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Summary 
 
Apart from ‘nature’ - the genetic background with which all of us are born, ‘nurture’, i.e. 
the environment and experiences we are subjected to in early life, also has a strong 
influence on an organism’s phenotype later in life. Moreover, disruptions in the early life 
environment can increase the chance of developing all kinds of disorders later in life, 
including stress-related psychiatric diseases like depression. Therefore, many studies have 
attempted to unravel the mechanisms that might underlie this effect of ‘nurture’, by 
means of several different animal models, of which the ‘maternal care model’ was used in 
the research described in this thesis. In this model, the adult phenotype of animals that 
received high amounts of licking and grooming (LG) and arched-back nursing (ABN) from 
their mother in the first week after birth, i.e. High LG/ABN offspring, is compared to that 
of animals raised by Low LG/ABN dams. So far, studies using the maternal care model 
have mainly focused on the limbic system and particularly on the hippocampus, a brain 
area that is critically involved in learning and memory processes and highly sensitive to 
stress. It was reported that natural variations in maternal care have elaborate 
consequences for later-life stress responsiveness, brain structure and cognitive function. 

In this thesis, we aimed to further investigate the effects of early-life maternal care 
in rats on several parameters so far not investigated, in the hippocampus as well as other 
brain areas. We not only used the original maternal care model for these studies, but also 
tried to develop and validate a new, more refined model of maternal care. 
 
In chapter 2, we observed whole-litter maternal care and determined the differences 
between adult High and Low LG/ABN offspring with regard to synaptic plasticity and 
morphology in the hippocampal dentate gyrus. We found that, in agreement with an 
earlier study in the hippocampal CA1 area, animals raised by High LG/ABN dams show 
more dendritic complexity and a higher number of dendritic spines in their principal 
neurons compared to Low LG/ABN offspring. Furthermore, we replicated previous 
findings on synaptic plasticity in the hippocampus: High compared to LG/ABN offspring 
exhibited enhanced long-term potentiation after high-frequency stimulation in the 

dentate gyrus, and this phenotype could be reversed by glucocorticoid or β-adrenergic 
stimulation. This suggests increased dentate gyrus plasticity under stressful conditions in 
the Low LG/ABN offspring, which is supported by their improved hippocampus-
dependent learning performance under stress. These data point to the idea that early life 
experience might prepare the animal for the circumstances it is likely to encounter in later 
life and might be adaptive to the animal if early- and later-life environments match. 

Previous studies have only focused on the effects of differences in maternal care 
between litters. However, evidence has emerged that there is also considerable variation in 
the amount of licking and grooming received between pups within a litter. We decided to 
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pursue this and first examined, as described in chapters 3 and 4, if the degree of LG 
received by individually characterized pups correlated with hippocampal structure and 
function in a similar fashion as reported for the original maternal care model. For both 
the dentate gyrus and the CA1 area, we found subtle effects of %LG received early in life 
on adult dendritic complexity. These effects were opposite in males (positive correlation) 
and females (negative correlation). In male offspring this suggests that high LG-scores are 
associated with more mature neurons, an assumption that is supported by the negative 
correlation between LG-score and the number of immature neurons in these animals.  

In the CA1 area, the divergence between sexes also emerged at the functional level. 
The direction of the correlation between individual LG and synaptic plasticity, as 
measured by the degree of long-term potentiation, was again positive in the males and 
negative in the females. In the dentate gyrus however, males and females both showed a 
positive correlation between the amount of LG received and the level of long-term 
potentiation. Adult hippocampal mRNA expression of the glucocorticoid receptor (GR; in 
both sexes) and brain-derived neurotrophic factor (BDNF; in males only) correlated 
positively with individual LG scores.  

For BDNF, we examined if this maternal care effect on mRNA expression was 
underlain by differences in methylation status of the exon IV promoter. In chapter 5 we 
report a positive correlation between individual LG and the degree of DNA methylation, 
which seems to be in contrast with the findings on total BDNF mRNA expression. 
However, DNA methylation is not the only epigenetic modification that affects the level 
of gene transcription. Moreover, we only examined the methylation status of the exon IV 
promoter, which represents just one of several BDNF transcripts. Differential regulation 
of these other splice variants might result in the net effect of LG we found on total BDNF 
mRNA expression. 

Next, we investigated hippocampus-dependent non-stressful spatial learning as well 
as emotional contextual learning (i.e. contextual fear conditioning) in animals 
individually characterized with respect to the %LG they received early in life (chapter 6). 
Performance in neither of these two behaviors correlated with the LG background of the 
animals, although in the fear conditioning experiment, females with an LG score at the 
lower end of the scale seemed to freeze more quickly in response to the conditioned 
context compared to those that received higher amounts of LG in early life. The overall 
lack of correlations between individual LG and hippocampus-dependent learning might be 
due to the subtlety of the model or might indicate that the adult behavioral phenotype in 
this case does not solely depend on the effects of maternal care. 

Interestingly, in a different set of experiments, described in chapter 7, regarding 
behavior that not specifically requires the hippocampus, we found significant correlations 
between the %LG received by individual pups and their behavioral performance. Pairs of 
male offspring with relatively high LG scores exhibited increased amounts of adolescent 
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social play behavior compared to pairs that were at the lower end of the LG scale. In 
females, we found no effect of LG on play behavior. In a rodent decision-making task (i.e. 
the rat Iowa Gambling Task, rIGT), both in males and in females the amount of LG 
received correlated positively with task performance. Brain areas that showed (seemingly 
LG-dependent) c-fos staining after the rIGT included the nucleus accumbens shell and the 
insular cortex, which are both involved in reward processing. 
 
Overall, we conclude that natural variations in maternal care, both between-litter and 
within-litter, seem to be a very useful tool to study the effects of early-life environment 
on adult phenotype. The main findings of this thesis are critically discussed in chapter 8, 
including several issues that require further investigation. 
 
 
Main findings of this thesis 

 In a normal population of rats, natural variations exist in the amount of maternal 
care a dam provides to her pups, both between litters and within litters. 

 Extreme between-litter differences (>1SD from the mean) in maternal care predict 
adult dentate gyrus morphology, function and related behavioral phenotype in 
males (chapter 2). 

 Within-litter differences in maternal care correlate positively with adult dentate 
gyrus synaptic plasticity and glucocorticoid receptor expression, both in males and 
females (chapter 3). 

 Granule cell dendritic morphology and neurogenesis in the dentate gyrus were not 
as clearly affected by variations in the amount of individually received maternal 
care, neither in male nor in female offspring (chapter 3). 

 Individual differences in the amount of maternal care received early in life to a 
certain extent correlate with adult CA1 structural and functional parameters. The 
correlations in males and females are opposite to each other (chapter 4). 

 Males receiving more care from their mothers in early life show enhanced BDNF 
expression in adulthood, yet the methylation level of the BDNF exon IV promoter in 
the hippocampus in these animals is elevated too, compared to Low maternal care 
animals (chapters 3 and 5). 

 Hippocampus-dependent learning in adulthood, either under stressful or non-
stressful conditions, shows little correlation with individual differences in the 
amount of maternal care received (chapter 6). 

 Both adolescent social play behavior (in males only) and performance on the rIGT 
decision-making task are relatively high in animals that received a high amount of 
maternal care in early life (chapter 7). 

 




