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Letter to the Editor

A two-stage case-control association study between the tryptophan
hydroxylase 2 (TPH2) gene and schizophrenia in a
Japanese population )

Dear Editors,

Serotonin has been shown to be involved in neurobiological mecha-
nisms underlying schizophrenia (Abi-Dargham, 2007). The gene encod-
ing tryptophan hydroxylase 2 (TPH2), the rate-limiting enzyme in brain
serotonin synthesis (Walther et al, 2003), could serve as a candidate
gene for schizophrenia. Previous studies have failed to provide evidence
for an association between TPHZ and schizophrenia (De Luca et al,
2005; Higashi et al, 2007; Shiroiwa et al, 2010; Tee et al, 2010; Kim
and Yoon, 2011; Serretti et al, 2011; Zhang et al, 2011). However,
these studies were performed with relatively small sample sizes and a
limited number of markers. A two-stage case~control association
study in Japanese individuals was performed to assess whether TPH2
is implicated in schizophrenia vulnerability.

The present study was approved by the Ethics Committee of each par-
ticipating institute, and written informed consent was obtained from all
participants. The screening population comprised 626 patients with
schizophrenia (333 men and 293 women; mean age 39.94-13.9 years)
and 620 mentally healthy individuals (317 men and 303 women; mean
age 38.2 4 10.6 years). Controls were identical to our previous associa-
tion study of TPH2 with autism spectrum disorders (Egawa et al, 2011).
The confirmatory population comprised 2007 patients (1079 men and
928 women; mean age 47.2 4- 14.3 years) and 2195 controls (1165 men
and 1030 women; mean age 46.6 £ 13.8 years). Psychiatric assessment
was conducted in each participant as previously described (Watanabe
et al,, 2006).

A total of 17 tagging single nucleotide polymorphisms (SNPs) for
TPHZ {chr12:70617063.70712616) were selected from the HapMap
database (http://hapmap.ncbinlm.nih.gov/) as previously described
(Watanabe et al, 2010a). However, a TagMan probe for rs1179001
was not designed and, therefore, the SNP was excluded.

The TPH2 coding regions (RefSeq accession number, NG_008279.1)
were resequenced in 101 patients who were included in the screening
population using direct sequencing of PCR products (Supplementary
Table 1) as previously described (Nunokawa et al, 2010). Of sever se-
guence variations detected {Supplementary Table 2), a missense variation
was 1s78162420 (pS41Y). In addition, we also included rs139896303
(pR225Q) which was detected in a patient with autistic disorder in our
previous study {Egawa et al,, 2011).

All SNPs were genotyped using the TagMan 5/-exonuclease assay
(Applied Biosystems, Foster City, CA; Supplementary Table 3} as pre-
viously described {Watanabe et al,, 2006).

We investigated two common intronic copy number variations
(CNVs) of TPH2, Variation_113385 and Variation_42978, in the Data-
base of Genetic Variants (http://projects.tcag.ca/variation/). The Vari-
ation_113385 was analyzed uvsing the TagMan real-time PCR assay
{Applied Biosystems Assay ID, Hs03806891_cn) as previously
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described (Watanabe et al,, 2010b). The Variation_42978 was geno-
typed, based on the PCR product size. Forward and reverse primer se-
quences for amplification were 5/-CTGCATTGCCCACTATGTTC-3/ and
5/-CCCAACCATCTTCTTTCTGC-3", respectively.

Genotypic associations were tested using the Cochran-Armitage
test for trend or the Fisher's exact test. Allelic associations were tested
using the ¥ test or the Fisher's exact test. Power calculation was per-
formed using Genetic Power Calculator (http://pngu.mgh.harvard.
edu/~purcell/gpc/). Power was estimated using «=0.05, assuming a
disease prevalence of 0.01.

We examined 18 SNPs (Table 1) and 2 CNVs (Supplementary Table
4) in the screening population; order and physical locations are
shown in Supplementary Fig. 1. We observed potential associations be-
tween schizophrenia and three SNPs: 152129575, rs1487275, and
1517110747 (allelic p==0.0117, 0.0032, and 0.0130, respectively). The
rare missense variation rs139896303 {p.R225Q) was detected in two
patients as heterozygotes, but not in controls, although the association
was not significant. In the confirmatory population, these four SNPs
were not significantly associated with schizophrenia (Table 1).

Commmon TPH2 SNPs have been tested for associations with schizo-
phrenia (De Luca et al, 2005; Higashi et al,, 2007; Shiroiwa et al,, 2010;
Tee et al, 2010; Kim and Yoon, 2011; Serretti et al, 2011; Zhang et al,
2011). However, previous studies failed to detect significant associations
due to the relatively small sample sizes (n=70-720). The present study
investigated associations between tagging SNPs and schizophirenia in a
Japanese population using two-stage design, In the moderate-scale
screening population (n= 1246), three common SNPs were demonstrat-
ed to be potentially associated with schizophrenia, However, it was not
possible to replicate these associations in a large-scale confirmatory pop-
ulation (n ==4202). Taken together, these findings suggest that common
TPH2 SNPs do not confer increased susceptibility to schizophrenia.

To the best of our knowledge, no studies have tested rare missense
varfations of TPH2 for associations with schizophrenia. The present
study resequenced TPH2 coding regions in 101 patients and detected
178162420 (p.S41Y). Of note, 178162420 {p.S41Y) decreases the ability
of TPH2 to synthesize serotonin (Lin et al,, 2007). This functional variation
was not associated with schizophrenia in the screening population.

In addition, rs139896303 (p.R225Q) was examined. In the com-
bined population comprising the screening and confirmatory popula-
tions, the Q allele frequencies were 5/5126 in patients and 1/5396 in
controls. However, the association was not significant (odds
ratio = 5.29, 95% confidence interval = 0.62-45.3), Because the risk
aliele frequency was extremely low, even a large sample size in the
combined population might not provide adequate power to detect
an association between 15139896303 {p.R225Q) and schizophrenia.
If the genotypic relative risk is set to 5 for heterozygous risk ailele car-
riers under the multiplicative model of inheritance, approximately
6850 patients and 6850 controls are needed to adequately detect
the association with a power of 0.80. Further studies should be per-
formed using sufficiently large sample sizes.

Two common intronic CNVs.of TPH2 were not associated with
schizophrenia in the screening population. These results did not
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Table 1

Genotype and allele frequencies of SNPs in the screening and confirmatory populations.
Population Allele ? Patients Controls P
dbSNP iD n 70 12 2/2% MAF n 171® 2t 272 MAF Genotype Allele
Screening )
157963717 J/C 625 500 118 7 0.106 618 488 125 3 0.108 0.7683 07705
1511178999 ALG 625 162 297 166 0.503 518 171 298 149 0.482 0,3051 02950
1578162420 CIA 614 566 45 3 0.042 620 566 52 2 0045 0.6660 0.6579
154565946 T 626 255 285 86 0.365 619 278 270 71 0.333 0.0948 00917
rs2128575 TG 6525 138 309 179 0.533 619 177 287 155 0482 0.0135 0.0117
51386488 AIC 626 516 102 8 0.054 618 518 97 3 6083 0.3414 0.3386
rs17110483 7w 626 278 275 72 0338 819 259 270 80 0363 04,1384 0.1314
5139896303 GIA 620 618 2 s} £.002 618 618 0 0 0.000 0.4996 © 0.4898 ©
517110566 Gl 626 463 154 g 0137 618 468 139 11 0,130 0,590 0.6019
1511179027 GiC 626 220 293 113 0415 618 186 313 118 0446 0.1165 0.1154
54760820 <G 624 488 128 38 0.115 618 475 138 3 0.120 0.7319 0.7351
51386498 G/A 473 ¢ 187 227 59 0.365 4574 188 261 68 0.369 (.8581 0.8574
1511179043 GiC 625 475 139 11 0.129 618 462 149 7 0.132 0.8178 0.8148
112231356 T 625 522 98 5 0.086 617 529 86 2 0073 0.2131 0.2153
1487275 AlC 624 360 231 33 0.238 617 310 256 51 0.290 0.0031 0.0032
1511179059 T 626 234 282 110 0.401 620 189 323 108 0433 0.0882 0.0879
rs11179064 G/A 623 403 187 33 0.203 617 405 192 20 0.188 0.3518 0.3450
rs17110747 G/A 525 404 187 34 0.204 619 353 . 228 38 0.246 0.0150 0.0130
Confirmatory
1s2129575 TG 1974 561 959 454 0473 2167 552 1092 523 0.493 0.0645 00634
75139896303 G/A 1942 1939 3 0 0.0008 2080 2079 1 0 0.0002 03585 ¢ 03117 ¢
rs1487275 AC 1877 1005 745 127 0.266 2040 1075 810 153 0.275 04020 0.4034
1517110747 G/A 1833 1117 638 82 0.218 2066 1241 724 pe) 0.224 0.4923 0.4947

Abbreviations: MAF, minor allele frequency; SNP, single nucleotide polymorphism.
& Majot/minor allele,
b Genotypes, major and minor alleles are denoted by 1 and 2, respectively.
© Calculated using the Fisher's exact test.
4 individuals without the deleted allele of Variation_42978.

exclude the possibility that other TPH2 CNVs - in particular rare, but
highly penetrant, CNVs ~ may play a role in schizophrenia pathogen-
esis. However, recent genome-wide association studies of CNVs did
not detect rare TPH2 CNVs with large effects on schizophrenia risk
(Levinson et al, 2011). These findings suggest that TPH2 CNVs do
not contribute to genetic susceptibility to schizophrenia.

In conclusion, our two-stage case-control study suggests that
TPHZ does not confer an increased susceptibility to schizophrenia in
the Japanese population.

Supplementary materials related to this article can be found on-
line at doi:10,1016/j.schres.2012.01.034.
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Multi-channel near-infrared spectroscopy (NIRS) is a noninvasive, on-the-spot, functional neuroimaging
technique allowing detection of the spatiotemporal characteristics of brain activity. Previous NIRS studies
indicated the oxy-hemoglobin (oxy-Hb) increase during a verbal fluency task (VFT) is attenuated in
patients with major depressive disorder (MDD) as compared with healthy controls. However, the
possible relationship between depression symptom severity and oxy-Hb change on NIRS has not yet
been elucidated. To examine this relationship, we recruited 30 patients with MDD and 30 age-, gender-
and intelligence quotient-matched controls. All underwent NIRS during VFT. As expected, the oxy-Hb
increase during the task was significantly smaller in patients than in controls. After false discovery
rate correction using 31 channels, the mean increase in oxy-Hb during the task showed a significant
negative correlation with the total score of the Hamilton Rating Scale for Depression 21-item version
(ch25: rho = —.56; FDR-corrected p: .001). When each item of the HAM-D21 was examined individually,
insomnia early in 9 channels (rho = —.63 to —.46; FDR corrected p: .000—.014), work and activity in 2
channels (rho = -.61 to —.57; FDR corrected p: .001 to .003) and psychomotor retardation in 12
channels (rho = -.70 to —.44; FDR corrected p: .000—.018) showed significant negative correlations
with the mean oxy-Hb increase in the right frontal temporal region. Although it is possible that our
results were affected by medication, these data suggest reduced right frontal temporal activation on NIRS
during VFT is related to the symptom severity of MDD.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

(NIRS) has been approved by the Ministry of Health, Labor and
Welfare as a highly advanced medical technology to help distin-

Major depressive disorder (MDD) is a severe and common
psychiatric disorder with a lifetime prevalence of 6.7 per 100
(Waraich et al., 2004). Although depressive symptoms per se do not
specifically appear in MDD but also in other psychiatric disorders
including bipolar disorders, we do not have an objective diagnostic
marker to obtain a clear-cut diagnosis for those patients. In Japan,
a relatively new neuroimaging method, near-infrared spectroscopy

* Corresponding author. Department of Psychiatry, National Center of Meurology
and Psychiatry Hospital, 4-1-1, Ogawahigashi, Kodaira, Tokyo 187-8551, Japan.
Tel.: 481 42 341 2711; fax: +81 42 346 1705.

E-mail address: t-noda@ncnp.go.jp (T. Noda).

0022-3956($ — see front matter ©® 2012 Elsevier Ltd. All rights reserved.
doi:10.1016j.jpsychires.2012.04.001

guish between schizophrenia, depression and bipolar disorders in
2009, Verbal fluency task (VFT) is recommended as an activation
task because of a relatively rich store of data. VFT is an easy task to
examine the executive function and frequently used in neuro-
imaging studies (Alvarez and Emory, 2006) and is known to activate
prefrontal cortex (PFC) in healthy subjects (Frith et al., 1991;
Schlgsser et al., 1998). Numerous neuropsychological studies
suggest that patients with MDD show executive dysfunction
(Gohier et al., 2009; Rose and Ebmeier, 2006; Fossati et al., 2003;
Porter et al., 2003; Degl'Innocenti et al., 1998).

Multi-channel near-infrared spectroscopy (NIRS) is a noninva-
sive, on-the-spot, restraint-free functional neuroimaging technique
allowing detection of the spatiotemporal characteristics of brain
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function near the brain surface using near-infrared light
(Strangman et al., 2002a; Boas et al, 2004). NIRS has enabled
bedside measurement of the concentrations of oxy-hemoglobin
(oxy-Hb) and deoxy-hemoglobin (deoxy-Hb) changes with a high
time resolution (.1 s). The concentrations of oxy-Hb and deoxy-Hb
are assumed to reflect the regional cerebral blood volume (rCBV)
changes, which was supported by the simultaneous NIRS and PET
study (Villringer et al., 1997; Ohmae et al., 2006).

In fact, numerous studies have demonstrated that the oxy-Hb
increase in the fronto-temporal regions during a VFT is signifi-
cantly smaller in patients with MDD than in those with bipolar
disorder or healthy controls (Pu et al., 2008; Kameyama et al., 2006;
Suto et al., 2004; Matsuo et al., 2002). Moreover, NIRS studies using
VFT have also demonstrated frontal lobe dysfunction in schizo-
phrenia (Suto et al., 2004; Takizawa et al., 2008), and panic disorder
(Nishimura et al, 2007). However, the relationship between
depression symptom severity at the time of examination and oxy-
Hb change on NIRS has not yet been clarified.

In neuroimaging studies using other methodologies, focusing on
cortex level that NIRS reflects, positron emission tomography (PET)
studies found that abnormal reductions of cerebral blood flow
(CBF) and metabolism in patients with MDD in PFC (Kimbrell et al.,
2002; Bench et al., 1995; Mayberg et al., 1994; Baxter et al., 1989). As
for the relationship between executive function and CBF or
metabolism, Elliott et al. (1997) showed activation in PFC was
significantly attenuated relative to controls during the Tower of
London planning task in PET study. In a functional magnetic reso-
nance imaging (fMRI) study, depressed patients showed significant
decreased prefrontal activation during VFT (Okada et al., 2003).

As for the relationship between depression symptom severity
and frontal lobe function, Brody et al. (1999) found a positive
correlation between change in Hamilton Rating Scale for Depres-
sion (HAM-D) scores and change in normalized inferior frontal
gyrus (IFG) and ventrolateral PFC (VLPFC) metabolism, which
indicates that IFG metabolism increased and VLPFC metabolism
decreased as depression symptoms became better. Other initial
studies also suggest that abnormal functions in dorsolateral PFC
(DLPFC) are mood state dependent, attenuated during the
depressed mood and reversing during symptom remission (Bench
et al, 1995; Mayberg et al, 1994). In contrast, Drevets et al.
(2002) showed the persistence of abnormal metabolic deficits
using PET measures in the dorsomedial/dorsal anterolateral PFC in
MDD during treatment. According to a review by Drevets (2000),
a complex relationship exists between depression symptom
severity and metabolic activity in the orbital cortex and VLPFC.

Findings obtained by more recent studies investigating cross-
sectional relationship between depression symptom severity and
brain function assessed by basal regional CBF and metabolism are also
inconsistent. For example, Périco et al. (2005) reported that depression
symptom severity was negatively correlated with regional CBF (rCBF)
in the left amygdala, lentiform nucleus, and parahippocampal gyrus,
and positively correlated with rCBF in the right postero-lateral parietal
cortex, whereas Milak et al. (2005) showed only positive correlations
in bilateral mesiotemporal cortex, parts of the ventral subgenual basal
forebrain, and most of the thalamus, hypothalamus, ventral striatum,
and midbrain. Accordingly more studies are warranted to clarify the
relationship between depression severity and brain activity including
frontal lobe function.

In the present study, considering the consistent finding of
attenuated oxy-Hb changes during VFT in the fronto-temporal
regions in depression, we hypothesized that oxy-Hb changes
during VFT in NIRS could be objective indicators of depressive

_symptom severity. Thus, we used multi-channel NIRS to investigate
" the relationship between oxy-Hb changes and symptom severity in
patients with MDD. Because NIRS can be measured easily and

noninvasively in a restraint-free environment over a short amount
of time we expect that NIRS can be widely used to assess objectively
depressive symptom severity as a clinical examination.

2. Materials and methods
2.1. Subjects

The subjects were 30 patients with MDD, and 30 healthy
volunteers matched for age, gender and premorbid intelligence
quotient (IQ). Premorbid IQ was estimated using the Japanese
version of the National Adult Reading Test (Matsuoka et al., 2006).
All subjects were right-handed according to the Edinburgh Inven-
tory (Oldfield, 1971) and were native speakers of Japanese. All MDD
subjects were outpatients of the National Center of Neurology and
Psychiatry Hospital in Tokyo, Japan. They were diagnosed according
to the Structured Clinical Interview for the Diagnostic Statistical
Manual of Mental Disorders, 4th edition (DSM-IV) Axis | Disorders
(SCID-I; First et al., 1995) by experienced psychiatrists. All patients
were medicated with antidepressants. Twenty-seven out of 30
patients were prescribed with one or two antidepressants, 16 with
SSRIs, 12 with tricyclics, 7 with milnacipran, 5 with tetracyclics, 2
with trazodone and 1 with mirtazapine. In addition, 20 patients
were prescribed with anxiolytics, 16 with hypnotics, 7 with mood
stabilizers and 9 with antipsychotics (Supplementary Table 1).
Daily doses of all antidepressants were converted to an equivalent
dose of imipramine (Inagaki and Inada, 2006) and anxiolytics/
hypnotics to that of diazepam (Inagaki and Inada, 2006) for each
patient. The controls were healthy volunteers recruited from the
same geographical area through advertisements in free local
magazines and our website announcement. They were interviewed
using the SCID-I for MDD or SCID-NP for healthy volunteers and an
unstructured interview for family history, and those individuals
who had a current or past history of Axis I psychiatric disorder or
a positive family history of Axis I psychiatric disorder within their
first degree relatives were excluded. The exclusion criteria for both
groups were previous head trauma, neurological illness, a history of
electroconvulsive therapy, alcohol/substance abuse or addiction.

After the study procedures had been fully explained, written
informed consent was obtained from every participant. This study
was approved by the ethics committee of the National Center of
Neurology and Psychiatry.

2.2. (Clinical assessment

Depressive symptoms and the level of social functioning were
evaluated by a single experienced psychiatrist using the GRID
Hamilton Rating Scale for Depression 21-item version (GRID HAM-
D21; Kalali et al, 2002) and Global Assessment of Functioning
scores (GAF; American Psychiatric Association, 1994), respectively,
without knowledge of the NIRS data on the same day that the NIRS
measurements were conducted. Sleepiness was evaluated as the
score on the Stanford Sleepiness Scale (SSS; Hoddes et al., 1973).

2.3. Activation task

The activation task was a letter version of VFT similar to that
described by Takizawa et al. (2008). During the VFT, changes in oxy-
Hb and deoxy-Hb were measured. The VFT consisted of a 30-sec pre-
task baseline, a 60-sec VFT, and a 70-sec post-task baseline. The
subjects were instructed to repeat the syllables (a/, i/, /u/, e/ and [o/
during the pre-task and post-task baseline periods. For the VFT, the
subjects were instructed to generate as many words as possible.

One of the three initial syllables (A; 0—20 s /a/, [to/, or [na/, B;
20—40 s [i/, [kif, or [sef, C; 40—60 s o/, [ta/, or [ha/) was randomly
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presented on the computer display placed in front of the subjects,
every 20 s during the 60-sec task. The number of possible combina-
tions of syllables is 27 (A;3 x B;3 x C;3 = 27). We adopted 15 among
the possible combinations. The number of correct words generated
during the task was determined as a measure of task performance.

3. NIRS measurements
3.1. NIRS device

We used a 52-channels NIRS (ETG-4000 Optical Topography
System; Hitachi Medical Co., Tokyo, Japan) which measures relative
changes in oxy-Hb and deoxy-Hb using two wavelengths (695 nm
and 830 nm) of infrared light based on the modified Beer—Lambert
law (Yamashita et al., 1996). With this system, these Hb values
include a differential pathlength factor (DPF). In the NIRS system,
“hemoglobin concentration change*DPF” is calculated as a solution
to the simultaneous equations based on the Beer—Lambert law,
which cannot escape the effect of DPF. Although DPF varies among
various brain regions Zhao et al., using a Monte Carlo simulation,

reported the estimated DPF variation in the forehead region of

adult humans was roughly homogeneous (Zhao et al., 2002).

The distance between a pair of source-detector probes was set at
3.0 cm and each area measured between a pair of source-detector
probes was defined as a ‘channel’. The NIRS device is considered
to measure ‘channels’ at a 2—3 c¢cm depth from the scalp, that is, at
the surface of the cerebral cortex (Hock et al., 1997; Okada and
Delpy, 2003, Toronov et al., 2001).

a Probe position

Frontal region

3.2. Probe positioning and measurement points

The NIRS probes were fixed with 3 x 11 thermoplastic shells,
with the lowest probes positioned along the Fpl1—Fp2 line
according to the international 10—20 system used in electroen-
cephalography. The probes can measure Hb values from bilateral
prefrontal and temporal surface regions. The measuring points
were labeled chl to ch52 from right-posterior to left-anterior
(Fig. 1). The correspondence between these NIRS channels and
the measurement points on the cerebral cortex was confirmed by
a multi-subject study of anatomical cranio-cerebral correlations
(Okamoto et al., 2004) and presented on the basis of results
obtained by the virtual registration method (Tsuzuki et al., 2007).

3.3. Measurement parameters

The rate of data sampling was .1 second (s). The obtained data
were analyzed using integral mode; the pre-task baseline was
determined as the mean over a 10 s period just prior to the task
period, and the post-task baseline was determined as the mean
over the last 5 s of the post-task period. Linear fitting was then
applied to the data between these two baselines. The moving
average method using a window width of 5 s was applied to remove
any short-term motion artifacts. Because we could not remove all
artifacts in this way, we applied automatic rejection of data with
artifacts separately for each channel (Takizawa et al., 2008).

According to the aforementioned measurement parameters for
integral mode, the waveforms of oxy-Hb, deoxy-Hb and total-Hb

d Left temporal region

Fig. 1. Measurement points of 52 channels for near-infrared spectroscopy (NIRS) (a) Probes with 3 = 11 thermoplastic shells were placed over a subject’s bilateral frontal regions.
(b—d) The 52 measuring positions of the NIRS device are superimposed on the 3D-reconstructed cerebral surface, based on magnetic resonance imaging. The 52 measuring
positions are labeled ch1 to ch52, from the right posterior to the left posterior. The dimensional figures b, ¢ and d indicate the right temporal, frontal and left temporal brain regions,
respectively. Because acquired NIRS data from the 21 channels in the upper two rows (pink channels) clearly contained artifacts presumably due to hair, as indicated by visual
inspection of the waveforms, and signal to noise ratio seemed to be low, they were excluded from statistical analyses.
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changes were acquired from each subject in all 52 channels during
VFT.

3.4. Measurement environment

The subjects sat on a comfortable chair in a silent and day-lit
room. They were instructed to minimize motions such as head
movements, strong biting and blinking during the NIRS measure-
ment, to avoid artifacts.

Data clearly containing motion artifacts, based on both our
observations and the NIRS recording, were excluded from further
analyses.

4. Statistical analysis

Because acquired NIRS data from the 21 channels in the upper
two rows clearly contained artifacts presumably due to hair, as
indicated by visual inspection of the waveforms, and signal to noise
ration seemed to be low, they were excluded from statistical
analyses.

The y? test or Student's t-test was used to compare proportions
and means, respectively, between the MDD and control groups.

As for the analysis of the NIRS data, we focused on oxy-Hb data,
since oxy-Hb change (task period — pre- and post-task baseline
period) is assumed to more directly reflect cognitive activation than
deoxy-Hb change as shown by a stronger correlation with blood-
oxygenation level-dependent signal measured by fMRI
(Strangman et al, 2002b). The mean oxy-Hb changes were
compared between the two groups (MDD and control) for each
channel using Student's f-test. To examine the relationships
between oxy-Hb changes and HAM-D21 total scores, HAM-D21
subscale scores, GAF, or other clinical variables, Spearman’s rhos
were calculated for MDD patients.

All statistical analyses were performed using SPSS for Windows,
version 18.0.0 software (SPSS Japan, Tokyo, Japan). A value of p < .05
(two-tailed) was considered to be statistically significant. We set
the value of q specifying the maximum false discovery rate (FDR) at
.05, such that the false positive rate was no more than 5% on
average in treating the oxy-Hb data obtained from multiple chan-
nels (Singh and Dan, 2006).

5. Results
5.1. Demographic and clinical data of patients and controls
Table 1 summarizes demographic characteristics of the patients

and controls. The two groups did not differ significantly in age,
gender, handedness, estimated premorbid 1Q or SSS.

Table 1

Demographic and clinical data of patients with major depressive disorder and controls.

5.2. Task performance

The number of words generated did not differ significantly
among the 15 combinations employed (15 combinations: F[1,
45] = 1.1, p = .39; three initial syllables: F[2, 90] = 1.2, p = .31) in
either group. The number of generated words during VFT did not
differ significantly (patients: 12.3 £ 3.9; controls 13.9 = 4.3, t = 1.5,
df = 58, p = .13) between the MDD and control groups.

5.3. Group comparison

As shown in Fig. 2, the MDD group had significantly smaller oxy-
Hb increases than the control group in 22 channels (ch22-29,
ch32-33, ch35-39 and ch44-50; FDR-corrected p: .000—.024)
during VFT.

5.4. Relationship with symptom severity at the time of examination

As shown in Fig. 2, there were significant negative correlations
between mean oxy-Hb changes during the task and HAM-D21 total
scores in one channel (ch25: rho = —.56; FDR-corrected p: .001). Mean
oxy-Hb changes during the task period showed significant negative
correlations with three individual items of the HAM-D21 subscale
scores (Fig. 3); insomnia early in 9 channels (ch23, ch25-27, ch36—37
and ch46—48: rho = —.63 to —.46; FDR corrected p: .000—.014), work
and activity in 2 channels (ch44 and ch45: rho = —.61 to —.57; FDR
corrected p: .001 to .003), and psychomotor retardation in 12
channels (ch22—24, ch32, ch35—-36, ch41, ch43—ch45, ch47 and
ch51: rho = —.70 to —.44; FDR corrected p: .000—.018). Mean oxy-Hb
changes showed no significant correlations with the remaining
HAM-D21 subscale scores (i.e. depressed mood, guilt, insomnia
middle, insomnia late, psychomotor agitation, anxiety psychic, anxiety
somatic, loss of appetite, somatic symptoms general, sexual interest,
hypochondriasis, loss of weight, insight, diurnal variation, and obses-
sional symptoms; ) (Fig. 4).

Furthermore, mean oxy-Hb changes showed no significant
correlation with task performance during VFT or other clinical
variables, such as age, duration of illness, and sleepiness (data not
shown).

5.5. Relationships with medication

There were no significant correlations between the HAM-D21 total
score and doses of antidepressants (rho = —.23, p = .22) or anxiolytics
(rho = .25, p = .18). There were significant negative correlations
between mean oxy-Hb changes during the task and doses of antide-
pressants in 6 channels (ch31, ch40—41, ch45, ch50-51: tho = —-.57

Demographics

Patients with depression (n = 30)

Healthy controls (n = 30) Group difference p-value

Age (years) 367 +£116 351+ 94 87
Gender (female/male) 1614 16/14 1.000
Edinburgh handedness inventory (%) 929+97 920+ 115 753
Age at onset (years) 309 + 10.8 - -
Duration of illness (years) 58 +4.1 - =
Duration of medication (years) 50+ 36 - =
GRID HAM-D21 total score 16.7 + 4.8 - -
Estimated premorbid 1Q 105.7 £ 9.5 105.9 £+ 8.3 953
Sleepiness 33x1.1 29+ 9 104
GAF 576 £93

Medication

Imipramine equivalent dose (mg/day) 1419 + 1276 - -
Diazepam equivalent dose (mg/day) 85+ 116 - -

The y? test or t-test was used to compare these variables between patients and controls. GAF, Global Assessment of Functioning; GRID HAM-D21, GRID Hamilton Rating Scale

for Depression 21 item; IQ, Intelligence Quotient.
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Fig. 2. p-value significance map of t-tests for oxy-Hb increases in patients with MDD compared with healthy controls during VFT using FDR correction. The warm colored circles
represent significantly smaller oxy-Hb increases than in the control group at the channels indicated. There were 22 channels (ch22-29, ch32-33, ch35-39 and ch44—50; FDR-

corrected p: 000-.024),

to —.48; FDR-corrected p: .002 to .007). Mean oxy-Hb changes showed
no significant correlations with doses of anxiolytics.

6. Discussion
6.1. Task performance

The number of words generated during the VFT did not differ
significantly between patients and controls, which is consistent
with the majority of previous studies (Matsuo et al., 2002; Fossati
et al., 2003; Suto et al., 2004; Kameyama et al., 2006). Previous
studies reported impairment on semantic fluency tasks in depres-
sion (Calev et al., 1989; Tarbuck and Paykel, 1995). However, on
phonemic fluency task conflicting results patients showing normal
or impairment performance in depression (Albus et al., 1996;
Degl'Innocenti et al., 1998). Type of psychiatric disorder and task
time setting may reflect the discrepancies (Fossati et al., 2003). In
the present study, the time setting of VFT was three phonemes
within 60 s, that is, 20 s for each phoneme, which differs from the
standard VFT usually using 60 s for one phoneme. The time setting
condition was designed as it is, so that the subjects were able to
keep generating words regularly within the task period to avoid the
effect of “not speaking”. It is possible that the time setting condition
in the present study caused the lack of significant between group-
difference in task performance.

6.2. Between-group comparison of oxy-Hb activation

The present study showed oxy-Hb activation during VFT to be
significantly smaller in the MDD group than in age-, gender- and
1Q-matched healthy controls. This result is essentially consistent
with those obtained using NIRS (Matsuo et al., 2002; Herrmann
et al., 2004; Suto et al., 2004; Kameyama et al., 2006; Pu et al.,
2008), single photon emission computed tomography (SPECT)
(Mayberg et al., 1994) or functional magnetic resonance imaging
(fMRI) (Okada et al., 2003).

6.3. Relationships with symptom severity at the time of
examination

Mean oxy-Hb changes during the task period showed a signifi-
cantly negative correlation with HAM-D21 total score at ch25. Ch25
is located approximately in the right DLPFC. The finding is in line
with some initial studies (Bench et al., 1995; Mayberg et al., 1994)
which suggest that abnormal functions in DLPFC are mood
dependent. However, other more recent studies investigating
cross-sectional relationship between depression psychopathology
and brain function do not coincide with our result (Périco et al.,
2005; Milak et al,, 2005). One of the reasons for the discrepancy
may arise from the different methodologies; in the present study
we adopted VFT for activation whereas the previous studies
observed the basal activity with no activation task. Although
speculative as it is, the activation of PFC by VFT may have led to the
significant relationship between oxy-Hb changes and depression
symptom severity in the right DLPFC.

More interestingly, mean oxy-Hb changes during the task period
showed significant negative correlations with three individual
HAM-D21 items in a wider area than they showed with HAM-D21
total scores; insomnia early in nine, work and activity in two and
psychomotor retardation in twelve channels. The nine channels
correlating with “insomnia early” were located approximately in
the right pre-motor area, DLPFC and frontopolar and orbitofrontal
areas. The two channels correlating with “work and activity” were
located approximately in the right DLPFC and temporopolar area.
The twelve channels correlating with “psychomotor retardation”
were located broadly in the fronto-temporal areas with right
hemispheric dominance. Although these findings should be treated
with care given the exploratory nature of multiple analyses, it is
noteworthy that at least some subscale scores of HAM-D21
appeared to show stronger relationship with oxy-Hb changes
than HAM-D21 total scores. It has been pointed out that HAM-D17
and/or HAM-D21 are not necessarily unidimensional, and thus not
adequate to assess depression severity (Bagby et al., 2004). Licht
et al. (2005) showed that a set of the HAM-D containing six
subscales constitute a unidimensional scale measuring severity of
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Fig. 3. (a) The channels with a significant correlation between oxy-Hb changes and HAM-D21 total score after FDR correction. (b) Scatter graph showing the relationship between

HAM-D21 total scores and oxy-Hb activation in ch25.

depression, whereas the remaining items covering neurovegetative
symptoms showed a problematic response somewhat insensitive
to depression severity. In fact, the multidimensionality was high-
lighted in the unstable factor structure, which was demonstrated
by a failure to replicate a single unifying structure across studies
(Bagby et al., 2004). The relatively strong relationship indicated
between HAM-D21 subscale scores and oxy-Hb changes in diver-
gent areas, compared to HAM-D21 total scores may be due to the
multidimensional properties of HAM-D21. Graff-Guerrero et al.
(2004) also demonstrated that each HAM-D subscale score
showed a significant correlation with the basal CBF in variant areas,
in some cases showing positive correlation and others negative.

6.4. Relationships with medications

As all patients were taking antidepressants at the time of eval-
uation, the medication effect could not be ignored. Yet, there was
no significant relationship between daily dose levels of antide-
pressants and the HAM-D21 total score. Although daily dose levels
of antidepressants showed significant negative correlations with
oxy-Hb changes in six channels, ch25, where a significant correla-
tion between oxy-Hb changes and HAM-D21 total scores was
observed, was not included in the six channels. Therefore, we
suspect that the effect was small, if at all.

= 81

PET has been used to demonstrate that antidepressant medi-
cation normalizes both over-activity and under-activity in the
frontal cortex (Kennedy et al., 2001, 2007; Mayberg et al., 2000;
Goldapple et al., 2004). Unfortunately, our results could not clarify
the relationship between medication and brain activation because
our analysis was based on cross-sectional data. Although our data
may reflect the more restraint-free, natural setting than those using
fMRI or PET, further studies in drug-naive patients are required to
draw any conclusions as to the possible effects of medication on
brain activation as measured by NIRS. Longitudinal studies inves-
tigating the relationship between the change in oxy-Hb data and
symptom severity scores with a larger sample size are warranted to
reach a conclusion on this matter.

The results of this study must be interpreted with caution due to
certain limitations. First, because the analysis was based on cross-
sectional data, causality cannot be determined. Longitudinal
studies are needed to assess cause-and-effect relationships. Second,
our sample size was not large, and is thus subject to type Il error.
Further studies with larger numbers of MDD patients are required.
Finally, owing to the multidimensional properties of HAM-D21,
assessment of depression symptom severity using HAM-D21 total
scores may not be adequate, and thus, other scales such as Mont-
gomery Asberg Depression Rating Scale (MADRS) or Beck Depres-
sion Inventory (BDI) should be tested in the future study.
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Fig. 4. rho-value map for the correlation between oxy-Hb activation in MDD patients and three individual HAM-D21 subscale scores after FDR correction. (a) insomnia early, (b)

psychomotor retardation, and (c) work and activity.
7. Conclusion

In this study, we confirmed that the increase in oxy-Hb during
a VFT task is significantly smaller in MDD than in age- and gender-
matched healthy subjects. This difference could not be explained by
a difference in task performance or premorbid IQ. The blunted
increase in right DLPFC was associated with the symptom severity
of MDD and therefore oxy-Hb changes during VFT in this region
may be a state-dependent marker of depression.
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Background: Accumulating evidence indicates that oxytocin plays an important role in social interactions.
Previous studies also suggest altered oxytocin function in patients with schizophrenia and depression. How-
ever, few studies have examined the central oxytocin levels in these disorders.

Methods: Cerebrospinal fluid (CSF) oxytocin levels were measured by ELISA in male participants consisting of
27 patients with schizophrenia, 17 with major depressive disorder (MDD), and 21 healthy controls.

Results: CSF oxytocin levels of patients with schizophrenia or MDD did not differ significantly with healthy
controls. The antidepressant dose or the Hamilton depression rating scale score did not significantly correlate
with the oxytocin levels in MDD patients. CSF oxytocin levels in schizophrenic patients significantly negative-
ly correlated with second generation antipsychotic dose (r= —0.49, P=0.010) but not with first generation
antipsychotic dose (r= —0.13, P=0.50), A significant correlation was observed between oxytocin levels and
negative subscale of PANSS (r=—0.38, P=0.050). This correlation remained significant even after control-
ling for second generation antipsychotic dose (r=—0.47, P=0.016).

Conclusions: We obtained no evidence of altered CSF oxytocin levels in patients with schizophrenia or those
with MDD. However, lower oxytocin levels may be related to higher second generation antipsychotic dose
and more severe negative symptoms in schizophrenia.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Oxytocin is produced in the supraoptic and paraventricular nuclei
of hypothalamus and is secreted into the blood stream from the poste-
rior pituitary. Its release is induced by a variety of stressful stimuli,
including noxious stimuli, conditioned fear, and exposure to novel en-
vironments (Onaka, 2004 ). Accumulating evidence indicates that oxy-
tocin plays an important role in social interactions (Lim and Young,
2006; Bartz et al., 2010). Deficits in social functioning observed in
psychiatric disorders including schizophrenia (Couture et al., 2006;
Sparks et al., 2010) and mood disorders (Inoue et al., 2004; Montag
et al., 2010; Wolkenstein et al., 2011) imply the possible involvement
of oxytocin in the pathophysiology of these disorders.

Many studies have investigated the possible link between oxyto-
cin and psychiatric disorders. Some previous studies reported altered

* Corresponding author at: Department of Mental Disorder Research, National Institute
of MNeuroscience, National Center of Meurology and Psychiatry, 4-1-1, Ogawahigashi,
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E-mail address: sasayama@shinshu-u.acjp (D. Sasayama).
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oxytocin function in patients with schizophrenia (Linkowski et al.,
1984; Beckmann et al.,, 1985; Mai et al., 1993). Higher plasma oxyto-
cin levels in schizophrenic patients were associated with lower
symptom severity (Rubin et al., 2010). A clinical study showed that
administration of this hormone ameliorated symptoms of schizophre-
nia (Feifel et al., 2010). In a preclinical study, systemically adminis-
tered oxytocin reversed prepulse inhibition deficits induced by
amphetamine and the phencyclidine analog in rats (Feifel and Reza,
1999). Oxytocin dysfunction has been implicated in the pathophysiol-
ogy of depression as well. Two studies have shown that peripheral
oxytocin levels and depressive symptoms were significantly correlat-
ed in patients with major depressive disorder (MDD) (Scantamburlo
et al., 2007; Cyranowski et al.,, 2008). Moreover, oxytocin knock-out
mice have shown dysregulated stress responses to psychological
stimuli (Mantella et al, 2005) and enhanced anxiety behaviors
(Mantella et al., 2003).

Oxytocin secreted from the pituitary gland generally does not
re-enter the brain through the blood-brain barrier (Ermisch et al.,
1985). Therefore, the behavioral effects of oxytocin are likely to be
due to the release from centrally projecting oxytocin neurons. Since
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oxytocin in the nervous system can be transported to blood (Durham
et al, 1991), peripheral oxytocin levels may reflect brain levels to
some extent. However, central and peripheral oxytocin is regulated
independently, and the half-life of oxytocin is less than 5 minutes in
the blood (Ryden and Sjoholm, 1969) while that in the brain is 19.1 -
minutes (Durham et al,, 1991). Therefore, measurement in the CSF is
necessary for the direct assessment of central oxytocin levels.

To our knowledge, two studies have previously examined the ce-
rebrospinal fluid (CSF) levels of oxytocin in patients with schizophre-
nia. One reported elevated oxytocin levels in schizophrenia compared
with controls (Beckmann et al., 1985), while the other did not obtain
such a finding (Glovinsky et al., 1994). Only one study has examined
the CSF levels of oxytocin in patients with depression, in which no dif-
ference was found compared with controls (Pitts et al, 1995). No
study to date has examined the association of CSF oxytocin levels
with symptom severity of these disorders. Since symptom severity
forms a continuous spectrum ranging from mild to severe state, an as-
sociation with the severity of the disease would suggest that oxytocin
levels reflect the state of the disease.

In the present study, the oxytocin levels in the CSF of patients with
schizophrenia and those with depression were measured and com-
pared to that of healthy controls. Furthermore, we investigated the
correlation between CSF oxytocin levels and symptom severity of
these disorders. From the findings of previous studies examining
peripheral oxytocin levels (Scantamburlo et al, 2007; Rubin et al.,
2010), we hypothesized that CSF oxytocin levels would be lower in
patient groups compared to healthy controls and that symptom
severity would be negatively correlated with the oxytocin levels.

2. Materials and methods
2.1. Subjects

Participants were 27 patients with schizophrenia (mean age (stan-
dard deviation): 42,6 (8.5) years), 17 patients with major depressive
disorder (MDD) (age: 39.5 (8.0) years), and 21 healthy controls
(age: 38.3 (15.3) years). Demographic and clinical characteristics of
the subjects are summarized in Table 1. All subjects were males to

avoid gender effects and were biologically unrelated Japanese rec-
ruited from the outpatient clinic of the National Center of Neurology
and Psychiatry Hospital, Tokyo, Japan or through advertisements in
free local information magazines and by our website announcement.
None of the healthy controls were on psychotropic medication,
while 70.6% of the patients with MDD were treated with antidepres-
sant medication at the time of the study. Most of the schizophrenic pa-
tients were prescribed antipsychotic medication, and all of those
prescribed antipsychotics were on the medication for more than
3 years. Consensus diagnosis by at least 2 psychiatrists was made
for each patient according to the Diagnostic and Statistical Manual
of Mental Disorders, 4th edition criteria (American Psychiatric
Association, 1994), on the basis of unstructured interviews and infor-
mation from medical records. The controls were healthy volunteers
with no current or past history of psychiatric treatment and were
screened using the Japanese version of the Mini International Neuro-
psychiatric Interview (Sheehan et al., 1998; Otsubo et al., 2005) by a
research psychiatrist to eliminate the possibility of any axis I psychiat-
ric disorders. Participants were excluded if they had prior medical his-
tories of central nervous system diseases or severe head injury or if
they met the criteria for substance abuse or dependence or mental re-
tardation. The study protocol was approved by the ethics committee at
the National Center of Neurology and Psychiatry, Japan. After describ-
ing the study, written informed consent was obtained from every
subject.

2.2. Clinical measures

Schizophrenic symptoms and depressive symptoms were assessed
immediately after the lumbar puncture by an experienced research
psychiatrist using the Japanese version of the Positive and Negative
Syndrome Scale (PANSS) (Kay et al., 1987; Yamada et al.,, 1991) and
the Japanese version of the GRID Hamilton Depression Rating Scale,
17-item version (HAMD-17) (Hamilton, 1967), which have both
been demonstrated to show good inter-rater reliability (Igarashi et
al., 1998; Tabuse et al., 2007), Medication status at the time of lumbar
puncture was recorded. Daily doses of antipsychotics in patients with
schizophrenia and antidepressants in patients with MDD were

Table 1
Demographic and clinical characteristics.
Controls Schizophrenia Depression Analysis
(N=21) (N=27) (N=17)
Age (years) 383 (15.3) 42,6 (8.5) 395 (8.0) ANOVA: F=097, n.s.
BMI 239 (4.1) 26.0 (6.2) 239 (4.5) ANOVA: F= 1.06, n.s.
Duration of illness (years) 16.3 (9.8) 7.7 (73) t-test; t=2.8, P<0.01
Treatment duration (years) 155 (9.1) 5.8 (6.9) t-test: t=3.4, P<0.01
Medication status
on antipsychotic medication
first generation (%) 0 59.3 11.8
second generation (%) 0 66.7 235
first and/or second generation (%) 0 96.3 353
on antidepressant medication (%) 0 255 70.6
on benzodiazepine medication (%) 0 815 76.5
on mood stabilizer medication (%) 0 14.8 5.9

CP equivalent dose
first generation {mg/day)
second generation (mg/day)
total (mg/day)

IMI equivalent dose (mg/day)

PANSS
Positive symptoms score
Negative symptom score
General symptom score
Total score

HAMD-17 score

361.8 (445.0)
402.4 (498.3)

764.2 (591.6)
167.2 (141.5)
125 (3.8)
16.0 (5.8)
6.8 (1.3)
55.6 (12.6)
13.4 (9.6)

Values are shown as mean (standard deviation).
BMI: body mass index; CP: chlorpromazine; IMI: imipramine.

PANSS: Positive and Megative Syndrome Scale; HAMD-17: 17 item Hamilton Rating Scale for Depression.

ANOVA: analysis of variance; n.s.: not significant.
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converted to chlorpromazine and imipramine equivalent doses, re-
spectively, using published guidelines (Inagaki et al., 1999).

2.3. Lumbar puncture and oxytocin assay

Lumbar puncture was performed with the subject in the left
decubitus position. CSF was withdrawn from the L3-L4 or L4-L5 inter-
space. After the removal of 2 ml of CSF, a further 6 ml of CSF was collect-
ed and immediately transferred on ice to be centrifuged at 4 °C and
aliquoted for storage at — 80 °C until assay. CSF oxytocin levels were an-
alyzed using a commercial ELISA kit (Enzo Life Sciences, INC,, NY), Using
the results from two separate runs of standard concentrations, the
inter-assay coefficient of variation (CV) was less than 10%.

2.4, Statistical analysis

Statistical differences between groups were calculated using
Student's t-test, Welch's t-test, or one-way analysis of variance
(ANOVA). Correlations were assessed using Pearson's correlation co-
efficient. Since the CSF oxytocin levels were not normally distributed,
log transformation was applied prior to statistical analyses to achieve
normal distribution. Because previous studies suggest that some anti-
psychotic and antidepressant medications increase oxytocin secretion
(Uvnas-Moberg et al., 1992, 1999), chlorpromazine and imipramine
equivalent doses were examined as possible confounders. Statistical
analyses were performed using the Statistical Package for the Social
Sciences version 11.0 (SPSS Japan, Tokyo, Japan). All statistical tests
were two-tailed, and P<0.05 indicated statistical significance.

3. Results

Fig. 1 shows the CSF oxytocin levels in each diagnostic group. A one-
way ANOVA using the transformed oxytocin levels as the dependent
variable indicated no significant difference between diagnostic groups
(F=1.08, P=0.35). The transformed oxytocin levels showed no signif-
icant correlation with age or body weight. Figs. 2 and 3 show the

CSF Oxytocin levels as a function of group
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Fig. 1. Cerebrospinal fluid oxytocin levels as a function of group. The cerebrospinal fluid
oxytocin levels in healthy controls and patients with schizophrenia and major depres-
sive disorder are shown. Solid bars indicate median values and the dotted lines indicate
interquartile range. No significant difference was observed between the diagnostic
groups.

relation of CSF oxytocin levels with symptom severity and psychotropic
dose, respectively. The antidepressant dose or the HAMD-17 score did
not significantly correlate with the transformed oxytocin levels in pa-
tients with MDD (antidepressant dose: r=—0.15, P=0.57; HAMD-
17: r=—0.19, P=0.46). The transformed oxytocin levels were signifi-
cantly negatively correlated with negative subscale of PANSS (r=
—0.38, P=0.050). Correlations between transformed oxytocin levels
and other subscales of PANSS were not statistically significant. The
transformed oxytocin levels in schizophrenic patients were significant-
Iy negatively correlated with chlorpromazine equivalents of total anti-
psychotic dose (r=-—051, P=0.0064) and second generation
antipsychotic (SGA) dose (r=—0.49, P=0.010) but not with chlor-
promazine equivalents of first generation antipsychotic (FGA) dose
(r=-0.13, P=0.50). Those prescribed SGA had significantly lower
CSF oxytocin levels compared to those not prescribed SGA (Welch's ¢
test: t=2.6, df=104, P=0.024). Comparison between patients pre-
scribed and not prescribed FGA did not yield significant difference
(Student’s t test: t=1.1, df=25, P=10.27). Although none of the sub-
scales of PANSS were correlated with FGA, SGA, or total chlorpromazine
equivalent dose in the present study (all P>0.1), a previous study (Sim
et al,, 2009) reported an association between antipsychotic dose and
the severity of positive as well as negative symptoms of schizophrenia.
Therefore, we considered antipsychotic dose as a confounding factor for
the association between oxytocin levels and symptom severity. Thus,
we also examined the correlation between the oxytocin levels and
PANSS scores controlling for prescribed antipsychotic dose. Partial cor-
relation between transformed oxytocin levels and negative subscale of
PANSS, removing the linear effects of total antipsychotic dose, was sta-
tistically significant (r=—0.39, P=0.047). Removing the linear effects
of SGA dose instead of total antipsychotic dose also resulted in signifi-
cant correlation of transformed CSF oxytocin levels with negative sub-
scale (r=—0.47, P=0.016) as well as with total PANSS score (r=
—047, P=0.016). SGA dose-controlled partial correlations between
transformed oxytocin levels and other subscales of PANSS were not sta-
tistically significant (positive subscale: r=—0.24, P=0.23; general
subscale: r=—0.33, P=0.099).

4. Discussion

Consistent with some previous studies (Glovinsky et al., 1994;
Pitts et al., 1995), CSF oxytocin levels did not significantly differ be-
tween healthy controls and patients with schizophrenia and MDD.
However, the present results showed that higher levels of CSF oxyto-
cin may be associated with less severe symptoms of schizophrenia.

The observed negative correlation between antipsychotic dose and
CSF oxytocin levels points to the possibility that antipsychotic medica-
tion lowers oxytocin levels. A recent study suggests that an inhibitory
feedback loop may exist between prolactin-secreting lactrophs
and oxytocinergic paraventricular neurons (Sirzen-Zelenskaya et al.,
2011). Therefore, the disinhibition of prolactin secretion due to the D,
receptor blockade by antipsychotics may have resulted in the suppres-
sion of oxytocin secretion. This, however, does not explain the stronger
correlation of SGA dose compared to FGA dose. Kiss et al (2010) showed
that SGAs have a more potent influence than haloperidol on the activity
of oxytocin magnocellular neurons. This also seems contradictory to the
present finding that SGA is negatively correlated with oxytocin levels.
An alternative explanation for this negative correlation is that patients
with low oxytocin levels may respond poorly to antipsychotic medica-
tion, and thus, higher dose was prescribed to such patients. Neverthe-
less, despite the relatively strong correlation with the antipsychotic
dose, the cross-sectional design of the present study hinders any causal
inferences. One previous study (Glovinsky et al., 1994) demonstrated
that CSF oxytocin levels were unchanged by antipsychotic medication.
Thus, further investigation is necessary to elucidate the effects of anti-
psychotic medication on oxytocin levels.
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Fig. 2. Relationship between cerebrospinal fluid oxytocin levels and symptom severity. The association between cerebrospinal oxytocin levels and symptom severity is shown.
Oxytocin levels are shown in logarithmic scale. Solid lines indicate fitted regression lines, unevenly dashed lines indicate 95% confidence intervals, and evenly dashed lines indicate
95% prediction intervals. (1): Correlation at significance level of P<0.05. PANSS: Positive and Negative Syndrome Scale, HAMD-17: Hamilton Depression Rating Scale, 17-item

version, 95%Cl: 95% confidence interval, 95%PI: 95% prediction interval.

The present results showed that the negative symptoms of schizo-
phrenia were negatively correlated with CSF oxytocin levels. The cor-
relation coefficient between CSF oxytocin levels and total PANSS score
was also significant, controlling for SGA dose. Rubin et al. (2010)
reported that higher peripheral oxytocin levels were associated with
more prosocial behaviors in female patients with schizophrenia. Fur-
thermore, previous studies have demonstrated improvement of social
behaviors with administration of intranasal oxytocin (Macdonald and
Macdonald, 2010; Pedersen et al., 2011). Since strong relationships
between negative symptoms and social difficulties have been demon-
strated in schizophrenia (Weinberg et al., 2009), the present finding
associating higher CSF oxytocin levels with lower negative subscale
is in accord with what has previously been described for peripheral
oxytocin. Whether the peripheral oxytocin levels reflect the CSF oxy-
tocin levels, or whether a different mechanisms of action in the brain
and the peripheral result in a similar effect, remains to be explored.

Previous studies examining CSF oxytocin levels in patients with
schizophrenia (Beckmann et al, 1985; Glovinsky et al., 1994) and de-
pression (Pitts et al., 1995) showed mean oxytocin levels of less than
10 pg/ml, which is lower than that in the present study (>20 pg/ml).
Such ocutcome may have resulted from some of the methodological dif-
ferences between previous studies and the present one. Previous three
studies measured oxytocin levels using radioimmunoassay (RIA), while

the present study used a commercially available ELISA kit. A recent
study that used the same ELISA kit to measure CSF oxytocin levels
(Heim et al,, 2009) also demonstrated higher levels of oxytocin (mean
oxytocin levels of 17 pg/ml in women without a history of emotional
abuse) compared to the previous studies using RIA. Thus, the different
measurement techniques may have influenced the values.

A number of other methodological differences exist between the
present study and previous ones examining CSF oxytocin levels
(Beckmann et al,, 1985; Glovinsky et al,, 1994; Pitts et al.,, 1995). One
of the major differences was that the present study did not require
fasting prior to lumbar puncture, while Beckmann et al (Beckmann et
al,, 1985) collected CSF in patients with schizophrenia after 12 hours
fasting. Although a previous study (Challinor et al, 1994) reported
that peripheral oxytocin levels were not affected by 20 hours of fasting,
the influence of fasting on CSF levels is unknown. Furthermore,
Beckmann et al used Research Diagnostic Criteria to select a patient
group consisting entirely of paranoid schizophrenia. Such difference in
composition of participants may have affected the outcome of the
study by Beckmann et al (1985), which showed significantly higher
CSF oxytocin levels in schizophrenic patients compared to healthy con-
trols. The findings by Glovinsky et al (1994) and Pitts et al (1995) were
consistent with the present study in that no significant difference in CSF
oxytocin levels was found between patients and controls. However,
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Relationship between CSF oxytocin levels and dose of psychotropics
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Fig. 3. Relationship between cerebrospinal fluid oxytocin levels and dose of psychotropics. The association between cerebrospinal oxytocin levels and dose of psychotropics is shown.
Oxytocin levels are shown in logarithmic scale. Solid lines indicate fitted regression lines, unevenly dashed lines indicate 95% confidence intervals, and evenly dashed lines indicate
95% prediction intervals. (1): Correlation at significance level of P<0.01. CP equivalent: chlorpromazine equivalent, 95%Cl: 95% confidence interval, 95%FPI: 95% prediction interval.

participants in these studies also differed from that of the present study
in that both genders were included. Furthermore, MDD patients in the
study by Pitts et al (1995) all scored 18 or above on the HAMD-17,
while the MDD patients in the present study included those in a remit-
ted state. These differences in composition of study samples should be
carefully considered when comparing findings across studies.

Some limitations must be considered when interpreting the re-
sults of this study. First, the effects of medication could not be fully
controlled due to the variability in types and doses. Future studies
should examine oxytocin levels in untreated patients to elucidate
the role of oxytocin in the pathophysiology of schizophrenia and de-
pression. Treatment duration may also affect oxytocin levels. Howev-
er, since all of the schizophrenic patients that were prescribed
antipsychotics were on chronic treatment with the medication, treat-
ment duration is unlikely to have confounded the main findings of the
present study. Secondly, as mentioned above, the cross-sectional de-
sign did not allow for any definitive conclusions regarding the causal
relationship between the CSF oxytocin levels, psychotropic medica-
tion, and symptom severity. Thirdly, only male participants were in-
cluded in the present study. Previous studies suggest that effects of
peripheral and intranasal oxytocin may differ between men and
women (Domes et al., 2010; Rubin et al., 2010, 2011). Therefore, the
present findings cannot be generalized to women. Finally, the risk of

type 11 error was high due to the small sample size. The sample size
in the present study was comparable to those of the previous studies
that examined CSF oxytocin levels in patients with schizophrenia and
depression (Beckmann et al., 1985; Glovinsky et al., 1994; Pitts et al.,
1995). However, the power to detect a moderate difference (effect
size of 0.50) in CSF oxytocin levels between patients and controls
was relatively low (schizophrenia: 39%; MDD: 32%; calculated by
G*Power 3.1.3 (Faul et al., 2007)). A larger sample may be necessary
to detect small to moderate change in CSF oxytocin levels in psychiat-
ric disorders.

In conclusion, we obtained no evidence of altered CSF oxytocin
levels in patients with schizophrenia or those with MDD. However,
lower CSF oxytocin levels may be related to higher SGA dose and
more severe negative symptoms in schizophrenia, which is in line
with the possibility that central oxytocin may ameliorate the severity
of some symptoms of schizophrenia by improving social functioning.
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