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PSYCHOTROPIC DRUGS AND DEVELOPMENT 2

Abstract
The use of antipsychofic (AP) drugs for childhood psychiatric aisorders has increased
dramatically over the last 20 years. These drugs are prescribed mainly for disorders such as
attention-deficit hyperacﬁvity disorder (ADHD). Most children who are prescribed APs also
receive treatment with psychostimulant drugs. However, little research has been done addressing
the long-term effects of early-life co-administration of APs and stimulant medication.
This stuciy examined the long-term behavioral effects of co-administration of risperidone (RISP),
the most widely prescribed AP in children and dextroamphetamine (DAMP), a commonly
prescribed psychostimulant, during development in male Long-Evans rats. Changes in gross
Tocomotor activity were assessed. It was found that RISP alone decreased activity after
administration, and DAMP alone increased activity. The combination of RISP and DAMP did
not cause any signiﬁcant changes in locomotor activity relative to controls. Early-life RISP
administration did not increase activity later in life, or have an effect on locomotor responses to a
DAMP challenge during adulthood. Early-life DAMP administration led to increased activity
during early adulthood, but it did not affect locomotor responses to DAMP challenge. These
studies raise concerns about the immediate effects of APs and psychostimulants on children and

about the long-term effect of stimulant use during childhood on adult behavior.
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Stimulant and Antipsychotic Drug Co-Administration: Long-Term Effects on Behavioral
Development.
Overview
The use of AP drugs for childhood psychiatric disorders has increased dramatically over
the last 20 years. These drugs are prescriﬁed mainly for disorders such as ADHD, for which they
have not been approved. Little research has been done to determine long-term AP exposure
during development and the effelct on behavior and bfajn function later in life. Since most
| children who are prescribed APs also receive concomitant treatment with psychostimulant drugs,
research on the long-term effects of early-life AP and stimulant co-administration would be
relevant and beneficial.
Clinical uses of APs and mechanism of action
Disorders of psychosis include schizophrenia and schizoaffective disorder, and the most
common ‘treatment for these disorders is AP or neuroleptic medication. There are two classes of
APs: typical/first generation and atypical/second generation. Typical APs were developed first,
. and their method of action is characterized by dopamine D5 receptor antagonism. They mainly
alleviate the positive symptoms of schizophrenia such as paranoia, delusions, and agitation.
Typical APs are also known to produce extrapyramidal symptoms suqh as tardive dyskinesia or
dystonia. These are irreversible motor disorders that involve involuntary movement especially of
the face, hands, and tongue (Lieberman et al., 2005). Atypical or second-generation APs possess
a method of action characterized by D receptor affinity in addition to greater affinity for other
_ neurotransmitter receptors such as serotonin and norepinephrine. Second generation AP’s
mitigate not only the positive symptoms of schizophrenia, but they can also relieve the negative

~ symptoms such as catatonia and extreme apathy. Second generation APs are thought to produce
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fewer extrapyramidal symptoms than first generation AP’s although high doses have still been
shown to produce these unwanted motor side effects (Lieberman et al., 2005). APs often cause
metabolic 'side effects that younger people are more often affected by, and include increases in
insulin sensitivity that can lead to diabetes, and hormonal changes that can cause weight gain and
sexual dysfunction (Olfson et al., 2012).

RISP is an atypical AP that is FDA-approved for the treatment of schizophrenia in adults
and adolescents aged 13-17 years, bipolar I disorder in adults and éhjldren and adolescents aged
10-17 years, and irritability related to autism in children and adolescents aged 5-16 years (U.S.
Department of Health and Human Services, 1993). It acts mainly as an antagonist for dopamine
D, and the serotonin S-HTZA receptors. This antagonism blocks access of dopamine and
serotonin to post-synaptic neurons in the mesolimbic and nigrostriatal pathways in the brain,
which include the nucleus accumbens and frontal cortex, and the caudate-putamen, respectively
(Bardgett, 2004). This pharmacological action may counter the hyperactivity of dopamine
neurons that is thought to take place in schizophrenia (Liddle, Lane, & Ngan, 2000). RISP’s
actions in the mesolimbic pathway have been linked to its abﬂity to alleviate psychosis, whereas
its actions in the nigrostriatal pathway have been associated with the abilityrof high RISP doses
to elicit motor side effects (Bardgett, 2004).

Increased use of APs in children

In the past 20 years, APs have become one of the most commonly used medications in
the United States and Canada, and their use and prescription are increasing especially in youth
(Murphy et al., 2013; Olfson, Blanco, Liu, Wang, & Correll, 2012). A study by Olfson and
colleagues (2012) found that the number of clinician visits that involved AP prescriptions rose

approximately four-fold between the mid-1990°s to the mid-2000"s (Olfson et al., 2012). The
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rate at which APs are prescribed to children has, in some cases, surpassed the use of APs in
adults. For example, a significantly larger portion of psychiatric visits involving APs occurred
for children (67.7%) and adolescents (71.6%) than for adults (50.3%)(Olfson et al., 2012).
According fo a large survey collected on 1,419 Canadian children, 31% were prescribed RISP for
ADHD - a disorder for which RISP use has not been approved by the FDA - followed by 21%
who received it for psychoéis (Murphy et al., 2013). Not only is the amount of off-label use
alarming, but most AP prescriptions to youth are written by géneral practitioners and not by
psychiatric specialists (Murphy et al., 2013).

Although APs have immediate physical side effects in children, little is known about the
long-term effects of AP use during youth on behavioral and neural development. A recent study
by Bardgett and colleagues (2013) showed that when RISP is administered to young rats, they
show hyperactivity later in life. They are also more sensitive to the locomotor-activating effects
of the stimulant drug, DAMP, when the latter drug is administered acutely during adulthood
(Stubbeman, Brown, & Bardgett, 2014). One possible mechanism for this Behavioral outcome is
an increase in forebrain dopamine receptors, since early-life treatment with RISP up-regulates
these receptors (Moran-Gates et al., 2007). However, early-life AP administration also reduces
forebrain dopamine synthesis later in life (Cuomo et al., 1981; Velley et al., 1975; Vinnish et al.,
2013). Thus, early-life AP administration could lead to a hyper-dopaminergic state (e.g., more
dopamine receptors) coupled to a hypo-dopaminergic state (e.g., less dopamine) that would not
necessarily offset each other at a behavioral or neural level.

AP and stimulant co-adminisiration in children
Co-prescription of APs and stimulants is common in youth. A study done in Canada from

2000-2007 involving 1270 subjects reported that approximately 20% of AP users aged 16-25
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were also prescribed a stimulant (Murphy et al., 2013). A study in the United States reported
even higher percentages with 54.1% of subjects aged 0-13 and 30.3% of subjects aged 14-20
being prescribed AP’s and stimulants at the same time (Olfson et al., 2012). Like the situation
with the use of APs alone in children, there is no information about the long-term consequences
of combined AP-stimulant exposure at an early age.

Psychostimulants and their effects on brain development

In the last decade, stimulant prescriptions in young people have increased. A 12-year
study examining the trends of stimulant use m children and adolescents‘in the United States
found that stimulant use increased by an estimated 3.4% (Zuvekas & Vitiello, 2012). The same
study also reported that approximately 3.5% of children in the U.S receive stimulant medication.
Taking the growth rate and population size into account (U.S. Census Bureau, 2013), an
estimated 2.6 million children in the U.S. were prescribed stimulants in 2014 (Zuvekas &
~ Vitiello, 2012).

Stimulants are drugs that incrcése arousal, and are intended to improve physical or mental
processes. Dextroamphetamine (DAMP) or Dexedrine is a central nervous system stimulant that
is FDA approved. for the treatment of ADHD and narcolepsy in people over the age of six
(United States Department of Health and Human Services, 2007). Although the exact mechanism
of DAMP’s alleviation of ADHD is unknown, it is known that DAMP and other amphetamines
elicit the release of monoamines such as dopamine and norepinephrine from the neurons
(Anderson & Navaita, 2004). DAMP preferentially stimulates nigrostriatal and mesolimbic
circuits, and activétion of these circuits by DAMP has been implicated in its euphoric and

cognitive effects (Willson, Wilman, Bell, Asghar, & Silverstone, 2004).
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Effects of stimulant use on neural and behavioral development

Stimulant use during development may have permanent, tangible effects on brain
structure and function. Stimulant use during early development in rats reduces dopamine
transmission and extracellular dopamine levels in the brain later in life (Anderson, 2005). Rats
administered amphetamine early in life self-administer significantly higher amounts of cocaine
as adults (Brandon et al., 2001). This suggests that these animals possess lower dopamine levels
as they may be self-administering drugs in order to boost their dopamine levels. It has also been
hypothesized that amphetamine affects neurpdevelopment specifically by increasing dendritic
branching of dopamine neurons in the prefrontal cortex (Diaz Heijtz et al., 2003). This could be
viewed as problematic since it may represent a disruption of the natural, age-normative
“pruning” of dopaminergic synapses or receptors (Berman, Kuczenski, McCracken, & London,
2008; Diaz Heijtz et al., 2003).

Behavioral outcomes after co-administration of APs and stimulants during development

At first glance, RISP and DAMP seem to work against each other at a synaptic level.
Risperdone antagonizes D; receptors on postsynaptic neurons, which serves to block dopamine
signals. It also antagonizes presynaptic D autoreceptors, which leads to increased dopamine
synthesis and release (Cuomo et al., 1981; Velley et al., 1975). In comparison, DAMP increases
dopamine synthesis and release (Anderson & Navalta, 2004).

However, as reviewed above, studies assessing the long-term effects of AP or stimulant
administration during development suggest that each drug produces a similar outcome, namely
decreased dopamine neurotransmission. It is possible that the excessive release of dopamine
caused by a combination of an AP, such as RISP, and a psychostimulant, such as DAMP, would

exhaust presynaptic dopamine stores (Cuomo et al., 1981; Velley et al., 1975; Anderson, 2005)
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more than either drug alone. Since the brain is developing during such co-administration, the
affected neurons may permanently their capacity to synthesize and release dopamine, as opposed
to the temporary compensatory reaction that could occur in adulthood after AP and DAMP co-
administfation.

This hypothesized decrease in dopamine synthesis and release may create an ADHD-like
behavioral state (Blum, Chen, & Oscar-Berman, 2008) in the rat that is more exaggerated than
the hyperactive state seen in adult rats treatgd with RISP alone during development (Bardgett et
al., 2013). Moreover, the AP and DAMP combination dqring development may also enhance
sensitivity to psychostimulants such as DAMP or cocaine during adulthood, since early-life
exposure to either of the former drugs alone appears to increase the behavioral effects of DAMP
during adulthood (Stubbeman et al., 2014) or the likelihood to self-administer cocaine (Brandon
ct al., 2001).

Purpose

This study examined the long-term behavioral effects of RISP and DAMP co-
administration during development. The main dependent variable was locomotor activity based
on previous work that has shown this behavior is altered after early-life RISP administration
(Bardgett et al., 2013). The expected deficiency in the dopaminergic system of adult rats
administered both drugs early in life was hypothesized to increase locomotor activity and
locomotor sensitivity to DAMP more than administration of either drug alone or Vehicie during

development.
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Method

Animals and housing

Thirty-six Long-Evans male rats were used. Pregnant mothers were purchased from
Harlan Bioproducts (Indianapolis, IN) and arrived in the animal facility on gestational day 14.
On postnatal day (PND) 8, pups were identified by sex, litters culled to four males, and paw-
tagged for identification purposes. Subjects were weaned on PND 21 and ear clipped for
identification. Upon weaning, subjects were housed two per cage with continuous acceés to food
and water, except where noted. The lighting schedule consisted of lights on at 6:30 a.m. and off
at 6:30 pm The Northern Kentucky University Institutional Animal Care and Use Committee
approved all of the proposed procedures and animal care.
Drug administration

Subjects were randomly assigned to one of four treatment groups (n = 9 per group): 1)
RISP and DAMP, 2) RISP, 3) DAMP, and 4) vehicle (Table 1). Cnce assigned, rats were

weighed and administered two injections daily on PNDs 14 through 23.

Table 1: Manipulated Drug Treatment Groups

1. RISP and DAMP 2. RISP and Saline

3. Vehicle and DAMP 4. Vehicle and Saline

Rats were weighed and administered subcutaneous injections of either RISP or vehicle
daily on PNDs 14 through 28. RISP was dissolved in a small volume of 10% glacial acetic acid,
brought to volume with saline, and adjusted for a pH ~6.2 with sodium hydroxide. The 3.0
mg/kg/day dosage was based on the dose used in previous studies of developmental RISP
administration in rats (Bardgett et al., 2013). The vehicle consisted of 10% glacial acetic acid,

brought to volume with saline, and adjusted for a pH ~6.2 with sodium hydroxide. Inj ections
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were administered subcutaneously at a volume of 2.0 mL/kg of body weight. RISP was provided
by the National Institute of Mental Health’s Chemical Synthesis and Drug Supply program.

Immediately after recéiving an injection of RISP or vehicle, each rat also received a
subcutaneous injection of DAMP or a 0.9% saline vehicle daily from PNDs 14-28. DAMP (D-
amphetamine, Sigma) was dissolved in 0.9% sterile saline. The dosage (1.0 mg/kg) was based on
the work of Sherill, Stanis, and Gulley (2013) that demonstrated adverse behavioral outcomes for
rats administered doses of DAMP between 1 and 3 mg/kg during adolescerice. Injections were
administered subcutancously at a volume of 2.0 mL/kg of body weight.

Locomotor activity

Locomotor activity was measured using a clear polypropylene cage inserted into a Kinder
Scientific Smaﬁ-Frame (Kinder Scientific, Poway, CA). Locomotor activity was measured by
the quantity of photobeam breaks generated by each rat during each 5-minute time bin. Testing
occurred during the rats’ light phase in a darkened room separate from the animal housing room.

On PNDs 14, 21, and 28, rats were tested for 30 minutes prior to drug administration and
then for 90 minutes after drug administration. This testing allowed for determination of the initial
effects of the drugs on activity after the first injection on PND 14 and for the monitoring of
changes in the locomotor response to each drug coﬁlbination over time, as well as potential
changes in basal locomotor activity during the pre-injection period.

Locomotor activity was also evaluated later in development in a procedure similar to the
study done by Bardgett et al. (2013). Beginning at PND 52, each rat was tested for an hour a day
for four consecutive days. Once a wecek for three days thereafter, rats were tested twice a week
for fwo hours. During the first weekly test, the rats were placed in the testing chamber for 30

minutes, removed, and received a subcutaneous injection of saline, and then were returned to the
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chamber for 90 minutes. During the second weekly test, each rat received a subcutaneous
injection of either saline, or 1.0 or 3.0 mg/kg of DAMP. The order in which each rat received the

three different doses over the three weeks was balanced within the groups.

Analyses

For the locomotor testing performed between PNDs 14-28, the number of photobeam
breaks generated by each individual rat over two hours of daily testing was analyzed using an
analysis of variance (ANOVA). The data for the 30-minute pre-injection and 90-minute post-
injection periods were analyzed separately. For each data set, the total number of photobeam
breaks generated each day was compared as a function of RISP administration, DAMP
administration, and PND (repeated measure) with a three-way ANOVA. The locomotor data
generated across the four-consecutive days of testing starting at PND 52 were analyzed in a
similar manner. The locomotor data generated across the three weeks of testing with the different
DAMP challenge doses were compared between the early-life drug groups over the 90-minute
test as a function of early-life RISP administration, early-life DAMP -admjnjstration, and DAMP
challenge dose with a three-way ANOVA. The baseline data generated prior to each of the
DAMP challenge injections were analyzed as a function of both early-life drug groups aﬁd PND
(repeated measure) with a three-way ANOVA. Finally, the locomotor data generated after the
DAMP challenge during adulthood were also analyzed for the influence of PND by comparing
the effects of DAMP chalienge dose as a function of PND (repeated measure) with a two-way
ANOVA.

The alpha level for all statistical tests was p < 0.05. Post-hoc testing was performed using

a paired or independent samples t-fest, or a Fishers Least Significant Difference (LSD) test.
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Results
Locomotor activity during drug administration

The first sessions of locomotor testing were used to determine the initial effects of the
drugs on activity, to monitor changes in regards to each drug combination over time, and to
observe potential changes in basal activity at ~23 hours after drug injections.

The locomotor data gathered over 30 minutes prior to injection for each treatment group
were combined into a single data point at PNDs 14, 21, and 28 and analyzed with a repeated-
measures, three-way ANOVA. There was no main effect of RISP or DAMP or interactions
between these V;ariables with age (Figure 1). There was a significant age effect on locomotor
activity, F(2, 31) = 22.92, p < .001, with total activity increasing over the three test days. A two-
tailed, paired samples t-test was used to evaluate the differences in activity over the three PNDs
tested. Rats were more active on PND 21 than on PND 14, #35) = -5.77, p < .001, and were
more active on PND 28 when compared to PND 21, #(35) =-6.45, p <.001. |

The locomotor data gathered over 90 minutes after drug injection for each treatment
group were combined into a singie data point separately for each of the three PNDs and analyzed
with a repeated-measures, three-way ANOVA. There was a significant effect of age, /(2, 31) =
22.10, p < .001 (Figure 2). There were also significant effects of RISP, F(1, 32) =237.36, p <
001, and DAMP, F(1, 32) = 161.88, p < .001, on locomotor activity, as well as significant
interactions between age and RISP, F(2, 31) = 15.06, p <.001, age and DAMP, £(2, 31) = 10.49,
p <.001, and age, RISP, and DAMP, F(2, 31)=11.82, p <.001. On PNDs 21 and 28, rats
receiving RISP alone exhibited significantly lower levels of activity than the Vehic;le-saline
control group (p = .009). An independent samples t-test revealed no significant differences in the

effects of RISP across age. For the DAMP and age interaction, an independent samples t-test
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indicated that the ability of DAMP to elevate locomotor activity increased across the three
testing days. Post-hoc comparisons using Fishers LSD test revealed that rats receiving DAMP
alone exhibited significantty more locomotor activity than the other three treatment groups on
each test day (p < .001). Paired samples t-tests indicated that the activity produced by DAMP
alon was higher on PNDs 21 (p < .001) and 28 (p = .003) than PND 14
Locomotor activity in young adult rats after early-life RISP/DAMP administration

Locomotor activity was assessed for one hour a day on PNDs 52-55 to determine the
long-term effects of early-life exposure to each drug combination. The locomotor data for each
treatment group were combined into a single data point for each of the four days and analyzed
with a repeated-measures, three-way ANOVA. A significant effect was found for age, £(3, 29) =
3.94,p=.018 (Figﬁre 3). A two-tailed, paired samples t-test was used to evaluate the differences
between cach of the fbu:r PNDs tested. Rats were more active on. PND 52 than on PND 53, #(34)
=2.51, p =.017, or PND 54, #(34) =2.76, p = .009, and were more active on PND 55 than on
PND 53, #(34) = -2.24, p = .032, or PND 54, #(34) = -2.65, p = .012. There was also a non-
significant trend for the interaction between age and DAMP, F(3, 29) = 2.84, p = .055. An
independent samples t-test §vas performed to further interrogate this trend and it was found that
on PND 54, rats who received DAMP during development were more active than rats that did
not, 7(33) = 2.33, p = .026.

From PNDs 59-81, additional locomotor testing was done in order to determine if early-
iife RISP or DAMP administration altered locomotor responses to DAMP challenge during
adulthood. On PNDs 59, 66, and 78, the rats were given saline injections and tested in order to

reduce the development of an association between injections alone with the subjective effects of
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DAMP. Locomotor testing on PNDs 62, 69, and 81was performed in order to determine each
group’s response to DAMP.

The locomotor data gathered over 30 minutes prior to injection on PNDs 62, 69, and 81
were combined info a single data point separately for each of the three test days and analyzed-
with a repeated-measures, three-way ANOVA. There was a signiﬁcant effect for age, F(2,22) =
5.24, p = 014 (Figure 4). A two-tailed, paired samples t-test was used to evaluate the differences
between each of the three PNDs tested. Rats were more active on PND 62 than on PND 69, #(34)
=3.20, p=.003, or PND 81, £#(34) = 3.12, p = .004.

The locomotor data gathered over the 90 minutes after injection for each DAMP
challenge treatment group were combined into a single data point separately for each DAMP
dose and analyzed with a repeated.—measures, three-way ANOVA. There was a significant effect
of DAMP dose on activity levels, F(2, 23) = 15.66, p <.001(Figure 5). Post-hoc comparisons
using Fishers LSD test revealed that when rats were administered the 1.0 mg/kg (p <.001) or 3.0
mg/kg DAMP doses (p <.001), they showed significantly more activity than when they were
administered saiine. There were no significant main effects of early-life RISP or DAMP
treatment, or interactions with DAMP challenge dose.

We also determined if locomotor responses to DAMP challenge varied as a function of
test day, using a repeated-measures, two-way ANOVA. There was a significant interaction
between test day and DAMP dose, F(4, 44) = 17.55, p < .001(Figure 6). Post-hoc comparisons
using Fishers LSD test to evaluate the age by DAMP interaction indicated that on PND 62, all
DAMP dose groups were significantly different (p < .001) from one another, with rats
administered DAMP 3.0 mg/kg showing the highest locomotor activity, followed by rats

administered DAMP 1.0 mg/kg, and saline. On PND 69, rats receiving either DAMP 1.0 mg/kg
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or DAMP 1.0 mg/kg showed higher locomotor activity than rats given saline (both comparisons
to saline, p <.001). On PND 81, all dose groups were significantly different (p <.001) from one
another, with rats administered DAMP 1.0 mg/kg showing the highest locomotor activity,
followed by rats administered DAMP 3.0 mg/kg, and saline.
Discussion

This is one of the first studies that examined the behavioral effects of combined AP and
stimulant administration on young, developing rats. With the high prevalence of this co-
administration in the pediatric population fOlfson et al., 2012), this important topic clearly merits
investigation. RISP and DAMP administration had immediate effects on behavior, with DAMP
increasing and RISP decreasing activity. DAMP administration early in development also led to
more activity later in life, but in contrast té previous reports (Bardgett et al., 2013), RISP did not.
The combination of the two drugs did not significantly alter behavior immediately after
administration during development, but such exposure was associated with greater activity later
in life.
Short-term behavioral effects

RISP significantly decreased ongqing activity in rats immediately after administration,
consistent with previous work from our lab (Stevens, Gannon, Griffith, & Bardgett, submitted).
The suppressive effect of RISP was significant on PND 21 and 28 and not on PND 14, although
there was a mean difference suggestive of lower activity in the RISP group on rthe latter day. The
greater differences seen on PNDs 21 and 28 might be attributable to the control group
(comparison) demonstrating more activity on these test days. The ability of RISP to decrease
ongoing activity early in postnatal life indicates that the receptor targets of RISP that mediate its

suppressive effects on behavior are fully functional at this developmental stage.
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DAMP dramatically increased locomotor activity on PNDs 14, 21, and 28. The effect
became greater with repeated administration, indicating either a developmental increase in the
sensitivity of dopamine/norepinephrine transporters or possible sensitization effect independent
of age. This latter effect is widely known to occur in adult rats after repeated amphetamine
administration (Adriani, Chiarotti, & Laviola, 1998). It has also been shown that slightly older
rats (PND 33-43) demonstrated greater amphetamine sensitization as measured by locomotor
* activity, but not stereotypy, than adult rats (PND 61-71) (Adriani et 2-11.,‘1998). At the least, our
results indicate that dopamine/norepinephrine transporters are ﬁlore sensitive to DAMP during
the 3™ and 4™ weeks of postnatal life in rats relative to earlier in development.

Rats co-administered DAMP and RISP showed levels of locomotor activity that were
similar to the levels displayed by the control group. This may indicate that the pharmacological
effects of these two medications essentially cancel each other out. This would be feasible if it is
assumed that RISP blocks the dopamine D- receptor, which would negate the effect of additional
dopamine being released by DAMP. It would be interesting in future research to assess the
interactions of different doses of RISP and DAMP in order to determine if high doses of one
drug combined with low doses lof another continue to negate their individual effects or somehow
synergize their effects on dopamine release or D; blockade.

In the 30-minute pre-injection data, we did not see any compensatory changes in activity
in rats; administered RISP, DAMP, or combination of the two 23.6 hours beforehand on PNDs 21
or 28. Previous work by our lab demonsirated that rats administered RISP were hyperactive 23
hours after their previous RISP injection (Stevens et al., submitted). However, the study did not
observe compensatory activity until the developing rats had been chronically administered RISP

for four consecutive weeks, whereas the rats in the present study were only administered RISP
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for two weeks. Adult rats administered DAMP have been shown to be hypoactive 20 hours after
injection, either due to withdrawal or as a compensatory reaction (White & White, 2006). Since
we did not observe such a reaction at 23 hours post-injection on PND 21 or 28, it is possible that
withdrawal or compensatory changes do not occur after developmental exposure or that it
occurred earlier than when we tested the rats post-injection.

Long-term behavioral effects

Rats who were administered DAMP, regardless of co-injection, during PNDs 14-28
showed significantly higher ﬁctivity on PND 54. Since this was the third consecutive day of
testing, DAMP administration during development may disrupt an adult rat’s ability to habituate.
Another study (Carlezon, Mague, & Andersen, 2003) demonstrated this same effect in adult rats
administered methylphenjdate (Ritalin) from PNDs 20-35. The researchers hypothesized that this
effect was mediated either by an attention deficit that didn’t allow the animals to prbperly
recognize the familiar testing environment, or by sustained elevation in anxiety, which
ﬁndermined the development of a normal relaxation response to a familiar environment. Since
this effect was observed even in rats co-administered RISP, it may suggest that early-life DAMP
exposure permanently modifies cognitive function via a non-D; or non-dopaminergic
mechanism. However, as is clear from the data, the combination of RISP and DAMP did not
significantly heighten this effect.

This study did not find the hypothesized increase in locomotor activity resulting from
early-life RISP administration. One explanation for this lack of replication is that the rats were
given RISP for two weeks during development, and other studies administered RISP for four
weeks (Rardgett et al., 2013; Stevens et al., submitted; Stubbeman et al., 2014). It is possible that

the effects occur during the third or fourth week of administration. This also could have been due
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to an increased handling of the animals during PNDs 14-28. This study included repeated testing
during this time, and previous studies did not (Bardgett et al., 2013). This may have over-
acclimated the animals to the testing environment. The rats were also given two injections during
development, which also could have served as another form of handling not performed in
previous studies (Stubbeman ct al., 2014; Bardgett et al., 2013). Finally, it is possible that since
cach RISP-administered pup was housed with a very active DAMP-administered pup, the latter
pup provided stimulation to former oné via additional contacts that countered the lethargy
produced by RISP.
Response to amphetamine later in life

Increased locomotor activity was observed in all rafs administered the 1.0 and 3.0 mg/kg
DAMP doses during adulthood. Tﬁe 3.0 mg/kg DAMP dose produced the most activity on PND
62 and 69, but the 1.0 mg/kg dose produced more activity on PND 81. This latter effect was
unexpected; however, it is possible that on PND 81 the higher DAMP dose increased stereotypy
and fine motor movement at the expense of locomotor activity, which occurs with high doses of
AMPH (White & White, 2006). Since all rats had been exposed to the low DAMP dose by PND
81, they may have experienced a sensitized response to the high dose of DAMP on that day,
which would have likely caused more stereotypy, which was not assessed, than locomotor
activity. Future work will need to include measures of stereotypy to test this possibility.

Early-life RISP, DAMP, or RISP+DAMP administration was not associated with changes
in the response to DAMP in adulthood. It bad been previously shown that rats given RISP during
development exhibit an increase in DAMP sensitivity during adulthood (Stubbeman et al., 2014).
Tn the latter study, rats were habituated to the testing chambers for 24 hours on two occasions

prior to DAMP challenge and were left in the chambers for 27 hours after DAMP injection
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during adulthood. The RISP rats were also administered RISP for four weeks (PND 14-42) as
opposed to two weeks. The methodological differences may explain why early-life RISP
administraﬁon in the present study did not elicit an enhanced response to DAMP challenge
during adulthood. |
Future goals

Most children who receive an AP and stimulant combination are diagnosed with ADHD
(Olfson et al., 2012). While the present study considered the effects of this combination in
“normal” rats, future work in this area may benefit from considering.the developmental effects of
these drugs in a rat ADHD model. There are several face-vaﬁd, behavioral rodent models that
demonstrate ADHD-like symptoms. One of the most commonly used models is the
spontaneously hypertensive rat, which displays high- levels of inattention, impulsivity, and
hyperactivity, consistent with the diagnostic criterion for ADHD (Sagvolden, 2009).

This study did not look at biological changes in the brains of the animals, which could
have yielded valuable information. Both RISP (Cuomo et al., 1981; Moran-Gates et al., 2007;
Velley et al., 1975; Vinnish et al., 2013) and DAMP (Diaz Heijtz et al., 2003) affect the
dopaminergic system in the brain, and there may be critical changes produced by early-life
administration of these drugs. For example, early-life administration of APs alone decreases
dopamine turnover (Cuomo et al., 1981) and increases dopamine receptors (Moran-Gates et al.,
2007), while early-life DAMP reduces synaptic pruning in the prefrontal cortex (Diaz-Heijtz et
al., 2003). It would be interesting to determine if these single drug effects would be offset by the
presence of the other, as appears to be the case at the behavioral level early in development, or
whether they synergize. It would also be worthwhile to consider the effects of the drug

combination or each drug individually on non-dopaminergic function since some of the
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behavioral effects suggest that early-life administration of these drugs may be affecting such
systems.
Clinical implications

The results of this study may have implications for the treatment of children with
psychotherapeutic drugs. First, RISP significantly decreased activity on PNDs 21 and 28. If the
results can 'bé generalized to children, then RISP suppression of behavior would likely be |
detrimental in pediatric populations. Decreased behavior is strongly correlated with increased
body weight, lowered metabolic function, higher rates of anxiety and depression, and lowered
academic performance (Strong et al., 2005). This effect could be amplified by the metabolic side
effects of RISP, which younger people are more susceptible to, and include increases in insulin
sensitivity that can lead to diabetes, and weight gain caused by RISP-induced hormonal changes
(Olfson et al., 2012).

Second? DAMP increased activity during administration in the rat model. If this effect
were observed in humans, then children may experience hyperactivity during the school and
carly career years. This hyperactivity could have negative results behaviorally and socially. It has
been shown that strong arousal can impair performance during mentally challenging tasks
(Diamond, Campbell, Park, Halonen, & Zoladz, 2007). It has also been shown that children with
hyperactivity can be distuptive to certain social situations (i.c. educational settings, religious
traditions, etc.), and unfortunately bear the brunt of disciplinary action (Whalen, Henker, &
Hinshaw, 1985). The effects of both RISP and DAMP in the study illustrate an inverted-u model
of performance and activity (Diamond, et al., 2007) (Figure 7). However, it should be noted that

stimulants generally work to decrease activity in children diagnosed with ADHD (Seeman, &
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Madras, 1ﬂ998). As such, the application of our results may be limited to those children with a
mild form of the disorder or who have been misdiagnosed. |

Finally, the rats receiving both RISP and DAMP exhibited activity levels very similar to
the control group. This suggests that co-administration of these medications may produce a
“happy medium” in terms of its effect on symptoms. The contradictory biological effects of these
~ two medications appear to essentially cancel each other out in terms of their combined effect on
behavior. However, there should not mitigate interest in continuing research on the long-term
cffects of psychotherapeutic drugs that are prescribed to pediatric populations. It is always risky
to increase the amount of drugs given to a patient because of adverse effects, and an emphasis on
loweriné existing doses should be taken into account. There is also the potential of long-term.
changes, as was indicated in the present study by the enhanced activity seen in young adult rats
administered DAMP early in life. There is a great deal to be learned in this area of
developmental psychopharmacology, and, until more definitive information is generated, greater

caution should be taken with the future minds of this world.
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Figure 1. Comparison of total locomotor activity over 30 minutes prior to drug injection on

PNDs 14, 21, and 28. No significant differences were found between the drug administration

groups. Data represent means + s.e.m.
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Figure 2. Comparison of total locomotor activity over 90 minutes after drug injection on PNDs
14, 21, and 28. Rats receiving DAMP alone showed significantly more activity than the other
three treatment groups on all test days, as indicated by the single asterisk. The effect of DAMP
was greatef on PNDs 21 and 28 in comparison to PND 14. Rats receiving RISP alone showed
significantly lower activity than rats receiving vehicle alone on PNDs 21 and 28, as indicated by

the double asterisks. Data represent means = s.e.m.
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Figure 3. Comparison of total locomotor activity over 60 minutes on PNDs 52-55. On PND 54,

rats that received DAMP early in life showed significantly more activity than rats that did not

receive DAMP during development as indicated by an asterisk. Data represent means + s.c.m.
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Figure 4. Comparison of total locomotor activity over 30 minutes prior to drug injection on PND
62, 69, and 81. No significant differences were found between the early-life drug administration

groups. Data represent means + s.¢.m.
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Figure 5. Comparison of total locomotor activity over 90 minutes after DAMP injection on
PNDs 62, 69, and 81 as a function of drug treatment group. Both DAMP doses significantly
increased activity when compared to saline. No significant differences were found between the

early-life drug administration groups. Data represent means + s.¢.m.
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Figure 6. Comparison of total locomotor activity over 90 minutes after DAMP injection as a
function of test day (PNDs 62, 69, and 81) and DAMP dose. At PND 62, the DAMP 3.0 mg/kg
group was significantly more active than the saline and DAMP 1.0 mg/kg groups, as indicated by
the double asterisks, and the DAMP 1.0 mg/kg group was significantly more active than the
saline group as indjca;ced by the single asterisk. At PND 69, the rats administered either dose of
DAMP were active than the saline group as indicated by single asterisks. At PND 81, the DAMP
1.0 mg/kg group was more active than the DAMP 3.0 mg/kg group, as indicated by the double
asterisks, and the latter group was more active than the saline group, as indicated by the single

asterisk. Data represent means + s.e.m.
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Figure 7. Yerkes-Dodson inverted-u model of arousal and performance (Diamond et al., 2007).

Low arousal impairs overall performance, while high arousal enhances performance on simple

tasks, buf impairs performance on more challenging cognitive tasks.



