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Objectives: The etiology of depression remains unknown. There is, however, a growing body
of evidence that cytokines are involved in the pathophysiology of depression. The aim of this
study is to investigate the effects of fluvoxamine on plasma interleukin-6 (IL-6) levels and on
clinical improvement of the depressive state.

Subjects and methods: Thirty patients who met the DSM-IV criteria for major depressive
disorder (MDD) were enrolled in the study. Thirteen were male and 17 were female, and their
ages ranged from 26 to 70 years (mean * standard deviation 45.0£14.2). The patients were
treated with fluvoxamine for 8 weeks. The dosages of fluvoxamine varied among the patients
and, based on ethical considerations, were not fixed.

Results: The fluvoxamine doses were positively related to plasma fluvoxamine levels (#=0.8798,
P<0.001). A significant correlation was observed between the patients’ plasma IL-6 levels and
their 17-item Hamilton Rating Scale for Depression (HAMD17) scores (r=0.4555, P=0.0010).
A positive correlation was found between the delta plasma IL-6 (week O—week 8) and the delta
HAMD17 (week 0—week 8) (#=0.5226, P=0.002).

Conclusion: Effect of fluvoxamine on IL-6 is partially associated with its clinical efficacy
for MDD.

Keywords: fluvoxamine, interleukin, Hamilton Rating Scale for Depression, major depressive
disorder

Introduction

Selective serotonin reuptake inhibitors (SSRIs) are the first-line treatment for major
depressive disorder (MDD).! SSRIs work on the serotonin transporter (SET), and
Coleman et al® recently used X-ray crystallography to determine two structures of
the SET that were bound to an SSRI. Serotonin might play an important role in the
pathophysiology of MDD. However, the etiology of depression remains unknown.
There is a growing body of evidence that cytokines are involved in the pathophysiology
of depression.** Activated microglia exhibit increased production of inflammatory
cytokines (eg, interleukin (IL)-10, tumor necrosis factor-alpha (TNF-ct), and IL-6).3
According to the recent meta-analysis, levels of two cytokines (IL-6 and TNF-a),
one soluble cytokine receptor and one cytokine receptor antagonist were significantly
increased in acutely ill patients with MDD compared with controls.> Another former
meta-analysis demonstrated that a significantly higher concentrations of the proin-
flammatory cytokines TNF-ot and IL-6 in depressed subjects compared with control
subjects.® Antidepressant treatment also reduced levels of IL-1 and possibly those
of IL-6.7 It is well-known that noradrenaline stimulates the release of cytokines from
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microglia and macrophages, and the effect of noradrenaline
and cytokines is regulated by adrenoceptors.> We reported
that the plasma levels of IL-6 are raised during depressive
periods.?® According to a meta-analysis 7, treatment with
antidepressants reduced the serum IL-6 levels in patients with
MDD. In other words, plasma IL-6 is a state marker of major
depressive episodes. To the best of our knowledge, there are
no reports of investigations into the responses to fluvoxam-
ine, an SSRI, and plasma IL-6 levels in patients with MDD.
Thus, this study examined the responses to fluvoxamine and
plasma IL-6 levels in MDD patients. An activation of the
immune system has repeatedly been described in MDD, and
it has been suggested that the cytokines play a key role in
this immune activation.>* Within the brain, cytokines exert
various effects on neurotransmitters — especially the nora-
drenaline systems, which are thought to play a pivotal role in
psychiatric disorders.? IL-6 receptors are widely distributed in
the brain, especially in the hippocampus and hypothalamus.'°
Maes'! demonstrated that the plasma concentrations of IL-6
were significantly higher in MDD subjects than in healthy
controls. This finding has been confirmed by a number of
subsequent meta-analyses.'? The above findings suggested
that IL-6 might play a role in the pathogenesis of MDD.
From the above findings, it may be surmised that IL-6 may
play a role in the biology or somatic consequences of MDD.
Fluvoxamine is an SSRI that is widely used in the treatment
of depression and other psychiatric disorders including anxi-
ety disorders, and it has been suggested to have early effects
when used as an antidepressant drug.'*'* In addition, the
results of a recent meta-analysis also suggest that treatment
with fluvoxamine leads to symptomatic improvements in
patients with MDD by the end of the first week of use.'

The aim of this study is to investigate the effects of
fluvoxamine on plasma IL-6 levels, especially focusing on
the dose or plasma level of fluvoxamine and the clinical
improvement of the depressive state.

Subjects and methods

Thirty patients who met the DSM-IV criteria (American Psy-
chiatric Association, 1994) for MDD without other Axis I or
Axis II disorders were enrolled in the study. Thirteen were
male and 17 were female, and their ages ranged from 26 to
70 years (mean = standard deviation =45.0£14.2). All patients
were physically healthy and free of current alcohol and/or drug
abuse. The patients were treated with fluvoxamine for 8 weeks.
The dosages of fluvoxamine varied among the patients and,
based on ethical considerations, were not fixed.

Depressive symptoms were evaluated using the 17-item
Hamilton Rating Scale for Depression (HAMDI17).'® The
patients’ baseline blood samples drawn into heparinized tubes
were obtained before breakfast at 08.00—10.00 prior to the
initiation of SSRI treatment. None of the patients took any
medications for at least a month before the blood samplings.
The plasma samples were quickly separated in a centrifuge
and stored at —80°C until they were assayed.

The plasma levels of IL-6 were measured with our quan-
titative sandwich enzyme assay technique, which we previ-
ously described using a Quantikine® HS High Sensitivity
Immunoassay kit (R&D Systems, Minneapolis, MN, USA)."”
The standard curve was linear from 0.1 tol0 pg/mL, and
the detection limit was 0.1 pg/mL. The intra- and interassay
coefficients of variation were 7% and 9%, respectively. The
recovery rates of the exogenously added IL-6 in the measured
plasma samples were >95%.

The protocol of this study was approved by the Ethics
Committee of the University of Occupational and Environ-
mental Health, Kitakyushu, Japan. Written informed consent
was obtained from all subjects. The plasma fluvoxamine level
was measured using high performance liquid chromatography
according to the method we previously described.'® In brief,
I mL of plasma alkalized with 500 uL of 2 M sodium
hydrogen carbonate was extracted by hexane (10 mL) after
the addition of the internal standard (clomipramine). Shaken
horizontally for 20 min and then centrifuged at 2,000 x g
for 10 min, the upper organic layer was removed and dried
under N.. After being dissolved in 200 uL of mobile phase,
a 50 uL aliquot of the final preparation was subjected to high
performance liquid chromatography. All experiments were
performed in triplicate.

Statistical analysis

Since the data were normal distributed using Kolmogorov—
Smirnov test. A paired z-test was used to compare the plasma
IL-6 levels and the HAMD17 scores between at week 0
and at week 8. Relationships between two variables were
examined using Pearson’s correlation coefficients. The level
of significance for all analyses was set at P<<0.05.

Results

1) The demographics of each group are given in Table 1;
2) the fluvoxamine dose was positively related to the
plasma fluvoxamine level (Pearson’s correlation coef-
ficients; r=0.8798, P<<0.001; Figure 1); 3) plasma IL-6
levels decreased from week 0 (134£53 pg/mL) to week 8
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Table | Demographics of participants

M (F) 13 (17)
Age (years) 45.0t14.2
First/recurrent 12 (18)

Duration of illness 9.4+3.6 (weeks)
I'11.2£37.4 (mg/day)
24.1£3.1

12.2+2.8

Fluvoxamine dose (max)
HAMDI7 (at week 0)
HAMDI7 (at week 8)

Abbreviations: HAMDI7, |7-item Hamilton Rating Scale for Depression; max,
maximum; M, male; F, female.

(106£34 pg/mL; paired Student’s t-test, P=0.0183); 4) the
HAMD17 scores decreased week 0 (24.413.1) to week 8
(12.242.8; paired #-test, P=0.0001); 5) a significant correla-
tion was observed between the patients’ plasma IL-6 levels
and their HAMD17 scores (Pearson’s correlation coefficients;
r=0.4555, P=0.0010; Figure 2); 6) a positive correlation was
found between the delta plasma IL-6 (week O—week 8) and
the delta HAMD17 (week O—week 8) (Pearson’s correlation
coefficients; »=0.5226, P=0.002; Figure 3); 7) no correla-
tion was found between plasma fluvoxamine level at week 8
and the delta HAMDI17 (Pearson’s correlation coefficients;
r=1.3045, P=0.2020; Figure 4); 8) no correlation was
observed between delta plasma IL-6 (week 0—week 8) and
plasma fluvoxamine level at week 8 (Pearson’s correlation
coefficients; 7=0.2982, P=0.7676; Figure 5).

Discussion

The main finding of this study was that a positive correlation
was observed between the delta plasma IL-6 and the delta
HAMDI17 in MDD patients treated with fluvoxamine. This
indicates that fluvoxamine an association exists between the
decrease in plasma IL-6 and the clinical improvement of
depressive symptoms. We also demonstrated that the plasma
IL-6 level was associated with the severity of depressive
symptoms evaluated by HAMD17. Recently, we reported that
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Figure | Fluvoxamine dose and plasma fluvoxamine concentration.
Notes: r=0.8798, P<<0.001.
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Figure 2 Baseline (week 0) HAMDI7 and baseline (week 0) plasma IL-6
concentration.

Notes: r=0.4555, P=0.0010.

Abbreviations: HAMDI7, |7-item Hamilton Rating Scale for Depression; IL-6,
interleukin-6.

the baseline plasma IL-6 levels were significantly higher in
responders to paroxetine or sertraline than in nonresponders.
In that study, a significant positive correlation was observed
between the patients” HAMDI17 scores and the baseline
plasma IL-6 levels 5. We reconfirmed in this study that
plasma IL-6 reflects the severity of major depressive epi-
sodes. Taking all of these findings into account, it is possible
that plasma IL-6 is a biological state marker for MDD.
IL-6 has been proposed to be involved in the pathology
of MDD.'"® In particular, it was suggested that IL-6 is
involved in multiple physiological systems, including
the hypothalamic-pituitary-adrenal axis, corticotrophin-
releasing hormone activity at limbic sites, noradrenaline
utilization, the release of oxidative stress, the apoptotic
pathways, and kinase signaling,'”?? all of which have
very close relationships to the pathophysiology of MDD.
Li et al*® recently showed that noradrenaline significantly
increased the mRNA and protein expression of IL-6 in
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Figure 3 The change in plasma IL-6 concentration and the change in HAMD17.
Notes: r=0.5226, P=0.002.

Abbreviations: HAMDI7, |7-item Hamilton Rating Scale for Depression; IL-6,
interleukin-6.
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Figure 4 The change in HAMDI7 and plasma IL-6 concentration at week 8.
Notes: r=1.3045, P=0.2020.

Abbreviations: HAMDI7, |7-item Hamilton Rating Scale for Depression; IL-6,
interleukin-6.

U937 macrophages in time- and concentration-dependent
manners. The B-adrenoreceptor inhibitor propranolol blocked
noradrenaline-induced IL-6 expression in the mRNA and
protein levels in U937 macrophages, which hypernora-
drenergic activity promotes IL-6 production. Actually, we
reported that plasma 3-methoxy-4-hydroxyphenylglycol, a
major metabolite of noradrenaline, was higher in the sub-
group of MDD patients than in healthy control subjects, and
also demonstrated that fluvoxamine decreased the plasma
3-methoxy-4-hydroxyphenylglycol level, which was associ-
ated with the clinical improvement of depressive symptoms.>*
Li et al® reported that the MHPG levels were elevated with
anxiety, agitation, and insomnia, and the authors clonidine,
an alpha2-adrenoceptor agonist, was effective for certain
depressive symptoms. Therefore, suppressing noradrenaline
activity enhanced the serotonergic functions by fluvoxamine
leads to weaken IL-6 production in MDD patients. In other
words, fluvoxamine increases brain serotonin, and increased
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Figure 5 The change in plasma IL-6 concentration and plasma fluvoxamine
concentration at week 8.

Notes: r=0.2982, P=0.7676.

Abbreviation: IL-6, interleukin-6.

serotonin stimulates the alpha2-adrenenoceptor, which
reduces noradrenergic activity.? In short, an interaction exists
between noradrenergic neurons and serotonergic neurons.

Microglia are the primary central reservoirs of proinflam-
matory cytokines, and they act as antigen-presenting cells
in the brain.?® Although it is uncertain whether peripheral
IL-6 levels represent the levels found in the brain, evidence
suggests that IL-6 crosses the blood—brain barrier, and the
peripheral level might represent an overflow from the central
nervous system and may be a marker of an inflammatory
process in the brain.?”’

A linear relationship was found between the dose and
plasma concentrations of fluvoxamine. No association was
found, however, between plasma fluvoxamine level and
the delta HAMD17. These results suggest that the dose and
plasma levels of fluvoxamine independently influenced the
clinical improvement of depressive symptoms. Pharma-
codynamic factors and pharmacokinetic factors are both
important for the clinical efficacy of fluvoxamine in MDD.
Since placebo control group was not prepared, the possibility
remains that reduction of plasma IL-6 levels might be related
to recovery itself, and do not necessarily have to be a phar-
macological effect of fluvoxamine.

Limitations

One limitation of this study was that the sample size was
small and heterogeneous, not reference group, not placebo
group, which might be associated with a type I or type 11
error. The fact that the dosage of fluvoxamine was not fixed
is another problem. Thus, further research using larger sample
with reference group, a different antidepressant, is needed to
test the preliminary results achieved in this study.

Conclusion

The effect of fluvoxamine on IL-6 is related to its clinical
efficacy of fluvoxamine for MDD. We should, however, be
cautious for interpreting the preliminary results.
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