
By Charlotte A. Oomen - In humans, traumatic experi-

ences during childhood increase the risk for develop-

ing stress-related pathologies such as depression in 

adulthood1. Findings from animal studies have shown 

that experiences early in life can exert long term changes 

in brain structure2, especially in the hippocampus, a 

brain region involved in learning and memory. In order 

to study whether learning and memory is altered after 

early stress, we subjected male rats to maternal depriva-

tion (MD) and tested their spatial learning ability and 

emotional memory in adulthood. 

material and methods

Animals and maternal deprivation 

Rats were separated from their mother during 24 hours 

on day 3 after birth3. Ten control and ten MD-males were 

used for behavioral analysis (aged 11 weeks).

Anxiety behavior 

To study changes in exploration and anxiety, rats were 

tested on an elevated plus maze; shaped like a cross with 

two opposite open arms (10 x 40 cm) and two opposite 

closed arms (10 x 40 cm, 25 cm high walls) connected 

to an open center. Animals were put on the center and 

were allowed to explore for 5 minutes. Exploration was 

recorded and analyzed for total time, frequency, and 

latency to first appearance in all compartments using 

EthoVision (Noldus, Wageningen, The Netherlands). 

Spatial learning and memory 

To asses spatial learning, animals were trained in a water 

maze3 during 2 days, 4 trials/ day with an inter-trial 

interval of 15 minutes. The maze (diameter: 150 cm) 

was filled with opaque water (22 ºC). In one quadrant, a 

platform (diameter: 12 cm) was hidden under the surface. 
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Trials started -randomized- in one of the three quadrants 

without a platform and were analyzed for latency, swim 

distance and time in platform quadrant using EthoVision.

Emotional memory 

To assess hippocampus-dependent emotional memory, 

rats were subjected to contextual fear conditioning4. 

Rats learned to associate a fearful stimulus (footshock) 

with a context (conditioning box) and the strength of 

fear-memory was determined by scoring the amount of 

freezing behavior manually. Animals were allowed to 

explore the conditioning box freely for three minutes 

after which a footshock (2 seconds, 0.4 mA) was adminis-

tered. After 24 hours, contextual memory was measured 

by measuring the amount of freezing in the same box.

main results

Anxiety 

There were no significant differences in latency to first 

appearance (CON 51.7 ± 21.0 sec; MD 32.2 ± 10.7 sec, 

p=0.33), visiting frequency (CON 7.8 ± 1.5 times; MD 7.5 

± 1.7 times, p=0.89) and / or percentage of time spent in 

the open arms of the maze (CON 40.1 ± 6.3%; MD 45.3 ± 

6.5%; p=0.55) between control and stressed animals.



Spatial learning

Spatial acquisition of the water maze test was signifi-

cantly impaired by maternal deprivation (figure 1). MD 

animals required more time (repeated measures ANOVA, 

F1,18= 5.83; p=0.03) and travel distance (F1,18= 4.45; 

p<0.05) to reach the platform especially on the second 

trial of both days (p=0.02). 

Emotional memory 

MD animals showed more freezing behavior 24 hours 

after learning the context-footshock association (figure 

2, group x interval; F5,125= 2.3; p<0.05), especially during 

the last three intervals (p=0.02). 

discussion
We show that severe early life stress results in impaired 

spatial learning, yet leads to improved fear memory 

formation, without affecting basal anxiety levels. This 

demonstrates that even a severely adverse early life event 

in rats does not impair overall hippocampal functionality 

in adulthood. 

Stress in early life might prepare animals to respond 

optimally under conditions associated with high stress 

levels during adulthood, i.e. when the adult and early 

life conditions closely match5. Ultimately, interaction 

between the individual genetic profile and the early 

environment may amplify individual responsiveness in 

animals and can be involved in adaptive programming.
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