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Abstract t 
Shortt and long attack latency mice -which are selected based on their offensive 

behaviourr in a resident-intruder model - differ in their neuroendocrine regulation as well 
ass in aspects of their brain serotonin system. Previous studies showed that the binding 
capacityy and expression of serotonin-1A receptors in the hippocampal CA1 field of long 
attackk latency mice are significantly lower than found in short attack latency mice. We 
heree tested if functional responses of CA1 hippocampal cells to serotonin are also reduced 
inn long attack latency mice. To this end, serotonin-induced changes in the membrane 
potentiall  and input resistance were recorded in vitro with microelectrodes in CA1 
pyramidall  neurons of long and short attack latency mice. The data show that in long attack 
latencyy mice, along with a reduction of the serotonin-1A receptor mRNA expression, the 
serotonin-inducedd membrane hyperpolarization and decrease in resistance are attenuated. 
Basall  membrane properties of CA1 neurons in the two mice lines were comparable. 
Plasmaa corticosterone levels in response to a novelty stress were elevated in long 
comparedd to short attack latency mice and inversely related to the serotonin-induced 
responses.. We tentatively conclude that long attack latency mice show attenuated 
functionall  responses to serotonin in the hippocampus, possibly linked to a chronic 
perturbationn of the hormonal levels. 
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Introduction n 

Inn wildlif e rodent populations, animals with an extreme active or passive 
behaviourall  stress response pattern are encountered at a higher rate than expected by 
chancee (Bohus et ah, 1987; Koolhaas et al., 1999). The active response pattern is 
characterizedd by a high sympathetic and low hypothalamo-pituitary-adrenal (HPA) 
activity,, whereas the opposite is observed in association with a passive behavioural 
responsee pattern. 

Overr the past decades, two genetically selected mice lines have been generated 
whichh can be regarded as representatives of the active and passive stress response 
patterns,, i.e. short attack latency (SAL) and long attack latency (LAL) mice respectively 
(Vann Oortmerssen and Bakker, 1981). These mice were selected based on offensive 
aggressionn against a standard opponent in an intermale resident-intruder model. SAL mice 
exhibitt attack latencies of <50 seconds, while LAL mice show at least 10-fold longer 
attackk latencies (Van Oortmerssen and Bakker, 1981). The two mice lines also differ in 
behaviourall  and neuroendocrine aspects. Thus, SAL mice display an active behavioural 
patternn in a defensive-burying test (Sluyter et al., 1996) and relatively low corticosterone 
levelss in the first half of the dark phase (Korte et al., 1996); LAL mice are characterized 
byy immobility in the defensive-burying test and significantly elevated corticosterone 
levelss compared to SAL mice. The latter could signify that LAL mice are chronically 
exposedd to elevated corticosterone levels. 

Comparedd to SAL mice, LAL animals were found to have a decreased binding 
capacityy of serotonin-1A receptors (5-HT1A-Rs) in the dentate gyrus, hippocampal CA1 
area,, lateral septum and frontal cortex, but not in the dorsal raphe nucleus (Korte et al., 
1996).. Expression of 5-HT1A-R mRNA was also significantly reduced in the CA1 area of 
LALL compared to SAL mice. In the present study we investigated whether the reduced 5-
HT1A-RR expression and binding capacity in LAL mice (Korte et al., 1996) are associated 
withh an attenuated functional response of CA1 pyramidal neurons to 5-HT. To this end, 
thee membrane hyperpolarization and decrease in input resistance of CA1 pyramidal cells 
inn response to 10 uM 5-HT -which are largely mediated via the 5-HT1A-R (Andrade and 
Nicoll,, 1987) - were recorded with microelectrodes, in hippocampal slices prepared from 
SALL and LAL mice (right hemisphere only). The other hemisphere of part of the animals 
wass used to determine 5-HT1A-R mRNA expression in all hippocampal subfields. To 
monitorr indices of the HPA activity in the same animals, we also established plasma 
corticosteronee levels prior to the electrophysiological experiment as well as 
mineralocorticoidd and glucocorticoid receptor mRNA expression in all hippocampal 
subfields. . 

Materialss and Methods 

AnimalsAnimals and slice preparation 
Inn this study, adult (3-6 months of age) male SAL (n=13) and LAL mouse (n=15) 

weree used, which were bred at the University of Groningen, Haren, The Netherlands. In 3 
monthss old mice, attack latency score was measured at three consecutive days and 
averaged.. In the present study, only SAL mice with an attack latency of <50 sec on three 
consecutivee days were selected for further experiments. All LAL mice did not attack the 
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opponentt during the maximal time measured (600 sec), at all three days. After 
transportationn to Amsterdam, each SAL or LAL mouse was housed together with one 
femalee mouse. The mice were kept at a 12 h day-night cycle (lights on at 8:00 a.m.). Food 
andd water were provided ad libitum. All experiments were approved by the local Animal 
Experiment-Committeee (DEC project DED 54). 

Att the day of the experiment, the male mouse was separated from the female and 
putt in a transportation cage. This exposure to a novel environment is known to be 
moderatelyy stressful in rats (Hesen and Joels, 1996) and mice (Hesen et al., 1996). After 
30-455 minutes, the animal was decapitated and trunk blood was collected. The blood was 
centrifugedd for 20 min at 5000 rpm, -4 °C and stored at -20 °C until corticosterone 
concentrationn was determined using a l25I radioimmuno assay kit (ICN Biomedicals Inc., 
Costaa Mesa, CA, USA). No samples were obtained from two LAL mice. The value of one 
SALL animal was not included in the results, since it was more than 20 x SD removed from 
thee average, indicating that the value obtained through RIA was clearly incorrect. 

Immediatelyy after decapitation, the left hemisphere was frozen on dry ice and 
storedd at -80 °C for later in situ hybridization experiments in part of the animals. From the 
rightright hemisphere, the hippocampus was dissected out and cut into slices of 400 (im 
thicknesss by means of a manual tissue slicer (Stoelting Company). Slices were kept for at 
leastt one hour in carbonated (95% 02/ 5% C02) artificial cerebrospinal fluid (ACSF; 124 
raMraM NaCl, 3.5 mM KC1, 1.25 mM NaH2P04, 1.5 mM MgS04, 25 mM NaHC03, 2 mM 
CaCI22 and 10 mM glucose) at room temperature. After at least one hour, one slice at a 
timee was transferred to the recording chamber of the experimental set-up. The slice was 
perfusedd by warm, carbonated ACSF (32-33 °C, pH = 7.4) at a flow rate of 2-3 ml min"1. 
Thee slice was kept in place between two nylon meshes and fully submerged. 

Electrophysiology Electrophysiology 
Intracellularr recordings were obtained from pyramidal cells in the C A1 area of 

thee hippocampus using glass microelectrodes, filled with 4 M KAc (impedance 80-130 
MQ).. All signals were fed into the computer. In addition, the membrane potential and 
currentt injections were continuously registered on a chart recorder. After impalement, a 
hyperpolarizingg current was temporarily passed through the electrode to help the cell with 
itss recovery and sealing (Andrade and Nicoll, 1987). After the cell had reached a stable 
restingg membrane potential, hyperpolarizing currents of increasing magnitude (-0.1 to -0.5 
nA,, 200 ms duration) were passed through the microelectrode to determine input 
resistancee (Joels et al., 1991). For a pulse of-0.5 nA, the inward rectification of the 
membranee potential was determined as shown in figure 4.1 A. In addition, the amplitude of 
thee afterhyperpolarization was determined as the maximal deflection (most negative 
membranee potential) in a window of 50-150 ms following a 0.5 nA depolarizing pulse of 
500 ms duration (see figure 4.IB). 

Serotoninn was dissolved in distilled water to a concentration of 10 mM. Just 
beforee use, serotonin was further diluted in ACSF to the final concentration of 10 fiM. 
Thiss concentration of 10 nM was chosen because previous studies (Andrade and Nicoll, 
1987;; Joels et al., 1991) have shown that it is well above threshold but also does not yield 
maximall  responses. Serotonin was applied to the slices via the perfusion medium. Several 
cellularr characteristics (e.g. inward rectification, input resistance) were measured by 
standardizedd protocols before, during and 20 minutes after application of 10 jxM 
serotonin. . 
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InIn situ hybridization 
Coronall  sections (12 \im) of the hippocampus were cut on a cryostat at -15 °C 

andd thaw-mounted on poly(L-lysine) coated slides. For each animal, the hippocampus was 
cutcut into 6 series, with on each slide eight sections. Sections were fixed in 4% 
paraformaldehydee for 30 minutes at room temperature and subsequently rinsed twice in lx 
phosphatee buffered saline (PBS) for 3 minutes at room temperature. Permeability was 
increasedd by the application of 0.1 M HC1 to the sections, for 10 minutes at room 
temperature.. To decrease background signal, an acetylation step was performed with 0.1 
MM triethanolamine (pH 8.0) + 0.25 % acetic anhydride for 10 minutes at room 
temperature.. Sections were washed again in 2x SSC (saline sodium citrate; SSC = 0.15 M 
NaCll  and 0.015 M sodium citrate), 10 minutes at room temperature. Next, sections were 
dehydratedd in an ethanol series (50%, 80%, 100%, 100%). 

Riboprobess were generated from linearized constructs containing the respective 
cDNAss in pBluescript. A 500 bp Sal I-HindIII fragment of exon 2 of the mouse gene was 
usedd for GR and a 1.2 kb NcoI-EcoRI fragment of the mouse MR exon 2 for the MR 
(courtesyy of Dr. T. Cole). For the corticosteroid receptors, 35S -labelled probes were used. 
Forr a 5-HTiA receptor probe we used a 375 bp fragment coding for the 3rd intracellular 
loopp of the rat gene, which is 93% homologous to the mouse sequence and has been 
shownn before to specifically hybridize with 5-HT|A receptor mRNA in mouse tissue 
(Meijerr et al., 1997). 33P antisense and sense probes were generated using T7 or T3 RNA 
polymerasee (Roche) using a standard protocol (Meijer et al., 1997). 

AA hybridization mix was prepared containing 60% deionised formamide, 10% 
Dextrann S04, 2x SSC, 0.1 mg/ml yeast tRNA, 0.1 mg/ml sheared salmon sperm DNA 
(sssDNA),, 10 mM DTT (DL-Dithiothreitol), 0.05 M PBS. All radiolabelled probes were 
dilutedd to 20 x 106 dpm/ml. 100 (il of these mixtures was applied to each slide, which was 
thenn covered with a coverslip. The sections were hybridized overnight in a moisturized 
chamberr at 55 °C. The next day, coverslips were removed carefully and sections were 
washedd in 2x SSC for 10 minutes at room temperature. After washing, sections were 
treatedd with RNase (2 mg/100 ml in 0.5 M NaCl, 0.1 M Tris, pH 7.5) at 37 °C for 10 
minutess and subsequently washed at 55 °C in 2x SSC for 10 minutes, lx SSC for 10 
minutes,, O.lx SSC for 2x 30 minutes and finally at room temperature in 0.1 x SSC for 5 
minutes.. Sections were dehydrated in an ethanol series (70%, 80%, 96% and 100% 
ethanol)) and dried on the air for 30 minutes. Next, sections were placed under Kodak X-
OmatARR film for 2 weeks. 

Fromm each animal, four sections of each slide were analyzed per probe. Each 
slidee was scanned and digitized. To correct for the gray value of each slide, a small area in 
betweenn the CA1 and DG was measured as a local reference. Each gray value of the 
measuredd areas was corrected for this local reference. For each area -cortex, CAI, CA3 
andd DG- the values of four sections on the same slide were averaged. In the end, all values 
inn SAL as well as LAL mice were averaged for each area. 

Statistics Statistics 
Alll  data represent mean  standard error of the mean (SEM). Values of SAL and 

LALL mice were first compared with an unpaired Student's t-test. If the unpaired Student's 
t-testt showed differences in the variation within the two groups, a non-parametric Mann-
Whitney-U-testt was applied to the data. 
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Results s 

IntracellularIntracellular recording 
Intracellularr recordings were made from 34 CA1 cells of the mouse hippocampus 

(SALL n=14 cells; LAL n=20). These neurons were electrophysiologically identified as 
CA11 cells based on their resting membrane potential (between -60 and -75 mV), inward 
rectificationn with hyperpolarizing pulses and spike frequency accommodation (Joels et al., 
1991).. Thus identified CA1 neurons from SAL and LAL mice showed no differences in 
basall  cell properties like resting membrane potential, input resistance, inward 
rectification,, membrane time constant (tau) or afterhyperpolarization (see figure 4.1 A, 
figuree 4. IB and Table 4.1). 

Inn part of these cells (n=12 and 8 for LAL and SAL mice respectively), responses 
too 10 |uM 5-HT were established. In agreement with previous studies (Andrade and Nicoll, 
1987;; Joels et al., 1991), application of 10 fiM 5-HT via the bath perfusion medium 
causedd a hyperpolarizing response and induced a decrease of the membrane resistance in 
mostt neurons (see example in figure 4.1 A). However, not all cells responded to 5-HT with 
ann appreciable change in the membrane potential. Thus, 3 out of 12 cells from LAL mice 
didd not respond to 10 uM 5-HT (non-responding here defined by a change in membrane 
potentiall  of less than 0.5 mV), whereas only 1 out of 8 cells from SAL mice was non-
responsive.. In responding CA1 cells of LAL mice, 10 fxM 5HT caused a significantly 
(p<0.05)) smaller hyperpolarization and decrease in membrane resistance than in CA1 cells 
off  SAL mice (see figure 4.1C). 

Inn many cells, application of 10 JIM 5-HT also reduced the afterhyperpolarization 
followingg a 0.5 nA depolarizing pulse of 50 ms duration (figure 4.IB). The reduction in 
afterhyperpolarizationn amplitude in SAL mice (absolute change in amplitude: 0.4  0.5 
mV,, n=8 cells) was not significantly different (p=0.44) from the value seen in LAL (0.9
0.55 mV, n=l 1) mice. (N.B. The change in amplitude of the afterhyperpolarization could 
nott be determined in one cell from the LAL group). 

TableTable 4.1: Basal membrane properties of CA1 pyramidal neurons in LAL and SAL were not different. In the 
table,, average  SEM values of the resting membrane potential (RMP), input resistance (Rin), time constant, 
inwardd rectification of the membrane potential with a hyperpolarizing pulse of-0.5 nA, and 
afterhyperpolarizationn (AHP) evoked during a 50 ms depolarizing pulse of 0.5 nA are given, based on 'n' cells in 
'N'' SAL and LAL animals. 

n(N) ) 
RMPP (in mV) 
Rinn (in MQ) 
Timee constant (in ms) 
Inwardd rectification (in %) 
AHPP (in mV) 

SAL L 
14(12) ) 
-699 3 
788  13 
9  1 
2.66 7 
2.55 6 

LAL L 
20(15) ) 
-699  1 
633 5 

1 1 
2.22  1.0 
2.00 4 
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FigureFigure 4.1: A. Typical example of the change in membrane potential observed in a CA1 pyramidal neuron of a 
SALL mouse during bath perfusion (black bar on top) of 10 uM 5-HT. Arrows point to the moments that a 
standardd recording protocol (for determination of inward rectification and afterhyperpolarization) was applied. 
Inwardd rectification is determined by the ratio of (a-b) / (a) x 100, where a is the maximal deflection and b is the 
minimall  deflection after a -0.5 nA pulse of 200 ms (see inset). During the 5-HT induced hyperpolarization, the 
membranee potential was briefly restored by direct current to the level seen before 5-HT perfusion, for correct 
estimationn of the passive and active membrane properties. Spikes are truncated and negative deflections during 
serotoninn application and serotonin wash out are not shown for the sake of clarity. Calibration for 5-HT 
response:: 20 mV (vertical) and 5 min (horizontal); calibration for inset: 17 mV (vertical) and 90 msec 
(horizontal).. B. Afterhyperpolarization was reduced during perfusion with 10 |iM 5-HT (middle, 3), compared to 
thee control situation before application of the compoundd (left, 2). Partial recovery was seen 20 min after washout 
off  5-HT (right, 4). Afterhyperpolarization was determined as follows (see 1): maximal deflection after a 0.5 nA 
pulsee of 50 ms (c) minus the average resting membrane potential during a brief time-window (a to b) just before 
thee pulse. C. Mean (+ SEM) changes in resting membrane potential (left) and input resistance (right) in response 
too 10 uM 5-HT application, in 9 cells from LAL and 7 cells from SAL mice. Only responsive cells (here defined 
byy a change in membrane potential of more than 0.5 mV after application of 10 uM 5-HT) were included. The 
asteriskk indicates that the difference between the two groups is significant (p<0.05). 

CorticosteroneCorticosterone levels 
Corticosteronee levels were determined in trunk blood of SAL and LAL mice 30-

455 min. after exposure to a novelty stress, using a radioimmuno assay. LAL mice 
displayedd a significantly (p<0.05) higher concentration of corticosterone (302  46 ng/ml, 
n== 13) than SAL mice (139  20 ng/ml, n= 12). The plasma corticosterone concentrations 
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associatedd with novelty exposure in SAL and LAL mice displayed a significant inverse 
correlationn with the averaged response to 10 uM 5-HT determined later on with 
electrophysiologicall  techniques in the same animals (see figure 4.2). 
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FigureFigure 4.2: A. A negative correlation (r = 0.5546; P-value = 0.0396) was observed between the plasma 
corticosteronee level prior to the experiment and the mean response to 10 uM 5-HT. Each point represents the 
valuess for an individual SAL (circle) or LAL mouse (diamond). Only those animals in which both the plasma 
corticosteronee level and the response to 10 uM 5-HT (mean, based on 1 -2 cells per mouse) was established, were 
includedd in the present analysis. B. The correlation between corticosterone level and percent change in input 
resistancee in SAL and LAL mice was found to be significant (r = 0.5429; P-value = 0.0365). 

InIn situ hybridization 
Inn situ hybridization was performed to determine expression levels of 5HT]A-R 

mRNA,, GR mRNA and MR mRNA. Only one hemisphere (left) per animal was used for 
inn situ hybridization (see example in figure 4.3), as the other hemisphere (right) was used 
forr electrophysiological experiments. 

Inn situ hybridization of the left hippocampal lobe of the SAL and LAL brains 
showedd a significant difference in 5HTiA-R mRNA in the CA1 area (p<0.05; see figure 
4.3A).. Interestingly, no significant differences between SAL and LAL were observed with 
respectt to 5HT,A-R mRNA expression in other hippocampal subfields or in cortex (figure 
4.3A). . 

MRR mRNA expression was found to be significantly elevated in the dentate 
gyruss of LAL compared to SAL mice (p<0.05, figure 4.3B). Other hippocampal subfields 
andd cortex yielded no significant differences. Also, GR mRNA expression in SAL and 
LALL mice was largely comparable (figure 4.3C). 

63 3 



ChapterChapter 4 

CAI I CA3 3 DG G 

B B 

<< S1 

Z ÊÊ 0.3 

CAI I CA3 3 DG G 

LALL SAL LAL SAL LAL SAL LAL SAL 

CAI I CA3 3 DG G 

FigureFigure 4.3: In situ hybridization of the 5HT]A-R, MR and GR mRNA shows specific differences between SAL 
andd LAL mice (both n=5), for three hippocampal areas (CA1, CA3 and DG) and the neocortex. A. In the CA1 
area,, mean (+ SEM) 5HT|A-R mRNA expression level was significantly lower in LAL mice compared to SAL 
mice.. No changes were observed in other hippocampal subfields or neocortex. The inset shows an example of 
5HTiA-RR mRNA expression in a SAL mouse. B. MR mRNA was found to be significantly higher in LAL mice 
comparedd to SAL mice in the DG but not in other hippocampal subfields (example of MR mRNA expression in 
SALL mouse in inset). C. No differences between SAL and LAL mouse were observed with respect to GR mRNA 
expressionn (example in inset). 
Thee asterisk indicates that the difference between LAL and SAL mice is significant (p<0.05). 
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Discussion n 

Wee here examined whether a reduced 5-HT!A-R mRNA expression in CA1 
hippocampall  neurons of LAL compared to SAL mice, as reported earlier (Korte et al., 
1996),, is associated with attenuated functional responses to 5-HT measured with 
electrophysiologicall  techniques. We indeed observed in LAL compared to SAL mice that 
thee averaged 5-HT induced changes in membrane properties of responding neurons were 
significantlyy reduced. The attenuated 5-HT responsiveness is not secondary to differences 
inn passive membrane properties between the two lines: all membrane properties 
investigatedd yielded comparable values for SAL and LAL mice, although it should be 
realizedd that the applied selection criteria for CA1 pyramidal neurons may have caused a 
slightt sampling bias. Interestingly, in our study SAL mice showed plasma corticosterone 
levelss in response to a novelty stress that are similar to those seen in earlier studies using 
otherr strains of mice or rats (Hesen and Joels, 1996; Hesen et al., 1996). Moreover, the 
meann change in membrane potential induced by 10 u,M 5-HT in SAL mice (-7.2 mV, in 
alll  cells, including 1 non-responsive cell) was also comparable to earlier reported 
responsess in mice of which supposedly both MRs and GRs are activated (Karst et al., 
2000).. The aberrant condition may therefore pertain LAL rather than SAL mice (Korte et 
al.,, 1996), although final proof of this awaits investigation of control mice from the same 
strain. . 

Inn agreement with the earlier study (Korte et al., 1996), we confirmed that 5-
HT1A-RR mRNA expression in the CA1 hippocampal subfield of LAL mice is reduced 
comparedd to SAL mice. By contrast, 5-HT1A-R mRNA expression was found to be 
comparablee for the dentate gyrus of SAL and LAL mice. This disagrees with the report by 
Kortee et al. (Korte et al., 1996). Differences in experimental conditions between the 
presentt and earlier study may have contributed to this discrepancy, e.g. with respect to the 
presencee of stressors and the time of the day prior to tissue preparation. 

Inn view of the reduction of both the 5-HT1A-R mRNA expression and 5-HT 
responsivenesss in the CA1 area, we tentatively conclude that the attenuation of functional 
responsess to 5-HT is mainly caused by a lower 5-HT1A-R binding capacity. Still, this 
conclusionn should be regarded with some caution. First, 5-HT is known to activate several 
receptorss other than the 5-HTiA-R, which to a limited extent contribute to the here 
recordedd electrophysiological response (Andrade and Nicoll, 1987). We cannot fully 
excludee that responses via these receptors are also disparate in SAL versus LAL mice, 
thuss confounding our conclusion about the 5-HTiA-R. For instance, activation of 5-HT7 

receptorss was shown to reduce the afterhyperpolarization in rat CA3 hippocampal cells 
(Baconn and Beck, 2000). The expression of these receptors is regulated by adrenal 
hormoness (Le Corre et al., 1997; Yau et al., 1997), although it was found that acute rather 
thann chronic exposure to elevated corticosteroid levels affects 5-HT7 receptor expression 
inn hippocampal subfields (Yau et al., 2001). The observation that the 5-HT evoked 
reductionn of the afterhyperpolarization amplitude is not significantly different in SAL and 
LALL mice suggests that a putative confounding influence of these non 5-HT,A-R mediated 
effectss is probably limited. 

Second,, it was earlier observed (Karten et al., 1999) that although the 5-HT1A-R 
mRNAA expression under some conditions correlates quite well with the magnitude of 5-
HTT induced membrane hyperpolarization, attenuated 5-HT responses can nevertheless 
occurr in the absence of apparent changes in 5-HT1A-R binding or mRNA expression (Joels 
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ett al., 1991; Karten et al., 1999), e.g. through phosphorylation of the 5-HT1A-R. This 
signifiess that functional responses to 5-HT on the one hand and 5-HT)A-R binding 
capacityy on the other hand can be modulated independently. Thus, acute rises in plasma 
corticosteronee level, e.g. after exposure to a stressor, result in strong responses via the 5-
HTiA-RR in the absence of changes in 5-HT]A-R binding capacity (Hesen and Joels, 1996; 
Joëlss et al., 1991). This increased responsiveness to 5-HT was shown to be mediated by 
GRss (Hesen and Joels, 1996) which become activated in addition to high affinity MRs 
afterr a stressful experience (Reul et al., 1987b). However, in animals that received a very 
highh corticosterone dose for 3 weeks, the GR-dependent increase in 5-HT responsiveness 
e.g.. following a stressor was no longer observed (Karten et al., 1999; Mueller and Beck, 
2000),, pointing to a GR resistance at least with regard to this aspect of hippocampal 
function.. In this case the attenuated 5-HT response occurred in the absence of changes in 
5-HT,A-RR mRNA expression (Karten et al., 1999). GR resistance may occur in other brain 
regionss as well in association with chronic hypercorticism, since attenuated responses via 
5-HT|A-Rss were also seen in dorsal raphe neurons, in a chronic stress model (Lanfumey et 
al.,, 1999). It has been hypothesized that GR resistance in association with chronic stress 
alsoo takes place in parvocellular neurons of the hypothalamus, causing inefficient 
feedbackk and elevated basal HPA axis activity (De Kloet et al., 1997). 

Inn the present study, novelty exposure -associated with partial GR activation-
resultedd in large 5-HT responses in SAL mice (Karst et al., 2000) but not in LAL mice. 
Thiss may reflect a GR resistance in LAL mice regarding the 5-HT responsiveness 
comparablee to the resistance seen earlier in animals that are chronically overexposed to 
glucocorticoids.. We considered the possibility that LAL mice are genetically predisposed 
too develop hypercorticism, resulting in blunted GR-mediated effects on 5-HT responses. 
Att least four observations fit  with this assumption. First, we found that plasma 
corticosteronee levels approximately 30-45 minutes following exposure to a moderate 
(novelty)) stressor were on average more elevated in LAL than in SAL mice. 
Corticosteronee levels in SAL mice were very comparable to those observed earlier in 
otherr mice strains or rats following novelty exposure (Hesen and Joëls, 1996; Hesen et al., 
1996).. The elevated corticosterone levels in LAL mice could signify loss of HPA 
feedbackk function, although clearly later time-points (e.g. 90-120 minutes after stress 
exposure)) would need to be investigated to substantiate this assumption. Second, it was 
foundd that basal plasma corticosterone levels in the first half of the dark phase are 
relativelyy large in LAL compared to SAL mice (Korte et al., 1996). Third, aggression and 
attackk latency are known to correlate with several endogenous hormone levels, including 
corticosteronee (Sgoifo et al., 1996). The precise relation is not clear at this moment, since 
corticosteronee levels positively correlated with aggressive behaviour (Haller et al., 2000), 
butt adrenalectomy was also found to lead to high aggressiveness (Haller et al., 2001). 
Finally,, plasma corticosterone levels established in SAL and LAL mice together were 
inverselyy related with the magnitude of the 5-HT responses in these animals, although 
suchh inverse relationship could not be demonstrated in the LAL group only. Clearly, more 
indicess of the HPA system, particularly in the paraventricular nucleus, would need to be 
monitoredd to further test this notion. Thus, GR expression appears to be clearly modulated 
byy chronically elevated corticosteroid levels in hypothalamus (Herman et al., 1995), while 
changess in hippocampal subfields are less unequivocal (Lopez et al., 1998; Paskitti et al., 
2000).. In agreement, we observed few changes in hippocampal MR and GR mRNA 
expressionn between SAL and LAL mice. 
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Inn conclusion, the present study shows that the earlier reported (Korte et al., 
1996)) reduced 5-HT,A-R binding capacity and mRNA expression in the CM hippocampal 
areaa of LAL mice is associated with an attenuated functional response of CA1 pyramidal 
neuronss to 5-HT. Based on observations in rats (Karten et al., 1998), these changes in 
functionall  response to 5-HT can have substantial effects on the information flow within 
thee hippocampus and the output to areas that are directly or indirectly linked to the 
hippocampus,, including the paraventricular nucleus of the hypothalamus. 
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