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SUMMARY

We have explored the functional significance of various drug-
induced changes in t-[**S]butylbycyclophosporothionate (TBPS)
binding to y-aminobutyric acid. (GABA,) receptors by comparing
them with the actions of the drugs on GABA-induced *CI~ uptake
in rat cerebrocortical membrane preparations. In the presence of
micromolar concentrations of GABA, various benzodiazepine
receptor agonists, 3a-21-dihydroxy-5a-pregnan-20-one, and
pentobarbital inhibited [3*S]TBPS binding, whereas ethyl-g-car-
boline-3carboxylate (3-CCE), an inverse agonist, stimulated it, in
general t with earlier reports [Mol. Pharmacol. 23:326-
336 (1983); Mol. Pharmacol. 30:218-225 (1986)]. The drug-
induced changes in [3S]TBPS binding, after normalization with
respect to the corresponding action of diazepam, were closely
related to the relative ability of the drugs to affect *Cl~ uptake,
with a correlation coefficient of 0.98 and a slope of 0.85. Upon
abolishment of GABA action by the use of bicuculline, however,
all the tested drugs stimulated [**S]TBPS binding to various

degrees, and their relative changes displayed a lower correlation
coefficient of 0.69, with a slope of 2. In particular, the effects of
the anesthetic steroid and pentobarbital on [3*SJTBPS binding
were markedly altered by GABA, which at 2 uM increased not
only their maximal effects, but also their half-maximal concentra-
tions severalfold. On the other hand, GABA did not significantly
affect these parameters for diazepam under our experimental
conditions. Also, the GABA-independent changes in [*S]TBPS
binding produced by various benzodiazepine receptor agonists
matched reasonably well the actions of the drugs on ClI~
uptake, with a correlation coefficient of 0.85 and a slope of 1.0.
These data suggest more pronounced functional coupling of the
GABA sites with those for the steroid and the barbiturate, as
compared with the benzodiazepine site. It appears that the
degree of [*S]TBPS binding in the presence of GABA closely
refiects the functional state of GABA, receptors and may be
useful for characterization of allosteric interactions between var-
ious sites on the receptors.

GABA, receptors interact with various hypnotic and anxiol-
ytic agents (1-4). In particular, the benzodiazepine binding site
is the most well known modulatory site on the receptor and
accommodates not only classical benzodiazepines but also
chemical agents of diverse structures (5, 6). Many studies have
been carried out to obtain therapeutically important informa-
tion on the affinities and efficacies of various drugs interacting
with the GABA, receptor, using equilibrium binding studies.
The types of efficacy tests include measurements of changes in
the ligand affinity in the presence of GABA (7-9) or, more
recently, modulation of TBPS binding to GABA, receptors
(10-13). TBPS, a cage convulsant, binds with high affinity to
the picrotoxin binding site that is presumably located near the
mouth of the chloride ionophore of the GABA, receptor com-
plex (10). Its binding is known to be allosterically affected by
GABA, benzodiazepines, 8-carbolines, pyrazolopyridine, cyclo-
pyrrolone, imidazopyridines, barbiturates, metabolites of pro-

gesterone, and avermectin B (10-17). In particular, GABA has
been reported to play a pivotal role by reversing the stimulatory
effects of benzodiazepine agonists and the inhibitory actions of
inverse agonists (12, 18). Both GABA-dependent and -inde-
pendent actions of benzodiazepine receptor ligands on [*S]
TBPS binding, however, have been suggested to be related to
the general in vivo behavioral pharmacological actions of the
drugs (11, 12). To understand the functional significance of the
changes in [**S]TBPS binding, in this study we have charac-
terized the effects of various drugs on [**S]TBPS binding in
purified rat cerebrocortical synaptosomal membranes in the
presence of excess bicuculline, or of defined levels of GABA,
and directly compared their ability to stimulate GABA-me-
diated 3¥CL" uptake in rat cerebrocortical synaptoneurosomes.

Materials and Methods

Preparation of rat cerebrocortical synaptosomal membranes.
The rat membranes were prepared from brain cortices of male Sprague-

ABBREVIATIONS: GABA, y-aminobutyric acid; TBPS, t-butylbicyclophosphorothionate; HEPES, 4-(2-hydroxyethyi)-1-piperazineethanesulfonic acid;
5-a-THDOC, 3a,21-dihydroxy-5a-pregnan-20-one; CHAPS, 3-{(cholamidopropyi)dimethylammonio]-1-propanesulfonate; S-CCE, ethyl-g-carboline-

3-carboxylate.
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Dawley rats (150-180 g). The tissues were homogenized in 10 volumes
of ice-cold homogenizing buffer containing 300 mM sucrose, 10 mM
HEPES, pH 7.4, 0.1 mM EDTA, 1 uM pepstatin A, and 3 ug/ml
leupeptin, using a Dounce homogenizer with a tight-fitting pestle (15
strokes). The homogenates were centrifuged at 3,000 X g for 15 min,
and the supernatant was collected and centrifuged at 40,000 rpm for
35 min in a 60 Ti rotor. The membranous pellets were resuspended in
20 volumes of 5§ mM Tris-HCIl, pH 8.0, 1 uM pepstatin A, 3 ug/ml
leupeptin, were incubated for 10 min on ice, and were rehomogenized.
The membranes were recovered by ultracentrifugation as described
above, resuspended in the sucrose homogenizing buffer, and further
resolved by sedimentation through a sucrose density gradient consisting
of 0.4 M, 0.8 M, and 1.1 M sucrose solutions buffered with 56 mm
HEPES/Tris, pH 7.4 (19). After centrifugation at 100,000 X g for 60
min in a SW 27 rotor, the membranes located between the 0.4 and 1.1
M sucrose solutions were collected, washed, and stored in sucrose
homogenizing buffer supplemented with glycerol to a final concentra-
tion of 20% (v/v), at —80°.

Preparation of rat cerebrocortical synaptoneurosomes. The
synaptoneurosomes were prepared following procedures reported else-
where (20). Briefly, cerebral cortices from five male Sprague-Dawley
rats were suspended in 30 ml of ice-cold solution containing 118 mM
NaCl, 5 mMm KCl, 1.8 mM MgSO,, 2.5 mM CaCl,, 20 mM HEPES/T'ris,
pH 7.0 (buffer A), and 10 mM D-glucose; they were homogenized with
a loose-fitting pestle and then by five strokes with a tight-fitting pestle.
The suspension was diluted to 160 ml with buffer A and filtered through
three layers of nylon cloth and a 10-um Millipore filter (LC type). The
filtrates were centrifuged at 3000 X g for 15 min. The membrane pellets
were washed once and resuspended in buffer A to a final protein
concentration of 8 mg/ml.

Measurements of [**S]TBPS binding. The ligand binding was
measured in medium containing 2 nM [¥S]TBPS, unless specified
otherwise, 50 ug of membrane proteins, 1 M NaCl, and 10 mM Tris-
HC], pH 7.4, in a total volume of 500 ul. Drugs were added as concen-
trated methanolic solutions. The level of methanol did not exceed 0.2%
and was maintained constant in all tubes. The mixtures were incubated
for 120 min at 24° and filtered over a Whatman GF/B filter under
vacuum. The filters were washed three times with 4 ml of 1 M NaCl,
10 mM Tris- HCI buffer, pH 7.4, and counted for [**S]TBPS radioactiv-
ity. Nonspecific [*S)TBPS binding was estimated in the presence of 2
uM unlabeled TBPS and was subtracted to compute specific binding.

Measurements of **Cl- uptake. The ion uptake in rat cerebro-
cortical synaptoneurosomes was measured by a rapid filtration tech-
nique, using Whatman GF/B filters, as described elsewhere (21). A
typical incubation medium contained 0.2 uCi of Na*Cl/ml, 118 mM
NaCl, 6 mm KCl, 1.8 mm MgSO,, 2.5 mM CaCl;, and 20 mmM HEPES/
Tris, pH 7.0, with or without test drugs. Drugs were added as concen-
trated methanol solutions; the level of methanol did not exceed 0.4%
and was maintained constant in all tubes. The membrane suspensions
were preincubated for 5 min at 30°. The reaction was initiated by
mixing of equal volumes (125 ul) of the membrane suspension (1 mg of
protein) and the reaction mixture containing *Cl-, at 30°. After 5 sec,
the reaction was terminated by addition of ice-cold NaCl incubation
buffer containing 1 mM 4,4’ -diisothiocyanostilbene-2,2’ -disulfonic acid
(22). The mixture was filtered over a Whatman GF/B filter under
vacuum, and the filter was washed four times with 5 ml of ice-cold
NaCl incubation buffer. The radioactivity on the filter was counted in
the presence of Instagel (15 ml).

Miscellaneous assays. The amount of protein in membranes was
determined by the method of Lowry et al. (23), using bovine serum
albumin for calibration. Analysis of binding data was carried out using
a computer program of linear and nonlinear regressions for one of
multiple classes of binding sites. The reported values for binding
capacities in the study were obtained using a model for a single class
of sites, which best fit our data in this study.

Changes in [*S]TBPS Binding and *Ci- Uptake 395
Resulits

Estimation of the concentration of endogenous exter-
nal GABA. Because endogenous external GABA in brain
membranes is known to inhibit [**S)TBPS binding to GABA.
receptors (10), it is useful to know its level in the purified
synaptosomal membrane preparations. To this end, excess bi-
cuculline was employed to obtain maximal [**S)TBPS binding
in the membranes (Fig. 1A). Then the percentage changes in
[**S]TBPS binding were measured in the presence of various
concentrations of exogenous GABA (Fig. 1B). The GABA dose-
response data were fitted to the equation

I/Ine: = [GABA]"/([ICs]" + [GABA]") )

where I is the degree of inhibition of [*S)TBPS binding at a
given concentration of GABA, I,.,, is the maximal inhibition,
ICs is the GABA concentration for half-maximal inhibition,
and n is the degree of cooperativity. The data were fitted to the
equation via least squares minimization, assuming an endoge-
nous external GABA concentration varying from 0 to 3 uM at
intervals of 0.2 uM. Estimation of the endogenous external
GABA concentration as 1 uM gave the least sum of squares
value in the data-fitting process. On the basis of this value, the
ICso for GABA was 2.3 + 0.1 uM, and n was 2.0 + 0.1. According
to this method of estimation, endogenous external GABA, from
preparation to preparation, was reasonably constant, 1.0 + 0.3
uM (three measurements).

Characterization of the actions of various drugs on
[**S]TBPS binding. Fig. 2 shows that diazepam, Ro 15-1788,
and B-CCE, in the presence of excess bicuculline, stimulated
[**S)TBPS binding maximally up to 13.7 + 0.7, 5 + 1.5, and 5
+ 1.3%, respectively, as compared with the value observed with
bicuculline alone. In the presence of GABA (1 uM endogenous
plus 1 uM exogenous), the [**S]TBPS binding decreased to 60%
of that observed with bicuculline. Diazepam enhanced the
inhibitory effect of GABA, as did Ro 15-1788, albeit to a lesser
degree; the maximal level of inhibition was 22 + 1.5% for
diazepam and 6 + 2.1% for Ro 15-1788, as compared with that
observed with GABA alone. Various agonists for the benzodi-
azepine site, like diazepam, showed GABA-independent stim-
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Fig. 1. Profiles of [*S]TBPS binding in rat brain membranes as a function
of bicuculiine and exogenous GABA concentrations. [*S]TBPS binding
was measured in rat purified synaptosomal membranes in the presence
of the indicated concentrations of bicuculiine (A) or in the presence of
exogenous GABA in the membranes (B). The reaction
was carried out at 23° for 120 min. The concentration of [*S]TBPS was
2 nm. The rest of the experimental conditions were as described in
Materials and Methods. The data represent means of triplicate measure-
ments, with experimental errors less than 10%.
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Fig. 2. Effects of diazepam, Ro 15-1788, and -CCE on [*S]TBPS
binding in purified synaptosomal membranes in the presence of 50 um
bicuculline or 1 um ex s GABA. The drug effects were expressed
as a percentage of JTBPS binding observed in the presence of
bicuculline (upper) or in the presence of exogenous GABA (lower). The
level of [®*S]TBPS binding was reduced by about 40% with 1 um
exogenous GABA. The conditions for [*S]JTBPS binding were the same
as described in the legend to Fig. 1 and as fully described in Materials
and Methods. The data represent means + standard deviations from
three experiments, consisting of duplicate measurements each.

[35S]TBPS Binding
% of Control

TABLE 1

Comparison of the relative changes in [**S]TBPS binding and the
relative ability to stimulate *CI~ uptake for various GABA, receptor
ligands

[**S]TBPS binding at 2 nm in rat cerebrocortical synaptosomal membranes was
measured in the presence of 50 um bicuculline or 1 um exogenous GABA, with the
drugs at 1 um, except pentobarbital (100 um). *°Ci~ uptake in rat cerebrocortical
synaptoneurosomes was measured in the presence of 5 um exogenous GABA with
1 um benzodiazepine receptor kigands, 100 um pentobarbital, or 1 um 5-a-THDOC.
Their effects were normalized with respect to the corresponding action of diazepam.
The data represent means + standard deviations from at least three experiments,
consisting of triplicate measurements for %CI~ uptake and duplicate measurements
for [*S]TBPS binding.

[*SJTBPS binding GABA-mediated

Without GABA With GABA ™ Uptake

% of diazepam

Diazepam 100+ 15 100 £ 12 100 £ 15
Alprazolam 133+ 13 117 +3 113+10
Flunitrazepam 75+3 87 £ 12 114 + 16
Triazolam 125+ 4 131+ 4 168 + 31
Zolpidem 11216 95+ 10 121 £ 16
Zopicione 63+5 106 + 8 109 = 21
Ro 17-1812 3B+7 71+5 76 + 21

Ro 15-1788 297 28+9 5+5
ZK 93426 11+6 45 2+29
U-78875 5+7 6+12 7+12
B-CCE 36+ 11 91+ 11 -22+12
Pentobarbital 92+21 290 + 15 227 + 32
5-a-THDOC 131+ 30 475 + 45 459 + 64

ulatory and GABA-dependent inhibitory effects on [*S]TBPS
binding. Table 1 shows the effects of the drugs, expressed as a
percentage of the corresponding action by diazepam, at a con-
centration of 1 uM. On the other hand, 8-CCE stimulated [*S]
TBPS binding up to 20 + 2.5% in the presence of GABA. These
data are qualitatively in agreement with the earlier report by
Gee et al. (12), where the GABA-free condition was achieved
with CHAPS solubilization of brain membranes.

Analysis of the dose-response profiles for diazepam, using
Eq. 1 (inhibition as well as stimulation), showed that GABA
did not significantly decrease the half-maximal concentration
for diazepam,; its value was 37 + 7 and 32 + 4 nM in the absence

and presence of GABA, respectively. The cooperativity factor
was 0.96 regardless of the presence of GABA. Similar analysis
with 8-CCE showed its half-maximal concentration to be 2.9 +
0.7 nM in the presence of GABA, with a cooperativity factor of
1. The other data were not analyzed because of marginal effects
and large variations.

Fig. 3 shows the results from similar studies with pentobar-
bital, 5-a-THDOC, and ethanol. In the presence of bicuculline,
pentobarbital and 5-a-THDOC also increased [**S]TBPS bind-
ing maximally up to 14 + 1.4 and 20 + 1.3%, respectively, with
half-maximal concentrations of 19 + 4.3 uM and 97 + 18 nM,
respectively. With GABA, they inhibited [*S]TBPS binding
completely, with an ICs, value of 89 + 29 uM for pentobarbital
and 340 + 39 nM for 5-a-THDOC. The cooperativity factors
ranged from 0.96 to 1.03, regardless of the presence of GABA.
Ethanol inhibited [*S]TBPS binding in the presence of bicu-
culline and GABA and showed no signs of saturation in its
effect at concentrations of up to 10% (v/v).

According to Scatchard analysis (Table 2), the stimulatory
action of diazepam and 5-a-THDOC in the presence of bicu-
culline was due to enhanced affinity for TBPS, without notable
effects on its Bp,,; the K, for TBPS was decreased from 26 +
2.2 to 20.5 + 0.9 and 19.5 + 0.6 nM by diazepam and 5-a-
THDOC, respectively. On the other hand, GABA at micromolar
concentrations decreased both the affinity and the B... for
TBPS; the K, increased from 26 + 2.2 to 30 + 1.2 and 65 + 4.8
nM as the addition changed from bicuculline to 1 or 3 um
exogenous GABA, respectively, and the corresponding changes
in the B,.., were from 8.2 + 0.4 to 6.6 + 0.2 and 5.4 + 0.3 pmol/
mg of protein. Diazepam at 1 uM enhanced the inhibitory effect
of GABA by further increasing the K, for TBPS from 30 + 1.2
(with 1 uM exogenous GABA) to 38 + 2.1 nM, whereas 8-CCE
reduced the inhibitory effect of GABA by decreasing the K; for
TBPS to 26 + 1.1 nM, a value similar to that observed with
bicuculline, 26 + 2.2 nM. Both drugs, however, showed no
measurable effect on the B,.., for TBPS. Pentobarbital and 5-
a-THDOC differed from benzodiazepines in that they poten-
tiated the inhibitory action of GABA by decreasing both the
affinity and the B.,, for TBPS; the K, for TBPS increased

A. Pentobarbital 0 Ethanol
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Fig. 3. Effects of pentobarbital, 5-o-THDOC, and ethanol on [*S]TBPS
binding in purified synaptosomal membranes in the presence of 50 um
bicuculline or 1 um exogenous GABA. The drug effects were expressed
as a percentage of [*S]TBPS binding in the presence of bicuculiine alone
(upper) or GABA alone (lower). The conditions for [3SJTBPS binding
were the same as described in the legend to Fig. 1 and in Materials and
Methods. The data represent means + standard deviations from three
experiments, consisting of duplicate measurements each.
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TABLE 2

Alhterations in the equilibrium binding parameters for [**S]TBPS by
various GABA, receptor ligands, in the presence of bicuculline or
exogenous GABA

[*S]TBPS binding was measured in purified rat cerebrocortical synaptosomal
membranes in the presence of 50 um bicuculline or 1 or 3 um exogenous GABA,
with or without the indicated concentrations of drugs. The concentration of TBPS
ranged from 2 to 300 nm, and nonspecific binding was subtracted. Scatchard
analysis was fit best to a single class of sites. The rest of the experimental
conditions were as described in Materials and Methods. The data represent
estimates + standard errors obtained from two experiments, consisting of duplicate
measurements each.

Kq Brex

Bicuculline (50 um) 260+ 22 82+04

Bicuculline (50 um) + diazepam (1 205+0.9 81107
1M)

Bicuculline (50 um) + 5-a-THDOC (1 195+ 0.6 83+03
uM)

Exogenous GABA (1 um) 30.0+1.2 6.6 £ 0.2

Exogenous GABA (1 um) + diaze- 38021 6.3+0.2
pam (1 um)

Exogenous GABA (1 um) + 8-CCE 260+ 1.1 6.7+0.2
(0.2 um)

Exogenous GABA (1 um) + pento- 55.0 + 3.6 47103
barbital (80 um)

Exogenous GABA (1 uMm) + 5-a- 480+ 28 46+0.2
THDOC (0.5 um)

Exogenous GABA (3 um) 65.0+4.8 54+03

from 30 + 1.2 (1 uM exogenous GABA) to 55 + 3.6 and 48 +
2.8 nM in the presence of pentobarbital (80 uM) and 5-a-
THDOC (500 nM), respectively, and the B,,., decreased from
6.6 + 0.2 to 4.7 £ 0.3 and 4.6 + 0.2 pmol/mg of protein,
respectively.

GABA-mediated 3°Cl- uptake. It has been shown that
GABA dose-dependently stimulated **Cl~ uptake in rat cere-
brocortical synaptoneurosomes, and this GABA action was
influenced by GABA, receptor ligands (4, 21, 22, 24). In this
study, for instance, diazepam at a concentration of 1 uM stim-
ulated 3¢Cl~ uptake by 4.8 + 0.7 nmol/5 sec-mg of protein in
the presence of 5 uM exogenous GABA. Table 1 lists the effects
of various ligands for the benzodiazepine site (1 uM), pentobar-
bital (100 uM), and 5-a-THDOC (1 uM) on *Cl~ uptake, nor-
malized with respect to the action by diazepam at a concentra-
tion of 1 uM. The concentration of pentobarbital was limited
to 100 M in this study, because higher concentrations (500
uM) reduced 3*Cl~ uptake due to rapid desensitization (21).

Correlation between [**S]TBPS binding and 3°Cl- up-
take data. Linear regression analysis was performed on the
relative changes in [**S)TBPS binding and **C]~ uptake induced
by the various drugs, as shown in Table 1. The relative changes
in [*S]TBPS binding produced by all the tested drugs in the
presence of GABA were closely related to the abilities of the
drugs to stimulate GABA-mediated *C1~ uptake, with a corre-
lation coefficient of 0.98 and a slope of 0.85 (Fig. 4), whereas
the relative TBPS changes in the presence of bicuculline
showed a lower correlation coefficient (0.69) and a slope of 2.
If we excluded the data on pentobarbital, 5-«-THDOC, and -
CCE from the analysis, the relative TBPS shifts among the
benzodiazepine receptor ligands in the presence of bicuculline
were reasonably well matched, with the 3¢Cl- uptake data
showing a correlation coefficient of 0.85 and a slope of 1.0,
whereas their counterparts in the presence of GABA displayed
a correlation coefficient of 0.95 and a slope of 1.1.
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Fig. 4. Plot showing the correlation between the relative changes in
TBPS binding in the presence of GABA (2 um) and the relative ability to
stimulate GABA-mediated *Ci~ uptake, for various GABA, receptor
ligands. The effects of the compounds listed in Table 1 on [**S]TBPS
binding and %CI~ uptake, normalized with respect to diazepam (100%),
were plotted on a log-log scale, and the line was fitted by eye. 5-CCE
data were excluded from the plot but included in computing the correla-
tion coefficient.

Discussion

Allosteric actions of GABA, receptor ligands on [*S)TBPS
binding in brain membranes have been of considerable interest
to pharmacologists, because of the potential utility of these
data to predict the pharmacological efficiency of the ligands
(10-18). Earlier, Squires et al. (10) reported that GABA, recep-
tor agonists inhibited [**S]TBPS binding with a rank order of
potency comparable to those found in binding, whereas Supa-
vilai and Karobath (11) reported the stimulatory actions of
benzodiazepine receptor agonists on [*S]TBPS binding and
suggested their potential for estimating the in vivo efficacy of
the drugs. Recent studies have pointed out that the effects of
benzodiazepines are highly dependent on GABA levels. Gee et
al. (12) and Martini et al. (18) reported that benzodiazepine
agonists inhibited and inverse agonists stimulated [**S]TBPS
binding in rat cerebrocortical membranes in the presence of
physiological levels of GABA but the agonists reversed their
effects in GABA-free CHAPS- or Triton X-100-solubilized
receptor preparations. They also suggested the consistency of
the TBPS data with the in vivo pharmacology of the drugs.

Our results in this study, with purified synaptosomal mem-
branes in the presence of bicuculline or defined levels of GABA
(about 2 uM, including endogenous and exogenous GABA),
further confirmed the pivotal role of GABA in the action of
benzodiazepine agonists on [*S]TBPS binding, as proposed by
the above-mentioned authors, and indicated a similar role for
GABA in the action of 5-a-THDOC and pentobarbital on [*S]
TBPS binding.

Our analysis indicates that the GABA-dependent changes in
[*S]TBPS binding produced by all the tested drugs were closely
related to the ability of the drugs to influence GABA-mediated
3Cl- uptake in rat cerebrocortical synaptoneurosomes (Fig. 4).
On the other hand, the GABA-independent (stimulatory) ac-
tions of 5-«-THDOC and pentobarbital did not match their
actions on *Cl~ uptake, although similar stimulatory actions
of the various agonists for the benzodiazepine site correlated
reasonably well with the anion uptake data (see Table 1). In
the case of the steroid and pentobarbital, we found that GABA
increased not only their maximal effect on [**S)TBPS binding
but also their half-maximal concentrations severalfold, whereas
GABA exerted no significant effect on the parameters for
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diazepam. One possible explanation is that GABA converts the
steroid and pentobarbital binding sites from high to low affin-
ity, but no similar actions with benzodiazepine receptors under
our experimental conditions were noted. An alternative possi-
bility of heterogeneous binding sites for the steroid and the
barbiturate appears not to be likely, because their dose-response
profiles within the range of concentrations used in this study
showed no signs of multiphasic actions and displayed a Hill
coefficient of 1. In earlier studies, Leeb-Lundberg and Olsen
(25) reported that the enhancement of [*H]diazepam binding
in rat brain membranes by pentobarbital was partially reversed
by bicuculline. The data could be interpreted to mean that the
barbiturate affects the diazepam binding site in both GABA-
independent and -dependent manners, like [**S]TBPS binding
in this study, rather than indicating the presence of multiple
barbiturate binding sites. These considerations led us to pro-
pose pronounced functional coupling of GABA sites with those
for the barbiturate and the steroid, although they share no
common site (12), but not with the benzodiazepine site. It
appears that the GABA-independent conformational changes
induced by benzodiazepine agonists are relevant to the in vivo
actions of the drugs in the presence of GABA and that GABA-
induced reversal of their effects on [*S]TBPS binding could
be simply due to coupling of the two independent conforma-
tional changes, the GABA and the drug induced.

In short, equilibrium binding properties of TBPS are differ-
entially affected by GABA, receptor ligands and appear to be
useful parameters for understanding the ligand actions on the
chloride channel of the receptor complex. Overall, the relative
changes in [**S]TBPS binding produced by the ligands in the
presence of micromolar levels of GABA seem to be useful for
predicting the in vivo pharmacological behavioral efficacy of

the drugs.
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