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NEUROMODULATORY EFFECTS OF CAFFEINE AND
BROMAZEPAM ON VISUAL EVENT-RELATED

POTENTIAL (P300)

A comparative study

Mariana Montenegro’, Heloisa Veiga', Andréa Deslandes’, Mauricio Cagy?,

Kaleb McDowell?, Fernando Pompeu?, Roberto Piedade®, Pedro Ribeiro®

ABSTRACT - The P300 component of the event-related potential (ERP) is a general measurement of “cogni-
tive efficiency”. It is an index of the ability of an individual’s central nervous system (CNS) to process incom-
ing information. Objective:To compare the neuromodulatoryeffects of caffeine and bromazepam on the
visual ERP (P300), in relation to a P300 normative database. Method: 15 right-handed individuals (7 male
and 8 female), between 20 and 30 years of age, healthy, free of any cognitive impairment and not mak-
ing use of psychoactive substances were studied. Participants were submitted to a visual discrimination task,
which employed the “oddball” paradigm, after the administration of caffeine and bromazepam, in a rando-
mized, double-blind design.  Results: Statistically significant diff e rences were observed when the caffeine
and bromazepam conditions were compared to the normative database. Conclusion: The present results
suggest that caffeine and bromazepam have distinct modulatory effects on CNS functioning.
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Efeitos neuromoduladores da cafeina e do bromazepam no potencial evocado visual relaciona-
do a evento (P300): estudo comparativo

RESUMO - O componente P300 do potencial evocado relacionado a evento é uma medida geral de “efi-
ciéncia cognitiva” e um indice da qualidade do processamento e armazenamento de informagdes pelo sis-
tema nervoso central (SNC). Objetivo: Comparar os efeitos neuromoduladores da cafeina e do bro-
mazepam a partir do banco normativo do potencial evocado visual (P300). Método: 15 sujeitos destros
(7 homens e 8 mulheres), entre 20 e 30 anos de idade, sadios, livres de qualquer déficit cognitivo e sem
uso de substancias psicotropicas ou psicoativas foram estudados. Os sujeitos foram submetidos a uma tare-
fa de discriminacdo visual utilizando o paradigma “oddball”, ap6s a administracdo de uma capsula de cafei-

na ou de bromazepam, em um desenho duplo-cego randomizado. ResultadosForam observadas difere n-
cas estatisticamente significativas quando as condi¢bes cafeina e bromazepam foram comparadas com o
banco normativo. Conclusdo: Os resultados sugerem que a cafeina e o bromazepam tém efeitos modu-

ladores especificos no SNC.

PALAVRAS-CHAVE: potencial evocado relacionado a evento, P300, cafeina, bromazepam.

Neuroelectric techniques have provided direct
evidences of central nervous system (CNS) function-
ing". Specifically, event-related potentials (ERPs) ha-
ve become an important index of CNS ability to pro-
cess incoming information. The P300 component of

the ERP is considered a general measurement of
"cognitive efficiency”2 In this context, it reflects CNS
activity related to cognitive operations and helps
to discriminate the effects of CNS stimulantand d e-
pressor drugs on brain dynamics>.
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Caffeine — Caffeine is an acknowledged CNS
stimulant and a widely used psychoactive substance.
Although the effects of caffeine on cognitive per-
formance have been subject of numerous experi-
ments, the findings are still not conclusive*®. In this
sense, the mechanisms of caffeine’s ergogenic ef-
fects are not well understood. Partial results suggest
that low doses of caffeine (60 mg) affect key as-
pects of cognitive function related to alertness, vig-
or, mood, efficiency, and perception of energy’. Ca-
ffeine has also been associated with improvement
in motor performance®'°. In this context, caffeine
can be regarded as a neuromotor modulator. Mo-
reover, a decrease on reaction time and changes on
P300 latency' 2 and amplitude’ have been asso-
ciated with caffeine’s modulatory effects. In arecent
study, a shorter P300 latency and higher amplitude,
specifically at Fz, were observed after the adminis-
tration of caffeine when compared to placebo. The-
se findings suggest that the tendency of caffeine
to improve cognitive performance is probably asso-
ciated with changes in the frontal cortex, a widely
recognized attention area'®. Given some inconsis-
tencies and contradictions in the currentliteratu-
re, the effects of caffeine on ERPs have not been enti-
rely clarified.

Bromazepam - Benzodiazepines, such as bro-
mazepam, have been used in the phamacological
treatment of anxiety since the early 60's'>. The ben-
zodiazepine family of depressants is used therapeu-
tically to produce sedation, induce sleep, relieve an-
xiety and muscle spasms, and to prevent seizures.
In general, benzodiazepines act as hypnotics in high
doses, anxiolytics in moderate doses, and sedati-
ves in low doses. Their mechanism of action on the
CNS is believed to be related to their ability to en-
hance the activity of gamma aminobutyric acid (GA-
BA), the major inhibitory neurotransmitter's®

Effects of oral doses of bromazepam on memo-
ry, psychomotor activity, reaction time and vigilance
performmance have been widely demonstrated’?2.
Despite the vast number of vigilance studies that em-
ployed benzodiazepines, few have employed broma-
zepam and ERP measures. One of the few studies that
examined the effects of bromazepam (6 and 12 mg)
on the P300 component of the ERP in a visual vigi-
lance task was conducted by Leeuwen et al. They
observed smaller P300 amplitudes after the admin-
istration of the drug. Apparently, bromazepam dete-
riorates the ability of the individual to detect rele-
vant information in the environment?,

Studies combining caffeine, bromazepam and
P300 are practically inexistantin current literat ure.
Thus, the present study aimed at investigating the
distinct neuromodulatory effects of theses drugs
on the visual ERP (P300), by comparing the results
with a P300 normative database?.

METHOD

Subjects — The sample of the present study consisted
of 15 individuals, 7 male and 8 female, with ages ranging
from 20 to 30 years. The P300 normative database sam-
ple consisted of 30 individuals, 15 male and 15 female, with
the same age range. Subjects of both samples were select-
ed among undergraduate and graduate students from dif-
ferent institutions in the city of Rio de Janeiro. All subjects
werehealthy, free of cognitive deficits and were not mak-
ing use of any psychoactive or psychotropic substance at
the time of the test. To assure that subjects did not pres-
ent any impairment of their physical and mental health,
and to identify and exclude from the experiment any sub-
jects who could contaminate future results, a questionnaire
was applied. The questionnaire also aimed at identifying
possible P300 biological determinants, such as food intake,
body temperature, fatigue, drugs, among others. Laterality
was used as an exclusion criterion. The Edinburgh inven-
torny® was used to assess laterality and exclude left-hand-
ed individuals from the experiment.

Subjects signed a consent form, where the experimen-
tal condition was thoroughly described. The experiment
was submitted to the Psychiatric Institute’s ethics commit-
tee for approval.

Study design and procedures — Subjects received a
capsule (400 mg of caffeine or 3 mg of bromazepam) on
two different occasions under a randomized, double-
blind design. The procedures consisted of a two-day
treatment: caffeine (C) and bromazepam (B). The pro-
cedures were standardized in the following routine: 1)
Completion of questionnaire and Edinburgh inventory;
2) Administration of capsule (caffeine or bromazepam);
3)Visual ERP, 30 minutes after drug ingestion. It must be
stressed that there was no baseline ERP. In other words,
subjects were not submitted to the task before drug
ingestion because the P300 normative database would
be used as the baseline condition. The P300 normative
database was chosen as the baseline condition due to
its significant sample size and because sample character-
istics were similar to the ones of the present study.

Visual event-related potential (P300) — A sound-atte-
nuated room was prepared for data acquisition. Subjects
were seated comfortably in a chair with arm-rest to mi-
nimize muscular artifacts. During the visual task, lights
were turned off for subjects to concentrate exclusively
on the monitor screen. A 15” Samsung monitor was pla-
ced in front of the individual. The visual stimulus was p re-
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sented on the monitor by the ERP acquisition software,
developed in DELPHI 5.0. To elicit the P300, all subjects
were submitted to the same visual discrimination task,
which employed the “oddball” paradigm. In this paradigm,
two stimuli are presented randomly, with one occurring
infrequently?®. The subjects were asked to discriminate
target (infrequent) from non-target or standard stimuli
(frequent). In the present experiment, target stimuliwe-
re represented by a square and non-target, by a circle. Sub-
jects were instructed to respond to the target stimulus by
p ressing a button in a joystick (Model Quick Shot-Crystal
CS4281). The joystick was used to measure individuals’ reac-
tion time at each trial. Although reaction time is indepen-
dent from ERP measures, it was used to verify subjects’
alertness during the task. Each subject was submitted
to two blocks of 100 trials each. In other words, the square
was presented 100 times in each block. The stimulus ap-
peared on the screen for 0.75 seconds, with the same time
interval between stimuli.

Data acquisition — International 10/20 System?” for
electrode placement (referred to linked earlobes) was
used with a 20-channel Braintech-3000 (EMSA-Medical
I nstruments, Brazil). The 19 monopolar electrodes were
arranged in a nylon cap (ElectroCap Inc., Fairfax, VA, USA).
Impedance for EEG and EOG electrodes were under 5
KQ and 20 K€, respectively. Visual inspection was em-
ployed for detection and elimination of artifacts. The data
acquired had total amplitude of less than 100 uV. The
signal was amplified with a gain of 22,000. The EEG sig-
nals were acquired between 0.01 and 50 Hz. Eye-move-
ment (EOG) artifact was monitored with a bipolar elec-
trode montage using two 9-mm diameter electrodes at-
tached 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 0.01 Hz (high-
pass) and 100 Hz (low-pass), and sampled at 240 Hz. The
softwareERP Acquisition (Delphi 5.0), 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.

Average processing — The program Average (MAT-
LAB 5.3), which implements filter and epoch selection
routines, was used to process acquired data. After data
wereacquired and stored, the average software loaded
the data and established different routines. Specific fil-
ters were set up: a high-pass filter of 0.1 Hz and a low-
pass of 20 Hz. The target stimulus (square) was selected
as the trigger-stimulus. Epochs (i.e., visualization windows)
were set to begin at the time of stimulus onset until 700
ms after. After specific channels were selected (Fz, Cz,
and Pz), data were averaged and represented graphi-
cally in terms of latency (x-axis) and amplitude (y-axis).

Component analysis — The P300 component was

identified as the most positive component within the
latency window of 250-500 ms. Amplitude was measured
relative to a pre-stimulus baseline, with peak latency defi-
ned as the time point of maximum positive amplitude w -
thin the specific latency window.

Statistical analysis — One-way Anova was performed
for the reaction time variable, across the two experimen-
tal conditions, i.e., caffeine (C), and bromazepam (B), and
the P300 normative database (ND). Two-way Anova, con-
dition x electrode (3 x 3), was performed for the electro-
physiological measure, i.e., P300 latency and amplitude,
in the Fz, Cz, and Pz electrode sites separately. A Post hoc
(Scheffé) was applied a posteriori.

RESULTS

Behavioral - Figure 1 illustrates reaction time
variations across experimental conditions: ND
(378.47 + 31.10 ms), C (382.46 + 52.95 ms) and B
(397.84 + 40.07 ms). The statistical analysis did not
indicate any difference among the conditions (p
=0.424).

Electrophysiological — Figure 2 illustrates P300
latency (A) and amplitude (B) variations across
conditions (ND, C, B) and electrodes (Fz, Cz, Pz). The
two-way Anova revealed no interaction between
condition and electrode site (p = 0.970) for latency.
However, the analysis demonstrated a significant
main effect for condition (p = 0.000) and electro-
desite (p =0.009). For condition, the post hoc (Sche-
ffé) analysis pointed out to a diff e rence between ND
and C (p = 0.000), ND and B (p = 0.005), and C and
B (p = 0.002). For electrode site, the post hoc indi-
cated a difference between Fz and Pz (p = 0.014).
Mean latency values for each condition were: ND
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Fig 1. Reaction time variation across the normative database
(ND), caffeine (C), and bromazepam (B) conditions.
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Fig 2. P300 latency (A) and amplitude (B) variations across conditions (ND, C, B) and electrodes (Fz, Cz, Pz).

=380.24 + 28.72 ms; C=320.42 + 62.77 ms; B=351.47
+23.21 ms. In relation to amplitude values, the two-
way Anova revealed no interaction between con-
dition and electrode site (p = 0.301). No main elec-
t rode effect was found (p = 0.303). However, there
was a significant effect for condition (p = 0.000).
The post hoc (Scheffé) indicated a difference
between ND and C (p = 0.000) and between C and
B (p =0.000). Mean amplitude values for each con-
dition were:ND =2.95 +1.33 uV; C=1.58 + 1.61 uV;
B=2.93+1.62uV.

DISCUSSION

The present study compared the neuromodula-
tory effects of caffeine and bromazepam, in rela-
tion to the P300 normative database, on the visu-
al event-related potential. The study design was e s-
tablished to compare experimental conditions and
different cortical areas (two-way Anova). Motor and
electrophysiological responses were observed.
Thus, the following discussion will be divided into
three dependentvariables used to compare the ef-
fects of drug intervention: a) Reaction time, b) P300
latency, and C) P300 amplitude.

Reaction time — Reaction time was assessed to
analyze stimulus recognition, motor response and
sensorimotor performance. Specifically, reaction
time is the amount of time it takes a person to pro-
cess an environmental (i.e., internal or external) sig-
nal. Some studies have analyzed the effects of drugs
caffeine and bromazepam on reaction time. Kawa-

mura et al.'® observed that, depending on stimu-
lus modality (oddball or single tone), P300 amplitu-
de and reaction time would yield different results
when 500 mg of caffeine was administere d . In our
study, subjects were rested and the effects of caf-
feine in behavioral aspects seem to be more evi-
dent in a fatigue situation?:. In addition, behavio-
ral responses are closely related to the biological state
(i.e., alertness, fatigue, motivation) of the individu-
al. In this sense, with subjects in rest condition, the
stimulants effects are diminished. Jansen et al. exa-
mined the effects of bromazepam (6 mg and 12
mg) on reaction time sixty-five minutes after drug
administration, and observed decreased perf o rm-
ance?°. Bourin et al. investigated the effects of bro-
mazepam (3 mg) and other benzodiazepines on
twenty healthy volunteers. Bromazepam effects were
evaluated 2 and 6 hours after administration and no
significant difference was shown 2 hours after drug
ingestion. However, a longer motor reaction time was
observed 6 hours after bromazepam ingestion?'. In
our study, the effects of caffeine (400 mg) and bro-
mazepam (3 mg) were observed 30 minutes after
drug ingestion, and the statistical analysis did not
indicate any difference between the conditions when
compared to the normative database. In other words,
an expected lengthening of reaction time was not
observed. It may be argued that the results may be
influenced by the dosage administrated. It may also
be possible that reaction time is not a sensitive meas-
u reto detect drug e ffects on the conditions descri-
bed in the present experiment.
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P300 latency— The present results showed noin-
teraction between condition and electrode site. Ho-
wever, main effects for condition and electrode site
were observed. Since caffeine is a CNS stimulant
and bromazepam is a depressor, it was expected that
the two experimental conditions would differ from
the normative database. Studies have pointed out
to an improvement of cognitive perf o rmance after
caffeine ingestion, through a significant shorten-
ing of P300 latency, especially in the frontal cortex'.
This cortical region is closely related to attention-
al demands. In this context, the expected pattern
of results was observed; caffeine’s mean latency was
significantly shorter than the other two conditions,
which may be explained by an increased release of
n e u rotransmitters (e.g., noradrenaline, serotonin,
and acetylcholine) and by caffeine’s property asan
adenosine antagonist. On the other hand, very few
studies have combined bromazepam and ERPs, and
the results of these experiments are controversial
and not conclusive?. However, we expected to find
longer latencies in the bromazepam condition due
to the drug’s GABA enhancement property. GABA
is the major inhibitory neurotransmitter and benzo-
diazepinesimprove GABA activity in diff e rent CNS
areas. In other words, we expected an impaired cog-
nitive functioning after bromazepam administra-
tion. Although the bromazepam was significant-
ly different from the two other conditions, i.e., caf-
feine and normative database, bromazepam’s mean
latency was shorter than the normative database’s.
Once again, the dosage used may account for this
result. Another possible explanation may be that
b romazepam acted primarily on the subjects’ anxi-
ety level. In this sense, after drug ingestion and a
subsequent reduction of the anxiety level, sujects’
ability to process sensory information improved.
Thus, this particular pattern of results indicate a fas-
ter stimulus detection process. Finally, as stated pre-
viously, the electrode main effect was expected once
the pattern of latency distribution across different
electrodes occurs independently from the drug admin-
istration. In other words, P300 latency increases from
the anterior to the posterior scalp areas, i.e., from
Fz (frontal), to Cz (central), and Pz (parietal) electrode
sites, independently from others variants®®.

P300 amplitude - In relation to amplitude valu-
es, there was also no interaction between condi-
tion and electrode site. In addition, no main electro-
de effect was observed. One possible explanation
for this pattern of results is the fact that amplitude
values have a great variability. However, a main con-
dition effect was observed in the present study. Re-

eves et al. observed a shortening of P300 latency
but no changes in P300 amplitude with 13 caffeine-
user subjects, submitted to four days of caffeine-dep-
rivation'?. Recently, investigators observed hypo-
glycemia in normal® and diabetic®® subjects through
changes in P300 outcomes. In these studies, a de-
crease in amplitude and a delay in latency, in rela-
tion to low concentrations of plasmatic glucose, we-
re observed. Thus, results of the effects of caffei-
ne on P300 amplitude are still contradictory. We ex-
pected to observe a higher mean amplitude in the
caffeine condition when compared to the other con-
ditions, due to a possible enhancement of atten-
tional levels. However, results show a lower ampli-
tude value for the caffeine condition when compa-
red to the normative database and bromazepam.
One possible explanation is that caffeine appears to
increase P300 amplitude only when subjects are
fatigued?. The only difference that was not obser-
ved, as shown by the post hoc, was between nor-
mative database and bromazepam. Again, the do-
sage used in this study (3 mg) may not have been
suffiecient to cause differences on cognitive process-
es assessed by this ERP measure.

The results of the present study indicate that caf-
feine and bromazepam have distinct effects on CNS
functioning, as assessed by the P300. Such differences
may be explained by the specific neurophysiologi
cal mechanisms of these two substances. Further stu-
dies, using different doses of bromazepam and caf-
feine are necessary to understand the effects of the-
se two psychoactive substances on cognitive and mo-
tor performance, as well as in brain dynamics.
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