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INFURNA, R. N. AND L. P. SPEAR. Developmental changes in amphetamine-induced taste aversion. PHARMAC.
BIOCHEM. BEHAV. 11(1) 31-35, 1979.—In this study a conditioned taste aversion paradigm was employed to examine
the ontogenetic trend in psychopharmacological responsiveness to amphetamine among infant (18 days of age), periadoles-
cent (35 days of age), and young adult (52 days of age) rats. The ability of amphetamine to alter taste preference increased
with dosage level and this effect interacted with age. Infant rats demonstrated greater sensitivity to the taste aversion
inducing properties of amphetamine than either periadolescent or young adult animals. In contrast, periadolescent animals
demonstrated a marked resistance to amphetamine’s taste aversion inducing properties when compared with either infant
or young adult animals. This developmental pattern in amphetamine drug responsiveness seen utilizing the taste aversion
paradigm parallels the previously examined ontogenetic trend in amphetamine response using locomotor activity as a

respons¢ measure.
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EVIDENCE has accumulated over the past few years to
suggest that periadolescent rats exhibit a greatly attenuated
response to amphetamine. While infant (10-25 days of age)
and adult rats markedly increase locomotor activity in re-
sponse to amphetamine [10], periadolescent animals (35-42
days of age) exhibit very little amphetamine-induced in-
crease in locomotor activity [5,22]. A similar pattern of re-
duced responsiveness among periadolescent animals has
been reported using other catecholaminergic agonists such as
apomorphine and clonidine [28, 29]. However, as all of these
experiments have employed locomotor activity as the re-
sponse measure, developmental changes in baseline
locomotor activity could conceivably mediate this devel-
opmental trend in drug responsivity. For example, a recent
study [30,31] reported that periadolescent rats (35-42 days of
age) showed not only an attenuated response to am-
phetamine but also greater levels of baseline locomotor ac-
tivity when compared with weanling (23-30 days of age) and
young adult (47-54 days of age) animals (also see [22]).
Therefore, it appears critical to examine the ontogenetic pat-
tern of amphetamine responsiveness employing a completely
different response measure.

In this study, the ontogenetic pattern of amphetamine-
induced taste aversions was examined. Taste aversion learn-
ing and its retention enable animals to avoid the debilitating
consequences of toxic foods and, as might be expected, this
capacity emerges relatively early in the developing rat. Taste
aversions can be established in one trial and retained over

long retention intervals in preweanling rats [1, 8, 19, 20].
Although the taste aversion paradigm has been employed
extensively to investigate learning [4,25], it has more re-
cently been used as a behavioral assay for determining the
hedonic value of drugs [6, 12, 33]. For example, adult rats of
both sexes exhibit decreased preference for a flavored solu-
tion when prior consumption was followed by amphetamine
administration (14,15]. The acquired taste aversion
presumably reflects the aversive properties of the drug
experience as the magnitude of the aversion is positively
related to amphetamine dose level.

The ontogenetic pattern of amphetamine-induced taste
aversions has not been examined systematically. Therefore,
in this study we evaluated amphetamine-induced taste aver-
sions in preweanling (18 days of age), periadolescent (35
days of age), and young adult (52 days of age) rats of both
sexes to determine if the ontogenetic pattern of ampheta-
mine-induced taste aversions resembles that of amphetamine
responsiveness seen when measuring locomotor activity;
namely, attenuation of the effect of amphetamine in periado-
lescent animals when compared with weanling and young
adult animals.

METHOD
Animals

One hundred and forty-four Sprague-Dawley derived rats
of both sexes were used in this investigation. These animals
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were born in our colony at the State University of New York
at Binghamton. All litters were culled to 10 animals at birth.
The animals were maintained in a temperature and humidity
controlled vivarium with a 16 hr light-8 hr dark illumination
cycle. Light onset occurred at 1800 hr and the experiment
was conducted between the hours of 1800 and 2000.

The preweanlings were conditioned on postnatal Day 18
and tested at 24-27 days of age (P18 group). The periadoles-
cent animals were conditioned on postnatal Day 35 and
tested at 41-44 days of age (P35 group). The young adult
animals were conditioned on postnatal Day 52 and tested at
58-61 days of age (P52 group).

Animals in the P18 group were housed with their parents
and conspecifics within maternity cages. Animals in the P35
and P52 groups were weaned on postnatal Day 21 and
housed by sex in groups of 4-6 in wire mesh gang cages
where they were maintained throughout the experiment. All
animals were maintained on Purina rat chow and tap water
ad lib unless noted otherwise.

Design and Procedure

Figure 1 depicts the experimental design employed in this
study. The animals were 18, 35, or 52 days of age on condi-
tioning day. An equal number of males and females of each
age were employed. Four doses of amphetamine (0, 1, 4, 8
mg/kg) were used in conditioning. The factorial combination
of age, sex, and amphetamine dose in conditioning generates
24 groups. Within each age group six animals were randomly
assigned to each condition.

Conditioning and testing were as follows: After 24 hours
of water deprivation (and the removal of both parents from
each of the maternity cages in the P18 group) the animals
were placed individually in wire mesh cages and allowed 1
hour access to a 15% sucrose solution. Measurements of
sucrose intake were taken after 30 min and at the end of the 1
br period. Immediately following this 1 hr period of sucrose
access, each animal was weighed and given an intra-
peritoneal injection of either 0, 1, 4, or 8 mg/kg dl-am-
phetamine dissolved in a 0.9% saline solution. All animals
were subsequently returned to their home cages and, for the
18-day old animals, the parents were replaced in the mater-
nity cage. After a 5-day ad lib food and water recovery
period, all animals were again water deprived for 24 hours
(and the parents removed from the maternity cage of the P18
group). Animals were then placed for a 1-hr period into wire
mesh cages with access to two bottles: one containing tap
water and the other containing a 15% sucrose solution. Fol-
lowing the first two-bottle test, the animals were maintained
on deprivation and tested in the same manner every 24 hours
for a total of four two-bottle tests.

RESULTS
Conditioning Day

As might be expected, the post-weanling animals con-
sumed a greater absolute amount of sucrose on the condi-
tioning day then the preweanlings (P18: mean=1.42 ml,
SEM=0.06; P35: mean=8.33 ml; SEM=0.47; P52: mean=
9.41, SEM=0.41). Within each age group, however, the
amount of sucrose solution consumed prior to amphetamine
injections on conditioning day did not differ across drug dose
groups (all Fs<1). The temporal distribution of sucrose in-
take on the conditioning day was also analyzed by computing
for each subject the proportion of total fluid consumed dur-
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FIG. 1. The 3x2x4 factorial design with Test Days as the repeated
measure (not shown).

ing the first half hour of the 1 hour access period. The
ANOVA on these scores did not reveal any main effects of
Age or Drug Dose, nor was the interaction significant (all
Fs<1). The mean proportion consumed during the first 30
min of the 1 hr access period for each Age group was .62, .63,
.72 for the P18, P35 and P52 animals, respectively. There-
fore, the temporal pattern of sucrose intake on conditioning
day, and thus the effective CS-US interval, did not differ
across Age or Drug Dose groups.

Overall Analysis of Testing for Conditioned Aversion

A sucrose preference score was computed for each sub-
ject by dividing the amount of sucrose solution consumed by
the total fluid (sucrose and water) ingested during each two-
bottle test. These preference scores were analyzed by a
mixed-model Analysis of Variance to assess the effects of
Age, Sex, and Dose between groups and of Test Days within
groups.

Because of the Analysis of Variance revealed that neither
the main effect of Sex nor interactions involving this factor
was significant (all F’s<1), the sucrose preference scores
were collapsed across Sex. The mean sucrose preference
scores for all independent groups (n=12) across all four test
days are presented in Fig. 2. The main effects of Age,
F(2,120)=4.07, p<0.025, Dose, F(3,120)=20.68, p<0.001,
and Test Days, F(3,360)=44.27, p<0.001, in addition to the
DosexAge, F(6,120)=2.47, p<0.05, DosexTest Days,
F(9,360)=11.23, p<0.001, and AgexTest Days, F(6,360)=
5.61, p<<0.001, interaction effects were all significant. How-
ever, all of these effects were tempered by the presence of a
significant Age X Dose x Test Days interaction effect, F(18,360)
=1.62, p<0.05. The locus of this three-way interaction was
assessed by statistical procedures adequately described
elsewhere [21].

Baseline Preference

Among the saline control groups, there were no differ-
ences due to Age or Test Days, nor any interaction involving
these factors (all F's<1). Therefore, the sucrose preference
of the saline control groups remained relatively stable across
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FIG. 2. The mean sucrose preference scores at each amphetamine dosage level for all age groups

across extinction test days.

Age and Test Days. The absence of Age differences in
baseline sucrose preference justifies the between age com-

parisons made below.

The Age xAmphetamine Dose Interaction on the Initial Test
Day

Figure 3 depicts the mean sucrose preference scores for
all groups (collapsing across Sex) for Test Day 1.

Among those animals administered 1 mg/kg amphetamine
during conditioning, the P18 group exhibited significantly
lower preference scores (i.e., greater taste aversions) than
both the P35 and P52 groups (which did not differ from each
other), F(2,120)=6.96, p<0.01.

Among those animals receiving 4 mg/kg amphetamine
during conditioning, the P18 and P52 groups did not differ
from each other but both displayed significantly greater taste
aversions than the P35 animals, F(2,120)=3.36, p<0.05.
This pattern is repeated at the 8 mg/kg amphetamine dose:
P18 and P52 animals displayed equivalent taste aversions,
and the magnitude of the taste aversion in both of these
groups was significantly greater than the P35 animals.

Taste Aversion as a Function of Dose Within Each Age

In order to assess which amphetamine doses produced
taste aversions, the dose effects within each age group were
assessed by ANOVA and subsequent Duncan’s Multiple
Range Tests (p<<0.05 criterion) on the sucrose preference
scores for Test Day 1.

Within the P18 group the effect of amphetamine dose was
reliable, F(3,40)=15.13, p<0.001. Subsequent comparisons
revealed that P18 animals receiving the 1, 4 and 8 mg/kg
doses displayed a significantly lower sucrose preference than
their saline controls (0 mg/kg) but did not differ from each
other. Therefore, significant taste aversions were induced by
all amphetamine doses in P18 animals.
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FIG. 3. The mean sucrose preference scores on Test Day 1 for each
amphetamine dosage level and all age groups.

The analysis of the P35 group produced a significant ef-
fect of amphetamine dose, F(3,40)=4.93, p<0.005. Those
animals receiving the 1 mg/kg dose did not differ from their
saline controls, but those receiving 4 or 8 mg/kg, while not
differing from each other, did exhibit preference scores that
were reliably lower than saline controls. Therefore, in the
P35 age group, taste aversions occurred only at the two high
doses.

Within the P52 group the effect of dose was statistically
reliable, F(3,40)=27.18, p<0.001. Animals receiving the 1
mg/kg dose evidenced reliably lower preference scores than
their saline controls. The 4 mg/kg and 8 mg/kg groups, while
not differing from each other, evidenced reliably lower su-
crose preference scores than both the 1 mg/kg and saline con-
trol groups. Therefore, for the P52 animals, significant taste
aversions were produced at all three amphetamine doses
with greater aversions being displayed at the higher doses.
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Extinction of the Taste Aversion Across Test Days: The Ef-
fects of Age at Each Amphetamine Dosage Level

At the 1 mg dose (see Fig. 2), the sucrose preference
scores of P35 animals remained at the level of their saline
controls across all four tests. The P52 displayed an increase
in their sucrose preference (i.e., extinction of their taste av-
ersion) over the same period reaching saline control levels by
Test Day 3. The P18 animals, although displaying an increase
in their sucrose preference over Test Days, never attained
the level of their saline controls during the four days of test-
ing. This pattern of results produced a significant Age x Test
Days interaction effect, F(6,360)=3.98, p<0.001. Therefore,
at the 1 mg/kg dose, the magnitude of the aversion exhibited
by the P18 group was significantly greater than that for either
the P35 or P52 groups.

At the 4 mg/kg dose, the difference between age groups
(see Test Day 1 analysis above) decreased over days as all
age groups increased their sucrose preference and reached
the level of their saline controls on Test Day 4,
F(6,360)=3.66, p<0.005. Therefore, at the 4 mg/kg dose all
age groups demonstrated taste aversions. The magnitude of
the aversion exhibited by the P18 and P52 animals was sig-
nificantly greater than that exhibited by the P35 group only
on Test Day 1.

Among those animals administered 8 mg/kg amphetamine
during conditioning, the P35 animals attained the level of
their saline controls by Test Day 2, the P52 animals
reached their control levels on Test Day 3, and the P18 ani-
mals did not reach the sucrose preference level of their con-
trols, F(6,360)=2.44, p<<0.005. Therefore, the 8 mg/kg dose
of amphetamine produced significant taste aversions in all
age groups and the aversion was greatest and most durable
among the P18 animals and least among P35 animals.

Summary

Figure 4 depicts the data for Test Day 1 graphed in an
amphetamine dose sucrose preference response relationship
across age. Relative to the older animals, the dose-response
relationship is shifted to the left for the P18 group
presumably reflecting their greater sensitivity to am-
phetamine. Conversely, the dose-response relationship for
the P35 group is shifted to the right relative to the other age
groups suggesting that these animals are resistant to am-
phetamine’s taste aversion inducing properties.

DISCUSSION

The results of this study demonstrate that the capacity of
amphetamine to alter taste preferences varies with age. Al-
though their greater retention capacity and resistance to ex-
tinction conventionally favors older animals [32], the wean-
lings in the present study exhibited stronger taste aversions
than the periadolescent and young adult animals. This find-
ing is consistent with previous research indicating that in-
fants are more sensitive than adults to amphetamine when
using locomotion as a response measure [10]. The relative
resistance to amphetamine-induced taste aversions exhibited
by the periadolescent animals parallels the resistance to
amphetamine-induced locomotor activity previously re-
ported in animals of this age group [5,22].

The periadolescent rat, in comparison with slightly
younger and older animals, not only shows an attenuation to
the psychopharmacological effects of amphetamine but also
to other catecholamine agonists, such as clonidine [28] and
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FIG. 4. Amphetamine dose-sucrose preference response relation-
ship for each age group.

apomorphine [29], as well. Conversely, animals of this age
may also show an accentuated response to catecholamine
antagonists as animals of this age are markedly more sensi-
tive to haloperidol-induced catalepsy than younger or older
animals [30,31]. Moreover, periadolescent animals, after
chronic treatment with haloperidol [30,31], amphetamine
[26], or 6-hydroxydopa [27] early in ontogeny, do not exhibit
the characteristic alterations in behavior and psychophar-
macological responsiveness seen in slightly younger or older
animals. Animals of this age also vary behaviorally from
younger or older animals. They are hyperactive and exhibit
an increase in hole-poke behavior when compared with
younger and older animals [30,31]. Additionally, rats of this
age have greater difficulty learning discrimination tasks than
younger or older animals [2], and female mice of this age
exhibit more pup killing behavior than younger or older mice
[17). These alterations in behavioral and psychophar-
macological responsiveness seen in periadolescent animals
may be the result of pubertal hormonal activity or of some
other developmental events occurring in the nervous system
of animals of this age.

The greater sensitivity to amphetamine evidenced by the
infants in this study may be due in part to the additional
consequence of maternal deprivation. There is also evidence
to suggest that the 24-hr fluid deprivation period prior to
conditioning may have been more severe for the infants than
the older animals [9]. In addition, amphetamine is less
readily metabolized in the liver of the immature organism, so
its pharmacological effects would be expected to endure
longer [16,24]. Since the aversive properties of amphetamine
and other drugs of abuse appear to be related to their dura-
tion of action [11], this might be an additional factor which
could have resulted in the stronger taste aversions exhibited
by the infants in this study.

There is a dearth of information on the detrimental effects
of stimulant chemotherapy in children diagnosed with mini-
mal brain damage or as hyperactive. The dangers of inter-
polating data gathered with rats to humans notwithstanding,
the establishment of amphetamine-induced taste aversions in
developing organisms may be of clinical importance as
stimulant chemotherapy has been found to significantly sup-
press the growth of children [23]. Tt has traditionally been
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thought that amphetamine and other stimulant drugs sup-
press long-term weight gain by suppressing appetite and sub-
sequent food intake, however, tolerance to this anorexic
drug effect develops rapidly with subsequent administration
of the drug [13]. Perhaps food intake is also suppressed, and
food preference altered, as a consequence of stimulant
chemotherapy by the production of amphetamine-induced
taste aversions. Not only will this effect increase in mag-
nitude with repeated drug use, but also the alteration in feed-
ing behavior would occur whether or not the drug is present.
This possible side effect of stimulant chemotherapy is sup-
ported by the reports of taste aversions in humans [18].
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Moreover, food aversions have been demonstrated in chil-
dren receiving cancer chemotherapy which also has weight
loss as one of its side effects [7]. Therefore, it is possible that
alterations in food preferences and food intake due to the
development of taste aversions may be a side effect of
stimulant chemotherapy in children, and may be responsible,
in part, for the significant suppression of long-term weight
gain in these children. Collectively, these findings argue for
stricter control over the temporal aspects of stimulant
chemotherapy and more specifically argues against the rec-
ommendation [3] that stimulant drugs be administered after
the morning meal on a daily basis.
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