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Cingulate abnormalities associated with
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There is evidence for the involvement of the cingulate gyrus
in schizophrenia. We present details of a Statistical Paramet-
ric Mapping (SPM) analysis of SPECT data from the largest
study (N = 39) of drug naive schizophrenic patients. The
main findings are that there is decreased perfusion in the an-
terior cingulate during verbal fluency when patients are com-
pared to controls (matched individually by age, gender and
father’s social class as determined by occupation) and also
that PANSS negative scores correlate negatively with regional
cerebral blood flow in the cingulate gyrus (Pearson’s Corre-
lation coefficient of r = −0.49 and significance p < 0.005).
This suggests that measurement of change of perfusion in this
region could be a useful biological marker in assessing the
effect of neuroleptics on negative symptoms.

1. Introduction

Although neurochemical PET (Positron Emission
Tomography) or SPECT (Single Photon Emission
Tomography) tracers sensitive to specific aspects of
synaptic function are now being used increasingly in
schizophrenia to study both baseline functional abnor-
malities and the effects of neuroleptic medication, stud-
ies of regional functional activity using the more ubiq-
uitous cerebral blood flow tracers can also be of value
in detecting abnormal functional pathways. There are
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many compounding factors in such studies. The imag-
ing technique [PET or SPECT], the characteristics of
the imaging camera, the tracer used, the stage of the ill-
ness, current and previous medication, and the mental
activity and state of arousal during the trapping of the
SPECT perfusion tracer can all influence the results.
The last of these factors is perhaps the most difficult
to control. Many investigators attempt to standardise
the likely intellectual activity of the individual so that
comparisons can be made between individuals and for
the same individual investigated at different stages in
the disease process. A degree of standardisation may
be achieved through ensuring that the subject is in a
resting state in a controlled environment during the up-
take phase of the tracer. However this approach cannot
control for the internal thought processes of the sub-
ject. In schizophrenia this could include a high level of
anxiety, sometimes with hallucinations and frequently
with delusional ideas. These factors may all influence
the regions of the brain which are activated. In or-
der to standardise to some extent, the use of activated
challenge conditions has become more common place,
with the most frequently used techniques being those
of the Wisconsin Card Sort Test (WCS) or simple ver-
bal fluency tests. These have the advantage of stan-
dardising the likely intellectual activity of subjects al-
though it is far from clear whether the different test
paradigms permit direct comparison between different
study populations.

The most reported finding in functional neuroimag-
ing studies of schizophrenia is that of hypofrontality
although the definition of hypofrontality is often incon-
sistent, in particular in respect of frontal regions in-
volved and whether it refers to reduced resting perfu-
sion or reduced activation during a frontal task. Sem-
inal work on this took place in the late nineteen eight-
ies and early nineties and used 133Xe SPECT. Wein-
berger et al. [41] investigated a group of 20 chronic
schizophrenic patients who were all drug free for a pe-
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riod of at least 4 weeks prior to the study and found
that there is evidence to support both definitions of hy-
pofrontality. They found that schizophrenic subjects
had lower relative frontal perfusion during rest com-
pared to controls and also had reduced activation. They
also found that the effect appeared to be largely in-
dependent of medication status and state factors such
as attention, mental effort, or severity of psychotic
symptoms [5]. On activation tests using the WCS,
Weinberger et al found that reduced left frontal rCBF
(regional Cerebral Blood Flow) correlated with poor
task performance [40] and similar findings have been
demonstrated using word-fluency activation with HM-
PAO SPECT in a group of twenty-five male, right-
handed, medicated schizophrenic patients [23]. This
study also found that negative symptom scores corre-
lated inversely with mesial frontal rCBF, particularly
on the left. Andreasen et al. [2] used a different form of
activation, the Tower of London task, which they found
to be a relatively specific stimulant of the left mesial
frontal cortex (probably including parts of the cingulate
gyrus) in healthy normal volunteers. They included 13
neuroleptic-naive schizophrenic patients, 23 non-naive
schizophrenic patients who had been relatively chroni-
cally ill but were medication free for at least 3 weeks,
and 15 healthy normal volunteers in their study. They
found decreased activation only in the patients with
high scores for negative symptoms and suggested that
hypofrontality is related to negative symptoms and is
not a long-term effect of neuroleptic treatment or of
duration of illness.

The study reported here used 39 exclusively neu-
roleptic naive schizophrenic patients with a tightly se-
lected control group matched for age, gender and fa-
ther’s social class [36]. Imaging was performed on
a high resolution SPECT scanner with the perfusion
tracer 99mTc-HMPAO. The study was undertaken in
1993–1994 and the method of image analysis used in
that report was based on visual determination of regions
of interest [ROIs] which were selected using each sub-
ject’s individual anatomical map determined by mag-
netic resonance imaging. This analysis showed that
there was a loss of frontal asymmetry in schizophrenic
men compared to controls with patients demonstrat-
ing hypofrontality. Since completing the study we
have adapted and validated the Statistical Parametric
Mapping (SPM) image analysis method developed for
PET at the Wellcome Department of Cognitive Neurol-
ogy [10]. This more powerful analysis method removes
the constraints imposed by determination of ROIs. In
particular we aimed to use the covariate analysis prop-

erty of SPM to assess the relationship between func-
tion related regional perfusion and clinical variables.
As the alleviation of negative symptoms is a focus in
the development of many novel antipsychotic agents
we were particularly interested in the relationship be-
tween regional perfusion and the Positive and Negative
Syndrome Scores (PANSS) [3].

2. Methods

2.1. Patients

40 patients (32 Male, 8 Female) were selected from
routine admissions to collaborating psychiatric units
throughout Scotland. They were consecutive presenta-
tions to the psychiatric services who fulfilled the diag-
nostic criteria for either schizophrenia or schizophreni-
form psychosis according to DSM-III-R [1], were in
their first episode of illness and were all drug naive.
Patients were excluded if they had any other psychi-
atric disorder, a significant drug and alcohol history,
head injury, or any significant physical disease. In-
formed consent was obtained from both patients and
controls. Initial examination included assessment of
psychopathology by means of the Positive and Negative
Syndrome Scale (PANSS) [20], a urine drug screen,
the Scottish Drinking Habits Questionnaire and, T1
and T2 weighted MRI scans to exclude organic brain
pathology. Of these 40 patients 39 went on to have
a 99mTc HMPAO scan and one patient was excluded
on evidence of a pathological abnormality in the MRI
scan.

2.2. Controls

Of the 40 normal control subjects recruited 39 went
on to have a 99mTc HMPAO SPECT scan. The con-
trols matched the schizophrenic patients individually
by age, gender and father’s social class as determined
by occupation. The controls had a full neurological
examination and the same exclusion criteria were ap-
plied.

The experimental protocol was approved by the
Ethics Committees of several Scottish hospitals includ-
ing the Southern General Hospital where the SPECT
and MRI scanning were undertaken.
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2.3. Image acquisition

All images were acquired using the SME 810 (Strich-
man Medical Equipment) dedicated SPECT system.
For a full description of this scanner see Stoddart and
Stoddart [39]. The patient scans were acquired using
500 MBq 99mTc HMPAO, slice thickness was 12 mm,
scanning time was 120 secs per slice, and slice spacing
6 mm. The control scans were acquired using 250 MBq
99mTc HMPAO, slice thickness was 12 mm, scanning
time was 240 secs per slice, and a slice spacing of
8 mm. The lower dose was used for controls in order
to comply with radiation regulations which require use
of the lowest practicable exposure. The reduction in
administered activity was partially compensated for by
increasing the data acquisition time for the control sub-
jects who were better able to accommodate this. These
acquisition parameters provided an in-plane resolution
of 8 mm and longitudinal resolution of 12 mm. For
each subject 99mTc HMPAO was injected intravenously
1 minute into a verbal fluency task. Image acquisition
began approximately 15 mins after injection with a to-
tal acquisition time of 40–60 mins depending on the
slice thickness acquisition parameter and the size of
the subject’s head. Scan orientation was approximately
parallel to the orbito-meatal (OM) line and head move-
ment during the scanning procedure was minimised by
subject co-operation and assisted by placing foam sup-
ports held in place by Velcro on either side of the sub-
ject’s head. After reconstruction all scans were trans-
ferred to a SUN SPARCULTRA 10 workstation (Sun
Microsystems, Camberley, UK) for further processing
and analysis.

2.4. Verbal fluency task

A verbal fluency task [4] was used to produce a de-
gree of standardisation of the cognitive state of subjects
during the period of fixation of the tracer and to accen-
tuate task related group differences. The task was per-
formed in a quiet room, with the subject’s eyes closed.
Subjects were given a letter (letters used were F, A, R,
L, S, C) and asked to say out loud as many words as pos-
sible beginning with that letter for 1 minute. The task
began 1 minute before and continued until 5 minutes
following intravenous administration of tracer.

2.5. Image processing

All scans were processed using the statistical para-
metric mapping (SPM) module in MEDx3.0 (Sen-
sor Systems, Inc., Virginia, USA) which is a C+
analogy of the MATLAB (Mathworks Inc., Cam-
bridge Control, UK) based SPM96 (Wellcome De-
partment of Cognitive Neurology, London, UK.
http://www.fil.ion.bpmf.ac.uk/spm) image analysis
software.

All the scans were spatially normalised to the PET
CBF template provided with MEDx3.0 using the linear
spatial normalisation option. All spatially normalised
scans were smoothed using a 12 mm FWHM (full width
at half the maximum) isotropic Gaussian spatial fil-
ter prior to the voxel-wise statistical analysis. Global
voxel intensity normalisation was achieved using pro-
portional scaling so that any differences in global cere-
bral blood flow (gCBF) were removed by scaling all
voxels within a scan to the mean gCBF of that scan.

2.6. Image analysis

All scans were statistically analysed using the appro-
priate SPM module in MEDx3.0. This type of voxel-
wise analysis is documented elsewhere for neuroacti-
vation studies [10]. In brief it consists of: a) An im-
age co-registration facility to correct for differences in
yaw, roll and pitch; b) spatial normalisation using a
12 parameter linear transformation into Talairach co-
ordinate space using scaling and shearing to account for
differences in individual brain shape (i.e. stereotactic
anatomic standardisation) and c) voxelwise statistical
parametric analysis based on the theory of Gaussian
fields and using global mean blood flow to normalise
voxel activity. The resulting statistical parametric maps
(SPM(t)) represent a map of change significance based
on

– peak effect size (Z) within a contiguous volume
with voxel values greater than Z = 2.33

– the size V of this volume
– the smoothness of the data-set
– the overall size of the search volume.

The group differences, controls compared to pa-
tients, were analysed using the statistics option “com-
pare groups: 1 scan per subject”. A further investiga-
tion of the patients’ scans was performed using a co-
variates only analysis where the positive and negative
symptom (PANSS) scores for each patient were used
as covariates of interest and correlated to rCBF.
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Fig. 1. A statistical parametric map of significant CBF decreases (anterior cingulate, K = 138 voxels, Z max = 3.74 (x, y, z) = 2, 32, 24,
BA 32 and bilateral pre-motor cortex, K = 230 voxels, Z max = 4.22, (x, y, z) = −46,−6, 28, BA 6/9; K = 223 voxels,
Z max = 4.05 (x, y, z) = 40, 6, 24, BA 6/9) in the first episode schizophrenic patients compared with controls is shown in Fig. 1(b). This is
superimposed onto an anatomically standardised T1 MR image to facilitate visualisation (Figs (a) and (c)).

L R
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Fig. 2. A statistical parametric map of the significant area of decreased CBF (cingulate, K = 575 voxels, Z max = 3.19, r = −0.49,
(x, y, z) = −4,−40, 40, BA 32/24/31) associated with increased negative symptom score (PANSS negative) in first episode schizophrenic
patients is shown in Fig. 1(b). This is superimposed onto an anatomically standardised T1 MR image to facilitate visualisation (Figs (a) and (c)).

3. Results

The mean scores on fluency testing were 77.72 (range
38–168) for controls and 59 (range 1–111) for pa-
tients (with the controls performing significantly better
P = 0.013). Although detailed assessment of men-
tal state was not taken at the time of scanning, no pa-
tient was observed to be experiencing hallucinations
at this time. The blood flow differences between con-
trols and the first episode schizophrenic patients are
displayed in the SPM(t) map (Fig. 1), with thresholds
set at Pu < 0.001 (uncorrected height threshold) and
Pk < 0.3 (corrected extent threshold), where ‘height’
is the voxel intensity within the SPM(t) and ‘extent’ is
the number of voxels above this height threshold cor-

rected for multiple statistical testing [33]. The map
shows a decrease in blood flow in the patient scans
with respect to the control scans in the area of the an-
terior cingulate (Brodmann area 32) and bilaterally in
the pre-motor cortex (Brodmann areas 6/9).

A within group correlation analysis in the patient
group only tested for a significant relationship between
CBF and PANSS scores. The results of the correlation
of CBF with PANSS negative score are displayed in the
SPM(t) map (Fig. 2), with thresholds set at Pu < 0.005
(uncorrected height threshold) and Pk < 0.1 (cor-
rected extent threshold) and show a negative correlation
of rCBF with negative symptom score with a Pearson’s
Correlation coefficient of r = −0.49 and significance
p < 0.005 for the most significant voxel. The map
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shows a region of decrease in blood flow correspond-
ing to an increase in PANSS negative score in patients
in the area of the cingulate (Brodmann areas 32, 24
(anterior cingulate) and Brodmann area 31 (posterior
cingulate)).

An analysis of CBF correlated with PANSS positive
score failed to show any significant relationship and
there was no significant relationship between fluency
scores and PANSS negative scores (Pearson’s Correla-
tion coefficient r = 0.1097).

4. Discussion

4.1. Image acquisition

Different image acquisition protocols were used for
patients and controls in this study. Patients had a full
500 MBq injection of 99mTc-HMPAO while controls
received half this amount. This was necessitated by
the radiation guidelines on investigation of controls. It
was partially compensated for by increasing the data
acquisition time for the control subjects who were bet-
ter able to accommodate this and by increasing the slice
spacing of the section scanner from 6 mm to 8 mm. It
should be noted, however, that the image longitudinal
spatial resolution is governed primarily by the collima-
tor geometry and that slice spacing is a second order
effect. The final image quality did not differ notice-
ably between the groups and the spatial resolution was
around 8 mm transverse and 12 mm longitudinal for
both groups. It is unlikely that the subtle difference in
acquisition protocols could account for differences in
any particular focal region. It should also be noted that
the finding that perfusion in the cingulate gyrus is neg-
atively correlated to PANSS negative scores does not
use the control data and so is unaffected by the group
difference in image acquisition protocol.

4.2. Data analysis

Original analysis of our data [36] using a regions of
interest (ROI) method failed to show significant differ-
ences in blood flow in the cingulate when comparing
patients with controls. This inconsistency between the
two methods of analysis may be due to certain limi-
tations associated with the use of ROIs. Large ROIs
may lump functionally distinct areas together and so
mask changes or abnormalities affecting only part of
the ROI or if a significant change is detected the ROI
may cross functional boundaries hiding the true loca-

tion of the change. The size and shape of the region
is also important since an ROI that conforms precisely
to the shape of the structure will detect a change with
greater sensitivity than a geometrically regular shape.
In both cases the placing of an ROI is entirely dependent
on the investigator’s ability to identify brain structures
and a degree of expertise in human neuroanatomy is
needed for this. The use of voxel-wise techniques such
as SPM, where the regions are effectively reduced to
single voxels, remove these problems of observer bias.
However, the limitations of using voxel-wise methods
for the analysis of functional brain images is that they
are very sensitive to any pre-processing of the images
and underlying statistical assumptions made about this
data. The user therefore must ensure the consistency of
all pre-processing steps of the images as well as having
a thorough understanding of the statistical methods and
inferences used on the data. A more in depth discus-
sion comparing ROI analysis with SPM can be found
in Montaldi et al. [28] and discussion of SPM analysis
and statistical inference is given in the paper by Friston
et al. [12].

4.3. Key findings

This re-analysis of the data using SPM has high-
lighted two important findings. The first is that there
is significantly reduced perfusion in the anterior cingu-
late and bilaterally in the pre-motor cortex comparing
schizophrenics with controls during the performance
of a verbal fluency task. As will be discussed below
this is not a novel finding and is in agreement with the
majority of evidence from previous imaging studies.
The second finding is the association between negative
symptoms and perfusion in the cingulate. These are
discussed below.

4.4. The role of the anterior cingulate in putative
frontal lobe tasks

The role of the anterior cingulate in verbal fluency
and similar cognitive tasks has been thoroughly investi-
gated. Studies using fMRI [31,32] and PET [7,8] have
shown that the anterior cingulate (BA32) and/or the
pre-motor areas (BA6) are activated in normal control
subjects when performing a verbal fluency test. The
fMRI study by Paulesu et al. [31] showed that there
was activation of the premotor areas of the cortex in
normal subjects while performing a verbal fluency task
similar to that employed in this study, although they
did not report activation in the area of the anterior cin-
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gulate. The other three studies showed activation of
both the anterior cingulate and premotor areas in nor-
mal subjects with verbal fluency tests, some of which
involved a memory component in addition to free re-
call. Fletcher et al. [8] extend their results using con-
nectivity theory [9] to suggest that the anterior cingu-
late with the premotor areas form part of a network
of interconnected regions involved in the fluency task,
that may be disrupted in schizophrenia.

4.5. The cingulate gyrus and schizophrenia

The cingulate gyrus is part of the limbic system and
has extensive reciprocal connections with cortical and
sub-cortical structures. It is involved in motivation,
memory and attention [29]. It has therefore come un-
der scrutiny as a region of special interest to those in-
vestigating the neurological substrate of schizophrenia.
There may be cyto-architectural changes in the upper
layers of the anterior cingulate gyrus in patients with
schizophrenia [19]. An MRI study of patients with
schizophrenia and age, sex and socio-economically (by
status of parents) matched normal controls [30] con-
cluded that the schizophrenic subjects had significantly
smaller cingulate volumes.

Our finding of a decrease in anterior cingulate per-
fusion in untreated schizophrenics compared with con-
trols is consistent with the reduced metabolic rate for
glucose found by Haznedar et al. [18] and Siegal et
al. [38]. The study by Haznedar used fifty drug free
schizophrenic patients, only 23 of whom were drug
naive and the study by Siegel recruited seventy male
schizophrenic patients, only 27 of whom were drug
naive.

4.6. Are we observing reduced function in the
cingulate or reduced activation during the
fluency task?

In both the Haznedar and Siegel studies subjects per-
formed cognitive tasks throughout the 35 minutes of the
PET scan and so it is unclear whether the observed re-
gional reductions in cerebral metabolic rate for glucose
are baseline effects or are a result of reduced activation
during the task. Our study cannot resolve this issue
either. A baseline scan would have achieved this but, as
it was not considered ethical to withhold treatment for
the acute first episode patients, the split dose SPECT
technique [37] would have to have been employed to
enable both baseline and challenge scans to be obtained
in a single session. This was judged to be undesirable

due to the reduced image quality and increased data
acquisition time associated with the split dose method.
Mellers et al. [27], however, did use the split dose tech-
nique in a study similar to ours but focusing on the dif-
ferences between schizophrenic and epileptic patients.
They found an increased activation of regional blood
flow in the anterior cingulate during the performance
of a fluency task in the schizophrenic group. This con-
trasts with our finding of reduced cingulate perfusion in
schizophrenics. The Mellers et al. study did, however,
use medicated patients and did not have a normal con-
trol group but set out to compare schizophrenia with
an epilepsy group and a group with schizophrenia-like
psychosis of epilepsy (SLPE). In their study there was
no significant difference in verbal fluency scores be-
tween schizophrenic and epilepsy patients but there was
a significant increase in fluency scores in schizophren-
ics compared to the SLPE group. Most other papers
have observed reduced cingulate activation during the
performance of putative frontal tasks. In a PET study
Crespo-Facorro et al. [7] found decreased blood flow
activation in the right anterior cingulate in 14 medica-
tion free schizophrenics compared to 13 healthy con-
trols during the performance of a novel memory task.
Fletcher et al. [8] take this debate forward by propos-
ing that the anterior cingulate may be a key region in
the functional characterisation of schizophrenia in that
it has a role in the modulation of prefronto-temporal
(Brodmann areas 9/46) integration. In accordance with
this ‘connectivity’ theory [11,13,17,24] of schizophre-
nia is the theory that schizophrenia is a neurodevelop-
mental disorder with abnormal migration of neurones
occurring in utero during the middle trimester of preg-
nancy [17,34].

4.7. Task performance

Task performance can be constrained so that patient
and control groups perform equally well (e.g., with a
paced verbal fluency task). We elected not to con-
strain the task in order that fluency performance could
be assessed and correlated with other parameters and
also to avoid differences in effort. This does, however,
present the problem that the observed cingulate activa-
tion could be due to reduced performance scores of the
patient group. The literature reviewed above suggests,
however, that this is not the main factor explaining
the group differences. Importantly, in this study, task
performance did not correlate with negative symptom
rating and therefore task performance cannot account
for the relationship which we found between cingulate
perfusion and PANSS rating.
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4.8. Cingulate function and clinical status

The functioning of the cingulate has been linked with
the clinical status of patients who have schizophre-
nia. In a SPECT study [35], which compared 24 never
medicated schizophrenics who were drug free and neu-
rologically intact, with 20 control subjects, areas of
both hyperperfusion and hypoperfusion were found in
the patients, all of whom were acutely ill. These
blood flow patterns were associated positively and neg-
atively with positive symptoms assessed by means of
the PANSS [20] rating scale. One negative symptom
correlated “negatively and strongly” with rCBF in the
cingulate as well as left frontal, temporal and parietal
regions. After antipsychotic drug treatment the corre-
lation between the negative symptom and cingulate (as
well as frontal, temporal, basal ganglia and thalamic)
hypofunction persisted. We also found a negative cor-
relation between rCBF in the cingulate and negative
symptoms on the PANSS.

It is interesting that the negative relationship found
in our study does not reach significance in the extreme
anterior aspect of the cingulate as can be seen by con-
trasting Figs 1 and 2. This could mean that the anterior
aspect is not involved in the processes associated with
negative symptoms. An alternative interpretation of
this finding is that the relationship is non-linear and the
already reduced perfusion which we found in the an-
terior cingulate regardless of negative symptom score
reduces the magnitude of change in that region.

In an extensive review of the literature, Buchsbaum
and Hazlett [6] found evidence that the intensity of neg-
ative symptoms is associated with hypofrontality. Al-
though the studies reviewed involved patients with var-
ious histories of medication and both the definition of
‘intensity of symptoms’ and the methods of analysing
images differed, the weight of evidence supports a re-
lationship between hypofrontality and negative symp-
toms. However, the regional specificity of hypofrontal-
ity perhaps needs to be defined in more detail. For
example, the PET study by Siegal et al. [38] of 70
unmedicated schizophrenic patients found an inverse
relationship between negative symptoms and medial
frontal (including the cingulate) but not lateral frontal
metabolic rate.

4.9. The cingulate, negative symptoms and mood

The interaction between mood and cognitive func-
tion has been studied in normal subjects with PET by
Baker et al. [3]. They found that the activation of the

cingulate gyrus associated with the performance of a
fluency task was reduced in depressed mood conditions.

There is a considerable literature on the cingulate
gyrus in depressive illness [3,15,17,21,25,26] which
appears to be contradictory. Some [3,6,15] show a
decrease in rCBF to be associated with major depres-
sive disorder (MDD) where others [21,25] show cin-
gulate areas to be hyperactive in MDD. Mayberg [25]
pulls these strands together with the finding that ante-
rior cingulate hypometabolism predicts non-responders
to medication in MDD whereas treatment responders
show hypermetabolism of the anterior cingulate.

These findings are interesting because all current
methods of assessing negative symptoms lack speci-
ficity. Assessors may be rating depression and
movement disorder as well as negative symptoms of
schizophrenia, apart from the technical problems that
are inherent in determining the absence of some phe-
nomenon in a person’s mental state. Indeed the items
of the PANSS for negative symptoms are also symp-
toms and signs sometimes found in MDD; blunted af-
fect, emotional withdrawal, poor rapport, social with-
drawal, difficulty in abstract thinking, lack of spontane-
ity and flow of conversation and stereotyped thinking.
This could mean that our findings simply represent de-
pressed mood at the time of assessment. In a study as-
sessing depressive illness in schizophrenia [22], it was
found that depressive symptoms were associated with
delusional beliefs rather than negative symptoms, but
whether there is a common neurobiological substrate
linking the negative symptoms manifest in depression
and schizophrenia is at present uncertain.

4.10. The cingulate and dopamine

Linkage between dopamine and cingulate function-
ing has been demonstrated [16]. All antipsychotic
drugs have dopamine antagonistic properties in their
profile of activity. A post-mortem study has shown that
DOPAC, a dopamine metabolite, is reduced in the ante-
rior cingulate of patients with schizophrenia compared
with controls [42]. This finding appears to be unrelated
to the time of harvesting the brain after death, length of
time the specimen has spent in the freezer, the age of
the subject or antipsychotic drug status. Furthermore,
perturbation of the dopamine system in live subjects
with schizophrenia impacts on cingulate functioning as
shown by Frith et al. [14]. Apomorphine, a dopamine
agonist was administered to patients with schizophre-
nia undergoing a PET scan while participating in a
cognitive task. These were unmedicated schizophrenic
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patients and they displayed enhanced cognitive activa-
tion of the anterior cingulate cortex relative to normal
subjects.

4.11. Neuroleptic medication

Negative symptoms in schizophrenia essentially
amount to the absence of certain neural state functions
such as motivation and volition. The assessment of
these is highly subjective, whether carried out as part
of a clinical interview or by means of a structured rat-
ing scale such as the PANSS. This can be a problem
when evaluating the effect of antipsychotics on negative
symptoms. As the alleviation of negative symptoms is
a focus in the development of many novel antipsychotic
agents, the relationship which we have shown here be-
tween cingulate function and the negative symptoms of
schizophrenia suggests that change in cingulate perfu-
sion could be a useful objective biological marker in
the assessment of the effectiveness of these agents.

4.12. Conclusion

We present further evidence for the involvement of
the cingulate gyrus in schizophrenia suggesting de-
creased activation of the anterior cingulate in drug naive
patients undertaking a fluency task and we have found
an association between negative PANSS scores and de-
creased rCBF in the cingulate gyrus. Change in cin-
gulate function could be a useful objective biological
marker in the assessment of neuroleptic medication on
negative symptoms.
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