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Bromazepam changes performance during target shooting but does not affect the

interhemispheric coupling in the theta rhythm of the electroencephalography
Bromazepam altera o desempenho durante o tiro ao alvo, mas néo afeta o acoplamento
interhemisférico no ritmo teta da eletroencefalografia

El bromazepam altera el rendimiento durante el tiro al blanco pero no afecta al acoplamiento

interhemisférico en la electroencefalografia del ritmo theta
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Abstract

Bromazepam emulates the inhibitory effect of the neurotransmitter gamma-aminobutyric acid (GABA) and can lead
to impaired visuomotor performance. However, few studies have evaluated its effects on cortical coupling in target
shooting activities. The present study aimed to analyze the acute effects of bromazepam administration in a target
shooting task and the EEG theta rhythm coherence between frontal, temporal, and motor cortical areas in four
shooting preparation periods. Thus, a double blind, crossover study was conducted with 30 subjects under two
conditions: bromazepam (6mg) and placebo, with electroencephalographic analysis to simultaneously study the theta
rhythm coherence in frontal, temporal, and motor cortex in a target shooting task; and the possible interferences of
bromazepam administration. Subjects in the bromazepam group showed lower performance on the task compared to
placebo (p=0.001). In addition, our analysis showed decreased coherence between regions in the same hemisphere,
increased theta rhythm coherence in interhemispheric regions in frontal, temporal and motor cortex at different
intervals in the preparation preceding the shooting (p=0.001). The use of bromazepam may influence task execution,
possibly due to neurochemical modulation, during decision making, developing shooting preparation strategies, as
well as interfering with the flow of information at the level of attention during task execution.

Keywords: Electroencephalography; Coherence; Theta Rhythm; Bromazepam; Target shooting.

Resumo

O bromazepam imita o efeito inibidor do neurotransmissor acido gama-aminobutirico (GABA) e podem levar ao
prejuizo do desempenho visuomotor. No entanto, poucos estudos avaliaram seus efeitos no acoplamento cortical em
atividades de tiro ao alvo. O presente estudo objetivou analisar os efeitos agudo da administragdo de bromazepam
numa tarefa de tiro ao alvo e a coeréncia do ritmo teta do EEG entre as &reas da cortical frontal, temporal, e motora
em quatro periodos preparatorios de tiro. Desse modo, foi realizado um estudo crossover e duplo cego, com 30
sujeitos sob duas condicbes: bromazepam (6mg) e placebo, com analise eletroencefalogréfica para estudar
simultaneamente a coeréncia do ritmo teta no cortex frontal, temporal e motor, numa tarefa de tiro ao alvo; e as
possiveis interferéncias da administracdo do bromazepam. Os sujeitos do grupo bromazepam apresentaram um
desempenho inferior na tarefa em comparacdo com o placebo (p=0,001). Além disso, a nossa analise mostrou uma
diminuicdo da coeréncia entre regies no mesmo hemisfério, um aumento da coeréncia do ritmo teta nas regifes
interhemisféricas no cértex frontal, temporal e motor em diferentes intervalos na preparacdo que antecedeu o tiroteio
(p=0,001). O uso de bromazepam pode influenciar a execucdo da tarefa, possivelmente devido & modulacéo
neuroquimica, durante a tomada de decisdes, desenvolvendo estratégias de preparacdo do tiro, além de interferir com
o fluxo de informac&o ao nivel da atencdo durante a execucdo da tarefa.

Palavras-chave: Electroencefalografia; Coeréncia; Ritmo Theta; Bromazepam; Tiro ao alvo.

Resumen

El bromazepam imita el efecto inhibidor del neurotransmisor acido gamma-aminobutirico (GABA) y puede provocar
un deterioro del rendimiento visuomotor. Sin embargo, pocos estudios han evaluado sus efectos sobre el acoplamiento
cortical en las actividades de tiro al blanco. El presente estudio tuvo como objetivo analizar los efectos agudos de la
administracion de bromazepam en una tarea de tiro al blanco y la coherencia del ritmo theta del EEG entre las areas
corticales frontales, temporales y motoras en cuatro periodos de preparacion de tiro. Asi, se realiz6 un estudio cruzado
y a doble ciego con 30 sujetos en dos condiciones: bromazepam (6 mg) y placebo, con andlisis electroencefalografico
para estudiar simultdneamente la coherencia del ritmo theta en la corteza frontal, temporal y motora en una tarea de
tiro al blanco; y las posibles interferencias de la administracion de bromazepam. Los sujetos del grupo de
bromazepam mostraron un menor rendimiento en la tarea en comparacion con el placebo (p=0,001). Ademas, nuestro
andlisis mostr6 una disminucién de la coherencia entre regiones del mismo hemisferio y un aumento de la coherencia
del ritmo theta en regiones interhemisféricas de la corteza frontal, temporal y motora a diferentes intervalos en la
preparacion que precede al disparo (p=0,001). El uso de bromazepam puede influir en la ejecucion de la tarea,
posiblemente debido a la modulacién neuroquimica, durante la toma de decisiones, el desarrollo de estrategias para
preparar el tiro, asi como la interferencia en el flujo de informacién a nivel de la atencion durante la ejecucion de la
tarea.

Palabras clave: Electroencefalografia; Coherencia; Ritmo Theta; Bromazepam; Tiro al blanco.

1. Introduction

Benzodiazepines (BDZs), especially bromazepam, belong to the most prescribed classes of medication used for
anxiety due to its anxiolytic and hypnotic effects (Clark et al., 2013; Lino et al., 2017; Votaw et al., 2019). Bromazepam
potentiates the effects of y-aminobutyric acid neurotransmitter (GABA), which acts as a major inhibitory neurotransmitter in

the central nervous system (CNS), affecting cognitive domains, such as visuospatial ability, processing speed, verbal learning
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(Stewart, 2005). This inhibitory action is through the GABA-receptor activation (GABA) (Sigel et al., 2018; Schependom et
al., 2019), via allosteric sites, increasing neurotransmission (Golan et al., 2012).

In this sense, bromazepam affects perception due to the changes in inputs and neural outputs related to the learning
process and muscle relaxation during the execution of visuomotor tasks (Montenegro et al., 2005; Cunha et al., 2006; Machado
et al., 2009; Gongora et al., 2014; Aprigio et al., 2015). These effects could be due to increasing the reaction time during the
execution of tasks; could induce greater attention level or reduce the mental effort in the performance of motor tasks (Cunha et
al., 2008). Besides, Sampaio et al. (2008) showed positive effects of the acute use of bromazepam during the execution of
visuomotor tasks, due to a significant reduction of stress and anxiety. However, there is controversy regarding the effects of
bromazepam (6mg) in the target shooting tasks, since the task requires cognitive perception and a motor response depending
on attention and fine motor control for the trigger pull (Janelle et al., 2000; Kerick et al., 2004; Deeny et al., 2009; Hatfield et
al., 2013). These effects lead to the chances of interference of bromazepam in decision-making cognitive processes for
shooting and cortical recruitment capacity during the pre-shooting period.

In general, the exploration, understanding, and monitoring of the action of BDZs in cortical activity have been
analyzed in electroencephalography (EEG) (Saletu et al., 2002; Sampaio et al., 2008; Salles et al., 2006). The literature search
to trace an association profile of drugs with neurophysiological functions and behavioral performance, and thus, the sensitivity
and differential performance to stimuli has been associated with cortical activation patterns through energy measures within
the range of theta frequency (Machado et al., 2009; Gongora et al., 2014). Also, the theta rhythm facilitates synaptic plasticity,
has an influence on the reaction time, and is related to the increased attention (Buzsaki et al., 2004; Linkenkaer-Hansen et al.,
2004; Womelsdorf et al., 2006). Neurophysiological analysis by EEG coherence provides evidence of coupling between
cortical areas during the execution of the task (Babiloni et al., 2005; Kay et al., 2006; Jorge et al., 2007). Although the action
of BDZs has been investigated with EEG analyses (Salles et al., 2006), bromazepam action is still poorly understood in the
target shooting task as well as coupling strength between cortical areas at different preparation times in shooting tasks. Our
goal in this study is to analyze the effects of bromazepam in a target shooting task and consistency of the EEG theta rhythm (in

four time-intervals in preparation for shooting) in the frontal, temporal, and motor.

2. Methodology
2.1 Subject

The sample consisted of 60 male subjects, right-handed and healthy, aged between 20 and 30 years. There were two
conditions: control (placebo) and experimental (bromazepam-6mg), and subjects were prohibited from using any substance
that inhibits or stimulates brain activity (for example, tobacco, coffee, alcohol, caffeine-containing foods, or medications) 14h
before or during the study period (Fortunato et al., 2015; Ribeiro et al., 2018). All subjects underwent a medical evaluation to
exclude those with neurological or movement disorders that impair task performance, and any contraindications to intake of
bromazepam.

Upon completion of the screening, we removed 22 subjects who did not meet the criteria required for participation in
the study. The remaining 38 participated in experiments in two experimental conditions: placebo and bromazepam. Later a
total of 8 subjects discontinued the study; 6 did not remain for the entire duration of the study and two dropped for refusing to
inge st of the capsule. Finally, the remaining 30 with a mean age + SD = 22 + 3 years completed the entire study. The study
was approved by the Ethics Committee of the Federal University of Piaui (Number 1610197) based on the Research Ethics
Criteria for Human subjects as per the Declaration of Helsinki. All participants signed a consent form (Pereira et al., 2018).
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2.2 Experimental Procedure

Randomization: Sixty subjects were randomized at a rate of 1:1 for a double-blind experiment for two conditions in
the following sequence: 15 subjects starting in the experimental condition (bromazepam-6mg use) and finishing in the control
condition (placebo) and 15 subjects starting in the control condition and finishing in the experimental condition. Subjects
received a 7-day washout between both conditions (Figure 1). Participants during the experiment were in a sound-proof and
electrically insulated room. The resting-state EEG (i.e., 3-min in the shooting position with arm extended toward the target
without the pistol to match the shooting posture employed during the conditions of interest while avoiding fatigue) was
collected prior to the session commencement. There was a 2-min rest period between conditions. Later EEG data were
collected during shooting tasks (EEG-task), with 1 % hour after the placebo or bromazepam capsule ingestion (Jadad et al.,
1996; Coutinho et al., 2005; Luft et al., 2006; Santos et al., 2011) (Figure 1).

Figure 1. Randomized, double-blind study design in two conditions: placebo and bromazepam, in target shooting activity with
electroencephalographic signal capture.
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Source: Authors.

Participants employed their right (dominant) hand to complete a pistol shooting task with air pistol (Sig Sauer P226)
adapted with an electromagnetic transducer to record when the movement is initiated to align with EEG signals from all trials,
through an RCA connector, which we term ‘Trig In.”. This device analyzes the cortical activity in the shooting preparatory
period to delimit time intervals that precede the shooting. With protective goggles, subjects shooting the targets were
positioned at a five-meter distance, with the targets exchange performed after each block. Participants assumed a standard
shooting posture; feet positioned approximately shoulder-width apart and nearly perpendicular to the shooting lane to minimize
sway. Participants extended the shooting arm, aiming their target with their right eye, while the left eye was occluded. Each
condition of shooting consisted of 30 shots, which were distributed in six blocks (five shots per block) to minimize fatigue and
to ensure stable estimates of the successive intervals of the attention state, leading to the trigger-pull. A two-minute interval
between each block was provided for the recovery of the active limb. Such an approach reasonably allowed for the detection of
dynamic change in attention during this critical period if present. The scoring was consistent with shooting scoring metrics. A
paper target (17x17cm) was attached to a support with a collection network (Swiss Arms) with six scoring scales. Also, the

target was always placed in the same position, in front of the subjects during the shooting task. The points from five to seven
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were in the scales with white coloration at the extremities, and from eight to ten in the central black circle. At the task end, the

point’s number was counted.

2.3 Performance in Target Shooting Task
The variable was obtained through subjects’ performance in target shooting task. Each subject performed 30 shots,
which were distributed in six blocks (five shots per block), being able to score to a maximum of 300 points. There was a good

strength of agreement, with [k= 0.82; p=0.002]. Thus, the results support consistency in shooting task.

2.4 EEG Recording

The 20-channel continuous EEG was recorded by Brainet BNT36 amplifiers (EMSA-Medical Instruments, Brazil).
The silver/silver chloride electrodes were positioned by an electrode lid, equidistant through a nylon cap prefixed with the
international 10-20 system, including binaural reference electrodes (SPES Medical Brazil). The EEG electrode impedance was
kept below 5 KQ. The acquired data had an amplitude of less than 100pV. The EEG signal was amplified with a gain of
22.000 Hz, analogously filtered between 0.01 Hz (high-pass) and 60 Hz (low-pass) with 240 Hz using the Data Acquisition
software (Delphi 5.0) developed in the Neuro-innovation Technology & Brain Mapping Laboratory. EEG data in this study
were analyzed by the Neurometrics Program (NxLink, Ltd., USA) and theta band coherence was extracted. EEGLab program
was used to select the epochs of interest and remove artifacts.

2.5 Data processing

EEG data analysis was performed in the EEGLAB/MATLAB program. The preparatory period before the shooting,
which was analyzed as pre-task epochs, comprised, 8s which was divided into time intervals of 8s to 6s (t1), 6s to 4s (t2), 4s to
2s (t3), and 2s to 0 (t4). Time zero corresponds to the trigger moment. Contaminated extracts by muscular artifacts and ocular
movements were excluded from the analysis using a rejection criterion of + 100 pV in any channel, and independent
component analysis (ICA) was applied to identify and remove all remaining artifacts produced by the task (Brauns et al., 2014;
De Carvalho et al., 2015). Electrode data that showed contact loss with scalp or high impedance (>5KQ) were excluded. A
classical estimator was applied to the spectral power density, estimated from the Fourier Transform, which was performed by
MATLAB (Matwords, Inc.). After the removal of the artifacts, the remaining components were inserted back to recompose the
electrode signal, where only the remaining epochs were part of the subsequent signal processing and statistical analysis.

We analyzed the theta band coherence: total theta (4 - 7Hz) in electrode positions on the scalp: C3-C4, F3-C3, F3-F4,
F3-T3, F4-C4, F4-T4, and T3-T4. The electrodes were selected to represent the dorsolateral prefrontal cortex (DLPFC) left and
right, the primary motor cortex (PMC) left and right, and posterior temporal cortex (PTC) left and right respectively, which
play key roles in decision-making, working memory, executive attention, motor preparation and inhibition (Homan et al.,
1987; Hatfield et al., 2013).

2.6 Statistical analysis

The subjects' performance was analyzed by paired t-test between placebo and bromazepam conditions. For the
neurophysiological variables’ analysis, a three-way repeated-measures ANOVA was performed with following three factors:
conditions (resting-state vs. placebo vs. bromazepam); electrodes (C3-C4 vs. F3-C3 vs. F3-F4 vs. F3-T3 vs. F4-C4 vs. F4-T4
vs. T3-T4); and shooting preparatory periods (tivs. tovs. tavs. ts). Three factors’ interactions were investigated by two-way
repeated-measures ANOVA, while two factors interactions were investigated by the Student t-test, and one-way ANOVA was
further analyzed by the post hoc test if necessary. Besides, binary logistic regression was used to investigate the association

5
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between the conditions (dependent variable) and EEG theta dynamics in each pairing of electrodes corresponding to the
cortical areas during each preparatory period (independent variables).

Partial n?p is used as a measure of effect size for the repeated measures analysis while Cohen's d is used for the
Student t-test. Statistical power and the 95% confidence interval (95% CI) were calculated for the dependent variables.
Statistical power was interpreted as low power from 0.1 to 0.3; high power from 0.8 to 0.9. Effect magnitude was interpreted
using the recommendations suggested by Cohen (1988): insignificant <0.19; small from 0.20 to 0.49; mean from 0.50 to 0.79;
large from 0.80 to 1.29. The probability of 5% for type I error was adopted in all analyzes (p<0.05), with alpha-Bonferroni
correction for the interaction analysis, adjusting the value for p<0.025. Analyzes were conducted in SPSS for Windows version
20.0 (SPSS Inc., Chicago, Il, USA).

3. Results
3.1 Performance in shooting task
The findings of the paired t-test and Cohen'’s indicated that the acute bromazepam use produced an association average

effect on subjects’ performance on shooting tasks [t(26)= 2.53; p=0.018; d= 0.5], promoting a lower hit score during the
shooting task (Figure 2).

Figure 2. Performance of the subjects in the execution of the target shooting task. Significant differences (p<0.05) between
conditions are represented by the asterisk (*).
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Source: Authors.

3.2 Neurophysiological results

The use of bromazepam resulted in the reduction of coupling between the cortical areas through the pairing of the
electrodes F3-C3 and T3-T4, in all preparatory periods, which demonstrates joint actions of these regions in the planning
necessary for the execution of the task (Table 1; Figure 3). Moreover, in the F3-C3 electrodes main effect was observed in
placebo condition with [F (3.67, 0.13) = 27.53; p = 0.001; n?p = 0.14; power = 100%] F4-C4 and with [F (2.39; 0.09) = 26.53;
p = 0.001; n*p = 0.14; power = 100%], suggesting that the administered dosage of the drug wasn’t sufficient to interfere in the
coupling between areas (Figure 4). In C3-C4 coactivation was no increase in pairs between the cortical areas having main
effect for bromazepam condition with [F (1,16; 0,01) = 153.21; p = 0.001; n*p = 0.69; power = 100%] for F3-F4: [F (8.63;
0.03) =325.28; p = 0.001; n*p = 0.72; power = 100%] and F4-T4 with [F (2.61; 0.01) =279.24; p = 0.001; n*p = 0.07; power =

6
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100%], which indicates a better neuronal response to the drug (Figure 5). Moreover, also showed significant main effect for
pre-shooting preparation time F3-F4: [F (0.07; 0.01) = 6.68; p = 0.001; n?p = 0.05; Power = 97%] and F4-T4: [F (0.04; 0.01) =
5.55; p=0.002; n?p = 0.06; Power = 92%], demonstrating increased latency to start task execution (Figure 6).

Table 1. Interaction analysis of the condition factors and preparatory periods of the shot. Statistical differences (p<0.05) are
represented by the asterisk (*).
Variables g F P np  Power (%)

F3-T3 0.04;0.01 5.61 0.001* 0.08 98%
T3-T4 0.04;0.01 421 0.001* 0.03 95%

Source: Authors.

Figure 3. The behavior of the theta rhythm coherence in the pairs of electrodes F3-T3 (A) and T3-T4 (B) showing the
interactions between the preparatory periods for shooting in resting, placebo and bromazepam conditions. Significant statistical

differences between conditions were demonstrated by means of mean and standard error and are represented by asterisks (*).
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Figure 4. The behavior of the theta rhythm coherence in the electrode pairs F3-C3 (A) and F4-C4 (B) showing the main effect
for placebo condition. Statistical differences between conditions were demonstrated by means of mean and standard error and

are represented by asterisks (*).
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Figure 5. The behavior of the theta rhythm coherence in electrode pairs C3-C4 (A), F3-F4 (B) and F4-T4 (C) showing the
main effect for bromazepam condition. The statistical differences between the conditions were demonstrated by means of the

mean and standard error and are represented by asterisks (*).
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Figure 6. The behavior of the theta rhythm coherence showing the main effect for the time in the pairs of electrodes F3-F4 (A)
with increased coupling in the preparatory period t2 and F4-T4 (B) in the preparatory period t1. The strategic differences

between the preparatory periods were demonstrated by means of the mean and standard error and are represented by asterisks
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Source: Authors.

3.3 Association of the effect of bromazepam on cortical areas

The regression model showed no association between the use of bromazepam and the changes in cortical activity in
the dorsolateral prefrontal cortex, temporal cortex, primary motor cortex bilaterally in the preparatory periods for different
shooting tasks (p> 0.05) (Table 2).
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Table 2. Association between bromazepam use and neurophysiological variables for each preparatory period for shooting.
Abreviations: B = regression coefficient; SE = standard error; df = degreeof freedom; C3 = left motor cortex; C4 = right motor
cortex; F3 = left dorsolateral prefrontal cortex; F4 = right dorsolateral prefrontal cortex; T3 = left temporal cortex; T4 = right
temporal cortex. t1 = time 1 (8 to 6s); t2 = time 2 (6 to 4s); t3 = time 3 (4 to 2s) e t4 = time 4 (2s to 0). Significant differences
(p<0.05) are represented by the asterisk (*).

Variables B S.E Wald df p Odds Ratio Cl1 95% for
Odds Ratio

C3-C4_t1 1.18 1.30 0.81 1 0.36 3.25 0.25 42.04
C3-C4_t2 -0.76 1.21 0.39 1 0.53 0.46 0.04 5.05
C3-C4_t3 0.79 1.29 0.37 1 0.53 2.22 0.17 28.26
C3-C4_t4 -1.15 1.42 0.65 1 0.41 0.31 0.01 5.15
F3-C3 t1 -0.43 0.82 0.28 1 0.59 0.64 0.13 3.23
F3-C3_t2 -0.48 0.87 0.30 1 0.58 0.61 0.11 3.39
F3-C3_t3 -0.19 0.86 0.05 1 0.81 0.82 0.15 4.46
F3-C3_t4 -0.72 0.80 0.81 1 0.36 0.48 0.10 2.34
F3-F4_t1 -1.43 1.15 1.54 1 0.21 0.23 0.02 2.28
F3-F4_t2 -1.14 1.06 1.14 1 0.28 0.31 0.04 2.58
F3-F4_t3 -0.05 1.05 0.00 1 0.95 0.94 0.11 7.51
F3-F4 t4 -0.32 1.03 0.09 1 0.75 0.72 0.09 5.52
F3-T3 t1 -1.25 1.21 1.06 1 0.30 0.28 0.02 3.09
F3-T3 t2 243 1.26 3.67 1 0.05 11.37 0.94 136.68
F3-T3 t3 -1.37 1.30 1.11 1 0.29 0.25 0.02 3.24
F3-T3 t4 0.37 1.34 0.07 1 0.78 1.44 0.10 20.31
F4-C4 t1 1.18 0.92 1.64 1 0.19 3.27 0.53 19.99
F4-C4_t2 0.19 0.90 0.04 1 0.83 1.21 0.20 7.16
F4-C4_t3 -1.15 0.91 1.58 1 0.20 0.31 0.05 1.90
F4-C4_t4 0.30 0.85 0.12 1 0.72 1.36 0.25 7.31
F4-T4 t1 2.37 1.37 3.00 1 0.08 10.77 0.73 158.28
F4-T4 _t2 -1.86 1.28 2.11 1 0.14 0.15 0.01 1.91
F4-T4 _t3 0.59 1.29 0.21 1 0.64 1.81 0.14 22.90
F4-T4 t4 1.33 1.40 0.90 1 0.34 3.80 0.24 59.70
T3-T4 t1 -0.63 1.12 0.31 1 0.57 0.53 0.05 4.80
T3-T4 t2 1.47 1.07 1.86 1 0.17 4.35 0.52 35.93
T3-T4 t3 0.18 1.09 0.02 1 0.86 1.20 0.14 10.26
T3-T4 t4 2.06 1.36 2.29 1 0.13 7.86 0.54 113.24

Source: Authors.

4. Discussion

The present study investigated the performance of the target shooting task and the spectral coherence of the theta
rhythm in the dorsolateral prefrontal cortex, temporal, and motor cortex mover in four preparatory time-intervals (t: (8s to 6s)
t2 (6s the 4s) ts (4s 2s) and ts (2s to Os) after a dose of bromazepam (6mg). The hypothesis that bromazepam decreases
coactivation between the cortical areas as analyzed by EEG in the pre-trigger period has been generally supported by our
study.

The results for the coherence between the left dorsolateral prefrontal cortex (DLPFC) and the right temporal cortex
showed an increase in coherence with the bromazepam condition. The increase in coherence indicates the joint effort of both
hemispheres to facilitate the planning and organization of the required sequence to the anticipation of the motor act and
subsequent execution of the task (Koeneke et al., 2004; Beudel et al., 2011). The increase in coherence between the temporal
lobe and DLPFC on the left hemisphere in the placebo condition may reflect a more precise sensorimotor neural network the
cortico-striatal-thalamo-cortical approach tract at the time of the shooting task (Ghafouri et al., 2004; Desmurge et al., 2009).

Besides that, the inhibitory effect of bromazepam attenuates the coupling between cortical areas (Deakin et al., 2004; Makaron
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et al., 2013) since it changes the sustained attention to the task performance. This is due to the deficits in neural inputs of
sensorimotor transmission functionally assigned to the left temporal cortex, after the use of bromazepam led to changes in the
synchronization information transmitted to the sensory receptors in cortical areas, thus hampering the processing of visual
stimuli for motor tasks, resulting from the decrease in processing information necessary for the execution of the motor task
(Schreckenberger et al., 2004; Ahveninen et al., 2007; Aradjo et al., 2011; Mufioz-Torres et al., 2011; Ongone et al., 2019).

The decreased coherence between the left DLPFC with the left motor cortex, and between the right DLPFC with the
right motor cortex demonstrated that the subjects under the condition bromazepam showed a decrease in the coupling between
the cortical centers in the same hemisphere, processing the visuomotor response as compared to the placebo condition. In the
learning of bimanual tasks, there is an initial increase in the coherence between hemispheres, which is followed by a late
decline (Andres et al., 1999). This suggests that interhemispheric coherence does not play a direct role in the execution of tasks
but may affect other aspects of motor control in a task, which becomes the dominant bromazepam condition. Portella et al.
(2006) to study motor learning in a typewriting task after bromazepam (6 mg) administration, the observed reduction of
coherence in scalp regions, which reflected a decrease in the tone patterns and muscular strength expended for execution the
task, being understood as acquisition memory processes (Bastos et al., 2005; Summerfield et al., 2005).

The findings of the cortex motor left and right DLPFC shows increased coherence about the subjects of the placebo
condition, which we argue is due to increased coherence between the cortex left motor and the right is associated with the
neuromodulatory effect of bromazepam on motor task. This is likely due to decreased cognitive actions such as anxiety, which
consequently increases the excitatory actions of GABA (Salles et al., 2006; Gulledge et al., 2006; Sampaio et al., 2007; Minc
et al., 2009). In this sense, the preparation for task execution can be a result of significant neuronal response of visual intervals
modulation, based on GABA levels, directly affecting the reactivity and attention, levels of anxiety, and muscle tone
(Eagleman et al., 2009; Sadeghi et al., 2011; Mayo et al., 2013).

Among the right and left DLPFC, increased coherence was observed, which indicates that the cortical inhibition
produced by bromazepam can increase the efficiency of crosstalk between areas (Sampaio et al., 2007). Also, the findings in
this study show greater functional coherence between right DLPFC and temporal lobe, which consequently can promote
damage in the neuronal flow of information to the essential neurobiological domains during the execution of the task (Andres
et al., 1999) increasing the strength of the links and promoting functional coupling between cortical areas (Sampaio et al.,
2007).

We note that the coherence of the theta rhythm between the left DLPFC and right DLPFC was higher in the
preparatory period of 6 to 4s (t2), but with a reduction of 2 to Os (t4), which indicates an increase in the state of latency to start
the task, reducing the performance of the shot (Makaron et al., 2013). Furthermore, when (Haufler et al., 2000) studied the
comparative EEG profiles of trained and novice shooters with a visuospatial task, they noted that the six-second range shooters
had greater familiarity with the shot. As well as for left DLPFC and temporal lobe, in which the coupling was higher both in
the period of 8 to 6s (t1) and for the period of 6 to 4s (t2) and decreased between 2 and O (t4). This result was also found by
Hatfield et al. (1984) and Kerick et al. (2001), in the preparatory period of 7.5 to 8s when studying the performance of skilled
shooters, in which they concluded that there was an increase in power in the alpha rhythm.

There are some limitations to the present study. This study did not include female subjects, which could demonstrate
gender differences in bromazepam affects. This study did not use female subjects due to the biases in the EEG signal resulting
from female hormone variations. The other limitation refers to the lack of study of attention and memory. Finally, a single dose
administration based on dose/weight may have had other effects on neurophysiological analysis, which could be only detected

by a dose-response curve.
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5. Conclusion

This study shows a decrease in target shooting performance after bromazepam administration in healthy non-skilled
individuals. In addition, some results show a decrease in coherence after bromazepam ingestion, which indicates a decreased
synchronism of cortical activity in some regions, which act on the level of attention and motor adjustment for task
performance. However, in addition to these results, we also observed some findings of increased interhemispheric coactivation,
suggesting that bromazepam use acts to cause greater synchronization of cortical areas. This shows that specific
interhemispheric areas work together, consequently enhancing neural synchronism.

Therefore, one can reach the conclusion that the use of bromazepam can influence task execution, since it acts in
modulating the neurochemical pathway during decision making in preparation for the shooting task. In addition, it is capable of
interfering with the flow of information in the modulation of attention for the execution of the task. Also, to complement the
research, future studies may use longer time windows to identify other events in cortical activities, as well as long-term follow-
up with the use of bromazepam, to understand the effects associated with the administration of the anxiolytic to the shooting
task.
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