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Negative Correlation between Brain Glutathione Level
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Abstract

Background: Glutathione (GSH), a major intracellular antioxidant, plays a role in NMDA receptor-mediated ne 5
mission, which is involved in the pathophysiology of schizophrenia. In the present study, we aimed to investigate whether
G5H levels are altered in the posterior medial frontal cortex of schizophrenic patients. Furthermore, we examined
correlations between GSH levels and clinical variables in patients,

Methods and Findings: Twenty schizophrenia patients and 16 age- and gender-matched normal controls were enrolled to
examine the levels of GSH in the posterior medial frontal cortex by using 3T SIGNA EXCITE 'H-MRS with the spectral editing
technique, MEGA-PRESS. Clinical variables of patients were assessed by the Global Assessment of Functioning (GAF), Scale
for the Assessment of Negative Symptoms (SANS), Brief Psychiatric Rating Scale (BPRS), Drug-induced Extra-Pyramidal
Symptoms Scale (DIEPSS), and five cognitive performance tests (Word Fluency Test, Stroop Test, Trall Making Test,
Wisconsin Card Sorting Test and Digit Span Distractibility Test). Levels of GSH in the posterior medial frontal cortex of
schizophrenic patients were not different from those of normal controls. However, we found a significant negative
correlation between GSH levels and the severity of negative symptoms [SANS total score and negative symptom subscore
on BPRS) in patients. There were no correlations between brain GSH levels and scores on any cognitive performance test
except Trail Making Test part A.

Conclusion: These results suggest that GSH levels in the posterior medial frontal cortex may be related to negative
symptoms in schizophrenic patients. Therefore, agents that increase GSH levels in the brain could be potential therapeutic
drugs for negative symptoms in schizophrenia.

Citati M D, Obata T, Sh Y. Nonaka H, Kanazawa Y, et al (2008] Negative Cormelation between Brain Glutathione Level and Negative
Symptoms in Schizophrenia; A 3T "H-MRS Study. PLoS ONE 3(4): #1944, doi:10.1371 fjoumal pone 0001944
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Introduction comparison subjects, and that decreased GCL activity was
correlated with decreased GOLL protein expression [9]. Third,

.-\rrumu.lming evidence suggests that oxidative stress associated Do et al [10] reported that levels of GSH i the cerebrospinal
with impaired metabolism of the antioxidant glutathione (GSH fluid of drug-free patients of schizophrenia were significantly
plays a key role in the pathogenesis of schizophrenia [1,2]. First, decreased compared to those in normal comparisons. Further-
activity of glutathione peroxidase (GSH-Px), a key antioxidant more, a sidy using postmortemn brain samples demonstrated
enzyme, was found to be decreased in red blood cells [3,4] and decreased levels of GSH, oxidized GSH (GSSG), GSH-Px, and
plasma [5] of some, but not all schizophrenic patiemts [6,7]. GSH reductase in the caudate region of brains from schizophrenic
Furthermore, plasma GSH-Px levels were agnificantly and patients, suggesting impaired GSH metabolism in schizophrenic
positively correlated with psychosis rating scores in schizophremc bramns [11]. Moreover, a 15T IH-rrlngnetlL resonance spectros-
patients [B]. Second, it has been reported that the acuvity of copy (MRS study with double quantum coherence technigue
glutamate cysteine ligase (GCL), the rate-limiting enzyme for GSH demonstrated significant reduction (52 %) in GSH levels in the
synthesis, as well as expression of the catalyne GCL subunit medial frontal corex of schizophrenic patents compared to
(GCLL) protein in cultured skin fibroblasis from schizophrenic comparisons [10]. However, Terpstra et al. [12] reported that
patients were significantly  decreased compared 1o those in levels of GSH in the anterior cingulated cortex, measured by 4T
'@'. PLoS ONE | www.plosone.org 1 April 2008 | Volume 3 | Issue 4 | e1944
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'H-MRS with MEGA-PRESS (MEscher-GArwood-Point RE-
Solved Spectroscopy) sequence, did not differ in schizophrenic
patients and comparisons. Fourth, several genes involved in GSH
metabolism have been shown as potential candidate genes for
schizophrenia. Association of the gluathione-S-transferase (GST)
MI gene was shown in schizophrenic subgroups in Japanese [13)
and Korean populations [14]. Recentdy, Tosic et al. [15] reported
that the levels of mRNA for GCLM and glutathione synthetase,
which are responsible for GSH synthess, were significantly
decreased in the fibroblasts of schizophrenic patients in a Swiss
population. Subsequently, they reported the GCLM gene as a
susceptibility gene for schizophrenia in Swiss and Danish
populations [9,15]. Taken together, these findings provide genetic
and functional evidence that an impaired capacity 1o synthesize
GSH under conditions of oxidative stress is a vulnerability factor
for schizophrenia.

GSH plays a major role in the modulation of redox-sensitive
sites on the Nemethyl-D-aspartate (NMDA) receptors [16- 18],
which are implicated in the pathophysiology of schizophrenia [19
23], Considering the NMDA receptor hypofunction hypothesis for
schizophrenia [19-23], it is of great interest to study whether levels
of GSH are altered in the brains of schizophrenic patients. In the
present study, we aimed to investigate whether GSH levels are
altered in the posterior medial frontal cortex of schizophrenic
pauents. Furthermore, we examined the correlations between
GSH levels and clinical features including the severity of clinical
symptoms (positive symptoms, negative symptoms and cognitive
deficits). In addition, we performed genetic analysis for the genes
imvolved in GSH membolism:  namely, GCLM, glutathione
peroxidase 1 (GPXI1), and several classes (GSTMI, GSTOI,
GSTPI, GSTT1 and GSTT2) of glutathione-S-transferase
(GST)

Materials and Methods
Subjects

This research was performed under approval of the ethics
committee of Chiba University Graduate School of Medicine and
National Institute of Radiological Science. The experiments were
thoroughly explained to the subjects, and written informed consent
was obtained from all. Twenty schizophrenic patients and 16 age-
and gender- matched normal controls with no past history of
psychotic disorders or drug dependence were enrolled in the study.
Characteristics of subjects are shown in Table 1. Due to a few
highly educated comparisons, the extent of education and
estimated [Q were significantly different berween the two groups,
but the estimated 10Q of all patients was within the normal range,
All patients were outpatients meeting the DSM-IV eriteria for
schizophrenia [24] and having no other psychiatric disorders. All
patients were taking second-generation neuroleptics: i.e., risperi-
done (212 mg/day, n=9), olanzapine (5 20 mg/day, n=>5)
aripirprazole  (6-12 mg/day, n=4}, quetiapine (500 mg/day,
n=1) or perospirone (43 mg/day, n= 1), with no change in their
medication for the past month. OF the patients, twelve were
diagnosed as residual type and eight were as paranoid type,

'H-MRS measurement and data analysis

All data were acquired using the 3T SIGNA EXCITE (GE) with a
standard quadrature coil. GSH spectra were acquired by the
MEGA-PRESS sequence [23]. A GSH peak at chemical shift
295 ppm onginating from cysteinyl f-CH; was observed by editing
pulse at .95 ppm 2-CH resonance line J-coupled to the observed
spins. Acquisition parameters for the measurement were as follows:
echo time (TE) = 94 ms, repetition time (TR]1= 1500 ms, number of

@ PLoS ONE | www.plosone.org
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Table 1. Characteristics and clinical variables of subjects
enrolled in this study

Schizophrenia

Variable In=20}

Sex, Male/Female
Age (year)
Education (year]
Estimated 107

age at onset of
fliness (year)

Duration of iliness
(year]
GAF scale

Amount of
medication”

BPRS scare

BPRS postive score
BPRS negative score
SANS score

DIEFSS score

G5H {mM)

Controls (n= 16) P values

e

30.7=5.8 20-39)
135217 (12-16)
986+109 (80-114)
236255 (11-31)

D451 ¥
0581 ™
004 ™
003 "%

124

300=7.2 (21-41)
152=29112-21)
10742173 (90-128)

730+52 (1-21)

51.52115 (29-71)
2831 = 216(B0-667)

26.2+86 (13-43)
122557 (4-24)
61429 @-12)
769129 i60-103)
0412015 10.11-0.78)

0808026 (0.432-
1.250)

0.928+0,24 (0.608- 0166 ™

1.465)

All values are shown as mean =50 (range)

"": Shart form version of Wechsler Adult Intefligence Scale, Revised (WAIS-R)
"% Chiorpromazine equivalent (mg)
GAF: Global A of F

SANS: Scale for the of Neg
Entra-Pyramidal Symptoms Scale

dot 101371 /journal pone.0001 944.1001

BPRS: Brief Psy

Rating Scale,
DIEPSS: Drug Induced

excitations (NEX) = 512, band width 2.5 kHz, data point 4096, TE
and TR were set experimentally as optimum for our system afier
confirming the GSH signal changes w be within a certain range (TE:
62-101 ms, TR: 1077 ms- 12000 ms) with both phantom solutions
and human subjects. The short TR enabled us to increase NEX and
obtain a satisfying signal/ noise (S/N) ratio in the human brains. For
the quantfication of GSH, we prepared eight phantom solutions
containing different concentration of GSH (0.3 30.0 mM) with N-
acetyl aspamtate (NAA, 10 mM) and creatine (8 mM) w get the
reference spectra. Dunng the phantom data acquisition, the
solutions were kept at 37 =0.6°C,

For the acquisiion of human spectra, an [8.6-ml
(28230 22 mm) volume of interest (VOI) was placed on the
posterior medial frontal cortex under the guidance of To-weighed
images (Figure 1A). The posterior medial frontal cortex was
selected since reduction in the GSH levels in this region of
schizophrenic patients has been reported previously [10]. To
minimize variation in the positioning of the head, subjects were
positioned by the same investigator. The overall examination time
wits | hour or less,

For all data acquisition, high-order shim followed by automatic
local shim adjustment was used and repeated until the half linewidth
was accomplished under 3 Hz (phantom) or 8 Hz (human), The raw
data of both phantom solutions and human subjects were processed
on GE analysis softiware (GE Medical Systems, Milwaukee, WI).
Fourier transform was done with an exponential weighting funcrion
of 2 Hz. The area of the GSH signal was measured on Image |
(hatp:/ / rsheinfo.nih.gov/ij/) software.

April 2008 | Volume 3 | Issue 4 | e1944



Glutathione and Schizophrenia

0 - 10 L}) 2 4 L
OEH (m)

||. | A I M y i "
1 |In/ LA | { .
/] fy ri|. 'I"||J | A ¥ | | ARV
| sl [ I I\ N
Y I n W i M /| ‘ )
A/ W " } J..:
V W o WA | |;
\b | ]
t V| p _,
1 ,I.f
. rf.“vl A Jlj'i Iu ]" l,'
' v LII | I.I :| Illf v : . N A : ’
GsH | [ 35 30 25 20 15
I + Ly - —
35 30 25 20 15 Frequency (ppm)
Frequency (ppm)

Figure 1. Proton MRS of GSH, (A): T2-weighed magnetic resonance imaging of the targeted region. The blue boxes show the voxel size (28 x 22 x
30 mm) in the posterior medial frantal cortex of a human brain. (B): representative data of reference phantom spectra of GSH (0.5, 1.0, 3.0 mM). Note
that the GSH signal increases according to the phantom concentration. (Ch: Quantification of G5H. Plots showing a linear correlation (r2 =0.994)
between the GSH signal area at 2.95 ppm and the concentration of GSH. (D} Representative data of GSH signals of the posterior medial frontal cortex
of a human subject. The G5H level was calculated as 0.735 mM by applying the linear concentration curve on (&)}

dak:10.1371/journal.pone 00019449001

Evaluation of clinical variables In the Stroop Test, a list of twenty four colored dots (D). a baselne
The Scale for the Assessment of Negative Symptoms SANS test, and 24 colored words incongruent with the color (C) were
and Brief Psvchiatry Rating Scale (BPRS; were used o evaluate used. The difference between the reaction time (C-D) was assessed

the severity of negative symptoms and psychouc symptoms 27]. In the Wisconsin Clard Sorting Test (WCST), subjects were

positive and negative symptoms), respec tivelv. The Drug-Induced instructed to sort cards according to a rule (color, shape, o

Extrapyramidal Symptoms Scale (DIEPSS) was used o evaluate number]. The numbers of achieved categonies and perseverative
and exclude the effects of drug-induced extrapyramidal symptoms ervors were assessed [28]. In the Tral- Making Test part (TMT] A,
which could affect the severity of symptoms in schizophrenic subjects drew lines as guickly as possible 1o connect 25
patients. Functional disabifity was assessed wsing the Global consectitively numbered circles. In the TMT part B, subjects
Assessment of Functioning (GAF) scale connected 25 consecutively numbered and lettered circles by

alternating  between the two sequences. The time taken to
Cognitive function tests complete each part of the test was recorded in seconds [29]. In

the Digit Span Distractibility Test (DSDT), subjects were asked to
remember a tape-recorded string of digits read by a female voice

Several cognitive function tests were used. In the Word Fluency
Iask (letter, category),

luency task) or a certain category [catrgory fluency task) as a cue

biects were given an initial leter (letter
while ignoring the digits read by a male voice (distracter) [30]. The

[26]. Both tasks consisted of three trials, and the number of words percentages of digits correctly recalled in conditions with and
produced in one minute for each trial was recorded for evaluation. withour distracters were assessed separately

. LA
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Genotyping

Gienetic analysis for the genes involved in GSH metabolism-

GOLM, glutathione peroxidase 1 (GPXI1), and several classes of

glutathione-S-transferase (GSTMI, GRTOIL, GSTPL, GSTT1 and
GSTT2-as pedormed by the methods  described  previously

[13,31-33)

Statistical analysis

All calculations were performed with SPSS software (SPSS
version 12.0], Tokyo, Japan). Student’s ttest (unpaired) was
employed for the comparison of GSH levels between schizo-
phrenic patents and normal control subjects and of the scores of
the cognitve function tests between the two groups. For the
genotyping results, the differences between patients and conirols
were evalumed by Fisher's exact test. Pearson's correlation
coeflicients were examined to identify any correlations of GSH
levels with the chimical severity (BPRS, SANS, and DIEPSS) of
schuzophrenic patients and with the scores of cogmitive function
tests of all subjects. A value of p<0.05 was used as the standard for
statistical significance in all analyses,

Results

GSH concentration between schizophrenic patients and
healthy comparisons

We used eight phantom solutions of differemt GSH concentra-
tions (0.3 30 mM) to acquire reference spectra for quantification.
As shown in Figare 1B, acquired GSH phantom spectra cleardy
increased their areas st chemical shift 2.95 ppm in a concentra-
tion-dependent manner. In Figure 1C, plois show a lnear
correlation (r* = 0,994 between the GSH signal area and the GSH
concentration. The areas of GSH spectra acquired from human
subjects m tipe were applied to the linear copcentration curve for

GSH (mM)
14
1.2 | *
‘e s
. -
14
| o * .
08 *
| I 3 >
06 | 2
| ol
04 ‘l .
02}
|
ot — e = e )
50 70 90 110
SANS total score

Figure 2. Correlation between GSH levels and the severity of negative
symptams in schizophrenia. There was a significant negative correlation
(r=—068, p<0001] between GSH levels and SANS total scores of
schizophrenic patients (n =20),

dok 10,137 1/joumnal pone.0001944.g002
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quantification (Figure 1D, As shown in Table 1, GSH
concentration (0.808+0.26 mM  (mean=SD)) in the posterior
medial frontal cortex of schizophrenic patients (n=20) did not
differ (1= 1416, df=34, p=0.166) from that (0.92820.24 mM
mean=SD)) of age- and gender-marched normal healthy comrals
n=16)Table 1. Furthermore, there were no correlations
GSH levels and clinical vanables (age, educanon,
estimated 10, age at onser of illness, duration of illness, GAF,
and amount of medication) in the subjects.

between

Correlation between GSH concentration and clinical
variables

We examined the correlation between GSH level and the
severity of clinical symptoms (scores of SANS, BPRS and DIEPSS
in the schizophrenic patients (n= 20), Interestingly, there was a
significant negative correlation (r=—0.68, p<0.001) between
GSH level and SANS total score in schizophrenic patients
(Figure 2). Of five subscale-symptom groups in SANS, significant
negative correlations with GSH  level were detected in four
subscales (S1: affective flattering-blunting (r=—0.57, p=0.009),
52: alogia (r= =067, p=0.001), $3: avohuon-apathy (r = —0.52,
p=0.02), $4: anhedonia-asociality (r= —0.62, p = 0.004]), but not
n attention impairment (r= =027, p=02 Furthermore, we
alse found a significant correlation (r= =060, p=0.005) berween
GSH Jevels and the negative symptom subscore on BPRS,
However, there were no significant correlations between GSH
level and BPRS total score (r=—0.41, p=0.076), BPRS positive
symptom  score  (r=—043%, p=0.05% and DIEPSS score
r==032, p=0.167). Because these correlations might have
been affected by medication, we controlled for the doses of
antipsychoties using partial correlation coefficients. Even when the
adminstered  antipsychoties  (chlorproma

dne equivalents) were
adjusted for msing partial correlation coefficients, the relationships
between GSH  level and SANS score [panial correlation
coefficient = —0.60, p=0.007) or BPRS negative score (partial
carvelation coellicient = —0.52, p= 0,02} remained significant

Correlation between GSH concentration and cognitive
functions

As shown in Table 2, significamt differences were observed
berween schizophrenia patents and normal controls in all
cogmitive function tests: Word Fluency (letters: 1= 4.67, di=3,
p<0.001; category: =357, df=34, p<0.01), Swoop Task
(t==3.47, di=34, p<0.01), WCST (category: 1=3.95, dl=34,
pr0.001; perseverative error (1= —461, dii= 34, p<<0.001), Tral
Making Test (ITMT-A: 1=—=3.21, df=34, p<0.001;
1=-543, di=34 p<0.0l; TMT-B-A; 1=-217,
p=003), and DSDT (withoum distracter: 1= 1.35,
p =018, with distracter; 1 =323, df = 34, p<0.01)

Then, we examined the correlations between GSH levels and
the scores of cognitive funcrion tests, We found a significant
negative correlation (r=— 036, p= 0,03} between GSH level and
TMT-A scores in all subjects (n="36)Table 2). There were no
correlunions between GSH levels and the scores of other cognitive
function tests (Table 2)

Correlations between GSH concentration and the
genotypes of enzymes related with G5H metabolism
There significantly [p=0.017) different  genotype
distribution for the GSTT2 gene between schizophrenic patients
and healthy controls. No differemt distnbution was observed in
other genes (Table §81) Then, we investigated whether or not
these genotypes affected GSH levels in the posterior medial frontal
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Table 2. Performance on cognitive function tests and their
correlations with GSH level
Coefficients

Cognitive function with GSH
test mean scores - 50 level (1™

Control subjects Schizophrenia

(n=16) (n=20)
Wored Fluency (letter) 413:88 TV 015
Word Fluency (category) 48.9:84 I9BTAS [ 3]
Stroop test (C-D, sec) 58=39 1214647 005
WCST (category) 51219 27187 oo
WCST (perserverative 21225 115=84 023
efror)
TMT-A (sec) NB267 3204847 -0.36"
TMT-B (sec) 4842182 805:3217 -0.4
TMT B-A (sec) 664135 536=513 0.06
DSDT (without distractor) 87,9+ 128 8032208 018
DSDT (with distractor) ~ 93.0472 TMMAs21T o
P <008, **P <001, ***P <0.0001 |vs.Control)
“Pearson’s coefficients between GSH level in all subjects (n = 36), P <0.05
WOCST - Wisconsin Card Sorting Test. TMT : Trail Making Test, DSDT : Digit Span
Distractibility Test
dok10.1 371 journal pone. 0001 944.1002

cortex. There were no significant differences in GSH levels
relevant to those genotypes. However, we found a difference in
GSH levels between patients (n= 13) and normal controls (n=3)
in subjects with the G/G genotype of the GSTT2 (Metl391le)
gene, although the difference only showed a trend toward
statistical significance (p=0,058) (Figure 81). We also found a
difference in GSH levels between patients (n=13) and normal
contrals (n = 11} in subjects with the C/C genotype of the GCLM
(s+60297536) gene: again, the differences only showed a trend
toward statistical significance (p=10,099) (Figure 81).

Discussion

The major finding of this study was that GSH levels in the
posterior medial frontal cortex of schizophrenic patients were
significantly correlated  with  the severity of their negative
symptoms. To the best of our knowledge, this is the first report
demonstrating the negative correlation between brain levels of
GSH and the severity of negative symptoms in schizophrenia.

The measurement of brain GSH levels by "H-MRS has been
elusive up until now because GSH exists a a relatively low
concentration and the cysteinyl B-CHy signal of GSH at 2.95ppm
overlaps with other resonances such as those of aspartate, ¥-
aminobutylic acid (GABA), and especially creatine, with 1ts high
concentration in human brain. The MEGA-PRESS sequence is
able to highlight the GSH signal by adding two editing pulses with
a normal PRESS sequence. Sufficient GSH signal was obtained by
setting an optumum conditon with repeated preliminary measure-
ments using both phantom solutions and human subjects, and the
shorter TR than in previous studies [12,25. 3] enabled us 10
increase the number of scans within the shon examination tme,

In this study, we found ne alteration in GSH concentrations in
the brains of schizophrenic patients, which was consistent with a
previous report using the MEGA-PRESS sequence [12], but not a
previous report using a double quantum coherence filter technique
[10), The reasons underlying this discrepancy are currently
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unclear. One possibility may be due o the difference of rechnigue
MEGA-PRESS sequence vs. a double quantum coherence filter)
for GSH measurement. Another possibility may be due to
medication. The patients enrolled in the study of Do et al. [10]
were first-episode patients whereas those in the present study and
that of Terpstra et al, [12] were medicated. However, in this study,
we found no effect of medication on GSH levels in schizophrenic
patients, Therefore, it 5 unlkely that medication contnbutes 1o
this discrepancy, although further study i necessary.

The present finding suggests that increasing the brain levels of
GSH should be considered a potential therapeutic approach for
negative symptoms in schizophrenia, It is well known that oral
administration of GSH does not result in its effective increase in
the brain because of its poor penetration through the blood-brain
barrier, indicating that GSH is not a suitable agent for treating
neuropsychiatric discases such as schizophrenia, The antioxidant
N-acetyl-L-cysteine (NAC) has been widely used as a donor of
cysteine, the limiting precursor in the synthesis of GSH, and NAC
has a good penetration through the blood-brain barrier. Recently,
Lavaie et al. [35] reported that tre af schizophrenic patients
with NAC significantly improved impaired mismatch negativity,
which s an auditory evoked potential componemt related to
NMDA receptor function [36] Furthermore, a multi-center
double-blinded mial of NAC showed improvement of negative
symptoms on the Positive and Negatve Symptoms Scale after
& months of eatment with NAC ([36], Berk et al, unpublished
work). Interestingly, it has been reported that GSH-deficient mice
showed enhanced dopami altered serotonin
function, and augmented locomotor responses to low doses of the
NMDA receptor antagonist phencyclidine, suggesting that the
GSH deficiency produced alterations in monoaminergic function
and behavior in mice relevant 1o schizophrema [37]. Moreover,
we reported that NAC could anenuare behavioral changes and
neurotoxicity in rodents and non-human primates after repeated
administration of the psychostimulant methamphetamine [38,39].
Taken together, the findings suggest that NAC has potential as a
therapeutic drug for negative symptoms in schizophrenia.

In this study, we found a weak negative correlation between
GSH levels in the posterior medial frontal cortex and TMT-A
scores, There was also a positive correlation (r=047, p=0.024)
between TMT-A scores and SANS total scores in schizophremc
patients, The posterior medial frontal cortex can be divided
functionally into two parts: an upper hall including Brodman areas
8 and 9 and a lower half including part of the anterior cingulate
cortex, Brodman areas 24 and 32 [40]. Bath parts are shown to
play a role in self monitoring and control of action demanded in
the cantext of soctal cognitive processes | #0]. The relanon between
GSH level and cognitive symptoms might be assessed in more
detail by setting smaller and more speaific VOI in the brain,
although it is currently difficult to get sufficient GSH signal with
smaller VOI. Nonetheless, it seems that GSH levels in the
posterior medial frontal cortex may be associated with cognitive
impairment as well as negative symptoms in schizophrenia
I'herefore, GSH levels m the posterior medial frontal cortex
may be a predictive biological factor for the sevenity of cognitive
impairment and negative symptoms in schizophrenia.

In this study, GSH levels were not affected by the genotvpes of
several genes related 10 GSH metabolism. The genotype distribution
of GSTT?2 was significanty (p = 0.017) different between patients
(n=20) and normal controls (n = 16}, but this was considered to be a
type I error due to the small sample size, as our study using a larger
sample size (over 200 of both groups) revealed no significant
difference (Masuzawa et al, submitted). Interestingly, we found that
brain GSH levels in patients with the C/C genotype of the GCLM

newrolr
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|56 297536) gene were lower than those of controls with the C/C
genotype of the GCLM (s60297536) gene although the differences
only showed a trend toward statistical significance (p=0.094%)
Further study using a large sample will be necessary to study the
relationship between GCLM gene polymorphism and GSH levels in
schizophrenic patients,

In conclusion; the present study suggests & negative correlation

between GSH levels in the posterior medial frontal corex and the
severity of negative symptoms in schizophrenia. Therefore, agents
(e.g., NAC) thar can increase brain GSH levels should be considered
potential therapeutic drugs for negative symptoms in schizophrenia.

Supporting Information

Figure 81 G5H levels and the relevance with polymorphisms of
GCLM and GSTT2 gene. The plots show GSH levels of contruls
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ABSTRACT

Although to date there have been no conclusive pathophysiological findings In support of the degenerative
theory of the etiology of schizophrenia. the results of neuroimaging studies have suggested that progressive
changes in the brain do occur during the clinical course of sczophrenia. However, there has been no report on
alterations in regional cerebral blood flow (rCBF) under resting condition, which was compared hetween the
first-episode and the chronic patients of schizophrenta and healthy controls. Therefore, in this study, we
applied three-dimensional stereotactic surface projection analysis of resting SPECT (3D-S5P SPECT) in patients
with first-gpisode (n=18) and chronic schizophrenia (n=23) and age-/sex-matched healthy controls (1= 40}
The rCBFs in the middlefinferior/medial frontal gyrus and the anterior cingulate gyrus were significantly
decreased in both patient groups. relative 1o the respective controls (- 3.0, P< 0,001, uncorrected). The chronic
group showed significant hypoperfused region in the left inferior parietal lobule and middle/inferior temporal
gyrus. Furthermore, within-cases comparison between the first-episode and chronic schizophrenia, revealed
that the significant hypoperfused regions in the chronic group, compared to the first-episode group, wete not
anly the lateral and medial prefrontal cortex, but also the inferior parietal cortex. posterior part of the temporal
Jube, and the cuneus. The present study suggested that the reduction n fCBF occurs in the pastenior brain area

in addition to the frontal lobe across all chinical stages of schizophrenia

1. Introduction

schizophrenia has been considered a progressive disorder in view
of clinical symptoms and functional disability ever since the report of
Kracpelin (1919/1971). The progressive disability has been considered
to be associated with progressive biological changes in the brain:
hence, it is impartant to clarify these changes in brain morphology
and function for our understanding of the disease pathophysiology

Abbreviotions. ALG, anterior angolate gyrus; BPRS, Boef Psychiatmic Rating Scale:
D5M-IV, Dhagnasis and Statistical Manual of Mental Disorders-4th edition: LPFC, lateral
prefrontal cortex; MPFC, medial prefrontal cortes; MRL magnetic resonance imaging.
PET, positon emission tomography. rCEF, regional cerebral blood flow: SCID, Structured
Clinical lnterview for DSM- IV: SPECT, single photon emission computed romography:
I0-55F. three-dimensional stereotactic surface projection; WAIS-R. Wechsler Adult
intetigence Scale-Revised

* Corresponding suthor, Tel: +81 43 226 2148: fax: +B1 43 226 2150

Eamail oddress: eipfacultychiba ujp (E Shimizu)

(Z78-5846/% - see front matter © 2008 Elsevier Inc. All nghts reserved
dol; 101016/, prpbp 2008, 2,017

© 2008 Elsevier Inc. All rights reserved,

and the development of therapeutic strategies. Following the reports
on hypofrontality in schizophrenia under the resting state by Ingvar
and Franzen (1974), various neuroimaging studies using SPECT or PET
have doc d hypofrontality in patients with schizophrenia
(Ashton et al. 2000; Gonus et al, 2003; Malaspina et al. 2004
Molina et al., 2005; Sachdev et al.. 1997; Siegel et al, 1993). However,
recent functional imaging studies under resting state (Andreasen
et al, 1997; Kim et al. 2000), as well as studies conducted while
subjects performed some cognitive tasks (Fletcher et al, 1999;
Meyer-Lindenberg et al., 2005), have suggested that multiple regions
including the lateral prefrontal cortex (LPFC), the medial prefrontal
cortex (MPFC), and the temporal lobe cortices, rather than simple
hypafrontality, are invalved in the pathophysiology of schizophrenia.

On the other hand, recent MRI studies also indicate morphological
changes with progression of the disease. The changes following the
disease onset have been demonstrated as ventricular enlargement
{Cahnet al., 2002: DeLisi et al,, 1995, 1997 ) and degeneration in several
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regions such as the prefrontal cortex (Gur et al, 1998; Ho et al,, 2003;
Mathalon et al, 2001} and temporal lobe cortices (Mathalon et al.,
2001: Kasan et al. 2003a.b). although several studies have denied
progressive volume reductions Degreel et al, 1991; Delisi et al, 2004;
Cur el al, 1998; Whitworth et al., 2005). In addition, there is some
evidence of these morphological changes at the initiation of disease,
e, already before disease onset (Borgwardt et al. 2007, Job et al.,
2005; Pantelis et al. 2003; Sun et al. i press). Progressive volume
reduction in structural neuroimaging suggests that hypoperfusion in
the brain, not enly in functional neuroimaging but also under a resting
state, becomes exacerbated over the clinical stages in schizophrenia,
However, surprisingly, there have been few studies on this topic
(Desco et al, 2003; Gur et al., 1995),

The three-dimensional stereotactic surface projection (3D-S5P)
method used in this study has been known to minimize the eflfects of
hrain atrophy more than statistic parametric mapping (SPM), and thus
is 4 method suitable for investigating regional cerebral blood flow
(rCBF) and regional glucose metabolism ratio (rGMR) in discases with
bramn degeneration, such as Alzheimer's disease and Parkinson's
disease (Ishi et al, 2001; Matsui et al., 2005; Minoshima et al., 1995,
194971, The 3D-55P method is considered a suitable tool for assessment
of rCHF in schizophrenia as well, since volume reductions in the brain
have been indicated. In this study, therefore, we used 3D-55P SPECT wo
observe rCBF in patients with first-episode and chronic schizophrenia,
inorder to clarify whether or not brain hypoperfusion progresses with
clinical stage in schizophrenia, In this study, each patient group had
age-matched control groups, since several studies on normal subjects
have suggested age-related alterations in rCBE, even il in relatively
younger adults (Inoue et al., 2003; Kuji et al.. 1999; Pagini et al. 2002;
Van Laere and Dierckx. 2001},

2. Methods
2.1, Subjects and study design

We distinguished between the first-episode and the chronic
patients. based on the duration of illness following the onset of
positive symptoms, The first-episode group included those who had a
continuous cpisode that lasted for up to 2 years, whereas the chronic
group included those who had a duration of illness of more than
10 years prior to SPECT scanning. Both groups also met the DSM-IV
criteria for schuzophremia (American Psychiatnic Association, 1994),
From July 2005 to October 2008, we recruited inpatients and
outpatients at Chiba University Hospital or Chiba Psychiatry Medical

Table 1
Demographic characteristios of the groups

Center (CPMC), who met the above criteria in senial order. We then
divided the patients who agreed to participate in the study into first
episode (n=18) and chronic (n=23) groups. All patients were also
evaluated using the Structured Clinical Interview for DSM-IV (SCID;
American Psychiatric Association, 1994), Furthermore, reevaluation of
the diagnosis of schizophrenia at 6 months after SPECT scanning. based
on a semi-structured clinical interview and medical records, was
performed for each subject by two experenced psychiatrists (N.K. and
ES.). As regards pharmacotherapy, the lirst-episode group had either
no history of taking antipsychotic medication (neuroleptic-naive; i=7)
or had been treated with atypical antipsychotics such as risperidone
(RIS), olanzapine (OLZ), quetiapine (QTP), or perospirone (PER) pnor to
enroliment in the study (mean durahion of treatment: 3.0 months;
n=11; RiS: n=8, OLZ: n=1, QTP: n=1, PER: n=1), whereas patients in
the chronic group were drug-free (n+6) due to discontinuation of
therapy, or they had been treated with atypical antipsychotics {n=17:
RIS: n=9, OLZ: n=B) for at least one year. Patients’ clinical symptoms
were assessed with the 18-item Brief Psychiatric Rating Scale (BI'RS:
Overall and Gorham, 1964) and concurrently, the shonened version of
the Wechsler Adult Intelhgence Scale-Revised (WAIS-R; Wechsler
1981], consisting of knowledge, picture completion and digit span
forward (backward to e the estimated 1Q. On the other hand, the
control group consisted of 40 healthy volunteers, who are free [rom any
Axis | or Il psychatric disorder, based on the Structured Chmeal
Interview for DSM-IV Non-patient Edition [SCID-NP), and was divided
into two age- and sex-matched groups (control- 1 corresponds to the
first-episode paticnt group and control-2 corresponds to the chronic
patient group) (Table 1) Exclusion criteria for the both patients and
healthy groups were a history of loss of consciousness, organic brain
disorder. alcohol/drug abuse for previous life time, pregnancy or any
physical disease on the basis of medical interview, physical examina-
tion, brain MRI, and laboratory data. The study protocol was approved
by the ethics committee of both Chiba University and CPMC. The
patients gave their written informed consent.

2.2, SPECT scanning procedure

The SPECT images were obtained using "**I-IMP and acquired on a
PRISM3000XP (Picker International, Cleveland, OH), 3-headed SPECT
camera with ultrahigh-resolution fan-beam collimators. All subjects
were examined in the supine resting position with closed eyes in a
silent room. They were injected with 111 MBg of "*’I-IMP in the
antecubital vein, and scanning was begun after 30 min. The data
acquisition parameters were 128 x 128 matrices, 3 per step, 120 views,

Clinical variables First-episode Normal Chronic Normal Statistical values (df=139)
schizophremia control-1 schizophrenia control-2 first-episode vs chronie

Male/fernale MI0FE* M10/F8 MIBIFA"_ MI8[F4 NS, (Fisher's exact )

Age 170245 264147 380:70° 61178 <0001

(Range) 19-36 19-35 27-53 22-51

Duration of iliness (years) 13103 155462 P 0,001

Age at ontet 255+47 220252 P05

Years of education 14.722.5° 150219 140223 146231 NS

Dose of antipyychotics™ 284923195 A4TB 4056 NS

Duranion of treatment (years ) N25+034 6.57:6.79 P= 0001

HIRS {total) ME11.7 3681105 NS

Positive symptoms' L8256 10.424.1 NS

MNegative symptoms* 5843 77235 NS

Estimared 10 AG4:200 B90+236 NS

* s compansons bétween the first-episode and normal comtrol-1 (Fisher's exact test ),
¥ s n comparisons between the chronic patient and normal control-2 (Fisher's exact test)

ns in comparisons between the first-epsode and normal control-1 (e-test)
" ns in compansons between the chronic patient and normal control-2 (i-test}
* Corresponding 1o daily chlospromazine dose (mg

' BPRS pasitive scores consist of those of conceptual disorganization, suspiciousness. hallucinations and unusual thought content
= RIRS negative woores conast of Those of emational withdrawal, motor retardation and blunted alfect
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significant pixels as a hypoperfused region and converted them to
volume. These procedures were performed with stereotactic extrac-
tion estimation (SEE ver. 2; Nihon Medi-Physics Corporation),

3. Results

Table | shows the characteristics of the participants. Age and sex
were matched between the two patient groups and the corresponding
normal healthy subjects, respectively. Furthermore, BPRS positive and
negative symptoms were not significantly different between the first-
episode and chronic schizophrenia groups,

1.1, Comparisons of rCBF ratios berween the first-cpisode schizophrenia
and confrol- 1, and between the chronic schizophremia and control-2

The pixel-by-pixel based comparison with the significant threshold
of Z+-3.00 (uncorrected P- 0.001) revealed that the LPFC (middle/
inferior frontal gyrus ) and MPFC (medial frontal gyrus and ACG [anterior
cingulate gyrus|) were the significant hypoperfused regions common to
both schizophrenia groups (Fig. 1ab, Table 2). On the other hand, the
regions that were significantly hypoperfused only in chronic schizo-
phrenia, and not in the first-episode group, were the left inferior parietal
lobule, the lefi middlefinferior temporal/fusiform gyrus, and cigulate
gyrus (Fig. Ib, Table 2), The stricter significance threshold (Z-4.53.
corrected '+ 0.05) revealed that neither the first-episode group, nor the
chronic group have the significantly hypoperfused region.

3.2, Comparison of rCBF ratios between first-episode and chronic
schizophrenia

In order to explore rCBF alteration depending on progressive
clinical change of the disease, we performed a within-cases compar-
isim (e, first-episode schizophrenia vs chromic schizophrenia). The
analysis showed that rCBF ratios in the bilateral LPFC (middie fromal
gyrus) and the MPFC (medial frontal gyrus and ACG) in the chronic
group revealed the significant hypoperfused regions, compared to the
ratios in the first-episode group (Z>3.0. uncorrected P-<0.001: Fig. 1¢
and Table 3), Furthermore, rCBF ratios in the left parietal lobe (inferior
parietal lobule and the supramarginal gyrus), the right posterior part of
the temporal lobe (middle/inferior temporal gyrus), and the bilateral
medial phase of the occipital gyrus (cuneus) in the chronic group were
significantly lower than those in the first-episode group (Fig. 1c and
Table 1), In the analysis with a stricter significance threshold (2 -4.53,
corrected P 0.05), we did not find any significant region that indicated

Table 1
Significant hypoperfused regions 10 chronic schzophrenia compared o first-episode
schizophrenia (2> 300, P 0,001, uncorrected §

Regon with Brodmann’s  Cluster size Highest  Coordinates
tecreased CAF area (mil} Evalwe  (x.y.2)
Frontal lobe
Muddle frontal gy 168 123 138 -4b, 17, 47
Luyn 075 KA T -39, 53, -7
R11/47 264 $ & 1] 39,39, « 11
Medial frontal gyres L9/32 164 42 -1,39,27
antenor angulate gymus  RO/8/52 3135 160 1.41. 27
Varletal lobe
Infenor parietal lobule/ L40 212 148 -l - 46, 41
supramarginal gyrus
Terttparnl lobe
Middle temporal gyries) RI19/37 137 116 51, -62 -7
inferior temporal gyrus
Oceipital johe
Cuneus L1193 1.55 157 -1,~78.21
RIB/ 1031 152 152 1.-718.23

a greater decrease of rCBF ratios in the chronic group than in the first-
episode group. On the other hand, the analysis indicated that there is
no region, where is the significantly decreased in the first-episode
group compared to the chronic group. In addinion. the within-controls
comparison (control-1 vs control-2) revealed no significant difference
in rCBF ratios between the two groups.

4. Discussion

In this study we found, first, that there was hypoperfusion in the
LPFC and MPFC in both the first-episode and chronic schizophrenia
graups compared with the respective control groups, which suggest
the hypoperfusion in these regions is consistent throughout the
course of the disease. Second, hypoperfusion in the frontal lobe
tended to be more severe in chronic than in first-episode schizo
phremia (Fig. 1ab) Third, the results of this study were suggestive ol a
greater reduction in rCBF in the posterior brain regions (the parietal
cortex, the posterior part in temporal lobe and the cuneus) in the
chronic schizophrema than in the first-episode schizophrenia. Taken
together, these results suggest that hypoperfusion in the brain of the
chronic schizophrenia may progress from the frontal regions to other
reglons, especially the posterior regions, over the course of the
disease.

As far as we know, there has been no cross-sectional study or
longitudinal study on rCBF distribunon at different stages of
schizophrenia. Our study employed strict age/sex-matched control
groups (control-1 and control-2) for the corresponding patient
groups, first-episode and chronic schizophrenia, respectively. There-
fore, the significantly decreased regions in rCBF ratios i both first-
episode and chronic schizophrenia, compared to their respective
controls, indicate disease-related alterations at each clinical stage of
schizophrenia (Fig. 1a, b, Table 2). Importantly, we lound that the
rCBFs in the postenior brain regions, in addition to the prefrontal
cortex in the chronic group, were significantly lower than those in the
first-episode group. This finding cannol be explained only by aging
(first-episode group, 27.0 years: chronic group, 38.0 years), since the
rCBF distnbutions in control-1 and control-2 were very similar.
Moreover, the regions with different rCBF ratios between the two
clinical stages (Fig, 1c), can be predicted from the two results showing
the disease-related changes ar each clinical stage (Fig. 1, b).

Hypoperfusion in the frontal lobe, particularly the MPFC, showed
the greatest reduction from healthy levels among all regions in the
brain in both the first-episode and chronic stage patients. This resull
suggests that rCBF in the frontal lobe already begin to fall within
2 years ol disease onset. Several recent MRI studies on the early stage in
schizophrenia have shown that morphological alterations occur
dynamically over the first 2-3 years following onset, which could be
differentiated from subsequent phases of the disease (Ho et al., 2004
Whitford er al, 2006); they aiso support our results for the first-
episode group.

The current finding of hypofrontality in subjects in a resting state
starting at the early stage appears to be inconsistent with previous
IMRI studies in which increased activity was observed in the frontal
regions (Manoach et al, 1999, 2000). However, Manoach {2003]
suggested that the level of activity may be influenced by the kind of
cognitive tasks loaded, and that observations ol increased activity may
be reflective of hypofrontality in patients with schizophrenia. There-
fore, results of IMR! studies showing increased activity (Manoach el
al,, 1994, 2000) may indeed be consistent with our resulls.

Contrary to our hypothesis. hypofrontality in the LPFC in the
chronic group failed to show obvious exacerbation relative to the first
episode group (Fig. lc. Table 3). Desco et al. (2003) conducted a
comparative study on FDG-PET between recent-onset schizophrema,
with illness duration up o 3 years, and chronic schizophrenia, and
found that the LPFC in the chronic group showed significantly lower
rGMR than the recent-onset group. In addition to differences in rGMR
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by PET and rCBF by SPECT, one of the possible explanations for the lack
of significant progressive frontal rCBF reduction in our study may be
the patients’ profiles. Particularly in the chronic group, as shown in
Table 1, negative symptoms and estimated 1Q in this group were
similar to those of first-episode, and there were no long-term
institutionalized patients in the present study, suggesting that the
chronic patients who participated in this study had better prognoses
than more general chronic patients in clinical practice. Nevertheless,
severe rCBF reduction in the ACG throughout clinical stages may be
associated with abnormalities directly demonstrated by MRI studies
showing volume reduction (Hanznedar et al, 2004; Miteiman et al.
2005; Wang et al, 2007) or postmortem studies showing histopatho-
logical changes in this region (Benes et al, 1991; Broadbelt et al,, 2006;
Jone et al, 2002).

On the other hand, results for the parietal, temporal, and occipital
labes, which indicated significant decreases in rCBF in the chronic
group relative to the normal comparison, also showed a significant
difference by within-cases comparison. These resulls suggest a greater
alteration of rCBF in the postenior region than in the frontal region
during a timeframe ranging from the early to the chronic phase of
illness. Although little attention has been paid to the parietal lobe, the
posterior temporal lobe, and the cuneus in schizophrenia, rCBF/rGMR
in chronic schizophremia was found to be significantly reduced in
these lobes (Kim et al., 2000; Potkin et al,, 2002: Wolkin et al, 1985).
However, these studies did not show relationships between these
abnormalities and illness duration. In recent IMRI researches on
chronic schizophrenia, function in the inferior parietal lobule has been
suggested to differ from that in healthy subjects in concept of self
[Spence et al., 1997) and decision-making (Collete et al, 2005; Paulus
et al., 2002); furthermore, the posterior part of the middle temporal
gyrus involving semantic priming has been reported to be functionally
disturbed in schizophrenia (Han et al, 2007; Kuperberg et al., 2007 ).
Although there are far fewer reports on the medial phase of the
occipital lobe than on the parietal/temporal lobe in schizophrenia,
several studies found dysfunction of visual processing (Butler and
Javitt, 2005; O'Donnell et al, 1996; Tek et al, 2002). In addition,
structural MRI studies suggested that reduced brain volume in
widespread regions including the posterior brain area are related
with the duration of illness (Meisenzahl et al, 2008) or poorer
outcomes of the disease [Mitelman et al., 2003}, These cortices have
strong connectivity with the prefrontal cortex, and disconnectivities
among the prefrontal and other cortices are presumed to contribute to
the core pathophysiology of schizophrenia (Fletcher et al, 1999; Frith
et al., 1995; Quintana et al., 2003 ). These regions In the posterior brain
area showing hypoperfusion in chronic schizophrenia in the current
study may be responsible for the pathophysiology underlying the
disease, but in combination with other regions, including the
prefrontal cortex, rather than alone.

The results of the present study are preliminary, and it would
therefore be inappropriate to conclude that they are reflective of a
general pattern of progression of hypoperfusion across clinical stages of
this disease, since this study has following some limitations related to
study design. First, the present study was not conceived as a longi-
tudinal study, i.e., there were no rigorous comparisons of changes in
rCBF ratio at different stages of illness within the same patient group.
Therefore, although the use of two age-matched control groups did
enable us to observe a clear difference in rCBF ratio in some posterior
brain regions between our two patient groups {Fig. 1c, Table 3). these
results will require further examination in future studies, Second,
antipsychotics administered to both patient groups may have had some
effect on rCBF distribution. Different patterns of effects on perfusion
have been reparted for haloperidol and risperidone (Miller et al, 2001),
Metabolic and perfusion changes have also been reported for clozapine
and risperidone (Molina er al., 2003, 2005). However, our samples
consisted of patients who had taken neither haloperidol nor clozapine.
Furthermore, the chlorpromazine-equivalent dosages of antipsychotic

drugs did not statistically differ between groups (Table 1) Thus. the
effects caused by medication differences may have been low in this
study. Finally, our sample size was relatively small, Despite these
limitations, this study suggests that SPECT is a useful means to explore
the alterations of rCBF over the stages of schizophrenia, beyond its
relatively poor spatial resolution. in order to compare two patient
groups with different clinical stages more strictly and reach conclusive
evidence on this issue, a further longitudinal study with both larger and
homogeneous samples should be conducted.

5. Conclusions

In conclusion, the present study demonstrated that hypofrontality
in the LPFC and MPFC was unchanged between first-episode and
chronic schizophrenia. In the chronic stage, however, the rCBF
reductions in the frontal lobe tended to extend to posterior brain
regions such as the parietal lobe, the posterior temporal lobe and the
occipital lobe.
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Letter to the Editor (Case report)

Fluvoxamine as a sigma- 1 receptor agonist improved cognitive
impairments in a patient with schizophrenia

1. Introduction

Patients with schizophrenia exhibit positive and negative
symploms, and these symploms have been targets for the
development of new antipsychotics. In recent years, cognitive
impairments in these patients, which may persist across cycles
in other aspects of the iliness and may be strongly related 1o the
functional outcome. have drawn considerable attention (Hughes
ct al., 2003; Harvey et al., 2001). It has been reported that the
patients themselves are aware of and experience distress due o
their cognitive impairments (Ginsberg et al., 2005). Some of the
new atypical antipsychotics can improve the impairments, but
such amelioration generally remains unsatisfying, and the
development of more effective drugs is still necessary (Lehman
et ul, 1995). Recently, we reported on the efficacy of fluvo-
xamine, a potent sigma-| receptor agonist, in improving cogmtive
impairments in an animal model of schizophrenia (Hashimoto
et al., 2007). In the present report, cognitive imparments in a
female patient with schizophrenia were dramatically improved by
adjunctive treatment of fluvoxamine added to nisperidone,

2. Case report

A 19-year-old female college student began to experience
auditory hallucinations, including a voice admonishing her to
kill herself, and delusions of persecution and reference. She
responded by withdrawing socially and engaging in various
impulsive behaviors, including wrist-cutting. Her mother took
her to a mental clinic, where she was diagnosed with borderline
personality disorder. She was preseribed zotepine 50 mg and
haloperidol 1.25 mg for approximately 6 months, bul her
withdrawal and impulsive behaviors did not improve, and she
was referred to our hospital at the age of 20. No abnormalities
were found in her general laboratory examinations or brain CT.
She reported having consistent pathological experiences, such
as hallucination and delusions, and was diagnosed with
schizophrenia according to the DSM-IV criteria. We discon-
tinued her previous medications and started her on risperidone
4 mg. She quickly stopped hearing voices and cutting her wrists.
However, she continued to suffer from impairments of con-
centration, attention and memory, which she reported having
experienced for several years, and felt distress as these im-
pairments often disturbed her motivation to watch TV, read a
book or help her mother with housework.
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A ten-month treatment with nspenidone at a dose ranging from
4 to 8 mg almost completely eliminated her psychotic symptoms,
and she was agamn able to go shopping with her mother several
umes a week. However, she still reported distressing cognitive
impairments. Therefore, we added 20-mg paroxetine in order to
reduce her anxiety over the impairments. A five-month treatment
with paroxetine did not improve the distress or the cognitive
impairments, but rather worsened her anxiety. We therefore stop-
ped the paroxetine and, 3 months later, added 50 mg fluvoxamine.
One month after the start of fluvoxamine, she reported that her
ability to follow the plots of television dramas had improved,
along with her quickness of mind and concentration. Two weeks
later, she began 1o help her mother with housework, including
cooking and cleaning rooms, and she stated that these changes
were due to her improved concentration. She is now 25 years old
and has been treated with the two drugs for 18 months, Her
cognitive function remains improved and she continues to help
her mother with the housework and to search for a suitable job.

3. Discussion

We have presented the case of a young patient with schizo-
phrenia whose psychotic symptoms were improved by treatment
with risperidone, one of the new antipsychotics. Her improve-
ment was complicated by cognitive impairments and resulting
stress. Her cognitive impairments were consistent with those
often observed in schizophrenia, i.e., impairments in quickness
of mind, concentration, memory and executive function, which
generally appear carly and persist regardless of the phase of the
illness.

Paroxetine was administered in the hope of eliminating her
anxiety and possibly her cognitive impairments, but it did not
improve either even afier 5 months of treatment. On the other
hand, fluvoxamine prominently and quickly improved her cog-
nitive impairments as measured both subjectively and objectively.
It has been reported that the combination therapy of fluvoxamine,
but not paroxetine, and antipsychotics improves negative
symptoms (Silver, 2004), The improvement of the cognitive
impairments in the present patient may have been partly cor-
related with an improvement in negative symptoms, although the
patient felt anxiety rather than loss of affect at the impainments,
which disturbed her motivation. Both fluvoxamine and parox-
etine are serotonin reuptake inhibitors. However, only fluvox-
amine exhibits sigma-1 receptor agonism, i.e., the affinity of
fluvoxamine is more than 50 times higher than that of paroxetine
(Narita et al, 1996), and we have previously shown that fluvo-
xamine, but not paroxetine, improved cognitive dysfunction in




