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Abstract

We describe a low-cost, high quality device capable of monitoring
indirect activity by detecting touch-release events on a conducting
surface, i.e., the animal’s cage cover. In addition to the detecting
sensor itself, the system includes an IBM PC interface for prompt data
storage. The hardware/software design, while serving for other pur-
poses, is used to record the circadian activity rhythm pattern of rats
with time in an automated computerized fashion using minimal cost
computer equipment (IBM PC XT). Once the sensor detects a touch-
release action of the rat in the upper portion of the cage, the interface
sends a command to the PC which records the time (hours-minutes-
seconds) when the activity occurred. As a result, the computer builds
up several files (one per detector/sensor) containing a time list of all
recorded events. Data can be visualized in terms of actograms, indicat-
ing the number of detections per hour, and analyzed by mathematical
tools such as Fast Fourier Transform (FFT) or cosinor. In order to
demonstrate method validation, an experiment was conducted on 8
Wistar rats under 12/12-h light/dark cycle conditions (lights on at 7:00
a.m.). Results show a biological validation of the method since it
detected the presence of circadian activity rhythm patterns in the
behavior of the rats.
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Introduction

The existence of biological rhythms is a
well-known fact for most life forms. It has
become important for several lines of re-
search to record activity rhythm data since
the literature started to report the interaction
between biorhythms and diseases (1), phar-
macology (2), genetics (3-5), among others.

The measurement of activity has been
proposed in a variety of ways, some of which
are incredibly creative: running wheel (6-8),
tuned oscillator circuits (9), optical systems

(10,11) using photocells, impedance varia-
tion detector circuits (12), systems based on
inertial forces (13), Doppler effect, piezo-
electric effect and electrophysiological sig-
nals (14-16), stabilimeters (a cage so sup-
ported that it is displaced slightly from rest-
ing position by subject’s movements) (17),
ultrasonic signals (18), and mechanical and
electrical contacts in plates (19,20), among
others (21).

However, a critical evaluation of these
methods used to measure a rhythmic vari-
able, activity in this case, requires some ideal
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criteria (22): 1) data collection should not
influence the rhythmic physiological vari-
ables. It has been reported, for example, that
wheel running alters the temperature cycle
(23). 2) Acquired data should permit a more
flexible and powerful analysis, such as the
Fast Fourier Transform (FFT; 9,24) or cosinor
methods (25). 3) Data should be collected at
many times during each oscillating period
(increasing frequency spectrum) and for
many successive cycles (increasing frequency
resolution). 4) Data collection should be
automated.

The present report describes a computer-
automated system capable of detecting eve-
ry touch-release action of the rat on the
upper portion of the cage, where food and
water are located. Among several behavioral
items (motor acts) already described for iso-
lated rats (26), very few would trigger the
detecting device. Only those components
that force the rat in the upright position
would be recorded, such as feeding, drinking
and exploratory sniffing on the upper por-
tion of the cage. Therefore, this continuous
recording of all detected events, reflecting
the occurrence of a limited group of behav-
ioral components, strongly suggests the ac-
tivity pattern of the rat during data collec-
tion.

In this sense, the activity measuring
method is not much different from that pro-
posed by Beauchamp et al. (20); however,
data collection and storage are much im-
proved. The present study is based on the use
of an extremely simple, low-cost computer
interface coupled to the activity sensors in
order to provide immediate computer stor-
age and facilitate analysis. We believe that
this feature constitutes the main difference
from previously described methods, consid-
erably reducing the cost of a complete sen-
sor-computer interface device. Therefore, the
system proposed here is a choice for smaller
laboratories that cannot afford the prohibi-
tive prices of commercially available activ-
ity detecting packages.

Material and Methods

Sensor

The sensor has 4 main features: a) it only
records touch/release movements, to avoid
multiple recordings when the rat, for ex-
ample, lies on the sensor or sleeps while in
contact with it; b) it has a sensitivity control,
which makes sensor response more or less
sensitive to touch; c) it does not interfere
with animal behavior, as guaranteed by the
use of field effect transistor (FET) technol-
ogy which reduces current flow to impercep-
tible values, and d) it has a holding system
capable of maintaining the signal for 1 s,
in order to detect even the fastest touch/
release action. The holding system is the
limiting time factor for two consecutive
recordings, so the minimum time interval
between touches may vary from 1 to 2 s. The
schematic drawing of the sensor circuitry
is shown in Figure 1A. In Figure 1B there
is a layout suggestion for a one-layer printed
circuit presented as a mirror image, as
is usually required for circuit implementa-
tion.

Figure 2A shows sensors being connected
to the cage cover. The power supply for the
detecting device comes directly from the
computer (+5 V and 0 V, digital ground). For
proper use, the device requires the animal to
be grounded to avoid radio frequency (RF)
signals interfering with the touch/release fea-
ture. This problem was solved by placing a
ground net on the cage floor (Figure 2B).
The whole system was left running for a
couple of days with no animals in the cage as
a reliability test, and no false detection oc-
curred.

Computer interface

The interface was designed for an IBM PC
XT in order to minimize equipment cost. How-
ever, any IBM-compatible computer may be
used as well. Connections were made through



1011

Braz J Med Biol Res 30(8) 1997

Automated activity data acquisition

the parallel port LPT1 (where the printer is
connected) at the 0 x 378 hex address. The
data bus pins (D0-D7) were used in such a way
that each bit was connected to one sensor to
allow simultaneous recording of all, if neces-
sary. The trick was to force a specific data bus
pin to low voltage (0 V) whenever an event
was detected, so that, with safety precautions
taken in this virtual short circuit, the parallel
port of the IBM PC XT (older model) acted as
a bidirectional I/O device. Figure 2C shows
the physical connections between sensors and
computer.

Software

The software was written in C language;
therefore, a C compiler is required, or the
program must be converted to another suitable
computer language. The software in Table 1 is
very simple and permits easy modifications as

required by experimental protocols.
It can be seen that the software runs a loop

checking for detection on any of the sensors
and records the time when such event oc-
curred in that specific sensor file on a hard disk
or disk drive. The contents of this output are in
text file format (*.TXT) and therefore acces-
sible for analysis with almost any software
package. Recording may continue for as long
as there is disk space available for file saving.

Animals

The present study was conducted on 8
adult Wistar rats, weighing 270-310 g, from
the main breeding stock of the Ribeirão Preto
School of Medicine. Rats were housed in
individual cages and submitted to an artifi-
cial lighting system (lights on at 7:00 h,
lights off at 19:00 h) at room temperature (22
± 2oC) and with free access to food pellets

Figure 1 - A, Schematic draw-
ing of the sensor circuit. VCC
= +5 V; GND = computer
ground, 0 V; OUT = out to
computer, D0~D7; IN = cage
cover. B, Possible layout (mir-
ror image) and respective part
placement.
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Figure 2 - A, Connection to cage
cover. B, Ground net on cage
floor. C, Connections between
computer and sensors. D, Com-
plete assembly.

and water. The recording system was inter-
rupted every 3 days for cage maintenance
and for food and water replacement. The
animals remained in the recording environ-
ment for at least 3 days prior to data collec-
tion in order to minimize stress, after which
a 6-day recording took place. All protocols
were performed in accordance with the pro-
cedures recommended by the Brazilian So-

ciety for Neuroscience and Behavior for ani-
mal experimentation.

Analysis

The collected data were plotted in order
to visualize the total number of touch-detec-
tions per hour (actogram). From the 6-day
recording, 128 h were analyzed by FFT in
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order to highlight the most important fre-
quencies that compose the activity graph for
each rat. Also, a statistical spectral analysis
was conducted by calculating the cosinor
fitted parameters (25) over a period ranging
from 10 to 40 h (0.1-h step). The plot, which
we named cosinor rhythmometry-period-scan
(CRPS), is the amplitude of each fitted sinu-
soid (cosinor) vs the period used to calculate
it. The P<0.05 probability region was deter-
mined for each rat (25). In synthesis, this is a
region in a gamma x beta plot where the most
probable (P<0.05) amplitude and acrophase
combination may be encountered for an esti-

mated period. Better understanding of the
significance of each term may be obtained
by consulting the cosinor rhythmometry
method of Nelson et al. (25). All necessary
software, including statistical calculations
such as those involving cosinor rhythmom-
etry, or graphic presentation, was developed
in our laboratory and we will be pleased to
provide them free of charge to interested
laboratories.

Results

Figure 3 shows the actograms for rat



1014

Braz J Med Biol Res 30(8) 1997

M.F.D. Moraes et al.

number 5 in two distinct ways. First, Figure
3A shows the number of touches per hour
throughout the 6-day time course. Second,
Figure 3B shows raw data presented in a
form where time evolution can be seen either
vertically (from day 1 to 6) or horizontally
(48-h period where the right half of the plot
always indicates the next day). The size of
the bars is proportional to a maximum (larg-
est bar) of 742 (maximum number of touches
per hour recorded during the 6-day period).
The rhythmometric analysis of rat number 5
actograms is plotted in Figure 4. Analysis
was conducted both by FFT (Figure 4A) and
cosinor methods. CRPS (Figure 4B) and the
P<0.05 probability region (Figure 4C) indi-

cate the presence and accuracy of a circadian
activity rhythm (CAR), respectively. Figure
4D overlaps the fitted sinusoidal curve cal-
culated by the cosinor method over a 24-h
period, with original raw data from Figure
3A.

Since all rats gave similar results (data
not shown) we used rat number 5 for the
demonstration of the proper operation of the
system.

Discussion

The low-cost characteristics of the sys-
tem (including computer interface) does not
affect its quality since the results suggest a

Figure 3 - Locomotor activity
records of rat number 5. A, A 6-
day recording reported as num-
ber of touches per hour versus
time. B, Actogram representa-
tion with successive days pre-
sented one below the other in
chronological order (see details
in text). The bars at the bottom
of the record represent the light/
dark cycles to which the animal
was exposed, with shaded bars
corresponding to the dark por-
tion of the 12/12-h light/dark
cycle.
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clear CAR detection by the system, consist-
ent with previous studies in rats (6) indicat-
ing nocturnal activity. CAR is evidenced not
only by the main peak in the CRPS (at 24 h,
P<0.05; mesor = 151.7 ± 0.5; amplitude =
118 ± 6; acrophase = -175 ± 3; Figure 4B)
but also by the FFT (at frequency 0.04 h-1;
Figure 4A). The system also provides pow-
erful analysis tools since all data may be
stored in text file format (time table). This
feature makes it possible to directly load
data into commercially available statistical
and graphic software packages.

When comparing the proposed system
with other activity detecting circuits, two
advantages are easily noted: the computer
interface is included and assembly cost is
lower than that of all previously mentioned
systems. Also, system assembly does not
require any special skill or training since in
similar detection devices described in the
literature the system is believed not to influ-
ence recording, because the current needed
to “fire” the sensor is extremely low due to

FET architecture. 4001 is a semiconductor,
which has a very high speed and extremely
low power consumption (complementary
metal oxide semiconductor, CMOS). How-
ever, the touch-release feature, in this case,
may be considered an improvement of the
previously used Schmitt Trigger technology
(20) since it avoids undesired continuous
event signaling.

The “generality” of the recorded event,
i.e., touch-release action on the upper por-
tion of the rat cage, to which we assigned
some behavioral items, may be considered a
disadvantage for many applications of this
system. This problem could be solved by
either coupling other types of activity meas-
uring devices to trigger the touch-release
sensor (photo-cells), or by using different
touch-release sensors to discriminate among
feeding, water intake and exploratory sniffing.

Other applications of this system, be-
sides the detection of CAR activity, that
have been tested by other laboratories in our
department (unpublished data), include con-

Figure 4 - Rhythmometric analy-
sis of the actogram of rat num-
ber 5. A, Fast Fourier Transform
(FFT). B, Cosinor rhythmometry-
period-scan (CRPS). C, Probabil-
ity region according to cosinor
rhythmometry (25); p, ac-
rophase; a, amplitude. D, Over-
lapped fitted cosinor sinusoid
waveform on the actogram of
rat 5 (Figure 3A).
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