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High-Frequency Repetitive Transcranial Magnetic
Stimulation Improves Refractory Depression by
Influencing Catecholamine and Brain-Derived

Neurotrophic Factors
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Introduction: Repetitive transcranial magnetic stimulation
(rTMS) is a non-invasive and easily tolerated method of altering
cortical physiology. To date, numerous open and sham controlied
ctinical trials have explored the antidepressant potential of ITMS.
In the present study, we investigated clinical trials of high-fre-
quency rTMS (20 Hz) for treatment of refractory depression, and
also examined the effect of tTMS on plasma levels of catechol-
amine metabolites and brain-derived neurotropic factor (BDNF).
dM=thods: Twenty-six depressed inpatients who met the DSM-IV
“étena for major depressive disorder and had failed to respond
{ortf=atment with at least two antidepressant drugs given at ade-
§uate doses (above 150 mg/day in an equivalent dose of imipra-
mine) and durations (at least 4 weeks for each drug) were enroll-
&d in this study. Eleven were males, 15 females. The ages of the
suhjects ranged from 19 to 78 years old (mean * SD = 529 ¢
17.8). All patients were administered left prefrontal 20 Hz rTMS
at 80% MT (total 800 pulses a day) over ten daily sessions. The
plasma levels of 3-methoxy-4-hydroxyphenylglycol (MHPG)
and homovanillic acid (HVA) were analyzed by high-perform-

ance liquid chromatography. The plasma levels of BDNF ware
also measured with the sandwich ELISA method. Results: The
mean 17-item Hamilton Rating Scale for Depression (Ham-D)
score of 20.5 + 5.2 before 1TMS was significantly decrezased tc
15.6 £ 7.3 after rTMS. Nine of 26 patients (35%) demonstratz-
some improvement (Ham-D > 25%) by rTMS. The leve!s of pias-
ma MHPG, but not those of HVA, were significantly reduced after
fTMS treatment, and a negative correlation was cuserved he-

tween the change in plasma MHPG levels and the ¢hang? in
scores of agitation. In addition, the plasma levels of 82i:F were
significantly increased by 23% in responders and partial respon-
ders, but not in nonresponders, after rTMS treatment, and a tend
for association was found between the changes in kari-D scores
and changes in plasma BDNF levels in all patients after rTMS
treatment. Conclusion: These resuits suggest that rTM3 treai-
ment brings about some improvement in refractory depression,
especially for symptoms such as agitation, by influencing MHPG
and BDNF, which is in accordance with previous reports showing
that BDNF was increased by various antidepressants treatments.

Y

Intreduction

Depression has a lifetime prevalence estimated to be between
1.5-19% [48], and depression, like anxiety disorder, is one of the
mast sommon of all psychiatric disorders. Despite the adminis-
iration of many kinds of antidepressants and various kinds of

S TS RN

psychotherapy, treatment failures occur because af the delayed
onset of efficacy or because of intolerable side. effects. Uinlikg
psychotherapy or drug treatment, electroconvulsive. therapy
(ECT) has a short onset latency and has been used foy patients
with serious or treatment-resistant depression-[8j. However, it
requires anesthetic agents and seizure induction, an,c%\ce_q,_z.-.;ma:;
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times cause memory impairment [32]. Repetitive transcranial
magnetic stimulation (rTMS) has the advantages of not requiring
anesthesia and of not inducing seizures and the associated mem-
ory loss. In addition, it allows better contro} of stimulus frequen-
cy and location [4]. rTMS is a neurologic and psychiatric research
tool that has gained attention in recent years for its potential ap-
plication as a treatment not only for neurological disorders, but
also for psychiatric disorders such as depression, schizophrenia,
and obsessive-compulsive disorder [18]. The initial application
of high-frequency (20 Hz) rTMS over the left prefrontal cortex in
depressed patients resulted in promising findings [12,20]. Sub-
sequent sham-controlled studies of daily left prefrontal high-fre-
quency rTMS have demonstrated significant clinical improve-
ment in depressed patients [7,16]. In general, high-frequency
(3-20 Hz) rTMS is considered to increase cortical excitability
and metabolism, whereas low-frequency (< 1 Hz) stimulation
does the opposite [18]. Current data support the antidepressant
effects of excitatory stimulation to the left prefrontal cortex. Ac-
cording to the review of Gershon et al. [21], 41% of 139 patients
treated with high-frequency rTMS to the left prefrontal cortex
achieved either a 50% decrease in their Hamilton Rating Scale
for Depression (Ham-D) scores or a final score under 8. More re-
cently, rTMS has been studied mainly to assess its putative ther-
apeutic effects in the treatment of refractory depression [31]. Al-
though the mechanism through which rTMS may exert thera-
peutic effects in depression has also been studied in a number
of animal models by investigating plasticity and changes in cor-
tical activity [13], it remains to be fully elucidated.

The original catecholamine hypothesis of depression postulated
that depression is characterized by a deficiency of functional nor-
adrenaline. Recently, this hypothesis has been tempered and
modified to place more emphasis on possible disturbances in
the regulation of the catecholaminergic systems as a phase affec-
tive/arousal system. A dysregulated noradrenergic system may
contribute significantly to the vegetative and anxiety-related
symptoms of depression [3,44]. Previously, we proposed that de-
pression might be dichotomized into two groups using plasma
levels of 3-methoxy-4-hydroxyphenylglycol (MHPG), a major
metabolite of noradrenaline [52]. Recently, many animal studies
and several human studies have demonstrated that brain-de-
rived neurotrophic factor (BDNF) plays important roles in the pa-
thophysiology of depression. Several lines of evidence indicate
that the expression of BDNF might be a downstream target of a
variety of antidepressant treatments or ECT [1,22,41].

In the present study, we performed a clinical trial of high-fre-
quency rTMS (20 Hz) for treatment of refractory depression.
Moreover, we clarified the effects of rTMS on catecholaminergic
systems by analyzing the plasma levels of 3-methoxy-4-hydro-
xyphenylglycol (MHPG) and homovanillic acid (HVA). In addi-
tion, we also investigated the effects of rTMS on plasma BDNF
levels. We found that rTMS brings some improvement to persons
with antidepressant-resistant depression. A surprising result
was a reduction in the plasma MHPG levels and an increase in
the plasma BDNF levels after rTMS, and these effects were found
to be related to the improvement of the depressive symptoms.

Subjects and methods

Twenty-six depressed inpatients at a psychiatric ward in our uni-
versity hospital who met the DSM-IV criteria for major depres-
sive disorder, and who were significantly symptomatic despite
being on medications, or who were unable or unwilling to try ad-
ditional medications, were enrolled in this study. The MIN{ Inter-
national Neuropsychiatric (nterview was used to confirm the
DSM-1V diagnosis of a major depressive disorder and rule out
combined conditions such as anxiety disorder or personality dis-
order. The subjects had to have failed to respond (below 50% in
their Ham-D score) to at least two prior medication trials judged
to be of adequate duration (at least 4 weeks for each drug) and
with adequate dosages {above 150 mg/day in an equivalent dose
of imipramine), These determinations were made in conference
between the first author (T.Y.) and the current treating psychia-
trist. Eleven were males and 15 females. A score of at least 15 on
the 17-item Ham-D was needed for a subject to be admitted to
the study. The ages of the subjects ranged from 19 to 78 years
(mean * SD = 52.9 £ 17.8). All patients were physically healthy
and none had a history of alcohol and/or drug abuse. Patients
with a history of epilepsy, neurosurgery, and cardiac pacemaker
implantation were excluded. A Nihon Koden magnetic stimula-
tor AAA-81077 with a figure-eight coil YM-111B was ‘used in
this study. All patients were administered left prefmntal'zo Hz
rTMS at 80% MT (total 800 pulses a day) over ten daily sessions.
The left prefrontal cortex area was considered to be 5 cm in front
of the left motor cortex area of the abductor pollicis brevis mus-
cle. Each patient was assessed to determine his or her motor
magnetic threshold at rest only before treatment. The motor
threshold was defined as the lowest stimulus intensity capable
of producing motor evoked potentials (MEP) of =250 uV in the re-
laxed abductor pollicis brevis muscle in at least 5 to 10 consecu-
tive trials. The motor evaked potentials were collected by elec-
tromyographic devices (Neuropack, Nihon Koden). Eighty per-
cent of the individual patient motor threshold was then adminis-
tered on the left dorsolateral prefrontal cortex within a two-
week period. Each patient was evaluated every week during the
rTMS treatment by one experienced psychiatrist (T.Y.) using the
Ham-D. The psychiatrist assessing the Ham-D was blind to the
results of the test of plasma levels of catecholamine metabolites
and BDNF. All patients continued to receive their preexisting an-
tidepressants or mood stabilizers at the same dosages from 3
weeks before to 3 weeks after the rTMS treatment. We defined
the patients with a 50% or more decrease in their Ham-D score
as responders, the patients with a 25-49% decrease in their
Ham-D score as partial responders, and the remaining patients
as nonresponders comparing the score of Ham-D at the two
points, just before the first rTMS treatment and two weeks after
the last rTMS treatment.

All blood samples were taken at 7:00 am before breakfast (at
least 12 hours after the last medication) just before and two
weeks after the rTMS treatment. Fifteen milliliters of venous
blood was drawn from the patient in the supine position, after
the patient had been lying at rest overnight. The plasma samples
were quickly separated in a centrifuge (2000 g, 10 min, 4 C) and
stored at -80 C until assay. The plasma HVA levels were ana-
lyzed by high-performance liquid chromatography with electro-
chemical detection (HPLC-ECD) according to the method of
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Yeung et al. [50] with slight modification [53]. In short, each cya-
no-bonded solid-phase extraction cartridge was preconditioned
with methanol and then glass-distilled water. To each cartridge
were added 0.3 mL of plasma sample or standard, and 0.1 mL of
~working internal standard solution (5 ng of 5-hydroxyindolecar-
boxylic acid in 0.01 M KH,PO,, pH 7.2). The samples were depro-
teinized with 1 mL of acetonitrile. After mixing by vortex and
centrifugation (1760 g,4 C for 10 min), an aliquot (5 uL) of super-
natant was allowed to pass through the cartridge slowly under a
mild vacuum (15 mmHg). The cartridge was washed with 0.2 mL
of distilled water, extracted with 1 mL of ethyl acetate, and then
an aliquot was evaporated to dryness under nitrogen gas. After
dissolving in the mobile phase (200 uL), a 10 uL portion of this
solution was injected into the HPLC. The plasma MHPG levels
were analyzed according to the method of Minegishi and Ishizaki
[34]. In brief, plasma was separated by centrifugation at 2000 g,
10 min at 4 C. Extraction was performed under a vacuum using
Bond-Elut columns prepacked with 100 mg of C18-bonded silica
(40 um) in a 1 mL capacity disposable syringe. The columns,
which were inserted into a vacuum chamber connected to an
aspirator, were prepared by washing with 1 mL of methanol fol-
lowed by 1 mlL of water. After the addition of 50 uL of a solution
of vanillyl alcohol (internal standard equivalent to 5 ng/mL) to 1
mL of plasma, the samples were applied to and passed through
the columns, followed by 0.75 mL of water to rinse off both resi-
dual samples and easily eluted hydrophilic compounds. The ad-
sorbed materials were eluted with 200 ul. of methanol to a 0.1 M
phosphate buffer (pH 4.8) mixture (40: 60, v/v). A 20 uL portion
of this solution was injected into the HPLC. The plasma BDNF
levels were measured using a BDNF Emax Immunoassay Kit (Pro-
mega, Madison, WI, USA) according to the manufacturer’s in-
structions. In short, 96-well microplates were coated with anti-
BDNF monoclonal antibody and incubated at 4°C for 18 hours.
The plates were incubated in a blocking buffer for 1 hour at
room temperature, The samples diluted with assay buffer by
100-times and BDNF standards were kept at room temperature
under conditions of horizontal shaking for 2 hours, followed by
washing with the appropriate washing buffer. The plates were
incubated with antihuman BDNF polyclonal antibody at room
temperature for 2 hours and washed with the washing buffer.
The plates were then incubated with anti-IgY antibody conjugat-
ed to horseradish peroxidase for 1 hour at room temperature,
and incubated in peroxidase substrate and tetramethylbenzidine
solution to induce a color reaction. The reaction was stopped
with 1 mol/L hydrochloric acid. The abserbance at 450 nm was
measured with an Emax automated microplate reader. Measure-
ments were performed in duplicate. The standard curve was lin-
ear from 5 to 5000 pg/mL, and the detection limit was 10 pg/mL.
Cross-reactivity to related neurotrophins (NT-3, NT-4, NGF) was
less than 3%, Intra- and interassay coefficients of variation were
5 and 7%, respectively. The recovery rate of the exogenous added
BDNF in the measured plasma samples was more than 95%.

This study was approved by the ethics committee of the Univer-
sity of Occupational and Environmental Health, and written in-
formed consent was obtained from all participants.

Statistical analysis

The plasma levels of MHPG, HVA, and BDNF before and after
rTMS were compared using the Wilcoxon signed-rank test.
Spearman’s rank correlation coefficient was calculated to inves-
tigate the relationship between the changes in the plasma levels
of MHPG, HVA, and BDNF and the HAM-D improvement rates.
The Mann-Whitney’s U test was used to compare the response
group and the non-response group with respect to the pretreat-
ment plasma levels of MHPG, HVA, and BDNF, and age. The chi-
square test was performed to compare the response group and
the nonresponse group with respect to gender. All data were
expressed as mean + standard deviation, and a P-value below
0.05 was considered significant.

Results

All patients were treated with preexisting antidepressants or
mood stabilizers for at Jeast 4 weeks or more as follows : 7 pa-
tients with milnacipran, 5 patients with paroxetine, 5 patients
with sulpiride, 5 patients with lithium carbonate, 5 patients
with fluvoxamine, 4 patients with mianserin, 2 patients with
amoxapine, 2 patients with imipramine, 2 patients with trazo-
done, 1 patient with sodium valproate, 1 patient with clomipra-
mine, and 1 patient with maprotiline (Table 1). The patients had
been given prior treatments with 2-6 (mean £SD = 3.1 £1.3) an-
tidepressants or mood stabilizers in adequate dosages and for an
adequate duration. The number of prior episodes the patients
had suffered ranged from 2 to 6 (mean + SD = 2.3  2.0), and
the mean duration of the current episode ranged from 4-36
months {mean + SD = 16.2 £ 15.9). Next, 1TMS was performed
(in addition to the antidepressants or mood stabilizers). The
mean Ham-D score of 20.5 + 5.2 before treatment was signifi-
cantly decreased to 15.6 £ 7.3 at 2 weeks after rTMS treatment.
Five of 26 patients showed an improvement of 50% or higher on
Ham-D scores (responders), 4 patients showed an improvement
of 25-49% on Ham-D scores (partial responders), and the re-
maining 17 patients demonstrated an improvement of below
25% (nonresponders). Finally, 7 of 26 patients (27 %) achieved re-
mission (Ham-D score < 8).

Table1 Medications used and the number of patients treated

Antidepressants/Mood stabilizers Number of Patients

milnacipran
paroxetine
sulpiride

lithium carbonate
fluvoxamine
mianserin
amoxapine
imipramine
trazodone
sodium valproate
clomipramine

—_e = NN BN

maprotitine

Some patients are trealed with more than two drugs.
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No statistically significant differences were observed between
responders plus partial responders and nonresponders with re-
spect to sex, age, and the number of patients who had only one
depressive episode (first depressive episode) or Ham-D score be-
fore rTMS treatment and plasma levels of MHPG and BDNF be-
fore rTMS treatment (Tables 2, 3). There was no significant corre-
lation between the plasma levels of BDNF, MHPG, or HVA and age
or body weight. No significant difference was observed between
males and females with respect to the plasma levels of BDNF,
MHPG, or HVA (data not shown). No associations were found be-
tween changes in the total score of Ham-D and changes in the
plasma MHPG or HVA levels. However, on the individual items
of the Ham-D, a negative correlation was observed between the
changes in the plasma MHPG levels and the changes in the scores
of agitation on the Ham-D before and 2 weeks after rTMS
(Table 4).

The plasma levels of MHPG were significantly reduced 2 weeks
after rTMS treatment (before: 8.27 £ 5.98 ng/mL, after: 5.69
4.70 ng/mL) (Fig. 1A). However, there was no significant change
in the plasma levels of HVA between before and 2 weeks after
the rTMS treatment in all patients (before: 6.71 + 5.49 ng/mL,
after: 5.46 + 5.17 ng/mL) (Fig. 1B). The plasma levels of HVA in re-
sponders were significantly higher than those in nonresponders
(Fig. 2), though no correlations between the changes in plasma
HVA and the changes in the scores of each item of Ham-D were
observed. There was a trend for increasing plasma BDNF levels in
all patients 2 weeks after rTMS treatment (before; 2.53 £ 2.01 ng/
mL, after; 3.11 £ 2.00 ng/mL; P < 0.1). In particular, the plasma
BDNE levels were increased 2 weeks after rTMS treatment in the
responders and partial responders (before; 2.35 + 147 ng/ml,
after: 3.87 + 2.13 ng/mL; P < 0.05), while, no significant increase
was observed in nonresponders (before; 2.46 + 2.16 ng/mL, after;
2.60 + 1.84 ng/mL; n.s.), and there were no differences between
the two groups in plasma BDNF levels before rTMS treatment
(Fig. 3). Finally, a trend for association was found between chang-
es in Ham-D scores and changes in plasma BDNF levels in all pa-
tients before and 2 weeks after rTMS treatment (p = 0.340, P <
0.1) (Fig. 4). No correlation was found between stimulation in-’

Table4 Correlation between the changes in plasma MHPG levels and
the changes in scores on each item of Ham-D

Items p Values P Values
Depressive mood -0.02 0.76
Feeling of guilt 0.4 0.23
Suicide 0.14 0.84
Insomnia (early/middle/late) 017 0.5
Work and interest 0.04 0.83
Retardation 0.06 0.6
Agitation -0.08 0.03*
Anxiety (psychic) -0.1 0.47
Anxiety (somatic) 0.13 0.96
Somatic symptoms {gastrointestinal) 0.03 0.39
Somatic symptoms (general) 0.07 0.28
Genital symptoms 0.21 0.68
Hypochondriasis 0.2 0.53
Loss of weight 0.18 0.73
Insight 0.29 0.67

" P < Q.05 significant correlation.

tensity and changes in the plasma levels of MHPG, HVA, and
BDNF or changes in the Ham-D score (data not shown).

Discussion

The main findings of the present study are that nine out of twen-
ty-six treatment-resistant patients (35%) at least partially re-
sponded to rTMS treatment, and plasma levels of MHPG were
significantly decreased in all patients after rTMS treatment. A
negative correlation was observed between the change in plasma
MHPG levels and the change in the Ham-D scores with regard to
agitation. In addition, the plasma BDNF levels were increased in
the responders and partial responders by 23%, but not in the
nonresponders after rTMS treatment, and a trend for association
was found between the changes in the Ham-D score and BDNF

Table2 Characteristics of the patients

Subgroups Sex Age (mean + 5D} Number of patients Baseline Ham-D (mean + 5D)
Male Female with first episode

Responders (n = 9) 5 4 48.9 + 20.8 3 210+ 55

Nonresponders (n = 17) 6 11 54.1£16.5 9 19.6 : 4.9

Ham-D: 17-item Hamilton Rating Scale for Depression.

Table3 Plasma catecholamine metabolites before and after rTMS

PMHPG (ng/mL) pHVA (ng/mL) BDNF (ng/mL})
Subgroups Before After Before After
Responders + Partial responders 8.0 3.7 *6.315.1 82147 98:+6.5 2351147 *3.87+£2.13
Nonresponders 84:70 5.3:46 54¢56 3121 2.61:226 2.76 + 1.90

* P<0.05 before vs. after rTMS,

Yukimasa T et al. High-Frequency Repetitive Transcranial ... Pharmacopsychiatry 2006; 39: 52-59

= ~L
M
-




>
o

plasma MHPG (ng/mL)
plasma HVA (ng/mL)

after

before

after

before

Fig.1 (A) Plasma levels of MHPG before and after rTMS. Data are
presented as the means = SD. (B} Plasma levels of HVA before and after
rTMS. Data are presented as the means + SD. Plasma levels of MHPG
and HVA were analyzed at one experiment in duplicate.

levels before and 2 weeks after rTMS treatment in all patients. No
adverse side effects such as memory impairments or seizures
were reported during or after ITMS treatment. To date, the clini-
cal efficacy of rTMS treatment for depression has been well dem-
onstrated by performing sham controlled studies {7,10,16,19]. In
contrast, Couturier [9] recently reported from six small, but gen-
erally well-designed studies, that rapid-rate rTMS was no more
efficacious than sham therapy in treating adults with a major de-
pressive episode. Our result, in which only 35% of patients
showed some improvement (Ham-D =25%)is in line with the re-
sults of the last mefa-analysis performed by Couturier [9]. Re-
cently, rTMS has been proposed and subsequently researched as
a putative therapeutic approach for refractory major depression.
In addition, Rumi et al. [40] demonstrated that rTMS is effective
in accelerating the onset and augmenting the therapeutic re-
sponse to amitriptyline for severe depressed patients by per-
forming a double blind placebo-controlled study. In general,
however, the response rates in rTMS for treatment-resistant de-
pression remain Jow [17,20,38]. Psychotic symptoms have been
reported to be a negative predictor for ITMS [21]. However, Fitz-
gerald et al. [14] performed a double-blind, placebo-controlled
study in treatment-refractory depression and found that treat-
merit for at least 4 weeks is necessary for clinically meaningful
benefits to be achieved. The response rates in the present study
were relatively low compared with those of other studies. In the
present study, 4 out of 26 patients had experienced psychotic
symptoms during the depressive phase. The response rates in pa-
tients with and those without psychotic features were 50 and
32%, respectively, indicating that the response rate in patients
with psychotic features was not significantly different from that
in those without psychotic features. One of the reasons why the
response rate was lower in this study than in previous studies
may have been the length of the treatment period; two weeks
are not enough time to achieve an adequate response, as men-
tioned by Fitzgerald et al. [14].

With regard to the actions of rTMS on catecholamine systems,
Keck et al. [27] reported that acute rTMS (20 Hz) of frontal brain
regions leads to alterations in the mesolimbic and mesostriatal
release patterns of dopamine in vivo. On the other hand, Ben-

Shachar et al. [5] demonstrated that the dopamine content in
the frontal cortex of TMS-treated rats was reduced by 26 %, while
the contents in the striatum and hippocampus were increased by
25 and 18%, respectively. [t can be speculated that the rTMS-
mediated dopamine release evident in preclinical trials may pro-
vide the underlying mechanism for both the poorer response of
patients with psychotic depression and newly occurring psycho-
tic symptoms during rTMS treatment. However, Ben-Shachar et
al. [6] demonstrated that brain tissue monoamine levels were
unchanged after 10 days of treatment with rTMS. In the present
study, the plasma HVA levels were not changed between before
and after r'TMS treatment, and the plasma HVA levels in respon-
ders were significantly higher than those in nonresponders,
though no correlations were found between the changes in plas-
ma HVA and the changes in the total Ham-D score or individual
items in the Ham-D. These results do not resolve the controversy
over the effects of rTMS on the dopaminergic system. However,
the plasma MHPG levels were significantly decreased after
rTMS treatment, and were associated with the improvement of
agitation in depressed patients. In a previous study [52], we con-
sidered that depressed patients might be dichotomized into two
groups, one characterized by anxiety and/or the perception of
powerlessness with high plasma MHPG levels, and another by
psychomotor retardation with low plasma MHPG levels. We
also found correlations between scores of agitation/anxiety in
Ham-D and plasma levels of MHPG in 87 patients with major de-
pressive disorder, indicating that depressed patients who re-
vealed predominantly agitation/anxiety were characterized by
higher plasma MHPG levels [52]. Eschweiler et al. {11 ] proposed
that anxiety is a positive predictor for a successful clinical out-
come after rTMS. Fitzgerald et al. {14] also reported that baseline
psychomotor agitation predicted a successful response to rTMS.
Taken together, these findings suggest that ITMS might be espe-
cially effective for depressed patients characterized by agitation/
anxiety with high plasma MHPG levels. In fact, Fleischmann et al.
(15] demonstrated an effect of rTMS on noradrenergic neurons,
suggesting that chronic fTMS treatment directly downregulates
pB-adrenoceptors. In addition, Kole et al. [28] reported that chron-
ic rTMS treatment also downregulates 5-HT, , and 5-HT,, recep-
tors in the frontal cortex, which might indirectly influence the
noradrenergic neurons, given that there are well-known interac-
tions between serotonergic and noradrenergic neurons in the re-

16 - * Fig.2 Plasma levels
of HVA before rTMS.
Data are presented as
the means = SD. Pa-
12 tients with a 50% or

more decrease in their
| Ham-D score are clas-
sified as responders,
the patients with a
25 - 49% decrease in
| their Ham-D score as
partial  responders,
and the remaining pa-
tients as nonrespon-
ders. * P <0.01, com-
pared with nonre-
sponders. Plasma lev-
els of HVA were ana-
+ lyzed at one experi-
Partial responders ment in duplicate,

plasma HVA (ng/mL)
[e~]

Responders Nonresponders
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Fig.3 (A)Plasma levels of BDNF before and 2 weeks after rTMS in non-
responders. (B} Plasma levels of BDNF before and 2 weeks after rTMS in
responders plus partial responders. Data are presented as the means
SD. * P < 0.05, compared with before rTMS. Plasma levels of BDNF
were assayed at one experiment in duplicate.

gion [46]. However, the exact mechanism by which rTMS treat-
ment alters plasma MHPG remains unknown. As respective indi-
cators of central noradrenergic and dopaminergic neuron activ-
ity, plasma MHPG and HVA should be used with caution, due to
the fact that they only partially reflect activity in the brain. It has
been hypothesized that only one third of the plasma MHPG and
30-50% of the plasma HVA are derived from the brain [52]. How-
ever, measuring plasma levels of catecholamine metabolites has
the advantage of allowing more frequent sampling intervals than
would be possible with urinary measures; in addition, the plas-
ma measurement procedure is more convenient and comfortable
for patients than the CSF measurement procedure. Thus, we have
used plasma measures in a previous study [36,43,47,51].

We also found that rTMS treatment increased the plasma BDNF
levels in responders plus partial responders, but not in nonre-
sponders. In addition, a trend of association was found between
the changes in the Ham-D scores and those in the plasma BDNF
levels in all patients. These results suggest that the improvement
of depressive symptoms by rTMS is in part related to the increase
of plasma BDNF. Muller et al. [35] reported that rTMS increased
BDNF mRNA and BDNF protein in the hippocampus as well as in
the parietal and periform cortex. However, Jacobsen and Menk
[23] performed parallel measurements of BDNF mRNA and pro-
tein expression in the frontal cortex and hippocampus of the rat
after chronic treatment with ECT, lithium, desipramine, or escita-
lopram. In their results, ECT increased BDNF mRNA and protein
in the hippocampus and BDNF protein in the frontal cortex. Desi-
pramine, a tricyclic antidepressant moderately increased BDNF
mRNA in the dentate gyrus but did not change BDNF protein in
either region. Escitalopram, a selective serotonin reuptake inhib-
itor did not affect BDNF mRNA, but decreased BDNF protein in
the frontal cortex and hippocampus. Lithium increased the
BDNF protein expression in the hippocampus and frontal cortex,
but overall decreased BDNF mRNA. Taken together, it is difficult
to conclude that the increased expression of BDNF mRNA and

protein is a common action of antidepressant drug treatment
and ECT. Karege et al. [24] reported that the serum BDNF levels
were significantly decreased in antidepressant-free depressed
patients, and that the serum BDNF levels were negatively cor-
related with the Montgomery-Asberg Depression Rating Scale.
Shimizu et al. [42] also demonstrated that serum BDNF was sig-
nificantly lower in an antidepressant-naive group than in either
a treated or in a control group, and that there was a significant
negative correlation between serum BDNF and Ham-D scores in
all patients. Furthermore, they reported preliminary findings
that decreased serum BDNF levels in antidepressant-naive pa-
tients recovered to normal levels in association with lower
Ham-D scores after treatment with antidepressant medication.
Moreover, Lang et al. [29] demonstrated that decreased serum
BDNF levels were observed in healthy volunteers with neuroti-
cism, and depression-related personality traits. The authors also
speculated that BDNF levels have some influence on central ser-
otonergic activity. Angelucci et al. [2] reported that daily low-fre-
quency (1 Hz) rTMS motor cortex stimulation for 8 days is asso-
ciated with a progressive reduction of the BDNF plasma levels in
healthy subjects, but has no effect on the BDNF plasma levels in
amyotrophic lateral sclerosis patients. On the other hand, high
frequency (20 Hz) rTMS demonstrated a transient decrease in
plasma BDNF levels. The authors speculated that this effect was
due to the loss of motor cortex pyramidal cells. Although BDNF is
highly concentrated in the brain, it is also present in the plasma
and serum. The source of circulating BDNF remains unknown.
Platelets, brain neurons, and vascular endothelial cells are con-
sidered candidate sources. Previously, it was reported that BDNF
could cross the blood-brain barrier [37], and that BDNF levels in
the brain and serum underwent similar changes during the ma-
turation and aging process in rats [25], indicating that plasma
BDNF levels might in part reflect the BDNF levels in the brain. In
contrast to this, Radka et al. [39] reported that the BDNF detected
in human plasma was derived from platelet degranulation, and
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Fig.4 Changes in plasma levels of BDNF and Ham-D scores. pre: be-
fore rTMS, post: 2 weeks after rTMS. Data are presented as the means
+ SD. Plasma levels of BDNF were assayed at one experiment in dupli-
cate
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