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Abstract Latent inhibition of conditioned taste aversion
(CTA) is sensitive to changes in the temporal context. A
change in the time of day of conditioning with respect to the
time of day of the preexposure can disrupt the latent inhibi-
tion. This contextual change in the time of day may reveal a
temporal specificity of latent inhibition. The optimum proce-
dure to induce this temporal specificity is not well established.
For example, it has been shown that a long period of habitu-
ation to temporal contexts is one factor that can determine the
effect. However, the experimental conditions on the condi-
tioning day that facilitate this phenomenon are unknown.
The aim of this study is to elucidate whether a restriction in
the intake of the conditioned taste stimulus affects the tempo-
ral specificity of latent inhibition. Two main groups of Wistar
rats were tested in a latent inhibition of CTA paradigm, in
which the temporal specificity of this phenomenon was ana-
lyzed by a change in the time of day of conditioning. The
intake of the taste stimulus was restricted in the conditioning
day in one of the groups, but this restriction was not applied in
the other group. The results indicated temporal specificity of
latent inhibition only in the group without restriction, but not
in the group with limitation in the intake of the taste stimulus
during conditioning. These findings can help to elucidate the
characteristics of the procedure to induce temporal specificity
of latent inhibition.
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The magnitude of a conditioned taste aversion (CTA) can be
modulated by a change in the time of day between condition-
ing and test (Manrique, Gamiz, Mordn, Ballesteros, & Gallo,
2009; Moron et al., 2002). This procedure shows that animals
tested in temporal contexts different from that of the condi-
tioning acquire less aversion, which is similar to what has
been consistently described by changing the spatial context
(Boakes, Elliot, Swinbourne, & Westbrook, 1997; Bonardi,
Honey, & Hall, 1990; Bouton, 1993; Bouton, Westbrook,
Corcoran, & Maren, 2006; Gonzalez, Garcia-Burgos, &
Hall, 2012; Pearce & Bouton, 2001; Rosas & Bouton 1997).
Similarly, the latent inhibition of CTA can be disrupted by
changes in the time of day between preexposure and condi-
tioning (Manrique et al., 2004; Molero et al., 2005).
Nevertheless, the characteristics of the procedure that facilitate
this temporal specificity of the latent inhibition (or dependen-
cy of latent inhibition on the temporal context—time of day—
of preexposure and conditioning) are not entirely known.
Long periods of habituation to different temporal contexts
seem to facilitate this phenomenon (Molero-Chamizo,
2013). This effect might mean that contextual familiarity and
associative strength of the conditioned stimulus are relevant
factors for the specificity of latent inhibition, as has been de-
scribed in contextual learning (Pearce & Bouton, 2001).
Moreover, a restriction in the intake of the conditioned taste
stimulus may also influence the conditioning process and
therefore may affect the temporal specificity of latent
inhibition. As a result, a reduced processing of the taste
stimulus during conditioning would prevent the effect of
temporal specificity. For example, Mordn et al. (2002) applied
a restriction in the intake of the taste stimulus during
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conditioning, resulting in a modulation of the taste aversion
when tested in a different time of day from that of the condi-
tioning. However, by 4 days of habituation to the temporal
context, Molero-Chamizo (2013) found temporal specificity
of'the latent inhibition of CTA without considering any restric-
tion in the amount of taste stimulus during conditioning.
Although in both cases different processes were measured
(CTA or latent inhibition of CTA), it seems necessary to clar-
ify whether a restriction in the amount of taste stimulus during
conditioning (and therefore an external control of the intake)
facilitates or hinders the temporal specificity of the latent in-
hibition of CTA, similar to that described in other learning
processes (De la Casa & Lubow, 1995; Gonzalez, Morillas,
& Hall, 2015; Lukoyanov, Pereira, Mesquita, & Andrade,
2002). Thus, the aim of this study is to analyze the effects of
restriction versus no restriction in the intake of the taste stim-
ulus at the stage of conditioning on the temporal specificity of
the latent inhibition of CTA.

A similar procedure that has previously shown such tem-
poral specificity (Molero-Chamizo, 2013) was used in this
study. However, some of the animals had limited access to
the intake of the taste stimulus in the day of conditioning
(group with restriction), and the remaining animals had no
restriction in the intake of the taste stimulus during condition-
ing (group without restriction), except the time for recording
that was common to all animals. If the temporal specificity of
the latent inhibition of CTA depends on the free control of the
intake during conditioning, then in animals with restriction in
the taste stimulus (external control of the intake) the latent
inhibition will not be specific of the temporal context; that
is, these animals will show latent inhibition regardless of a
change in the time of day between preexposure and
conditioning.

Method
Subjects

Fifty adult male Wistar rats, weighing between 280 and 300 g,
were individually housed in boxes measuring 30 cm x 15 cm
% 30 cm. All of the animals were exposed to a daily 12 hours
light/dark cycle (lights on from 9:00 to 21:00), and the tem-
perature conditions were kept constant at 23 °C. Throughout
the procedure, food was provided ad libitum, and the avail-
ability of fluid was restricted to two daily 15 min sessions, one
in the morning (10:00) and one in the evening (20:00), for all
animals. Twenty-four of them were exposed to a limited
amount of taste stimulus (5 ml) for 15 min during conditioning
(group with restriction), and 26 rats had free access to the
intake of the taste stimulus for 15 min during conditioning
(group without restriction). The procedure was approved by
the Ethics Committee for Animal Research of the University
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of Granada and was conducted in accordance with both the
NIH Publications (No. 80-23) of the National Institutes of
Health Guide (United States) for the Care and Use of
Laboratory Animals (1996 revision) and the European
Community Council Directive of November 24, 1986 (86/
609/EEC). The National Legislation, in agreement with this
Directive, is defined in Royal Decree No. 1201/2005.

Procedure

In the group with restriction in the intake of the taste stimulus,
rats were in turn distributed among the following four sub-
groups: PE-S (preexposed to the taste, PE, and same time of
day, S, for conditioning and testing, n = 8), PE-D (preexposed
to the taste, PE, and different time of day, D, for conditioning
and testing, n = 8), NPE-S (nonpreexposed to the taste, NPE,
and same time of day, S, for conditioning and testing, n = 4),
NPE-D (nonpreexposed to the taste, NPE, and different time
of day, D, for conditioning and testing, n = 4). In the group
without restriction, animals were distributed among the same
four subgroups: PE-S (n = 8), PE-D (n = 8), NPE-S (n = 5),
NPE-D (n = 5).

All animals were water restricted and received two 15-min
sessions of access to water per day, as described above, over 4
days to facilitate the differentiation of the temporal contexts
(moring vs. evening). After this period, the procedure had
three main stages (preexposure, conditioning, and testing).
With respect to the preexposure stage, all rats had access to
water in the morning session (15 min) for 2 days. The
nonpreexposed subgroups (NPE-S and NPE-D) also received
water in the evening session (15 min) of these 2 days, whereas
the preexposed subgroups (PE-S and PE-D) were exposed to a
sodium chloride solution dissolved in water (saline 1%) for 15
min. On the day following the last preexposure, conditioning
occurred in the morning session for the PE-D and NPE-D
subgroups. These subgroups of the group without restriction
in the intake of the taste stimulus were exposed to saline for
15 min in the morning, and the amounts ingested were record-
ed. The PE-D and NPE-D subgroups of the group with restric-
tion were exposed to 5 ml of saline for 15 min in the morning,
and the amounts ingested were recorded. This was the only
difference in the procedure between the groups with and with-
out restriction in the intake of the taste stimulus. Twenty mi-
nutes later, all animals received an injection of lithium chlo-
ride (LiCl 0.15 M, 2% of body weight, intraperitoneally).
Water was available for 15 min in the evening session. In
contrast, the PE-S and NPE-S subgroups received condition-
ing in the evening session (with saline restriction to 5 ml only
in the group with restriction) and water (15 min) in the morn-
ing session. After 1 day of recovery with water (15 min) in the
morning and evening sessions, the response to saline (testing
stage) was tested in all animals in the evening session for 5
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Table 1  Behavioral procedure (preexposure, conditioning, and testing

stages)

GROUP PE1-2/Wpm CTA T1-T5pm

PE-D Water am Saline + LiCl ip am Saline pm
Saline 1% pm

PE-S Water am Saline + LiCl ip pm Saline pm
Saline 1% pm

NPE-D Water am—pm Saline + LiCl ip am Saline pm

NPE-S Water am—pm Saline + LiCl ip pm Saline pm

Note. PE1-2/Wpm = Days 1 and 2 of water or preexposure to saline in the
evening session; CTA = conditioning day; T1-TSpm = tests days in the
evening session; PE-D = preexposed subgroup in the “different (D)”
context (CTA in the morning session); PE-S = preexposed subgroup in
the “same (S)” context (CTA in the evening session); NPE-D =
nonpreexposed subgroup in the “different” context; NPE-S =
nonpreexposed subgroup in the “same” context. For brevity, the morning
consumption after CTA is not represented. Animals with saline restriction
in the conditioning day (group with restriction) were exposed to 5 ml of
saline on the conditioning day, and the remaining of the procedure was
identical to that of animals without saline restriction on the conditioning
day (group without restriction).

days. Water was available for 15 min in the morning sessions.
Table 1 summarizes the behavioral procedure.

Statistical analysis

The saline consumption on the conditioning day was analyzed
using a 2 X 2 x 2 factorial design with three between-subjects
factors, the first being preexposure (preexposure vs.
nonpreexposure), the second factor being context (same “S”
vs. different “D” temporal context of conditioning), and the
third factor being restriction in the intake of the taste stimulus
(restriction vs. no restriction). The saline consumption across
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Fig. 1 Mean consumption of saline/water (in ml) by subgroups without
restriction in the intake of the taste stimulus at different stages of the
behavioral procedure, and standard deviation. BL4 = last of the 4 days
of baseline; am = morning session; pm = evening session; PE1-2/Wpm =
Days 1 and 2 of water or preexposure to saline in the evening session;
CTA = conditioning day; T1-T5pm = tests days in the evening session;
PE-D = preexposed subgroup in the “different (D)” context (CTA in the
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the test days was analyzed by a 2 x 2 x 2 x 5 repeated-
measures ANOVA. Bayesian model comparison was conduct-
ed because of the sample size of some subgroups. When the
interactions were significant, Newman—Keuls post hoc tests
were applied to analyze differences. The critical level of sig-
nificance in all tests was set to p < .05. The analyses were
carried out using SPSS software.

Results

The results indicate that a change of the time of day between
preexposure and conditioning (PE-D subgroup) disrupts the
latent inhibition of CTA in animals without restriction in the
intake of the taste stimulus. In contrast, latent inhibition was
acquired when preexposure and conditioning were performed
at the same time of day (PE-S subgroup) in these animals.
Figure 1 represents the mean consumption by subgroups on
the preexposure, conditioning, and test days for animals with-
out restriction.

Regarding the group with restriction in the intake of the
taste stimulus during conditioning, unlike the group without
restriction, the results indicate that a change of the time of day
between preexposure and conditioning (PE-D subgroup) does
not disrupt the latent inhibition of CTA. Latent inhibition was
acquired by all subgroups regardless of a change in the tem-
poral context. For the group with restriction, Fig. 2 represents
the mean consumption by subgroups on the pre-exposure,
conditioning and test days.

An ANOVA of the mean consumption on the conditioning
day indicated no significant effect of the interaction between
preexposure, context, and restriction, F(1, 42) =2.77, p = .1.
The repeated-measures ANOVA conducted to evaluate the
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morning session); PE-S = preexposed subgroup in the “same (S)” context
(CTA in the evening session); NPE-D = nonpreexposed subgroup in the
“different (D)” context; NPE-S = nonpreexposed subgroup in the “same
(S)” context. For brevity, the morning consumption after CTA is not
represented. The analysis of the main interaction shows that the PE-S,
but not the PE-D, subgroup without restriction acquired latent inhibition.
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Fig. 2 Mean consumption of saline/water (in ml) by subgroups with
restriction in the intake of the taste stimulus at different stages of the
behavioral procedure, and standard deviation. BL4 = last of the 4 days
of baseline; am = morning session; pm = evening session; PE1-2/Wpm =
Days 1 and 2 of water or preexposure to saline in the evening session;
CTA = conditioning day (saline restriction to 5 ml); T1-T5pm = tests
days in the evening session; PE-D = preexposed subgroup in the

mean consumption of each group throughout the 5 test days
revealed a significant effect of the interaction between
preexposure, context, restriction, and test F(4, 39) = 21.72, p
=.001. Newman—Keuls post hoc tests indicated no significant
effect of the preexposure factor in the different context for
animals without restriction (p > .05), indicating that the PE-
D subgroup did not show latent inhibition. There was a sig-
nificant effect of the preexposure factor in the same context (p
< .05) for these animals, which indicates that the PE-S sub-
group without restriction acquired latent inhibition. Newman—
Keuls post hoc tests also showed a significant effect of the
context factor in the preexposed animals without restriction,
indicating that the mean consumption of the PE-S subgroup
was higher than that of the PE-D subgroup (p < .05). In con-
trast, there was a significant effect of the preexposure factor

Table 2  Bayesian model comparison for the repeated-measures ANOVA

“different (D)” context (CTA in the morning session); PE-S =
preexposed subgroup in the “same (S)” context (CTA in the evening
session); NPE-D = nonpreexposed subgroup in the “different (D)”
condition; NPE-S = nonpreexposed subgroup in the “same (S)”
condition. The analysis of the main interaction indicates that all
preexposed subgroups (PE-D and PE-S) with restriction acquired latent
inhibition.

for animals with restriction (p < .05), which indicates that all
preexposed subgroups (PE-D and PE-S) with restriction ac-
quired latent inhibition. Data from Bayesian model compari-
son conducted to evaluate statistical power of the results are
shown in Table 2. Bayesian model comparison was imple-
mented for the repeated-measures ANOVA, including test
days as repeated measures (5 days) and group as between-
subjects factor (with comparisons for the resulting groups
from the Preexposure x Context x Restriction interaction).
These comparisons support the findings of the repeated-
measures ANOVA, in showing that a model including a Test
Days x Group interaction provides a better fit to the data than a
model with main effects but no interaction: the Bayes Factor
in favor of the interaction model is given by 2.710e199/
2.743e100 = 9.88 ¢98.

Models PM) P(M|data) BF v BF % error
Null model (incl. subject) 0.250 4.092e- 74 1.228e- 73 1.000

Test 0.250 0.427 2.236 1.044e+ 73 0438
CTA 0.250 3.669¢ - 74 1.101e-73 0.897 0.952
Test + CTA 0.250 0.573 4.025 1.400e + 73 3.498
Null model (incl. subject) 0.200 3.690e - 200 1.476e- 199 1.000

Test 0.200 3.879%- 127 1.551e- 126 1.051e+ 73 0.630
Group 0.200 1.316e- 188 5.265¢- 188 3.567e+ 11 0.495
Test + Group 0.200 1.012e- 99 4.048e- 99 2.743e+ 100 0.565
Test + Group + Test x Group 0.200 1.000 3.952e+ 99 2.710e+ 199 0.889

Note. BF = Bayesian F; CTA = conditioning day; Group = resulting groups from the Preexposure x Context x Restriction interaction; M = comparison
model; P = probability for models. All models include subject. Considering null model as 0, main effects as 1 and interaction effects as 2: BF; , =BF; o *
BF(, = BF, ¢/BF; 0 =2.743¢ +100/2.710e + 199 = 1.012e - 99. These comparisons support the findings of the repeated-measures ANOVA, in showing
that a model including a Test Days % Group interaction provides a better fit to the data than a model with main effects but no interaction: the Bayes factor
in favor of the interaction model is given by 2.710¢199/2.743¢100 = 9.88 ¢98.
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Discussion

The results of this study indicate that the latent inhibition
of CTA may be disrupted by changes in the temporal
context between preexposure and conditioning. This tem-
poral specificity of the latent inhibition seems only to
occur when animals have free access to the taste stimulus
during the exposure interval, but not when the taste stim-
ulus is restricted and limits the intake behavior of animals.
Throughout the test days, the consumption of the PE-S
subgroup in the group without restriction in the intake
of the taste stimulus was higher than that of the PE-D
and NPE-S subgroups. However, the consumption of the
PE-D subgroup was not different from that of the NPE-D
subgroup. Thus, only animals in which the temporal con-
text remained the same between preexposure and condi-
tioning (PE-S subgroup) showed latent inhibition in the
group without restriction. Although the sample size in
some subgroups was limited, statistical analyses of the
data suggest that the temporal context has an effect on
latent inhibition when no restriction in the intake is ap-
plied during conditioning. It can be argued that, assuming
the statistical power of the main interaction shown by the
Bayesian model comparison, these results support the
possibility that a free control of the intake during condi-
tioning facilitates the temporal specificity of the latent
inhibition in the CTA paradigm, and an external control
of the intake during conditioning affects the temporal
specificity of this phenomenon. Considering these limita-
tions, these findings seem to be consistent with previous
studies in which different contextual cues have been used.
For example, latent inhibition was reduced in a study in
which external cues (and other variables such as the num-
ber of stimulus preexposures) were changed between
preexposure and testing (De la Casa & Lubow, 2001),
indicating that latent inhibition is sensitive to contextual
changes in different stages of the experimental procedure.
In the CTA paradigm, latent inhibition attenuation after an
external context change between preexposure and condi-
tioning/testing, but not between pre-exposure/condition-
ing and testing, also has been described (Quintero et al.,
2011). Therefore, different contextual changes (both ex-
ternal and internal) applied in different stages of the be-
havioral procedure may affect the acquisition of latent
inhibition (Hall & Channell, 1986; Quintero et al., 2014;
Revillo et al., 2014).

In contrast, no temporal specificity of latent inhibition of
CTA was detected when the intake of the taste stimulus was
restricted during conditioning. In this condition, both the PE-S
and PE-D subgroups showed latent inhibition, and the magni-
tude of taste aversion over the test days was lower in these
subgroups with respect to the nonpreexposed animals, regard-
less of'a change in the temporal context. All these findings can

hardly be attributed to a contextual effect on the retrieval of
learning (Killcross, 2001; Maren & Holt, 2000) because the
context in the test days (evening session) should not point to
the conditioned stimulus—unconditioned stimulus association
in the PE-D subgroup without restriction in the intake of the
taste stimulus (and therefore this subgroup should express
latent inhibition). Rather, the effect of a change of the temporal
context on latent inhibition may be due to contextual influ-
ences on the association between stimuli (Hall, 1991; Kwok &
Boakes, 2015; Lubow & De la Casa, 2005; Schmajuk, Lam, &
Gray, 1996).

On the other hand, the behavioral procedure of this study
resulted in the delay between the final preexposure trial and
conditioning being different for “different” and “same” sub-
groups. In particular, the PE-D subgroups had a shorter delay
compared with the PE-S subgroups, which could influence the
results. Nevertheless, because greater temporal proximity be-
tween preexposure and conditioning should strengthen the
effect of preexposures (De la Casa & Lubow, 2001), greater
latent inhibition should be expected in the “different” sub-
groups. The results indicate, however, that the subgroup with
greater temporal proximity between preexposure and condi-
tioning (PE-D subgroup) showed a disruption of latent inhibi-
tion. In addition, this only happened in the subgroup without
restriction in the intake of the taste stimulus during condition-
ing (PE-D and no restriction), although there was also this
greater temporal proximity in the restricted subgroup (PE-D
and restriction).

In general, we can conclude that the behavioral procedure
to induce temporal specificity of latent inhibition of CTA is
sensitive to the exposure conditions of the taste stimulus dur-
ing conditioning. In this experiment, we used 4 days of habit-
uation to the temporal context. Temporal specificity of latent
inhibition of CTA under long periods of contextual habitua-
tion has been described (Molero-Chamizo, 2013), but a short
period seems to be a factor that hinders the contextual effect
on taste aversion (Moron et al., 2002). The results of this study
complement our knowledge of this phenomenon because they
show that an exposure without restriction to the taste stimulus
under a long period of contextual habituation facilitates the
temporal specificity of the latent inhibition of CTA. However,
an external control of the intake behavior during conditioning
(a restriction in the intake of the conditioned taste stimulus)
under the same period of habituation disrupts this contextual
control of the latent inhibition. Thus, long periods of
temporal-contextual habituation might facilitate the temporal
specificity phenomenon when animals experience a determi-
nate exposure of the conditioned stimulus during
conditioning.

Because of the three-stage procedure of the study, the effects
of contextual changes on latent inhibition can be attributed to
associative mechanisms occurring during conditioning, which
may result in changes in the associative strength between
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stimuli (Escobar, Arcediano, & Miller, 2002; Westbrook, Jones,
Bailey, & Harris, 2000). A restriction in the intake of the con-
ditioned taste stimulus during conditioning might affect the
temporal specificity of the latent inhibition of CTA via a mod-
ulation of these associative processes. Regarding this modula-
tion, one possibility is that the experience with the taste stimulus
is able to modify the way in which the time of day is treated by
the memory systems. It is also possible that the arousal level
associated with a particular intake can alter the attention direct-
ed to contextual cues such as the time of day. Because much
remains unknown about the processes of latent inhibition, these
results may guide further studies to elucidate the mechanisms
involved in the latent inhibition of CTA and the contextual and
temporal modulation of this learning.
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