autoreceptors on GABAergic neurons.
However, the low affinity site could represent pre-
synaptic receptors on other non-GABAergic nerve
terminals. These presynaptic receptors have been
demonstrated experimentally and although there is
some controversy in the literature, evidence exists
that these sites are pharmacologically distinct from
the postsynaptic GABA receptors!:4.39:46, Further-
more, these presynaptic sites have been found to be

relatively bicuculline insensitive. The pharmacology
of the low affinity site in spinal cord must be studied
in detail before it can be related to any specific
function. Reports of drug effects on mixed high and
low affinity [BSHJGABA binding have utilized ligand
concentrations in which 759 of the binding was to
the high affinity site30,

The effect of bicuculline on [*H Jmuscimol binding
in both brain and spinal cord appeared competitive
(Kis of 4 uM for brain and 10 uM for spinal cord).
Although bicuculline appears to be competitive with
GABA in these binding studies, it should be noted
that apparent competitive inhibition does not neces-
sarily indicate binding of the inhibitor to the same
site as that of the ligand®. In this respect, there
are some inconsistent properties of the inhibition of
GABA binding by bicuculline. Firstly, there is the
tack of effect of tritonization and/or freeze-thaw and
extensive washing on the bicuculline 1Cso for dis-
placing GABA binding despite ap almost 10-100-
fold increase in the affinity of GABA itself for its
receptor after these proceduresis. Furthermore, va-
rious anions enhance the potency of bicuculline for
inhibiting GABA-binding, but the same anions have
no substantial effects on GABA binding3.15, These
properties suggest that the interaction of bicuculline
with GABA receptors may be more complicated
than indicated by these kinetic studies.

Our studies indicate that the binding properties of
[BH]muscimol and [3H]GABA in spinal cord and
cortical neurons in PDC culture are quite similar
to those in adult rat nervous system. Two binding
sites for [3HJGABA are found in cortical and
spinal cord neurons although the ratio of low to
high affinity sites is very much higher in spinal cord
neurons than in cortical neurons. As:in rat nervous
system, (--)bicuculline inhibits [3H jmuscimot bind-
ing in cultured forebrain neurons slightly more
potently than in spinal cord neurons. Although we
have not performed saturation studies in the pre-
sence of bicuculline in cultured neurons, the simila-
rities of the receptors in the two systems and the
neurophysiological data?8 obtained from neurons in
cell culture suggest that bicuculline also would dis-
play competitive inhibition in cultured neurons.

In other systems, the low affinity receptor site is
thought to be the physiologically relevam:onc@é&
In these studies, the potent GABA agonist, musci-



mol, binds preferentially to high affinity GABA
receptors and bicuculline inhibits high affinity bind-
ing at doses similar to those effective physiological-
ly28, The high K; for bicuculline blockade of the low
affinity site is inconsistent with current knowledge of
the postsynaptic GABA receptor. Thus, our experi-
ments suggest that the high affinity site represents
the postsynaptic GABA receptor. The following
paper gives further evidence for this conclusion by
presenting the physiological properties of postsy-
naptic GABA responses and their inhibition by
bicuculline using mammalian neurons primary dis-
sociated cell culture?s.
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