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Effects of chronic risperidone on central noradrenergic transmission
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Abstract

In the present work, we investigated the effects of chronic risperidone administration on the activity of locus coeruleus noradrenergic
neurons. In addition, the effect of chronic risperidone administration on the basal level of norepinephrine in the prefrontal cortex was
evaluated. Results of this research showed that chronic risperidone administration increased the activity of locus coeruleus noradrenergic
neurons. The sensitivity of a -adrenoceptors in the somatodendritic region of the locus coeruleus was assessed by using the ID of2 50

clonidine. Results indicated that the firing rate of locus coeruleus noradrenergic neurons was the same in risperidone-treated rats and
Ž . Ž .controls. Similarly, the ID for " -2,5-dimetoxy-4-iodoamphetamine DOI , an agonist of 5-HT receptors which inhibits the activity50 2

of locus coeruleus neurons by acting on these receptors, did not show any differences between the firing rate of these neurons in
risperidone treated rats and controls. Unlike controls, chronically treated rats showed a significant decrease in norepinephrine levels in the
prefrontal cortex. The decreased release of norepinephrine following continuous risperidone administration could be explained by the
sustained increase in locus coeruleus neuronal activity after chronic risperidone administration. This low norepinephrine level in the
prefrontal cortex may contribute to the relief of certain negative schizophrenic symptoms and to the improvement of cognitive function.
q 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Atypical antipsychotic drugs have been identified as a
group of neuroleptic agents effective against the negative
as well as the positive symptoms of schizophrenia. These
drugs produce weak or no catalepsy in rodents at doses
which are effective in models predicting antipsychotic
activity and which promote significantly fewer extrapyra-

Ž .midal side effects in humans Kane, 1993 . More recently,
Ž .Meltzer 1995 has proposed the lack of effects on serum

prolactin concentration in humans, in addition to the low
extrapyramidal side effects, as a further subclassification
for atypical antipsychotics. Examples of these drugs in-
clude clozapine, risperidone, remoxipride and ziprasidone.

Although the clinical effects of antipsychotic drugs
have been extensively studied, the underlying mechanism
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of action is not fully understood. Interaction with central
dopaminergic transmission, specifically on dopamine D2

receptors, has been inferred as the main property of an-
tipsychotic drugs. Further effects on other neurotransmitter
systems may also contribute to the clinical actions of these
drugs.

Risperidone is a benzisoxazole derivative with a very
high affinity for 5-HT receptors, moderate affinity for2A

Ž .catecholamine mainly dopamine D receptors , a - and2 1
Ž .a -adrenoceptors Janssen et al., 1988 , and poor affinity2

for the acetylcholine muscarinic receptors. Working with
Ž .laboratory animals, Megens et al. 1988 demonstrated the

low capacity of risperidone to induce catalepsy and ex-
trapyramidal side effects. In chronic schizophrenic pa-
tients, risperidone showed a marked antipsychotic effect,
improved negative and affective symptoms and reduced

Žpre-existing extrapyramidal side effects Bersani et al.,
.1990 . These properties are partially shared by clozapine

Ž .Meltzer, 1995 . As with clozapine, these effects have been
tentatively explained by the high ratio of 5-HT rdopa-2A

Žmine D receptor blockade Den Boer and Westenberg,2
.1995 .
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Clozapine, another atypical antipsychotic drug, unlike
most neuroleptics, is not only a powerful 5-HT receptor2

antagonist but also equally or nearly as potent as an
Ža -adrenoceptor antagonist Van Kammen et al., 1990;2
.Sahakian and Hodges, 1994 . Chronic clozapine increases

the firing rate of noradrenergic neurons of the locus
coeruleus, probably by blocking the automodulatory mech-
anism that operates on the a -adrenoceptor in the somato-2

Ždendritic region of the locus coeruleus Ramirez and Wang,
.1986a . The marked enhancement of norepinephrine activ-

ity induced by chronic clozapine treatment could con-
tribute to its low potential for causing extrapyramidal side
effects, which could be the result of the selective action of
clozapine on the A10 mesolimbic but not the A9 nigrostri-
atal dopamine system. This view is supported by the work

Ž .of Cools 1983 , who provided some evidence suggesting
that norepinephrine selectively affects the mesolimbic but
not the nigrostriatal tract at the terminal regions. However,
haloperidol, a typical antipsychotic drug, was found to
decrease the locus coeruleus noradrenergic firing rate
Ž .Ramirez and Wang, 1986a . On the basis of these find-
ings, we decided to study the effects of chronic risperidone
administration on central noradrenergic transmission to
increase our knowledge of the mechanism of action of this
drug. To this end, we studied the activity of locus coeruleus
noradrenergic neurons using a single-cell recording method.
In addition, the effects of chronic risperidone on the
noradrenergic output in the prefrontal cortex were directly
studied by means of microdialysis in freely moving rats.

2. Materials and method

2.1. Subjects

Experiments were carried out on male Wistar rats
weighing 270–300 g. Animals were housed in groups of
five per box under standard conditions: room temperature
Ž .22"28C ; 12L:12D cycle; water and food ad libitum.

Ž .Risperidone Janssen was dissolved in tartaric acid 0.4
M and made up to the final volume with saline. Sodium

Ž .hydroxide 0.1 N was added until the final pH was 6–6.2.
ŽVehicle was prepared with physiologic saline solution 0.9

.gr100 ml and tartaric acid 0.4 M was added to achieve a
Ž .final pH of 6–6.2. Clonidine and " -2,5-dimethoxy-4-

Ž .iodoamphetamine DOI were dissolved in saline.
ŽAnimals were s.c. injected with risperidone 0.2

. Ž .mgrkgrday or vehicle 0.1 mlr100 grday for 5 weeks.
The risperidone dosage was selected according to doses of

Žsimilar antipsychotic potency in clinical trials Kane, 1993;
.Chouinard et al., 1994 .

2.2. Electrophysiological procedures

At 24 h after the last injection, rats were anesthetized
Ž .with chloral hydrate 400 mgrkg i.p. . Supplemental doses

of anesthetic were administered through a dorsal tail vein
when needed to maintain surgical anesthesia throughout
the experiment. These conditions meet or exceed the stan-
dards for the care of laboratory animals as outlined in the
NIH Guide for the Care and Use of Laboratory Animals.
Techniques used for extracellular single-cell recording have

Žbeen described in detail elsewhere Ramirez and Wang,
.1986a,b; Pavcovich and Ramirez, 1991 . Briefly, rats were

mounted on a stereotaxic frame, the skulls were exposed
and a hole was drilled above the locus coeruleus, where an

Želectrode was lowered 1.1–1.3 mm posterior to lambda,
1.1–1.3 mm lateral to the midline suture and 5.5–6.5 mm

.below the dura; atlas of Paxinos and Watson, 1986 by
means of a hydraulic microdrive. The number of sponta-

Žneously active cells per track five-track average per ani-
.mal and the firing rate were assessed. The firing rate was

obtained from the counted cells which displayed a signal-
to-noise ratio of 2:1 or more. Locus coeruleus noradrener-

Ž .gic neurons display the following characteristics: a posi-
tive–negative action potentials lasting approximately 2 ms,
often with a notch between the initial segment and the

Ž .somatodendritic spike component; b a firing rate of
Ž .0.5–3.0 spikers; c burst of firing followed by a quies-

cent period in response to pinching of the contralateral
Ž .paw Cedarbaum and Aghajanian, 1977 . These properties

fulfil electrophysiological criteria for the identification of
Žlocus coeruleus noradrenergic cells Aghajanian et al.,

1977; Ramirez and Wang, 1986a,b; Pavcovich and
.Ramirez, 1991 . Electrode potentials, which had been pre-

viously passed through a high-impedance amplifier, were
displayed on an oscilloscope. The electrical signals were
passed through a window discriminator and monitored on
an audio amplifier. Integrated histograms generated by the
analog output of the window discriminator were computed
on line and stored for later computer analysis.

Dose–response curves for clonidine and DOI were per-
formed by injecting successive i.v. doses of drugs at
5.0-min intervals and the percentage of spikes suppressed
was assayed during this period. Only one cell per rat was
tested. Upon completion of the experiments, the cell loca-
tion was marked by passing a 25-mA cathodal current
through the recording electrode for 15 min and a spot of
Fast green dye was deposited. Rats were then perfused
with phosphate-buffered 10% formaline solution. Serial
frozen sections, 50-mm thick, were sliced and the dye spot
was microscopically traced.

2.3. Microdialysis procedures

The microdialysis procedure was basically as described
Ž .by Robinson and Justice 1991 . Briefly, rats were anes-

Ž .thetized with chloral hydrate 400 mgrkg, i.p. and
mounted on a Stoelting stereotaxic frame with the incisor
bar at y3.3 mm below interaural zero. AN69 HF dialysis
fiber, inner diameter 200 mm and outer diameter 340 mm
Ž .Hospal, Meyzieu, France , was transversally inserted in
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Table 1
Comparison of the effects produced by chronic administration of risperi-
done vs. control on the number of locus coeruleus spontaneously active

Ž .cells cellsrtrack and their firing rate
Data represent means"S.E.M.

Ž . Ž .Treatment n cells Firing n rats Cellsrtrack

Control 18 1.87"0.11 8 4.84"0.10
a aChronic risperidone 19 2.38"0.13 9 6.02"0.31

a Ž .Significantly different from control, P -0.01 Newman–Keuls test .

Žthe prefrontal cortex coordinates vs. bregma: A q3.2; V
.y2.6; atlas of Paxinos and Watson, 1986 . Dialysis was

confined to the prefrontal cortex by covering the dialysis
fiber with epoxy resin along its whole length except for 7
mm corresponding to the section in contact with cortical
tissue. The probe was fastened to the skull with screws and
dental cement and the skin was sutured. Rats were then
placed in individual acrylic bowls and left to recover for at
least 24 h.

Experiments began 24 h after the last risperidone injec-
tion. The dialysis membranes were perfused with Ringer’s

Žsolution NaCl 147 mM; KCl 4.0 mM; CaCl 1.7 mM;2
.MgCl 0.8 mM; pHs7.2 at a constant flow rate of 1.22

mlrmin. After an equilibration period, samples of the
dialysate were collected every 30 min into vials containing

Ž .1 ml acetic acid 0.1 N to prevent oxidation of nor-
epinephrine. Vials were kept at 48C in a refrigerated
fraction collector. Immediately after collection, the

dialysate was analyzed on a high-performance liquid chro-
Ž .matography HPLC system. Control levels were defined

as an average of these baselines. Corrections were made to
account for the dead volume. At the end of the experi-
ments, animals were killed by decapitation, brains were
removed and the position of the dialysis probe track was
histologically verified.

2.4. Monoamine assay

The amount of norepinephrine in the collected fractions
was analyzed on an HPLC equipped with reverse-phase

Žcolumn ultrasphere C18, 15 cm, 5 mm particle size,
.Beckman coupled with electrochemical detection. The

HPLC system consisted of a BAS LCD-4 electrochemical
Ždetector with a glass–carbon electrode and pump Spectra

. ŽSeries P200 . The potential was set at 600 mV vs. Ag_
.AgCl reference electrode . The mobile phase containing 75

mM NaH PO , 1.0 mM sodium dodecyl sulfate, 100 mM2 4

EDTA, 1.48 mM triethylamine, 13% methanol and 15%
Ž .acetonitrile pH 5.6 was filtered and pumped throughout

the system at a flow rate of 1.0 mlrmin by a Spectra
Series P200 pump. Under these conditions, the limit of
detection was below 10 fmol. Peaks for both HPLC sys-
tems were displayed, integrated and stored with Peak

Ž .Simple II Data System SRI Instr, CA, USA . Quantifica-
tion was made by comparing the peak heights of the
samples to those of a standard curve.

Fig. 1. Integrated firing rate histograms showing representative effects of i.v. clonidine administration on the activity of locus coeruleus noradrenergic
Ž . Ž . Ž .neurons recorded from A control and B chronic risperidone 0.2 mgrkgrday -treated rats. Arrows indicate time of injection. Cumulative dose of

Ž . Ž .clonidine was 16 2.0q4.0q8.0 mgrkg in both groups. C Dose–response curve of i.v. clonidine to inhibit the firing of locus coeruleus noradrenergic
Ž .neurons in control and chronic risperidone-treated rats ns7 .
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Ž .Fig. 2. Effect of chronic risperidone administration 0.2 mgrkgrday on
extracellular levels of norepinephrine in microdialysis samples from
cerebral cortex of conscious, freely moving rats. Data are expressed as

Ž . ) Žnanomolar nM concentration, means"S.E.M. P -0.05 Student’s
. Ž .t-test compared to control group ns5 .

2.5. Statistical analysis

Statistical analyses for electrophysiological results were
Ž .performed using two-way analysis of variance ANOVA ,

and subsequent post hoc comparisons were carried out
with the Newman–Keuls test.

Values for microdialysis are expressed as means"

S.E.M. Data were analyzed by two-way ANOVA for

repeated measures with treatment as between-subjects fac-
Ž .tor and time as within-subjects factor Split-Plot ANOVA .

Post hoc comparisons between groups were performed
with an independent t-test. A P value of 0.05 or less was
considered significant.

3. Results

The therapeutic effects of most neuroleptic drugs appear
Ž . Žafter chronic 3–5 weeks administration Meltzer et al.,

.1978; White and Wang, 1983 . In order to explore whether
chronic risperidone administration modifies the firing of
locus coeruleus noradrenergic neurons, the activity of this

Ž .nucleus after chronic 5 weeks risperidone administration
was investigated. The number of spontaneously active
cellsrtrack and the discharge of locus coeruleus noradren-
ergic neurons were increased 24 h after the last injection of

Ž .chronic risperidone 0.2 mgrkgrday . Cellsrtrack
Ž . Ž .F 1,15 s13.16; P-0.0025 and firing rate F 1,35 s

Ž .9.88; P-0.0034 Table 1 . These effects were due to the
chronic risperidone administration rather than to the
risperidone remaining after the last injection because the
half-life of risperidone in brain tissue is known to be 3–4 h
Ž .Van Beijsterveldt et al., 1994 . One of the mechanisms
that rule the spontaneous activity of locus coeruleus nora-
drenergic cells is the inhibitory action mediated by a -2

Ž .adrenoceptors Williams et al., 1985 . To assess whether
the sensitivity of a -adrenoceptors in the locus coeruleus2

Fig. 3. Integrated firing rate histograms showing representative effects of i.v. DOI administration on the activity of locus coeruleus noradrenergic neurons
Ž . Ž . Ž .recorded from A control and B chronic risperidone 0.2 mgrkgrday -treated rats. Arrows indicate time of injection. Cumulative dose of DOI was 70

Ž . Ž .10q20q40 mgrkg in both groups. C Dose–response curve of i.v. DOI to inhibit the firing of locus coeruleus noradrenergic neurons of control and
Ž .chronic risperidone-treated rats ns6 .
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area was modified by the chronic administration of risperi-
done, the effect of a challenge inhibitory dose of clonidine
on the firing of these cells was determined. The ID of50

clonidine for locus coeruleus neuronal activity of rats
chronically treated with 0.2 mgrkg risperidone during 5

Ž .weeks 2.46"0.45 mgrkg did not change compared with
Ž . Ž .controls 3.34"0.58 mgrkg Fig. 1 . Fig. 1A, B show an

example of the effect of challenge doses of clonidine
Ž .2.0q4.0q8.0 mgrkg on the spontaneous activity of
locus coeruleus noradrenergic neurons.

In order to verify whether the alterations observed after
chronically administered risperidone in locus coeruleus
noradrenergic neuron activity, modified norepinephrine
outflow in the terminals in the prefrontal cortex, we as-
sayed the extracellular norepinephrine level in this area by
the microdialysis technique. As shown in Fig. 2, chronic
risperidone administration significantly decreased the basal

Ž .norepinephrine level in the prefrontal cortex 14.63"1.00
Ž . was compared with that of the controls 25.16"1.90 aver-

xage of four samples .
Considering that the spontaneous activity of noradrener-

gic neurons in the locus coeruleus of the rat appears to be
under the inhibitory influence of the serotoninergic raphe

Žsystem Leger and Descarries, 1978; Segal, 1979; Mc-
Naughton and Mason, 1980; Foote et al., 1983; McRae-

.Degueurce et al., 1985 — apparently by means of 5-HT2
Ž .receptors Gorea and Adrien, 1988 — and the proposed

affinity of risperidone for 5-HT receptors was similar to2

that of the atypical antipsychotic drug clozapine, we inves-
tigated the ID of DOI, a serotoninergic agonist, for the50

firing of locus coeruleus noradrenergic neurons in control
and risperidone-treated rats. There were no differences in
the sensitivity of the 5-HT receptors that affect the activ-2

ity of locus coeruleus noradrenergic neurons. The ID of50

DOI was 19.42"4.41 and 22.61"1.37 mgrkg for con-
Ž .trol and risperidone-treated rats, respectively Fig. 3 .

4. Discussion

In the prefrontal cortex, one of the projection areas of
locus coeruleus noradrenergic neurons, a decrease in the
basal norepinephrine level after chronic treatment with

Ž .risperidone was found Fig. 2 . This could have been a
result of depletion of norepinephrine because of increased
locus coeruleus neuronal activity, in response to repeated
risperidone administration. This finding is consistent with

Ž .the results reported by Westerink et al. 1998 concerning
a large, dose-related, increase in the overflow of nor-
epinephrine in prefrontal cortex of the rat following acute
risperidone administration.

Chronic risperidone administration was able to increase
Žthe activity of locus coeruleus noradrenergic neurons Ta-

.ble 1 , without changing the ID of clonidine for inhibit-50

ing the activity of locus coeruleus noradrenergic neurons
Ž .Fig. 1 . This means that changes in the sensitivity of

a -adrenoceptors, located in the locus coeruleus area, are2

not responsible for the increased firing of locus coeruleus
noradrenergic neurons after risperidone administration. The
a -self-inhibition is one of the mechanisms ruling the2

activity of locus coeruleus neurons, since the early phase
of the after-hyperpolarization is relatively resistant to a -2

Žadrenoceptor blockade McNaughton and Mason, 1980;
.Aghajanian et al., 1983 . In the light of these findings,

different arguments can be used to explain the increased
firing rate and the number of spontaneously active cells
per track observed in our experimental subjects. Changes
in membrane properties, such as I , induced by alter-kŽCa.
ation of inhibitory norepinephrine release in the locus
coeruleus area may be related to the increased activity of
locus coeruleus neurons after repeated risperidone adminis-
tration.

It has been demonstrated that risperidone displays high
affinity for 5-HT compared to dopamine D receptors2A 2
Ž .Svartengren and Simonsson, 1990 . Moreover, it has been
found that risperidone inhibits the spontaneous firing of
5-HT cells in the dorsal raphe nucleus, probably by acting

Ž .on 5-HT autoreceptors Hertel et al., 1997b . There is a
controversy over the nature of the inhibitory effects of
5-HT projections to the locus coeruleus nucleus. Most
evidence supports an indirect effect on afferent projections

Ž .to this nucleus Rasmussen et al., 1986 . Under our experi-
mental conditions, after chronic administration of risperi-
done, DOI induced a dose-related inhibition of the sponta-
neous activity of locus coeruleus noradrenergic neurons.
Moreover, the sensitivity of 5-HT receptors, assessed by2

the ID of DOI on the activity of locus coeruleus cells,50
Ždid not show any difference from that of the controls Fig.

.3 .
Acute clozapine, unlike typical antipsychotic adminis-

tration, decreases the firing rate of 5-HT neurons in the
Ž .dorsal raphe nucleus Gallager and Aghajanian, 1976 .

Similarly, risperidone inhibits the firing of this nucleus
Ž .Hertel et al., 1997a . Our results on the inhibitory effect
of DOI on the locus coeruleus noradrenergic neurons may
be a consequence of an increased 5-HT inhibitory input to
the locus coeruleus, since inhibitory serotoninergic projec-

Žtions to the locus coeruleus have been described Leger
and Descarries, 1978; Segal, 1979; McRae-Degueurce et

.al., 1985 .
The dopamine hypothesis of schizophrenia, in which

schizophrenia is related to increased dopamine function
Ž .Matthyse, 1973 , has been a major theory on schizophre-
nia. However, since the core symptoms of schizophrenia
are the persistent negative symptoms as well as the cogni-
tive deficits, and as these symptoms are notoriously unre-
sponsive to neuroleptic treatment, awareness has grown
that the original hypothesis is in need of an overhaul
Ž .Kahn and Davidson, 1995 . New data suggest that the
negative symptoms, as well as the cognitive deficits, may
be related to decreased dopamine function in the prefrontal
cortex. The positive symptoms of schizophrenia appear to
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be related to increased dopamine turnover in the striatum
Ž .Kahn and Davidson, 1995 . It is thought that typical
antipsychotic drugs ameliorate the psychotic symptoms by
decreasing dopamine activity in the A10 area after chronic
administration. In contrast, it has been postulated that
extrapyramidal side effects develop as a consequence of
the chronic dopamine receptor inhibition in the A9

Ždopamine area Chiodo and Bunney, 1983; White and
.Wang, 1983 .

Our results show that continuous risperidone adminis-
tration for 5 weeks modifies central noradrenergic trans-
mission. Considering the different receptor interactions
suggested for risperidone, the most likely receptor interac-
tions involved are the interaction with a - andror a -1 2

adrenoceptors because they are present in the locus
coeruleus area as well as pre- and postsynaptically on
adrenergic terminals. In the locus coeruleus, the stimula-
tion of a -adrenoceptors induces inhibition of the firing of2

these cells. On prefrontal noradrenergic terminals, the a -2

adrenoceptors regulate norepinephrine release; the a -1

adrenoceptors are postsynaptically located. We cannot rule
out another interaction between risperidone and 5-HT or
dopamine receptors as being responsible for the decrease
in the norepinephrine level observed in the prefrontal
cortex under our experimental conditions. In the light of
these findings, we suggest that the decreased norepineph-
rine level in the prefrontal cortex may be a compensatory
effect which may also decrease the level of norepinephrine
on the vicinity of locus coeruleus cells, enhancing the
spontaneous activity of these cells. These low prefrontal
norepinephrine levels found following chronic risperidone
administration may contribute to the relief of certain nega-
tive symptoms observed in schizophrenia, since an in-
creased noradrenergic activity has been associated with

Žrelapse of schizophrenia symptoms Van Kammen et al.,
.1990 . In fact, many neuropsychiatric disorders such as

schizophrenia are also associated with high levels of nor-
Ž .epinephrine turnover Baldessarini et al., 1992 .
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