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Abstract

All of the anesthetic (amylobarbitone, butobarbitone, pentobarbitone, phenobarbitone, and seco-
barbitone) and convulsant (5-ethyl-5-(3"-methylbut-2-enyl)barbituric acid (3M2B) and 5-ethyl-5-(2'-
cyclohexylidene-ethyl)barbituric acid (CHEB)) barbiturates tested enhanced the binding of GABA
to a carefully prepared P, membrane fraction from rat brain in a dose-dependent manner. These
findings are in agreement with the potentiation of the inhibitory effects of GABA in many neuronal

systems by both classes of barbiturates.

Anesthetic barbiturates enhance the actions of y-ami-
nobutyric acid (GABA) in a number of in vivo (Eccles et
al., 1971; Lodge and Curtis, 1978; Nicoll, 1972; Nicoll et
al., 1975) and in vitro preparations of mammalian central
nervous tissue (Evans, 1979; Ransom and Barker, 1976;
Scholfield, 1977). Attempts to demonstrate an enhance-
ment by such barbiturates of the binding of GABA to
various membrane preparations of mammalian brain,
however, have been largely unsuccessful (Enna and Sny-
der, 1976; Olsen et al., 1979; Peck et al., 1976). Recently,
Willow and Johnston (1980) described a dose-dependent
enhancement by pentobarbitone of GABA binding in
crude rat synaptosomal membranes. In the preparation
of this membrane fraction, special attention was given
toward limiting the amount of chemical and mechanical
disruption, procedures often used to maximize GABA
binding presumably by removing endogenous inhibitors
(Andrews and Johnston, 1979). The enhancement of
GABA binding by pentobarbitone is consistent with elec-
trophysiological studies using intact preparations. The
present study examines the effects of several anesthetic
and convulsant barbiturates on GABA binding in order
to determine whether enhancement of GABA binding is
a property common to barbiturates in general.

Materials and Methods

Crude synaptosomal membranes were prepared ac-
cording to methods described previously (Willow and
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Johnston, 1980). Male Wistar rats (250 to 350 gm) were
decapitated, and the brains were removed quickly and
homogenized in ice cold 0.32 M sucrose using a glass
homogenizer fitted with a Teflon pestle (0.22 mm clear-
ance in diameter). The homogenate (10% w/v) was cen-
trifuged at 1000 X g, for 10 min and the resultant nuclear
pellet was washed once. The combined supernatant was
centrifuged at 14,500 X g, for 20 min and the mitochon-
drial/synaptosomal (P.) pellet was washed 8 to 10 times
by resuspension in ice cold 50 mM Tris/citrate buffer
(pH 7.1) and centrifuged at 20,000 X g,, for 20 min.
GABA binding was studied by incubating the resus-
pended membrane material (0.5 mg of protein in 2 ml of
Tris/citrate buffer, pH 7.1) for 5 min at 4°C with 2.3 nm
[PH]GABA (60 Ci/mmol, Radiochemical Centre, Amer-
sham). This was followed by centrifugation for 10 min at
48,000 X g.., removal of the supernatant, and superficial
rinsing of the pellet twice with 5 ml of ice cold distilled
water. Nonspecific binding was assessed as that fraction
of bound GABA not displaced by 1 mm unlabeled GABA.
Typically, total and nonspecific binding was 3000 and
500 cpm, respectively. Studies using density gradient
centrifugation showed that specific GABA binding was
highest in the synaptosomal fraction (2600 cpm/0.5 mg)
with only a small amount of binding to mitochondria
(600 cpm/0.5 mg). Protein was measured according to
the method of Lowry et al. (1951). The effects of varying
concentrations (0 to 800 pM) of barbiturates (sodium
salts) on GABA binding were studied by incubating the
resuspended membrane material with 2.3 nm ["H]GABA
in the presence of the barbiturate for the 5-min period
required to reach equilibrium as described above. The
effect of picrotoxinin (10 to 100 um) on GABA binding in
the presence and absence of barbiturates was studied in
a similar manner.
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Results

All anesthetic barbiturates tested enhanced GABA
binding in a dose-dependent manner (Fig. 1). Butobar-
bitone, secobarbitone, and amylobarbitone were all ap-
proximately equipotent, with the threshold concentra-
tion at 6.25 uM. Pentobarbitone was slightly weaker than
these compounds and phenobarbitone was 3 to 4 times
less potent than pentobarbitone. All of these compounds
produced a maximal enhancement of ['TH]JGABA binding
of approximately 40%. Sodium chloride, 100 um, had no
effect on GABA binding measured under these condi-
tions. The enhancement of GABA binding by pentobar-
bitone has been shown to result from an increase in the
affinity of a high affinity binding site with no change in
the density of binding sites (Willow and Johnston, 1980).

The two convulsant barbiturates tested, 5-ethyl-5-(3'-
methylbut-2-enyl)barbituric acid (3M2B) and 5-ethyl-5-
(2’-cyclohexylidene-ethyl)barbituric acid (CHEB), also
enhanced GABA binding in a similar manner to the
anesthetic barbiturates, both being approximately equi-
potent to butobarbitone, secobarbitone, and amylobar-
bitone (Fig. 2). Picrotoxinin at low concentrations (10
uM) completely abolished the enhancement of GABA
binding by amylobarbitone, while higher concentrations
(100 uM) were required to block completely the enhance-
ment of binding by CHEB (Table I). Picrotoxinin (100
pM) alone did not modify GABA binding.
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Discussion

The present study indicates that both anesthetic and
convulsant barbiturates enhance ["H]GABA binding to
the crude P; fraction of rat brain. The effective concen-
trations of anesthetic barbiturates (6.25 to 100 um) are
within the range of concentrations of these substances
found in the brains of laboratory animals during surgical
anesthesia (Richards, 1972). The greater potency of pen-
tobarbitone when compared with phenobarbitone is also
consistent with the relative potencies of these barbitu-
rates in enhancing the actions of GABA on frog moto-
neurons (Nicoll and Wojtowicz, 1980) and in prolonging
the inhibitory postsynaptic potential recorded in guinea
pig olfactory cortex slices in vitro (Scholfield, 1977). The
enhancement of GABA binding by the two convulsant
barbiturates, CHEB and 3M2B, is in agreement with the
finding that 3M2B, like pentobarbitone, enhanced the
inhibitory effect of GABA on cat spinal interneurons
(Lodge, 1979). Nicoll (1975) also has shown that CHEB
depolarizes primary afferent fibers in the isolated frog
spinal cord in a similar GABA-mimetic fashion to pen-
tobarbitone.

The finding that picrotoxinin abolished the enhance-
ment of GABA binding by amylobarbitone and CHEB,
without altering binding in the absence of barbiturates,
suggests that the site of enhancement may be at a picro-
toxinin-sensitive ionophore rather than a picrotoxinin-
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Figure 1. Effect of pentobarbitone (PB), amylobarbitone (AMY), secobar-
bitone (SEC), butobarbitone (BUT), and phenobarbitone (PHEN) on GABA
binding in crude synaptosomal (P,) membranes. Each point represents the
mean of six experiments. The standard error of the mean, omitted for clarity,

did not exceed 7%.
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Figure 2. Effect of CHEB and 3M2B on GABA binding in crude synapto-

somal (P2) membranes.

TABLE 1
Effect of picrotoxinin on the enhancement of GABA binding by
anesthetic and convulsant barbiturates

Drug (pm) Response
% of control + SEM
Control 100 = 4.5 ()"
Picrotoxinin (100} 103 £+ 2.4 (6)
Amylobarbitone (100) 130 + 2.3 (6)*
Amylobarbitone (100) + picrotoxinin (10) 104 + 4.3 (6)
CHEB (100) 131 £ 7.2 (6)°
CHEB (100) + picrotoxinin (10) 130 + 1.7 (6)*
CHEB (100) + picrotoxinin (50) 118 + 7.3 (6)
CHEB (100) + picrotoxinin (100) 101 £ 6.0 (6)

“ The number of observations are denoted in parentheses.

® Significantly different from control values at p < 0.001 by the
Student’s ¢ test.

¢ Significantly different from control values at p < 0.01 by the
Student’s ¢ test.

insensitive GABA receptor (Andrews and Johnston,
1979). This is in agreement with the observation that
barbiturates antagonize the binding of dihydropicrotoxi-
nin to fresh rat cortical P,-P; membranes (Ticku and
Olsen, 1978). While our techniques prevent us from es-
tablishing whether the barbiturate enhancement of
GABA binding is bicuculline sensitive (since bicuculline
antagonizes binding in the absence of barbiturates), it
has been shown that pentobarbitone does not influence
(+)-bicuculline-methiodide binding to rat cerebellar syn-
aptic membranes (Mohler and Okada, 1977). In addition

picrotoxinin, but not bicuculline, abolishes the enhance-
ment of GABA-mediated hyperpolarization of frog mo-
toneurons by pentobarbitone (Nicoll and Wojtowicz,
1980). The present study showed that a higher concen-
tration of picrotoxinin (100 uM) was required to block
completely the CHEB-mediated enhancement of GABA
binding compared to the concentration required to abol-
ish the enhancement seen with amylobarbitone. Con-
sistent with this finding that anesthetic and convulsant
barbiturates may differ in their affinity for the picrotox-
inin binding site is the observation that convulsant bar-
biturates are more potent than anesthetic barbiturates
in displacing [*H]dihydropicrotoxinin in rat brain P,-P;
membranes (Ticku and Olsen, 1978).

The present findings are in agreement with the obser-
vation that anesthetic barbiturates enhance the actions
of GABA in the vertebrate central nervous system, a
factor which may be of importance to their action as
anesthetics. On the other hand, convulsant barbiturates
also enhance GABA binding and such an effect seems
unlikely to contribute to the convulsant action of these
compounds, particularly as 3M2B, like bicuculline and
picrotoxinin, reduces GABA-mediated primary afferent
depolarization (Lodge, 1979). The effects of convulsant
barbiturates on the release of inhibitory and excitatory
transmitters at certain synapses may be more important
factors in determining their pharmacological actions
(Nicoll, 1978), particularly since convulsant and anes-
thetic barbiturates have differential effects on amino acid
release (Willow et al., 1980).
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