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Fig. 6. (A) A comparison of calculated CBF images obtained by PET (top two) and SPECT (bottom two) from a typical clinival study with the rest-
acetazolamide protocel. CBF images are shown for both first (first and third rows) and second (second and forth nnages) scans, vespectively, and reveal that the
present method is comparable with that by PET in CBF estimation. CBF images obuwined by the present method (botiom two) were also compared with those {top
two) by the conventional H5*0 ARG PET. All images are displayed with the same color scale in units of il 100 gAanin. (B) Comparison of caleulated CBF values
obtained from the rest-acetazolamide studies with dual-headed camera and PET (n=6). Each value corresponds 1o a imean value of regions of interest in each
area of deep and cortical gray matter (frontal, tempoval, occipital gyri) and cerebellum. (C) Comparison of “%increase of CBF values calculated with the CRE
values of {B). “slncrease of CBF was caleulated by (|CBF(acetazolamide)/ CBF(rest)] - 1)> 100.

restricted by this limitation. It is, however, important (o note that
the OBF estimated by the present method was highly weighted by
the wransient CBF for a certain pertod. This contribution of
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transient weight in the estimated CBFE has been discussed already
in previous publications for [13 70 PET ARG (fida et al.. 1991}, and
this has been applied to cognitive activation studies to detect 30-5



1134 KAL Kim et al. 7 NewroImage 33 (2006) 11261133

momentary change (Silbersweiyg et al.. 1993, 1994). All of these
findings support the validity of the present Dual-Table ARG
approach for estimating CBF maps with the split-dose administra-
tion of IMP.

The evaluation ot rest-acetazolamide CBF was a goal of the
application of this methodology. This is based on the on-going
project in Japan, which re-evaluates the previous reports regarding
the value of extacranial/intracranial arterial anastomosis in patients
with symptomatic occlusive disease of the intemal caroud artery
(Vorteup et al. 1984 The-EC 1C-Bypass-Study-Group. 1983a.b;
Vortrup et al.. 1986). The previous study failed to show significant
cticacy of the bypass surgery, but it did not selected patients by the
aid of informauon for cerebral hemodynamics using funcuonal
imaging. The on-going project is intended to select only the

severely ischiemic patients (Stage [ ischemia) by means of

cvaluating the reduced bascline CBF with a lack of vasareactivity
after acetazolamide challenge (Powers, 1991 Hayushida et al.
1996, 1999, PET is able to provide useful information (Powers and
Raichle. 1983), but due to its imited availability tn clinical centers,
this Dual-Table ARG approach with IMP and SPECT may be of use
for this project. A further evaluation is needed to contirm this.
The present Dual-Table ARG method may be applied to other
tracer studies. Chmiclowska et al. (1998, 1999) claimed that the
quulitative ('BF mapping during cognitive activation may be
obtained with & 6-min interval by iavolving a simple background
subtraction. yielding consistent activation foci as compared with a
traditional protocol based on repeat PET scanning with repeat
HE'Q injection at 10- to 12-min interval. DT-ARG approach to
various tacer studies was evaluated by simulaton (lida e al..
2000), in which dual bolus administration and transiemt CBF
change were simulated with assumption of ;=28 tor IMP and
V7 0.8 for HI0, respectively. The simulation demonstrated that
the increased CBF is estimated only when the true CBF was

increase at the extremely carly phase after the administration of

IMP or 11O, while the second CBF was independent of the
change of CBF during previous scans in the both IMP and HY0
simulations. Application of the present Dual-Table ARG approach
to the HO PET activation study may be able to further shorten the
scan interval (approximately 1.5 min) (Watabe et al., 2002), by
mcorporating the backyground radivactivity distribution into the
kinetic model formulation. Another possibility is the quantitative
CMRQO, study by means of PET scans tollowing sequential
administration of '*0. and H3*O. The previous protocol proposed
by Mintun et al. (1984) was based on independent three step
measurements  following each of the Cc0, 0, and BYPO
administration. The present approach., with the help of the
estimated background radivactivity distribution in the sequential
adminisration, could reduce the intervals between the scans
without the loss of guantitative accwracy and image quality of each
functional images of CMRO, and CBF, respectively, in anesthe-
tized monkey study {(Kudomi et al.. 2005). Systematic studies are
obviously needed in order to evaluate the feasibility of this
technique in clinical swdies.

We have previously demoostrated the importance of accurate
mmage reconsuuction in SPECT and employed a novel program
package in order o achieve accurate reconstruction. Scatter,
which was shown to cause serious reduction of the image
contrast between the high CBF and low CBF areas. was
cotrected by the previously validated TDCS method (Meikle et
al . 94 Nuavita et al . 19960 Tida ev al, 1998) together with
correction for the penetration from the high-energy contamina-

ton (Kim et al, 2001). The photon atenuation correction was
included in the OS-EM reconstruction procedure by using the
atienuation map that was estimated from the head contour of its
own MRI image (Lida et al. 1998). Dewils of the procedures
and thetr validation have been described elsewhere (fida et al.,
1998: Kim et al., 2001). These procedures improved image
contrast, and enabled w provide quantitative image that are
equivalent to PET (ml/100 gmin)=1.07x (ml/100 gmin)
1.14, r=0.94).

In conclusion, CBF can be quantified by means of split-dose
administration of IMP using SPECT. Contribution of the back-
ground radioactivity atributed to the previous adminisuation of
radiowacer can be built into the model. with minimal enhancement
of statistival noise. The estimated CBF appeared w0 be most
sensitive to the transient CBF immeediately after the IMP injection
but not to lawr periods, thus allowing the pharmacological
challenges even during the first SPECT scan. Repeat quantitation
of CBF could be feasible with considerably shorter intervals than
with previous approaches. Accuracy of this approach was
sulficiently high amd may be of use for clinical studics.
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The catechol-O-methyl transferase (COMT) gene is considered to be a promising schizophrenia susceptibility
gene. A common functional polymorphism (Vall58Met) in the COMT gene affects dopamine regulation in
the prefrontal cortex (PFC). Recent studies suggest that this polymorphism centributes to poor prefrontal
functions, particularly working memory, in both normal individuals and patients with schizophrenia. However,
possible morphological changes underlying such functional impairments remain to be clarified. The aim of
this study was to examine whether the Vall58Met polymorphism of the COMT gene has an impact on brain
morphology in normal individuals and patients with schizophrenia. The Vall58Met COMT genotype was
obtained for 76 healthy controls and 47 schizophrenics. The diagnostic effects, the effects of COMT genotype
and the genotype-diagnosis interaction on brain morphology were evaluated by using a voxel-by-voxel stat-
istical analysis for high-resolution MRI, a tensor-based morphometry. Patients with schizophrenia demon-
strated a significant reduction of volumes in the limbic and paralimbic systems, neocortical areas and the
subcortical regions. Individuals homozygous for the Val-COMT allele demonstrated significant reduction of
volumes in the left anterior cingulate cortex (ACC) and the right middle temporal gyrus (MTG) compared
to Met-COMT carriers. Significant genotype-diagnosis interaction effects on brain morphology were noted
in the left ACC, the left parahippocampal gyrus and the left amygdala-uncus. No significant genotype effects
or genotype-diagnosis interaction effects on morphology in the dorsolateral PFC (DLPFC) were found. In
the control group, no significant genotype effects on brain morphology were found. Schizophrenics
homozygous for the Val-COMT showed a significant reduction of volumes in the bilateral ACC, left
amygdala-uncus, right MTG and left thalamus compared to Met-COMT schizophrenics. Our findings suggest
that the Vall58Met polymorphism of the COMT gene might contribute to morphological abnormalities in
schizophrenia.
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Introduction

Schizophrenia is a severe neuropsychiatric disorder with defi-
cits of multiple domains of cognitive functions, volition and
emotion. Family and twin studies have provided cumulative
evidence for a genetic basis of schizophrenia (Kendler, 1983;
McGue et al,, 1983; Sullivan et al., 2003); however, identifica-
tion of the underlying susceptibility lod has been limited.
Collective data have suggested that the actiology of schizo-
phrenia involves the interplay of complex polygenic influ-
ences and environmental visk factors operating on brain
maturational processes (Harrison et al., 2005).

In vivo neuroimaging studies have demonstrated that brain
abnormalities should play an important role in the patho-
physiology of schizophrenia. Structural MRI studies have
demonstrated relatively consistent brain abnormalities in
patients with schizophrenia, such as enlargement of the vent-
ricular system and regional volume decrease in the temporal
lobe structures (Gaser et al., 2001; Okubo ¢t al., 2001; Shenton
et al, 2001; Davidson and Heinrichs, 2003). Studies with
schizophrenics and their healthy siblings demonstrate that
even healthy siblings share some of morphological abnormal-
ities observed in schizophrenia (Steel et al., 2002; Gogtay et al.,
2003). A recent morphological MR study revealed that a com-
mon polymorphism of the brain-derived neurotrophic factor,
one of the well-known schizophrenia susceptibility genes,
affected the anatomy of the hippocampus and prefrontal
cortex (PFC) in healthy individuals (Pezawas et al, 2004).
Furthermore, some studies have suggested that environ-
mental factors interact with genetic factors (Cannon e al,
1993; Nelson et al, 2004). For example, obstetric complica-
tions are well known non-genetic risk factors of schizophre-
nia. However, a previous study suggested that obstetric
complications might induce brain morphological abnormal-
ities in schizophrenics and their siblings, but not in compar-
ison with subjects at low genetic risk for schizophrenia
(Cannon et al., 1993). These facts suggest that genetic factors
should have considerable impact on brain morphology in
patients with schizophrenia.

Catechol-O-methyl transferase (COMT) is a promising
schizophrenia susceptibility gene because of its role in
monoamine metabolism (Goldberg ‘et al, 2003; Stefanis
et al., 2004; Harrison et al,, 2005). A common single nude-
otide polymorphism (SNP) of the COMT gene producing an
amino acid substitution of methionine (met) to valine (val) at
position 108/158 (Vall538Met) affects dopamine regulation in
the PFC (Palmatier ¢t al, 1999). This polymorphism impacts
on the stability of the enzyme, such that the Val-COMT allele
has significantly lower enzyme activity than the Met-COMT
allele (Weinberger e ul, 2001; Chen et al, 2004). Several

studies have revealed that the Val-COMT allele is associated
with poorer performances, compared to the Met-COMT
allele, in cognitive tasks of frontal function such as the
Wisconsin Card Sorting Test (WCST) and N-back task
{Egan ef al, 2001; Weinberger ¢t al, 2001; Goldberg er al,
2003). The underlying mechanism of such behavioural dif-
ferences may be related to lower prefrontal dopamine levels
arising {rom higher dopamine catabolism mediated by the
Val-COMT allele (Chen et al,, 2004; Tunbridge et al,, 2004).

The results of studies on the association between the
Val158Met polymorphism and schizophrenia have, however,
been controversial (Daniels e al,, 1996; Kunugi ef al, 1997;
Ohmori et al, 1998; Norton et al, 2002; Galderisi et al., 2005;
Ho et al, 2005). The result of a meta-analysis was even more
inconclusive (Fan et al, 2005). Such inconsistency was also
found in associations between frontal functions and the
Val158Met polymorphism (Egan er al, 2001; Weinberger
et al, 2001; Goldberg e al., 2003; Ho ez al,, 2005). The possible
morphological changes due to the COMT gene might be
present and play a role in susceptibility to schizophrenia
and in giving rise to impaired frontal functions. However,
morphological changes underlying functional impairments
remain to be clarified.

A recent advancement of methods for MR volumetry, such
as  voxel-based morphometry and  deformation-based
morphometry [or tensor-based morphometry (TBM)], allows
us to explore and analyse brain structures of schizophrenics
{Wright et al., 1995; Gaser et al, 2001). Using TBM tech-
niques, we investigated the association between the Val158-
Met polymorphism of the COMT gene and brain morphology
in normal individuals and patients with schizophrenia. The
aim of this study was to darify whether there are significant
genotype and/or genotype-disease interaction effects on brain
morphology.

Methods
Subjects

Seventy-six healthy subjects and forty-seven patients with schizo-
phrenia participated in the study. Al the subjects were biologically
unrelated Japanese. Written informed consent was obtained from all
the subjects in accordance with ethical guidelines set by a local ethical
committee. All normal subjects were screened using a questionnaire
on medical history and excluded if they had neurological, psychiatric
or medical conditions that could potentially atfect the CNS, such as
substance abuse or dependence, atypical headache, head trauma
with loss of consciousness, asymptomatic or symptomatic cerebral
inlarctions detected by T,-weighted MRT, hypertension, chronic lung
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disease, kidney disease, chronic hepatic disease, cancer, or diabetes
mellitus, The patients were diagnosed on the basis of DSM-IV
criteria, information from medical records and & dlinical interview.
All patients were stable and/or partially remitted at the time of
MR measurement and neuropsychological tests.

According to genotypes, each group (control and schizophrenia)
was categorized into three groups; the homozygous Val-COMT
group (control: n = 38, two were left-handed, schizophrenia:
# =19, one was left-handed), the Val/Met-COMT group (control:
1= 25, three were left-handed, schizophrenia: # = 22, all were right-
handed) and the remaining homozygous Met-COMT group
(control: 1 = 13, all were right-handed, schizophrenia: n = 6, all
were vight-handed). Because of the small number of subjects with
homozygous Met-COMT, the Val/Met-COMT and homozygous
Met-COMT groups were combined and treated as one group, the
Met-COMT carriers. Table 1 shows the characteristics of each group.
All groups were of comparable age, gender (x* test, df = 3, P= 0.38)
and handedness (x™-test, df = 3, P = 0.53). No genotype effects and
genotype-diagnosis interaction effects were found in years of educa-
tion, scores of full scale Intelligence Quotient (IQ) and scores of
premorbid 1Q [Tapanese version of National Adult Reading Test
(JART) score], however, patients who had fewer years of education
(P < 0.0001), had lower scores of both full scale IQ and JART (P <
0.001). The duration of illness, medication and hospitalization, the
age at disease onset and drug dose (chlorpromazine equivalent) of
those homozygous for the Val-COMT did not differ from the Met-
COMT carriers.

SNP genotyping

Venous blood was drawn from subjects and genomic DNA was
extracted from whole blood according to the standard procedures.
The Vall58Met polymorphism of the COMT gene (dbSNP acces-
sion: rs4680) was genotyped using the TagMan 5'-exanuclease allelic
discrimination assay, described previously (Hashimoto et al., 2004,
2005). Briefly, primers and probes for detection of the SNP ave:
forward primer 5'-GACTGTGCCGCCATCAC-3', veverse primer
5'-CAGGCATGCACACCTTGTC-3, prabe 1 5-VIC-TTTCGCTG-
GCGTGAAG-MGB-3' and probe 2 5-FAM-CGCTGGCATGAAG-
MGB-3'. PCR cycling conditions were: at 95°C for 10 min, 50 cycles
of 927C for 15 s and 60°C for I min,

MRI procedures

All MR studies were performed on a 1.5 tesla Siemens Magnetom
Vision plus system. A three dimensional (3D) volumetric acquisition
of a Ty-weighted gradient echo sequence produced-a gapless series of
thin sagittal sections using an MPRage sequence (TE/TR, 4.4/11.4 ms;
flip angle, 15 acquisition matyix, 256 % 256; 1 NEX, field of view,
31.5 cm; slice thickness, 1.23 mm).

Image analysis (TBM)

The basic principle of TBM is to analyse the local deformations of an
unage and to infer local differences in brain structure. In TBM, MRI
scans of individual subjects are mapped to a template image with
three-dimensional (3D) non-linear normalization routines. Local
deformations were estimated by a univariate Jacobian approach.
The basic principle of TBM is the same as a method used in a previous
report described as deformation-based morphometry (Gaser ef al.,
2001). Firstly, inhomogeneities in MR images were corrected using a
bias correction function in statistical parametric mapping (SPM2),
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then the corrected image was scalp-edited by masking with a prob-
ability image of brain tissue obtained from each image using a seg-
ndentation function in SPM2. Using a linear normalization algorithm
in SPM2, all brains were resized to a voxel size of 1.5 mm and adjusted
for arientation and overall width, length and height (Fig. 1A}. There-
fore, brains were transformed to the anatomical space of a template
brain whose space is based on Talairach space (Talairach and
Tournoux, 1988). Subsequent non-linear normalization introduced
local deformations to each brain to match it to the same scalp-edited
template brain (Fig. 1C). The non-linear transformation was done
using the high-dimension-warping algorithm (Ashburner and
Friston, 2004). After the high dimensional warping, each image
(Fig. 1B) looks similar to the template (Fig. 1C). Figure 2 demon-
strated a mean MR image of 76 controls (left) and a2 mean MR image
of 47 schizophrenics after high dimensional warping (Fig. 2). We
obtained 3D deformation fields for every brain (Fig. 1D). Each of
these 3D deformation fields consists of displacement vectors for every
voxel, which describe the 3D displacement needed to locally deform
the brain to match it to the template. We calculated the Jacobian
determinants to obtain voxel by voxel parametric maps of local vol-
ume change relative to the template brain (Fig. 1E). Thelocal Jacobian
determinant is a parameter commonly used in continuum mechanics
(Gurtin, 1987), which characterizes volume changes, such as local
shrinkage or enlargement caused by warping, The parametric maps of
Jacobian determinants were analysed using SPM2, which implements
a ‘general linear model. To testhypotheses about regional population
effects and interaction, data were analysed by an analysis of covariance
(ANCOVA) without global normalization. There was no significant
difference in age among the four groups, however, patients with
schizophrenia, particularly those homozygous for the Val-COMT
allele, were older than controls. Therefore, we treated age and
years of education and scores of JART as nuisance variables, Since
TBM explores the entire brain (grey matter, CSF space and white
matter) at once, the search volume of TBM has a large number of
voxels and since our interest was in morphological changes in the grey
matter and CSF space, we excluded white matter tissue from analyses
by using an explicit mask (Fig. IF). We used P< 0.001, corrected for
multiple comparisons with false discovery rate’ (FDR) <0.05 as a
statistical threshold. The resulting sets of ¢ values constituted the
statistical parametric maps {SPM (1)}. Firstly, we estimated the
main effects, the genotype effect in total subjects (the Val/Val-
COMT versus the Met-COMT carriers) and the diagnostic effect
(schizophrenia versus controls) and then the genotype-diagnosis
interaction effect was estimated. Furthermore, the effects of genotypes
in each group (controls carrying the Val/Val-COMT gene versus
controls carrying the Met-COMT gene and schizophrenics carrying
the Val/Val-COMT gene versus schizophrenics carrying the Met-
COMT gene) were estimated within the ANCOVA design matrix.
Anatomical localization accorded both to MNI coordinates and
Talairach coordinates obtained from M, Brett’s transformations
(www.mrc-cbu.cam.ac.uk/Imaging/mnispace.html) and are presen-
ted as Talairach coordinates (Talairach and Tournoux, 1988). Since
previous studies have demonstrated the association between the
Vall58Met polymorphism and the dorsolateral PFC (DUPFC), we
applied an additional hypothesis-driven region of interest {ROI)
method to test regional population effects in the DLPFC. For this
ROI analysis, we used the Wake Forest University PickAtlas
(Maldjian et al, 2003) within the ANCOVA design matrix for SPM
analysis. We set P<0.05 {uncorrected) with a small volume corvection
(P < 0.05 within the ROI) to assess grey matter volunie changes in
the DLPFC (Brodmann area 46, 9 and §).
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Fig. I Steps of analysis for tensor-based morphometry. An example is shown for a single subject in one axial slice. The single object
brain (A} has been corrected for orientation and overall size to the template brain (C). Non-linear spatial normalization removes

most of the anatomical differences between the two brains by introducing local deformations to the object brain, which then (B) looks
as similar as possible to the template. Image (D) shows the deformations applied to the object brain by a deformed grid. Statistical
analysis can be done univariate using the local Jacobian determinant as a derivative of the field (E). An explicit mask image (F) was used
to explore morphology in the grey matter and CSF space.

Fig. 2 Mean images after high dimensional warping control subjects and schizophrenics. Left: The mean image of warped MR images
obtained from 76 controls. Even after averaging, the mean image is not blurred. Right: The mean image of warped MR images obtained from
47 schizophrenics. The mean image of schizophrenic looks similar to that of controls.

Results lower scores of Wechsler Memory Scale—Revised and
Behavioural data demonstrated poorer performance of working memory meas-
Patients had a lower full scale 1Q, measured by the Wechsler  ures such as the number of preservative errors in the WCST
Adult Intelligence Scale—Revised, than controls. They also and digit span (Table 1}. No genotype or genotype-diagnosis
had a lower expected premorbid 1Q measured by a JART, interaction effects were tound in working memory measures
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Table 2 Results of image analyses

T Ohnishi et of

Anatomical regions Brodmann Cluster  Corrected P T-value Talairach coordinates
area size FDR {(voxel level)
X y z
Main effects
Diagnosis effects {control > schizophrenia) (Fig. 3)
Limbic system
R insula BAI3 4682 0.000 6.41 33 I -2
L insula BAI3 4017 0.000 8.8l 33 H 4
R parahippocampal gyrus, amygdala-uncus BA36 4682 0.000 7.32 30 I —17
R parahippocampal gyrus BA36 186 0.000 5.04 30 - 41 8
L parahippocampal gyrus, hippocampus-amygdala  BA34/36 637 0.000 5.46 -20 —41 -8
R ancerior cingulate cortex BA32 147 0.000 4.9 9 33 20
L anterior cingulate cortex BA32 200 0.000 4.63 H 32 20
L cingulate gyrus BA32 275 0.001 42 —12 -6 39
Prefrontal cortex
R inferior frontal gyrus BA47.11 145 0.000 4.99 27 28 il
R superior frontal gyrus BAB/9 1889 0.000 6.08 12 43 39
L medial frontal gyrus BA9 1333 0.000 5.3 8 47 19
L inferior frontal gyrus BA45 141 0.000 455 —44 23 15
L middle frontal gyrus BAS8 482 0.000 444 - 30 24 43
L superior frontal gyrus BAS8 482 0.000 439 35 17 51
Premotor area
R dorsal premotor area BAG& 429 0.000 4.37 41 13 45
Temporal cortex
R superior temporal gyrus BA22 806 0.000 5.04 47 23 I
R middle temporal gyrus BA2I 806 0.000 4.87 56 -15 -3
L superior temporal gyrus BA38 4017 0.000 7 —36 =17
Central grey matter
L thalamus 4017 0.000 7.26 —15 -17 2
Diagnosis effects {control < schizophrenia) (Fig. 4)
L sylvian fissure 621 0.000 6.7 45 17 3
R sylvian fissure 774 0.000 6.59 44 17 -8
Lateral ventricle (anterior horn) 279 0.000 527 -5 21 4
Lateral ventricle (L inferior horn) 248 0.000 6.18 ~4] -30 -10
Lateral ventricle (R inferior horn) 137 0.000 5.02 36 40 |
Interhemisphrenic fissure 154 0.000 5.28 3 55 12
Genotype effects (Val/Val-COMT < Met-COMT carriers) (Fig. 5)
Limbic system
L anterior cingulate cortex BA24/25 334 0.033 429 -8 17 13
Temporal cortex
R middle temporal gyrus BA21 285 0016 5.10 59 3 14
Genotype-diagnosis interaction effects (Fig. 6)
Limbic system
L anterior cingulate gyrus BA24/25/32 264 0.044 377 —6 25 -6
L parahippocampal gyrus, amygdala-uncus BA34 219 0.048 374 —24 -6  ~14
The effects of polymorphism in control group (no significant difference)
The effects of polymorphism in schizophrenia
Val/Val-COMT < Val/Met, Met/Met-COMT (Fig. 7)
Limbic system
L parahippocampal gyrus. amygdala-uncus BA28 8] 0.010 417 -26 2 22
L anterior cingulate cortex BA24/25/32 263 0.007 438 7 20 -8
Central grey matter
L chalamus 91 0.014 3.94 21 ~28 6

and 1Q, however, a significant genotype-by-diagnosis inter-
action effect was found in a visual memory measure (F =
4.605, df = 1, P = 0.03) (Table 1). ITowever, a post hoc 1-
test (Bonferroni test) demonstrated no genotype effect in
cach diagnostic category (control: P = 0.15, schizophrenia:
P=0.11%.

Morphological changes in schizophrenia
(diagnosis effects)

In comparison with controls, patients with schizophrenia
demonstrated a significant reduction of volumes in muitiple
brain areas, such as the hmbic and paralimbic systems, neo-
cortical arcas and the subcortical regions (Table 2 and Fig. 3).
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Fig. 3 Decreased volumes in schizophrenics (n = 47) as compared to controls (h = 76). Top: The SPM {t} is displayed in a standard format as
a maximum-intensity projection (MIP) viewed from the right, the back and the top of the brain. The anatomical space corresponds to
the atlas of Talairach and Tournoux. Representation in stereotaxic space of regions with significant reduction of volume in schizophrenia
was demonstraced. Schizophrenics demonstrated a significant reduction of volumes in the multiple brain areas, such as the limbic and
paralimbic systems, neocortical areas and the subcortical regions. Middle: The SPM {t} is rendered onto T,-weighted MR images. Bottom: The
SPM {t} is displayed onto axial T|-weighted MR images. A significantly decreased volume of the amygdala-uncus, bilateral insular cortices,
ACC, temporal cortex and the left thalamus in schizophrenics was noted.

In the limbic and paralimbic systems, patients with schizo-
phrenia showed reduction of volumes in the parahippocam-
pal gyri, amygdala-uncus, insular cortices and the anterior
cingulate cortices (ACC). They also demonstrated reduced
volumes in the frontal and temporal association areas, dorsal
premotor areas and the left thalamus. In comparison with
controls, patients with schizophrenia showed significantly
increased volume in the CSF space such as lateral ventricle,
sylvian and the interhemispheric fissures but not in the grey
matter (Table 2 and Fig. 4).

Morphological changes associated with

the Vall58Met polymorphism

(genotype effects) '

In comparison with Met-COMT carriers, individuals homo-
zygous for the Val-COMT allele demonstrated a significant
reduction of volumes in the left ACC and the right middle
temporal gyrus (MTG) (Table 2 and Fig. 5). The hypothesis-
driven analysis demonstrated a genotype effect on volumes in
the bilateral DLPFC (right BA9, left BAS; at a lenient thresh-
old (uncorrected P = 0.05) (data are not shown), however,
no voxels could survive after the correction for multiple

comparisons (FDR < 0.05) within the ROL There were no
areas that individuals homozygous for the Val-COMT allele
demonstrated a significant increment of volume compared to
Met-COMT carriers.

Genotype—diagnosis interaction effects

We found significant genotype-diagnosis interaction effects
on brain morphology. The stronger effects of Vall58Met
polymorphism on brain morphology in schizophrenia than
those in controls were noted in the left ACC and the left
amygdala-uncus {Table 2 and Fig. 6). The hypothesis-
driven analysis demonstrated a genotype-diagnosis interac-
tion effect on the volume of the right DLPFC (BAY/46) at a
fenient threshold (uncorrected P = 0.05) (data not shown),
however, no voxels could survive after the correction of mul-
tiple comparisons (FDR < 0.05) within the ROL

Effects of the Val58Met polymorphism

on brain morphology

Since genotype—disease interaction eftects were found, we
estimated the effects of genotypes on brain morphology in
the control groups and the schizophrenic groups separately.
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Fig. 4 Increased volumes in schizophrenics as compared to controls. Top: The SPM {t} is displayed in a standard format as a MIP. Patients
with schizophrenia showed a significantly increased volume of the CSF space. Bottom: The SPM {1} is displayed onto axial T,-weighted
MR images. A significantly increased volume of the CSF space such as the lateral ventricle, sylvian fissures and the interhemisphrenic

fissure was noted,

Fig. 5 The result of comparison between individuals homozygous for the Val-COMT allele (n = 57) and Met-COMT carriers (n = 66)

(genotype effects). Top: Representation in stereotaxic space of regions with significant reduction of volume in individuals homozygous for
the Val-COMT allele demonstrated. Bottom: The SPM {t} is displayed onto axial T;-weighted MR images. Individuals homozygous for the
Val-COMT allele demonstrated a significant reduction of volumes in the left ACC and right MTG as compared to Met-COMT carriers.

In the control group, we found no significant morphological
differences between individuals homozygous for the Val-
COMT allele and Met-COMT carriers. Even the hypothesis
driven analysis with a lenient statistical threshold (P < 0.05)
could not detect any significant morphological changes in the

DLPFC between the two groups. Contrary to the control
group, schizophrenics homozygous for the Val-COMT allele
showed @ significant reduction of volumes in the left
amygdala-uncus, bilateral ACC, vight MTG and the left thal-

amus when compared to the patients carrying the Met-COMT
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Fig. & Results of genotype-diagnosis interaction effects on brain morphology. Top: The SPM {t} is displayed in a standard format as a MIP,
The stronger effects of Vall58Met polymorphism on brain morphology in schizophrenia than those in controls were noted in the left ACC,
lefc parahippocampal gyrus and the amygdala-uncus. Bottom: The SPM {t} is displayed onto axial T|-weighted MR images.

allele (Table 2, Fig. 7). The hypothesis-driven analysis demon-
strated a significantly decreased volume of the bilateral
DLPFC in schizophrenics homozygous for the Val-COMT
allele when compared to the Met-COMT schizophrenics at
a lenient threshold (uncorrected P = 0.05) (data not shown).
However, no voxels could survive after the correction for
multiple comparisons (FDR < 0.05) within the ROIL There
are no significantly increased volumes in the schizophrenics
homozygous for the Val-COMT allele. All the results were
essentially unchanged even if all the left-handed subjects were
excluded in all analyses (data not shown).

Discussion

In this study, we found reduction of volumes in the limbic and
paralimbic systems, neocortical areas (prefrontal and tem-
poral cortices) and thalamus in patients with schizophrenia
when compared to control subjects. The schizophrenia
patients demonstrated a significant enlargement of CSF spaces
including the lateral and sylvian fissure, which could be inter-
preted as a result of impaired neurodevelopment and/or glo-
bal brain atrophy. These findings are concordant with
previous studies of MR morphometry of schizophrenia.
According to a recent review and meta-analyses of the
morphometry of schizophrenia, the consistent abnormalities
in schizophrenia are as follows; (i) ventricular enlargement
(lateral and third ventricles); (i) medial temporal lobe
involvement; (ii) superior temporal gyrus involvement (iv)
parietal lobe involvement; and (v) subcortical brain region

involvement including the thalamus (Okubo et al, 2001;
Shenton et al, 2001; Davidson and Heinrichs, 2003). The
other regions observed in this study, such as the insula,
DIPFC and the ACC have also often been demonstrated as
abnormal areas in schizophrenia (Shenton et al, 2001;
Takahashi et al, 2004; Yamasue et al, 2004). Using the
TBM technique, we replicated the morphological abnormal-
ities observed in previous MR studies on schizophrenia, sug-
gesting that TBM was able to detect morphological changes
associated with this disease. As well as neuroimaging studies,
post-mortem studies have also reported morphological
abnormalities in schizophrenia, but not necessarily as
common neuropathological features. Regions including the
hippocampus, ACC, thalamus and the DLPFC are regularly
associated with abnormalities of cell size, cell number and
neuronal organization (Bogerts, 1993; Arnold and
Trojanowski, 1996; Selemon, 2001; Selemon and Lynn,
2002, 2003). Selemon et al. reported that schizophrenics
demonstrated abnormalities in overall and laminar neuronal
density in the DLPFC (Brodmann area 9) and suggested that
the DLPFC should be a particularly vulnerable target in the
disease process (Selemon 2001; Selemon and Lynn, 2002,
2003).

Importanty, our results suggest that some of the morpho-
logical changes in schizophrenia mentioned above are asso-
ciated with the Vall158Met polymorphism of the COMT gene.
Inn the schizophrenic group, the polymorphism was associated
with the volumes in the limbic and pavalimbic systems, tem-
poral cortices and the left thalamus, whereas no morpholo-
gical changes related to the polymorphism were tound in
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Fig. 7 The effects of the Vall58Mec polymorphism of the COMT gene on brain morphology in schizophrenics. The SPM {t} is displayed
onto axial T|-weighted MR images. The schizophrenics homozygous for the Val-COMT allele (n = 19) showed 2 significant reduction of
volumes in the left parahippocampal gyrus, amygdala-uncus, ACC, left thalamus and the right MTG when compared to patients who carried

the Met-COMT allele (n = 28).

normal individuals. As a consequence, significant genotype-
diagnosis interaction effects were found in the left ACC and
the amygdala-uncus. These results indicate that the Vall58-
Met polymorphism of the COMT gene is strongly associated
with morphological changes in schizophrenia, particularly
those in the limbic and paralimbic systems. Longitudinal
MRI studies of schizophrenia strongly suggest that progressive
changes should occur after onset of the illness (Okubo er al.,
2001; Ho et al., 2003). Recent studies have demonstrated that
antipsychotic drugs, particularly haloperidol, have consider-
able effects on brain morphology (Arango er al, 2003;
Lieberman, 2005; Dorph et al, 2005). Because of the long
duration of illness and medication taken by our subjects, the
effects of antipsychotics may be a possible confounding factor
for our findings. However, the duration of medication and the
dose of antpsychotics taken by the Val/Val-COMT schizo-
phrenics did not differ from those of the Met-COMT schizo-
phrenics. Although the effects of antipsychotics on brain
morphology may coatribute Lo the observed morphological
changes in patients with schizophrenia in this study, it is
unlikely that the effects ol antipsychotics contributed to mor-
phological differences between the two schizophrenic groups.

When we were preparing this manuscript, another study
demonstrated no genotype and genotype-diagnosis interac-
tion effects of the Val158Met polymorphism on morphology
of the frontal lobe in controls and schizophrenia (Ho ef al,

2005). Although there are ditferences between the two studies,
such as mean ages of subjects, duration of illness, methods for
image analysis and a racial factor (Caucasians versus Japan-
ese), that study also demonstrated no genotype and genotype-
diagnosis interaction effects on morphology of the DLPFC.
However, we found these effects on DLPFC morphology at a
very lenient statistical threshold. Further studies with a larger
sample will clarify whether Vall58Met polymorphism does
affect DLPFC morphology. As well as prefrontal morphology,
we found no significant genotype or genotype-diagnosis inter-
action effects on working memory, however, schizophrenics
homozygous for the Val-COMT allele tended to have poorer
performances on working memory measures, compared to
Met-COMT  carriers with schizophrenia. Although there
were no significant effects of Vall58Met polymorphism on
working memory and other neuropsychological measures, a
significant effect of the polymorphism was noted in brain
morphology. Thie brain morphology has been considered
to be useful as an intermediate phenotype in genetic research
in neuropsychiatric disorders (Baare et gl, 2001; Durston
et al, 2005). Therefore, morphological changes might be
more sensitive to the effects of genotype than behavioural
measures such as the performance of working memory meas-
ures. In a previous study (Mo eof al, 2005) a similar
phenomenon—no  significant effect of Vall538Met poly-
morphism on working memory performance but signiticant
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effects on brain activities during a working memory
task—was found. Further studies with a larger sample size
are needed to clarify whether morphological changes are a
more sensitive marker of genotype effects than behavioural
measures.

Unexpectedly, we found effects of the polymorphism on the
ACC volume rather than the DLPFC which is crucial for
working memory. Since the ACC 1s associated with a variety
of cognitive tasks involving mental efforts, and also plays
important roles in working memory (Paus et al, 2001
Kondo e al, 2004), it is feasible that the Vall58Met poly-
morphism may be associated with the ACC morphology. In
fact, a previous study demonstrated that the Val-COMT allele
was associated with abnormal ACC function as well as abnor-
mal prefrontal cortical function, relative to the Met-COMT
allele, as measured by cognitive tests and fMRI activation in
normal subjects (Egan et al,, 2001).

One would argue that the effects of one polymorphism of
the gene could not explain the morphological changes in
schizophrenia. As well as the effects of the Vall38Met poly-
morphism, we agree that other polymorphisms of schizophre-
nia susceptibility genes and genotype-genotype interaction
may relate to individual brain morphology. Such interactions
might contribute to the different effects of the Vall58Met
polymorphism on brain morphology observed in this
study. Further studies of each effect and interaction of several
schizophrenia susceptibility genes on brain merphology,
brain functions and performances of neuropsychological
tests should be conducted to clarity how polymorphisms of
these genes affect intermediate phenotypes of schizophrenia.

In conclusion, we found an association between the
Vall58Met polymorphism and morphological abnormalities
in schizophrenia. Although the underlying mechanisms of our
observation remain to be clarified, our data indicate that brain
morphology as an intermediate phenotype should be useful
for investigating how genotypes affect endophenotypes of
schizophrenia.
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The threshold of cerebral blood flow (CBF) into infarction in rats has been indicated to be similar to
that in patienis. However, CBF does not reflect metabolic function, and so estimations of oxygen
metabolism have been required. Here, we estimated changes in oxygen metabolism after occluding
the right middle cerebral artery (MCA) in rats using an injectable 0-0, we developed. A decrease in
CBF (lefi: 0.67:0.22 mi/min/g, right: 0.44::0.17 mL/min/g, P<0.05) and compensaiory increase in the
oxygen extraction fraction (OEF) (left: 0.42x0.13, right: 0.50=0.19, P<0.05) were observed at 1-h
after occlusion. In contrast, a marked decrease in CBF and the cerebral metabolic rate for oxygen
and a collapse of the compensatory OEF mechanism were found at 24 h after occlusion. Injectable
*0-0, could be used to reliably estimate oxygen metabolism in an infarction rat model with positron

emission tomography.
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Introduction

Stroke is closely related to alterations in cerebral
blood flow (CBF), the cerebral metabolic rate for
oxygen (CMRQO,), the oxygen extraction fraction
(OEF), cerebral blood volume, and so on while some
neurodegenerative disorders such as Alzheimer’s
disease and Parkinson’s disease are also reported to
induce a change in CBF (Derejko et al, 2001; Mori,
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2002) because of tissue degradation. Therefore,
estimation of these circulatory and metabolic para-
meters is important for both pathophysiological
studies and the development or evaluation of new
methods for treating stroke.

Studies on changes in parameters of cerebral
circulation after the onset of stroke have been
performed in several animal models (Belayev et al,
1997; Ginsberg, 2003; Heiss et al, 1997, 1994;
Pappata et al, 1993; Takamatsu et al, 2000; Tenjin
et al, 1992; Young et al, 1996; Zhao et al, 1997) and
patients (Baron, 2001; Heiss et al, 2001). In the
studies using larger animals, CBF, OEF and CMRO,
were estimated after the onset of ischemia by
positron emission tomography (PET) with **O-H,0
and **0-O, gas and used as predictors for the
progression of brain infarction. These reports in-
dicated that areas showing a decrease in CBF and
compensatory increase in OEF in the early phase of
stroke were vital several hours after the onset. Also,
in studies with rats as an animal model of ischemia,
CBF was certainly indicated to be a good predictor
for infarction in comparison with the results for
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patients (Belayev et al, 1997; Ginsberg, 2003; Zhao et
al, 1997). However, CBF does not reflect cell energy
metabolism and so measurements of oxygen meta-
bolism are required to accurately estimate tissue
viability. Additionally, since that there are func-
tional differences between rodents and humans
(Walovitch et al, 1994), careful evaluation is needed
when using rats to investigate the pathophysiology
and progression of human stroke. On these bases, we
adopted MCA occluded rats, widely used ischemia
model (Kuge et al, 1995; Longa et al, 1989;
Minematsu et al, 1992), and evaluated the changes
in CBF, OEF and CMRO, after the onset of stroke
with PET.

On the other hand we recently developed a
method of measuring regional OEF in the rat brain
noninvasively using PET (Magata et al, 2003). Here,
we designed experiments to estimate CBF, OEF and
CMRO; by PET in the early and late phases of a
permanent ischemia in rats.

Materials and methods

Animals

Male Sprague-Dawley rats (250 to 310g) supplied by
Japan SLC Co. (Hamamatsu, Japan) were housed for 1
week under a 12-h light/12-h dark cycle and given free
access to food and water. The animal experiments in this
study were conducted in accordance with institutional
guidelines and approved by the Kyoto University Animal
Care Committee.

Preparation of **0-Labeled Compounds

The production of **O-H,0O and injection of **0O-oxygen
(injectable **0-O.) were conducted as reported previously
(Magata et al, 2003). Briefly, **O-H,O was synthesized by
the reduction of **0O-0, with H, gas (catalyzed by Pd black
at 140°C) and trapped in a saline solution. As for
injectable **0-0,, part of an infusion line kit (Terumo
Corporation, Tokyo, Japan) used as a blood reservoir and
an artificial lung 18cm in length (Senko Medical Instru-
ment Mfg Co. Ltd, Tokyo, Japan) designed for small
animals such as rats were connected to a peristaltic pump
(EYELA roller pump RP-1000, Tokyo Rikakikai Co. Ltd,
Tokyo, Japan) to make a closed system. Then, 18 to 20mL
of blood was collected from several rats and filtered with
saline-wetted gauze. The blood was circulated (100mL/
min) in the system and **0-0, gas (4100 to 5100 MBg/min/
500ml) was introduced into the artificial lung to prepare
injectable **0-0, {51 to 90 MBg/ml).

Animal Preparation

Rats were divided into two groups. One was for the early
phase PET experiment (n=7, 1h after the onset of
occlusion) and the other was for the late phase experiment
(n=6, 24h after the onset of occlusion). The rats were
starved for 6 h before the operation and anesthetized with
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chloral hydrate (i.p. 400 mg/kg). For the early phase group,
anesthesia was sustained throughout the experiment. The
left femoral artery in each rat was catheterized using a PE
20 catheter (i.d. 0.5mm, o.d. 0.8 mm) for blood sampling
during PET study. Then, the right middle cerebral artery
(MCA) was occluded intraluminally using a nylon 4-0
monofilament (Kuge et al, 1995; Longa ef al, 1989;
Minematsu et al, 1992). For the late phase group, each
rat was aroused from anesthesia after the right MCA
occlusion and then anesthetized for the catheterization of
the left femoral artery and PET experiments. After the
completion of the operation, rats were administered i.v.
with 1001IU of heparin. The animal was placed supine in a
stereotaxic apparatus, and its head was restrained by
mouth and ear bars. After the acquisition of a blank scan
for 180 mins, the apparatus was placed in a PET camera
(SHR-7700L, Hamamatsu Photonics, Hamamatsu, Japan)
(Watanabe et al, 1997). The position was standardized
with the aid of a laser beam, and the desired cranial
position in the camera was oriented. Rectal temperature
was maintained at around 37 °C with the aid of heating
pads and blood gases were measured using a blood gas
analyzer (Rapidlab 348, Chiron Diagnostics Ltd, Essex,
England) several times during the experiment. After the
PET experiments, 2,3,5-triphenyltetrazolium chloride
(TTC) staining was performed in some cases for evaluating
the progression of stroke.

Positron Emission Tomography Experiments

A transmission scan was performed for 30mins for
attenuation correction following the blank scan. Then, a
dynamic PET scan was performed using **O-H,O (i.v., 148
to 185 MBq) to measure CBF values 1h or 24 h after the
initiation of MCA occlusion. A second PET scan was
performed with the administration of injectable *0-0,
(i.v., 74 to 148 MBq) over a 60-secs period to measure OEF
values after the radioactivity of **0-H,0 had decayed in
the body. In both cases, the total scan acquisition period
was 120secs and the scan consisted of 12 x 10-second
frames. Arterial blood sampling was performed continu-
ously throughout the PET scans and blood centrifugation
was also performed for measuring the plasma concentra-
tion of 'S0 radioactivity. The radioactivity of each sample
was measured with an Nal well scintillation counter
(Packard AutoGamma 500, Packard Instruments, Meriden,
CT, USA) calibrated using a **Na standard radioactive
source.

Data Analysis

Positron emission tomography images were obtained as

described previously (Magata et al, 2003). The rat brain
was visualized in four consecutive coronal slices. Then,
two regions of interest (ROIs) in each slice, right and left
hemispheres, were visually chosen according to the
magnetic resonance images obtained previously in the
another study using 1.5T MRI. Activity in ROIs was
calibrated using a cross calibration factor calculated in



another phantom study with a 10-cm-diameter hollow
phantom.

The CBF value in each ROI was calculated by
numerically solving the equation (1) as reported pre-
viously (Temma et al, 2004).

R(t) = fAw(t) + ~0/PHH! 1)

where the asterisk denotes the convolution integral and
other marks are the tissue concentration of **O radio-
activity (R(t})), a typical example of that in the late phase
experiment is presented in Figure 1, CBF (f}, the arterial
concentration of **O-water radioactivity (Awl(f}), partition
coefficient of water between the brain and blood (P=0.8)
and physical decay constant of **O (4).

Then, the OEF value was calculated using the same
equation (Eq. 2) as that applied to the bolus inhalation of
*0-0, gas method (Mintun et al, 1984; Shidahara et al,
2002), which could be used with this pharmaceutical as
shown previously (Magata et al, 2003)
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Figure 1 Typical curves of *50 radioactivity obtained by the PET
scanning using (A) 1°0-H,0 and (B) injectable 1°0-0, 24 h after
the right MCA occlusion.
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where the arterial concentration of **0-O, radioactivity
(Aoff)), cerebral blood volume (V3=0.04 mL/g}, the hema-
tocrit ratio between central and peripheral regions
(R=0.85) and the effective venous ratio in the brain
(V4 =0.835) are used.

The CMRO, value was calculated using equation (3). In
this equation, Hb is gram hemoglobin/mL blood and % Sat
is percent saturation of O, (Shidahara et al, 2002),

_ (1.39xHbx%Sat)

CMRO, = o xOEF xCBF (3)

Results
Injectable **0-0, Labeling

The shape of an artificial lung was modified to
increase **0O labeling efficiency. Namely, the artifi-
cial lung used was three times longer (18 cm) than
the previous version while the density of plastic
fibers and diameter of the lung were unchanged
(Magata et al, 2003). In this system, 90 MBq/ml was
obtained at maximum.

Physiological Parameters

Blood gases were analyzed several times during the
experiment (Table 1). Although several parameters
were significantly changed, these changes were
slight and levels were not in the abnormal range.

Studies at 1 h Afier Onset

The relationships between CBF, OEF and CMRO, at
1h after the occlusion are shown in scatter diagrams
(Figures 2 and 3). As revealed in Figure 2, in the
right hemisphere, a decrease in CBF and compensa-
tory increase in OEF were indicated in comparison
with the opposite side, inducing a good reciprocal
relationship as a whole. Also, the decrease in CBF in
the right hemisphere was not so marked. Figure 3
shows the relationship between CBF and CMRO;.

Table 1 Arterial blood gas values before and after PET
experiments in MCA occlusion

1h 24h

Before After Before After

pH 7.32 (0.03) 7.33 (0.03) 7.36 (0.04) 7.35 (0.04)
PO, (mm Hg) 97.4(5.7) 102.8{10) 94.8(7.4) 101.5 (4.3)*

PCO, (mm Hg) 44.3 (4.2) 39.8(3.4) 39.7(48) 36.9(3.7)*
Het (%) 54.4 (4.8) 51.5(3.8)* 55(3.3) 53.5(3.1)
0,Sat (%) 96.9 (0.4) 97.2(0.8) 96.9(0.7) 97.4 (0.3)*
Hb (g/dl) 18.5 (1.6) 17.5 {1.3)* 18.7 {1.2) 18.2 (1.0)

Statistical differences in each physiological parameter between before and
after PET experiments were determined using the Wilcoxon signed-rank test;
*P < 0.05.

Values listed are means (s.d.).

w
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Figure 2 Scatter diagram of CBF {ml/min/g) and OEF values
1 h after the onset of MCA occlusion.
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Figure 3 Scatter diagram of CBF (mL/min/g) and CMRO, (ml/
min/100g) values 1 h after the onset of MCA occlusion.

These two values also exhibit a good correlation, in
which the decrease in CMRO, in the right hemi-
sphere was not so marked. '

Studies at 24 h Afier Onset

The relationships among parameters at 24 h after the
occlusion are shown in scatter diagrams (Figures 4
and 5). As shown in Figure 4, in the right hemi-
sphere, the decrease in CBF was more pronounced
than at 1 h (Figure 2) and there was no compensatory
increase in OEF, resulting in a loss of the good
correlation between CBF and OEF. Figure 5 shows
the relationship between CBF and CMRO,. The right
hemisphere exhibited a marked decrease in CMRO,.

Quantitative Values of Cerebral Blood Flow, Oxygen
Extraction Fraction and Cerebral Metabolic Rate for

Oxygen

Figure 6 and Table 2 show the averaged hemispheric
values of CBF, OEF and CMRO, at 1h (n=7) and
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Figure 4 Scatter diagram of CBF (mL/min/g) and OEF values
24 h after the onset of MCA occlusion.
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Figure 5 Scatter diagram of CBF (mb/min/g) and CMRO,
(mL/min/100g) values 24 h after the onset of MCA occlusion.

24 h (n=86) after the onset of MCA occlusion. In the
right hemisphere at 1 h, the decrease in CBF was not
so marked (0.44+0.17 mL/min/g; P<0.05 compared
with the left side) and a compensatory increase in
OEF (0.50+0.19; P<0.05 compared with the left
side) was observed, inducing a slight decrease in
CMRO, (4.5+1.1mL/min/100g; P<0.05 compared
with the left side). In contrast, at 24h, there was a
marked decrease in CBF (0.26:+0.07 mL/min/g,
P<0.05 compared with both the left side and at
1h) and no compensatory increase in OEF (0.49+
0.19; OEF in the left hemisphere was 0.514+0.12, not
significant with each other), resulting in a large
decrease in CMRO, (2.940.8 mL/min/100g; P<0.05
compared with both the left side and at 1h).

Discussion

In our previous report (Magata et al, 2003), up to
72MBg/ml of injectable **0-O, was obtained with
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Figure 6 The averaged hemispheric values of (A) CBF {(ml/min/g), (B) OEF and (C) CMRO, (mL/min/100g) obtained by PET 1
(n =7)and 24 h (n = 6) after the onset of MCA occlusion. Significant differences in each parameter (CBF, OFF, CMRO,) between the
left and right hemispheres at the same time point and between 1 h and 24 h on the same hemisphere were determined using the
Wilcoxon signed-rank test and the Mann-Whitney U-test, respectively; *P < 0.05, n.s. not significant.

Table 2 The averaged hemispheric values of CBF (mL/min/g), OEF and CMRO, (mL/min/100g) obtained by PET 1 (n=7) and 24
hours (n = 6) after the onset of MCA occlusion.

1h 24h
Left Right Left Right
CBF (mL/min/g) 0.67 {0.22) 0.44 (0.17)* 0.50 (0.08) 0.26 (0.07)**
OEF 0.42 {(0.13) 0.50 {0.19)* 0.51 {(0.12) 0.49 {0.19)
CMRO, (mL/min/'lOOg) 6.2 (1.3) 4.5 (1.1)* 6.2 {1.4) 2.9 (0.8)*

Significant differences in each parameter (CBF, OEF, CMRO,) between the left and right hemispheres at the same time point and between 1 and 24 h on the
same hemisphere were determined using the Wilcoxon signed-rank test (*P < 0.05) and the Mann-Whitney U-test (P < 0.05), respectively. Values listed are

means (s.d.).

an artificial lung {6 cm length) and about 10ml of
blood. In the present study, the artificial lung was
made three times longer to increase the labeling
efficiency. First, we used three small artificial lungs
connected in series to improve the labeling effi-
ciency. In that system, more blood was needed for
summation of the dead volume of each lung, and,
the labeling efficiency, radioactivity per unit blood
volume, did not increase. Since the total activity in
the labeling system is constant if the radioactivity in
the supplied gas is constant, highly specific activity
of injectable *°0-0, can be obtained when a small
amount of blood is used. Therefore, the ‘long’
artificial lung can increase the specific activity of
injectable **0-0, owing to the small dead volume.
Actually, with this new artificial lung and 18.6 ml of
blood, 90 MBqg/ml of injectable **0-0, was obtained.

During the experiments, arterial blood gases were
analyzed several times (Table 1). At both 1 and 24 h,
significant changes were observed in two or three
parameters. At 1h, Het and Hb decreased after the
experiment, indicating slight hemolytic anemia. At
24h, p0O,, pCO, and O,Sat changed during the PET

scans. These values, especially pCO,, are known to
be closely related to the depth of anesthesia and so
might reflect a change in the condition of the animal
in PET studies. In any case, the changes of these
parameters were not so marked and they might not
affect the resulis of experiments.

At 1h after the onset of MCA occlusion, CBF
decreased slightly but significantly in the right
hemisphere in comparison with the left side; some
ROIs showed normal values and others showed low
values (Figure 2). The OEF increased in ROIs with
decreased CBF, but not in ROIs with normal CBF
(Figure 2). The results indicate that the metabolic
compensatory mechanism worked well at 1h after
MCAO. Cerebral metabolic rate for oxygen was also
kept in the area of low CBF (Figure 3), and a good
correlation between CBF and CMRO; with a gentle
slope was obtained (Figure 3), suggesting that the
compensatory mechanism was working well at this
time point.

At 24 h after the onset of MCA occlusion, while all
ROIs in the right hemisphere showed severely
decreased CBF with small variation, OEF showed a

w
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