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A B STRA CT ~ The revised dopamine (DA) hypothesis sta tes that clinical symptoms of
s ch i z o p h renia are caused by an imbalance of the DA sy s te m . In this art i c l e, we aim to
review evidence for this hypothesis by evaluating functional magnetic resonance imaging
s tudies in sch i z o p h re n i a . B e cause aty p i cal dru gs are thought to have a normalizing ef f e c t
on DA neuro tra n s m i s s i o n , we have focused on pharm ac o l o g i cal MRI (PhMRI) stu d i e s
that ex p l o re the effect of these dru gs on pref ro n tal and stri a tal brain ac t iv i ty in sch i z o-
p h renia patients. We encountered a total of 13 stu d i e s , most of w h i ch re p o rted enhanced
prefrontal activity associated with alleviation of negative symptoms and improvement of
c o g n i t ive functions, following treatment with aty p i cal antipsy ch o t i c s . Besides incre a s i n g
p ref ro n tal cortex ac t iv i ty, a ty p i cal antipsy chotics have also shown to be ef f e c t ive in the
regulation of s tri a tal functioning. The current PhMRI findings support the revised DA
hypothesis of s ch i z o p h renia by confirming hypoac t iv i ty of the pref ro n tal cortex in sch i z o-
phrenia and, following atypical antipsychotics, improvement of prefrontal and subcortical
functions re flecting enhanced DA ac t iv i ty. Ps ych o ph a rm a c o l o gy Bull e t i n .
2 0 0 8 ; 4 1 ( 1 ) : 1 2 1 - 1 3 2 .

INTRODUCTION

The majority of in vivo dopamine (DA) studies of schizophrenia have been per-
formed with positron emission tomography (PET) and single-photon emission
computed tomography (SPECT). The use of these techniques has allowed the
quantification of DA transmission in schizophrenia, mainly by measuring the
availability of D2 receptors,1,2 and more recently by measuring D1 receptor avail-
ability.3–5 In contrast to PET and SPECT, functional magnetic resonance imag-
ing (fMRI) is not suitable for direct visualization of changes in DA-receptor
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d e n s i ty; n eve rt h e l e s s , this method all ows for measuring changes in human
b rain activity in the absence of ra d i a t i on exposure and with a higher
t e m p o ral and spatial re s o l u t i on than SPECT or PET. B e cause fMRI
m e a s u res hemodynamic changes induced by local altera t i ons in neuron a l
a c t i v i ty, f M RI inve s t i g a t i ons coupled with DA manipulation can prov i d e
i n f o rm a t i on on the phys i o l o g i cal effects of DA beyond its pri m a ry site
of action .6 – 8 This innov a t i ve appro a ch in imaging, ph a rm a c o l o g i cal MRI
( Ph M RI ) , can be used for assessments of cognitive and emotional func-
t i ons during ph a rm a c o l o g i cal manipulation that are not possible with
PET or SPE C T. Ph M RI is there f o re a promising tool for inve s t i g a t i n g
the hyp o t h e s i zed imbalance of the DA system in sch i zo ph re n i a .

The discovery of antipsychotic drugs for the treatment of schizophre-
nia in 1952 provided a first indication for the involvement of DA in this
disorder. The original DA hypothesis of schizophrenia assumed that the
positive symptoms (hallucinations, delusions, thought disorganization)
of this disease were being caused by increased DA neurotransmission.
Neuroleptics were shown to have the capacity to increase the turnover
of DA,9–11 next to the effectiveness to block DA D2 receptors mainly in
the subcortical regions.12–14 However, given the shortcomings of the
conventional antipsychotic medication to treat negative symptoms
(anhedonia, withdrawal, lack of motivation) and cognitive deficits in
schizophrenia, the mechanisms of actions of antipsychotics and the role
of the DA system required further i nve s t i g a t i on . In animal studies,
hyp e ra c t i v i ty of subcort i cal DA neurons was found to be related to
hyp o a c t i v i ty of frontal cort i cal DA neuron s .1 5 , 1 6 Therefore, the original
DA hypothesis was revised, and it was suggested that positive sym p t om s
could be associated with exc e s s i ve DA tra n s m i s s i on in subcort i ca l
re g i on s , w h e reas negative sym p t oms could be related to a con c om i t a n t
deficit in cort i cal DA tra n s m i s s i on .1 7 , 1 8 E a rlier fMRI inve s t i g a t i on s ,
without ph a rmacologic ch a ll e n g e, h a ve found some evidence for the
c oncept of frontal hyp o a c t i v i ty, by showing reduced activation duri n g
p re f rontal cognitive tasks (working memory, a t t e n t i on , and exe c u t i ve
f u n c t i ons) in the ve n t ro l a t e ral pre f rontal cortex (V L P F C ) , d o r s o l a t e ra l
p re f rontal cortex (DLPFC), and anterior cingulate in non m e d i cated or
m e d i ca t i on - n a ï ve patients, re l a t i ve to healthy con t ro l s .1 9 – 2 1

How can we review further evidence for the revised DA hypothesis of
schizophrenia? In contrast to the robust D2 blocking effect of typical
antipsychotics,22 most of the atypical neuroleptics have been shown to
induce a moderately selective, short-lasting and low level of subcortical
mesolimbic DA D2 receptor blockade.23–25 In addition, in animal mod-
els, these drugs appear to enhance prefrontal DA activity.26 If atypical
antipsychotics are found to be more effective in improving cognitive
functions and reducing negative symptoms, then this will provide
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additional support to the revised DA hypothesis of schizophrenia
because of atypical enhancement of frontal activity and mild blockade
of subcortical D2. In order to present additional evidence for the revised
DA hypothesis of schizophrenia, we review frontal and subcortical
imaging studies that combine PhMRI and DA manipulation with atyp-
ical antipsychotic drugs in schizophrenic patients (see Table 1).
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