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ABSTRACT - Benzodiazepines are among the most commonly prescribed medications due to their thera-
peutic efficacy in reducing anxiety and inducing sleep. Consequently, they have been widely employed in
the pharmacological treatment of several disorders. Nevertheless, few studies have analyzed the effects
of bromazepam in electroencephalographic activity (EEG). The present study aimed at investigating the
modulatory effects of this drug on brain dynamics. Specifically, the effects of bromazepam (3mg) on EEG
coherence were tested in a double-blind experiment. The sample, consisting of 10 healthy subjects (5 male
and 5 female), was submitted to ten minutes of EEG recording. The electrophysiological measure (coher-
ence) was analyzed across three experimental conditions: bromazepam, placebo 1, and placebo 2. Results
indicate that bromazepam significantly increases cortical interhemispheric coherence. 
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Influência do bromazepam na coerência cortical inter-hemisférica

RESUMO - Benzodiazepínicos estão entre as medicações mais comumente prescritas devido à sua eficácia
terapêutica para reduzir ansiedade e induzir sono. Conseqüentemente, eles têm sido amplamente empre-
gados no tratamento de diversas desordens. No entanto, poucos estudos têm analisado os efeitos do bro-
mazepam na atividade eletrencefalográfica (EEG). Assim, o presente estudo teve por objetivo investigar
os efeitos modulatórios desta droga na dinâmica cerebral. Especificamente, os efeitos de 3 mg de bro-
mazepam na coerência eletrocortical foram analisados em um experimento duplo-cego. A amostra con-
sistiu de 10 sujeitos sadios (5 homens e 5 mulheres), submetidos a dez minutos de captação do sinal de
EEG. A medida eletrofisiológica (coerência) foi analisada em três condições experimentais: bromazepam,
placebo 1 e placebo 2. Os resultados sugerem que o bromazepam aumenta significativamente a coerên-
cia cortical inter-hemisférica.

PALAVRAS-CHAVE: bromazepam, EEGq.

It is acknowledged that the waking electroen-
cephalographic activity (EEG) comprises direct rela-
tions to chemical changes in the brain induced by
drugs. In other words, electroenchephalography is
responsive to the unique characteristics of psychoac-
tive substances1. In this context, the EEG has been wi-
dely employed in the assessment of electrophysio-
logical changes induced by distinct medications. Its
sensibility in detecting alterations produced by a spe-
cific substance may be enhanced by methods of quan-
titative analyses (qEEG)2,3. Quantitative electroen-
cephalography has become, throughout the years, a
tool of great clinical utility in evaluating the effects

of medications, predicting medication response, and
in assessment of cognitive changes produced by such
psychoactive substances. Once drugs have specific ef-
fects on wave morphology, changes in qEEG variables
can be used to investigate mechanisms of drug action
as well as to monitor and possibly predict efficacy. 

However, very few studies analyzed the effects of
benzodiazepines on qEEG variables. Saletu et al.4

compared the effects of a benzodiazepine agonist
and diazepam (10 mg) and observed a “typical anx-
iolytic EEG profile”, which is characterized by an in-
crease in beta and a decrease in alpha. In another
study, Link et al.5 analyzed the effects of granisetron
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and lorazepam, and the exact same pattern of results,
i.e., EEG profile, was observed. Specifically, studies
employing bromazepam, possibly the most common-
ly prescribed benzodiazepine, are practically inexis-
tent in the current literature. One of the few stud-
ies that examined the effects of this particular drug
on qEEG was conducted by Fink et al.6. The effects
of oral doses of bromazepam (9 mg) and diazepam
(10 mg) in EEG data were analyzed and an analogous
result was reached: increased beta and decreased
alpha activity. Such changes seem to be characteris-
tic for benzodiazepines. 

The previously cited studies that employed qEEG,
in addition to being long-standing, only analyzed
power distribution. References in the current litera-
ture of studies focusing on changes related to bro-
mazepam intake in other qEEG variables are even
scarcer. Coherence measures, for example, can be
used to assess functional relationships between cor-
tical areas7. Coherence is a measure of synchroniza-
tion between two areas. Hence, coherence analyses
have provided the means to assess functional con-
nectivity between cortical regions. The use of coher-
ence analyses have gradually increased in the last
two decades. Several researchers regard this meas-
ure as having considerable clinical value once it can
directly reflect neural network connectivity and dyna-
mics8-11. Decreased coherence, for instance, is observ-
ed in major depression associated with organic brain
disorders12, in patients with seasonal affective disor-
der13, in male depression14, and in childhood and ado-
lescent depression15. In addition, decreases in inter-
hemispheric coherence are observed in Alzheimer
patients and seem to be related to other age-relat-
ed decreases16,17. Furthermore, coherence analyses
have been used to characterize regional changes in
neuronal couplings and information transfer relat-
ed to semantic aspects of object recognition in hu-
mans18, anticipation of somatosensory and visuomo-
tor events19, and central executive functions of work-
ing memory20, among others. However, none of these
studies have analyzed the effects of a specific drug
on interhemispheric connectivity (i.e., coherence). 

In this context, the present study aimed at inves-
tigating the effects of bromazepam on the coupling
of cortical areas (coherence) and the strength of inter-
hemispheric connectivity.

METHOD
Subjects – The sample consisted of 10 volunteers, 5 male

and 5 female, with ages varying between 21 and 38 years
(27±5 years). All subjects were healthy, free of cognitive
deficits and were not making use medication or any psy-

choactive or psychotropic substance at the time of the test.
To assure that subjects did not present any impairment of
their physical and mental health, and to identify and ex-
clude from the experiment any subjects who could contam-
inate future results, a questionnaire was applied. Subjects
signed a consent form, where the experimental condition
was thoroughly described. The experiment was submitted
to the Psychiatric Institute’s ethics committee for approval. 

Study design and procedures – Subjects received a cap-
sule (bromazepam or glucose) on three different occasions
under a randomized, double-blind, crossover study. The
procedures consisted of a three-day treatment: a day of
bromazepam (B) and two of placebo (P1 and P2). The pro-
cedures were standardized in the following routine: 1) 10
minutes of EEG recording (5’ eyes-closed / 5’ eyes-open); 2)
Administration of capsule (bromazepam or placebo); 3) The
second EEG (10’), 20 minutes after drug ingestion; 4) The
third EEG (10’), 60 minutes after drug ingestion.

EEG acquisition – The study design respected the Inter-
national Pharmaco-EEG group guidelines. International 10/
20 System21 for electrode placement (referred to linked ear-
lobes) was used with a 20-channel Braintech-3000 (EMSA-
Medical Instruments, Brazil). The 20 monopolar electrodes
were arranged in a nylon cap (ElectroCap Inc., Fairfax, VA,
USA). Impedance for EEG and EOG electrodes were under
5 KΩ and 20 KΩ, respectively. Visual inspection was em-
ployed for detection and elimination of artifacts. The data
acquired had total amplitude of less than 100 µV. The sig-
nal was amplified with a gain of 22,000. Eye-movement
(EOG) artifact was monitored with a bipolar electrode mon-
tage using two 9-mm diameter electrodes attached above
and on the external canthus of the right eye. Moreover,
Independent Component Analysis (ICA) was applied to
remove possible sources of artifacts. The EEG signal was
analogically filtered between 0.16 Hz (high-pass) and 35
Hz (low-pass), and sampled at 200 Hz. The acquisition soft-
ware, developed at the Brain Mapping and Sensorimotor
Integration Lab, was employed with the following digital
filters: Notch (60 Hz), high-pass of 0.3 Hz and low-pass of
25 Hz. 

Data processing and analysis – At least 2 min of arti-
fact-free data were extracted from the EEG record for quan-
titative analysis. A Matlab 5.3® (Mathworks Inc., Naticj, MA,
USA) routine was implemented to perform a spectral analy-
sis and estimate the specific parameter of interest: band-
limited EEG coherence, for delta (1.0-3.5 Hz), theta (4.0-7.5
Hz), alpha (8.0-12.0 Hz), and beta (13-25 Hz) frequency
bands, and between all pair combinations of electrodes.
Coherence reflects the joint variation in electrical activity
between homologous electrode pairs (i.e., electrodes in the
same position on opposite sides of the head). In other
words, coherence is an estimate of shared variance.

Spatial localization – Electrodes located over frontal, cen-
tral and parietal areas were selected. Specifically, frontal
areas were analyzed due to their association with attention-
al mechanisms, motivation and planning. Central and pari-
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etal electrodes were analyzed since they are representative
of premotor and primary motor areas, as well as primary
somatosensory and higher order somatosensory areas22.

Statistical analysis – Three-Way Anova, condition x mo-
ment x electrode (3 x 3 x 3), was performed for the electro-
physiological measure, i.e., coherence, in each frequency
band separately (p≤0.05). A Post Hoc (Scheffé) was applied
a posteriori. Experimental conditions were established as
bromazepam (B), placebo 1 (P1) and placebo 2 (P2) and ex-
perimental moments as 0’ (before drug administration),
20’ (twenty minutes after drug administration), and 60’
(sixty minutes after drug administration). The selected elec-
trode the pairs were F3-F4, C3-C4, and P3-P4. 

RESULTS
Figure illustrates coherence variations across con-

ditions (B, P1, P2), moments (0’, 20’, 60’) and elec-
trodes (F3-F4, C3-C4 and P3-P4) in the delta, theta,
alpha, and beta frequency bands. 

In delta (1-A), the three-way Anova revealed sig-
nificant main effects of condition [F(2,267)=6.446; p=
0.002] and electrode site [F(2,267)=6.854; p=0.001]. No
interactions were observed. The Post Hoc pointed
out to the following differences: B and P1 (p=0.004),

B and P2 (p=0.024); F3-F4 and C3-C4 (p=0.016), C3-
C4 and P3-P4 (p=0.003).

In theta (1-B), the analysis revealed significant
main effects of condition [F(2,267)=7.170; p=0.001],
moment [F(2,267)=3.968; p=0.020], and electrode site
[F(2,267)=21.049; p=0.000]. No interactions were
observed. The Post Hoc pointed out to the following
differences: B and P1 (p=0.001), P1 and P2 (p=0.038);
0’ and 60’ (p=0.020); F3-F4 and P3-P4 (p=0.000), C3-
C4 and P3-P4 (p=0.000).

In alpha (1-C), main effects of condition [F(2,267)=
7.537; p=0.001], moment [F(2,267)=4.825; p=0.009],
and electrode site [F(2,267)=21.345; p=0.000] were
found. No interactions were observed. The Post Hoc
pointed out to the following differences: B and P1
(p=0.011), P1 and P2 (p=0.002); 0’ and 60’ (p=0.009);
F3-F4 and C3-C4 (p=0.000), F3-F4 and P3-P4 (p=0.000).

In beta (1-D), the three-way Anova revealed main
effects of condition [F(2,267)=13.028; p=0.000], moment
[F(2,267)=6.372; p=0.002], and electrode site [F(2,267)=
36.687; p=0.000]. No interactions were observed. The
Post Hoc pointed out to the following differences: B
and P1 (p=0.000), P1 and P2 (p=0.001); 0’ and 60’ (p=
0.002); F3-F4 and C3-C4 (p=0.000), F3-F4 and P3-P4
(p=0.000), C3-C4 and P3-P4 (p=0.000).

Figure. EEG coherence variation across conditions (B, P1, P2), moments (0’, 20’, 60’), and electrodes (F3-F4, C3-C4,

and P3-P4), in delta (A), theta (B), alpha (C), and beta (D). 
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DISCUSSION

The present study aimed at investigating the spe-
cific effects of bromazepam on the coupling of cor-
tical areas and the strength of interhemispheric con-
nectivity, as expressed in terms of coherence values.
Like all benzodiazepines, bromazepam facilitates the
release of GABA, the major inhibitory neurotrans-
mitter. Such facilitation results in inhibition of brain
cognitive functions23. Thus, by using bromazepam,
one can observe the consequences of inhibition on
the connectivity between different cortical areas. The
present study investigated whether an inhibitory sys-
tem would indeed be responsible for functional de-
coupling between cortical areas, assuming that inhi-
bition would weaken or even impair cortical functio-
nal connections. In other words, we expected to ob-
serve a decoupling between areas (i.e, lower coher-
ence values) after bromazepam intake. However, the
results indicated otherwise.

Specifically, coherence values increased in the bro-
mazepam condition when compared to both place-
bo groups in all frequency bands. It must also be
stressed that a marked difference was observed
between the slow bands (delta and theta) and the
fast bands (alpha and beta): coherence values were
significantly higher in the slower frequencies ranges.
Significant differences were also observed across
moments, except in the delta band. In synthesis, the
drug clearly promoted an enhancement of cortical
interhemispheric coherence, which is in accordance
with Fingelkurts et al.24, who conducted possibly the
most expressive work related to the effects of a ben-
zodiazepine on interhemispheric coherence. These
authors investigated whether lorazepam would gen-
erate a functional decoupling of cortical areas and
concluded that, unexpectedly, the drug yielded a wi-
despread increase in the inter-area functional con-
nectivity. In this sense, the results of the present study
indicate that the cortical inhibition produced by this
benzodiazepine may be an efficient mechanism. As
stated by Fingelkurts et al.24, despite the common
belief that this pharmacological class impairs brain
functioning by switching off irrelevant functional
connections, it seems that benzodiazepine intake in-
creases the strength of functional links and promotes
functional coupling between different cortical areas.

These results are not so atypical. Other studies,
employing coherence analysis on different experi-
mental models, have reached similar outcomes. For
instance, it has been shown that states of minimal
cognitive processing often exhibit widespread spa-
tially coherent EEG25. In the same way, an increase of

coherence values has been observed during non-REM
sleep and drowsiness26, during sub-anesthetic con-
centrations27, and during meditation, which was ac-
companied by an anxiety decrease28. A possible expla-
nation for such pattern of results is that GABA seems
to have an excitatory action on several brain sys-
tems29. In this sense, GABA is not a single-action neu-
rotransmitter30. Therefore, the enhancement in inter-
hemispheric connectivity, expressed by an increase
in coherence values, after bromazepam intake, may
be the result of GABA excitatory actions. 

Nevertheless, further studies, using different dos-
es of bromazepam, are necessary to truly understand
the effects of this benzodiazepine not only on brain
dynamics, but on coherence and other qEEG vari-
ables. Additional studies are also necessary to thor-
oughly understand how different medications affect
cortical synchronicity and the strength of interhemi-
spheric connectivity. 
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