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Purpose: This study investigated the relationships among the plasma levels of catecholamine
metabolites, the clinical response to duloxetine treatment, and Vall58Met polymorphism of
the catechol-O-methyltransferase (COMT) gene.

Subjects and methods: Sixty-four patients and 30 healthy control subjects were recruited.
Major depressive episodes were diagnosed using the Structured Clinical Interview for the Diag-
nostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision criteria. The
severity of depression was evaluated using the 17-item Hamilton Rating Scale for Depression
(HAMD17). Patients whose HAMD17 scores were 15 or greater were enrolled in the study. Blood
sampling and clinical evaluation were performed at week 0 and week 8. The levels of plasma
catecholamine metabolites were measured using high-performance liquid chromatography with
electrochemical detection. Genotyping was performed using direct sequencing.

Results: Thirty of 45 patients (67%) responded to duloxetine treatment during the 8 weeks of
treatment. The baseline plasma levels of 3-methoxy-4-hydroxyphenylglycol (MHPG), but not
homovanillic acid (HVA), were lower in patients with major depressive disorder (MDD) who
had the Val/Val genotype than in patients who were Met-carriers. Patients with MDD and the
Val/Val genotype, but not Met carriers, had increased plasma levels of MHPG after 8 weeks
of duloxetine treatment. The baseline plasma MHPG levels in healthy control subjects with
the Val/Val genotype were significantly higher than those in patients with MDD. Among the
subjects in the MDD group with the Val/Val genotype, the plasma MHPG levels increased to
the same degree as in the healthy control subjects with the Val/Val genotype after 8 weeks of
duloxetine treatment.

Conclusion: The relationship among the COMT Vall58Met polymorphism, plasma levels of
catecholamine metabolites, and responses to duloxetine is complex. Nevertheless, our results
suggest that patients with MDD and the Val/Val genotype are more sensitive to the influence
of noradrenergic neurons by duloxetine treatment.

Keywords: major depressive disorder, duloxetine, catechol-O-methyltransferase, 3-methoxy-
4-hydroxyphenylglycol, homovanillic acid

Introduction

Duloxetine, a serotonin—noradrenaline reuptake inhibitor (SNRI), is an effective first-
line treatment for patients with major depressive disorder (MDD). Duloxetine is also
useful for the treatment of diabetic neuropathic pain and fibromyalgia.! Duloxetine
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is generally safe and well tolerated, although it can lead to
nausea, headache, dry mouth, insomnia, general fatigue,
constipation, diarrhea, dizziness, sweating, sexual dysfunc-
tion, and loss of appetite in patients with MDD.! We previ-
ously reported that milnacipran, another SNRI, increased
the plasma levels of 3-methoxy-4-hydroxyphenylglycol
(MHPG) (a major metabolite of noradrenaline) in patients
with MDD; this increase was related to the milnacipran-
associated clinical improvement in patients with MDD.?
Because duloxetine potently inhibits both serotonin and
noradrenaline transporters, we hypothesized that duloxetine
(similar to milnacipran) may also increase plasma MHPG
levels in patients with MDD. We recently reported that
duloxetine treatment for 8 weeks significantly increased
MHPG plasma levels in patients with MDD.? To the best of
our knowledge, this is the first study examining the influence
of duloxetine on plasma MHPG levels in patients with MDD.
Monoamines play an important role in the pathogenesis of
MDD.* Our previous studies demonstrated that the response
to antidepressants was associated with the plasma levels
of catecholamine metabolites.?® Specifically, the plasma
levels of catecholamine metabolites, such as MHPG and
homovanillic acid (HVA), predicted the response to selective
serotonin reuptake inhibitors (SSRIs) and SNRIs.>* Patients
with MDD and lower plasma levels of MHPG responded
better to milnacipran, and patients with higher plasma levels
of MHPG responded better to paroxetine. Considering these
findings, an increase in MHPG levels may play an important
role in improving depressive symptoms.
Catechol-O-methyltransferase (COMT) is a methylation
enzyme that participates in the degradation of noradrenaline
and dopamine by catalyzing the transfer of a methyl group
from S-adenosylmethionine. Biochemical studies have
established that the enzyme activities of patients with MDD
differ from those of non-depressed subjects.® The COMT
gene is located at 22q 11.21. Val158Met (G324 A) (rs 4680),
functional polymorphism in the COMT gene, was found to
be associated with MDD in a multicenter European study.’
Furthermore, the valine (Val) allele has been reported to
result in three- to fourfold higher COMT activity than the
methionine (Met) allele.® One recent report suggested an
association between the higher activity of the Val/Val-type
COMT gene and poor antidepressant treatment response.’
Furthermore, the Met variants of the COMT gene Vall58Met
polymorphism was shown to increase the risk of depressed
mood and low motivation in Swedish males with MDD.
Considering these findings, we hypothesized that 1)
patients with the COMT Val/Val genotype would respond

better to duloxetine than COMT Met carriers due to cat-
echolamine deficiencies; 2) patients with the COMT Val/Val
genotype would have lower plasma levels of MHPG and
HVA than COMT Met carriers; and 3) patients with MDD
and the COMT Val/Val genotype would exhibit increased
plasma levels of MHPG and HVA compared to COMT Met
carriers. To address these hypotheses, we investigated the
plasma levels of catecholamine metabolites and the clinical
responses to duloxetine treatment in patients with MDD and
the COMT Val/Val genotype and in patients with MDD who
were COMT Met carriers. To the best of our knowledge,
this is the first study to investigate the COMT Vall58Met
polymorphism, plasma catecholamine metabolite levels, and
clinical improvement in response to duloxetine treatment in
Japanese patients with MDD.

Subjects

Sixty-four in/outpatients and 30 healthy control subjects were
recruited. Major depressive episodes were diagnosed using
the Structured Clinical Interview for the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition, Text
Revision (DSM-IV-TR) criteria. Patients whose 17-item Ham-
ilton Rating Scale for Depression (HAMD17) scores were 15
or greater were enrolled in the current study. The exclusion
criteria included any history of neurological disease or other
physical diseases and comorbidities with other disorders
such as bipolar disorder or Axis II disorders (ie, personality
disorders or mental retardation diagnosed using the Structured
Clinical Interview DSM-IV Axis Il instrument). We enrolled
30 sex- and age-matched healthy control subjects without any
psychiatric disorders (diagnosed by KA using the Structured
Clinical Interview for DSM-IV Axis I Disorders, Non-patient
Edition [SCID-I/NP]). All of the subjects were provided with
information about the procedures. Written informed consent
was obtained via forms approved by the local Ethics Com-
mittee of the University of Occupational and Environmental
Health, Kitakyushu, Japan.

Methods

The present study utilized an open-label and non-fixed dose
design. All of the patients were administered duloxetine
monotherapy for 8§ weeks. Benzodiazepines were used, if
necessary, during the treatment period. A 1-week washout
period occurred before duloxetine treatment began. The
severity of depressive symptoms was evaluated (by KA)
each week using the HAMD17. We defined responders as
patients whose HAMD17 scores decreased by 50% or more.
Blood sampling and clinical evaluations were performed at
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Table | The demographic data for the patients with major depressive disorder and the healthy control subjects

Patients (N=45) Controls (N=30) P-value
Age (years) 50.6+ 15.3 46.5+10.6 0.251*
Sex (male/female) (n) 23/22 14/16 0.706%*

Notes: P-values calculated using *Student’s t-test, **j2 test. Age is presented as mean + standard deviation.

week 0 and week 8. Forty-five of the 64 patients (70%) fin-
ished the study. The demographic data of the subjects who
finished the study are shown in Table 1. The persistence rate
is illustrated in Figure 1.

HVA and MHPG plasma level assays

Plasma HVA levels were analyzed using high-performance
liquid chromatography with electrochemical detection
(HPLC-ECD) according to the method of Yeung et al'!
with slight modifications. In short, each cyano-bonded,
solid-phase extraction cartridge was preconditioned with
methanol followed by glass-distilled water. The plasma
sample or standard solution and internal standard solution
(5-hydroxyindolecarboxylic acid) were added to each car-
tridge. The samples were then deproteinized with acetonitrile.
After vortexing and centrifugation, an aliquot of the super-
natant was slowly drawn through the cartridge under a mild
vacuum. The cartridge was washed twice with distilled water
and extracted once with ethyl acetate. The aliquot was then
evaporated with N,. After being dissolved in the mobile phase
(phosphate buffer), 10 uL of this solution was injected into
the HPLC-ECD. The intra- and inter-assay coefficients of
variation were 6% and 8%, respectively. The recovery rate
was >80%.

The plasma MHPG levels were also analyzed by HPLC-
ECD, according to the method of Minegishi and Ishizaki."?
Briefly, after the plasma was separated by centrifugation,
extraction was performed under a vacuum using Bond-Elut
columns (Varian, Palo Alto, CA, USA) pre-packed with
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Figure | Treatment persistence rate.
Note: The persistence rate was calculated using the Kaplan—Meier method.

C18-bonded silica in a capacity disposable syringe. The
columns, which were inserted into a vacuum chamber con-
nected to an aspirator, were prepared by washing with 1 mL
of methanol followed by | mL of water. After the addition
of the internal standard (vanillyl alcohol) to the plasma, the
samples were passed through the columns, followed by two
rinses with distilled water to wash off any residual samples
and easily eluted hydrophilic compounds. The adsorbed
materials were eluted with methanol in a phosphate buffer
mixture. A 20 UL portion of this solution was then injected
into the HPLC-ECD. The intra- and inter-assay coefficients
of variation were 6% and 8%, respectively. The recovery
rate was >80%.

COMT Val | 58Met genotyping

Genomic DNA was extracted from peripheral leukocytes
using a QIP DNA blood kit (Qiagen NV, Venlo, the
Netherlands). The presence of the COMT Vall58Met geno-
type was determined by sequencing of the genomic region.

Statistical analysis

The persistence rate was calculated using the Kaplan—
Meier method. Non-paired #-tests were used to compare
age, maximal daily duloxetine doses, number of major
depressive episodes, HAMD17 scores, and plasma levels
of catecholamine metabolites between the Val/Val group
and the Met-carrier group among patients with MDD and
healthy control subjects. Paired #-tests were performed to
compare the plasma levels of catecholamine metabolites
before (ie, at baseline) and after duloxetine treatment
(8 weeks) between the Val/Val group and the Met-carrier
group. P-values <0.05 were considered significant. All
analyses were performed using SPSS version 19.0 (IBM
Corporation, Armonk, NY, USA).

Results

The baseline plasma levels of HVA and MHPG in the
patients with MDD were significantly lower than those in
the healthy control subjects (Figure 2). Thirty of 45 patients
(67%) responded to duloxetine treatment during the 8 weeks
of treatment. However, there was no significant correlation
between the changes in the total HAMDI17 scores and the
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Figure 2 Baseline plasma levels of catecholamine metabolites in the patients with
major depressive disorder and the healthy control subjects.

Note: Data are presented as mean + standard deviation.

Abbreviations: HVA, homovanillic acid; MHPG, 3-methoxy-4-hydroxyphenylglycol.

changes in MHPG or HVA plasma levels. In addition, there
was no correlation between the changes in MHPG or HVA
plasma levels and the changes in the sub-item scores on the
HAMDI17. Table 2 provides the COMT Vall58Met genotype
distributions and the }* and P-values for Hardy—Weinberg
equilibrium. The demographic data for the patients with
MDD did not differ between those with the Val/Val geno-
type and the Met carriers (Table 3). The baseline plasma
levels of MHPG, but not HVA, were lower in the patients
with MDD who had the Val/Val genotype than in patients
with MDD who were Met carriers (Figure 3). We also com-
pared the MDD patients’ baseline scores on the HAMD17
subcategories according to the method of Seretti et al.”* No
differences were detected between the Val/Val group and
the Met-carrier group (Table 4).

Next, we investigated the changes in plasma cat-
echolamine metabolites between the two MDD groups. Only
patients with MDD and the Val/Val genotype (not Met car-
riers) demonstrated increased MHPG plasma levels, which
were similar to the healthy control subjects after 8 weeks of
duloxetine treatment. The HVA plasma levels did not change
after 8 weeks of duloxetine treatment for either the Val/Val
group or the Met-carrier group (Figure 4).

The baseline plasma HVA levels were significantly
higher in the healthy control subjects than in the MDD

group, regardless of the COMT Vall58Met genotype (Val/
Val versus Met carriers). Conversely, the baseline plasma
MHPG levels in the healthy control subjects were signifi-
cantly higher than those in the MDD patients only among
subjects with the Val/Val genotype. For Met carriers, the
baseline plasma MHPG levels did not differ between healthy
control subjects and the patients with MDD (Figure 5A).
The plasma MHPG levels increased among the subjects in
the MDD group with the Val/Val genotype after 8 weeks
of duloxetine treatment and were similar to those of the
healthy control subjects with the Val/Val genotype. No
other groups demonstrated changes in the levels of plasma
catecholamine metabolites between baseline and the end of
duloxetine treatment (8 weeks) (Figure 5B). However, there
was no significant correlation between the changes in the
total HAMDI17 scores and the changes in MHPG or HVA
plasma levels in the patients with MDD. In addition, there
was no correlation between the changes in MHPG or HVA
plasma levels and the changes in the HAMDI17 sub-item
scores in the patients with MDD.

Discussion

This is the first study to investigate the response to dulox-
etine, the plasma levels of catecholamine metabolites, and
the COMT Vall58Met polymorphism in Japanese patients
with MDD. There was no difference in the response to 8
weeks of duloxetine treatment between the Val/Val group
and the Met-carrier group, which suggests that the COMT
Vall58Met polymorphism is not associated with duloxetine
treatment response.

Depression is a common and disabling psychiatric disor-
der with a complex etiology that includes predisposing risk
genes and environmental stressors. Variations in the COMT
gene, particularly the Vall58Met polymorphism, have been
extensively investigated for associations with the clinical
phenotypes of depression. Similarly, neurocognitive processes
have been examined to evaluate the impact of COMT vari-
ants on phenotypes relevant to depression. We observed that
clinical phenotypes, such as depression severity and diagnosis,
or behavioral endpoints, were less reliably associated with
COMT genetic variations. We recently reported that duloxetine

Table 2 Hardy—Weinberg equilibrium of the patients with major depressive disorder and the healthy control subjects

Genotypes r P-value Allele frequency

Val/Val Val/Met Met/Met Val Met
Patients 19 (42.2%) 25 (55.6%) I (2.2%) 0.104 0.949 63 (70.0%) 27 (30.0%)
Controls 15 (50.0%) Il (36.6%) 4 (13.3%) 0.076 0.963 41 (68.3%) 19 (31.7%)

Abbreviations: Val, valine; Met, methionine.
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Table 3 The demographic data of all patients with major depressive disorder and respective COMT Val | 58Met genotypes

All patients Val/Val Met carrier P-value

(N=45) (N=19) (N=26)
Age (years) 50.6x15.3 48.6+15.7 52.1%15.1 0.455*
Sex (male/female) (n) 23/22 10/9 13/13 0.861%*
DLX max dose (mg/day) 49.3+123 50.0£12.9 48.9+12.1 0.760%*
Depressive episodes before DLX treatment 1.09+1.70 0.68+1.25 1.39+1.94 0.176*
Baseline HAMD 17 21.2+49 21.9455 20.7+4.4 0.437%
After 8 weeks HAMD 17 score 9.0+5.4 8.3+4.4 9.546.1 0.489*
Delta HAMD7 score (Ow—8w) 12.246.1 13.6+6.2 11.3+5.9 0.212*
Response rate (%) 66.7 68.4 65.4 0.83**

Notes: P-values calculated using *Student’s t-test, **y? test. Data are presented as mean * standard deviation unless otherwise stated.
Abbreviations: DLX, duloxetine; HAMD7, |7-item Hamilton Rating Scale for Depression; COMT, catechol-O-methyltransferase; Val, valine; Met, methionine; w, weeks.

increased the plasma levels of MHPG among responders (but
not nonresponders) in a sample of Japanese patients with
MDD.? The potent inhibition of the noradrenaline transporter
(NAT) by duloxetine is consistent with the increase in plasma
MHPG levels in patients with MDD. MDD is a heterogeneous
disorder; thus, patients’ plasma levels of MHPG and HV A vary
widely.? Indeed, some studies have reported the plasma levels
of MHPG and HVA to be higher in depressed patients than in
normal controls, whereas others have shown these levels to be
lower in depressed patients than in normal controls.'
Considering these findings, it is possible that duloxetine
strongly affects noradrenergic neurons in patients with
MDD. Noradrenaline is mainly associated with atten-
tion, activity, concentration, and pain. Duloxetine might
improve MDD symptoms associated with these factors by
enhancing noradrenergic neuronal activity. However, no
correlation was observed between the changes in plasma
MHPG levels and the changes in the HAMD17 sub-item
scores. In contrast, Chalon et al'’ reported that duloxetine

16 ns
1
14
0 P=0.016
10

Plasma concentration
(ng/mL)

Met carrier Met carrier

HVA

Figure 3 Baseline plasma levels of HVA and MHPG according to the COMT
Vall 58Met genotype in the patients with major depressive disorder.

Note: Data are presented as mean + standard deviation.

Abbreviations: HVA, homovanillic acid; MHPG, 3-methoxy-4-hydroxyphenylglycol;
COMT, catechol-O-methyltransferase; Val, valine; Met, methionine; ns, not significant.

a

al/va

MHPG

administration in healthy volunteers for 5 or 6 days sig-
nificantly decreased urinary MHPG levels. The source of
the discrepancy between the results of our study and the
results of Chalon et al'® remains unknown, although dif-
ferences in subjects and/or sampling points could be major
reasons. Although a 1-week washout period was utilized
in the current study, some of the patients had been admin-
istered SSRIs before duloxetine treatment was initiated.
However, duloxetine did not alter the plasma HVA levels
of the patients in our study.

Responses to venlafaxine, another SNRI, in patients with
MDD were stratified by COMT genotype (Vall58Met) in a
previous randomized, double-blind, placebo-controlled clini-
cal trial. Improvements in the depression scores of subjects
with the Val/Val genotype were larger than those of patients
with the Met/Met genotype, suggesting that venlafaxine may
alter noradrenergic flux differentially according to COMT
activity.'® Several previous biochemical, pharmacological,
and genetic studies have implicated the COMT gene in
the pathogenesis and pharmacological treatment of affec-
tive disorders. According to a review by Antypa et al'” the
majority of studies have reported that Met carriers exhibit a
better response to SSRIs, SNRIs, tricyclic antidepressants,
or mirtazapine than Val/Val carriers. In the present study, no
difference in the response to duloxetine was found between
the Val/Val group and the Met-carrier group. However, it
is not yet possible to form definitive conclusions regarding
the COMT Vall58Met polymorphism and the response to
antidepressants. It is possible that COMT plays a differ-
ent role in the response to each category of antidepressant
(eg, SSRIs, SNRIs, tricyclic antidepressants).

The results of the current study should be interpreted
with caution. We cautiously conclude that the plasma MHPG
levels of MDD patients after duloxetine treatment are higher
in those with the Val/Val genotype than in Met carriers.
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Table 4 Comparison of the COMT Vall58Met genotype with the subcategories of HAMDI7 scores according to the method of
Seretti et al'® at baseline for the patients with major depressive disorder

Seretti et al’s category Subcategories of HAMD17 Val/Val Met carrier P-value
(modified)
Core symptom |. depressed mood, 2. feelings of guilt, 11.32+2.83 10.58+2.14 0.323

7. work and activities, 8. retardation:
psychomotor, 10. anxiety (psychological),
13. somatic symptom general

Sleep 4. insomnia early, 5. insomnia middle, 2.891+0.46 2.96%1.59 0.840
6. insomnia late

Activity 7. work and activities, 4.05%1.39 4.27+1.58 0.637
8. retardation: psychomotor

Psychic anxiety 9. agitation, 10. anxiety (psychological) 2.68+1.34 231116 0318

Somatic anxiety I'1. anxiety somatic, 12. somatic symptoms 3.74+1.59 3.81%l.16 0.866
(gastrointestinal), 13. somatic symptoms general

Delusion 2. feelings of guilt, 5. hypochondriasis 2.68+1.34 2.35+1.06 0.348

Notes: P-values calculated using Students t-test. Data are presented as mean + standard deviation.
Abbreviation: HAMD7, |7-item Hamilton Rating Scale for Depression; COMT, catechol-O-methyltransferase; Val, valine; Met, methionine.

However, this finding is independent of improvements in Not all of our hypotheses were confirmed. The only
clinical symptoms. confirmed hypothesis was that patients with MDD and the

There are several limitations to the current study. First, ~ Val/Val genotype had lower plasma MHPG levels than
this study was an open-label trial with a 1-week washout  patients with MDD who were Met carriers. In other words,
period. Second, the sample was small and heterogeneous, we found that 1) patients with MDD and the COMT Val/
and it included subjects with both moderate and severe  Val genotype did not respond better to duloxetine treatment
depression. Third, the dropout rate was high. Fourth, the  than patients who were COMT Met carriers; 2) patients with
plasma levels of MHPG and HVA are considered to reflect MDD and the COMT Val/Val genotype had lower plasma
only 30%-50% and 10%-20% of the brain dynamics, MHPG levels than patients who were COMT Met carriers
respectively.'® Fifth, the 1-week washout period (for former  (Figure 3); and 3) patients with MDD and the COMT Val/
antidepressant therapy) was not sufficiently long. Thus, Val genotype demonstrated significant increase in MHPG
future studies should be performed to confirm the results of  plasma levels compared to COMT Met carriers (Figure 4).

this preliminary study. The most important finding of the current study was that
16 ns ns
1 1
T 14
E
<)
E 12 P=0.049 ns
c 1 1
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® 4
£
7}
S 2
o
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HVA MHPG

Figure 4 The plasma levels of HVA and MHPG according to the COMT Vall58Met genotype at baseline and after 8 weeks of duloxetine treatment.

Note: Data are presented as mean * standard deviation.

Abbreviations: HVA, homovanillic acid; MHPG, 3-methoxy-4-hydroxyphenylglycol; COMT, catechol-O-methyltransferase; Val, valine; Met, methionine; w, weeks; ns, not
significant.
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Figure 5 The plasma levels of HVA and MHPG according to the COMT Vall58Met genotype in the patients with major depressive disorder and the healthy control

subjects.

Notes: (A) At baseline. (B) After 8 weeks of treatment. Data are presented as mean + standard deviation.
Abbreviations: HVA, homovanillic acid; MHPG, 3-methoxy-4-hydroxyphenylglycol; COMT, catechol-O-methyltransferase; Val, valine; Met, methionine; ns, not significant.

patients with MDD and the Val/Val genotype recovered to
the same plasma MHPG levels as the healthy control subjects
when treated with duloxetine. However, this improvement
occurred independently of clinical improvement.

Conclusion

The plasma MHPG levels in patients with MDD and the Val/
Val genotype were lower than those in patients with MDD
who were Met carriers. The MHPG levels in the former group
significantly increased (to healthy control levels) after dulox-
etine treatment. Our results suggest that patients with MDD
and the Val/Val genotype are more sensitive to the influence
of duloxetine treatment on noradrenergic neurons.
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