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17(6) 1281-1284, 1982.—Rat pups were treated on postnatal day 5 either with the combination of desmethylimipramine (DMI)
and 6-hydroxydopamine (6-OHDA) to produce depletion of brain dopamine, or with control injections of saline. Two days
later they were presented a novel anise odor paired with intraoral baby formula, and on the next day were tested for
preference for the novel odor. Before conditioning and testing, animals were treated with either apomorphine (0.05 mg/kg)
or isotonic saline. Performance of the conditioned appetitive response was impaired in dopamine depleted animals. In
DMU/6-OHDA treated pups, apomorphine administration prior to conditioning produced an improvement in performance,
but drug treatment prior to testing had no effect. In normal pups, apomorphine administration either before conditioning or

testing produced impaired performance at testing.
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TREATMENT of neonatal rats with the combination of
desmethylimipramine (DMI) and 6-hydroxydopamine (6-
OHDA) produces a profound and permanent reduction in
brain dopamine (DA) and results in a constellation of behav-
ioral effects during development. These effects include
hyperactivity during the peak period of behavioral arousal
that usually appears at postnatal day 15 (P 15) and disappears
by P 30 [9, 12, 20, 28, 30, 34], and failure to habituate this
activity in a novel environment [26,33]. Furthermore, rats
tested at P 20 and later in both avoidance and escape tasks
are impaired in learning performance [14, 25, 27, 29].

The behavioral syndrome described above for rat pups
has many similarities to the clinical syndrome of attention
deficit disorder with hyperactivity (ADD) observed in chil-
dren, a disorder characterized by excessive general activity
in comparison with other children of the same age, difficulty
in sustaining attention, and impulsive behavior [1, 31, 36].
Though some have questioned the specificity of the response
[22], most investigators have noted that children with this
disorder respond to the stimulants methylphenidate and am-
phetamine with a reduction of their activity and an improve-
ment in attention [4, 35, 36].

Psychostimulant administration also reverses many of the
effects of neonatal DA depletion in infant rats. Amphetamine
treatment reduces the activity of DA depleted rats during
their hyperactive phase at doses that cause an increase in the
activity levels of controls [28,32]. Methylphenidate adminis-
tration produced a similar improvement in DA depleted
animals in an escape task [27]. Controls in these studies,
however, responded to these drugs with a performance defi-
cit. Two studies (using different depletion procedures), how-
ever, have found an increase in activity after methylpheni-
date [8] and amphetamine [20].

Since the DA depletion procedure used in the above
studies produces a 60-80% depletion of brain DA levels
without significant effects on norepinephrine levels, it is
parsimonious to attribute the behavioral effects to dysfunc-
tion of DA systems. One hypothesis for the behavioral ef-
fects of DA depletion has been that a DA system, perhaps
the mesolimbic DA pathway, exerts tonic inhibitory influ-
ences upon excitatory noradrenergic systems in the brain
[30]. According to this notion, termed the dual transmitter
hypothesis by Antelman and Caggiula [3], the hyperactivity is
attributed to an absence of DA mediated inhibition, and thus
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the reversing effects of methylphenidate and amphetamine
can be explained by their known facilitating actions at DA
synapses [18,19]. The paradoxical effects of amphetamine
and methylphenidate in DA depleted pups are explained by
assuming that dopaminergic receptors in the DA depleted
rats become supersensitive and thus the net drug effect is
more inhibitory in those animals. Since these psychostimul-
ants also affect noradrenergic synapses the facilitation of
activity in controls is consistent with the model.

If the paradoxical effects of amphetamine and methyl-
phenidate in DA depleted pups are attributable to the differ-
ential effects of the drugs on DA receptors, then administra-
tion of the DA receptor agonist apomorphine should produce
different effects in depleted and control pups. One purpose
of the present study, therefore, was to test the effects of
apomorphine administration on learning performance in
young rat pups. In addition, the present experiment was de-
signed to test the effects of the drug administration either
before conditioning, before testing, or both. The task used to
test these effects involved a classical conditioning paradigm
in which pups are exposed to a novel odor paired with
intraoral milk presentation and then are later tested for
conditioned preference to the novel odor. Previous research
has demonstrated the validity of this learning task with very
young rats, i.e., that the resulting preference for the odor is
indeed due to the pairing of the stimulus with the reinforcer
and is not due to pseudoconditioning [5,13]. By using this
task, it was also possible to determine whether the deficits in
performance shown by 6-OHDA treated neonates in aver-
sive learning paradigms would generalize to an appetitive
learning situation.

METHOD
Design

The present study used a 2x2x2 factorial design with
DA depletion (6-OHDA or saline treatment), drug adminis-
tration before conditioning (apomorphine or saline) and drug
administration before testing (apomorphine or saline) as fac-
tors.

Subjects

Eighty-two Long-Evans rat pups from 9 litters born in the
Hamilton College vivarium were used in the experiment.
Except for the days of treatment and testing, animals were
housed in litters with their mothers in pine bedding in stand-
ard plastic maternity cages. Mothers had access to food and
water ad lib, and the vivarium was maintained at a tempera-
ture of 21+3°C on a 12 hr light-dark cycle (lights on at 0600
hrs).

Apparatus

The conditioning chamber was 8 cm high x 10 cm in
diameter, and was situated under a heat lamp. An aquarium
air pump was connected by polyethylene tubing to a valve.
The valve allowed air to flow into either a flask containing 5
ml anise extract in 100 ml of water, or a flask containing
100 ml of water alone. From these flasks tubing was con-
nected to the conditioning chamber.

The acrylic testing chamber was 30x20x 10 cm i.d., with
a floor made of wire screening and was situated above
a 30x20 cm tray. Both the floor of the test chamber
and the tray were segmented into 15x20 cm sections by lines
drawn on their surfaces. An incubator consisting of a
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40%x27x32 cm glass aquarium equipped with a 200 W incan-
descent light coupled to a thermostat was used to maintain
the environment at 31+1°C.

Procedure

Dopamine depletion and cannulation. At 5 days of age,
pups were separated from their mothers, toe punched for
identification, and randomly assigned to one of the eight ex-
perimental groups. Pups assigned to dopamine depletion
groups were administered 20 mg/kg of DMI IP in a volume of
0.1 cc. One hr after this injection, the animals received an
intracisternal injection of 100 ug of 6-OHDA HBr in a vol-
ume of 20 pL. This procedure has been shown to produce
rapid depletion of brain DA [6,24]. Control pups received
saline vehicle for both injections. After these treatments,
animals were returned to their mothers.

When 6 days of age, pups were again separated from their
mothers and were fitted with intratongue cannulae under
ether anesthesia. Cannulation was accomplished by inserting
a 26 um diameter piano wire (beveled at one end) through the
ventral jaw and posterior tongue of the animal [11]. A can-
nula made of PE-10 tubing with a flare at one end was then
twisted onto the protruding wire. The wire was then drawn
out of the mouth, pulling the cannula into place with its
flared end resting in the posterior tongue. The cannula was
then cut to the length of the pup, and the animal was main-
tained in the incubator at 31+1°C until the next day.

Conditioning. The day after cannulation pups were ad-
ministered 0.05 mg/kg apomorphine HCI (Sigma) IP in 0.1 cc
of physiological saline or an equivalent volume of the saline
vehicle, depending upon their experimental group. After 30
min, each animal was placed in the conditioning chamber
with the temperature maintained at 35+1°C. In each of five
1-min cycles, each pup received 20 sec of anise scented air
paired with the infusion of 0.03 ml of infant formula
(Enfamil), followed by 40 sec of unscented air. After this 5
min conditioning period, the pup was replaced in the in-
cubator; when all pups had been conditioned, their cannulae
were removed and the animals were returned to their
mothers.

Testing. When 8 days of age, pups were placed in the
incubator and maintained at 31+ 1°C for 4 hr prior to testing
to ensure hunger. Thirty min prior to testing, each animal
was administered either 0.05 mg/kg apomorphine HCl in 0.1
cc physiological saline or an equivalent volume of saline
alone, depending upon the group designation. For testing, 3
ml of anise extract were pipetted onto one side of the tray
situated under the test chamber floor, and each animal was
placed onto the middle line and observed for a 5 min period.
Performance was measured as the percentage of time that
the pup spent over the side scented with the conditioned
anise odor, discounting the time spent straddling the center
line. The side of the apparatus under which the conditioned
odor was placed was changed from trial to trial. After test-
ing, pups were returned to their mothers.

Biochemical analyses. On the day following testing
animals were sacrificed by decapitation. Brains were ex-
tracted and quick-frozen on dry ice within 1 min of death.
Frozen brains were stored at —70°C and dopamine and nor-
epinephrine were analyzed by high performance liquid
chromatographic techniques [2].

RESULTS

Figure 1 illustrates the mean percentage of time spent
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FIG. 1. Mean percentage of a 5 min period spent over the con-
ditioned odor for pups treated with saline prior to both conditioning
and testing (SS), saline prior to conditioning and apomorphine prior
to testing (SA), apomorphine prior to conditioning and saline prior to
testing (AS), and apomorphine prior to both conditioning and testing
(AA). Data from DA-depleted pups are shown on the left and con-
trols are on the right.

TABLE 1
BRAIN CATECHOLAMINE CONCENTRATIONS
Group Dopamine Norepinephrine
Controls (combined) 100% 100%
(353.8 = 107.2 (379.0 = 61.9
ng/g)* ng/g)
6-OHDA Treated
SS 20.3% 84.7
AS 21.4% 87.4
SA 22.5% 79.7
AA 17.5% 85.0

*Concentrations are expressed as percentages of control values.
Numbers in parentheses refer to mean concentrations=SEMs.
+Significantly different from controls, p<0.001.

over the conditioned stimulus for the eight experimental
groups. Data were analyzed using a 2x2x2 analysis of vari-
ance, and tests for simple main effects were made using
Newman-Keuls pairwise comparisons.

Overall, DA depleted animals spent less time over the
conditioned odor than did controls, F(1,74)=7.41, p<0.01.
For DA depleted pups, apomorphine treatment before con-
ditioning caused a significant improvement in the learning
performance, F(1,74)=18.38, p<0.001. For controls,
apomorphine treatment before testing produced a significant
decrease in the percentage of time spent over the con-
ditioned stimulus, F(1,74)=22.08, p<0.001. Apomorphine
treatment before testing did not affect learning performance
for DA depleted pups, but it produced a performance im-
pairment in controls, F(1,74)=11.06, p<0.005. The triple in-
teraction of DA depletion, drug prior to conditioning, and
drug prior to testing approached but did not attain statistical
significance, F(1,74)=3.79, 0.06>p>0.05.

Table 1 indicates the DA and norepinephrine depletion
levels of the four 6-OHDA treatment groups. DA levels were
determined to be between 17.5-22.5% of the control values;
norepinephrine levels were not significantly different from con-
trol values.
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DISCUSSION

The present results show that apomorphine administra-
tion prior to conditioning reverses the performance impair-
ments exhibited by DA depleted animals in an appetitive
learning task. The finding that neonatal 6-OHDA treatment
produces impairments in an appetitive conditioning task ex-
tends the previous observations of aversive conditioning
deficits in these animals [14, 25, 27, 29]. In addition, the
deficits were observed in pups as early as 8 days of age,
whereas previous reports had measured learning impair-
ments in animals at least 20 days of age. In learning experi-
ments involving two choices, naive animals exhibit perform-
ance at chance levels (i.e., 50%). Naive animals in the current
experimental test situation, however, spend 40% of their
time over the novel anise extract (Wool, Shaywitz and
Teicher, in preparation); the odor appears, therefore, to be
aversive. In this context, DA depleted animals treated with
saline before conditioning behave as if they had not experi-
enced conditioning at all.

The fact that apomorphine in a low dose reversed the
performance deficit in DA depleted rats is particularly inter-
esting since higher doses of the drug (0.1 and 1.0 mg/kg)
disrupt learning in shuttle box and t-maze tasks [14]. Escape
learning in young rats is also disrupted by administration of
the dopamine agonist bromocriptine [29]. Since DA au-
toreceptors are considered to be inhibitory on DA synthesis
[23], and DA depletion produces learning deficits, it is most
sensible to consider the reversing effect of apomorphine in
the present study to be mediated by postsynaptic receptors
in the 6-OHDA treated animals. These results imply that
tonic dopaminergic stimulation is required for normal learn-
ing performance.

Although dopamine is apparently required for normal per-
formance to occur in the present experimental task, the spe-
cific process in which it is involved remains to be identified.
Adult rats with lesions of the mesotelencephalic dopa-
minergic system show sensory neglect to visual, auditory
and olfactory stimuli [15, 16, 17]. Olfactory sensory deficits
were not specifically examined in the current study, but the
pattern of results does not support anosmia as an explanation
of the impaired performance in 6-OHDA treated pups. For
example, pups treated with saline before testing obviously
did not ignore the olfactory stimulus, since they spent more
time away from the side of the apparatus scented with the
odor (see Fig. 1). A second behavioral effect of 6-OHDA
treatment that might be responsible for the impaired per-
formance in the learning task is motor hyperactivity, but
since dopamine depleted pups do not demonstrate hyperac-
tivity until 15 days of age [20, 21, 25, 28, 29, 30], this is an
unlikely explanation. In addition, the indication that
apomorphine treatment before conditioning produced an im-
provement in performance when the animals were tested the
next day argues against a simple motor deficit as a reason
for the behavioral impairment. A third possibility to consider
is that pups treated with 6-OHDA might not be responsive to
the positive reinforcer. However, Wool, Shaywitz, and
Teicher (in preparation) have shown that DA depleted and
control pups exhibit comparable behavioral activation
[10] in response to milk presentation in the same task used in
the present study, so this explanation also appears improb-
able. Certainly additional research into the associative, at-
tentional, sensory and motor abilities of 6-OHDA treated rat
pups will be helpful in interpreting their deficits in appetitive
conditioning performance.
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In control animals, apomorphine administration prior to

conditioning produced a deficit in performance, and similar
results have been obtained previously [14]. Normal adult rats
have been found to respond to low doses of apomorphine

10.

11.

12.

13.

17.

18.

. American Psychiatric Association. Diagnostic and Statistical

Manual of Mental Disorders, III. Washington, DC: American
Psychiatric Association, 1980.

. Anderson, G. M., D. K. Batter, J. G. Young, B. A. Shaywitz

and D. J. Cohen. A simplified liquid chromatographic elec-
trochemical determination of norepinephrine and dopamine in
rat brain. J. Chromar. 181: 453-455, 1980.

. Antelman, S. M. and A. R. Caggiula. Norepinephrine-dopamine

interactions and behavior. Science 195; 646-653, 1977.

. Barkley, R. A. A review of stimulant drug research with

hyperactive children. J. Child Psychol. Psychiat. 18: 137-165,
1977.

. Brake, S. C. Suckling infant rats learn a preference for a novel

olfactory stimulus paired with milk delivery. Science 211: 506
508, 1981.

. Breese, G. R. Chemical and immunochemical lesions by spe-

cific neurotoxic substances and antisera. In: Handbook of Psy-
chopharmacology, vol. 1, Biochemical Principles and Tech-
niques in Neuropharmacology, edited by L. L. Iversen, S. D.
Iversen and S. H. Snyder. New York: Plenum Press, 1975.

. Davies, J. A., B. Jackson and P. H. Redfern. The effects of

amantadine, 1-dopa, +-amphetamine and apomorphine on the
acquisition of the conditioned avoidance response. Neurophar-
macology 13: 199-204, 1974.

. Eastgate, S. M., J. J. Wright and J. S. Werry. Behavioral effects

of methylphenidate in 6-hydroxydopamine treated neonatal
rats. Psychopharmacology 58: 157-158, 1978.

. Erinoff, L., R. C. MacPhail, A. Heller and L. S. Seiden. Age-

dependent effects of 6-hydroxydopamine on locomotor activity
in the rat. Brain Res. 164: 195-205, 1979.

Hall, W. G. Feeding and behavioral activation in infant rats.
Science 205: 206-209, 1979.

Hall, W. G. and J. S. Rosenblatt. Suckling behavior and intake
control in the developing rat pup. J. comp. physiol. Psychol. 91:
1232-1247, 1977.

Heffner, T., F. Miller, C. Kotake, A. Heller and L. Seiden.
Transient and permanent hyperactivity following neonatal
6-hydroxydopamine: A function of brain dopamine depletion.
Soc. Neurosci. Abstr. 6: 108, 1980.

Johanson, I. B. and M. H. Teicher. Classical conditioning of an
odor preference in 3-day-old rats. Behav. Neural. Biol. 29:
132-136, 1980.

. Lipton, S. V., J. P. McGough and B. A. Shaywitz. Effects of

apomorphine on escape performance and activity in developing
rat pups treated with 6-hydroxydopamine (6-OHDA). Pharmac.
Biochem. Behav. 13: 371-377, 1980.

. Marshall, J. F., N. Berrios and S. Sawyer. Neostriatal dopa-

mine and sensory inattention. J. comp. physiol. Psychol. 94:
833-846, 1980.

. Marshall, J. F. and T. Gotthelf. Sensory inattention in rats with

6-hydroxydopamine-induced degeneration of ascending dopa-
minergic neurons: Apomorphine-induced reversal of deficits.
Expl Neurol. 65: 398-411, 1979.

Marshall, J. F., J. S. Richardson and P. Teitelbaum. Nigrostri-
atal bundle damage and the lateral hypothalamic syndrome. J.
comp. physiol. Psychol. 87: 808-830, 1974.

Moore, K. E. Amphetamines: Biochemical and behavioral ac-
tions in animals. In: Handbook of Psychopharmacology, vol.
11, Stimulants, edited by L. L. Iversen, S. D. Iversen and S. H.
Snyder. New York: Plenum Press, 1977.

. Moore, K. E., C. C. Chiueh and G. Zeldes. Release of neuro-

transmitters from the brain in vivo by amphetamine, methyl-
phenidate and cocaine. In: Cocaine and Other Stimulants,
edited by E. H. Ellinwood and M. M. Kilbey. New York:
Plenum Press, 1977.

WELDON ET AL.

with an increase in conditioned avoidance response acquisi-
tion but to high doses with a decrease in performance [7].
Thus, dose-response curves will be helpful in the interpreta-
tion of the apomorphine effects in infant rats.
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