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Abstract

Chronic administration of clomipramine or other serotonin (5-hydroxytryptamine, 5-HT) reuptake inhibitors to neonatal rats produces
behaviours that resemble a depressive state in the adult animal, and this model is therefore regarded as a putative animal model of
depression. Alterations in the activity of the central 5-HT system are important in understanding the pathophysiology of depression, and
therefore, we examined whether this model was associated with changes in the expression of 5-HT,, receptor, 5-HT,g receptor, and
5-HT transporter mRNA in the dorsal raphe nucleus and the hippocampus. Wistar rats were injected twice daily with the serotonin
reuptake inhibitors clomipramine and 5-chloro-1-[3-(dimethylamino)propy!]-1-(4-fluoro-phenyl)-1,3-dihydroiso-benzofurane, hydrochlo-
ride (code Lu 10-134-C) at doses of 15 mgkg~* or vehicle i.p. from postnatal day 8 for 14 days. Groups of rats (n = 10) were either
killed the day after the last injection or left undisturbed for 69 days before they were killed. The expression of 5-HT transporter, 5-HT,,
receptor, and 5-HT,g receptor mMRNA was examined in the dorsa raphe nucleus and in the CA1 of the hippocampus by means of
quantitative in situ hybridisation histochemistry. Both compounds resulted in an increase in 5-HT transporter mRNA expression (40%
more than vehicle) in the dorsal raphe nucleus the day after the last injection (postnatal day 22). A small but significant increase in
5-HT,z receptor mRNA expression in the CA1l was seen after clomipramine, but not after Lu 10-134-C, probably reflecting
clomipramine's affinity for both the 5-HT and noradrenaline transporters as well as for a number of monoamine receptor sites. Levels of
5-HT,, receptor mRNA were unchanged. In contrast, 5-HT transporter mRNA expression in the dorsal raphe nucleus was significantly
decreased in the adult after neonatal treatment with either of the two drugs compared to vehicle. No changes in 5-HT,, receptor and
5-HT,5 receptor mRNA expression were observed in any of the regions examined in these animals. The results show that the persistent
depressive behaviour previously shown in this model is also associated with changes in the expression of 5-HT transporter mRNA. This
long-term alteration in gene expression may result from disturbances in 5-HT neurotransmission in the brain of the neonatal animals.
© 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

The serotonin (5-hydroxytryptamine; 5-HT) transporter
(5-HT transporter) plays a key role in the termination of
5-HT neurotransmission by sodium-dependent uptake of
5-HT into the presynaptic terminal. Selective serotonin
reuptake inhibitors such as citalopram, fluoxetine, and
paroxetine are widely used in the treatment of depression,
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anxiety disorders, obsessive-compulsive disorder, eating
disorders, and substance abuse including alcoholism
(Murphy, 1990).

Neonatal exposure of rats to the tricyclic antidepressant
clomipramine during the second and third postnatal weeks
induces, in the adult rat, behavioural and physiological
changes that resemble endogenous depression in humans
(Vogel et d., 1990a). The most consistent behavioural
changes in the animals include locomotor hyperactivity in
the open-field test (Hartley et al., 1990; Mirmiran et d.,
1981), diminished pleasure-seeking behaviour (Vogel et
al., 1990a,b), reduced aggressiveness (Vogel et a., 1988),
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and increased immobility time (‘ behavioural despair’) in
the forced swim test (Fernandez-Pardal and Hilakivi, 1989;
Hansen et a., 1997; Velazquez-Moctezuma and Ruiz,
1992).

Neurochemically, the neonatal treatment attenuates fir-
ing frequency in the dorsal raphe nucleus and increases
5-HT metabolism in the brain stem of the adult rat (Hilakivi
et al., 1995; Yavari et al., 1993). It is generally considered
that a deficit in 5-HT neurotransmission is linked to the
pathophysiology of depression (Charney et al., 1990; Del-
gado et a., 1994; Grahame-Smith, 1989; Meltzer and
Lowry, 1987), and the 5-HT transporter gene is considered
a candidate locus for polymorphism in anxiety and affec-
tive disorders (Collier et al., 1996; Lesch et al., 1996). The
aim of the present study was to explore whether the
depressive state induced in this model was associated with
changes in the expression of genes important in depressed
5-HT neurotransmission. The objective was to compare the
observed changes to those seen in depressed patients. In
particular, we were, in the first place, interested to examine
if the behavioural alterations seen after neonatal adminis-
tration of Lu 10-134-C and clomipramine (Hansen et al.,
1997) could be found to correlate to changes in 5-HT
transporter, 5-HT,, receptor, or 5-HT,; receptor gene
expression.

Most behavioural analyses reported in recent years were
carried out with clomipramine, but this compound has
affinity for both the 5-HT and the noradrenaline trans-
porters, as well as for a number of central receptor sites
(Hyttel, 1994). We therefore compared the effects of
clomipramine with those of Lu 10-134-C, which exhibits
selectivity for the 5-HT reuptake site (Bigler et d., 1977;
Hansen et al., 1997), by means of semi-quantitative in situ
hybridisation histochemistry. This method was chosen be-
cause provides a detailed anatomical resolution of mMRNA
transcription. 5-HT is important in the regulation of a wide
variety of cortical functions and has also been implicated
in the modulation of appetite, memory, mood, emotional-
ity, thermoregulation, and sexual behaviour (Jacobs and
Azmitia, 1992). Furthermore, 5-HT receptors are widely
distributed in the brain, with the highest levels of 5-HT,,
receptor and 5-HT,; receptor mRNA being observed in
the hippocampus (Bruinvels et al., 1994; Wright et al.,
1995). Since the hippocampus is also suggested to be a key
component in the mediation of depression (Duman et 4.,
1997), the expression of 5-HT,, receptor and 5-HT,g
receptor MRNA was measured in this structure. The level
of 5-HT transporter mRNA has been shown to be influ-
enced by selective serotonin reuptake inhibitors in the
dorsal raphe nucleus (Lesch et a., 1993), and we therefore
also examined the effects of selective serotonin reuptake
inhibitors in the neonatal and adult animal in this structure
as well. Together, these estimates should provide an indi-
rect correlate of 5-HT neurotransmission in the neonate
and adult rat after treatment with selective serotonin reup-
take inhibitors.

2. Materials and methods
2.1. Animals and treatment

Wistar rats were bred at H. Lundbeck A /S from stock
purchased from Charles River. The male neonates were
divided into three groups (n = 10), each of which con-
sisted of pups from 2 or 3 litters. They received an i.p.
dose of 15 mgkg~! Lu 10-134-C (5-chloro-1-{3-(dimethyl
amino)propyl]-1-(4-fluorophenyl)-1,3-dihydroi sobenzof ur-
ane, hydrochloride), or 15 mgkg™! clomipramine hydro-
chloride dissolved in sterile isotonic saline, or an equa
volume (5 mlkg™1) of isotonic saline twice daily for 14
consecutive days from postnatal day 8 to 21 (P8-P21).
The drugs were synthesised by the Department of Medical
Chemistry, H. Lundbeck A /S, Copenhagen-Valby, Den-
mark. During treatment, the rats were weighed once daily.
Twenty-four hours after the last injection (P22) the first
group of pups (n= 10 in each group) treated with drugs or
vehicle were decapitated and brains were collected and
frozen at —80°C until use. A similar number of rats were
removed from their dams and kept under a 12-h light /dark
cycle in Macron type Il cages (3 rats per cage). The rats
had free access to standard food and tap water and were
weighed weekly. Room temperature (21 + 2°C), relative
humidity (55 + 5%), and air exchange (16 times per h)
were automatically controlled. At P91 these rats (n = 10)
were decapitated and brains were collected. After removal,
the brains were frozen on dry ice and stored at —80°C
until sectioning. The tissue was sectioned in coronal 12-um
thick serial sections on a cryostat and sections were thaw-
mounted onto 5 gelatine-coated glass dides. The same area
of the dorsal raphe nucleus between brains was defined as
the region where the decussation of the superior cerebellar
peduncle was observed.

2.2. In situ hybridisation histochemistry

Sections on one glass slide per animal were hybridised
for a specific mMRNA. The in situ hybridisation histochemi-
cal procedure was carried out as previously described
(Larsen et d., 1993). Sections were prepared in 4%
formaldehyde and rinsed twice in phosphate-buffered saline
(PBS). Subsequently, the slides were treated with 0.25%
acetic anhydride in 0.1 M triethanolamine/0.9% NaCl.
Furthermore, sections were delipidated in a series of graded
ethanol solutions (70, 80, 95 and 100%) for 2 min each,
followed by treatment in 100% chloroform for 5 min. They
were finaly rinsed briefly in 95% and 100% ethanol.
Sections were allowed to dry at room temperature before
the in situ hybridisation histochemistry procedure was
started.

The selected probes, as shown in Table 1, were labelled
at their 3 end using [ a-*SJthio-dATP (1000 Ci mmol ~1,
Amersham) and terminal deoxynucleotidyl transferase
(TdT, Boehringer Mannheim, Denmark) to obtain a spe-
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Table 1
Synthetic oligonucleotides
Probe Sequence (5-3) Baseno.  Reference
5-HT transporter MRNA ~ ACTGCAGAGTACCCATTGGATATTTGGCTAGGCTCTGCCCTGTCCGCTGT 77-126  Fujitaetal., 1993;
5-HT,;4, MRNA ACGAAGTTCCTAAGCTGGTGCCTGCTCCCTTCTTTTCCACCTTCCTGAC 810-858  Hoffmanetal., 1991
GCCTCACTGCCCCATTAGTGCACGGAGTCCCCACCGCCCTGTTCTCA 923-969  Albert et al., 1990
5-HT,5 mRNA TGATGGCCGCCCTTTTGGGAGTTCTTTTAGCAGAATAGTCCACCGCAT 745-790

GAAATCGAGATGGAGAAGACCCACACCAGCACGATCATGATGGCCGC 923-969

Bruinvels et al., 1994,
Spurlock et al., 1994

Sequences are listed from 5' to 3' and are complimentary to the base number listed. The oligonucleotides were synthesised by using an Applied Biosystems

model A DNA synthesizer.

60

55 |

50 |

45 |

40 -

35

30 |

Body weight (grams)

0 1 L L L L 1 1 L L 1 L 1 L

|
P8 P9 P10 P11 P12 P13 P14 P15 P16 P17 P18 P19 P20 P21

Postnatal age (days)

400

Body weight (grams)

Postnatal age (weeks)

Fig. 1. This figure shows the weight of the experimental rats during (upper figure) and after treatment (lower figure). Lu 10-134-C (dotted line),
clomipramine (dashed line) and vehicle (filled line). As can be seen, both compounds significantly affected postnatal weight gain, whereas only Lu

10-134-C decreased weight gain significantly in the adult animal.
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Fig. 2. Photographs of autoradiograms of frontal section through the
dorsal raphe nucleus (DRN) at the level of the crossover of the cerebellar
peduncle hybridised for 5-HT transporter receptor mRNA (A), 5-HT,,
receptor mRNA (B), and 5-HT, receptor mRNA (C). The sections were
taken from a control rat killed at postnatal day 22. The expression of
5-HT transporter mRNA is very strong and present in both the dorsal and
the median raphe nucleus and the scattered population of cells within the
B9 region. Similarly, the expression of 5-HT,, receptor and 5-HT,g
receptor mMRNA can be detected in the dorsal raphe nucleus.

cific activity of approximately 2.0 X 10'° dpmmol ~*. For
all probes, a specific activity of 1.4 x 10" dpmml~* (10’
comml~1) was added to a buffer solution (pH 7.2) con-
taining 50% (v /v) formamide, 4 X standard saline citrate
buffer, 1 X Denhardts solution, 10% dextran sulphate
(w/v), 0.5 mgmli~! salmon sperm DNA, 0.25 mgml~*!
yeast tRNA and 10 mM dithiotreitol. When a mixture of
two different anti-sense probes complimentary to the same
MRNA were used, they contributed equally by 50:50 of the
total specific activity.

After incubation at 37°C in a humid chamber for 22 h,
sections were washed in 1 X standard saline citrate buffer
a 55°C for 4X 15 min in 1 X standard sdline citrate
buffer, and at room temperature for 2 X 30 min. Excess
sat was removed with demineralised water and brain
sections were blown dry and exposed on X-ray films
(Hyperfilm B-Max, Amersham). The films were exposed
to dlides with dorsa raphe nucleus for 3 days for 5-HT
transporter mMRNA and 14 days for 5-HT,, receptor and
5-HT,; receptor mRNA levels. Films exposed to hip-
pocampal sections were stored at 4°C for 21 days.

The specificity of the probes used in this study was
confirmed by using at least two oligonuclectide probes to
compare their equal distribution patterns. The entire exper-
iment was repeated twice with similar results.

2.3. Measurements and statistics

Developed film autoradiograms were quantified by us-
ing an image analysis system (MCID M1 v.4.2 r.2.0,
Imaging Research, Canada). Optica grain density was
measured interactively, using 3.3 Bq and 74 Bq precali-
brated **C microscale standards (Amersham, UK) to S
tissue equivaents as reference. The densitometric data
were corrected for non-specific signals collected from the
central tegmental tract (for dorsal raphe nucleus densitom-
etry) and corpus callosum (for subhippocampal densitom-
etry). Densitometric data collected from three sections per
animal were calculated as means. Even though some ani-
mals were excluded during the histological procedures, the
number of animals exceeded eight in all experiments.
Statistical evaluation was carried out by a one-way analy-
sis of variance (ANOVA) followed by Newman—Keul's
post hoc test, using a statistical software program (Crunch
v.4.0). A P-value less than 0.05 was considered signifi-
cant.

3. Results

Because the two compounds used are anorectic agents
(Leonard, 1994), the weight gains during the period of

X

Fig. 3. Photographs of autoradiograms illustrating the expression of
5-HT,, receptor and 5-HT,g receptor mRNA in the hippocampus. The
expression of 5-HT,, receptor mRNA is strong in both the CA1 and CA3
regions of the hippocampus, as well as in the dentate gyrus (DG),
whereas expression of 5-HT,5 receptor mRNA is observed exclusively in
the CAL1 region.
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treatment and the subsequent period without treatment are
shown in Fig. 1. The animals displayed different weight
curves: rats given Lu 10-134-C had the lowest weight gain.
At the end of the treatment period, the three groups of rats
differed significantly (P < 0.05) in weight (Fig. 1), and
about the same percentage weight difference between the
groups was maintained until the adult rats were killed.

3.1. Expression of 5-HT transporter, 5-HT, , receptor, and
5-HT,; receptor mRNA in the raphe nuclei and hippocam-
pus

The rat brain sections hybridised for two different
oligonucleotides complimentary to the same mRNA re-
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vealed an identical pattern of labelling in the raphe nuclei
and other brain regions. The expression of 5-HT trans-
porter mMRNA in the raphe nuclei was very strong (Fig.
2A). Distinct clusters of labelling in the dorsal raphe
subnuclei, the median raphe nucleus, and the B9 located in
the ventral pons could be detected (Fig. 2A). Because of
the small size of the median raphe nucleus at this level,
this area was not analysed. Levels of 5-HT transporter
mMRNA were undetectable in the surrounding grey matter
of the pons and in the cerebral cortex. Expression of
5-HT,, receptor and 5-HT, receptor mMRNA was concen-
trated in the dorsal raphe nucleus (Fig. 2B,C), but the level
in the central region of the dorsa raphe nucleus appeared
more dense than in the lateral wings and in the median
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Fig. 4. Quantitative analysis of the level of 5-HT transporter mRNA, 5-HT,, receptor mRNA, and 5-HT,; receptor mRNA levels in the dorsal raphe
nucleus of rats killed either at postnatal day 22 (left panel) or at postnatal day 91 (right panel). The animals were either treated with vehicle (open bars), 15
mgkg~? Lu 10-134-C (hatched bars) or clomipramine (filled bars). The ordinate is the concentration of MRNA, where the expression measured in animals

treated with vehicle is defined as 100. * * P < 0.001; * P < 0.05.
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raphe nucleus, probably reflecting the densest concentra-
tion of 5-HT-producing cell bodies in this region. In the
same section, 5-HT,, receptor and 5-HT, 5 receptor mMRNA
expression was observed in the inferior colliculus and in
the cerebral cortex (Fig. 2B,C). A particularly strong ex-
pression of 5-HT,, receptor MRNA was observed in the
pyramidal layer and the fascia dentata of the hippocampal
formation (Fig. 3A). Dense 5-HT,5 receptor mRNA ex-
pression was detected in the CA1 region as well as in the
subthalamic nucleus, whereas other parts of the hippocam-
pus contained low or undetectable levels of labelling (Fig.
3B).

3.2. Effects of neonatal administration with selective sero-
tonin reuptake inhibitors in neonatal rats

A significant increase in the expression of 5-HT trans-
porter mRNA was detected in the dorsal raphe nucleus of
neonatal rats shortly after a 14-day exposure to either
clomipramine or Lu 10-134-C (Fig. 4). The two drugs
produced about the same increase in the mRNA expres-
sion. In contrast, the levels of 5-HT,, receptor and 5-HT
receptor mMRNAS in the dorsal raphe nucleus were not
affected in these animals. In the hippocampus, a significant
increase of about 15% in the density of 5-HT,; receptor
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MRNA was detected after clomipramine, but not Lu 10-
134-C (Fig. 5). No change was detected in the amount of
5-HT,, receptor mRNA in the CA1 (Fig. 5) or in other
hippocampal areas such as CA3 and fascia dentata (not
shown).

3.3. Effects of neonatal administration with selective sero-
tonin reuptake inhibitors in adult rats

In adult rats treated neonatally with clomipramine or Lu
10-134-C, the level of 5-HT transporter mRNA in the
dorsal raphe nucleus was significantly (P < 0.05) de-
creased compared to that of vehicle-treated rats (Fig. 4).
No change of dorsal raphe or hippocampal 5-HT,, recep-
tor and 5-HT,; receptor mRNA content was detected
(Figs. 4 and 5).

4, Discussion
4.1. Effects of neonatal treatment in the rat
Semi-quantitative in situ hybridisation histochemistry

demonstrated a significant increase in the expression of
5-HT transporter mRNA in the dorsal raphe nucleus after
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Fig. 5. Quantitative analysis of the level of 5-HT,, (upper row) and 5-HT, (lower row) mRNA levelsin the CA1 region of the hippocampus of rats killed
either at postnatal day 22 (left panel) or at postnatal day 91 (right panel). The animals were either treated with vehicle (open bars), 15 mgkg~™! Lu
10-134-C (hatched bars) or clomipramine (filled bars). The ordinate is the concentration of mMRNA, where the expression measured in animals treated with

vehicle is defined as 100. = P < 0.05.
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chronic administration of selective and non-selective 5-HT
reuptake inhibitors. Similar studies with adult rats demon-
strated that administration of classical antidepressants in-
cluding selective serotonin reuptake inhibitors either does
not change (Spurlock et al., 1994) or increases levels of
5-HT transporter mRNA (Lesch et al., 1993). An obvious
explanation for the apparently greater increase in the ex-
pression of 5-HT transporter mMRNA in the present study is
that neonatal rats are more sensitive to selective serotonin
reuptake inhibitors than adult rats. The results may also be
due to the fact that the animals were treated with different
concentrations of the compounds, or because the various
compounds may exhibit different rates of metabolism in
adult vs. neonatal rats. Furthermore, it should be kept in
mind that some studies with adult rats used Northern
analysis to detect 5-HT transporter mRNA expression in
whole brain or in midbrain homogenates, which may have
prevented the detection of regionalised changes in 5-HT
transporter expression in the dorsal raphe nucleus.

Severa lines of evidence suggest that 5-HT is important
in the development of the brain (Pranzatelli, 1994; Pranza
telli and Martens, 1992), and the level of 5-HT transporter
mMRNA has been found to be related to synaptogenesis
(Ivgy-May et d., 1994). Thus, an increase in 5-HT neuro-
transmission affects the developmental process and results
in axonal sprouting of the developing neurons, which again
indirectly produces a rise in 5-HT transporter mRNA
expression. It is likely that administration of selective
serotonin reuptake inhibitors in the neonatal rat stimulates
differentiation or a sprouting process through 5-HT recep-
tors in the dorsal raphe nucleus, and that this growth
produces the increase in 5-HT transporter mRNA expres-
sion. That selective serotonin reuptake inhibitors have
direct actions on the raphe neurons is supported by the
results of Foguet et al. (1993) showing that differentiation
of 5-HT neurons in vitro is affected by activation of
protein kinase A via a cAMP-dependent cascade. It is
unlikely that neonatal treatment with selective serotonin
reuptake inhibitors produces an increased number of
perikarya as no increase was seen in 5-HT,, receptor and
5-HT,; receptor mRNA expression in the dorsal raphe
nucleus.

An increased expression of 5-HT,; receptor mRNA in
the CA1 region of the hippocampus was found in animals
treated with clomipramine, but not with a more selective
serotonin reuptake inhibitor. Accordingly, the change in
5-HT,; receptor gene expression cannot directly be at-
tributed to 5-HT neurotransmission alone, but may be
related to either the affinity of clomipramine for the nor-
adrenaline transporter or for another monoamine receptor.

Autoradiographic studies have shown a reduction in the
number of 5-HT,, receptor binding sites in the dorsal
raphe nucleus after prolonged treatment with selective
serotonin reuptake inhibitors in the adult rat (Welner et d.,
1989). Chronic treatment with selective serotonin reuptake
inhibitorsin the adult rat aso enhances the effectiveness of

5-HT synaptic transmission in the rat hippocampus, proba-
bly via 5-HT,, receptor autoreceptor desensitisation
(Chaput et al., 1991). No evidence for changes in 5-HT,,
receptor gene expression was found in the present experi-
ment. This emphasises the difference between neonatal and
adult rats or reflects post-transcriptional processing of
5-HT,, receptor molecules.

4.2. Effects of neonatal treatment in the adult rat

It is interesting that neonatal treatment with selective
serotonin reuptake inhibitors produced long-term effects
on 5-HT transporter mRNA expression. Even though the
animals were left undisturbed for 69 days after the treat-
ment, a significant down-regulation of 5-HT transporter
MRNA levels was observed. It is tempting to speculate
about the relationship between transcription and the be-
havioural deficits described previously (Fernandez-Pardal
and Hilakivi, 1989; Mirmiran et al., 1981; Vogel et d.,
1990b). A decreased function of the transporter could
compensate for along-term suppression of 5-HT release. If
the augmented concentration of synaptic 5-HT concentra-
tions led to reduced levels of 5-HT transporter mRNA and
perhaps to a similar reduction in the synaptic concentration
of 5-HT, this could provide support that a decrease in
5-HT levelsisinvolved in the abnormal behaviours seen in
the animals.

4.3. Mechanisms linking neonatal exposure to selective
serotonin reuptake inhibitors with changes in 5-HT trans-
porter mRNA

Antidepressant-sensitive noradrenaline and serotonin
transporters are closely related members of the Nat /Cl~
transporter gene family, whose other members include
transporters for inhibitory amino acid transmitters, neuro-
modulators, osmolytes and nutrients (Blakely et al., 1991,
1994; Hoffman et al., 1991). The mechanism involved in
the regulation of the 5-HT transporter gene in the living
brain is unknown. At the cellular level, staurosporine and
cholera toxin up-regulate, via a CAMP-independent sig-
nalling pathway, 5-HT transport activity in human placen-
tal choriocarcinoma cells by increasing the steady state
levels of 5-HT transporter mMRNA and by the consequent
increase in the transporter density in the plasma membrane
(Ramamoorthy et al., 1993, 1995).

5-HT transporters and 5-HT autoreceptors are abun-
dantly expressed in the serotonergic dorsal raphe nucleus
(Albert et a., 1990; Fujita et al., 1993; Sotelo et al., 1990;
Wright et al., 1995), and it is, therefore, likely that 5-HT
neurotransmission mediated by autoreceptors on 5-HT neu-
rons in the dorsal raphe nucleus is responsible for the
effect. Another possibility is that 5-HT transporter mRNA
expression is regulated via a negative feedback loop to the
dorsal raphe nucleus, linking the increased 5-HT neuro-
transmission back to the dorsal raphe nucleus via central
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inputs. Several inputs to the dorsal raphe nucleus from the
substantia nigra, locus coeruleus, lateral habenula,
parabrachial nucleus, and posterior hypothalamus contain
transmitters that could potentially affect spontaneous elec-
trical activity and thereby regulate 5-HT transporter gene
expression (Lakoski and Aghgjanian, 1983; Nishikawa and
Scatton, 1985; Stern et a., 1981; Vandermaglen and Agha
janian, 1983).

Yet another possibility is that the state of the animals
indirectly affects 5-HT neurotransmission via the hypotha-
lamo—pituitary—adrenal axis. Support for this hypothesis
comes from the fact that the animals exhibited an altered
weight curve, emphasising the well-known observation
that selective serotonin reuptake inhibitors affects home-
ostasis in animals during development (Curzon et 4.,
1997). It is known that 5-HT affects neuroendocrine regu-
lation (Jacobs and Azmitia, 1992), and the raphe projects
to centres involved in homeostasis (Larsen et a., 1996). It
is also well-known that glucocorticoids affect the 5-HT
system at many targets in an age-dependent manner (Laaris
et al., 1995), and the possibility that glucocorticoids are
involved in the described effects can therefore not be
excluded.

4.4. Technical, functional, and clinical consideration

Though this study documents major changes in gene
expression, any functional consequences are difficult to
conclude from the present material alone. The technique of
in situ hybridisation histochemistry used in the present
study measures only the steady-state levels of mRNA.
Neither the rate of synthesis of specific transcripts (tran-
scription rate), nor their stability are reflected by such
measurements. Additionally, the applied methods do not
document the rate of trandation of an mMRNA species to
functional receptors or transporters. In some cases (Dewar
et al., 1992; Linnet et al., 1995), changes in the level of
binding at the transporter binding sites do not reflect the
level of mRNA expression, indicating that there is a
change in the rate of turnover of transporter molecules in
cells which is independent of the level in the gene encod-
ing them at a specific time. Further radioligand binding
studies are needed to address this point in more detail.

4.5. Conclusion

Severa lines of evidence support the notion that a
reduction in the central activity of the central 5-HT system
is implicated in the pathophysiology of depression (Del-
gado et a., 1994; Meltzer and Lowry, 1987), and com-
pounds which block 5-HT uptake have been found to be
effective antidepressants (Broekkamp et al., 1995; Delgado
et al., 1994; Meltzer and Lowry, 1987), presumably due to
their capacity to increase 5-HT neurotransmission (Moret
and Briley, 1996). It is, therefore, interesting that in the
neonatal model present there were both long-term changes

in the 5-HT transporter mMRNA in the adult rats and
behavioural abnormalities. Several studies are now needed
to determine whether the mRNA is regulated functionaly,
and whether this model can be used as an animal model of
depression.
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