Huang et al., Int J Clin Pharmacol Pharmacother 2017, 2: 123

https://doi.org/10.15344/2017/2456-3501/123

International Journal of
Clinical Pharmacology & Pharmacotherapy

Original Article Open Access

Unconditioned Stimulus Pre-exposure Interferes with Conditioned Taste

Aversion in Rats

Andrew Chih Wei Huang* and Sigmund Hsiao
Department of Psychology, Fo Guang University, Yi-Lan 26247, Taiwan
Department of Psychology, National Chung Cheng University, Chia-Yi, Taiwan

Abstract

Pairing of a gustatory CS and the visceral US induced by lithium chloride (LiCl) results in reduction
of consumption of CS solution. This reduction is termed conditioned taste aversion (CTA). Pre-exposure
to CS alone prior to the conditioning disrupts the conditioning (latent inhibition) and so is pre-exposure
to US. The US pre-exposure effect is hypothesized to be due to tolerance, habituation, or the associative
blocking effect. We studied the dose effect of US pre-exposure on CTA. In 3 experiments, rats were
exposed to 10 doses of LiCl before the CTA procedure that consisted of ingesting a saccharin solution
(0.1%) followed by injection of a constant dose of LiCl (7.632mg/rat). If the pre-exposure reduced the
associability of the US, the CTA should beless. Exp. 1: Pre-exposure to 4 or 8 ml/kg of 0.15M LiCl, 1, 2 or 4
days prior to CTA did not have effect. Exp. 2: Pre-exposure to 0.5, 1, 2, 16, 32 ml/kg 1-day prior disrupted
CTA. Exp. 3: Pre-exposure to 1, 16, 20, 32, 40 ml/kg 2-days prior disrupted CTA. Summary: (a) The
pre-exposure effect was the same whether the pre-exposure occurred 1 or 2 days prior to conditioning.
(b) A clear dose-effect relationship existed. (c) The relation was not monotonic. (d) The lowest pre-
exposure dose, 0.5ml/kg of 0.15M LiCl, not strong enough to induce CTA by itself, was effective. (e)
Upon repeated pairing of CS and US, CTA became more pronounced. The results do not support the
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hypotheses mentioned earlier.

Introduction

The formation of association between two events renders the
preceding event the predictive power and the animals’ likelihood
of avoiding aversive stimuli and obtaining the objects that sustain
life and the species is increased. Contiguity and contingency are
conditions essential for two or more events to become associated. The
former denotes the proximity in space and time between two events,
while the later denotes the likelihood of occurrence of one event
when the other has occurred. The two conditions, while necessary,
do not guarantee an association to form, however. Animals’ previous
experience with the event also influences the formation. This research
is about the effect of pre-exposure to one of the events, the one to be
predicted, and the change in its associability.

In his Science article [40], Skinner stresses that the formation of
stimulus (S) and response (R) relationship is based on the third event,
namely, the consequence, or reinforcement. This principle is known
as “three-term contingency”. For example, an animal encountering
a tastant (S), ingesting it (R) and becoming sick (reinforcement) is
an episode containing three-term contingency. The result is that the
gustatory stimulus of the tastant becomes connected to the response
of ingestion and, henceforth it guides its ingestion. In this case, the
S-R relationship results in reduction of ingestion. The conditioned
taste aversion (CTA) is an associative learning between a gustatory
stimulus (CS) and the stimulus related to sickness (US) with CR being
the ingestive response (CR) to the tastant. CTA is adaptive because
it protects animals from being killed by a poisonous tastant through
the feed-forward preventive mechanism. The most effective CS is
a novel and salient tastant [26, 27, 38]. LiCl is the most commonly
used compound to induce US [8, 9, 17, 20, 23, 32]. CTA is a robust
association, even a highly preferred sucrose solution, could become
rejected as a result of being paired to LiCl treatments [33, 34]. It is
a specific form of conditioning because of its associative specificity
between the gustatory stimulus and the stimulus related to sickness
[19].

It has been shown that pre-exposure to CS alone or to US alone
can interfere with the formation of CTA [for CS pre-exposure effect
see 7, 22, 25, 44; for US pre-exposure effect see 2, 3, 4, 6, 8, 12, 14,
16, 18, 21, 22, 31, 41, 42, 43]. The pre-exposure to CS alone results
in reduced associability between CS and US and the effect is known
as latent inhibition. The US pre-exposure paradigm has been used
to study whether two drugs share the common mechanism in a
between-drug, or inter-agent, design; i.e. whether pre-exposure to
one drug reduces the associability of the second drug [5]. Several
hypotheses have been advanced to explain why the US pre-exposure
retards the conditioning: (a) Tolerance hypothesis states that the pre-
exposure weakens the conditioning efficacy due to the development
of tolerance to the US drug [10, 11, 21, 30]. (b) Habituation to novelty
hypothesis states that US loses its saliency during the pre-exposure
[1, 42]. (c) Associative interference hypothesis states that the US has
become associated to the context, thus blocking the formation of a
new association in the same context a la Kamin’s blocking paradigm
6, 29, 37].

Cannon and his colleagues (1975) observed that (a) single US pre-
exposure retards acquisition of the CS-US association, (b) the pre-
exposure must occur within a limited period before conditioning, after
4 days there was no longer the effect, (c) the degree of disruption was a
positive function of preconditioning US dosage and inverse function
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of conditioning US dosage. They suggested that tolerance to the drug
could not explain the effect because a typical tolerance requires many
repeated treatments to develop, while the US pre-exposure effect
occurred with only one single treatment. They conducted the CTA
test in a new context to study the association hypothesis but did not
obtain a context-dependent effect. Non context-specificity as well
as the short lasting nature of the effect suggests that this is not an
associative event.

There are three parameters that may affect the pre-exposure effect:
(a) the property and intensity of pre-exposure agent, (b) the relative
property and relative intensity of CS and US during conditioning,
and (c) the duration (or persistence) between pre-exposure and
conditioning. In the past, the parametric dose-effect has not been
examined systematically (see the dose used so far by researchers in
Figure 4). This study aimed to systematically manipulate the dose of
US pre-exposure to observe, on one hand, the does-effect relationship,
and on the other hand, to see whether the hypothesis mentioned
earlier was supported. In a series of experiments we used 10 doses
of LiCl, ranging from 0 (saline) to 72.32 mg/rat, as the pre-exposure
agent and a constant dosage of LiCl (7.632mg/rat) as the US in the
conditioning phase, in an “intra-agent design’, to study US pre-
exposure and CTA relationship.

Method
Subjects

Subjects were male, Sprague-Dawley rats purchased from National
Laboratory for Animal Breeding and Research Center in Taiwan, They
weighed 250-350 g at beginning of the study. Rats were individually
housed in wire-mesh cages in a colony room with 12-hr/12-hr day/
night cycle with temperature approximately 200C. All rats received
lab chow ad libitum with water available for a limited duration as
specified in the procedure.

Apparatus

All experiments were conducted in the experimental cage of the
lickometer [DiLog Company; 15]. The lickometer recorded intake
volume and timing of licking responses. However, in this report we
used intake volume only to analyze CTA.

Procedure
All experiments consisted of 4 phases.

Preliminary Phase: All rats were adapted to a deprivation regimen
with distilled water (dH,O) available for 30 min/day at approximately
1330hr in the colony room. Rats were then given dH,O for 15 min
in the experimental cage and 30 min later given water for 30 min in
home cages until the intake stabilized.

US Pre-exposure Phase: All rats were assigned randomly to treatment
groups and given of various amounts of LiCl according to the following
procedure; dH,O for 15min followed by injection of various quantity
(ml/kg) of 0.15 M LiCl (ip) (the isotonic concentration to minimize
irritation), then, 30 min later, given 30 min of water in home cages.

Conditioning Phase: All rats were given 0.1% saccharin solution for
30 min followed by the injection of 4 ml/kg of 0.15 M LiCl. This was
repeated 3 times with one day of no treatment between sessions.

Extinction Phase: Rats were given the saccharin solution without
any injection. This was repeated 2 times with one day of no testing
between the tests.

The intake data on conditioning and extinction phases were
converted into an index for “Measure of CTA” based on the following
formula: 100*(Intake Volume on a Test-Baseline)/Baseline for
saccharin solution intake. The baseline was the saccharin solution
intake volume of day 1 of the conditioning phase. Any decrease
from this initial value was considered as an aversion. The amount
of reduction was expressed as the percentage. Thus, a negative value
indicated an aversion. A mixed analysis of variance (ANOVA) was
used to evaluate the effect with a-level set at 0.05.

Results

In Exp.l, a 2x3x3 mixed ANOVA indicated (a) no difference
between doses of 4 and 8 ml/kg LiCl ( F(1,18)=0.04 ), (b) no difference
between the number of days elapsed between the US pre-exposure
and conditioning ( F(2,18=2.73, p>.05) ), (c) significant difference
between 3 conditioning trials ( F(2,36)=45.09, P< .01 ), and (d) no
interaction effects. Separate ANOVA between the control group and
the groups given LiCl during pre-exposure indicated no significant
difference. This lack of pre-exposure effect prompted us to conduct
Exps. 2 and 3 by expanding the dose range widely.

Figure 1(a) shows that in Exp.l the three conditioning trials
induced a steadily stronger CTA, but there was no difference between
the three dose groups. Figure 1(b) shows that the three duration
groups did not differ significantly. The duration effect was tested
further with the three groups in Exps. 2 and 3 that had the doses, 1,
16, 32ml/kg, duration of 1 or 2 days.

ANOVA indicated no duration effect. Therefore, we combined
the data in terms of doses, by collapsing over duration from all dose
groups of 3 experiments to draw the dose-effect curve. Figure 2 shows
the curve over 10 doses for 3 conditioning trials. A 3 by 10 ANOVA
indicated significant dose effect of US pre-exposure ( F(9,80)=14.76,
p<.01 ), conditioning trials ( F(2,160)=130.68, p<.01 ), and their
interaction ( F(18,160)=1.70, p<.05 ). Figure 3 depicts the curve
over 10 doses during 2 extinction trials. A 2 by 10 ANOVA indicated
significant dose effect ( F(9,80)=7.42, p<.01 ), trial effect ( extinction
effect ) (F(1,18)=188.68, p<.01 ), and their interaction ( F(9,80)=3.99,
p<.01).

The lowest pre-exposure dose was a 0.5ml/kg of 0.15M LiCL
We compared the CTA of this dose with the control group. A 2 by
3 ANOVA indicated a significant dose effect (F(1,14)=5.71, p<.05
), conditioning effect ( F(2,28)=20.84, p<.01 ), but non-significant
interaction ( F(2,28)=0.02, p>.05).

Discussion

In a study using a wide range of doses we found some important
effect of US pre-exposure: (a) Pre-exposure to LiCl is effective in
diminishing the ability of LiCl to induce CTA. (b) The pre-exposure
effect occurred even at a low dose of 0.5ml/kg of 0.15M LiCl, that is
not effective by itself to induce a CTA [32]. (c) The dose-effect relation
is overall positive, as the dose increases the effect increases; however,
there seems to be at some intermediate doses the efficacy diminishes,
thus the relationship appears to be not monotonic. (d) Upon repeated
pairing of CS and US, the CTA effect steadily increased.
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\ conditioned taste aversion in Exp.1.

Figure 2a: The effect of US pre-exposure dose and the number of conditioning trials on conditioned taste aversion in
Exp.1. Figure2b: The effect of US pre-exposure dose and the duration between the pre-exposure and the conditioning on

~

« »

\of subjects used to obtain each mean value.

The dose range we used covered all those the previous studies
employed. For example, 1.8mEq of 0.15M LiCl (equal to 76.320mg/
rat, assuming each rat’s average weight being 300 gm) was used
by Dacanay and Riley [14] and Ford and Riley [18]. Cannon et al
[10] used 20ml/kg of 0.12M, 0.36M LiCl (equal to 30.528mg/rat,
91.584mg/rat, respectively). Batson and Best [2] used 10, 20ml/kg of
0.15M LiCl (equal to 19.080mg/rat, 38.160mg/rat). Misanin, Hoefel,
Riedy and Hinderliter [31]

Figure 2: The dose-response relation between US pre-exposure and CTA.
Note: Test 1 was a CTA test after one conditioning trial. Test 2 was a CTA test
after 2 trials, and Test 3 was a CTA test after 3 trials. “n” indicates the number

,/'

Figure 3. The dose-effect relation between US pre-exposure and CTA
during the extinction phase. Note: Test 3 was a CTA test after 3 conditioning
trials. Test 4 was a CTA test after Test 3, but no US was paired in Test 3. “n”
\ indicates the number of subjects used to obtain each mean value.

2
used 1% body weight IP injection of 0.15M LiCl (equal to 19.080mg/
rat). Overall, the lowest dose was 10ml/kg of 0.15M LiCl (i.p.) and
highest was 20ml/kg of 0.36M LiCl that was administrated through
intubation. Our result confirmed many of the studies.

Our non-monotonic dose-effect relationship parallels that of the
inverted U effect of Randich and LoLordo [36] in one aspect. They
showed, in a conditioned emotional response acquisition task, the
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.

Figure 4: A general comparison of the dose-response relation between US pre-exposure and the effect on CTA of
many studies. Note: The stronger the attenuation on CTA relative to the baseline the more the pre-exposure effect.
Rat’s average weight was assumed to be 300 gram in all experiments to facilitate comparison.

y,

strongest attenuation occurred when the US pre-exposure strength
was the same as that during conditioning. However, in our case the
same dose between pre-exposure and conditioning resulted in the
least attenuation of CTA. A tolerance, habituation, and associative
blocking hypotheses would predict that the higher the pre-treatment
the better the effect, thus the non-monotonic nature of the effect does
not support these hypotheses. A drug tolerance usually requires many
repeated treatments of a relatively high dose, while our pre-exposure
effect required one a single treatment of very low dose. The associative
blocking hypothesis is not supported also because the lowest effective
dose was not strong enough, by itself, to induce a CTA. It is unlikely
that this dose would form an association with the contextual cue
to block the formation of CTA. The non-monotonic nature of the
relationship also counters the associative hypothesis.

Figure 2 shows that the measure of CTA was more than zero in
the high dose groups, indicating that rats ingested more saccharin
solution than the pre-conditioning baseline even though the CTA
procedure was applied. This indicates that US was not effective and
that the increase in intake occurred because of the diminishment of
taste neophobia to saccharin solution [13, 28]. Overall, the acquisition
of CTA and its extinction were quite predictable in all groups, i.e.,

upon repeated pairing of CS and US the CR intensified and when US
was withdrawn CR weakened. Thus, it appears that CTA formation
was not completely blocked by US pre-exposure and the associative
potential of CS and US remained intact even in the highest dose
group. The pre-exposure apparently affected the initial level of CR
performance such that effect of first CTA conditioning was attenuated.

The primary physiological reactions to LiCl (UR) include diarrhea,
tremor, lack of activity, lethargy, and unresponsiveness to stimuli
[39]; however, the neuronal mechanism of the effect is unspecified.
The development of conditioning and tolerance involves the
secondary reaction to the UR, the compensatory responses, as well
as the UR itself. Unless we specify the neuronal mechanism of the
pharmacological effect of LiCl, it is unlikely for us to be able to specify
the compensatory mechanism. This non-pharmacological secondary
effect is important in the development of a contingency-shaped
effect that may be the bases in the US pre-exposure effect [35]. The
mechanism of US pre-exposure effect remains to be uncovered.
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