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Majorr depressive disorder is associated with abnormalities of the serotonergic 
system,, like reduced content of serotonin (5-HT) and 5-HT transporters in blood platelets, 
loww plasma levels of the 5-HT precursor 5-hydroxy-tryptophan, low levels of the 5-HT 
metabolitee 5-HIAA in the cerebrospinal fluid and lowering of mood after acute tryptophan 
depletion.. Also, stressful life events are associated with the occurrence of depressive 
episodes.. There is even evidence that dysregulated function of the hypothalamo-pituitary-
adrenall (HPA) axis, i.e. the stress axis, is causal to the precipitation of major depression. It 
iss presently unclear, though, how episodes of HPA-axis dysregulation can exert such a 
rolee as risk factor in the aetiology of depression. We here tested the hypothesis that 
elevatedd levels of corticosterone gradually attenuate the responsiveness to 5-HT. This was 
testedd in various appropriate animal models. 

Stresss activates the HPA-axis. In response to stress, the hypothalamus secretes 
corticotrophin-releasingg hormone (CRH), which reaches the pituitary. In response to 
CRH,, the pituitary releases adrenocorticotrophic hormone ACTH into the bloodstream. 
Viaa the circulation, ACTH reaches the adrenal glands, which secretes Cortisol (in humans) 
orr corticosterone (in rodents) in response to ACTH. Corticosterone is able to pass the 
blood-brainn barrier and enters the brain, where it can exert its effects in all brain regions 
thatt contain corticosteroid receptors. Two types of corticosteroid receptors exist, the high 
affinityy mineralocorticoid receptor (MR) and the lower affinity glucocorticoid receptor. 
Whenn the level of corticosterone is low, e.g. during rest, predominantly the MR is 
occupied.. Elevations in corticosterone, e.g. due to the circadian rhythm or after stress, 
causee an additional occupation of the GR. 

Inn the hippocampus, an area rich in corticosteroid receptors and 5-HT receptors, 
severall cellular properties are modulated by the differential occupation of corticosteroid 
receptors.. The response of one particular 5-HT receptor, the 5-HT[A receptor, is clearly 
regulatedd by the occupation of the MR and GR. With predominant MR occupation, 5-HT 
responsess are small. With additional GR occupation, the response to 5-HT increases. Also, 
whenn no corticosteroids are present, e.g. after adrenalectomy, the response to 5-HT is 
large.. So, 5-HT responses show a U-shaped dependency on corticosteroid levels. Less 
dataa are available about the effects of long-term elevations in corticosteroid levels on 5-
HTT responses. Earlier studies showed that long-term elevations in exogeneous 
corticosteronee levels cause an attenuation of hippocampal 5-HT responses. However, at 
thee start of this thesis, no data were available about long-term elevations in endogeneous 
corticosteronee level as a result of a dysregulated HPA-axis. Therefore, in this thesis, 
hippocampall 5-HT responses were investigated in several animal models characterized by 
aa dysregulated HPA-axis function at some time-point in life. 

First,, a chronic unpredictable stress model was used. Rats were exposed for 21 
dayss to unpredictable stress and intracellular responses were recorded at day 22 in CA1 
pyramidall neurons. 5-HT1A receptor-mediated responses were attenuated in rats exposed 
too chronic unpredictable stress when compared to control rats. Attenuation of 5-HTiA 

receptor-mediatedd responses was not accompanied by changes in 5-HTiA receptor mRNA 
expressionn in the hippocampus. Also, GR mRNA expression was not changed after 
chronicc stress. MR mRNA expression was not changed in the CA1 and CA3 subfields, but 
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aa small increase in MR mRNA expression was observed in the dentate gyrus (DG) 
(Chapterr 2). 

Second,, the effects of stressful life events early in life were examined in a 
maternall deprivation model. In this model, three day-old pups were deprived of maternal 
caree for 24 hours, after which the pups were placed back in the home-cage with the dam 
andd the control pups that remained with the dam during the 24 h deprivation period. Pups 
weree left undisturbed and were weaned at 21 days of age. At three months of age, 
hippocampall slices were prepared and intracellular 5-HT responses were recorded in the 
CA11 area. In rats subjected to maternal deprivation, 5-HTIA receptor-mediated responses 
weree significantly smaller than in non-deprived control rats. However, no changes in 5-
HT,AA receptor, MR and GR mRNA were observed between the two experimental groups 
(Chapterr 3). 

Third,, 5-HT responses were recorded in two mice lines genetically selected for 
aggression.. These mice differ in several neuroendocrine parameters and in 5-HT1A 

receptorr mRNA expression in the CA1 area. Short attack latency mice (SAL) have low 
corticosteroidd levels in the early dark phase and a high expression of 5-HT] A receptor 
mRNA,, while long attack latency (LAL) mice have high corticosteroid levels in the early 
darkk phase and low 5-HT,A receptor mRNA expression in the CA1 area. 5-HT,A receptor-
mediatedd responses were significantly attenuated in LAL mice compared to SAL mice. 
Also,, corticosteroid levels were increased in LAL mice compared to SAL mice 30-45 
minutess after novelty stress. 5-HT,A receptor mRNA expression was lower in CA1 area of 
LALL mice, as reported earlier. No changes in GR mRNA expression were observed in the 
hippocampus,, while MR mRNA expression was not different in CA1 and CA3 areas. A 
smalll increase in MR mRNA expression was observed in the DG of LAL mice (Chapter 
4). . 

Inn Chapter 5, a possible target of corticosteroids that might be involved in the 
attenuationn of 5-HT responses was investigated. Neuronal cell adhesion molecules 
(NCAMs)) are reported to be sensitive to corticosteroids and stress. Furthermore, 5-HT 
responsess are increased in NCAM-deficient mice. Hippocampal sections from animals 
subjectedd to 21-day application of high exogeneous corticosteroid levels, with or without 
combinedd administration of the GR antagonist RU-486, and from animals subjected to 
maternall deprivation, were used for an NCAM in situ hybridization. Several splice 
variantss of NCAM exist, and two NCAM probes were used, i.e. one for the NCAM180 

splicee variant and one for total NCAM content (NCAMtotal). For both probes, no 
significantt differences were observed in CAI, CA3 and DG of the hippocampus in the 
maternallyy deprived animals and the animals subjected to exogeneous corticosterone 
and/orr RU-486 compared to the control groups. 

Inn summary, the work in this thesis shows that long-term elevations at different 
time-pointss in life attenuate 5-HT1A receptor-mediated responses in CA1 pyramidal 
neuronss of the hippocampus. This could be one of the mechanisms by which episodes of 
stresss at critical time-points in life can lead to disturbed function of the central 5-HT 
systemm and hence to the precipitation of clinical symptoms in depression. This attenuation 
off responses to 5-HT can not be explained by differences in 5-HT1A receptor mRNA 
expression,, with exception of the SAL-LAL study. Also, changes in MR, GR and NCAM 
mRNAA expression can not account for this difference in 5-HT responsiveness. So, 
hyperactivityy of the HPA-axis at some time-point in life causes attenuation in 5-HT 
responsivenesss in the hippocampus by a presently unknown mechanism. 
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Thee attenuation of 5-HT responsiveness seen in this thesis might be an important 
factorr in the relationship of stressful life events and the occurrence of depressive 
symptoms.. Therefore, we propose that treatment of depressive patients, which show 
abnormalitiess in HPA-axis parameters, should be directed at both the 5-HT system and the 
HPA-axis,, to get an optimal therapeutic efficacy and a low risk for relapse behaviour. 
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