Table 2. Genotype and allele distributions of VAMP2 SNPs in both definition groups

Definition SNP number Sample Genotype pvalue  Allele p value
WIW WM M/M W M
Clinical rs1061032 . responders 18 28 13 64 54
response group nonresponders 17 25 5 0.297 59 35 0.262
rs8067606 responders 18 27 14 63 55
' nonresponders 15 25 7 0.434 55 39 0.488
Clinical 151061032 remission 13 24 10 50 44
remission group nonremission 22 29 8 0.434 73 45 0.395
158067606 remission 13 24 10 50 44
nonremission 20 28 11 0.784 68 .50 0.578
W = Wild-type allele; M = mutant allele.
Table 3. Haplotype distribution of .
VAMP2 in both definition groups Definition Sample Haplotype frequency Glo’?al
A-A? A-C* G-A G-C pvatne
Clinjcal responders 0361 0053 0011 0573
response group nonresponders  0.449  0.017  0.008  0.525
p value 0.197 0.14 0.87 0.475 0.339
Clinical remission 0372 0.051 0.008  0.567
remission group  nonremission 0457  0.01 0.01 0.521
p value 0213 0.083 0.868 0498 0.256

*Minor allele of rs8067606.
*Minor allele of rs1061032.
*Major allele of rs1061032.

“Major allele of rs8067606.

Two limitations in this paper deserve mentioning,. First,
our sample size was not large enough to deny the type II
error. If the relative risk is set at 1.5, a total of 150 samples
would be needed to obtain over 80% statistical power. Sec-
ond, we did not examine the patients’ plasma concentra-
tions of fluvoxamine. The daily fluvoxamine dosage was
higher in nonremitted subjects than in those in remission,
though this should be self-evident for a study design in-
corporating fixed-flexible dosing. However, these effects
should be minimal because no correlation between plas-
ma fluvoxamine concentration and clinical response has
been reported [19]. The small but significant difference in
baseline SIGH-D scores between responders and nonre-
sponders might also have affected the results; however, the
baseline SIGH-D scores could not predict clinical response
in the exploratory logistic regression analysis.

VAMP2 Polymorphisms and
Fluvoxamine Response

In this pharmacogenetic study of fluvoxamine, our re-
sults suggest that the VAMP2 gene is not a predictor of
antidepressant efficacy in Japanese depressive patients.
We must further investigate the role of the VAMP2 gene
in both the mechanisms of action of antidepressants and
the pathophysiology of depression.
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Abstract: Using expressed sequence tag (EST) analysis, we previously identified certain molecular machinery that
mediates antidepressant effects. To date, several partial ¢cDNA fragments, termed antidepressant-related genes
(ADRGs), have been isolated as ESTs from rat brain. In the present study, we identified two of the ADRGs to be rat
neuroserpin. Using real-time quantitative PCR, we demonstrated increased neuroserpin mRNA expression in rat fron-
tal cortex after chronic treatment with several classes of antidepressants, including imipramine, fluoxetine, sertraline,
and venlafaxine. Electroconvulsive treatment (ECT), another therapeutic treatment for depression, also increased
neuroserpin expression in rat frontal cortex. Neuroserpin is a serine protease inhibitor that is implicated in the regu-
lation of synaptic plasticity, neuronal migration, and axogenesis in the central nervous system. In conclusion, our re-
sults support the hypothesis that neuroserpin-mediated plastic changes in frontal cortex may underlie the therapeutic

action of antidepressants and ECT.

Key words: Depression, Neuronal plasticity, tPA, Microarray

Depression is one of the major psychiatric diseases. It is
characterized by abnormal emotional, cognitive, autonomic,
and endocrine functions. Typical antidepressants acutely in-
hibit monoamine reuptake, resulting in a significant increase
in synaptic concentration of monoamines (noradrenaline or
serotonin) (Yamada and Higuchi, 2002). With antidepres-
sants, there is a latency period of several weeks before the
onset of clinical improvement. Chronic electroconvulsive
treatment (ECT) is another therapy that is widely used to al-
leviate depression, particularly for treating drug-resistant de-
pression. While ECT is effective, its therapeutic mechanism
remains unknown. The therapeutic benefits of ECT also
have a delayed onset. :

For both treatment modalities, this delay could be the re-
sult of indirect regulation of neural signal transduction sys-
tems or molecular changes in gene transcription. Indeed,
antidepressants have been reported to selectively affect spe-
cific immediate early genes and transcription factors (see re-
view by Yamada and Higuchi, 2002). Thus, it is reasonable to
propose that these molecules may have an important role in
‘the adaptive neural changes that occur following chronic anti-
depressant treatment. Identification of quantitative changes
in gene expression that occur in the brain after chronic anti-

*? Reprint requests should be sent to M. Yamada
IHEE © T187-8553 /NETI/INIIEHT 4-1-1
ENLE - iR v 5 —EBERTAEARRERELR
E-mail: mitsu@ncnp-k.go.jp

depressant treatment might yield novel molecular markers
that would be useful in diagnosing and treating depression.
Using expressed sequence tag (EST) analysis, we and other
groups have isolated genes that are differentially expressed
in rat brain after chronic antidepressant treatment (Drigues
et al, 2003; Wong et al, 1996; Huang et al, 1997; Yamada et al,
1999, 2000, 2001, 2002). To date, we have cloned several
partial ¢cDNA fragments as ESTs, which we named anti-
depressant-related genes (ADRGs).

In the present study, we focused on ADRG116 and
ADRG604, both of which were isolated independently and
were found to correspond to rat neuroserpin. Neuroserpin is
a neural serpin that inhibits the extracellular protease tissue-
type plasminogen activator (tPA). Neuroserpin was first
identified as an axonally secreted glycoprotein in neuronal
cell cultures of chicken dorsal root ganglia (Osterwalder et al,
1996). It is widely expressed in the developing and adult
nervous systems and is implicated in the regulation of
proteases involved in synaptic plasticity, neuronal migration,
and axogenesis (Hastings et al, 1997; Krueger et al, 1997;
Schrimpf et al, 1997). Neuroserpin is also implicated in the
regulation of emotional behavior, such as anxiety-like re-
sponses (Madani et al, 2003). Here, we provide the first re-
port demonstrating that neuroserpin is expressed in the rat
frontal cortex and that it is upregulated after chronic treat-
ment with antidepressants and ECT.

Abbreviations ADRG: antidepressant-related gene, ECT: electroconvulsive treatment, EST: expressed sequence tag, tPA: tissue-type

plasminogen activator
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METHODS

Experimental animals

Male Sprague-Dawley rats (age: 7-10 weeks; Sankyo Labo
Service Co., Tokyo, Japan) were housed in a temperature-
controlled environment with a 12-hour light/12-hour dark
cycle; they had free access to food and water.
Experimental treatments

Rats were randomly assigned to either a control or treat-
ment group. Treatments consisted of either antidepressant
drugs or ECT. Six rats were used for antidepressant experi-
ments and 4 rats were used for ECT experiments. We used
the following antidepressant drugs for treatment: the tricyclic
imipramine (Sigma-Aldrich, Inc., MO, USA), the selective
serotonin reuptake inhibitors fluoxetine (The Lilly Labora-
tories, IN, USA) and sertraline (Pfizer Pharmaceuticals Inc.,
NY, USA), and the serotonin noradrenaline reuptake inhibitor
venlafaxine (Wyeth, PA, USA). Animals in the antidepres-
sant-treatment group received by daily intraperitoneal injec-
tion either vehicle, imipramine (10 mg/kg), fluoxetine (5
mg/kg), sertraline (10 mg/kg), or venlafaxine (10 mg/kg) for 1
day or 21 days. We determined the dose for each of the anti-
depressants according to the previous reports (Nibuya et al,
1996; Pei et al, 2004; Yamada et al, 2001, 2002). All drugs
were dissolved in physiological saline containing 1.5%
Tween-80. Rats in the ECT group were anesthetized with
sevoflurane (Maruishi Pharmaceutical Co., Ltd, Osaka,
Japan) before receéiving a 90 mA, 0.1 sec electric shock via
ear-clip electrodes. Shocks were delivered with a Ugo Basile
Model 7801 Unipolar square-wave electroconvulsive stimula-
tion pulse generator (Stoelting Co., IL, USA). Animals re-
ceived either a single shock (single administration ECT
group), or shocks every other day for 14 days (chronic ad-
ministration ECT group). The control group was treated ex-
actly as the ECT-treatment group, except that electric
current was administered.

Animals were killed by decapitation 24 hours after the final
antidepressant or ECT treatment; and the brain was quickly
removed, dissected, frozen immediately in liquid nitrogen,
and stored at —80°C until analysis. All studies using animals
were carried out in accordance with animal protocols ap-
proved by The Institutional Animal Care and Use Committee
of Showa University.

EST analysis .

Total RNA from rat frontal cortex was extracted in Isogen
reagent (Nippon Gene Co., Ltd., Toyama, Japan) according to
the manufacturer’s instructions. Isolated total RNA was then
dissolved in RNase-free water, and RNA concentration was
estimated by UV spectrometry. Total RNA samples were
treated with RNase-free DNase I (Nippon Gene Co., Ltd.) for
30 min at 37°C, then were purified by phenol-chloroform ex-
traction. The first-strand cDNA was synthesized with reverse
transcriptase (Invitrogen, CA, USA), 1 uM of oligo-dT primer,
and 2 ug of total RNA treated with DNase I, then diluted to
a final volume of 100 xl. EST analysis was then carried out
in the presence of [¥*P] dATP (Life Science Products, Inc.,
MA, USA) with an mRNA fingerprinting kit (Clontech, CA,
USA) according to the manufacturer’s instructions. Radio-

labeled PCR products were then analyzed electrophoretically
on denaturing 6% polyacrylamide gels. Three individual sam-
ples from each treatment group were applied side-by-side and
visualized by autoradiography.

Identification of both ADRG116 and ADRG604

ADRG microarray development and fluorescence image
analysis was done as described previously (Yamada et al,
2000). Briefly, we amplified each ADRG cDNA insert using
vector primers and negative controls, and we spotted in du-
plicate ten different kinds of housekeeping genes onto glass
slides using a GMS417 Arrayer (Affymetrix, Inc., CA, USA).
To make the fluorescence-labeled probe for hybridization,
poly-A* RNA was purified from total RNA that was pooled
from three independent control or treated groups. Probes
were fluorescently tagged by converting 1 ug of poly-A* RNA
from the control and treated samples to cDNA in the pres-
ence of either Cy-6- or Cy-3-dUTP, respectively. Hybridi-
zation of probes to the microarray was zdone competitively
and in duplicate. The probes were mixed and placed on an
array, overlaid with a coverslip, and allowed to hybridize for
16.5 hours at 65°C. After hybridization and washing, each
slide was scanned with a GMS418 Array Scanner (Affymetrix,
Inc.). Gene expression levels were quantified and analyzed
using ImaGene software (Bio-Discovery Ltd. Swansea, UK).
Sequence analysis of both ADRG116 and ADRG604 was per-
formed by dideoxy sequencing methods. Homology search
and sequence alignment was done using the FASTA search
servers at the National Center for Biotechnology Information.
Real-time quantitative PCR

Previously, two cDNAs encoding neuroserpin, riNS-1 (2917
bp) and rNS-2 (1599 bp), were reported (GenBank accession
numbers AF193014 and AF193015 respectively; Hill et al,
2000). The principal difference between them was the length
of the 8'untransiated region. We have found that ADRG604
corresponds to ¥NS-1 (Fig. 1). Therefore, we have analyzed
the changes of rNS-1 expression in mRNA level in the pre-
sent study. PCR primers were designed with Primer Express
Software (Applied Biosystems). The primers used for tNS-1
were 5.CAGCACATTTTCACAGACAGAGATT-3' and 5'-
AGGGCATTGTATTATTAGTGCAGATTAA-3" (Invitrogen)
(black arrows in Fig. 1). The primers we used for amplifica-
tion of the B-actin reference gene were 5 -TCGCTGACAGG-
ATGCAGAAGG-3 and 5 -GCCAGGATAGAGCCACCAAT-
3’ (Invitrogen). We confirmed the presence of a single PCR
product on agarose gel after electrophoresis. In addition PCR
fragments were sequenced, and their identity was ascer-
tained (data not shown). ‘

Quantification of rNS-1 expression in rat brain was per-
formed with real-time quantitative PCR and an ABI PRISM
7000 instrument (Applied Biosystems, CA, USA). A quantity
of cDNA corresponding to 20 pg of total RNA was amplified
by PCR in duplicate. The SYBR® Green PCR Core Reagents
Kit (Applied Biosystems) was used for fluorescent detection
of cDNA. Real-time quantitative PCR conditions were as fol-
lows: 50°C for 2 min then 95°C for 10 min for one cycle, fol-
lowed by 50 cycles of 95°C for 15 s, 60°C for 1 min. We
performed the real-time quantitative PCR amplification of
INS-1 and B-actin at the same time. Then we used the
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neuroserpin
nucleotide sequence of cDNA (rat)

;112 _ 1341 2917
INS-1 I S ] =
l 1599
INS-2 L
755 1528)
ADRGI116 (' : L
(2440) (2917
ADRG604 e
deduced amino acid sequence

1 410

neuroserpin
Fig.1 Structure of the cDNAs encoding rat neuroserpin, INS-1 and rNS-2 (GenBank
accession numbers AF193014 and AF193015 respectively) and their deduced amino
acid sequence. Homology analysis of ADRG116 and ADRG604 using DDRBJ/EMBL/
GenBank databases revealed significant matches to the rat neuroserpin gene. The
sizes of the ADRG116 and ADRGS04 fragments obtained from EST analysis were 774
bp and 478 bp, respectively. Black arrows represent the oligonucleotide primer pair
used for real-time quantitative PCR experiments.

ADRG116

Fig.2 Image analysis of ADRG microarray after hybridization with fluorescent probes. The pseudo-color image rep-
resenting hybridization within the control sample (green) and the chronic sertraline-treatment sample (red) are over-
lapped. As expected, we obtained low background and consistent results in duplicate experiments. The spots within the
blue rectangles represent ADRG116 and ADRG604. Interestingly, the fluorescence intensities of the spots representing
ADRG116 and ADRG604 increased 3.72 times and 1.67 times, respectively, after chronic sertraline treatment compared
to those of the controls.
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Table 1 :NS-1 expression in rat brain after chronic antidepressant treatment as assessed by

real-time quantitative PCR?

Treatment
Brain region
Control Imipramine Fluoxetine Sertraline Venlafaxine
Frontal cortex 1005 130+12 126£2% 149+15 137412+
Hippocampus 10015 81+8 102+15 T74E8 82*6
Hypothalamus 1004 1048 120=10 118%15 94+17

a) Total RNA was extracted from rat brain after each treatment and used for real-time quantitative
PCR (see Methods; 2 =6). Data represent percentages of control values (means+SEM). Differences
were assessed using Student’s i-test. *: P <0.05 was regarded as significant.

Table 2 rNS-1 expression in rat brain after ECT as assessed by real-time quantitative PCR?

Treatment
Brain region
Control Single administration  Chronic administration
Frontal cortex 100+£86 12016 12148%
Hippocampus 10010 858 80+4
Hypothalamus 100£12 89+5 89%7

a) Total RNA was extracted from rat brain after each treatment and used for real-time quantitative

PCR (see Methods; n=4).

Data represent percentages of control values (means * SEM).

Differences were assessed using Student’s -test. *: P<0.05 was regarded as significant.

Standard Curve Method (User Bulletin, ABI PRISM 7000
Sequence Detection System) for quantification. Briefly, for
rNS-1 and fS-actin, an absolute standard curve was obtained
by plotting the cycle of threshold following PCR amplification
of serial dilutions of the control ¢cDNA template. Data are
given as percentages of control values (means = SEM).
Differences were assessed using Student’s ¢-test. A value of
P<0.05 was regarded as statistically significant.

RESULTS

Identification of ADRG116 and ADRG604 as rat neuro-
serpin

In the present study, we used an ADRG microarray for
high-throughput secondary screening to identify genes com-
monly affected by antidepressants. Fig. 2 shows the pseudo-
color image of the ADRG microarray after hybridization with
samples obtained from frontal cortex of sertraline-treated
rats. As expected, we obtained low background and consis-
tent results in duplicate experiments. After normalization of
the signals with both negative and positive controls, several
spots of interest on the ADRG microarray showed increased
or decreased fluorescence intensities after chronic sertraline
treatment. Interestingly, the fluorescence intensities of the
spots for both ADRG116 and ADRG604 increased 3.72 times
and 1.67 times, respectively, after chronic sertraline treat-
ment when compared to controls (Fig. 2).

Sequence and homology analysis of ADRGI16 and
ADRGH604 (identified by EST analysis to be two independent
clones) using DDBJ/JEMBL/GenBank databases revealed sig-
nificant matches to the rat neuroserpin gene (Hill et al, 2000).
This finding strongly indicated that neuwroserpin was
upregulated after chronic sertraline treatment. Fig. 1 shows

the structure of the cDNAs encoding rat neuroserpin and the
deduced amino acid sequence. The open reading frame
spanned from the 112th base to the 1341st base. The de-
duced amino acid sequence of neuroserpin contained 410
amino acid residues and a putative reactive site loop that
binds the active site of target proteases (Osterwalder et al,
1996). The sizes of the ADRG116 and ADRG604 fragments
obtained from EST analysis were 774 bp (755-1528th) and
478 bp (2440-2917th), respectively.

Real-time quantitative PCR

The differential expression of rNS-1 in both antidepressant
and ECT groups was confirmed by real-time quantitative
PCR. As shown in Table 1, chronic administration of
imipramine, fluoxetine, sertraline, and venlafaxine increased
rNS-1 expression in rat frontal cortex when compared to con-
trol samples. On the other hand, single administration of
these antidepressants did not affect rNS-1 expression in this
region of the brain (data not shown). Interestingly, in the
hippocampus and hypothalamus, chronic treatment with
these antidepressants did not significantly affect rNS-1 ex-
pression (Table 1).

The expression of tNS-1 was also significantly increased in
rat frontal cortex after chronic administration of ECT (Table
2). Single administration of ECT also increased rNS-1 ex-
pression, but not significantly, Single and chronic administra-
tion of ECT did not affect rNS-1 expression in the
hippocampus or hypothalamus (Table 2).

DISCUSSION

The serine protease tPA is found not only in the blood
where it primarily acts as a thrombolytic enzyme, but also in
the central nervous system where it promotes events
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associated with synaptic plasticity. Neuroserpin, a serine
protease inhibitor (serpin) that reacts preferentially with tPA,
is located in regions of the brain where tPA protein is also
found, indicating that neuroserpin is a selective inhibitor of
tPA in the central nervous system. Growing evidence sug-
gests that tPA participates in many physiological and patho-
logical events in the central nervous system, and that
neuroserpin plays an important role as a natural regulator of
tPA activity in these processes (Hastings et al, 1997; Yepes
and Lawrence, 2004).

In the adult mouse central nervous system, neuroserpin is
most strongly expressed in the neocortex, the hippocampal
formation, the olfactory bulb, and the amygdala (Krueger et
al, 1997). During embryonic development in the mouse, it is
expressed in the differentiating fields of most central nervous
system regions (Krueger et al, 1997). Moreover,
neuroserpin has been reported to regulate neurite outgrowth
in nerve growth factor-treated PC12 cells (Parmar et al,
2002). Interestingly, neuroserpin-deficient mice display a se-
lective reduction in locomotor activity in novel environments,
an anxiety-like response in the O-mazé, and a neophobic re-
sponse to novel objects (Madani et al, 2003). Neuroserpin-
overexpressing mice display reduced center exploration in
the open-field test and neophobic responses in a novel object
test. These findings suggest that neuroserpin plays some
sort of role in the regulation of emotional behavior (Madani et
al, 2003). _

In the present study, we observed a significant increase in
tNS-1 expression in rat frontal cortex after chronic treatment
with antidepressants. This altered pattern of ¥NS-1 expres-
sion was also observed in rat frontal cortex after chronic
ECT. On the other hand, a single administration of antide-
pressants failed to induce rNS-1 expression, suggesting that
the induction of rNS-1 is due to the long-term therapeutic ac-
tion of antidepressants. Clinically, a period of seyveral weeks
passes before the onset of the therapeutic effect of antide-
pressants.

As shown in the results, the data obtained from the
microarray study was more apparent than that of real-time
quantitative PCR. This would be due to the technical differ-
ences between hybridization-based analysis and PCR-based
quantification. We believe that the real-time quantitative
PCR is much more accurate than the microarray analysis.

Although induction of tNS-2 by antidepressants and ECT
are yet to be elucidated, our data suggest that neuroserpin
may be one of the common functional molecules induced after
these treatments. In addition, we need to confirm the induc-
tion of neuroserpin at the protein level. We did not use
ANOVA for statistical analysis due to the small number of
subjects for each treatment. Therefore, we must be careful
in interpreting our observations.

The frontal cortex is one of several brain regions involved
in the endocrine, emotional, cognitive, and vegetative abnor-
malities found in depressed patients. Indeed, glucose me-
tabolism, blood flow, and electroencephalographic activity are
altered in the frontal cortex of depressed patients (Drevets et
al, 1992).

It has also been suggested that the long-term actions of
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antidepressants may be mediated by changes in neural plas-
ticity (Duman, 2002; McEwen and Olie, 2005; Yamada and
Higuchi, 2002). Alterations in certain functional proteins
(e.g., protein kinase C and GAP-43) related to neural plastic-
ity have been reported in the brain of depressed suicide vic-
tims (Hrdina et al, 1998). Taken together, our results also
support the hypothesis that neuroserpin-mediated plastic
changes in the frontal cortex may contribute to the therapeu-
tic actions of antidepressants and ECT.

In rat hypothalamus, tNS-1 expression was not affected by
chronic antidepressant administration or chronic ECT.
Interestingly, in rat hippocampus, rNS-1 expression seemed
to have a tendency to decrease with these treatments, al-
though not significantly. The hippocampus and hypothalamus
represent other regions of the brain implicated in the
pathophysiology of depression (Sheline et al, 1996; Barden,
2004). Although pharmacological actions targeting a single
brain region may possibly mediate the therapeutic effects of
antidepressants, pharmacological actions targeting multiple
brain regions are more likely to contribute to the actual
therapeutic effects of antidepressants and ECT. Studies to
further characterize the neuronal circuitry of these brain re-
gions will help to elucidate the neuroanatomical substrates of
antidepressant effects. We used only one dose for each anti-
depressant in the present study. rNS-1 expression in
hippocampus or hypothalamus could be changed with higher
doses.

In this study, a single administration of ECT also induced
rNS-1 expression in rat frontal cortex, although not signifi-
cantly. Clinically, ECT has been considered to be a more
rapid and effective treatment for major depression than are
antidepressant drugs (Segman et al, 1995). Our results are
consistent with the hypothesis that the rapid induction of
neuroserpin in frontal cortex underlies the relatively rapid
onset of the therapeutic action of ECT. Further characteriza-
tion of neuroserpin as a functional protein in the central nerv-
ous system is needed to test this hypothesis.

In conclusion, we identified neuroserpin as a novel molecu-
lar target for antidepressants and ECT. Our findings offer
novel insights into the actions of these treatments that may
be of both basic and clinical significance.
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olymorphism was associated with a significantly better therapeutic
effect in the MADRS scores during this study. When milnacipran and
fluvoxamine-treated subjects were analysed independently, the G/A
genotype group showed greater reduction of MADRS scores than other
genotype groups, irrespective of which antidepressant was administered.
These results suggest that the BDNF G196A polymorphism in part
determines the antidepressant effect of both milnacipran and
fluvoxamine.

Keywords
antidepressant effect, genetic polymorphism, fluvoxamine, major
depressive disorder, milnacipran

Introduction

Prediction of the response to different classes of antidepressants
has been an important matter of concern in the field of psy-
chopharmacology. A consistent relationship between the antide-
pressant effect and the plasma concentrations of selective
serotonin (5-HT) reuptake inhibitors (SSRIs) has not been
obtained (Burke and Preskom, 1999), although early pharmacoki-
netic studies identified significant relationships between the anti-
depressant effect and plasma concentrations of several tricyclic

antidepressants (Perry et al., 1987). In terms of serotonin norepi-
nephrine (NE) reuptake inhibitors (SNRIs), venlafaxine showed a
positive association between antidepressant efficacy and plasma
concentrations (Charlier et al., 2002), while this relationship was
not observed for milnacipran (Higuchi et al., 2003).

Recent progress in pharmacogenetics has facilitated investiga-
tion of the relationship between genetic polymorphisms and the
antidepressant response. Genetic polymorphisms of the 5-HT and
NE transporter have been investigated intensively, because they
are believed to be the primary target of SSRIs and SNRIs. As a

Corresponding author: Keizo Yoshida, Department of Psychiatry, Nagoya University Graduate School of Medicine, 65 Tsurumai-cho, Showa-ku, Nagoya, Aichi 466-8550, Japan.
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result, several interesting findings have been reported (Malhotra et
al., 2004; Yoshida ef al., 2004), but there is no consistent evidence
to predict the antidepressant response. Thus, further pharmacoge-
netic studies of antidepressants must be performed in order to
predict the antidepressant response adequately.

Recently, it has been proposed that antidepressants eventually
cause critical genes to be activated or inactivated, no matter how
they act on receptors and enzymes (Stahl, 2000). One of the likeliest
candidate genes is brain-derived neurotrophic factor (BDNF), which
belongs to a family of neurotrophic factors including neurotrophin-
3/4/5 and nerve growth factor and has an important role as a potent
modulator of synaptic transmission and plasticity. Substantial evid-
ence supports that BDNF is involved not only in cognitive
processes, such as memory and learning, but also in the pathophysi-
ology of mood disorders and in the mechanism of antidepressant
action, as follows. Expression of BDNF mRNA is down-regulated
by either acute or repeated stressful conditions of immobilization
(Smith et al, 1995). An antidepressant effect in both the learned
helplessness and the forced swimming tests is observed as early as 3
days after a single infusion of BDNF into the hippocampus (Shi-

rayama et al., 2002). Chronic treatment with tranylcypromine, a’

monoamine oxidase inhibitor, caused a significant increase in
BDNF mRNA in the rat hippocampus (Russo-Neustadt ef al,
1999), and chronic administration of amitriptyline, a tricyclic anti-
depressant, significantly increased BDNF protein levels in the rat
hippocampus and prefrontal cortex (Okamoto et al, 2003). Thus,
the BDNF gene is a plausible candidate gene for mood disorders
and pharmacogenetic studies of the antidepressant response. 2

The G196A polymorphism in exon IIIA is located wit(]_l
propeptide region of the BDNF gene. Several association §
have examined the G196A polymorphism and vulnerability

al., 2003). These studies have found no major rol
morphism in the pathophysiology of mood d'

Egan et al. (2003) reported that it influence: 13
hippocampal function. So far only one pha
antidepressants and the BDNF G196A [
carried out (Tsai et al., 2003); in this sk
ment with fluoxetine was evaluated'Fo
response rate was as low as 33.6%,_

weeks and the

In the current 6-week study, we examined the effect of the
BDNF G196A polymorphism on the antidepressant effect of mil-
nacipran, an SNRI, and fluvoxamine, an SSRL In addition, we
investigated another polymorphism of C132T in the non-coding
region of exon V of the BDNF gene, which was detected and
named C270T by Kunugi et al. (2001). Plasma concentrations of
milnacipran and fluvoxamine were investigated to evaluate
patients’ compliance and an influence on the antidepressant effect.

Materials and methods

Subjects

The subjects in our previous studies (Yoshida et al,
Yoshida et al.,
jects were Japanest who fulfilled DSM-IV criteria for a
diagnosis of major depressivé-disorder and whose scores on the
Montgomery ,Asberg depression rating scale (MADRS) (Mont-
gomery and A erg, 1979) were 21 or higher. Patients with other

<

2002;

2004) we mcluded in the present study. The sub-

atric medical disorders. The patients were 20-69 years
nd had been free of psychotropic drugs at least 14 days
try into the study. After complete description of the study

_to the subjects, written informed consent was obtained. This study

was approved by the Ethical Committee of Akita University

School of Medicine. The clinical characteristics of the patients are

hown in Table 1. There was no significant difference between
responders and non-responders in regard to sex, age, mumber of
previous episodes and presence of melancholia. There was no
significant difference in clinical characteristics when milnacipran
and fluvoxamine-treated patients were analysed independently
(data not shown). The number of previous depressive episodes
was very low. Indeed, most of the patients (milnacipran: 64/80,
fluvoxamine: 41/54) were in their first episode.

Table 1 Clinical characteristics of the patiénts in the milnacipran and fluvoxamine treatment (responders and non-responders)

Responders Nonresponders p
(n=85) (n=49)
Sex (male/female) 34/51 16/33 - x2=0.72 0.40
Age (yr) ( SD) 50.7+12.4 52.2412.8 =-0.68 0.50°
No. of previous
episodes (+ SD) 0.48+1.7 0.330.7 t=0.77 0.44
Melancholia (+/-) 21/64 15/34 %%=0.55 0.46°

* Analysis performed with the use of the ¥? test.
b Analysis performed with the use of the unpaired t test.
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Milnacipran treatment

Milnacipran was administered twice daily (the same dose after
dinner and at bedtime) for 6 weeks. The initial total daily dose was
50mg/day, and after a week it was increased to 100mg/day.
Patients with insomnia were prescribed brotizolam, 0.25 or
0.5mg, a benzodiazepine sedative hypnotic, at bedtime. No other
psychotropic drugs were permitted during the study. Of 96
enrolled patients, ten did not complete the study; five patients
because of side effects, one patient because of severe insomnia
and four patients without explanation. Of the 86 patients who
completed the 6-week study, six patients were excluded from the
current analysis because plasma samples revealed very low mil-
nacipran concentrations, indicative of poor compliance. Patients
who completed the study included 52 women and 28 men, 49 out-
patients and 31 inpatients, and ranged from 25 to 69 years of age
(mean age=51.4+12.2 (=SD)).

Fluvoxamine treatment

Fluvoxamine was administered twice daily (the same dose after
dinner and at bedtime) for 6 weeks. The initial total daily dose was
50mg/day. The daily dose was increased to 100mg/day after a
week and was increased to 200mg/day after another week. Con-
comitant administration of psychotropic drugs was restricted as in
the milnacipran study. Of 66 enrolled patients, nine did not com-
plete the study; four patients because of side effects and five
patients without explanation. Of the 57 patients who completed
the 6-week study, three patients were excluded from the ¢
analysis because plasma samples revealed very low fluvoxér
concentrations, indicative of poor compliance. Patients W

and 11 inpatients, and ranged from 24 to 69 years
age=51.2413.2 (+SD)).

.Data collection

Depression symptom severity was ass

se in the baseline
s a final MADRS
score less than ten (Hawley ¢ 002). Collection of blood
samples was performed 12 howrs=after drug administration at
bedtime, 4 weeks after initiation of each’antidepressant treatment.

Genotyping

The BDNF G196A polymorphism was determined by a minor
modification of the method of Tsai et al. (2003). The BDNF
C132T polymorphism was determined by a minor modification of
the method of Szekeres et al. (2003). Primers and enzymes used in
this study were the same as previous studies; the conditions of the
polymerase chain reaction and the chemical reagents were
adjusted to our instruments.

Quantification of plasma milnacipran/fluvoxamine
concentration

Plasma concentrations of milnacipran were measured with high
performance liquid chromatography (HPLC). Details of the
method have been described previously (Higuchi et al, 2003).
Plasma concentrations of fluvoxamine were measured with HPLC.
Details of the method have been described previously (Ohkubo et
al., 2003). Genotyping and measurement of plasma concentrations
were performed by laboratory personnel blind to the identity and
clinical antidepressant effect of the patients. Moreover, clinicians
were unaware of the genotyping results and the plasma mil-
nacipran concentrations of each patient.

Statistical analysis

Differences in patient: teristics were analysed with the use of
the unpaired t-test or chi-squarefest where appropriate. Differences
in the MADRS scores during this study were examined with the use
s analysis of variance (ANOVA), with
rs. When significant interaction between
trasts were used to enable comparisons
6-0fthe three genotype groups. Differences in the
.at each evaluation point were examined with the
actorial ANOVA followed by the Fisher’'s PLSD test.
iation from Hardy-Weinberg equilibrium was evalu-

i i-square test. Genotype distribution and allele frequen-
cies were analysed with the use of the chi-square test. Plasma
concentrations of milnacipran or fluvoxamine were analysed with
the use of one-way factorial ANOVA in each genotype group; an
unpaired t-test was then used to analyse differences between groups

twho were or were not responsive to milnacipran or fluvoxamine.

Statistical analysis was performed using StatView version 5.0 (SAS
Institute Inc., Cary, NC), except the two-way repeated measures
ANOVA with contrasts was performed using SuperANOVA
version 1.11 (Abacus Concepts, Inc., Berkeley, CA). Power analysis
was performed with the use of G-Power (Buchner et al., 1996). All
tests were two-tailed; alpha was set at 0.05.

Results

Minor allele frequencies for the C132T polymorphism were very
low and similar to those reported by Kunugi et al. (2001) and
Szekeres et al. (2003); 5.0% in the patients treated with mil-
nacipran and 3.7% in those treated with fluvoxamine. Therefore,
only the G196A polymorphism was included in the statistical
analysis. The observed genotype frequencies of the G196A poly-
morphism were within the distribution expected according to the
Hardy-Weinberg equilibrium. As the authors reported that
response to fluvoxamine was associated with alielic variations of
the S-hydroxytriptamine transporter gene-linked polymorphic
region (5-HTTLPR) (Yoshida et al., 2002) and response to mil-
nacipran was associated with those of the norepinephrine trans-
porter T-182C and GI287A polymorphisms (Yoshida et al,
2004), it was necessary to confirm these polymorphisms to be con-
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~&— G/G (n= 50) —5—G/A (n=59) -~ A/A (n=25)

35

Mean (+SD) score on MADRS

(=]

Time (weeks)

Figure 1 MADRS scores during 6 weeks of milnacipran/fluvoxamine
treatment in three BDNF G196A genotype groups®

Each point represents te mean score + SD. Differences in the MADRS
scores during this study were examined with the use of two-way
repeated measures ANOVA with contrasts. Differences in the MADRS
scores at each evaluation point were examined with the use of one-way
factorial ANOVA followed by Fisher’s PLSD test.

Significant differences at each point between the G/A and G/G groups
{p=0.0009 at week 1, p=0.0001 at week 2 and p=0.025 at week 4).
Significant difference between the 6/4 and A/A groups (p=0.032 a
week 1, p=0.019 at week 2 and 0.029 at week 6).

Significant geneotype X time interaction among all three genoty
groups (F=3.64, df=8, p=0.0004).
Signicant genotype X time interaction between the G/A and
groups (F=5.21, df=4, p=0.0004) .
f Significant genotype X time interaction between the G/,
groups (F=3.99, df=4, p=0.0034).

o

-

a

of the BDNF G196A polymorphism,(

Fig. 1 shows the MADRS sc
BDNF G196A polymorphism
ine or milnacipran. There wa
MADRS scores among each gérgtype group. Two-way repeated
measures ANOVA including all thr senotype groups indicated a
significant genotype X time interaction. Contrast analysis indi-
cated a significant genotype X time interaction between the G/A
and G/G genotype groups. The MADRS score of the G/A geno-
type group was significantly lower than that of the G/G genotype
group at 1, 2 and 4 weeks. Contrast analysis indicated a significant
genotype x time interaction between the G/A and A/A groups. The
MADRS score of the G/A genotype group was significantly lower
than that of the A/A group at 1, 2 and 6 weeks. Contrast analysis
indicated no significant genotype X time interaction between the
G/G and A/A genotype groups (F=0.99, df=4, p=0.41). There
was no significant difference in the MADRS score at any evalu-
ation point between the G/G and A/A genotype groups. When mil-

ficant difference in baseline

~5— G/G (n=25) —E~G/A(n=86) —2—A/A(n=19)

20—

15

10

Mean (+SD) score on MADRS

o

. Time (weeks)

Figure 2 MADRS scores during*6weeks of milnacipran treatment in
three BDNF G136A genotype.groups®

ean score + SD. Differences in the MADRS

dy were examined with the use of two-way

NOVA with contrasts. Differences in the MADRS

aluation point were examined with the use of one-way

&*followed by Fisher's PLSD test.

ifference at each point between the G/A and G/G groups

. at week 1 and p=0.0056 at week 2).

Significant difference between the /4 and A/A groups (p=0.011 at

week 1).

¢ Significant genotype X time interaction among all three genotype
groups (F=2.30, df=8, p=0.021).

¢ Significant genotype X time interaction between the G/A and 6/G
groups (F=3.54, df=4, p=0.0077). f Significant genotype x time
interaction between the G/A and A/A groups (F=2.56, df=4, p=0.039).

* Fach pointitepres

nacipran- and fluvoxamine-treated subjects were analysed inde-
pendently, the G/A genotype group showed greater reduction of
MADRS scores than other genotype groups, irrespective of which
antidepressant was administered (Figs. 2 and 3). Mean plasma
concentrations of milnacipran were 92.3=50.4 (+SD) ng/ml,
88.1+31.1ng/ml and 91.7+36.2ng/ml for the G/G, G/A and A/A
genotype groups, respectively. There was no significant difference
among the groups (F=0.99, df=2, 77, p=0.90). Mean plasma
concentrations of fluvoxamine were 169.1%174.7 (£8D) ng/ml,

155.1+£118.6ng/ml and 94.8+35.3ng/m! for the G/G, G/A and

A/A genotype groups respectively. There was no significant dif-
ference among the groups (F=0.65, df=2, 51, p=0.53).

Table 2 shows the genotype distribution and allele frequencies
of responders and non-responders for all subjects receiving mil-
nacipran or fluvoxamine. The proportion of responders was higher
in G/A subjects than in subjects of other genotypes, but it did not
reach a significant difference. There was no significant difference
in the allele frequencies between responders and non-responders.
The proportion of responders was non-significantly higher in G/A
subjects than in subjects of other genotypes, irrespective of which
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—&— G/G(n=25) —5—G/A(n=28) ~&— A/A(n=6)

20

104

Mean (+SD) score on MADRS

o

Time (weeks)

Figure 3 MADRS scores during 6 weeks of fluvoxamine treatment in
three BDNF G196A genotype groups®

o

Each point represents the mean score + SD. Differences in the MADRS
scores during this study were examined with the use of two-way
repeated-measures ANOVA with contrasts. Differences in the MADRS
scores at each evaluation point were examined with the use of one-way
factorial ANOVA followed by Fisher’s PLSD test.

Significant difference at each point between the G/A and G/G groups
(p=0.015 at week 2).

Significant difference between the G/A and A/A groups (p=0.024 at
week 6).

Significant genotype X time interaction among all three genotype
groups (F=2.83, df=8, p=0.0053).
Significant genotype X time interaction between the G/A an@A/A
groups (F=4.55, df=4, p=0.0015). -

o

o

a

®

groups (F=2.77, df=4, p=0.029).

antidepressants were administered (Table,
remitters and non-responders were com
significant difference in the genotype ¢
p=0.12 for the milnacipran treatme
the fluvoxamine treatment and
treatments) and genotype frequg;

, df=2, p=0.20 for
=2, p=0.12 for both
=2.53, df=1, p=0.52 for

the milnacipran treatment, x*=0.64, df=1, p=0.64 for the fluvox-
amine treatment and x*=4.26, df=1, p=0.63 for both treatments)
(data not shown).

The plasma concentrations of milnacipran or fluvoxamine were
not significantly different between responders and nonresponders,
as shown in our previous studies (Yoshida et al., 2002; Yoshida et
al., 2004).

This study of both milnacipran and fluvoxamine had a power
of 0.16 to detect a small effect, 0.88 to detect a medium effect and
0.99 to detect a large effect in the genotype distribution (n=134).
For the allele frequency analysis (#=268), this study had a power
of 0.37 to detect a small effect, 0.99 to detect a medium effect and
0.99 to detect a large effect. In the power analysis, effect size con-
ventions were determined. according to the method of Buchner et
al. (1996) as follows: ‘small effect size=0.10, medium effect
size=0.30 and large =0.50 (alpha=0.05).

Discussions

Its of this study are not well explained by the findings
by Egan et al. (2003). Their human study showed that the 4 allele
“was associated with poorer episodic memory, abnormal hippocam-
pal activation as determined by functional magnetic resonance
imaging (fMRI), and lower hippocampal n-acetyl aspartate levels
as assayed by MRI spectroscopy. According to their expression
study, high concentrations of KCl induced detectable release of G-
BDNF, whereas the activity-dependent release of A-BDNF was
severely reduced and sometimes not detectable. Thus, the presence
of the G allele is related to appropriate hippocampal function, neu-
ronal function and activity-dependent BDNF release. In considera-
tion of these findings, it is difficult to interpret the present results.

However, several aspects should be considered before trying to
interpret our study based on the findings by Egan et al. (2003).
First, the behavioural and mood abnormalities associated with
major depressive disorder appear to result from disturbances

Table 2 Genotype distribution and allele frequencies in responders and non-responders (mﬂnacipran/ﬂuvoxaﬁﬁne treatment)?

Genotype distribution®

Allele frequency®

6/6 G/A

A/A G A

Responder
Non-responder

29 (34.1%)
21 (42.9%)

43 (50.6%)
16 (32.6%)

13 (15.3%)
12 (24.5%)

101 (59.4%)
58 (59.2%)

69 (40.6%)
40 (40.8%)

* Analysis performed with the use of the x? test.

b No significant difference between responders and nonresponders (x?=1.32, df=2, p=0.12).
¢ No significant difference between responders and nonvesponders (x*=0.001, df=1, p=0.97).
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Table 3 Genotype distribution and allele frequencies in responders and non-

responders (milnacipran treatment)?

Genotype distribution®

Allele frequency*

6/6 G/A

A/A 6 A

Responder 13 (26.0%) 26 (52.0%) 11 (22.0%) 52 (52.0%) 48 (48.0%)
Non-responder 12 (40.0%) 10 (33.3%) 8 (26.7%) 34 (56.7%) 26 (43.3%)
* Analysis performed with the use of the y? test.

b No significant difference between responders and non-responders (x*=2.80, df=2, p=0.25).

¢ No significant difference between responders and non-responders (x?=0.030, df=1, p=0.57).

Table 4 Genotype distribution and allele frequencies in responders and non-

. A
responders (fluvoxamine trgatment)®

Genotype distribution®

llele frequency®

6/6 G/A

A/A A

Responder
Non-responder

16 (45.7%)
9 (47.4%)

17 (48.6%)
6 (31.6%)

49 (70.0%)
24 (63.2%)

2 (5.7%)% 21 (30.0%)

14 (36.8%)

* Analysis performed with the use of the ? test.

b No significant difference between responders and nonresponders (x?=3.45, ¢

1999; Czeh et al., 2001), although several lines of rese
support the notion that the hippocampus is also T}
region in the pathophysiology of major depress

quately. However, such information is extr
knowledge, there have been no repox:t{ i
using functional brain imaging, such ag’fV
tomography.

Only one cognitive study (Foltyni
the effect of the BDNF G196A. ST
planning ability in Parkinson’ “using the Tower of London
(TOL) task, a test of working meg (Robbins, 1996). The TOL
task is reported to increase relative reéfonal cerebral blood flow in
the dorsolateral prefrontal cortex, lateral premotor cortex, rostral
anterior cingulate cortex and dorsal caudate nucleus (Dagher et
al., 1999). Foltynie et al. (2005) revealed that the 4 allele of the
BDNF G196A polymorphism was associated with better perform-
ance at the TOL task. This result is inconsistent with the results by
Egan et al. (2003), who reported that the presence of the 4 allele
was associated with impaired function in the hippocampus. The
exact mechanism underlying this discrepancy is unclear. The
study by Foltynie et al. (2005) was performed in Parkinson’s
disease not in major depressive disorder. However, it is possible
that the functional effects of the BDNF G196A polymorphism
differ among areas of the brain in major depressive disorder, and

1., 2005) investigated

orp on performance of
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this regional difference in the temporolimbic-frontal-caudate
network and the hippocampus may contribute to the better antide-
pressant effect in patients with the G/4 genotype.

Additionally, some other studies indicated that subjects het-
erozygous for the BDNF G196A polymorphism have significant
differences in expression of dichotomous or quantitative pheno-
types than those homozygous for either allele. Momose et al.
(2002) reported that homozygosity of the BDNF G196A polymor-
phism was more frequent in patients with Parkinson’s disease.
This finding suggests that the G/4 genotype is less susceptible to
Parkinson’s disease than other genotypes. Tsai et al. (2003)
reported a trend to a higher percentage change of the total Hamil-
ton Depression Rating score for heterozygote patients in compari-
son to homozygote patients after fluoxetine treatment for 4 weeks.
Their results are consistent with those of the present study and
suggest that the G/4 genotype is related to a favourable antide-
pressant effect. Besides the possible regionally different effects of
the BDNF G196A polymorphism on brain function, another possi-
bility is that the polymorphism may be in linkage disequilibrium
with an as yet unidentified functional polymorphism with a molec-
ular heterotic effect (Comings and MacMurray, 2000).

One major limitation of this study is the relatively small
number of subjects, especially in the fluvoxamine arm. A second
limitation is the relatively small end point treatment differences.
These limitations may increase the possibility of a false positive
and make it difficult to conclude that the BDNF G196A polymor-
phism is the common genetic factor for prediction of the antide-
pressant effect of both milnacipran and fluvoxamine. Further
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studies with a larger number of subjects are needed not only to
confirm the results of this study but also to investigate the inter-
action of many genes, including the BDNF gene, on the mechan-
isms of antidepressant action.
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Abstract

Objective Paroxetine is believed to be a substrate of
CYP2D6. However, no information was available-indicating
drug interaction between .paroxetine and inhibitors of
CYP2D6, The aim of this study was to examine the effects
of terbinafine, a potent inhibitor of CYP2D6, on pharmaco-
kinetics of paroxetine.

Methods Two 6-day courses of either a daily 150-mg of

terbinafine or a placebo, with at least a 4-week washout
period, were conducted, Twelve volunteers took a single oral
20-mg dose of paroxetine on day 6 of both courses. Plasma
concentrations of paroxetine wére monitored up to 48 h after
dosing.

Results Compared with the placebo, terbinafine treatment
significantly increased the geak plasma concentration (Cpax)
of paroxetine, by 1.9-fold (6.4+2.4 versus 12.1£2.9 ng/
ml, p<0.001), and the area under the plasma concentration-
time curve from.zero to 48 h [AUC (0-48)] of paroxetine
by 2.5-fold (127%67 vs 318+102 ng/ml, p<0.001).
Elimination half-life differed significantly (15.3:2.4 vs

N. Yasui-Furukori (3<) « M. Saito * Y. Sato * 8, Tsuchimine
S. Kaneko ‘

Department of Neuropsychiatry, )

Hitosaki University School of Medicihe,

Hirosaki 036-8562, Japan '

e~mailt yasufuru@eo.hirosaki-w.ac.jp

Y. Inoue »
MP-Technopharma Corpofation,
Fukucka, Japan

T. Niioka
Depariment of Pharmacy, Hirosaki University Hospital,
Hirosaki, Japan ‘

22.7+8.8 h, p<0.05), although the magnitude of alteration
(1.4-fold) was smaller than Cp,.x or AUC,

Conclusion The present study demonstrated that the me-
tabolism of paroxetine after a single oral dose was inhibited
by terbinafine, suggesting that inhibition of CYP2D6
activity may lead to a change in the pharmacokinetics of
paroxetine. However, further study is required to confirm
this phenomenon at steady state.

Keywords Paroxetine - Terbinafine - CYP2D6 - Interaction

" Introduction

Paroxetine is one of the selective serotonin transporter

. inhibitors (SSRI) and is widely used in the treatment of

mental disorders, including depression, panic disorders, and
obsessive compulsive disorder [1; 2]. Paroxetine is almost

. completely absorbed following oral administration. However,

the drug undergoes extensive first pass metabolism [3, 4]. As
a result, less than 50% of a single dose of paroxetine reaches
the general circulation. Paroxetine is eliminated by metabo-
lism involving oxidation, demethylation, and conjugation [5].

An early i vivo study using healthy volunteers demon-
strated. a cosegregation between paroxetine and sparteine
metabolist, and that steady-state plasma concentration of
paroxetine in poor metabolizers (PM) was higher than
extensive metabolizers (EM) [6, 7]. Moreover, an in vitro
study deronstrated that quinidine and quinine, both of
which are potent inhibitors, inhibit paroxetine demethyla-
tion in human liver microsomes from EM, but did not
inhibit that from PM [8]. Based on-these findings, it is
evident that paroxetine is primarily metabolized by the
cytochrome CYP2D6. However, there are few in vivo data,

_@_ Springer
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indicating that paroxetine concentration is influenced by
CYP2D6 modulators despite the fact that numerous in vivo
and in vitro studies used paroxetine as a potent inhibitor of
CYP2D6 [9-12],

Terbinafine is an orally dctive allylamine antifungal
agent with a primarily fungicidal action in vitro [13, 14],
Clinical trials have demonstrated that orally administered
terbinafine is effective in the treatment of dermatophyte
infection of the skin [15]. Several in vitro studies
demonstrated that terbinafine has a potent inhibitory effect
on CYP2D6 activity [16-18]. Several in vivo studies
indicated that terbinafine inhibited dextromethorphan [19]
and desipramine [20], both of which are substrates of
CYP2D6, suggesting an inhibitory effect of terbinafine on
CYP2D6 in vivo, Moreover, several case reports demon-
strated two cases who suffered from desipramine toxicity
[21] and nortriptyline toxicity [22] induced by terbinafine,
Terbinafine increased CYP2D6-mediated amitriptyline and
nortriptyline concentration for at least 6 months [23],
suggesting terbinafine inhibited CYP2D6-mediated metab-
olism of these antidepressants, Therefore, it is more likely
that terbinafine affects the disposition of paroxetine. To our
knowledge, however, there is no information about drug—
drug interaction between ferbinafine and paroxetine. The
aim of this study was to confirm the effects of terbinafine
on the pharmacokinetics of paroxetine.

Methods
Subjects

" Twelve healthy Japanese volunteers (nine males, three
females) were enrolled in this study. Their mean+SD of
age (range) was 24.8+2.5 (20-35) years and mean body
weight was 58.3%8.5 (46-75) kg. The Ethics Committee
of Hirosaki University School of Medicine approved this
study protocol, and written informed consent had been
obtained from each participant before any examinations,

Study design

A randomized crossovér study -design was conducted at
intervals of 4 weeks. One capsule containing either 125 mg
of terbinafine or a matched placebo with 240 ml of tap
water was given once daily at 0800 hours for 6 days.
Compliance of thetest drug was confirmed by pill-count,
- No other medications were taken during the study periods.
No meal was allowed until 4 h after dosing (1300 hours).
The use of alcohol, tea, coffee and cola was forbidden
during the test days.

@ Springer
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Sample collections

Blood samplings (10 ml each) for determination of
paroxetine were taken into heparinized tubes just before
and 1, 2,3, 4, 5, 6,8, 10, 12, 24, 36 and 48 h after the
administration of paroxetine, Plasma was separated imme-
diately and kept at =30°C until analysis. At the same time
as the blood samplings, blood pressure and heart rate were
measured Any adverse events were reported by each

‘subject.

Assay

Plasma concentrations of paroxetine were measured using a
high-performance liquid chromatography method devel
aped in our laboratory, In brief, extraction procedure was as
follows: to 2,000 pl of plasma sample was added 500 pl of
0.5 M NaOH, 100 ul of internal standard solution
(trifluperidol 200 pg/ml) and 100 pl of methanol, There-
after, the tubes were vortex-mixed for 10 g and Sum! of n-

heptane~chloroform (70:30, v/v) was added as extraction

solvent, After 10 min of shaking, tHe mixture was
centrifuged at 2,500 g for 10.min at 4°C, and the orgaric

_phase was evaporated in vacuo at 40°C to dryness

(TAITEC VC-960, Shimadzu, Kyoto, Japan), The residue
was dissolved in 500 pl of mobile phase, then 400 pl were
injected onto the HPLC system. The HPLC system
consisted of Shitmadzu LC-10AT high-pressure pumps, a
Shimadzu CTO-10AVP column oven and a Shimadzu Work:
station CLASS-VP chromatography integrator (Kyoto,
Japan), a Shimadzu SPD-10AVP (Kyoto, Japan) and a
Shimadzu SIL-10ADVP (500-p! injection volume) (Tokyo,
Japan) and a column (STR-ODS II C18 150%4.6, 3 um)
(Tokyo, Japan), The mobile phase was phosphate buffer
(0.02 M, pH=4.6), acetonitrile and-perchloric acid (60%)
(57.25: 42,5: 0.25, v/v/v). The lowest limit of detection and
quantification were 0.5 arid 1,0 ng/ml, respectively, and the
values of the intra-assay and inter-assay coefficient of
variation were less than 10 % at'all the concentrations (1.0~
150 ng/ml) of calibration curves for paroxetine. ’

CYP2D6 genotypes

For the determination of CYP2D6 genotype, DNA was
isolated from peripheral leukocytes by a guanidium
isothiocyanate method. Genotypings of CYP2D6 were
performed using: AmpliChip CYP450 Test DNA chip
(Roche Diagnostics). The AmpliChip CYP450 Test pro-
vides materials for genotyping two cytochrome genes,
encompassing 31 known mutations in the CYP2D6 gene,
including duplication and gene deletion (CYP2D6*2, *3,

k4 %5 %6 KT ¥R kG ¥T0AB, *11, %144, *15, *17, ¥15,

*20 *25, %26, %29, *30, *31, *35 *36, *¥40, *41, *lXN
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XN, *4XN, *10XN, *I7XN, *5XN, *41XN). The alleles
without activity were *3, *4, *5, *6, *7, *8, *11, *14A,
#15, *19, %20, *40, The alleles which lead to the decreased
enzyme activity were CYP2D6*9, *10, *17, *29, *36, *41.

Date analyses of pharmacokinetics

The peak concentration (Cpgy) and concentration peak time
(tmax) Were obtained directly from the original data. The
area under the plasma concentration-time curve [AUC (0-
48)] was calculated with use of the lin-lin trapezoidal rule.
AUC from zero to infinity [AUC(0—0)] and elimination
half-life were determined by non-compartment model with
WinNonlin Professional software (Pharsight, Cary, N.C,,

USA). The terminal elimination rate constant (ko) was
determined by log-linear regression of the final data points
(4). The apparent elimination half-life of the log-linear
phase (t;2) was calculated as follows: 0.693/k..

Statistical analysis .

Data are shown as means+SD in tables and figures. Paired
t-test was used for the comparison of the plasma drug
concentrations between two phases, i.e., placebo and
terbinafine. The comparison of ty.,was performed using
the Wilcoxon signed-sample test. A pvalue of 0.05 or less
was regarded as significant. Geometric mean ratios to
corresponding values in placebo phase with 95% confi-
dence intervals were used for detection of significant
differences. When the 95% confidence interval did not
cross 1.0, the result was also regarded as significant. When
the calculated 90% confidence intervals with logarithmic
transformation of pharmacokinetic data (Cpayx, AUC(0-48)
and total AUC) fell within, on average, 80-125% for the
ratio of the paroxetine plus terbinafine to paroxetine only,
we regarded the paroxetine plus terbinafine as bioequiva-
lent to paroxetine only. SPSS 13.0] for Windows (SPSS
Japan, Tokyo) was used for these statistical analyses.

Results

The subjects had the following CYP2D6 genotypes: wi/wt
(4 subjects), *10/wt (6), *10/#10 (1) and *5/*10 (1),
respectively. No subjects regarded as poor metabolizers
were included, These patients were divided into three
groups according to the mumber of mutated alleles: no
mutated allele in 4, one mutated allele in 6 and two mutated
alleles in 2 subjects.

Appetite loss (n=4, n=6), abdominal disturbance (n=4,
n=7), diarthea (n=1, n=1), asthenia (n=5, n=7) and
sleepiness (n=3, n=4) were observed in control and
terbinafine. phases, respectively. All of these side. effects

were mild to moderate and recovered at longest within
2 days after paroxetine doses.

Plasma drug concentration-time curves during both
placebo and terbinafine treatments are shown in Fig. 1.
Their pharmacokinetic parameters are summarized in
Table 1, and individual data are. shown in Table 2. There
were three subjects whose plasma concentrations of
paroxetine 48 h after paroxetine dosing in control phase
were under the detectable quantification (1.0 ng/ml).
Although we were not able to calculate accurate averages
in 12 subjects, we calculated the average at 48 h in Fig. 1,
using the half of limit of quantification (0.5 ng/ml) in the
three subjects. Bxtrapolated AUC of paroxetine was 9.3%
for control and 24.9% for terbinafine, respectively.

The Cpax of paroxetine during terbinafine treatment was
higher than the corresponding value during placebo by
1.87-fold [95% confidence interval (95% CI), 1.49, 2.57-
fold]. The AUC (0-48) of paroxetine during trebinafine
treatment was higher than placebo by 2.53-fold (1.85, 4.58-
fold). The total AUC of paroxetine during trebinafine
treatment was higher than placebo by 2.88-fold (1.99, 5.41-
fold). Elimination ty;, of paroxetine during trebinafine was
significantly longer than that during placebo [1.35-fold
(1.14, 1.70-fold)]. No change was found in fmax [1.14-fold
(0.99, 1.36-fold)].

Bioequivalence analyses showed that 90% confidence
interval of log-transformed Cpax, AUC (0-43) and total
AUC between two treatments were 130-148%, 116-127
and 118-128%, respectively.

There was significant correlation between number of
mutated alleles for CYP2D6 and Cmax (75=0.772, p <0.01),
AUC(0-48) (s=0.724, p<0.05) and total AUC (#=0.724,
p<0.05). Significant correlations were found between

141
12 -

10 7

Plasma concentration (ng/mi)

Time (hours)
Fig. 1 Mean plasma concentration-time curves of paroxetine after a
single oral 20'mg dose of paroxetine. Open circles indicate control and
solid circles indicate terbinafine. Brror bars indicate standard emor
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Table 1 Effects of terbinafinee treatment on paroxetine pha.rmacokxv
netic parameters after a single oral 20-mg dose of paroxetine m12
healthy volunteers

Ratio to control

Parameters Control Terbinafine
Crax(ng/ml) 6.5+2.4 12.12,9%%+ 192 (1.71, 2.22)
tmax(B) 5.0 (4.0~ 6.0 (5.0-8.0) .
10.0) ’
AUC (0-48) 12767 3181 02%* 2.64 (2.07, 3,64)
(ng.h/ml) :
AUC (0~0) 15078 44341 72%%% 3.03 (2.46, 4.08)
(ng.h/ml)
VAarF () 3,599+ 1,577&:528%%* 0,47 (0.36, 0.76)
1,515 S
CL/F (I/n) 16776 5844 %%* 0.35 (0.25, 064)
Elirnination 15.3%2.3 22.748.8% 1,39 (1,13, 1.86)

half-life (h)

Data are shown as meantSD for pharmacokinetic parameters and
geometric mean

(95% confidence interval) for ratio to control

Data for tmax are shown as median and range

Crax, peak concentration; tug, time to peak concentration in plasma; -
AUC (0-48), are under-plasma concentration-time curve from 0 to
48 h; AUC (0—), AUC from 0 to infinity; Vd/F, appalent volume. of
distribution; CL/F, apparent total clearance

*p<0.05, *¥**¥p<(,001

number of mutated alleles for CYP2D6 and ratio of
terbinafine phase to placebo for Cmax. (r,=—0.628,
2<0.05), AUC(0-48) and (»;s=—0.774, p<0.01), but not
total AUC (r;=—0.477, ns), Elimination half-life was
not correlated with number of mutated alleles for CYP2D6
(rs=0.211, ns).

There was no relationship between total AUC and the
observed side effects aftet single dose of paroxetine, No
difference was found in different sequence (placeco—-
terbinafine versus terbinafine-placebo).

Table 2 Characteristics of healthy subjects and their individual data

Discussion

The results of this study showed a significant increase in
plasma concentration of paroxetine (Cpyey and AUC) during
terbinafine treatment, Additionally, the paroxetine pharma-
cokinetics were not regarded as bioequivalent according to
EMEA and FDA guidance. These findings imply that
terbinafine increases the bioavailability of paroxetine or
inhibits the metabolism of paroxetine. Our result was in
accordance with the previous studies of dextrometrophan
[19] and desipramine [20], Paroxetine is almost completely
absorbed following oral administration, However, because
paroXetine undergoes extensive first pass metabolism, less
than 50% of a single dose of paroxetine reaches the general
circulation, suggesting that the first pass effect of parox-
etine is more than 50% [4]. Therefore, terbinafirie might
inhibit the first pass effect of paroxetine in this study.

Furthermore, prolongation of elimination of half life was
observed during terbinafine coadministration, This suggests
that terbinafine inhibits metabolism of paroxetine. Previous
studies confirmed the decrease in their metabolites, 2-
hydroxydesipramine [20] and dextrophan [19], during
terbinafine as well as the increase in the substrates of
CYP2D6, suggesting that terbinafine inhibits biotransfor-
mation from despramine to 2-hyd1oxydesmra1mne and from
dextrometrophan to dextrophan, Unfortunately, we were
unable to measure the metabolites of paroxetine because of
undetectable levels in both phases.

Numbers of mutated alleles for CYP2D6 correlated well
with Cmax and AUC, but not with elimination half-life in
this study. This finding suggests that CYP2D6 activity is
associated with the first pass effect of paroxetine, Further-
more, we found a significant relationship between CYP2D6
genotype and the magnitude of this interaction, In subjects
having lower CYP2D6 activity, the inhibitory effect of

* AUC (0-0) (ag i)

No. Age Gender Weight CYP2D6 Crnax(ng/ml) Ehmmatlon half-life (h)
Control Terbinafine Control Terbinafine Contwl Terbmaﬁne

1 29 Male 75 *1/%10 47 109 88 448 16.2 38_.4

2 25 Male 63 L *2/%10 6.2 142 123 547 T 124 29.6

3 21 Male 64 *1/%1 32 6.8 66 99 117 8.8

4 21 Female 47 *1/%2 43 1.6 72 419 17.0 - 15.8

5 26 Female 49 C*2/%5 6.4 10.2. 129 350 13.8 16.6

6 25 Male 57 C¥1/] 4.8 10.2 78 350 133 16.6

7 20 Male 52 *5/%10 12:3 16.2 304 830 16.1 305

8 24 Female 46 *10/%10 9.3 16.9 286 574 16.2 229

9 22 Male 54 *1/¥10 6.4 10.9 166 406 156 18.5

10 24 Male 62 *2/%10 6.9 9.9 141 409 14.1 33.0

11 25 Male 64 *1/%] 6.3 14.9 161 385 189 - 157

12 35 Male 66 *1/%10 6.9 124 185 510 19.0

25.9

Cruaxs -peak concentration; AUC (0—e0), AUC from 0 to infinity;
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terbinafine is expected to have been smaller. This confirms
that these interactions resulted from CYP2D6 inhibition.

An earlier in vivo study demonstrated that the interphe-
notype difference in metabolism was less promiinent at
steady state than after a single dose [7]. There is ongoing
controversy as to whether or not the steady-state plasma
concentration of paroxetine is different between CYP2D6
" genotypes. A recent study indicated no. relationship be-
tween CYP2D6 genotypes and steady-state plasma concen-
tration of paroxetine [24], although there were significant
differences between the CYP2D6 genotypes [25, 26].
Therefore, the magnitude of our interaction might be.
reduced after repeated doses. Thus, further studies are
required to confirm our finding even at steady state.

Severely depressed patients tend to suffer from derma-
tophytosis in skin, hair and nails due to the difficulty in
self-care. On the other hand, systemic fungal infections
remain a major clinical problem in immunocompromised
patients and such patients tend to have negative thinking
[27]. From a clinical point of view, it is more likely that
terbinafine is added to depressed patients treated with
paroxetine. Thus, interaction between pdroxetine and
terbinafine should be kept in mind by physicians. Although
there is no information about drug interaction between
repeated doses of these drugs, dosage of paroxetine should
be adjusted based on our result showing the increased
exposure of paroxetine during terbinafine.

Limitations of this study included sampling time and
washout period. We had a 4-week washout period in this
study. Extrapolated AUC of paroxetine was 9.3% for control
and 24.9% for terbinafine, If we took blood samples for a
longer period (e.g., 72 h), more accurate. parameters of
paroxetine might have been calculated. In addition, a case
report suggested that the effect of terbinafine on CYP2D6-
mediated amitriptyline and nortriptyline concentration con-
tirrues for at least 6 months [23]. Madani et al, [20] suggest
that the inhibitory effect of terbinafine on CYP2D6 measured
by desipramine contihues for 4 weeks, while Abdel-Rahman
et al. [19] suggest that CYP2D6 inhibition of terbinafine
measured by dextrometrophan metabolic ratios in most
subjects return to baseline at 4 weeks after discontinuation
of terbinafine. Although half dose (125 mg) and shorter
duration (7 days) than previous studies by Madani et al.
(250 mg for 21 days) and Abdel-Raliman et al. (250 mg for
14 days) were used in our study and no difference was found
~in differént sequences (placeco-terbinafine versus tetbina-
fine—placebo), the inhibitory effect of terbinafine on
CYP2D6 might remain until the control phase.

In conclusion, the present study showed that tetbinafine
increased paroxetine exposure, probably because of an
increase in bioavailability through CYP2D6 inhibition. A
change in regulation of CYP2D6 ‘may lead to significant
alteration of paroxeting pharmacokinetics,
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