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Introduction 
Atypical antipsychotic drugs (AAPDs) are widely used in children and adolescents to treat a variety of psychiatric disorders. However, little is known about the long-
term effects of AAPD treatment before the brain is fully developed. Indeed, we have previously reported that treatment of adolescent rats with olanzapine (OLA; a 
widely prescribed AAPD) on postnatal days (PND) 28-49, under dosing conditions that approximate those employed therapeutically in humans, causes long-term 
behavioral and neurobiological perturbations1. We have begun to study the mechanisms of these effects. Dopamine (DA) and serotonin regulate many 
neurodevelopmental processes. Currently approved AAPDs exert their therapeutic effects principally through their DAergic activities, although in schizophrenia (SZ) 
and some other diseases for which AAPDs are prescribed, DAergic dysfunction is accompanied by abnormalities of glutamatergic (GLUergic) and γ-aminobutyric 
acidergic (GABAergic) transmission. The abnormalities of GLUergic transmission can induce a cascade of events that lead to disruption of DAergic and GABAergic 
signaling and, in humans and animal models, phenotypes of psychosis and cognitive dysfunction2-6. We have shown that conditioned place preference, a task of which 
the nucleus accumbens (NAc) is a key mediator, is altered in mature rats following adolescent OLA treatment1. In the NAc, there are important interactions among the 
GLUergic, GABAergic, and DAergic systems7-10. Some of these interactions are ontogenetically modified between pre-pubertal stages and maturity9-11, thus rendering 
the developmental trajectory of these systems susceptible to modification by environmental stimuli (including drugs) during adolescence12. Here, using in vivo high 
resolution localized proton MRS, we tested our hypothesis that glutamate (Glu) and GABA levels should be abnormal in the NAc in adult rats treated with OLA as 
adolescents. 
Materials and Methods 
On PND 28-49, the drinking water of the Long-Evans male rats was 
replaced with an aqueous solution of OLA in 1 mM acetic acid (n=8) or 
vehicle (VEH, n=8). The OLA solution was mixed fresh daily at a 
concentration calculated to deliver a target dose of 7.5 mg/kg/d which 
reproduced as closely as possible the clinical administration of AAPDs 
to humans. The in vivo high resolution proton MRS experiments were 
performed on a Bruker BioSpec 70/30USR Avance III 7T scanner. A 
Bruker four-element proton surface coil array was used as the receiver 
and a Bruker 72 mm linear-volume coil as the transmitter.  Each rat was 
anesthetized in an animal chamber using a gas mixture of O2 (1 L/min) 
and isoflurane (3 %) then later maintained at 1-1.5% isoflurane during 
scanning. An MR compatible small-animal monitoring and gating 
system was used to monitor the animal respiration rate and body 
temperature. The animal body temperature was maintained at 36-37oC 
using a warm water circulation. Both proton-density- and T2- weighted 
images were obtained using a 2D rapid acquisition with relaxation 
enhancement (RARE) sequence in the coronal plane (TR/TEeff1/TEeff2 = 
5500/19/57 msec, RARE factor = 4, field of view = 30 x 30 mm2, slice 
thickness = 1 mm, in-plane resolution = 117 x 117 μm2, number of 
averages = 2). A customer-modified short-TE PRESS pulse sequence13 
(TR/TE = 2500/10 ms, NA = 356) was used for MRS data acquisition 
with the voxel centered on the NAc (2 x 6 x 3 mm3). LCModel 
package14 was used for quantification of the Glu and GABA data. The 
reliability of the major metabolites was estimated in the Cramér-Rao 
lower bounds (CRLB) from the LCModel analysis. All experimental 
procedures were approved by the University of Maryland School of 
Medicine Institutional Animal Care and Use Committee.  In vivo MRS 
results from the OLA and VEH rats were compared using t-tests with 
the Bonferroni-Holm correction. 
Results  
Fig. 1A illustrates high resolution, localized in vivo proton spectra 
obtained from the NAc (inset) of representative, adult rats treated as 
adolescents with OLA and VEH. In the current study, the CRLB values for GABA (12.50 +/- 1.05 %) and Glu (5.25 +/-0.41%) which were both at acceptable level of 
quantitation reliability (≤ 20 %, Provencher, 1993, 2001)14,15. In the NAc (Fig. 1B), OLA treatment reduced the concentration of GABA to 82.5% of control values 
(Bonferroni-Holm corrected p=0.02) and the concentration of Glu to 86.9% of control values (Bonferroni-Holm corrected p=0.04). 
Conclusions 
The main finding of this study is that adolescent OLA treatment causes enduring reductions in the concentrations of Glu and GABA within the NAc. These data and our 
recent finding that adolescent OLA treatment causes long-lasting reductions in DA release in the NAc1 constitute the first demonstration that adolescent AAPD 
treatment can cause long-term changes in neurotransmitter levels. These findings raise important questions concerning the benefits and risks of AAPD therapy in 
adolescent patients and define mechanistic questions whose answers can guide the development of improved treatment regimens. 
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