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AEEFICHBEHEDN G DN L X, B B ERAYZH M &z, vection H YD &
BEHYNREH L CVA LB INSE 256 RIT. Ao L% 256 YT, T H AICE
HBThDH, BIETHEEFHEME CEDHRE L7,
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BBNEICRD T END D, DIVOIIE, SR O 5 0 8 B B RE RO GRS R T R 1
EMRDOWEATRAE A Th o7 1 IR LI-OTHET D, AEGIL. IMER, EIELEL
TR, CT ®° MRI TEEFTRIZERD bhroTz, —7F. FEMEEREREO IMRI ORE(T
12k oL A BTEES TS OMSHEIE T 38R bz, & bI2, LERA(COGNISTATIZ B
CTH I HEENHR SN, 2O O RS LEEARAMEEEIICN 2 fMRI FE1THF O
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g LR SO ENIICE R Th o 7 — IR L TR LIZE 2 A, FERT
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73 88 (S TAL : LYE(E 80~89) . EifEME 1Q
272 (BEFHR - SEYEE 70~89) L EMEM IQ
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/\Llnﬁ%/%—_ﬁ T35oMH B 1H5DHHE, Go/No-Go
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Functional magnetic resonance imaging study on the effects
of acute single administration of paroxetine on
motivation-related brain activity

Toshiyuki Marutani, MD,"? Noriaki Yahata, PhD,** Yumiko Ikeda, ms,” Takehito Ito, PhD,’
Manami Yamamoto, PhD,' Masato Matsuura, MD, PhD,” Eisuke Matsushima, MD, PhD,?
Yoshiro Okubo, MD, PhD,° Hidenori Suzuki, MD, PhD* and Tetsuya Matsuda, PhD'*

"Tamagawa University Brain Science Institute, “Section of Liaison Psychiatry & Palliative Medicine, Graduate School of
Tokyo Medical & Dental University, *Department of Pharmacology, Nippon Medical School, *Department of
Neuropsychiatry, Graduate School of Medicine, University of Tokyo, *Section of Biofunctional Informatics, Graduate School
of Allied Health Sciences, Tokyo Medical and Dental University, and *Department of Neuropsychiatry, Nippon Medical

School, Tokyo, Japan

Aim: The aim of the present study was to investigate
the effects of acute paroxetine administration on
brain activity related to motivation.

Methods: Sixteen healthy subjects participated
in a randomized, single-blind, no-drug/placebo-
controlled, cross-over study. After administration of
no drug, placebo or paroxetine (selective serotonin
reuptake inhibitor; 20 mg), subjects underwent
functional magnetic resonance imaging while per-
forming a monetary incentive delay task. We
analyzed the differences in brain activities of the
reward anticipation/motor preparation period that
are subject to motivational modulation. For this
purpose, we subdivided the incentive trials on the
basis of whether the reaction times (RT) were slower
or faster than the subject’s mean RT (slow RT and fast
RT trials).

Results: No drug and placebo showed robust activa-
tion differences in the globus pallidus and putamen
for the fast RT trials compared to the slow RT trials,
whereas paroxetine showed none. Paroxetine showed
significantly lower activations in the globus pallidus,
insula, putamen and dorsolateral prefrontal cortex
compared to no drug in the fast RT trials.

Conclusions: Paroxetine single acute administration
diminished brain activity induced by motivation
in healthy subjects. This may partially explain the
increased lack of motivation seen in patients with
relatively mild symptoms after taking a dose of
paroxetine for the first time.

Key words: functional magnetic resonance imag-
ing, motivation, paroxetine, reaction time, reward
anticipation.

ELECTIVE SEROTONIN REUPTAKE inhibitors
S(SSRI) are first-line drugs for the treatment of
major depressive disorder (MDD). MDD is character-
ized by disturbances in emotion, motivation and
behavior in the presence of autonomic nervous
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symptoms.! A core symptom of MDD includes
decreased motivation,”®> which SSRI sometimes
rather aggravate in some patients.*

Motivational processing includes reward anticipa-
tion, motor preparation and related processes,
including arousal and attention.”® Several pharma-
cological functional magnetic resonance imaging
(fMRI) studies have assessed the functions and/or
mechanisms of SSRI related to motor, attention and
reward. The effects of SSRI on motor function,”'®
attention,!" loss/no-loss comparison'> and neural
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processing of both rewarding and aversive stimuli'®
in healthy subjects have been studied by fMRI.
McCabe reported that seven days of citalopram
treatment diminished the brain activity induced by
deliveries of rewards and aversive stimuli. They
used primary rewards, chocolate taste and unpleasant
strawberry taste as stimuli. Their conclusion indi-
cated that the results could explain the experience
of emotional blunting described by some patients
during SSRI treatment,'"'°

Decrease in motivation is also clinically observed
after taking an initial dosing.’® We have clinically
observed some patients, especially patients with mild
symptoms who reported decreased motivation after
taking an initial dose of SSRI. Then, in the present
study, we focused on the effects of an SSRI single acute
administration on brain activity during motor prepa-
ration and reward anticipation, which are subject to
motivational modulation. For this purpose, we used a
monetary incentive delay (MID) task.” This task has
been used in numerous reward-processing studies,
and variations of the MID task have been used in a
variety of other research.'®-2" Regardless of the details,
the reward anticipation/motor preparation period
and the subsequent button press during the task are
essential. It is likely that the subject’s motivations
fluctuate over repeated trials of the MID task, and this
is reflected in reaction time (RT). We expected that
paroxetine would attenuate brain activity induced by
motivation.

METHODS

Subjects

Sixteen healthy subjects participated in this study, but
two were excluded because of an extremely low hitrate
(less than 60%). Fourteen healthy subjects (eight
men, mean age = SD: 31 * 3.8 years) were included
in the final analysis. All subjects were native Japanese
speakers and right-handed, as assessed by the Edin-
burgh Handedness Inventory. They filled out a ques-
tionnaire about their medical history and medications
and were then interviewed by a medical staff member.
They had no history of present or past psychiatric
illnesses, neurological disorders, significant physical
illnesses or head injuries, and no alcohol- or drug-
related problems. They had not taken any types of
medication for at least 1 day prior to scanning.

After a complete explanation of the study, includ-
ing the possible side-effects of paroxetine, written

© 2011 The Authors
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informed consent was obtained from all the subjects
and all the subject identifiers were removed. The pro-
tocol was approved by the local ethics committee.

Drug administration

We chose paroxetine as the SSRI for this study
because it has the highest affinity for the human
serotonin (5-HT) transporter among SSRI and other
antidepressants according to radioligand binding
assay studies’'"** with a reported equilibrium disso-
ciation constant (Kp) of 0.13 = 0.01 nmol.

All subjects were examined after administration of
paroxetine (S, 20 mg [minimally effective dose| par-
oxetine hydrochloride hydrate tablet), placebo (P,
12 mg lactobacillus bifidus tablet) or no drug (N) in
a randomized, single-blind, no drug/placebo con-
trolled, cross-over design. Three to 43 days (average
14.0 * 13.7 days) passed between experiments. The
order of drug administration was counterbalanced
across subjects. The drug administration order con-
sisted of six combinations (N-P-S, N-S-P, P-N-S,
P-§-N, §-N-P, S-P-N) and we randomly assigned each
combination to each subject.

The maximum drug concentration time (Tmax) of
paroxetine 20 mg was reported to be 5.05 + 1.22 h
in healthy Japanese subjects.** Accordingly, placebo
(P) and paroxetine (S) were given 5-5.5 h before
initiating scanning to ensure maximum and stable
plasma concentrations.

A previous positron emission tomography study
suggests that 80% 5-HT transporter blockade is
important for therapeutic effect of SSRI.** A single
dosing of minimum therapeutic dose of an SSRI
showed around 80% 5-HT transporter occupancy,
which was almost the same as long-term dosing
data.*® Accordingly, a single dosing of paroxetine
20 mg of this study should have enough 5-HT trans-
porter occupancy for therapeutic effect.

Reward task

Subjects performed an incentive task during func-
tional scanning after a short pre-scanning training
task. The task paradigm was an event-related design.
The task was created with E-Prime 1.2 (Psychology
Software Tools), which consisted of 98 7-8-s trials
with 4-s inter-trial intervals (approx. 19 min. total).
During each trial, subjects were shown one of three
cue shapes (500 ms), a fixed crosshair during a vari-
able delay {2500-3500 ms), and they responded with

Psychiatry and Clinical Neurosciences © 2011 Japanese Society of Psychiatry and Neurology
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a button press during the presentation of a gray square
target (500 ms). They were then shown a fixed yellow
crosshair (3000 ms) and this was followed by feed-
back (500 ms) notifying subjects if they had gained
the points indicated by the cue, gained no points (=0
point), or failed to press the button within 500 ms.
The inter-trial interval was set to 4000 ms.

The cues signaled the possibility of no gain, 0
points (n=10; denoted by a circle), 100 points
(n = 44; denoted by a circle with one horizontal line)
or 500 points (n = 44; denoted by a circle with three
horizontal lines). There were three pseudorandom
and predetermined orders of trials presented to sub-
jects depending on experimental order, i.e. the com-
binations of medication and trial presentation order
were counterbalanced.

Before scanning, subjects were instructed that the
duration of target presentation was fixed to 500 ms
but the button press limits differed from trial to trial.
Fourteen 100-point cue and 500-point cue trials were
predetermined to have a feedback of O points despite
any efforts. In eight of these 28 trials, RT were not
collected and were excluded from the analysis. The
other trials required a fixed 500-ms time limit for
the button press. If the subject did not respond in the
appropriate interval, the message ‘Press the button!’
was displayed. We asked subjects to respond as
quickly as possible to gain the maximum number of
points, but the points earned were not reflected in the
payment for participation in the study. Subjects were
also asked to respond within the target presentation
time even if the cue was a circle without line (potential
0 points). The total points earned were displayed at
the end of the session.

During the original MID task,'” RT were collected
during the practice session so that the task difficulty
level was set to achieve a success rate of 66%.
However, we fixed the target duration to 500 ms so
that the hit rate would reflect subjects’ efforts more
accurately. We also performed more trials to compare
the effects of differences of RT in incentive trials. To
maintain cue incentives, predetermined trials of gain
cued with non-gain feedback were intermixed. Sub-
jects were not told of their running point totals to
minimize possible confounding effects.

fMRI data acquisition

The fMRI scans were acquired with a 3T Siemens
MAGNETOM Trio Tim system scanner (Siemens,
Erlangen, Germany). A total of 575 functional images
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were taken with a T2*-weighted gradient echo
planer imaging sequence (TE = 25 ms; TR = 2000 ms;
FA =90°; matrix 64 x 64; FOV 192 x 192 cm) sensi-
tive to the blood oxygenation level dependent
(BOLD) contrast. Whole brain coverage was obtained
with 34 axial slices (thickness 4 mm; in-plane reso-
lution 3 x 3 mm).

Behavioral data analysis

For each drug condition for each subject, the mean
RT to the target was calculated. Trials in which sub-
jects did not press the button within the time limit
were excluded from this calculation. Since the goal of
this study was to investigate motivational motor
preparation, we divided the RT of the incentive trials
(100 and 500 points) on the basis of whether the RT
were slower or faster than the subject’s mean RT
(RTslow and RTfast). For the purpose of this analysis,
the 100- and 500-point trials were pooled to increase
the sample set; there were no significant differences
in hit rate or proportion of successful button presses
among drug conditions for the different point trials.
The mean RT of the slow RT and the fast RT trials were
calculated, and these data were entered into a 3 (drug:
non-drug, placebo, and paroxetine) x 2 (RT: slow
and fast)-repeated-measures ANOVA using SPSS 16.0 ]
(spss Japan, Tokyo, Japan). The level of significance
was set at 0.05.

fMRI data analysis

Image pre-processing and data analysis were per-
formed with the statistical parametric mapping
software package, SPM5 (Wellcome Department
of Imaging Neuroscience, London, UK) running
MATLAB 2007a (Mathworks, Natick, MA, USA).
During pre-processing, the echo planer images were
corrected for sequential slice timing, and all images
were realigned to the first image to adjust for possible
head movements. The realigned images were then
spatially normalized to a standard Montreal Neuro-
logical Institute (MNI) template.”” After normaliza-
tion, all scans had a resolution of 2 x2x2 mm®.
Functional images were spatially smoothed with a
3-D isotropic Gaussian kernel (full width at half
maximum of 8 mm). Low-frequency noise was
removed by applying a high-pass filter (cut-off
period = 192 s) and the default correction for AR1
auto correlation was performed for the fMRI time
series at each voxel. A temporal smoothing function

© 2011 The Authors
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was applied to the fMRI time series to enhance the
temporal signal-to-noise ratio. Significant hemody-
namic changes for each condition were examined
using the general linear model with boxcar functions
convoluted with a hemodynamic response function.
Statistical parametric maps for each contrast of
t-statistic were calculated on a voxel-by-voxel basis.

We then assessed the RT effect for each drug con-
dition and the drug effect for the slow or fast RT
during reward anticipation. We divided the trials into
slow and fast RT trials, and we created the t-contrasts
for the anticipation period between the offset of cue
presentation and the onset of target presentation for
the three different drug conditions in single-subject
analysis (Nslow, Nfast, Pslow, Pfast, Sslow, Sfast).

A random effects analysis was performed to
examine for population-wide effects. First, we used a
3 (medication: no drug, placebo and paroxetine) x 2
(RT: fast and slow) full factorial design to investigate
brain activation between the different RT trials under
each drug condition. There were significant activa-
tions for Nfast > Nslow in basal ganglia and primary
motor cortex of which evident correlations have been
revealed with reward anticipation'”'®?*?* and motor
preparation,’® whereas activations for Pfast > Pslow
and Sfast > Sslow were almost none. Then, to focus
on regional activations in the reward anticipation
and motor preparation-related areas in placebo and
paroxetine, after paired t-tests were applied to
Nfast > Nslow at the P< 0.001 level, uncorrected,
with a voxel threshold of k=10, we proceeded to a
region-of-interest (ROI) analysis.

RESULTS

Behavioral data

The average hit rate of 90 trials was 92.9 = 5.5%,
95.5 * 4.2%, and 92.8 * 6.7% for no drug, placebo,
and paroxetine, respectively.

The average RT of all the trials and of the incentive
(100 and 500 points) trials were 297.42 * 38.69 ms
and 294.02 + 42.66 ms, 294.03 = 40.31 ms and
290.45 * 46.69 ms, 299.77 = 38.96 ms and
298.08 * 44.72 ms, under no drug, placebo and par-
oxetine conditions, respectively. There were no signifi-
cant differences among three drug conditions.

Then we subdivided the RT of each incentive trial
based on their relationship to the subject’s mean RT,
and the mean RT of each group, RTslow and RTfast,
were compared for each drug treatment group.

© 2011 The Authors
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A 3 (drug: non-drug, placebo, and paroxetine) x 2
(RT: slow and fast)-repeated-measures ANOVA
revealed an effect of RT, F,13=398.73, P<0.001.
Post hoc analyses with Bonferroni correction
showed significant differences between RTslow and
RTfast for each drug condition. RTslow and RTfast
were 329.70 £27.04 ms and 258.34 = 19.12 ms,
327.64 = 31.61 ms and 253.25 = 24.36 ms,
334.74 * 30.04 ms and 261.43 = 20.26 ms under
no drug, placebo and paroxetine conditions, respec-
tively. However, no significant differences were
detected in the same RT (slow or fast) group among
the different drug conditions.

fMRI data

The significantly activated areas for Nfast > Nslow
were left primary motor cortex (T = 8.50), left globus
pallidus (GP) (T=5.95), right GP (T=5.14), left
dorsolateral prefrontal cortex (DLPFC) (T = 5.57), left
transverse temporal gyrus (T = 5.26), right transverse
temporal gyrus (T =5.26), left thalamus (T =4.87),
right thalamus (T = 3.53), left insula (T =4.71), right
insula (T=4.69), left putamen (T=4.41), right
putamen (T =4.57), vermis (T = 4.50), right nucleus
accumbens (NAcc) (T=4.49) and left caudate
(T=4.27).

To investigate motivation-related areas under
placebo and paroxetine conditions, we then per-
formed a ROI analysis for the peak voxel of the
regions significantly activated in Nfast> Nslow
whole brain t-test. The ROI were selected based on
previous fMRI studies of reward anticipation; GP,*
insula,?”* putamen,'”*%* NAcc,'” caudate,” DLPFC?!
and motor preparation; primary motor cortex.’® The
MNI coordinates [x y z] of ROI were left GP [-24 -10
0], right GP [20 —10 0], left insula [-38 —14 10], right
insula [40 2 8], left putamen [-22 8 -2], right
putamen [28 4 8], right NAcc [10 10 -14], left
caudate [-6 12 4], left DLPFC [-36 32 26] and left
primary motor cortex [-32 —22 54]. We collected beta
values of each ROI and entered the data into 3 (drug
conditions: N, P, §)x2 (RT: slow, fast)-repeated-
measures ANOVA using SpsS 16.0]. The level of signifi-
cance was set at 0.05.

This ROI analysis using an ANOVA with repeated
measures revealed a significant interaction between
drug and RT in left insula (F,;6 =4.406, P=0.022),
right insula (F,2 =5.379, P=0.011), right NAcc
(F226 =3.387, P=0.049), left primary motor cortex
(F226 =4.016, P=0.030), a significant drug effect in
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