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Abstract
The rates of atypical antipsychotic drug prescriptions in pediatric populations has risen over the
last two decades, but little is known about the long-term consequences of these drugs on brain
and behavioral development. In rats, developmental administration of risperidone, the most
widely-used antipsychotic drug in children, elicits locomotor hyperactivity that can persist into
adulthood. It is not known whether developmental risperidone administration can impact other
behaviors later in life, and what the effects of other antipsychotics are on the same behavioral
measures. The purpose of this study was to compare the effects of early-life risperidone
administration on locomotor activity and reward sensitivity to similarly timed administration of
aripiprazole, the second most commonly used antipsychotic drug in young children. Pups (n = 12
per group) received subcutaneous daily injections of 7.0 mg/kg aripiprazole, 21.0 mg/kg
aripiprazole, 3.0 mg/kg risperidone, or vehicle between postnatal days 14-28. Acute risperidone
administration during development suppressed activity immediately after injection but was
associated with elevated levels of spontaneous locomotor activity during adulthood. These
effects were not observed in rats administered aripiprazole early in life. Neither drug affected
locomotor responses to amphetamine or MK-801 during adulthood, but each drug slightly, yet
significantly, increased sucrose preference — a measure of reward sensitivity. These data suggest
that the impact of early-life aripiprazole on brain development is'less dramatic than the impact of

early-life risperidone, but that both drugs modestly increase sensitivity to reward.
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A Comparison of Two Antipsychotic Drugs on Behavioral Development in Rats

For decades, antipsychotic drugs have served as a primary tool for treating psychiatric
disorders in adults (Bardgett, 2004; Stubbeman, Brown, Yates, & Bardgett, 2017). Recently, the
number of children and young adolescents receiving these medications has increased, despite a
small number of human clinical studies urging caution and a minimum of evidence for long-term
effects on brain and behavioral development (Bardgett et al., 2013; Ifiiguez, Cortez, Crawford, &
McDougall, 2007; Vitiello et al., 2009). This increase is likely due to the introduction of second-
generation, or atypical, antipsychotic drugs which, when compared to their predecessors,
generally have fewer acute adverse effects. Moreover, these drugs are used to treat psychiatric
conditions in children under circumstances where other forms of psychiatric treatment are not
available (Olfson, Blanco, Liu, Moreno, & Laje, 2006; Vitiello et al., 2009).

The most commonly prescribed atypical antipsychotics in children are risperidone and
aripiprazole. These drugs been approved for the treatment of adolescents with schizophrenia and
bipolar disorder, as well as for children ages 5-17 with behavioral problems associated with
autism (Olfson, Blanco, Liu, Wang, & Correll, 2012; Varela et al., 2014; Vitiello et al., 2009).
However, most children are provided off-label prescriptions for these medications to treat
attention-deficit/hyperactivity disorder (ADHD), pervasive developmental disorder, depression,
anxiety, and conduct disorder (De Santis, Lian, Huang, & Deng, 2016; Iiiiguez et al., 2007;
Olfson et al., 2012). Antipsychotic drugs are thought to exert their therapeutic effects via their
antagonistic/partial agonism of the dopamine D, and serotonin 5-HT1a and 5-HT2a/5HT2c
receptors. These receptors and the neurotransmitters that bind to them are involved in multiple
critical neurodevelopmental processes that makes receptor blockade during development

particularly concerning (De Santis et. al., 2016).
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Risperidone primarily targets 5-HT,a and D; receptors, along with Ds, D4, adrenergic o,
and o and histamine H; receptors (Choi, Moran-Gates, Gardner, & Tarazi, 2010; Stubbeman et
al., 2017). Like other atypical antipsychotics, risperidone has greater affinity for 5-HT2a
receptors as compared to Dz receptors (Choi et. al., 2010). Previous research has indicated that
long-term treatment with risperidone differentially affects dopamine receptor density in adult and
juvenile rats. In juvenile rats, risperidone increases D receptor density in the nucleus accumbens
and caudate-putamen, but elevates D, receptors in the medial prefrontal cortex and hippocampus
and Dy receptors in the nucleus accumbens, caudate-putamen, and hippocampus in juvenile and
adult rats (Moran-Gates, Grady, Park, Baldessarini, & Tarazi, 2007). Long-term risperidone
administration also increases hippocampal 5-HT)a receptors in juvenile but not adult rats,
although such treatment leads to lower cortical 5-HTza receptor densities regardless of age.
However, a lower dose of risperidone is required for the same effect in younger rats (Choi et. al.,
2010).

Aripiprazole has a unique mechanism of action, possessing an affinity for the D receptor
that is similar to the traditional antipsychotic drug haloperidol, but lower than other atypical
antipsychotics including risperidone (Mamo et al, 2007). It acts as a partial agonist at the
receptor as opposed to a full antagonist like all other antipsychotic drugs (Mamo et al., 2007;
Natesan, Reckless, Nobrega, Fletcher, & Kapur, 2006; Varela et al., 2014). As a partial agonist,
aripiprazole prevents the full activation of the D; receptor by dopamine but can actually increase
dopamine transmission depending on cell-line and assay condition if dopamine is absent

(Natesan et al., 2006). Aripiprazole also serves as an antagonist at 5-HT; receptors and as a
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partial agonist at 5-HT 1 receptors, though it is unique from most other atypical antipsychotics in
that it possesses a lower affinity for 5-HT; receptors compared to D; receptors (Mamo et al.,
2007; Natesan et al., 2006; Varela et al., 2014).

Though atypical antipsychotic drugs like risperidone are associated with fewer acute
adverse effects, they are not devoid of them (Bernagie, Danckaerts, Wampers, & De Hert, 201 6).
Specifically, by affecting the dopaminergic pathways involved in motor control, prolactin
secretion, cognition, and motivation, these medications can cause extrapyramidal symptoms
(tardive dyskinesia, dystonia, akathisia, and parkinsonism), increased prolactin levels, and
neurolepsis (Bernagie et al., 2016). Patients less than 20 years of age have been shown to be
more vulnerable to these acute adverse effects (Bernagie et al., 2016).

In contrast, aripiprazole possesses a comparatively low risk of inducing extrapyramidal
side effects at effective doses (10-30 mg per day) (Mamo et al., 2007; Varela et al., 2014).
Patients receiving doses in this range exhibit very high D2 receptor occupancy (>80%) relative to
the occupancy rates (60%-65%) achieved by clinically effective doses of most other
antipsychotics (Mamo et al., 2007). It should be noted that people with schizophrenia who are
treated with aripiprazole are at an increased risk for extrapyramidal side effects when the drug
occupies more than 90% of D; receptors, but clinical doses rarely produce this level of receptor
occupancy (Mamo et al., 2007; Natesan et al., 2006).

As discussed above, the acute effects of early-life atypical antipsychotic drug
administration have been reported in several studies, but research evaluating the long-term
effects of early-life antipsychotic drug administration is mostly absent. Therefore, the purpose of
this study was to compare the behavioral effects of early-life administration of aripiprazole and

risperidone respectively in rats at several points throughout development. To this end, we



ATYPICAL ANTIPSYCHOTICS AND DEVELOPMENT 6

employed several known behavioral measures of antipsychotic drug action.

Locomotor activity in rats can be defined as ambulatory horizontal movement. This
simple behavior has been used widely to determine the efficacy of antipsychotic drug
administration or the long-term impact of such drugs on behavioral and brain function (Bardgett,
2004; Bardgett et al., 2013; Varela et al., 2014). For example, Stevens, Gannon, Griffith, and
Bardgett (2016) examined the emergence timeline of persistently elevated locomotor activity
resulting from early-life risperidone administration. Their research indicated that adult rats
treated with daily risperidone displayed greater activity levels within 24 hours of their first
injection, but developing rats did not experience this effect until the start of their fourth week of
treatment. One week after cessation of administration, adult rats no longer demonstrated
hyperactivity in comparison to controls, but the same could not be said for their juvenile
counterparts. Previous research has also indicated that rats receiving early-life risperidone are
hyperactive for several months after the cessation of treatment. Bardgett et al. (2013) found that
increases in locomotor activity due to risperidone administration within the first two months of
life persisted from one-week post-treatment through roughly nine months of age.

Aripiprazole has not been shown to impact locomotor activity specifically, but very little
research has been done on the subject (De Santis, Pan, Lian, Huang, & Deng, 2014). The present
study addressed this void in the literature as well as specifically examined whether aripiprazole
produces the same delayed-onset compensatory hyperactivity in developing rats as risperidone.

Forebrain dopamine systems are not only known as targets of antipsychotic drug action
but are perhaps better known as neurochemical targets for drugs of abuse. One concern regarding
developmental exposure to antipsychotic drugs is that it may alter the sensitivity of forebrain

dopamine systems to drugs of abuse, possibly enhancing the acute rewarding responses elicited
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by such drugs or increasing liability to dependence. Amphetamine, a psychostimulant, increases
dopamine release, blocks dopamine and norepinephrine reuptake, and inhibits monamine oxidase
from metabolizing dopamine in the synapse (Iversen, Iversen, Bloom, & Roth, 2008).
Particularly active in the nucleus accumbens and caudate putamen — regions of the brain known
to be impacted by antipsychotic drug action — amphetamine stimulates motor activity in a
dose-dependent manner (Stubbeman et al., 2017). The sensitivity to this stimulation can be
evaluated by measuring locomotor activity, and previous findings indicate that rats administered
risperidone early in life are hypersensitive to the locomotor effects of amphetamine application
(Stubbeman et al., 2017). Tadokoro et al. (2012) evaluated dopamine release and locomotor
activity induced by methamphetamine (an analogue of amphetamine) in adult rats chronically
administered aripiprazole and found that aripiprazole did not modify dopamine or locomotor
responses to methamphetamine. The present study sought to determine whether animals treated
with aripiprazole early in life demonstrate the hypersensitivity to amphetamine observed in rats
administered risperidone early in life.

Another neurotransmitter system important in antipsychotic drug action as well as sub-
serving neural responses to drugs of abuse is the glutamate system. Glutamate is found in
abundance in many of the same dopaminergic regions of the forebrain (e.g., frontal cortex,
nucleus accumbens, caudate-putamen), with glutamate and dopamine nerve terminals working in
tangent to alter post-synaptic function in many of these regions. Glutamate can bind to three
general receptor subtypes: NMDA, AMPA, and metabotropic glutamate receptors. The NMDA
receptor is of particular interest here because it possesses high affinity for a different category of

abused drugs, namely phencyclidine and ketamine. It is possible that developmental exposure to
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antipsychotic drugs indirectly alters NMDA receptor function through direct modifications of
dopaminergic systems. To ascertain the effects of risperidone and aripiprazole on NMDA
receptor function, we administered dizocilpine (MK-801), an uncompetitive N-methyl-D-
aspartate (NMDA) receptor antagonist, and measured locomotor activity responses. MK-801 is
associated with increased dopamine output in the nucleus accumbens, striatum, and frontal
cortex, as well as impacting 5-HT neurotransmission (Tuplin, Stocco, & Holahan, 2015). Acute
administration of MK-801 and other NMDA receptor antagonists in rats results in behaviors
modeling symptoms of schizophrenia including hyperactivity, stereotypic behaviors, and
cognitive deficits (Bradford, Savage, Jones, & Kalinichev, 2010). The hyperactivity produced by
MK-801 in rats can be reduced by acute administration of aripiprazole and risperidone
respectively (Bradford et al., 2010; Tulpin et al., 2015). In the current study, we sought to
determine if administration of aripiprazole and risperidone during development alters locomotor
responses to MK-801 during adulthood.

Much of the work here focused on possible modifications by early-life antipsychotic drug
administration of locomotor responses to drugs of abuse. However, it may be of interest to gain a
better appreciation of whether reward mechanisms in the brain are also modified by early-life
antipsychotic drugs. As a first step towards this goal, we compared sucrose preference between
adult rats administered risperidone, aripiprazole, and vehicle early in life. Presumably, greater
intake of sucrose in a free-choice preference test would suggest greater sensitivity to rewarding
effects of the sucrose solution. For example, Gulley and colleagues (Kang, Wu, Galvez, &
Gulley, 2016) found that sucrose preference is reduced in rats during withdrawal from chronic
amphetamine treatment, indicating that decreases in sucrose preference can be associated with

anhedonia. Sucrose preference was studied here since it was assessed after rats were tested for
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locomotor responses to amphetamine and MK-801 and did not involve further exposure to the
latter drugs in tests of reward such as drug-induced conditional place preference.

Children with ADHD and disruptive behavior disorders are at an increased risk for
substance abuse and addiction, including the abuse of the very psychostimulants used to treat the
disorders (Faraone & Wilens, 2007; Harstad, Levy, & Committee on Substance Abuse, 2014;
Levy et al., 2014; Wilens et al., 2008). Previous research from our lab (Stubbeman et al., 2017)
indicates that those treated with antipsychotics early in life may have an increased sensitivity to
such psychostimulants and implies that these individuals may be at an even higher risk for
substance abuse. The study performed by Tadokoro et. al. (2012) also provided evidence that
aripiprazole is able to reduce the dopamine sensitivity caused by the chronic application of
haloperidol, indicating a potential for attenuating the potential for increased risk for substance
abuse. It was expected that the effects of aripiprazole on each behavioral measure would be less
marked than the effects of risperidone, based on the latter drug’s action as a partial D, receptor
agonist, and the literature reviewed above that generally suggest a less dramatic behavioral
phenotype of rats treated with aripiprazole. By pursuing this line of inquiry, we hoped to
generate data that has implications for the treatment of pediatric psychiatric disorders as well as
to provide basic information regarding effects of early-life antipsychotic drug treatment on brain
and behavioral maturation.

Method
Subjects
Forty-eight male (n=24) and female (n=24) Long Evans rats were used. Pregnant mothers

were purchased from Envigo Bioproducts (Indianapolis, IN) and arrived in the animal facility on
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gestational day 14. On postnatal day (PND) 7, pups were sexed and cross fostered into litters of 8
such that each litter contained four rats of each sex. They were paw tagged for identification
purposes. All pups were weaned on PND 21, re-housed into same-sex pairs, and ear clipped for
identification within their home cage. Rats had access to food and water, and the housing room
lights went on at 6:30 a.m. and off at 6:30 p.m. The Northern Kentucky University Institutional
Animal Care and Use Committee approved all of the procedures and animal care.

Drugs

Rats were randomly assigned to one of four treatment groups (vehicle, RISP 3.0, ARI
7.0, and ARI 21.0 mg/kg of body weight). Only one dose of risperidone was chosen for study
since previous work has assessed dose-dependent effects of risperidone and the selected dose has
been the most effective one reported in those studies (Bardgett et al, 2013; Stevens et al,, 2016;
Stubbeman et al., 2017). Rats were weighed and administered their assigned treatment
subcutaneously once a day from PND 14 through 28.

Risperidone. RISP was provided by the National Institute of Mental Health’s Chemical
Synthesis and Drug Supply program. It was dissolved in a small volume of 10% glacial acetic
acid, brought to volume with 0.9% saline, and pH adjusted with 1M sodium hydroxide to
roughly 6.3. This solution was injected subcutaneously at a volume of 2.0 ml/kg of body weight.
The selected dose was based upon previous work in our lab (Bardgett et. al., 2013; Stubbeman et
al., 2017).

Aripiprazole. ARI (RTI; Research Triangle Park, SC) was dissolved in a small volume
of 45% 2 hydroxypropyl-b-cyclodextrin (HBC) solution to produce a 6.0 mg/ml concentration
based on an approach reported by Varela et. al. (2014). These doses were selected from a range

reported in the literature (Tadokoro et al., 2012; Tuplin et al., 2015; Varela et al., 2014). This
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solution was injected subcutaneously at 3.5 ml/kg of body weight to serve as the 21.0 mg/kg
dose. To produce the 7.0 mg/kg dose, the 6.0 mg/ml concentration was diluted with dH»0 to 2.0
mg/ml and administered at a volume of 3.5 m/kg of body weight.

Vehicle. The vehicle solution consisted of 0.9% saline and 10% glacial acetic acid and
pH adjusted to ~6.37 with sodium hydroxide. This was injected subcutaneously at a volume of
2.0 ml/kg of body weight.

Amphetamine. Rats from the four treatment groups were equally divided into four
groups of 12 rats, and two groups were tested once per day on either PND 67 and 70, or PND 68
and 71. AMPH was administered via subcutaneous injection on the assigned day. The order of
AMPH administration was counterbalanced within each treatment group and within males and
females, such that half of each treatment/sex group received AMPH on the first day of testing
and the other half received AMPH on the second day of testing. D-amphetamine sulfate (Sigma
Aldrich; St. Louis, MO) was dissolved in 0.9% saline at a concentration of 1.0 mg/ml and
injected at a volume of 1.0 ml/kg of body weight. The doses are based on those reported in recent
studies from our lab (Stubbeman et al., 2017).

Dizocilpine (MK-801). Subjects from the four treatment groups were equally divided
into four groups of 12 rats, and one group was tested once a week for three weeks starting on
PND 74. MK-801 (Sigma) was injected subcutaneously. Two doses of MK-801 (0.05 & 0.1
mg/kg of body weight) and a 0.9% saline control were used with the selected doses based on
previously published behavioral studies from our lab (Bardgett, Points, Roflow, Blankenship, &
Griffith, 2009). The order of MK-801 administration was counterbalanced within each treatment
group, and within males and females, across the three weeks of testing, such that an equal

number of rats from each treatment/sex group got each dose during each week of testing.
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MK-801 was dissolved in 0.9% saline and injected at 1.0 ml/kg of body weight.
Locomotor activity

Rats were assessed for locomotor activity throughout the study using clear polypropylene
cages (51 cm long % 26.5 cm wide % 32 cm high) inserted into Kinder Scientific Smart-Frames
(Poway, CA). Locomotor activity was measured by the number of photobeam breaks recorded
during each test session. Testing occurred in a room separate from where the home cages were
kept and occurred in a darkened environment except where otherwise noted.

Treatment response. All 48 rats were tested on PND 14 for one hour post-injection, and
then again 23 hours later for 20 minutes preceding the following day’s treatment administration.
These tests were repeated on PND 21 and PND 28. This testing allowed for a comparison of the
immediate and delayed effects of ARI and RISP on locomotor activity.

Long-term effect of treatment on spontaneous activity during adulthood. On PNDs
60-64, locomotor data were collected again for one hour to compare the long-term effects of
early-life ARI and RISP administration on locomotor activity. Additionally, this procedure
served to habituate the rats to the testing environment prior to AMPH administration and testing.

Locomotor response to amphetamine. Locomotor activity after amphetamine or saline
administration was recorded in two groups of 12 rats on PND 67 and 69 or in the remaining two
groups of 12 rats on PND 68 and 70. On each testing day, locomotor activity was recorded for 30
minutes prior to drug administration to generate baseline locomotor activity data, and then again
for three hours after receiving an injection of amphetamine or saline. Each group of 12 rats was
balanced for antipsychotic drug treatment group and sex, and the order of saline and

amphetamine injections was balanced within each group across the two testing days.
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Locomotor responses to MK-801. Once a week for three weeks, beginning on PND 74,
locomotor activity was tested before and after MK-801 injection. Rats were placed in locomotor
chambers for 30 minutes prior to drug administration to establish baseline locomotor activity,
and then again for five hours after receiving an injection of the assigned dose. Balancing and
counterbalancing of antipsychotic drug treatment, sex, and administration of different doses of
MK-801 occurred as described for the study of locomotor responses to amphetamine.

Sucrose Preference

Beginning on PND 95, a sucrose preference test was conducted based on a protocol
published by Isingrini et al. (2016). Starting at 8 am, rats were placed in a locomotor chamber
with access to food and two bottles containing tap water and 3% sucrose solution. For 11.5
hours, rats were tested with the lights on, then the bottles were weighed and replaced, their
positions on top of the cages swapped to ensure that positional bias was controlled for, and tested
again for 11.5 hours in the dark (beginning at 8 p.m.). The side placement of the bottle
containing sucrose was balanced as a function of antipsychotic drug treatment and sex.
Locomotor activity was also recorded across the entire 23-hour test.

Statistical Analyses

The number of photobeam breaks generated during the tests of the immediate, delayed,
and long-term effects of ARI and RISP were analyzed separately for each test using a three-way
analysis of variance (ANOVA) with treatment and sex as between subjects factors and time
across testing (compiled in five-minute bins) as a within subjects factor. The same analysis was
applied to the number of photobeam breaks generated after saline injection in the amphetamine
and MK-801 studies (separately for each study), but the data were compiled into 30-minute bins

across the 3-5 hours of testing. The effects of amphetamine or MK-801 (each dose) on activity
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were analyzed by subtracting the saline data at each time point from the activity recorded at the
corresponding time point for each drug/dose. These difference scores were analyzed using a
three-way ANOVA with treatment and sex as between subjects factors and time across testing
(compiled in 30-minute bins) as a within subjects factor. In the sucrose preference test, the de-
pendent measure was % sucrose solution consumed as a function of total fluid intake. This
measure was compared using a three-way ANOVA with treatment and sex as between subjects
factors and time (light phase vs. dark phase) as a within subjects factor. Locomotor activity
across this testing was compared in the same manner, but with the data compiled into two 11.5-
hour bins across the 23 hours of testing.
Results

The first part of the study looked at the effects of each antipsychotic drug on locomotor
activity for one hour at PND 14, 21, and 28. A Mauchly’s test of sphericity was used in this
analysis and neatly all others reported below to determine if the assumption of sphericity was
violated in any of within-subjects analysis, such as time or day. When the test indicated that
sphericity was violated, all degrees of freedom in such cases were adjusted using Greenhouse-
Geisser estimates. There was a significant effect of test day on locomotor activity, F(1.085,
43.388) = 39.639, p <.001 (Figure 1). Rats appeared to be more active on PND 14 compared to
PNDs 21 and 28. There was also a significant treatment effect, F(3, 40) = 13.643, p <.001. Post
hoc testing indicated that the rats that received risperidone were significantly less active than all
other treatment groups [Fishers Protected Least Significant Difference (PLSD), p < .001]. There
was no main effect of sex or interactions between sex and the other variables.

The second part of the study looked at the effects of each antipsychotic drug on
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locomotor activity for 20 minutes at 23 hours post-injection at PND 15, 22, and 29. There was a
significant effect of test day, F(1.261, 50.428) = 145.049, p <.001 (Figure 2). Rats appeared to
be less active on PNDs 22 and 29 relative to PND 15. There were no main effects of treatment or
sex or interactions between these and the other variables; however, the rats that received
risperidone 23 hours previously appeared to be slightly more active than the other treatment
groups starting on PND 22.

We then evaluated the long-term effects of each antipsychotic drug on locomotor activity
for one hour on five consecutive days between PNDs 60-64. There was a significant effect of test
day, F(4, 160) = 30.242, p <.001, and a main effect of sex, F(1, 40) = 24.495, p <.001 (Figure
3). Additionally, there was a statistically significant interaction between test day and sex, F (4,
160) = 6.121, p < .001. Females were more active than males, particularly on the last three days
of testing (PLSD p < .001). There was a significant treatment effect as well, F(3, 40)=8.607,p <
.001. Post hoc testing indicated that the rats that received risperidone were significantly more
active than all other treatment groups (PLSD, p < .002).

Locomotor responses to amphetamine and saline were evaluated in separate three-hour
sessions that occurred between PNDs 67-71. The data were compiled every 30 minutes across
the three-hour session. Moreover, the data were calculated and analyzed as difference scores be-
tween the locomotor activity recorded at each time point after amphetamine injection minus the
activity recorded at the same time point after saline injection. There was a significant main effect
of time, F(3.107, 124.284) = 85.327, p <.001, and of sex F(1, 40) = 18.303, p <.001, but no
main effect of treatment (Figure 4). There was also a significant interaction between time and
sex, F(3.107, 124.284) = 6.015, p = .001. Female rats were more active than males at 60-150

minutes after amphetamine injection (PLSD p < .024).
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An analysis of the saline data revealed significant main effects of time, F(3.837, 153.491)
=76.059, p <.001, sex, F(1, 40) = 8.821, p = .005, and treatment, F(3, 40) = 3.315, p = .029
(Figure 5). Post hoc testing indicated that risperidone-treated animals displayed higher levels of
locomotor activity than all other groups (PLSD, p < .010) except the low dose of aripiprazole.
There were no significant interactions between any of the variables.

Locomotor responses to one of two doses of MK-801 (0.05 and 0.1 mg/kg) and saline
were recorded for 5 hours in separate sessions carried out between PNDs 74-92. The data for
each dose were analyzed separately since we assessed the difference between the locomotor
activity recorded at each post-injection time point in response to a single dose of MK-801 minus
the activity recorded at the same time points after saline injection. When the response to the
lower dose of MK-801 was assessed in this way, significant effects of time, F(4.582, 183.268) =
47.762, p <.001, and sex, F(1, 40) = 78.078, p < .001, were observed (Figure 6). There was also
a significant interaction between time and sex, F(4.582, 183.268) = 18.191, p <.001. Females
were more active than males at 60-210 minutes after injection of this dose of MK-801 (PLSD p <
.002). There was no main effect of treatment or interactions between treatment and the other
variables.

When the difference scores for the higher dose (0.1 mg/kg) of MK-801 were analyzed,
significant effects of time, F(3.261, 130.443) = 84.281, p < .001, and sex, F(1, 40) = 321.046, P
<.001, were revealed (Figure 7). There was also a significant interaction between time and sex,
F(3.261, 130.443) = 38.951, p <.001. Females displayed greater activity levels than males at 60-
300 minutes after injection of this higher dose of MK-801 (PLSD p < .001). There was no main
effect of treatment or interactions between treatment and the other variables.

An analysis of the saline data acquired during the MK-801 experiment indicated
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significant main effects of time, F(3.689, 147.575) = 75.558, p <.001, sex, F(1, 40) = 12.300, p
<.001, and treatment, F(3, 40) = 4.255, p = .011 (Figure 8). Post hoc testing indicated rats that
received risperidone were more active than vehicle animals (PLSD, p =.001), but no other
significant differences emerged.

During the week of PND 95, a 23-hour sucrose preference test was conducted by
recording the amount of liquid consumed after 11.5 hours in a well-lit environment and again
after 11.5 hours in the dark. Data are reported as a ratio of 3% sucrose intake to total intake.
When the data were analyzed, there was a significant main effect of light condition, F(1, 39) =
5.206, p = .028, as well as an interaction between light condition and treatment, F(3, 39) = 3.394,
p=.027 (Figure 9). Post hoc testing indicated that rats in the risperidone and low-dose
aripiprazole groups drank more than vehicle rats in the light condition (PLSD, p <.047), but no
significant differences were observed between the treatment groups when the lights were off.

During the sucrose preference test, locomotor activity was recorded in two 11.5-hour
blocks across the light/dark cycle. There was a significant effect of sex, F(1, 40) =21.526, p <
.001 (Figure 10). There was no main effect of treatment or time nor interactions between the
variables.

Discussion

The purpose of this study was to compare the behavioral effects of early-life
administration of aripiprazole and risperidone respectively in rats at several points throughout
development. During the two weeks of initial drug treatment, the immediate effects of the
atypical antipsychotics were evalua