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Influence of the tyrosine hydroxylase val8 I met
polymorphism and catechol-O-methyltransferase vall58met
polymorphism on the antidepressant effect of milnacipran
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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) val8Imet and catechol-O-methyltransferase (COMT) vall58met poly-
morphisms are associated with the antidepressant effect of milnacipran, a serotonin/noradrenaling 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 Asberg Depression Rating Scale (MADRS), Assessments were carried
out at baseline and at |, 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 vall5Bmet polymorphism was associated with a significamly faster
therapeutic effect of milnacipran in the MADRS score during this study. No influence of the TH val8 Imet polymorphism
on the antidepressant effect of milnacipran was detected.

Conclusion  These results suggest that the COMT val 1 38met polymorphism in pant determines the antidepressant effect of
milnacipran. Copyright 0 2007 John Wiley & Sons, Lid.

KEY WORDS

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

* Correspondence (o: Dr K. Yoshida, Department of Psychiatry,
Nagoya Umiversity Graduate School of Medicine, 65 Tsurumai-cho,
Showa-ku, Nagoya. Aichi 466-8550, Japun. Tel: +81-52.744-2283
Fax: «81-52-744-2203, E-mail: cxwO1076@ nifty.com

Copyright 4 2007 John Wiley & Sons. Ltd,

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

have suggested the relationship between genetic
polymorphisms of the serotonergic pathway, especi-
ally those of the 5-hydroxytriptamine transporter
(5-HTT), and the antidepressunt 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

Recelved 7 June 2007
Accepred 3 October 2007
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the initial and rate-limiting enzyme in the biosynthesis
of catecholamine neurotransmitters including nor-
adrenaline, The TH val8Imet polymorphism in exon
2 (Ludecke and Bartholome, 1995) is located in the
amino-terminal regulatory domain of the terrameric
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 vall58met polymorphism
located in exon 4 (Lotta ef al., 1995) was reported to
be associated with variation in COMT enzyme activity
(Lachman et al., 1996).

No pharmacogenetic study addressed the relation-
ship between the TH val8lmet polymorphism and
antidepressant response. Only two studies investiga-
ted the relationship between the COMT vallS8met
polymorphism and antidepressant response to SSRIs
and mirtazapine. One reported its no overall effect on
the antidepressant response 1o SSRIs (Arias er al.
2006), and the other reported its significant effect on
the antidepressant response to mirtazapine but nol
paroxetine (Szegedi et al., 2005).

So far, there has been no study investigating the
relationship between the TH val8 I met polymorphism,
the COMT vall58met 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
maore selective for the 5-HTT. Milnacipran is the most
balanced and may even be slightly more noradrenergic
than serotonergic (Stahl er al., 2005). Thus, the authors
investigated whether the above two noradrenergic
polymorphisms affect the antidepressant effect of
milnacipran

Table |

K. YOSHIDA ET AL

SUBJECTS AND METHODS
Subjects

For the present study, one subject treated with
milnacipran was added to those in our previous study
(Yoshida er al., 2007). Detailed inclusion criteria have
been described previously (Yoshida er al., 2007). In
brief, the subjects were Japanese patients who fulfilled
DSM-1V eriteria for a diagnosis of major depressive
disorder and whose scores on the Montgomery Asberg
Depression Rating Scale (MADRS) (Montgomery and
Asberg, 1979) were 21 or higher. Patients with other
axis Land Il 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)=351.1+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 cpisodes 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 50 mg/day, and after a week
1t was increased to 100 mg/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

Climical charactenistics of the patients (responders and nonresponders)

Responders (m=351) Nonresponders (n = 30) p
Sex (male/female) 20431 921 =070 0,40
Age (year) (=5D) 507+ 124 S518=+122 r=—041 0.68"
No. of previous episodes ( 2SD) 047+ 13 023 L 06 =097 034"
Melancholia (47—} 16435 9121 x =0.017 0,907

‘Analysis performed with the use of the x~ test
"Analysis performed with the use of the unpaired r-test

Copyright « 2007 John Wiley & Sons, Ltd.
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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 inal 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.

Genatyping

The TH val81met polymorphism was determined by
the method of Sharma er al. (1998). The COMT
vall58met polymorphism was determined by the
method of Lachman er al. (1996).

Quanrtification of plasma milnacipran
concentration

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

Sratistical analysis

Differences in patient characteristics were analysed
with the use of the unpaired r-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 il necessary. When
significant interaction between factors was observed,
contrasts were used to enable comparisons between

Copyright « 2007 John Wiley & Sons. Lid

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 r-test
was then used 1o analyse differences between groups
who were or were not responsive 10 milnacipran.
Statistical analysis was performed uvsing 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 er al., 1996). All tests were
two-tailed; alpha was set at 0.05.

RESULTS
TH val8lmet polvinorphism

The observed genotype frequencies of the TH val8 Imet
polymorphism were within the distribution expected
according to the Hardy—Weinberg equilibrium. Figure |
shows the MADRS scores over time in relation to
the TH val8Imet polymorphism. Two-way repeated-
measures ANOVA including all three genotype groups
indicated no significant genotype x time interaction
(F =099, df =8, p=044). Plasma concentrations of
milnacipran were not significantly different among each
genotype group (val/val: 96.1 £ 32.6 (£5D), val/met:
86.2+ 304, met/met: 92.2+47.9, F=0.35, df=2,
p=0.71). No significant differences in the genotype

40
35 ~ —=— valval
S a4 {n=10)
4 e valmet
§ 25 4 (n=37)
= B mel/met
% 20 e {n=34)
3& 15 1 4s i
%9 10 |
33 51 {
O ==y T T T T
0 1 2 4 6
Time (weeks)
Figure 1. MADRS scores during & weeks of the ireaument in three

TH val8imer 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) "There
wits o significant genolype < time interaction among all three
genoype groups (F =099, df =4, p 144
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m the TH valB lmet

Gienotype distriburion”

lol A
Micle frequency

val/ival vill/met metmel val met
Respondet T13.7%) 27 (5829%) 17 ¢33.3%) 61 (59.8%)
Nonresponder 30 10 (33.3%) 17 (56.7%) 44 (T3.3%)
Remilier SOHL35%) 23 (52.3%) 16 (36.3%) 55 (A2.5%)
Nonmrenmitier 5{13.5%) 14 (37 8% 18 148.7%) S50 (67.6%)
‘Analysis performed with the use of the 7 test
"Niy significant difference between responders and nonresponders (* =425, df =2, p= 1121
Nu stgnificant difference between remitters and nonremitters (1~ 72, df=2, p=042)
"N significant difference between responders and nonresponders (=303 dl =1, p=008)
No significant difference between remitiers and nonremiters (=045, df = 1. p=0.50)

distribution (* =4.25, df =2, p=0.12) and allele
frequencies (y”=3.03, df = I, 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
(x*=1.72. df=2. p=0.42) and allele frequencies
(¥ =045, df =1, p=0.50) (Table 2).

COMT vall38met polvmorphism

The observed genotype frequencies of the COMT
val 1538 met 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 vall58met 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 x time interaction between the val/met and met/
met genotype groups (F=331. di=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 Oweek (p =0,0098), Contrast analysis
indicated a significant genotype x 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 Oweek (p=0.013). Contrasl
analysis indicated no significant genotype = time
interaction between the val/val and val/met genotype
groups (F=049, 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 imitial
difference of the MADRS scores affect the subsequent
scores. a repeated measures ANCOVA was performed
with the imitnal MADRS score as a covariate. This

Copynght « 2007 John Wiley & Sons, Lid.

analysis revealed no significant time x 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
er 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 vall58met polymorph-

~m valival
(n=24)

valmat
(n=50)

—d— mevmet
(n=7)

R

Mean ( SD) score on

Time (weeks)

Figure 2. MADRS scores during 6 weeks of the treatment in three
COMT vallS8met genotvpe groups. (Each point represents the
mean score £ SO Dilferences i the MADRS scores during this
study were examined with the use of repeated-measures ANOVA
Differences in the MADRS scores at cach evaluation point were
examined with the use of one-way Tactorial ANOVA followed by
Limie (e racion among
2000 df = 8, p= 0.046). "Significant
wteraction  between the val/met amnd met/mel
4, p=00115 “Signiticam difference at the
between the val/met and metmet groups (p=008K)
'Significant pénotype # time interaction between the valfval and
mevmet groups (F = 3.19.d10 = 4, p = 00111 Signihcant difference
an the Oweek between the val/val und met/met groups (p=(L013)

Fisher's PLSD test. ) "Significant genoype =
all thiee genotype groups (F
genutype = time
groups (F=33], dJf

(hweek
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—o— valival
{nn24)
val/maet
(n=50)

—t— MaUmel
(n=7)

Mean (£ 50) dr-sphm:a
score on MADRS

Time (weeks)

Figure 3. MADRS dysphona scores during 6 weeks of the treal-
ment in three COMT vall 58met 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, Diflerences in the MADRS dysphoria
scores al each evaluation point were examined with the use of
one-way factorial ANOVA followed by Fisher's PLSID test.) "Signi-
ficant genotype = time interaction among all three genotype groups
(F =268, df =8, p=00074). "Significanl genotype = lime inter-
action between the val/met and met/met groups (F =443, df =4,
p=0.0017). “Significant difference al the Oweek between the val/
met and met/met groups (p =0.016). “Significant genotype » time
interaction between the val/val and met/met groups (F=3.23,
df =4, p=0013), “Significant difference at the Oweek between
the valfval and met/met groups (p = 0.049)

ism. Two-way repeated-measures ANOVA for the
dysphoria scores including all three genotype groups
indicated a significant genotype < time interaction

(F=268, df =8, p=0.0074). As in the case of

averall results, contrast analysis indicated a significant
genotype » time interaction between the val/met and
met/met  genotype groups (F=443, 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-

Table 3.
polymorphism®

1J
~h

ted-measures ANOVA for the scores of retardation and
vegetative symptoms did not indicate significant
genotype * time interactions (data not shown). Parker
eral. (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 =324, df =8, p=0.0015). As
in the case of overall results and those based on
the factor analyses by Suzuki er al. (2005). contrast
analysis indicated a significant genotype x time inter-
action between the val/met and met/met genotype
groups (F =597, df =4, p =0.0001), and between the
val/val and met/met genotype groups (F =447
df =4, p=0.016). Contrast analysis indicated no
significant genotype x 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
(valfval: 82.7+21.6 (£SD). val/met: 94.7 £44.9,
met/met: 81.1 £34.7, F=0.97, df =2. p=10.38). No
significant differences in the genotype distribution
(" =179, df=2. p=041) and allele frequencies
(x* =081, 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
(¥~ =093, df =2, p=0.63) and allele frequencies
(x° =016, df = 1, p=0.69) (Table 3).

Power

This study had a power of 0,12 1o detect a small effect,
(.67 to detect a medium effect and 099 to detect a

Genotype distribution and allele frequencies in responders/monresponders and remitters/nonremitters in the COMT val 1 58met

CGenotype distribution™

Allele Irequency”

val/val val/inet metfinet val it
Responder 14 (27.5%) 31 ini.8%) Bl 8% 30 (57.8%) A3 142.2%)
Nonresponder 10 (33.3%) 19 (63.3%) | i 3.3%) W 65.0%) 21 13500
Remitter 13 (29.5% ) 26 (59.1%) S LA 52 (5%.1%) 36 (4095 )
Nonremitter 11 629.7%) 2416495 2(54%) 46 (K225 24 (3785
“Analvsis performed with the use of the x test
"No signiticant difference between responders and nonresponders (7 =179, d0=2, p =041

“No significant difference between remitters and nonremitters (¢

it b :
No sigmificant difference between responders and nonresponders (¢

“No sigmiticant difference between remitters and nonremitters (y
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093, df = 2. p=(1L63)
DRL di= 1. p=0.37)
0.16..df = | p=0.69)
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large effect in the genotype distribution (n = 81). For
the allele frequency analysis (7= 162), this study had
apower of 0.25 to detect a small effect, 0.97 1o detect a
medium effect and 0.99 1o detect a large effect. In the
power analysis, effect size conventions were deter-
mined according to the method of Buchner er 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 er al. (1996) reported that individuals with
the met/met genotype of the COMT vall58met
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 vall58met 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
diffecrences 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 ver.
As the individuals with the met/met genotype of the
COMT wvall58met polymorphism have a lower
enzymatic activity, the synaptic concentration of
norepinephrine may remain higher in patients with

Copyright ¢ 2007 John Wiley & Sons, Lid.
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the met/met genotype than those with other genotypes.
One possibility 1o 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 vall58met
polymorphism is not consistent with that of a previous
study using an antidepressant mintazapine (Szegedi
et al., 2005). Szegedi er 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 nol identical:
that of the former is blockade of noradrenaline
transporters, and that of the latter is blockade of
as-adrenergic autoreceptors. However, the discre-
pancy of the present results and those of Szegedi er 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 er 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 anxicty (Parker er al., 2003) contributed to
overall differences over time of the MADRS scores
among each COMT vall58met genotype group. The
factor of dysphoria identified by Suzuki er al. (2005)
and that of psychic anxiety identified by Parker er 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 more with maprotiline (noradrenaline selec-
tive agent) than with fluoxetine (serotonin selective
agent), Akkaya er al. (2006) reported that response
rate for anxicty 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 anxicty in
depression.

Hum. Psychopharmacol Clin Exp 2008; 23: 121-128
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The present study also revealed that the TH
val§Imet polymorphism did not affect the anti-
depressant effect of milnacipran. The TH val8Imet
polymorphism is reported to be associated with
carly-onset alcoholism (Dahmen er al., 2005) and
the left ventricular structure (Linhart e al., 2002).
However, Ishiguro er al. (1998) reported that TH
vil8 I met polymorphism was not likely to play a major
role in the genetic predisposition to schizophrenia,
mood disorders or alcohol dependence. Kunugi ef 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
val§Imet polymorphism is still unknown, and the
present results indicate no important role of the TH
val8 Imet 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 val 1 58met polymorphism.
These limitations make it difficult to definitely
conclude that the COMT vall58met polymorphism
is the genetic factor to predict the antidepressant effect
of milnacipran. Difference in allele frequencies of the
TH val8Imet 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.
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Abstract

The kynurenine (KYN) pathway, which is initiated by indoleamine 2,3-dioxygenase (IDO), is a ryptophan (TRP) metabolic
pathway. It shares TRP with the serotonin (5-hydroxytryptamine, 5-HT) pathway. In major depression, activation of the KYN
pathway may deplete 5-HT. In the present study we investigated the influence of various risk factors for depression, such as
ageing, social isolation and psychological stress, on TRP metabolism. Male ICR mice (postnaral day, PND, 21) were divided
into two housing conditions, isolation and group housing, reared for 4 weeks (young adult) or 5 months (adult) and exposed to
novelty stress. We measured TRP, KYN and 5-HT contents in the prefrontal cortex, hippocampus, amygdala and dorsal raphe
nuclei to investigate the balance between the KYN and 5-HT pathways. Ageing decreased TRP and KYN and increased
5-HT. Thus, ageing shifted the balance to the latter. In the younger group, social isolation decreased TRP and KYN and
increased the 5-HT/TRP ratio, whereas novelty stress increased TRP and KYN and decreased the 5-HT/TRP ratio, Thus,
social isolaton shifted the balance to the later, whereas novelty stress shifted it to the former. In the older group, these effects
were restricted to specific brain regions. Ageing and social isolation counteracted novelty stress effects on TRP metabolism.

Keywords: Tryptophan, kynurenine, serotonin, aging, social tsolation, novelty stress

its substrate, TRP. Thus, IDO activation may activate
the KYN pathway and lead to the consumption of
TRP as the substrate of TPH, resulting in 5-HT
depletion (Konsman et al. 2002; Widner et al. 2002;
Myint and Kim 2003; Wichers and Maes 2004).

The finding that depression is induced by cytokine
therapy indicates a correlation between the severity of

Introduction

Tryptophan (TRP) metabolism has two main path-
ways: one is the kynurenine (KYN) pathway, which is
initiated by the enzyme indoleamine 2,3-dioxygenase
(IDO) and the other is the serotonin (5-HT) pathway,
which is initiated by the enzyme tryptophan hydroxyl-

ase (TPH). These two pathways share TRP with each
other, although almost all TRP, i.e. ~99% of dietary
intake, is metabolised by the former (Stone and
Darlington 2002). Immunological challenges are
known to induce IDO activity (Stone and Darlington
2002; Konsman et al. 2002; Widner et al. 2002;
Mofferr and Namboodiri 2003; Myint and Kim 2003;
Wichers and Maes 2004). The acuvated IDO
metabolises TRP to KYN, and may deprive TPH of

depressive symptoms and a decrease in serum TRP
and/or a KYN increase (Bonaccorso et al. 2002;
Capuron et al. 2002, 2003).

To explain the relationship between major
depression and immunological activities, a macro-
phage theory (Smith 1991) indicated that activated
macrophages play a role in the clinical onset and
pathophysiology of major depression, and suggested
that the large amount of IL-1 released from activated
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macrophages directly stimulates CRH release from
the paraventricular nucleus (PVN) in the hypothala-
mus. Thus, hyperactvity in the hypothalamo-pitu-
itary—adrenal (HPA) axis in major depression may be
caused by macrophage hyperactivity. Furthermore,
activated macrophages also relate to IDO activation as
above-mentioned, and may inhibit brain 5-HT
synthesis. Thus, this theory may explain both HPA-
axis hyperactivity and 5-HT depletion, two main
etiological and pathophysiological hypotheses of
major depression (Konsman et al. 2002; Myint and
Kim 2003).

IDO activation may also influence neurodegenera-
tive and neuroprotective activity. Of the metabolites in
the KYN pathway, 3-hydroxy kynurenine (3-OH
KYN) and quinolinic acid (QUIN) have neurotoxic
effects, whereas kynurenic acid (KYNA) has a
neuroprotective effect (Myint and Kim 2003; Wichers
and Maes 2004), Thus, the balance between
neurodegenerarive and neuroprotective effects might
relate to hippocampal atrophy in chronically
depressed patients.

Patients ordinarily become depressed by adverse life
events and/or loss of social support, i.e. psychological
and/or environmental factors, especially in older age
without severe physical illness or immune therapy
(Kendler et al. 1993; Paykel 1994). Hence an
investigation of the influence of these facrors on
TRP metabolism is needed to clarify the above-
mentioned hypothesis that a shift in the balance
berween the KYN and 5-HT pathways 1o the former
explains the etiology and pathophysiology of major
depression. An overlap between neurochemical
changes elicited by stressors and immune challenges
has been frequently noted. Because physiological
and/or psychological stress as well as immunological
challenges acrivate the inflammation response system,
and then induce proinflammatory cytokines both in
the periphery and in the brain, these cytokines may
induce and activate peripheral and brain IDO.
However, there is little evidence about the potental
influence of ageing, environmental conditions and
psychological stress on TRP metabolism. In our
recent studies using an animal model, ageing, social
environment such as social isolation and acute
psychological stress such as exposure to novel
environment, did alter brain monoamine turnover in
rats (Miura et al. 2002a,b, 2005a) and mice (Miura
er al. 2004, 2005b, 2007). Both social isolation and
exposure to novel environment are not mild, but
strong stressors to mice and rats. Thus, we investi-
gated the relationship between changes in brain TRP
metabolism, activities in the KYN and 5-H'T path-
ways, and these three risk factors of major depression
using a murine model. We selected four brain regions
for study: the prefrontal cortex, because it relates to
behavioural motivation; the amygdala, because it
relates to emotion; the hippocampus, because it
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regulates the HPA-axis and hyperactivity of the
HPA-axis is closely related to the etiology and
pathophysiology of depression; and the dorsal raphe
nuclei, because they are the centre of brain 5-HT
synthesis. The aim of the present study was to clarify
whether acute psychological stress shifts the balance of
activities between the KYN and 5-HT pathways to the
former, and how ageing and social environment
modulates the shifting of TRP metabolism.

Materials and methods
Animals

A total of 64 male ICR mice were used in the present
experiments. At postnatal day 21 (PND 21), mice that
had been housed in groups (7—9 per cage) were divided
into two different groups according to housing
conditions: i.e. group housing (7-9 per cage; n = 32)
or isolation housing (1 per cage; n = 32; Figure 1).
After being assigned ro one of the two housing
conditions, the mice were reared for 4 weeks (voung
adult group) or 5 months (adult group, Figure 1). The
mice were further separated into two groups: in the
stress group (n = 32), the mice were exposed to a
20-min novelty stress on the final day; and in the non-
stress group (n = 32), the mice were not exposed to the
novelty stress (Figure 1). Finally, by combining the
above conditions, the mice were divided into 8 groups:
young adult, group housing, non-stress; young adult,
group housing, stress; young adult, isolation housing,
non-stress; voung adult, isolation housing, stress;
adult, group housing, non-stress; adult, group housing,
stress; adult, isolation housing, non-stress; and adult,
isolation housing, stress.

The cages used for the group-housing condition
were 21 X 31 X 13cm and the cages used for the
isolation-housing condition were 17 X 29 x 13cm.
Cage exchange was performed rwice a week for the
group-housing group and once a week for the
isolation-housing group. Food and water were
provided ad hbitum. The mice were kept on a 12-h
light/dark cycle (lights on 07.00h, off 19.00h) and
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Figure 1. Time schedule of experiments. D: day; W: week.
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room temperature was maintained at 21-23°C. All
efforts were made to minimise both the number of
animals used and the degree of their suffering. All of
the experiments were conducted in accordance with
the European Communities Council Directive of
24 November 1986 (86/609/EEC). The study was
approved by the ethical committee of Nagoya
University Graduate School of Medicine.

Nowelty stress test

In the stress group, a 20-min novelty stress session was
performed on the final day (i.e. the mice were placed
into a transparent plastic box (28 X 35 X 30 em) that
they had not previously experienced). The novelty
stress test was performed between 14.00 and 18.00 h
in a room that was separate from the holding room,
and lit only by a single lamp above the novel cage.

Sample preparation

Mice in the stress group were killed by decapitation
immediately after the 20-min stress session, whereas
mice in the non-stress group were decapitated without
exposure to stress; mice were decapitated under brief
ether anaesthesia. The brains were removed and the
prefrontal cortex, hippocampus, amygdala and dorsal
raphe nuclei were dissected out as quickly as possible
on glass plates over ice. The samples were weighed
and treated with 1 ml of an ice-cold 0.2 M trichlor-
oacetic acid solution containing 0.2mM sodium
pyrosulphite, 0.01% EDTA-2Na and 0.5 pM isopro-
terenol (ISO) and 3-nitro-L-tyrosine (3-N TYR) as an
internal standard per 100mg of wer tissue. The
solution was sonicated and then centrifuged at
10,000¢ for 20min at 4°C. The supernatant was
filtered through a Millipore HV filter (0.45 pm pore
size) and then subjected to both high-performance
liquid chromatography (HPLC) with electrochemical
detection (ECD) of 5-HT, and HPLC with fluori-
metric detection (FD) of TRP and with ultraviolet
(UV) detecrion of KYN. The standard solution was
prepared using the above-mentioned ice-cold 0.2 M
trichloroacetic acid solution containing 0.5 pM
internal standards (ISO, 3-NTYR) and adjusted to
0.5 pM for 5-HT and KYN, and 10 pM for TRP.

HPLC determination of bramn levels of 3-HT

The concentrations of 5-HT in the brain extracts were
measured by HPLC with ECD. The system employed
for HPLC-ECD consisted of a CMA/200 autosam-
pler (CMA/Microdialysis AB, Stockholm, Sweden), a
micro LC pump (BAS, West Lafayerte, IN, USA), an
LC-4C ECD (BAS), a Bio-Phase ODS-4 51-6034
column (4.0 X 110mm; BAS), a CR-6A recorder
(Shimadzu, Kyoto, Japan), an LC-26A vacuum
degasser (BAS) and a CTO-10A column heater set

at 35°C (Shimadzu). The mobile-phase solution
consisted of 0.1 M tartaric acid-0.1 M sodium acetate
buffer, pH 3.2, containing 0.5mM EDTA-2Na,
555 uM sodium 1-octane sulfonate and 5% aceto-
nitrile. The flow rate was 700 wl/min. The concen-
tration of each compound was calculated by
comparison with both the internal (ISO) and the
external standards.

HPLC determinarion of brain levels of TRP and KYN

We measured levels of TRP and KYN according to the
methods of Widner er al. (1997) and those improved
by Laich et al. (2002). A LC-10AD (Shimadzu)
HPLC pump was used. For separation, reversed-
phase column cartridges LiChroCART 55-4 filled
with Purospher STAR Rp-18e (55 mm length, 3 pm
grain size) together with a reverse-phase LiChro-
CART 44 precolumn filled with Purospher STAR
RP-18e (5 pm grain size, Merck) were used. TRP was
detected by RF-535 FD (Shimadzu) at an excitation
wavelength of 285 nm and an emission wavelength of
365 nm. KYN and 3-NTYR were detected by a SPD-
10A UV-detector (Shimadzu) at a wavelength of
360 nm.The detectors were connected in series to
allow simultaneous measurements. The mobile-phase
solution consisted of 15mM L-acetic acid-sodium
acetate buffer, pH 4.0, containing 2.7% acetonitrile.
The flow rate was 900 pl/min at room temperature.

Staristical analyses

To examine differences in the concentrations of TRP,
5-HT and KYN, and in the ratios of 5-HT/TRP and
KYN/TRP, three-way MANOVA (Wilks’s lambda) for
ageing, housing condition and novelty stress was
conducted on dependent measures in each brain
region, followed by the Tukey—Kramer test for ageing.
To evaluate the interactions, further analyses were
performed. In each age group, i.e. voung adult and
adult, two-way MANOVA (Wilks's lambda) for
housing condition and novelty stress was conducted
on dependent measures in each brain region, followed
by the Tukey—Kramer test. ” values less than 0.05
were accepted as significant.

Results

The measurements in each brain region are shown in
Figure 2 and the corresponding ratios for KYN/TRP
and for 5-HT/TRP are shown in Table 1.

Prefrontal cortex

Ageing, housing condition, and novelty stress. The results
of three-way MANOVA were as follows: ageing
(F (5, 52) = 6.533, P < 0.0001), housing condition
(F (5, 52) = 17.115, P< 0.0001) and novelty stress
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