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Abstract

THE ROLE OF THE DOPAMINERGIC SYSTEM IN BEHAVIORAL

ACTIVATION OF INFANT RATS

by
Eun-Jee Viscardi
Advisor: Professor Gordon A. Barr

Young rat pups become behaviorally activated,
emitting a series of responses that includes mouthing,
licking, pawing, and locomotion, following either
reinforcing exteroceptive stimuli such as milk, or
electrical stimulation of the medial forebrain bundle.
To characterize the role of striatal and mesolimbic
systems in the behavioral activation of infant rats, the
behavioral responses of 3-day-old rats were observed
following brief electrical stimulation of the caudate
nucleus (CD) or the nucleus accumbens (NA).

Bipolar teflon coated stainless steel electrodes,
bared at the tip, were implanted in the CD or the NA of
3-day-old pups. Testing occurred 16 to 20 hours after
surgery. Following a 5 minute adaptation period and a 2
minute baseline observation period, behavior was
recorded over 6 one minute intervals during which
biphasic square wave stimulation (500 msec train of 50
pulses with a pulse width of 2 msec) was delivered every

10 seconds during every other minute. Current was 60




iv
uA, although inactive sites were tested up to 1000 uA.
The behavior of the pup was recorded during each minute.
Following testing, pups were overdosed with a
barbiturate and perfused intracardially. Frozen brain
sections were stained for Nissl substance and the
electrode placements verified independent of the
behavioral data. Stimulation of the NA (N=12) resulted
in behavioral activation, while stimulation of the D
(N=15) produced locomotion only.

To assess first the role of dopamine (DA) systems
in behavioral activation, and second the differential
effect of +typical and atypical neuroleptics on the
striatal and mesolimbic DA systems, subsequent studies
tested whether elicited behavioral activation could be
blocked by the dopamine antagonists haloperidol (HAL)
and clozapine (CLOZ). HAL (0.05 and 0.2 mg/kg) and CLOZ
(0.5 and 2.5 mg/kg) produced comparable effects in
blocking stimulation induced activation.

These results suggest the involvement of the
mesolimbic system in the behavioral activation that
accompanies reinforcement in infant rats, and a possible

role of dopamine mediating this behavioral activation.
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PART I: GENERAL INTRODUCTION

Significance of Behavioral Activation in Rat Pups

Rats, as well as other altricial species are
neurologically and behaviorally immature at birth
(Coyle, 1973, 1977), with limited sensory and motor
capabilities (Almli & Fisher, 1977; Bolles & Woods,
1964). Rat pups are blind and deaf during the first two
postnatal weeks, and their major sensory abilities are
somatosensory and olfactory. However, neonates are
sensitive to the consequences of their behavior, and
they have shown remarkable capacities to form and retain
new associations, and given an operant that is age and
task appropriate, they respond differentially. For
example, one-day-old rat pups exhibit operant learning
by pressing a lever to receive intraoral milk infusions
(Johanson & Hall, 1979). Three~- day-old rats prefer
novel odors paired with milk or suckling (Brake, 1981;
Johanson & Teicher, 1980), and they are able to attach
on a chemically lavaged female in the presence of an
artificial odor, provided the pup had previously been
stimulated in the presence of that odor (Pedersen et
al., 1982). Seven-day-old pups learn spatial
discrimination using suckling as an incentive (Kenny &
Blass, 1977).

A feature common to these demonstrations of early



learning is that infants are behaviorally activated.
Therefore, when typically inactive 3-day-old rat pups
are given milk, they become behaviorally activated,
usually making mouthing and licking movements and more
general body movements such as stretching, kicking,
probing, rolling, and locomotion (Hall, 1979). In
addition to milk, these behaviors are elicited by
various natural stimuli that include maternal 1licking
(Rosenblatt & Lehrman, 1963), stepping, retrieving
(Hofer, 1975) and home cage odor (Bulut & Altman, 1974).
Infant rats are behaviorally activated by specific
experimental manipulations such as food deprivation,
maternal separation, testing at high ambient
temperatures, administration of amphetamine (AMP) (Hofer,
1980), L-dopa (Kellogg & Lundborg 1972), by electrical
brain stimulation of the medial forebrain bundle
(MFB) (Lithgow & Barr,1984; Moran et al., 1981), or by
pinching a pup's tail (Szechtman & Hall, 1976).
Therefore, electrical stimulation administered to 3-day-
old rat pups through electrodes directed at the MFB at
the 1level of the lateral hypothalamus reliably elicit
behavioral activation that include mouthing, 1licking,
probing, pawing, gaping, rolling, stretching, lordosis,
and locomotion (Moran et al., 1983).

The above natural and experimental stimuli that are




accompanied by a series of ingestive and non~ingestive
behavioral activation have been successfully used in
learning situations. The key question is then whether
the behavioral modification produced in the rat pups was
due to a specific property of the reinforcer used or the
behavioral activation per se.

The importance of behavioral activation was
demonstrated by Pedersen et al. (1982). In 3~day-old
albino rats, vigorous stimulation by tactile stimulation
such as stroking with a soft artist's brush, or
pharmacological stimulation with AMP in the presence of
an odor enabled the odor to elicit attachment to a
washed nipple. They indicated that behaviorally
activating a pup in the presence of an odor may be
sufficient to alter the pup's subsequent behavior toward
the odor, and presented evidence which suggests that in
situations when a reinforcer 1is not behaviorally
activating, pups do not learn. In the absence of
stroking, almost 40% of Caesarean-delivered pups died
within the first hour after delivery, possibly as a
result of nipple attachment failure (Pedersen et al.,
1982).

Indeed, it appears that any activating stimulus at
this neonatal age could be used in a learning situation.

Sullivan and Brake (1981) demonstrated classical




conditioning to an odor when paired with activating
stimuli such as milk, stroking, the odor of rat saliva,
and even seemingly noxious stimuli such as a strong tail
pinch, suggesting that behavioral activation may be a
necessary characteristic of the stimulus~-response
sequence to produce a behavioral modification in rat
pups less than 1l-week old. The results from
intracranial self stimulation (ICSS) studies are
consistent with this view by showing behavioral
activation in rat pups during ICSS (Moran et al., 1983).

The tight 1link between behaviorally activating
stimuli and rewards is unique to infancy, since the
behavioral activation by MFB stimulation (Moran et al.,
1983) or by oral infusion of milk (Hall, 1979; Johanson
& Hall, 1979) 1is apparent in young pups less than 10-
days-o0ld, but declines by the end of two weeks. For
example, Moran et al. (1981) have shown ICSS in 3-day-
old rats. In a subsequent study, they demonstrated
behavioral activation in 3-day-old pups when electrical
stimulation was administered in the MFB. However, the
behavioral activation but not the ICSS elicited from the
MFB stimulation declined by the end of two weeks of age.

The fact that activating stimuli may provide a basis
for neonatal 1learning critical for survival, and its

uniqueness to infancy suggest that behavioral activation




may have important adaptive significance to the neonate.
Later in 1life, as behavioral activation become less
important, portions of the nervous system mediating
these behaviors may be suppressed or overlaid by later
developing portions of +the nervous system that are
responsible for mediating adult-typical behavior
patterns.

Nevertheless, despite the importance of behvioral
activation at this age, 1little is known about the brain
substrates or mechanism critical for the mediation of
behavioral activation. As indicated earlier, the
behavioral activation in infant rat pups was shown when
electrical stimulation was administered through

electrodes at the MFB. However, the MFB is a complex

heterogenous fiber system. The ascending MFB is
comprised of cholinergic (Shute & Levis, 1966),
noradrenergic, dopaminergic and serotonergic axons

(Ungerstedt, 1971). Therefore, stimulation of the MFB
could be very general and perhaps all the
neurotransmitter systems which course through the MFB
are involved. The purpose of the present experiment
was to investigate not only which neurotransmitter
systems are critical for the behavioral activation in
pups, but also the brain areas critical for this

behavioral activation.




Although there has been little systematic
investigation of the nervous system substrates of
behavioral activation per se, a growing body of evidence
from neuroanatomical, pharmacological, behavioral and
brain stimulation studies implicate the role of the
dopamine (DA) system 1in behavioral activation and
reward. The role of DA system in the mediation of
psychomotor activity is well documented. Across a wide
range of species, AMP, an indirect DA agonist, elicits a
dose-~-dependent increase 1in psychomotor activity and a
series of repeiitive stereotypic behaviors (Randrup &
Scheel-Kruger, 1966). In addition, DA (Crow, 1972;
Roberts et al, 1975) has been implicated in ICSS
behavior. ICSS behaviors following pharmacological
intervention with DA antagonists (Mogenson et al, 1979;
Phillips et al., 1975; 1976), and studies with direct
and indirect DA agonists (Baxter et al., 1972), suggest
a coherent picture of DA mediation of ICSS.

A number of studies using infant rats have also
implicated the DA system in the mediation of behavioral
activation (Sobrian et al., 1975) and reward (Pedersen
et al., 1982) and have shown the coincidence of the
behavioral activation and reward in young pups. In
addition, the ICSS from the NA increase with DA agonists

(Lithgow & Barr, 1984).




To characterize the role of the DA systems in the
behavioral activation of infant rats, two major DA
projection sites, the caudate nucleus (CD) and the
nucleus accumbens (NA), were stimulated electrically in
the infant rats whose dopaminergic development of these
two sites appear to be different from adult rats. The
CD and the NA were the sites of interest since they have
been implicated in locomotion and other stereotypic
behaviors such as probing, head bobbing, mouthing,
licking in adult rats. In this work, behavioral
activation 1is operationally defined as an increase in
behaviors including moﬁthing, licking, pawing, and
locomotion. This subset of behaviors were chosén,
because they are commonly seen in rat pups when they are
behaviorally activated either by natural activating
stimuli or by electrical stimulation of the MFB.

Anatomy and Significance of Dopamine System

Since DA was first identified in the central
nervous system (Carlsson et al., 1958) a great deal of
experimental behavioral work has been done, and it is
now thought that the DA system may play an important
role in the neural circuitry underlying locomotor
activity (Beninger, 1983; Iversen & Koob, 1977; Stinsus
et al., 1980), ingestive behavior (Swanson & Mogenson,

1981; Ungerstedt, 1971), and self stimulation (Broekkamp




et al., 1979) as well as in the etiology of
schizophrenia (Snyder et al., 1974). The DA pathways
have been described in considerable detail (Lindvall &
Bjorklund, 1978). Three major ascending DA systems are
the nigrostriatal, mesolimbic and mesocortical pathways.
The nigrostriatal dopaminergic pathway arises from the
substantia nigra and terminates in the CD (Lindvall,
1979; Lindvall & Bjorklund, 1978; Ungerstedt, 1971).
DA-containing cells which project to the CD are located
mainly within the substantia nigra pars compacta (SNC),
and accounts for about 70% of the total brain content of
DA. The mesolimbic dopaminergic projections innervate
diverse areas of the limbic forebrain including the
olfactory tubercle, septum, stria terminalis, amygdala
and the NA (De France & Yoshihara, 1975; Ungerstedt,
1971). Their DA cell bodies reside mainly in the
ventral tegmental area (VTA), AlO0 cell group. With the
advent of more sensitive histochemical fluorescent
techniques, the mesocortical DA pathway was discovered
(Berger, 1977). The mesocortical DA projection
originates from cell bodies in both the SNC and VTA.
These cell groups innervate the entorhinal cortex,
perirhinal and piriform cortex, and regions of the
frontal cortex (Fuxe et al., 1974; Lindvall et al.,

1974). of the other DA pathwvays are the




incertohypothalamic and periventricular systems and
originate in hypothalamic areas (Bjorklund et al., 1975;
Lindvall and Bjorklund, 1978).

Development of the central DA system is far from
complete in 3-day-old pups. However, the mesolimbic
and mesocortical DA system is relatively mature at 3
days of age. DA receptors in the NA are dense (Murrin
et al., 1985), and tyrosine hydroxylase activity in the
ventral tegmental area is about 75% of adult 1levels
(Loren et al., 1976; Schmidt et al.,1982). Also, DA
terminals in the prefrontal cortex at birth are well
developed (Schmidt et al., 1982). This contrasts with
less well developed DA projections to the CD (Coyle &
Campochiaro, 1976; Loren et al., 1976; Pardo et al.,
1977) and cingulate cortex (Loren et al., 1976), as well
as the later maturing noradrenergic (NE) system (Kirksey
et al., 1978, Loren et al., 1976). DA concentration in
the CD is only 15 to 40 percent of adult levels (Schmidt
et al., 1982). DA receptors are found at birth in the
CD and the NA and increase in density with age (Murrin,
1982; Schmidt et al., 1982). At birth, receptors are
found throughout the striatum with the most dense region
being in the dorsolateral aspect of the striatum. This
dorsolateral density is no longer seen at 21 days

(Murrin et al., 1985).
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Dopamine System and Psychomotor Activity

The role of DA system in the mediation of
psychomotor activity is well documented (Randrup &
Scheel~-Kruger, 1966; Rolls & Kelly, 1972). Across a
wide range of species, AMP elicits a dose~dependent
increase in psychomotor activity and a series of
repetitive stereotypic behaviors. Following small doses
(less than 1.0mg/kqg), for example, AMP increases
locomotor acitvity with periodic sniffing and licking in
adult rats (Beninger, 1983; Randrup & Scheel-Kruger,
1966). With increasing doses of AMP, locomotor activity
is enhanced and the oral behaviors become more
repetitive, and the more intense behaviors such as head
bobbing are also recruited. 1In rat pups, hyperactivity
induced by maternal deprivation was enhanced by AMP
while pretreatment of reserpine, which is known to
deplete DA storage, prevented the development of
hyperactivity (Hofer, 1980).

It 1is widely believed that AMP facilitates DA
transmission by 1) directly releasing DA from neuronal
terminals (Besson et al., 1971), 2) blocking the
neuronal reuptake of DA (Fuxe & Ungerstedt, 1970;
Glowinski et al.,1966), and 3) inhibiting the intra- and
extra-cellular degradative enzyme monoamine oxidase

(Glowinski et al., 1966). Although facilitation of both
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dopaminergic and NE neurotransmission has been
implicated in the pharmacologic actions of AMP, +the DA
systems are believed to play the predominant role in
mediating the behavioral responses of AMP (Cole, 1978).
Support for this viewpoint derives from the fact that
selective inhibition of NE synthesis is relatively
ineffective in blocking AMP-induced psychomotor
activities (Randrup & Scheel-kruger, 1966) . In

addition, destruction of DA-containing neurons by 6-

hydroxydopanmine (6-0HDA) , a potent neurotoxin for
catecholamine-containing neurons, prevents the
expression of AMP-induced psychomotor activity. In

contrast, selective inhibition of the NE system does not
antagonize these behaviors (Roberts et al., 1975).

Dopamine System and Learning

A dreat deal of evidence that implicates DA in
reward effect comes from ICSS studies (Bozarth & Wise,
1980; German & Bowden, 1974; Wise, 1978). While not
identical to more natural reinforcers such as food for a
hungry animal, there are enough similarities that it has
become a valuable tool for studying the reward system.
Animals work to receive ICSS just as hungry animals work
for food. Effective ICSS sites have been reported for DA
cell bodies, fibers, and terminals (Arbuthnott et al.,

1971; Clavier & Fibiger, 1977; Crow, 1972; German &
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Bowden, 1974; Wise, 1978) including the NA (Lyness et
al., 1979; Robertson & Mogenson, 1978; Taylor & Robbins,
1985) and the CD (Phillips et al., 1976).

The evidence for DA (Crow, 1972; Roberts et al,
1975) mediated ICSS behavior has been demonstrated,
especially when compared to conflicting reports
regarding NE mediation (Arbuthnott et al., 1971; Roberts
et al., 1975). The difficulty of demonstating self-
stimulation using electrodes placed caudal to the
dopaminergic cell-bodies in the ventral NE bundle or its
corresponding cell groups is interpreted as support for
the DA hypothesis (Clavier et al., 1976; Clavier &
Routtenberg, 1976). It is probable that the activation
resulting from ICSS of the MFB might be a result of
stimulation of the ascending DA fibers, since the
strongest self-stimulation is seen with electrode
placements along the path of the MFB where there are
overlapping projections of the mesocortical and
substantia nigra dopaminergic systems (German & Bowden,
1974).

Additional evidence in support of the DA
involvement in ICSS comes from studies of cortical
placements. Self-stimulation is seen with electrode
sites in medial and sulcal frontal cortex (Routtenberg &

Sloan, 1972), in entorhinal cortex (Collier & Kutzman,
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1977:; Routtenberg & Sloan, 1972) and in anterior
cingulate cortex where DA terminals have been found
(Mercuri et al., 1985).

The DA theory of reward is controversial in that
the optimal stimulation frequency for self-stimulation
is higher than maximal stimulation frequencies for DA
release, refractory periods of self-stimulation fibers
are shorter than for DA neurons, conduction velocities
differ, and the actual site of stimulation need not be
dopaminergic (Clavier et al., 1976; Corbett et al.,
1977; Gallistel et al., 1969). However, strong
indications +that the reward system is dependent on the
DA system comes from pharmacélogical studies. ICSS
behaviors following pharmacological intervention with DA
antagonists (Mogenson et al, 1979; Phillips et al.,
1975; 1976), and studies with direct and indirect DA
agonists (Baxter et al., 1972), suggest a coherent
picture of DA mediation of ICSS. AMP and
methamphetamine facilitate ICSS (Broekkamp et al., 1975;
Bulut & Altman, 1974; Chiueh & Moore, 1974; German &
Bowden, 1974; Pickens & Harris, 1968; Spyraki et al.,
1982; Wise, 1978) by increasing response rates or
decreasing the stimulation threshold (Kofman et al.,
1985; Stein & Ray, 1959). The enhancement of ICSS has

been attributed to selective action of AMP on the DA
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pathways that mediate the rewarding effects of ICSS.

Several observations suggest that DA antagonists
can block the rewarding effects of stimulation
selectively at doses 1lower than those' required to
produce motor impairment. The pattern of respcnse
change seen in tests after pretreatment with DA
antagonists suggests that these agents specifically
block neural systems critical for the rewarding property
of stimulation (Stellar et al., 1983; Wauquier &
Niemegeers, 1972) even though some decreases in general
activity are seen with DA antagonists.

A number of studies using infant rats have also
implicated the DA system in the mediation of behavioral
activation (Sobrian et al., 1975) and reward (Pedersen
et al., 1982) and also have shown the coincidence of
behavioral activation and reward in young pups. For
example, Moran et al. (1981) have shown ICSS in 3-day-
old rats. However, the behavioral activation but not
the ICSS elicited from the MFB stimulation declined by
the end of two weeks of age (Moran et al., 1983).
As development progresses, these immature behavioral
activations from rewarding stimuli may be replaced by
more organized goal directed responses such as bar
pressing.

Lithgow and Barr (1984) reported positive ICSS



15

sites including NA in 7- and 10-day-old rats.
Additional positive sites in 7-day olds were congruent
with adult data and included the medial amygdaloid
nucleus and the nucleus of the stria terminalis. These
pups also exhibited considerable behavioral activation
during ICSS. In their subsequent study, an increase in
self-stimulation was demonstrated by administering
various doses of AMP (1.0, and 5.0 mg/kg) and cocaine
(10.0, and 30.0mg/kg), a DA re-uptake inhibitor, in 3-
and 10-day-old rats (Barr & Lithgow, 1986). In
addition, AMP effectively induced odor conditioning of
suckling behavior in infant rats (Pedersen et al.,
1982). Caffeine, a stimulant that does not affect the
DA system directly, was not effective in this
experiment.

The nigro-striatal and mesolimbic DA pathways have
been implicated for different components of DA induced
behaviors (Cole, 1978). It has been suggested that the
NA modulates the animal's general tendency to move,
whereas the CD 1is involved in motor stereotypies.
Bilateral 6-OHDA lesions of the CD reduce all or most
components of AMP-induced stereotypy, leaving locomotion
unaltered (Costall et al., 1975; Costall & Naylor, 1976,
1977; Fray et al., 1980; Jackson et al., 1975;

Pijnenberg et al., 1973, 1975, 1976), whereas direct
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infusion of AMP into the CD elicit stereotypic behaviors
(Cools & Van Rossum, 1976). Conversely, 6-OHDA lesions
of the NA blocked the heightened locomotor response
produced by AMP, while stereotypy remained constant
(Kelly & Iversen, 1976). Direct application of AMP into
this site produces 1locomotion but not stereotypy
(Jackson et al., 1975). At this time the major
functional difference between the CD and the NA revealed
by behavioral and pharmacological studies in the rat
remains without clearly defined anatomical counterparts
(Fallon et al., 1978; Simon et al.,1979).

PART II: ELECTRICAL STIMULATION STUDY

Method

Subjects

Twenty-seven 3-day-old Sprague-Dawley rats, born
and reared in the Indiana University colony, weighing
from eight to ten grams, were used as subjects. One
group of pups had electrodes implanted in the NA (N=12),
while the other group had electrodes implanted in the CD
(N=15) . Pups were used only once. Litters containing
less than eight pups were not used. The day of birth
was designated as postnatal day 0. Litters resided with
their own dam in polypropylene maternity cages
(48x20x26Cm) on a substrate of pine shavings. The

colony was maintained on a 16:8 hour light/dark cycle,
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with Purina Rat Chow and water available ad 1lib.
Surgery

Electrode units were constructed prior to the time
of implantation. Two teflon-coated stainless steel
wires (0.1 mm, A-M systems, Inc.) bared at the tip were
used for the electrode. The bipolar electrodes were
soldered into individual gold-plated connectors that
were mounted in a plastic frame. A Kopf stereotaxic
device modified for neonatal surgery (Heller et al.,
1979) by adding a neonatal head holder was used as a
surgical stage. Pups were isolated from their mothers
and were anesthesized by methoxyflurane (Pitman-Moore,
Inc.) inhalation before stereotaxic surgery. Following
a midsaggital scalp incision to expose the calvariun,
the animal was inserted in the head holder, first being
positioned so that the mouth bar is at the angle of the
jaw. The needle (1.5mm) was inserted in the foramen
magnum. The foramen needle stem was then secured to the
face plate by means of a binding screw to adjust the
frontal =zero plane passing through the bregma, and the
midline plane passing through the sagittal sinus.
Following the incision, the hole was drilled in the
skull but not the dura overlying the right CD (2.0mm
anterior, 2.5mm lateral to bregma and 3.5mm ventral from

dura) or the right NA (1.8mm anterior, 1.2mm lateral to
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bregma and 4.0mm ventral to dura). Coordinates were
modified from the Sherwood and Timiras' atlas (1970).
The electrode was lowered and was cemented (Caulk Grip
cement and standard dental acrylic) to the skull after
the dura was gently incised. From all subjects used,
55% of the electrode tips were located either in the NA
or the CD. The pups were kept warm (32o C) and humid in

a incubator after surgery.

Testing Procedure

Pups were stimulatd 16 to 20 hrs post-operatively

o
on a felt-covered surface in a 32 C environment.
o
Temperature was maintained at 32 C by a heat lamp. The
humidity was not controlled. Immediately prior to

testing, all pups were voided, weighed, and injected
intraperitoneally (IP) with 0.9% saline solution and
numbered on their back with a marking pen for easy
identification of each animal. Pups were placed
individually in a felt-covered container and were
allowed to recover from injection handling for 20
minutes.

FolloWing 5 min adaptation and a 2-min baseline
observation, each behavior was recorded over 6-one
minute intervals during which biphasic square wave
stimulation (500msec train of 50 pulses with a pulse

width of 2 msec) was delivered every 10 sec during every
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other minute. A biphasic constant current stimulator
built in this lab from a modification of Schaefer et
al.'s circuit design (1981) was used to administer a 500
msec train of biphasic square wave stimulation.
Current administered was 60 uA, although inactive sites
were tested up to 1000 uA. The stimulation parameters,
such as pulse frequency, train duration, stimulus
intensity, and the stimulation schedule used in this
experiment were the same stimulation found effective for
self-stimulation in neonatal rats (Moran et al., 1981).
The frequency of each behavior of the pup was recorded
during each minute. The recorded behavioral categories
were: mouthing, repeated opening and closing of the
mouth or other rapid oral movements that do not include
licking; 1licking, movement of the tongue outside the
mouth; pawing, wiping the forepaw along the head or

snout; locomotion, movement of either the forepaws or

hindpaws. At the end of the stimulation session, IP
injection of AMP (2.5mg/kg) was given to each pup to
insure the capability of behavioral activation.
Following testing, pups were overdosed with sodium
pentobarbital and perfused intracardially with 0.9%
saline and 10% formalin. Frozen brain sections (60 um)
were stained in cresyl violet for Nissl substance and

electrode placements were verified independent of the
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behavioral data. The results from recorded frequency
of each behavior during pre- and post-stimulation was
compared using a two way analysis of variance (ANOVA)
with repeated measures to assess the main effects of
stimulation and stimulation sites as well as their
interactions and behavioral trend from repeated
stimulations. The F-test for simple effect was
followed to run individual comparisons where indicated.
Also the Pearson product-moment correlation was applied
to determine the relationship between recorded
behaviors.
Results

Following 500 msec stimulation trains to the Na,
pups displayed reliable behavioral activation, while
stimulation of +the €D and other areas such as the
diagonal band of Broca or the lateral septum did not
produce behavioral activation. When not stimulated,
baseline mouthing, licking, pawing and locomotion
behaviors of the tested pups were not significantly
different between groups, and the pups were typically
inactive. Intra-accumbens stimulation (N=12) produced a
dramatic and reliable behavioral activation while intra-
caudate stimulation (N=15) produced weak and variable
results. While electrical stimulation frequently caused

stretch responses as well as rolling and ear wiggling,
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the most predominant behaviors were mouthing, licking,
pawing and locomotion when the stimulating electrodes
were in the NA. The behavioral activation elicited by
electrical stimulation of the NA appeared to be
different from the enhanced locomotion resulting from
stimulation of the CD, and included appetitive
behaviors, such as mouthing, pawing, and licking.
These behaviors were elicitedgreliably and all behaviors
appeared in virtually all of the pups tested whose
electrodes were 1in the NA. The behaviors occurred
immediately after stimulation initiation and ended with
the end of stimulation. Occasionally, the onset of
elicited behavior was delayed and the elicited
behavioral responses often persisted well after
stimulation ended. In addition, the behavioral
responses were noted during off-stimulation minutes.
Behavioral data of pups in which the electrode placment
was not in the NA or the CD were not included in the
results.

Mouthing Mixed two-way ANOVA revealed main effects of
both stimulation, F (3,75)=8.69, p < .001, and group
effects, F (1,25)= 22.75, p < .001, with a significant
interaction effect, F (3,75)=4.84, p < .005, between
stimulation and group variables. The NA and the CD were

significantly different in stimulation-induced mouthing.
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From Figure 1, it is clear that the NA group was highly
activated by electrical stimulation by the marked
increase in mouthing. Mouthing behavior occurred much
more frequently upon stimulation of the NA compared to
the CD. In response to stimulation, young pups
exhibited mouthing behavior which occurred immediately
after the onset of stimulation and decayed rapidly when
the stimulation ended. Mouthing was elicited reliably
and appeared in virtually all of the pups tested whose
electrode was 1in the NA. However, stimulation of the
CD did not induce mouthing. The CD group was virtually
identical to their baseline behavior in mouthing
following stimulation. F-test for simple effects was
followed to determine the trend of 3 stimulation trials.
The analyses revealed significant increase of mouthing
behavior when each stimulation minute of mouthing
behavior was compared to baseline mouthing behavior, F
values between 3.66 and 5.33, p between <.05 and <.01l.
There was no significant differnce among stimulation
trials. Histological data on the NA and the CD are
presented in Figure 2. The sequence of brain sites runs
from rostral to caudal. The numbers shown in this
figure represent the number of mouthing behaviors which
occurred during 3 stimulation minutes at the particular

electrode placement. Each placement represents a single
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Figure 1. Mean +SEM of the number of occurrences
of mouthing behavior in response to three stimulation
trials in the nucleus accumbens and the caudate nucleus.
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Figure 2. Histological analysis of stimulation
effects on mouthing behavior in three day olds. The
numbers at the top of the sections correspond to the
anterior posterior co-ordinates from the Sherwood and
Timiras atlas for 10 day olds. The numbers in the
sections represent the number of mouthing behavior
occurred during three stimulation minutes at the
particular electrode placement.
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animal. The maximum number of mouthing behaviors
observed in response to stimulation of the CD was 8-9
occurences. In comparison, the maximum number of
mouthing behavior seen in the pups stimulated in the NA
was around 30 times. The average number of mouthing

behavior in the ¢CD and the NA were 4 and 16,

respectively.
Pawing The same pattern of result was found in pawing

behavior. Mixed two-way ANOVA revealed significant main
effects of both stimulation, F (3, 75)=4.42, p < .01,
and group effects, F (1, 25)= 5.55, p < .05, without a
significant interaction effect. As was the case in the
mouthing behavior, there was a significant group
difference. Pawing also was elicited reliably and
appeared in virtually all of the pups tested whose
electrodes were in the NA but not in the CD. As can be
seen 1in Figure 3, pawing behavior occurred much more
frequently wupon stimulation of the NA compared to the
CDh. The F-test for simple effects indicated a strong
stimulation effect for the NAa, and a significant
increase of pawing when each stimulation trial was
compared to baseline behavior, F between 3.42 and 5.84,
p between <.05 and < .01. There was no significant
difference among stimulation trials. Histological data

on the ©NA and the CD are presented in Fiqure 4. The
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Figure 3. Mean + SEM of the number of occurrences
of pawing behavior in response to three stimulation
trials in the nucleus accumbens and the caudate nucleus.
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Figure 4. Histological analysis of stimulation
effects on pawing behavior in three day olds. The
numbers at the top of the sections correspond to the
anterior posterior co-ordinates from the Sherwood and
Timiras atlas for 10 day olds. The numbers in the
sections represent the number of pawing behavior
occurred during 3 stimulation minutes at the particular
electrode placement.
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number of pawing behaviors elicited by the respective
electrode placements was plotted in the same pups.
Again the numbers shown in this graph represent the
number of pawing behaviors that occurred during 3
stimulation minutes at the particular electrode
pPlacement. The maximum number of the pawing behavior
observed in response to stimulation was 21 and 88 for
the CD and the NA, respectively. Average number of
pawing behaviors during three stimulation minutes in the
CD and the NA were 2 and 14, respectively.

Licking Most of the licking behavior was preceded or
accompanied by mouthing, and appeared to represent a
heightened 1level of mouthing. Licking showed no
stimulation or interaction effect, but did show a
slight group effect, F (1, 75)=3.3, p < .10. There was
a stimulation effect in the NA group, F (1, 3)=2.08, p <
.01, but not in the CD group. Figure 5 shows the
licking behavior occurrences before and after
stimulations in both groups. Although the stimulation
effect on licking behavior was not as robust as mouthing
or pawing, there was an increasing trend in the NA
group. In Figure 6, numbers in the nuclei represent the
number of licking behaviors elicited by the respective
electrode placements. The maximum number of the

behaviors observed in response to stimulation was 12 and
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Figure 5. Mean + SEM of the number of occurrences
of 1licking behavior in response to three stimulation
trials in the nucleus accumbens and the caudate nucleus.
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Figure 6. Histological analysis of stimulation
effects on licking behavior. The numbers at the top of
the sections correspond to the anterior posterior co-
ordinates from the Sherwood and Timiras atlas for 10 day
olds. The numbers in the sections represent the number
of licking behavior occurred during 3 stimulation
minutes at the particular electrode placement.
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74 for the CD and the NA, respectively. One of the pups
whose electrode was implanted in the NA had high licking
behavior before stimulation, possibly due to a piece of
pine shaving stuck on the pup's tongue. When
stimulated, the licking behavior increased in this same
pup. The average number of licking behaviors during
three stimulation minutes in the CD and the NA were 1
and 9 respectively.

Locomotion In contrast to the previous behaviors,

locomotion showed stimulation effects, F (3, 75)=7.37,
p < .001, without group or interaction effects.
Locomotion was seen following stimulation of both the NA
and the CD. Locomotor behaviors between the NA and CD
groups were not significantly different. In Figure 7,
the effect of stimulation on locomotor behavior is
plotted. As can be seen in this figure, locomotor
behavior increased upon stimulation of the NA and the
CD. The F-test for simple effects indicated a strong
stimulation effect for the NA, F (1, 3)=5.5, p < .005,
and a significant increase of locomotion when each
stimulation trial was compared to baseline behavior, F
between 1.92 and 2.42, p between < .05 and < .Ol.
There was no significant difference among stimulation
trials. The stimulation effect in the CD was also

significant, F(l, 3)=3.74, p < .05. The histology data
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Figure 7. Mean + SEM of the number of occurrences
of locomotor behavior in response to three stimulation
trials in the nucleus accumbens and the caudate nucleus.
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for locomotion is shown in Figure 8. The maximum number
of locomotor behaviors observed in response to
stimulation was 18 and 28 for the CD and the Na,
respectively. The average number of locomotor behaviors
during the three stimulation minutes in the CD and the
NA were 4 and 7, respectively.

A summary of the behavioral results is shown in
Figure 9. With regard to mouthing, pawing and licking,
the difference in activation was significant between the
two nuclei. However, elicited 1locomotion was not
different between the two sites. All pups were
activated by an AMP injection at the end of the
experiment demonstrating their capacity to behaviorally
activate. Figure 10 shows the mean number of mouthing,
licking, pawing, and locomotor behaviors combined during
three stimulation minutes in the NA and the CD. As can
be seen in this summary graph, electrical stimulation of
the NA caused a dramatic and reliable behavioral
activation while stimulation of the CD produced variable
results.

The Pearson product-moment correlation revealed a
substantial relation between mouthing, pawing, and
licking without significant correlation to locomotion.

The correlation coefficients are listed in Table 1.
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Figure 8. Histological analysis of stimulation
effects on locomotor behavior in three day olds. The
numbers at the top of the sections correcpond to the
anterior posterior co-ordinates from the Sherwood and
Timiras atlas for 10 day olds. The numbers in the
sections represent the number of locomotor behavior
occurred during 3 stimulation minutes at the particular
electrode placement.
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Figure 9. Mean + SEM of the number of occurrences
of each behavior in response to stimulation of the
nucleus accumbens and the caudate nucleus.
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Figure 10. Mean + SEM of the number of occurrences
of all four active behaviors in response to stimulation
in the nucleus accumbens and the caudate nucleus.
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Table 1.

Mouthing Licking Pawing Locomotion

Mouthing 0.71%* 0.51 -0.12
Licking 0.91%%* 0.01
Pawing 0.11

Note * p < 0.01
** p < 0.001

Discussion

Following electrical stimulation to the NA, pups
displayed reliable behavioral activation, while
stimulation of the CD and other areas such as the
diagonal band of Broca or the lateral septum did not
produce behavioral activation. Electrical stimulation
of the NA caused a dramatic and reliable change in the
behaviors of 3-day-old pups. While electrical
stimulation frequently caused stretch responses as well
as rolling and ear wiggling, the most predominant
behaviors were mouthing, licking, pawing and locomotion
when the stimulating electrodes were in the NA. The
behavioral activation elicited by stimulation of the NA
was similar to the behaviors seen in response to some
other forms of conventional rewarding stimuli, such as
milk, by exihibiting high levels of oral activity as
well as locomotion.

The elicited behavioral activation was different
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from behaviors seen in response to some other forms of
activating stimulation in the pup, and was initiated and
maintained in the absence of any relevant goal objects.
Also, the elicited behavioral responses in the pups were
different from adult stimulation data. In adults, the
behavioral responses are relatively concurrent with
stimulation and environmental cues and a training period
plays a major role in the elicited behaviors (Valenstein
et al., 1970; Valenstein et al., 1968). The elicited
behavioral activation in the infant rats were less
stimulation bound, and frequently was exhibited during
non-stimulation minutes. Occasionally, the onset of
elicited behavior was delayed, and elicited behaviors
persisted well after stimulation has ended.

In addition, the elicited behaviors were different
from adult CD and NA stimulation data. Stimulation of
the NA and the CD induce 1locomotion and repetitive
stereotypic movements respectively in adults. The CD
| groups 1in rat pups were virtually identical to their
baseline behavior in mouthing, 1licking, and pawing
following stimulation. The apparent lack of behavioral
activation from the CD stimulation might be from the
immature nigro-striatal DA system at this age. Also,
the different behavioral results from the stimulation of

these sites might result from an immature
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neurotransmitter system at this age. This elicited
behavioral activation in infant rats may become more
coherent and controlled with age as with other behaviors
such as feeding behavior or MFB elicited behaviors
(Hall, 1979; Moran et al., 1983).

The correlation results revealed close
relationships among wmouthing, licking and pawing
behaviors. Locomotion showed no correlation with any of
these behaviors. The mouthing, 1licking, and pawing
behaviors were specifically elicited by stimulation of
the NA while locomotion was not specific to this site.
This might suggest that mouthing, 1licking and pawing
behaviors are possibly from the same neurotransmitter
system in the NA, while locomotion might be mediated by
a different neurotransmitter system which is present in
the NA.

It is unlikely that these animals were not capable
of behavioral activation, because the injection of AMP
(2.5mg/kg) at the end of each experiment induced
reliable behavioral activation in every pup. Elicited
behavioral activations can not be explained on the basis
of temperature or other peripheral effects alone, since
rat pups responded differentially depending on
stimulation sites.

The results from this experiment are consistent
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with the hypothesis that the behavioral activation
following electrical stimulation of the NA in rat pups
depends upon the early maturing mesolimbic DA systenm.
The results, in fact, are quite similar to those found
by Stellar and coworkers (1985) showing the behavioral
activation during learning trials while chronic guide
cannula were implanted in the NA. If the DA systenm is
involved in behavioral activation, DA antagonists should
reduce elicited behavioral activation.

PART ITI: PSYCHOPHARMACOLOGICAL STUDY

Introduction

In the previous experiment, the electrical
stimulation of the NA was observed to increase mouthing,
pawing, 1licking and locomotor behaviors in 3-day-old
pups. However, electrical stimulation is not selective
as far as involved neurotransmitter systens are
concerned, since the electrical stimulation is not
specific to the area, but could be the result of
stimulating a few neurotrnasmitter systems which are
present in the NA.

The evidence from neuroanatomical, pharmacological,
and behavioral studies in addition to the present
electrical stimulation results implicate the role of the
DA system in the elicited behavioral activation.

Therefore the specificity of the DA system in the
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behavioral activation was further investigated wusing
psychopharmacological techniques. Ideally, it would be
most convincing to show that a DA antagonist reduces
behavioral activation while a DA agonist increases
behavioral activation. Since all tested infant rats
activated by IP injections of AMP in the first
experiment, the present study focused on the
effectiveness of DA antagonists in reducing or
inhibiting stimulation-induced behavioral activation of
the infant rats.

There is abundant evidence that antipsychotic drugs
block DA transmission. They inhibit DA sensitive
adenylate cyclase (Clement-Comier & Robinson, 1977) and
increase the DA synthesis rate and utilization (Carlsson
& Lindgvist, 1963). They reverse the suppression of
activity of DA neurons caused by DA agonists (Rebec et
al., 1979), and block DA agonist-induced sterotypic
behaviors (Randrup & Munkvad, 1974) as well as brain
self-stimulation in rats, dogs, and monkeys by blocking
DA receptors.

The major questions asked in this experiment were
whether DA antagonists block the stimulation induced
behavioral activation, and if so, whether different
classes of DA antagonists, which have been shown to

block DA agonist-induced behaviors differentially,
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affect the components of behavioral responses elicited
by electrical stimulation of the NA and the CD
differentially. The specificity of the DA system on the
behavioral activation in infant rats were investigated
by administerng typical or atypical DA antagonists and
recording the effects of these drugs on elicited
behavioral activation.

Actions of Neuroleptics

Antipsychotic drugs act primarily by blocking DA
neurotransmission, while little action is exerted at NE
synapses. For instance, antipsychotic neuroleptics
cause an increase in the synthesis and release of DA
(Antelman et al., 1976) and a subsequent increase in the
brain 1levels of DA metabolites (Carlsson & Lindqvist,
1963) by directly blocking DA receptors. Comparable
effects are not observed to the same extent in NE-
containing sites. Secondly, adenylate cyclase activity,
commonly used as an index of post-synaptic DA receptor
stimulation (Greengard, 1974) declines to a greater
extent in DA-containing sites than in NE systems
following administration of antipsychotic drugs
(Clement-Comier & Robinson, 1977; Miller, 1976).
Moreover, biochemical studies have demonstrated that the
antipsychotic neuroleptics are specific conformational

complements of the DA molecule (Horn & Snyder, 1971),
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providing additional support that antipsychotic bind
specifically to DA receptors. This evidence is
consistent with the fact that antipsychotics often
produce Parkinsonian-like side effects (Gerlach et al.,
1975) that are commonly associated with imparied
transmission at dopaminergic, but not at NE synapses.

Classification of Neuroleptics

Antipsychotic neuroleptics which have been the best
available pharmacological treatment for schizophrenia
can be divided into two categories based primarily on
their behavioral effects. Classical neuroleptics, such
as haloperidol (HAL), pimozide, and chlorpromazine,
produce an extrapyramidal syndrone, such as
Parkinsonian-like motor dysfunction or tardive
dyskinesia, whereas the atypical neuroleptics such as
clozapine (CLOZ), thioridazine, and l-sulpiride, are
relatively devoid of these extrapyramidal symptoms.

Parkinson's disease, characterized by rigid posture
and a severe impairment in the initiation of movement
(Hornykiewicz, 1977) 1is associated with a significant
loss of DA cells in the substantia nigra. Tardive
dyskinesia most often involves the mouth, 1lips, and
tongue and sometimes extends to the limbs or trunk, has
been suggested from chemical denervation of central DA

neurons following prolonged blockade of dopaminergic
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transmission and subsequent development of post-synaptic
supersensitivity (Klawans, 1973). Part of the evidence
supporting this hypothesis is that administration of L-
dopa can exacerbate tardive dyskinesia (Klawans &
Mckedall, 1971) and that drugs which reduce dopaminergic
activity, such as neuroleptics, can at least temporarily
alleviate the symptoms of tardive dyskinesia (Kobayashi,
1977). Thioridazine, and to a lesser extent sulpiride,
induces chewing movement when given repeatedly while
CLOZ does not induce these repetitive behaviors (Gunne
et al., 1986).

These antipsychotic drugs have also been
differentiated according +to their ability to block
different components of the behavioral response to AMP.
HAL, a representative classical antipsychotic drug,
abolishes the locomotion and focused stereotypy produced
by AMP (Stanley & Wilk, 1977). CLOZ appears to act
selectively on mesolimbic neurons (Anden & Stock, 1973),
since acute adnministration of this drug blocks motor
activity produced by low doses of apomorphine (APO), a
direct DA agonist, and AMP, but not the focused
stereotypy (Ljungberg & Ungestedt, 1978; Iversen & Koob,
1977). Rats withdrawn from chronic CLOZ have been
reported to respond to APO with a selective increase in

motor activity (Gianutsos & Moore, 1977; Ljungberg &
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Ungerstedt, 1978; Smith & Davis, 1976), by selectively
increasing DA receptor sensitivity in the NA and other
regions of the mesolimbic system but not in the CD
(Ljungberg & Ungerstedt, 1978).

In addition, atypical neuroleptics produce a
greater increase of DA metabolites in the NA than in the
CD (Anden & Stock, 1973). No difference in metabolite
levels were found when typical antipsychotics were
tested. This indicates a preferential action of CLOZ in
the NA, a finding supported by turnover studies. Also
these drugs showed differential effect on the SNC and
the VTA DA neurons which project largely to the CD and
the NA respectively (White & Wang, 1983). They differ
in their potencies for D2 DA receptors depending on the
brain region. CLOZ or thioridazine has higher affinity
to D2 sites in the limbic tissue than the CD, while HAL
is equipotent in these brain regions (Borison & Diamond,
1983). The affinity to 5-HT2 serotonin receptors also
differs and CLOZ is much higher compared to HAL (Altar
et al., 1986; Fillion et al., 1978; Nelson et al., 1978;
Peroutka & Snyder, 1979).

Contrary evidence, however, argues against the
regional selectivity of the neuroleptics. A few studies
reported that CLOZ and HAL elevated DA metabolites in

the CD and the NA to a similar extent (Stanley & Wilk,
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1977; Westerink & Korf, 1975). In addition, CLOZ and
HAL are reported to produce a similar effect on single
unit activity in both the CD and the NA (Rebec et al.,
1980). Furthermore, both drugs block the neuronal
response to AMP and APO in both nuclei (Rebec et al.,
1979). Since the affinity of neuroleptics for
muscarinic receptor bindings in the brain varies
inversely with the propensity of a drug to elicit
extrapyramidal effects (Snyder, 1974), a more likely
explanation 1is the anticholinergic properties of CLOZ
and thioridazine, as contrasted with HAL. It is well
known that anticholinergics can counteract neuroleptic-
induced side effects.
Method

Subjects

The subjects were 3-day-old Sprague-~Dawley rats
housed and maintained as described previously. All rat
pups were implanted using the stereotaxic method
described in the electrical stimulation study. To test
the effect of DA antagonists on the elicited behavioral
activation, one group of rat pups were implanted in the
NA and pretreated with 0.2 mg/kg HAL (N=5), 0.05 mg/kg
HAL (N=5), 2.5 mg/kg CLOZ (N=4), or 0.5 mg/kg CLOZ
(N=8), while other group of rat pups were implanted in

the CD and pretreated with 0.2 mg/kg HAL (N=7), or 2.5
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mg/kg CLOZ (N=4) before electrical stimulation.

Testing Procedure

Testing occurred 16 to 20 hours after surgery.
Pups were pre-~-tested on a felt covered container in a
32O C environment by giving three pulse trains at 60 uA
separated by a 30 sec delay to determine the effects of
electrical stimulation on behavioral activation. A
pulse train was the same as the first experiment and
consisted of 50, 500 msec pulses with a pulse width of 2
msec; Again, these stimulation parameters were chosen
because it has been shown that these stimulation
parameters were effective for self-stimulation and
behavioral activation in the MFB in neonatal rats (Moran
et al., 1l98l). The pups which responded with oral
behaviors or other behaviors including locomotion to two
out of three stimulation trains were included in the
test procedure. Pups that did not respond to this
current (60ul) were not tested further.

At the beginning of the test session, pups were
voided, weighed, and numbered on their back with a
marking pen for easy identification of each animal.
Each subject received an IP injection of 0.9% saline
vehicle solution or doses of 0.5 or 2.5 mg/kg CLOZ, 0.05
or 0.2 mg/kg HAL, 20 min before the test session began.

During this period, pups were allowed to recover from
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injection handling. The injection was arranged so the
identity of the treatment was not known to the observer.
The observer was blind to the injected doses as well as
the site of implant. These doses were chosen to include
doses known to have behavioral effects in adult animals,
as well as infant animals. Most of the data available
to date have been obtained from experiments using rats
with electrodes chronically implanted in the MFB at the
level of the hypothalamus. For example the ED50 for
inhibiting brain self stimulation behavior in rats were
0.047 mg/kg and 13.2 mg/kg subcutaneously for HAL and
CLOZ respectively (Fielding & Lal, 1978). The doses
necessary to cause 50% inhibition of avoidance behavior
were 1.03 mg/kg and 11.73 mg/kg for HAL and CLOZ
respectively (Fielding & Lal, 1978). The effect of
neuroleptics lasted a few hours to several days. Low
doses of typical neuroleptics were selected to avoid
catalepsy. From pilot studies, the above doses
eliminated elicited behavioral activation. Therefore,
the neuroleptic doses were lowered until reliable
behavioral activation data was obtained. These typical
neuroleptic doses in rat pups did not produce catalepsy
(Spear & Ristine, 1982) when tested using the procedure
by Baez et al. (1976).

Following 5 min adaptation and a 2 min baseline
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observation, behaviors were recorded over 6-one minute
intervals during which biphasic square wave stimulation
was delivered every 10 seconds during every other
minute. Pups were sacrificed and perfused as described
earlier at the end of the experiment. No more than 2
pups were used from a litter. The electrode sites were
plotted on the Sherwood and Timiras (1970) atlas.

In order to compare the effects of each DA
antagonist pretreatment on pups from stimulation, the
data for the three stimulation minutes were pooled since
there was no significant differences in the recorded
behavioral measures among stimulations by the F-test for
simple effect analysis in the first experiment, and the
effects of each antipsychotic dose on each behavioral
measure were compared by a nonparametric Mann-Whitney U
test. The Mann-Whitney U test was chosen because the
distribution of the data did not meet parametric test
assumptions.

To investigate the effect of neuroleptics on
motivational or motor function of infant rats, separate
groups of non-implanted 3-day-old rat pups were tested
for milk consumption. All pups were removed from their
mother and placed with their littermates in an incubator
for 23 hours before testing. At the time of testing,

each pup was removed from the incubator, weighed,
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labeled with a magic marker, injected IP with 0.5 mg/kg
HAL, 5.0 mg/kg CLOZ or saline. The effect of urinary
excretion on weight change was minimized by stroking the
anogenital area with a Q-tip to stimulate wurination
prior to injection. The milk intake session began 20
min after the injection and lasted one hour. Pups were
allowed to drink freely from a gauze pad saturated with
milk (Half and Half). The ambient temperature was
maintained at 32o C during this period. At the end of
test session, body weights of the pups were recorded
again after pups were gently dried by a gauze pad.
Results

HAL and CLOZ produced comparable effects blocking
stimulation induced activation. Injection of typical
antipsychotic HAL (0.2 mg/kg, N=5) effectively prevented
stimulation induced mouthing (U (5, 12)= 2 or 58,
p=.003), pawing (U (5, 12)=7 or 53, p=.015), and
locomotion (U (5, 12)=3.5 or 56.5, p=.005), in the pups
whose electrodes were in the NA. Mouthing (U (4,
12)=8.5 or 39.5, p=.006) and pawing (U (4,12)=7 or 41,
p=.039) behaviors were inhibited even at the low dose of
HAL (.05 mg/kg, N=4). Locomotion, however was not
blocked by this dose. Injection of atypical
antipsychotic CLOZ (2.5 mg/kg, N=4) also prevented

mouthing (U (4, 12)=1 or 47, p=.005), pawing ( U (4,
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12)=8.5 or 39.5, p=.06), and locomotion (U (4, 12)=2 or
46, p=.008), when the electrodes were implanted in the
NA. The low dose of CLOZ (0.5 mg/kg, N=8) also
effectively inhibited mouthing (U (8, 12)=2 or 94, p <
.001) and pawing (U (8, 12)=12 or 84, p=.005).
Locomotion in contrast was not inhibited at this 1low
dose. Figure 11 presents the number of mouthing
responses for 3 stimulation minutes for drug-treated
and control rat pups. As shown in figure 11, mouthing
was inhibited by each tested dose of atypical and
typical antipsychotics. Mouthing was significantly
inhibited by pretreatment of typical antipsychotic 0.05
and 0.2 mg/kg HAL. The atypical antipsychotics 0.5 and
2.5 mg/kg CLOZ produced a comparable effect and
inhibited mouthing significantly when compared to the
control group. Figure 12 presents the number of pawing
responses for 3 stimulation minutes for drug-treated and
control rat pups. Pawing also was significantly
inhibited by pretreatment of the typical antipsychotic
0.05 and 0.2 mg/kg HAL. The atypical antipsychotic 0.5
and 2.5 mg/kg CLOZ produced comparable effects and
inhibited pawing significantly when compared to the
control group. Figure 13 presents the number of licking
responses for 3 stimulation minutes for neuroleptic-

treated and control groups. Licking was not
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Figure 11. Mean + SEM of mouthing behavior in the
neuroleptics-treated and control groups.
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Figure 12. Mean + SEM of pawing behavior in the
neuroleptics-treated and control groups.
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Figure 13. Mean + SEM of licking behavior in the
neuroleptic-treated and control groups.
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significantly inhibited by tested doses, but the figure
shows the decreasing trend of 1licking behavior by
antipsychotic neuroleptics. Note that the increase of
licking behavior was not as robust as mouthing or pawing
in the stimulation study. Figure 14 shows the number of
responses for 3 stimulation minutes for drug-treated
and control rat pups. As can be seen in this figure,
stimulation induced locomotion was inhibited only by 0.2
mg/kg HAL or 2.5 mg/kg CLOZ when the electrodes were in
the NA. A summary of the drug data is shown in Figure
15. The HAL group was virtually identical to CLOZ in
inhibiting these behaviors. The behavioral activation
was significantly reduced by both drugs. Doses of 0.05
to 0.2 mg/kg HAL were effective in inhibiting
stimulation-induced mouthing and pawing. Doses of 0.5
to 2.5 mg/kg CLOZ produced comparable effects and
blocked stimulation induced mouthing and pawing.
Stimulation induced locomotion was inhibited only by 0.2
mg/kg HAL (N=5) or 2.5 mg/kg CLOZ (N=4) when the
electrodes were in the NA. Figure 16 presents the
number of responses for 3 stimulation minutes for drug-
treated and control rat pups, with electrodes implanted
in the CD. The locomotion induced by stimulation of the
CD was not significantly inhibited even at 0.2 mg/kg HAL

(N=7) or 2.5 mg/kg CLOZ (N=4). Figure 17 shows the
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Figure 14. Mean + SEM of locomotor behavior in the
neuroleptic-treated and control groups.



Locomotion

15

fa—y
=
t

Mean Occurrences / 3 Minutes

70

SAL

005 05 _ 0.2
HAL CLOZ HAL

Treatment (mg/kg)

2.5
CLOZ



71

Figure 15. Mean -+ SEM of the number of occurrences

in the

neuroleptic-treated and the control group when

the electrodes were implanted in the nucleus accumbens.
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Figure 16. Mean + SEM of locomotor behavior
elicited from the CD in +the neuroleptic-treated and
control groups.
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Figure 17. Histology for the 1localization
electrode loci in the saline and drug treated pups.
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histological results of the drug groups.

Milk intake data revealed that drug treatment did
not affect the amount of milk consumed by rat pups. The
pups drank from a milk saturated gauze pad and became
bloated with milk by the end of one hour, as indicated
by their extended abdomen, which was whitish in color.
The results of this experiment are summarized in Table
1. Each entry is the mean +SEM milk intake measured in
grams.

Table 2

Effects of Haloperidol and Clozapine on Milk Intake

of Non-implanted Rat Pups

Saline (N=16) Clozapine (N=2) Haloperidol (N=18)
(5.0 mg/kg) (0.5 mg/kg)
0.21+0.04 0.20+0.01 0.20+0.05
Note - Each entry is the mean (+SEM) milk intake

measured in grams for 23 hour deprived pups allowed one
hour access to a saturated gauze pad of milk.

The mean increase of body weight was similar to
Raskin and Campbell (1981), and approximately increased
3 % from the original body weight. In the subsequent
experiment the CLOZ (5.0 mg/kg) and the saline groups
were tested for milk intake, since the sample size of
the CLOZ group was small in the first milk intake
experiment. The mean values (+SEM) were identical in

the saline (N=10) and the CLOZ (N=11) groups
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(0.01+0.02).

Discussion

Both typical and atypical neuroleptics, HAL and
CLOZ were observed to inhibit stimulation-induced
behavioral activation of 3-day-old rat pups. HAL and
CLOZ produced comparable effects and blocked elicited
behaviors. Behaviors such as mouthing and pawing were
very sensitive +to DA antagonists and were blocked by
very low dosesvof HAL or CLOZ. Locomotion elicited by
stimulation of the NA however, was blocked only by
higher doses of either neuroleptic, while locomotion
induced by stimulation of the CD was not significantly
inhibited by the same doses. These results might be
from a 1less developed nigro-striatal DA system as
compared to the mesolimbic DA system. Consistent with
this interpretation, various neural sites differ in
sensitivity to AMP when infant rats were allowed to self
stimulate (Barr & Lithgow, 1986). Therefore it is
possible that the pharmacologic action of DA antagonists
may shift among regions. Confirmation of this
interpretation would require further studies in which
independent measures of DA receptors are taken, and DA
metabolism in the other brain sites are assayed or
manipulated directly.

The reduction or complete inhibition of behavioral
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activation induced by these antagonists did not appear
to be a result of a debilitating effect of the drugs or
to be due to any alteration in motivation since drug
treatment did not affect the amount of milk consumed by
rat pups. Also, no catalepsy was reported, even at the
high dose of 1.0 mg/kg HAL (Spear & Ristine, 1982).

It is unlikely that the inhibition from HAL and
CLOZ on elicited behavioral activation are from their
effect on other neurotransmitter systems, such as their
effect on 5-HT2 serotonin receptors. The fact that the
higher doses of CLOZ compared to HAL were needed to
inhibit elicited behavioral activation argue against the
involvement of 5-HT2 receptors, since the affinity of 5-
HT2 receptors is reported to be much higher in CLOZ as
compared to HAL (Peroutka & Snyder, 1979). 1In addition,
while HAL suppresses the elicited behavioral activation,
it does not suppress suckling responses which are
presumably mediated by the serotonin system.
Serotonergic agonists such as dquipazine increase
suckling behavior while serotonin antagonists such as
methysergide, methiothepin and metergoline inhibit
suckling. Spear and Ristine (1982) reported inhibition
of suckling by serotonin antagonists while DA

antangonists were not effective inhibiting this behavior.
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PART IV: GENERAL DISCUSSION

The present study reported the effects of
electrical stimulation on behavioral activation, using
3-day-old rats with electrodes implanted in the NA and
the CD, two major DA projection areas. Rat pups
responded differentially, depending on stimulation
sites. The behavioral activation induced by electrical
stimulation of the NA appeared to be different from the
enhanced locomotion resulting from stimulation of the
CD, and included appetitive behaviors, such as mouthing,
pawing, and licking. The elicited behavioral activation
was blocked by pretreatment of DA antagonists. Both
typical and atypical neuroleptics produced comparable
effects and blocked elicited behaviors.

These results are consistent with the hypothesis
that the DA system is critical in the mediation of
behavioral activation in infant rats. In particular,
the mesolimbic DA system appears to play an important
role 1in behavioral activation. Evidence that the DA
system develops earlier than the NE system (Loren et
al., 1976), as well as the earlier development of the
mesolimbic DA system compared to the nigro-striatal
system as indicated by early development of tyrosine

hydroxylase activity in the VTA (McGeer et al., 1976),
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are consistent with the view that the mesolimbic DA
system is involved in behavioral activation. Considering
the site or early development of the mesolimbic DA
pathway, the DA system 1is sufficient to mediate
behavioral activation at this age when this system is
electrically activated. The lack of elicited behavioral
activation from the CD implant may be a result of a less
developed DA system at this age.

The findings that behavioral activation accompany
ICSS in the MFB (Moran et al., 1983), and that ICSS in
the NA is responsive to AMP's actions at lower doses
(Barr & Lithgow, 1986), brain sites that support self-
stimulation in adults correspond well to the findings at
this age (Barr & Lithgow, 1986; Lithgow & Barr, 1984),
and the preferential effect on neuroleptics in the NA in
reducing the reward effect (Stellar et al., 1983, 1985;
Taylor & Robbins, 1984, 1985), as well as the results
from this experiment, suggest an interesting possibility
that behavioral activation and rewards in the infants
are mediated by the same neurotransmitter system, such
as the mesolimbic DA system.

In adult rats, the mesolimbic DA system has been
implicated with the reward system (Fibiger, 1978; Wise,
1980) . Seeger and Gardner (1979) reported an increase in

the self~stimulation rate in adult rats with electrodes
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implanted into the VTA, the source of mesolimbic DA
projections, following chronic HAL treatment, suggesting
the involvement of the mesolimbic DA system in the
reward system. Also, bilateral injections of AMP into
the NA increased ICSS (Broekkamp et al., 1975).
Furthermore, impairment of a learning task was greater
when the the neuroleptic, cis-flupenthixol, was injected
into the NA as compared to the CD (Stellar et al.,
1985). Taylor and Robbins (1984, 1985) also recently
presented evidence showing involvement of the mesolimbic
DA system in reward. The 6-OHDA lesions of the NA but
not the CD, attenuated the reinforcement effect produced
by intra-accumbens AMP infusion.

The rather undifferentiated behavioral activations
in infant rats may represent a reward system in
developing brains before neural components are fully
mature in terms of neurotransmitter levels and receptor
types and numbers. This elicited behavioral activation
in infant rats may become more coherent and controlled
with age as with other behaviors such as feeding
behavior or MFB elicited behaviors (Hall, 1979; Moran et
al., 1983). By the end of the second week of age, visual
and auditory systems are relatively mature (Gottlieb,
1971; Rose, 1968; Crowly & Hepp-Raymond, 1966), cortical

inhibitory mechanisms develop (Hicks & D'Amato, 1975),
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and development of dopaminergic pathways has increased
(Szechtman & Hall, 1980). Behavioral activation
mechanisms in the pup eventually lose their intrinsic
ability to maintain behavior and may be replaced by more
specific reward mechanisms by later developing
portions of the nervous systemn. Another possibility
is that other neurcotransmitter systems are so dominant
after two weeks, that they overshadow behavioral
activation. A combination of these factors might
inhibit behavioral activation in older rats in a reward
situation.

Nevertheless, the present findings do not
demonstrate the rewarding properties of behavioral
activation in infant rats. However, in 1light of
previous research from this laboratory on the role of
the AMP in self stimulation, differential sensitivity of
this drug depending on the neural sites, and the
concomittant behavioral activation in infant rats, it
could be postulated that the behavioral activation could
be coterminous as reinforcement in infant rats. For
example, it would be interesting to find out if a
neutral stimuli, such as an odor, could becone
reinforcing itself after the pups are stimulated in the
NA in the presence of the same odor. The pups might

develop preference to that odor if the behavioral
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activation is reinforcing in and of itself.
Alternatively, if behavioral activation is blocked
during brain stimulation, no learning should take place.

Clearly, more anatomical mapping studies are needed
to assess the relative 1roles of the DA system in
behavioral activation. However, it is unlikely that
either self-stimulation or behavioral activation in rat

pups 1is mediated by another system.
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