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Effects of Haloperidol and Risperidone on 
Neurotensin Levels in Brain Regions and 
Neurotensin Efflux in the Ventral Striatum
of the Rat

 

Susanne H.M. Gruber, B.Sc., George G. Nomikos, M.D., Ph.D., Aleksander A. Mathé, M.D., Ph.D.

 

Neurotensin (NT) may play a role in the pathophysiology of 
schizophrenia and in the mechanism of action of 
antipsychotic drugs. Here we studied the effects of a 30-day 
regimen of haloperidol (1.15 mg/100 g food) and risperidone 
(1.15 and 2.3 mg/100 g food) on NT-like immunoreactivity 
(-LI) levels in brain tissue and NT-LI efflux in the ventral 
striatum (VSTR) of the rat. Haloperidol, but not 
risperidone, increased NT-LI levels in the striatum. In the 
occipital cortex, risperidone, but not haloperidol, decreased 
levels of NT-LI. In the hippocampus and the frontal cortex 

both haloperidol and risperidone (the higher dose) increased 
NT-LI levels. In the VSTR, haloperidol and risperidone 
(the higher dose) decreased NT-LI efflux and abolished 
the stimulatory effect of d-amphetamine (1.5 mg/kg, s.c.). 
Thus, changes in NT occur in response to antipsychotic 
drugs and psychostimulants that may be relevant for the 
pathophysiology and treatment of schizophrenia.

 

[Neuropsychopharmacology 26:595–604, 2002]
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Neurotensin (NT) is a 13-amino acid peptide originally
isolated from hypothalamus (Carraway and Leeman 1973).
Several anatomical, behavioral and pharmacological stud-
ies have demonstrated an interaction between NT and do-
pamine (DA) in the central nervous system (CNS). For ex-

ample, high levels of NT and its binding sites have been
found in both the cell body regions, i.e. the substantia ni-
gra pars compacta (SN) and the ventral tegmental area
(VTA), as well as the major projection areas of the ascend-
ing dopaminergic pathways, i.e. the striatum and the nu-
cleus accumbens (Kasckow and Nemeroff 1991; Lambert
et al. 1995; Quirion 1983). Within both the VTA and the
SN, NT immunoreactive fibers are found in close proxim-
ity to DA cell bodies (Hökfelt et al. 1984); within the VTA,
NT is colocalized with DA (Hökfelt et al. 1984; Kalivas
1993), while in the striatal complex, the majority of the NT
binding sites in rat are located on DA terminals (Cadet et
al. 1991). There exists substantial pharmacological evi-
dence showing that NT is involved in the regulation of
DA neurotransmission. For example, local perfusion with
NT dose-dependently increases striatal extracellular DA
levels without affecting DA metabolite levels and modi-
fies the inhibitory effects of DA-D

 

1

 

 and DA-D

 

2

 

 receptor
agonists on striatal DA release (Fuxe et al. 1992). In con-
trast to the striatum, in the nucleus accumbens direct infu-
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sion of NT does not affect extracellular DA levels, but in-
creases extracellular levels of the DA metabolite homo-
vanillic acid (Chapman et al. 1992). Microinjection of
NT into the VTA, produces a dose-dependent in vivo
DA release in the nucleus accumbens and also causes a
dose-dependent circling behavior (Steinberg et al. 1995).
Moreover, blockade of NT receptors by the NT receptor
antagonist SR 48692 decreases basal extracellular levels of
DA and its metabolites in the nucleus accumbens, sug-
gesting that NT modulates the mesolimbic DA system
(Azzi et al. 1998). Neurotensin has also been shown to
mimic the effects of neuroleptic drugs in behavioral mod-
els of antipsychotic drug action. Thus, centrally injected
NT antagonizes psychostimulant-induced locomotor hy-
peractivity (Ervin et al. 1981; Joliceur et al. 1993; Robledo
et al. 1993). These findings support the hypothesis that NT
is an endogenous neuroleptic (Nemeroff et al. 1992).

A wealth of evidence also shows that DA neurotrans-
mission modulates NT in the brain (Blaha et al. 1990;
Hanson et al. 1989; Levant et al. 1992). For example, ad-
ministration of cocaine and amphetamine promotes the
expression of NT in rat striatum and nucleus accumbens
(Betancur et al. 1997; Castel et al. 1994; Merchant et al.
1994b), and methamphetamine elevates NT levels in rat,
especially in substantia nigra and striatum (Letter et al.
1987). Neurotensin seems to be regulated both directly
and indirectly by DA receptor-mediated mechanisms.
Specifically, blockade of DA-D

 

2

 

 receptors by antipsy-
chotic drugs, as well as DA depletion after 6-OHDA le-
sion of the nigrostriatal pathway or treatment with reser-
pine result in an increase in NT levels in the striatum and
nucleus accumbens (Merchant et al. 1989). Moreover, se-
lective DA-D

 

2

 

 receptor antagonists raclopride and sulpir-
ide produce an increase in NT mRNA expression in stria-
tum (Augood et al. 1991) and NT content in the caudate
(Levant et al. 1991). In addition, typical and atypical anti-
psychotic drugs induce an increase in NT tissue concen-
trations in the nucleus accumbens and the caudate nu-
cleus (Kilts et al. 1988; Kinkead et al. 2000). In fact, several
studies on the effects of antipsychotic drugs on the NT
system have provided evidence in support of the notion
of an altered NT neurotransmission in DA-ergic projec-
tion regions as an important component of antipsychotic
drug action (Huang and Hanson 1997; Merchant and
Miller 1994; Radke et al. 1998). Furthermore, Radke et al.
(1998) and Kinkead et al. (2000) have reported differential
effects of typical and atypical antipsychotics on NT efflux
and NT receptor binding in the mesolimbic and the ni-
grostratial DA-ergic systems that may underlie the differ-
ences in the therapeutic profile of these compounds.

Several investigators have measured NT-LI in cere-
brospinal fluid (CSF) in schizophrenic patients. Drug-free
schizophrenics have been reported to have significantly
lower concentrations of NT-LI in their CSF (Lindström et
al. 1988). In these patients the CSF NT-LI levels were in-
creased to normal during antipsychotic treatment (Breslin

et al. 1994; Sharma et al. 1997; Widerlöv et al. 1982).
Therefore, there is an additional clinical interest to study
the role of NT in the pathophysiology of psychosis and
the mechanism of action of antipsychotic drugs. Abnor-
mal inputs from limbic structures to the ventral striatum
have been posited as a model for the pathophysiology of
schizophrenia (Bogerts 1999; Csernansky et al. 1991;
Grace and Moore 1998; Gray et al. 1991; Weinberger and
Lipska 1995) and these regions are therefore of interest in
the study of schizophrenia.

To examine the effects of antipsychotic drugs on NT
concentrations in the brain, we first determined whether
chronic treatment with haloperidol or risperidone under
the present experimental conditions affected brain re-
gional NT-LI tissue concentrations. To further under-
stand the interaction between CNS stimulants and NT,
we studied whether a single injection of 

 

d

 

-amphetamine
administered to rats pretreated with haloperidol or ris-
peridone affected NT-LI extracellular levels in the VSTR.
Results have in part been published in abstract form
(Gruber and Mathé 1997).

 

MATERIALS AND METHODS

Animals

 

Male Wistar rats (B&K Lab, Sollentuna, Sweden)
weighing about 130 g at the beginning of the experi-
ment were used in all experiments. Animals were main-
tained in a temperature-controlled room with a 12-h
light/dark cycle. The animals were housed five per
cage and had free access to food and water. All experi-
mental procedures were approved by the Ethical Com-
mittee on Animal Experiments, and the animals were
taken care of according to the Karolinska Institutet’s
Animal Care Guidelines.

 

Experimental Procedure

 

The animals were randomly assigned to either the brain
tissue experiment or the microdialysis experiment. In
both experiments, haloperidol (1.15 mg/100 g food,
corresponding to approximately 0.7 mg/kg/day) or ris-
peridone (1.15 or 2.3 mg/100 g food, corresponding to
approximately 0.7 or 1.5 mg/kg/day) was adminis-
tered for 30 days through food pellets that were pre-
pared by Janssen Pharmaceutica. Control animals were
fed with food pellets prepared by Janssen Pharmaceu-
tica. In the brain tissue experiment, 10 animals per
group were used, whereas in the microdialysis experi-
ment the number of animals was 7 per group.

 

Brain Tissue Experiment

 

On day 30, the animals were sacrificed with focused high-
energy microwave irradiation, as it results in increased
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recovery of peptides (Mathé et al. 1990; Theodorsson et al.
1990). The brains were removed and dissected on ice into
hypothalamus, frontal cortex, striatum, occipital cortex,
and hippocampus, according to Glowinski and Iversen
(1966). Samples were immediately frozen on dry ice,
weighted and stored at 

 

�

 

80

 

�

 

C until further preparation.

 

Peptide Extraction

 

The peptide was extracted from tissues by homogeniza-
tion with a Pooltron tissue homogenizer, followed by 5
min of ultrasonication and boiling for 10 min in 1 M ace-
tic acid. The homogenates were centrifuged at 6

 

�

 

C, 3000 

 

�

 

g for 20 min, the supernatants were collected and pellets
reconstituted in distilled H

 

2

 

0, followed by the identical
sonication, boiling and centrifugation procedure. The two
supernatants were pooled and freeze-dried and stored at

 

�

 

80

 

�

 

C until radioimmunoassay (RIA). The samples were
reconstituted in assay buffer before RIA.

 

Microdialysis Experiment

 

On day 28, while continuing on the same diet, the rats
were implanted under barbiturate anesthesia (Mebu-
mal, 60 mg/ml) with a vertical probe in the VSTR with
the incisor bar set at 

 

�

 

3.3; AP 

 

�

 

1.6, ML 

 

�

 

1.3, DV

 

�

 

8.5, measured from bregma according to Paxinos
and Watson (1986). After implantation of the microdi-
alysis probes, the animals were housed individually.
Experiments were carried out in freely moving rats 48
h after surgery during the daylight period. The ani-
mals were perfused at a flow rate of 3 

 

�

 

l/min with
sterile filtered modified Ringer’s solution (pH 7.2)
containing: 147 mM NaCl, 2.9 mM KCl, 1.3 mM CaCl

 

2

 

,
1.0 mM MgCl

 

2

 

 and 0.9 mM NaH

 

2

 

PO

 

4

 

 with addition of
0.2% albumin chicken egg (Sigma) and 0.03% bacitra-
cin (Sigma). Dialysis occurred through a semi-perme-
able membrane (AN 69 Hospal), having an active sur-
face length of 3.0 mm. After obtaining three baseline
dialysate samples, collected every 60 min, the animals
received a subcutaneous (s.c.) injection (administered
at a volume of 1 ml/kg) of either saline (0.9% NaCl) or

 

d

 

-amphetamine (1.5 mg/kg). After the injection five
additional samples were collected

 

.

 

 All samples were
stored at 

 

�

 

80

 

�

 

C until RIA.

 

NT Radioimmunoassay

 

Neurotensin-LI in the tissue supernatants and dialysates
was quantified by RIA using NT standard (Cat.No. 7351)
and antiserum (Cat.No. 7351), both purchased from
Peninsula Laboratories, UK, and 

 

125

 

I-labeled NT obtained
from Amersham International, UK. The antiserum is di-
rected toward the middle portion of the NT molecule and
was used at a final dilution that provides 30% zero bind-
ing of the labeled NT. The assay was run in duplicates

as follows: 25 

 

�

 

l standards (prepared in same buffers as
samples) and samples were incubated at 4

 

�

 

C for 48 h
with 100 

 

�

 

l of antibody. Following this incubation, 100

 

�

 

l of labeled NT was added and the solution was incu-
bated for an additional 24 h. Free and antibody-bound
NT were separated by 50 

 

�

 

l Sac-Cel (anti-rabbit solid
phase second antibody coated cellulose suspension;
IDS, Bolton, UK). Samples were left for 30 min at room
temperature, the reaction was then blocked with 1 ml
distilled H

 

2

 

O. After centrifugation at 3000 

 

�

 

 g for 20
min at 4

 

�

 

C, the supernatants were decanted and the pel-
lets were counted in a 

 

�

 

 counter. The assay has a sensi-
tivity of 1.95 fmol/ml and an IC

 

50

 

 of 67 fmol/ml. The
intra- and interassay coefficients of variation were 3%
and 9%, respectively.

 

Plasma and Tissue Concentrations of Risperidone 
and Haloperidol

 

Rats were randomly divided into four groups (n 

 

�

 

 3
animals/group) receiving the same treatment as in the
tissue and microdialysis experiments. After 30 days, an-
imals were sacrificed by guillotine, the serums were
collected and the brains removed and dissected. Plasma
and brain concentrations of haloperidol, risperidone
and 9-OH risperidone were determined by high perfor-
mance liquid chromatography (HPLC) by Janssen Phar-
maceutica.

 

Statistical Analysis

 

The effects of drug treatments on brain tissue levels of
NT (fmol/mg wet weight tissue 

 

�

 

 S.E.M.) were ana-
lyzed by 1-way (treatment: haloperidol, both doses of
risperidone, control) analysis of variance (ANOVA) for
each brain region (Figure 1). Significant effects revealed
by the 1-way ANOVAs were further evaluated with the
Student-Newman-Keuls test for multiple comparisons.

Dialysis data were calculated as percent change of
basal concentrations

 

,

 

 100% being defined as the average of
the last three baselines values before the injection (saline
or 

 

d

 

-amphetamine). The effects of treatments over time
were analyzed by 2-way ANOVA (treatment 1: halo-
peridol, both doses of risperidone, control; treatment 2:
saline or 

 

d

 

-amphetamine) at each time point and 1-way
ANOVA (time) for each group (Figure 3). Data are also
presented as the average overall increases after injection
(saline or 

 

d

 

-amphetamine) and analyzed by 2-way ANOVA
(treatment 1 X treatment 2) (Figure 4). Basal NT-LI con-
centrations in the various treatment groups were evalu-
ated by 1-way ANOVA (treatment: haloperidol, both doses
of risperidone, control) (Figure 2). Significant effects re-
vealed by the 2- or 1-way ANOVAs were further evalu-
ated with the Student-Newman-Keuls test for multiple
comparisons.
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RESULTS

NT-LI in Brain Regions: Effects of Antipsychotic Drugs

 

NT-LI was unevenly distributed among the brain regions
studied. Hypothalamus had the highest concentration:
104.2 

 

	

 

 3.5, followed by striatum 13.8 

 

	

 

 1.5, frontal cortex
11.8 

 

	

 

 0.7, occipital cortex 11.3 

 

	

 

 0.6, and hippocampus
3.7 

 

	

 

 0.5, expressed as mean (

 

	

 

 SEM) fmol/mg wet
weight tissue. As shown in Figure 1, haloperidol and the
higher dose of risperidone increased NT-LI in the frontal
cortex (

 

p

 

 values 

 




 

 .05). In striatum, haloperidol increased
NT-LI (

 

p

 

 

 




 

 .01), while no effect of risperidone was found.
In the occipital cortex, both doses of risperidone de-
creased NT-LI (

 

p

 

 values 

 




 

 0.01), whereas no effect of ha-
loperidol was detected. The NT-LI concentrations were
increased in hippocampus by both haloperidol and the
higher risperidone dose (

 

p

 

 values 

 




 

 .05).

 

NT-LI in Microdialysates from Ventral Striatum: 
Effects of Antipsychotic Drugs and d-Amphetamine

 

The basal extracellular concentrations of NT-LI in vehi-
cle treated animals were 194.6 

 

	

 

 28.4 fmol/ml, prior to
the injection. As shown in Figure 2, haloperidol and the

higher dose of risperidone significantly decreased the
basal extracellular levels of NT-LI (haloperidol 115.2 

 

	

 

9.9 fmol/ml, risperidone 136.0 

 

	

 

 13.0 fmol/ml) (

 

p

 

 val-
ues 

 




 

 .05). The lower dose of risperidone did not affect
the basal outflow of NT-LI (199.9 

 

	

 

 24.0 fmol/ml) (Fig-
ure 2). Injection of saline had no effect on NT-LI release
in either the vehicle (Figure 3), haloperidol or risperi-
done pretreated groups (data not shown). In contrast,
administration of 

 

d

 

-amphetamine in vehicle treated rats
(Figure 3) resulted in a time-dependent, significant in-
crease of NT-LI (120 min: 

 

p

 

 

 




 

 .01; 180 min: 

 

p

 

 

 




 

 .01; 240
min: 

 

p

 

 

 




 

 .01; 300 min: 

 

p

 

 

 




 

 .05). Pretreatment with halo-
peridol or the higher risperidone dose abolished the
stimulatory effect of 

 

d

 

-amphetamine on NT-LI efflux
(Figure 3). In animals treated with the lower risperidone
dose, the action of 

 

d

 

-amphetamine was also decreased
(Figure 3). The overall changes in dialysate NT-LI con-
centrations are presented in Figure 4. Amphetamine
significantly increased extracellular NT-LI in vehicle
treated animals (

 

p

 

 

 




 

 .01). Pretreatment with the lower
dose of risperidone significantly (

 

p

 

 

 




 

 .05) diminished
the effect of 

 

d

 

-amphetamine, while pretreatment with
haloperidol and the higher risperidone dose abolished
the 

 

d

 

-amphetamine effects (

 

p

 

 values 

 


 .01).

Figure 1. Effects of 30-day treatment with haloperidol or risperidone (1.15 or 2.3 mg/100 g food) on NT-LI concentrations in rat
brain regions. Data (mean � S.E.M.) are expressed as percent change from the mean of the corresponding vehicle treated group.
* p 
 .05, ** p 
 .01, as compared with vehicle (ANOVA followed by the Student-Newman-Keuls). n � 10 animals/group.
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In vehicle pretreated animals administration of
d-amphetamine resulted in an increased locomotor ac-
tivity, whereas in haloperidol or risperidone pretreated
animals no stimulatory effect of d-amphetamine on be-
havior was observed (data not shown).

Plasma and Tissue Concentrations of Haloperidol 
and Risperidone

The mean plasma and tissue levels of haloperidol, risperi-
done and 9-OH-risperidone after administration of halo-
peridol (1.15 mg/100 g food) or risperidone (1.15 or 2.3

mg/100 g food) are summarized in Table 1. Data are ex-
pressed as mean 	 SEM ng/g in the brain regions and as
ng/ml in plasma. The number of animals was 1–3 per
group. As expected, no haloperidol was detectable in ani-
mals receiving risperidone or vehicle, and no risperidone
was detectable in animals receiving haloperidol or vehicle.

DISCUSSION

The present study shows that 30-day administration of
haloperidol and risperidone resulted in drug and brain

Figure 2. Basal dialysate concentrations of NT-LI
in rat ventral striatum. Rats were pretreated with
vehicle, haloperidol or risperidone (1.15 or 2.3 mg/
100 g food). Data are presented as mean � S.E.M.
fmol/ml of the three baseline periods (0–180 min)
for each pretreatment. * p 
 .05, compared with the
vehicle pretreated group (ANOVA followed by the
Student-Newman-Keuls). n � 14 animals/group.

Figure 3. Changes in dialysate NT-LI concentrations in rat ventral striatum after a single injection of saline or d-amphet-
amine in rats pretreated with vehicle, haloperidol or risperidone (1.15 or 2.3 mg/100 g food). The arrow indicates time of
injection. Data are presented as mean 	 SEM percent changes of baseline values that were obtained prior to the injection. (a)
p 
 .05, (aa) p 
 .01, comparisons between (vehicle � saline) and (vehicle � amphetamine), (bb) p 
 .01, comparisons
between (haloperidol � amphetamine) and (vehicle � amphetamine), (cc) p 
 .01, comparisons between (risperidone 2.3 �
amphetamine) and (vehicle � amphetamine), (d) p 
 .05, comparisons between (risperidone 1.15 � amphetamine) and (vehicle
� amphetamine), (ANOVA followed by the Student-Newman-Keuls). n � 7 animals/group.
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region selective changes in NT-LI levels. Thus, NT-LI
concentrations were increased by haloperidol in the
frontal cortex, striatum and hippocampus, and by a
higher risperidone dose in the frontal cortex and hippo-
campus. Both doses of risperidone decreased NT-LI
levels in the occipital cortex. Several studies have dem-
onstrated that neuroleptic drugs increase tissue concen-
trations of NT in both the striatum and the nucleus ac-
cumbens (Eggerman and Zahm 1988; Frey et al. 1988;
Huang and Hanson 1997; Levant et al. 1991; Merchant
and Dorsa 1993; Merchant et al. 1992, 1994a). On the
other hand, the atypical antipsychotic clozapine in-
creases NT concentrations only in the nucleus accum-
bens (Merchant and Dorsa 1993). Similar results were
obtained when the NT/neuromedin (N) mRNA expres-
sion was assessed in these brain regions in response to
haloperidol and clozapine (Merchant and Dorsa 1993;
Merchant et al. 1992, 1994b). Consequently, a tentative
conclusion is that the haloperidol induced NT-LI in-
crease in striatum might be associated with the extrapy-
ramidal side effects (EPS) produced by classical neuro-
leptic drugs. The findings that chronic treatment with
haloperidol but not clozapine increased NT-LI in the
dorsal striatum (Kilts et al. 1988), and that chronic ris-
peridone treatment does not affect NT mRNA levels in
the striatum (Mijnster et al. 1995) further support such an
assumption. One likely explanation for these apparent

discrepancies is different dissection techniques and, as
already Gygi et al. (1994) commented, that “NT systems
throughout the entire striatum and nucleus accumbens
do not respond in a homogenous manner” to antipsychotic
drug administration. Whether these biochemical effects
underlie risperidone’s favorable clinical profile as far as
EPS (Marder 1998) is presently not known.

The findings that both haloperidol and risperidone
increased NT-LI concentrations in the frontal cortex
and the hippocampus is likely to be relevant for their
antipsychotic efficacy. In this regard, other studies have
reported either an increase (Goedert et al. 1985) or no
change (Levant et al. 1991) in NT-LI in the frontal cor-
tex, or even a decrease in NT in the medial prefrontal
cortex (Kilts et al. 1988), after chronic treatment with
haloperidol. These different results, including our own,
may be due to differences in the methodology, such as
the region of the frontal cortex assessed and the neuro-
leptic regimen followed. Nevertheless, in view of the
presumed frontal cortex hypodopaminergic state in
schizophrenia, the NT-DA interactions and the hypoth-
esis that NT is an endogenous antipsychotic, our results
that both haloperidol and risperidone increase NT in
frontal cortex seem plausible. Supporting this hypothe-
sis is our recent finding that chronic treatment with
olanzapine also elevates NT in the rat frontal cortex
(Gruber et al. 2001).

Figure 4. Changes in dialysate NT-LI concentrations in rat ventral striatum after a single injection of saline or d-amphet-
amine in rats pretreated with vehicle, haloperidol or risperidone (1.15 or 2.3 mg/100 g food). Each column represents the
overall (60–300 min after the injection) mean � S.E.M. percent change from three baseline values that were obtained prior to
the injection. * p 
 .05, ** p 
 .01, as compared with the groups injected with saline, # p 
 .05, ## p 
 .01 as compared with
the vehicle–d-amphetamine treated group (ANOVA followed by the Student-Newman-Keuls). n � 7 animals/group.
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In general there is a paucity of data on effects of anti-
psychotic and other psychoactive drugs on the occipital
cortex. However, a few published studies show effects
on some neuropeptides and neurotrophic factors BDNF
and NGF as well as dopamine receptor binding in the
occipital cortex (Angelucci et al. 2000a,b; Lidow and
Goldman-Rakic 1994). Although the functional signifi-
cance of NT changes is not clear, it might be of rele-
vance that two other neuropeptides interacting with the
dopaminergic system, Calcitonin gene-related peptide
(CGRP) and substance P are also decreased by risperi-
done and unaffected by haloperidol (Gruber and Mathé
1999). In view of interactions between working mem-
ory, a prefrontal cortex task, and visual attention tasks,
localized in the occipital cortex (de Fockert et al. 2001;
Supèr et al. 2001) and the observations that these pro-
cesses are deranged in schizophrenia, selective effects
of risperidone on NT, CGRP and substance P might
constitute biological correlates of its beneficial effects
on cognitive processes.

As far as the microdialysis results, haloperidol and
the higher dose of risperidone decreased basal extracel-
lular NT-LI levels in the VSTR. These findings are in
line with results showing decreased extracellular NT-LI
concentrations in the nucleus accumbens and the caudate
putamen following treatment with eticlopride, a DA-D2

receptor antagonist (Wagstaff et al. 1996a). In line with
our striatal tissue results, Wagstaff et al. (1996a) and
Merchant and Dorsa (1993), have also shown that DA-D2

antagonists increase NT mRNA and NT-LI tissue con-
tent in striatum. Taken together, the data indicate that
antipsychotic drugs increase NT gene expression and
subsequently NT concentrations in selected brain struc-
tures of central relevance for dopaminergic function. The
decreased NT-LI concentrations in microdialysates could
reflect either a decreased release or increased breakdown
of NT. The former is consistent with findings of elevated
NT levels, while the latter possibility is supported by re-
ports that antipsychotics alter NT fragmentation in tissue
experiments in vitro (Konkoy et al. 1994). However,
there are some data showing that chronic, but not acute,
administration of haloperidol increased the basal NT-LI

release in both the caudate nucleus and the nucleus ac-
cumbens (Radke et al. 1998). This seeming discrepancy
with our findings could be due to methodological differ-
ences, such as different probe-placement and tissue sam-
pling as well as different RIA method. In conclusion, it is
conceivable that the decreased NT-LI extracellular con-
centrations in the VSTR caused by haloperidol and ris-
peridone might reflect their shared antipsychotic property.

In the present study, single injection of d-amphetamine
markedly increased extracellular NT-LI concentration in
VSTR. In a previous experiment, similar administration of
d-amphetamine or PCP increased extracellular concentra-
tions of both NT-LI and DA in the VSTR and medial pre-
frontal cortex, although the effect of d-amphetamine on
NT-LI in the VSTR did not attain statistical significance
(Hertel et al. 1996). This may be due to the differences in
experimental procedures, including use of different NT
antibodies in RIA. Our results are in line with findings
that other psychostimulant drugs, e.g. methamphetamine,
also increase NT efflux in both the striatum and the nu-
cleus accumbens (Wagstaff et al. 1996b). Although the
mechanism underlying the stimulatory effects of psycho-
stimulant drugs on NT efflux is not fully elucidated, it is
likely due to an enhanced DA release and stimulation of
DA receptors. Thus, administration of quinpirole, a DA-D2

agonist increases extracellular NT efflux in the nucleus ac-
cumbens and pretreatment with eticlopride, a DA-D2

receptor antagonist diminishes the methamphetamine-
induced increase in NT efflux (Wagstaff et al. 1996a,b).
Our results that haloperidol and risperidone diminished
the effect of d-amphetamine on NT efflux are in line with
the above findings. Incidentally, although we did not sys-
tematically monitor locomotor activity during the mi-
crodialysis experiments, it was clear that the behavioral
effect of d-amphetamine was markedly diminished by ha-
loperidol or risperidone. In this regard, it is relevant that
both typical and atypical antipsychotics block the induc-
tion of behavioral sensitization to amphetamine as well as
associated NT/N mRNA responses in the nucleus accum-
bens (Meng et al. 1998). Thus, it appears that antipsychotic
drugs counteract the behavioral as well as the biochemical
effects of psychostimulants both on dopaminergic neu-

Table 1. Haloperidol and Risperidone Concentrations in Plasma and Brain Regions

Haloperidol Risperidone 1.15 Risperidone 2.3

Plasma 1.61 	 0.6 13.0 	 3.0 19.4 	 1.5
Hypothalamus 104.3 	 17.7 4.4 	 0.7 8.2 	 1.8
Frontal cortex 78.8 	 12.3 4.5 	 0.3 3.67 	 0.7
Striatum 86.0 	 21.0 3.1 	 1.0 3.0 	 0.4
Occipital cortex 92.2 	 17.9 2.5 	 0.3 3.0 	 0.4
Hippocampus 199.7 	 123.3 3.1 0.7 

Haloperidol and total active moiety of risperidone (risperidone � 9-hydroxy-risperidone) concentrations
in plasma and brain regions following 30 day treatment with haloperidol (1.15 mg/100 g food) or risperidone
(1.15 or 2.3 mg/100 g food). Data are expressed as mean 	 S.E.M. ng/ml in plasma and as ng/g in the brain
regions. N � 1-3 animals/group.
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rotransmission and on NT. Lastly, the plasma and tissue
concentrations of haloperidol and risperidone were com-
parable to those attained in previous studies (Sunderland
and Cohen 1987; Aravagiri et al. 1998) and deemed to
achieve a high degree of DA-D2 receptor occupancy
(Schotte et al. 1996).

In summary, the present work shows that both halo-
peridol and risperidone affect tissue concentrations of
NT-LI in distinct regions of the brain, as well as the efflux
of NT-LI in VSTR. Injection of d-amphetamine increases
NT-LI release in the VSTR, an effect that was abolished
by antipsychotic pretreatment. These data may have sig-
nificant implications in understanding the role of brain
NT in schizophrenia and in antipsychotic drug action.
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