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Topiramate is currently used in the treatment of epilepsy, but this anticonvulsant drug has also been reported to exert mood-stabilizing

effects and induce weight loss in patients. Neuropeptide Y (NPY) is abundantly and widely distributed in the mammalian central nervous

system and centrally administered NPY markedly reduces pharmacologically induced seizures and induces antidepressant-like activity as

well as feeding behavior. Two other peptides, galanin and corticotropin-releasing hormone (CRH), have also been proposed to play a

modulatory role in mood, appetite, and seizure regulation. Consequently, we investigated the effects of single and repeated topiramate

(10 days, once daily: 40 mg/kg i.p.) or vehicle treatment in ‘depressed’ flinders sensitive line (FSL) and control Flinders resistant line (FRL)

rats on brain regional peptide concentrations of NPY, galanin, and CRH. The handling associated with repeated injections reduced

hippocampal levels of NPY- and galanin-like immunoreactivities (LI) while NPY- and CRH-LI levels were increased in the hypothalamus,

regardless of strain or treatment. In the hippocampus, concentrations of NPY-LI, galanin-LI, and CRH-LI were lower in FSL than FRL

animals. Repeated topiramate treatment selectively normalized NPY-LI in this region in the FSL animals. In the hypothalamus, galanin-LI

was reduced in FSL compared to FRL animals. Topiramate elevated the hypothalamic concentrations of NPY-LI, CRH-LI, and galanin-LI in

both strains. Furthermore, topiramate elevated serum leptin but not corticosterone levels. The present findings show that topiramate has

distinct effects on abnormal hippocampal levels of NPY, with possible implications for its anticonvulsant and mood-stabilizing effects.

Furthermore, stimulating hypothalamic NPY-LI, CRH-LI and galanin-LI as well as serum leptin levels may be associated with the weight

loss-inducing effects of topiramate.
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INTRODUCTION

Topiramate is a novel neuroactive drug, currently indicated
for the treatment of epilepsy. Multiple actions appear to
account for its anticonvulsant effects, including inhibition
of neuronal voltage-dependent sodium channels and L-type
calcium-channel activation, enhancement of GABAA recep-
tor transmission and reduction of glutamatergic AMPA (a-
amino-3-hydroxy-5-methyl-4-isoxazole-proprionate), and
kainate receptor neurotransmission (Shank et al, 2000). In

addition to anticonvulsant efficacy, other major clinical
observations have been made. Specifically, topiramate has
antimanic and anticycling effects in bipolar patients
(Calabrese et al, 2001; McElroy et al, 2000). In addition,
topiramate treatment has been associated with appetite
suppression and weight loss in patients, in particular in
overweight individuals (McElroy et al, 2000). The mechan-
isms of action underlying these phenomena are not known,
and thus animal models may provide means for investigat-
ing these questions.

The Flinders sensitive line (FSL) rat has been developed
by selective breeding for hypersensitivity to anticholines-
terase agents and proposed as an animal model of
depression because, like some depressed patients, they are
more sensitive to cholinergic agonists (Russell et al, 1982;
Janowsky et al, 1980; Overstreet et al, 1979). In addition,
FSL rats display reduced body weight, reduced locomotor
activity, increased rapid eye movement (REM) sleep,
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cognitive deficits, and anhedonia in response to chronic
mild stress (Yadid et al, 2000; Overstreet, 1993; Pucilowski
et al, 1993), features that show resemblance to the symptom
pattern of depression. We have previously shown that levels
of neuropeptide Y (NPY), a highly conserved 36 amino-acid
neuropeptide that is abundantly distributed in mammalian
brain (Tatemoto et al, 1982), are reduced in the hippo-
campus of FSL rats (Husum et al, 2001; Jiménez Vasquez
et al, 2000). Furthermore, in rodents and mice, exogenous
NPY exerts antidepressant-like activity and modulates
anxiety and stress behavior (Redrobe et al, 2002; Stogner
and Holmes, 2000; Thorsell et al, 2000; Husum et al, 2000;
Heilig et al, 1989). Most clinical studies have found reduced
NPY concentrations in cerebrospinal fluid (CSF) and
plasma from depressed patients and suicide attempters
(Westrin et al, 1999; Nilsson et al, 1996; Hashimoto et al,
1996; Gjerris et al, 1992; Widerlöv et al, 1986). In one study,
NPY-like immunoreactivities (NPY-LI) was increased in
CSF from depressed patients following electroconvulsive
therapy (ECT) (Mathé et al, 1996). Furthermore, treatment
modalities used in the therapy of mood disorders, i.e.
antidepressants and electroconvulsive stimulations (ECS, an
experimental model of ECT), enhance NPYergic neuro-
transmission in rats (Jiménez Vasquez et al, 2000; Husum
et al, 2000; Mathé et al, 1998; Stenfors et al, 1989;
Widdowson and Halaris, 1989). These observations support
the hypothesis that NPY plays a role in the pathogenesis as
well as the alleviation of mood disorders.

Additional actions of NPY include stimulation of feeding
behavior (Stanley et al, 1985) and potent reduction in
duration and severity of pharmacologically induced seizures
(Woldbye et al, 1997). An altered activity in the brain NPY
system may therefore affect mood, appetite and seizure
susceptibility. Two other peptides that have been implicated
in these phenomena are corticotropin-releasing hormone
(CRH) and galanin. The role of CRH in mood disorders has
been extensively studied (for a review, see Holsboer, 2000)
and was not the primary subject of this investigation.
However, since CRH, in opposition to NPY, blocks feeding
and has proconvulsant effects in rats (Brunson et al, 1998;
Krahn et al, 1986), it was of interest to study it in this
particular context. Galanin, in similarity to NPY, induces
food ingestion in satiated rats and dampens the develop-
ment of experimental epilepsy (Halford, 2001; Kokaia et al,
2001). Consequently, we hypothesized that the NPY, CRH,
and galanin systems in the brain may be affected by
topiramate treatment, which appears to influence the above-
mentioned behaviors in humans.

The studies described in this paper were designed to gain
insight into the effects of topiramate on regional brain levels
of NPY, galanin, and CRH in an animal model of
depression. In addition, serum leptin and corticosterone
levels were assessed as measures of energy balance and
hypothalamic–pituitary–adrenal (HPA) axis activity,
respectively.

MATERIALS AND METHODS

Animals

Male FSL and Flinders resistant line (FRL) rats, 12–14 weeks
old, from the rat colonies maintained at the animal facility

at the Karolinska Institutet were used. The animals were
kept four per cage at a constant room temperature of
227 11C in a 12-h light/dark cycle (light on at 06:00) with
free access to chow and tap water. The experiments were
approved by the Stockholm’s Ethical Committee for
Protection of Animals and were conducted in accordance
with the Karolinska Institutet’s Guidelines for the Care and
Use of Laboratory animals.

Treatments

The FSL and FRL rats were injected once daily (morning)
with either topiramate (40 mg/kg i.p.) or vehicle (0.9% NaCl
with added 3 mM Na2HPO4/NaH2PO4, pH 7.0; 6.7 ml/kg).
When previously administered to male Sprague–Dawley
rats, this dose of topiramate yielded plasma concentrations
of 44.057 9.57 mM, which is within the anticonvulsant
range of concentration (Reissmuller et al, 2000). Two
experimental protocols were run: (1) a single injection and
(2) a series of 10 injections. Body weights were recorded on
the first and last day of treatment. Two hours after the last
injection, the animals were decapitated and trunk blood was
collected for serum sample preparation. The brains were
quickly removed and dissected on ice into frontal cortex,
striatum, occipital cortex, hippocampus, and hypothalamus
and stored at �801C, as were serum samples.

Peptide Extractions and Radioimmunoassay (RIA)

The tissue samples were homogenized, boiled twice in 1 M
acetic acid and water, and centrifuged for 20 min at 1600g.
The supernatants were lyophilized and reconstituted in
phosphate buffer prior to RIA. RIA was performed using
antibodies specific for NPY (RIN7180, Peninsula Labora-
tories, USA), CRH (a generous gift from Dr P Lowry (Linton
and Lowry, 1986)), and galanin (GAL4, a generous gift from
Dr E Theodorsson (Stenfors et al, 1989)). Within each
experiment, all samples from a given brain region were
analyzed in triplicate in the same run. Brain extracts and
standard samples were preincubated for 48 h at 41C with
antibody. After addition of 125I-labelled peptide
(B6000 cpm per assay tube), all samples were incubated
for another 24 h at 41C (125I-labelled NPY, galanin, and CRH
were purchased from Amersham, Sweden). Free and anti-
body-bound radioligand were separated by addition of a
sheep anti-rabbit antibody-coated Sepharose suspension
(Pharmacia & Upjohn, Uppsala, Sweden). After 30 min of
incubation at room temperature and centrifugation for
20 min at 1600g, 41C, the supernatant was aspirated and
discarded. The radioactivity in the pellets was measured in a
g-counter. The lower detection limits of the assays were 1.9
(NPY, galanin) and 31 pmol/l (CRH), and the intra-assay
coefficients of variation were 5–7%.

Serum Samples

Serum samples were analyzed in duplicate for corticoster-
one (Diagnostics Products Corporation, USA) and leptin
(DRG Diagnostics, DRG Instruments Gmbh, Germany) by
commercially available RIA kits. The lower detection limits
of the assays were 20 and 0.5 ng/ml, respectively. The intra-
assay coefficients of variation were 4–7%.
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Data Presentation and Statistical Analysis

In each experiment, overall group differences in variables
were analyzed by two-way analysis of variance (ANOVA)
with factors strain (FSL vs FRL) and treatment (topiramate
vs vehicle). In addition, a three-way ANOVA was run to test
the hypothesis that repeated handling/injections, compared
to a single injection, may affect the measured variables. In
case of a significant interaction, Tukey test was used for
multiple comparison procedures. P-values o0.05 were
considered to be significant. Data are presented as
mean7 SD.

RESULTS

Body Weight

Analysis of body weights on treatment day 1 showed that
FSL (3327 51 g) weighed significantly less than FRL rats
(3617 46 g, F1,62 ¼ 5.68, Po0.05, Student’s t-test). Normal-
ized values of body weight on treatment day 10 were
computed with weight on treatment day 1 being set as
100%. Two-way ANOVA showed no significant effect of
either strain or topiramate treatment on relative body
weight gain (data not shown).

Serum Hormones

Corticosterone. Following a single injection, no strain or
treatment effects on rat serum corticosterone concentra-
tions (Table 1) were found. However, following repeated
injections a strain difference became evident since corti-
costerone levels were significantly lower in FSL than FRL
animals (F1,25 ¼ 5.0, Po0.05) while there was still no effect
of topiramate.

Leptin. Following a single injection, leptin levels were
higher in FRL compared to FSL rats (F1,24 ¼ 6.8, Po0.05)
but there was no overall effect of treatment on leptin levels
(Table 1). However, a significant strain� treatment inter-
action was found (F1,24 ¼ 11, Po0.01) since leptin levels
were significantly higher in vehicle-treated FRL compared
to vehicle-treated FSL rats (Po0.001). Further, a single
injection of topiramate selectively lowered leptin levels in
FRL rats (Po0.01), to levels similar to those in FSL rats.
Following repeated injections, a strain effect was still found
(F1,25¼ 6.6, Po0.05), but repeated topiramate had no
significant effect.

NPY

As shown in Figure 1, hippocampal levels of NPY-LI were
lower in FSL than FRL animals following both single
(F1,28 ¼ 22, Po0.001) and repeated injections (F1,27¼ 8.3,
Po0.01). A single injection of topiramate had no effect
on hippocampal NPY-LI. However, repeated topiramate

Table 1 Serum Concentrations of Corticosterone and Leptin

Single treatment Repeated treatment

FRL FSL FRL FSL

Vehicle Topiramate Vehicle Topiramate Vehicle Topiramate Vehicle Topiramate

Corticosterone 4737 171 3657 238 4287 153 4517 208 3947 188 5497 225 3597 217# 2607 130#

Leptin 4.747 1.04 3.197 0.86** 2.917 0.84# 3.397 0.52# 1.927 0.45 1.837 0.75 1.297 0.62# 1.367 0.44#

Corticosterone and leptin levels were both lower in FSL compared to FRL rats (#Po0.05). A single injection of topiramate (40 mg/kg i.p.) reduced serum leptin levels
in the FRL rats to levels that were similar to those in FSL rats (**po0.01 compared to vehicle-treated FRL). Data are presented as mean ng/ml7 SD, n¼ 8 per group.

Figure 1 In the hippocampus, baseline NPY-LI levels were lower in FSL
compared to FRL rats (### Po0.001, ++Po0.01). Repeated topiramate
treatment (40 mg/kg i.p.) normalized NPY-LI in the hippocampus of FSL
compared to vehicle-treated FSL (**Po0.01). Interestingly, the handling
associated with repeated injections markedly reduced NPY-LI in this region
of both strains (aPo0.001). In the hypothalamus, topiramate increased
NPY-LI in both strains (cPo0.05, ccPo0.01). Again, there was an effect of
repeated handling, which significantly increased hypothalamic NPY-LI levels
in both strains (aPo0.001). Data are expressed as mean pmol NPY-LI/g
wet weight tissue7 SD, n¼ 8 per group.
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treatment significantly increased NPY-LI levels in the
hippocampus (F1,27 ¼ 4.2, Po0.05) with a significant
strain� treatment interaction (F1,27 ¼ 6.2, Po0.05). Post
hoc analysis showed that NPY-LI levels were lower in
vehicle-treated FSL compared to FRL rats (Po0.001) and
topiramate increased and normalized NPY-LI in the FSL
strain (Po0.01) but had no effect in the FRL rats. In
addition, a significant effect of repeated handling was found
as hippocampal NPY-LI levels were markedly reduced in
animals subjected to repeated injections (F2,56 ¼ 367,
Po0.001). This effect was independent of treatment, but
there was a significant handling� strain interaction
(Po0.01) as the reduction in NPY-LI was larger in FRL
than FSL rats.

In the hypothalamus, no significant strain difference in
NPY-LI was found. Both single (F1,28 ¼ 8.4, Po0.01) and
repeated topiramate injections (F1,28 ¼ 5.0, Po0.05) in-
creased NPY-LI levels in the hypothalamus of both strains.
Interestingly, repeated handling increased NPY-LI levels in
the hypothalamus, regardless of strain or treatment
(F2,56 ¼ 29.0, Po0.001).

In the striatum, occipital cortex, and frontal cortex, no
strain differences in NPY-LI following either single or
repeated injections were observed. Topiramate did not
affect NPY-LI in these regions.

CRH-LI

CRH-LI (Table 2) was significantly reduced in the
hippocampus of FSL rats following both single (F1,27¼ 5.2,
Po0.05) and repeated injections (F1,27 ¼ 7.0, Po0.05)

regardless of treatment. Neither single nor repeated
topiramate treatment affected hippocampal CRH-LI con-
centrations.

In the hypothalamus, no strain difference in CRH-LI was
found following a single injection or repeated injections.
Repeated topiramate injections (F1,27 ¼ 7.6, P¼ 0.01), but
not a single injection, increased CRH-LI in this region, in
both FSL and FRL rats, compared to vehicle treatment.Re-
peated handling significantly increased hypothalamic CRH-
LI levels, regardless of strain or treatment (F2,56 ¼ 60.3,
Po0.001).

Galanin-LI

In FSL rats, hippocampal galanin-LI (Table 3) was
significantly reduced compared to FRL rats following
repeated injections (F1,27 ¼ 4.7, Po0.05) but not following
a single injection. Neither single nor repeated topiramate
injections affected hippocampal levels of galanin-LI.
However, hippocampal galanin-LI levels were signi-
ficantly reduced in animals subjected to repeated
injections, regardless of strain or treatment (F2,56 ¼ 105,
Po0.001).

In the hypothalamus, levels of galanin-LI were signifi-
cantly reduced in FSL compared to FRL rats, following both
single injection (F1,27¼ 7.3, Po0.05) and repeated injec-
tions (F1,27 ¼ 5.7, Po0.05). Single but not repeated injec-
tions of topiramate significantly increased hypothalamic
galanin-LI in both strains (F1,27¼ 4.8, Po0.05).

In the striatum, frontal cortex, and occipital cortex, no
strain differences in galanin-LI were observed following

Table 2 Brain Regional Levels of CRH-LI

Single treatment Repeated treatment

FRL FSL FRL FSL

Vehicle Topiramate Vehicle Topiramate Vehicle Topiramate Vehicle Topiramate

Hippocampus 0.247 0.05 0.277 0.05 0.217 0.04# 0.227 0.06# 0.237 0.04 0.217 0.05 0.167 0.02# 0.197 0.05#

Hypothalamus 3.387 0.86 3.557 0.60 3.407 0.89 3.597 1.21 5.217 0.84a 6.457 0.88wwa 4.547 0.77a 5.587 1.69wwa

In the hippocampus, levels of CRH-LI were reduced in FSL compared to FRL rats following both single and repeated injections, regardless of treatment (#Po0.05). In
the hypothalamus no strain difference in CRH-LI was found following a single injection or repeated injections. Repeated topiramate (40 mg/kg i.p./10 days) significantly
increased CRH-LI in this region (wwPo0.01). Interestingly, the handling associated with repeated injections significantly increased hypothalamic CRH-LI levels, regardless
of strain or treatment (aPo0.001). Data are expressed as mean pmol CRH-LI/g wet weight7 SD, n¼ 8 per group.

Table 3 Brain Regional Levels of Galanin-LI

Single treatment Repeated treatment

FRL FSL FRL FSL

Vehicle Topiramate Vehicle Topiramate Vehicle Topiramate Vehicle Topiramate

Hippocampus 13.47 2.19 14.27 2.33 12.47 1.77 13.07 2.21 9.947 1.11a 9.197 1.69a 8.357 0.90#a 8.517 0.73#a

Frontal cortex 4.697 1.59 4.547 1.52 4.567 1.73 4.627 1.30 2.707 1.51 2.657 0.89 2.317 0.54 2.347 1.85
Hypothalamus 1157 15.9 1327 14.5w 1077 13.1# 1127 14.4#,w 1297 19.9 1267 24.8 1167 17.1# 1067 12.8#

Occipital cortex 2.717 0.60 2.757 0.63 2.607 0.65 2.657 0.56 2.687 0.51 2.797 0.66 2.477 0.71 2.407 0.56
Striatum 2.777 0.76 2.817 0.60 2.877 1.09 3.457 0.58 3.407 0.99 4.327 1.35 3.147 1.10 3.127 0.70

In the hippocampus, galanin-LI levels were lower in FSL compared to FRL rats (#Po0.05). In addition, repeated injections significantly decreased galanin-LI in the
hippocampus regardless of strain or treatment (aPo0.001). In the hypothalamus, galanin-LI was significantly lower in FSL rats following both single and repeated
injections (#Po0.05). A single injection of topiramate (40 mg/kg i.p.) increased galanin-LI in both strains (wPo0.05). Data are expressed as mean pmol galanin-LI/g wet
weight7 SD, n¼ 8 per group.
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either single or repeated injections. Topiramate also did not
affect galanin-LI in these regions.

Discussion

The FSL rat displays abnormal behavior that resembles the
symptom pattern of depression. One phenotypic trait of the
FSL rat is that it displays increased immobility in the forced
swim test, which can be reversed by chronic but not acute
antidepressant treatment (Yadid et al, 2000; Overstreet,
1993; Schiller et al, 1992). In the present study, hippocampal
NPY-LI concentrations were significantly lower in FSL
‘depressed’ rats compared to FRL control rats, in agreement
with previous findings (Jiménez Vasquez et al, 2000; Husum
et al, 2001). Interestingly, Fawn Hooded rats, another
genetic model of depression, also have reduced hippocam-
pal concentrations of NPY-LI (Mathé et al, 1998). In the
present study the handling associated with repeated
injections in itself markedly reduced hippocampal NPY-LI
in particular in FRL but also in FSL animals. Furthermore,
adult rats subjected to early life stress also have reduced
levels of NPY-LI in the hippocampus (Husum and Mathé,
2002; Husum et al, 2002; Jiménez Vasquez et al, 2001).
Cumulatively, these experiments clearly indicate that
lowered hippocampal NPY, possibly resulting from expo-
sure to repeated stress, is likely to be a common
denominator of animal models of depression, and by
extrapolation also a marker of depression in humans.

Repeated, but not acute, treatment with topiramate
increased hippocampal NPY-LI selectively in the FSL rats.
In these rats, NPY-LI levels were ‘normalized’, that is they
were no longer different from the levels in FRL animals. ECS
also increase NPY-LI in the hippocampus of FSL and
normal rats (Jiménez Vasquez et al, 2000; Husum et al,
2000; Mathé et al, 1998; Stenfors et al, 1989). ECT has
pronounced mood-normalizing and antipsychotic proper-
ties, but is also an anticonvulsant, as shown both in patients
and in animal models of epilepsy (Nakajima et al, 2001; Post
et al, 1984). Based on findings of increased hippocampal
NPY release following kainic acid and ECS-induced seizures
(Husum et al, 2000, 1998), attenuating effects of exogenous
NPY against pharmacologically induced seizures (Woldbye,
1998; Woldbye et al, 1997, 1996), increased or even fatal
vulnerability of NPY knock-down and knock-out mice to
seizures (DePrato Primeaux et al, 2000; Baraban et al, 1997;
Erickson et al, 1996), and altered brain synthesis of NPY in
seizure-prone animals (Jinde et al, 1999; Amano et al, 1996;
Sadamatsu et al, 1995), NPY has been suggested to act as an
endogenous anticonvulsant (Bolwig et al, 1999). Conse-
quently, the anticonvulsant properties of antiepileptic
therapies, including ECT and topiramate treatment, may
be attributable to a rise in hippocampal NPY-LI. This
notion is supported by the present findings. It is not known
whether voltage-sensitive sodium channels or L-type
calcium channels are regulators of NPY synthesis. However,
evoked, but not basal NPY release from rat hypothalamic
slices is prevented by infusion of N-type, P/Q-type and Q-
type calcium-channel inhibitors (King et al, 1999). Spec-
ulatively, L-type calcium channels may also exert this effect
and thereby cause an accumulation of intracellular NPY-LI
levels. In addition, rat brain levels of NPY-LI are regulated

by diazepam, an agonist for the modulatory site on the
GABAA receptor (Krysiak et al, 1999, 2000). Taken together,
these reports suggest that topiramate may affect brain NPY-
LI levels via its effect on L-type calcium channels and
GABAA receptors.

Topiramate is currently used in the treatment of epilepsy;
however, there is also clinical evidence of mood-stabilizing
properties of this drug. Thus, in one open study, half of the
44 treatment-refractory bipolar disorder patients showed
moderate or marked improvement in symptoms when
topiramate was added to existing therapy (Marcotte, 1998).
In a recent study, bipolar patients showed improvement in
mood following topiramate, in particular when patients
exhibited manic symptoms at initiation of treatment
(McElroy et al, 2000). There is also preliminary evidence
of a beneficial effect of topiramate in treating post-
traumatic stress disorder (Berlant, 2001). Most clinical
studies have found reduced NPY concentrations in cere-
brospinal fluid and plasma from depressed patients and
suicide attempters (Westrin et al, 1999; Nilsson et al, 1996;
Hashimoto et al, 1996; Gjerris et al, 1992; Widerlöv et al,
1986). Further, in rats as well as mice, NPY induces
antidepressant-like behavior following central administra-
tion (Redrobe et al, 2002; Stogner and Holmes, 2000;
Husum et al, 2000). The rise in hippocampal NPY-LI in FSL
animals in the present study may therefore also be of
importance to the proposed mood-stabilizing properties of
topiramate. This is consistent with findings that other
antidepressant treatment modalities also enhance hippo-
campal NPYergic neurotransmission (Husum et al, 2000;
Widdowson and Halaris, 1989). In this regard it is
noteworthy that there is a high comorbidity between
epilepsy and mood disorders, and that the two types of
disorders have been suggested to be related (Piazzini and
Canger, 2001; Lambert and Robertson, 1999).

Hippocampal levels of CRH-LI were also reduced in FSL
compared to FRL, but in contrast to NPY, unaffected by
topiramate treatment. In a previous study, a modest non-
significant reduction of CRH-LI was seen in the hippocam-
pus of FSL rats (Owens et al, 1991). Intrahippocampal
injections of CRH have been shown to enhance learning in
mice (Radulovic et al, 1999) and, conversely, injections of
antisense CRH gene oligonucleotides impaired memory
retention in rats (Wu et al, 1997). The observed decrease of
CRH-LI in the hippocampus may possibly reflect aspects of
the impaired learning performance and cognitive deficits,
which are previously described features of the FSL rat
(Yadid et al, 2000; Overstreet, 1993).

Within the hypothalamus, NPY expressing neurons
located in the arcuate nucleus project to the paraventricular
nucleus, where NPY interacts with CRHergic neurons and
thus modulates the reactivity and sensitivity of the HPA axis
(Wahlestedt et al, 1987; Haas and George, 1987). In the
present study, there was no strain difference in either
hypothalamic CRH-LI or serum corticosterone. These
findings are in agreement with a previous study where no
baseline differences in hormone levels between FSL and FRL
animals were found (Owens et al, 1991). However, repeated
injections increased hypothalamic CRH-LI and NPY-LI
levels in both rat strains while serum corticosterone was
significantly decreased in FSL animals only. These changes
may reflect the development of a blunted HPA axis stress
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response in FSL but not FRL rats, following the stress
associated with repeated injections (Holsboer, 2000).
Interestingly, topiramate further increased CRH-LI and
NPY-LI in the hypothalamus of both FSL and FRL animals.
These findings are in agreement with a previous study in
which hypothalamic NPY and CRH mRNA levels were
increased by topiramate (York et al, 2000). Consistently
with these findings, we have shown that early life stress-
induced increase in hypothalamic NPY-LI levels is poten-
tiated by lithium which however did not affect elevated
CRH-LI levels in adult rats (Husum and Mathé, 2002).
Further, antidepressant drugs also potentiate an elevated
NPY gene transcription in the hypothalamus of rats
subjected to stress (Makino et al, 2000). An upregulation
of hypothalamic NPY-LI may therefore be of relevance to
the therapeutic mechanism of action of mood-stabilizing
drugs, while the regulation of CRH-LI appears to be less
consistent, and may represent specific properties of
topiramate.

Hypothalamic NPY and CRH influence food intake, since
they elicit, respectively block, feeding in rats (Krahn et al,
1986). In one study, CRH was observed to block NPY-
induced feeding in rats, suggesting that CRH overrides the
effect of NPY in this behavioral aspect (Heinrichs et al,
1993). Consequently, it is possible that the observed
increase in CRH-LI may be of significance to the long-term
appetite-suppressive effects of topiramate reported to
humans (McElroy et al, 2000).

Leptin is secreted from white adipose tissue and has a
central role in coordinating responses and brown adipose
tissue thermogenesis to maintain energy balance through
effects on synthesis and secretion of NPY and other
peptides in the CNS (Attele et al, 2002). Single but not
repeated injections of topiramate reduced leptin in FRL rats,
which became similar to levels in FSL, while topiramate had
no effect on leptin levels in FSL rats. This is perhaps not
surprising given the observation that topiramate affects
food intake selectively in obesity-prone rats and only during
the first 1–4 days of treatment (York et al, 2000). As also
shown in the present study, a feature of the FSL rats is that
they weigh less than FRL rats, likely reflecting a lower body
fat mass, which could account for the lower leptin levels that
were found in FSL rats.

We also assessed levels of galanin-LI in the brains of FSL
and FRL rats. Lower galanin-LI levels were observed in the
hippocampus of FSL animals compared to FRL, regardless
of topiramate treatment. Interestingly, repeated handling in
itself reduced hippocampal galanin levels in both strains.
Previously, reduced galanin-LI levels and increased levels of
galanin binding sites in the dorsal raphe nuclei of FSL rats
were reported, suggestive of an association between the
behavioral traits of the FSL rat and galanin hypofunction in
this area (Bellido et al, 2002). In the hippocampal formation
of Sprague–Dawley rats, the majority of galanin fibers were
observed to colocalize with dopamine (Xu et al, 1998).
Reserpine pretreatment depleted hippocampal levels of
galanin, indicating a possible association between reser-
pine-induced behavior and low hippocampal levels of
galanin (Xu et al, 1998). However, galanin has been
reported to induce depressive-like behavior when injected
centrally in the rat, a behavior that could be blocked by
preadministration of a galanin antagonist (Weiss et al,

1998). Furthermore, in a previous study, galanin was not
affected by repeated ECS (Stenfors et al, 1989). The
functional significance of reduced hippocampal levels of
galanin-LI in FSL rats is thus difficult to interpret, but may
underlie cognitive aspects of the FSL rat phenotype that are
unaffected by topiramate treatment.

In the hypothalamus, galanin-LI levels were significantly
reduced in FSL rats, and single but not repeated injections
of topiramate increased galanin-LI in this region of both
strains. Galanin potently stimulates feeding in rats (Kyr-
kouli et al, 1990) and, thus, the present observations are in
line with reduced body weight of the FSL animals and may
also be important to the reported appetite-suppressive
effects of long-term topiramate treatment.

Taken together, the present findings are in line with our
hypothesis that lowered hippocampal NPY levels may play a
role in the pathogenesis of mood disorders and that one
therapeutic mechanism of action of mood-stabilizing drugs,
including topiramate, may be to normalize NPYergic
neurotransmission in the hippocampus. Reduced levels of
galanin in the hippocampus may also underlie aspects of the
FSL rat ‘depressed’ phenotype, which are however un-
affected by topiramate treatment.

The most striking differences in peptides were induced by
repeated injections. This procedure (handling/injections)
markedly reduced hippocampal levels of NPY and galanin
and increased hypothalamic levels of CRH and NPY, results
parallel to the previously reported findings of the effects of
stress on these peptides. These findings also have relevance
planning and interpretation of future experiments investi-
gating these neuropeptides. Lastly, topiramate increased
NPY-LI, galanin-LI, and CRH-LI in the hypothalamus.
Although single or repeated topiramate treatment did not
affect the body weight of either FSL or FRL animals in the
present study, these changes may be of significance to the
long-term weight loss-inducing effects of topiramate that
are observed with humans.
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