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General introduction 



SPECT IMAGING IN YOUNG PATIENTS WITH SCHIZOPHRENIA 

The research project "SPECT imaging in young patients with schizo

phrenia" was started in 1997 as a co-operation between the Adolescent 

Clinic (department of Psychiatry) and the department of Nuclear Medicine 

of the Academic Medical Center in Amsterdam. This project was preceded 

by a large study funded by the Prevention Fund (Preventiefondsonderzoek 

I) which took place in the Adolescent Clinic from 1986 to 1992. The focus 

of that study was also on young patients with recent-onset schizophrenia 

and related psychotic disorders, studying personal and environmental risk 

as well as protective factors in relation with psychotic relapse. The study 

used the vulnerability-stress model as developed by Zubin and Spring 

(Zubin and Spring, 1977) and Nuechterlein an co-workers (Nuechterlein et 

al., 1992) as a framework. The model had as a primary focus the clinical 

course of schizophrenia, rather than aetiology, and included components 

that were supposed to play a role in psychotic relapse. Four classes of 

components were distinguished in the model: 1) enduring personal 

vulnerability factors, 2) personal protective factors, 3) environmental 

potentiators and stressors and 4) environmental protective factors. 

Three dissertations of the first project covered the relations between 

symptom aetiology, cognitive and social dysfunctioning. 

One covered the personal vulnerability domain (Van der Does, 1994) 

and one covered the family affective style and communication deviance 

(Nugter, 1997) in the environmental domain, both from a longitudinal 

perspective. The third dissertation examined the effects of psychosocial 

interventions including pharmacotherapy in a randomised clinical trial and 

other risk and protective factors in a population, that appeared to have an 

usual short duration of untreated psychosis (Linszen, 1993). Family 

support, education and problem-solving plus individual supportive 

treatment turned out to be effective: the relapse rate was low (15%) and 

the compliance rate to antipsychotic medication was high (Linszen et al., 

1996). Cannabis abuse turned out to be a risk factor for psychotic relapse 

(Linszen et al., 1994). 
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A sequel of the study was planned to examine some findings in detail, i.e., 

in the biological domain, in a larger population and with a longer follow-up 

with regular ratings of psychopathology, subjective experience and social 

functioning: "Risk and protective factors in the early course of recent-onset 

schizophrenia". The project was sponsored by a grant of the Dutch Health 

Research and Development Council (ZON). 

This second study was expanded with biological markers in the fields 

of neurotransmission, neurophysiology, neuropsychology, and 

psychopharmacology. The expansion served a comprehensive biopsycho-

social model of schizophrenia as a brain disease, including etiological and 

pathophysiological aspects. The dopamine hypothesis stood at the cradle 

of crucial questions, including the role of dopamine antagonists 

ameliorating symptoms of schizophrenia and subjective experience. 

The research line of the department of Nuclear Medicine was focussed 

on neuroimaging, covering both presynaptic and postsynaptic dopamine 

imaging (thesis by Booij (Booij, 1998) and by Verhoeff (Verhoeff, 1993), 

respectively). A co-operation between the two departments resulted in the 

plans for integrating dopamine neuroimaging in the new Prevention Fund 

II project. Moreover, the new project was completed with an antipsychotic 

drug trial, comparing two new atypical antipsychotics, olanzapine, and 

risperidone. A grant was obtained from the Dutch Health Research and 

Development Council (ZON) to carry out the multi-modality Prevention 

Fund II project. Moreover, this project was part of a co-operation between 

the universities of Groningen (AZG) and Utrecht (UMCU) through a grant 

of NWO. The new project was completed with an antipsychotic drug trial, 

comparing two new atypical antipsychotics, olanzapine, and risperidone, 

partly sponsored by a grant of Eli Lilly. 

The dopamine hypothesis of schizophrenia 

The dopamine hypothesis of schizophrenia, as originally formulated by 

Van Rossum (Van Rossum, 1967) is the most enduring explanation for 
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the pathophysiology of schizophrenia. Revised versions hypothesise that 

schizophrenia is characterised by abnormally low prefrontal dopamine 

activity (causing deficit symptoms) leading to excessive dopamine activity 

in mesolimbic dopamine neurons (causing positive symptoms) (Davis et 

al., 1991; Carlsson, 1995). Furthermore, several studies point at the 

difference between a tonic low level of dopamine in schizophrenia, 

combined with a phasic higher dopamine release, replacing the model of 

an overall higher dopaminergic activity (Grace, 1991 ). The specific 

significance of these findings for first or second episode patients with 

schizophrenia is unclear. 

In the last decades of the 20th century the technique of neuro-imaging 

in vivo, using single photon emission computed tomography (SPECT) and 

positron emission tomography (PET), was evolved far enough to test the 

dopamine hypothesis in vivo. Three main findings in this field will be 

mentioned shortly because they were the basis of our aims and 

hypotheses that were tested in this SPECT project. 

Part 1 

Dopamine receptor occupancy by antipsychotic 

medication 

According to the dopamine hypothesis, antipsychotic medication acts by 

blocking the D2 dopamine receptors in the brain. This is predominantly in 

the striatum due to the abundance of dopamine receptors in that area. 

Early PET studies made this blockade visible and measurable, using 

radioligands with a high affinity for the D2 receptor. In patients treated with 

antipsychotic medication the striatal binding of the radioligand was found 

to be much lower compared to control values, reflecting a high D2 receptor 

occupancy (Farde et al., 1986). This landmark study set off a world-wide 

interest in dopamine receptor imaging in schizophrenia, and this imaging 
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paradigm was used in a large number of studies to test different aspects of 

the dopamine hypothesis. An overview of dopamine receptor studies is 

presented in Chapter 2. 

A major finding, derived from these PET and SPECT studies, is that 

there is a threshold of D2 receptor occupancy of about 60% required to 

induce clinical effect of antipsychotic medication (Nyberg et al., 1995; 

Kapur et al., 1996). Furthermore the risk of extrapyramidal side effects 

seems particularly high at D2 receptor occupancy levels over 80% (Farde 

eta!., 1992). 

Side effects of antipsychotics are relevant because they are a major 

reason for treatment non-compliance, while discontinuation of 

antipsychotic therapy is probably the most important risk factor for 

developing a psychotic relapse (Prevention Fund I project) (Robinson 

et al., 1999). Therefore, side effects are always an essential item in the 

introduction of new antipsychotics. Since the classic antipsychotics were 

found to occupy a high percentage of D2 receptor, a search was started of 

new antipsychotic medication with good clinical effect and low 

extrapyramidal side effects. Both olanzapine and risperidone were 

developed according to these criteria. In our first study, we compared side 

effects and D2 receptor occupancy and of these two new antipsychotics. 

Specific aim was to correlate to D2 receptor occupancy of both 

antipsychotics (Chapter 3). 

Apart from the traditional side effects rating scales, including specific 

extrapyramidal rating scales, we also assessed the subjective experience 

of patients treated with antipsychotics. Our hypothesis was that a higher 

occupancy of D2 receptors by antipsychotics was correlated with a worse 

subjective experience. This is a different approach to evaluate the overall 

effect of well-being under antipsychotic treatment (Naber, 1995), which 

may be more useful in the understanding of treatment compliance than 

traditional side effect ratings. 

The findings of neuroimaging studies that relatively low doses of 

antipsychotic already induce high receptor occupancy slowly influenced 
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clinical practice, as 80% occupancy of the D2 receptors is already 

achieved at lower doses than routinely used. One conclusion is that 

antipsychotic medication is often prescribed in doses that induce more 

side effects than necessary, with no further reduction of psychotic 

symptoms (de Haan and Maksmovic, 1999). In line with this 

argumentation, a study was set up to compare the D2 receptor occupancy 

and efficacy of a classic antipsychotic (haloperidol) and an atypical 

antipsychotic (olanzapine) in a low dose. This low dose study is carried out 

at the Adolescent Clinic at the moment of writing and no data are yet 

available. Meanwhile, a Canadian group recently reported favourable 

results with very low doses of haloperidol (starting at 1 or 2.5 mg per day), 

which were related with D2 receptor occupancies of 38 to 87% (Kapur et 

al., 2000). 

A more chronic and lasting side effect of antipsychotic medication that 

may occur months or years after the start of treatment is tardive 

dyskinesia. Symptoms of tardive dyskinesia are mostly found in the face. 

Involuntary movements of the tongue and facial muscles are prominent 

features. For patients these symptoms can be strongly invalidating and are 

often a major hindrance in social life. One hypothesis for the occurrence of 

tardive dyskinesia is a decrease in dopaminergic neurons (Lohr et al., 

1988). The chronic increase of synaptic dopamine, caused by the blocking 

of dopamine receptors, is thought to induce free radicals that are toxic to 

the dopaminergic neuron. To test the free radical hypothesis we assessed 

the dopamine transporter density (as a measure of intact dopaminergic 

neurons) in a group of patients with tardive dyskinesia (Chapter 9) in 

comparison with controls. 

Apart from understanding the mechanism of antipsychotic medication and 

its side effects, another aim of in vivo imaging of the dopamine system is 

to evaluate the density of dopamine receptors in patients with 

schizophrenia. It was predicted that the hyperactivity of the dopamine 
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sr system was reflected in a higher density of dopamine receptor. After 

elaborate imaging studies with conflicting results, consensus was that no 

large difference in dopamine receptor density between patients with 

schizophrenia and controls exists (overview by Laruelle, 1998). 

However, using a different paradigm, in which endogenous dopamine 

is depleted before SPECT imaging with [123I]-IBZM, a very recent study 

claims a higher D2 receptor occupancy by endogenous dopamine in 

patients with schizophrenia, stating that endogenous dopamine obscures 

proper measurement of D2 receptors (Abi-Dargham 

et al., 2000). The findings in their study, after depletion of endogenous 

dopamine, reflect a higher density of striatal D2 receptors in patients with 

schizophrenia (Seeman and Kapur, 2000). 

Part 2 

The presynaptic Dopamine transporter 

The second major finding in schizophrenia imaging research involves 

the presynaptic part of the dopamine system. The focus of dopaminergic 

imaging was diverted from the effect of a possible over-activity of the 

system, as measured in the postsynaptic receptor, to the system that 

could be responsible for this over-activity: the synthesis and release of 

dopamine. Therefore, presynaptic aspects of the dopamine system were 

studied. This resulted in the finding of a higher uptake of the dopamine 

precursor 18F-DOPA in the striatum of patients with schizophrenia 

compared with controls, as was measured with PET imaging (Reith et al., 

1994; Hietala et al., 1995). A recent study, did not replicate these findings 

(Hietala et ai., 1995; Elkashef et al., 2000). However, in this last study 

patients were not antipsychotic-naive. The higher uptake of this dopamine 

precursor could reflect either a more active decarboxylase activity, or more 

nigrostriatal dopaminergic nerve terminals. We tested the hypothesis of an 
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increased number of dopaminergic nerve terminals by comparing the 

dopamine transporter density in the striatum, reflecting the density of 

functional nigrostriatal dopamine neurons, in patients with schizophrenia 

with healthy controls (Chapter 6). 

First, to determine a possible medication effect on the SPECT 

imaging, we studied the effect of antipsychotic medication on dopamine 

transporter binding of the radioligand [123I]-FP-CIT in rat brain (Chapter 5). 

To avoid any possible medication effect, the SPECT study also included 

a subgroup of patients who were never before exposed to antipsychotic 

medication. 

The third and related milestone study in support of the dopamine 

hypothesis was the finding of a higher dopamine release in patients with 

schizophrenia (Lamelle et al., 1996). In this neuro-imaging studies, 

amphetamine was used to provoke dopamine release, resulting in 

displacement of the radioligand. This study was later replicated (Breier 

et al., 1997; Abi-Dargham et al., 1998) and it was found that the hyper-

dopaminergic state of patients with schizophrenia is present in the initial 

episode and subsequent relapses, but not in periods of remission (Lamelle 

et al., 1999). Our initial plan to replicate this important finding and expand 

it to first episode patients was abolished. Although the testing of the 

challenge paradigm was already performed at our department (Booij et al., 

1997), the set-up of the Prevention Fund II project, was not suitable to 

perform this study. 

Gender differences in the presynaptic dopamine system 

Gender differences in neuropsychiatrie disorders are well described, and 

especially play a role in schizophrenia. The male to female ratio is striking 

when entering the Adolescent Clinic for young patients with a first 

psychotic episode. More evidence-based, a later age of onset and a 

initially better outcome has been described in female patients with 

schizophrenia (Wanderung, 1994; Faraone et al., 1994; Hafner et al., 

1994). The relevance of studying these gender differences in 
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schizophrenia has been put forward (Seeman and Lang, 1990), since it 

may ultimately have consequences for a more gender-specific treatment 

(Szymanskietal., 1995). 

Previous imaging studies of the postsynaptic dopamine D2 receptor 

already revealed that women had a lower D2 receptor affinity in the 

striatum (Pohjalainen et al., 1998), suggesting an increased endogenous 

striatal dopamine concentration in women. This may be related to a higher 

number of dopaminergic nerve terminals in females. In rats it was shown 

already that females had a higher dopamine and transporter density, 

putting estrogen forward as a crucial factor. (Rivest et al., 1995). 

However, gender differences in the presynaptic dopamine system 

had not been studied before. Therefore, we explored the effect of gender 

on dopamine transporter density in patients with schizophrenia (Chapter 6) 

and in healthy controls (Chapters 7 and 8). Furthermore, the effect of 

gender on serotonin transporter density was studied (Chapter 8). 

The gender effect in schizophrenia has even been expanded into the 

therapeutic field, by adding estrogen therapy to the standard anti

psychotic medication regime, a project which is, however, still in the 

experimental phase (Kulkarni et al., 2000). 

Part 3 

Schizophrenia and the cholinergic system 

Although dopamine and schizophrenia have long been inextricably linked, 

several other neurotransmitters may be involved in the pathophysiology of 

schizophrenia, e.g. serotonin and glutamate. Although the cholinergic 

system is mostly mentioned in relation to side effects of antipsychotics, 

also the cholinergic aspects of schizophrenia itself are subject of 

discussion (Tandon, 1999). 
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Some antipsychotics are known to induce cholinergic side effects 

such as hyposalivation, constipation, or cognitive disturbances. These 

effects have been described in a low incidence in olanzapine treated 

patients, but are seen hardly in patients treated with risperidone. On the 

other hand, anticholinergic medication like biperiden is used to counteract 

the extrapyramidal side effects of antipsychotics. Therefore, an anti

psychotic drug with anticholinergic effect may well be responsible for the 

low incidence of extrapyramidal side effects, apart from the D2 receptor 

occupancy. 

With [123l]-Dexetimide as a radioligand, it is possible to study the 

density of muscarine receptor in the brain in vivo. We used 

[ l]-Dexetimide SPECT to compare the muscarine receptor occupancy of 

olanzapine and risperidone in patients with schizophrenia and looked for a 

correlation with extrapyramidal and anticholinergic side effects 

(Chapter 10). 

References 

Abi-Dargham A., Gil R., Krystal J., 

Baldwin R.M., Seibyl J.P., Bowers M., 

van Dyck C.H., Charney D.S., Innis R.B., 

Lamelle M. (1998). Increased striatal 

dopamine transmission in schizophrenia: 

confirmation in a second cohort. American 

Journal of Psychiatry, 155, 761-767. 

Abi-Dargham A., Rodenhiser J., PrintzD., 

Zea-Ponce Y., Gil R., Kegeies LS., Weiss 

R., Cooper T.B., Mann J.J., Van Heertum 

R.L., Gorman J.M., Lamelle M. (2000). 

Increased baseline occupancy of D2 

receptors by dopamine in schizophrenia. 

Proceedings of the National Academy of 

Sciences of the United States of America, 

97,8104-8109. 

10 



1 I GENERAL INTRODUCTION 

Booij J., Korn P., Linszen D.H., Van 

Royen E.A. (1997). Assessment of 

endogenous dopamine release by 

methylphenidate challenge using lodine-

123 iodobenzamide single-photon 

emission tomography. European Journal 

of Nuclear Medicine, 24, 674-677. 

Booij J. (1998) Imaging of dopamine 

transporters in Parkinson's disease with 

single photon emission computed 

tomography. Thesis, Amsterdam. 

Breier A., Su T.P., Saunders R., Carson 

R.E., Kolachana B.S., de Bartolomeis A., 

Weinberger D.R., Weisenfeld N., Malhotra 

A.K., Eckelman W.C., Pickar D. (1997). 

Schizophrenia is associated with elevated 

amphetamine-induced synaptic dopamine 

concentrations: evidence from a novel 

positron emission tomography method. 

Proceedings of the National Academy of 

Sciences of the United States of America, 

94, 2569-2574. 

Carlsson.A. (1995) the dopamine theory 

revisited. In: Schizophrenia, 379-400. 

Edited by Hirsch,S.R. and 

Weinberger.D.R., Cambridge, Blackwell 

Science. 

Davis K.L., Kahn R.S., Ko G., Davidson 

M. (1991). Dopamine in schizophrenia: a 

review and reconceptualization. American 

Journal of Psychiatry, 148, 1474-1486. 

de Haan L. and Maksmovic I. (1999). 

Psychosebehandeling met een lage 

dosering D2-antagonist. Tijdschrift Voor 

Psychiatrie, 41, 287-291. 

Elkashef A.M., Doudet D., Bryant T., 

Cohen R.M., Li S., Wyatt R.J. (2000). 6-
,8F-DOPA PET study in patients with 

schizophrenia. Psychiatry Research: 

Neuroimaging Section, 100, 1-11. 

Faraone S.V., Chen W.J., Goldstein J.M., 

Tsuang M.T. (1994). Gender differences 

in age at onset of schizophrenia. British 

Journal of Psychiatry, 164, 625-629. 

Farde L, Hall H., Ehrin E., Sedvall G. 

(1986). Quantitative analysis of D2 

dopamine receptor binding in the living 

human brain by PET. Science, 231, 

258-261. 

Farde L, Nordstrom A.L., Wiesel F.A., 

Pauli S., Halldin C, Sedvall G. (1992). 

Positron Emission Tomographic Analysis 

of Central D1 and D2 Dopamine Receptor 

Occupancy in Patients Treated With 

Classical Neuroleptics and Clozapine. 

Archives of General Psychiatry, 49, 

538-544. 

Grace A.A. (1991). Phasic versus tonic 

dopamine release and the modulation of 

dopamine system responsivity: a 

hypothesis for the etiology of 

schizophrenia. Neuroscience, 41, 1 -24. 

Hafner H., Maurer K., Löffler W., 

Fatkenheuer B., Derheiden W.A., 

Riecherrossler A., Behrens S., Gattaz 

W.F. (1994). The epidemiology of early 

schizophrenia - influence of age and 

gender on onset and early course. British 

Journal of Psychiatry, 164, 29-38. 

11 



SPECT IMAGING IN YOUNG PATIENTS WITH SCHIZOPHRENIA 

Hietala J., Syvälahti E., Vuorio K., 

Räkköläinen V., Bergman J., Haaparanta 

M., Solin O., Kuoppamäki M., Kirvelä O., 

Ruotsalainen U., et, al ,(1995). 

Presynaptic dopamine function in striatum 

of neuroleptic-naive schizophrenic 

patients. Lancet, 346, 1130-1131. 

Sciences of the United States of America, 

93, 9235-9240. 

Laruelle M. (1998). Imaging dopamine 

transmission in schizophrenia. A review 

and meta-analysis. Quarterly Journal of 

Nuclear Medicine, 42, 211-221. 

Kapur S., Remington G., Jones C, Wilson 

A., DaSilva J., Houle S., Zipursky R. 

(1996). High levels of dopamine D2 

receptor occupancy with low-dose 

haloperidol treatment: a PET study. 

American Journal of Psychiatry, 153, 

948-950. 

Kapur S., Zipursky R., Jones C, 

Remington G., Houle S. (2000). 

Relationship between dopamine D2 

occupancy, clinical response, and side 

effects: A double-blind PET study of first-

episode schizophrenia. American Journal 

of Psychiatry, 157, 514-520. 

Kulkarni J., de Castella A., Smith D., Taffe 

J., Keks N.; Copolov D. (1996). A clinical 

trial of the effects of estrogen in acutely 

psychotic women. Schizophrenia 

Research, 20, 247-252. 

Laruelle M., Abi-Dargham A., van Dyck 

C.H., Gil R., D'Souza CD., Erdos J., 

McCance E., Rosenblatt W., Fingado C., 

Zoghbi S.S., Baldwin R.M., Seibyl J.P., 

Krystal J.H., Charney D.S., Innis R.B. 

(1996). Single photon emission 

computerized tomography imaging of 

amphetamine-induced dopamine release 

in drug-free schizophrenic subjects. 

Proceedings of the National Academy of 

Laruelle M., Abi-Dargham A., Gil R., 

Kegeles L., Innis R. (1999). Increased 

dopamine transmission in schizophrenia: 

relationship to illness phases. Biological 

Psychiatry, 46, 56-72. 

Linszen D.H. (1993) Recent onset 

schizophrenic disorders outcome, 

prognosis and treatment. Thesis, 

Ridderkerk. 

Linszen D.H., Dingemans P.M., Lenior 

M.E. (1994). Cannabis abuse and the 

course of recent-onset schizophrenic 

disorders. Archives of General Psychiatry, 

51, 273-279. 

Linszen D., Dingemans P., Van der Does 

J.W., Nugter A., Schölte P., Lenior M., 

Goldstein M.J. (1996). Treatment, 

expressed emotion and relapse in recent 

onset schizophrenic disorders. 

Psychological Medicine, 26, 333-342. 

Lohr J.B., Cadet J.L, LohrM.A., Larson 

L, Wasli E., Wade L, Hylton R., Vidoni 

C. Jeste D.V., Wyatt R.J. (1988). Vitamin 

E in the treatment of tardive dyskinesia: 

the possible involvement of free radical 

mechanisms. Schizophrenia Bulletin, 14, 

291-296. 

12 



1 I GENERAL INTRODUCTION 

Naber D. (1995). A self-rating to measure 

subjective effects of neuroleptic drugs, 

relationships to objective psycho-

pathology, quality of life, compliance and 

other clinical variables. International 

Clinical Psychopharmacology, 10 Suppl 3, 

133-138. 

Nuechterlein K.H., Dawson M.E., Gitlin 

M., Ventura J., Goldstein M.J., Snyder 

K.S., YeeC.M.. MintzJ. (1992). 

Developmental Processes in 

Schizophrenic Disorders: longitudinal 

studies of vulnerability and stress. 

Schizophrenia Bulletin, 18, 387-425. 

Reith J., Benkelfat C, Shen/i/in A., 

Yasuhara Y., Kuwabara H., Andermann 

F., Bachneff S., Cumming P., Diksic M.. 

Dyve S.E. (1994). Elevated dopa 

decarboxylase activity in living brain of 

patients with psychosis. Proceedings of 

the National Academy of Sciences of the 

United States of America, 91. 

11651-11654. 

Rivest R-, Falardeau P., Di Paolo T. 

(1995). Brain dopamine transporter: 

gender differences and effect of chronic 

haloperidol. Brain Research, 692, 

269-272. 

Nugter M.A. (1997) Family factors and 

interventions in recent onset schizo-

hrenia. Thesis, Amsterdam. 

Nyberg S., Farde L, Halldin C, Dahl 

M.L., Bertilsson L. (1995). D2 dopamine 

receptor occupancy during low-dose 

treatment with haloperidol decanoate. 

American Journal of Psychiatry, 152, 

173-178. 

Pohjalainen T., Rinne J.O., Nâgren K., 

Syvälahti E., Hietala J. (1998). Sex 

differences in the striatal dopamine D2 

receptor binding characteristics in vivo. 

American Journal of Psychiatry, 155, 

768-773. 

Robinson D., Woerner M.G., Alvir J.M., 

Bilder R., Goldman R., Geisler S., Koreen 

A., Sheitman B., Chakos M., Mayerhoff 

D., Lieberman J.A. (1999). Predictors of 

relapse following response from a first 

episode of schizophrenia or schizo

affective disorder. Archives of General 

Psychiatry, 56,241-247. 

Seeman M.V. and Lang M. (1990). The 

role of estrogens in schizophrenia gender 

differences. Schizophrenia Bulletin, 16. 

185-194. 

Seeman P. and Kapur S. (2000). 

Schizophrenia: More dopamine, more D2 

receptors. Proceedings of the National 

Academy of Sciences of the United States 

of America, 97, 7673-7675. 

13 



SPECT IMAGING IN YOUNG PATIENTS WITH SCHIZOPHRENIA 

Szymanski S., Lieberman J.A., AlvirJ.M., 

Mayerhoff D., Loebel A., Geisler, Chakos 

M., Koreen A., Jody D., Kane J. (1995). 

Gender differences in onset of illness, 

treatment response, course, and biologic 

indexes in first-episode schizophrenic 

patients. American Journal of Psychiatry, 

152,698-703. 

Tandon R. (1999). Cholinergic aspects of 

schizophrenia. British Journal of 

Psychiatry - Supplement 7-11. 

Van der Does A.J.W. (1994) 

Symptomatology and cognition in recent 

onset schizophrenia. Thesis, Amsterdam. 

Van Rossum.J. (1967) Neuropsycho-

pharmacology, proceedings fifth collegium 

internationale neuropsycho-

pharmacologicum. In: 321-329. 

AnonymousAmsterdam, Excerpta Medica. 

Verhoeff N.P.LG. (1993) Neuroreceptor 

ligand imaging by Single Photon Emission 

Computerised Tomography (SPECT). 

Thesis, Amsterdam. 

Wanderung J. (1994). Epidemiology of 

nonaffective acute remitting psychosis vs 

schizophrenia - sex and sociocultural 

settings. Archives of General Psychiatry, 

51,294-301. 

Zubin J. and Spring B. (1977). 

Vulnerability--a new view of 

schizophrenia. Journal of Abnormal 

Psychology, 86, 103-126. 

14 


