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Objective Genetic polymorphisms of the noradrenergic pathway can be factors to predict the effect of antidepressants
when their pharmacological mechanisms of action include the noradrenergic system. The purpose of the present study was to
determine whether the tyrosine hydroxylase (TH) val81met and catechol-O-methyltransferase (COMT) val158met poly-
morphisms are associated with the antidepressant effect of milnacipran, a serotonin/noradrenaline reuptake inhibitor.
Method Eighty-one Japanese patients with major depressive disorder were treated with milnacipran for 6 weeks. Severity
of depression was assessed with the Montgomery and Åsberg Depression Rating Scale (MADRS). Assessments were carried
out at baseline and at 1, 2, 4 and 6 weeks of treatment. The method of polymerase chain reaction was used to determine allelic
variants.
Results The met/met genotype of the COMT val158met polymorphism was associated with a significantly faster
therapeutic effect of milnacipran in the MADRS score during this study. No influence of the TH val81met polymorphism
on the antidepressant effect of milnacipran was detected.
Conclusion These results suggest that the COMT val158met polymorphism in part determines the antidepressant effect of
milnacipran. Copyright # 2007 John Wiley & Sons, Ltd.

key words—catechol-O-methyltransferase; major depressive disorder; milnacipran; polymorphism; tyrosine hydroxylase

INTRODUCTION

Individual genetic differences of monoaminergic
pathways can have an impact on the effect of
antidepressant agents, though the exact mechanism
of their action is still unclear. Several lines of evidence

have suggested the relationship between genetic
polymorphisms of the serotonergic pathway, especi-
ally those of the 5-hydroxytriptamine transporter
(5-HTT), and the antidepressant effect of selective
serotonin reuptake inhibitors (SSRIs) (Binder and
Holsboer, 2006).
Genetic polymorphisms of the noradrenergic path-

way as well as serotonergic pathway could also affect
the effect of antidepressants, especially when their
pharmacological mechanisms of action include the
noradrenergic system. Tyrosine hydroxylase (TH) is
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the initial and rate-limiting enzyme in the biosynthesis
of catecholamine neurotransmitters including nor-
adrenaline. The TH val81met polymorphism in exon
2 (Ludecke and Bartholome, 1995) is located in the
amino-terminal regulatory domain of the tetrameric
enzyme. The regulatory region is reported to have
an inhibiting effect on the enzymatic function (Kumer
and Vrana, 1996). Catechol-O-methyltransferase
(COMT) is an important enzyme involved in deg-
radation of catecholamine neurotransmitters including
noradrenaline. The COMT val158met polymorphism
located in exon 4 (Lotta et al., 1995) was reported to
be associated with variation in COMTenzyme activity
(Lachman et al., 1996).
No pharmacogenetic study addressed the relation-

ship between the TH val81met polymorphism and
antidepressant response. Only two studies investiga-
ted the relationship between the COMT val158met
polymorphism and antidepressant response to SSRIs
and mirtazapine. One reported its no overall effect on
the antidepressant response to SSRIs (Arias et al.,
2006), and the other reported its significant effect on
the antidepressant response to mirtazapine but not
paroxetine (Szegedi et al., 2005).
So far, there has been no study investigating the

relationship between the TH val81met polymorphism,
the COMT val158met polymorphism and the
antidepressant response to serotonin noradrenaline
reuptake inhibitors (SNRIs), although noradrenergic
genetic factors could be one of the most plausible
candidates for pharmacogenetic analysis of SNRIs.
The class of SNRIs now comprises of three medi-
cations: venlafaxine, duloxetine and milnacipran.
Among SNRIs, venlafaxine has a high affinity for
the 5-HTT but not the noradrenaline transporter.
Duloxetine has a more balanced affinity but is still
more selective for the 5-HTT. Milnacipran is the most
balanced and may even be slightly more noradrenergic
than serotonergic (Stahl et al., 2005). Thus, the authors
investigated whether the above two noradrenergic
polymorphisms affect the antidepressant effect of
milnacipran.

SUBJECTS AND METHODS

Subjects

For the present study, one subject treated with
milnacipran was added to those in our previous study
(Yoshida et al., 2007). Detailed inclusion criteria have
been described previously (Yoshida et al., 2007). In
brief, the subjects were Japanese patients who fulfilled
DSM-IV criteria for a diagnosis of major depressive
disorder and whose scores on the Montgomery Åsberg
Depression Rating Scale (MADRS) (Montgomery and
Åsberg, 1979) were 21 or higher. Patients with other
axis I and II disorders determined by clinical interview
and those with severe nonpsychiatric medical dis-
orders were excluded. The patients were 25–69 years
of age (mean age ("SD)# 51.1" 12.3) and had
been free of psychotropic drugs at least 14 days before
entry 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
and Nagoya University Graduate School of Medicine.
The clinical characteristics of the patients are shown in
Table 1. There was no significant difference between
responders and nonresponders in regard to sex, age,
number of previous episodes and presence of
melancholia.

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 0.25 or 0.5mg of brotizolam, a
benzodiazepine sedative hypnotic, at bedtime. No
other psychotropic drugs were permitted during the
study. Of 98 enrolled patients, 10 did not complete the
study: five patients because of side effects, one patient
because of severe insomnia and four patients without
explanation. Of the 88 patients who completed the
6-week study, seven patients were excluded from the

Table 1. Clinical characteristics of the patients (responders and nonresponders)

Responders (n# 51) Nonresponders (n# 30) p

Sex (male/female) 20/31 9/21 x2# 0.70 0.40a

Age (year) ("SD) 50.7" 12.4 51.8" 12.2 t#$0.41 0.68b

No. of previous episodes ("SD) 0.47" 1.3 0.23" 0.6 t# 0.97 0.34b

Melancholia (!/$) 16/35 9/21 x2# 0.017 0.90a

aAnalysis performed with the use of the x2 test.
bAnalysis performed with the use of the unpaired t-test.
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current analysis because plasma samples revealed
very low milnacipran concentrations, indicative of
poor compliance. Patients who completed the study
included 52 women and 29 men, 50 outpatients and
31 inpatients.

Data collection

Depression symptom severity was assessed with the
use of the MADRS. Assessments were conducted at
baseline and at 1, 2, 4 and 6 weeks after initiation of
antidepressant treatment. A single rater conducted
each of the ratings for each patient. A clinical response
was defined as a 50% or greater decrease in the
baseline MADRS score. Clinical remission was
defined as a final MADRS score less than 10 (Hawley
et al., 2002). Collection of blood samples was
performed 12 h after drug administration at bedtime,
4 weeks after initiation of antidepressant treatment.

Genotyping

The TH val81met polymorphism was determined by
the method of Sharma et al. (1998). The COMT
val158met polymorphism was determined by the
method of Lachman et al. (1996).

Quantification of plasma milnacipran
concentration

Plasma concentrations of milnacipran were measur-
ed with high performance liquid chromatography
(HPLC). Details of the method have been described
previously (Higuchi et al., 2003). Genotyping and
measurement of plasma concentrations were per-
formed 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 milnacipran concentrations of
each patient.

Statistical analysis

Differences in patient characteristics were analysed
with the use of the unpaired t-test or Chi-square test
where appropriate. Differences in the MADRS scores
during this study were examined with the use of
two-way repeated-measures analysis of variance
(ANOVA), with genotype and time as factors. Add-
itional repeated-measures analysis of covariance
(ANCOVA) was performed if necessary. When
significant interaction between factors was observed,
contrasts were used to enable comparisons between

each two of the three genotype groups. Differences in
the MADRS scores at each evaluation point were
examined with the one-way factorial ANOVA fol-
lowed by the Fisher’s PLSD test. Genotype deviation
from the Hardy–Weinberg equilibrium was evaluated
by the Chi-square test. Genotype distribution and
allele frequencies were analysed with the use of the
Chi-square test. Plasma concentrations of milnacipran
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
who were or were not responsive to milnacipran.
Statistical analysis was performed using StatView
version 5.0 (SAS Institute, Inc., Cary, NC) and
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

TH val81met polymorphism

The observed genotype frequencies of the TH val81met
polymorphism were within the distribution expected
according to the Hardy–Weinberg equilibrium. Figure 1
shows the MADRS scores over time in relation to
the TH val81met polymorphism. Two-way repeated-
measures ANOVA including all three genotype groups
indicated no significant genotype& time interaction
(F# 0.99, df# 8, p# 0.44). Plasma concentrations of
milnacipran were not significantly different among each
genotype group (val/val: 96.1" 32.6 ("SD), val/met:
86.2" 30.4, met/met: 92.2" 47.9, F# 0.35, df# 2,
p# 0.71). No significant differences in the genotype

Figure 1. MADRS scores during 6 weeks of the treatment in three
TH val81met genotype groups. (Each point represents the mean
score" SD. Differences in the MADRS scores during this study
were examined with the use of repeated-measures ANOVA.) aThere
was no significant genotype& time interaction among all three
genotype groups (F# 0.99, df# 8, p# 0.44)
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distribution (x2# 4.25, df# 2, p# 0.12) and allele
frequencies (x2# 3.03, df# 1, p# 0.08) were noted
between responders and nonresponders. When remit-
ters and nonremitters were compared, there was also
no significant difference in the genotype distribution
(x2# 1.72, df# 2, p# 0.42) and allele frequencies
(x2# 0.45, df# 1, p# 0.50) (Table 2).

COMT val158met polymorphism

The observed genotype frequencies of the COMT
val158met polymorphism were within the distribution
expected according to the Hardy–Weinberg equi-
librium. Figure 2 shows the MADRS scores over time
in relation to the COMT val158met polymorphism.
Two-way repeated-measures ANOVA including all
three genotype groups indicated a significant geno-
type& time interaction (F# 2.00, df# 8, p# 0.046).
Contrast analysis indicated a significant genoty-
pe& time interaction between the val/met and met/
met genotype groups (F# 3.31, df# 4, p# 0.011).
The MADRS score of the val/met genotype group was
significantly lower than that of the met/met genotype
group at the 0week (p# 0.0098). Contrast analysis
indicated a significant genotype& time interaction
between the val/val and met/met groups (F# 3.19,
df# 4, p# 0.011). The MADRS score of the val/val
genotype group was significantly lower than that of the
met/met group at the 0week (p# 0.013). Contrast
analysis indicated no significant genotype& time
interaction between the val/val and val/met genotype
groups (F# 0.49, df# 4, p# 0.74). There was no
significant difference in the MADRS score at any
evaluation point between the val/val and val/met
genotype groups. To determine whether the initial
difference of the MADRS scores affect the subsequent
scores, a repeated measures ANCOVAwas performed
with the initial MADRS score as a covariate. This

analysis revealed no significant time& the initial
MADRS score interaction (F# 0.46, df# 3, p# 0.71),
indicating that the initial MADRS score was not a
significant covariate.

To determine which aspects of depressive symp-
toms contributed to overall differences over time of
the MADRS scores, the results of factor analyses of
depression symptomatology using MADRS (Parker
et al., 2003; Suzuki et al., 2005) were applied to the
present results. Suzuki et al. (2005) identified three
factors labelled dysphoria, retardation and vegetative
symptoms. Figure 3 shows the dysphoria scores over
time in relation to the COMT val158met polymorph-

Table 2. Genotype distribution and allele frequencies in responders/nonresponders and remitters/nonremitters in the TH val81met
polymorphisma

Genotype distributionb,c Allele frequencyd,e

val/val val/met met/met val met

Responder 7 (13.7%) 27 (52.9%) 17 (33.3%) 41 (40.2%) 61 (59.8%)
Nonresponder 3 (10.0%) 10 (33.3%) 17 (56.7%) 16 (26.7%) 44 (73.3%)
Remitter 5 (11.4%) 23 (52.3%) 16 (36.3%) 33 (37.5%) 55 (62.5%)
Nonremitter 5 (13.5%) 14 (37.8%) 18 (48.7%) 24 (32.4%) 50 (67.6%)

aAnalysis performed with the use of the x2 test.
bNo significant difference between responders and nonresponders (x2# 4.25, df# 2, p# 0.12).
cNo significant difference between remitters and nonremitters (x2# 1.72, df# 2, p# 0.42).
dNo significant difference between responders and nonresponders (x2# 3.03, df# 1, p# 0.08).
eNo significant difference between remitters and nonremitters (x2# 0.45, df# 1, p# 0.50).

Figure 2. MADRS scores during 6 weeks of the treatment in three
COMT val158met genotype groups. (Each point represents the
mean score"SD. Differences in the MADRS scores during this
study were examined with the use of repeated-measures ANOVA.
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.) aSignificant genotype& time interaction among
all three genotype groups (F# 2.00, df# 8, p# 0.046). bSignificant
genotype& time interaction between the val/met and met/met
groups (F# 3.31, df# 4, p# 0.011). cSignificant difference at the
0week between the val/met and met/met groups (p# 0.0098).
dSignificant genotype& time interaction between the val/val and
met/met groups (F# 3.19, df# 4, p# 0.011). eSignificant difference
at the 0week between the val/val and met/met groups (p# 0.013)
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ism. Two-way repeated-measures ANOVA for the
dysphoria scores including all three genotype groups
indicated a significant genotype& time interaction
(F# 2.68, df# 8, p# 0.0074). As in the case of
overall results, contrast analysis indicated a significant
genotype& time interaction between the val/met and
met/met genotype groups (F# 4.43, df# 4, p#
0.0017), and between the val/val and met/met
genotype groups (F# 3.23, df# 4, p# 0.013). Con-
trast analysis indicated no significant genotype& time
interaction between the val/val and val/met genotype
groups (F# 1.10, df# 4, p# 0.36). Two-way repea-

ted-measures ANOVA for the scores of retardation and
vegetative symptoms did not indicate significant
genotype& time interactions (data not shown). Parker
et al. (2003) identified three factors labelled dysphoric
apathy/retardation, psychic anxiety and vegetative
symptoms. Two-way repeated-measures ANOVA for
the scores of psychic anxiety including all three
genotype groups indicated a significant genotype&
time interaction (F# 3.24, df# 8, p# 0.0015). As
in the case of overall results and those based on
the factor analyses by Suzuki et al. (2005), contrast
analysis indicated a significant genotype& time inter-
action between the val/met and met/met genotype
groups (F# 5.97, df# 4, p# 0.0001), and between the
val/val and met/met genotype groups (F# 4.47,
df# 4, p# 0.016). Contrast analysis indicated no
significant genotype& time interaction between the
val/val and val/met genotype groups (F# 0.63, df# 4,
p# 0.64). Two-way repeated-measures ANOVA for
the scores of dysphoric apathy/retardation and vege-
tative symptoms did not indicate significant genoty-
pe& time interactions (data not shown).
Plasma concentrations of milnacipran were not

significantly different among each genotype group
(val/val: 82.7" 21.6 ("SD), val/met: 94.7" 44.9,
met/met: 81.1" 34.7, F# 0.97, df# 2, p# 0.38). No
significant differences in the genotype distribution
(x2# 1.79, df# 2, p# 0.41) and allele frequencies
(x2# 0.81, df# 1, p# 0.37) were noted between
responders and nonresponders. When remitters and
nonremitters were compared, there was also no
significant difference in the genotype distribution
(x2# 0.93, df# 2, p# 0.63) and allele frequencies
(x2# 0.16, df# 1, p# 0.69) (Table 3).

Power

This study had a power of 0.12 to detect a small effect,
0.67 to detect a medium effect and 0.99 to detect a

Figure 3. MADRS dysphoria scores during 6 weeks of the treat-
ment in three COMT val158met genotype groups. (Each point
represents the mean score" SD. Differences in the MADRS dys-
phoria scores during this study were examined with the use of
repeated-measures ANOVA. Differences in the MADRS dysphoria
scores at each evaluation point were examined with the use of
one-way factorial ANOVA followed by Fisher’s PLSD test.) aSigni-
ficant genotype& time interaction among all three genotype groups
(F# 2.68, df# 8, p# 0.0074). bSignificant genotype& time inter-
action between the val/met and met/met groups (F# 4.43, df# 4,
p# 0.0017). cSignificant difference at the 0week between the val/
met and met/met groups (p# 0.016). dSignificant genotype& time
interaction between the val/val and met/met groups (F# 3.23,
df# 4, p# 0.013). eSignificant difference at the 0week between
the val/val and met/met groups (p# 0.049)

Table 3. Genotype distribution and allele frequencies in responders/nonresponders and remitters/nonremitters in the COMT val158met
polymorphisma

Genotype distributionb,c Allele frequencyd,e

val/val val/met met/met val met

Responder 14 (27.5%) 31 (60.8%) 6 (11.8%) 59 (57.8%) 43 (42.2%)
Nonresponder 10 (33.3%) 19 (63.3%) 1 (3.3%) 39 (65.0%) 21 (35.0%)
Remitter 13 (29.5%) 26 (59.1%) 5 (11.4%) 52 (59.1%) 36 (40.9%)
Nonremitter 11 (29.7%) 24 (64.9%) 2 (5.4%) 46 (62.2%) 28 (37.8%)

aAnalysis performed with the use of the x2 test.
bNo significant difference between responders and nonresponders (x2# 1.79, df# 2, p# 0.41).
cNo significant difference between remitters and nonremitters (x2# 0.93, df# 2, p# 0.63).
dNo significant difference between responders and nonresponders (x2# 0.81, df# 1, p# 0.37).
eNo significant difference between remitters and nonremitters (x2# 0.16, df# 1, p# 0.69).
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large effect in the genotype distribution (n# 81). For
the allele frequency analysis (n# 162), this study had
a power of 0.25 to detect a small effect, 0.97 to detect a
medium effect and 0.99 to detect a large effect. In the
power analysis, effect size conventions were deter-
mined according to the method of Buchner et al.
(1996) as follows: small effect size# 0.10, medium
effect size# 0.30 and large effect size# 0.50 (alpha#
0.05).

DISCUSSION

The present study revealed that the COMT val158met
polymorphism affected the antidepressant effect of
milnacipran. The met/met genotype of this poly-
morphism was associated with a significantly faster
therapeutic effect in the MADRS scores during this
study, although the difference in final therapeutic
response was not significant between the met/met and
other genotype groups.
Lachman et al. (1996) reported that individuals with

the met/met genotype of the COMT val158met
polymorphism had a threefold to fourfold reduction
in enzymatic activity compared with those with
the val/val genotype, and heterozygous individuals
had intermediate enzymatic activity between that of
homozygous individuals. However, the impact of the
COMT val158met polymorphism on the metabolism
of catecholamines appears to be minimal in usual
physiological condition, even though it is a functional
polymorphism. The high-affinity neuronal reuptake is
an efficient elimination system for the released
catecholamines, being responsible for most of their
elimination both in the peripheral tissues and the brain
(Mannisto and Kaakkola, 1999).
When exogenous levodopa, a dopamine precursor,

is administered, the situation is dramatically altered
for dopamine. During the combination therapy of
levodopa and dopa decarboxylase inhibitor, the
majority of surplus levodopa is preferably metabolised
by COMT (Mannisto and Kaakkola, 1999). Individual
differences of COMT activity become important
for the pharmacological effect of levodopa in this
situation.
The similar situation can occur to noradrenaline

when its synaptic concentration is pharmacologically
increased by the reuptake inhibition induced by
milnacipran, though it has not been investigated yet.
As the individuals with the met/met genotype of the
COMT val158met polymorphism have a lower
enzymatic activity, the synaptic concentration of
norepinephrine may remain higher in patients with

the met/met genotype than those with other genotypes.
One possibility to explain the present result is that
prolonged higher synaptic concentration of norepi-
nephrine potentiates its neurotransmission particularly
in patients with the met/met genotype, resulting in a
faster antidepressant effect.

The present result about the COMT val158met
polymorphism is not consistent with that of a previous
study using an antidepressant mirtazapine (Szegedi
et al., 2005). Szegedi et al. (2005) reported that
carriers of the val/val and val/met genotype had
significantly greater antidepressant effect than those of
the met/met genotype. The initial pharmacological
action of milnacipran and mirtazapine is not identical:
that of the former is blockade of noradrenaline
transporters, and that of the latter is blockade of
a2-adrenergic autoreceptors. However, the discre-
pancy of the present results and those of Szegedi et al.
(2005) cannot be explained by the difference of the
initial pharmacological action of milnacipran and
mirtazapine, because both drugs commonly result in
enhanced noradrenergic transmission. Detailed mech-
anisms underlying the discrepancy of the present
results and those of Szegedi et al. (2005) remain
unclear.

Additional analyses based on the results of factor
analyses of depression symptomatology revealed that
the factor of dysphoria (Suzuki et al., 2005) and
psychic anxiety (Parker et al., 2003) contributed to
overall differences over time of the MADRS scores
among each COMT val158met genotype group. The
factor of dysphoria identified by Suzuki et al. (2005)
and that of psychic anxiety identified by Parker et al.
(2003) shares the symptoms of pessimistic and sui-
cidal thoughts. Although serotonergic dysfunction in
brain has been reported to be responsible for these
symptoms (Carroll, 1994), this conclusion is not
adequately justified by current evidence. For example,
Poelinger and Haber (1989) found anxiety ratings
decreased morewith maprotiline (noradrenaline selec-
tive agent) than with fluoxetine (serotonin selective
agent). Akkaya et al. (2006) reported that response
rate for anxiety of reboxetine (noradrenaline selec-
tive agent) group was significantly higher than ven-
lafaxine groups in the middle of treatment in patients
with anxious depression, though the final respon-
se rate for anxiety was not significantly different.
These findings and the present results suggest that
the noradrenergic system in brain play a role in
improvement of anxious symptoms of depression,
and its genetic polymorphisms might affect the onset
of therapeutic efficacy of milnacipran for anxiety in
depression.
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The present study also revealed that the TH
val81met polymorphism did not affect the anti-
depressant effect of milnacipran. The TH val81met
polymorphism is reported to be associated with
early-onset alcoholism (Dahmen et al., 2005) and
the left ventricular structure (Linhart et al., 2002).
However, Ishiguro et al. (1998) reported that TH
val81met polymorphism was not likely to play a major
role in the genetic predisposition to schizophrenia,
mood disorders or alcohol dependence. Kunugi et al.
(1998) also reported no evidence for involvement of
the TH val81met polymorphism in schizophrenia or
Parkinson’s disease. The functional effect of the TH
val81met polymorphism is still unknown, and the
present results indicate no important role of the TH
val81met polymorphism on the antidepressant effect
of milnacipran.

One major limitation of this study is the relatively
small number of subjects. A second limitation is the
relatively small endpoint treatment differences in
the analysis for the COMT val158met polymorphism.
These limitations make it difficult to definitely
conclude that the COMT val158met polymorphism
is the genetic factor to predict the antidepressant effect
of milnacipran. Difference in allele frequencies of the
TH val81met polymorphism between responders
and nonresponders seems marginal (p# 0.08), and
increased number of subjects may reveal significant
difference. Serotonergic effects of milnacipran cannot
be neglected, and are probably independent of genetic
differences in enzyme activities affecting catec-
holamine biosynthesis and elimination. Therefore,
genetic polymorphisms of TH and COMT only have
limited predictive value, and if any, can be at most
partial predictors for the overall response to milna-
cipran. The authors performed collection of blood
samples 4 weeks after initiation of antidepressant
treatment. This schedule makes it impossible to
perform an intent-to-treat analysis in relation to
genetic polymorphisms, because the authors have
no information of genotypes of dropout subjects.
Further studies with a larger number of subjects are
needed not only to confirm the results of this study but
also to investigate the interaction of many genes,
including the COMT gene, on the mechanisms of
antidepressant action.

ACKNOWLEDGEMENTS

This study was supported in part by grants from the
Ministry of Education, Culture, Sports, Science and
Technology of Japan, and the Ministry of Health,
Labour and Welfare of Japan.

REFERENCES

Akkaya C, Sivrioglu EY, Akgoz S, Eker SS, Kirli S. 2006. Com-
parison of efficacy and tolerability of reboxetine and venlafaxine
XR in major depression and major depression with anxiety
features: an open label study. Hum Psychopharmacol 21:
337–345.

Arias B, Serretti A, Lorenzi C, Gasto C, Catalan R, Fananas L. 2006.
Analysis of COMT gene (Val 158 Met polymorphism) in the
clinical response to SSRIs in depressive patients of European
origin. J Affect Disord 90: 251–256.

Binder EB, Holsboer F. 2006. Pharmacogenomics and antidepress-
ant drugs. Ann Med 38: 82–94.

Buchner A, Faul F, Erdfelder E. 1996. G%Power: a priori, post-hoc,
and compromise power analyses for the Macintosh (Version
2.1.1) [Computer program]. University of Trier: Trier, Germany.

Carroll BJ. 1994. Brainmechanisms in manic depression.Clin Chem
40: 303–308.

Dahmen N, Volp M, Singer P, Hiemke C, Szegedi A. 2005. Tyrosine
hydroxylase Val-81-Met polymorphism associated with ear-
ly-onset alcoholism. Psychiatr Genet 15: 13–16.

Hawley CJ, Gale TM, Sivakumaran T. 2002. Defining remission by
cut off score on the MADRS: selecting the optimal value. J Affect
Disord 72: 177–184.

Higuchi H, Yoshida K, Takahashi H, et al. 2003.Milnacipran plasma
levels and antidepressant response in Japanese major depressive
patients. Hum Psychopharmacol 18: 255–259.

Ishiguro H, Arinami T, Saito T, et al. 1998. Systematic search for
variations in the tyrosine hydroxylase gene and their associations
with schizophrenia, affective disorders, and alcoholism. Am J
Med Genet 81: 388–396.

Kumer SC, Vrana KE. 1996. Intricate regulation of tyrosine
hydroxylase activity and gene expression. J Neurochem 67:
443–462.

Kunugi H, Kawada Y, Hattori M, Ueki A, OtsukaM, Nanko S. 1998.
Association study of structural mutations of the tyrosine
hydroxylase gene with schizophrenia and Parkinson’s disease.
Am J Med Genet 81: 131–133.

Lachman HM, Papolos DF, Saito T, Yu YM, Szumlanski CL,
Weinshilboum RM. 1996. Human catechol-O-methyltransferase
pharmacogenetics: description of a functional polymorphism and
its potential application to neuropsychiatric disorders. Pharma-
cogenetics 6: 243–250.

Linhart A, Jindra A, Golan L, et al. 2002. Association between
tyrosine hydroxylase polymorphisms and left ventricular struc-
ture in young normotensive men. Br J Biomed Sci 59: 90–94.

Lotta T, Vidgren J, Tilgmann C, et al. 1995. Kinetics of human
soluble and membrane-bound catechol-O-methyltransferase: a
revised mechanism and description of the thermolabile variant
of the enzyme. Biochemistry 34: 4202–4210.

Ludecke B, Bartholome K. 1995. Frequent sequence variant in the
human tyrosine hydroxylase gene. Hum Genet 95: 716.

Mannisto PT, Kaakkola S. 1999. Catechol-O-methyltransferase
(COMT): biochemistry, molecular biology, pharmacology, and
clinical efficacy of the new selective COMT inhibitors. Pharma-
col Rev 51: 593–628.
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