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Brain-Derived Neurotrophic Factor and
Tyrosine Kinase Receptor TrkB in Rat Brain
Are Significantly Altered After Haloperidol
and Risperidone Administration
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The antipsychotics haloperidol and risperidone are
widely used in the therapy of schizophrenia. The former
drug mainly acts on the dopamine (DA) D, receptor
whereas risperidone binds to both DA and serotonin
(5HT) receptors, particularly in the neurons of striatal and
limbic structures. Recent evidence suggests that neuro-
trophins might also be involved in antipsychotic action in
the central nervous system (CNS). We have previously
reported that haloperidol and risperidone significantly affect
brain nerve growth factor (NGF) level suggesting that these
drugs influence the turnover of endogenous growth factors.
Brain-derived neurotrophic factor (BDNF) supports survival
and differentiation of developing and mature brain DA neu-
rons. We hypothesized that treatments with haloperidol or
risperidone will affect synthesis/release of brain BDNF and
tested this hypothesis by measuring BDNF and TrkB in rat
brain regions after a 29-day-treatment with haloperidol or
risperidone added to chow. Drug treatments had no effects
on weight of brain regions. Chronic administration of these
drugs, however, altered BDNF synthesis or release and
expression of TrkB-immunoreactivity within the brain. Both
haloperidol and risperidone significantly decreased BDNF
concentrations in frontal cortex, occipital cortex and hip-
pocampus and decreased or increased TrkB receptors in
selected brain structures. Because BDNF can act on a
variety of CNS neurons, it is reasonable to hypothesize that
alteration of brain level of this neurotrophin could constitute
one of the mechanisms of action of antipsychotic drugs.
These observations also support the possibility that neuro-
trophic factors play a role in altered brain function in schizo-
phrenic disorders. J. Neurosci. Res. 60:783-794, 2000.
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The therapeutic effects of antipsychotic drugs are be-
lieved to be due to their blockade of dopamine (DA) and
serotonin (5HT) receptors in the central nervous system
(CNS) (Joyce et al., 1997). A variety of studies have indicated
that antipsychotic drugs block the activity of DA neurons
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localized particularly in the striatal and limbic systems (Reyn-
old, 1997). Correlative structural and biochemical studies
revealed that DA antagonist action occurs mostly through the
blockade of DA-D, receptors (Gerlach, 1991). Additional
evidence supporting the hypothesis that haloperidol and ris-
peridone aftect DA system 1s suggested by the findings that
neurons of the substantia nigra pars reticulata, corpus stria-
tum, the mesencephalic reticular formation, and the anterior
cortex are functionally affected in the catalepsy induced by
antipsychotic response (Yntema and Korf, 1987).

In addition to these effects on D, receptor, haloperidol
affects neuronal plasticity (Kerns et al., 1992), neurotrophic-
receptor expression (Alberch et al.,, 1991), and synthesis or
release of neurotrophins (Alleva et al., 1996; Aloe et al.,
1997). Indeed, there is considerable both in vitro and in vivo
evidence that growth and functionality of DA neurons are
regulated by brain-derived neurotrophic factor (BDNF) (Hy-
man et al., 1991), a member of the neurotrophin family, that
includes NGF, neurotrophin-3 (NT-3) and neurotrophin-
4/5 (NT-4/5) (Levi-Montalcini, 1987; Ebendal, 1992;
Nawa et al., 1995). BDNF is more abundantly expressed in
the brain than NGF (Hohon et al.,, 1990). The biological
activity of BDNF is mediated by a low affinity receptor,
called p75, and by a high aftinity receptor, the TrkB that
seems to play a crucial role in the survival and differentiation
of developing and mature brain DA neurons (Ebendal, 1992;
Benisty et al., 1998). Specifically, BDNF plays an important
role in maintaining functional activity of DA mesencephalic
neurons (Hyman et al., 1991; Spenger et al., 1995), cholin-
ergic septal neurons (Alderson et al., 1990), cortical and
hippocampal neurons (Ghohs et al., 1994), striatal neurons
(Ventimiglia et al., 1995), and spinal motor neurons (Yan et
al., 1994). BDNF also promotes survival and recovery of
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serotonergic neurons (Mamounas et al., 1995), reduces
glutamate-induced neuronal damage in rat cortical cultures
(Shimohama et al., 1993), and prevents dopaminergic neu-
ronal damage (Nishio et al., 1998). Cumulatively, these ob-
servations point to a potential role of BDNF in functional
activity of DA neurons during neurological insult (Lindwall
et al., 1994). Thus, involvement of BDNF and NGF in stress
and related affective illnesses (Aloe et al., 1994; Duman et al.,
1995), epileptic response (Ernfors et al., 1991) and limbic
seizures (Lindwall et al., 1992) has been reported. Moreover,
BDNEF exerts a prominent action on entorhinal cortex, a
limbic region implicated in pathogenesis of schizophrenia
(Weinberger and Lipska, 1995). Recent studies have also
shown that basal expression of brain BDNF and TrkB
mRNA are significantly affected by chronic electroconvul-
sive seizure and by administration of antidepressant drugs
(Nibuya et al., 1995).

These observations led us to hypothesize that treat-
ment with haloperidol and risperidone might interfere
with functional activity of BDNF. To test this hypothesis
we investigated the effect of chronic haloperidol and ris-
peridone treatment on constitutive level of BDNF and
expression of TrkB in the rat brain.

MATERIALS AND METHODS

Animals

Adult Male Wistar rats weighing 200-250 g were used.
They were housed 4/cage at 21°C on a 12-hr light-dark cycle
and allowed free access to food and water. All experimental
procedures were approved by the Ethical Committee on Animal
Protection and the animals were taken care of in line with the
Karolinska Institute’s Guidelines for Animal Care.

Antipsychotic Drugs

Because one of the study aims was to explore possible
differences in the mechanism(s) of action of typical and atypical
antipsychotics, a standard dose of haloperidol and two doses of
risperidone were used. Thus, rat chow was supplemented with
haloperidol (1.15 mg/100 g food), risperidone (1.15 or 2.3 mg/
100 g food), or vehicle. These dosages were identical to those used
in our previous experiments and resulting in adequate plasma and
brain haloperidol and risperidone concentrations as blindly deter-
mined in Janssen Pharmaceutica Laboratories by High Perfor-
mance Liquid Chromatography (HPLC) (see Results).

Drug Treatments

The rats were randomly divided into 4 groups, 15 animals in
each group. Groups 1 to 3 received 1.15 mg haloperidol, 1.15 mg
risperidone or 2.30 mg risperidone/100 g food pellet, whereas
Group 4 received pellet to which only vehicle was added. Two
doses of risperidone were used to better evaluate pharmacological
properties of this more recent atypical drug. The treatments did not
induce changes in body or brain weight (see Results).

BDNF Measurement by Enzyme-Linked
Immunosorbent Assay (ELISA)

After 29 days of treatment, animals used for analysis of BDNF
(n = 10/group) were sacrificed by decapitation starting around

10:00 AM. All brains were removed and dissected on ice into
hypothalamus, hippocampus, striatum, frontal cortex and occipital
cortex according to Glowinski and Iversen (1965), and stored at
—80°C until neurochemical analysis. The brain tissues were ho-
mogenized with ultrasonication in extraction buffer containing
100 mM Tris-HCI, pH 7.2, 400 mM NaCl, 4 mM EDTA,
0.2 mM PMSF, 0.2 mM benzethonium chloride, 2 mM benzami-
dine, 40 U/ml aprotinin, 0.05% sodium azide, 2% BSA, 0.5%
gelatin, and 0.2% Triton X-100 (Sigma Chemical, MO). The
homogenates were centrifuged at 10,000 X ¢ for 20 min, the
supernatants were collected, and processed for quantification of
endogenous BDNF using a two-site enzyme immunoassay kit
(Promega, USA). Briefly, 96-well immunoplates (NUNC) were
coated with 100 pl per well of monoclonal anti-mouse-BDNF
antibody. After an overnight incubation at 4°C, the plates were
washed three times with wash buffer and the samples were incu-
bated in the coated wells (100 pl each) for 2 hr at room temperature
with shaking. After an additional five washes the immobilized
antigen was incubated with an anti-human BDNF antibody for
2 hr at room temperature with shaking. The plates were washed
again with wash bufter, and then incubated with an anti-IgY HRP
for 1 hr at room temperature. After another wash the plates were
incubated with a TMB/Peroxidase substrate solution for 15 min.
and phosphoric acid 1 M (100 pl/well) was added to the wells. The
colorimetric reaction product was measured at 450 nm using a
microplate reader (Dynatech MR 5000, Germany). BDNF con-
centrations were determined from the regression line for the BDNF
standard (ranging from 7.8-500 pg/ml-purified mouse BDNF)
incubated under similar conditions in each assay. As reported by the
manufacture’s instruction the sensitivity of the assay is about
15 pg/ml of BDNF and the cross-reactivity with other related
neurotrophic factors (NGF, NT-3 and NT-4) is considered not
relevant. BDNF concentration is expressed as pg of BDNF/mg of
total proteins measured according to the methods described by
Lowry et al., (1951). All assays were carried out in triplicate.
This ELISA method is comparable to that used by our group for
evaluation of NGF after antipsychotic treatment (Angelucci et

al., 2000).

Immunocytochemistry

After 29 days of treatment animals (n = 5 for group) were
deeply anaesthetized with Nembutal and perfused via aorta first
with 0.1M PBS to remove circulating blood elements, and then
with paraformaldehyde 4% in 0.1 M PBS to fix the brains. For
immunocytochemistry, brains were left one day in paraformal-
dehyde, cryoprotected in 0.1 M PBS with 20% sucrose, and
then coronally cut on a cryostat (20 wm in thickness) at the
temperature of —18 = 2°C. To quench the endogenous per-
oxidase activity, the brain sections were washed in 1 ml of PBS
0.1% triton X-100, 2% phenylhydrazine, 10% of goat serum for
45 min and then incubated overnight at 4°C with a rabbit
polyclonal anti-TrkB (sc-12-G, Santa Cruz, CA), specific for
BDNEF high aftinity receptor (TrkB gp145). As reported by the
manufacturer, gp145 does not cross-react with the TrkB gp95,
TrkA or TrkC. The sections were then washed 3 times in PBS
0.1% triton X-100, followed by incubation for 2 hr with a
secondary antibody solution. This solution was prepared by
adding one drop of biotinylated goat anti-rabbit IgG (Vectastain
Kit, Vector Laboratories, CA), to 1 ml of PBS 0.1% triton



X-100, 5% of goat serum. The sections were then washed 3
times in PBS 0.1% triton X-100, and incubated for 2 hr in an
avidin horseradish peroxidase solution (Vectastain Kit, Vector
Laboratories). Sections were again washed 3 times in PBS 0.1%
triton X-100 and reacted with a mixture of 15 mg 3,3'-
diaminobenzidine (DAB) (Sigma Chemical, MO) dissolved in
10 ml of PBS 0.1% triton X-100, followed by 0.001% hydrogen
peroxide solution added a drop at a time. Sections were washed
several times in PBS, mounted, dehydrated and coverslipped.
The specificity of the primary antibody was assessed by incu-
bating tissue sections from drugs treated and vehicle treated rats
with antibody preabsorbed with an excess of antigen (TrkB), or
in absence of primary antibody.

Double Immunostaining

To assess whether dopaminergic neurons express BDNF
receptors, sections of the ventral mesencephalon were double
stained with the rabbit anti-TrkB (Santa Cruz, CA, see previous
section) and a polyclonal goat anti-dopamine D, receptor (N-
19, sc-7522, Santa Cruz, CA). This antibody does not cross-
react with dopamine D;-, D5-, D,-, Ds-receptors. The first
procedure was identical to that used for localization of TrkB
immunopositive cells alone (see above). Between the two im-
munostaining we used an avidin-biotin blocking step (SP-2006,
Vector Laboratories) to avoid nonspecific cross-reactions. The
second procedure was identical to the first regarding the se-
quence of the steps and time of incubations, but it differed for
the composition of the secondary antibody solution [biotinyl-
ated rabbit anti-goat IgG (Vectastain Kit, Vector Laboratories)].
As first chromogen we used DAB-nickel ammonium sulfate for
a black precipitate, and as the second chromogen DAB alone,
that gives an orange-brown precipitate. Controls for double
labeling included reversing the order of the primary antibodies,
as well as omitting the first or second primary antibody (for
further details see Goutan et al., 1998).

Topographic Localization and Evaluation of TrkB-
Immunopositive Cells

To evaluate the distribution of TrkB-positive neurons
comparable sections from each animal were counted unilaterally
with a Zeiss Axiophot microscope equipped with a Vidas Kon-
tron images analysis system. Only intact neurons with a rounded
nucleus were included and the mean values from all sections of
a group were calculated and used in the statistical analysis.

Within the hippocampal formation, we examined the
TrkB-immunoreactive neurons present in the polymorph layer
of the dentate gyrus, as depicted in the Atlas of Paxinos and
Watson (Paxinos and Watson, 1986) (Bregma: —3.80 mm,
Interaural 5.20 mm, Plates 33—36), and in the lacunosum mo-
lecular layer of the hippocampus, subregions CA1, CA2, CA3
(Bregma: —3.80 mm, Interaural 5.20 mm, Plates 33-36).
Within the ventral mesencephalon, we evaluated the TrkB-
positive neurons in the pars reticulata of substantia nigra (Breg-
ma: —4.80 mm, Interaural 4.20 mm, Plates 37-39). In the
adjacent ventral tegmental area (Bregma: —4.80 mm, Interaural
4.20 mm, Plates 37-39) we counted TrkB immunopositive
neurons present in mm? of the section to limit the possibility of
mistake because this brain region has a less defined contour
compared to the other regions.
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Fig. 1. Weights of brain and brain regions (expressed as mg of wet
weight tissue) of haloperidol, risperidone and vehicle-treated rats. Re-
sults presented as mean £ SEM (n = 10 animals/group).

Statistical Analysis

Data were analyzed by analyses of variance (ANOVA)
considering the treatments with haloperidol and risperidone
(two doses) as between subject variables. When significant dif-
ferences were obtained, post-hoc test within logical sets of
means were carried out using the Newman—Keuls’s test.

RESULTS

Effect of Chronic Haloperidol and Risperidone on
Body and Brain Weight

Weight of haloperidol or risperidone treated animals
did not differ from animals that were fed chow to which the
vehicle was added; the mean = SEM weights for the four
groups at the end of the treatment were: 367 g * 21.2
(controls); 371 g £ 19.8 (haloperidol 1.15); 359 * 23.7
(risperidone 1.15); and 353 * 17.2 (risperidone 2.30). Like-
wise, treatment with these drugs does not result in changes of
brain weight. The mean = SEM total brain weights and the
brain regions weights are presented in Figure 1. No differ-
ences between the four groups were observed. These results
are consistent with the findings reported by others showing
that haloperidol has a limited facilitatory effect on body
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TABLE I. Plasma and Brain Concentrations of Haloperidol and Risperidone After 29 Days of Oral Administration

Haloperidol Risperidone
1.15 mg/100 g food/day 1.15 mg/100 g food/day 2.30 mg/100 g food/day
Plasma 1.61 = 1.09 13.02 £ 2.26 19.37 £ 2.58
Brain
Frontal cortex 78.75 £ 17.47 4.59 £ 0.35 3.67 £ 1.11
Occipital cortex 92.20 £ 25.2 2.49 £ 0.35 4.52 = 0.15
Striatum 86.0 = 29.7 3.09 = 1.46 3.02 £ 0.50
Data are expressed as mean * SD ng/g brain tissue and ng/ml plasma.
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Fig. 2. BDNF concentration (expressed as pg of BDNF/mg of total proteins) in the brain regions of
haloperidol, risperidone and vehicle-treated rats. Results presented as mean = SEM (n = 10
animals/group). Asterisks indicate significant between-group difterences (*P < 0.05).

weight and rats treated with risperidone showed body weight
gain similar to that of control rats (Uguru-Okorie, 1981;
Marder and Meibach, 1994; Aravagiri et al., 1998).

Food Intake

To determine whether drug treatment influences
food behavior, we monitored the amount of food intake
in all four groups. Daily examination indicated that the
average of food intake of the four experimental groups was
between 23 and 27 mg/day (mean 25 mg/day) and no
statistic significance in food intake between groups was

found.

Plasma and Brain Concentrations of Haloperidol
and Risperidone

The results are presented in Table I. No risperidone
was detectable in animals receiving vehicle or haloperidol,
and vice versa, no haloperidol was detectable in animals
receiving risperidone or vehicle. The plasma and brain
tissue drug concentrations were comparable to those at-
tained in other experiments and deemed to achieve a high
degree of receptor occupancy.

Effect of Chronic Haloperidol and Risperidone on
Brain BDNF Levels

Figure 2 shows brain BDNF levels in 5 rat brain
regions. In the hypothalamus, BDNF levels were not
significantly changed after treatment with antipsychotic
drugs although the means were increased. The BDNF
content in the striatum was also not affected by the treat-
ment. In the frontal cortex, however, haloperidol and the
high dose of risperidone (risperidone 2.30) induced a
decrease in BDNF concentration compared to controls
(P < 0.01 for the effect of the treatment, P < 0.05 in
post-hoc comparison). The decrease in BDNF levels was
more pronounced in the haloperidol-treated rats (Fig. 2).
In the occipital cortex, both haloperidol and the two
risperidone doses decreased BDNF concentration (P <
0.01 for the effect of the treatment). Post-hoc comparisons
showed that both haloperidol and risperidone, 1.15 and
2.30 mg/100 g food doses, decreased BDNF content in
the occipital cortex (P < 0.05 in post-hoc). In the hip-
pocampus, haloperidol and risperidone, given at 2.30 mg/
100 g food pellet, also decreased BDNF content (P << 0.01



for the effect of the treatment, P < 0.05 in post-hoc
comparison).

Trkb Immunoreactivity in the Hippocampal Region
After Haloperidol or Risperidone Treatment

In the dentate gyrus of hippocampal region an in-
crease in the number of TrkB-immunoreactive cells/brain
section of haloperidol-treated rats was observed (P = 0.01
for the eftect of treatment, P << 0.05 in post-hoc compar-
ison). In risperidone-treated rats the number of immu-
nopositive neurons was not statistically different from con-
trols (Figs. 3,4,5). In the hippocampus (CA1, CA2, and
CA3) the number of TrkB-positive cells counted in each
section was reduced in haloperidol-treated rats (P < 0.01
for the effect of the treatment, P < 0.05 in post-hoc
comparison) when compared to controls. No differences
were noted after treatment with risperidone (Fig. 3).

Trkb Immunoreactivity in the Ventral
Mesencephalic Areas

In the substantia nigra pars reticulata we observed an
increase in the number of TrkB-immunoreactive
neurons/section after haloperidol treatment (P < 0.01 for
the effect of the treatment, P < 0.05 in post-hoc com-
parison). Risperidone, however, did not change the num-
ber of immunopositive cells (Figs. 4, 6). In the ventral
tegmental area, haloperidol also induced an increment in
the number of TrkB-positive cells per mm?® (P < 0.05 for
the effect of the treatment, P < 0.05 in post-hoc com-
parison), whereas Risperidone had no effect (Figs. 4, 7).

To determine whether dopaminergic neurons ex-
press BDNF receptors, brain sections containing the ven-
tral mesencephalic regions were immunostained with
TrkB and dopamine D, receptors. As shown in Figure 8,
ventral mesencephalic neurons stain positively for the
TrkB and dopamine D, receptors suggesting that these
two markers are co-localized in the soma neurons (Fig. 8).

DISCUSSION

We have previously reported that the basal levels of
brain NGF are significantly affected by haloperidol and
risperidone (Angelucci et al., 2000), suggesting that these
treatments induce changes in synthesis or release of en-
dogenous growth factors. Because BDNF is involved in
growth and function of brain DA neurons, the question
arose whether antipsychotic drugs might also affect this
neurotrophin. Consequently, we carried out appropriate
experiments and results obtained can be summarized as
follows: (1) haloperidol and risperidone decrease the basal
levels of BDNF in frontal and occipital cortex and hip-
pocampus, (2) consistent with the decrease in BDNF
levels, haloperidol also significantly decreased TrkB im-
munoreactivity in neurons of the hippocampus, substantia
nigra and ventral tegmental area, whereas the effects of
risperidone were in the same direction but not statistically
significant. (3) TrkB receptors are co-localized with do-
pamine D, receptors in the neurons of the ventral mes-
encephalon. Analysis of serial brain sections also revealed
no cell death, or gliosis in these brain regions.
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The findings that there were significant differences
between controls and haloperidol or risperidone-treated
rats both in terms of BDNF levels and receptors expression
suggest that the effect is due to a direct action of the two
drugs. The evidence that untreated rats display no differ-
ences in body weight or brain weight compared with rats
treated with drugs also supports this hypothesis.

Although the functional significance of these eftects and
of the differential effects of haloperidol and risperidone is not
known, the results demonstrate a novel action of these drugs.
The observation that only haloperidol exerts a significant
effect both on BDNF and BDNF high affinity receptor,
however, suggests a closer correlation between haloperidol
and BDNF as compared to risperidone and BDNF. Halo-
peridol is a potent antagonist of D, receptors. The fact that
BDNEF is a specific survival factor for the dopaminergic
neurons indicates that haloperidol can induce BDNF changes
as an adaptive response via the TrkB receptor. Indeed there is
considerable experimental evidence indicating that the tro-
phic actions of BDNF on ventral mesencephalic dopamine
neurons in vitro and in vivo are mediated by the TrkB
receptor (Numan and Seroogy, 1999). The TrkB receptor
could be synthesized essentially by all mesencephalic dopa-
minergic neurons (Numan and Seroogy, 1999). Moreover
BDNF is also produced locally by subpopulations of dopa-
minergic neurons (Numan and Seroogy, 1999). Thus the
neurotrophins can influence the dopaminergic neurons
through autocrine or paracrine mechanisms. The fact that in
ventral mesencephalic neurons we observed an increase in
TrkB-positive neurons supports the hypothesis of an activa-
tion of defense mechanism against D, antagonist action. It has
also been reported that haloperidol and other D, antagonists
induce NGF mRNA expression in the hippocampus, piri-
form cortex and striatum (Ozaki et al., 1999). The opposite
direction of neurotrophin and its receptor changes in some
areas and parallel changes in others (like hippocampus) are
also consistent with such a notion. These results also raise the
possibility that haloperidol and risperidone can act on differ-
ent target cells, or alternatively that these drugs influence in a
different manner BDNF-producing or responsive cells. Spec-
ulatively, this could be due to the rsperidone lower D,
antagonist potency compared to haloperidol, combined with
5HT, receptor-blocking properties.

Several lines of evidence indicate that neurotrophins
can modulate the DA and 5HT metabolism in rat mesen-
cephalic neurons (Martin-Iverson et al., 1994; Nishio et
al., 1998). For example, DA neurons in substantia nigra
and the ventral tegmental area express high levels of
BDNF mRNA, indicating that these cells are responsive
to this neurotrophin (Seroogy and Gall, 1993). Further-
more, haloperidol and risperidone modify the firing rate of
substantia nigra reticulata neurons as evidenced by extra-
cellular recordings of neuronal activity (Bruggeman et al.,
1997). In our study, haloperidol treatment increased
TrkB-immunoreactive neurons in both ventral tegmental
area and substantia nigra suggesting that TrkB may have a
role in antipsychotic action. This is also supported by the
finding that BDNF can stimulate DA release via the TrkB
receptor (Blochl and Sirrenberg, 1996). Whether the in-
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Fig. 3. Number of TrkB-immunopositive cells/section in the dentate
gyrus and hippocampus after antipsychotic or vehicle treatment. Re-
sults presented as mean = SEM (n = 5 animals/group). Asterisks
indicate significant between-group differences (*P < 0.05).

creased TrkB-immunoreactivity constitutes an adaptive
response to the DA antagonist action is not clear. The
observation that infusion of BDNF in these areas modifies
spontaneous behavior (Martin-Iverson and Altar, 1996)
and reduces MPTP toxicity in rat (Hung and Lee, 1996),
however, indicates that the BDNF-TrkB system is in-
volved in haloperidol mechanism(s) of action. This is of
interest because TrkDB is a signaling molecule required for
maturation and synaptogenesis of hippocampal connec-
tions (Martinez et al., 1998). High expression of TrkB was
found in the hippocampal formation (Yan et al.,, 1997).
The results that haloperidol induced a decrease in the
number of TrkB-positive neurons in the hippocampus
suggest that it can alter the neuronal plasticity. Indeed it
has been shown that, in addition to the classical neurotro-
phic role, BDNE/TrkB signaling regulates neuronal dif-
ferentiation and connectivity and the synaptic transmission
in the hippocampus (Kang and Schuman, 1995; McAllister
et al.,, 1996), a brain structure crucially involved in cog-
nitive junctions (Friedman et al., 1999; Weinberger,
1999). Whether the reduction of TrkB expression is
linked to a reduced BDNF synthesis, however, remains to
be seen.

The finding that in the dentate gyrus, a hippocampal
subregion, haloperidol and also risperidone (though not
significantly) enhance the expression of TrkB raises the
possibility that this eftect constitutes a stress-related re-
sponse associated with drug administration. In this context
it might be relevant that insults in the entorhinal cortex
can result in a bilateral increase in TrkB mRINA expres-
sion in the dentate granule cell layer and the pyramidal cell
layer of the hippocampus (Falkenberg et al., 1992), an area
that is implicated in stress related responses (McEwen and
Magarinos, 1997). This is consistent with the observation
that BDNF and TrkB mRNA increase in this brain region
after repeated electroconvulsive seizures and antidepres-
sant drug treatments (Nibuya et al., 1995).

TrkB immunopositive neurons in the
ventral mesencephalon
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Fig. 4. Number of TrkB-immunopositive cells/section in the substan-
tia nigra and cells/mm? in the ventral tegmental area after antipsychotic
or vehicle treatment. Results presented as mean £ SEM (n = 5
animals/group). Asterisks indicate significant between-group differ-
ences (*P < 0.05).

Functional and anatomical evidence indicates that hip-
pocampal regions are affected in schizophrenia (Falkai and
Bogerts, 1986; Weinberger, 1999). Because hippocampus
synthesizes the largest amount of NGF and BDNF, the
decrease in BDNF/NGF hippocampal levels observed after
treatment with antipsychotic drugs raises the possibility of a
functional correlation between low availability of neurotro-
phins and cognitive deficits occurring in schizophrenia.
Moreover, there are several recent structural and biochemical
studies indicating that schizophrenia or treatment with neu-
roleptic drugs may reduce dendritic spines in brain regions
(Kelley et al., 1997), alter brain cholinergic activity (Mahadik
et al., 1988), and impair cognitive abilities (Gallhofer et al.,
1996). Because neurotrophic factors, such as NGF and
BDNEF, are known to play an important role in these events
(Lo, 1995; Thoenen 1995), a heuristic hypothesis is that
changes in synthesis and release of brain neurotrophins may
significantly influence the course of cholinergic-related def-
icits associated with schizophrenia. Thus, prolonged treat-
ment with haloperidol and risperidone might negatively in-
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Fig. 5. TrkB-immunoreactivity in the dentate gyrus
of rats treated with haloperidol (A), risperidone at dose
of 2.3 mg/100 g food (B), and vehicle (C). Note the
increased neuronal immunoreactivity in haloperidol-
treated rats. Scale bar = 170 pm.
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Fig. 6. TrkB-immunoreactivity in
the substantia nigra of rats treated
with haloperidol (A), risperidone at
dose of 2.3 mg/100 g food (B), and
vehicle (C). Note the increased num-
ber of immunoreactive neurons in
haloperidol-treated rats. Scale bar =
120 pm.
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Fig. 7. TrkB-immunoreactivity in the ventral tegmental
area of rats treated with haloperidol (A), risperidone at dose
of 2.3 mg/100 g food (B), and vehicle (C). Note the
increased number of immunoreactive neurons in
haloperidol-treated rats. Scale bar = 120 pm.
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Fig. 8. Double staining of TrkB- and D,-receptors im-
munoreactivity on neurons of the ventral tegmental area
of rats treated with haloperidol (A), risperidone at dose of
2.3 mg/100 g food (B), and vehicle (C). Co-localization
of D,-receptors with TrkB is indicated by orange-brown
color (thin arrows) TrkB-receptors are indicated by light
gray color (thick arrows). Scale bar = 45 pm.



fluence cognitive processes. The observation that decreased
distribution of TrkB is associated with memory deficits sup-
ports this hypothesis (Croll et al., 1998). This hypothesis is
consistent with studies showing that risperidone treatment
compared to haloperidol causes less severe deficit in patient’s
ability to perceive emotion, (Kee et al., 1998; Kern et al.,
1998). Whether the effect of risperidone on cognitive pro-
cesses 1is linked to a lower efficacy of risperidone compared
with haloperidol in reducing the brain level of neurotrophins
remains to be demonstrated. In this context it is relevant that
infusion of BDNF was found to improve neurochemical and
behavioral deficits associated with nigrostriatal DA lesions
(Altar et al., 1994) and activate striatal DA and 5-HT metab-
olism and related behaviors (Martin-Iverson et al., 1994).
Additionally, the findings that schizophrenic patients
have low circulating levels of NGF (Bersani et al.,
1999), that neuronal development of embryonic brain
tissue derived from schizophrenic women shows
neurite-growth deficits (Freedman et al., 1992) and that
the polymorphism gene of neurotrophin-3 is associated
with schizophrenia (Nanko et al., 1994), are in line
with findings that schizophrenia affects cognitive pro-
cesses and that a prolonged haloperidol and risperidone
treatment could influence these events. The involve-
ment of neurotrophins in schizophrenia is also sug-
gested by observations that experimentally induced
neurodeficits in the entorhinal cortex are characterized
by significant changes in NGF levels (Angelucci et al.,
1999). Moreover, haloperidol markedly alters NGF
plasma levels in human (Aloe et al., 1997) and NGF
brain levels in mice (Alleva et al., 1996). These and our
observations further support the hypothesis that halo-
peridol and risperidone treatment in human might in-
fluence brain tissue and circulating levels of neurotro-
phins.

As haloperidol seems to have a more pronounced
effect on BDNF and TrkB expression than risperidone,
mechanisms regulating these differences remain to be elu-
cidated and could perhaps be associated with risperidone’s
atypical properties.

Further animal studies are necessary to evaluate
whether the chronic administration of antipsychotic drugs
causes impairments of the constitutive neurotrophins, such
as NGF and BDNF levels.
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