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LILJEQUIST, S. ANDJ. A. ENGEL. The effects of GABA and benzodiazepine receptor antagonists on the anti-conflict
actions of diazepam or ethanol. PHARMACOL BIOCHEM BEHAYV 21(4) 521-525 1984,—The effects of picrotoxin,
bicuculline or RO 15-1788 on the anti-conflict action(s) of diazepam or ethanol were studied in rats using a modified Vogel’s
conflict test procedure. RO 15-1788 antagonized the anti-punishment effects of diazepam (2.5 mg/kg, IP), whereas various
doses of bicuculline or picrotoxin did not interfere with diazepam’s anti-conflict effect in this test situation. The anti-
conflict action of ethanol (2 g/kg, IP) was antagonized by picrotoxin (1.0 mg/kg, IP), whereas both bicuculline and RO
15-1788 were without effect on the increased punishment response produced by ethanol. These data suggest that the
anti-conflict properties of ethanol are at least partially mediated through an enhancement of central GAB Aergic activity.
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THE pharmacological profile of ethanol resembles that of
most benzodiazepines (BDZ’s). Thus, it has been demon-
strated that ethanol—like the BDZ’s—besides its sedative,
anti-convulsant and muscle relaxant effects also exerts an
anti-conflict action in certain experimental situations [5, 6,
15, 21, 25, 48]). The involvement of the inhibitory neuro-
transmitter, GABA, in the anti-convulsant and muscle relax-
ant properties of the BDZ'’s is today well-documented (for
references, see [9] and [18]), whereas the role for GABA in
the anxiolytic effects of these drugs appears to be more con-
troversial. Thus, it has been reported by some investigators
that drugs which interfere with GAB Aergic mechanisms, like
picrotoxin [1,39] and bicuculline [49], are able to reverse the
anti-conflict action of BDZ’s, whereas others [27] only ob-
served an antagonism of the ataxic and sedative actions of
BDZ’s following administration of picrotoxin. Intracerebral
administration of GABAergic agonists like muscimol and
4,5,6,7-tetrahydroisoxazolo-(5,4-c)pyridin 3-ol (THIP) [4,8],
or GABA itself [40], is reported to produce an anti-conflict
action similar to that of the BDZ's. Systemic administration
of muscimol or THIP does not, however, mimic the anti-
conflict effects of BDZ’s [17, 33, 35, 38].

Increasing evidence, from both behavioral [10, 15, 16, 23,
24, 26, 28], electrophysiological [11,30] and receptor binding
studies [36, 41, 44], indicates that ethanol interferes with
central GABAergic mechanisms. The possibility that GABA
and/or BDZ-sensitive mechanisms may be involved in the
recently demonstrated anti-conflict effect of ethanol has, to
our knowledge, not been examined. In order to test this
possibility and to compare the anxiolytic properties of
BDZ’s with those of ethanol, we have carried out a series of
experiments in which we have compared the influence of
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various specific GABA or BDZ receptor antagonists on di-
azepam or an ethanol-induced increase of punished respond-
ing in a modified Vogel’s conflict test situation.

METHOD
Animals

Male Sprague-Dawley rats (Anticimex; Sollentuna, Swe-
den) weighing 190-230 g were used. The animals were kept
on a controlled light-dark cycle (light period between 5:30
a.m. and 5:30 p.m.) in a room with constant temperature
(25°C) and humidity (65%). Upon arrival at the animal
facilities of the department, there was a minimum of seven
days of acclimation, during which the animals had free ac-
cess to food and water until the start of the experiments. All
animals were used only once in the experiments.

Apparatus and Experimental Procedure

A modified Vogel conflict test procedure [47] was em-
ployed using a Plexiglas box (inner dimension, 30x24x20
cm) enclosed in a sound-proof cage and equipped with a grid
floor of stainless steel bars and a drinking bottle containing
5.5% (w/v) of glucose. An electric shock (with a current of
0.16 mA, and given for two seconds every three seconds)
could be applied between the spout of the drinking bottle and
the grid floor. On the first day of the experiment, the animals
were adapted to the test chamber during a ten-minute ses-
sion, after which the period of water deprivation began.
After 24 hours of water deprivation, the animals were placed
in the test chamber for a further five-minute adaptation, dur-
ing which the animals had free access to the drinking bottle
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FIG. 1. Effect of RO 15-1788 on the anti-punishment effect of
diazepam in rats. Diazepam (2.5 mg/kg, IP) and RO 15-1788 (50
mg/kg, PO) were administered 30 minutes prior to the start of the
recordings. The number of electric shocks accepted was recorded
during ten minutes. Shown are the means=SEM. **¥p<0.001.

with the glucose solution. After another 24 hours of water
deprivation, the rats were again placed in the test box. Upon
finding the drinking spout (usually within 20 seconds), the
animals were allowed to drink the glucose solution during 30
seconds, after which time the first electric shock was ad-
ministered. Thereafter, every subsequent attempt of the
animals to drink was punished with an electric shock during
the ten-minute experimental session, and the number of
shocks taken by the animals was recorded.

Drugs

All drugs (except ethanol) were administered in a volume
of 2 ml/kg body weight. Diazepam was made from Stesolid
(R) (Dumex A/S; Copenhagen, Denmark) ampullae by dilu-
tion with a solution of distilled water containing 4% ethyl
alcohol and 4% propylenetylen-glycol and administered in-
traperitoneally (IP). The specific BDZ antagonist, ethyl-8-
fluoro - 5,6 - dihydro - 5 - methyl - 6 - 0x0 - 4H - imidazo - (1,5a)
(1,4)-benzodiazepine-3-carboxylate (RO 15-1788; a generous
gift from Dr. W. Haefely, Hoffman-LaRoche, Basel, Swit-
zerland) [20] was suspended in distilled water and a few
drops of Tween 80, and then administered orally. Bicuculline
(Sigma Chemical; St. Louis, MO), a specific GABA receptor
antagonist [32], was dissolved in 0.1 N HCI and neutralized
by 0.1 N NaOH and administered IP. Picrotoxin HCI (Sigma
Chemical; St. Louis, MO), a drug which probably suppres-
ses GABAergic activity via a direct interaction on chloride
ion channels [32,43], was dissolved in 0.9% NaCl and given
IP. Ethanol was administered IP as a 20% (w/v) solution
made from 0.9% NaCl and 95% ethyl alcohol (Svensk Spirit
AB; Stockholm, Sweden).

Statistics
Statistical significance was calculated by a Student’s
t-test.

RESULTS

Preliminary dose-response studies showed that diazepam,
in a dose of 2.5 mgkg (given IP 30 minutes prior to the
conflict test), and ethanol (2 g/kg given IP 50 minutes prior to

LILJEQUIST AND ENGEL

160
N.S.
8ol l
N
6o

Shocks /10min
py
o
L

7
275

20F T
N2y N\ (8) (12)
o (25) ¥ ¥ ¥ A WX ¥
Saline EtOH 2.0 EtOH 2.0 EtOH 2.0 g/kg
+ + + +
Vehicle Vehicle Ro 10.0 Ro 50.0 mg/kg

FIG. 2. Effect of various doses of RO 15-1788 on the anti-
punishment effect of ethanol in rats. Ethanol (2 g/kg, IP) and RO
15-1788 (PO) were administered 50 and 30 minutes, respectively,
prior to the start of the recordings. The number of electric shocks
accepted was recorded during ten minutes. Shown are the
means+SEM. ***p<0.001 (p-values displayed at the bottom of the
bars refer to the comparison with saline-pretreated controls,
whereas p-values displayed at the top of the bars refer to the com-
parison with ethanol-pretreated animals.)

the conflict test), were approximately equi-effective with re-
gard to their anti-conflict properties in the present test situa-
tion, i.e., the diazepam- and ethanol group did not statisti-
cally significantly differ from each other with regard to
number of shocks accepted in this conflict situation. How-
ever, it should be pointed out, that in accordance with the
findings reported by Vogel et al. [48], we found that no con-
sistent dose-relationship could be established between ex-
perimental sessions for the anticonflict action of ethanol with
doses lower than 2 g/kg. Ethanol doses larger than 2 g/kg
produced sedation in the animals, thus interfering with their
performance in the operant test situation. Thus, when the
drugs were given in these doses, diazepam did not cause any
observable signs of sedation or motor disturbances as as-
sessed by gross observation, whereas ethanol produced
slight sedation and slight signs of ataxia.

Administration of the specific BDZ receptor antagonist,
RO 15-1788 (50 mg/kg, given PO 30 minutes prior to the
conflict test), completely antagonized the diazepam-induced
increase of punished responding (Fig. 1). Lower doses of RO
15-1788 (10 and 30 mg/kg) have previously been shown to
reverse the anti-conflict action of diazepam [2]. The anti-
conflict effect of ethanol was unaffected by either a low (10
mg/kg) or a high (50 mg/kg) dose of RO 15-1788 (Fig. 2).
These doses of RO 15-1788 did not exert any effect by them-
selves on the conflict behavior in this test situation (data not
shown), which is in agreement with the results by Bonetti ez
al. [2], who found that RO 15-1788, in doses up to 100 mg/kg,
had no effect per se in a Geller conflict situation. This by no
means excludes the possibility that RO 15-1788 may have
partial agonist properties in other behavioral test situations,
as observed by Corda et al. [7] and Nutt et al. [31].

Administration of the specific GABA receptor antagonist,
bicuculline (given IP 30 minutes prior to the conflict test), did
not antagonize the anti-conflict actions of either diazepam or
ethanol (Figs. 3 and 4). A higher dose (i.e., 4 mg/kg) of
bicuculline could not be used since it produced initial signs of
convulsions in both experimental groups, thus interfering
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FIG. 3. Effect of various doses of bicuculline on the anti-punishment
effect of diazepam in rats. Diazepam (2.5 mg/kg, IP) and bicucuiline
(IP) were administered 30 minutes prior to the start of the record-
ings. The number of electric shocks accepted was recorded during
ten minutes. Shown are the means+SEM. **¥p<0.001 (p-values
displayed at the bottom of the bars refer to the comparison with
saline-pretreated controls, whereas p-values displayed at the top of
the bars refer to the comparison with diazepam-pretreated animals.)
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FIG. 5. Effect of picrotoxin (1 mg/kg, IP) on the anti-punishment
effect of diazepam (2.5 mg/kg, IP). Diazepam and picrotoxin, re-
spectively, were administered 30 minutes prior to the start of the
recordings. The number of electric shocks accepted was recorded
during ten minutes. Shown are the means+SEM. ***p<0.001 (p-
values displayed at the bottom of the bars refer to the comparison
with saline-pretreated controls, whereas p-values displayed at the
top of the bars refer to the comparison with diazepam-pretreated
animals.)

with the anti-conflict behavior of the animals. In some exper-
iments (data not shown), bicuculline (2 mg/kg) was adminis-
tered ten minutes prior to the conflict test, a procedure
which gave similar results as after administration of bicucul-
line 30 min prior to the experiments.

Administration of picrotoxin (1.0 mg/kg, given IP 30
minutes prior to the conflict test) had a slight, but statisti-
cally insignificant, effect on the anti-punishment action of
diazepam (Fig. 5). The same dose of picrotoxin produced an
almost complete antagonism of ethanol’s anti-conflict activ-
ity (Fig. 6). As assessed by gross observation, a clear rever-
sal of the slight ataxic effects of ethanol was observed follow-
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FIG. 4. Effect of various doses of bicuculline on the anti-punishment
effect of ethanol in rats. Ethanol (2 g/kg, IP) and bicuculline (IP)
were administered 50 and 30 minutes, respectively, prior to the start
of the recordings. The number of electric shocks accepted was re-
corded during ten minutes. Shown are the means=SEM.
*#*45<0,001 (p-values displayed at the bottom of the bars refer to the
comparison with saline-pretreated controls, whereas p-values dis-
played at the top of the bars refer to the comparison with ethanol-
pretreated animals.)
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FIG. 6. Effect of various doses of picrotoxin on the anti-punishment
effect of ethanol in rats. Ethanol (2 g/kg, IP) and picrotoxin (IP) were
administered 50 minutes and 30 minutes, respectively, prior to the
start of the recordings, The number of electric shocks accepted was
recorded during ten minutes. Shown are the means=SEM. *p<0.05;
*#%5<0.001 (p-values displayed at the bottom of the bars refer to the
comparison with saline-pretreated controls, whereas p-values dis-
played at the top of the bars refer to the comparison with ethanol-
pretreated animals.)

ing administration of picrotoxin and bicuculline. Higher
doses of picrotoxin could not be used since they produced
initial signs of convulsions (i.e., immobility and tremor) in
both experimental groups, thus interfering with the anti-
conflict behavior of the animals.

DISCUSSION

The findings in the present study, that picrotoxin almost
completely reversed the ethanol-produced increase of pun-
ished responding, but did not affect the anti-conflict action of
diazepam, indicate that different neurochemical mechanisms
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may be responsible for the anti-conflict properties of these
drugs. This view is further substantiated by the observation
that the specific BDZ receptor antagonist was without any
effect on the anti-punishment action of ethanol, whereas, in
accordance with previous studies [2,34], it completely
blocked the anti-conflict effects of diazepam. Although it
appears less likely, it cannot be fully excluded that the in-
ability of RO 15-1788 to block the anti-conflict action of
ethanol could have been due to a decreased absorption of RO
15-1788, caused by the rather high dose of ethanol used in the
present experiments.

Our study suggests that ethanol’s anti-conflict effect may
be due to an interference with central GABAergic activity
through a picrotoxin-sensitive mechanism, since bicuculline
was ineffective in reducing the ethanol-produced increase of
punished responding. Previously, it has been found [26,28]
that subconvulsive doses of picrotoxin effectively block the
sedative effects of ethanol on locomotor activity, as well as
ethanol-produced sleep. Further evidence for the contention
that these pharmacological actions of ethanol might be
mediated via a picrotoxin-sensitive site in the GABA-BDZ-
receptor-ionophore complex [32] comes from recent recep-
tor binding studies by Ticku and collaborators [12,42]. These
authors found that ethanol produces an enhancement of
YH-diazepam binding through an increase in receptor affin-
ity, an effect which was blocked by picrotoxin.

Since it is known that ethanol may possess analgesic
properties, the idea that an altered pain sensitivity might
contribute to the anti-conflict actions of ethanol cannot be
fully excluded. The role of analgesia in conflict experiments
utilizing the delivery of electric shocks has been extensively
discussed elsewhere [37], with the consensus being that
changes in the pain threshold can hardly fully explain the
anti-conflict actions of various drugs. For example, mor-
phine, although a most potent analgesic, is devoid of anti-
punishment effects in the type of conflict tests discussed
here [37]).

In agreement with numerous earlier observations (for
references, see [19] and [37]), diazepam produced an in-
crease of punished responding, an effect which was com-
pletely reversed by the specific BDZ antagonist RO 15-1788
(see also [2, 20, 34, 46]). The specific GABA receptor
antagonist, bicuculline, or the GABAergic antagonist, pic-
rotoxin, was unable to reduce this effect of diazepam. Thus,
these data suggest that the anti-conflict action of diazepam is
due to a specific activation of central BDZ receptors, and the
bicuculline or picrotoxin-sensitive mechanisms are not in-
volved in the anti-conflict action of diazepam in an uncon-
ditioned conflict paradigm. Similar results have been ob-
tained by Lippa et al. [27], who found that in a licking con-
flict test, picrotoxin did not reverse the anti-conflict effect of
diazepam, but reduced the ataxic effects of diazepam. On the
other hand, using the Geller-Seifter conflict, an antagonism
of the anti-conflict effect of chiordiazepoxide [1] or
oxazepam [37,39] by picrotoxin has been reported. In the
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experiments by Sepinwall and Cook [37], a reversal of the
anti-conflict effect was observed only when picrotoxin was
administered in doses which, by themselves, decreased un-
punished responding. Moreover, a partial bicuculline-
produced reversal of the anti-conflict effects of diazepam
was demonstrated by Zakusov ef al. [49]. A consistent fea-
ture in the various studies reviewed above appears to be that
a slight reversal of the anti-conflict properties of various
BDZ’'s is observed after administration of GABAergic
antagonists in the Geller-Seifter conflict situations with no
corresponding findings from studies where Vogel's conflict
paradigm was employed.

There is considerable evidence that ethanol also exerts an
anti-conflict action in the Geller-Seifter test [22,29], whereas
the anticonflict properties of ethanol appear to be more dif-
ficult to demonstrate with the Vogel's conflict test paradigm
([33,48], the present study). In our study, an anti-conflict
effect of ethanol could be demonstrated only by using a low
shock intensity (0.16 mA). This is in agreement with earlier
observations that the anti-conflict of ethanol is more easily
demonstrated in situations, i.e. Geller-Seifter test situations,
where a smaller degree of punishment-produced behavioral
suppression is present [22,38]. However, in those test situa-
tions, the anti-conflict properties of ethanol were observed
following doses of ethanol, which by themselves decreased
also unpunished responding.

It should be noted that there is a qualitative difference in
these two forms of experimentally induced ‘‘anxiety.’” The
Geller-Seifter test represents a conditioned suppression of
responding with a well defined behavioral baseline, whereas
the Vogel procedure is an example of unconditioned behav-
ioral suppression (‘‘frustration’’), utilizing a one-session test
with naive experimental animals. Thus, it may be suggested
that the former type of behavior, while based on prolonged
periods of training and learning experiences, in all
probability is mediated via different, picrotoxin-sensitive
neurochemical mechanisms and/or different neuroanatomi-
cal structures than the latter one. Furthermore, it cannot be
excluded that some BDZ receptors which mediate the anti-
conflict actions of the BDZ’s are connected to GABAergic
mechanisms insensitive to bicuculline and/or picrotoxin [13].
Since different subunits at the GABA-BDZ receptor com-
plex interact with each other in 2 complex and, at present,
unknown manner [14, 32, 45], direct biochemical experi-
ments will be required to elucidate the site at which ethanol
produces its anti-conflict action.

ACKNOWLEDGEMENTS

This study was supported by the Swedish Medical Research
Council (4247,6879), the Swedish Council for Planning and Coordi-
nation of Research, Torsten och Ragnar Soderbergs Stiftelse, Mag-
nus Bergvalls Stiftelse, Stiftelsen Sigurd och Elsa Goljes Minne, and
the Medical Research Council of the Swedish Life Insurance Com-
panies, The authors are deeply grateful to Miss Margit Englund,
Mrs. Christel Hallgren, Mrs, Ingela Olsson, Mrs. Ulla Wallstrom
and Mr. Kenn Johannessen for their excellent technical assistance.

REFERENCES

1. Billingsley, M. L. and R. K. Kubena. The effects of naloxone
and picrotoxin on the sedative and anti-conflict effects of ben-
zodiazepines. Life Sci 22; 897-906, 1978.

2. Bonetti, E. P., L. Pieri, R. Cumin, R. Schaffner, M. Pieri, E. R.
Gamzu, R. K. M. Muller and W. Haefely. Benzodiazepine
antagonist RO 15-1788: Neurological and behavioral effects.
Psychopharmacology (Berlin) 78: 8-18, 1982,

3. Brick, J.,J. Y. Sun, L. Dayvis and L. A. Pohorecky. Ethanol and
the response to electric shock in rats, Life Sci 18: 1293-1298,
1976.

4. Cananzi, A. R., E. Costa and A. Guidotti. Potentiation by intra-
ventricular muscimol of the anti-conflict effect of ben-
zodiazepines. Brain Res 196: 447-453, 1980.

5. Cappel, H. and C. P. Herman. Alcchol and tension reduction, Q
J Stud Alcohol 1: 21-29, 1977.

6. Cook, L. and A. B. Davidson. Effects of behaviorally active
drugs in a conflict-punishment procedure in rats. In: The Ben-
zodiazepines, edited by S. Garattini, E. Mussini and L. O. Ran-
dall, New York: Raven Press, 1973, pp. 327-345.



GABA MECHANISMS IN THE ANTI-CONFLICT ACTION OF EtOH

7.

16.

17.

19.

20.
21.
22.
2,
24,
25.

26.

27.

Corda, M. G., E. Costa and A. Guidotti. Specific proconvulsant
action of an imidazobenzodiazepine (RO 15-1788) on isonjazid
convulsions. Neuropharmacology 21: 91-94, 1982,

. Costa, E. Benzodiazepines and neurotransmitters. Arzneim

Forsch/Drug Res 30: 858-861, 1980.

. Costa, E. and A. Guidotti. Molecular mechanisms in the recep-

tor action of benzodiazepines. Annu Rev Pharmacol Toxicol 19:
531-545, 1979.

. Cott, J., A. Carlsson, J. Engel and M. Lindqvist. Suppression of

ethanol-induced locomotor stimulation by GABA-like drugs.
Naunyn Schmiedebergs Arch Pharmacol 295: 203-209, 1976.

. Davidoff, R. A. Alcohol and presynaptic inhibition is an isolated

spinal cord preparation. Arch Neurol 28: 60-63, 1973,

. Davis, W. C, and M. K. Ticku. Ethanol enhances *H-diazepam

binding at the benzodiazepine-gamma-aminobutyric acid
receptor-ionophore complex. Mol Pharmacol 20: 287-294, 1981,

. Dubnick, B., A. S. Lippa, A. Klepner, J. Coupet, E. N.

Greenblatt and B. Beer. The separation of “H-benzodiazepine
binding sites in brain and of benzodiazepine pharmacological
properties. Pharmacol Biochem Behav 18: 311-318, 1983.

. Ehlert, F. J., W. R. Roeske, K. W. Gee and H. I. Yamamura.

An allosteric model for benzodiazepine receptor function.
Biochem Pharmacol 32: 2375-2383, 1983.

. Engel, J. and S, Liljequist. The involvement of different central

neurotransmitters in mediating stimulatory and sedative effects
of ethanol. In: Stress and Alcohol Use, edited by L. Pohorecky
and J. Brick. New York: Elsevier, 1983, pp. 153-169,

Frye, G. D. and G. R. Breese. GABAergic modulation of
ethanol-induced motor impairment. J Pharmacol Exp Ther 223:
750-756, 1982,

Gardner, C. R. and D. C. Piper. Effects of agents which
enhance GABA-mediated neurotransmission on licking conflict
in rats and exploration in mice. Eur J Pharmacol 83; 25-33,
1982,

. Haefely, W. E. Behavioral and neuropharmacological aspects

of drugs used in anxiety and related states. In: Psychopharma-
cology: A Generation of Progress, edited by M. A, Lipton, A.
DeMascio and K., F. Killam. New York: Raven Press, 1978, pp.
1359-1374.

Haefely, W. E. Behavioral and neuropharmacological aspects
of benzodiazepines. In: Brain Neurotransmitters and Hor-
mones, edited by R. Collu, J. R. Ducharme, A. Barbeau and G.
Tolis. New York: Raven Press, 1982, pp. 81-91.

Hunkeler, W., H. Mohler, L. Pieri, P. Polc, E. P. Bonetti, R.
Cumin, R. Schaffner and W. Haefely. Selective antagonists of
benzodiazepines. Nature 290: 514-516, 1981.

Koob, G. F., R. E. Strecker and F. Bloom. Effects of naloxone
on the anti-conflict properties of alcohol and chlordiazepoxide.
Subst Alcohol Actions Misuse 1: 447-457, 1980.

Leander, J. D., D. E. McMillan and F. W. Ellis. Ethanol and
isopropanol effects on schedule-controlled responding. Psycho-
pharmacologia 47: 157-164, 1976.

Liljequist, S. and J. Engel. The effect of chronic ethanol admin-
istration on central neurotransmitter mechanisms. Med Biol 57:
199210, 1979.

Liljequist, S. and J. Engel. Effect of ethanol on central
GABAergic mechanisms. In: Animal Models in Alcohol Re-
search, edited by K. Eriksson, J. D. Sinclair and K. Kiianmaa.
London: Academic Press, 1980, pp. 309-315.

Liljequist, S. and J. Engel. Effects of diazepam and ethanol on
punished responding of rats in a conflict test situation. Acta
Pharmacol Toxicol 51: Suppl 1, Abstr 5, 1982,

Liljequist, S. and J. Engel. Effects of GABAergic agonists and
antagonists on various ethanol-induced behavioral changes.
Psychopharmacology (Berlin) 78: 71-75, 1982.

Lippa, A. 8., E. N. Greenblatt and R. W. Pelham. The use of
animal models for delineating the mechanisms of action of
anxiolytic agents. In: Animal Models in Psychiatry and Neurol-
ogy. edited by 1. Hanin and E. Usdin. New York: Pergamon
Press, 1977, pp. 279-292.

28.

29.

30.

3L

32,
33.

34.

35.

36.

37.

8.

35,

40.

41.

42.

43,

44,

45.

46.

47.

48,

49,

525

Martz, A., R, A. Deitrich and R. A. Harris. Behavioral evidence
for the involvement of gamma-aminobutyric acid in the actions
of ethanol. Eur J Pharmacol 89: 53-62, 1983.

McMillan, D. E. and J. D. Leander, Drugs and punished re-
sponding. V. Effects of drugs on responding suppressed by
response-dependent and response-independent electric shock.
Arch Int Pharmacodyn 213: 22-27, 1975.

Nestoros, J. N, Ethanol specifically potentiates GABA-
mediated neurotransmission in feline cerebral cortex. Science

"209: 708-710, 1980.

Nutt, D, J., P. I. Cowen and H. J. Little. Unusual interactions
of benzodiazepine receptor antagonists. Nature 295: 436-438,
1982.

Olsen, R. W. GABA-benzodiazepine-barbiturate receptor in-
teractions. J Neurochem 97; 1-13, 1981.

Petersen, E. N. and J. Buus Lassen. A water lick conflict
paradigm using drug experienced rats. Psychopharmacology
(Berlin) 75: 236-239, 1981.

Prado de Carvalho, L., G. Grecksch, G. Chapouthier and J.
Rossier. Anxiogenic and non-anxiogenic benzodiazepine
antagonists. Nature 301: 64-66, 1983.

Rasmussen, K. J., H. H. Schneider and E. N, Petersen. Sodium
valproate exerts anti-conflict activity in rats without any con-
comitant rise in forebrain GABA level. Life Sci 29: 2163-2170,
1981.

Reggiani, A., M. L. Barbaccia, P. F. Spano and M. Trabucchi,
Acute and chronic ethanol administration on specific "H-GABA
binding in different rat brain areas. Psychopharmacology (Be-
rlin) 67: 261-264, 1980.

Sepinwall, J. and L. Cook. Behavioral pharmacology of anti-
anxiety drugs. In: Handbook of Psychopharmacology, vol 13,
edited by L. L. Iversen, S. D. Iversen and'S. H. Snyder. Lon-
don: Plenum Press, 1978, pp. 345-393,

Sepinwall, J. and L. Cook. Mechanism of action of the ben-
zodiazepines: Behavioral aspect. Fed Proc 39: 3024-3031, 1980.
Stein, L., I. D. Belluzzi and C. D. Wise. Benzodiazepines: Be-
havioral and neurochemical mechanisms, Am J Psychiatry 134:
665-669, 1977.

Thiebot, M. H., A. Jobert and P. Soubrie. Conditioned sup-
pression of behavior: Its reversal by intra raphe microinjection
of chlordiazepoxide and GABA. Neurosci Lett 16: 213-217,
1980.

Ticku, M. K. and T. Burch. Alterations in gamma-aminobutyric
acid receptor sensitivity following acute and chronic ethanol
treatments. J Neurochem 342: 417-423, 1980.

Ticku, M. K., T. P. Burch and W, C. Davis. The interactions of
cthanol with the benzodiazepine~-GABA receptor-ionophore
complex. Pharmacol Biochem Behav 18: Suppl 1, 15-18, 1983.
Ticku, M. K. and R. W. Olsen. Aminobutyric acid-stimulated
chloride flux in crayfish muscle tissue. Biochem Biophys Acta
466: 519-529, 1977.

Tran, V. T., S. H. Snyder, L. F. Major and R. J. Hawley.
GABA receptors are increased in brains of alcoholics. Ann
Neurol 9: 289-292, 1981.

Turner, A. J. and S. R. Whittle. Biochemical dissection of the
vy-aminobutyrate synapse. Biochem J 209: 29-41, 1983,
Velucci, S. V. and R. A. Webster. Antagonism of the anti-
conflict effects of chlordiazepoxide by beta-carboline car-
boxylic acid ethyl ester, RO 15-1788 and ACTH(4-10). Psycho-
pharmacology (Berlin) 78: 256-260, 1982.

Vogel, J. R., B. Beer and D. E. Clody. A simple and reliable
conflict procedure for testing anti-anxiety agents. Psychophar-
macologia 21: 1-7, 1971,

Vogel, R. A., G. D. Frye, J. H, Wilson, C. M. Kuhn, K. M.
Koepke, R. M. Mailman, R. A. Mueller and G. R. Breese. At-
tenuation of the effects of punishment by ethanol: Comparisons
with chlordiazepoxide. Psychopharmacology (Berlin) T1: 123-
129, 1980.

Zakusov, V. V., R, U. Ostrovskaya, S. N. Kozhechkin, V. V.
Markovich, G. M. Molodavkin and T, A. Voronina. Further
evidence for GABAergic mechanisms in the action of ben-
zodiazepines. Arch Int Pharmacodyn 229: 313-326, 1977.





