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Corticosteroidd effects on 5-HTiA receptor mediated responses: possible role for 
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'Swammerdamm Institute for Life Sciences, University of Amsterdam, Amsterdam, The 
Netherlands,, 2Center for Molecular Neurobiology, Hamburg University, Hamburg, 
Germany. . 

Abstract t 
Inn this study, we examined NCAMi80 and NCAMtota, mRNA expression in two 

models,, i.e. 1) maternal deprivation; 2) chronic high exogeneous corticosterone 
administration,, with or without treatment with the GR antagonist RU-486. In the maternal 
deprivationn model, pups were isolated from their mothers and home-cage for 24 h at 
PND3-4.. After this stressful event early in life, animals were left undisturbed. At adult 
age,, these rats show attenuated 5-HT1A receptor-mediated responses in the CA1 area of 
thee hippocampus. Attenuated 5-HT,A receptor-mediated responses have also been found 
afterr chronic high corticosterone treatment. In both instances, these attenuated responses 
weree not accompanied by changes in 5-HT1A receptor mRNA in the hippocampus. 

Neuronall  cell adhesion molecules (NCAMs) are involved in lipid raft association 
off  inwardly rectifying K+ (Kir) channels and influence surface localization of Kir 
channels.. NCAMs are also shown to be sensitive to acute and chronic stress. Therefore, 
wee looked at NCAM expression as a possible target for corticosteroids to attenuate 5-HT 
responsivenesss in the hippocampus. 

Inn both models tested, in situ hybridization for NCAM180 and NCAMtota) revealed 
noo changes in expression patterns in the hippocampus and can therefore not explain 
attenuatedd 5-HT1A responses found in these animal models. Apparently, other components 
off  the 5-HT1A receptor signal transduction pathway are involved in the corticosteroid-
mediatedd attenuation of 5-HT responsiveness in the hippocampus. 
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Introduction n 

Activationn of the hypothalamo-pituitary-adrenal axis (HPA-axis), e.g. by stress, 
causess an increase in the secretion of corticotrophin releasing hormone (CRH) which 
reachess the pituitary. In response to CRH, the pituitary releases adrenocorticotrophic 
hormonee (ACTH) into the circulation, which reaches the adrenal glands. The adrenal 
glandss in turn secrete Cortisol (in humans) or corticosterone (in rodents) (Clarke and 
Davison,, 1989), which can pass the blood-brain barrier and affect several functions in the 
brain.. In the brain, corticosteroids can bind to two receptors, the high affinity 
mineralocorticoidd receptor (MR), which is occupied at low levels of corticosteroids, and 
thee lower affinity glucocorticoid receptor (GR), which becomes occupied when the level 
off  corticosteroids increase, e.g. during the circadian peak or after stress (Reul and De 
Kloet,, 1985; Reul et al., 1987a; Reul et al., 1987b). The differential occupation of these 
twoo receptors determines the response to several neurotransmitters, including serotonin 
(5-hydroxytryptamine,, 5-HT). When the level of corticosterone is low, so with 
predominantt MR occupation, the response to 5-HT is small in CA1 pyramidal neurons of 
thee hippocampus (Beck et al., 1996; Joëls et al., 1991). When the level of corticosterone 
rises,, e.g. after stress, the GR becomes additionally occupied and the response to 5-HT 
increasess (Hesen and Joëls, 1996). However, when no corticosteroids are present, e.g. 
afterr adrenalectomy, the response to 5-HT is also large (Hesen and Joëls, 1996). So, 5-HT 
responsess show a U-shaped dependency on corticosteroid levels (Hesen and Joëls, 1996; 
Joëlss and De Kloet, 1992; Joëls et al., 1991). 

Inn previous studies, we examined 5-HT responsiveness in various animal models 
wheree corticosteroid levels are elevated for a prolonged and/or critical period in life. In 
thesee studies, we showed that functional 5-HT responses are attenuated after prolonged 
highh corticosteroid levels at different time-points of life (Karten et al., 1999; Van Riel et 
al.,, 2003a; Van Riel et al., 2002; Van Riel et al., 2003b). The attenuated 5-HT response 
wass in most cases not accompanied by a difference in mRNA expression for the 5-HTiA 

receptor,, indicating that processes other than transcriptional regulation of this receptor are 
involved.. This could for instance involve post-translational surface expression of 5-HT, A 

receptors. . 
Interestingly,, recently it was found that mutant mice with no neuronal cell 

adhesionn molecules (NCAMs) show anxiolytic behaviour at lower doses of the 5-HT,A 

receptorr agonists 8-OH-DPAT and buspirone when compared to control mice, indicating a 
sensitizationn to the activation of the 5-HT1A receptor (Stork et al., 1999). Despite the 
increasedd 5-HT1A receptor functionality, 5-HT synthesis, release and 5-HT1A receptor 
mRNAA expression were not changed in these NCAM knockouts. This led to the idea that 
NCAMss might affect the inwardly rectifying K+ channels (Kir) channels involved in 5-
HT1AA receptor mediated responses (Stork et al., 1999). In hippocampal cell culture from 
NCAMM deficient mice, Kir3 currents were indeed increased compared to wild type 
controls,, due to an increased surface localization of Kir3 channels (Delling et al., 2002). 
Bothh neuronal Kir3 and NCAMs are associated with cholesterol-rich microdomains, the 
so-calledd lipid rafts, which localize Kir channels in the cell membrane. 

Differentt NCAM isoforms exist (NCAM120, NCAM140 and NCAM,80), which are 
generatedd by alternative splicing (Barthels et al., 1988; Santoni et al., 1987). NCAM140 

andd NCAM ]80, which are present in neurons, cause a disruption of lipid rafts association, 
therebyy reducing the Kir3 surface localization, while NCAM120 has no disrupting effect on 
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lipidd rafts. Accordingly, transfection of hippocampal cell cultures from NCAM-deficient 
micee with NCAM!40 or NCAM180 reduced Kir3 currents (Delling et al., 2002). 

Thee different NCAM isoforms show a different regulation by stress and 
corticosteroids,, particularly in the prefrontal cortex, but also in the hippocampus. For 
example,, chronic stress causes a reduction in the expression of NCAMtotai and NCAM]40, 
withh no reduction in NCAM180 in the hippocampus (Sandi et al., 2001; Venero et al., 
2002). . 

Inn this study, we investigated whether mRNA expression for NCAMtotai and 
NCAMM i8o is changed in two animal models where 5-HTiA responses were found to be 
attenuated:: First, animals which received injections with a high exogeneous corticosterone 
concentrationn (or vehicle) for 3 weeks; part of these animals were pre-treated with RU-
486.. Second, maternally deprived versus non-deprived rats. We examined if increases in 
NCAM]goo and NCAMtotal mRNA expression in the hippocampus, which could account for 
thee attenuated 5-HT1A receptor-mediated responses, are present in these models. 

Experimentall procedures 

MaternalMaternal deprivation 
Alll  rats used for these experiments were bred in our own laboratory. The breeder 

adultt rats (8 female and 2 male Wistar rats of 16 weeks of age) were supplied by Harlan 
(Harlan,, Horst, The Netherlands) and were used for the breeding of 30 pups. Two 
nulliparouss females were housed together with one male for seven days. After seven days, 
thee male was removed from the cage and from that time on, females were weight every 
dayy at 9.00 a.m. When pregnancy became visible, females were single-housed in standard 
cagess with food and water ad libitum. Every day at 9.00 a.m., cages were checked for 
pups.. Pups found at 9.00 a.m. were appointed to be born the day before. Day of birth was 
denotedd postnatal day 0 (PND0) and pups were left undisturbed on this day. On PND1, 
genderr was determined and litters were culled to 4 male and 4 female pups to prevent 
differencess in maternal care towards male and female pups (Cirulli et al., 1997). 

Forr maternal deprivation, we used the so-called 'half-litter' procedure (Workel et 
al.,, 1997). This means that half of the pups (2 males,, 2 females) were separated from the 
damm for 24 h, while the other half of the litter was left undisturbed and used as non-
deprivedd controls. In this way, the hormonal state of the dam and the maternal care 
behaviourr are left undisturbed. Also, both control and deprived animals were nurtured by 
thee same dam, which excludes dam-specific differences between deprived and non-
deprivedd control animals. On PND3, 2 male and 2 female pups were taken out of the 
homee cage and placed in a plexiglas box with sawdust on top of a heating platform (33 °C) 
inn an adjacent room. The other pups stayed in their home cage with the dam. 24 h later, at 
9.000 a.m. on PND4, pups were marked by toe-clipping and placed back in the home cage 
withh the rest of the litter. From that point on til l the day of weaning, pups were left 
undisturbed,, except for a replacement of a small part of the sawdust once during this 
period.. After weaning at PND21, two rats were housed together in standard cages with 
foodd and water ad libitum. One week before electrophysiological recordings, rats were 
housedd individually. All experiments were done in male rats of 3 months of age. All 
experimentss were approved by the local animal committee (DEC, protocol DED82). At 
thee day of the experiments, one rat at a time was killed. Half of the brain was used for 
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electrophysiology;; the other hemisphere was kept for in situ hybridization. The latter 
tissuee was used for the present study. 

ChronicChronic treatment with glucocorticoids and antiglucocorticoids 
Alll  animals were male Wistar rats (Harlan, Horst, The Netherlands) of nine 

weekss of age at the beginning of the experiment. Rats were randomly assigned to the three 
experimentall  groups; 1) vehicle, 2) corticosterone treated and 3) combined corticosterone 
andd RU-486 (mifepristone; Sigma, Zwijndrecht, The Netherlands) treated animals. Rats 
weree housed individually to avoid wounds at the injection site, and had access to water 
andd food ad libitum. Animals were injected daily for 21 days at 9.00 a.m. with oil (vehicle 
group)) or corticosterone (corticosterone group and corticosterone + RU-486 group) 
(Sigma,, The Netherlands; 10 mg/animal). The corticosterone + RU-486 group 
experimentall  group also received injections with the GR antagonist mifepristone (RU-
486,, 25 mg/kg) twice daily from day 17 until day 21 of the protocol. All injections were 
givenn subcutaneously. The concentrations used were chosen based on earlier studies 
(Karstt et al., 1997; Karten et al., 1999). All experiments were approved by the Local 
Animall  Experimentee Committee (project number DED88). The study was designed in a 
wayy to prevent possible suffering of animals and to limit the number of animals used as 
muchh as possible. 

Att day 22, rats were rapidly decapitated early in the morning and trunk blood was 
collected.. The brain was dissected out of the skull, rapidly frozen on dry ice and stored at 
-800 °C. Adrenals and thymus were dissected out of the body and weighed on an analytical 
balancee (Explorer, Ohaus, France). 

InIn situ hybridization 
166 uM coronal sections were cut on a cryostat and mounted on Superfrost Plus 

slidess (Menzel-Glaser, Braunschweig, Germany). Sections were stored at -80 °C until use. 
Forr in situ hybridization, sections were fixed in 4% paraformaldehyde for 10 minutes at 4 
°C,, then washed twice for 5 minutes in PBS (phosphate buffered saline) at room 
temperature.. Sections were acetylated for 10 minutes in 0.1 M triethanolamine with 0.9% 
NaCll  and 2.5 ml/1 acetic anhydride and dehydrated in ethanol (60%, 80%, 90%, 95%, 
100%»;; 5 minutes each), put in chloroform for 5 minutes, in 100%» ethanol and air-dried. 
Thee slides were placed into a box lined with filtration paper soaked with 50% formamide. 
Next,, 700 ul of prehybridization buffer (50% deionized formamide; 0.6 M NaCl; 0.02 M 
PIPES;; 0.02 M EDTA; 5x Denhardt's; 0.2% SDS, 10 mM DTT, 250 ug/ml herringsperm 
DNA;; 250 «ug/ml yeast tRNA) was pipetted onto the sections and left to incubate at 50°C 
forr about 2 hours. 

Antisensee and sense RNA probes labelled with [35S]-UTP were generated with 
T33 or T7 RNA polymerase from linearized cDNA subclones of NCAMtolai or NCAM180. 
Probess were resuspended in hybridization buffer (50%» deionized formamide; 10% 
dextranee sulphate; 0.6 M NaCl; 0.02 M PIPES; 0.02 M EDTA; 5x Denhardt's; 0.2% SDS, 
100 mM DTT, 250 ug/ml herringsperm DNA; 250 ug/ml yeast tRNA) containing about 2 
millionn cpm and 100 ul of this hybridization mixture was applied to the sections. Slides 
weree coverslipped and incubated overnight in a moisturized chamber at 50 °C. The next 
day,, coverslips were removed and sections were washed 3 times in 4x SSC for 5 minutes, 
incubatedd for 30 min in 0.5 M NaCl, 10 mM Tris-HCl pH7.5, 1 mM EDTA and 40 |*g 
RNasee A/ml at 37 °C, then 30 min in the same buffer without RNase at 37 °C, and 2 times 
155 minutes in 2x SSC at 50 °C. Sections were rinsed in deionized water, 60% ethanol and 
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100%% ethanol, air-dried and exposed to Biomax MR films (Kodak, The Netherlands) for 5 
days. . 

Afterr 5 days, films were developed in GBX developer (Kodak, The Netherlands) 
forr 5 minutes, rinsed in running tap water for 30 seconds, fixated in GBX fixer (Kodak, 
Thee Netherlands) for 7 minutes, washed in running tap water for 7 minutes, rinsed in 
Millipor ee water and air-dried. 

Analyses Analyses 
Filmss were scanned and loaded into NIH Image (NIH Image 1.62). Sections were 

correctedd for background. In each section, the CAI, CA3 and dentate gyrus were analyzed 
forr grey values. The value of the stratum lacunosum/moleculare of the CA3 area was used 
ass tissue background. Grey values were averaged for all hippocampal sections of one 
animal.. In the end, all values from one experimental group were averaged. The maternally 
deprivedd animals were compared to the control animals. The corticosterone-treated 
animals,, the vehicle treated animals and the corticosterone plus RU-486 treated animals 
weree compared to each other. 

Al ll  data are represented as average +/- standard error of mean (SEM). Data were 
statisticallyy tested by means of an unpaired, Student's t-test. When standard deviations 
weree not equal between the experimental groups tested, a non-parametric MannWhitney-
U-testt was applied to the data. 

Results Results 

MaternalMaternal deprivation 

BodyBody weight, adrenal weight, thymus weight and basal corticosterone 
concentration concentration 
Animalss were weighed prior to decapitation. No differences were found between 

maternallyy deprived and control animals in body weight at the day of the experiment. 
Adrenall  weight and thymus weight were also both not changed in maternally deprived 
animalss when compared to control animals, at 3 months of age. Adrenal weight was not 
significantlyy changed between control and DEP animals when corrected for body weight. 
Also,, thymus weight corrected for body weight was not significantly different between the 
twoo groups. Similarly, basal corticosterone levels were not different for control and 
deprivedd animals (see Table 5.1). 

NCAMisoNCAMiso and NCAM,otal mRNA expression 
Controll  and maternally deprived animals were compared with each other 

regardingg the two probes used, NCAMi80 and NCAMtotai. Both probes showed a clear 
distributionn in the hippocampus, i.e. with moderate levels of expression in the CA1 and 
CA33 region, and high levels of expression in the DG, which was described before (Venero 
ett al., 2002). 

Forr NCAM|80 mRNA expression, no significant changes were found between the 
twoo experimental groups in the CAI, CA3 and DG of the hippocampus. NCAMtotal 

mRNAA expression was also not significantly different in all three tested areas of the 
hippocampuss between control and maternally deprived animals. 
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TableTable 5.1: Body weight, adrenal weight, thymus weight and basal corticosterone concentration in control and 
maternallyy deprived rats (DEP), at 3 months of age. 

Bodyy weight (g) 

Adrenall  weight (mg) 

Adrenall  weight / 100 g 
bodyy weight 
Thymuss weight (mg) 

Thymuss weight / 100 g 
bodyy weight 
Basall  corticosterone 
concentration n 
[CORT]]  (ug/dl) 

Control l 
372.88 7 
n=15 5 
24.33 0 
n=15 5 
6.55 3 
n=15 5 
636.88 = 19.2 
n=14 4 
170.99 0 
n=14 4 
2.33 5 
n=12 2 

DEP P 
369.99 5 
n=15 5 
23.99 2 
n=15 5 
6.44 3 
n=15 5 
618.88 9 
n=15 5 
166.22 5 
n=15 5 
2.44 3 
n=12 2 

P-value e 
0.74 4 

0.70 0 

0.72 2 

0.62 2 

0.65 5 

0.81 1 

Seee also Chapter 3, page 47. For the sake of clarity, the same table is included in this chapter. 

Ocontroll 2 ' " 

II  DEP 
CAII CA3 

II  DEP 

FigureFigure 5.1: mRNA expression of NCAM]8o (above) and NCAM,Mil i (under) are not changed between maternally 
deprivedd and control animals in CAI, CA3 and DG of the hippocampus. Insets show the hybridization patterns 
forr the two experimental groups. 
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ChronicChronic treatment with glucocorticoids and antiglucocorticoids 

BodyBody weight, adrenal weight, thymus weight and basal corticosterone 
concentration concentration 
Bodyy weight at time of decapitation was not significantly changed between the 

threee experimental groups. Gain in body weight was decreased (though not significantly) 
inn CORT treated animals; a significant decrease in body weight gain was observed in the 
RU-4866 treated group when compared to vehicle-treated animals. Adrenal weight was 
affectedd by the different injection regimes. Adrenal weight was significantly decreased in 
thee CORT-group and the RU-486 group when compared to the vehicle group. Also, when 
adrenall  weight was corrected for body weight, the differences were highly significant: 
Adrenall  weight per 100 g body weight was significantly decreased in the CORT and the 
RU-4866 group compared to the vehicle group. Thymus weight was significantly lower in 
CORTT and RU-486 treated animals compared to vehicle-treated animals. Also,, when 
correctedd for body weight, thymus weight was significantly decreased in the CORT group 
andd the RU-486 group compared to the vehicle group (Table 5.2). 

Thee corticosterone concentration was significantly elevated in the CORT group 
comparedd to the vehicle group, even a day after the last injection. Corticosterone 
concentrationn in the RU-486 group was elevated, but this did just not reach statistical 
significancee when compared to the vehicle group. Corticosterone levels were not 
significantt different between CORT and RU-486 treated animals (Table 5.2). 

TableTable 5,2: Body weight, adrenal weight, thymus weight and basal corticosterone concentration in control and 
corticosteronee (CORT) or CORT + RU-486 (RU) treated rats. The number of animals is 8 for each group. 

Bodyy weight (g) 
Bodyy weight gain (g) 
Adrenall  weight (mg) 
Adrenall  weight /100 g 
bodyy weight 
Thymuss weight (mg) 
Thymuss weight / 100 g 
bodyy weight 
Basall  corticosterone 
concentration n 
[CORT]]  (ug/dl) 

vehicle e 
353.88 7 
76.33 8 
15.00 4 
4.33 2 

657.88  60.4 
184.55  14.7 

1.44 3 

CORT T 
350.88 8 
67.00 9 
7.33 ' 
2.11 4 

6 6 

S S 

4.33  1.510 

^^ , . < f. J 

RU U 
346.88  8.8 

' ' 
3 3 

2.55 ' 

431.77 ' 
123.44  14.19 

3.77  1.2 

'P== 0.05; "P= 3.2.10'6; 3P= 1.2.10"3; 4P= 3.2.10*; 5P= 6.1.103; 6P= 0.005; 7P= 0.02; 8P= 
0.003;; 9P= 0.009; 10P= 0.05. 

NCAMNCAM]80]80 and NCAMlotai mRNA expression 
Forr the two probes, all areas of the hippocampus examined, i.e. CAI, CA3 and 

DG,, were compared between the three experimental groups. In all groups, the pattern of 
NCAMtotaii  and NCAMi80 mRNA expression was similar to that described earlier by 
Veneroo et al. (Venero et al., 2002). Yet, NCAM lg0 mRNA expression was not 
significantlyy altered in the hippocampus after treatment, neither in CAI, CA3 nor DG. 
NCAM totall mRNA expression was also not changed between the three experimental 
groupss in any of the hippocampal subregions examined. 
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CAII  CA3 DG 

oVEH H 
 CORT E 20 
 RU a o 

CAII  CA3 DG 

FigureFigure 5.2: mRNA expression of NCAMigo and NCAMto,ai are not changed after 21-day injections with high 
exogeneouss corticosterone or high exogeneous corticosterone in combination with the GR antagonist RU-486 
whenn compared to control animals. Insets are shown for all conditions for both probes. 

Discussion n 

Previouss studies showed that 5-HT,A receptor-mediated responses in the CA1 
areaa are attenuated in the presently used animal models, i.e. in animals which were 
exposedd to 3 weeks injection with high exogeneous corticosterone concentration (or 
vehicle);; and in maternally deprived versus non-deprived rats (Karten et al., 1999; Van 
Riell  et al, 2003b). Responses via the 5-HT,A receptor involve currents via Kir3 channels 
(Ehrengruberr et al., 1997). Recently, Delling et al. (2002) showed that Kir3 currents are 
increasedd in hippocampal cell cultures of NCAM deficient mice; currents could be 
attenuatedd by transfection with NCAM140 and NCAMi80. The authors suggested that this 
reductionn in Kir3-currents in presence of NCAMI40 and NCAMi80 is the result of a 
reducedd surface localization of the channel (Delling et al., 2002). We therefore tested the 
hypothesiss that NCAM,8o and NCAMtotai mRNA expression are increased in our animal 
models.. Contrary to the hypothesis, we show that the expression of NCAM180 and 
NCAM,otaii  mRNA is not significantly changed in CAI, CA3 and DG of the hippocampus 
afterr maternal deprivation or long-term administration of corticosterone, with or without 
thee GR antagonist RU-486. 

Forr the maternal deprivation study, no changes in HPA-axis parameters like body 
weight,, adrenal weight, thymus weight and plasma corticosterone levels were found. In 
thee same animals as used in this study, intracellular recordings from CA1 pyramidal 
neuronss of the hippocampus have been made. In animals subjected to maternal 
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deprivationn early in life, attenuated 5-HT1A receptor-mediated responses have been found 
whenn compared to non-deprived control animals (Van Riel et al., 2003b). Apparently, 
stressfull  events during the stress-hyporesponsive period, do not affect mRNA expression 
off  NCAM!80 and NCAMtotal at adult age. Possibly, maternal deprivation interferes with 
otherr components of the 5-HTiA receptor signalling pathway, thereby causing attenuation 
off  5-HTiA receptor-mediated responses at adult age. 

Administrationn of exogeneous corticosterone for 21 days has been shown earlier 
too attenuate 5-HT responses in thee CA1 area of the hippocampus (Karten et al., 1999). In 
thee present study, we combined the 21-day injection protocol of corticosterone with four 
dayss of RU-486 injections during day 17-21 of the protocol. This protocol was inspired by 
aa recent study of Belanoff et ah, in which patients suffering from psychotic depression 
showedd clinical improvement when treated with RU-486 for four days (Belanoff et al., 
2001).. We were not able to show differences in HPA-axis parameters between the 
corticosterone-injectedd and the corticosterone + RU-486 injected animals, which suggests 
thatt RU-486 is not capable to reverse the corticosterone-induced effects on adrenal weight 
andd thymus weight, at least not in this concentration and injection regime. Possibly, RU-
4866 is capable of reversing the effects of mild elevations in the endogeneous 
corticosteronee level, as seen in humans suffering from major depression. 

Wee can conclude that the animals injected with corticosterone are subjected to 
prolongedd high corticosteroid effects. Earlier studies by others showed that NCAMs are 
sensitivee to stress and corticosteroids. For example, 21-day restraint stress was shown to 
causee a significant decrease in NCAMtotal mRNA expression in the hippocampus, with no 
changess in NCAM180 mRNA expression (Sandi et al., 2001; Venero et al., 2002). Chronic 
psychosociall  stress caused a reduction in NCAM140 expression in the hippocampus, with 
noo changes in the NCAM]20 en NCAMi80 isoforms (Touyarot et al., 2004), suggesting that 
thee reduction in NCAMtotal is mostly accounted for by reductions in NCAMH0. So, the 
differentt isoforms seem to have a different sensitivity to stress. We were unable to show 
differencess in both NCAM180 and NCAMtotal mRNA expression after a 21-day protocol of 
highh corticosterone injections, in line with an earlier study using this protocol (Sandi and 
Loscertales,, 1999). Clearly, chronic stress and chronic high corticosterone treatment are 
nott fully comparable protocols. For one thing, chronic corticosterone injections suppress 
HPA-axiss activity, whereas chronic restraint stress causes an activation of all components 
off  the HPA-axis. Possibly, other components of the HPA-axis than corticosterone itself 
aree responsible for the decreases in NCAMtota, mRNA expression after chronic restraint 
stress. . 

Inn summary, changes in 5-HT responsiveness in the hippocampus seen after 
maternall  deprivation and prolonged high corticosteroid levels at adult age can not be 
explainedd by changes in the mRNA expression of NCAM lg0 orNCAMtota, in the 
hippocampus.. There may be differences in protein level of different NCAMs, but data so 
farr do not point in this direction (Sandi and Loscertales, 1999). Other potential targets, 
likee regulators of G protein signalling (RGS) or coupling of the 5-HT,A receptor to the G 
proteinn and K+ channel, would be interesting topics to investigate in future studies. 

Referencess are shown in thee back of this thesis. 
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