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By  the  second  postnatal  week  of  life  infant  rats  can  acquire  taste  avoidance  induced  by amphetamine.
Psychostimulant  drugs  supports  appetitive  and  aversive  learning  in adult  rats.  Their  appetitive  effects
are more  likely  to become  associated  with  contextual  cues,  while  the  aversive  ones  have  been  consis-
tently  found  in  taste  aversion  learning.  To  explain  this  paradox,  it  has  been  proposed  that  rats  would
avoid  a  taste  that predicts  a  change  in  their  homeostasis  because  this  species  cannot  vomit.  In  this  study
we  assessed  the  motivational  properties  of  amphetamine  in  preweanling  rats  by means  of an  odor  con-
ditioning  preparation,  which  enables  the  analysis  of  the  hedonic  value  of the  memory  by  means  of a
consumption  test  or  in  terms  of  locomotor  approach  to  the  odor.  Results  indicate  that  regardless  of the
amphetamine  dose  (1  or 5  mg/kg),  when  animals  were  evaluated  in  the  intake  test,  subjects  avoided  the
odor. However,  the  outcome  in  the locomotor  avoidance  test  varied  as  a function  of the  amphetamine
mphetamine
iCl

dose.  Rats  trained  with  the  low  dose  (1  mg/kg)  showed  odor  preference,  while  the highest  amphetamine
dose  (5  mg/kg)  induced  odor  avoidance.  When  LiCl  was  employed  as an  unconditioned  stimulus  (US),
rats showed  avoidance  in  the  intake  and  locomotor  activity  tests.  These  data  indicate  that  amphetamine,
like  other  drugs  of  abuse,  supports  appetitive  conditioning  in  preweanling  rats.  Interestingly,  infant  rats
expressed  conditioned  odor  avoidance  or  preference  depending  on  the dose  and  testing  modality.  Results
were discussed  considering  current  theories  of  avoidance  learning  induced  by rewarding  drugs.
Psychostimulant drugs, such as cocaine or amphetamine, can
nduce appetitive and avoidance learning in rodents [1].  Depend-
ng on their nature, some stimuli are easier to get associated than
thers with the different consequences of the drug [2].  For example,
he appetitive effects produced by psychostimulant drugs are more
ikely to become associated with contextual or environmental cues,

hile avoidance has been consistently found in conditioned taste
version preparations [3].  Rats show approach behavior to a con-
ext in which they have experienced the effects of amphetamine,
he typical conditioned place preference effect [4].  This approach
ehavior is considered an index of the positive hedonic value or
he appetitive properties of the drug [5].  However, rats also reject

 taste that predicts the effects of psychostimulants [1,6–8].  The

uestion of whether taste avoidance induced by drugs of abuse
eflects their appetitive or aversive properties is still being debated
9,10]. For example, it has been proposed that taste avoidance
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induced by drugs of abuse is due to an anticipatory contrast effect
[11]. According to this hypothesis, taste avoidance prompted by
drugs such as cocaine or amphetamine would reflect their appeti-
tive properties. In contrast, other authors have suggested that taste
avoidance is caused by the aversive effects of these drugs [10]. It is
important to point out that these aversive and appetitive effects are
promoted by the same range of drug dose [1,7], and both effects can
be generated simultaneously in the same subject within the same
intoxication process [3].

There are important empirical evidences supporting the
hypothesis that taste avoidance induced by drugs of abuse is a pro-
cess that can be observed particularly in rats, because this species
cannot vomit [1,7,12]. Consequently, rats will avoid any taste that
predicts a change in their homeostasis [1,6,7,12]. This process is
different from taste aversion induced by emetic drugs such as LiCl,
which is mediated by conditioned nausea [1].  One critical find-
ing that supports this hypothesis is that drugs of abuse, such as
amphetamine or cocaine, induce conditioned taste preference in

shrews, a rodent that can vomit. Emetic drugs, however, induce
conditioned taste aversion in both rats and shrews [12].

There are important changes in the sensitivity to the reinforce-
ment induced by drugs of abuse during the infancy of the rat. Before

dx.doi.org/10.1016/j.bbr.2012.03.018
http://www.sciencedirect.com/science/journal/01664328
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ostnatal day (PD) 10, infant rats are resistant to the aversive effects
f several drugs of abuse, such as ethanol [13,14],  amphetamine
15], or morphine [16]. During this period some of these drugs can
nduce conditioned preferences with the same doses that promote
onditioned aversions few days later [13,14,16].  However, by the
econd postnatal week of life infant rats are able to acquire taste
voidance induced by LiCl [15] and different drugs of abuse such as
orphine [16], ethanol [17–19],  or amphetamine [15], indicating

hat the mechanisms regulating this learning process are already
unctional. Infant rats are also able to acquire and express appeti-
ive conditioning induced by a variety of rewarding drugs such as

orphine [20], ethanol [21], or cocaine [22].
In the present study we explored whether amphetamine, similar

o other drugs, can induce appetitive conditioning in preweanling
ats. Although it has been shown appetitive conditioning mediated
y cocaine in this period [22], recent data indicate that mecha-
isms underlying some amphetamine and cocaine effects mature
t a different rate. For example, cocaine, but not amphetamine, gen-
rates sensitization in preweanling rats with a single exposure to
he drug [23]. Additionally, it has been suggested that, during the
reweanling period, cocaine may  be more effective than other psy-
hostimulants (including amphetamine) to generate conditioning
o environmental cues [23].

We used an odor conditioning procedure, because it enables
he analysis of the hedonic value of amphetamine by means of
wo different indexes: consumption and locomotor approach to
he odor. Usually, studies that have employed odor conditioning to
est the motivational properties of psychoactive drugs, evaluated
he consequences of conditioning in terms of physical approach
o the odor. The inclusion of the odor consumption test will allow
s to evaluate additionally Parker’s hypothesis about the behav-

oral mechanism underlying taste avoidance. If this later hypothesis
s correct, when rats are tested in the consumption test, they
hould avoid the odor that predicted amphetamine, because they
annot vomit. However, a different result would be expected for
ats evaluated in a test in which they are able to approach or to
void an area containing the conditioned odor. In this case, no
voidance should be observed, because the defense barrier that
rotects them from ingesting potentially toxic substances would
ot be activated. Instead, it is likely that subjects trained with
mphetamine will express odor preference, because in most of
tudies showing conditioned place preference in preweanling rats,
he conditioned environment contains an explicit odor [20,22] that

ay  facilitate context conditioning [24]. If this prediction is cor-
ect, with the same conditioned stimulus (CS) and with the same
nconditioned stimulus (US), and after the same experience with
oth stimuli, we would be able to detect avoidance or prefer-
nce, depending on the test employed. In the present study we
ompared odor learning induced by amphetamine (1 or 5 mg/kg)
ith learning induced by LiCl, an emetic drug classically employed

n the taste aversion paradigm. LiCl is expected to induce condi-
ioned avoidance in both the consumption and locomotor activity
ests.

. Experiment 1

The Please check the hierarchy of the section headings.goal of
he first experiment was to compare odor avoidance induced by
iCl (1% of body weight of a 0.3 M LiCl) and a low amphetamine
ose (1 mg/kg) by means of an intake test. In preweanling rats
hese doses of amphetamine and LiCl promoted an equivalent
evel of taste avoidance [15]. The CS in Experiment 1a was  an

lmond odor solution. If taste avoidance induced by amphetamine
s related to rats’ inability to vomit, we expect that in this test
ubjects treated with amphetamine will avoid the almond odor,
imilar to what we previously observed when LiCl was  used as a
 Research 231 (2012) 201– 207

US [25]. In Experiment 1b we  tested whether or not contingent
exposure to almond odor and LiCl or amphetamine affects the
intake of an alternative odor, vanilla.

1.1. Materials and methods

1.1.1. Subjects
Twenty-one Wistar rats representative of 8 litters, were utilized for Experiment

1a,  while in Experiment 1b we employed 20 Wistar rats, derived from 9 litters. In the
present study we  used only female rats. In previous studies conducted with infant
rats in different laboratories, no significant effect of sex was observed at this age
in terms of the magnitude of the conditioned taste avoidance induced by a vari-
ety  of drugs, such as LiCl [19], amphetamine [15] or ethanol [13,19]. In the present
study each litter contributed only with one score to each experimental group. In
those cases in which more than one subject from the same litter was  assigned to
the  same experimental condition, scores from these subjects were averaged, and
only one score was considered in the statistical analysis to avoid overrepresenta-
tion of a given litter in any particular treatment [26,27]. All animals employed in the
present study were born and reared at the vivarium of the Instituto de Investiga-
cion Medica Mercedes y Martin Ferreyra (Cordoba, Argentina) under conditions of
constant room temperature (22 ± 1.0 ◦C), on a 12 h light:dark cycle. The day of par-
turition was considered postnatal day 0 (PD0). All procedures were in accordance
with  the guidelines for animal care and use established by National Department of
Animal Care and Health (SENASA–ARGENTINA) and were in compliance with the
National Institute of Health’s general guidelines for the Care and Use of Laboratory
Animals.

1.1.2. Procedures
Conditioning phase: two consecutive conditioning trials (one per day) were per-

formed on postnatal days (PD) 15 and 16. On the first conditioning day, pups from a
given litter were separated from the mother and placed in pairs for 15 min in a heated
holding cage. During this period pups were weighed and marked, and assigned to
one of the three experimental conditions defined by the drug treatment [vehicle
(CS-only), amphetamine (1 mg/kg) or LiCl (0.3 M at 1% of body weight)]. After this
procedure, pups were placed into individual Plexiglas chambers (15 × 7 × 15 cm)
where they were exposed for 10 min to an almond odor (Esencias del boticario, Cor-
doba, Argentine). Odor concentrations employed both in this and in the subsequent
experiments were selected in prior preliminary studies [25]. In this first experi-
ment, the odor consisted of 1 ml of a 0.1% solution of an almond scent dissolved
in distilled water, placed on a small piece of cotton located on the top of the Plex-
iglas chamber. Immediately after odor exposure, pups received an intraperitoneal
injection of vehicle, 1 mg/kg amph (d-amphetamine sulfate, Parafarm, Buenos Aires,
Argentina) or 1% body weight of 0.3 M LiCl. Amphetamine and LiCl were dissolved
in  NaCl (0.9%). Control pups received an equivalent volume of vehicle (NaCl 0.9%).
After drug treatment, pups were placed in pairs for another 15 min in the holding
cage before being returned to the home cage. The second conditioning trial was con-
ducted the following day (PD 16), applying the exact same procedure described for
the first conditioning trial.

Testing phase: on PD 17 subjects were tested in terms of consumption of an
almond (Experiment 1a) or vanilla (Experiment 1b) solution. On the testing day,
pups were separated from their mothers and an intraoral cannula (PE 10 poly-
ethylene tubing, length: 5 cm,  Clay Adams) was implanted in the right cheek of
each pup, as described previously [13]. Briefly, a flanged end of the cannula was
shaped by exposure to a heat source (external diameter: 1.2 mm). A dental nee-
dle  (30-gauge Monoject, Sherwood Medical) was  attached to the non-flanged end
of  the cannula and positioned in the middle portion of the intraoral mucosa. The
needle was inserted through the cheek and the cannula was  pulled through the tis-
sue until the flange end rested on the mouth’s mucosa. This cannulation procedure
requires no more than 20 s per subject and does not induce major stress in infant rats
[28].  Sixty minutes after cannulation, pups’ bladders were voided by gentle brush-
ing of the anogenital area. Following this procedure, body weights were recorded
and subjects were placed into individual Plexiglas chambers (15 × 7 × 15 cm) where
they received an intraoral infusion of the odor solution [Experiment 1a: 0.1% of
the  almond scent; Experiment 1b: 10% solution of a vanilla scent (Condimentos
Americanos S.A., Córdoba, Argentina) dissolved in distilled water]. The solution was
delivered at a constant rate by means of an infusion pump (KD Scientific) con-
nected to the oral cannula of each pup by a polyethylene catheter (Clay Adams,
PE  50 Parsippany). With comparable infusion parameters, pups are capable of
either consuming or rejecting the infused solution [15]. After the infusion proce-
dure, subjects were weighed to estimate odor consumption scores. The difference
between body weight before and after consumption was used as the dependent
variable.

1.1.3. Data analysis
Intake scores from Experiment 1a and 1b were analyzed by means of a one-way
between-factor ANOVA including group as the only factor. This factor had 3 levels
[CS-only (vehicle), amphetamine or LiCl)]. The significant main effects obtained in
these and subsequent experiments were further analyzed by means of follow-up
ANOVAs and post hoc analyses (Newman–Keuls). All inferential analyses conducted
in  the present study employed an  ̨ level equal to 0.05.
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Fig. 1. (a) Consumption of the almond solution as a function of the conditioning
treatment [CS-only, 1 mg/kg amphetamine (Amph) or 1% of body weight of a 0.3 M
LiCl (LiCl). Vertical lines represent standard errors of the means. *Significant differ-
ence with the control group (CS-only).
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Table 1
Latency to escape from the odor side (seconds) and the number of crossings through
the hole as a function of the conditioning treatment [CS-only, Amph (1 mg/kg) or
LiCl  (1% of body weight of a 0.3 M LiCl)] obtained in Experiment 2a (almond odor)
and  Experiment 2b (vanilla odor). Values represent means ± standard errors of the
mean. *Significant difference with the control group (CS-only).

Experiment 2a (almond odor)

Group Latency to escape Number of crossings n

CS-only 36.50 ± 11.12 6.40 ± 0.49 10
Amph 122.40 ± 36.76* 3.90 ± 1.07 10
LiCl  57.10 ± 10 18 4.40 ± 1.18 10

Experiment 2b (vanilla odor)

Group Latency to escape Number of crossings n

CS-only 41.83 ± 19.47 5.66 ± 1.64 12

number of crossings (see Table 1).
b) Vanilla consumption as a function of the conditioning treatment [CS-only,
 mg/kg amphetamine (Amph) or 1% of body weight of a 0.3 M LiCl (LiCl). Vertical

ines represent standard errors of the means.

.1.4. Results

.1.4.1. Experiment 1a. The results from Experiment 1a are shown in Fig. 1a. Accord-
ng  to the ANOVA, consumption of the almond odor solution varied significantly as

 function of the conditioning treatment [F(2,18) = 4.91, p < 0.05]. Post hoc analyses
evealed that subjects given LiCl or amphetamine at conditioning consumed less
f  the almond solution than the other groups. This result indicates that both drug
reatments induced aversive odor conditioning in preweanling rats.

.1.4.2. Experiment 1b. The one-way ANOVA failed to find any significant differ-
nces between groups (see Fig. 1b), thus indicating that the intake suppression of
he almond solution observed in Experiment 1a reflects aversive conditioning.

. Experiment 2

In Experiment 2 we evaluated odor avoidance in an alternative
ask that we  shall call the locomotor avoidance test. In this test,
ubjects were able to avoid the conditioned odor (almond odor;
xperiment 2a) or an alternative odor (vanilla; Experiment 2b) by
oving out of an environment containing the odor into another

rea of the testing chamber with no explicit odor. Our working
ypothesis is that pups given LiCl at conditioning will avoid the

nvironment with the conditioned odor. This hypothesis is based on
he fact that environmental cues [29], including odors [30,31], can
cquire aversive properties after being paired with LiCl. However, if
he amphetamine-mediated odor avoidance found in Experiment
Amph 33.91 ± 11.81 4.92 ± 1.41 12
LiCl 81.16 ± 30.53 3.33 ± 0.96 12

1a was due to the fact that rats cannot vomit, we  expect that, in
the locomotor avoidance test, animals given amphetamine will not
avoid the environment impregnated with the conditioned odor.
Furthermore, it is possible that subjects trained with amphetamine
shows odor preference. In this case, amphetamine-treated pups
should spend more time in the environment with the condi-
tioned odor than vehicle-treated controls. Experiment 2b tested
whether or not contingent exposure to almond odor and LiCl or
amphetamine affects the response to a novel odor, vanilla.

2.1. Materials and methods

2.1.1. Subjects
In this Experiment 2a we employed 30 rats derived from 11 litters, while 36 rats

derived from 12 litters were employed in Experiment 2b.

2.1.2. Procedures
The procedure employed at conditioning was exactly the same as the one

described for Experiment 1, but at testing we varied the way pups were evalu-
ated. As mentioned above, subjects were tested in a locomotor avoidance test. The
apparatus employed consisted in two polyethylene environments (16 × 12 × 18 cm)
connected by a small hole (2 × 1.5 cm)  located in the middle. This hole was just
large enough to allow pups to pass through in order to switch environments. One
of  the environments was covered with a plastic top in which we placed a piece
of  cotton with the almond odor (1 ml  of a 0.1% solution of the almond scent for
Experiment 2a, and 1 ml  of the vanilla scent for Experiment 2b). The top of the
alternative environment was not covered. At the beginning of the test pups were
placed in the environment containing the odor, and their behavior was video-
taped for 5 min. Two trained researchers blind to the experimental conditions
analyzed the videos, measuring the following dependent variables: percentage of
time spent in the environment with the odor, number of times that the animal
crossed through the hole, and latency to escape from the environment with the
odor.

2.1.3. Data analyses
Percentage scores, number of crossings and latencies were analyzed by means of

a  one-way between-factor ANOVA including group (CS-only, amphetamine or LiCl)
as  the only factor.

2.1.4. Results
2.1.4.1. Experiment 2a. Fig. 2a shows the percentage of time spent on the odor side
as  a function of the conditioning treatment. The ANOVA revealed a significant effect
of  group [F(2,27) = 14.32, p < 0.05]. Post hoc analyses indicated that pups treated with
LiCl  avoided the environment containing the almond odor more than vehicle-control
pups (CS-only group). Interestingly, subjects treated with amphetamine spent more
time on the side containing the almond odor than the remaining groups. Groups also
differed in their latency to escape from the odor side [F(2,27) = 3.82, p < 0.05]. Post
hoc  analysis showed higher latencies in subjects treated with amphetamine than in
those from the remaining conditions. The ANOVA failed to find differences in the
These results show that, in this test, rats conditioned with LiCl also expressed
aversion, which is congruent with results obtained in the intake test. However, in the
locomotor avoidance test, amphetamine-treated subjects behaved in the opposite
way than in the consumption test. They showed preference towards the conditioned
odor in comparison with the control group.
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Fig. 2. (a) Total time spent on the almond odor side as a function of the conditioning
treatment [CS-only, 1 mg/kg amphetamine (Amph) or 1% of body weight of a 0.3 M
LiCl  (LiCl). Vertical lines represent standard errors of the means. *Significant differ-
ence with the control group (CS-only).
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Table 2
Latency to escape from the odor side (seconds) and the number of crossings through
the hole as a function of the conditioning treatment [CS-only, Amph (5 mg/Kg) or
LiCl  (1% of body weight of a 0.3 M LiCl)] obtained in Experiment 3b. Values represent
means ± standard errors of the mean. *Significant difference with the control group
(CS-only).

Experiment 3b (almond odor)

Group Latency to escape Number of crossings n

CS-only 51.09 ± 21.23 3.14 ± 0.64 11
b) Total time spent on the vanilla odor side as a function of the conditioning treat-
ent [CS-only, 1 mg/kg amphetamine (Amph) or 1% of body weight of a 0.3 M LiCl

LiCl). Vertical lines represent standard errors of the means.

.1.4.2. Experiment 2b. The results of Experiment 2b are shown in Fig. 2b (percent-
ge of time spent on the odor side) and Table 1 (latencies and number of crossings).
he ANOVAs did not reveal any significant effect in the dependent variables ana-
yzed. The conditioning of the almond odor was  not generalized to the vanilla odor
n  this test.

. Experiment 3

Results from the previous experiments showed differences
etween amphetamine- and LiCl-induced odor avoidance. Accord-

ng to these results, the expression of the aversive effects of a low
mphetamine dose depends on the testing modality, and it requires
ngestion of the CS. Riley purposes that drugs of abuse are capable of
nduce aversive and appetitive learning [8].  The unpleasant effects
f psychostimulant drugs compete with their rewarding proper-
ies and that the aversive effects are more evident the higher is
he dose of the drug [8].  In according with this hypothesis, it has
een found that a 1 mg/kg, but not 5 mg/kg amphetamine, induced
onditioned place preference in adult rats. Presumably, with the
ighest dose the appetitive and aversive effects may  be competing

32]. In Experiment 3 we compared the hedonic value of a higher
mphetamine dose (5 mg/kg) with the LiCl dose employed in the
revious experiments in both, the intake (Experiment 3a) and the

ocomotor avoidance (Experiment 3b) tests.
Amph 42.32 ± 8.88 6.09 ± 0.84* 11
LiCl  52.00 ± 13.59 3.75 ± 0.72 10

3.1. Experiment 3a

3.1.1. Material and methods
3.1.1.1. Subjects. A total of 32 Wistar rats derived from 8 litters were employed in
Experiment 3a, while 47 rats derived from 11 litters were employed in Experiment
3b.  In some of these litters more than one subject was assigned to the same experi-
mental condition. As mentioned, to avoid overrepresentation of a given litter in any
particular treatment, scores from subjects assigned to the same independent group
were averaged. Hence, we analyzed 23 scores (from 8 litters) in Experiment 3a and
32 scores (from 11 litters) in Experiment 3b.

3.1.1.2. Procedure. The procedure in Experiment 3a was similar to the one
employed in Experiment 1, but in this case the amphetamine dose employed was
5  mg/kg. This amphetamine dose is considered high by other authors [7].  In this
experiment subjects were tested in terms of almond intake. In Experiment 3b, the
procedure was similar to the one employed in Experiment 2, but in this case rats
were evaluated in the locomotor avoidance test.

3.1.1.3. Data analyses. Intake (Experiment 3a) and data from the locomotor activity
test (Experiment 3b) were analyzed by means of a one-way between-factor ANOVA
including group (CS-only, amphetamine or LiCl) as the only independent variable.

4. Results

4.1. Experiment 3a

Results from Experiment 3a are shown in Fig. 3a. According to
the ANOVA, consumption of the almond odor solution varied sig-
nificantly as a function of the conditioning treatment [F(2,20) = 4.45,
p < 0.05]. Post hoc analyses revealed that subjects given LiCl or
amphetamine at conditioning consumed less of the almond solu-
tion than controls (CS-only group).

4.2. Experiment 3b

Fig. 3b shows results from Experiment 3b. According to the
ANOVA, the time spent on the side containing the almond odor
varied significantly as a function of the conditioning treatment
[F(2,29) = 6.11, p < 0.05]. Post hoc analyses revealed that subjects
treated with LiCl or amphetamine spent less time on odor side than
controls (CS-only group). No significant differences between groups
were detected in the analysis of latencies. The ANOVA conducted
with the number of crossings revealed a significant main effect of
group [F(2,29) = 4.56, p < 0.05], indicating that subjects treated with
amphetamine (5 mg/kg) crossed more times through the hole than
the remaining conditions (Table 2).

5. Discussion

The present study shows that amphetamine supports appetitive
and avoidance conditioning in preweanling rats. The expression of
these responses was modulated by the modality of the test and the

dose of the drug. The positive rewarding effect was  observed only
with the lower dose (1 mg/kg) and exclusively in the locomotor
test through two  measures, the time spent on the odor side and the
latency to leave the odor side. In contrast, the highest amphetamine
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Fig. 3. (a) Consumption of the almond solution as a function of the conditioning
treatment [CS-only, 5 mg/kg amphetamine (Amph) or 1% of body weight of a 0.3 M
LiCl (LiCl). Vertical lines represent standard errors of the means. *Significant differ-
ence with the control group (CS-only).
(b) Total time spent on the almond odor side as a function of the conditioning treat-
ment [CS-only, 5 mg/kg amphetamine (Amph) or 1% of body weight of a 0.3 M LiCl
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literature we found no studies showing evidence of an anticipa-
LiCl). Vertical lines represent standard errors of the means. *Significant difference
ith the control group (CS-only).

ose (5 mg/kg), similar to LiCl, induced odor avoidance in the con-
umption and locomotor test.

In adult rats, amphetamine-induced conditioned place aversion
as been rarely found, even employing high doses. For instance, in
ne study using different amphetamine doses (between 0.626 and

 mg/kg), place preference was found with most of them, except
ith the highest one (5 mg/kg), with which no effect was  observed.

he failure to find conditioned place preference with this high dose,
as interpreted as a possible competition between the appetitive

nd the aversive effects of amphetamine [32]. However our results
ith preweanlings showed odor avoidance in the locomotor test
hen the higher amphetamine dose (5 mg/kg) was  used as US.

here are important procedural differences between our study and
he typical place preference paradigm employed with adult rats.
he CS in the present study was and odor, while with adults usually
s a context (without an explicit odor). Furthermore, we  employed a
elay conditioning procedure, which seems to facilitate the detec-
ion of the aversive effects of amphetamine in adult rats in place
onditioning paradigms [33].

When animals were evaluated in the intake test, amphetamine

1 or 5 mg/kg) and LiCl induced odor avoidance (Experiments 1a
nd 3a). It is striking that the lower amphetamine dose (1 mg/kg)
nduced appetitive conditioning in the locomotor activity test, and
 Research 231 (2012) 201– 207 205

avoidance in the intake test. Several hypotheses have been raised
to explain why  rats avoid intake of a flavor that predicts the
effects of psychostimulants. As mentioned above, Parker and other
authors argued that, because rats cannot vomit, they have evolved
a highly sensitive defense barrier which is activated by chemosen-
sory receptors [1].  Hypothetically, this defensive system protects
the organism against the ingestion of toxins. When the animal is
re-exposed to a given food that generated an important change in
its homeostatic state, this system is activated and it signals dan-
ger to the animal. Consequently, the animal will reject the flavor.
Our results obtained with the low amphetamine dose support this
hypothesis. When rats were tested in the intake test, this hypothet-
ical defensive system should have been activated to prevent the
ingestion of the potentially toxic solution. Consistently with this
hypothesis, in this test we observed that animals avoided the odor
solution paired with amphetamine. However, during the locomotor
avoidance test, rats were exposed to the ambient odor, but in this
case they did not need to reject it because they were not going to
ingest it. In this case, subjects trained with amphetamine showed
conditioned odor preference. Hence, it seems that perception of the
odor is not sufficient to induce avoidance. In other words, the hypo-
thetical protective system seems to require ingestion of the flavor
in order to be activated.

There is one study that reported a similar pattern of results to
those observed with the low amphetamine dose. Smith and Hol-
man  [34] found that infant rats that received paired presentations
of almond odor and amphetamine on PD2, showed odor avoidance
in a consumption test, but odor preference in a place test. There are
several critical procedural differences between this and our study,
particularly as regards the age of conditioning, the interval between
conditioning and testing, and the liquid and maternal deprivation
schedules before testing. Conditioning in Smith and Holman’s study
took place on PD2. In a recent study we  have shown that there
is a marked resistance before PD10 to acquire conditioned taste
avoidance induced by amphetamine [15]. However Smith and Hol-
man  observed a rejection of the odor in the intake test, despite
the long interval between conditioning and testing. Their results
suggest that the mechanisms regulating conditioned odor aver-
sion may  mature earlier than those mediating conditioned taste
aversions. This is congruent with the fact that before PD10, infants
seems to acquire faster odor-LiCl [35] than taste-LiCl aversions [15].
It is also likely that Smith and Holman’s results were influenced
by the severe deprivation schedule utilized before testing (PD18).
During three days, the mother was  removed from the home-cage
in the morning and returned each evening. The fourth day, the day
before testing, the mother was  removed from the home cage and
pups had no access to water until testing during at least 24 h [34].
There are many evidences showing that maternal separation is an
important stressor for the infant rat [36,37]. Despite these proce-
dural differences, our pattern of results was almost identical to the
one reported by these authors, indicating that the odor preference
and avoidance induced by amphetamine is a robust phenomenon,
at least in preweanling rats.

As we have mentioned in the introduction, an alternative
hypotheses raised to explain the paradoxical avoidance learning
induced by positively reinforcing drugs, is based on the anticipa-
tory contrast effect. According to this hypothesis, taste avoidance
induced by these drugs is generated because, at conditioning, the
hedonic value of the taste is reduced by the presence of the highly
rewarding drug [11]. This hypothesis seems insufficient to account
for our results. Firstly, the anticipatory contrast effect seems to
depend on the rewarding properties of the CS. In current scientific
tory contrast using odor cues as a CS. In any case, even considering
the almond odor as an appetitive stimulus able to participate in
this kind of learning process, this hypothesis fails to predict the
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ppetitive response observed in the locomotor avoidance test.
he hedonic value of the CS (the almond odor) should have been
odified during conditioning trials by the presence of the more

ignificant rewarding stimulus (amphetamine). Hence, rats should
ave avoided the odor not only in the intake test, but also in the

ocomotor test.
The neurobiological mechanisms underlying flavor avoidance

nduced by rewarding drugs are still a subject of debate. There
s convergent evidence showing that the nucleus accumbens
articipates in the positive, but not in the aversive, effects of
mphetamine [for example, 38]. However, it is not so clear which
rain areas are involved in amphetamine-induced taste avoidance.
ome brainstem nuclei seem to participate in both, amphetamine-
nd LiCl-induced taste aversion, such as area postrema, lateral
arabrachial nucleus and nucleus of the solitary tract [38–41].
rea postrema detects emetic toxins from the bloodstream, and

t mediates conditioned nausea, while nucleus of the solitary tract
rocesses sensory and hedonic properties of the taste, projecting
o the parabrachial nucleus where this information is integrated
42]. The amygdala participates in taste avoidance induced by
mphetamine or LiCl, but not in conditioned disgust reactions [43].
his structure seems to participate in flavor avoidance induced by
mphetamine (and different drugs of abuse) by means of a mech-
nism similar to the one underlying fear conditioning, processing
anger rather than illness, and relatively independent from con-
itioned nausea [43]. This structure may  mediate flavor avoidance
hen the low amphetamine dose was employed as the US. Odor

voidance induced by the high amphetamine dose (5 mg/kg), which
as expressed also in the locomotor test, may  be caused by dif-

erent unconditioned effects that can produce psychostimulants
t high dosage, such as high blood pressure, anxiety or dysphoria,
ather than nausea [see 10].

In a recent review, Riley discussed the role that the pleasant
nd unpleasant effects of a given drug may  play in drug seeking
ehavior [8]. This author proposes that the effect of a drug can
e perceived as appetitive or aversive depending on many factors,

ncluding dosage. Riley also points out in this review that the aver-
ive and appetitive effects of drugs of abuse are usually revealed
y different tests in response to different CSs. Usually, the appeti-
ive effects of psychostimulants are associated with environmental
ues, while tastant CSs are easily associated with their aversive
ffects. The present series of experiments represents a valuable
ethodological strategy, showing a procedure sensitive to reveal

oth, appetitive and aversive conditioned responses induced by
rugs of abuse employing a single CS. The paradigm presented here
ay  help us to understand how the appetitive and aversive effects

f different drugs compete to promote drug-seeking behaviors.

cknowledgments

The authors would like to thank to Dr. Gabriela Chotro for helpful
iscussion and criticism. We  would like to specially thank to the
emaining lab members and to the technicians of the vivarium for
heir assistance. This work was supported by grants from FONCyT
PICT 05-38084) to F.A.K., S.F. and G.P., FONCyT (PICT 07-2168) to
.A. and Subprograma Ramón y Cajal, (MEC–Spain) to C.A.

eferences

[1] Parker LA. Taste avoidance and taste aversion: evidence for two different pro-
cesses. Learn Behav 2003;31:165–72.

[2] Garcia J, McGowan BK, Ervin FR, Koelling RA. Cues: their relative effectiveness

as a function of the reinforcer. Science 1968;160:794–5.

[3] Wang YC, Huang AC, Hsiao S. Paradoxical simultaneous occurrence of
amphetamine-induced conditioned taste aversion and conditioned place pref-
erence with the same single drug injection: a new pre- and post-association
experimental paradigm. Pharmacol Biochem Behav 2010;95:80–7.

[

[

 Research 231 (2012) 201– 207

[4] Spyraki C, Fibiger HC, Phillips AG. Dopaminergic substrates of amphetamine-
induced place preference conditioning. Brain Res 1982;253:185–93.

[5] Tzschentke TM.  Measuring reward with the conditioned place preference (CPP)
paradigm: update of the last decade. Addict Biol 2007;12:227–462.

[6] Hunt T, Amit Z. Conditioned taste aversion induced by self-administered drugs:
paradox revisited. Neurosci Biobehav Rev 1987;11:107–30.

[7] Parker LA. Rewarding drugs produce taste avoidance, but not taste aversion.
Neurosci Biobehav Rev 1995;19:143–57.

[8] Riley AL. The paradox of drug taking: the role of the aversive effects of drugs.
Physiol Behav 2011;103:69–78.

[9] Grigson PS. The state of the reward comparison hypothesis: theoretical com-
ment on Huang and Hsiao (2008). Behav Neurosci 2008;122:1383–90.

10] Huang AC, Hsiao S. Re-examination of amphetamine-induced conditioned sup-
pression of tastant intake in rats: the task-dependent drug effects hypothesis.
Behav Neurosci 2008;122:1207–16.

11] Grigson PS. Conditioned taste aversions and drugs of abuse: a reinterpretation.
Behav Neurosci 1997;111:129–36.

12] Parker LA. The role of nausea in taste avoidance learning in rats and shrews.
Auton Neurosci 2006;125:34–41.

13] Arias C, Chotro MG. Ethanol-induced preferences or aversions as a function of
age in preweanling rats. Behav Neurosci 2006;120:710–8.

14] Chotro MG, Arias C. Ontogenetic difference in ethanol reinforcing properties:
the  role of the opioid system. Behav Pharmacol 2007;18:661–6.

15] Revillo DA, Spear NE, Arias C. Ontogenetic differences in sensitivity to LiCl-
and amphetamine-induced taste avoidance in preweanling rats. Chem Senses
2011;36:565–77.

16] Kehoe P. Opioids, behavior, and learning in mammalian development. In: Blass
EM,  editor. Developmental psychology and behavioral ecology. New York and
London: Plenum Press; 1988. p. 309–40.

17] Arias C, Gabriel Chotro M.  Interactions between prenatal ethanol exposure and
postnatal learning about ethanol in rat pups. Alcohol 2006;40:51–9.

18] Arias C, Molina JC, Spear NE. Ethanol-mediated aversive learning as a function
of  locomotor activity in a novel environment in infant Sprague-Dawley rats.
Pharmacol Biochem Behav 2009;92:621–8.

19] Arias C, Pautassi RM,  Molina JC, Spear NE. A comparison between taste avoid-
ance and conditioned disgust reactions induced by ethanol and lithium chloride
in preweanling rats. Dev Psychobiol 2010;52:545–57.

20] Bolanos CA, Garmsen GM,  Clair MA,  McDougall SA. Effects of the kappa-opioid
receptor agonist U-50,488 on morphine-induced place preference conditioning
in the developing rat. Eur J Pharmacol 1996;317:1–8.

21] Nizhnikov ME,  Pautassi RM,  Truxell E, Spear NE. Opioid antagonists block the
acquisition of ethanol-mediated conditioned tactile preference in infant rats.
Alcohol 2009;43:347–58.

22] Pruitt DL, Bolanos CA, McDougall SA. Effects of dopamine D1 and D2 receptor
antagonists on cocaine-induced place preference conditioning in preweanling
rats. Eur J Pharmacol 1995;283:125–31.

23] McDougall SA, Kozanian OO, Gereenfield VY, Horn LR, Guitierrez A, Mohd-
Yusof A, et al. One-trial behavioral sensitization in preweanling rats: differential
effects of cocaine, methamphetamine, methylphenidate, and d-amphetamine.
Psychopharmacology (Berl) 2011;217:559–71.

24] Brasser SM,  Spear NE. A sensory-enhanced context facilitates learning and mul-
tiple measures of unconditioned stimulus processing in the preweanling rat.
Behav Neurosci 1998;112:126–40.

25] Castello E, Bobbio A, Orellana S, Arias C. Signaling the unconditioned stimulus
during the preexposure phase does not attenuate the unconditioned stimulus
preexposure effect in preweanling rats. Dev Psychobiol. in press.

26] Holson RR, Pearce B. Principles and pitfalls in the analysis of prenatal treatment
effects in multiparous species. Neurotoxicol Teratol 1992;14:221–8.

27] Spear LP, File SE. Methodological considerations in neurobehavioral teratology.
Pharmacol Biochem Behav 1996;55:455–7.

28] Spear LP, Specht SM,  Kirstein CL, Kuhn CM.  Anterior and posterior, but not
cheek, intraoral cannulation procedures elevate serum corticosterone levels in
neonatal rat pups. Dev Psychobiol 1989;22:401–11.

29] Frisch C, Hasenohrl RU, Mattern CM, Hacker R, Huston JP. Blockade of lithium
chloride-induced conditioned place aversion as a test for antiemetic agents:
comparison of metoclopramide with combined extracts of Zingiber officinale
and Ginkgo biloba.  Pharmacol Biochem Behav 1995;52:321–7.

30] Desgranges B, Levy F, Ferreira G. Anisomycin infusion in amygdala impairs
consolidation of odor aversion memory. Brain Res 2008;1236:166–75.

31] Rudy JW,  Cheatle MD.  Odor-aversion learning by rats following LiCl exposure:
ontogenetic influences. Dev Psychobiol 1983;16:13–22.

32] Costello NL, Carlson JN, Glick SD, Bryda M. Dose-dependent and baseline-
dependent conditioning with d-amphetamine in the place conditioning
paradigm. Psychopharmacology (Berl) 1989;99:244–7.

33] Fudala PJ, Iwamoto ET. Conditioned aversion after delay place conditioning
with amphetamine. Pharmacol Biochem Behav 1990;35:89–92.

34] Smith CA, Holman EW.  Rewarding and aversive effects of stimulant drugs in
infant rats. Pharmacol Biochem Behav 1987;26:211–5.

35] Raineki C, Shionoya K, Sander K, Sullivan RM.  Ontogeny of odor-LiCl vs. odor-
shock learning: similar behaviors but divergent ages of functional amygdala
emergence. Learn Mem  2009;16:114–21.
36] Levine S. Primary social relationships influence the development of the
hypothalamic–pituitary–adrenal axis in the rat. Physiol Behav 2001;73:
255–60.

37] Levine S. Developmental determinants of sensitivity and resistance to stress.
Psychoneuroendocrinology 2005;30:939–46.



 Brain

[

[

[

[

[
Brain Res Bull 2004;62:271–83.
D.A. Revillo et al. / Behavioural

38]  Carr GD, White NM.  Anatomical disassociation of amphetamine’s rewarding
and  aversive effects: an intracranial microinjection study. Psychopharmacol-
ogy  (Berl) 1986;89:340–6.

39] Rabin BM,  Hunt WA.  Interaction of haloperidol and area postrema lesions in

the  disruption of amphetamine-induced conditioned taste aversion learning
in  rats. Pharmacol Biochem Behav 1989;33:847–51.

40] Aguero A, Arnedo M,  Gallo M,  Puerto A. The functional relevance of the lateral
parabrachial nucleus in lithium chloride-induced aversion learning. Pharmacol
Biochem Behav 1993;45:973–8.

[

 Research 231 (2012) 201– 207 207

41] Gallo M,  Arnedo M,  Aguero A, Puerto A. Electrical intracerebral stimulation of
the  area postrema on taste aversion learning. Behav Brain Res 1988;30:289–96.

42] Sewards TV. Dual separate pathways for sensory and hedonic aspects of taste.
43] Rana SA, Parker LA. Differential effects of neurotoxin-induced lesions of the
basolateral amygdala and central nucleus of the amygdala on lithium-induced
conditioned disgust reactions and conditioned taste avoidance. Behav Brain
Res 2008;189:284–97.


	Odor-avoidance or odor-preference induced by amphetamine in the infant rat depending on the dose and testing modality
	1 Experiment 1
	1.1 Materials and methods
	1.1.1 Subjects
	1.1.2 Procedures
	1.1.3 Data analysis
	1.1.4 Results
	1.1.4.1 Experiment 1a
	1.1.4.2 Experiment 1b



	2 Experiment 2
	2.1 Materials and methods
	2.1.1 Subjects
	2.1.2 Procedures
	2.1.3 Data analyses
	2.1.4 Results
	2.1.4.1 Experiment 2a
	2.1.4.2 Experiment 2b



	3 Experiment 3
	3.1 Experiment 3a
	3.1.1 Material and methods
	3.1.1.1 Subjects
	3.1.1.2 Procedure
	3.1.1.3 Data analyses



	4 Results
	4.1 Experiment 3a
	4.2 Experiment 3b

	5 Discussion
	Acknowledgments
	References


