BEHAVIORAL EFFECTS OF CHRONIC RISPERIDONE TREATMENT ON

JUVENILE MALE RATS

by

Lindsey A. Boman

A Thesis Submitted in Partial Fulfillment
of the Requirements for the Degree
MASTER OF ARTS

Major Subject: Psychology

West Texas A&M University
Canyon, Texas

December 2017



ABSTRACT

Despite substantial increases in the use of antipsychotics, there is a lack of literature
regarding the long-term effects of early treatment. Some studies have indicated that early
administration results in differential alterations to neurotransmission systems, but few
studies have been conducted to investigate the long-term behavioral modifications.
Therefore, the aim of the current work was to examine the behavioral effects of low dose
risperidone (a commonly used antipsychotic) treatment in rodents. Twenty-four male
Sprague-Dawley rats were randomly assigned to either a subcutaneously implanted
continuous release risperidone treatment (.04 mg/day) or a sham pellet condition. To
encompass the peri-adolescent to adolescent time frame (postnatal days 40-60), thought
to be important for brain development (Schneider, 2013; Spear, 2000) male rats began
risperidone treatment at post-natal day 35. Following a 6-week treatment period, adult
rats (Wiley, 2008), were given a battery of behavioral assessments. No significant
differences were found between groups in the Open field, Object recognition, Spatial
recognition or Morris water maze tasks. Additionally, Y-maze yielded no differences in
percentage of spontaneous alternation and alternate arm return patterns. However,

significant differences were found between groups in the number of same arm returns,



which has been proposed to be indicative of working memory deficits. Since this is likely
the first study of its kind using this route of administration, more work needs to be done
to determine if early exposure to risperidone may lead to differences in spatial working
memory in adulthood. However, these findings seem to indicate that early low dose

risperidone treatment does not severely impair behavior in later adulthood.
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CHAPTER I

INTRODUCTION

In the last 15 years, there has been an alarming increase in the use of
antipsychotics (AP) for treating children with a variety of psychiatric conditions (Masi et
al., 2015). A survey conducted by Olfson, Blanco, Lui, Wang, & Correll (2012) reported
a 750% increase in AP use among children inside the United States from 1993 to 20009.
While studies have indicated that treatment may help alleviate some of the symptoms
associated with schizophrenia, pervasive developmental, bipolar and attention deficit
disorders (Zuddas, Zanni & Usala, 2011), they have also shown that youths are at a
greater risk of harmful side-effects associated with AP administration (Menard,
Thummler, Auby, & Askenazy, 2014).

This may be problematic because recent studies have found that individuals who
begin AP’s during childhood tend to remain on these medications for long periods of time
(Memarzia, Tracy & Giaroli, 2016). Risperidone (also known as Risperidal) is the most
commonly administered AP in the pediatric population (Bardgett et al., 2013; Memarzia,
et al., 2016) and its therapeutic efficacy comes from alterations to the neurotransmitter

systems in the brain (Bardgett, et al., 2013). Unfortunately, the neurotransmitters that are



implicated in AP use are also important for a multitude of other developmental processes
(Milstein et al., 2013; De Santis, Lian, Huang & Deng, 2016). Therefore, early prolonged
exposure to AP’s may raise the risk of long-term neurodevelopmental changes in a
child’s still developing brain (Memarzia, Tracy & Giaroli, 2016).

Despite the increased risk and longevity associated with treatment in this
population, few studies have been conducted to determine the long-term safety of
risperidone (Masi et al., 2015). The gap encountered in the literature is likely due to the
ethical limitations and increased environmental variability involved in pharmacological
studies with this age group (Bardgett, et al., 2013; Menard, et al., 2014). Therefore,
clinical studies using rodent models are heavily relied on to reduce inconsistencies
between subjects and to better understand the effects AP can have on a developing
population (Andersen & Navalta, 2011; Bardgett et al., 2013).

Prior rodent studies have indicated that long-term alterations to neurotransmitter
receptors may occur after early exposure to psychotropic medications (Andersen, 2003;
Andersen & Navalta, 2004; Maciag et al., 2005). Cognition and behavior could possibly
be affected as a result of these developmental changes (Mandell, Unis & Sackett, 2011;
Milstein et al, 2013; De Santis, et al., 2016). However, the majority of research in this
area has been conducted with older rat populations and has been riddled by limitations
due to small sample sizes, insufficient methodologies, and genetically altered species
(Bachmann, Lempp, Glaeske, & Hoffmann, 2014; Hutchings, Waller, & Terry, 2013; De

Santis et al., 2016).



Therefore, little is known about whether early AP use results in long-term
neurobehavioral consequences (Daviss, Barnett, Neubacher, & Drake, 2016; Zuddas, et
al., 2011). The probable effects associated with the use of AP’s in rodents may help us
better understand the behavioral risks posed to children after early administration
(Andersen & Navalta, 2011). Therefore, these potential effects merit careful
investigation. As such, the current study examined whether there were any behavioral

changes following chronic risperidone administration in male juvenile rats.



CHAPTER II

LITERATURE REVIEW

The Development of Typical and Atypical Antipsychotic Medications

Antipsychotics (AP) are drugs typically used to alter mood and behavior by
manipulating several neurotransmitter systems, especially dopaminergic and serotonergic
transmission (Ferreira et al., 2016). They were first developed in the 1950’s, with the
discovery of chlorpromazine. Chlorpromazine was originally used to tranquilize
individuals during psychotic episodes. Later, it was discovered that this drug had
beneficial effects and could be used to help patients live more autonomous lifestyles and
improve their overall quality of life.

A novel class of drugs known as typical antipsychotics (first generation) was soon
introduced. These drugs worked as antagonists, primarily to the D, and D3 receptors and
included drugs such as haloperidol. The antagonistic action on the dopaminergic system
is likely the reason for its therapeutic efficacy and can be used to help relieve some of the
positive symptoms (hallucinations and delusions) often seen in children who have

schizophrenia (Bardgett, et al., 2013). However, major changes to the dopaminergic



system can also facilitate harmful side-effects. For instance, a reduction in dopamine
from the substantia nigra to the dorsal striatum has been linked to the presence of

Parkinsonian-like symptoms and a decrease of motor control that is sometimes
experienced by children after treatment with AP medication (Johnstone, Frith, Crow,
Carney, & Price, 1978; Memarzia et al., 2016).

To address this issue, atypical AP (second generation) such as clozapine,
risperidone, olanzapine and quetiapine were introduced (Ferreira et al., 2016). These
medications typically act on serotonin pathways by blocking serotonin 5-HT?* and by
stimulating the 5-HTA receptors (Kellendonk et al., 2006; Lian, Pan & Deng, 2016).
Similar to its predecessor, atypical AP also hinders dopaminergic transmission, however,
to a lesser extent (Ferreira et al., 2016; Moran-Gates et al., 2007). For this reason,
atypical AP are thought to be more beneficial due to their reduced association with
extrapyramidal side effects and increased neurocognitive benefits, particularly in patients
with the diagnosis of schizophrenia (Andersson, Hamer, Lawler, Mailman, & Lieberman,
2002; Ferreira et al., 2016).

Although Atypical AP’s are grouped within the same class of drugs, their
mechanism of action including differential patterns of receptor occupancy are quite
different from one another (Andersson et al., 2002; Farrelly et al., 2014). The
inconsistency that occurs between the drugs within this class may account for some of the
variance occurring between atypical antipsychotics in terms of neurodevelopmental (Lian

et al., 2016), behavioral (Andersson et al, 2002; Baker, Florezynski, & Beninger, 2015,



Lian et al., 2016; De Santis et al., 2016) and structural differences in the brain (Vernon,
Natesan, Modo, & Kapur, 2011).

For example, Andersson et al. (2002) found that clozapine produced significant
increases caudate-putamen volume while animals treated with olanzapine showed
significant decreases in that same area following eight months of drug administration
(Andersson, et al., 2002). Conversely, animals treated with risperidone showed no
significant structural differences to the caudate-putamen compared to the controls. These
findings indicate that structural effects of AP use are drug specific (Andersson et al.,
2002; Vernon et al., 2011;).

Of all second-generation AP’s, risperidone is the medication most commonly
prescribed in the pediatric population (Bardgett et al., 2013; Memarzia et al., 2016). It has
considerable affinity for serotonin 5SHT2a and D2 dopamine receptors (Schotte et al.,
1996; Toren, Ratner, Laor, & Weizman, 2004). However, it has an even greater attraction
to serotonin receptors with a ratio of 8:1 and also binds with other receptors such as, Dy,
D3 D4 histamine Hy and adrenoceptors oz and a2. Risperidone has been approved by the
FDA to treat symptoms of bipolar mania in adolescents (Krieger & Stringaris, 2013) and
irritability associated with autism (Politte & McDougle, 2014). However, it is often
prescribed off label to children displaying other diagnoses (Memarzia, et al., 2016).

The recent widespread prescribing and use of these medications has facilitated a
large debate among researchers and clinicians (Hutchings et al., 2013; Huybrechts et al.,

2012; Seida et al., 2012). This controversy centers around the scarcity of controlled



clinical trial data on the effects of long-term treatment in young populations. It has been
argued that generalizing the behavioral findings of AP treatment of adult rodents onto the
juvenile population may not take into account effects these drugs may have on the

developing brain (Andersen & Navalta, 2004; Menard et al., 2014).

Neurodevelopmental Effects of Antipsychotic use on Neurotransmitter Systems

Dopamine (DA) and serotonin (5-HT) systems are imperative in the regulation of
many neurodevelopmental processes (Frost & Cadet, 2000; Levitt, Harvey, Friedman,
Simansky, & Murphy, 1997). The serotonergic system develops at an earlier time in the
life cycle, while the DA system appears to have a more prolonged developmental course
that is dependent on the particular area of the brain that is implicated and receptor sub-
type (D1, D2, D3, D4) (Lambe, Krimer, & Goldman-Rakic, 2000; Vinish et al., 2013). For
instance, dopamine D1, D2 and D4 receptors in the frontal cortex are not fully developed
until late adolescence.

As discussed, all second-generation AP’s including risperidone work on 5-HT
receptors in some way, which in turn interact with the dopaminergic system within the
thalamic-striatal-frontal loop (TSFL) (Kellendonk et al., 2006; Lian et al., 2016). The
TSFL is believed to be important for cognitive flexibility (Cools, 2006), reward based
learning (Schultz, 2002) and memory (Kellendonk et al., 2006). Therefore, artificial
changes to these neurotransmitters due to early administration of AP may leave the DA

and 5-HT systems at greater risk of neurodevelopmental alterations than their adult



counterparts (Frost & Cadet, 2000; Levitt et al., 1997; Lian et al., 2016; Mandell et al.,
2011; Milstein et al., 2013; Tarazi & Baldessarini, 2000).

Moran-Gates et al. (2007) conducted a study to determine if there were any
alterations in dopamine (DA) receptors within the forebrain region of juvenile (postnatal
day 30) compared to adult rats (postnatal day 90) following long-term risperidone
exposure at multiple dosages. Twenty-four male rats were randomly assigned to one of
three risperidone treatment groups; 0.3, 1.0 or 3.0 mg/kg per day or a saline control group
beginning at postnatal day 22. Coronal sections of the medial prefrontal, nucleus
accumbens, cerebral cortex, hippocampus and caudate putamen of the rats’ brains were
taken on postnatal day 42. These regions were chosen because they have major
implications in cognitive, locomotor and emotional functioning. Samples of the brain
were observed using in vitro receptor autoradiography and image analysis.

The findings of this study were compared to previous research regarding the
effects of long-term risperidone use in adult rat brains at the same dosages as seen in the
aforementioned study, following four weeks of subcutaneous treatment though an
osmotic mini pump (Tarazi, Zhang, & Baldessarini, 2001). Juvenile rats treated with
risperidone at 1.0 and 3.0mg/kg daily had a significant increase of D1 receptors in the
nucleus accumbens and caudate-putamen (Moran-Gates et al., 2007). This effect was not
evident in the adult rat population. However, in both the adult and juvenile rat groups,
long-term administration of risperidone increased D> receptors in a dose-dependent

manner within the prefrontal cortex and hippocampus. Despite this effect on both groups,



the 3.0 mg/kg showed greater efficacy of enhancing D2 binding in the juveniles (90%)
compared to adults (30%). Lastly, D4 labeling in the caudate-putamen was also increased
within both age groups for all three dosages. These findings suggest long-term treatment
with risperidone can have dose-dependent effects on dopamine receptor binding in brains
of juvenile rats and that young animals may be more vulnerable to any cerebral effects
that may occur due to chronic risperidone use.

In accordance with the aforementioned research, Lian et al., (2016) also looked at
the effects of how early exposure to aripiprazole, olanzapine and risperidone affected
serotonin and dopamine receptor binding in male and female rats and combined these
findings to previous studies looking at similar treatment effects in adult rats. On postnatal
day 23, rats were randomly assigned to aripiprazole, olanzapine, risperidone or a vehicle
control group. The aripiprazole and olanzapine treatment rats received 1.0 mg/kg of the
medication while the risperidone group were given 0.3 mg/kg. The drugs were
administrated three times daily in water and cookie dough powder for 20 days. Following
a two-day wash-out period after the final drug treatment, the rat’s brains were removed,
and coronal sections were taken. Using quantitative autoradiography, 5-HT and DA
receptor binding densities were examined.

Analyses of the findings indicated that the olanzapine group showed reduced
binding density of the 5-HT2cR and the 5-HT2aR within the prefrontal cortex of both
male and female rats. Therefore, olanzapine may elicit comparable effects within the

serotonergic system in juvenile and adult populations. However, it was noted that early



treatment with olanzapine does lead to differences in glutamate and GABA levels in the
nucleus accumbens (Xu, Gullapalli, & Frost, 2015) and dendritic form (Frost, Page,
Carroll, & Kolb, 2009). Additionally, an increase in D> receptor binding was found in
male rats juxtapose to the female rats who displayed a decrease (Lian, et al., 2016). A sex
difference was also documented in the cingulate cortex, where female rats showed a
significant increase of D1R within the cingulate cortex compared to the males.

Similarly, female rats in the risperidone treatment group also showed a reduction
in 5-HT2cR and 5-HT2aR binding density in the prefrontal cortex of the young rats.
However, to date no known comparative study has been done in order to see if female
rats in adulthood have similar effects to 5-HT binding after chronic risperidone use. Male
rats in the risperidone treatment group presented with reduced D1R bindings in the
prefrontal and cingulate cortex compared to adults. No significant differences were found
in D2R receptor bindings in the striatum. This outcome was consistent with Kusumi et al
(2000) who reported that 6-week-old male rats given risperidone for 3 weeks showed no
changes to the D2R binding in the striatum.

Additionally, male rodents showed decreases in 5-HT2cR binding as well as 5-
HT2aR. These findings converge with previous studies in which young male rats who
were given 0.3, 1.0 and 3 mg/kg of risperidone for three weeks showed significant
decreases in 5-HT2aR bindings in the PFC and dorsolateral-frontal cerebral cortex of both
juvenile male rats (Choi, Moran-Gates, Gardener, & Tarazi, 2010) and adult rats (Tarazi,

Zhang, & Baldessarini, 2002). However, since low dose risperidone 0.3mg/kg given to
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juveniles has the same cortical effect as the higher dosages 3 mg/kg on the 5-HT2aR in
adult male rats, it could be hypothesized that the younger rats may be more sensitive to
the effects of risperidone treatment (Lian et al., 2016).

In conclusion, the above-mentioned findings indicate that drugs such as
risperidone may alter serotonergic and dopaminergic neurotransmission of young rats in a
dose dependent manner (Moran-Gates et al., 2007). Although early use of other atypical
AP such as olanzapine may not lead to developmental differences in serotonin receptor
bindings, (Lian et al., 2016) risperidone does seem to have a greater effect on the young
rat brain and these effects may occur at lower dosages than that of the adult population
(Choti, et al., 2010; Lian et al., 2016). Thus, rodents receiving risperidone at a young
developmental age, may be at greater risk of enduring neurodevelopmental differences
(Lian et al., 2016; Milstein et al., 2013; Moran-Gates et al., 2007; Piontkewitz, Arad, &
Weiner, 2011; Qiao et al., 2014; Qiao, Zhang, & Li, 2013). These alterations in
neurotransmitter systems are thought to contribute to differing behavioral outcomes
(Castellano et al., 2009; Lalonde, 2002; Wahlstrom, White, & Luciana, 2010; Wahlstrom,
Collins, White, & Luciana, 2010) and may lead to enduring behavioral alterations
(Castellano et al. 2009; Hutchings et al., 2013; Karl, Duffy, O’Brien, Matsumoto, &
Dedova, 2006; Qiao et al., 2013; Schneider, 2013; Stevens, Gannon, Griffith, & Bardgett,

2013; Terry et al., 2003; Wiley, 2008; Xu, Gullapalli, & Frost, 2015).
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Neurobehavioral Effects of Risperidone in Rats

Due to the ethical limitations involving pharmacological studies with children,
rodents are often used to allow researchers to yield information regarding the potential
positive and negative effects of psychiatric medication use (Bardgett et al., 2013;
Andersen & Navalta, 2011). Despite evidence indicating young rats are more susceptible
to neurodevelopmental effects of risperidone (Choi, Gardner & Tarazi, 2009; Moran-
Gates et al., 2007; Lian et al., 2016; Milstein et al., 2013; Qiao, et al., 2013; Piontkewitz
et al., 2011; Schneider, 2013) few pre-clinical trials have been done to assess potential
behavioral effects of chronic administration of risperidone using juvenile rodents
(Bardgett et al. 2013; Castellano et al., 2009; Andersen & Navalta, 2011; Stevens et al.,
2016). Although the research is limited, some studies have been conducted to assess how
risperidone may affect young rats’ locomotor, exploratory, anxiety-like, spatial learning
and memory behaviors.

Locomotor, exploratory and anxiolytic-like effects. Castellano et al. (2009)
conducted a study looking at the behavioral and morphological effects of chronic (140
day) risperidone, on male Wistar rats. Twenty-four rats who were four to five weeks old,
were randomly divided into one of two treatment groups. Twelve rats were assigned to a
risperidone treatment group in which they received 1mg/kg of medication per day in their
drinking water. The other half were defined as the control group and were treated with a
vehicle solution. After 75 days of AP treatment, animals were tested on an open-field test

to evaluate exploratory, locomotor and anxiety-like behavior. On the 140" day of
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treatment, a subset of the animals were anesthetized and their brains were used in order to
determine cell count and thickness of the pre-limbic region of the medial prefrontal
cortex.

The results indicated that the risperidone group had significantly higher
incidences of grooming behaviors in the open field, which the authors assert may be
indicative of the rodents experiencing lower levels of stress during the test compared to
the control (Spruijt, Van Hooff, & Gispen, 1992). However, no differences were found in
cellular counts or thickness of the pre-limbic cortex between treated and non-treated rats
(Castellano et al., 2009). Therefore, the authors concluded that chronic administration of
risperidone at these dosages did not result in any behavioral changes in healthy animals.

Similarly, De Santis, Lian, Huang & Deng (2016) investigated the long-term
effects of aripiprazole, olanzapine and risperidone on rats to see if administration during a
critical neurodevelopmental time period led to any differences in locomotion, anxiety,
depressive behavior, social interaction and exploration. Drugs were administered in
cookie dough from postnatal (PN) day 22 to PN 50 to mimic human childhood and
adolescent periods of development. All rats (n=48 male and n=48 female) were randomly
assigned to one of the three treatment groups or a vehicle control group.

Medications were given at lower doses in the beginning of the treatment phase
and were gradually increased. For the risperidone group, the dosage began at .05 mg/kg
three times daily then gradually increased to .3 mg/kg following the first week of

treatment. In contrast, the aripiprazole group began treatment at .2 mg/kg and the
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olanzapine assigned rats started at .25 mg/kg. Aripiprazole and olanzapine groups were
treated with a consistent dosage of 1mg/kg after the acclimation process (one week after
beginning treatment).

Behavioral tests were conducted from postnatal day 72 to the 94" day in order to
correspond with adulthood in humans. The open-field test was used to assess changes in
exploratory behavior and locomotor activity. In addition, anxiety was measured using an
elevated plus maze. A social interaction test was used to evaluate whether rats exhibited
aggressive behaviors. Lastly, the forced swim test was used to measure depressive-like
behaviors.

De Santis et al. (2016) found that male and female rats respond differently to
early exposure to AP. Male rats receiving risperidone presented increases in speed,
distance and rearing in the open-field test, however, no changes in locomotor activity
were found among female rats. Similarly, male rats in the olanzapine group showed an
increase in climbing behaviors compared to controls, but a decrease in depressive-like
behavior in the forced swim test. Female rats exposed to olanzapine and risperidone spent
less time swimming and more time floating than controls and the other drug treated
groups.

All three drug treated groups presented anxiolytic-like behaviors on the open field
and elevated plus maze tasks. It should be noted that these findings deviate from other
research in which no differences in anxiolytic behaviors were found in rats treated with

risperidone and haloperidol (Karl et al., 2006), but the discrepancy may be due to
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differences in the age of the rats at the time of administration (De Santis et al., 2016).
Although both sex groups showed increases in anxiolytic behavior in this study, this
effect was stronger in male rats (De Santis et al., 2016). Therefore, males may be more
susceptible to behavioral effects of risperidone than their female counterparts. This
finding is alarming, given that male children are more likely to be treated with AP in a
clinical setting (Domino & Swartz, 2008; Olfson et al., 2012).

Furthermore, Bardgett et al. (2013) conducted a series of studies to determine if
differences in locomotor activity, spatial reversal learning and sex differences occurred in
211 young long-evans rats following risperidone treatment. The treatment phase of the
experiments began on postnatal day 14 and lasted until postnatal day 42. All rats in the
treatment groups received risperidone through subcutaneous daily injections at either
1mg/kg or 3 mg/kg daily. The control group received a daily injection of vehicle solution.

The first experiment observed the effect of risperidone treatment on the locomotor
activity of adult rats after long-term administration of the antipsychotic beginning at a
young developmental age. Rats were randomly divided into either a vehicle (n=9)
1mg/kg (n=8) or a 3 mg/kg (n=8) risperidone treatment condition. Locomotor activity
was measured by placing the rats in polypropylene cages that were located inside a
Kinder Scientific Smart Frame photocell activity monitor for 20 minutes a day from
postnatal day 49 until day 53. The frequency of photobeam brakes for each rat were then
analyzed. The findings for the first study indicated that male rats treated with risperidone

showed an increase in locomotor activity as adults one week after the cessation of
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treatment. Rats who received risperidone at the higher dose (3mg/kg) were significantly
more active than the control and 1mg/kg treated group.

The second study was conducted to determine if these locomotor effects persist
into later adulthood. For this study, 27 male rats were randomly assigned to receive
risperidone injections at 1mg/kg (n=9), 3mg/kg (n=9) or a vehicle injection (n=9)
beginning on postnatal day 14 and ending on postnatal day 42. Locomotor activity was
assessed following the cessation of treatment using the photocell-based activity monitor
weekly for 7 weeks then again at 9 and 12 months. Although all groups showed a
decrease in activity across age, rats that received low and high risperidone doses at a
young age presented with greater locomotor activity than controls into adulthood. The
degree of locomotor activity change was greater among the group treated with the larger
dosage. These findings demonstrated that increases in locomotor activity following
risperidone treatment persists into adulthood.

The third trial was done to establish if the presentation of locomotor effects in
young rats treated with risperidone were different between sexes. To assess these
differences, 60 male rats were separated equally into one of two treatment groups
(Img/kg or 3mg/kg) or the control. Additionally, 56 female rats were assigned to the
3mg/kg treatment group (n=19), the 1mg/kg group (n=18) or the vehicle (n=19)
treatment. As with previous experiments, rats were injected with their respected amount
of antipsychotic or vehicle on postnatal day 14 through postnatal day 42 and tested for

locomotor differences via the photocell-based activity monitor day 49 to 51. An analysis
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of the third experiment indicated that male and female rats receiving the higher dosage of
risperidone were significantly more active on all test days compared to control rats.
Female rats treated with 3mg/kg of risperidone also showed a significant increase in
locomotor behavior compared to the low dose treated group.

The final study was intended to decipher if any modifications in reversal learning
occur in adult rats following early life risperidone administration. To maintain
consistency, 42 male rats were divided into groups of 14 per treatment group and were
given the exact same drug treatment during the same time frame as the aforementioned
studies. However, this cohort was trained to complete a T-maze maze which is used to
assess reversal learning. On postnatal day 56 the rats were given 15g of chow a day. “T”
maze training began again on day 63 and all groups were placed in the maze until they
ate two bits of food or they could not complete the task in 90 seconds. The habituation
process was repeated 3 times daily for 5 full days. By the last day of habituation all rats
were able to find the food within the 90 second window. On day 70 acquisition testing
began. Rats were placed on the start arm and removed when they chose the goal arm and
ate the food. On the first day of testing rats were given 7 trials where the arm the rats
were least likely to choose were baited. On the tenth day of assessments, reversal testing
began and the site of the baited arm was reversed. The time it took to locate the correct
arm was tabulated across trials. No significant differences in spatial reversal learning was

found following risperidone treatment.
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The summation of these findings suggest that rats may experience increases in
locomotor activity following early risperidone treatment (Bardgett et al., 2013; De Santis
et al., 2016). These differential effects may last long after the cessation of treatment
(Bardgett et al., 2013). However, they may differ depending on dosage of risperidone
used (Bardgett et al., 2013) and sex of the rodent (De Santis et al., 2016). Additionally,
while Castelleno et al. (2009) found increased grooming in a risperidone treatment group
which may be indicative of reduced stress in rodents (Spruijt, Van Hooff, & Gispen,
1992); De Santis et al. (2016) found increased anxiolytic effects in male rats. Therefore,
there seems to be a lack of consistency regarding whether risperidone use in young rats
leads to anxiolytic-like behavior.

Spatial learning. In addition to locomotor, exploratory and anxiolytic-like
affects, there has been some research indicating that spatial learning may also be affected
by risperidone treatment on the Morris water maze task (Mandell, Unis & Sackett, 2011;
Skarsfelt, 1996; Terry et al., 2003). However, only a few studies have been conducted in
order to determine if risperidone has any effect on a rodent’s ability to perform on the
Morris water maze. To date, no studies exists looking at the effect of risperidone
following early treatment.

A drug comparison study was conducted by Skarsfelt (1996) in order to determine
what effects olanzapine, seroquel, ziprasidone, clozapine, sertindole, haloperidol and
risperidone had on place navigation of 3-month old male wistar rats using the Morris

water maze. All groups (N=8-10) were given injections at various dosages. The
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risperidone treated rats were placed in one of four dosage conditions (.19 mg/kg, .39
Ma/kg, .76 pg/kg, 1.5 pg/kg) and were administered via injection 30 minutes prior to each
daily testing session. The control group was injected with a saline solution and
participated in all behavioral experiments. Prior to each trial, rats were placed on a hidden
platform for 15 seconds. For four consecutive days, rats completed three trials in which
the start position was randomized so that all possible locations were used. If the rat was
unable to complete the task within 60 seconds it was gently guided toward the platform.

For each trial, escape latency and swim speed were measured. Escape latency was
thought to be a good measurement of spatial memory, while swimming speed gave the
researchers an indication of motor function changes that may be occurring in response to
medications (Lindner & Schakkert, 1988; VVon Lubitz, Paul, Bartus, & Jacobson, 1993).
Skarsfelt (1996) found that sertindole and seroquel did not significantly affect Morris
water maze performance. The clozapine group showed impaired performance during the
first two days of testing. However, no significant differences were found in the clozapine
group during the last two days of assessments compared to control. Conversely,
ziprasidone and olanzapine groups showed significant deficits in their abilities to
maneuver the Morris water maze during all four trials.

Likewise, risperidone and haloperidol experimental groups showed marked
impairments in their ability to find the platform at the higher dosages (.76ug/kg, 1.5
po/kg). At the lower dosages (.19 mg/kg, .39 pg/kg) a decrease in swim speed was found

in the risperidone treated rats. Together, these results show that drugs such as risperidone,
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haloperidol, ziprasidone, and olanzapine may lead to spatial memory impairments of
performance in rodents and these deficits may be dose dependent.

Terry et al. (2003) conducted a similar study in order to determine the effect of
chronic exposure to haloperidol (2mg/kg/day), risperidone (2.5mg/kg/day) and clozapine
(20mg/kg/day) on spatial learning and cholinergic markers. Drugs were administered in
water bottles to male rats weighing 225 to 250g (N=30). Rats assigned to the control
condition were given a daily dose of citric acid (N=8), acetic acid (N=8) or tap water
(N=12) to ensure changes to the rats’ behavior did not occur due to vehicle
administration. Following a 45-day period of treatment and a 4-day washout, 15 animals
in each group were assessed using the Morris water maze. This task was chosen because
performance on the task necessitates an intact cholinergic system and employs the
hippocampus and other medial temporal lobe structures known to be important
components for human cognition (McNamara & Skelton, 1993).

Following behavioral testing, brains were removed and number of choline
acetyltransferase (ChAT) immunopositive cells in the cortical and subcortical areas were
measured using an indirect immunofluorescence method (Terry et al., 2003). After 90
days of treatment, the other subset of rats were assessed on the Morris water maze after a
four day wash out period. Brains were then analyzed to determine if long-term treatment
groups exhibited any differences in the number of ChAT cells compared to the 45-day

treatment and control groups.
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Results indicated that haloperidol significantly impaired spatial learning
performance after 90 days of treatment compared to controls and other drug treated
groups. Cholinergic cell counts showed reduced ChAT staining after 45 days of
treatment. Clozapine treated groups did not show any significant changes even after 90
days of exposure to the medication. Conversely, risperidone slightly improved cognitive
task performance and swim speed. Despite these findings, the risperidone treatment
group showed a significant reduction in the number of ChAT stained cells following 90
days of treatment. This finding indicates not only that different drugs may have
differential long-term effects on cholinergic markers, but also that long-term treatment of
haloperidol and risperidone may lead to neurochemical alterations in the brain that could
potentiate later cognitive impairments.

Therefore, some evidence exists indicating that risperidone may adversely affect
Morris Water Maze latency in a dose dependent manner (Skarsfelt, 1996). However,
treatment has also been found to enhance performance in the Morris water maze
compared to other treatment groups (Terry et al., 2003). In both studies, the researchers
used older rats when assessing how risperidone affects spatial abilities (Skarsfelt, 1996;
Terry et al., 2003). Additional research needs to be conducted in order to determine
risperidone’s effect on rats following early administration. Furthermore, reduced ChAT
staining was found in the hippocampus and caudate-putamen and these areas are

important for cognitive functioning (Terry et al., 2003). Consequently, longer-term
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studies need to be conducted to determine if chronic treatment of risperidone elicits

behavioral impairments in spatial learning and memory function.

Current Study

Currently, AP are being prescribed to children at unprecedented rates (Hutchings
et al., 2013; Masi et al., 2015; Qui et al., 2014). However, very little research has been
conducted on young populations due to ethical and environmental limitations (Bardgett,
et al., 2013; Menard et al., 2014). Preclinical studies using rodent models are important to
assess potential consequences of such treatments (Bardgett et al., 2013; Pandina et al.,
2007).

Even though risperidone is the most commonly used AP in the pediatric
population (Bardgett et al., 2013; Memarzia et al., 2016), the majority of pre-clinical
research regarding the possible effects of risperidone are comprised of studies using adult
rodents (Andersen & Navalta, 2011; Castellano et al., 2009; Menard et al., 2014;).
Accumulating evidence is beginning to suggest that, juveniles may be more prone to the
negative developmental effects of AP use (Andersen & Navalta, 2011; Bardgett et al.,
2013; Findling et al., 2010; Frost & Cadet, 2000; Levitt et al., 1997; Lian et al., 2016;
Mandell et al., 2011; Moran-Gates et al., 2007; Qiao, et al., 2013; Tarazi & Baldessarini,
2000; Vinish et al., 2013). Therefore, intervention during late childhood to early
adolescence (defined as 35-60 days in rats; developmentally similar to 10-19 human

years) (Andersen et al., 2000) may induce permanent changes to neural circuitry which
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may sequentially lead to longer-term behavioral changes (Castellano, et al., 2009; Frost et
al., 2009; Lian et al., 2016; Mandell et al., 2011; Menard et al., 2014; Singh & Chang,
2012).

The few risperidone studies that have been conducted using young rodents have
indicated that behavior may be impaired on certain behavioral assessments following
persistent risperidone treatment (Bardgett et al., 2013; Castellano et al., 2009; De Santis
et al., 2016; Skarsfelt, 1996; Terry et al., 2003). These behavioral consequences seem to
vary depending on route of administration, dosage administered and length of AP
treatment (Castellano et al., 2009; De Santis et al., 2016; Terry et al., 2003). The majority
of the aforementioned studies placed their emphasis on determining the neurobehavioral
effects of risperidone treatment in rats following injection or oral consumption (Castello
et al., 2009; Bardgett et al., 2013; De Santis et al., 2016; Skarsfelt, 1996; Terry et al.,
2003).

These methodologies can create confounding variability which may limit the
validity of the study (Bardgett et al., 2013; Kapur, VanderSpeck, Brownlee, & Nobrega,
2003). For example, long-term use of injections may cause a great deal of stress to rats
which may affect behavioral outcome (Terry et al., 2007a). Oral consumption may lead to
differences between rats in how much medication they are consuming daily (D’Souza,
Faraj, & Deluca, 2013). Additionally, single-daily-dosing strategies often employed in
these types of administration, often produce variations in blood drug levels and brain

receptor occupancies that are not typical to what would occur in a clinical setting
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(Bardgett et al., 2013). Therefore, continuous drug infusion tactics are needed to reduce
variability and create more clinically relevant studies (Bardgett et al., 2013; Karl et al.,
2006; Su et al., 2011; Tarazi, Zhang & Baldessarini, 2001). To date, no risperidone
studies have been conducted on young rats using this route of administration.

Additionally, most studies focus on behavioral effects following high dosages of
risperidone (Memarzia et al., 2016). Little is known about the effects of low dose
risperidone on behavior. This is an important gap to address, because there is evidence
that young rats may have a lower threshold for neurobehavioral effects, but little is
known regarding when that threshold begins.

To date, few studies have been conducted to examine the neurobehavioral effects
of chronic administration of risperidone on a juvenile population (Bardgett, et al., 2013;
Curtis et al., 2005; Masi et al., 2015). This gap in the literature is of great clinical
importance because children who begin medications at a young age are more likely to
remain on them for long periods of time and are less likely to discontinue medication in
adulthood (Memarzia et al., 2016). Therefore, the purpose of the current study was to
examine whether a 6-week low dose treatment of risperidone would affect the
performance of juvenile male rats on a variety of behavioral tasks designed to emulate
locomotor, exploratory, anxiety-like, spatial recognition, spatial memory and spontaneous

alternation behavioral performance.
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CHAPTER Il

METHOD

Animals

In accordance with the National Institute of Health guidelines for care and use of
animals, this research was approved by the Animal Care and Use Committee at West
Texas A&M University. Since male children are more likely to be given AP in a clinical
setting (Domino & Swartz, 2008; Olfson et al., 2012) twenty-four juvenile (1-month old)
male Sprague Dawley rats were obtained from Charles River. Animals were multiply
housed (3 per cage) and maintained in a temperature-and light-controlled environment

with a 12h light, and 12 h dark cycle. All rats were given food and water ad libitum.

Pellet Implantation

Following a one-week adjustment to the facility, rats were randomly assigned to
either a risperidone pellet (N=12) or placebo pellet (N=12) condition. At 5 weeks of age,
rats received subcutaneous implants (dorsal neck) of either risperidone (2.5 mg; 60-day
time release; Innovative Research of American Inc.) or a placebo pellet (control surgery).

risperidone treated rats received an equivalent of .04 mg/day. For this surgery, rats were
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anesthetized using isoflurane (4% induction, 2% maintenance in 70% NZO and 30% O2

mixture.

This age was chosen because post-natal day 34-47 is thought to encompass the
peri-adolescent to adolescent time frame which is a crucial time for brain development
(Blakemore & Choudhury, 2006; Piontkewitz, Arad, & Weiner, 2011, Piontkewit et al.,
2012). The dosage used in this study is comparable to that of other rodent studies
(Farrelly et al., 2014; Piontkewitz, Arand & Weiner, 2011; Piontkewitz et al., 2012;
Richtand et al., 2006) and is considered to be a low dosage for this age group (Farrelly et
al., 2014; Grayson, Idris & Neill, 2007; Wiley, 2008). The 42-day treatment period
before beginning the behavioral tests, is a considerably longer treatment duration than

many of the available long-term studies (Bardgett et al., 2013; De Santis et al. 2016).

Behavioral Testing

Six weeks following pellet implantation, rats underwent behavioral testing.
Rodents were roughly 11 weeks old (PN 77) at the time of behavioral testing, which is
thought to be indicative of early adulthood (Qiao et al., 2014; De Santis et al. 2016;
Schneider, 2013; Stevens et al., 2016).

Open-field. The open-field task assesses locomotion, exploration, and anxiety-
like behavior (Prut & Belzung, 2003). Testing was conducted in a square black box (57.6
cm x 57.6 cm, 38 cm high). The floor of the open field box was divided into nine equal

squares. Rats were placed in the open field for six minutes. The behaviors measured
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included locomotion, assessed by the number of grid crosses and defined as all four paws
crossing a grid line. Rearing behavior, a measure of exploration was defined as lifting of
the upper body and forepaws off the ground. Anxiety-like behavior was measured as the
amount of time (sec) the rats had all four paws in the center square. However, the
interpretation of center behavior as being indicative of anxiety-like emotionality has
recently been called into question (Emaceur, 2014). To remain consistent with the
available literature (Castellano, 2009; Durand et al., 1999; Hiroi, McDevitt, & Neumaier,
2006; Prut & Belzung, 2003; Walsh & Cummins, 1976), the current study considered a
decrease in the amount of time spent in the center square to be evidence of increased
anxiety-like behavior.

Object and Spatial Recognition. One day following open-field testing, a
rodent’s visual memory was assessed using the object recognition task (Jiwa, Garrard, &
Hainsworth, 2010; Walsh & Cummins, 1976). This task has an advantage over other
tasks because it does not require food and water deprivation or learning of response-
reward associations (Dere, Huston, & Silva, 2007). To measure object recognition, rats
were placed in the open field with two identical objects and the amount of time (in
seconds) spent exploring each object was recorded for 3 minutes (Trial 1). Exploration
was operationally defined as rearing towards or on an object, touching object with their
paws, sniffing or looking at the object from a distance less than 2 cm. After each trial,
alcohol was used to clean the objects in the open field in order to decrease the possibility

of olfactory cues affecting behavioral observation (Grayson et al., 2007). Following a
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retention interval of 1 h, rats were returned to the open field for 3 minutes (Trial 2) with a
familiar object and a new novel object. Time spent exploring each object was then
recorded. A preference score was calculated as the time spent exploring the novel object
divided by the total time spent exploring both objects multiplied by 100. A preference
score of 50% represented chance levels and a higher score indicated intact object
recognition.

To measure spatial recognition, rodents were positioned in the open-field with
two identical objects and the amount of time (in seconds) spent exploring each object was
recorded for 3 minutes (Trial 1). Exploration was operationally defined as behaviors such
as rearing towards or on an object, touching object with their paws, sniffing or looking at
the object from a distance less than 2 cm. Following a 30 minute delay, rats were again
placed in the open-field with the same objects (Trial 2). However, one of the objects was
moved to a new position and exploratory behavior was again recorded. A preference
score was obtained by dividing the time spent exploring the displaced object by the
amount of time they spent exploring both objects multiplied by 100.

Morris Water Maze (MWM). Following both Object and Spatial Recognition
testing, rats were tested on the MWM to assess spatial memory. This task relies heavily
on hippocampal functioning and is frequently used to test spatial learning and memory
(Morris, Garrud, Rawlins & O’Keefe, 1982; Terry et al., 2003). MWM testing was
performed in a blue circular pool 182.88 cm in diameter and 76.2 cm in height which was

filled with water (21 *1° C). A clear Plexiglas platform was submerged 2 cm under the
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water. Rats were given 4 trials per day for 4 consecutive days to find a hidden platform.
Rodents were randomly placed in one of four quadrants (designated north, south, east and
west) and given 90 seconds to find the hidden platform which remained in the Northeast
quadrant across all trials and days. If the rat was unsuccessful within the allotted time
frame it was guided to the platform and allowed a 15 second rest period. Latency (sec) to
find the platform was recorded and averaged across each training session.

Y-Maze. Spontaneous alternation testing took place using a Y-maze, and was
performed as described by Rahmati et al. (2017) and De Butte-Smith, Etgen, Gullinello,
& Zukin (2009). The Y-maze assesses for behavioral differences in the rat’s natural
tendency to alternate in a nonreinforced manner between successive arm choices
(Hughes, 2004). The apparatus was made up of three equivalently spaced arms (55.9cm
long x 25.4cm high). Each rat began their trial by being positioned at the same start point
within the maze and given 10 minutes to explore. Number of arms and order in which the
rats entered each arm was recorded. If the rat completed three different sequential arm
visits, a spontaneous alternation pattern was recorded. A same arm return was recorded if
the rat returned to the same arm following a previous exploration of that arm. If the rat
explored two arms consecutively then proceeded back to the first one, the behavior was
designated as an alternate arm return. A percent alternation score was calculated by
dividing the number of spontaneous alternations made by each rat by the total number of

triplets then multiplying that quotient by 100.
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Research Design

The basic design of the study was a between groups comparison for the two drug
conditions (risperidone and sham) on the open field, object recognition, spatial recognition
and Y-maze tasks. In addition to the between groups design (risperidone, sham), the Morris
Water Maze task also included the within subject’s comparison (day) in order to assess the

interaction between day and group.
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CHAPTER IV

RESULTS

Open-Field

To assess whether risperidone treatment produces any global behavioral changes,
locomotion, exploration, and anxiety-like behavior was measured using an open field. A
MANOVA was conducted in order to compare number of grid crosses, rears, and time
spent in the center between groups. Risperidone did not appear to affect locomotor
activity [F(1,22) = 4.13, p=.054] as illustrated in Figure 1A. Additionally, no differences
were detected in the exploration or anxiety-like behavior (Figure 1B, C). Specifically,
both groups did not differ in the number of rears [F(1,22)=.78, p=.38] and spent a similar
amount of time in the center of the open field [F(1,22)=.00, p=.98].
Object and Spatial Recognition

To assess whether risperidone would affect visual memory, rats were tested on the
object recognition task. As illustrated in Figure 2, no differences were observed in
risperidone treated rats on the component of visual memory performance [F(1,21) =.02,
p=.87]. All rats demonstrated above chance preference scores. For the spatial recognition
task, one rat was excluded from the risperidone group due to insufficient exploration of

the objects during the training session.
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Figure 1. No significant differences were observed in the risperidone treated rats on the
open field task. [A] Locomotor activity was measured as the number of grid crosses. Data
are presented as X + SEM. Risperidone treated rats showed a trend towards fewer grid
crosses but this missed significance (p =.054). [B] Exploration was measured as the
number of rears. [C] Anxiety-like behavior was measured by the amount of time (in

seconds) the rat spent in the center of the open field.
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Figure 2. No significant differences were detected in visual memory performance on the
object recognition task. Data are reported as preference scores (novel object
exploration/total object exploration, %, X = SEM) for 3-min trials. A retention interval of
1 hour was given between training and test sessions. Line at 50% represents equal

exploration of both objects (chance-performance).
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Figure 3. No significant differences in spatial recognition performances were observed
on the spatial recognition task. The data are reported as preference scores (displaced
object exploration/total object exploration, , %, X £ SEM) for 3-min trials. A retention
interval of 30 minutes was given between training and test sessions. Black dashed line at

50% represents equal exploration of both objects (chance performance).
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To assess for differences in spatial recognition, a one-way ANOVA was initially
conducted. It was determined that the assumptions of normality and homogeneity of
variance were violated. To compensate for these violations, a Mann-Whitney U non-
parametric test was performed to evaluate if risperidone treated rats exhibited differential
exploratory behavior towards a displaced object compared to controls. As illustrated in
Figure 3, no significant difference was found between risperidone treated and non-treated
rats in regards to spatial recognition performance. Both groups exhibited above chance

preference for the displaced object (z = -.49, p >.05).

Morris Water Maze

To assess the effect of risperidone on hippocampal-dependent spatial reference
memory, groups were tested in the MWM. A mixed factorial ANOVA with group
(risperidone and control) as the between subjects factor and day (1-4) as the within
subjects factor revealed no significant group differences [F(1,22) = .73, p = .40] as
illustrated in Figure 4. A significant effect of day revealed that all rats exhibited shorter
latencies across days [F(1,22) = 112.82, p< .001]. Post-hoc analyses using paired-sample
t-tests were adjusted using Sidak alpha adjustment for multiple comparisons. The t-tests
revealed that both risperidone and placebo treated rats spent significantly more time

searching for the platform on day 1 compared to day 2, 3, and 4 (p<.01). Additionally, all
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Figure 4. The risperidone and sham groups did not demonstrate differences in spatial
memory performance on the Morris Water Maze task. Data represents the mean escape

latency times exhibited by both groups for each day (1-4). Error bars represent X+ S.E.M.
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rats exhibited longer latencies on Day 2 compared to Day 3 (p<.05) and 4 (p<.01). No
difference was found between latency time on Day 3 and 4 (p>.05).
Y-maze

After an initial one-way ANOVA reported violations of homogeneity of variance
and normality, a Mann-Whitney U non-parametric test was used to assess for differences
in spontaneous alternation pattern (SAP), alternate arm return (AAR) and same arm
return (SAR) behavior between risperidone and placebo treated rats. No significant
differences were observed between the risperidone and sham group on percentages of
spontaneous alternation (z = -1.88, p >.05) or alternate arm returns (z = - .14, p >.05)
behaviors. However, risperidone treated rats displayed significantly more same arm
returns (went back into the same arm they had previously been in) compared to placebo

treated rats (z = -3.01, p <.003) as illustrated in Figure 5.
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Figure 5. Risperidone treated rats did not significantly demonstrate spontaneous
alternation or alternate arm return impairment on the Y-maze. Risperidone treated rats
did show significantly more same arm returns compared to placebo rats. Data are
reported as alternation scores (condition alternation pattern/total alternation pattern, %)

following a 10-min session. Error bars represent X+ S.E.M. * represents p<.05.
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CHAPTER V

DISCUSSION

Risperidone treated rats did not show significant changes in locomotor
activity, exploration, or anxiety-like behavior

The open field task was used to assess for differences in locomotor, exploratory
and anxiety-like activity; and was also used to identify rats displaying sickness behaviors
in order to eliminate those with physical limitations from the remainder of the behavioral
assessments (Seibenhener & Wooten, 2015; Walsh & Cummins, 1976). The open field
task yielded no evident sickness-like behaviors or significant differences between the
risperidone treated and placebo rats on locomotor, exploration, or anxiety-like behavior.
This finding is consistent with Nowakowska et al. (1999) who did not discover any
differences in the locomotor activity of adult rodents after a two-week administration of
risperidone (.15 mg/kg). Additionally, Castellano et al. (2009) also did not find a
significant difference in locomotor behavior (grid crosses) in juvenile rats treated
chronically (120 days) with risperidone.

Although not statistically significant, the data in current study is suggestive of a
trend towards decreased locomotion among the risperidone treated animals. Previous

studies have found that risperidone may lead to decreases in motor activity, particularly at
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dosages below the extrapyramidal (EPS) side effect threshold in adult rodents (Broderick,
Rahni & Zhou, 2003; Hutchings et al., 2013; Karl et al., 2006). Additionally, low-dose
risperidone injections (45ug/kg or 85ug/kg) was found to prevent an increase in activity
among psychosis model rats (used amphetamine) following hippocampal lesions
(Richtand et al., 2006). Therefore, further risperidone studies using varying dosages of
risperidone are needed to better understand the relationship between dosage and
locomotor activity.

The current study also did not reveal any significant differences in exploratory
behavior between risperidone and placebo treated rats. This finding is in accordance with
a study by Castellano et al. (2009) who also did not observe any significant differences in
exploratory behavior on the open field following early chronic administration (5-weeks to
120 days) of risperidone (1mg/kg/day).

In further agreement with Castellano et al. (2009) and Karl et al. (2006) no
anxiety-like (time spent in the center) differences were found in the current study
between the risperidone treatment group and the control on the open field task.
Conversely, De Santis et al. (2016) found anxiety-like effects on the radial arm maze and
open field following early (PN 22-50) exposure to risperidone in adult rats (testing began
on PN 72). It could be that the discrepancies occurring between the current findings on
the open field and other similar studies may be due to inconsistencies in the dosages used,
sex of subjects, tasks being administered, and age of the rats upon administration

(Bardgett et al., 2013; Castellano et al., 2009; De Santis et al., 2016; Terry et al., 2003).
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Risperidone treated rats did not display impairments in visual or spatial recognition
on the object or spatial recognition tasks

Object and spatial recognition tasks are based on a rodent’s natural tendency to
prefer novel over familiar objects (Dere et al., 2007). Since rats typically approach and
investigate novel objects more readily, it is assumed that the initial explorative episodes
(trial 1) on the object recognition and spatial recognition tasks leave an enduring memory
trace regarding which objects have been explored and where the objects were encountered.
Therefore, preference towards a novel object or displaced object can be quantified in order
to assess for differences in visual and spatial recognition memory (Aggleton, 1985; Dere,
et al., 2007; Jiwa, Garrard, & Hainsworth, 2010). In the current study, no significant
differences were found between the risperidone and placebo conditions. To date, no other
studies have assessed the neurobehavioral effects of early life exposure to risperidone using
these tasks.

However, Terry et al. (2007a) evaluated the effect of risperidone (2.5 mg/kg/day)
on object recognition, using three different delay times (1 minute, 15 minutes and 60
minutes) in adult rodents after 8-14 days and 31-38 days of treatment. Consistent with the
current study, no significant effect was found in the treatment group following the one-
hour delay at either time-period. A decrease in retention (time spent exploring novel object)
was found in the risperidone treatment group compared to vehicle after a one-minute delay

on days 31-38 of treatment. Therefore, differences in delay times may generate differences
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in task performance in risperidone treated rats. As such, future studies may expand upon
the current findings by using multiple delay times on these tasks.

Additionally, the current study yielded a control group with a preference score
above chance performance for both tasks. However, it should be noted that the preference
for the control group on the spatial recognition task narrowly exceeded chance
performance. Jablonski, Schreiber, Westbrook, Brennan & Stanton (2013) also found that
exploration was much lower in young rats on the spatial recognition task compared to the
object recognition task in heathy rats. The inconsistency occurring within the control
groups of these studies calls into question whether spatial recognition may be a more
difficult task for this age group attain. If this is the case, perhaps future studies should
require longer exploration times (more than 3 minutes) in order to acquire an adequate

initial investigation of the objects.

Risperidone treated rats did not show differences in spatial memory on the MWM
The Morris water maze task (MWM), requires a higher level of spatial
information processing than the spatial recognition task (Hok et al., 2016). Inside the
maze, the platform offers no cues, so the rats have to rely on the environments extra-
maze cues to map out the spatial relationship between oneself and the hidden platform to
escape the water in a timely manner (Morris, 1984; Hok, Poucet, Duvelle, Save, &
Sargolini, 2016; Schoenfeld, Schiffelholz, Beyer, Leplow, & Foreman, 2017). For the

current study, risperidone and placebo treated rats were able to learn the location of the
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escape platform across training sessions as evidenced by shorter latency times across
days.

Also, the sham and low dose risperidone treated rats did not demonstrate any
significant differences in latency times in the MWM. Similarly, Skarsfeldt (1996)
assessed adult rat performance on the MWM task after administering one of four
risperidone injection treatments (.19mg/kg, .39 pg/kg, .76ug/kg, 1.5 pg/kg) 30 minutes
prior to the first test trial. No significant differences were found at the two lower dosages.
Conversely, at higher dosages (.76pg/kg and 1.5ug/kg) a significant impairment in
performance on the Morris water maze task was observed. This finding (Skarsfeldt, 1996)
along with several others that have been discussed in this review have indicated that
risperidone may yield dose dependent effects on behavior (Bardgett et al., 2013; Grayson
et al., 2007; Moran-Gates et al., 2007).

One possibility for these findings, is that greater dosages of AP have been largely
associated with extrapyramidal syndrome (EPS) (Parkinson-like symptoms) and these
effects may lead to difficulties completing assessments requiring physical movement
(Casey, 1996; Ferreia et al, 2016). These side-effects may introduce confounding
variability in behavioral studies with AP. Therefore, one strength of the current study is
that the dosage administered was low, which enabled the rodents to complete the
behavioral tasks without the accompanying loss of motor-control that may occur at

greater dosages.

43



In the current study, no significant differences were observed between the
risperidone and sham groups on the MWM at 45 days of treatment. In accordance with
our finding, Terry et al (2007a) examined MWM task performance in adult rats at 5
different time points (8-14, 22-28, 30-45, 84-90, & 174-180) following oral risperidone
(2.5mg/kg) treatment. The groups did not differ until treatment days 84-90. A second
study was conducted by Terry and colleges (2007b) and also yielded no significant
differences in middle aged rats following a 45-day treatment period.

Interestingly, in the Terry et al., (2007a) study that was previously discussed, a
significant decrease in latency time was observed on treatment days 83-90, while an
increase in water maze impairments occurred during treatment days 174-180 (Terry et al.,
2007a). These findings seem to indicate that behavioral effects on the Morris water maze
may be time dependent (Terry et al., 2007a; Terry et al., 2007b; Terry et al., 2003; Terry
& Mahadik, 2006). Therefore, future studies should be conducted in order to determine if
early-life exposure to risperidone generates differences in spatial memory on the MWM

after longer treatment periods.

Risperidone treated rats did not demonstrate differences in SAP or AAR but did
show increases in SAR patterns on the Y-maze

The Y-maze was used to assess for differences in spontaneous alternation behaviors
(Lalonde, 2002). Rats have a natural tendency to alternate between arm choices (Bak,

Pyeon, Seok, & Choi, 2016; Myhrer, 2002; Richman, Kim & Dember, 1986; Yadin,
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Friedman & Bridger, 1991) and will typically alternate at levels significantly above chance
(Lalonde, 2002). One of the appeals for conducting this task was that it is a simple and
reliable way to assess for differences in typical rat behavior that does not require them to
be exposed to stressful stimuli or require extensive training of reward-response
associations. (Hughes, 2004; Richman, Kim & Dember, 1986). In the current study, no
significant differences were demonstrated between the risperidone pellet condition and the
control in SAP or AAR. This finding is convergent with Delotterie et al. (2010) who did
not find any differences on the y-maze in genetically altered (STOP) mice after 4 weeks of
vehicle or risperidone treatment (.1mg/kg/day or .3mg/kg/day).

Although behavior on the SAP and AAR components of the y-maze were intact,
the risperidone group displayed a significantly greater number of SAR’s than the
controls. This refers to the tendency of the risperidone treated rats to re-enter an arm they
had immediately exited. To date, no other risperidone study using healthy rats has been
conducted using the y-maze task.

However, Karl et al (2006) used a similar task called the cross maze (has eight
arms) and found that adult rats exposed to risperidone after a four-week (2.5 mg/kg/day)
treatment period displayed impairments in the ability to recall which arm they had
previously entered. Several authors have claimed that these lapses in recall on the y-maze
and cross maze can be attributed to a deficit in working memory (Hidaka, Suemaru &
Araki, 2010; Karl et al, 2006; Lolonde, 2002; Sarter, Bodewitz & Stephens, 1988; Wright

& Conrad, 2005). Taken together with our finding, although intriguing, more research
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using more standard working memory tasks such as the Radial Arm Maze should be
explored (Hughes, 2004).

The mechanisms behind why risperidone may affect working memory in rodents
are not well understood (McGurk et al. 2004; Reilly et al., 2007). However, several
neurochemical studies have discussed the probability of antipsychotics leading to
alterations to the dopaminergic and serotonergic system within the dorsolateral prefrontal
cortex (Abi-Dargham et al., 2002; Camchong et al., 2006; Choi et al., 2010; Hirvonen et
al., 2006; Lian et al.,2016; Lidow, Elsworth, & Goldman-Rakic, 1997; Moran-Gates et
al., 2007; Myhrer, 2003; Von Huben et al., 2006) and hippocampus (Moran-Gates et al.,
2007). Thus, alterations to neurotransmitter systems within these structural areas may be
contributory to the current deficit in working memory. Therefore, future studies need to
be conducted to further clarify how early risperidone treatment contributes to these
specific areas.

Conclusion

In recent decades, there has been a substantial increase in the number of children
prescribed AP’s for the treatment of several psychiatric conditions (Masi et al., 2015,
Olfson et al., 2012). Hence, pre-clinical rodent studies are important to elucidate the
potential neurobehavioral consequences of these drugs. Several rodent studies have
shown that juvenile rats may be more susceptible to neurodevelopmental alterations in
the brain following early-life exposure to AP treatment (Choi, et al., 2009; Lian et al.,

2016; Milstein et al., 2013; Moran-Gates et al., 2007; Piontkewitz et al., 2011; Qiao, et

46



al., 2013; Schneider, 2013) and which may induce lifelong behavior changes in adulthood
(Bardgett, et al., 2013; Lian et al., 2016).

However, few studies have been conducted to evaluate whether early chronic
risperidone treatment leads to later behavioral impairments, especially regarding the
novel atypical class of AP medications such as risperidone (Bardgett, et al., 2013; Curtis
et al., 2005). This lack of literature has resulted in a great deal of controversy among
clinicians and researchers regarding whether or not it is safe to give AP to children
(Memarzia et al., 2016; Pandina et al., 2007). Therefore, the current study was conducted
in order to begin the process of generating the desperately needed studies that will help
professionals to better assess if it is safe to give these medications to this potentially more
vulnerable population.

The current study did not find any behavioral differences between the risperidone
and sham pellet condition on the open field, object recognition, spatial recognition or
MWAM task after a 6-week low dose administration of risperidone. Interestingly, the study
also did not demonstrate differences on SAP and AAR but did find that the risperidone
treated rats had significantly more SAR behaviors. Several authors have concluded that
this lack of recall may be thought of as an indicator of a deficit in working memory
(Hidaka et al., 2010; Karl et al, 2006; Lolonde, 2002; Wright & Conrad, 2005; Sarters et
al., 1988). Since no locomotor or exploratory effects were evident in any of the other
tasks, this theory that working memory may be affected by early risperidone treatment

does seem to hold some merit. However, since no other studies have been conducted
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looking at the effect of early risperidone treatment using the y-maze or other spatial
working memory tasks, more work needs to be done to better understand the possible
meaning of these findings.

From the results obtained in this study, it may be concluded that risperidone at the
current dosage (.04 mg/day) and treatment duration (6 weeks) does not severely impact
rodent behavior in adulthood. This finding is in accordance with other previous studies
assessing the safety of risperidone (Castellano et al., 2009; Keith, 2009; Kissling, Glue,
Medori, Simpson, 2007; Lindstrom, Eberhard, & Levander, 2007). While, these results
have important clinical and preclinical implications, more studies will need to be done in
order to ascertain whether or not they generalize to the human population.

In several similar studies, a dose-per-day approach was employed (Choi et al.,
2009, 2010, Mandell et al., 2011; Moran-Gates et al., 2007; Soiza-Reilly & Azcurra,
2009). A limitation to this dosing strategy is that most AP have a half-life of a few hours
in rats (Kapur et al., 2003). Therefore, single day administration of medications may lead
to fluctuations in the blood drug levels within the brain receptor occupancy levels which
are not typically found in human’s receiving AP treatment. Consequently, one strength of
the current study is that a continuous release pellet was subcutaneously implanted to
insure the rat was receiving a continuous dosage daily throughout the study (Bargett et al
2013; Karl et al., 2006)

Additionally, the current study also utilized low dosage of risperidone, in order to

provide information about the threshold of drug symptoms and reduce the likelihood of
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losing animals. Despite the conservative nature of our dosage, it is still well within the
range of the average clinical dosage often given to youths (Aravagiri & Marder, 2002;
Farrelly, et al., 2014; Heykants, et al., 1994; Newcomer, 2005; Van Beijsterveldt et al.,
1994). However, since several researchers have reported dose-dependent effects
(Bardgett et al., 2013; Grayson et al., 2007; Moran-Gates et al., 2007; Skarsfeldt, 1996),
it is important for future studies to determine if similar results occur following larger
dosages of risperidone. Another important direction for future studies to investigate is the
effect of poly-drug therapy. It has been estimated that 40% of the children that are
prescribed AP are using more than one type of drug (example: antipsychotic and mood
stabilizer) (Dusetzina et al., 2012). Therefore, studies focusing on behavioral
consequences of early life risperidone treatment in conjunction with other relevant
medications are desperately needed, to ensure that these AP treatments will be

administered to children in an informed manner.

49



REFERENCES

Abi-Dargham, A., Mawlawi, O., Lombardo, I., Gil, R., Martinez, D., Huang, Y. (2002).
Prefrontal dopamine d1 receptors and working memory in schizophrenia. Journal
of Neuroscience, 22, 3708-3719.

Aggleton, J. (1985). One-trial object recognition by rats. Quarterly Journal of
Experimental Psychology, 37, 279-294.

Andersen, S. (2003). Trajectories of brain development: Point of vulnerability or window
of opportunity? Neuroscience and Biobehavioral Reviews, 27, 3-18.

Andersson, C., Hamer, R., Lawler, C., Mailman, R., & Lieberman, J. (2002). Striatal
volume changes in the rat following long-term administration of typical and
atypical antipsychotic drugs. Neuropsychopharmacology, 27(2)143-151.

Andersen, S. & Navalta, C. (2004). Altering the course of neurodevelopment: A
framework for understanding the enduring effects of psychotropic drugs.
International Journal of Developmental Neuroscience, 22, 423-440.

Andersen, S. & Navalta, C. (2011). New frontiers in developmental neuropharmacology:
Can long-term therapeutic effects of drugs be optimized through carefully timed
early intervention?. Journal of Child Psychology and Psychiatry, 52, 476-503.

DOI:10.1111/j.1469-7610.2011.02376.x

50



Andersen, S., Thompson, A., Rutstein, M., Hostetter, & Teicher, M. (2000). Dopamine
receptor expression. Synapse, 37, 167-169.

Aravagiri, M., & Marder, S. (2002) Brain, plasma and tissue pharmacokinetics of
risperidone and 9-hydrozyrisperidone after separate oral administration in rats.
Psychopharmacology, 159, 424-231.

Bachmann, C., Lempp, T., Glaeske, G. & Hoffmann, F. (2014). Antipsychotic
prescription in children and adolescents. Deutsches Arzteblatt International, 3,
25-34.

Baker, T., Florezynski, M., & Beninger, R. (2015). Differential effects of clozapine,
metoclopramide, haloperidol and risperidone on acquisition and performance of
operant responding in rats. Psychopharmacology, 232, 1535-1543. DOI
10.1007/s00213-014-3789-6

Bak, J., Pyeon, H., Seok, J., & Chol, Y. (2017). Effect of rotation preference on
spontaneous alternation behavior on y maze and introduction of a new atypical
method, entropy of spontaneous alternation. Behavioural Brain Research, 320,
219-224.

Bardgett, M., Franks, Henry, J., Colemire, K., Juneau, K., Stevens, R., Marczinski, C., &
Griffith, M. (2013). Adult rats treated with risperidone during development are
hyperactive. Experimental and Clinical Psychopharmacology, 21(3) 259-267.

DOI 10.1037/a0031972

o1



Blakemore, S., & Choudhury, S. (2006). Development of adolescent brain: Implications
for executive function and social cognition. Journal of Child Psychology and
Psychiatry, 47, 296-312. DOI:10.1111/j.1469-7610.2006.01611.x

Broadbent, N., Squire, L., & Clark, R. (2004). Spatial memory, recognition memory, and
the hippocampus. Proceedings of the National Academy of Sciences of the United
States of America, 101, 14515-14420.

Broderick, P., Rahni, D., & Zhou, Y. (2003). Acute and subacute effects of risperidone
and cocaine on accumbens dopamine and serotonin release using in vivo
microvoltammetry on line with open-field behavior. Progress in Neuro-
Psychopharmacology & Biological Psychiatry, 27, 1037-1054.

Camchong, J., Dyckman, K., Hapman, C., Yanasak, N., & McDowell, J. (2006). Basal
ganglia-thalamocortical circuitry disruptions in schizophrenia during delayed
response tasks. Biological Psychiatry, 60, 235-241.

Casey, D. (1996). Behavioral effects of sertindole, risperidone, clozapine and haloperidol
in cebus monkeys. Psychopharmacology, 124, 134-140.

Casellano, O., Moscoso, A., Riolobos, A., Carro, J., Arji, M., Molina, V., Lopez, D., &
Sancho, C. (2009). Chronic administration of risperidone to healthy rats: A
behavioural and morphological study. Behavioural Brain Research, 205, 488-498.

DOI: 10.1016/j.bbr.2009.08.002

52



Choi, Y., Gardner, M., & Tarazi, F. (2009). Effects of risperidone on glutamate receptor
subtypes in the developing brain. European Neuropsychopharmacology, 19, 77-
84. DOI: 10.1016/j.euroneuro.2008.08.010

Choi, Y., Moran-Gates, T., Gardner, M., & Tarazi, F. (2010). Effects of repeated
risperidone exposure on serotonin receptor subtypes in developing rats. European
Neuropsychopharmacology, 20 (3) 187-194. DOI:
10.1016/j.euroneuro.2009.09.002

Cools, R. (2006). Dopaminergic modulation of cognitive function implications for |-dopa
treatment in parkinsons disease. Neuroscience and Biobehavioral Reviews, 30, 1-
23.

Curtis, L., Masselink, L., Ostbye, T., Hutchinson, S., Dans, P., Wright, A., & Schulman,
K., (2005). Prevalence of atypical antipsychotic drug use among commercially
insured youths in the united states. Archives of Pediatric and Adolescent
Medicine, 159, 362-366.

Daviss, W., Barnett, E., Neubacher, K., & Drake (2016). Use of antipsychotic
medications for nonpsychotic children: Risks and implications for mental health
services. Psychiatric Services, 67(3) 339-341.

De Butte-Smith, M., Etgen, M., Gulinello, R., & Zukin, A. (2009). Chronic estradiol
treatment increases CAL cell survival but does not improve visual or spatial
recognition memory after global ischemia in middle-aged female rats. Hormones

and Behavior, 55, 442-453.

53



Delotterie, D., Ruiz, G., Brocard, J., Schweitzer, A., Roucard, C., Roche, Y., Suaud-
Chagny, M., Bressand, K., & Andriceux, A. (2010). Chronic administration of
atypical antipsychotics improves behavioral and synaptic defects of stop null
mice. Psychopharmacology, 208, 131-141. DOI 10.1007/s00213-009-1712-3

Dere, E., Huston, J., & Silva, M. (2007). The pharmacology, neuroanatomy and
neurogenetics of one-trial object recognition in rodents. ScienceDirect, 673-704.
DOI: 10.1016/j.neubiorev.2007.01.005

De Santis, M., Lian, J., Huang, X., & Deng, C. (2016). Early antipsychotic treatment in
childhood/ adolescent period has long-term effects on depressive-like, anxiety-
like and locomotor behaviours in adult rats. Journal of Psychopharmacology,
30(2) 204-214. DOI: 10.1177/0269881115616383

Domino, M., & Swartz, M. (2008). Who are the new users of antipsychotic medications?
Psychiatric Services, 59, 507-514.

D’Souza, S., Faraj, J., & DeLuca, P. (2013). Microsphere delivery of risperidone as an
alternative to combination therapy. European Journal of Pharmaceutics and
Biopharmaceutics, 85, 631-639.

Durand, M., Berton, O., Aguerre, L., Edno, L., Combourieu, I., Mormede, P., Chaouloff,
F. (1999). Effects of repeated fluoxetine on anxiety-related behaviours, central
serotonergic systems and the corticotropic axis in shr and wky rats.

Neuropharmacotherapy, 38, 893-907.

54



Dusetzina, S., Weinberger, M., Gaynes, B., Farley, J., Sleath, B., & Hansen., R. (2012).
Prevalence of bipolar disorder diagnoses and psychotropic drug therapy among
privately insured children and adolescents. Pharmacotherapy, 32, 1085-1094

Emaceur, A. (2014). Tests of unconditioned anxiety: Pitfalls and disappointments.
Physiology & Behavior, 135, 55-71.

Farrelly, L., Dicker, P., Wynne, K., English, J., Cagney, G., Focking, M., & Cotter, D.
(2014). Adolescent risperidone treatment alters protein expression associated with
protein trafficking and cellular metabolism in the adult rat prefrontal cortex.
Proteomies, 14, 1574-1578. DOI: 10.1002/pmic.201300466

Ferreira, C., Dias de Souza, M., Fernandez-Calvo, B., Machando-de-Sousa, J., & Hallak,
J., Torro-Alves, N. (2016). Neurocognitive functions in schizophrenia: A
systematic review of the effects of typical and atypical antipsychotic drugs.
Psychology and Neuroscience, 9(1) 12-31. DOI: 10.1037/pne0000045

Findling R., Johnson, J., McClellan, J., Frazier, J., Vitiello, B., & Hamer, R. (2010).
Double-blind maintenance safety and effectiveness findings from the treatment of
early-onset schizophrenia spectrum study. Journal of the American Academy of
Child and Adolescent Psychiatry, 49, 583-594.

Frost, D., & Cadet, J. (2000). Effects of drug-induced neurotoxicity on development of
neural circuitry: A hypothesis. Brain Research Review, 34, 103-118.

Frost, D., Page, S., Carroll, C., & Kolb, B. (2009). Early exposure to haloperidol or

olanzapine induces long-term alterations of dendritic form. Synapse, 64,191-199.

55



Grayson, B., Idris, F., & Neill, J. (2007). Atypical antipsychotics attenuate a sub-chronic
pcp-induced cognitive deficit in the novel object recognition task in the rat.
Behavioural Brain Research, 184, 31-38. DOI 10.1016/j.bbr.2007.06.012

Hannesson, D., Howland, J., Pollock, M., Mohapel, P., Wallace, A., & Corcoran, M.
(2005). Anterior perirhinal cortex kindling produces long-lasting effects on
anxiety and object recognition memory, European Journal of Neuroscience 21,
1081-1090.

Heykants, J., Huang, M., Mannens, G., Meuldermans, W., Snoeck, E., Van Beijsterveldt,
L., Van Peer, A., & Woestenborghs, R. (1994). The pharmacokinetics of
risperidone in humans; A summary. Journal of Clinical Psychiatry, 55, 13-17.

Hidaka, N., Seumaru, K., & Araki, H. (2010). Serotonin-dopamine antagonism
ameliorates impairments of spontaneous alternation and locomotor hyperactivity
induced by repeated electroconvulsive seizures in rats. Epilepsy Research, 90,
221-227.

Hiroi, R., McDevitt, R., & Neurmaier, J. (2006). Estrogen selectively increases
tryptophan hydroxylase-2 mrna expression in distinct sub regions of the rat
midbrain raphe nucleus: Association between gene expression and anxiety
behavior in the openfield. Biological Psychiatry, 60, 288-295.

Hirvonen, J., Van Erp, T., Huttunen, J., Aalto, S., Nagren, K., & Huttunen, M. (2006).
Brain dopamine d1 receptors in twins discordant for schizophrenia. American

Journal of Psychiatry, 163, 1747-1753.

56



Hok, V., Poucet, B., Duvelle, E., Save, E., & Sargolini, F. (2016). Spatial cognition in
mice and rats: Similarities and differences in brain and behavior. Cognitive
Science, 7, 406-421. DOI 10.1002/wcs.1411

Hughes, R. (2004). The value of spontaneous alternation behavior (SAB) as a test of
retention in pharmacological investigations of memory. Neuroscience and
Biobehavioral Reviews, 28, 497-505.

Hutchings, E., Waller, J., & Terry, A. (2013). Differential long-term effects of
haloperidol and risperidone on acquisition and performance of tasks of spatial
working and short-term memory and sustained attention in rats. The Journal of
Pharmacology and Experimental Therapeutics, 347, 547-556.

Huybrechts, K., Gerhard, T., Crystal, S., Olfson, M., Avorn, J., Levin, R., Lucas, J., &
Schneeweiss, S. (2012). Differential risk of death in older residents in nursing
homes prescribed specific antipsychotic drugs: Population based cohort study.
BMJ,23:€977. DOI: 10.1136/bmj.e977

Jablonski, S., Schreiber, W., Westbrook, S., Brennan, L., & Stanton., M. (2013).
Determinants of novel object and location recognition during development.
Behavioural Brain Research, 256, 140-150.

Jiwa, N., Garrard, P., & Hainsworth, A. (2010). Experimental models of vascular
dementia and vascular cognitive impairment: A systematic review. Journal of

Neurochemistry, 814-828. DOI 10.1016/j.neur0.2013.02.008

57



Johnstone, E., Frith, C., Crow, T., Carney, M., & Price, J. (1978). Mechanism of the
antipsychotic effects in the treatment of acute schizophrenia. Lancet, 311, 848-
851.

Karl, T., Duffy, L., O’brien, E., Matsumoto, 1., & Dedova, 1. (2006). Behavioural effects
of chronic haloperidol and risperidone treatment in rats. Behavioral Brain
Research, 171, 286-294.

Kapur, S., VanderSpeck, S., Brownlee, B., & Nobrega, J. (2003). Antipsychotic dosing in
preclinical models is often unrepresentative of the clinical condition: A suggested
solution based on in vivo occupancy. The Journal of Pharmacology and
Experimental Therapeutics, 305, 625-631. DOI: 10.1124/jpet.102.046987

Keith, S. (2009). Use of long-acting risperidone in psychiatric disorders: Focus on
efficacy, safety and cost-effectiveness. Expert Reviews in Neurotherapeutics, 9, 9-
3L

Kellendonk, C., Simpson, E., Polan, H., Malleret, G., Vronskaya, S., Winiger, V., Moore,
H., & Kandel, E. (2006). Transient and selective overexpression of dopamine d:
causes persistent abnormalities in the prefrontal cortex functioning. Neuron, 49,
603-615.

Kissling, W., Glue, P., Medori, R., & Simpson, S. (2007). Long-term safety and efficacy
of long-acting risperidone in elderly psychotic patients. Human

Psychopharmacology, 22, 505-513.

58



Krieger, F., & Stringaris, A. (2013). Bipolar disorder and disruptive mood dysregulation
in children and adolescents: Assessment, diagnosis and treatment. Evidence Based
Mental Health, 16, 93-94. DOI 10.1136/eb-2013-101400

Kusumi, 1., Takahashi, Y., Suzuki, K., Kameda, K., & Koyama, T. (2000). Differential
effects of subchronic treatments with atypical antipsychotic drugs on dopamine d2
and serotonin 5-ht2a receptors in the rat brain. Journal of Neural Transmission,
107, 295-302.

Lalonde, R. (2002). The neurobiological basis of spontaneous alternation. Neuroscience
and Biobehavioral Reviews, 26, 91-104.

Lambe, E., Krimer, L., & Goldman-Rakic, P. (2000). Differential postnatal development
of catecholamine and serotonin inputs to identified neurons in prefrontal cortex of
rhesus monkey. Journal of Neuroscience, 20, 8780-8787.

Levitt, P., Harvey, J., Friedman, E., Simansky, K., & Murphy, E. (1997). New evidence
for neurotransmitter influences on brain development. Trends in Neuroscience,
20, 269-274.

Lian, J., Pan, B., & Deng. (2016). Early antipsychotic exposure affects serotonin and
dopamine receptor binding density differently in selected brain loci of male and
female juvenile rats. Pharmalogical Reports, 68, 1028-1035.

Lidow, M., Elsworth, J., & Goldman-Rakic, P. (1997). Down-regulation of the d1 and ds

dopamine receptors in the primate prefrontal cortex by chronic treatment with

59



antipsychotic drugs. Journal of Pharmacology and Experimental Therapeutics,
63, 1189-1197.

Linder, D., & Schakkert, T. (1988). Aging and atropine effects on spatial navigation in
the morris water task. Behavioral Neuroscience, 102, 621-634.

Lindstrom, E., & Lavander, S. (2007). Five-year follow-up during antipsychotic
treatment: Efficacy, safety, functional and social outcome. Acta Psychiatrica
Scndinavica, 435, 5-16.

Masi, G., Milone, A., Veltri, S., luliano, R., Pfanner, C., & Pisano, S. (2015). Use of
quetiapine in children and adolescents. Pediatric Drugs, 17, 125-140.

Maciag, D., Simpson, K., Coppinger, D., Lu, Y., Wang, Y., Lin, R., & Paul, I. (2005).
Neonatal antidepressant exposure has lasting effects on behavior and serotonin
circuitry. Neuropsychopharmacology, 31, 47-57.

Mandell, D., Unis, A., & Sackett, G. (2011). Post-drug consequences of chronic atypical
antipsychotic drug administration on the ability to adjust behavior based on
feedback in young monkeys. Psychopharmacology, 215, 345-352. DOI
10.1007/200213-010-2147-6

McGurk, S., Green, M., Wirshing, W., Wirshing, D., Marder, S., Mintz, J., & Kern, R.
(2004). Antipsychotic and anticholinergic effects on two types of spatial memory
in schizophrenia. Schizophrenia Research, 68, 225-233.

Memarzia, J., Tracy, D., & Giaroli, G. (2016). The use of antipsychotics in preschoolers:

A veto or a sensible last option? Journal of Psychopharmacology, 28(4) 303-3109.

60



Menard, M., Thummler, S., Auby, P., & Askenazy, F. (2014). Preliminary and ongoing
french multicenter prospective naturalistic study of adverse events of
antipsychotic treatment in naive children and adolescents. Child and Adolescent
Psychiatry and Mental Health, 8, 18.

Milner, B. (2005). The medial temporal-lobe amnesic syndrome. Psychiatric Clinics of
North America, 28, 599-611.

Milstein, J., EInabawi, A., Vinish, M., Swanson, T., Enos, J., Bailey, A., Kolb, B., &
Frost, D. (2013). Olanzapine treatment of adolescent rats causes enduring specific
memory impairments and alters cortical development and function. PLoS ONE
8(2): €57308. DOI: 10.1371/journal.pone.0057308

Mitchell, D., Koleszar, A., & Scopatz, R. (1984). Arousal and t-maze choice behavior in
mice: A convergent paradigm for neophobia constructs and optimal arousal
theory. Learning and Motivation, 15, 287-301.

Mitchell, J., & Laiacona, J. (1998). The medial frontal cortex and the temporal memory,
tests using spontaneous exploratory behaviour in the rat. Behavioural Brain
Research, 97, 107-113.

Moran-Gates, T., Grady, C., Park, Y., Baldessarini, R., & Tarazi, F. (2007). Effects of
risperidone on dopamine receptor subtypes in developing rat brain. European
Neuropsychopharmacology, 17, 448-455. DOI 10.1016/j.euroneuro.2006.10.004

Morris, R., Garrud, P., Rawlins, J., & O’Keefe, J. (1982). Place navigation impaired in

rats with hippocampal lesions. Nature, 297(5869), 681-683.

61



Mumby, D., Gaskin, S., Glenn, M., Schramek, T., & Lehmann, H. (2002). Hippocampal
damage and exploratory preferences in rats, memory for objects, places, and
contexts. Learning and Memory, 9, 49-57.

Myhrer, T. (2003). Neurotransmitter systems involved in learning and memory in the rat:
A meta-analysis based on studies of four behavioral tasks. Brain Research
Reviews, 41, 268-287.

Newcomer, J. (2005). Second-generation antipsychotics and metabolic effects: A
comprehensive literature review. CNS Drugs, 19, 1-93.

Nowakowska, E., Chodera, A., Kus, K., & Rybakowski, J. (1999). Some behavioural
effects of risperidone in rats: Comparison with haloperidol. European
Neuropsychopharmocology, 9, 421-426.

Olfson, M., Blanco, C., Liu, S., Wang, S., & Correll, C. (2012). National trends in the
office-based treatment of children, adolescents, and adults with antipsychotics.
Archives of General Psychiatry, 69, 1247-1256.

Pandina, G., Bildren, R., Harvey, P., Keefe, R., Aman, M., & Gharabawi, G. (2007).
Risperidone and cognitive function in children with disruptive behavior disorders.
Biological Psychiatry, 62, 226-234. DOI 10.1016/j.biopsych.2006.09.096

Piontkewitz, Y., Arad, M., & Weiner, I. (2011). Risperidone Administered during
asymptomatic period of adolescence prevents the emergence of brain structural
pathology and behavioral abnormalities in an animal model of schizophrenia.

Schizophrenia Bulletin, 37, 1257-1269. DOI:10.1093/schbul/sbgq040

62



Piontkewitz, Y., Bernstein, G., Dobrowolny, H., Bogerts, B., Weiner, 1., & Keilhoff, G.
(2012). Effects of risperidone treatment in adolescence on hippocampal
neurogenesis, parvalbumin expression, and vascularization following prenatal
immune activation in rats. Brain, Behavior, and Immunity, 26, 353-363.
DOI:10.1016/1.bbi.2011.11.004

Politte, L., & McDougle, C. (2014). Atypical antipsychotics in the treatment of children
and adolescents with pervasive developmental disorders. Psychopharmacology,
2311, 1023-1036. DOI 10.1007/s00213-013-3068-y

Prut, L., & Belzung, C. (2003). The open field as a paradigm to measure the effects of
drugs on anxiety-likebehaviors: A review. European Journal of Pharmacology,
463, 3-33.

Qiao, J., Gao, J., Shu, Q., Zhang, Q., Hu, G., & Li, M. (2014). Long-lasting sensitization
induced by repeated risperidone treatment in adolescent sprague-dawley rats: A
possible d; receptor mediated phenmemon? Psychopharmacology, 231, 1649-
1659. DOI:10.1007/s00213-013-3386-0

Qiao, J., Zhang, Q., & Li, M. (2013). Long-term impacts of adolescent risperidone
treatment on behavioral responsiveness to olanzapine and clozapine in adulthood.
Progress in Neuro-Psychopharmacology & Biological Psychiatry. 48, 177-185.

Rahmati, B., Kiasalari, Z., Roghani, M., Khalili, M., & Ansari, F. (2017). Antidepressant

and anxiolytic activity of Lavandula officinalis aerial parts hydroalcoholic extract

63



in scopolamine-treated rats. Pharmaceutical Biology, 55, 958-965, DOI:
10.1080/13880209.2017.1285320

Richman, C., Dember, W., & Kim. P. (1986). Spontaneous Alternation Behavior in
Animals. Current Psychological Research and Reviews, 5, 358-391.

Richtand, N., Taylor, B., Welge, J., Ahlbrand, R., Ostrander, M., Burr J., Hayes, S.,
Coolen, L., Pritchard, L., Logue, A., Herman, J., & McNamara, R. (2006).
Risperidone pretreatment prevents elevated locomotor activity following neonatal
hippocampal lesions. Neurospychopharmacology, 31, 77-89.
DOI:10.1038/sj.npp.1300791

Reilly, J., Harris, M., Khine, T., Keshavan, M., & Sweeney, J. (2007). Antipsychotic
drugs exacerbate impairment on a working memory task in first-episode
schizophrenia. Biological Psychiatry, 62, 818-821.

Sargolini, F., Roullet, P., Oliverio, A., & Mele, A. (2003). Effects of intra-accumbens
focal administrations of glutamate antagonists on the object recognition memory
in mice. Behavioural Brain Research, 138, 153-163.

Sarter, M., Bodewitz, G., & Stephens, D. (1988). Attenuation of scopolamine-induced
impairment of spontaneous alternation behavior by antagonist but not inverse
agonist and agonists b-carbolines. Psychopharmacology, 94-491-495.

Schneider, M. (2013). Adolescence as a vulnerable period to alter rodent behavior. Cell

Tissue Research, 354, 99-106. DOI: 10.1007/s00441-013-1581-2

64



Schoenfeld, R., Schiffelholz, T., Beyer, C., Leplow, B., & Foreman, N. (2017). Variants
of the morris water maze task to comparatively assess human and rodent place
navigation. Neurobiology of Learning and Memory, 139, 117-127.

Schotte, A., Janssen, P., Gommeren, W., Luyten, W., Gompel, P., Lesage, A., De Loore,
K., & Leysen, J. (1996). Risperidone compared with new and reference
antipsychotic drugs: In vitro and in vivo receptor binding. Psychopharmacology,
124, 57-73.

Schultz, W. (2002). Getting formal with dopamine and reward. Neuron, 36, 241-263.

Seibenhener, M., & Wooten, M. (2015). Use of the Open Field Maze to Measure
Locomotor and Anxiety-like Behavior in Mice. Journal of Visualized
Experiments : JoVE, (96), 52434. Advance online publication.
http://doi.org/10.3791/52434

Seida, J., Schouten, J., Boylan, K., Newton, A., Mousavi, S., Beaith, A., Vandermeer, B.,
Dryden, D., & Carrey, N. (2012). Antipsychotics for children and young adults: A
comparative effectiveness review. Pediatrics 129: e77-e784.

Singh, M., Chang, K. (2012). The neural effects of psychotropic medication in children
and adolescents. Child and Adolescent Clinics of North America, 21, 753-771.

Skarsfeldt, T. (1996). Differential effect of antipsychotics on place navigation of rats in
the morris water maze: A comparative study between novel and reference

antipsychotics. Psychopharmacology, 124, 126-133.

65



Soiza-Reilly, M., & Azcurra, J. (2009). Developmental striatal critical period of activity-
dependent plasticity is also a window of susceptibility for haloperidol induced
adult motor alteration. Neurotoxicology and Teratology, 31, 191-197.

Spear, L. (2000). The adolescent brain and age-related behavioral manifestations.
Neuroscience and Biobehavioral Reviews, 24, 417-463.

Spruijt, B., Van Hooff, J., & Gispen, W. (1992). Etiology and neurobiology of grooming
behavior. Physiological Reviews, 72, 825-852.

Stevens, R., Gannon, M., Griffith, M., & Bardgett, M. (2016). Delayed yet persistent
effects of daily risperidone on activity in developing rats. Behaviour
Pharmacology 27, 460-469. DOI 10.1097/FBP.00000000000000230

Su, Z., Shi, Y., Teng, L., Li, X. Wang, L., Meng, Q., Teng, R., & Li, Y. (2011).
Biodegradable poly (D, L-lactide-co-glycolide) (PLGA) microspheres for
sustained release of risperidone: Zero-order release formulation. Pharmaceutical
Development and Technology, 16, 377-384.

Tarazi, F., & Baldessarini, R. (2000). Comparative postnatal development of dopamine
d(1), d(2) and d(4) receptors in rat forebrain. International Journal of
Developmental Neuroscience, 18, 29-37.

Tarazi, F., Zhang, K., & Baldessarini, R. (2001). Long-term effects of olanzapine,
risperidone, and quetiapine on dopamine receptor types in regions of rat brain:
Implications for antipsychotic drug treatment. Journal of Pharmacology and

Experimental Therapeutics, 267, 711-717.

66


https://www.bing.com/search?q=pharmaceutical+development+and+technology&filters=ufn%3a%22pharmaceutical+development+and+technology%22+sid%3a%2231fb4ea3-298d-c6cc-e809-dfd645168329%22
https://www.bing.com/search?q=pharmaceutical+development+and+technology&filters=ufn%3a%22pharmaceutical+development+and+technology%22+sid%3a%2231fb4ea3-298d-c6cc-e809-dfd645168329%22

Tarazi, F., Zhang, K., & Baldessarini, R. (2002). Long-term effects of olanzapine,
risperidone, and quetiapine on serotonin 1a, 2a, and 2c receptors in rat forebrain
regions. Psychopharmacology, 16 (3) 263-270.

Terry, A., Gearhart, D., Warner, S., Zhang, M., Bartlett, M., Middlemore, M., Beck, W.,
Mahadik, S., & Waller, J. (2007a). Oral haloperidol or risperidone treatment in
rats: Temporal effects on nerve growth factor receptors cholinergic neurons, and
memory performance. Neuroscience, 146, 1316-1332. DOI
10.1016/j.neuroscience.2007.03.003

Terry, A., Gearhart, A., Warner, E., Hohnadel, J., Middlemore, M., Zhang, G., Bartlett,
M., & Mahadik, S. (2007b). Protracted effects of chronic oral haloperidol and
risperidone on nerve growth factor, cholinergic neurons, and spatial reference
learning in rats. Neuroscience, 150, 413-424.

Terry, A., Hill, W., Parikh, V., Waller, J., Evans, D., & Mahadik, S. (2003). Differential
effects of haloperidol, risperidone and clozapine exposure on cholinergic markers
and spatial learning performance in rats. Neuropsychopharmacology, 28, 300-309.

Terry, A. & Mahadik, S. (2006). Time-dependent cognitive deficits associated with first
and second generation antipsychotics: Cholinergic dysregulation as a potential
mechanism. The Journal of pharmacology and experimental therapeutics, 320,

961-968.

67



Toren, P., Ratner, S., Laor, N., & Weizman, A. (2004). Benefit-risk assessment of
atypical antipsychotics in the treatment of schizophrenia and comorbid disorders
in children and adolescents. Drug Safety, 27, 1135-1156.

Van Beijsterveldt, L., Geerts, R., Leysen, J., Megens, A., Van den Eynde, H.,
Meuldermans, W., Heykants, J. (1994). Regional brain distribution of risperidone
and its active metabolite 9-hydroozy-risperidone in the rat. Psychopharmacology,
114, 53-63.

Vernon, A., Natesan, S., Modo, M., & Kapur, S. (2011). Effect of chronic antipsychotic
treatment on brain structure: A serial magnetic resonance imaging study with ex
vivo and postmortem confirmation. Biological Psychiatry, 69, 936-944. DOI
10.1016/j.biopsych.2010.11.010

Vinish, M., Elnabawi, A., Milstein, J., Burke, J., Kallevang, J., Turek, K., Lansink, C.,
Merchenthaler, 1., Bailey, A., Kolb, B., Cheer, J., & Frost, D. (2013). Olanzapine
treatment of adolescent rats alters adult reward behaviour and nucleus accumbens
function. Journal of Neuropsychopharmacology, 16, 1599-1609.

Von Huben, S., Davis, S., Lay, C., Katner, S., Crean, R., Taffe, M., (2006). Differential
contributions of dopaminergic d(1) and d(2)-like receptors to cognitive function in
rhesus monkeys. Psychopharmacology, 188, 286-596.

Von Lubitz, D., Paul, 1., Bartus, R., Jacobson, K. (1993). Effects of chronic
administration of adenosine al receptor agonist and antagonist on spatial learning

and memory. European Journal of Pharmacology, 249, 271-280.

68



Wahlstrom, D., White, T., Luciana, M. (2010). Neurobehavioral evidence for changes in
dopamine system activity during adolescence. Neuroscience and Biobehavioral
Reviews, 34, 631-648.

Wahlstrom, D., Collins, P., White, T., Luciana, M. (2010). Developmental changes in
dopamine neurotransmission in adolescence: Behavioral implications and issues
with assessment. Brain and Cognition, 72, 146-159.

Walsh, R., & Cummins, R. (1976). The open-field test: A critical review. Psychological
Bulletin, 83(3), 482-504. DOI 10.1037/0033-2909.83.3.482

Wiley, J. (2008). Antipsychotic-induced suppression of locomotion in juvenile adolescent
and adult rats. European Journal of Pharmacology, 578, 216-221.

Winters, B., & Bussey, T. (2005). Transient inactivation of perirhinal cortex disrupts
encoding, retrieval, and consolidation of the object recognition memory. Journal
of Neuroscience, 25, 52-61.

Wise, R. (1989). Opiate reward, sites and substrates. Neuroscience and Biobehavioral
Reviews, 13, 129-133.

Wright, R., & Conrad, C. (2005). Chronic stress leaves novelty-seeking behavior intact
while impairing spatial recognition memory in the y-maze. Stress, 8, 151-154.

Xu, S., Gullapalli, R., Frost, D. (2015). Olanzapine antipsychotic treatment of adolescent
rats cause long term changes in glutamate and gaba levels in the nucleus

accumbens. Schizophrenia Research, 161, 452-457.

69



Yadin, E., Friedman, E., & Bridger, H. (1991). Spontaneous alternation behavior: An
animal model for obsessive-compulsive disorder. Pharmacology, Biochemistry &
Behavior, 40, 311-315.

Zuddas, A., Zanni, R., Usala, T. (2011). Second generation antipsychotics for non-
psychotic disorders in children and adolescents: A review of the randomized
controlled studies. European Neuropsychopharmacology, 21, 600-620. DOI

10.1016/j.euroneuro.2011.04.001

70



