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Background: Major depressive disorder (MDD) is characterized by core functional
deficits in cognitive inhibition, which is crucial for emotion regulation. To assess the
response to ruminative and negative mood states, it was hypothesized that MDD patients
have prolonged disparities in the oscillatory dynamics of the frontal cortical regions across
the life course of the disease.

Method: A “go/no-go” response inhibition paradigm was tested in 31 MDD patients and
19 age-matched healthy controls after magnetoencephalography (MEG) scanning. The
use of minimum norm estimates (MNE) examined the changes of inhibitory control
network which included the right inferior frontal gyrus (rIFG), pre-supplementary motor
area (preSMA), and left primary motor cortex (IM1). The power spectrum (PS) within each
node and the functional connectivity (FC) between nodes were compared between two
groups. Furthermore, Pearson correlation was calculated to estimate the relationship
between altered FC and clinical features.

Result: PS was significantly reduced in left motor and preSMA of MDD patients in both
beta (13-30 Hz) and low gamma (30-50 Hz) bands. Compared to the HC group, the MDD
group demonstrated higher connectivity between IM1 and preSMA in the beta band (t =
3.214, p = 0.002, FDR corrected) and showed reduced connectivity between preSMA
and rlFG in the low gamma band (t = -2.612, p = 0.012, FDR corrected). The FC between
M1 and preSMA in the beta band was positively correlated with illness duration (r=0.475,
p = 0.005, FDR corrected), while the FC between preSMA and rFG in the low gamma
band was negatively correlated with illness duration (- = —0.509, p = 0.002, FDR
corrected) and retardation factor scores (r = —0.288, p = 0.022, uncorrected).
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Conclusion: In this study, a clinical neurophysiological signature of cognitive inhibition
leading to sustained negative affect as well as functional non-recovery in MDD patients is
highlighted. Duration of illness (DI) plays a key role in negative emotional processing,
heighten rumination, impulsivity, and disinhibition.

Keywords: cognitive inhibition, functional connectivity (FC), go/no-go task, magnetoencephalography (MEG), major
depressive disorder (MDD), power spectrum (PS)

INTRODUCTION

Major depressive disorder (MDD) is a debilitating disease which
is linked to persistent episodes of low mood, anhedonia, and
prominent deficits in high-order executive function. In MDD
patients, emotion regulation lies at the heart of inhibitory
control, attentional biases, rumination, impulsivity, and mood-
congruent materials (1).

MDD patients demonstrate minimal cognitive changes in the
early stage, and clinical symptoms appear to worsen as the disease
progresses (2). Cognitive deficits provoke profound functional
disability and deteriorate quality of life as well as reducing
educational, occupational, and social outcomes (3). Although
cognitive dysfunction is highly correlated with psychosocial
functioning, there is also a detrimental synergy between failure
of behavioral inhibition and social cognition (4). MDD patients
who are living with cognitive control deficits tend to present with
poorer functional outcomes and to pose a high risk for psychosis.
It has been suggested that discrepancies in cognitive inhibition
lead to a heightened vulnerability to ruminative responses,
negative mood states, and memory impairment in people with
depression (5). Additionally, mood-congruent cognition is usually
transient and is rapidly replaced by thought or memory while
attempting to regulate and repair negative moods (1).

Motor inhibition, a fundamental component of executive
control, enables us to rapidly cancel motor activity even after
its initiation, thus actively suppressing a movement due to
environmental demands (6). In affective disorders, it has been
ascertained that inhibitory dysfunction stems from a confusion
in the orbitofrontal, prefrontal, insular, and temporal cortices, as
well as the amygdala and striatal brain regions (7-10). In mood
disorders, in which levels of cognitive impairment are extremely
severe, structural abnormalities in orbital and medial frontal
regions as well as in the temporal lobe will be seen (11-13).
Moreover, the mechanisms in which inhibited behaviors
manifest in affected brain regions are vital for understanding
the performance of disinhibition via motor circuits. The neural
substrate underlying the successful response inhibition involves
in the right inferior frontal gyrus (rIFG) (14), the pre-
supplementary motor area (preSMA), and left primary motor
cortex (IM1) (6, 15, 16).

Electrophysiological measurements can provide a temporally
precise estimate of oscillatory dynamics in the context of
cognitive and behavioral tasks. The use of such evidence
suggests the significance of frequency-specific function
connectivity between prefrontal, premotor, and motor cortex
in the beta (12-30 Hz) (17) and gamma ranges (>30 Hz) (18). In

several neurological and psychotic diseases, beta power is both
significantly transformed and characteristic for motor control
(19, 20). Beta oscillations are crucial in feedback interactions
between the IFG and motor areas, especially during response
inhibition (17). Additionally, alterations in gamma power are
observed during action control (18). Measurable changes in
frequency-specific bandwidths may provide the key to the
mechanistic link between the neuropathological specificity of
depression and impaired behavior. Currently, it is unclear
whether an altered pattern of activities occurs during response
inhibition via modulation of specific frontal network
intercortical inhibition or due to withdrawal of facilitation.

In this study, we used MEG during a task of response
inhibition to examine the effect of depression on frequency-
specific changes concerning behavior as well as connectivity
between prefrontal, premotor, and motor cortex. A go/no-go
task was utilized to assess inhibitory control (21, 22). This
computerized test can elicit prepotent motor activity (“go”)
which sometimes has to be inhibited (“no-go”) (23, 24). To
measure network connectivity and quantify the parameters, we
used formal measures of evidence from specific models of frontal
brain networks (5, 17).

The altered patterns of PS and FC are associated with
cognitive deficit severity in depression (25, 26). Connections
between IM1, preSMA, and rTFG have been widely demonstrated
to be associated with inhibition mechanisms (6, 14-16). MDD
show abnormal PS in the beta and gamma bands compared to
healthy controls (HC) (27, 28). Authors of previous studies have
demonstrated that the FC and PS in the beta and gamma bands
among these regions may be a strong indicator of cognitive
deficit in depression (25, 26, 29-31). However, the relationship
between FC and inhibition deficit outcome is unclear,
particularly with respect to FC in high-frequency bands (=13
Hz). We predicted a clinically meaningful inhibition of the FC
and PS patterns in the beta and gamma bands in MDD patients.
Additionally, the FC in the beta and gamma bands could be
altered among frontal cortical network regions for behavioral
control in depression. The hypotheses could delineate the
significance of cognitive dysfunction as a symptomatic target
for prevention and treatment of MDD (Figure 1).

MATERIALS AND METHODS

Participants
A total of 50 participants, including 31 MDD medication-naive
patients and 19 HC, were recruited to perform a go/no-go task
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Model of task related
frontal cortical interactions

FIGURE 1 | lllustration of the experimental background and principal hypothesis. A model of the regions included in the dynamic analysis
(rIFG, preSMA, and IM1) and the specified connectivity. Hypothesis: the layerspecific burden of pathology is predicted to disrupt the specific-frequency, attenuate
dysfunction in the beta and gamma bands, and consequently impair movement control. Modified from (32).

Hypothesis

Burden of pathology in
superficial prefrontal layers

Disrupted beta =>desrupted
gamma PS between frontal
regions

Attenuated movement related
beta and gamma FC dysfunction

1

Impaired movement control

during MEG scanning. MDD patients were enrolled from both
the outpatient and inpatient psychiatry departments at the
Affiliated Brain Hospital of Nanjing Medical University. HC
were enlisted via advertisements in the same area. All
participants were right-handed. MDD diagnosis was confirmed
by a psychiatrist using the Structured Clinical Interview for
DSM-IV Axis I Disorders (SCID) as well as the International
Statistical Classification of Diseases and Related Health Problems
10™ Revision (ICD-10). MDD severity was assessed using the 17-
item Hamilton Rating Scale for Depression (HRSD-17).

Inclusion criteria for MDD participants were as follows: (1)
aged between 18 and 45; (2) a diagnosis of MDD based on the
DSM-IV and ICD-10; (3) a total HRSD-17 score of >24; (4) no
psychotropic treatments, including anti-depressants, mood
stabilizers, antipsychotics, and benzodiazepines for the past 2
weeks; (5) no physical therapy, such as modified electro-
convulsive therapy (MECT) or repetitive transcranial magnetic
stimulation (RTMS) for the past 6 months; (6) a score of <5 on
the Young Mania Rating Scale (YMRS).

Patients who met any of the following criteria were excluded
from the study: (1) serious medical conditions such as organic
brain disorders and severe somatic disease, as assessed by past
medical history or laboratory analysis; (2) history of substance
abuse; (3) family history of any psychiatric disorders except
MDD; (4) pregnant or lactating women; (5) contraindications for
MEG or MRI.

HC were examined using the Structured Clinical Interview for
DSM-1V Axis I Disorders-Research Version-non-Patient Edition
(SCID-I/NP). Exclusion criteria for this group were as follows:
(1) previous manic or hypomanic episode; (2) any neurological,
psychiatric, or endocrine illnesses; (3) family history of major
psychiatric disorders in first degree relatives; (4) history of
substance abuse; (5) any serious physical illness, such as
cardiovascular diseases, infectious diseases, tumor, or so on, as
evaluated by laboratory analysis or history; (6) history of
psychiatric illnesses; (7) pregnant or lactating women; (8)
contraindications for MEG or MRL

Go/No-Go Task

The go/no-go task was completed during MEG scanning after
recruitment. This task was depicted in Figure 2. It consisted of
randomly displayed visually cued tasks, including 150 go trials
and 50 no-go trials. Stimuli were controlled using BrainX ®
Each trial started with a white light presented centrally on a
gray background for 1,500 ms, followed by a color cue that
subtended 20°. Go trials were cued with a “long green” light
presented centrally until the response button was pressed or
for 300 ms if there was no response. No-go trials were cued
with “short green (50 ms) + short red (100 ms)” lights which
were displayed for 150 ms. Trials order was pseudo-random
and permuted such that on 15% of trials, a no-go cue was
shown after three, five, and seven go trials, and on 10% of
trials, a no-go cue was displayed after two, four, and six go
trials. Participants were instructed to focus on the white light
and press the response button with their right hand as quickly
as they could every time the go cue appeared and not to press
the button when the no-go cue was shown. Before the MEG
recordings, all participants undertook 30 practice trials to
confirm whether they had understood the task.

MRI Image Acquisition

All participants were scanned with a Siemens Verio 3T MRI
system using a high-resolution, T1-weighted, 3D gradient-echo
pulse sequence (TR = 1,900 ms, TE = 2.48 ms, FA = 9° slice
number = 176, slice thickness = 1 mm, voxel size = 1 x 1 x 1 mm’,
FOV = 250 x 250 mm®). To ensure the offline co-registration of
MRI and MEG, three fiducial markers were placed on the nasion
as well as the left and right pre-auricular.

MEG Image Acquisition

MEG data were recorded with an Omega 2000, 275 channels
whole-head CTF MEG system (VSM Med Tech Inc., Port
Coquitlam, Canada) at a sampling rate of 1,200 Hz in a
magnetically shielded room. Recordings lasted 10 min. Head
coils were placed at the nasion as well as the left and right pre-
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Press button Stimulus
(Go trial) intervals
., "
Start f
(300ms) (1500ms)

50 times; Stimulus Intervals 1,500 ms.

auricular points to localize the head position. The locations of the
fiducial markers and MEG sensors were confirmed with respect
to brain anatomy by matching the digitized head surface to the
head surface extracted from anatomical MRI.

MEG Data Analysis

MEG data were pre-processed using a band-pass offline filtering
(1-100 Hz) to (with removing) remove power-line interference
(50 Hz). Artifactual epochs (that was, eye movements and strong
muscle activity) were removed following visual inspection.
Processed MEG data were frequency filtered into full-band (1-
80 Hz) waves, including theta (4-8 Hz), alpha (8-13 Hz), beta
(13-30 Hz), low gamma (30-50 Hz), and high gamma (50-80
Hz). Neural data in sensor level was projected onto source space
with a 6 mm grid using a MNE method (31, 33, 34). Spatial filters
with the axial gradiometer data at each grid point were
multiplied across the entire brain to obtain source activities.
After acquiring the time-series (source activities), a power
envelope correlation was employed. The Montreal Neurological
Institute (MNI) coordinates of the left motor cortex (-37,-25,64),
preSMA (-4,4,60), and right IFG (48,18,-2) identified according
to previous research findings (35, 36). Then the signal of regions
of interest (ROI) was extracted within a 6 mm sphere centered on
MNI coordinates.

Statistical Analysis

PS method: power spectral density represents the amount of
energy described by a time series when transformed into a
spectral function (37):

1
P(0) = 1im = |Fr(o)]
Tooo T'

FC method: orthogonalization time-point by time-point,
which requires no assumption about the stationary signals'
relation beyond the length of the carrier-frequency dependent
analysis window (38):

. X(t.f)*

Y, x(t.f) = ima (Y(t, )

1X f 4 f | X(t, f)|
Two-sample t-test were performed to compare differences in
the PS and FC among the ROIs in each band between the MDD
and HC groups (survived FDR correction with a threshold p

value 0.05).

Withhold from pressing button
(NoGo trial)

- mefpp| End

(200 stimuli)

(green 50ms + red 100ms)
(Pseudorandom presentation)

FIGURE 2 | The procedure of the go/no-go experiment. Go trail (green light): 300 ms/per stimulus, 150 times; No-go trail (green + red light): 150 ms/per stimulus,

The FC (between IM1 and preSMA, between IM1 and rIFG,
between preSMA and rIFG) in each specific frequency band,
clinical information (length of disease, family history, education
level), total HRSD-17 score, and each HRSD-17 factor score
(anxiety/somatization, cognition, weight, sleep, retardation) were
analyzed using Pearson correlation. We used Statistical Package
for the Social Sciences version 24 software (SPSS, IBM).
Significance was set at p < 0.05 and all statistical tests were
two-tailed.

RESULTS

Demographic and Clinical Characteristics
Table 1 contains the demographic and clinical characteristics of
the two groups. HRSD-17, illness duration and family history were
recorded for patients only. Details are summarized in Table 1.

Behavior

Behavioral analysis was conducted to examine the mean reaction
time for correct go and incorrect no-go responses, while response
accuracy was measured using a two-sample -test. Reaction time
and accuracy rates can be seen in Table 2. Compared to the
control group, the MDD group had significantly longer reaction
time (p = 0.041) and lower accuracy (p = 0.042) when responding
to no-go task. There were no statistically significant behavior
differences between groups in go task. Therefore, the changes in
specific frequency activity between groups at no-go task
were scrutinized.

TABLE 1 | Demographic and clinical characteristics of the sample.

MDD Controls /X2 pvalue
n=31 n=19
Gender (male/female) 16/15 10/9 0.199%  0.655
Age (years) 31 +8.47 3153+7.40 0.054° 0.988
Education (years) 1352 £291 1324+246 0.103° 0.838
Handedness (right/left) 31/0 19/0
Outpatient/Inpatient 10/21
HRSD-17 30.27 + 6.84
Duration of illness (months)  13.85 + 13.11
Family history 11(+)/20(-)

Data are presented as the range of mean + standard deviation (two-sample t-test).
“0 < 0.05. AChi-square test, *Two-sample t-test.
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TABLE 2 | Mean reaction times and accuracy rates for go and no-go trials.

MDD Controls p value
Reaction times (ms)
Go 200.83 + 7.84 188.44 +7.89 0.948
No-Go 509.23 + 13.96 356.75 + 39.28 0.041*
Accuracy (%)
Go 100% 100% -
No-Go 96.00% =+ 3.39 98.33% + 1.63 0.042*
0 < 0.05.

Differences of PS at No-Go Trials

The changes of PS in full-band between groups were assessed
throughout the procedure as described in Methods. Interestingly,
during the no-go task, the significant down-regulated PS in IM1 and
preSMA were concentrated in the beta and gamma bands for the
MDD group, while there were no statistically significant differences
of PS in the theta and alpha bands between groups (Table 3).

Differences of PS in the Beta Band (13-30 Hz)
Significant differences of PS were found in IM1 and preSMA
between groups but not in rIFG. Compared to the HC group,
MDD patients showed significantly reduced activity between
IM1 and preSMA in the beta band (Table 3).

Differences of PS in All Gamma-Band (30-80 Hz, 30-
50 Hz, 50-80 Hz)

Significant differences of PS were found between groups in all
gamma-band Hz (including 30-80 Hz range, 30-50 Hz range, and
50-80 Hz range). Compared to the MDD group, The HC group
exhibited significantly increased PS in IM1 and preSMA (Table 3).

FC at No-Go Trials

Differences of FC in the Beta Band at No-Go Trials
For a schematic diagram of FC at no-go trials, see Figure 3.
Compared to the HC group, the MDD group demonstrated higher
connectivity between IM1 and preSMA (t = 3.214, p = 0.002, FDR
corrected) (Figure 4A), and showed reduced connectivity between
IM1 and rIFG in the beta band (¢ = —2.405, p = 0.02, FDR corrected)
(Figure 4B). In additional, we obtained the predictor “the FC
between IM1 and preSMA in the beta band” (p = 0.027, the

overall correctly specified group percentage was 76.1%) using
binary logistic regression. The ROC analysis indicated the FC was
further taken out to examine the correlation between the candidate
predictors and cognitive function deficits (Supplemental Figure 1).

Differences of FC in the Low Gamma Band at No-Go
Trials

Compared to the HC group, the MDD group exhibited lower
connectivity between preSMA and rIFG in the low gamma band
(t=-2.612, p = 0.012, FDR corrected) (Figure 4C).

Correlations Between FC and

Clinical Information

Since scholars recently reported strong covariation of symptoms,
age and sex on neuroimaging phenotypes (39), the relationships
between FC in the beta, gamma bands and clinical information
(including demographic information [age, gender, illness
duration], psychopathology [total HRSD scores, factor scores],
and neurocognitive [behavior scores] variables) were also
systematically explored.

The FC between IM1 and preSMA in the beta band was
positively correlated with illness duration (r = 0.475, p = 0.005,
FDR corrected). The FC between preSMA and rIFG in the low
gamma band tended to be negatively correlated with illness
duration (r = -0.509, p = 0.002, FDR corrected) and
retardation factor scores (r = —0.288, p = 0.022, uncorrected)
(Figure 5).

DISCUSSION

In this study, MDD patients exhibited alterations in frontal
functional connectivity during response inhibition. The PS in
IM1 and preSMA tended to be attenuated in the beta and gamma
bands. Additionally, for the MDD group, there was an increased
FC between IM1 and preSMA and a reduced FC between IM1
and rIFG in the beta band as well as a reduced FC between
preSMA and rIFG in the low gamma band. In contrast, opposite
patterns were observed in the HC group. Additionally, the FC
between IM1 and preSMA in the beta band was associated with

TABLE 3 | Discrepancy of PS in theta ~ gamma frequency between MDD and HC groups.

Significant regions MDD
Theta M1 4.50 + 4.54
(4-7Hz) preSMA 6.35 + 6.71
Alpha M1 492 +4.70
(8-13Hz) preSMA 6.24 + 5.37
Beta M1 8.30 + 5.48
(13-30Hz2) preSMA 3.03 £ 2.31
Low gamma M1 7.96 + 5.45
(30-50Hz) preSMA 3.03 +2.38
Gamma M1 8.16 £ 5.79
(30-80Hz) preSMA 3.11 +2.45
High gamma M1 8.29 + 6.07
(50-80Hz) preSMA 3.16 + 2.51

Controls t-value p-value
7.81 +6.29 -2.162 0.076
6.60 +5.18 -0.143 0.524
8.14 £ 6.37 -2.053 0.126
5.32 + 3.87 0.647 0.118

16.25 + 13.12 -3.023 0.000***
6.73 + 6.58 -2.925 0.001**
156.39 + 12.60 -2.930 0.001***
6.06 + 5.81 -2.614 0.004**
16.17 + 14.09 —-2.853 0.002**
6.23 + 597 -2.619 0.006*
16.67 + 15.23 -2.782 0.004**
6.34 +6.13 —-2.604 0.008*

Two-sample t-test, two-sided, alpha-level 0.05, FDR corrected.
*p It; 0.05, **p It; 0.005, **p It; 0.001.
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beta band
MDD's FC > HC's FC Il

low gamma band - - -
MDD's FC < HC's FC =

FIGURE 3 | FC among rlIFG-preSMA-IM1. Schematic diagram of the FC
among the three core brain regions based on response inhibition network;
solid lines: the FC in beta band, dotted line: the FC in the low gamma band;
red color: MDD's FC > HC's FC, blue color: MDD's FC < HC's FC.

longer illness duration. Inversely, the FC between preSMA and
rIFG in the low gamma band was related with shorter illness
duration and was negatively correlated with retardation
symptoms. This suggests that the activities of different
frequency bands are related to cognitive deficits in depression.

Response inhibition refers to the important innate ability to
cancel a planned movement when it is no longer required or
potentially harmful. Response inhibition is commonly reported
when a “stop” signal is used to cancel a planned movement (40).
MDD profoundly alters perceptions and interactions with the
proximate environment as well as impacting social environment,
information and intellectual processing. Authors of previous
studies have shown that this revocation may involve a right-
lateralized cortices subcortical network (14, 41). However, when
stopping is forewarned, more proactive inhibitory processes may
be engaged (42). The importance of dissociating mood and
cognitive symptoms has been highlighted in this study. It is
believed that cognitive processes could underlie and enhance the
negative thoughts that characterize depressive disorders. We
suggest that changes in the frontal connectivity response
inhibition could provide a clinically relevant potential
pathological target for early phase experimental treatment
studies with MDD patients.

Altered PS Pattern in the MDD Group
The altered PS pattern in the /M1 and preSMA regions in MDD
participants is related to inhibition deficits.
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FIGURE 4 | Differences of FC in the beta and low gamma bands at no-go trials. (A): the FC between M1 and preSMA in the beta band; (B): the FC between M1
and rIFG in the beta band; (C): the FC between preSMA and rIFG in the low gamma band. *p < 0.05, **p < 0.01.

B w~pD
B ne

Beta band (13 - 30 Hz)

Low gamma band (30 - 50 Hz)

Frontiers in Psychiatry | www.frontiersin.org

August 2020 | Volume 11 | Article 707


https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles

Han et al.

The Inhibitory Control in Depression

0.2 0.4 0 01 0.2
preSMA-rIFG(low gamma)

band negatively correlated with retardation factors.

A 50 9 C 12 . - .
40 - 10 . 1 . A
¢ 8 T e
= 131
= 30 S g = o oo .
B g
g S r=-0.288,p =‘(mee~hu\.
5]
% 20 g 6 = o
5 5 5 . 5 o
A ~
10 [ 4 1 .
0r T T 1 2 T T |
-0.2 0 0.2 0.4 0.6 -0.2 -0.1 0 0.1 0.2
IMl-preSMA (beta) preSMA-rIFG(low gamma)
50 -
B . .
40 4
2 . ¢
Q
E .
=30 _
B
o r=-0.509, p = 0.002
-% 20
=
A .
10
0 - !

FIGURE 5 | Correlations between FC and clinical information. (A) The FC between IM1 and preSMA in the beta band positively correlated with illness duration;
(B) The FC between preSMA and rIFG in the low gamma band negatively correlated with illness duration; (C) The FC between preSMA and rIFG in the low gamma

Scholars have previously demonstrated that beta-band
activity has an anti-kinetic effect on motor performance
whereas gamma-band activity is pro-kinetic in nature (43, 44).
It was established that at 20 Hz (beta band), the human motor
cortex tends to resonant activity and could entrain neuronal
stimulations. Furthermore, there was a decline in beta-band
activity before and during voluntary movement in the frontal
motor cortex. This abnormality in beta oscillations in the fronto-
parietal network could indicate a crucial piece of information
about impaired ability in executive processing. However, a surge
in gamma band activity has been detected before and during
motor performance (43, 45) which also affected motor response
time (46). It has been previously reported that gamma
oscillations relied on GABAergic neuronal inhibition circuits
(47, 48). The role of GABA may also be assessed in the human
motor cortex during executive tasks (49). GABAB (49, 50)
receptor-mediated pathways played a role in setting an
inhibitory tone according to task context, while GABAA (51)
receptor-mediated pathways could be modulated proactively
with response certainty to optimize task performance.

There is converging evidence to suggest that the primary
motor cortex (M1) is modulated during response inhibition
given its role in shaping descending motor output (52). It has
been found that the intercortical inhibitory networks within M1

had regulatory effects on descending commands that fine-tune
movements in healthy people (53, 54). PreSMA and rIFG are
crucial nodes for inhibitory control during stop-signal and go/
no-go task. It is noteworthy that preSMA may result from a delay
in the onset of inhibition on go-activation (42, 55).

In contrast with existing findings, we found that the PS in the
beta and gamma bands decrease in M1, suggesting that an
abnormally low activation of M1 may be closely related to
pathological changes of GABA in MDD patients. It was
reported that MDD patients had reduced GABA levels in their
brains, decreased expression of GABAergic interneuron markers,
as well as alterations in GABAA and GABAB receptor levels (56).
Overall, M1 and preSMA may be affected by deteriorative
changes in GABA receptor-mediated suppression of GABA
release. Such an alteration may cause an imbalance of long-
interval intracortical inhibition/short-interval intracortical
inhibition (LICI/SICI) and aggravate changes to inhibition
(44). In the present study, potential mechanisms within M1
and preSMA were identified that may support both proactive
and reactive processes.

Altered FC Pattern in the MDD Group
Analysis of the FC alterations in the MDD group suggests that

the synergistic pattern of neural activity in the IM1, preSMA, and
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rIFG brain regions may be traits of MDD. In the HC group,
response inhibition activated a distinct inhibitory process in the
motor cortex. The interactions of both rIFG and preSMA with
IM1 revealed similar temporal profiles during the no-go trials.
This is in accordance with the increasing body of evidence which
indicates that several areas are crucial for response inhibition,
thus indicating that these regions work together to exert a causal
control in the early phases of movement inhibition (53, 57).

FC in the Beta Band
It is possible that the no-go cues directly induce beta oscillation
in these prefrontal areas, and that periodicity in the connected
motor cortex is a natural consequence of this prefrontal
oscillation. In past no-go trials studies (17, 18, 58), endogenous
(top-down) inhibitory motor signals were transmitted in beta
bursts in large-scale cortical networks. Beta oscillations might
predominantly reflect endogenously driven processes and serve
the maintenance of the status quo of a current sensory-motor or
cognitive state (59). In previous report, impaired memory and
attention efficiency abnormally enhanced beta activity containing
more short-range frontal connections as well as inter-hemispheric
temporo-parietal connections in people with depression. This
adaptive compensatory mechanism is also reflected in the
deterioration of flexibility in cognitive control (30).
Interestingly, we obtained similar results to previous
authors who have suggested that the FC between preSMA
and IM1 in the beta band in the MDD group was abnormally
enhanced compared to the control group (6, 17, 59). In
contrast, the FC between rIFG and IM1 was weakened in the
MDD group. This reflects the attenuation of cortical circuits
in an attempt to repair executive functions via (top-down)
regulation from IFG.

FC in the Low Gamma Band

The outcome of a movement task which requires motor control
may be improved by modulating the activity of both M1 and the
sub-cortex region rather than M1 activity alone (43, 60). Authors
of existing studies about the inhibitory control network in the
human brain have repeatedly found that the activation of
preSMA and rIFG is crucial for inhibitory control during stop-
signal and go/no-go task. Analysis of converging evidence also
suggests that both the preSMA and the rIFG are activated when
preparing to stop but only the rIFG is activated when stopping
(6, 17, 42, 53, 55). Consequently, scholars have identified the
anterior SMA along with the rIFG as “negative motor regions”
(61, 62).

Given the widely accepted view that brain oscillations are
fundamental for communication between neuronal network
elements, it could be predicted that the transmission of these
inhibitory signals may be realized in rapid, periodic bursts of
oscillatory brain activities within the prefrontal-central networks
(that is, rIFG/M1 and/or preSMA/M1) at a distinct frequency.
Proponents of a proposed “binding theory” suggest that neural
populations in different cortical regions become synchronized
with gamma-band oscillation, thereby strengthening the inter-

cortical neural network (63). There is increased gamma activity
in both regions, with preSMA preceding rIFG in healthy controls
when preparing to stop (no-go stimuli) during the task. Early
preSMA engagement may reflect the “setting up of inhibitory
control” as well as rIFG monitors for the stop signal (gamma
response). This information is then conveyed to the preSMA
(coherent beta activity), which implements inhibitory control
(beta response) (63-65). The response at the preSMA preceded
that of the *IFG when preparing to stop.

In this study, we speculated that deceased FC between
preSMA and rIFG in the low gamma band represented “the
different activity pattern” in MDD. This could involve
coherent beta activity in primary motor cortex and influence
“negative motor regions” activity when preparing to stop. This
is consistent with the theory that the preSMA plays a task-
configuration function (that is, to prepare the brain's network
to stop) while the rIFG is important for monitoring the need
to stop and/or implement inhibitory control (53, 54). These
findings could enable clinicians to discover cognitive deficits
in people living with MDD earlier. Given that different
patterns of FC provided objective imaging evidence, our
findings could characterize potential damage to the brain
areas (preSMA, rIFG) in depressed patients.

Correlation Between FC and

Depression Severity

We also found a positive correlation between the FC between
IMland preSMA in the beta band and illness duration.
Meanwhile, in the low gamma band, the FC between preSMA
and rIFG was negatively correlated with illness duration and
retardation symptoms.

Duration of lliness

Duration of illness (DI) appears to be a negative factor for
mood disorders. Long duration of mood disorders has been
associated with lower treatment responses, increased suicidal
risk, and cognitive deficits (66). Multivariate analyses revealed
that a family history of psychiatric conditions positively
correlated to DI (67). Authors of previous studies have
found that dependency of brain wave connectivity patterns
on psychiatric disease duration may be partially explained by
differences in inhibitory behavior (68-71).

As detailed above, the FC between IM1 and preSMA in the
beta band is a robust result of our study, independent of disease
course duration. This may represent a valid trait-marker for
depression. We suggest that there is a relationship between DI
and the FC betweeen IM1 and preSMA in the beta band in the
occurrence and development of cognitive deficits in people with
MDD. However, it remains unclear why functional abnormalities
of the ROIs are associated with illness duration but not MDD
symptom severity.

Additionally, we found the FC between preSMA and rIFG in
the low gamma band was negatively correlated with DI,
suggesting that the severity of abnormal FC may be aggravated
with disease progression. While correlations between the
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alterations of FC and DI were found, we could not tell whether
functional abnormality is a result of illness development or a
factor which contributes to the occurrence and development of
depressive symptoms.

Retardation Symptoms

MDD patients tend to exhibit significantly low mood and poor
motivation in addition to severe retardation symptoms. It is
hard for these people to concentrate, make decisions, or
quickly refuse. In the current study, we found that the FC in
“negative motor regions” in the low gamma band was
negatively correlated with illness duration. Meanwhile, the
FC was also negatively correlated with retardation factor
scores. The previous study concluded that the gamma wave
is mainly involved in the evaluation of subjective uncertainty,
or conflict about the current information (31). This
can explain why patients with depression are more likely to
be trapped in inner self-directed top-down conflicting
thinking, resulting in a reduction in behavior and cognitive
flexibility. Therefore, these findings could provide a
neurophysiological explanation for ruminative processes and
retardation symptoms.

Future Insight—the Predictive Value of FC
We found that specific abnormal patterns of PS and FC could
serve as a neuroelectrophysiology target for future treatment
for people living with MDD. Many scholars have described
that pre-treatment aberrant connectivity pattern is altered
following treatment in MDD patients (72). Additionally, a
reduced FC between preSMA and rIFG in the low gamma
band has been reported following antidepressant treatment,
indicating the valuable role of altered FC as a biomarker of
efficient treatment (54). Authors of neuroimaging studies have
demonstrated that non-invasive brain stimulation techniques
such as TMS (73-75), tDCS (76, 77), and cTBS (78, 79) altered
neural activation within the rIFG or preSMA and could affect
inhibitory control in a positively or negatively.

Artificial modulation of the oscillatory activity of beta
bands in the motor-related area of the brain has recently
been investigated to improve motor performance (43). When
transcranial alternating current stimulation (tACS) was
applied to M1, there was an attenuation of finger movement
velocity (58) and force (18) at beta-band frequencies (“beta
tACS”) while at gamma-band frequencies (“gamma tACS”),
tACS increased finger movement velocity and force (18, 80,
81). Moreover, participants performed better on a visuomotor
tracking task when tACS was directed to M1 and Cz areas at
80 Hz (82).

A response may be evoked by a decrease in the activation
threshold prompted by a reduction in LICI. Based on our
findings, we suggest that LICI set a general inhibitory tone
relative to response expectations, whereas SICI is modulated
until a response decision is taken. Potential mechanisms have
been previously identified within M1 which may support both
proactive and reactive processes (44). In the future, rTMS can
be employed to adjust alterations in LICI (GABAb-R) and SICI

(GABAa-R) and thus normalize M1 for inhibition. Therefore,
our researcher team is now focusing on artificially modulating
oscillatory activity in the beta and gamma bands of the motor-
related area of the brain to improve performance.

LIMITATIONS

The limitations of the current work are as follows. First, our study
was conducted with a small cohort of participants living with
MDD. Second, the relationship between the direction of
regulation among IM1, preSMA, and rIFG regions were not
considered. Third, a multi-dimensional combination of
indicators, for example electrophysiological, neurocognitive, and
neuroimaging measures, might be more sensitive and robust for
recognizing cognitive deficits and predicting treatment efficacy.

CONCLUSION

In conclusion, aberrant frontal functional connectivity was found
during response inhibition in MDD patients. Lower beta and
gamma bands activities were found in IM1 and preSMA. A
longer duration of illness was linked with the FC between IM1
and preSMA in the beta band while a shorter DI and retardation
symptoms were associated with the FC between preSMA and
rIFG in the low gamma band. This demonstrated changes in
frontal connectivity response inhibition which could lead to
cognitive deficits in depression. DI is central to the functional
deficits pertaining to response inhibition in MDD. These results
could serve as a potential pathological target for those
conducting clinical trials in the future.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the ethics committee of Nanjing Brain Hospital
Affiliated to Nanjing Medical University. The patients/
participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

YLH, QL, and ZJY designed experiments; YLH, MR, PHL, HLZ,
and HFW carried out experiments; YLH, PHL, and HLZ
analyzed experimental results. ZPD analyzed sequencing data
and developed analysis tools. ZPD and YLH wrote the manuscript.

Frontiers in Psychiatry | www.frontiersin.org

August 2020 | Volume 11 | Article 707


https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles

Han et al.

The Inhibitory Control in Depression

FUNDING

This work was supported by the National Natural Science
Foundation of China (81571639, 81871066); the Jiangsu
Provincial Key Research and Development Program
(BE2018609); a Jiangsu Provincial Medical Innovation Team
grant for the Project—Invigorating Healthcare through
Science, Technology and Education (CXTDC2016004); the
Nanjing Science and Technology Development Plan
(YKK15106, YKK15110, YKK16146); a Jiangsu Provincial
Medical Youth Talent grant for the Project—Invigorating
Healthcare through Science, Technology and Education
(QNRC2016049, QNRC2016050); the Science and
Technology Program of Nanjing, China (201,605,039), and
the Nanjing Medical Science and Technique Development
Foundation (QRX17178).

REFERENCES

. Joormann J, Yoon KL, Zetsche U. Cognitive inhibition in depression. Appl
Preventive Psychol (2007) 12(3):128-39. doi: 10.1016/j.appsy.2007.09.002
2. Sheffield JM, Karcher NR, Barch DM. Cognitive Deficits in Psychotic
Disorders: A Lifespan Perspective. Neuropsychol Rev (2018) 28(4):509-33.
doi: 10.1007/s11065-018-9388-2
3. Atique-Ur-Rehman H, Neill JC. Cognitive dysfunction in major depression:
From assessment to novel therapies. Pharmacol Ther (2019) 202:53-71. doi:
10.1016/j.pharmthera.2019.05.013
4. Goodwin GM, Martinez-Aran A, Glahn DC, Vieta E. Cognitive impairment
in bipolar disorder: neurodevelopment or neurodegeneration? An ECNP
expert meeting report. Eur Neuropsychopharmacol (2008) 18(11):787-93.
doi: 10.1016/j.euroneuro.2008.07.005
5. Zuckerman H, Pan Z, Park C, Brietzke E, Musial N, Shariq AS, et al.
Recognition and Treatment of Cognitive Dysfunction in Major Depressive
Disorder. Front Psychiatry (2018) 9(655). doi: 10.3389/fpsyt.2018.00655
6. Picazio S, Ponzo V, Koch G. Cerebellar Control on Prefrontal-Motor
Connectivity During Movement Inhibition. Cerebellum (2016) 15(6):680-7.
doi: 10.1007/s12311-015-0731-3
7. O'Callaghan C, Hornberger M. Towards a neurocomputational account of
social dysfunction in neurodegenerative disease. Brain (2017) 140(3):el4.
doi: 10.1093/brain/aww315
8. Ibanez A, Billeke P, de la Fuente L, Salamone P, Garcia AM, Melloni M. Reply:
Towards a neurocomputational account of social dysfunction in
neurodegenerative disease. Brain (2017) 140(3):e15. doi: 10.1093/brain/
aww316
9. Rolls ET, Cheng W, Du J, Wei D, Qiu ], Dai D, et al. Functional connectivity
of the right inferior frontal gyrus and orbitofrontal cortex in depression. Soc
Cognit Affect Neurosci (2020) 15(1):75-86. doi: 10.1093/scan/nsaa014
10. Prevot T, Sibille E. Altered GABA-mediated information processing and
cognitive dysfunctions in depression and other brain disorders. Mol
Psychiatry (2020). doi: 10.1038/s41380-020-0727-3
11. Stolicyn A, Steele JD, Series P. Conditioned task-set competition: Neural
mechanisms of emotional interference in depression. Cognit Affect Behav
Neurosci (2017) 17(2):269-89. doi: 10.3758/s13415-016-0478-4
12. Nigg JT. On inhibition/disinhibition in developmental psychopathology:
views from cognitive and personality psychology and a working inhibition
taxonomy. Psychol Bull (2000) 126(2):220-46. doi: 10.1037/0033-
2909.126.2.220
13. Wang F, Jin ], Wang J, He R, Li K, Hu X, et al. Association between olfactory
function and inhibition of emotional competing distractors in major
depressive disorder. Sci Rep (2020) 10(1):6322. doi: 10.1038/s41598-020-
63416-7
14. Aron AR, Robbins TW, Poldrack RA. Inhibition and the right inferior frontal
cortex: one decade on. Trends Cognit Sci (2014) 18(4):177-85. doi: 10.1016/
j.tics.2013.12.003

—

ACKNOWLEDGMENTS

We would like to express our sincere gratitude to the Department of
Psychiatry and Mental Health as well as the Department of Radiology
at Nanjing Brain Hospital for helping patients during neuroimaging
procedures. We are thankful to our healthy control group, patients
and patients' families for their generous support, cooperation, and
participation. We also deeply value the advice conveyed by members
of the Key Laboratory of Child Development and Learning Science.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyt.
2020.00707/full#supplementary-material

15. Rae CL, Hughes LE, Anderson MC, Rowe JB. The prefrontal cortex achieves
inhibitory control by facilitating subcortical motor pathway connectivity. J
Neurosci (2015) 35(2):786-94. doi: 10.1523/JNEUROSCI.3093-13.2015

16. Bessette KL, Karstens AJ, Crane NA, Peters AT, Stange JP, Elverman KH, et al.
A Lifespan Model of Interference Resolution and Inhibitory Control: Risk for
Depression and Changes with Illness Progression. Neuropsychol Rev (2020).
doi: 10.1007/s11065-019-09424-5

17. Picazio S, Veniero D, Ponzo V, Caltagirone C, Gross J. Prefrontal control over
motor cortex cycles at beta frequency during movement inhibition. Curr Biol
(2014) 24(24):2940-5. doi: 10.1016/j.cub.2014.10.043

18. Joundi RA, Jenkinson N, Brittain JS, Aziz TZ, Brown P. Driving oscillatory
activity in the human cortex enhances motor performance. Curr Biol (2012)
22(5):403-7. doi: 10.1016/j.cub.2012.01.024

19. Schnitzler A, Gross J. Normal and pathological oscillatory communication in
the brain. Nat Rev Neurosci (2005) 6(4):285-96. doi: 10.1038/nrn1650

20. Reilly JL, Hill SK, Gold JM, Keefe RS, Clementz BA, Gershon E, et al. Impaired
Context Processing is Attributable to Global Neuropsychological Impairment
in Schizophrenia and Psychotic Bipolar Disorder. Schizophr Bull (2017) 43
(2):397-406. doi: 10.1093/schbul/sbw081

21. Demant KM, Vinberg M, Kessing LV, Miskowiak KW. Eftects of Short-Term
Cognitive Remediation on Cognitive Dysfunction in Partially or Fully
Remitted Individuals with Bipolar Disorder: Results of a Randomised
Controlled Trial. PloS One (2015) 10(6):e0127955. doi: 10.1371/
journal.pone.0127955

22. Bonnin CM, Torrent C, Arango C, Amann BL, Sole B, Gonzalez-Pinto A, et al.
Functional remediation in bipolar disorder: 1-year follow-up of
neurocognitive and functional outcome. Br | Psychiatry (2016) 208(1):87-
93. doi: 10.1192/bjp.bp.114.162123

23. Torrent C, Bonnin Cdel M, Martinez-Aran A, Valle ], Amann BL, Gonzalez-
Pinto A, et al. Efficacy of functional remediation in bipolar disorder: a
multicenter randomized controlled study. Am ] Psychiatry (2013) 170
(8):852-9. doi: 10.1176/appi.ajp.2012.12070971

24. Firth J, Stubbs B, Rosenbaum S, Vancampfort D, Malchow B, Schuch F, et al.
Aerobic Exercise Improves Cognitive Functioning in People With
Schizophrenia: A Systematic Review and Meta-Analysis. Schizophr Bull
(2017) 43(3):546-56. doi: 10.1093/schbul/sbw115

25. Tozzi L, Goldstein-Piekarski AN, Korgaonkar MS, Williams LM.
Connectivity of the Cognitive Control Network During Response
Inhibition as a Predictive and Response Biomarker in Major Depression:
Evidence From a Randomized Clinical Trial. Biol Psychiatry (2020) 87
(5):462-72. doi: 10.1016/j.biopsych.2019.08.005

26. Rabinovici GD, Stephens ML, Possin KL. Executive dysfunction. Continuum
(Minneap Minn), Behav Neurol Neuropsychiatry (2015) 21(3):646-59. doi:
10.1212/01.CON.0000466658.05156.54

27. Jiang H, Dai Z, Lu Q, Yao Z. Magnetoencephalography resting-state spectral
fingerprints distinguish bipolar depression and unipolar depression. Bipolar
Disord (2019). doi: 10.1111/bdi.12871

Frontiers in Psychiatry | www.frontiersin.org

August 2020 | Volume 11 | Article 707


https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00707/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2020.00707/full#supplementary-material
https://doi.org/10.1016/j.appsy.2007.09.002
https://doi.org/10.1007/s11065-018-9388-2
https://doi.org/10.1016/j.pharmthera.2019.05.013
https://doi.org/10.1016/j.euroneuro.2008.07.005
https://doi.org/10.3389/fpsyt.2018.00655
https://doi.org/10.1007/s12311-015-0731-3
https://doi.org/10.1093/brain/aww315
https://doi.org/10.1093/brain/aww316
https://doi.org/10.1093/brain/aww316
https://doi.org/10.1093/scan/nsaa014
https://doi.org/10.1038/s41380-020-0727-3
https://doi.org/10.3758/s13415-016-0478-4
https://doi.org/10.1037/0033-2909.126.2.220
https://doi.org/10.1037/0033-2909.126.2.220
https://doi.org/10.1038/s41598-020-63416-7
https://doi.org/10.1038/s41598-020-63416-7
https://doi.org/10.1016/j.tics.2013.12.003
https://doi.org/10.1016/j.tics.2013.12.003
https://doi.org/10.1523/JNEUROSCI.3093-13.2015
https://doi.org/10.1007/s11065-019-09424-5
https://doi.org/10.1016/j.cub.2014.10.043
https://doi.org/10.1016/j.cub.2012.01.024
https://doi.org/10.1038/nrn1650
https://doi.org/10.1093/schbul/sbw081
https://doi.org/10.1371/journal.pone.0127955
https://doi.org/10.1371/journal.pone.0127955
https://doi.org/10.1192/bjp.bp.114.162123
https://doi.org/10.1176/appi.ajp.2012.12070971
https://doi.org/10.1093/schbul/sbw115
https://doi.org/10.1016/j.biopsych.2019.08.005
https://doi.org/10.1212/01.CON.0000466658.05156.54
https://doi.org/10.1111/bdi.12871
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles

Han et al.

The Inhibitory Control in Depression

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Villafaina S, Sitges C, Collado-Mateo D, Fuentes-Garcia JP, Gusi N. Influence
of depressive feelings in the brain processing of women with fibromyalgia: An
EEG study. Med (Baltimore) (2019) 98(19):e15564. doi: 10.1097/
MD.0000000000015564

Xu B, Sandrini M, Wang WT, Smith JF, Sarlls JE, Awosika O, et al. PreSMA
stimulation changes task-free functional connectivity in the fronto-basal-
ganglia that correlates with response inhibition efficiency. Hum Brain Mapp
(2016) 37(9):3236-49. doi: 10.1002/hbm.23236

Li Y, Kang C, Wei Z, Qu X, Liu T, Zhou Y, et al. Beta oscillations in major
depression - signalling a new cortical circuit for central executive function. Sci
Rep (2017) 7(1):18021. doi: 10.1038/s41598-017-18306-w

Roh SC, Park EJ, Shim M, Lee SH. EEG beta and low gamma power correlates
with inattention in patients with major depressive disorder. | Affect Disord
(2016) 204:124-30. doi: 10.1016/.jad.2016.06.033

Hughes LF, Rittman T, Robbins TW, Rowe JB. Reorganization of cortical
oscillatory dynamics underlying disinhibition in frontotemporal dementia.
Brain: a journal of neurology (2018) 141(8):2486-99. doi: 10.1093/brain/
awyl76

Hincapie AS, Kujala J, Mattout J, Daligault S, Delpuech C, Mery D, et al. MEG
Connectivity and Power Detections with Minimum Norm Estimates Require
Different Regularization Parameters. Comput Intell Neurosci (2016)
2016:3979547. doi: 10.1155/2016/3979547

Shinozaki R, Hojo Y, Mukai H, Hashizume M, Murakoshi T. Kainate-induced
network activity in the anterior cingulate cortex. Neuroscience (2016) 325:20-
9. doi: 10.1016/j.neuroscience.2016.03.025

Mayka MA, Corcos DM, Leurgans SE, Vaillancourt DE. Three-dimensional
locations and boundaries of motor and premotor cortices as defined by
functional brain imaging: a meta-analysis. Neuroimage (2006) 31(4):1453-
74. doi: 10.1016/j.neuroimage.2006.02.004

Ye Z, Altena E, Nombela C, Housden CR, Maxwell H, Rittman T, et al. Selective
serotonin reuptake inhibition modulates response inhibition in Parkinson's
disease. Brain (2014) 137(Pt 4):1145-55. doi: 10.1093/brain/awu032

Eudeline P. Reliability of High-Power Mechatronic Systems 1 || Foreword 1.
(2017). pp. xi-xiii.

Hipp JF, Hawellek DJ, Corbetta M, Siegel M, Engel AK. Large-scale cortical
correlation structure of spontaneous oscillatory activity. Nat Neurosci (2012)
15(6):884-90. doi: 10.1038/nn.3101

Moser DA, et al. Multivariate Associations Among Behavioral, Clinical, and
Multimodal Imaging Phenotypes in Patients With Psychosis. JAMA
Psychiatry (2018) 75(4):386-95. doi: 10.1001/jamapsychiatry.2017.4741
Jahfari S, Stinear CM, Claffey M, Verbruggen F, Aron AR. Responding with
restraint: what are the neurocognitive mechanisms? J Cognit Neurosci (2010)
22(7):1479-92. doi: 10.1162/jocn.2009.21307

Chikazoe J. Localizing performance of go/no-go tasks to prefrontal cortical
subregions. Curr Opin Psychiatry (2010) 23(3):267-72. doi: 10.1097/
YCO.0b013e3283387a9f

Aron AR. From reactive to proactive and selective control: developing a richer
model for stopping inappropriate responses. Biol Psychiatry (2011) 69(12):
e55-68. doi: 10.1016/j.biopsych.2010.07.024

Miyaguchi S, Otsuru N, Kojima S, Saito K, Inukai Y, Masaki M, et al.
Transcranial Alternating Current Stimulation With Gamma Oscillations
Over the Primary Motor Cortex and Cerebellar Hemisphere Improved
Visuomotor Performance. Front Behav Neurosci (2018) 12:132. doi:
10.3389/fnbeh.2018.00132

Cirillo J, Cowie MJ, MacDonald HJ, Byblow WD. Response inhibition
activates distinct motor cortical inhibitory processes. J Neurophysiol (2018)
119(3):877-86. doi: 10.1152/jn.00784.2017

Muthukumaraswamy SD. Temporal dynamics of primary motor cortex
gamma oscillation amplitude and piper corticomuscular coherence changes
during motor control. Exp Brain Res (2011) 212(4):623-33. doi: 10.1007/
s00221-011-2775-z

Shibata T, Shimoyama I, Ito T, Abla D, Iwasa H, Koseki K, et al. Event-related
dynamics of the gamma-band oscillation in the human brain: information
processing during a GO/NOGO hand movement task. Neurosci Res (1999) 33
(3):215-22. doi: 10.1016/S0168-0102(99)00003-6

Bartos M, Vida I, Jonas P. Synaptic mechanisms of synchronized gamma
oscillations in inhibitory interneuron networks. Nat Rev Neurosci (2007) 8
(1):45-56. doi: 10.1038/nrn2044

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Buzsaki G, Wang XJ. Mechanisms of gamma oscillations. Annu Rev Neurosci
(2012) 35:203-25. doi: 10.1146/annurev-neuro-062111-150444

McDonnell MN. The role of GABABreceptors in intracortical inhibition in
the humanmotor cortex. Exp Brain Res (2006) 173(1):7. doi: 10.1007/s00221-
006-0365-2

Werhahn KJ, Kunesch E, Noachtar S, Benecke R, Classen J. Differential
effects on motorcortical inhibition induced by blockade of GABA uptake in
humans. J Physiol (1999) 517( Pt 2):591-7. doi: 10.1111/j.1469-7793.1999.
0591t.x

Ilic TV, Meintzschel F, Cleff U, Ruge D, Kessler KR, Ziemann U. Short-
interval paired-pulse inhibition and facilitation of human motor cortex: the
dimension of stimulus intensity. ] Physiol (2002) 545(1):153-67. doi: 10.1113/
jphysiol.2002.030122

Stinear CM, Coxon JP, Byblow WD. Primary motor cortex and movement
prevention: where Stop meets Go. Neurosci Biobehav Rev (2009) 33(5):662—
73. doi: 10.1016/j.neubiorev.2008.08.013

Swann NC, Cai W, Conner CR, Pieters TA, Claffey MP, George JS, et al. Roles
for the pre-supplementary motor area and the right inferior frontal gyrus in
stopping action: electrophysiological responses and functional and structural
connectivity. Neuroimage (2012) 59(3):2860-70. doi: 10.1016/
j.neuroimage.2011.09.049

Drummond NM, Cressman EK, Carlsen AN. Offline continuous theta burst
stimulation over right inferior frontal gyrus and pre-supplementary motor
area impairs inhibition during a go/no-go task. Neuropsychologia (2017)
99:360-7. doi: 10.1016/j.neuropsychologia.2017.04.007

Chambers CD, Garavan H, Bellgrove MA. Insights into the neural basis of
response inhibition from cognitive and clinical neuroscience. Neurosci
Biobehav Rev (2009) 33(5):631-46. doi: 10.1016/j.neubiorev.2008.08.016
Fogaca MV, Duman RS. Cortical GABAergic Dysfunction in Stress and
Depression: New Insights for Therapeutic Interventions. Front Cell Neurosci
(2019) 13:87. doi: 10.3389/fncel.2019.00087

Shibasaki H. Cortical activities associated with voluntary movements and
involuntary movements. Clin Neurophysiol (2012) 123(2):229-43. doi:
10.1016/j.clinph.2011.07.042

Pogosyan A, Gaynor LD, Eusebio A, Brown P. Boosting cortical activity at
Beta-band frequencies slows movement in humans. Curr Biol (2009) 19
(19):1637-41. doi: 10.1016/j.cub.2009.07.074

Engel AK, Fries P. Beta-band oscillations-signalling the status quo? Curr Opin
Neurobiol (2010) 20(2):156-65. doi: 10.1016/j.conb.2010.02.015

Lee KH, Williams LM, Breakspear M, Gordon E. Synchronous gamma
activity: a review and contribution to an integrative neuroscience model of
schizophrenia. Brain Res Brain Res Rev (2003) 41(1):57-78. doi: 10.1016/
$0165-0173(02)00220-5

Fried I, Katz A, McCarthy G, Sass KJ, Williamson P, Spencer SS, et al.
Functional organization of human supplementary motor cortex studied by
electrical stimulation. J Neurosci (1991) 11(11):3656-66. doi: 10.1523/
JNEUROSCI.11-11-03656.1991

Luders H, Lesser RP, Dinner DS, Morris HH, Wyllie E, Godoy J, et al.
Localization of cortical function: new information from extraoperative
monitoring of patients with epilepsy. Epilepsia (1988) 29 Suppl 2:S56-65.
doi: 10.1111/j.1528-1157.1988.tb05799.x

Duann JR, de JS, Luo X, Li CS. Functional connectivity delineates distinct roles
of the inferior frontal cortex and presupplementary motor area in stop signal
inhibition. J Neurosci (2009) 29(32):10171-9. doi: 10.1523//NEUROSCL1300-
09.2009

Mostofsky SH, Simmonds DJ. Response inhibition and response selection: two
sides of the same coin. J Cognit Neurosci (2008) 20(5):751-61. doi: 10.1162/
jocn.2008.20500

Sharp DJ, Bonnelle V, De Boissezon X, Beckmann CF, James SG, Patel MC,
et al. Distinct frontal systems for response inhibition, attentional capture, and
error processing. Proc Natl Acad Sci U S A (2010) 107(13):6106-11. doi:
10.1073/pnas.1000175107

Derntl B, Seidel EM, Schneider F, Habel U. How specific are emotional
deficits? A comparison of empathic abilities in schizophrenia, bipolar and
depressed patients. Schizophr Res (2012) 142(1-3):58-64. doi: 10.1016/
j.schres.2012.09.020

Serafini G, Gonda X, Monacelli F, Pardini M, Pompili M, Rihmer Z, et al.
Possible predictors of age at illness onset and illness duration in a cohort study

Frontiers in Psychiatry | www.frontiersin.org

August 2020 | Volume 11 | Article 707


https://doi.org/10.1097/MD.0000000000015564
https://doi.org/10.1097/MD.0000000000015564
https://doi.org/10.1002/hbm.23236
https://doi.org/10.1038/s41598-017-18306-w
https://doi.org/10.1016/j.jad.2016.06.033
https://doi.org/10.1093/brain/awy176
https://doi.org/10.1093/brain/awy176
https://doi.org/10.1155/2016/3979547
https://doi.org/10.1016/j.neuroscience.2016.03.025
https://doi.org/10.1016/j.neuroimage.2006.02.004
https://doi.org/10.1093/brain/awu032
https://doi.org/10.1038/nn.3101
https://doi.org/10.1001/jamapsychiatry.2017.4741
https://doi.org/10.1162/jocn.2009.21307
https://doi.org/10.1097/YCO.0b013e3283387a9f
https://doi.org/10.1097/YCO.0b013e3283387a9f
https://doi.org/10.1016/j.biopsych.2010.07.024
https://doi.org/10.3389/fnbeh.2018.00132
https://doi.org/10.1152/jn.00784.2017
https://doi.org/10.1007/s00221-011-2775-z
https://doi.org/10.1007/s00221-011-2775-z
https://doi.org/10.1016/S0168-0102(99)00003-6
https://doi.org/10.1038/nrn2044
https://doi.org/10.1146/annurev-neuro-062111-150444
https://doi.org/10.1007/s00221-006-0365-2
https://doi.org/10.1007/s00221-006-0365-2
https://doi.org/10.1111/j.1469-7793.1999.0591t.x
https://doi.org/10.1111/j.1469-7793.1999.0591t.x
https://doi.org/10.1113/jphysiol.2002.030122
https://doi.org/10.1113/jphysiol.2002.030122
https://doi.org/10.1016/j.neubiorev.2008.08.013
https://doi.org/10.1016/j.neuroimage.2011.09.049
https://doi.org/10.1016/j.neuroimage.2011.09.049
https://doi.org/10.1016/j.neuropsychologia.2017.04.007
https://doi.org/10.1016/j.neubiorev.2008.08.016
https://doi.org/10.3389/fncel.2019.00087
https://doi.org/10.1016/j.clinph.2011.07.042
https://doi.org/10.1016/j.cub.2009.07.074
https://doi.org/10.1016/j.conb.2010.02.015
https://doi.org/10.1016/S0165-0173(02)00220-5
https://doi.org/10.1016/S0165-0173(02)00220-5
https://doi.org/10.1523/JNEUROSCI.11-11-03656.1991
https://doi.org/10.1523/JNEUROSCI.11-11-03656.1991
https://doi.org/10.1111/j.1528-1157.1988.tb05799.x
https://doi.org/10.1523/JNEUROSCI.1300-09.2009
https://doi.org/10.1523/JNEUROSCI.1300-09.2009
https://doi.org/10.1162/jocn.2008.20500
https://doi.org/10.1162/jocn.2008.20500
https://doi.org/10.1073/pnas.1000175107
https://doi.org/10.1016/j.schres.2012.09.020
https://doi.org/10.1016/j.schres.2012.09.020
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles

Han et al.

The Inhibitory Control in Depression

68.

69.

70.

71.

72.

73.

74.

75.

76.

comparing younger adults and older major affective patients. J Affect Disord
(2018) 225:691-701. doi: 10.1016/j.jad.2017.08.077

Di Lorenzo G, Daverio A, Ferrentino F, Santarnecchi E, Ciabattini F, Monaco
L, et al. Altered resting-state EEG source functional connectivity in
schizophrenia: the effect of illness duration. Front Hum Neurosci (2015)
9:234. doi: 10.3389/fnhum.2015.00234

MacKenzie NE, Kowalchuk C, Agarwal SM, Costa-Dookhan KA, Caravaggio
F, Gerretsen P, et al. Antipsychotics, Metabolic Adverse Effects, and Cognitive
Function in Schizophrenia. Front Psychiatry (2018) 9:622. doi: 10.3389/
fpsyt.2018.00622

Cao X, Liu Z, Xu C, Li J, Gao Q, Sun N, et al. Disrupted resting-state functional
connectivity of the hippocampus in medication-naive patients with major depressive
disorder. J Affect Disord (2012) 141(2-3):194-203. doi: 10.1016/jjad.2012.03.002
Angst J, Merikangas KR, Cui L, Van Meter A, Ajdacic-Gross V, Rossler W.
Bipolar spectrum in major depressive disorders. Eur Arch Psychiatry Clin
Neurosci (2018) 268(8):741-8. doi: 10.1007/s00406-018-0927-x

Liston C, Chen AC, Zebley BD, Drysdale AT, Gordon R, Leuchter B, et al.
Default mode network mechanisms of transcranial magnetic stimulation in
depression. Biol Psychiatry (2014) 76(7):517-26. doi: 10.1016/
j.biopsych.2014.01.023

Chambers CD, Bellgrove MA, Gould IC, English T, Garavan H, McNaught E,
et al. Dissociable mechanisms of cognitive control in prefrontal and premotor
cortex. ] Neurophysiol (2007) 98(6):3638-47. doi: 10.1152/jn.00685.2007
Chambers CD, Bellgrove MA, Stokes MG, Henderson TR, Garavan H,
Robertson IH, et al. Executive “brake failure” following deactivation of
human frontal lobe. J Cognit Neurosci (2006) 18(3):444-55. doi: 10.1162/
jocn.2006.18.3.444

Chen CY, Muggleton NG, Tzeng OJ, Hung DL, Juan CH. Control of prepotent
responses by the superior medial frontal cortex. Neuroimage (2009) 44
(2):537-45. doi: 10.1016/j.neuroimage.2008.09.005

Hsu TY, Tseng LY, Yu JX, Kuo WJ, Hung DL, Tzeng O], et al. Modulating
inhibitory control with direct current stimulation of the superior medial
frontal cortex. Neuroimage (2011) 56(4):2249-57. doi: 10.1016/
j.neuroimage.2011.03.059

77.

78.

79.

80.

81.

82.

Jacobson L, Javitt DC, Lavidor M. Activation of inhibition: diminishing
impulsive behavior by direct current stimulation over the inferior frontal
gyrus. ] Cognit Neurosci (2011) 23(11):3380-7. doi: 10.1162/jocn_a_00020
Dambacher F, Sack AT, Lobbestael J, Arntz A, Brugman S, Schuhmann T. A
network approach to response inhibition: dissociating functional connectivity
of neural components involved in action restraint and action cancellation. Eur
J Neurosci (2014) 39(5):821-31. doi: 10.1111/ejn.12425

Obeso I, Robles N, Marron EM, Redolar-Ripoll D. Dissociating the Role of the
pre-SMA in Response Inhibition and Switching: A Combined Online and
Offline TMS Approach. Front Hum Neurosci (2013) 7:150. doi: 10.3389/
fnhum.2013.00150

Robbins TW. Cross-species studies of cognition relevant to drug discovery: a
translational approach. Br ] Pharmacol (2017) 174(19):3191-9. doi: 10.1111/
bph.13826

Guerra A, Pogosyan A, Nowak M, Tan H, Ferreri F, Di Lazzaro V, et al. Phase
Dependency of the Human Primary Motor Cortex and Cholinergic Inhibition
Cancelation During Beta tACS. Cereb Cortex (2016) 26(10):3977-90. doi:
10.1093/cercor/bhw245

Santarnecchi E, Muller T, Rossi S, Sarkar A, Polizzotto NR, Rossi A, et al.
Individual differences and specificity of prefrontal gamma frequency-tACS on
fluid intelligence capabilities. Cortex (2016) 75:33-43. doi: 10.1016/
j.cortex.2015.11.003

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Han, Dai, Ridwan, Lin, Zhou, Wang, Yao and Lu. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Psychiatry | www.frontiersin.org

August 2020 | Volume 11 | Article 707


https://doi.org/10.1016/j.jad.2017.08.077
https://doi.org/10.3389/fnhum.2015.00234
https://doi.org/10.3389/fpsyt.2018.00622
https://doi.org/10.3389/fpsyt.2018.00622
https://doi.org/10.1016/j.jad.2012.03.002
https://doi.org/10.1007/s00406-018-0927-x
https://doi.org/10.1016/j.biopsych.2014.01.023
https://doi.org/10.1016/j.biopsych.2014.01.023
https://doi.org/10.1152/jn.00685.2007
https://doi.org/10.1162/jocn.2006.18.3.444
https://doi.org/10.1162/jocn.2006.18.3.444
https://doi.org/10.1016/j.neuroimage.2008.09.005
https://doi.org/10.1016/j.neuroimage.2011.03.059
https://doi.org/10.1016/j.neuroimage.2011.03.059
https://doi.org/10.1162/jocn_a_00020
https://doi.org/10.1111/ejn.12425
https://doi.org/10.3389/fnhum.2013.00150
https://doi.org/10.3389/fnhum.2013.00150
https://doi.org/10.1111/bph.13826
https://doi.org/10.1111/bph.13826
https://doi.org/10.1093/cercor/bhw245
https://doi.org/10.1016/j.cortex.2015.11.003
https://doi.org/10.1016/j.cortex.2015.11.003
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
http://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles

	Connectivity of the Frontal Cortical Oscillatory Dynamics Underlying Inhibitory Control During a Go/No-Go Task as a Predictive Biomarker in Major Depression
	Introduction
	Materials and Methods
	Participants
	Go/No-Go Task
	MRI Image Acquisition
	MEG Image Acquisition
	MEG Data Analysis
	Statistical Analysis

	Results
	Demographic and Clinical Characteristics
	Behavior
	Differences of PS at No-Go Trials
	Differences of PS in the Beta Band (13–30 Hz)
	Differences of PS in All Gamma-Band (30–80 Hz, 30–50 Hz, 50–80 Hz)

	FC at No-Go Trials
	Differences of FC in the Beta Band at No-Go Trials
	Differences of FC in the Low Gamma Band at No-Go Trials

	Correlations Between FC and Clinical Information

	Discussion
	Altered PS Pattern in the MDD Group
	Altered FC Pattern in the MDD Group
	FC in the Beta Band
	FC in the Low Gamma Band

	Correlation Between FC and Depression Severity
	Duration of Illness
	Retardation Symptoms

	Future Insight—the Predictive Value of FC

	Limitations
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


