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Abstract

The link between P50 suppression and psychometric schizotypy was previously reported in non-clinical English-
speaking subjects; however, whether a similar relationship exists within a different ethnic sample is unknown.
Furthermore, whether such a relationship can also be accounted for by such basic personality characteristics as.
extraversion or neuroticism has not yet been reported. In the present study, we investigated the correlations of P50
suppression with psychometric schizotypy, and with extraversion or neurcticism among non-clinical Japanese, Subjects
were 34 healthy volunteers. The auditory P50 potential was obtained using a paired stimulus paradigm. Psychometric
schizotypy was assessed using schizotypal personality questionnaire (SPQ). Extraversion and neurcticism were
assessed .using Maudsley personality inventory (MPI). P30 suppression correlated not only with total SPQ seore, but
also with extraversion and with neurcticism. However, the partial correlation analysis revealed a significant partial
correlation of P30 suppression with SPQ when-controlled for extraversion or neuroticism, and a non-significant partial
correlation of P50 suppression with extraversion or neuroticism when controlled for SPQ. When subjects were divided
into two subgroups according to the mean SPQ score, the degree of P50 suppression was lower in the high than in
the low SPQ sc¢orers. Our results indicate that P50 suppression is one of the neurobiological substrates underlying
psychometric schizotypy, and that this relationship cannot be accounted for by measures of extraversion or neuroticism.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction major factors extracted from schizotypal traits of
the normal population measured using schizotypal
zotypy led to the finding that the schizotypal traits personality questionnaire (SPQ, Raine, 1991) were
of non-clinical population resemble the syndrome withdrawn, uoreality aod active (Gruzelier, 1996,

of schizophrenia in the factorial structure. Three Gruzelier and Doig, 1996), or interpersonal, cog-
nitive-perceptual and disorganized (Raipe et al,
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of schizophrenia symptomatology identified simi- -

lar factors in schizophrenic patients, namely, one
negative and two positive syndromes (Liddle and
Morris, 1991; Gur et al., 1991). It is suggested
that three factors of schizophrenic symptomatology
may reflect an exaggeration of the three analogous
factors in the general population (Raine et al,
1994). The remarkable similarity between schizo-
typy and schizophrenia in the factorial structure
might be partly associated with the same neural
substrate abnormalities.

P50 suppression, which measures the brain func-
tion of sensory gating, might be such a neurobicl-
ogical candidate. It has long been hypothesized
that subjects with schizophrenia spectrum disorders
have deficits in inhibitory functioning that lead to
difficulty in filtering trivial internal and external
stimuli, perhaps accounting for the observed atten-
tion and cognitive abnormalities. Deficiency in the
early sensory gating mechanisin has been consis-
tently demonstrated in schizophrenic patients (for
instance, Adler et al., 1982; Clementz et al., 1998a;
etc) and their first-degree relatives (Clementz et
al., 1998b; Siegel et al., 1984; Waldo et al., 1991,
Myles-Worsley, 2002). The P50 suppression defi-
ciency was also revealed in schizotypal personality
disorder (SPD) subjects as compared with unaf-
fected controls (Cadenhead et al., 2000), suggest-
ing an association of P50 suppression deficits with

schizotypal traits as well as with familial genetic

vulnerability to schizophrenia. The P50 suppres-
sion dysfunction was further related to psychomet-
ric schizotypy in a non-clinical population by Croft
et al. (2001), with the finding of a lesser degree
of P50 suppression in subjects reporting more
perceptual anomalies and magical ideation (an
unreality factor). However, whether the relation-
ship between P50 suppression and psychometric
schizotypy exists within a different ethnic popula-
tion remains unknown. It is possible that person-
ality traits might be ethnically biased (Reynolds et
al., 2000; Chen et al., 1997). The purpose of the
present study was to replicate the study by Croft
et al. (2001) in a Japanese population. In addition,
P50 suppression tests were also administered to
one group of schizophrenic patients in the present
study, in order to investigate whether the high
scorers on schizotypal questionnaires are similar

to schizophrenics in terms of P50 suppression
(Croft et al., 2001).

While the study of schizotypy in the normal
population can be a useful strategy for elucidating
the schizophrenic process, controversy over the
nature of schizotypy remains. There are two broad-
ly different perspectives on schizotypy: a psychi-
atric perspective, where schizotypy represents
attenuated psychotic symptoms, and a psycholog-
ical perspective, where schizotypy represents devi-
ant personality traits (Gruzelier, 2003). From the
psychological perspective, it is hypothesized that
all functional psychoses share an undeslying latent
trait (psychoticism) which extends beyond psy-
chotic states and can be measured in nommal
population (Eysenck and Barrett, 1993). Different
varieties of psychosis and schizotypy are believed
to be manifestations of the other two major per-
sonality copstructs (extraversion and neuroticism)
(Eysenck, 1992). Given that the close relationship
between schizotypy and basic personality traits has
been reported extensively (for instance, Braun-
stein-Bercovitz et al., 2002; Ross et al., 2002}, it
would be more advantageous to investigate wheth-
er P50 suppression correlate with such basic per
sonality traits as extraversion ©or newroticism
simultaneously. This approach might kelp to clarify
whether the link between P50 suppression and
psychometric schizotypy is specific, or just an
effect secondary to the correlation of P50 suppres-
sion with more basic personality traits such as
extraversion or neuroticism.

2. Methods
2.1. Subjects

Subjects were 34 paid healthy volunteers, all of
whom had provided written informed consent after
receiving an explapation of this study. They were
recruited from the staff and students of University
of the Ryukyus, Okinawa, Japan, The demographic
characteristics of the subjects is shown in Table 1.
Subjects reported no personal history of neurologic
or psychiatric disorders and no familial history of
psychiatric illness. There were six light smokers,
who smoked approximately 10 cigarettes per day.
All subjects were right-handed (Edinburgh band-
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Table 1
The demographic characteristics and means of P50 measurements
Non-clinical subjects Schizophrenic
Total subjects Low SPQ High SPQ patients
Cases 34 21 13 .18
Gender (m/f) 16/18 8/13 8/5 13/5
Age 334482 329485 352478 357+78
51 latency {ms) 522+410.0 51.8+9.7 53.0+10.8 527+10.8
$2 latency {(ms)} 49.5+10.5 3024106 482+10.5 53.6+11.5
S1 amplitude (V) 1.72+0.78 1.90+0.89 1424044 1.84+0.51
52 amplitude (uV) 048+0.52 © 0.31+040 0.76 +0.59 131+£1.07
P50 suppression
$2/81 ratio 0304034 0.15+0.22 0544036 0.87+0.67
51-82 difference (V) 1.24+0.86 1.59+0.81 0.674£0.62 0.54+145

edness inventory, Oldfield, 1971). Schizotypal
traits were assessed uvsing the Japanese transiation
of the 74 item Schizotypal personality question-
naire (SPQ) (Raine, 1991, translated by Fujiwara,
1993). The questionnaire was administered to 258
‘college students (167 males and 91 females) in
Shiga University of Medical Science, Shiga, Japan.
Compared with the study by Raine (1991), the
results showed a lower mean SPQ score of
8.1417.77 but a similar internal reliability (o=
0.90) and a similar criterion validity (r=0.61, N=
31, P<0.001) (Someya et al., 1994). Basic fea-
tures of personality were assessed using the Japa-
nese version of Jensen’s 80 item Maudsley
personality inventory (MPI) (Jensen, 1958; Iwa-
waki, 1969), which mainly includes two-dimen-
sions: extraversion (24 items) and neuroticism (24
items). MPI was administered to subjects at an
interval of 5.9+3.5 months later; however, data
for five of the subjects were unobtainable.
Schizophrenic patients were recruited from
Miyazato Hospital, Okinawa, Japan, in the present
study. Fighteen medicated patients who met DSM-
IV criterta for schizophrenia were included. The
antipsychotic medication was administered at an
equivalent chlorpromazine dosage of 6571266
mg/day. Clinical symptoms were evaluated using
the positive and negative syndrome scale (PANSS)
(Kay et al, 1987; general mean=28.6, S.D.=
10.6; positive scale mean=13.8, S.D.=6.7; nega-
tive scale mean=15.7, S.D.=6.1). There was no
group difference in either age (F,s,=0.66, P>

0.05) or gender composition {}*=3.02, P=0.073)
between schizophrenic patients and the non-clini-
cal subjects,

2.2. Procedures

The recording procedures used in the Depart-
ment of Anatomy, University of Arkansas for
Medical Science, USA, were followed (Skinner et
al,, 1999). Subjects were seated on an armchair in
a well-Iit, sound-attenuating shielded room. Gold-
plated surface electrodes were used, and electrode
resistance was maintained at <5 K(). The P50
potential was recorded at the vertex (Cz) referred
to a frontal electrode (Fz). Eye movements (EOG)
were detected by using diagonally placed canthal
electrodes, while jaw movements (electromyo-
gram, EMG) were detected by using a lead over
the mentalis muscle referred to the chin. A sub-
clavicular ground was used instead of mastoid or
earlobe since the subjects wore headphones during
the recording. Prior to the recording, the hearing
threshold was tested for each subject. The test
stimulus was a rarefield click of 0.1 ms duration
set at least 50 dB above threshold, usually 95—
105 dB, as required. Paired clicks of S1-82 at an
interstimulus interval of 250 ms were delivered
once every 5 s to the subjects. This interstimulus
interval of the paired clicks was selected in the
present study, becanse several previous reports
suggested that a shorter ISI (250 ms) is more
sensitive to differences in sensory gating of the
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P50 potential (Rasco et al., 2000; Skinner et al.,
2002). Sigpals were collected at 1 sample/ms,
recorded and processed using a Synax 2100 (NEC
Corporation, Tokyo, 1999). The signal was filtered
at 2 Hz~1 kHz for the EEG channel, at 2 Hz—-1
kHz for the EOG channel and at 20 Hz-1 kHz
for the EMG chanpel. EEG signals that contained
interference from EOG or EMG were excluded
from the average. The recording terminated when
64 acceptable trials were averaged. If >8 trials
(12.5%) were excluded because of this criterion
in order to obtain 64 trials for the average, the
subjects were removed from the study. Two sub-

jects were removed from the study for failing to

meet this criterion. The subjects were instructed to
keep their eyes open and to count the number of
trials presented as a means of maintaining vigi-
lance. Only subjects who reported > 90% accuracy
in stimulus counts were included in the present
study. None of the subjects were excluded becaunse
of this criterion.

. 2.3. Data analysis

The P30 potential was identified as the largest
positive amplitude wave occurring between 30 and
80 ms after the stimulus. P50 amplitude measures
were performed by the classic peak-to-peak meth-
od, measuring the amplitude from the preceding
negativity (Nb), or from the preceding baseline if
Nb was absent. P50 suppression was determined
using the ratio of P50 amplitude in response to the
second stimulus (S2) divided by the PS0 amplitude
in response to the first stimulus (S1). It was also
assessed using the difference between P50 ampli-
tudes in response to S1 and S2. In order to prevent
outliers from disproportionately affecting the group
means, the S2/S1 ratios greater than two were
assigned the value 2, according to the methods of
Nagamoto et al. (1991).

The correlations of P50 measurements with total
SPQ score and its three factor scores were com-
puted using Spearman correlating analysis {(Bon-
ferroni adjustment used for three factor scores;
' =0.0167). Spearman’s measure of association
was also used to test for relations between P50
and two MPI factors (Bonferroni adjustment used,;
o =0.025). Exploratory partial correlating analy-

ses were performed on P50 suppression with SPQ
when adjusting for the effect of extraversion or
neuroticism, and also on P50 suppression with
extraversion or neuroticism when adjusting for the
effect of SPQ. Before the partial correlating anal-
yses, the ratio of S2/S1 amplitude was transformed
into its square root to minimize the skewed distri-
bution. No transformation was done with the dif-
ference between S1 and S2 amplitudes because of
its pormal distribution. Pearson correlation analysis
was also performed between S§1-S2 difference and
psychometric measures, and between SPQ and
MPI measures.

The non-clinical subjects were further divided
into two subgroups of high and low SPQ scorers,
according to the mean SPQ score of all subjects.
There were 13 subjects with an SPQ score above
the mean, and 21 subjects with an SPQ score
below the mean. The two subgroups did not differ
in age (Fy3,=0.60, P=0444) and the gender
composition ()*=1.77, P=0.291). Subgroup dif-
ferences in P50 measurements were assessed using
Mann—Whitney test. The group differences in P50
variables between the non-clinical subjects and
schizophrenic patients were also evaluated using
Mann—Whitney test.

3. Results
3.1. Psychometric assessments

The mean total SPQ score of all subjects was
10.5+7.7. The mean SPQ factor score was
5.9+ 5.4 for the withdrawn, 3.0+3.1 for the unre-
ality and 2.3 +2.1 for the active. MPI assessments
revealed a mean score of 28.1111.7 for the
extraversion dimension, and 12.0+8.4 for the
peuroticism  dimension. The intercorrelations
between SPQ and MPI are shown in Table 2. The
extraversion dimension had a correlation with the
total SPQ score (r=—0.494, P=0.007) and with
the withdrawn factor (r= —0.694, P<0.001).

3.2. Correlations of between P50 measurements
and psychometric assessments

Spearman’s correlations between P50 measure-
ments and psychometric assessments are shown in
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Tabie 2 )
Pearson’s cormrelation coefficients amongst psychometric variables
SPOQ (n=34) MPI (n=29)
Total Withdrawn Unreality Active Extraversion Neuroticism
SPQ
Total r 1.0 0.878 0.703 0.754 —0.49%4 0380
P - <0.001 <0.001 <0.001 0.007 0.042
Withdrawn r 1.0 0.360 0.466 —0.654 0.238
. P - 0.036 0.006 <0.001 0214
Unreality r 1.0 0.563 0.067 0.375
P - 0.001 0.730 0.045
Active r 1.0 -0.193 : 0.375
P - 0316 0.045
MFI
Extraversion r 1.0 =0.172
P - 0.374
Neuroticism r 1.0
P -

Table 3. The P50 amplitude in response to St did
not show any correlation with whether total SPQ
score or its factor scores. The P50 amplitude in
response to S2 correlated with the total SPQ score
(r=0.405, P=0.017), although it showed no sig-
nificant correlation with any factor score of SPQ.
The ratio of 52/S1 amplitude demonstrated a very
significant correlation not only with the total SPQ
. score (r=0.525, P=0.001) but also’ with with-
drawn factor (r=0.486, P=0.004). The cormela-
tion between the S1-S2 amplitude difference and
the total SPQ score was also significant (r=

Table 3

—0.371, P=0.031). In addition, Pearson correla-
tion analysis revealed that the S1-S2 amplitude
difference correlated significantly with total SPQ
score (r= —0.403, P=0.018; Fig. 1)} and with the
withdrawn factor (r= —0.442, P=0.009).
Regarding the relationship between P50 meas-
urements and the two MPI subscales, the ratio of
S2/81 amplitude showed a correlation with both
extraversion subscale (r=—0.436, P=0.018) and
neurcticism subscale (r=0463, P=0.011). How-
ever, when controlling for the effect of the total
SPQ score, the square root of the $2/S1 ratio did

Spearman’s correlation coefficients (and P-values) between P30 and psychometric variables

SPQ (n=34) MPI (n=29)

Total Withdrawn Unreality Active Extraversion Neuroticism
S1 latency r 0.142 0.061 0.107 0.284 -0.007 —-0.050
P 0.425 0.734 0.548 0.104 0.972 0.644
52 latency r —-0.151 —-0.120 —0.143 -0.054 —0.001 —0.004
P 0.3%4 0.500 0.420 0.761 0.957 0.985
51 amplitude r -0.153 —-0.103 -0.119 -0.095 0.060 —0.146
p 0388 0.562 0.503 0.592 0.757 0.451
52 amplitude r 0.405 0.3%1 0.202 0.199 —Q.365 0.402
P 0.017 0.022 0.252 0.259 0.051 0.030
§2/81 ratio r 0.525 0.486 0.299 0.321 —(.436 0.463
P 0.001 0.004 0.086 0.064 0.018 0.011
8§1-82 r =037 —0320 —-0.245 -0220 0.280 —0.345
difference P 0.031 0.065 0.163 0.210 0.141 0.067
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r=0.546, P=0.001
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Fig. 1. The linear correlations of P50 suppression with total SPQ score, and with extraversion or neurcticism. P50 suppression was
assessed using the ratio of $2/S1 amplitude and the difference between S1 and S2 amplitudes. The ratio was transformed to its
square root to minimize its skewed distribution. Both P50 suppression measures demonstrated a significant correlation with total
SPQ score. Note the non-significant correlation of $1-52 difference with extraversion or neuroticism.

not correlate significantly either with extraversion
(r=—0.216, d.f. =26, P=0.270) or with neuroti-
cism {r=0.256, d.f =26, P=0.188). On the con-
trary, the square root of the §2/S1 ratio still
showed a significant partial correlation with SPQ
when controlling for extraversion (r=0.492, df. =

26, P=0.008) or for neuroticism (r=0.529, d.f.=
26, P=0.004). Furthermore, this partial correlation
between P50 suppression and the total SPQ score
was still sigoificant when controlling for both
extraversion and neuroticism simultaneously (r=
0.414, df =25, P=0.032). Additionally, the S1-
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Fig 2. The grand average waveforms of P50 auditory evoked
potentials averaged separately for two non-clinical subgroups.
$1: first click; $2: second click. Solid line: low SPQ scorers
(n=21); dotted line: high SPQ scorers (n=13). Note: the P50
potentials in response to S1, indicated by the black dot, were
similar between two subgroups; however, the P50 potentials in
response to $2, also indicated by the black dot, were inhibited
remarkably in the low SPQ scorers but not in the high SPQ
scorers.

52 amplitude difference did not show a significant
linear cormrelation with either extraversion (r=
0.360, P=0.055) or neuroticism (r= —0.358, P=
0.057) (Fig. 1). No cormelation of age with any
P50 measurement was detected.

3.3. Low SPQ vs. high SPQ scorers

The mean values of P50 variables are shown
for all subjects in Table 1. The P30 evoked
potentials averaged separately for the low and high
SPQ scorers are shown in Fig. 2. Visual inspection
found that, while both subgroups had similar P50
responses to the first stimulus (S1), they demon-
strated different responses to the second stimulus
{(S2). Mann-Whitney test revealed that, between
the two non-clinical subgroups, there was no dif-
ference in P50 latency (S! latency: Z=0.25, P=
0.807; S2 latency: Z=1.15, P=0.261) and P50
amplitude in response to S1 (Z=1.79, P=0.076).
A very significant difference was detected with
P50 amplitude in response to 82 (Z=279, P=
0.005), the ratio of S$2/S1 amplitude (Z=3.40,
P<0.001) and the S1-S2 amplitude difference
{Z=3.10, P=0.001), demonstrating a poorer sen-
sory gating function in the high SPQ scorers than

in their low SPQ counterparts. Mann—Whitney test
was also performed on P50 measurements between
male and female subjects, and failed to detect any
significant differences (S1 latency: Z=0.50, P=
0.621; S2 latency: Z=0.55, P=0.574; S1 ampli-
tude: Z=0.47, P=0.646; S2 amplitude: Z=1.39,
P=0.175; 82/S1 amplitude ratio: Z=135, P=
0.187;, $1-52 difference: Z=0.52, P=0.621).

3.4. Non-clinical subjects us.
patients

schizophrenia

Mean values of P50 measurements of 18 schizo-
phrenic patients are also shown in Table 1. Schizo-
phrenic patients demonstrated a poorer PS50
suppression as compared to the non-clinical sub-
jects in general (S2/S1 ratio: Z=3.27, P=0.001).
However, separate comparisons of two non-clinical
subgroups with schizophrenic patients revealed a
significant difference in P50 suppression only
between low SPQ scorers and schizophrenic
patients (S2/S1 ratio: Z=3.98, P <0.001), but not -
between high SPQ scorers and schizophrenic
patients (S2/S1 matio: Z=1.16, P=0.258) (Fig.
3).

4. Discussion

Raine’s SPQ has been applied in our department
to screen college students at risk for SPD (Mannan

x5
z0
-.;-:- Fe0.001
t1s —
g 10
E-.
g 3
@
0.4
-5
LowSPQ  High SPQ  Schimpbrealss
(m=21) {u=13) (a=18)

Fig. 3. P50 suppression comparison between non-clinical sub-
jects and schizophrenic patients. Note the non-significant dif-
ference in P50 suppression between the high SPQ scorers and
the schizophrenics.
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et al., 2001). More than 50% of subjects with SPQ
scores >20 were later verified as SPD using the
structure clinical interview for DSM-III-R. This
cut-off point was far below that used by Raipe
(1991), and was even below the mean SPQ score
of their college students. The mean total SPQ
~ score was only 11 in the present study, which
together with other SPQ data from Japanese col-
lege students (Someya et al., 1994), suggests that
Japanese subjects possibly understate their schi-
zotypal traits. However, this kind of cultural dif-
ference did not obscure the relationship between
psychometric schizotypy and P50 suppression,
since the findings of the present study are basically
consistent with those of Croft et al. (2001).

In the present study, P50 suppression assessed
using the ratio of S2/S1 amplitude or the differ-
ence between S1 and S2 amplitudes showed a
significant correlation with the total SPQ scores
among the non-clinical Japanese. In addition, P50
suppression also correlated with the withdrawn
factor score in the present study. In the study of
Croft et al. (2001), although an association
between P50 suppression and the unreality factor
of their PSQ (personality syndrome'questionnaire)
was emphasized, the correlation between P50 sup-
pression and the subjects’ total PSQ score was
also significant (r=0.433, P=0.009; Croft, per-
sonal communication). The PSQ is an 80 item
questionnaire, which was developed from the SPQ
and emphasizes the 3 factorial structure (active,
withdrawn and unreality) of schizotypy (Gruzelier,
1996; Gruzelier and Doig, 1996; Croft et al,
2001). Therefore, a main conclusion, which could
be drawn from both studies, is that P50 suppression
very possibly correlates with schizotypy as a whole
syndrome. This could also be supported by the
tendency towards a relationship between P50 sup-
pression and the active subscale in both studies.
The role of thalamo-cortical activation systems is
the key to understanding schizotypy and schizo-
phrenia. It is proposed that lateral shifts in the
orchestration of hemispheric activation via the
thalamocortical activation systems underpins the
activated and withdrawn syndromes, which are
shifted to the left with activated sypdrome and
shifted to the right with withdrawn syndrome
(Gruzelier, 2002, 2003). A generalized dysfunction

" between the non-specific arousal system and spe-

cific thalamocortical input is possibly associated
with the ‘unreality’ experience (Gruzelier, 2002,
2003).

P50 suppression possibly measures the GABA
mediated inhibitory processes in the thalamo-lim-
bic-cortical circuitry. Freedman and his colleagues
identified the pyramid neurons of the CA3 region
of the hippocampus as the sources of cerebral-
evoked P50 response, and reported that the P50
suppression deficit in schizophrenic patients was
related to desensitization of the alpha-7 nicotinc
receptor on the hippocampal GABA-ergic inter
neurons (Adler et al., 1992; Gnffith et al,, 1998;
Freedman et al., 2002). There is also strong evi-
dence suggesting that the P30 potential has neural
origin in the temporal auditory cortex, and in the
reticular activating system (RAS) of the brainstem,
especially the ascending projection of PPN (pedun-
culopontine nucleus) (Reite et al., 1988; Makela
et al., 1994; Reese et al., 1995; Garcia-Rill et al.,
1995). Our work on animal equivalents of P50
potential (P13 in rat) lends further support to the
probable brainstem source of this waveform
(Miyazato et al., 1999a,b). However, the P50
potential, as well as other mid-latency EF compo-
nents, may be produced by underlying stimulus-
bound synchronous oscillation in the gamma
frequency band (40 Hz); and P50 suppression may
be a proxy for gamma band response (GBR)
suppression {Basar et al., 1987; Clementz et al.,
1997; Muller et al., 2001; Crawford et al., 2002).
The peural mechanisms of synchronous gamma
activity mainly include the GABA-ergic interneu-
ron network model and the thalamo-cortical arous-
al model (Lee et al., 2003).

In the present study, the non-clinical subjects
with high SPQ scores not only had a poorer P50
suppression than their low SPQ counterparts, but
also demonstrated the deficiency similar in severity
to that of schizophrenic patients, which further
aftests to the continuum of subclinical schizotypy-
clinical schizophrenia. In the study of Croft et al.
(2001), the P50 suppression results of low and
high “unreality” subjects were also suggested to be
consistent with comparisons of controls with either
schizophrepia patients or SPD subjects in the
literature. Additionally, subjects who met predeter-
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mined criteria for ‘schizotaxia’ (a concept similar
to negative schizotypy) showed a positive response
to low doses of risperidone (Tsuang et al., 2002).
All these findings are in line with the psychiatric
perspective on schizotypy where schizotypy rep-
resents attenuated psychotic symptoms (Gruzelier,
2003).

The present study further revealed that the rela-
tionship between P50 suppression and schizotypy
in the non-clinical subjects may be uncontaminated
by basic personality features of extraversion or
neuroticism as measured using MPI, suggesting
that a specific relationship exists between this
newrocognitive function and schizotypy. This is
consistent with the findings reported in the families
of schizophrenics (Freedman et al., 2002). In these
families, most of the psychopathology otber than
schizophrenia itself is found in siblings who do
not have P50 inhibitory deficits, whereas individ-
uals with P50 inhibitory deficits have some symp-
toms of schizotypal personality disorder The
spectfic relatiopship between schizotypy and P50
suppression revealed in the present study might
confound the psychological perspective on schi-
zotypy suggested by Eysenck (1992). However,
we acknowledge that, for several reasons, it is
difficult practically to disentangle the effect of
basic personality characteristics on the relationship
between schizotypy and sensory gating function.
First, the close intercorrelations among schizotypy,
extraversion, neuroticism and other personality
characteristics were consistently reported (for
instance, Ross et al., 2002; etc). The correlation
between negative schizotypy and extraversion was
also very significant in the present study. Second,
findings to the contrary were reported. In the high
schizotypals, the anxiety component of schizotypy,
more than the perceptual-disorganization (schizo-
phrenia-like) component, was found to account for
the neurocognitive deficit of latent inhibition (LI),
which is used to assess selective attention pro-
cesses and distraction by irrelevant stimuli (Braun-
stein-Bercovitz, 2000; -Braunstein-Bercovitz et al.,
2002). The P50 suppression deficits also occurred
in the high-anxious individuals such as posttrau-
matic stress disorder patients (Gillette et al., 1997;
Neylan et al., 1999; Skinner et al., 1999). Whether
the relationship between P50 suppression and schi-

zotypy could be accounted for by the anxiety
component needs to be clarified in future studies.
Third, the neurobiclogical basis of personality
overlaps with the mechanism of P50 suppression
For instance, extraversion has been interpreted as
the autoregulative behavioral response to a low
tonic activity of the non-specific activating systern
(Eysenck, 1967, Hegerl et al., 1995).

The main limitation of the present study was
the small sample size, especially in relation to
psychometric assessments. This limitation possibly
contributed to the finding that the correlations
between P50 suppression and the nnreality or the
active factors of schizotypy were not siguificant.
Confirmation of the findings in additional subjects
is necessary. In conclusion, the present study sug- -
gests that P50 suppression is one of the neurobiol-
ogical substrates underlying psychometric schizo-
typy, and that this relationship cannot be accounted
for by basic personality measures of extraversion
or neuroticism
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Epidermal growth factor (EGF) signal regulates the development of
dopaminergic neurons and monoamine metabolism, It is suggested
that EGF protein levels are decreased in the brain and blood of pa-
tients with schizophrenia. A recent study has reported that a
polymorphism in EGF gene (rs4444903) is associated with schizo-
phrenia in Finnish men. Te confirm this association for another
population in larger samples, we conducted a case—control

Key words: Association study; Cytokine; Epidermal growth factor; Schizephrenia; Single nucleotide pelymorphism

association study on a Japanese population (337 cases and 421 con-
trols). No significant difference was observed in both the aflelic and
genotype distribution between cases and controls in women, men
and total samples. Qur results suggest that the polymorphism
in EGF gene might not confer increased susceptibility for schizo-
phrenia in a Japanese population. NeuroReport 16:403—405 ©
2005 Lippincott Williams & Wilkins.

INTRODUCTION
Schizophrenia is a complex genetic disorder that affects
approximately 1% of the population worldwide. Cytokines
might be implicated in the etiology or pathology of
schizophrenia [1], although the pathogenesis of schizophre-
mia is still unclear. Epidermal growth factor (EGF) has
several effects on dopaminergic neurons: stimulating
neurite outgrowth, increasing dopamine uptake and enhan-
cing long-term survival in cultured dopaminergic neurons
{2.3]. Subchronic peripheral EGF administration into
neonatal rats resulted in abnormal dopamine metabolism
in the striaturn and brain stem of adult rats [4]. In parallel,
rats treated with EGF during the neonatal period displayed
various behavioral abnormalities in -adulthood [4,5]
Some of these behavioral abnormalities, which are also
present in an animal medel of schizophrenia, were
ameliorated by subchronic treatment with antipsychotics
{4]. In the post-mortem brain and fresh serum of patients
with schizophrenia, EGF and its receptor protein levels
were altered {6]. Shahbazi ef al. [7] identified a G to A
polymorphism at position 61 in the 5 untranslated region
of EGF gene, located on chromosome 4q25—q27. Interest-
ingly, blood mononudlear cell cultures from individuals
with G/G or A/G genotypes produced significantly
more EGF than cells from individuals with A/A genotype,
suggesting that this polymorphism might be functional [7].
. Recently, Anttila et al [8] reported that the G allele
was associated with schizophrenia in Finnish men. To
assess whether this functional polymorphism in EGF gene
could be implicated in vulnerability to schizophrenia, we
performed a case—control association study in Japanese
samples.

MATERIALS AND METHODS

Participants: Participants included 337 patients with
schizophrenja (158 women and 172 men) and 421 controls
(207 women and 214 men). The mean ages and SD of the
cases and controls were 42.0+15.0 and 383+10.5 years,
respectively. All the participants were unrelated Japanese
living in Niigata. Patients meeting the Diagnostic and
Statistical Manual of Mental Disorders, fourth edition criteria
for schizophrenia were recruited from nine hospitals:
Kohdo Hospital, Matsuhama Hospital, Minamihama
Hospital, Niigata Prefectural Psychiatric Center, Niigata
University Hospital, Ohjima Hospital, Sddo General Hos-
pital, Shirone-Kensei Hospital and Shirone-Midorigacka
Hospital. The controls were healthy volunteers with no
history of psychiatric disorders. Written informed consent
was obtained from all patients before their participation in
this study. This study was approved by the Ethics
Committee on Genetics of Niigata University School of
Medidine.

Genotyping: Genomic DNA was extracted from peripheral
blood by the standard phenol/chloroform method. A single
nuclectide polymorphism at position 61 of EGF gene
{rs4444903) was genotyped by the TagMan 5-excnuclease
assay. The primer and probe set was designed and
synthesized by Applied Biosystems (Foster City, California,
USA). We carried out polymerase chain reaction amplifica-
tion using TagMan 2 x Universal Master Mix, No AmpErase
UNG (Applied Bicsystems), 5ng of DNA, 0.9uM of each
primer and 200nM of each probe in a total volume of 5 pl.
Each 96-well plate contained 94 samples and two no-DNA
template controls. Thermal cycler conditions were 95°C for

0959-4965 © Lippincott Williams & Wilkins
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Table|l. Allele and genotype frequencies of EGF gene polymorphism in cases and controls.
Women Men Total

Cases Controls Cases Controls Cases Controls

(=I158) {h=207) n=I79) (r=24) {=1337) (n=421)
Allele
A 96 (304%) 117 (28.3%) 117 {32.7%) 138 {32.2%) 213 (31.6%) 255 (300%)
G 220 (696%) 297 (71.7%) 241 (67.3%) 290 (67.8%) 46l (68.4% 587 (70.0%)
Genotype .
AfA 10 (6.3%) 18 (B.7%) 19 (10.6%) 22 (10.3%) 29 (8.6%) 40 (95%)
AJG 76 (48.1%) 81 (391%) 79 (44.1%) 94 (44.0%) 155 (46.0%) 175 (48.5%)
G/G 72 (45.6%) 108 (52.2%) 8l (45.3%) 98 (45.7%) 153 (45.4%) 206 (490%)

10min, 40 cycles of 92°C for 15s and 60°C for 1min.
Fluorescence and allelic discrimination were measured with
an ABI PRISM 7900HT Sequence Detection System using
5DS 2.0 software (Applied Biosystems).

Statistical analysis: Deviation of Hardy-Weinberg equili-
brium was tested by using the yx* test for goodness of
fit. The allele and genotype frequencies between cases
and controls were compared using the x° test. A probabi-
lity level of p<0.05 was considered to be statistically

significant.

RESULTS

The genotype distributions in cases and controls had no
. deviation from Hardy-Weinberg equilibrium (=14, df=2,
p=0.50 for cases; x2=0.1, df=2, p=0.95 for controls). Allele
and genotype frequencies of EGF gene polymorphism
(rs4444903) are presented in Table 1. No significant
difference was observed in the allelic distribution between
cases and conirols in women, men and total samples
(#*=0.3, df=1, p=0.59; y*=0.003, df=1, p=0.96 and ¥*=0.2,
df=1, p=0.62, respectively). Also; no significant difference
was observed in the genotype distribution between cases
and controls in women, men and total samgles (12=3.1,
df=2, p=0.21; ¥*=0.02, df=2, p=0.99 and y’=15, df=2,
p=0.47, respectively).

DISCUSSION

Anttila et al. [8] found that the functional polymorphism
in EGF gene was associated with schizophrenia in
Finnish men. In contrast, we failed to confirm this
association in our Japanese samples, suggesting that this
polymorphism does not play a major role in conferring
susceptibility to schizophrenia, This discrepancy might
stem from an ethnic heterogeneity in the functional
polymorphism in EGF gene as in the promoter variants
of tumor necrosis factor o gene [9] in schizophrenia. Our
sample size (337 cases and 421 controls) is larger than that of
Anttila ef al. (94 cases and 98 controls). Using the Genetic
Power Calculation {I1C], our sample has a power of 0.77 to
detect a significant association between the G allele and
schizophrenia with an « of (.05, assuming a disease
prevalence of 0.01, a risk allele frequency of 0.7, and a
genotypic relative risk of 2.0 for G/G and of 1.5 for A/G.
Accordingly, the likelihood of type II error with our sample
size appears to be considerably low. However, additional

studies of the functional polymorphism in EGF gene to
evaluate across other ethnic populations are needed to draw
a conclusion.

Futamura et al. [6] reported that EGF protein levels were
decreased in the prefrontal cortex and striatum of patients
with schizophrenia in Japanese samples. Conversely, EGF
receptor expression was significantly elevated in the
prefrontal cortex [6]. Serum EGF protein levels were also
decreased in patients, even in young drug-free patients [6].
In experimental animals, EGF treatment during the neonatal
period transiently increased tyrosine hydroxylase expres-
sion and resulted in abnormal dopamine metabolism in
adulthood [4]. The neonatally EGF-treated rats displayed
schizophrenia-like behavioral impairments such as hyper-
activity, decreased prepulse inhibition, decreased social
interaction and hypersensitization to psychostimulants in
adulthood [4,5]. These observations suggest that EGF
signaling might be implicated in the etiology or pathology
of schizophrenia. Although we found no assodation
between the functional polymorphism in EGF gene and
schizophrenia in our Japanese samples, there is the
possibility that the genes of other EGF signaling molecules
such as EGF family cytokines and their receptors are
associated with schizophrenia [11]. In addition, our result
also does not imply the exclusion of the contribution of
other polymorphisms in EGF gene to the pathogenesis of
schizophrenia, because EGF gene is a very large gene
spanning over 110kbp.

CONCLUSION

We conclude that the functional polymorphism in EGF gene
(rs4444903) does not play a major role in conferring
susceptibility to schizophrenia in a Japanese population.
However, several studies indicate that EGF signaling might
be implicated in the eticlogy or pathology of schizophrenia.
It will be necessary to evaluate EGF signaling molecules and
other polymorphisms in EGF gene in several ethnic
populations for association with schizophrenia.

Electronic-Database Information
URLs for data presented herein are as follows:

Genetic Power Calculator, http://wbiomed.curtin.edu.
au/genepop/

Naticnal Center for Biotechnology Information, Single
Nudleotide Polymorphism Database, http://www.ncbi.
nlm.nih.gov/SNP/ (for reference identification numbers
for SNF).
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Abstract

This study describes a new simultaneous determination of fluvoxamine and fluvoxamine acid by automated column-switching high-
performance liquid chromatography. The test compounds were extracted from 1.5 ml of plasma using chloroform-toluene (13:85, v/v), and
the extract was injected into a hydrephilic metaacrylate polymer column for clean-up and a C18 analytical column for separation. The
mabile phase for separation consisted of phosphate buffer (0.02M, pH 4.6), acetonitrile and perchloric acid (60%) (62.4:37.5:0.1, viviv)
and was delivered at a flow rate of 0.6 ml/min. The peak was detected using a UV detector set at 254 nm. The method was validated for the
concentration range 0.8—153.6 ng/ml for fluvoxamine and 0.6-115.2 ng/ml for fluvoxamino acid, and their good lingarity (r>0.998) were
confirmed. Intra-day coefficient variations (CVs) for fluvoxamine and fluvoxamino acid were less than 6.6 and 6.0%, respectively. Inter-
day CVs for corresponding compounds were 6.3 and 6.5%, respectively. Relative errors ranged from —18 to 9% and mean recoveries were
96-100%. The limit of quantification was 1.2 and 0.9 ng/ml for fluvoxamine and fluvoxamino acid, respecr.wely This method shows successtul
application for pharmacokinetic studies and therapeutic drug monitoring.

© 2004 Elsevier B.V. All rights reserved.

Keywords: Fluvoxamine; Fluvoxamino acid; BPLC; Column-switching

1. Introduction

Fluvoxamine, a selective serotonin (S5-HT) reuptake in-
hibitor, shows similar therapeutic efficacy to tricyclic antide-
pressants, but fewer anticholinergic and cardiovascular side
effects [1]. Nausea is the most common side effect of fluvox-
amine [1]. Fluvoxamine undergoes extensive metabolism,
and the major metabolite in human urine is fluvoxamino
acid [2]. A clinical trial showed that the steady-state plasma
concentration of fluvoxamino acid was correlated with the
therapeutic outcome [3]. It appears that fluvoxamino acid as
well as fluvoxamine contributes to the antidepressant effect

* Comesponding author. Tel.: +81 172 39 5066; fax: +81 172 39 5067.
E-mail address: yasufuru@cc.hirosaki-u.zac.jp (N. Yasui-Furukor).

(0731-7085/% — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.10164.jpba.2004.09.037

during fluvoxamine treatment, and the combined steady-state
plasma concentration correlates well with the therapeutic out-
come. On the other hand, the fluvoxamino acid/fluvoxamine
ratio was significantly different between CYP2D6 genotypes
[4]. From not only a clinical point of view but also a phar-
macokinetic point of view, therefore, monitormg of both flu-
voxamine and fluvoxamine acid is clinically relevant.’
Several HPLC methods with ultraviolet detection for
the determination of fluvoxamine concentration have been
widely reported [5-18]. Although simultaneous determina-
tion of antidepressants including fluvoxamine has been re-
ported [16], potential active metabolite has not been included
in these studies. Of these reports, only a report by Ohkubo
et al. [16] described determination of steady-state plasma
concentration of fluvoxamine and fluvoxamino acid in de-
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Fig. 1. Chemical structure analogues of fluvoxamine, fluvoxamino acid and
cisapride.

pressed patients. However, because preclinical pharmacoki-
netic data showed Cpgx of 10-15ng/ml after a single oral
dose (50mg) of fluvoxamine [19), the quantification limits
{10 ng/ml) of both compounds in their report [16] are too high
to obtain pharmacokinetic parameters of these compounds.
In the present study, therefore, we describe an automated
column-switching HPLC with ultraviolet detection for de-
termination of fluvoxamine and fluvoxamino acid in plasma
using a simple liquid-liquid extraction. The sensitive system
allows measurement of plasma concentrations of fluvoxam-
ine and fluvoxamino acid up to 36 and 12 h, respectively, after
an oral administration of 50 mg fluvoxamine in pharmacoki-
netic study.

2. Experimental
2.1. Chemicals

Fluvoxamine and fluvoxamino acid (Fig. 1) were synthe-
sized by Wako Pure Chemical Industries (Osaka, Japan). The
structures of these compounds were confirmed using NMR
spectra and FAB-MS. The purty of these materials was
more than 99.5%. Cisapride as internal standard (IS} (Fig. 1)
was kindly provided by Yoshitomi Pharmaceutical (Osaka,
Japan). Potassium phosphate monobasic, acetonitrile, per-
chloric acid, toluene and chloroform were purchased from
Wako Pure Chemical Industries (Osaka, Japan). Water was
deionized and purified using a Milli-Q system (Millipore,
Bedford, MA, USA). ~ .

2.2. Drug solutions

Stock solutions of fluvoxamine, fluvoxamino acid and IS
for generating standard curves were prepared by dissolv-
ing an appropriate amount of each compound in methanol
to yield concentrations of 76.8, 57.6 and 1000 pg/ml, re-
spectively. High-concentration working standard solutions
of fluvoxamine (768 ng/ml), fluvoxamino acid (576 ng/mi)
and IS (10 pg/ml) were obtained by 100 times dilution of

- each stock solution with punfied water. Low-concentration

working standard solution of fluvoxamine (96 ng/ml) and flu-
voxamino acid (72 ng/ml) were obtained by further diluting
the high-concentration working standard solution eight times
with purified water. Stock solutions were stable at 4 °C for at
least 3 months. Drug-free plasma from healthy donors was
used for validation studies. Calibration curves were prepared
by spiking 12.5, 25, 50 .l of low-concentration working stan-
dard solutions and 12.5, 25, 50, 100, 150, 200, 300 p! of
high-concentration working standard solutions in 1.5 ml of
blank plasma (final volume}) to yield the following final con-
centrations: 0.8, 1.6, 3.2, 6.4, 12.8, 25.6, 51.2, 76.8, 102.4
and 153.6 ng/ml for fluvoxamine and (.6, 1.2, 2.4, 4.8, 9.6,
19.2, 38.4, 57.6, 76.8 and 115.2 ng/mi for fuvoxamino acid.
Standard curves were prepared daily and constructed by lin-
ear regression analysis of the compounds/internal standard
peak-height ratio versus the respective concentration of flu-
voxamine and fluvoxamino acid. Stock solution of each com-
pound was separately prepared for quality controls in the
same manner as for standard curves. Working plasma solu-
tions were obtained by dilution of new stock solutions 1000
times (360 pg/ml for fluvoxamine and 270 p.g/ml for fluvox-
amino acid) with blank plasma to yield 360 ngfml for fle-
voxamine and 270 ng/ml for fluvoxamino acid. Quality con-
trol samples were obtained by spiking 5400 pl of working
plasma solutions in 1.5 mi of blank plasma (final volume) to
yield the final concentrations range of 1.2, 24 and 96 ng/mi
for fluvoxamine and 0.9, 18 and 72 ng/ml for fluvexamino
acid, and kept at --20°C until analysis. All standard curves
were checked using these quality contro] samples.

2.3. Sample collections

A tablet containing 50 mg of fluvoxamine (Luvox®, Fu-
jisawa Pharmaceutical, Osaka, Japan) was orally adminis-
tered to each of 10 healthy volunteers. Their mean (range)
age was 31 years (25-36 years) and body weight was 64kg
(54-85kg). Blood samples were obtained before and at 0.5,
1,2, 3,4,6, 8, 10, 12, 24, 36 and 48 h after the dosing.
Blood samples were collected in heparinized tbes and cen-
tifuged immediately at 2500 x g for 10 min. The plasma was
stored at —20°C until analysis. The study protocol was ap-
proved by Ethical Committee of Hirosaki University School
of Medicine and Ethical Committee of Yamagata University
School of Medicine and a written informed consent was given
from each subject.

2.4. Apparatus

The column-switching HPLC system consisted of two
Shimadzu LC-10AT high-pressure pumps (for eluent A and
B}, a Shimadzu CTO-10A column oven and a Shimadzu
Work station CLASS-VP chromatography integrator (Kyoto,
Japan), a Shimadzu SPD-10AVP (Kyoto, Japan), a Tosoh
multiple autovatve PT-8000, and a Tosoh autosampler AS-
8020 (500 L injection volume) (Tokyo, Japan). A TSK gel
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PW precolumn {a hydrophilic metaacrylate polymer column)
for sample clean-up (column [; 35 mm x 4.6 mm ID, particle
size 10 jum; Tosoh, Tokyo, Japan) and a C18 STR ODS-1I coi-
umn as an analytical column (column II; 130 mm x 4.6 mm
ID, particle size 5 wm; Shinwa Chemical Industry, Kyoto,
Japan) were used. '

2.5. Extraction procedure

IS {cisapride) 80 pL of 10 pg/ml, 1.0 ml NaOH (0.25 M)
were added to 1.5 mi of plasma. The tubes were vortex-mixed
for 10s and 5ml of toluene—chloroform (85:15, v/v) was
added as extraction solvent. After 10 min of shaking, the mix-
wre was centrifuged at 1700 x g for 10 min at 4°C, and the
organic phase was evaporated in vacuo at 45 °C to dryness
(TAJTEC VC-960, Shimadzu, Xyoto, Japan). The residue
was dissolved with 750 pL of eluent A and used as an ex-
tract.

2.6. Chromarographic condition

Column-switching chromatographic condition was set
based on our previous report [20]. A 0.5 ml portion of the
extract was antomatically injected into the HPLC system.
Column-switching time schedule was set based on retention
time of fluvoxamino acid in column I (about 12 min), reten-
tion time of achievement of maximal recovery of fluvoxam-
ine from column I to column II (about 17 min) and reten-
tion time of appearance of interference peaks (about 20 min).
From O to 11.5 min after the sample injection, fluvoxamine,
fluvoxamino acid and IS were separated from the interfering
substances present in the extract on column I with a mo-
bile phase (eluent A) of phosphate buffer (0.02 M, pH 4.6),
acetonitrile and perchloric acid (60%) (92.4:7.5:0.1, v/v/v).
Between 11.5 and 18.0 min after the injection, two analytes
and IS retained on column I were £luted with a mobile phase
(cluent B} of phosphate buffer (0.02 M, pH 4.6), acetonitrile
and perchloric acid (60%) (62.4:37.5:0.1, v/v/v), and effluent
from column I was switched to colurnn . Then fluvoxamine
and fluvoxamino acid were separated on column I by eluting
with eluent B (between 18.0 and 35.0 min). The flow rates of
eluents A and B were 1.2 and 0.6 mL/min, respectively. The
temperatures of column I and I were about 25 (room temper-
amres) and 30°C, respectively. The peak was detected using
a UV detector set at 254 nm. The peak area was used for the
quantification of these two compounds.

3. Results and disenssion
3.1. Chromatography

Effects of constitution ratic of perchloric acid (0, 0.1, 0.25
and 1.0%) in mobile phase on peak separation of fluvoxam-

ine, fluvoxamino acid and IS were investigated, and 0.1% per-
chloric acid obtained optimal separation of these compounds.

Table |
Extraction recovery of analytes from plasma (n =6}

Analyre Concentration Recdvery (%) CV (%)
added (ng/mL)

Fluvoxamine 1.2 94.8 0.77
24.0 94.8 0.66
06.0 94.9 0.71

Fluvoxamino acid 0.9 964 0.91
180 96.7 0.90
72.0 96.4 0.64

A mobile phase with the same pH was adjusted with phospho-
lic acid as with 0.1% perchloric acid did not lead to separation
of any these compounds, suggesting a specific effect of per-
chloric acid but not pH on this method. The chromatogram
of an extracted blank plasma sample is shown in Fig. 2A.
A representative chromatogram of an exrracted blank plasma
sample spiked with working agueous solution containing flu-
voxamine and fluvoxamino acid and cisapride (internal stan-
dard) is shown in Fig. 2B (2.4 and 1.6 ng/ml, respectively)
and C (96 and 72 ng/ml, respectively). The chromatograms
of extracted plasma samples obtained from a patient receiv-
ing fluvoxamine 100 mg/day did not show interference peaks
(Fig. 2D). All compounds were well separated from each
other and from the front of the solvent peaks. Plasma con-
centrations were 41.7 ng/ml for fluvoxarnine and 44.8 ng/ml
for fluvoxamino acid.

3.2. Recovery and linearity

Absolute recovery from plasma was calculated by compar-
ing the peak areas of pure standards prepared in purified wa-
ter, and injected directly into the analytical column with those
of extracted plasma samples containing the same amount of
the test compound {(n = 6 each). Recoveries and their CV val-
ues were determined at three different concentrations ranging
from 1.2 to 96 ng/ml for fluvoxamine and from 0.9 to 72 ng/ml
for fluvoxamino acid. Recoveries and their CV values were
94-96% with less than 1% for both compounds (Table 1).
Calibration curves were linear over the concentrations range
from 0.8 to 153.6 ng/ml (r > 0.998) for fluvoxamine and from
0.6 to 115.2 ng/ml for fluvoxamino acid (r>0.999).

3.3. Sensitivity

Chloroform, toluene, n-hexane, heptane, isopropylether,
diethylether and ethyl acetate and their combination were in-
vestigated. The combination of toluene—chloroform (33:13,
v/v) was the highest sensitivity among these organic solvents
because of flat baseline. The limit of detection was defined
as analyte responses that were at least three times the re-
sponse compared to blank response. The limits of detection
of fluvoxamine and fluvoxamino acid were 0.4 and 0.3 ng/mi,
respectively. The lowest standard on the calibration curve
was defined as the limit of quantification as analyte peaks
by which both compounds in blank plasma were identifiable,
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Fig. 2. Representative chromatogram of extracts of blank plasma (A} and extracts of plasma spiked with 2.4 ng/ml for fuvoxamine and 1.6 ng/ml for fluvoxamino
acid {B) and 96 ng/md for fluvoxamine and 72 ng/ml for Auvoxamine acid (C} and plasma from a patient (I2). The peak 1 corresponds with fluvoxamine acid;

peak 2 with cisapride; peak 3 with luvoxamine,

discrete and reproducible with a precision of 20% and accu-
racy of 80-125%. The limits of guantification were 1.2 ng/ml
for fluvoxamine and 0.9 ng/ml for fluvoxamino acid.

3.4. Precision and accuracy

Intra- and inter-day precision and accuracy were evaluated
by assaying quality controls with three different concentra-
tions of two compounds. Intra- and inter-day precisions were
assessed by analyzing six quality contrel samples at each con-
centration on the same day and by analyzing a quality control
for 6 days, respectively. These extracts underwent the same
column-switching procedure. Intra-day coefficient variations
(CVs) for fluvoxamine and fluvoxamino acid were less than
6.6 and 6.0%, respectively. Inter-day CVs for corresponding
compounds were 6.3 and 6.5%, respectively (Table 2). Ac-

Table 2
Precision (CV) and accuracy (relative error) for determination of analytes in
spiked plasma (n=6)

Analyte Coneentration  Intra-day Inter-day
added (ng/mL)
CV  Relative CV  Relative
(%) error{®) (%) error (%)
Fluvoxamine 1.2 6.6 —58 63 -100
24.0 21 -38 37 =51
96.0 08 -13 1.0 =23
Fluvoxamino acid 0.9 60 -—7.38 65 =109
18.0 21 =56 28 55
72.0 L. =13 1.2 —2.4

curacy was expressed as mean percent error (relative error)
[(measured plasma concentration — spiked concentration in
plasma)/spiked concentration in plasma) x 100 (%) of each
quality control plasma sample, while precision was quanti-
tated by calculating intra- and inter CV values.

3.5, Drug concentrations in human plasma

Fig. 3 shows the mean plasma concentration versus time
curves of fluvoxamine and fluvoxamino acid after an oral
administration of fluvoxamine (50 mg) in 10 subjects. The
pharmacokinetic parameters of fluvoxamine and fluvoxam-
ino acid are summarized in Table 3.

Plasma concentration {ng/rmil)

100
=-O— Flyvoxamine
—&— Fluvoxamino acid
10
1
01 -+ T T Al T r -
0 3] 12 18 24 30 36
Time (hours)

Fig. 3. Mean ptasma concentration-time curves of fluvoxarnine and Huvox-
amino acid from 0.5 to 36 hin 10 healthy volunteers after a single-oral dose
of fluvoxamine 50 mg. Error bars indicate standard deviation.
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Table 3
Pharmacokinetic parameters of fuvoxamine and fluvoxamino acid after a
orzl 50 mg dose of fluvoxamine in 10 healthy volunteers

Parameters Mean £ 5.D.
Fhinoxantine

Cinux {ngfmL} 102427
Tax (1) 15£1.0
T2 (h) 141430
AUC(0-36) (ng mL) 131 £ 44
AUC(0—c0) (ng h/mL) 158 +64
Fluvoxamine acid

Crax (ng/ml) 29408
T () 404038
AUC(0-12) {(ng /mL) 211359

AUC, area under plasma concentration—time curve; Cmax, peak concentra-
tion; Thuax. time to Ceax: T2, elimination half-life.

The sensitivity in the present simple HPLC method was
superior to a previous method using HPLC analysis [16],
enabling the monitoring of plasma concentrations of fluvox-
amine up to 36h and fluvoxamino acid up to 12h after an
administration of fluvoxamine 50 mg in all volunteers. Con-
sequently, precise pharmacokinetic parameters were obtained
from plasma concentration of fluvoxamine from 12 to 36h
after administration in elimination phase. These results can
apply to clinical pharmacokinetic studies in patients receiv-
ing fluvoxamine treatment.

4. Conclusion

The new HPLC procedure described for simultaneous de-
termination of fluvoxamine and fluvoxamino acid is suitable
for routine analysis even though it is a little time consum-
ing. Satisfactory validation data were achieved for linearity,
precision and recovery. The limit of quantification obtained
allows measurement of not only therapeutic concentration of

fluvoxamine but also pharmacokinetic study using healthy
volunteers.
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Abstract

ZDHHCR is a new and auractive candidate for a schizophrenia-susceptibility factor. First, several lines of linkage studies showed that
22q11, on which ZDHHCS is located, is a “hot” region. Second, fine linkage disequilibrium mapping revealed a significant association around
ZDHHCS. Moreover, a very recent study reported that one single nucleotide polymorphism (SNP: rs175174) in ZDHHCS might affect the
splicing process, the ZDHHCS knock-out mice showed the gender-specific phenotype, and the transmission disequilibrium test (TDT) using
this SNP also showed significant association with human female schizophrenia. Thus, we attempted a replication study of this SNP using
relatively large Japanese case—control samples {561 schizophrenics and 529 controls). No association was found between schizophrenia and
conirols even after dividing samples by gender. Because our sample size provided quite high power, ZDHHCS may not play a major role in

Japanese schizophrenia. And our results did not support the gender-specific effect of this SNP.

© 2004 Elsevier Ireland Ltd. All rights reserved.

Keywords: Chromosome 22q11; Gender difference; Candidate gene

The 22q11 region (OMIM: #600850 SCZD4) is associated
with increased risk for schizophrenia [2]. Two independent
meta-analyses of linkage studies showed the linkage around
22q11 [1,5], although one negative result was also reported
[8]. This chromosome region contains at least three genes,
COMT [12],.PRODH2 and DGCRé [7], implicated as sus-
ceptibility genes for schizophrenia.

Recently, ZDHHCS was reported as a new and attractive
candidate gene on 22q11 from the evidence of a genetic asso-
ciation study and animal study [6,9]. In the initial genetic as-
sociation study, Liu et al. showed that three single nucleotide
polymorphisms (SNPs) in ZDHHCS were associated with

* Corresponding authot. Tel.: +81 52 744 2284; fax: +81 52 744 2293,
E-mail address: inada@med.nagoya-w.ac.jp (T. Inada).
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schizophrenia. One of these SNPs (1s175174), which was
located in intron 4 of ZDHHCS, showed the most highly sig-
nificant P value [6]. This intronic SNP seemed to modify
ZDHHCS expression by causing imperfect splicing, intron
retention and reduced enzyme activity. In addition, Zdhhcé
knockout mice had a gender-dependent dimorphic deficit in
prepulse mhibition similar to schizophrenia and reactivity
to the psychomimetic N-methyl-p-aspartate (NMDA) recep-
tor blocker dizocilpine. In the light of these findings, the
transmission disequilibrium test (TDT) divided samples ac-
cording to gender differences, revealing that human female
schizophrenia was significantly associated with this SNP [9].
Thus, we here provide a replication study of 15175174 in ZD-
HHCS using Japanese case—control samples.

A total of 561 patients with schizophrenia (2359 female;
mean age =% standard deviation (S.D.) 49.6 £ 16.4 years: 302
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