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Noninvasive method to assess the electrical brain activity from rats

Método ndo invasivo para avaliar a atividade elétrica cerebral de ratos

Rosana Ferrari' Aldo Ivan Cespedes Arce! Mariza Pires de Melo' Ernane Jose Xavier Costa'”

ABSTRACT

This research presents a noninvasive method for
the acquisition of brain electrical signal in rat. Was used an
electroencephalography (EEG) system developed for bovine and
adapted to rats. The bipolar electrode system (needle electrodes)
was glued on the surface of the head of the animal without surgical
procedures and the other electrode was glued to the tail, as ground.
The EEG activity was sampled at 120Hz for an hour. The accuracy
and precision of the EEG measurement was performed using
Fourier analysis and signal energy. For this, the digital signal was
divided into sections successive of 3 seconds and was decomposed
into four frequency bands: delta (0.3 to 4Hz), theta (4-8Hz), alpha
(8-12Hz) and beta (12-30Hz) and energy (1V?) of the series of time
filtered were calculated. The method allowed the acquisition of
non-invasive electrical brain signals in conscious rats and their
frequency patterns were in agreement with previous studies that
used surgical procedures to acquire EEG in rats. This system
showed accuracy and precision and will allow further studies
on behavior and to investigate the action of drugs on the central
nervous system in rats without surgical procedures.

Key words: biological signals, digital signal processing, central
nervous system, EEG.

RESUMO

Este trabalho apresenta um método ndo invasivo
para a aquisi¢do de sinal elétrico cerebral em ratos. Utilizou-se
um sistema de eletroencefalografia EEG desenvolvido para bovino
e adaptado para ratos. O sistema bipolar de eléctrodos (eléctrodos
de agulha) foi colado na superficie da cabe¢a do animal, sem
procedimentos cirirgicos e outro eletrodo foi colado na cauda,
como terra. A atividade do EEG foi amostrada em 120Hz durante
uma hora. Foi calculada a exatiddo e a precisdo da medida de
EEG usando andlise de Fourier e energia do sinal. Para isso, o
sinal digital foi dividido em trechos sucessivos de 3 segundos,
decomposto em quatro faixas de frequéncia: delta (0,3-4Hz), teta

(4-8Hz), alfa (8-12Hz) e beta (12-30Hz) e a energia (uV?) das
séries de tempo filtradas foram calculadas. O método ndo invasivo
permitiu adquirir sinais elétricos cerebrais em ratos conscientes
e seus padroes de frequéncias foram de acordo com trabalhos
anteriores, que utilizaram procedimentos cirurgicos para adquirir
EEG em ratos. Esse sistema apresentou exatiddo e precisio e
permitira novos estudos sobre comportamento e para investigar
a agdo de drogas no sistema nervoso central sem procedimentos
cirurgicos em ratos.

Palavras-chave: sinais biolégicos, processamento de sinal digital,
sistema nervoso central, EEG.

INTRODUCTION

The monitoring of brain electrical activity
represented by the electroencephalography (EEG)
enables temporal analysis of neurophysiologic
processes. EEG pattern can have its frequency
pattern and its temporal dynamics changed in several
situations. Thus, EEG has been used for different
purposes, as studies the action of substances in central
nervous system (RADEK et al., 2004; IHMSEN et
al., 2008); to monitoring and studying the behavior of
animals (ARCE et al., 2009), as a method of sensory
analysis of foods (HASHIDA et al., 2005) and tables
of epilepsy (KOTAGAL & YARDI, 2008).

EEG collection methods require the use of
electrodes that are transducers that transform ionic
signals generate in brain during the neurotransmission
into electric signals. The major studies of EEG signal
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in rats are placement with invasive methods. In these
cases, intracranial electrodes (needle) are placed
within a stereotactic surgical (DIMPFEL, 2005).
The bregma is used as a reference point to determine
the stereotactic coordinates to attach the electrodes
(BLASIAK et al., 2010). Thus, surgical procedures
are requiring to place the electrodes and prophylaxis,
anesthesia and a post-surgical interval are necessary
(LAPRAY et al., 2008). Therefore, the improvement
of methods for recording and processing electrical
signals to the brain without any kind of interference
is extremely relevant, as showed in this work.
Electrodes placed just on the surface of the animals’
head, such as in humans, compel a higher sensibility
of the brain electrical signals collector equipment, in
order to provide a good signal quality, measured by
the signal-to-noise ratio.

There are several different mathematical
models and digital signal processing techniques that
enables to remove more information of EEG that
their representation in the form of a time series. Such
processing methods include the Fourier analysis
(SILVA et al., 2005), time-frequency (MARCHANT,
2003), Wavelets (DAUBECHIE, 1992). Commonly,
the EEG amplitude is analyzed by studies from
different situations. However, we calculated the
accuracy and precision of the EEG measure by
using Fourier analysis and signal energy, which is
proportional to the square of amplitude (PROAKIS
& MANOLAKIS, 2006). Thus, this study it is
demonstrated that is possible to acquire high quality
electroencephalography signals, using a non-invasive
approach, in conscious rats.

MATERIAL E METHODS

Animals

Six male Wistar rats weighing 235g+15g
(about 2 months old) were obtained from the Faculty
of Animal Science and Food Engineering (University
of Sdo Paulo, Pirassununga, SP). The rats were
maintained at 23°C under a cycle of 12h light: 12h
darkness and were housed in individual cages arranged
in order to diminish the environmental effects on the
measured parameters. The animals received water
and commercial food to rodent without restriction.

Electrodes and placement

The needle electrode (Bio-Logic Systems
Corp) was attached into the conical guide with
2cm-long (Figure 1A), made from a stainless steel
hypodermic needle of 0.80x25 (BD PrecisionGlide®).
The guide was filled with conductive gel (Carbogel
Ltda.), and was glued with synthetic resin (Scotch
Bond, 3M®) on the skin’s surface of the animal’s head.
The electrode placement was made by selecting four
imaginary quadrants in an animal (Figure 1B), and
each one was fixed on each side of the head (bipolar
register) after trichotomy. One needle electrode was
glued with adhesive tape on the tail, as ground. After
all of the electrodes were in place, they were connected
to the amplifier (module one of EEG equipment). The
EEG activity was recorded with 120Hz of sampling
frequency immediately after the electrodes placement
for approximately 3 hours in awake freely moving rats.
All experiments were performed at the same time of
day (10:00 to 12:00 am).

Electrolite gel

< Needle electrode

Metallic cannula

Acquisition points

(A) (B)

Figure 1 - Representation of the interface to capture electrical brain signals of
rats by a non-invasive method for the EEG. (A) Electrode developed
from the junction of a guide tube attached to a needle electrode. (B)
The system has been fixed to the surface of the skin of the head of
the experimental animal.
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EEG Equipment

The EEG equipment was developed
by SILVA et al. (2005) and ARCE et al. (2009) for
bovine and adapted for rat by FERRARI (2008) and
was built following the security and quality patterns
for medical equipment. The system consisted of two
modules: module one that amplifies and transmits
the EEG signal (telemetric system) and module
two, which receives and makes the connection
with a computer. The dimensions of module one
were 2.5x7.0x11lcm and the weight was 180g. This
module has three basic functions: signal amplification
and storage; digital conversion and digital micro-
processed communication system control, and,
digital data transmission. Module two has the same
size and weight attributes, and is responsible for
the digital signal reception, sent by module one.
Therefore, it can be considered a radio base station.
The interface between the user and the radio-base
point is made using software that connects with
module two using an Application Program Interface
(API), for Windows®, generating EEG graphics. All
of the information is stored in a database. The figure 2
shows the schematic diagram of the EEG collections.

Data analysis

The EEG recorded were analyzed by using
digital signal processing techniques implemented in
Matlab® software (MathWorks, Inc., MA, USA). In
order to measure the system accuracy by comparing
with literature results, the digital signal collected was
analyzed by using Fourier transform (FT). The system
precision was measured by the following procedure:
first of all, the signal was divided in successive epochs
of 3 second of EEG artifact-free by visual inspection.

After, for each epoch, the signal was decomposed
into four frequency bands: delta (0.3-4Hz), theta
(4-8Hz), alpha (8-12Hz) and beta (12-30Hz), using
four order elliptic filters resulting in more than 240
epochs to be processed. Finally, in each epochs, the
energy (uV?) of the time series filtered in specifics
band frequencies (delta, theta, alpha and beta) was
calculated and expressed as mean+S.E.M, analyzed
by ANOVA followed by Tukey test, considering
level of P<0.05. The precision of one measurement
was defined by comparing it with the mean of N
measurement as described by NORTHROP (2005).

RESULTS AND DISCUSSION

The time domain of EEG signals
recorded are shown in figure 3A and it is clear by
visual inspection that the amplitude is qualitatively
comparable with those described in the literature
(BO, 2003; LAPRAY et al., 2008), with amplitudes
that ranged from 1-25uV, considering that these
amplitudes differ due the invasive electrode placement
as described in the literature (LAPRAY et al., 2008).
The frequency domain of EEG signals recorded is
shown in figure 3B. It is observed, in this figure, that
there is a prevalence of frequencies ranging from
1Hz to 40Hz, in agreement with previous literature
reports (LAPRAY et al., 2008). This result can be
used to assess the accuracy of the system developed
by comparing quantitatively with those described in
the literature. The result of EEG epoch decomposed
in the band frequencies delta (0.3-4Hz), theta (4-
8Hz), alpha (8-12Hz) and beta (12-30Hz) is shown in
figure 4. This EEG decomposition was in accordance
to observe by others authors (DRINGENBERG &
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Figure 2 - Schematic diagram of EEG collecting. The telemetric transmission of amplifier to radio base module is more than 50m.
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Figure 3 - Pattern of the electrical signal recorded by non-invasive electrodes. (A) EEG signal of 3 seconds;
(B) Spectral power density for these stretched under the control condition. Spectrum was
calculated using the Welch method with an overlay of 50%. The result shown has a confidence
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DIAVOLITSIS, 2002). To assess the precision of the
system the energy (uV?) of the more than 240 epochs
of the time series filtered in specifics band frequencies
was calculated. The energy value (uV?) for these
band frequencies was: 0.2211+0.0076 (delta),
0.105940.0052 (theta), 0.0971+0.0034 (alpha) and
0.1009+0.0039 (beta) and there was no statistical
difference between the animals in each frequency
band showing that the system precision was achieved.

Due to the non-invasive placement, the
position of the electrodes produces changes in the
signal-to-noise ratio of the EEG signal. To verify
the effect of electrode placement position and the
signal-to-noise ratio, different collection points had
been tested, and no significant signal-to-noise ratio
differences were observed. In this regard, certain
factors must be considered. The skull anatomy of the
rat allows for the dissipation of electrical currents
generated in the brain to the head’s surface, but
this interference was not as significant as has been
observed in other species such as cattle (SILVA et al.,

2005). The dimensions of the non-invasive electrode
placement system were small enough to allow the
animal to move freely and did not cause apparent
discomfort that can promote changes in the behavior
of the animals. One differential EEG channel (bipolar
register) was sufficient for capturing these electrical
currents favoring the animal handling.

There are several techniques to assess
changes in brain activity such as positron emission
tomography (PET), magnetic resonance imaging
(fMRI), measures of brain magnetic activity
(Magnetoencephalography - MEG) and measures
of brain electrical activity (EEG). The advantage
of monitoring brain electrical activity by EEG is
mainly in the time resolution, low cost of procedures
and the possibility of using mathematical tools to
remove a greater amount of information of the signal
obtained. Thus, a simple method for acquiring non-
invasive EEG for rats was developed in this work and
allowed the capture of animals awake EEG, without
the need for surgical procedures for implantation of
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electrodes and using only one channel. Furthermore,
main advantage of the system presented herein is the
lack of the experimental stressors such as pain or
discomfort that are normally produced by implanted
electrodes in the skull in accordance with the ethical
aspects to animal science. The signal-to-noise ratio
was improved by using the digital signal processing
techniques, like digital filters implemented in the
Matlab® environment.

CONCLUSION

The results shown herein demonstrate that
it is possible to acquire and extract information from
brain electrical activity using a non-invasive approach
in conscious rats by monitoring the EEG activity with
accuracy and precision. The EEG patterns observed
were similar to the invasive methodology already
documented in the literature.
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