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GREENSHAW, A. J. AND O. BURESOVA. Learned taste aversion to saccharin following intraventricular or intraperi-
toneal administration of d l-amphetamine. PHARMAC. BIOCHEM. BEHAV. 17(6) 1129-1133, 1982.—The effects of intra-
cerebroventricular (ICV—160, 250, 500 ug) and intraperitoneal (IP—3,5 mg/kg) administration of d,}-amphetamine were
compared using a multiple-bottle CTA procedure. After one conditioning trial animals receiving IP amphetamine exhibited
a marked aversion to saccharin. This effect was dose-dependent. With cannulated animals receiving ICV saline the
effectiveness of amphetamine at 5 mg/kg IP was equivalent to that of 3 mg/kg IP with unoperated rats. After one condition-
ing trial amphetamine at 160 ug ICV was ineffective in inducing an aversion to saccharin. Animals receiving 250 or 500 ug
ICV exhibited a marked aversion to saccharin after one trial. The 160 ug ICV dose was effective after two conditioning
trials. This differential potency of centrally and peripherally administered amphetamine after one conditioning trial indi-
cates that the aversive stimulus properties of amphetamine may not simply be centrally mediated. It is proposed that both
central and peripheral amphetamine effects may be necessary for the induction of a CTA with this drug.
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THE conditioned taste aversion (CTA), i.e. reduced intake
of a flavoured fluid (CS) the ingestion of which has been
followed by an aversive internal state (US), can be elicited
by a wide spectrum of chemical stimuli. The bibliography of
Riley and Clark [17] lists over 90 substances that have been
used as the US in the CTA paradigm. While most of these
drugs elicit poisoning accompanied by severe gastrointesti-
nal distress (e.g. LiCl or CuSO,) manifested by prostration,
spasms of the abdominal wall, increased peristalsis and diar-
rhoea, some drugs (e.g., amphetamine or apomorphine) may
act as a US by stimulating critical brain areas, without
producing significant visceral symptoms.

The experimental evidence for the central mediation of
CTA-eliciting effects of drugs is, however, indirect. Berger
et al. [2] demonstrated that a peripherally acting drug,
methylscopolamine, elicits a CTA in intact animals but not
in rats with area postrema lesions. As the same damage did
not reduce the CTA-eliciting potency of amphetamine, the
authors hypothesised that the destruction of chemoreceptors
in this region reduces the effectiveness of blood-borne
toxins, but does not block that of centrally acting drugs
penetrating the haemato-encephalic barrier. These results

have been recently confirmed by McGlone et al. [13] who
reported that lesioning of area postrema prevents the forma-
tion of a CTA with LiCl but not with amphetamine. Alterna-
tively, the presence of the poison in the body can be detected
not only by the chemoreceptors of area postrema but also
through visceral afferents activated by the local irritation of
intestinal mucosa. Coil et al. [5] have demonstrated that
subdiaphragmatic vagotomy blocks a CTA elicited by
intragastric or intraperitoneal injection of CuSO,, a poison
with predominantly visceral effects. The observation that
vagotomy does not prevent the formation of a CTA with LiCl
[10] is consonant with the view that this CTA eliciting agent
may affect chemoreceptors in the area postrema region [13].

In the above studies the failure to block CTA formation
either by the destruction of area postrema or by vagal deaf-
ferentation cannot be considered sufficient proof of the cen-
tral mediation of a US effect. Even a combination of the
above interventions would not rule out the possible partici-
pation of spinal visceral afferents in the detection of noxious
stimuli. Central effects may be demonstrated more directly
by intracerebral application of the US. The aim of the pres-
ent paper is to test the putative central mediation of the
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aversive stimulus properties of amphetamine in CTA learn-
ing by a comparison of the effectiveness of systemic and
intracerebroventricular (ICV) application of this drug.

METHOD
Subjects

Seventy male hooded rats (Druckray strain) aged between
2-3 months and weighing 200 g were used in the experiment.
They were housed under natural lighting conditions in
groups of not more than six animals per cage. Food was
available ad lib in the home cages.

Surgery

Animals receiving ICV injections of amphetamine or
saline were implanted with stainless steel guide cannulae (23
g) stereotaxically placed in the third ventricle by the method
of Walls and Wishart [20]. With this procedure, withdrawal
of CSF with a microinjection needle (30 g) connected to a
Hamilton syringe was used as the criterion for correct
placement. Surgery was conducted under pentobarbital an-
aesthesia (40-50 mg/kg IP). The guide cannulae were secured
to the skull with anchoring bolts and dental acrylic. Seven
recovery days were allowed before the operated rats were
water-deprived.

Procedure

Fluid consumption test. As two-bottle choice procedures
have been reported to be more sensitive tests of CTA acqui-
sition [6,9], a choice procedure was used. The rats were
individually exposed to a fourteen-bottle choice situation:
with this procedure the rats had access to fourteen glass
drinking-tubes placed along the wall of a drinking box
(50x40x20 cm) in a line at 2 cm intervals 8 cm above the
floor. Each tube contained 2.0 ml of fluid. On conditioning
days all tubes were filled with a 0.1% saccharin solution and
on retention days alternate tubes were filled with saccharin
solution and tap water, respectively. The necessity to sample
fluid from a number of tubes in order to achieve a normal
level of fluid intake prevents initial persistent drinking at the
first bottle chosen and ensures a valid assessment of prefer-
ence without the need to counterbalance bottle position. An
important feature of this test is that, although sampling is
forced, an animal may consume a substantial volume of
either fluid on a choice day.

Drug  administration.  d,]-Amphetamine  sulphate
(SPOFA) was used throughout the experiment. All doses are
expressed as the salt.

Peripheral application: Animals receiving intraperitoneal
(IP) amphetamine (3.0, 5.0 mg/kg) were injected immediately
after saccharin consumption. The drug was dissolved in
physiological saline and injected in a volume of 0.5 ml/kg.
Control animals received injections of physiological saline in
an equivalent volume.

Central application: Animals receiving ICV amphetamine
(160, 250, 500 wg/rat) were microinjected with the drug im-
mediately after saccharin consumption. The drug was
applied manually in a volume of 10 ul over a period of two to
three minutes. The 30 g microinjection needle protruded 0.5
to 1.0 mm below the tip of the guide cannula and was con-
nected to a 10 ul Hamilton syringe with portex tubing (PE 10)
during this procedure. Control animals received 10 ul injec-
tions of physiological saline by the same method.

Conditioning procedure. All animals received three daily
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FIG. 1. Mean saccharin preference for each group on each of the
three retention days following the conditioning procedure. The ver-
tical bars indicate SEM values.

sessions of exposure to the drinking apparatus to adapt them
to drinking tap water from the sampling tubes. Initially the
animals were 48 hr water-deprived and subsequently only
had access to fluid in the test situation. Drinking sessions
were of 15 minutes duration and fluid consumption was
measured to the nearest 0.25 ml. Following the adaptation
period the animals were exposed to saccharin alone paired
with the appropriate injection treatment. Since after periph-
eral amphetamine injection strong CTA was observed al-
ready on the first choice day, extinction was monitored by
repeating the choice tests also on subsequent two days. On
the other hand, animals that received central amphetamine
injections displayed weak CTA on the first choice day and
were, therefore, exposed to another saccharin ICV am-
phetamine pairing followed by another cl oice day. Compari-
son of the IP versus ICV saccharin administration was based
on the results of the first choice test.

Control groups: Three control groups were included in
this study. Two were conventional control groups receiving
saline injections (IP and ICV, respectively), being included
for an assessment of attenuation of neophobia and the devel-
opment of a preference for saccharin against which to com-
pare the effect of the drug treatments. The third control con-
sisted of a group of animals receiving ICV saline and IP
amphetamine (5 mg/kg). This group was included to deter-
mine the effects of the cannulation and microinjection pro-
cedures on the acquisition of an amphetamine-induced CTA.

RESULTS

Peripheral Amphetamine

The effects of a single pairing of amphetamine with sac-
charin are displayed in Fig. 1 for three consecutive retention
days. This figure shows that peripherally administered am-
phetamine at 3 and 5 mg/kg resulted in a marked alteration of
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FIG. 2. Mean saccharin preference for each ICV amphetamine
group and the ICV saline group on retention day 1. These data are
displayed together with the first retention day data for the saline-
treated cannulated group that received 5 mg/kg amphetamine IP on
the conditioning day.

saccharin preference relative to the performance of the con-
trol group. The cannulated group of animals receiving 5
mg/kg of amphetamine IP exhibited less preference for sac-
charin than the unoperated controls, however, the mean
preference scores for these animals were higher than those of
the unoperated group receiving 5 mg/kg of amphetamine,
being similar to the data for the 3 mg/kg group. A 2-way
ANOVA with repeated measures (Groups X Retention
Days) revealed a significant effect of amphetamine,
F(3,38)=41.17, p<0.001, and of retention days,
F(2,56=6.34, p<0.005. There was no significant interaction
between these factors, F(8,56)=0.68, p>0.25. Newman-
Keuls multiple-comparison between the mean preference
scores of each group revealed significant differences be-
tween each drug group and the control group on each of the
three test days. On test day one the unoperated 5 mg/kg
group exhibited significantly less preference for saccharin
than the 3 mg/kg group and the cannulated 5 mg/kg group.

Central Amphetamine

The effect of centrally administered amphetamine (160-
500 wg/rat) on saccharin consumption after one and two
drug-flavour pairings are displayed in Figs. 2 and 3, respec-
tively. In both figures these effects of central amphetamine
are displayed in relation to the performance of the cannu-
lated group receiving ICV saline in combination with a §
mg/kg IP injection of amphetamine after one drug-flavour
pairing and that of the ICV saline control groups. From an
inspection of both Figs. 2 and 3 it is apparent that central
amphetamine administration resulted in an attenuation of
saccharin preference relative to the saline control group. On
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FIG. 3. Mean saccharin preference for each ICV amphetamine
group and the ICV saline group on retention day 2. These data are
displayed together with the first retention day data for the cannu-
lated group treated with peripheral amphetamine as described for
Fig. 2.

test day 1 this effect of central amphetamine was greatest at
higher (250, 500 ug) doses. One-way ANOVA’s revealed
significant effects of drug treatment on saccharin consump-
tion on each test day, F(4,38)=8.32, p<0.001; 11.16,
p<0.001, respectively. Newman-Keuls multiple compari-
sons between the mean preference scores of each group re-
vealed no significant difference between the performance of
the 160 ug and the saline groups on choice day 1, although
this dose was effective on choice day 2.

Contrasting with the results of the saccharin-water free
choice tests, saccharin consumption was not reduced during
the second saccharin poisoning association. Average sac-
charin consumption in the pooled experimental groups
(n=30) was 10.00+0.3 and 10.1+0.5 ml saccharin on the first
and second CTA acquisition days, respectively. This finding
confirms the differential sensitivity of the single bottle and
two-bottle CTA testing procedures [6,9].

DISCUSSION

The belief that the amphetamine-induced CTA is centrally
mediated [8] is largely based on the observations that am-
phetamine fails to elicit a CTA in 6-OHDA treated animals
[18] and that a peripherally-acting amphetamine compound
will only induce a CTA at a very high dose [3]. Contrary to
expectation, the present data indicate that centrally applied
amphetamine is a relatively ineffective US in the CTA
paradigm. After one drug-flavour pairing, doses of 3 and §
mg/kg of peripherally administered amphetamine induced a
marked aversion to saccharin. According to Rech and Stolk
[16], IP injection of 5 mg/kg of d-amphetamine increased the
brain amphetamine level to 10 ug/g after a ten minute inter-
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val, followed by a decrease to 6.2, 2.5, and 0.75 ug/g after
intervals of 1, 2 and 4 hours, respectively. Approximately
twice these levels were reported after the same IP dose of
amphetamine at 2 and 4 hours after injection by Brodie et al.
[4]. On the basis of the above pharmacokinetic studies brain
amphetamine levels attained during the first 2 hr after IP
administration of 3 and 5 mg/kg amphetamine were estimated
as 3.6 and 6.0 ug/g, respectively. It was also assumed that
ICV administered amphetamine is uniformly distributed in
the approximately 1 g weight of rat brain. The estimated
brain amphetamine levels (Fig. 4) after ICV administration of
160 ug of the drug exceed at least by an order of magnitude
those attained after IP injection of 3 or 5 mgkg am-
phetamine. Furthermore by the present ICV administration
much higher amphetamine levels must have been attained in
the brain tissue surrounding the third ventricle, an area
which presumably plays an important role in CTA acquisi-
tion [7, 15, 21]1. The effectiveness of the higher ICV doses
(250 and 500 wg) in inducing a CTA after one drug-flavour
pairing may possibly be due to the penetration of the cen-
trally administered drug across the blood-brain barrier into
peripheral circulation. With the 200 g rats used in this study,
500 ug per rat corresponds to a dose of 2.5 mg/kg which
elicits a marked CTA with systemic application. Although
the quantitative aspects of the above comparisons must be
accepted with caution, the finding that CTA eliciting am-
phetamine dosages were almost the same with ICV and IP
applications is incompatible with the predominantly central
mediation of the drug effect.

Cannulation and the microinjection of saline into the third
ventricle significantly attenuated the degree of aversion at-
tained after IP application of 5 mg/kg of amphetamine to a
level, exhibited by the unoperated group receiving 3 mg/kg
IP. This result, together with the observation that the cannu-
lated control animals showed a marked preference for sac-
charin rules out the possibility that the present data may be
simply due to some feature of the surgical or microinjection
procedures.

The possibility of inducing a CTA with centrally applied
chemical stimuli has been demonstrated for injection of car-
bachol [14] into the medial septum and the lateral ventricle,
of A*THC [1] into the dorsal hippocampus and of 25% KCl
[19] into the vestibular nuclei. At least some of the centrally
administered drugs (e.g. carbachol: see [14]) may have
caused peripheral effects either by the spread of the drug into
the peripheral circulation, or by producing centrally-induced
visceral responses constituting an aversive state.

There is an interesting parallel between the present find-
ings and those of Martinez et al. [11,12]. These authors have
demonstrated, using a one-trial passive avoidance procedure
involving footshock, that centrally administered am-
phetamine (100 to 500 ug/rat) lacks the memory-enhancing
actions of 1 mg/kg of the drug IP. The centrally applied am-
phetamine doses in the Martinez ez al. studies were similar to
those used in the present experiments, and are clearly in the
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FIG. 4. Mean saccharin preference on the first retention day for
each group receiving peripheral or central amphetamine on the first
conditioning day, as a log function of estimated (IP) or applied
(ICV) brain amphetamine levels. The dose-response function is
markedly shifted to the right in animals receiving ICV amphetamine.
The open circle denotes the effect of § mg/kg amphetamine in the
cannulated animals.

range of doses that markedly affect general activity. Mar-
tinez et al. [11] reported dose-dependent increases in activity
after 100 to 500 pg ICV applications of amphetamine [11].
Similarly, although no formal analysis of unconditioned ef-
fects was attempted, the drug-treated animals in the present
study exhibited classical symptoms of amphetamine toxico-
sis, i.e. stereotyped behavior and brief catatonia (generally
with 250 ug ICV).

The present results indicate that a single ICV application
of amphetamine at a dose considerably higher than brain
levels after peripheral administration is ineffective in induc-
ing a CTA. However, the contribution of a central effect to
the CTA-inducing properties of amphetamine cannot be
ruled out. The failure to elicit a CTA with peripherally-acting
hydroxy-amphetamine [3] or with amphetamine in 6-OHDA
treated animals [18] indicates the importance of central
mechanisms. It is possible that the central effects of am-
phetamine are a necessary but not sufficient condition for the
efficacy of this drug in CTA learning. The aversion induced
with the very high ICV doses of amphetamine in the present
study after one drug-flavour pairing may be due to a combi-
nation of central and peripheral effects. Further work is
needed in order to test this assumption experimentally, e.g.
by simultaneous ICV application of amphetamine and IP
administration of a peripherally acting compound such as
hydroxy-amphetamine.
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