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The amygdala and hippocampus play crucial roles in the latent inhibition of different conditioned responses, 
such as fear conditioned. Nevertheless, the involvement of these structures in the latent inhibition of conditioned 
taste aversion (CTA) is uncertain. In the present study, we explore the relevance of the amygdala and 
hippocampus in latent inhibition using a CTA paradigm. The effects of taste pre-exposures vs. 
non-pre-exposures on taste aversion conditioning were compared in Wistar rats with amygdaloid or 
hippocampal excitotoxic lesions. All pre-exposed animals consumed significantly more on the test day than did 
non-pre-exposed animals. Therefore, neither amygdaloid nor hippocampal lesions prevented the latent 
inhibition phenomenon. However, the expected taste neophobia was potentially affected by lesions to either the 
amygdala or hippocampus. These findings suggest that the amygdala and hippocampus seem to be necessary for 
taste neophobia but not for the acquisition of latent inhibition of CTA. The differential involvement of both 
structures in latent inhibition under different associative learning paradigms is briefly discussed. 
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Introduction 

Previously pre-exposed and non-reinforced stimuli reduce 
the subsequent conditioned response. This inhibition of 
learning has been termed latent inhibition [1]. The neural 
mechanisms of this learning are not completely known and 
might be determined by the conditioning paradigm in which it 
is tested [2-6]. The temporal lobe, basal ganglia and limbic 
system are necessary structure for the effects of pre-exposures 
to a stimulus [7, 8], although the mechanisms and specific 
structures involved in most of the learning processes are 
unknown. Some studies have reported a possible involvement 
of the amygdala in the neural circuit that enables the formation 
of latent inhibition in appetitive learning [9], but the results of 
studies on the involvement of the amygdala in conditioned 

emotional response processes have been inconclusive [10-12]. In 
fear conditioning, the central [13] and basolateral [14, 15] nuclei 
of the amygdala seem to be involved in the latent inhibition 
mechanism. In regards to conditioned taste aversion (CTA), 
evidence of involvement of the amygdala is limited, and 
currently available data do not allow for definitive 
conclusions [16-20].  

Another structure involved in the acquisition of latent 
inhibition is the hippocampus [21-27], but it has been reported that 
electrolytic [28] and excitotoxic [29] lesions of the hippocampus 
do not disrupt the latent inhibition of CTA. In general, the results 
of studies on the neural basis involved in the latent inhibition of 
CTA are conflicting [2, 30], especially results regarding ventral 
hippocampal lesions [31, 32]. Several studies have even shown an  
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Table 1. Stereotaxic coordinates 

LESION A-P 1 A-P 2 M-L 1 M-L 2 D-V 1 D-V 2 

Hippocampus -2.8 -3.6 ±1.6 ±2.2 +3.4 +3.4 
Amygdala -2.8 -3.3 ±4.6 ±4.6 +8.2 +8.8 
A-P, anterior-posterior axis; M-L, medial-lateral axis; D-V, dorsal-ventral axis. 

Table 2. Procedure 

GROUP BL 1 BL 2 W/S 1 W/S 2 CTA Water Test 

PE-HC Water Water Saccharin Saccharin Saccharin + LiCl 
ip 

Water Saccharin 

NPE-HC Water Water Water Water Saccharin + LiCl 
ip 

Water Saccharin 

PE-AM Water Water Saccharin Saccharin Saccharin + LiCl 
ip 

Water Saccharin 

NPE-AM Water Water Water Water Saccharin + LiCl 
ip 

Water Saccharin 

BL 1 and BL 2, first and second day of baseline; W/S 1 and 2, days 1 and 2 of water or 
pre-exposure to saccharine; CTA, conditioning day; LiCl ip, intraperitoneal lithium chloride; PE, 
pre-exposed group; NPE, non-pre-exposed control group; HC, hippocampal lesion; AM, 
amygdaloid lesion. 

increase of lantent inhibition of CTA after the generation of 
hippocampal electrolytic [33] or excitotoxic [34] lesions.  

It is possible that the amygdala and hippocampus are 
involved in the latent inhibition of some learning processes, as 
fear conditioning, but not in the case of latent inhibition of 
CTA. The characteristics of this adaptive learning probably 
involve different neural substrates. Nevertheless, the fact that 
latent inhibition of CTA is increased after lesions in the 
hippocampus is not compatible with this option. Thus, the aim 
of this research is to explore the effects of selective amygdaloid 
and hippocampal lesions on the latent inhibition of CTA, to 
evaluate the possible involvement of these structures in the 
specific inhibition of this learning.  

Materials and Methods 

Subjects 

Forty adult male Wistar rats, weighing between 280 and 
300 g, were individually housed in boxes measuring 30 cm × 
15 cm × 30 cm. All animals were exposed to a daily 12 hours 
light-dark cycle (lights on from 9:00 to 21:00), and the 
temperature conditions were kept constant at 23 °C. Food was 
provided ad libitum, and the fluid was restricted to 15 min 
daily along the behavioral procedure. The procedure was 
approved by the Ethics Committee for Animal Research of the 
University of Granada and was conducted in accordance with 
both the NIH Publications (Nº 80-23) of the National Institute 
of Health Guide (United States) for the Care and Use of 
Laboratory Animals (1996 revision) and the European 
Communities Council Directive of 24 November 1986 
(86/609/EEC).  

Surgery  

Animals were anaesthetized with an intraperitoneal (i.p.) 
injection of sodium pentobarbital (1 mL/kg) and placed in a 
stereotaxic apparatus for surgery (Stoelting Co. Instruments, 
Wood Dale, IL, USA). The incisor bar was set at 3.3 mm 
below the interaural line. A longitudinal incision was made to 
expose the skull, and then the bregma and lambda points were 
leveled in the horizontal plane and two trepanations were 
made in each hemisphere to induce extensive lesions in the 
hippocampus or amygdala. The stereotaxic coordinates for 
both structures were taken from the atlas of Paxinos and 
Watson [35] (Table 1). All animals received two successive 
injections of N-methyl-D-aspartate (NMDA) (0.6 μL; 0.077 
M) in each hemisphere, through an injection cannula (0.3 mm 
exterior × 0.15 mm interior) inserted in a micro-syringe 
(Hamilton, 10 μL). The neurotoxin was injected at a rate of 1 
μL/min using an injection pump (Harvard, USA). The cannula 
was kept at the lesion site for 2 min after the injections to 
facilitate the flow of the toxin. Finally, the cannula was 
removed and the incision was sutured. A postoperative 
recovery period of seven days was applied in which water and 
food was available ad libitum.  

Procedure 

Rats were randomly distributed among four groups: 
PE-HC, pre-exposed to the flavor and hippocampal lesion (n = 
10); NPE-HC, non-pre-exposed to the flavor and hippocampal 
lesion (n = 10); PE-AM, pre-exposed to the flavor and 
amygdaloid lesion (n = 10); NPE-AM, non-pre-exposed to the 
flavor and amygdaloid lesion (n = 9). All animals were 
deprived of fluid for a daily period of 23 h and 45 min during 
the experiment. The consumption of water by each group in 
the two-day baseline period was recorded. Subsequently, all 
of the PE groups were pre-exposed for two days to a sodium 
saccharin solution (0.1%) for 15 min. All of the NPE groups 
were exposed to water during that period. On the fifth day, all 
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rats were exposed to saccharin solution for 15 min, and their 
consumption of the solution was recorded. Twenty minutes 
later, all animals received an injection of lithium chloride 
(LiCl) (0.15M, 2% of body weight, i.p.). After one day of 
recovery with water (15 min), all rats were exposed again to 
saccharin solution for 15 min, and their consumption of the 
solution was recorded. Table 2 shows the behavioral 
procedure. 

Histology  

At the end of the experiments were completed, brains were 
removed and stored in 10% formalin solution and 
subsequently cryo-sectioned (Erma-422, Tokyo) at 
approximately 45 μm. The slides were stained with cresyl 
violet and evaluated under an optical microscope (CH-30, 
Olympus). Images of the slides were taken with a TV 
Olympus camera (U-PMTVC, Japan).  

Statistics 

The effect of the hippocampal and amygdaloid lesions on 
the latent inhibition of CTA was analyzed by a 2 × 2 factorial 
design, with one inter-group factor with two levels 
(hippocampal lesion and amygdaloid lesion) and another 
inter-group factor with two levels (pre-exposure and 
non-pre-exposure). Data from baseline, pre-exposure and 
conditioning days were analyzed by a factorial ANOVA, and 
the factors determined to be significant were analyzed using a 
one-way ANOVA. Saccharine consumptions on the test day 
were analyzed by a factorial analysis of covariance 
(ANCOVA). The significant factors were analyzed by 
one-way ANCOVA. When interactions were significant, 
Newman-Keuls post-hoc tests were applied to analyze 
differences.  

Results  

Histology 

No lesions were found outside the intended area, and no 
non-specific damage was induced by the injection method. 
The neurotoxin induced lesions in the cells of both the 
hippocampus and amygdala. One rat with unsuitable lesion in 
the amygdala was excluded from the final sample. Figure 1 
shows two brain sections, one from a pre-exposed and one 
from a non-pre-exposed animal with hippocampal lesions. 
Figure 2 shows two brain sections, one from a pre-exposed 
and one from a non-pre-exposed animal with amygdaloid 
lesions.  

Animals with hippocampal lesions showed bilateral cell 
loss, especially in the CA1 and CA2 regions and the dentate 
gyrus. Minimal destruction of pyramidal and polymorphic 
cells was also observed in CA3. The medial lesions reached 
the adjacent lateral ventricles. The cellular degeneration in 
CA1 and CA2 was surrounded by intensely stained glial 
proliferation. Microglia plates were also accumulated around 
the cells of the dentate gyrus. In the amygdala, bilateral cell 
loss and microglial proliferation were also observed, mainly in 
the pyramidal cells of the basolateral and central nuclei. 
Furthermore, a moderated lesion was observed in the lateral 
and ventromedial areas of the amygdala. The 
neurodegeneration induced by amygdaloid lesions was 
surrounded by glial proliferation, which was markedly 
stained.  

Behavioral results  

An ANOVA of the mean consumption of water on the first 
day of baseline indicated no significant effect of the 
pre-exposure factor (F[1,35] = 3.79; p = 0.06) or lesion factor  

Figure 1. Brain sections from two rats with excitotoxic lesion of 
the hippocampus. The arrows indicate the cell destruction and 
microglia proliferation induced by N-methyl-D-aspartate in the CA1 
hippocampal region. (A) Brain section obtained from a pre-exposed 
animal. (B) Brain section obtained from a non-pre-exposed animal. 
Scale bars: 150 μm.  
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(F[1,35] = 0.01; p = 0.96). The interaction between 
pre-exposure and lesion was also non-significant (F[1,35] = 
0.01; p = 0.94). An ANOVA of the water consumption on the 
second day of baseline indicated no significant effect of 
pre-exposure (F[1,35] = 1.93; p = 0.1) or lesion (F[1,35] = 0.61; 
p = 0.4). The interaction between pre-exposure and lesion was 
also non-significant (F[1,35] = 0.45; p = 0.5). An ANOVA of 
the consumption on the first day of pre-exposure showed no 
significant effect of pre-exposure (F[1,35] = 0.61; p = 0.4) or 
lesion (F[1,35] = 0.18; p = 0.6). It also revealed no interaction 
between pre-exposure and lesion (F[1,35] = 2.36; p = 0.1). An 
ANOVA of the consumption on the second day of pre-exposure 
revealed a significant effect of pre-exposure (F[1,35] = 11.29; p 
= 0.01). Newman-Keuls tests indicated that the 
non-pre-exposed groups consumed less fluid (water) than 
those groups pre-exposed to saccharin solution (p = 0.01). 
There was no significant effect of lesion (F[1,35] = 0.01; p = 
0.1) and no interaction between pre-exposure and lesion 
(F[1,35] = 0.46; p = 0.5).  

A repeated measures ANOVA of the consumption by each 
group on the second day of baseline and the first and second day 
of pre-exposure indicated a significant difference in the 
pre-exposed, hippocampal lesion group (F[1,18] = 5.99; p = 
0.01). Newman-Keuls tests indicated that the consumption on 
the second day of pre-exposure was higher than those on the 
second day of baseline (p = 0.01) and the first day of 
pre-exposure (p = 0.01). A significant difference in the 
pre-exposed, amygdaloid lesion group was also found (F[1,18] 
= 5.95; p = 0.01). Newman-Keuls tests revealed that the 
consumption on the second day of pre-exposure was higher 
than those on the second day of baseline (p = 0.02) and the first 
day of pre-exposure (p = 0.01). There was no significant 
difference in consumption from the second day of baseline to 
the second day of pre-exposure in the non-pre-exposed, 
hippocampal lesion group (F[1,18] = 1.58; p = 0.23) or the 
non-pre-exposed, amygdaloid lesion group (F[1,16] = 1.6; p = 
0.23).  

An ANOVA of the consumption recorded on the 
conditioning day revealed a significant effect of the 
pre-exposure factor (F[1,35] = 29.14; p = 0.01). Newman-Keuls 
tests indicated that the animals pre-exposed to saccharine 
consumed more saccharine than the non-pre-exposed controls 
animals (p = 0.01). There was no significant effect of lesion on 
saccharine consumption (F[1,35] = 0.17; p = 0.7) and no 
interaction between pre-exposure and lesion (F[1,35] = 0.65; p 
= 0.4). Additionally, an ANOVA of the consumption of water 
on the recovery day indicated no significant effect of 
pre-exposure (F[1,35] = 0.74; p = 0.4) or lesion (F[1,35] = 1.57; 
p = 0.2), and no interaction between pre-exposure and lesion 
(F[1,35] = 1.02; p = 0.3).  

Because there was a significant effect of the pre-exposure 
factor on the conditioning day, a factorial covariance analysis 
(ANCOVA) of the consumption of saccharine recorded on the 
test day was conducted. A 2 × 2 ANCOVA showed a 
significant effect of pre-exposure (F[1,35] = 9.03; p = 0.01). 
Newman-Keuls tests showed that the pre-exposed groups 
significantly consumed more saccharin than the 
non-pre-exposed groups (p = 0.01). No significant effect of 
lesion (F[1,35] = 3.04; p = 0.1) and no interaction between 
pre-exposure and lesion (F[1,35] = 1.02; p = 0.3) were found in 
regards to saccharin consumption.  

The mean consumption and standard deviation for each 
group at different phases of the behavioral procedure is showed 
in Table 3. Figure 3 shows the consumption of all groups 
throughout the experiment.  

Discussion  

Figure 2. Coronal brain sections from two rats with excitotoxic 
lesion of the amygdala. The arrows indicate the mean extention of 
the neurodegeneration and microglia proliferation induced by 
N-methyl-D-aspartate. (A) Brain section obtained from a pre-exposed 
animal. (B) Brain section obtained from a non-pre-exposed animal. 
Scale bars: 200 μm.  
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Table 3. Consumption of fluid in milliliters through the behavioral procedure, and standard deviation 

Mean BL 1 BL 2 W/S 1 W/S 2 CTA Water Test 

PE-HC 14 13.44 12.66 18.26 21.16 7.62 7.9 
NPE-HC 12.07 12.79 13.51 14.46 13.48 7.77 2.83 
PE-AM 14.02 14.76 14.87 19.3 19.64 9.88 10.09 

NPE-AM 11.96 12.89 12.25 13.55 13.95 8.34 3.91 

SD        

PE-HC 0.77 1.11 1.29 1.92 0.82 0.81 0.82 

NPE-HC 0.83 0.68 0.51 0.99 1.42 1.09 0.68 

PE-AM 0.97 0.57 1.35 1.16 1.07 1.03 1.52 

NPE-AM 1.27 0.96 0.82 1.01 1.29 0.74 0.41 

BL 1 and BL 2, first and second day of baseline; W/S 1 and 2, days 1 and 2 of water or pre-exposure to 
saccharine; CTA, conditioning day; SD, standard deviation; PE, pre-exposed group; NPE, non-pre-exposed 
control group, HC, hippocampal lesion; AM, amygdaloid lesion. 

This study reveal that rats with lesions in the dorsal 
hippocampus or amygdala show a reduction in CTA when 
they are pre-exposed to saccharine for two days compared to 
when they are not pre-exposed to saccharin. These findings 
indicate that the integrity of the dorsal hippocampus or 
amygdala is not necessary for the acquisition of latent 
inhibition in the conditioned taste aversion paradigm. 
However, regarding other paradigms, as fear conditioning, the 
hippocampus and amygdala seem to be involved in the 
mechanism of latent inhibition [13, 15]. The emotional 
requirement to fear conditioning could make necessary the 

activation of these limbic structures for its modulation. 
Besides the latent inhibition of fear conditioning, the 
amygdala [9, 36] and hippocampus [22, 25, 37] are involved in 
latent inhibition when this phenomenon is evaluated using 
other paradigms. The particular procedure in each 
conditioning paradigm may involve specific structures in 
latent inhibition. Thus, in the CTA paradigm it has been 
showed in preweanling rats that the number of pre-exposures 
and the strength of the unconditioned stimulus (US) can 
promote latent inhibition, but these factors also can, however, 
facilitate taste aversion [38]. Therefore, it is possible that 
different factors of the particular procedure may promote the 
involvement of different neural mechanisms during each 
response. These mechanisms might involve the amygdala and 
hippocampus only when specific factors are introduced in a 
given procedure. For instance, since the basolateral nucleus of 
the amygdala is involved in the processing of taste memory, 
this area has been specifically related to the latent inhibition of 
CTA [39]. Furthermore, in regards to the hippocampus, in a 
study [40], the latent inhibition of CTA was not disrupted by 
hippocampal lesions. Nevertheless, these lesions disrupted the 
contextual control of the latent inhibition by the time of day. 
In light of these results, the author proposed that the 
hippocampus is not required for the latent inhibition of CTA 
but, rather, is involved in the contextual dependency of this 
learning process. On the other hand, it has been suggested that 
different regions or nuclei of the same structure can participate 
in latent inhibition in different ways [12]. This hypothesis could 
clarify the seemingly contradictory effects on latent inhibition 
after lesions of the same structure. Considering all these 
findings, the results of this study are consistent with the 
possibility that latent inhibition requires specific brain 
structures and brain areas, which are dependent of the specific 
procedure and the paradigm.  

Although hippocampal and amygdaloid lesions did not 
impact the latent inhibition of CTA, they did have a clear 
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Figure 3. Mean consumption of saccharine or water (in 
milliliters) through the behavioral procedure, and standard 
deviation. BL 1 and BL 2, first and second day of baseline; W/S 1 and 
2, days 1 and 2 of water or pre-exposure to saccharine; CTA, 
conditioning day; PE, pre-exposed group; NPE, non-pre-exposed 
control group, HC, hippocampal lesion; AM, amygdaloid lesion. A 2 × 
2 covariance analysis (ANCOVA) performed on the test day showed 
a significant effect of pre-exposure (F[1,35] = 9.03; p = 0.01). 
Comparisons tests showed that the pre-exposed groups consumed 
significantly more saccharin than the non-pre-exposed control groups 
(p = 0.01). No significant effect of lesion (F[1,35] = 3.04; p = 0.1) or 
interaction between pre-exposure and lesion was found (F[1,35] = 
1.02; p = 0.3). These data indicate that all pre-exposed groups, with 
hippocampal or amygdaloid lesions, acquired latent inhibition of CTA 
compared to non-pre-exposed groups.  
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effect on the novelty of the taste stimulus examined here, 
saccharine. None of the lesion groups showed reduced 
consumption of the taste stimulus during the first 
pre-exposure, and, therefore, the neophobia phenomenon was 
affected compared to non-pre-exposed groups. The role of the 
hippocampus in latent inhibition has been related to its ability 
to predict events. Considering this role, hippocampal lesions 
could have effects on latent inhibition because they affect the 
novelty of stimuli depending on the particular procedure and 
the duration of the pre-exposures [2]. Nevertheless, in our 
study, animals with hippocampal (and amygdaloid) lesions 
did not express an observable neophobia to saccharin, 
although their consumption on the second day of pre-exposure 
was increased, perhaps due to the development of taste 
preference. Furthermore, even the non-pre-exposed animals 
with lesions in either brain structure examined did not show 
reduced consumption when they were exposed to the taste 
stimulus for the first time, which was on the conditioning day. 
Despite this effect on novelty, pre-exposed animals showed 
latent inhibition. Therefore, generating lesions in the 
hippocampus or amygdala selectively affects neophobia to a 
taste stimulus, but does not prevent the acquisition of the 
latent inhibition of CTA. From these data it can be argued that 
the hippocampus and amygdala are selectively involved in the 
perception of the taste novelty, which is consistent with 
previous studies [41-43]. However, these data indicate that 
neither the hippocampus nor the amygdala is involved in the 
subsequent effect of taste pre-exposures on conditioning.  

Conclusions 

Hippocampal or amygdaloid excitotoxic lesions do not 
affect the latent inhibition of CTA. Therefore, these structures 
do not determine the effect of taste pre-exposures on 
conditioning. Nevertheless, these lesions do alter the expected 
neophobic response to a taste stimulus, without affecting the 
final inhibitory modulation of taste aversion. Some variations 
in the specific lesion area or the behavioral procedure used 
could explain the conflicting results of studies on the neural 
bases of the latent inhibition of associative learning.  
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