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WEINER, I., J. FELDON AND Y. KATZ. Facilitation of the expression but not the acquisition of latent inhibition by 
haloperidol in rats. PHARMACOL BIOCHEM BEHAV 26(2) 241-246, 1987.--In the latent inhibition (LI) paradigm, 
nonreinforced preexposure to a stimulus retards subsequent conditioning to that stimulus. The administration of haloperi- 
dol in both the preexposure and the conditioning stages was found to enhance LI in the conditioned emotional response 
(CER) procedure (Weiner and Feldon, 1986). The present experiments investigated the effects of 0.1 mg/kg haloperidol 
administration on LI in a two-way avoidance procedure, consisting of two stages: preexposure, in which the to-be- 
conditioned stimulus, tone, was repeatedly presented without reinforcement; and conditioning, in which the animals 
acquired a two-way avoidance response with the tone serving as the warning signal. Experiments I and 2 tested whether the 
administration of haloperidoi confined to the preexposure stage, where learning to ignore the nonreinforced stimulus takes 
place, would suffice to enhance the LI effect. In Experiment 1, preexposure and conditioning were conducted 24 hr apart. 
LI was obtained in both the placebo and haloperidol conditions, but the effect was not more pronounced under the drug. In 
addition, haloperidol-treated animals exhibited impaired avoidance performance. In Experiment 2, preexposure and condi- 
tioning were given 72 hr apart. With this interval, haioperidol did not affect avoidance performance. However, also under 
these conditions, the magnitude of the LI effect was not larger in the haloperidol-treated groups, indicating that the 
administration of the drug in the preexposure stage alone did not suffice to enhance LI. In Experiment 3, haloperidol was 
administered in both the preexposure and the conditioning stages, given 24 hr apart. In addition, animals were re-tested in 
avoidance 24 hr later without the drug. Haloperidoi-treated animals showed poorer avoidance performance in both the 
initial conditioning and the re-test. However, in both tests, haloperidol groups showed a significantly larger LI effect than 
placebo controls. The implications of these findings for the effects of haloperidol on LI and learning are discussed. 

Haloperidol Latent inhibition Two-way active avoidance Rat 

THE two most emphasized behavioral actions of neurolep- 
tics are motor impairment (blockade of response initiation 
and/or maintenance) and a reduction of the rewarding value 
of primary reinforcers. However, in spite of the extensive 
research directed towards differentiating between these two 
effects of the neuroleptic drugs, their mechanism of action 
has remained a matter of debate (e.g., [3, 4, 6-8, 10-14, 27, 
33, 35, 38, 43, 44]. 

In two recent experiments, we tested the effects of halo- 
peridol on the development of latent inhibition (LI) in a con- 
ditioned emotional response (CER) procedure [40]. In the LI 
paradigm, nonreinforced preexposure to a stimulus retards 
subsequent conditioning to that stimulus when it is paired 
with a reinforcer [17]. For example, if an animal is preex- 
posed to a series of tones, these tones lose their capability to 
enter into associations with other stimuli, such as shock, or 
responses such as shuttle avoidance. The choice of the LI 
paradigm was prompted by two reasons. First, the LI 
paradigm is uniquely suited for elucidating drug action un- 
confounded with motivational effects. Nonreinforced preex- 
posure reduces the attention value, or the associability, of 
the to-be-conditioned stimulus without altering its associa- 
tive strength, i.e., without endowing it with either inhibitory 

or excitatory effects [21, 28, 29, 31, 39]. This decremental 
process is considered to reflect a process of learning not to 
attend to, ignore, or tune out irrelevant stimuli [18, 20-23]. 
Thus, the LI phenomenon provides an instance of learning 
which is devoid of a motivational component, since it is 
learning in the absence of any reinforcement. Consequently, 
the use of LI allows determining the effect of neuroleptics 
on learning that does not involve reinforcement, and thus is 
not susceptible to these drugs' action of primary reinforce- 
ment blockade. In addition, since the control (nonpreex- 
posed) group in the LI paradigm involves regular condition, 
ing, it is possible, within a single experimental design, to 
assess the drug effects on learning involving reinforcement. 
Second, we have shown that LI is disrupted by 1.5 mg/kg 
dl-amphetamine [41,42]. Since amphetamine in relatively 
low doses seems to exert behavioral effects opposite to those 
of neuroleptics, i.e., it increases motor activity [15] and 
enhances the rewarding properties of reinforcement (e.g., 
[9,34]), it was of interest to test whether haloperidol would 
act on LI in an opposite manner to that of amphetamine. 

Indeed, our experiments [40] showed that haloperidol 
facilitated the development of LI. Moreover, this enhance- 
ment was obtained both under conditions which gave rise to 
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FIG. 1. Mean percent of avoidance responses over 10 blocks of 10 
trials of the preexposed and nonpreexposed groups in two drug 
conditions: Placebo and Haloperidol (0.1 mg/kg). Avoidance condi- 
tioning was given 24 hr after preexposure. Drugs were administered 
in preexposure only. 
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FIG. 2. Mean percent of avoidance responses over 10 blocks of 10 
trials of the preexposed and nonpreexposed groups in two drug 
conditions: Placebo and Haloperidol. Avoidance conditioning was 
given 72 hr after preexposure. Drugs were administered in preexpo- 
sure only. 

LI in normal animals, i.e, following 40 nonreinforced CS 
preexposures, and under conditions in which normal animals 
failed to develop LI, i.e., following 10 CS preexposures. 
These results suggested that haloperidol enhanced the ability 
of animals to learn to ignore an irrelevant stimulus. The 
present experiments were designed to test this suggestion by 
determining whether the administration of haloperidol con- 
fined to the nonreinforced preexposure stage, where learning 
to ignore the irrelevant stimulus takes place, would suffice to 
facilitate LI. In addition, we sought to demonstate haloper- 
idol-produced enhancement of LI using a different test, 
namely, two-way active avoidance. In our previous experi- 
ments we used an off-base-line CER procedure in which 
animals were not required to perform an overt response in 
either the preexposure or the conditioning stage, in order to 
minimize any possible motor effects of haloperidol. The use 
of two-way avoidance was aimed at testing whether the 
facilitatory effect of haloperidol on LI would also be evident 
in a procedure that involves motor responding and which is 
known to be disrupted by neuroleptics [8, 9, 13]. 

EXPERIMENT 1 

METHOD 

Subjects 

Thirty-six male Long Evans rats (bred in the animal col- 
ony of the Psychology department, Tel-Aviv University, Is- 
rael), approximately 4 months old, were used. They were 
housed one to a cage under reversed cycle lighting for the 
duration of the experiment. 

Apparatus 

The two-way active avoidance apparatus consisted of 

three identical Campden Instruments shuttle boxes, 
measuring 48.5x23x20 cm. The barrier between the two 
compartments of the box consisted of an aluminum wall, 
with a central inverted U-shaped gate (10x7 cm). Each box 
was set in a ventilated, sound-insulated chest. The preex- 
posed to-be-conditioned stimulus was a 5-sec, 2.8 kHz tone 
produced by a Sonalert module (Model SC 628). Shock was 
supplied to the grid floor by a Campden Instruments scram- 
bled shock generator (Model 521C) set at 1 mA intensity. A 
Rockwell AIM 65 microprocessor was used for equipment 
programming and data recording. 

Procedure 

The LI procedure consisted of two stages: preexposure 
and avoidance conditioning test. 

Preexposure 

Each animal was placed in the shuttle box with the house 
lights on and received 50, 5-sec tone presentations on a vari- 
able interval (VI) 60 sec schedule, ranging from 20 to 100 sec. 
The nonpreexposed (NPE) animals were confined to the 
shuttle box for an identical period of time, but did not receive 
the tones. At the end of the preexposure session, animals 
were returned to their home cages. 

Test 

Twenty-four hr after preexposure, each animal was 
placed in the shuttle box with the house lights on and re- 
ceived 100 avoidance trials, presented on a VI 60-sec 
schedule ranging from 30 to 90 sec. Each avoidance trial 
started with a 5-sec tone followed by a 30-sec shock, the tone 
remaining on with the shock. If the animals crossed the bar- 
rier to the opposite compartment during the 5-sec tone, the 
tone was terminated and no shock was delivered. A crossing 
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response during shock terminated the tone and the shock. If  
the animal failed to cross during the entire tone-shock trial, 
the tone and the shock terminated automatically after 35 sec. 

The latencies of  the avoidance/escape responses were re- 
corded. The 100 trials were divided into 10 blocks of  10 
trials, and all analyses were carded out on the percentage of  
avoidances in each of  the ten 10-trial blocks, with blocks as a 
repeated measurements factor. 

The animals were randomly assigned to 4 experimental 
groups in a 2x2 design, consisting of  preexposure-no pre- 
exposure and drug-no drug in preexposure. The appropriate 
drug treatment, either 0.1 mg/kg haloperidol dissolved in 1 
ml of isotonic saline or an equivalent volume of  saline, was 
administered IP 45 rain prior to the start of preexposure. 
Avoidance conditioning was conducted without drugs. 

RESULTS 

Figure 1 presents the mean percent of avoidance responses 
over I0 blocks of 10 trials for the preexposed and nonpreex- 
posed animals in the Haloperidol and Placebo conditions. 
The data were analyzed by a 2 x 2 x  10 ANOVA, with main 
factors of  preexposure and drug condition and a repeated 
measurements factor of blocks. As can be seen in Fig. 1, the 
administration of haloperido124 hr prior to avoidance condi- 
tioning, led to poorer avoidance performance in both the 
preexposed and the nonpreexposed animals. This was sup- 
ported by a significant main effect of Drug, F(1,32)=5.10, 
p<0.03,  a significant Drug × Blocks interaction, 
F(9,288)= 1.99, p =0.04, and the significant linear component 
of this interaction, F(1,32)=6.78,p<0.02. In addition, the LI 
effect, i.e., poorer acquisition of avoidance responding in the 
preexposed as compared to the nonpreexposed groups, was 
evident in both the Placebo and Haioperidoi conditions. This 
was supported by a significant main effect of Preexposure, 
F(1,32)=4.10, p<0.05,  and a significant Preexposure x 
Blocks interaction, F(9,288)=2.02, p<0.04. However, there 
was no indication in the ANOVA, or in the trend analysis, of 
a Preexposure x Drug interaction. Thus, there was no evi- 
dence for a facilitatory effect of  haloperidol on LI, when the 
administration of  the drug was confined to the preexposure 
stage. 

EXPERIMENT 2 

This experiment tested whether the absence of  a 
facilitatory effect of  haloperidol on LI in Experiment l could 
be related to the drug-induced impairment of  avoidance 
conditioning. Consequently, in Experiment 2, avoidance 
conditioning was conducted 72 hr after preexposure, in 
which haloperidol was administered. 

METHOD 

Experiment 2 was identical in all respects to Experiment 
1, except that preexposure and conditioning were separated 
by 72 hr. 

RESULTS 

Figure 2 presents the mean percent of avoidance re- 
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FIG.  3. Mean percent o f  avoidance responses over  I0 blocks o f  10 
trials of the preexposed and nonpreexposed groups in two drug 
conditions: Placebo and Haloperidoi. Avoidance conditioning was 
given 24 hr after preexposure. Drugs were administered in both the 
preexposure and conditioning stages. 

sponses over 10 blocks of  10 trials for the preexposed and 
nonpreexposed animals in the Haioperidol and Placebo 
conditions. The data were analyzed by a 2 x 2 x  10 ANOVA, 
with main factors of  preexposure and drug condition and a 
repeated measurements factor of blocks. As can be seen in 
Fig. 2, 72 hr following haloperidol administration, there was 
no trace of  haloperidol-produced interference of  avoidance. 
LI was obtained in both the Placebo and Haioperidol condi- 
tions, but again, there were no appreciable differences be- 
tween the magnitude of  the effect in the two drug conditions. 
This was supported by a 2 x 2 x  10 ANOVA with main factors 
of preexposure and drug condition and a repeated measure- 
ments factor of blocks, which yielded only a significant main 
effect of  Preexposure, F(1,32)=4.12, p<0.05. 

EXPERIMENT 3 

The results of  Experiments 1 and 2 showed conclusively 
that when haloperidol was administered only in the preexpo- 
sure stage, the LI effect was not enhanced. This result mark- 
edly contrasts with the dramatic facilitation of  LI  obtained in 
our CER experiments in which the drug was administered in 
both the preexposure and conditioning stages [40]. Conse- 
quently, such administration was used in Experiment 3 in 
order to determine whether the facilitatory effect of  the drug 
depends on its presence throughout the LI  procedure. In 
addition, 24 hr after conditioning, animals were re-tested in 
the absence of the drug, 

M E T H O D  

Subjects 
Forty-four male Long Evans rats were used. 

Apparatus 
This was the same as in Experiment 1. 
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Procedure 

The procedure was identical to that of Experiment 1, with 
two changes: (a) the drugs were administered 45 min prior to 
preexposure and 45 min prior to avoidance conditioning; (b) 
24 hr following conditioning, all animals were re-tested in 
avoidance, without drugs. 

RESULTS 

Avoidance Conditioning 

Figure 3 presents the mean percent of avoidance re- 
sponses over  10 blocks for 10 trials of  the preexposed and 
nonpreexposed animals in the Haloperidol and Placebo 
conditions. The data were analyzed by a 2 × 2 x  10 ANOVA,  
with main factors of  preexposure and drug condition and a 
repeated measurements factor of  blocks. 

As can be seen in Fig. 3, haloperidol interfered with 
avoidance. This was supported by a significant main effect of 
Drug, F(1,40)= 16.97, p<0.001,  a significant Drug x Blocks 
interaction, F(9,360)=4.60, p<0.001,  and a significant linear 
component of  this interaction, F(1,40)=9.47, p<0.005.  In 
addition, the existence of LI,  i.e., poorer  avoidance acquisi- 
tion of  the preexposed as compared to the nonpreexposed 
animals, was supported by the significant main effect of  Pre- 
exposure,  F(1,40)=5.19, p <0.03, a significant Preexposure 
x Blocks interaction, F(9,360)=2.03, p<0.04,  and by the 
significant linear component of  this interaction, 
F(1,40)=4.83, p<0.04.  However,  as can be seen in Fig. 3, 
when haloperidol was administered in both preexposure and 
conditioning, the difference between the preexposed and 
nonpreexposed groups, i.e., the magnitude of LI, was much 
larger in the Haloperidol than in the Placebo condition. This 
was supported by the significant Drug x Preexposure x 
Blocks interaction, F(9,360)=2.83, p<0.004,  as well as by a 
significant linear component  of  this interaction, 
F(1,40)=9.17, p<0.005.  

Re-Test 

Figure 4 presents the mean percent  of  avoidance re- 
sponses over  l0 blocks of  l0 trials of the preexposed and 
nonpreexposed animals in the Haloperidol and Placebo 
conditions. The data were analyzed by a 2 x 2 ×  10 ANOVA, 
with main factors of preexposure and drug condition and a 
repeated measurements factor of blocks. The presence of  LI 
in the re-test was supported by a signficant main effect of  
Preexposure, F(1,40)= 11.87, p<0.002.  Haloperidol-treated 
groups exhibited poorer  avoidance performance in the re- 
test. This was supported by a significant main effect of  Drug, 
F(1,40)=8.86, p<0.005,  and a significant Drug × Blocks in- 
teraction, F(9,360)=3.63, p<0.001,  as well as by the signifi- 
cant linear component of this interaction, F(1,40)=7.06, 
p<0.02.  However,  as can be seen in Fig. 4, the effect of 
haloperidol was mainly on the PE group, thereby again 
producing a larger LI  effect. This was indicated by the inter- 
action of  Drug x PE which approached significance, 
F(1,40)=2.99, p<0.10.  It should be noted that the mean 
number of avoidance responses out of  100 acquisition trials 
in the re-test for the 4 groups were: NPE-Sal--90;  PE-Sa l - -  
78; HaI-NPE--81;  Hal-PE--49.  

DISCUSSION 

In line with previous reports on the disruptive effects of 
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FIG. 4. Mean percent of avoidance responses over 10 blocks of 10 
trials of the preexposed and nonpreexposed groups in two drug 
conditions: Placebo and Haloperidol, in avoidance retest. Re-test 
was given 24 hr after avoidance conditioning. No drugs were ad- 
ministered in re-test. 

neuroleptics on avoidance (e.g. [8, 9, 13, 24]), haloperidol 
was found to impair two-way active avoidance. The impair- 
ment was evident 24 hr after drug administration but disap- 
peared 72 hr later. 

Latent  inhibition, i.e., poorer avoidance acquisition of  the 
preexposed (PE) as compared to the nonpreexposed (NPE) 
groups, was obtained in both the placebo- and haloperidol- 
treated animals. Moreover,  the development of LI in 
haloperidol-treated animals was independent of  the drug ef- 
fects on avoidance performance. Thus, in Experiments 1 and 
3, haloperidol impaired avoidance acquisition in both the 
nonpreexposed and the preexposed groups, but the impairment 
was much greater in the preexposed groups, resulting in the 
LI effect. Indeed, the present results demonstrate a dissoci- 
ation between the effects of haloperidol on avoidance and on 
LI. In Experiment 2, when avoidance conditioning was con- 
ducted 72 hr following preexposure,  avoidance performance 
of the NPE-haloperidol group did not differ from that of the 
NPE-placebo group, yet the PE-haloperidol group continued 
to exhibit impaired avoidance. Likewise, in Experiment 3, 
when animals were re-tested in the absence of the drug, 
avoidance performance of the NPE-haloperidoi group was 
similar to that of the NPE-placebo,  whereas the PE- 
haloperidol group still showed pronounced retardation. 

Beninger et al. [8,9] showed that neuroleptics do not af- 
fect the formation of CS-US (shock) association and 
suggested that neuroleptic-induced deficits in avoidance are 
related to impairment of motor responding. The present re- 
sults demonstrate that also the retardation of CS-US asso- 
ciation, normally obtained following nonreinforced CS pre- 
exposure,  is not affected, or is even enhanced, under halo- 
peridol, and that this retardation persists also when the 
drug-induced impairment of  avoidance is alleviated. 
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The administration of  haloperidol in both the nonrein- 
forced preexposure and conditioning (avoidance) stages en- 
hanced the LI  effect, replicating our previous results with 
the conditioned suppression procedure [40]. However,  
animals receiving the nonreinforced preexposure under hal- 
operidol but conditioned without the drug, showed a normal, 
non-facilitated, LI  effect. Thus, haloperidol-produced 
facilitation of LI  is not due to enhanced learning to ignore 
irrelevant stimuli, which takes place in the nonreinforced 
preexposure stage. We suggested elsewhere [25,42] that the 
critical feature of LI  is that the animal is exposed to two 
opposite environmental contingencies in the preexposure 
and the conditioning stages. In the former, the target 
stimulus is consistently followed by nonreinforcement; and, 
in the latter, the same stimulus is followed by reinforcement. 
The central point here is that, while during preexposure,  the 
animal must learn that the stimulus signals no event of  con- 
sequence and is, therfore, irrelevant, this acquired stimulus 
irrelevance must control the animal 's  behavior in condition- 
ing, in spite of  the fact that the stimulus comes to signal a 
significant outcome, reinforcement. The finding that haloper- 
idol does not enhance LI when given only in preexposure,  
but facilitates the LI  effect when administered in both the 
preexposure and conditioning stages, implies that the drug 
does not enhance animals'  ability to learn that a given 
stimulus is irrelevant but, instead, facilitates the ability to 
continue and respond to this stimulus as irrelevant under 
changed contingencies of  reinforcement. 

These results fit extremely well with those obtained with 
amphetamine. Animals preexposed under amphetamine but 
conditioned without the drug show a normal LI effect. In 
contrast,  the administration of  amphetamine in both the pre- 
exposure and conditioning stages abolishes LI [42]. Thus, 
both amphetamine and haloperidol do not affect animals'  
ability to learn to ignore an irrelevant stimulus, but the two 
drugs exert opposite effects on subsequent control by such 

stimuli, haloperidol enhancing and amphetamine disrupting 
animals'  ability to continue to respond to a stimulus as 
irrelevant when it is followed by reinforcement. 

Haloperidol,  at the low dose used in the present experi- 
ments (0.1 mg/kg), selectively blocks DA receptors [2] 
whereas low doses of  amphetamine enhance neurotransmit- 
ter activity at dopaminergic receptors [16]. The finding that 
the two drugs exert  opposite effects on LI,  provides addi- 
tional evidence that LI  is mediated by the dopaminergic sys- 
tem [30,32]. Moreover,  the fact that both effects are depend- 
ent on drug administration in both the nonreinforced preex- 
posure and conditioning stages suggests that the 
dopaminergic system is involved in the expression (control 
over behavior by irrelevant stimuli) rather than in the acqui- 
sition (learning to ignore) of  LI. 

Finally, the present results add to the increasing body of 
evidence that neuroleptics do not affect associative learning 
[1, 5, 7-9, 36, 37]: Haloperidol does not affect animals'  ca- 
pacity to learn that a stimulus signals nonreinforcement and, 
moreover,  enhances subsequent control of  such a stimulus 
over behavior. The possibility that neuroleptics may, in gen- 
eral, enhance the effects on behavior of nonreinforcement or  
stimuli associated with nonreinforcement is in line with the 
findings that the effects of haloperidol, administered in ex- 
tinction, summate with those of nonreinforcement to 
produce very rapid extinction [26] and that pimozide reduces 
resistance to extinction obtained following intermittent rein- 
forcement training [35]. 
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