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Central nervous system depressants, e.g. alcohol, barbiturates, and benzodiazepines, have a
wide spectrum of activity in human and animals. These depressants produce varying degrees of
CNS depression, depending mainly upon the dose used. In small doses, they can alleviate anxiety
and/or reduce spontaneous activity; in moderate doses, they induce sleep; with large doses, severe
CNS depression progresses to anesthesia, coma or even death. This graded, dose-dependent CNS
depression is a common feature of these agents. In addition to causing CNS depression, these age-
nts also possess other pharmacological properties, e. g. muscle relaxation, anticonvulsant activity,
respiratory depression, hypothermia, etc.

Tolerance-dependence developing to sedative-hypnotics is a common feature following con-
tinnous administration of sedative-hypnotics. Tolerance is defined as a decreasing response to re-
peated administration of the same dose of a sedative-hypnotic or as a necessary increase of the do-
sage to obtain the initial response. There are two types of tolerance-one dispositional
(pharmacokinetic), the other functional (pharmacodynamic). Dependence is defined as a modifica-
tion of physiological functions that require continuous drug adiministration to prevent the ap-
pearance of withdrawal symptoms. Abrupt withdrawal from long-term usage of these drugs may
produce anxiety, dizziness, nausea and vomiting, insomnia, muscular twitching, hyperthermia, de-
lirium, tremors, convulsions, and death.

Evidence accumulated suggests that some of the pharmacological actions exerted by sedative-
hypnotics, e.g benzodiazepines, barbiturates and alcohol, may be mediated through the GABA sy-
stem by mimicking GABAergic transmission. However, the mechanisms of the actions of these age-
nts on the GABA system remain to be elucidated. Benzodiazepines have been demonstrated to have
receptors which are parts of the GABA. receptors (GABA benzodiazepine receptor chloride iono-
phore complexes). Although a definitive barbiturate binding site has not yet been identified, the
available evidence strongly suggests that barbiturate binding sites and convulsant binding sites are
separate but allosterically affect each other. As far as ethanol is concerned, it is likely that multi-
ple neurotransmitter systems are affected. Therefore, it is still unclear how alcohol, barbiturates,
and benzodiazepines are functionally associated with the GABA system.

The evidence summarized demonstrates that the GABA synapse plays an important role in the
pharmacologic effects of barbiturates, alcohol and benzodiazepines. There are similarities and dif-
ferences in the effects of these CNS depressants on the pharmacology and biochemistry of the
GABA synapse. The effects of alcohol, barbiturates and benzodiazepines on GABA synapses are
different in different brain regions. Furthermore, the results which have been reported in the litera-
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ture are inconsistent. This may be due to differences in (a) animal models used, (b) brain regions
used, (¢) protocols used in treating the animals (dose, duration, form and route of administration,
etc.) and/or (d) techniques used (pharmacological, biochemical, physiological, etc.)

Key words : Sedative-Hypnotics, CNS depressant, GABA, Benzodiazepines.

INTRODUCTION

Central nervous system (CNS) depressants,
e.2. benzodiazepines (BDZ), barbiturates, and
alcohol, have a wide spectrum of activity in hu-
man and animals. These depressants produce
varying degrees of CNS depression, depending
mainly upon the dose used. In small doses, they
can alleviate anxiety and/or reduce spontaneous
activity; in moderate doses, they induce sleep;
with large doses, severe CNS depression pro-
gresses to anesthesia, coma or even death. This
graded, dose-dependent CNS depression is a
common feature of these agents. In addition to
causing CNS depression, these agents also pos-
sess other pharmacological properties, e.g. mu-
scle relaxation, anticonvulsant activity, respirato-
ry depression, hypothermia, etc.

Development of tolerance-dependence to
sedative-hypnotics is a common feature foll-
owing continuous administration of sedative-hyp-
notics. Tolerance i1s defined as a decreasing re-
sponse to repeated administration of the same
dose of a sedative-hypnotic or as a necessary in-
crease of the dosage to obtain the initial respo-
nse. There are two types of tolerance - one dis-
positional (pharmacokinetic) , the other func-
tional (pharmacodynamic). Dependence is de-
fined as a modification of physiological func-
tions that require continuous drug adminstration
to prevent the appearance of withdrawal sym-
ptoms. Abrupt withdrawal from long-term usage
of these drugs may produce anxiety, dizziness,
nausea and vomiting, insomnia, muscular twit-
ching, hyperthermia, delirium, tremors, convul-
stons, and death.

Accumulated evidence suggests that some
of the pharmacological actions exerted by BDZ,
barbiturates, and alcohol may be mediated
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through the GABA
GABAergic transmission. However, the mechan-
isms of the actions of these agents on the
GABA system remain to be elucidated. Benzo-
diazepines have been demonstrated to have re-
ceptors that are parts of the GABA. receptors
(GABA-BDZ receptor chloride ionophore com-
plexes). Although a definitive barbiturate bin-
ding site has not yet been identified, the avail-
able evidence strongly suggests that barbiturate
binding sites and convulant binding sites are
separate but allosterically affect each other. As
far as ethanol 1s concerned, 1t 1s likely that mul-
tiple neurotransmitter systems are affected.
Therefore, 1t i1s still unclear how alcohol, bar-
biturates, and BDZ are functionally associated
with the GABA system.

This proceeding will focus on evidence as
to how the GABA system is involved 1n barbitu-
rate action and the development of tolerance to
and physical dependence on barbiturates.

system by muimicking

SUMMARY OF GABA SYSTEM AND
GABA. RECEPTORS

Gamma-aminobutyric acid (GABA) 1s one
of the major inhibitory neurotransmitters in the
mammalian CNS (Krnjevic et al., 1966). Nerve
terminals containing binding sites ['"H]JGABA ac-
count for about 30% of rat cerebral cortex syn-
aptic terminals (Bloom and 1971).
Although ubiquitous, 1t was not until 1950 that
GABA was 1dentified in the mammalian brain
(Awapara et al., 1950; Roberts and Frankel,
1950). Neurons that synthesize GABA are ter-
med “GABA neurons™ or “GABAergic neurons”

There are at least two types of GABA re-
ceptors 1n the mammalian brain, GABAA and
GABAs receptors. The GABAs receptors (Bowe-

Iversen,
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ry et al., 1980) appear to be distinct from the

GABAAreceptors not only in their pharmacolog-
ical profiles but also in anatomical distribution
and sensitivities to 1ons and guanyl nucleotides (
Matsumoto, 1989). The GABA4 receptors are
ligand-gated chloride channels containming bi-
nding sites for GABA and other pharmacolog-
cally significant agents, e.g. anxiolytic BDZ
(Haefely, 1990), anxiogenic f-carbolines, hypno-
tic and anti-convulsant barbiturates
(Tnfilettt et al., 1985), picrotoxin, t-butyl
bicyclophosphorothionate (TBPS) (Squires et al.,
1983), and steroid hormones (Im et al., 1990).
All these binding sites interact allosterically with
each other. Althoug some synaptic reponses me-
diated by the GABA4 receptors can be ex-
citatory (Michelson and Wong, 1991), especially
in early postnatal hippocampal neurons (Cheru-
bini et al., 1991), the major outcome after bi-

nding of GABA or other agonists to the GABAa

receptors is the opening of chloride ionophores,
which allows an inward flow of chloride ions
into the cell and results in membrane hyperpo-
larization as well as reduced neuronal ex-
citability. Binding of GABAa antagomsts, on
the other hand, leads to blockade or reduction
of chloride conductance. A rare third class of
GABA binding site in the cerebellum, tentatively
termed =~ GABAc¢ |, is stimulated by GABA
but is insensitive to either bicuculline, a GABAx
site antagonist, or (-) baclofen, a GABAs site
agonist (Drew et al., 1984).

The mechanism and sites of action of some

GABA. agonists and antagonists on the GABAA

receptors are not exactly the same. For example,
agonists such as barbiturates prolong the ope-
ning state of the chloride channels, while BDZ
increase the frequency of chloride channel ope-
nings (Study and Barker, 1981). Antagonists
such as bicuculline reduce chloride current by
competing with GABA, while picrotoxin acts di-
rectly at the chloride channel to promote its clo-
sure (Simmonds, 1980; Akaike et al., 1985).

The GABAA receptor complex 1s a hetero-
oligomeric protein composed of several distinct

polypeptides. At least 5 types of GABAa rece-
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ptor subunit exist, o, 8, 7, 8, and p. Several lines
of evidence indicate that the GABAa receptors
are highly heterogeneous not only in terms of
anatomical structure but also pharmacological
profiles.

Biochemical studies have provided evidence
that there are at least 2 different conformations
of GABA4 receptor. The high affinity GABAa
sites can be labeled with ["H]muscimol and are
associated with the GABA recognition sites. The
low affinity GABA sites, on the other hand, are
labeled with [*H]bicuculline methochloride and
are associated with the BDZ recognition sites
(McCabe and Wamsley, 1986). In addition, the
GABA. receptor protein has been purified to
apparent homogeneity using BDZ affimty
chromatography, showing a heterologous trans-
membrane glycoprotein consisting of two sub-
units, Mr 50,000~53,000 (o~ subunit) and Mr
55,000~57,000 (B-subunit) (Sigel et al., 1983). [’
H] Muscimol photoaffinity labeling also revealed
that the GABA recognition site is located on the
B-subunit (Casalotti et al., 1986), while [*H]fluni-
trazepam photoaffinity labeling indicated that
the BDZ site is located mainly on the x-subunit
(Fuchs et al., 1988) or on both the «- and f-sub-
unit (Bureau and Olsen, 1988). Further GABAx.
receptor heterogeneity was revealed by higher
resolution SDS-poiyacrylarrﬁde gel electro-
phoresis, showing that each «- and f-subunit
protein band consists of several different pro-
teins (Fuchs et al., 1988). In addition, heterog-
eneous receptors exist in different brain regions
since ['H]flunitrazepam photolabeling reveals
predominantly 1 protein (Mr = 51,000) 1n
membranes from the cerebellum, while at least 4
proteins (Mr = 51,000, 53,000, 55,000 and 39,
000) are labeled in the hippocampus (Sieghart
and Karobath, 1980). Another approach using
polyclonal antibodies raised against specific se-
quence of o-subunits has demonstrated the ex-
istence of GABA. receptor a-subunit iso-oligo-
mers (Duggan and Stephenson, 1990).

GABA, receptor-associated BDZ binding si-
tes can be divided into two types, type I (high at-
finity) or BZ:, and type II (low affinity) or BZ.,
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depending on their affinity toward compounds
such as CL 218,872 3-methyl-6[3(triflouromethyl
yphenyl]-1,2,4-triazolo[4,3-b]pyridazine) (Squires
et al., 1979), and methyl (f-CCM), ethyl- (-
CCE) and propyl- (8-CCP) esters of f-carboline-
3-carboxylate (Braestrup and Nielsen, 1981; Nie-
Isen and Braestrup, 1980). This diversity in BDZ
pharmacology is generated by heterogeneity of
the a-subunit of the GABAa receptors (Pritchett
et al., 1989a). In addition, these two types of
BDZ recepors are distributed evenly
throughout the brain; the cerebellum consists
almost exclusively of type I, while the cerebral
cortex and the hippocampus consist of both ty-
pes.

In the cerebellum, two distinct BDZ bi-
nding sites can be bound by Ro.15-4513 (ethyl-&
-azido-5, 6-dihydro-5-methyl-6-oxo-4H-1midazo| 1
.5-a][1,4]benzodiazepine- 3-carboxylate), a partial
inverse agonist of the central BDZ receptors. Of
these, binding to the diazepam-sensitive (DZ-5)
site is displaced by other BDZ receptor ligands,
whereas binding to the diazepam-insensitive (DZ
-IS) site is not displaceable (Malminiemn and
Korpi, 1989). Recently, three different BDZ re-
ceptor subtypes were defined according to their
high, low, or very low affinity for zolpidem, a
non-BDZ imidazopyridine, in several bramn re-

not

GABA, receptors. More recently, it has been
found that «- and f-subunits may exhibit most,
but not all, of the native properties of GABAa
receptors. The .- (Pritchett et al., 1989b) and 7
;- (Knoflach et al., 1991) subunits are believed
to be involved in BDZ pharmacology since the
BDZ site becomes fully functional only when
the cDNAs coding for the human o:- and f-
subunits are co-expressed with the cDNA coding
for the human 7.-subunit (Pritchett et al., 1989b)
. These receptors, however, lack the cooperat-
ivity of GABa in gating the chloride channels,
and the mRNAs of the ai-, f§i-, and y:-subunits
are not co-localized in all regions (Mohler et al.,
1990), pointing to a further diversity of the GA-
BAzxeceptors.

Further evidence on GABA4 receptor sub-
unit diversity withirr each subunit has been re-
vealed by molecular cloning. Genes coding for
multiple GABAa4 receptor subunits has also
been isolated. These include: «z-, as- (Levitan et
al., 1988), showing 75% identity with the previ-
ously cloned x-subunit, termed «: (Schofield et
al., 1987), and 35% identity with the f-subunits,
xs- (Ymer et al., 1989a), «s- (Malherbe et al..
1990), and «s- (Luddens et al., 1990); fBi-, fe-,
and f:- (Ymer et al, 1989b); 7:i-(Ymer et al,
1990), ~.-(Pritchett et al., 1989b), and 7s- (Wi-

[son-Shaw et al., 1991); J- (Shivers et al., 1989);
pi-and pz-subunits (Cutting et al., 1991, 1992),
two recently cloned subtypes mainly expressed
in the retina. Based on the fact the highly van-
able GABA. receptor subunits exist in the CNS
_ it is reasonable to presume that different sub-
unit compositions form the basis for function-
ally different GABA. receptors and different
pharmacological responsiveness. Indeed, func-
tional expression of different subunit mRNA
combinations co-injected into Xenopus oocytes
or co-expression of cDNA in different human
cell lines (Pritchett et al., 1989a; Verdoorn et al.,
1990) has confirmed that subunit vanants pro-
vide the structural basis for functionally differ-
ent GABA. receptors. The finding that the GA-
BAareceptor xs-subunit is involved in novel type
I BDZ receptor pharmacology (Pritchett and

gions of the rat (Ruano et al., 1992). These re-
sults provide pharmacological evidence of GA-
BAxreceptor heterogeneity.

The fast development of molecular cloning
and gene expression techniques has speeded up
the investigation of the heterogeneity of GABAa
receptors. The cloned ¢cDNAs encoding both the
%- and f-subunits have been prepared using pro-
bes based on purified GABA4 receptors (Scho-
field et al.., 1987), confirming the existence of
distinct »- and f- subunits of GABA. receptor
that presumably has a subunit structure of ozff..
The a-subunit and f-subunit mRNAs, when 1n-
dividually expressed (Blair et al., 1988) or co-ex-
pressed (pritchett et al., 1988) in Xenopus oocy-
tes or cultured mammalian cells, produced tully
functional receptors and ionophores with the
pharmacological profiles characteristic of the
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Seeburg, 1990) is consistent with this notion. In
addition, Northern blot analysis and in situ hy-

bridization of mRNAs coding for different GA-

BAxreceptor subunits further confirmed the re-
gional and developmental expression of different
GABA. receptor subumts (Lolait et al., 1989).
Some of these results are consistent with those
of receptor binding assays. For example, the o
mRNA distribution is similar to that labeled
with ["HJmuscimol, while y:-subunit mRNA dis-
tribution resembles that labeled with [*H]fluni-
trazepam (Shivers et al., 1989). Thus, the ex-
pression of GABAa receptor subunits 1n a re-
gional-specific manner may determine the

pharmacological profile of the GABAa rece-

ptors in a given brain area. This 1s supported by
the finding that the unique subunit composition
of the cerebellar cell layer (Shivers et al., 1989)
may be responsible for its unique [*>SJTBPS bi-
nding (Korpi et al., 1992). Furthermore, GABAa
receptor subunit assembly has been shown to
determine neuronal sorting and localization
(Perez-Velazquez and Angelides, 1993), sugge-
sting differential targets for pharmacological
modulators.

Recently, Endo and Olsen (1993) demon-

strated the brain regional heterogeneity of GA-

BAareceptor oi-o4 subunit polypeptides by anti-
sera. The cerebral cortex contained all 4 poly-
peptides, while hippocampus lacked os and cere-
bellum contained only «:. Thus, the heterogen-
eity of the GABA. receptor occurs not only at
the transcriptional but also in the translational

ptor heterogeneity comes from the existence of
alternatively spliced forms of GABAA4 receptor 7
- (Kofuji et al., 1991; Whiting et al., 1990) and
f-subunit (Bateson et al., 1991) mRNAs. The
two v: forms are termed 2. and 7yes, depending
on the presence or absence of a 24-base-pair (8-
amino acid) insertion in the cytoplasmic domain
between M: and M transmembrane regions.
Further, the insertion (yz) creates a protein ki-
nase C consensus phosphorylation site, indica-

ting differential regulation of the GABAs rece-

ptor subunit function.

evel. Another possible source of GABAa rece-
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In summary, the GABA4 receptor consists
of at least five different but homologous sub-
units, and each subunit exists as a family of
subtypes with similar but distinct gene sequence.
The subunit variations contribute, at least 1n
part, to the pharmacological heterogeneity of
GABA.receptors 1n different brain areas.

EFFECTS OF PENTOBARBITAL ON THE
GABA. RECEPTORS

Barbiturates are agents widely used clini-
cally as sedatives, anticonvulsants, and anesthe-
tics. One of the short- to intermediate-acting
barbiturates, pentobarbital, a synthetic racemic
compound, i1s used in clinical medicine for its
ability to induce a general anesthetic state. The
(—) isomer is more potent than the (+) isomer
in augmenting the chloride 1on current (Huang
and Barker, 1980) as well as inducing anesthesia
(Waddell and Baggett, 1973). As CNS depress-
ants, barbiturates can have many effects on the
nervous system (Ho and Harris, 1981), including
effects on the excitatory amino acid receptors
(Cai and McCaslin, 1993; Short and Tabakoft,
1993). Even the specific strong hydrogen bo-
nding of barbiturates with derivatives of adenine
was once considered a basis for interpreting
their mode of action (Kyogoku et al., 1968).
This is because of the extremely diverse action
of barbiturates and of the widespread existence
of adenine derivatives, including ATP and coe-
nzymes, in the cell (Kyogoku et al., 1968). The
GABA synapse, however, may be their major ta-
rget in inducing their therapeutic effects as well
as tolerance and dependence (Ho, 1980; Sau-
nders and Ho,1990). Pentobarbital-induced hy-
pnosis, for example, involves GABAa receptor
function (Chweh et al., 1987). Additionally, a
variety of neurochemical studies have indicated
that barbiturates interact with the postsynaptic
GABA. receptor in a direct way, which at the
tissue, cellular, and molecular level correlates
well with their anesthetic activity (Olsen, 1981).
Studies on effects of barbiturates on the GABAa
receptors are available in the literature. These
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can be categorized under their effects on °*°Cl-
flux, and in vitro and in vivo (acute and chronic
) eftects on the GABA4 receptors.

Numerous in vitro electrophysiological stu-
dies have shown that pentobarbital potentiates
the GABAa4 receptor-mediated inhibition (Akai-
ke et al., 1987: Barker and Ransom, 1978; Ni-
coll and Wojtowicz, 1980), 1.e. GABA4 receptor
—coupled chloride channel opening and postsyn-
aptic inhibitory potential. In addition, the GA-
BAaantagonist picrotoxin, which blocks the
chloride channel, can reverse this pentobarbital-
induced hyperpolarization (Nicoll, 1975), further
indicating that the action of pentobarbital is me-
diated through the activation of GABAA. rece-
ptors. Other studies on °*°Cl- efflux measured
from brain slices (Wong et al.,.1984) also con-
firmed that pentobarbital produces a dose-de-
pendent activation of **Cl- efflux with a maxim-
al response greater than that of GABA, and
that the action of GABA is potentiated by
pentobarbital. Measurement of *°Cl- uptake in

rat  cerebral cortical  synaptoneurosomes
(Schwartz et al., 1986) and microsacs (Allan and
Harris, 1986), however, showed  that

pentobarbital stimulates **Cl- uptake in a bi-
phasic manner with higher concentrations of
pentobarbital stimulates *°Cl- uptake, indicating
that the desensitization of GABA/CIl- ionopho-
res may involve the barbiturate recognition sites.

In vitro binding studies contribute further
to the understanding of the mechanism of action
of pentobarbital on the GABA.s receptors.
Pentobarbital allosterically enhances the chloride
—dependent ["H]muscimol (Supavilai et al., 1982)
and ["HJGABA (Asano and Ogasawara, 1981)
binding to the GABA. receptors. This enhance-
ment 18 concentration—dependent and varies with
brain regions in a way that does not correlate
well with the overall GABA receptor binding.
For instance, the cerebellum displays poor bar-
biturate enhancement despite a high level of
GABA binding (Olsen and Snowman, 1982). In
addition, both the basal [’H]diazepam and
GABA-enhanced [*H]diazepam binding are po-
tentiated by pentobarbital through an increase
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in affinity of the BDZ receptors for diazepam
(Skolnick et al., 1981). Binding of the cage con-
vulsant, [*°S]TBPS, on the other hand, is not
only brain area-dependent but also salt-depend-
ent. A biphasic effect (stimulation at lower con-
centration followed by inhibition at higher con-
centration of [**S]TBPS binding is produced by
pentobarbital 1n the cortex, while only inhibition
1s observed in the cerebellum (Liljequist and Ta-
bakoft, 1986). The presence of specific salts in
the assay medium seems critical for these bi-
nding assays. Biphasic modulation of [*°S]TBPS
binding by pentobarbital, which correlates per-
fectly with the results of **Cl- uptake, can only
be seen when the assay medium contains KCl or
NaCl (Lihequist and Tabakoff, 1986; Supavilai
and Karobath, 1984). In other studies done in
medium containing KBr or NaBr, pentobarbital
produces only inhibition of [°°S] TBPS binding (
Ramanjaneyulu and Ticku, 1984; Supavilai and
Karobath, 1984; Squires et al., 1983).

Acute exposure to pentobarbital has been
shown to imncrease and decrease, respectively, the
brain levels of GABA and glutamate (Tzeng and
Ho, 1977), which 1s associated with pentobarbit-
al-induced narcosis. Changes of specific GA-
BAareceptor recognition sites were also observed
. Acute pentobarbital increased the whole brain
["H]jmuscimol bindings due to increased receptor
numbers rather than a change in the apparent
atfinity (Sivam et al., 1982). Similar results were
seen In an in vivo BDZ receptor binding study,
which showed increased BDZ binding in several
brain areas following acute pentobarbital expo-
sure as assessed by the specific uptake of [’"H]Ro
15-1788 (ethyl-8—fluoro-5, 6-dihydro—5-methyl-
6—oxo—-4H-1midazol[1,5a][1.4]benzodiazepine-3—
carboxylate)(Miller et al., 1988). Tatsuoka et al.
(1984) demonstrated a region—specific effect of
acute phenobarbital on ["H]JGABA binding. [*°S]
TBPS binding, on the other hand, is not af-
fected by acute pentobarbital treatment (Ito et
al., 1989). In general, the acute effects of
pentobarbital on the GABAA receptor com-
plexes correlate relatively well with those seen in
vitro and are freely reversible (Saunders and Ho,
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1990).

In contrast to acute exposure, chronic ad-
ministration of pentobarbital decreased the
brain levels of both GABA and glutamate, with
GABA levels remaiming low even after an ab-
rupt withdrawal from pentobarbital (Tzeng and
Ho, 1977), indicating a possible linkage between
inhibition of GABA synapses and dependence
on pentobarbital. A further decrease of GABA
levels 1n anmmmals rendered dependent upon
pentobarbital was observed after convulsions n-
duced by pentylenetetrazole (PTZ) (Ho et al.,
1979), a compound similar to picrotoxin in bloc-
king the GABA receptor chloride channels (Pe-
lImar and Wilson, 1977), suggesting the associ-

ation of reduced brain GABA levels and PTZ-
induced convulsive responses In pentobarbital
dependent animals. In terms of receptor binding,
chronic pentobarbital treatment Increased the
whole brain [*H]muscimol binding to synaptic
membranes due to an increase in B.. Instead of
an alteration in Kbp, consistent with results of
acute treatment. Furthermore, abrupt withdraw-
al from chronmic pentobarbital can reverse this
Increase In receptor population (Sivam et al.,
1982). Gray and Taberner (1985), in contrast,
demonstrated that the Ko for the high affinity [’
H]JGABA binding site is significantly increased
in barbital-withdrawn mice. Studies done in iso-
lated chick embryo neurons grown in primary

Table 1. Summary of changes in GABA4 receptor binding characteristics in pentobarbital-tolerant and with-

drawn animals

Tolerance GABA site BDZ site Convulsant site
Whole brain 0 Ko, T Bmax’ |Kp, Bmax®
Cortex 4,10 o 0 %,5 | 02
T Kopi(antagonist) 1 Bmax(BZ:)
Cerebellum Q “° . Bmax* 0 Ko,T Bmax®
0 (antagonist) Bmax(BZ.)
Striatum T Bmax* 0 Bmax* 0’
Sub. nigra 0?
Withdrawal
Whole brain 0 Kn,TBmaxs'
(0 Bmax(72-hr)*
T Bmax(24-hr)’
Cortex T Kor* 0 Kp, T Bmax5 0 Ki}.ﬁT Bma*’
| Bmax(Antagonist)’
Cerebellum 0 (antagonist)’ 0 Kp, T Bmax®
Striatum 0 Ko, 7 Bmax®
Sub. nigra 0 Kp, T Bmax®

T, increase; |, decrease; 0, no change.

Ko, equilibrium dissociation constant; Kou, Kp for high affinity sites; Ko, Kp for low affinity sites; Bmax, maximal re-

ceptor density; BmaxH, Bmax for high affimity sites; Bnw, Bmax for low affinity sites.
References : 1. Gray and Taberber, 1985; 2. Tto et al., 1989; 3. Liljequist and Tabakoff, 1985; 4. Mohler et al., 197§; 5.
Miyaoka et al., 1994; 6. Nordberg et al., 1986; 7. Saunders et al., 1992; 8. Sivam et al., 1982; 9. Sonowane et al., 1980;

10. Tatsuoka et al., 1984,
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culture exposed to chronic pentobarbital showed In summary, although controversial results
that the GABA and pentobarbital-enhanced [°H] exist concerning the etfects of tolerance to and
diazepam (Roth-Schechter et al., 1983) and bar- dependence upon pentobarbital on the different
bital-enhanced ["H]flunitrazepam binding (Roca GABAA. receptor recognition sites, 1t seems that
et al., 1990) were reduced significantly. Thus, dependence upon pentobarbital can cause some
chronic pentobarbital treatment not only affects changes, either functional or conformational, on
the sensitivity of the GABAa receptor com- this receptor complex that result in alterations
plexes to barbiturate but also to GABA. This of receptor binding characteristics.

suggests the abolishment of allosteric coupling

between the BDZ and barbiturate sites following FUTURE STUDIES

chronic pentobarbital exposure.

Relatively few studies have been done on
the effects of tolerance to and dependence upon
pentobarbital on BDZ receptor binding charac-
teristics. Miyaoka et al. (1994) observed on cha-
nges in ["H]flunitrazepam binding even after 6
days of 1c.v. (intracerebroventricular)
pentobarbital infusion. Twenty-four hours follo-
wing abrupt withdrawal, however, an increase n
B.. with no changes 1n apparent affimty was
observed. On the other hand, the binding char-
acteristics of the BDZ antagonist [’H] Rol5-
1788 were not affected by pentobarbital with-
drawal. These results suggest possible conforma-
tional changes in the BDZ erceptor caused by
abrupt withdrawal following chronic
pentobarbital treatment. Another chronic study
using phenobarbital (Liljequist and Tabakoft.
1985) showed reduced type 1 and type 1l BDZ
binding in the cerebellum and cortex, respective-
ly . [*S]ITBPS binding characteristics in most of
the brain areas of chronic pentobarbital-treated
rats are not changed except in cerebellum, where
an increased density of ["°SJTBPS binding sites
with no changes n their apparent affinity 1s ob-
served (Ito et al., 1989). Following development
of dependence upon pentobarbital, increases n
the density of [*S|TBPS binding sites, which
correlate well with the changes n sensitivities to
seizure, were seen in the frontal cortex, sub-
stantia nigra, and cerebellum, but not in the
striatum (Ito et al., 1989). The effects of chronic
administration of barbiturate on different GA-
BA.receptor recognition sites in different brain
regions, 1 terms of changes in binding charac-
teristics, are summarized in table 1.

The immediate goal should be to investi-
gate the funtional importance of postsynabtic
GABAareceptors in the processes of develop-
ment of tolerance to and physical dependence
upon pentobarbital. Based on the evidence avail-
able, 1t 1s hypothesized that, ssmilar to the in vi-
tro condition, pentobarbital facilitates Cl- influx
by interacting with barbiturate/convulsant sites
of GABA. receptors. This interaction allosteri-
cally facilitates binding of GABA and BDZ to
their respective sites. The GABAA receptors are
desensitized (down regulated) during the process
of tolerance development. In the withdrawal sta-
te, the desensitized/down-regulated receptors be-
come hyposensitive to agonists of the GABA-,
BDZ- and barbiturate-binding sites, or become
supersensitive to antagonists of the GABA and
BDZ sites and to convulsants. The functional
chages in GABA. receptors during the develop-
ment of pentobarbital tolerance and dependence
may be due to characteristic alterations of dif-
ferent binding sites of the complex. Due to het-
erogeneity of the GABA4 receptors, it 1s further
hypothesized that GABA. receptors in different
regions of the CNS are affected differently by
pentobarbital.

Systematic investigations of the role of GA-
BAareceptors in  pentobarbital tolerance-de-
pendence are possible by mapping out the
localization and specificity of pentobarbital effe-
cts on different subtypes of GABAa receptors.
This can be achieved by biochemical radioligand
binding assays, autoradiography, and i situ hy-
bridization techniques using cDNA probes. Bio-
chemical ligand assays and autoradiography will
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reveal how pentobarbital alters the character-
istics (affinity and receptor number) of GABAA
receptors. Autoradiographic studies will further
define changes in GABAA4 receptors in smaller
areas (e.g. globus pallidus, dentate gyrus, sub-
stantia nigra, etc.) or different locations of brain
regions (e.g. molecular layer and granule layer
of cerebellun). The in sitru hybridization studies
will advance the understanding of in vivo eftects
of pentobarbiial on expression of different sub-
units of GABAA receptors 1n different regions
of the CNS. The studies shall be further com-
plimented by investigating physiological func-
tions GABA4 receptor-mediated Cl-flux.
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