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INTRODUCTION 

Epidemiologic reports indicate that mood disorders in children and adolescents are quite 

common, with up to 70% of depressed children and adolescents experiencing a recurrence within 

5 years of the onset of major depressive disorder (MDD). Early-life MDD is highly correlated 

with negative functional outcomes. It is estimated that juveniles who suffer from depression 

often develop conduct and anxiety disorders, and that up to 25% develop substance abuse 

disorder. The necessity for acute treatment of symptoms often outweighs the potential for long-

term side effects resulting from treatment, and decisions regarding antidepressant treatment in 

pediatric populations have been largely based on data from adults. This is evidenced by available 

epidemiological data indicating that antidepressant prescriptions given to juveniles increased 

(>19-fold) between 1984-1994, well before controlled studies on the efficacy of antidepressant 

treatment for children and adolescent mood disorders had been implemented. Although clinical 

studies for childhood depression treatment have slowly emerged, reliable evidence-based 

indications for antidepressant use, and its potential long-term consequences in pediatric 

populations, is critically lacking.  

Despite the urgent need for this type of information, it is surprising that the long-term 

consequences of such pharmacological treatments in the developing brain have yet to be 

carefully studied at the clinical or preclinical level. This is surprising given that the therapeutic 

action for some of the major psychiatric disorders occurs in monoamine systems known to 

mediate mood under normal conditions, which undergo substantial neuronal adaptations during 

developmental periods before adulthood. In this ontogenetic context, it has been demonstrated 

that these neuronal changes result in adaptations which have been correlated with regulation of 

cognitive processes and responsiveness to emotional stimuli, as well as altered sensitivity to 

drugs of abuse. Thus, it is possible that antidepressant exposure during periods prior to adulthood 

may interfere with normal development of brain pathways associated with responsiveness to 

drug rewards, which can dramatically influence neurobehavioral functioning later in life. For this 

reason, the goal of this investigation is to examine whether enduring side effects result from 

adolescent exposure to Prozac (Fluoxetine hydrochloride [FLX]). I am particularly interested in 

FLX, a selective serotonin reuptake inhibitor, because it is the only antidepressant drug currently 
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approved by the US Food and Drug Administration (USFDA) for the treatment of MDD in 

pediatric populations. Though much effort has been devoted to delineating the potential long-

lived neurobiological effects of antidepressants in adults, the long-term effect(s) of this treatment 

during development has been a relatively understudied area of research. Thus, I examined the 

long-term effects of chronic exposure to FLX during adolescence on cocaine-induced behaviors 

in adulthood. The hypothesis is that chronic FLX treatment during adolescence changes mice' 

sensitivity to drug reward in adulthood. This is plausible given that both environmental and drug-

induced neurobiological alterations during early periods of postnatal development result in 

changes in responsiveness to drug reward. As such, the data provide a step forward to better 

understanding the neurobehavioral consequences involved in antidepressant exposure during 

adolescence, and how early treatment with Prozac may influence drug-seeking behavior later in 

life. 

METHODS 

ANIMALS 

Male c57BL/6 mice were used in this investigation and obtained from our in-house 

breeding colony at California State University San Bernardino. Mice were housed in clear 

polypropylene cages containing wood shavings (four per cage) in an animal colony maintained at 

23C to 25C on a 12-hour light-dark cycle in which lights were on between 07:00 and 19:00 

hours. Mice were provided with food and water ad libitum. Experiments were conducted in 

compliance with the National Institute of Health Guidelines for the Care and Use of Mammals in 

Neuroscience and Behavioral Research and with approval of the Institutional Animal Care and 

Use Committee at CSUSB. 

DRUG TREATMENT AND EXPERIMENTAL DESIGN 

 FLX and cocaine hydrochloride was obtained from Sigma-Aldrich (St. Louis, Missouri), 

dissolved in sterile saline (vehicle, VEH), and administered in a volume of 2ml/kg. Separate 

groups of adolescent mice were treated with VEH or FLX (20 mg/kg, i.p.) for 15 consecutive 

days during adolescence (PD35-49) or adulthood (PD65-79). The age at the start of the 
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adolescent experimental manipulations was selected because it roughly approximates mid-

adolescence in humans. The FLX regimen (20 mg/kg/d) was selected based on previous reports 

that this dose yields significant effects on behavior and an approximate clinically relevant dose in 

humans. Twenty one days after FLX treatment (i.e., PD70 for adolescents, and PD105 for 

adults), responsiveness to cocaine (0, 2.5, 5, 10, or 20 mg/kg) place conditioning was evaluated. 

Conditioned Place Preference 

Place conditioning was performed in a three-compartment apparatus, where each 

compartment differed in floor texture and wall pattern. On the preconditioning day (day 0), mice 

were allowed to freely explore the entire apparatus for 30 min to determine if animals displayed 

a baseline preference to any of the three compartments (length by width by height: side 

compartments, 23x16x36 cm; middle compartment, 9x16x36 cm). Mice showing more than a 

50% preference to either side compartment during preconditioning received cocaine in the 

compartment opposite to their preference during the conditioning phase of the experiment 

(biased approach). Next, conditioning trials (two per day) were conducted throughout four 

consecutive days (days 1-4). During morning conditioning trials, mice received an 

intraperitoneal saline injection, and were then confined to one of the large compartments for 30 

minutes. Four hours following the first conditioning session, mice were administered cocaine (0, 

2.5, 5, 10, or 20 mg/kg, i.p.) and then confined for 30 min to the compartment opposite to the one 

they were exposed to during the morning trial. On the preference test day [day 5 (PD75 for 

adolescents, and PD105 for the adults)], mice freely explored the entire apparatus (no 

confinement) for 30 min and time spent (sec) in the drug-paired chamber was assessed (drug side 

minus saline side). Normally, animals that find cocaine rewarding will be more likely to 

approach the compartment that contains cues associated with it. Alternatively, animals that find 

cocaine aversive will be more likely to escape and avoid the compartment that contains cues 

associated with it. Below is a schematic of the experimental design used, inclusive of adolescent 

and adult Prozac pretreatment and cocaine-conditioned place preference. 
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Adolescent Prozac Exposure 

 
 

Adult Prozac Exposure 

 
RESULTS 

 A two-way ANOVA (2 levels of drug [saline or fluoxetine] X 5 levels of cocaine [0, 2.5, 

5, 10, and 20 mg/kg] was used to examine the enduring effects of FLX exposure during 

adolescence on cocaine CPP in adulthood (N=90; Figure 1). Time spent in the cocaine-paired 

compartments varied as a function of adolescent drug pretreatment (main effect: F(1,80) = 9.15; 

p < 0.003) and cocaine exposure in adulthood (main effect: F(4,80) = 22.30; p < 0.00001). 

Importantly, neither VEH nor FLX pretreatment resulted in preference for any of the 

compartment when animals were conditioned to saline (p > 0.05). Similarly, no preference for 

either compartment was observed in mice conditioned to cocaine 2.5 mg/kg, regardless of VEH 

or FLX exposure during adolescence. Conversely, VEH-pretreated mice conditioned with 5.0, 

10.0, 20.0 mg.kg of cocaine displayed reliable conditioning, when compared to VEH-pretreated 

and saline-conditioned mice (p < 0.05, respectively). Planned comparisons indicated that FLX 

pretreatment resulted in reliable conditioning to the compartment paired with 5, 10, and 20 

mg/kg of cocaine. 

 To examine if the enduring increase in sensitivity to the rewarding properties of cocaine 

was the result of FLX exposure as a function of age (adolescence vs. adulthood), we exposed 

adult mice to FLX for 15 consecutive days (PD65-79), and examined their behavioral responses 

to cocaine CPP three-weeks after the last FLX exposure (PD105; N=93; Figure 2). Here, pre-
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exposure to FLX in adulthood did not result in a long-lasting increase in sensitivity to cocaine. A 

two-way (antidepressant pretreatment x cocaine post-treatment) ANOVA indicated that the time 

spent in the cocaine-paired compartment varied as a function of cocaine exposure (main effect: 

F(4,83) = 6.46, p < 0.0001), but not as a function of FLX-pretreatment, or their interaction 

(antidepressant x cocaine: p> 0.05) Mice conditioned to saline (VEH+VEH, n=10; FLX+VEH, 

n=10) or 2.5 mg/kg of cocaine (VEH+VEH, n=10; FLX+VEH, n=7) did not display a preference 

for either compartment (p> 0.05, respectively). On the other hand, mice conditioned to 5.0 (n=7-

10 per group, 10.0 (n=10 per group), or 20.0 (n=9-10 per group), spent significantly more time in 

the cocaine-paired side, regardless of antidepressant pre-exposure (VEH vs. FLX), when 

compared to VEH-pretreated and saline-conditioned control mice (p<0.05, respectively). 

DISCUSSION 

Antidepressants are commonly prescribed to juvenile populations, yet preclinical and 

clinical reports on the long-term neurobiological consequences of antidepressant exposure during 

periods of development prior to adulthood are lacking. Thus, this study was designed to assess 

the enduring behavioral outcomes in response to rewarding situations resulting from repeated 

FLX exposure in adolescent and adult male mice. This approach was taken because previous 

reports have shown juvenile exposure to FLX increases sensitivity to natural reward, such as an 

increased preference to a 1% sucrose solution; this alludes to the potential for FLX to influence 

and alter brain areas known to modulate reward and motivation when administered early in 

development. Here, we report that chronic exposure to FLX during adolescence, not adulthood, 

increases sensitivity to the rewarding properties of cocaine later in life. Overall, this study 

provides first line evidence indicating that adolescent Prozac administration results in long 

lasting behavioral changes influencing responses to drug reward in adulthood. 
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Figure 1. Adolescent Prozac Exposure. 

 

The enduring effects of juvenile exposure (PD35-49) to saline (VEH) or Prozac (FLX) on 
cocaine (0.0, 2.5, 5.0, 10.0, or 20.0 mg/kg) CPP. Three weeks after last injection (PD70+), mice 
pretreated with FLX during adolescence showed a significant preference for environments 
previously paired with cocaine at 5.0 and 10.0 mg/kg doses when compared to VEH-pretreated 
controls; *significantly different from the VEH-pretreated controls at same dose of cocaine, 
p<0.05. VEH-pretreated mice spent significantly more time in the cocaine-paired compartment 
as a function of cocaine dose (αp<0.05). 
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Figure 2. Adult Prozac Exposure. 

 

Enduring effects of adult exposure (PD65-79) to saline (VEH) or Prozac (FLX) on cocaine (0.0, 
2.5, 5.0, 10.0 or 20.0 mg/kg) CPP. Three weeks after the last injection (PD100+), adult mice 
pretreated with Prozac during early adulthood, showed no significant differences in the 
preference for environments previously paired with cocaine when compared to VEH-pretreated 
controls. A significant cocaine main effect indicated that all mice, regardless of drug (VEH or 
FLX) pretreatment spent significantly more time in the drug-paired compartment as a function of 
cocaine dose (αp<0.05). 


