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(4) 893–901, 2000.—The latent inhibi-
tion (LI) phenomenon refers to the retardation in learning of an association between a stimulus and a consequence if that stim-
ulus had been previously experienced without consequence. An earlier study demonstrated that the benzodiazepine receptor
agonist chlordiazepoxide (CDP), when administered before the phase of preexposure to the to-be-conditioned stimulus, im-
paired animals’ ability to develop LI. The present study was designed to investigate the effect of the anxiogenic drugs pentylene-
tetrazole (PTZ) and the benzodiazepine partial inverse agonist Ro15-4513 on LI. Both anxiogenics, in contrast to CDP, are
known for their GABA inhibitory action. The effects produced by the combined administration of a GABAergic function facil-
itator and inhibitor (CDP/PTZ and CDP/Ro15-4513) were also investigated. Both anxiogenic drugs led to an attenuation of LI,
and, similarly to CDP, this attenuation was exclusively due to their administration prior to the preexposure stage of the experi-
ment. However, this effect was abolished when anxiolytic and anxiogenic drugs were administered together, suggesting a phar-
macological rather than behavioral summation of effects. These data also demonstrate the bidirectional GABAergic modula-
tion of the LI phenomenon: both increased and decreased GABA

 

A

 

 receptor activation led to reduced LI, thereby suggesting
that an optimal receptor activation level is necessary for the normal establishment of LI. © 2000 Elsevier Science Inc.
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THE latent inhibition (LI) phenomenon has been described
as the retardation of an association between a stimulus and
reinforcement, if that stimulus has been previously repeatedly
experienced without consequences (47). It is considered as an
index of the capacity of organisms to ignore irrelevant stimuli,
and has been demonstrated in a variety of mammalian spe-
cies, including humans, in classical and instrumental condi-
tioning procedures (44,45).

Investigations on cognitive deficits in schizophrenia have
established that LI is disrupted in some subsets of schizo-
phrenic patients [(2,18,25,27,68); but see (65)], as well as in
normal humans either with high scores on questionnaires
measuring schizotypy or treated with the psychotomimetic

dopamine releaser amphetamine (3,14,26,46,67). Similar defi-
cits as reported for schizophrenic patients were observed in
rats treated with amphetamine [(62,74–77); for review, see
(23)], and amphetamine-induced deficits were reversed by
neuroleptic drugs (62,70,78). The similarities between LI data
in humans and rats following pharmacological manipulations
converged to support the contention that disruption of LI in
rats can be used to model the failure of schizophrenics to ig-
nore irrelevant stimuli (21,22,48,59,62,72,73). Although ex-
tensive drug studies in rats have stressed the importance of
the mesolimbic dopaminergic system in modulating LI, one
study has demonstrated that the benzodiazepine (BZD) re-
ceptor agonist chlordiazepoxide (CDP) impaired animals’
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ability to develop LI (20). CDP disrupted LI when adminis-
tered prior to the preexposure stage of the experiment. This
result seemed to indicate that CDP was involved in the dis-
ruption of the acquisition of LI, in line with studies that have
associated CDP with a deficit in attentional processes (51).

Because the effects of BZD agonists are considered to be a
consequence of their facilitation of GABAergic function
(40,64), the role played by CDP in LI contributed to the hy-
pothesis that a GABAergic mechanism was involved in the
establishment of LI (23). Interestingly, dysfunction of the
GABAergic system has been associated with psychoses, in-
cluding schizophrenia (5,53,66). Evidence supporting the hy-
pothesis of GABA receptor-mediated hyperactivity as an im-
portant component of schizophrenic symptoms is indirect.
Increased GABAergic activity, either directly via a GABA

 

A

 

agonist, such as muscimol, or indirectly via inhibition of en-
zymes essential for the metabolism of GABA, can produce
psychotomimetic effects (5,54,58,66,71). Likewise, BZD ago-
nists at the BZD site of the GABA

 

A

 

 receptor complex pro-
duce schizophrenic symptoms, whereas partial inverse ago-
nists reduce schizophrenic symptoms, supporting the view
that hyperactivity of GABAergic pathways may be responsi-
ble for symptoms associated with this disorder (28,63).

Against this background, the present study was under-
taken to extend our knowledge of the GABAergic influence
on LI. More specifically, an attempt was made to further
characterize GABAergic modulation of LI by examining the
effect on LI of compounds that inhibit GABAergic function.
As an initial step, we investigated the effect of the anxiogenic
drug pentylenetetrazole (PTZ). In contrast to CDP, PTZ is
known to be a picrotoxin-like noncompetitive GABA antago-
nist that inhibits GABAergic function by reducing the func-
tion of the GABA-coupled chloride channel (1,12,50,57).
PTZ, also known as metrazole, has been used in the treat-
ment of schizophrenia and affective psychoses (38,52). Based
on the effects of CDP on LI, and the opposite pharmacologi-
cal effects displayed by CDP and PTZ on GABAergic func-
tion, a possible enhancement of LI was expected after PTZ
administration.

In Experiment 1, we examined the effect of PTZ on LI in a
dose–response study using three different subconvulsive doses
with administration prior to the preexposure stage, the time at
which CDP must be administered so as to have an effect on LI
(20). Because PTZ showed an effect on LI only at the highest
dose, in Experiment 2 this dose was used to delineate the ef-
fects of PTZ in each of the critical stages of the LI paradigm,
namely, preexposure and conditioning. Thus, PTZ, at a dose
of 20 mg/kg, was administered in a factorial crossover design.
Contrary to our expectation, PTZ administration led to a simi-
lar effect as CDP, i.e., (a) PTZ affected LI only when adminis-
tered in the preexposure stage of the experiment, and (b) PTZ
blocked LI. On the basis of these results, in all subsequent ex-
periments, drug was administered in the preexposure stage
only. Moreover, to see whether the drugs would show additive
or interactive effects, in Experiment 3 we examined the effect
of CDP and PTZ in a coadministration design.

BZD receptors are known to exert a bidirectional modula-
tion of the GABA

 

A

 

 receptor complex. Thus, upon binding to
BZD receptors, inverse agonists have opposite functional ef-
fects to those of classical agonists and thus decrease the action
of GABA

 

A

 

 at GABA receptors. The fact that both agonists
and inverse agonists are blocked by BZD receptor antago-
nists (i.e., compounds with no or negligible intrinsic activity,
such as flumazenil) indicates that they act through the same
receptor (33). Therefore, to further assess the role played by

the BZD receptors in LI, we also examined the effect of the
imidazobenzodiazepine partial inverse agonist Ro15-4513.
The use of a partial inverse agonist was based on the particu-
lar property of this novel ligand to mimic the profile of action
of full inverse agonists but with reduced unwanted side effects
(17,29,30,69). In contrast to CDP, Ro15-4513 negatively mod-
ulates the effects of GABA on chloride conductance by de-
creasing the time that ion channels spend in the open configu-
ration (40,64). Thus, Ro15-4513 was expected to show effects
similar to those observed with PTZ. As for PTZ, a dose–
response study based on data from the literature was carried
out in Experiment 4 to determine at which dose Ro15-4513
affected LI (8,36). Subsequently, the most effective dose was
used in Experiment 5 to assess the effects on LI of the con-
comitant administration of CDP and Ro15-4513.

 

METHOD

 

Animals

 

Male Wistar rats (Zur:WIST(HanIbm), Institute of Toxi-
cology, Schwerzenbach, Switzerland) were approximately 3
months old at the start of the experiment. Throughout the ex-
periment the animals were individually housed in Macrolon
type III cages (48 

 

3

 

 27 

 

3

 

 20 cm) under conditions of con-
trolled temperature (21 

 

6

 

 1

 

8

 

C) and humidity (55 

 

6

 

 5%) on a
12-h light/12-h dark schedule (lights on 1900–0700 h). Food
(Nafag 9431, Eberle Nafag AG, Gossau, CH) was available
ad lib in the home cages throughout the experiment. All the
experiments were carried out in accordance with the Swiss
federal regulations for animal experimentation.

 

Drugs

 

Pentylenetetrazole (PTZ) (Sigma, Switzerland) was dis-
solved in 0.9% saline (VEH1) and administered subcutane-
ously 10 min prior to the start of the sessions. Depending on
the experimental design (see below), the following subconvul-
sant doses were used: 5 mg/kg (PTZ5), 10 mg/kg (PTZ10), or
20 mg/kg (PTZ20). HCl-chlordiazepoxide (CDP) (RBI,
USA) was dissolved in 0.9% saline and administered intra-
peritoneally 20 min prior to the start of the session at a 5 mg/
kg dose. Ro15-4513 (Hoffmann–LaRoche Pharm., Switzer-
land) was prepared as an emulsion in 0.3% Tween 80 vehicle
saline solution (VEH2) (Sigma) and administered intraperi-
toneally 15 min prior to the start of the session. Depending on
the experimental design the following doses were used: 3 mg/
kg/2 ml (RO3), 6 mg/kg/2 ml (RO6), or 9 mg/kg/2 ml (RO9).

Drug solutions were freshly prepared before each daily ad-
ministration and thoroughly mixed before every injection.

 

Apparatus and Procedure

 

The LI apparatus consisted of four Coulbourn Instruments
test cages (Model E10-10), each set in a ventilated sound-
attenuating Coulbourn Instruments isolation cubicle (Model
E10-20). A drinking bottle with a tube opening of 3-mm di-
ameter could be inserted into the chamber through a 3 

 

3

 

4-cm hole located in the center of the right wall of the cham-
ber, 1.5 cm above the grid floor. Licks were detected by a
Coulbourn Instruments infrared optical lickometer (Model
E24-01). Activity in the chambers was detected by an infrared
activity monitor (model E24-61) mounted on the ceiling. It
was operated in the “movement unit” mode, in which a 10-ms
pulse is produced each time the monitor detects a change in
the animal’s infrared heat pattern. This results in a series of
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pulses (“activity counts”) at a frequency proportional to the
amount of movement made by the animal. Scrambled shocks
(US) were delivered through the cage floor from a Coulbourn
Instruments shocker (Model E13-14) and scanner (Model
E13-13). The preexposed, to-be-conditioned stimulus (CS)
was generated from a 28-V, 40-mA house light located on the
right wall of the chamber 26 cm above the grid floor. The ex-
periment was conducted in a dark chamber.

Prior to the beginning of the experiments, rats were han-
dled for 6 days for about 2 min each day, and were simulta-
neously placed on a 23-h water restriction schedule, which
continued throughout the LI experiment. Water in the test
apparatus was given in addition to the daily ration given dur-
ing 1 h in the home cages.

LI was assessed using a CER procedure consisting of base-
line, preexposure, conditioning, rebaseline, and test stages.
An on-baseline procedure was used (allowing the rats to
drink during the preexposure and conditioning stages). Rats
were run in squads of four.

 

Baseline lick training. 

 

On each of 5 days, each rat was
placed into the experimental chamber in darkness and al-
lowed to drink from the water bottle for 20 min. The rat was
then returned to its home cage and allowed access to water
for 60 min, at least 30 min following the end of the session.

 

Preexposure. 

 

Each rat was placed in the experimental
chamber. The CS was a 5-s steady houselight. Preexposed
(PE) animals received 40 presentations of the CS with a fixed
interstimulus interval (ISI) of 25 s. The nonpreexposed
(NPE) animals were confined to the chamber for the same
duration without receiving the CS.

 

Conditioning. 

 

Each rat received two CS-shock pairings, 5 and
10 min after the start of the session. Light parameters were iden-
tical to those used in preexposure. The 1-s, 0.5-mA shock imme-
diately followed light termination. After the last pairing, rats
were left in the experimental chamber for an additional 5 min.

 

Rebaseline. 

 

Each animal was given a drinking session as in
baseline.

 

Test. 

 

Each animal was placed into the chamber with the
houselight off and allowed to drink from the bottle. The light
(CS) was presented to each of the four rats after it completed
275 licks, and lasted for 15 min.

Preexposure, conditioning, rebaseline, and test sessions
were given 24 h apart.

 

Data Analysis

 

The total number of activity counts and total number of
licks were recorded after drug administration during the pre-
exposure stage in all experiments. The same measures were
also recorded after drug administration during the condition-
ing stage in Experiment 2. During the test the time to com-
plete licks 251–275 or the A-period (25 licks prior to CS) and
the time required to complete licks 276–300 or the B-period
(25 licks after CS onset) were recorded.

LI was assessed by a suppression ratio (SR) calculated as
follows: A-period / (A-period 

 

1

 

 B-period). A higher SR re-
flects a lower suppression of drinking. LI consists of lower sup-
pression of drinking in the PE compared with the NPE rats.

Data were analyzed using analysis of variance (ANOVA).
Further analyses of significant main effects were conducted us-
ing Fisher’s PLSD post hoc tests. Contrast analysis of the mean
comparisons in the analysis of variance (61) was applied to assess
the difference between the PE and NPE condition (LI phenom-
enon) within a drug administration group. Statistical signifi-
cance was set at a probability level of 

 

p

 

 

 

,

 

 0.05 for all tests.

 

Experimental Design

 

Eighty naive rats participated in all LI experiments except
for Experiment 5, which included 120 rats.

In Experiment 1, rats were allocated to eight groups in a
2 

 

3

 

 4 factorial design consisting of the main factors preexpo-
sure (NPE, PE) and drug administration in preexposure
(VEH1, PTZ5, PTZ10, or PTZ20).

In Experiment 2, rats were allocated to eight groups in a 2 

 

3

 

2 

 

3

 

 2 factorial design consisting of the main factors preexpo-
sure (NPE, PE), drug administration in the preexposure stage
(VEH1, PTZ20) and drug administration in the conditioning
stage (VEH1, PTZ20). Drugs were administered in a factorial
crossover design, i.e., groups that were drug treated (PTZ20)
or vehicle treated (VEH1) during the preexposure stage were
subdivided during the conditioning stage into two subgroups,
one subgroup receiving the same treatment (PTZ20-PTZ20 or
VEH1-VEH1) and the other being submitted to the alternate
condition (PTZ20-VEH1 or VEH1-PTZ20).

In Experiment 3, rats were allocated to eight groups in a
2 

 

3

 

 2 

 

3

 

 2 factorial design consisting of the main factors pre-
exposure (NPE, PE), CDP drug administration in preexpo-
sure (VEH1, CDP), and PTZ drug administration in preexpo-
sure (VEH1, PTZ20).

In Experiment 4, rats were allocated to eight groups in a
2 

 

3

 

 4 factorial design consisting of the main factors preexpo-
sure (NPE, PE) and drug administration in preexposure
(VEH2, RO3, RO6, or RO9).

In Experiment 5, rats were allocated to eight groups in a
2 

 

3

 

 2 

 

3

 

 2 factorial design consisting of the main factors pre-
exposure (NPE, PE), CDP drug administration in preexpo-
sure (VEH2, CDP), and Ro15-4513 drug administration in
preexposure (VEH2, RO6).

 

RESULTS

 

Experiment 1: Effects of 5.0, 10.0, and 20.0 mg/kg PTZ 
Administered in the Preexposure Stage on LI

Activity during the preexposure session. 

 

Subjects treated with
20 mg/kg PTZ were less active (328 

 

6

 

 62) than those treated
with 10 mg/kg PTZ (631 

 

6

 

 78), 5 mg/kg PTZ (918 

 

6

 

 106), or
vehicle (822 

 

6

 

 86) during the preexposure session. This was
supported by the significant main effect of drug, 

 

F

 

(3, 72) 

 

5

 

10.38, 

 

p

 

 

 

,

 

 0.001. Further post hoc analysis indicated that the
subjects given the 20-mg/kg dose were less active than all the
other groups (

 

p

 

 

 

,

 

 0.01). The subjects given the 10-mg/kg dose
were less active than those given the 5-mg/kg dose (

 

p

 

 

 

,

 

 0.05),
which did not differ from the vehicle group. In addition, pre-
exposed subjects were more active (786 

 

6

 

 72) than the non-
preexposed subjects (564 

 

6

 

 60). This was supported by the
significant effect of preexposure, 

 

F

 

(1, 72) 

 

5

 

 7.55, 

 

p

 

 

 

,

 

 0.01. No
interaction between the factors of preexposure and PTZ dose
could be detected.

 

Licking during the preexposure session: total licks. 

 

There
were no significant main effects or interactions. The overall
mean was 1683 

 

6

 

 63 licks.

 

Test session: time to complete 25 licks prior to stimulus pre-
sentation. 

 

None of the groups differed in the time to complete
25 licks prior to the presentation of the stimulus (A-period).
The overall mean was 5 

 

6

 

 0.5 s.

 

Test session: suppression ratios. 

 

Figure 1 presents the sup-
pression ratios of the PE and NPE groups in each of the four
drug conditions (VEH1, PTZ5, PTZ10, and PTZ20). LI was
evident for all groups except for the group receiving the
20-mg PTZ dose. The 4 

 

3

 

 2 ANOVA revealed only a signifi-
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cant effect of preexposure, 

 

F

 

(1, 72) 

 

5

 

 24.62, 

 

p

 

 

 

,

 

 0.001. A sep-
arate 2 

 

3

 

 2 ANOVA comparing the vehicle-treated subjects
with subjects receiving 20 mg PTZ revealed a significant drug

 

3

 

 preexposure interaction, 

 

F

 

(1, 36) 

 

5

 

 4.2, 

 

p

 

 

 

,

 

 0.05, indicating
a significant reduction of LI in the PTZ20 group compared
with the VEH1 group.

 

Experiment 2: Effects of 20 mg/kg PTZ Administered in the 
Preexposure and/or Conditioning Stage on LI

Activity during the preexposure session. 

 

PTZ20-treated an-
imals were less active (346 

 

6

 

 31) than vehicle-treated animals
(731 

 

6

 

 38) during the preexposure session. This was sup-
ported by the significant main effect of drug, 

 

F

 

(1, 60) 

 

5

 

 67.95,

 

p

 

 

 

,

 

 0.001. In addition, PE subjects were more active (604 

 

6

 

52) than the NPE subjects (472 

 

6

 

 43). This was supported by
the significant main effect of preexposure, 

 

F

 

(1, 60) 

 

5

 

 7.97, 

 

p

 

 

 

,

 

0.007. No interaction between the factors of drug and preex-
posure could be detected.

 

Licking during the preexposure session: total licks. 

 

PTZ20-
treated animals drank less (853 

 

6

 

 89 licks) than the vehicle-
treated animals (1401 

 

6

 

 85 licks). This was supported by the
significant main effect of drug, 

 

F

 

(1, 60) 

 

5

 

 19.16, 

 

p

 

 

 

,

 

 0.001.

 

Activity during the conditioning session. 

 

Animals treated
with PTZ20 in the conditioning stage were less active (312 

 

6

 

33) than animals treated with vehicle in the conditioning stage
(556 

 

6

 

 27). This was supported by the significant main effect
of drug in conditioning, 

 

F

 

(1, 56) 

 

5

 

 37.54, 

 

p

 

 

 

,

 

 0.001. In con-
trast, animals treated with PTZ during the preexposure stage
were more active (489 

 

6

 

 32) during conditioning than those
treated with vehicle during preexposure (387 

 

6

 

 47). This was
supported by the significant main effect of drug in preexpo-
sure, 

 

F

 

(1, 56) 

 

5

 

 6.07, 

 

p

 

 

 

,

 

 0.02. The latter result, however, was
primarily due to the fact that the reduction in activity seen in
animals injected with PTZ in the conditioning stage, com-
pared to animals injected with vehicle in the conditioning
stage, was much smaller in the animals that had experienced
PTZ20 already during preexposure (PTZ20-PTZ20 

 

5

 

 408 

 

6

 

41, PTZ20-VEH1 

 

5

 

 570 

 

6

 

 42) than in those animals that had
experienced vehicle during preexposure (VEH1-PTZ20 

 

5

 

229 

 

6

 

 30, VEH1-VEH1 

 

5

 

 546 

 

6

 

 39). This was supported by

the significant interaction of drug in preexposure 

 

3

 

 drug in
conditioning, 

 

F

 

(1, 56) 

 

5

 

 4.07, 

 

p

 

 

 

,

 

 0.05.

 

Licking during the conditioning session: total licks. 

 

As with
activity, animals treated with PTZ20 during conditioning drank
less (437 

 

6

 

 54 licks) than animals treated with vehicle during
conditioning (776 

 

6

 

 64 licks). This was supported by the signif-
icant main effect of drug in conditioning, 

 

F

 

(1, 56) 

 

5 15.75, p ,
0.001. Furthermore, animals that were treated with PTZ20 dur-
ing the preexposure stage drank more (700 6 61 licks) during
conditioning than animals treated with vehicle during preexpo-
sure (525 6 69 licks). This was supported by the significant
main effect of drug in preexposure, F(1, 56) 5 4.19, p , 0.05.

Test session: time to complete 25 licks prior to stimulus pre-
sentation. The eight groups did not differ in the time they re-
quired to complete 25 licks just prior to the presentation of
the stimulus (A-period). The overall mean was 13 6 3 s.

Test session: suppression ratios. Figure 2 depicts the sup-
pression ratios of the PE and NPE groups in each of the four
drug conditions: vehicle in preexposure and conditioning
(VEH1-VEH1), PTZ20 in preexposure and vehicle in condi-
tioning (PTZ20-VEH1), vehicle in preexposure and PTZ20 in
conditioning (VEH1-PTZ20), and PTZ in both preexposure
and conditioning (PTZ20-PTZ20). LI was evident only in
groups injected with vehicle in the preexposure stage. The
groups injected with PTZ20 in the preexposure stage demon-
strated no LI at all. Drug in the conditioning stage had no ef-
fect whatsoever. These results were supported by the signifi-
cant main effect of preexposure, F(1, 56) 5 13.11, p , 0.001,
by the significant main effect of drug in preexposure, F(1, 56) 5
5.24, p , 0.03, as well as by the significant interaction of drug
in preexposure 3 preexposure, F(1, 56) 5 8.71, p , 0.005. No
other main effects or interactions were significant.

Experiment 3: Effects of 5 mg/kg CDP and/or 20 mg/kg PTZ 
Administered in the Preexposure Stage on LI

Activity during the preexposure session. Activity counts were
significantly reduced both by CDP (562 6 72) and by PTZ20
(439 6 51) compared with VEH1 (1074 6 71). The coadmin-
istration of CDP and PTZ20 attenuated both reductions (776 6

FIG. 1. Suppression ratios (mean 6 SEM) of the preexposed (PE) and
nonpreexposed (NPE) groups under four drug doses of pentylenetet-
razole administered only during the preexposure stage of the experi-
ment: saline (VEH1), 5.0 (PTZ5), 10.0 (PTZ10), and 20.0 mg/kg
(PTZ20).

FIG. 2. Suppression ratios (mean 6 SEM) of the preexposed (PE)
and nonpreexposed (NPE) groups treated with 20.0 mg/kg pentylene-
tetrazole in preexposure and conditioning in a factorial crossover
design yielding four drug conditions: saline-saline (VEH1-VEH1),
saline-PTZ (VEH1-PTZ20), PTZ-saline (PTZ20-VEH1), and PTZ-
PTZ (PTZ20-PTZ20).
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73), although the difference between CDP 1 PTZ20 and
VEH1 was still significant (p , 0.01). These results were sup-
ported by the significant main effect of PTZ20, F(1, 72) 5
9.47, p , 0.01, as well as the significant interaction of CDP 3
PTZ20, F(1, 72) 5 40.10, p , 0.001, and the contrast analysis
on the interaction of CDP 3 PTZ20, which revealed signifi-
cant differences between the VEH1-treated group and the
PTZ20 (p , 0.001), CDP (p , 0.001), and CDP 1 PTZ20 (p ,
0.003)-treated groups.

Licking during the preexposure session: total licks. CDP
and PTZ20 affected the total number of licks during the preex-
posure session in opposite directions. CDP increased the number
of licks (2155 6 103), whereas PTZ20 reduced the number of
licks (1304 6 129) relative to VEH1 (1670 6 75). CDP antago-
nised the effects of PTZ20, as the coadministration resulted in an
increased number of licks (2029 6 123). These results were sup-
ported by the significant main effect of CDP, F(1, 72) 5 29.38,
p , 0.001, and of PTZ20, F(1, 72) 5 4.92, p , 0.05.

Test session: time to complete 25 licks prior to stimulus pre-
sentation. None of the groups differed in the times to complete
25 licks prior to the presentation of the stimulus (A-period).
The overall mean was 7 6 1 s.

Test session: suppression ratios. Figure 3 presents the sup-
pression ratios of the PE and NPE groups in each of the four
drug conditions: VEH1 1 VEH1, VEH1 1 PTZ20, CDP 1
VEH1, and CDP 1 PTZ20. It can be seen that LI was evident
only for the VEH1 1 VEH1 and CDP 1 PTZ20 groups.
There was no LI at all in the CDP 1 VEH1 and VEH1 1
PTZ20 groups. This was supported by the significant main ef-
fect of preexposure, F(1, 72) 5 12.45, p , 0.001, the signifi-
cant interaction of preexposure 3 CDP 3 PTZ20, F(1, 72) 5
3.95, p , 0.05, and the contrast analysis on the preexposure
effect for each of the groups VEH1 1 VEH1 (p , 0.05),
VEH1 1 PTZ20 (p 5 0.27), CDP 1 VEH1 (p 5 0.65), and
CDP 1 PTZ20 (p , 0.01).

Experiment 4: Effects of 3.0, 6.0, and 9.0 mg/kg Ro15-4513 
Administered in the Preexposure Stage on LI

Activity during the preexposure session. Activity counts were
significantly reduced by all doses of Ro15-4513 to about the

same level (3 mg/kg, 447 6 56; 6 mg/kg, 364 6 54, and 9 mg/
kg, 423 6 68) compared with VEH2 (808 6 91). This was sup-
ported by the significant main effect of drug, F(3, 72) 5 8.86,
p , 0.001.

Licking during the preexposure session: total licks. Ro15-4513
decreased significantly the total number of licks during the
preexposure session at 3 mg/kg (1713 6 99), 6 mg/kg (1474 6
89), and 9 mg/kg (1469 6 90) compared with VEH2 (2043 6
113). These results were supported by the significant main ef-
fect of drug, F(3, 72) 5 7.42, p , 0.001.

Test session: time to complete 25 licks prior to stimulus pre-
sentation. None of the groups differed in the time to complete
25 licks prior to the presentation of the stimulus (A-period).
The overall mean was 6 6 0.7 s.

Test session: suppression ratios. Figure 4 presents the sup-
pression ratios of the PE and NPE groups in each of the four
drug conditions: VEH2, RO3, RO6, and RO9. It can be seen
that LI was evident only for the VEH2 and RO9 groups. No
LI was seen for the RO3 and RO6 groups. This was supported
by the significant main effect of preexposure, F(1, 72) 5 8.4, p ,
0.005, and the contrast analysis on the preexposure effect for
each of the groups VEH2 (p , 0.01), RO3 (p 5 0.32), RO6 (p 5
0.98), and RO9 (p , 0.01).

Experiment 5: Effects of 5 mg/kg CDP and/or 6.0 mg/kg 
Ro15-4513 Administered in the Preexposure Stage on LI

Activity during the preexposure session. Activity counts were
significantly reduced by Ro15-4513 (479 6 48), CDP (479 6
61), and by CDP-Ro15-4513 (411 6 37) relative to VEH2
(822 6 65). This was supported by the significant main effect
of CDP injection, F(1, 112) 5 14.26, p , 0.001, Ro15-4513
injection, F(1, 112) 5 15.56, p , 0.001, and the interaction
CDP 3 Ro15-4513 injection, F(1, 112) 5 6.67, p , 0.01.

Licking during the preexposure session: total licks. Ro15-4513
and CDP affected the drinking behavior during the preexpo-
sure session in an opposite manner. Ro15-4513 decreased sig-
nificantly the total number of licks during the preexposure
(1554 6 80) while CDP increased it (2795 6 138) compared
with VEH2 (2046 6 78). Interestingly, as with PTZ, the Ro15-
4513 effects were antagonized when the drugs were coadmin-

FIG. 3. Suppression ratios (mean 6 SEM) of the preexposed (PE)
and nonpreexposed (NPE) groups treated during preexposure with
saline (VEH1 1 VEH1), 20.0 mg/kg pentylenetetrazole (VEH1 1
PTZ20), 5.0 mg/kg CDP (CDP 1 VEH1), and 5.0 mg/kg CDP com-
bined with 20.0 mg/kg pentylenetetrazole (CDP 1 PTZ20).

FIG. 4. Suppression ratios (mean 6 SEM) of the preexposed (PE)
and nonpreexposed (NPE) groups under four drug doses of Ro15-
4513 administered only during the preexposure stage of the experi-
ment: 0.3% Tween 80 saline vehicle (VEH2), 3.0 (RO3), 6.0 (RO6),
and 9.0 mg/kg (RO9).
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istered, i.e., CDP 1 Ro15-4513 (1896 6 99). These results
were supported by the significant main effect of CDP injec-
tion, F(1, 112) 5 27.46, p , 0.001, Ro15-4513 injection, F(1,
112) 5 45.11, p , 0.001, and the interaction CDP 3 Ro15-
4513 injection, F(1, 112) 5 3.9, p , 0.05.

Test session: time to complete 25 licks prior to stimulus pre-
sentation. None of the groups differed in the time to complete
25 licks prior to the presentation of the stimulus (A-period).
The overall mean was 5 6 0.3 s.

Test session: suppression ratios. Figure 5 presents the sup-
pression ratios of the PE and NPE groups in each of the four
drug conditions: VEH2 1 VEH2, VEH2 1 RO6, CDP 1
VEH2, and CDP 1 RO6. It can be seen that no LI was
present for the RO6 and CDP groups, whereas LI was evident
for both VEH2 1 VEH2 and CDP 1 RO6 groups. This was
supported by the significant main effect of preexposure, F(1,
112) 5 16.79, p , 0.001, the significant interaction of RO6 3
CDP, F(1, 112) 5 8.38, p , 0.01, and the near significant in-
teraction of preexposure 3 RO6 3 CDP, F(1, 112) 5 2.63, p ,
0.10, as well as by contrast analysis on the preexposure effect
for each of the groups VEH2 1 VEH2 (p , 0.05), VEH2 1
RO6 (p 5 0.21), CDP 1 VEH2 (p 5 0.23), and CDP 1 RO6
(p , 0.01).

DISCUSSION

The present study was carried out to examine the effect of
GABA-BZD receptor ligands on LI using the GABA func-
tion facilitator CDP and the GABA function inhibitors PTZ
and Ro15-4513. CDP disrupted LI when administered during
the preexposure stage of the procedure, as previously re-
ported by Feldon and Weiner (20). Surprisingly, the adminis-
tration of PTZ or Ro15-4513 also disrupted LI when adminis-
tered in the preexposure stage. However, the concomitant
administration of CDP with either PTZ or Ro15-4513 led to
normal LI, suggesting that all these drugs act at the same re-
ceptor complex to achieve their effects on LI.

In this study, the effects of each drug on ambulation and
drinking are consistent with prior reports. CDP, PTZ, and
Ro15-4513 reduced ambulatory behavior. These results are in
line with previous reports (9,11,19,37), although some contro-
versies exist as to the effects of CDP on locomotion (41). Ac-

cording to the literature, benzodiazepine agonists increase
water intake, whereas drugs that inhibit GABAergic function
by acting at the benzodiazepine receptor or at the chloride
channel levels, reduce water consumption (10,11,13,19,49). In
line with these documented effects, in this study CDP mark-
edly increased water intake, whereas PTZ and Ro15-4513 de-
creased drinking behavior. However, although PTZ and
Ro15-4513 produced identical effects when administered
alone, they produced different effects when administered
concomitantly with CDP. CDP still increased the amount of
water intake when coadministered with PTZ, but not when
coadministered with Ro15-4513. The different effects of PTZ
and Ro15-4513, when coadministered with CDP, may reflect
their actions at different GABA-BZD binding sites, inasmuch
as PTZ acts at the picrotoxin site of the GABA chloride chan-
nel, and Ro15-4513 binds at the benzodiazepine site.

Apart from their behavioral effects on ambulation and
drinking, which confirmed their effectiveness, all drugs also
affected the acquisition of LI. CDP disrupted LI, supporting
and extending Feldon and Weiner’s findings to an “on base-
line” CER procedure (i.e., in which the rats are allowed to
drink during preexposure and conditioning), as did both PTZ
and Ro15-4513. This outcome seems to indicate that both an
increase and a decrease of GABAergic function are deleteri-
ous to the establishment of LI. In addition, the fact that con-
comitant administration of CDP with PTZ prevented the
LI-disruptive effect of each drug confirmed the previously
reported functional antagonism of these two compounds
(6,7). Normal LI was also obtained when CDP and Ro15-4513
were coadministered, as was expected given their opposite
pharmacological actions at the BZD receptors. Taken to-
gether, these results suggest that in this study LI was disrupted
in both cases through an identical pharmacological mecha-
nism involving GABA-BZD receptors, and, more generally,
they provide evidence for a GABAergic modulation of LI.

The fact that GABA-BZD receptor ligands affect LI ex-
clusively during preexposure contrasts with dopaminergic
drugs, which influence LI when administered during the con-
ditioning stage [for discussion, see (23,24)]. Whereas halo-
peridol enhances the animal’s ability to continue to respond
to a stimulus as irrelevant when it is followed by reinforce-
ment, amphetamine disrupts this ability. Both the blockade of
dopaminergic transmission by haloperidol and the enhance-
ment of dopaminergic transmission by amphetamine have an
effect on LI that is restricted to the conditioning stage. The
disruption of LI through drug administration in conditioning
(e.g., amphetamine) is considered to result from an overacti-
vation of sensory processes, allowing the preexposed CS to
enter more readily into association with the US (23). These
effects of dopaminergic drugs indicate that they do not affect
the animal’s ability to learn to ignore irrelevant stimuli, but
rather the subsequent expression of this learning.

In contrast, an impact only in preexposure implies that the
drugs affect the acquisition of the CS-no event contingency.
The capacity of drugs to selectively affect LI when adminis-
tered during the preexposure stage has been demonstrated
with serotonergic drugs. For example, Killcross et al. (39), us-
ing a procedure known to be insufficient to produce LI in
control animals, showed enhanced LI only after administra-
tion of the 5-HT1A antagonist WAY 100635 only prior to pre-
exposure. Furthermore, Hitchcock et al. (31) demonstrated
that the 5-HT2A/C agonist 1-(2,5-dimethoxy-4-iodophenyl)-
2-aminopropane (DOI), which has hallucinogenic properties
in humans, disrupted LI when administered only at the preex-
posure stage. This effect was prevented by haloperidol, cloza-

FIG. 5. Suppression ratios (mean 6 SEM) of the preexposed (PE)
and nonpreexposed (NPE) groups treated during preexposure with
0.3% Tween 80 saline vehicle (VEH2 1 VEH2), 6.0 mg/kg Ro15-
4513 (VEH2 1 RO6), 5.0 mg/kg CDP (CDP 1 VEH2), and 5.0 mg/kg
CDP combined with 6.0 mg/kg Ro15-4513 (CDP 1 RO6).
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pine, risperidone, and the selective 5-HT2A antagonist MDL
100,907. The cholinergic system has also been implicated in
the acquisition of LI by Rochford et al. (60), who suggested
that the stimulation of nicotine receptors during preexposure
leads to enhancement of LI. In the same study, nicotine or
nicotinic agonists also enhanced LI when administered only
in conditioning, which is inconsistent with a previous report
showing that nicotine disrupts LI when administered in condi-
tioning (35). However, the effects of the stimulation of nico-
tine receptors on LI have been shown to depend on CS preex-
posure parameters, with long and short stimulus duration
enhancing and disrupting LI, respectively (60).

Although our results support the notion that the seroton-
ergic, cholinergic, and GABAergic systems are implicated in
the acquisition of LI, their profiles of action appeared to be
different. Activation and inhibition of the serotonergic system
disrupted and enhanced LI, respectively, whereas activation
of the cholinergic system disrupted or enhanced LI, depend-
ing on CS preexposure parameters, and both facilitation and
inhibition of the GABAergic system impaired LI using identi-
cal parameters. The disruption of the acquisition of LI can be
interpreted as a result of interference with stimulus process-
ing leading to an impaired capability to detect the significance
of the information in the environment. Interestingly, the al-
teration of information processing and/or decision making
has been considered to be a general feature of the behavioral
effect of BZD (13,16,42,43,56). Indeed, BZD agonists, includ-
ing CDP, have been shown to impair attentional processes
(32,51). Recent studies have also suggested that BZD inverse
agonists affect attentional abilities. For example, McGaughy
and Sarter (51) reported impairment of animals’ ability to dis-
criminate between visual signals and nonsignal events after
administration of either CDP or the BZD partial inverse ago-
nist RU 33965 in an operant task measuring attention or vigi-
lance. Although both drugs induced attentional deficits, the
nature of these deficits was different. The deficit induced by
CDP was related to hypoattention, i.e., the failure to attend
and select stimuli, whereas the deficit induced by RU 33965
was related to hyperattention, i.e., the inability to ignore irrel-
evant stimuli. Against this background, the similar disruption
of LI by CDP, PTZ, and Ro15-4513 may be explained by sug-
gesting that CDP, by facilitating GABAergic function, in-
duced hypoattention, whereas PTZ and Ro15-4513, by inhib-
iting GABAergic function, induced hyperattention. Thus,
both hypo- and hyperattention during the acquisition of the
CS-no event contingency in the preexposure stage would re-
sult in the disruption of LI.

In terms of mechanisms implicated in the disruption of LI,
a key role has been attributed to the mesolimbic dopaminer-
gic system, and the hippocampus (73). Given the effects of
dopaminergic agents on LI, it has been proposed that the me-
solimbic dopaminergic system does not participate in learning
the stimulus-no event contingency in the preexposure stage
but is activated in conditioning when the nonreinforced stim-
ulus is followed by reinforcement. The hippocampus is con-
sidered to play a role in stimulus associability by determining
the mismatch between old and new predictions arising from a
target stimulus. Thus, a possible neural substrate for pharma-
cological agents operating in the preexposure stage is the hip-
pocampus. Against this background, it is interesting to note
that in vivo microdialysis studies have demonstrated that
BZD ligands modulate ACh release in cortical areas, includ-
ing the hippocampus. Infusion of BZD agonists (e.g., CDP)
within the basal forebrain decreases cortical ACh, whereas in-
fusion of BZD inverse agonists induces increased cortical
ACh (32,34,55). Thus, our results may stem from a bidirec-
tional modulation of cortical cholinergic activity by GABA-
BZD receptor ligands, resulting in the disruption of LI as a
function of attentional deficits.

Whatever the mechanism involved, because LI appears to
model some of the symptoms of schizophrenia, the present re-
sults of a GABAergic modulation of LI may have implications
regarding the GABA hypothesis of schizophrenia (4,15,53).
Accordingly, our results provide evidence that both GABAer-
gic stimulation and GABAergic inhibition play an important
role in the symptomatology of schizophrenia. Therefore these
results justify further investigation of the function of the
GABA-BZD modulation of LI and the role of the GABAer-
gic function in the pathophysiology of this disorder.

ACKNOWLEDGEMENTS

This work was supported by grants from the Swiss Federal Insti-
tute of Technology and the Swiss National Science Foundation
(Grant No. 31-42009.94). The authors gratefully acknowledge the in-
sightful comments and criticism of Dr. J. Lehmann and Dr. I. Weiner
(Department of Psychology, Tel-Aviv University, Tel-Aviv, 69978 Is-
rael) for her helpful discussions on part of the results. Special thanks
are due to Prof. H. Möhler (Institute of Pharmacology, Swiss Federal
Institute of Technology, ETH Zurich, Switzerland), for his expert ad-
vice on the pharmacology of GABA-BZD ligands, Dr. W. White for
his invaluable help, P. Schmid for expert technical support, the ani-
mal care team for their assistance, and B. Strehler for her help with
the preparation of the manuscript.

REFERENCES

1. Allan, A. M.; Harris, R. A.: Gamma-aminobutyric acid agonists
and antagonists alter chloride flux across brain membranes. Mol.
Pharmacol. 29:497–505; 1986.

2. Baruch, I.; Hemsley, D. R.; Gray, J. A.: Differential performance
of acute and chronic schizophrenics in a latent inhibition task. J.
Nerv. Ment. Dis. 176:578–606; 1988.

3. Baruch, I.; Hemsley, D. R.; Gray, J. A.: Latent inhibition and
‘psychotic proneness’ in normal subjects. Person. Indiv. Diff.
9:777–783; 1988.

4. Benes, F. M.: The role of stress and dopamine–GABA interac-
tions in the vulnerability for schizophrenia. J. Psychiatr. Res.
31:257–275; 1997.

5. Brodie, M. J.; McKee, P. J.: Vigabatrin and psychosis. Lancet
335:1279; 1990.

6. Cannizzaro, G.; Flugy, A.; Cannizzaro, C.; Gagliano, M.; Saba-
tino, M.: Effects of desipramine and alprazolam in the forced

swim test in rats after long lasting termination of chronic expo-
sure to picrotoxin and pentylenetetrazol. Eur. Neuropsychophar-
macol. 3:477–484; 1993.

7. Carey, M. P.; Fry, J. P.: A behavioural and pharmacological eval-
uation of the discriminative stimulus induced by pentylenetetra-
zole in the pig. Psychopharmacology (Berlin) 111:244–250; 1993.

8. Cole, B. J.; Hillmann, M.: Effects of benzodiazepine receptor
ligands on the performance of an operant delayed matching to
position task in rats: Opposite effects of FG 7142 and lorazepam.
Psychopharmacology (Berlin) 115:350–357; 1994.

9. Cole, S. O.: Combined effects of chlordiazepoxide treatment and
food deprivation on concurrent measures of feeding and activity.
Pharmacol. Biochem. Behav. 18:369–372; 1983.

10. Cooper, S. J.: GABA and endorphin mechanisms in relation to
the effects of benzodiazepines on feeding and drinking. Prog.
Neuropsychopharmacol. Biol. Psychiatry 7:495–503; 1983.



900 LACROIX ET AL.

11. Cooper, S. J.; Estall, L. B.: Behavioral pharmacology of food,
water and salt intake in relation to drug actions at benzodiaz-
epine receptors. Neurosci. Biobehav. Rev. 9:5–19; 1985.

12. Corda, M. G.; Giorgi, O.; Longoni, B.; Orlandi, M.; Biggio, G.:
Decrease in the function of the aminobutyric acid-coupled chlo-
ride channel produced by the repeated administration of pentyl-
enetetrazol to rats. J. Neurochem. 55:1216–1221; 1990.

13. Dantzer, R.: Behavioral effects of benzodiazepines: A review.
Biobehav. Rev. 1:71–86; 1977.

14. De la Casa, L. G.; Ruiz, G.; Lubow, R. E.: Latent inhibition and
recall/recognition of irrelevant stimuli as a function of preexpo-
sure duration in high and low psychotic-prone normals. Brit. J.
Psychol. 84:119-132; 1993.

15. Delini-Stula, A.; Berdahtordjman, D.: Benzodiazepines and
GABA hypothesis of schizophrenia. J. Psychopharmacol. 9:57–
63; 1995.

16. Di Scala, G.; Meneses, S.; Brailowsky, S.: Chronic infusions of
GABA into the medial frontal cortex of the rat induces a revers-
ible delayed spatial alternation deficit. Behav. Brain Res. 40:81–
84; 1990.

17. Dorow, R.; Horowski, R.; Paschelke, G.; Amin, M.; Braestrup,
C.: Severe anxiety induced by FG 7142, a b-carboline ligand for
benzodiazepine receptors. Lancet 2:98–99; 1983.

18. Dunn, L. A.; Scibilia, R. J.: Reaction time and pupil response
measures show reduced latent inhibition in chronic schizophre-
nia. Soc. Neurosci. Abstr. 22:239; 1996.

19. Estall, L. B.; Cooper, S. J.: Differential effects of benzodiazepine
receptor ligands on isotonic saline and water consumption in water-
deprived rats. Pharmacol. Biochem. Behav. 26:247–252; 1987.

20. Feldon, J.; Weiner, I.: Abolition of the acquisition but not the
expression of latent inhibition by chlordiazepoxide in rats. Phar-
macol. Biochem. Behav. 32:123–127; 1989.

21. Feldon, J.; Weiner, I.: An animal model of attention deficit. In:
Boulton, A. A.; Baker, G. B.; Martin-Iverson, M. T., eds. Neu-
romethods, vol. 18. Animal models in psychiatry. Clifton, NJ:
Humana Press; 1991:313–361.

22. Feldon, J.; Weiner, I.: From an animal model of an attentional
deficit towards new insights into the pathophysiology of schizo-
phrenia. J. Psychiatr. Res. 26:345–366; 1992.

23. Gray, J. A.: Integrating schizophrenia. Schizophr. Bull. 24:249–
266; 1998.

24. Gray, J. A.; Joseph, M. H.; Hemsley, D. R.; Young, A. M.; War-
burton, E. C.; Boulenguez, P.; Grigoryan, G. A.; Peters, S. L.;
Rawlins, J. N.; Taib, C. T.: The role of mesolimbic dopaminergic
and retrohippocampal afferents to the nucleus accumbens in
latent inhibition: Implications for schizophrenia. Behav. Brain
Res. 71:19–31; 1995.

25. Gray, N. S.; Hemsley, D. R.; Gray, J. A.: Abolition of latent inhi-
bition in acute, but not chronic, schizophrenics. Neurol. Psychi-
atr. Brain Res. 1:83–89; 1992.

26. Gray, N. S.; Pickering, A. D.; Hemsley, D. R.; Dawling, S.; Gray,
J. A.: Abolition of latent inhibition by a single 5mg dose of
d-amphetamine in man. Psychopharmacology (Berlin) 107:425–
430; 1992.

27. Gray, N. S.; Pilowsky, L. S.; Gray, J. A.; Kerwin, R. W.: Latent
inhibition in drug naive schizophrenics: Relationship to duration
of illness and dopamine D2 binding using SPET. Schizophr. Res.
17:95–107; 1995.

28. Haefely, W.: Benzodiazepine interactions with GABA receptors.
Neurosci. Lett. 47:201–206; 1984.

29. Haefely, W.; Martin, J. R.; Schoch, P.: Novel anxiolytics that act
as partial agonists at benzodiazepine receptors. Trends Pharma-
col. Sci. 11:452–456; 1990.

30. Haefely, W. E.; Martin, J. R.; Richards, J. G.; Schoch, P.: The
multiplicity of actions of benzodiazepine receptor ligands. Can. J.
Psychiatry 38:102–108; 1993.

31. Hitchcock, J. M.; Lister, S.; Fischer, T. R.; Wettstein, J. G.: Dis-
ruption of latent inhibition in the rat by the 5-HT2 agonist DOI:
Effects of MDL 100,907, clozapine, risperidone and haloperidol.
Behav. Brain Res. 88:43–49; 1997.

32. Holley, L. A.; Turchi, J.; Apple, C.; Sarter, M.: Dissociation
between the attentional effects of infusions of a benzodiazepine

receptor agonist and an inverse agonist into the basal forebrain.
Psychopharmacology (Berlin) 120:99–108; 1995.

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

34. Imperato, A.; Dazzi, L.; Obinu, M.; Gessa, G.; Biggio, G.: The
benzodiazepine receptor antagonist flumazenil increases acetyl-
choline release in rat hippocampus. Brain Res. 647:167–171; 1994.

35. Joseph, M. H.; Peters, S. L.; Gray, J. A.: Nicotine blocks latent
inhibition in rats: Evidence for a critical role of increased func-
tional activity of dopamine in the mesolimbic system at condi-
tioning rather than pre-exposure. Psychopharmacology (Berlin)
110:187–192; 1993.

36. June, H. L.; Hughes, R. W.; Spurlock, H. L.; Lewis, M. J.: Ethanol
self-administration in freely feeding and drinking rats: Effect of
Ro15-4513 alone, and in combination with Ro15-1788 (flumaze-
nil). Psychopharmacology (Berlin) 115:332–339; 1994.

37. June, H. L.; Lewis, M. J.: Interactions of Ro15-4513, Ro15-1788
(flumazenil) and ethanol on measures of exploration and locomo-
tion in rats. Psychopharmacology (Berlin) 116:309–316; 1994.

38. Kalinowsky, L. B.: The convulsive therapies. In: Freedman, A.
M.; Kaplan, H. I.; Sadock, B. J., eds. Comprehensive textbook of
psychiatry, vol. 2. Baltimore: The Williams & Wilkins Co;
1975:1969–1979.

39. Killcross, A. S.; Stanhope, K. J.; Dourish, C. T.; Piras, G.:
WAY100635 and latent inhibition in the rat: Selective effects at
preexposure. Behav. Brain Res. 88:51–57; 1997.

40. Knapp, J. R.; Malatynska, E.; Yamamura, H. I.: From binding
studies to the molecular biology of GABA receptors. Neuro-
chem. Res. 15:105–112; 1990.

41. Kumar, R.: Extinction of fear. II. Effects of chlordiazepoxide and
chlorpromazine on fear and exploratory behaviour in rats. Psy-
chopharmacologia 19:297–312; 1971.

42. Ljungberg, T.: Diazepam and decision making in the rat: negative
evidence for reduced tolerance to reward delay. Psychopharma-
cology (Berlin) 102:117–121; 1990.

43. Ljungberg, T.; Lidfors, L.; Enquist, M.; Ungerstedt, U.: Impair-
ment of decision making in rats by diazepam: Implication for the
anticonflict effects of benzodiazepines. Psychopharmacology
(Berlin) 92:416–423; 1987.

44. Lubow, R. E.: Latent inhibition. Psychol. Bull. 79:398–407; 1973.
45. Lubow, R. E.: Latent inhibition and conditioned attention the-

ory. Cambridge: Cambridge University Press; 1989.
46. Lubow, R. E.; Ingberg-Sachs, Y.; Zalstein-Orda, N.; Gewirtz, J. C.:

Latent inhibition in low and high “psychotic-prone” normal sub-
jects. Person. Indiv. Diff. 13:563–572; 1992.

47. Lubow, R. E.; Moore, A. U.: Latent inhibition: The effects of
non-reinforced pre-exposure to the conditioned stimulus. J.
Comp. Physiol. Psychol. 52:415–419; 1959.

48. Lubow, R. E.; Weiner, I.; Feldon, J.: An animal model of attention.
In: Spiegelstein, M. Y.; Levy, A., eds. Behavioral models and the
analysis of drug action. Amsterdam: Elsevier; 1982:89–107.

49. Maickel, R. P.; Maloney, G. J.; Carter, C. J.: Effects of various
depressant drugs on deprivation-induced water consumption.
Neuropharmacology 12:777–782; 1973.

50. Mcdonald, R. L.; Barker, J. L.: Pentylenetetrazol and penicillin are
selective antagonists of GABA-mediated post-synaptic inhibition
in cultured mammalian neurones. Nature 267:720–721; 1977.

51. McGaughy, J.; Sarter, M.: Behavioral vigilance in rats: Task vali-
dation and effects of age, amphetamine and benzodiazepine
receptor ligands. Psychopharmacology (Berlin) 117:340–357;
1995.

52. Meduna, L.; Friedman, E.: The convulsive-irritative therapy of
psychoses. JAMA 112:501–509; 1939.

53. Meldrum, B.: GABA and acute psychoses. Psychol. Med. 12:1–5;
1982.

54. Meldrum, B.: Pharmacology of GABA. Clin. Neuropharmacol.
5:293–316; 1982.

55. Moore, H.; Sarter, M.; Bruno, J. P.: Bidirectional modulation of
cortical acetylcholine efflux by infusion of benzodiazepine recep-
tor ligands into the basal forebrain. Neurosci. Lett. 189:31–34;
1995.



LATENT INHIBITION AND GABAA NEUROTRANSMISSION 901

56. Pang, K.; Williams, M. J.; Egeth, H.; Olton, D. S.: Nucleus basalis
magnocellularis and attention: Effects of muscimol infusions.
Behav. Neurosci. 107:1031–1038; 1993.

57. Ramanjaneyulu, R.; Ticku, M. K.: Interactions of pentamethyle-
netetrazole and tetrazole analogues with the picrotoxinin site of
the benzodiazepine–GABA receptor–ionophore complex. Eur. J.
Pharmacol. 98:337–345; 1984.

58. Ring, H. A.; Reynolds, E. H.: Vigabatrin and behaviour distur-
bance. Lancet 335:970; 1990.

59. Robbins, T. W.: The case for frontostriatal dysfunction in schizo-
phrenia. Schizophr. Bull. 16:391–402; 1990.

60. Rochford, J.; Sen, A. P.; Quirion, R.: Effect of nicotine and nico-
tinic receptor agonists on latent inhibition in the rat. J. Pharma-
col. Exp. Ther. 277:1267–1275; 1996.

61. Rosenthal, R.; Rosnow, R. L.: Contrast analysis, focused compar-
isons in the analysis of variance. Cambridge: Cambridge Univer-
sity Press; 1985.

62. Solomon, P. R.; Crider, A.; Winkelman, J. W.; Turi, A.; Kamer,
R. M.; Kaplan, L. J.: Disrupted latent inhibition in the rat with
chronic amphetamine or haloperidol-induced supersensitivity:
Relationship to schizophrenic attention disorder. Biol. Psychiatry
16:519–537; 1981.

63. Squires, R. F.; Saederup, E.: A review of evidence for GABAer-
gic predominance/glutamatergic deficit as a common etiological
factor in both schizophrenia and affective psychoses: more sup-
port for a continuum hypothesis of “functional” psychosis. Neu-
rochem. Res. 16:1099–1111; 1991.

64. Study, R. E.; Barker, J. L.: Diazepam and (2)-pentobarbital:
Fluctuation analysis reveals different mechanisms for potentia-
tion of gamma-aminobutyric acid responses in cultured central
neurons. Proc. Natl. Acad. Sci. USA 78:7180–7184; 1981.

65. Swerdlow, N. R.; Braff, D. L.; Hartston, H.; Perry, W.; Geyer, M. A.:
Latent inhibition in schizophrenia. Schizophr. Res. 20:91–103;
1996.

66. Tamminga, C. A.; Crayton, J. W.; Chase, T. N.: Muscimol:
GABA agonist therapy in schizophrenia. Am. J. Psychiatry
135:746–747; 1978.

67. Thornton, J. C.; Dawe, S.; Lee, C.; Capstick, C.; Corr, P. J.; Cot-
ter, P.; Frangou, S.; Gray, N. S.; Russell, M. A. H.; Gray, J. A.:

Effects of nicotine and amphetamine on latent inhibition in
human subjects. Psychopharmacology (Berlin) 127:164–173; 1996.

68. Vaitl, D.; Lipp, O. V.: Latent inhibition and automatic responses:
A psychophysiological approach. Behav. Brain Res. 88:85–93;
1997.

69. Wafford, K. A.; Whiting, P. J.; Kemp, J. A.: Differences in affinity
and efficacy of benzodiazepine receptor ligands at recombinant
gamma-aminobutyric acidA receptor subtypes. Mol. Pharmacol. 43:
240–244; 1993.

70. Warburton, E. C.; Joseph, M. H.; Feldon, J.; Weiner, I.; Gray, J. A.:
Antagonism of amphetamine-induced disruption of latent inhibi-
tion in rats by haloperidol and ondanserton: implications for a
possible antipsychotic action of ondanserton. Psychopharmacol-
ogy (Berlin) 114:657–664; 1994.

71. Waser, P. G.: The pharmacology of amanita muscaria. In: Efron,
D. H.; Homsted, B. N.; Kline, N. S., eds. Ethonopharmacologic
search for psychoactive drugs: U.S. Public Health Service Publi-
cation; 1967.

72. Weiner, I.: Neural substrates of latent inhibition: the switching
model. Psychol. Bull. 108:442–461; 1990.

73. Weiner, I.; Feldon, J.: The switching model of latent inhibition:
an update of neural substrates. Behav. Brain Res. 88:11–25; 1997.

74. Weiner, I.; Feldon, J.; Bercovitz, H.: The abolition of the partial
reinforcement extinction effect (PREE) by amphetamine: disrup-
tion of control by nonreinforcement. Pharmacol. Biochem. Behav.
27:205–210; 1987.

75. Weiner, I.; Lubow, R. E.; Feldon, J.: Chronic amphetamine and
latent inhibition. Behav. Brain Res. 2:285–286; 1981.

76. Weiner, I.; Lubow, R. E.; Feldon, J.: Abolition of the expression
but not the acquisition of latent inhibition by chronic amphet-
amine in rats. Psychopharmacology (Berlin) 83:194–199; 1984.

77. Weiner, I.; Lubow, R. E.; Feldon, J.: Disruption of latent inhibi-
tion by acute administration of low doses of amphetamine. Phar-
macol. Biochem. Behav. 30:871–878; 1988.

78. Weiner, I.; Shadach, E.; Tarrasch, R.; Kidron, R.; Feldon, J.: The
latent inhibition model of schizophrenia: Further validation using
the atypical neuroleptic, clozapine. Biol. Psychiatry 40:834–843;
1996.


