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HIGHLIGHTS

® Adolescent defeat alters NMDA receptor expression in discrete brain areas.
e Adult fear conditioning and extinction are decreased following adolescent defeat.
e Altered glutamate signaling may underlie behavioral outcomes of adolescent stress.
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Repeated social defeat of adolescent male rats results in adult mesocortical dopamine hypofunction,
impaired working memory, and increased contextual anxiety-like behavior. Given the role of gluta-
mate in dopamine regulation, cognition, and fear and anxiety, we investigated potential changes to
N-methyl-p-aspartic acid (NMDA) receptors following adolescent social defeat. As both NMDA recep-
tors and mesocortical dopamine are implicated in the expression and extinction of conditioned fear, a
separate cohort of rats was challenged with a classical fear conditioning paradigm to investigate whether

ﬁiﬁgﬁmy fear learning is altered by adolescent defeat. Quantitative autoradiography was used to measure 3H-MK-
Adolescence 801 binding to NMDA receptors in regions of the medial prefrontal cortex, caudate putamen, nucleus
Stress accumbens, amygdala and hippocampus. Assessment of fear learning was achieved using an auditory

fear conditioning paradigm, with freezing toward the auditory tone used as a measure of conditioned
fear. Compared to controls, adolescent social defeat decreased adult NMDA receptor expression in the
infralimbic region of the prefrontal cortex and central amygdala, while increasing expression in the
CA3 region of the hippocampus. Previously defeated rats also displayed decreased conditioned freez-
ing during the recall and first extinction periods, which may be related to the observed decreases and
increases in NMDA receptors within the central amygdala and CA3, respectively. The alteration in NMDA
receptors seen following adolescent social defeat suggests that dysfunction of glutamatergic systems,
combined with mesocortical dopamine deficits, likely plays a role in the some of the long-term behavioral
consequences of social stressors in adolescence seen in both preclinical and clinical studies.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Glutamate, as one of the primary excitatory amino acids, plays
a ubiquitous role in brain function. Importantly, glutamate activity
at N-methyl-p-aspartic acid (NMDA) receptors has been linked to

Abbreviations: NMDA, N-methyl-p-aspartic acid; mPFC, medial prefrontal cor- changes in synaptic plasticity, learning and memory, and modula-

tex; CPu, caudate putamen; NAc, nucleus accumbens; CeA, central amygdala; BLA,

basolateral amygdala; CA, cornu ammonis.
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tion of other neurotransmitter systems [ 1-3]. Givenits influence on
brain structure and function, alterations in NMDA receptor activity
as a result of stressful experience have been linked to a variety of
psychiatric disorders [3,4].
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Fig. 1. Specific binding of [3H]-MK801 to NMDA receptors in brain regions of adult rats that underwent adolescent social defeat versus controls. (A) Medial prefrontal cortex
(mPFC), (B) caudate putamen (CPu) and nucleus accumbens (NAc), (C) hippocampal CA, and (D) basolateral amygdala (BLA) and central nucleus of the amygdala (CeA).
Data are expressed as the mean + S.E.M. determinations made in quadruplicate sections from each brain. N=6-9/group. *Significant difference between treatment groups
(p<0.05).

Table 1

Freezing duration (s) across each 10 min time block within each testing session. Values represent mean + S.E.M. #Difference among time blocks (one way repeated ANOVA
within stress treatment, SNK p <0.005), *Difference between control and defeat within the 11-20 min (tone) time block (two way repeated ANOVA stress x session, SNK
p<0.002). N=12/group.

Session 0-10min 11-20 min (tone) 21-30 min ANOVA (one way repeated measures within stress treatment)
Conditioning

Control 3.86+0.73 357.43+25.85# 367.11+41.19# F(2,22)=68.03, p<0.001
Defeat 2.85+0.71 360.41 +24.25# 372.10+46.89# F(2,21)=60.8,p<0.001
Recall

Control 71.44+34.34 522.61+15.89# 67.18+15.83 F(2,20)=114.6, p<0.001
Defeat 17.76+7.67 387.82+38.78#" 73.61+26.74 F(2,21)=73.9, p<0.001
Extinction 1

Control 12.63+2.37 300.68 +45.08# 29.64+6.67 F(2,22)=40.3, p<0.001
Defeat 19.73+7.09 172.78 +39.27#* 17.15+7.53 F(2,21)=14.8, p<0.001
Extinction 2

Control 5.51+0.53 170.96 +29.80# 16.52+2.75 F(2,21)=29.7, p<0.001
Defeat 3.12+0.66 104.89 +26.48# 11.02+2.51 F(2,20)=10.5, p<0.001
Extinction 3

Control 8.44+1.19 90.29+10.87# 25.98 +4.99 F(2,17)=38.6, p<0.001
Defeat 5.61+0.83 56.46+11.57# 18.98+3.51 F(2,21)=11.9, p<0.001
Extinction 4

Control 5.38+0.91 4432 +4.31# 12.22+3.19 F(2,21)=36.5, p<0.001
Defeat 3.47+0.76 33.05+7.58# 12.77 +3.68 F(2,21)=13.6, p<0.001

Psychiatric disorders are particularly common in individuals expression undergoes changes throughout the brain during adoles-
who have experienced severe social stressors during adolescence cence [6], potentially enhancing the vulnerability of adolescents to
[5], but the role of NMDA receptors in outcomes of adolescent social stress-induced NMDA receptor dysfunction. In support of this, rats
stress has yet to be fully delineated. It is known that NMDA receptor exposed to social instability stress during adolescence have been
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