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Early-life stress (ELS), a complex traumatic stress including abuse, neglect and bullying during
childhood or adolescence, is closely related to the development of psychiatric disorders. Con-
duct of a prospective study on the effect of ELS in human subjects is difficult due to ethical is-
sues and limitations, and animal model study can be a reasonable alternative. Articles regarding
structural and functional changes in the animal brain associated with ELS have been reviewed in
this study. An up-to-date literature search on the effect of ELS on animal brain was performed ;
keywords included ELS, central nervous system (CNS), and animal study using PubMed. A total
of 623 articles were found and important articles were reviewed. First, we summarized the neu-
robiological changes in CNS associated with ELS, and then the effects of ELS on emotional and
cognitive function and behavioral characteristics were recapped. ELS can induce overreactivity
of the hypothalamus-pituitary-adrenal axis and cortical-subcortical structural changes including
prefrontal cortex, hippocampus, and amygdala. These changes may be associated with neuro-
endocrine, cognitive, and emotional dysfunctions and related behavioral changes. Although
most animal model studies used a single mode of stress, ELS tends to be experienced with
complex types in human-life. Design of a new animal model examining the effects of complex
trauma during early-life is important. Studies on the association between complex trauma and
brain development can provide important insights regarding the pathogenetic mechanism of
complex psychiatric disorders such as personality disorder and treatment-resistant depression.

KEY WORDS  Early-life stress - Central nervous system - Animal model.
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Table 1. Behavioral and stress response changes depending on prenatal stress induction methods in animal model

Prenatal stress
induction method

Result

Injection of dexamethasone
to the pregnant rat

Increased serum corticosterone and adrenocorticotropic hormone
Decreased expression of glucocorticoid receptor in amygdala

Decreased exploratory behavior and locomotion in open field test and elevated plus maze test
Reduction of learning and behavioral response in forced swim test

Decreased reactivity to stimuli in tail suspension test

Induction of anhedonia-like behavior

Stress induction to pregnant

Changes in predictive and reactive adaptation depending on circadian rhythm

rat Increased rapid eye movement sleep

Changes in sleep-wake cycle

Increased ultrasonic vocalization during infant

Reduced social play during juvenile period

Decreased exploratory behavior in elevated plus mase test and open field test
Increased immobility time in forced swim test

Marked cognitive function decline in maze test during adulthood
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Table 2. Changes in behavior and stress reaction according to postnatal stress induction methods in animal model

Postnatal stress
induction method

Result

Maternal separation

Equivocal result in investigation of changes about emotion processing function

Different result depending on rat strains ; genetic vulnerabilities

Decreased spatial perception capacity in Morris water maze test

Reduced long-term potentiation of excitatory postsynaptic potential in electrophysiologic studies
Decreased memory function in novel object recognition test and maze test

Communal nesting

More passive behavior patterns in forced swim test during adulthood

— Improved by acute treatment with fluoxetine

Increased sucrose preference

Decreased nerve growth factor/brain derived neurotrophic factor concentration in the brain

Impoverished
nesting

Drug administration Dexamethasone

Reduced spatial perception and object recognition capacity during adulthood
Decreased long-term potentiation and changes of dendritic cells in hippocampus

— Increased immobility fime and anxiety-like behaviors in forced swim test

— Further studies are needed
Lipopolysacchraide
— Immediate effect on HPA axis

— Induction of social behavior changes and anxiety-like behaviors

— Cognitive functional decline

Paternal effect
Further studies are needed

Implicated epigenetic mechanism from paternal sperm

HPA @ Hypothalamus-Pituitary-Adrenal
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