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Abstract
Adolescents are more likely to experiment with and become addicted to drugs of abuse. A number
of studies indicate that the developmental forebrain may be responsible for making adolescents
vulnerable to the addictive properties of such drugs. The aim of this study was to first compare
behavioral responses to novelty and cocaine between juvenile and adult rats and then compare
levels of the immediate-early gene zif268 activation in several forebrain areas via in situ
hybridization. We found that juveniles demonstrated higher locomotion scores and required a
higher dose of cocaine than adults in order to establish a conditioned place preference.
Additionally, at this higher dose, juvenile rats exhibited higher levels of zif268 mRNA in the
prefrontal cortex compared to adults. A developmental effect for increased zif268 mRNA was also
observed in the striatum and nucleus accumbens, but there was no interaction with the cocaine
dose. These findings hold interesting implications for the study of the molecular mechanisms
underlying juvenile drug addiction.
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1. Adolescence is an ontogenetic phase during which neuronal and hormonal systems
undergo maturational arrangements. Human adolescents as well as their counterparts in
other species exhibit certain characteristic behaviors that may help them survive the
transition between childhood and adulthood (Oppenheim 1981). Relative to individuals at
other ages, human adolescents as a group exhibit an increased amount of peer-directed
social interaction, risk-taking behaviors, and sensation and novelty-seeking (Adriani and
Laviola 1998). These behavioral modifications and vulnerability are consistent with the need
of the adolescent to explore novel and often risky areas in order to establish new social
relationships and achieve independence. These behaviors, however, have the potential to
become pathological. One such example is drug addiction, a chronic disorder most often
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initiated during adolescence (Spear 2000). As most experimentation with illicit drugs occurs
during adolescence (SAMHSA, 1999; Beck et al., 2007;) and a disproportionate number of
experimenters within this age-group become addicted (Grant and Dawson, 1998; O’Brien
and Anthony, 2005), it is becoming increasingly clear that adolescence represents a critically
vulnerable period for drug addiction in humans.

Animal research supports the notion that adolescence is a period of altered sensitivity to
environmental stimuli, including drugs of abuse. Indeed, juvenile rats show increased
novelty-seeking behavior (Bronstein, 1972), increased reward to natural stimuli (Vaidya et
al 2004), and enhanced vulnerability to the addictive properties of drugs of abuse (Balda et
al., 2006). In both humans and in animal models, these behaviors are due to a combination
of biological factors including maturational changes occurring in the adolescent brain (Spear
2000; Chambers et al., 2003). It may be the case that such transient neuronal features may
predispose adolescents to commence the use and alter the rewarding properties of drugs,
leading to the onset of substance abuse. Unfortunately, the mechanisms behind this
vulnerability remain unclear.

In animal studies, conditioned place preference (CPP) is used as a rodent model of drug
reward-like behaviors in which a drug (such as cocaine) is paired with a distinct context
(Carlezon 2003). Previous works investigating the effects of cocaine on juvenile CPP have
found mixed results. Several studies found that juveniles formed a conditioned place
preference at a lower dose than adults, suggesting a heightened sensitivity to the
conditioning properties of cocaine in juveniles (Badanich, Adler, & Kirstein, 2006; reviewed
in Doremus-Fitzwater et al., 2009). Others found no difference in CPP between adults and
juveniles (Campbell et al., 2000; Schramm-Sapyta et al., 2004), while a recent study found
that a 10 mg/kg dose of cocaine induced CPP in adult rats but not juveniles (Aberg et al.,
2007). With no discernable behavioral explanation for why juveniles are vulnerable to drugs
of abuse, these findings point to possible neural adaptations from adolescence to adulthood
that facilitate susceptibility to drugs of abuse. As the induction of immediate early genes
(IEG) has been consistently associated with neuronal activation and adaptation (e.g.
Brandon and Steiner, 2003; Shram et al., 2007), they present a logical target for comparison
between juveniles and adults. One such IEG, zif268 (also known as egr-1, krox24, NGFI-A,
and zenk) is a constitutively expressed transcription factor whose expression levels correlate
with neuronal activation (Mutschler et al., 2000). Examining changes in Zif268 is useful for
investigating neuronal effects following cocaine exposure because Zif268 mRNA levels can
be rapidly altered by cocaine or cocaine-associated cues and have been linked to synaptic
plasticity (Covington et al., 2005; Thomas et al., 2003; Mutschler et al., 2000). While there
have been several studies that investigated the effects of cocaine on zif268 protein levels,
these experiments were carried out in adult rodents (Valjent et al., 2006; Thomas et al.,
2003). Recently, there have been studies which examined the relative expression of zif268
levels between adults and juveniles immediately following an acute administration of
cocaine (Caster and Kuhn, 2009). The purpose of our study was to use zif268 to discern
anatomical disparities in neuronal activation that may underlie differences to the rewarding
effects of cocaine. To this end, we compared behavioral responses to novelty and to the
rewarding properties of cocaine between juvenile and adult male Sprague-Dawley rats using
locomotion chambers and the conditioned place preference test (respectively). We then
quantified Zif268 mRNA in the prefrontal cortex, dorsal striatum, nucleus accumbens, and
hippocampus (PFC, dStr, NAc, and Hpc respectively) in both groups to obtain a measure of
neuronal activation following exposure to cocaine-induced place preference.
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2. Experimental Procedures
In all experiments, the rats were housed 2 per cage in clear Plexiglas cages (48 × 27 × 20
cm.) All animals had access to food and water ad libitum and were kept in a 12 h light cycle
(lights on at 7am). All experiments were conducted in accordance with the guidelines of the
Animal Care and Use Committee of Florida State University. Thirty-two male Sprague-
Dawley rats ordered from Harlan (Indianapolis, IN, USA) were used in this experiment.
Sixteen rats were adults, weighing between 250–275g and sixteen were 21-day old
juveniles. An additional twelve rats (six adults and six 21-day old juveniles) were used as
age-matched controls and sacrificed in basal conditions for the evaluation of developmental
differences in Zif268 mRNA levels. All animals were allowed to habituate to the vivarium
for four days at which point they were handled and weighed.

2.1 Response to novelty
Subsequent to habituation, animals’ locomotor response to novelty was tested in circular
activity chambers (Med Associates Inc., St. Albans, Vermont) for one hour during the first
four hours of the light cycle. Four photo-beam sensors at equal distances recorded each rats’
crossings between adjacent quadrants. Photo-beam breaks were recorded and a locomotor
score was assigned to each rat as previously described (Dietz et al., 2005).

2.2 Conditioned Place Preference
After locomotion, animals were exposed to the conditioned place preference apparatus as
previously described (Dietz et al., 2007). Briefly, the Conditioned Place Preference (CPP)
boxes are composed of three chambers: a black compartment, a white compartment, and a
small, neutral gray area between the two. The apparati were connected to a computer with
MedPC software (Med Associates). When the adolescent rats reached postnatal day 28, a 20
minute pre-test was performed in which animals freely explored the chambers and the time
spent in the black and white compartments was recorded as well as the locomotion activity
of each animal in each chamber. All rats-both juvenile and adults, received drug injections
in the least-preferred chamber. Each animal received two injections per day for four
consecutive days, consisting of either a 5 or 10 mg/kg injection of cocaine and a saline (1ml/
kg) injection (n=8 for each dose and age). Both injections were followed by a 30-minute
session in either the drug-paired chamber (when given cocaine) or the saline-paired
compartment and the animal’s locomotion activity was recorded. Groups were
counterbalanced for time of day in regards to pairing and order (drug/saline). On day 5, rats
did not receive an injection and were allowed to freely explore the drug-paired and saline-
paired compartments for 20 minutes. The time spent in each and their activity was recorded.
Conditioned place preference was established if the rats spent more time in the drug-paired
compartment after the conditioning than during the pre-test. After this test, animals were
promptly decapitated and their brains removed and snap frozen in 2-methylbutane (Fisher
Scientific, Fairlawn, NJ). All brains were then stored at −80°C until further processing.

2.3 In situ hybridization
Five brains per experimental group were used. Each brain was sectioned on a cryostat at 14
µm, and a series of sections were mounted on poly-L-lysine-coated slides. Sections were
taken at 100-µm intervals. The sections were fixed in 4% paraformaldehyde for 1 h,
followed by three washes in 2 × saline sodium citrate (SSC). The sections were then placed
in a solution containing acetic anhydride (0.25%) in triethanolamine (0.1M, pH 8) for 10
min at room temperature, rinsed in distilled water and dehydrated through graded alcohols
(50, 75, 85, 95 and 100%). After air-drying, the sections were hybridized with a 35S-labeled
cRNA probe. The rat zif268 cDNA cloned in our lab yielded a 382-nt cRNA probe (Stack et
al., 2010). The probe was labeled in a reaction mixture consisting of 1µg of linearized
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plasmid, 5 × transcription buffer (Epicenter Technologies, Madison, WI, USA), 125µCi
[35S]UTP, 125µCi [35S]CTP, 150µM each of ATP, and GTP, 12.5mM dithiothreitol, 20U
RNase inhibitor, and 6U polymerase. The reactions were incubated for 90min at 37°C. The
probe was then separated from unincorporated nucleotides over Bio-Rad Micro Bio Spin
Chromatography Columns (Bio-Rad Hercules, CA, USA). The probe was diluted in
hybridization buffer (containing 50% formamide, 10% dextran sulfate, 20 × SSC, 50 mM
sodium phosphate buffer, pH 7.4, 50 × Denhardt's solution, 0.1mg/ml yeast tRNA and
10mM dithiothreitol) to yield 106d.p.m./70µl. The sections were coverslipped and placed
inside a humidified box overnight at 55°C. Following hybridization, the coverslips were
removed and the sections rinsed and washed twice in 2 × SSC for 5min each, then incubated
for 1h in RNase (200µg/ml in Tris buffer containing 0.5M NaCl, pH 8) at 37°C. The
sections were washed in increasingly stringent solutions of SSC, 2×, 1× and 0.5×, for 5 min
each, followed by incubation for 1h in 0.1 × SSC at 65°C. After rinsing in distilled water,
the sections were dehydrated through graded alcohols, air-dried and exposed to a Kodak
XAR film (Eastman Kodak, Rochester, NY, USA) for 4–7 days.

2.4 Quantification of the Radioactive Signal
As a way to standardize optical density measurements, an outline was developed for each
brain region based on the shape and size of the region. Using those outlines, optical density
measurements were taken for each brain region from the left and right sides of the brain
from rostral/caudal sections. According to the Paxinos and Watson Atlas, the mPFC was
sampled from Bregma 3.7mm to Bregma 2.2mm, the striatum was sampled from Bregma
1.7mm to Bregma −0.4mm and dorsal hippocampus from Bregma −2.12mm to Bregma
−4.52mm. Accordingly, eight sections per brain region per rat were used. Optical density
values were corrected for background, multiplied by the area sampled to produce an
integrated density measurement, and then averaged to produce one data point for each brain
region for each animal. These data points were averaged per group and compared
statistically. Optical density measurements were quantified from X-ray film using
Automated Imaging Software (AIS; Imaging Research, St Catherine's, ON, Canada).

2.5 Real-time polymerase chain reaction (RT-PCR)
Zif268 mRNA levels were examined by qRT-PCR in the striatum, nucleus accumbens, and
hippocampus of control animals. Six brains per group were used. Brains were sectioned on a
freezing cryostat at 200µm and then tissue-punched at 1.0mm for those areas according to
the aforementioned Brain Atlas coordinates. 1 µg of total RNA extracted from each brain
area of each rat was processed for cDNA synthesis using random hexamers with Invitrogen
First-Strand cDNA synthesis kit. cDNA was then used in Bio-Rad real-time PCR reactions
in triplicate using iQ SYBR GREEN supermix (Bio-Rad Laboratories). Reactions were
monitored using the BioRad iCycler machine, with SyberGreen incorporation as a tracking
dye. Amplification specificity was verified with melting curve analysis and all quantification
data were processed with an internal standard curve and then normalized to the
housekeeping gene NADH and further analyzed via one-way ANOVA. For the striatum and
accumbens, one sample in the juvenile group was excluded as an outlier for the analysis.
The primer sequences were designed as follows: For Zif268 5’-
TGCACCCACCTTTCCTACTC-3’ (Fwd) and 5’-AGGTCTCCCTGTTGTTGTGG-3’
(Rev). For NADH 5’-CTATTAATCCCCGCCTGACC-3’ (Fwd) 5’-
GGAGCTCGATTTGTTTCTGC-3’ (Rev).

2.6 Statistical Analyses
Locomotor activity in response to novelty was analyzed using one-way analysis of variance
(ANOVA). Conditioned place preference was first analyzed using two-way repeated
measures ANOVAs. The within-subjects factor was the test day. The between-subjects
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factors were age (adult or juvenile) and cocaine dose (5 mg/kg or 10mg/kg). Within each
age group, we then employed one-way repeated measures ANOVAs filtered by significant
terms to further investigate differences in CPP for each dose. Locomotor sensitization was
analyzed using two-way repeated measures ANOVAs with days as the within-subjects factor
and age and cocaine dose as the between-subjects factors. In situ Zif268 mRNA levels were
analyzed by two-way ANOVAs (age × cocaine dose) for each brain region. Bonferroni post-
hoc tests were performed where appropriate.

3. Results
During the screening for locomotor activity, juvenile rats had significantly higher locomotor
scores than their adult counterparts [F(1, 34) = 5.76; p < 0.05] (Figure 1A). Adults had a
wider distribution of locomotor activity, whereas juvenile rats’ scores clustered towards the
upper half of the adult distribution (Figure 1B), demonstrating that juveniles had a uniformly
higher response to novelty than adults.

A conditioned place preference is said to be established when subjects spend significantly
more time in the drug-paired compartment during the test when compared to the pre-test.
Analysis by two-way, repeated measures ANOVA revealed a significant difference between
our age groups [F(1,28) = 5.49; p<0.05]. Further analysis found that adult rats established a
cocaine conditioned place preference at doses of 5 mg/kg [F(1,7) = 6.37; p<0.05] and 10 mg/
kg [F(1,7) = 13.92; p<0.01] (Figure 1C). Juveniles, however, only established a preference
for cocaine at the higher 10 mg/kg dose [5 mg/kg dose: F(1,7) = 0.085; p=0.78; 10 mg/kg
dose: F(1,7) = 9.71; p<0.05] (Figure 1C).

There was a significant effect of cocaine dose for locomotion sensitization [F(1,28) = 20.93;
p<0.0001], with further analysis indicating that juveniles exhibited higher locomotion than
adults at the 5 mg/kg cocaine dose F(1, 14) = 4.56 ; p<0.05 ] (Figure 1D), but the same level
of locomotion at the 10 mg/kg dose (Figure 1D). There was no difference in locomotion
during the saline conditioning (data not shown).

Following the twenty minute CPP test, animals were sacrificed and Zif268 mRNA was
quantified in several brain regions via in situ hybridization (Figure 2A). In the dorsal PFC,
we found a significant age by dose interaction [F(1,16) = 4.59; p<0.05] and a significant age
effect in the ventral PFC [F(1,16) = 5.29; p<0.05]. In both the dorsal and ventral PFC, we
found significantly higher Zif268 mRNA in juveniles compared to adults at the 10 mg/kg
dose of cocaine [dorsal: F(1, 8) = 7.12 ; p < 0.05; ventral: F(1,8) = 6.985; p<0.05](Figure 2B).
There was no difference in Zif268 mRNA between adults and juveniles in the 5 mg/kg dose
groups. Within juveniles, there was a trend towards significantly increased Zif268 in the 10
mg/kg dose compared to the 5mg/kg group, whereas within adults there was a trend towards
significantly increased Zif268 levels in the 5 mg/kg group [F(1,16) = 3.543; p = 0.076 and
F(1,16) = 3.39; p = 0.08, respectively]. In the dorsal striatum, we found an age effect for
increased Zif268 mRNA in juveniles versus adults [F(1, 16) = 19.23 ; p < 0.001], but no dose
effects within either adult or juvenile group (Figure 2C). As our initial analysis of nucleus
accumbens core and shell found no significant differences in Zif268 levels between the two
regions, we combined these data for analysis. In doing so, we found an age effect for
increased Zif268 in juveniles in the nucleus accumbens [F(1, 16) = 22.268 ; p < 0.0001], but
again no dose effect within either adult or juvenile group (Figure 2D). Finally, in the
hippocampus, we found no difference in Zif268 levels between adults and juveniles at either
cocaine dose or within groups (Figures 2E–G). The age effect in the accumbens and striatum
was unexpected and we were interested to know if this was a consequence of development
or some aspect of our CPP test. We therefore examined Zif268 levels in the striatum,
accumbens, and hippocampus of adult and juvenile rats that had not been exposed to CPP or
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cocaine and had been sacrificed in basal conditions. We performed quantitative real-time pcr
on these areas and found that in basal conditions, juvenile rats did indeed have significantly
higher levels of Zif268 mRNA in the striatum [F(1,9) = 5.175; p < 0.05] and nucleus
accumbens [F(1,9) = 6.86; p<0.05], but not in the hippocampus [F(1,10) = 0.438; p = 0.52]
(Figures 3A–C).

4. Discussion
Our results hold several implications for further understanding the effects of cocaine on the
juvenile brain.

First, we showed that juveniles have a higher basal response to novel stimuli than adults, as
evidenced by a uniform clustering to the right in the juvenile groups towards the upper tail
of locomotor scores for the adults. This finding is widely supported in the literature
(reviewed in Spear 2000; Doremus-Fitzwater et al., 2009) where juvenile rats and mice
showed greater hyperactivity and exploration in novel environments, as well as increased
peer social interaction and consummatory behaviors (reviewed in Spear 2000). As
motivation to seek out new experiences has been linked the propensity to use drugs of abuse
(Kelly 2006), the increased novelty-seeking behavior observed in juveniles may play a
major role in facilitating juvenile addiction.

We examined locomotor activity during both cocaine and saline administration over the
course of four days. We found that juveniles and adults displayed similar activity levels
during saline administration and in response to 10 mg/kg cocaine, but we found significantly
higher locomotor activity in juveniles in response to 5 mg/kg cocaine, indicating a
heightened sensitivity in juveniles to the activating effects of cocaine. Our data demonstrate
that while adults establish a clear place preference for both low (5 mg/kg) and higher (10
mg/kg) doses of cocaine, juveniles only exhibit a preference for the higher dose, suggesting
that the locomotor-activating effects of at low doses of cocaine are independent of the
rewarding effects in juvenile rats. Such dissociation between the locomotor effects and
reward has been previously demonstrated in other works (reviewed in Di Chiara, 2002). Our
finding also supports previous studies (Campbell et al., 2000; Schramm-Sapyta et al., 2004)
that indicate that juveniles may have an increased threshold for the rewarding effects of
cocaine compared to adults. Such an increased threshold may require juveniles to take a
drug more frequently or at higher doses to experience its rewarding effects, thus increasing
their potential to become addicted.

Conditioned place preference provides a measure of the rewarding properties of drugs by
assessing the animal’s ability to associate drug-induced effects with environmental cues,
thus providing important models of neuroadaptations that accompany the addiction process.
Regulation of gene expression is widely implicated in the mechanism by which drugs of
abuse produce long-lasting changes in the brain (Kelley, 2004; Nestler, 2004). As such, it
has been proposed that unique molecular responses to cocaine, and other drugs of abuse,
could underlie juvenile vulnerability to addiction. The induction of the immediate-early
gene, Zif268, is acknowledged as playing a role in the neuroadaptations required for the
formation of a conditioned place preference (Valjent et al., 2006) and could therefore
provide some insight into differences in cocaine sensitivity during adolescence.
Surprisingly, only a few studies have compared adult and juvenile regional induction of
zif268 (Caster and Kuhn, 2009) or other IEGs (Cao et al., 2007; Kosofsky et al., 1995) and
these focused on the immediate effects of acute cocaine exposure. The present study is
unique in that we explored zif268 induction in animals in a drug-free state during the test
portion of the CPP procedure, thereby implicating potential sites of activation and potential
neuroplastic changes in association with the perceived rewarding effects of cocaine in
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juveniles versus adults, rather than the actual drug itself. Our findings point to the prefrontal
cortex as one such site, where juveniles that had established a place preference for the 10
mg/kg dose exhibited significantly higher levels of zif268 in the PFC than both adults at the
same dose and juveniles at the lower dose that had not formed a place preference. This
suggests a link between zif268 activation in the PFC and the formation of a rewarding drug-
stimulus association in juveniles. Previous work has delineated a role for the PFC in
controlling drug-paired associations via influence on the nucleus accumbens in adults
(Ventura et al., 2007). Additionally, zif268 in the PFC has previously been implicated in the
formation of drug-associated memories in adult animals receiving cocaine noncontingently
(Thomas et al., 2003). As the PFC undergoes extensive development during maturation, and
is primed to respond to strong stimuli (Brenhouse et al., 2010), it is conceivable that
induction of zif268 in this region during adolescence may represent a molecular
vulnerability to the rewarding effects of cocaine.

We also compared zif268 mRNA levels in the dorsal striatum and nucleus accumbens core
and shell of adult and juvenile animals. We found that juveniles exhibited higher levels of
zif268 in these regions, regardless of place preference formation or cocaine dose, and thus
hypothesized that this difference could be an artifact of development. We therefore
examined zif268 mRNA in these regions in animals under basal conditions and replicated
our previous findings, confirming that there does indeed appear to be a developmental
increase in zif268 in these regions during adolescence that is unrelated to cocaine exposure.
These results are consistent with those of Caster and Kuhn (2009), who also found that
adolescents had higher basal levels of zif268 in the striatum and cortex compared to adults
(Caster and Kuhn, 2009). Whether this increase also plays a role in the vulnerability to drug
addiction during adolescence is a matter for further investigation.

Finally, we found no differences in hippocampal zif268 at either dose or age following both
CPP or under basal conditions. This is consistent with previous studies that found that the
processing of discrete conditioned cues, such as might be present in a place preference
experiment, did not involve hippocampal activation (Burns et al., 1993; LeDoux, 2000; Hall
et al., 2001; Thomas et al., 2003).

Adolescence appears to be a critical window for initiating and acquiring an addiction to
drugs of abuse. The manner in which this window is opened, via either heightened or
reduced juvenile sensitivity to the rewarding effects of drugs, has been contested in the
literature. Some studies indicate that juveniles are more sensitive to the place conditioning
effects of cocaine, establishing a preference with lower doses than adults (Badanich et al.,
2006; Brenhouse and Andersen, 2008; Brenhouse et al., 2008; reviewed in Schramm-Sapyta
et al., 2009). The dosage used in these studies and others that claimed to find no difference
in sensitivity (Schramm-Sapyta et al., 2004) may play a role in the interpretation of the
results, as the low dose used was the same (10 mg/kg) or higher (20 mg/kg) than that used in
our study (but see Zakharova et al., 2009). By including a lower dose, our study was able to
detect differences in preference. Other discrepancies in the literature may be the result of
different training and housing procedures. For example, Campbell and colleagues presented
data that indicate no difference in preference for similar low and high doses of cocaine
between adolescents and adults, but only gave two training sessions prior to testing instead
of four (Campbell et al., 2000). Other groups found that adults established a place preference
for lower doses of cocaine than juveniles and exhibited a marked increase in hyperactivity
that was not seen in juveniles (Balda et al., 2006; Laviola et al., 1995; reviewed in
Schramm-Sapyta et al., 2009). Additionally, the mechanisms behind such vulnerability to
drug abuse remain unclear. Our study addresses both aspects of this issue by combining
behavior and activation of gene expression following a high and low dose of cocaine
between juveniles and adults. With this approach, we found a strong correlation between
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zif268 expression and juvenile response to the rewarding effects of cocaine that indicate
juveniles require a higher dose of cocaine to form a conditioned place preference, but also
exhibit higher activation of zif268 in the PFC. This correlation suggests a role for zif268
activation in the PFC that may result in a heightened molecular vulnerability to the
rewarding effects of cocaine.

Highlights

We examine juvenile susceptibility to cocaine addiction.

We found juveniles are more exploratory than adults.

Juveniles require higher doses of cocaine to form a preference.

This preference is correlated with zif268 levels in the prefrontal cortex.
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Figure 1.
Behavior in response to novelty and cocaine administration between juveniles and adults.
(A) Juveniles have significantly higher locomotor activity than adults in a novel
environment. (B) Adults have a wider distribution of locomotor scores, representing a mix
of high and low locomotor activity. Juveniles have a more narrow distribution, clustering
towards the higher values. (C) Only adults establish a place preference at the 5 mg/kg dose
of cocaine, while both juveniles and adults establish a preference at the higher 10 mg/kg
dose. (D) Juveniles have significantly higher locomotion during the place preference test in
response to 5mg/kg cocaine than adults, while both adults and juveniles have similar
locomotor activity at the 10 mg/kg dose. *p <0.05; #p = 0.06; Error bars represent SEM.

Hollis et al. Page 11

Neuroscience. Author manuscript; available in PMC 2013 January 3.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Hollis et al. Page 12

Neuroscience. Author manuscript; available in PMC 2013 January 3.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
A: Representative in situ hybridization images of quantified brain areas. Zif268 levels in
adult medial prefrontal cortex, striatum, nucleus accumbens, and hippocampus (Top) were
compared with juveniles (bottom). Juveniles that formed a place preference at the 10 mg/kg
dose had significantly higher Zif268 levels in the dorsal and ventral prefrontal cortex than
adults (B). Additionally, there was an age effect where juveniles had significantly higher
Zif268 mRNA levels in the striatum (C) and nucleus accumbens (D). There were no
significant differences in the CA1 (E), CA3 (F), or DG (G). *p < 0.05
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Figure 3.
qRT-PCR found developmental differences between juveniles and adults in levels of zif268
mRNA in the striatum (A), and nucleus accumbens (B), but not in the hippocampus (C).
*p<0.05.
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