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Abstract: We report a case in which selegiline, an irreversible monoamine oxidase B (MAO-B)
inhibitor, greatly improved depressive symptoms in an adult with stage 5 treatment-resistant
major depressive disorder. Four antidepressants and four augmentation therapies had previously
been ineffective or intolerable, and electroconvulsive therapy had only a temporary effect. After
20 weeks of treatment with selegiline (10 mg/day), the patient’s score on the 17-item Hamilton
Depression Rating Scale (HDRS) had decreased from 19 to 4 points. [18F]-Fluorodeoxyglucose
positron emission tomography (FDG-PET) showed increased glucose metabolism in the bilateral
basal ganglia after initiating selegiline treatment; blood dopamine levels were also increased
after selegiline treatment. These results raise the possibility that selegiline enhances dopaminergic neural transmission in treatment-resistant depression, thus leading to an improvement in
depressive symptoms.
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Introduction
Transdermal selegiline, an irreversible selective monoamine oxidase B (MAO-B)
inhibitor, is approved as an antidepressant in the USA.1 Some reports have shown
that oral selegiline treatment can also be effective in treating depression. For example,
oral selegiline was effective for treatment-resistant elderly depressive patients at
high doses2 and exhibited antidepressant effects on severe refractory depression at
more typical dosing regimens.3 On the other hand, one report indicates that low-dose
transdermal selegiline treatment, but not oral selegiline treatment, was effective for
treatment-resistant depression.4
We experienced a patient with severe stage 5 treatment-resistant major depression,
which is defined by the persistence of significant or moderate depressive symptoms
despite at least two treatment trials with antidepressants from different pharmacological classes and two augmentation therapies, as well as electroconvulsive therapy (ECT),
as classified by Thase and Rush.5 Because selegiline may enhance dopaminergic neural
transmission,6 [18F]-fluorodeoxyglucose positron emission tomography (FDG-PET)
of his brain was performed, and blood levels of dopamine, noradrenalin, and homovanillic acid (HVA) were measured. In addition, ß-phenylethylamine (PEA) levels
in the patient’s urine were measured because selegiline increases PEA levels through
MAO-B inhibition. PEA stimulates trace amine-associated receptors (TAAR), which
respond to trace amines, p-tyramine, and PEA, but not classic b iogenic amines.7
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Case description
A 51-year-old man had been diagnosed with major depression 6 years prior to beginning selegiline treatment. During
that time, he was treated with imipramine, a tricyclic antidepressant (TCA) (150 mg/day), and his symptoms remitted.
However, although he continued medication for 4 years, his
depression relapsed. Imipramine was thus replaced with
milnacipran, a serotonin and noradrenalin reuptake inhibitor (150 mg/day) and then paroxetine, a selective serotonin
reuptake inhibitor (40 mg/day), but those were ineffective, and he was later admitted to our hospital. Concurrent
administration of amoxapine, a tetracyclic antidepressant
(TeCA) (150 mg/day), lithium carbonate (800 mg/day),
and cabergoline (1 mg/kg) improved his symptoms, and
he was discharged. His plasma lithium concentration was
0.61 mEq/L. However, he again relapsed into depression
8 months later, despite receiving treatment. His major
symptoms included fatigue, loss of motivation, and decline
in work efficacy. Subsequently, he was readmitted to our
hospital.
During this second hospitalization, amoxapine
(200 mg/day), amitriptyline, a TCA (200 mg/day), imipramine (250 mg/day), and clomipramine, a TCA (150 mg/
day) were consecutively used for at least 4 weeks, but
none were effective. Additional lithium augmentation had
no effect, and the addition of olanzapine (5 mg/day) was
ineffective. Likewise, pramipexole (2.625 mg/day) induced
the side effects of oral dyskinesia and auditory hyperesthesia,
while the addition of triiodothyronine was stopped because of
palpitations. ECT was administered ten times, and depressive
symptoms disappeared transiently. However, the patient’s
depression relapsed again 1.5 months later, despite the continuation of clomipramine after ECT. Selegiline (2.5 mg/day)
treatment was started after he signed the informed consent
form. The daily dose of selegiline was increased by 2.5 mg
every week up to a maximum of 10 mg/day. Mianserin,
a TeCA, (60 mg/day), and valproate (600 mg/day) were also
concurrently used, but the dosages of those drugs remained
constant during selegiline treatment. Before initiating selegiline treatment, the patient received a score of 19 on the
17-item Hamilton Depression Rating Scale (HDRS). During
selegiline treatment, his score on the HDRS decreased to
9 points at week 8 and 4 points at week 20. He returned to
work after 49 weeks of selegiline treatment. No side effects
from selegiline treatment were either observed or reported.
We followed up with the patient approximately 2 years and
5 months after the trial with selegiline. During this period,
no relapse occurred.

1592

submit your manuscript | www.dovepress.com

Dovepress

Dovepress

FDG-PET scans were measured twice, before selegiline treatment and after 20 weeks of selegiline treatment.
Two experienced nuclear medicine physicians visually
interpreted the images. Twenty weeks after selegiline treatment, selegiline-induced enhancement of glucose metabolism
was observed in the bilateral basal ganglia by FDG-PET,
while decreases were shown in those in the occipital lobe
(Figure 1). The methods used to conduct and analyze the
PET scan were as follows: a 10-minute regional static scan
was performed with a Siemens ECAT HR+ scanner using
the three-dimensional (3D) mode, and the image was reconstructed in the brain mode, using Siemens’ ecat software,
version 7.2.2 (Siemens AG, Munich, Germany). The images
were acquired via 3 minutes of transmission scanning and
10 minutes of emission scanning. The energy window was
350−650 keV. In the brain mode, the acquired 3D sonograms
were converted into two-dimensional (2D) sonograms, using
Fourier rebinning. The images were reconstructed using the
direct inversion Fourier transformation method. We used
a Hanning reconstruction filter with a 4 mm full width at
half-maximum (FWHM). The reconstruction matrix was
256 × 256, and the field of view was 33 cm in diameter. The
FWHM was 6.4 mm after reconstruction.
Moreover, the patient’s plasma dopamine levels (,5 to
9 pg/mL) and urine PEA levels (,0.5 to 179.4 ng/mg CRE
[creatinine]) were greater after 12 weeks of selegiline treatment compared with baseline, although the plasma HVA and
noradrenalin levels were not changed. The MAO-B activity

Figure 1 The changes in glucose metabolism using FDG-PET before and after
selegiline treatment.
Notes: (A) Before selegiline treatment, the patient’s 17-item HDRS score was
19 points; (B) after 20 weeks of selegiline treatment, a 17-item HDRS score was
4 points. Selegiline treatment increased glucose metabolism in the bilateral basal
ganglia (red arrows) and decreased glucose metabolism in the occipital lobe (white
arrows).
Abbreviations: FDG-PET, [18F]-fluorodeoxyglucose positron emission tomography;
HDRS, Hamilton Depression Rating Scale; MRI, magnetic resonance imaging.
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of blood platelets was nearly completely inhibited by administering selegiline 10 mg/day.

Discussion
In the history of this case, various antidepressants were
tried, ultimately without success. Lithium and olanzapine
augmentation therapies, for example, were ineffective.
The addition of a dopamine agonist or triiodothyronine had
been intolerable, and ECT showed only transient effects. In
short, this case was considered to be a stage 5 treatmentresistant major depressive disorder, as classified by Thase
and Rush.5 There have been few studies of stage 5. This is
the first report of successful selegiline treatment for a stage 5
treatment-resistant major depressive patient and of the FDGPET time course before and after selegiline.
Increases in the glucose metabolism of the bilateral basal
ganglia and decreases in those of the occipital lobe were
observed using FDG-PET, after selegiline treatment.
Recently, two FDG-PET studies8,9 reported different
results from ours, showing that repetitive transcranial magnetic stimulation decreased abnormally elevated glucose
metabolism in the left temporal cortex and fusiform gyrus,
in persons with stage 2 major depressive disorder, which
is defined as insufficient improvement despite at least two
antidepressant trials8 and the presence of increased glucose
metabolism in subdivisions of the anterior cingulate cortex
(Brodmann areas 24 and 32).9 Differences in the staging of
treatment resistance and in the studied treatments between
our study and previous studies may account for the inconsistencies in the FDG-PET data. Nevertheless, the changes in
glucose metabolism after selegiline treatment found in our
study suggest that such changes are involved in the treatment
response for persons with stage 5 major depression.
The main pharmacological functions of selegiline are
(1) the reinforcement of dopamine transmission by MAO-B
inhibition and (2) neuroprotective action.10 Because dopamine is abundant in the basal ganglia, the increases in glucose metabolism in the basal ganglia may occur via increases
in dopamine by MAO-B inhibition after selegiline treatment.
Moreover, a previous study has reported that volumetric
decreases and regional blood flow decreases in the basal
ganglia occur in major depressive disorders.11 However, there
have been no studies about the effect of selegiline on FDGPET in Parkinson’s disease or other diseases. An earlier study
has suggested that the antidepressant effects in poststroke
depression, in which biogenic amine-containing axons may
be interrupted by ischemic lesions, may extend beyond mood
symptoms, eg, to motor recovery.12 In addition, depressive
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symptoms are common in patients with Parkinson’s disease,
and improvement in mood, motor symptoms, and cognitive
symptoms are found after the treatment of depression.13 These
findings suggest that selegiline may not only improve mood,
but also affect motor function. On the other hand, research
using an animal model reported that selectively bred helpless rats treated with selegiline were no longer helpless when
the tests were repeated.14 This suggests that selegiline also
participates in the learning process.14 Although the glucose
metabolism of the occipital lobe was decreased after selegiline treatment in this case, other antidepressant treatments,
cognitive behavior therapy, and venlafaxine reportedly have
increased the glucose metabolism of the occipital lobe.15
Thus, there seems to be a difference between selegiline
and the conventional treatment for major depression. It is
uncertain whether the decreased glucose metabolism in the
occipital lobe in this case is related to the clinical efficacy
of selegiline.
In addition to the FDG-PET data, increased plasma
dopamine levels were also observed after selegiline
treatment. Previously, we reported that a dopamine agonist
(pramipexole) was effective for stage 2 treatment-resistant
major depression;16 those results suggested that dopamine
neurotransmission might be involved in treatment-resistant
depression. Although it is not clear whether blood dopamine
levels reflect dopaminergic neural transmission in the central
nervous system, this dopaminergic effect may reflect MAO-B
inhibition in the whole body, including the brain. Moreover,
PEA levels in the urine of our patient were increased due
to MAO-B inhibition by selegiline. PEA increases extracellular dopamine levels in the brain6 and acts at TAAR
as an agonist.7 Together, these results raise the possibility
that selegiline enhances dopaminergic neural transmission
through one or more mechanisms, contributing to an overall
antidepressive effect.
One limitation of this case report must be noted. Because
selegiline had been added to mianserin and valproate, we
cannot eliminate the possibility that the combined treatment
was completely effective.
In conclusion, we reported on the progress of a stage 5
treatment-resistant major depressive patient, for whom selegiline greatly improved depressive symptoms. These results
raise the possibility that selegiline produces antidepressant
effects by enhancing dopaminergic neural transmission in
the basal ganglia.
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