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Abstract. Currently available methods for the measurement of spontaneous activity of
laboratory animals require expensive, specialized equipment and may not be suitable
for use in low light conditions with nocturnal species. We developed a gravimetric
method that uses common laboratory equipment to quantify the total spontaneous
activity of rats and is suitable for use in the dark. The rat in its home cage is placed on
a top-loading electronic balance interfaced to a computer. Movements are recorded by
the balance as changes in weight and transmitted to the computer at 10 Hz. Data are
analyzed on-line to derive the absolute value of the difference in weight between
consecutive samples, and the one-second average of the absolute values is calcu-
lated. The averages are written to file for off-line analysis and summed over the de-
sired observation period to provide a measure of total spontaneous activity. The
results of in vitro experiments demonstrated that: 1) recorded weight changes were
not influenced by position of the weight on the bottom of the cage, 2) values recorded
from a series of weight changes were not significantly different from the calculated
values, 3) the constantly decreasing force exerted by a swinging pendulum placed on
the balance was accurately recorded, 4) the measurement of activity was not influ-
enced by the evaporation of a fluid such as urine, and 5) the method can detect
differences in the activity of sleeping and waking rats over a 10-min period, as well as
during 4-hr intervals recorded during active (night-time) and inactive (daytime) peri-
ods. These results demonstrate that this method provides an inexpensive, accurate,
and noninvasive method to quantitate the spontaneous activity of small animals.
[P.S.E.B.M. 1999, Vol 222]

ethods for measuring the spontaneous movemertive detectors (2—7). The photoelectric beam method uses an
of unrestricted animals without altering the ani- array of photoelectric beams and detectors that register
mal’'s environment are useful in the study of movement as interruptions of infrared beams. Only move-
physiology and behavior. Presently available methods foments that interrupt the beams are detected; therefore, the
the measurement of animal activity require expensive, speaumber and position of the beams limit the sensitivity of the
cialized equipment. These methods provide measurement afiethod.
either total activity or a variety of specific patterns of be- The video tracking system transmits the image of an
havior, such as circling or rearing (1). They include the useanimal from a video camera to a contrast-sensitive tracker
of photoelectric beam arrays, video tracking, and capacitathat continually records the coordinates of the point of high-
est contrast on the animal. Movement is registered as the
This work was supported by a grant from the Medical College of Ohio FoundationfjIfference between consecuuvely Sampled points, prOVIdmg
and the National Institutes of Health (grant #HL 94223 to Dr. Britton). improved resolution compared to other methods (6). One
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43614-5804. E-mail: pbrand@mco.edu era by its nature requires that the testing occur in some level
of light. Light required in this measurement will influence
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Accepted May 20, 1999. the dark phase. Capacitative detectors use sensors that mea-
sure the change in position of the animal as a change in the
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in which the amplitude is proportional to the mass of the
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body and the velocity of movement. An analog-to-digital 20-1; Northgate Computer Systems, Plymouth, MN). The
converter digitizes the waveform, and the digital data aredata were processed on-line using Labtech Notebook digital
collected by a PC for off-line analysis. This sensor is non-acquisition software (Labtech Notebook 7.2.0; Laboratory
intrusive and can detect movements as fine as bobbing dfechnologies Corp., Wilmington, MA). Labtech Notebook
the head (4). was programmed to calculate the absolute value of the first
Activity has also been quantified by direct observation.difference (i.e., the absolute value of the difference between
Direct observation includes any method in which measureconsecutive samples:
ment of the data is classified by a human observer (5).
Although direct observation requires little or no equipment,
it is subject to a greater degree of operator variability than

other methods, making it inherently less accurate than other ) )
methods. Also, the time required to record a sample make&here the x values are the consecutive weights recorded at

long-term measurements impractical, and observations cat? H2). Transformation of the data to the first difference
not be made in the dark. removes the influence of changes in total mass on the mea-
In the course of studying the endurance capacity of ratsSUre pf activity, as occurs, for example, with the evaporation
it became necessary for us to measure the total spontanec@isUrine. Absolute values were calculated because down-
activity of rats in their home environment. For this purpose ward movements registered positive values whereas upward
we developed a method for measuring spontaneous activitjlovement registered negative values on the balance. Con-
that uses the downward force exerted by the rat's activityVerting all changes to positive values allowed summation
recorded as a change in weight on a top-loading electroniever time of all weight changes caused by animal move-
balance. Changes in weight can be sampled as digital datglent. The mean of the absolute values was calculated every
transported to a PC to be recorded, and analyzed off-linesecond (10 samples when sampling at 10 Hz) and written to
Our method uses commonly available laboratory equipmerft file for further off-line analysis. To obtain a single value
and allows for a noninvasive measurement of total spontafor total spontaneous activity, the 1-sec means were
neous activity over prolonged periods with the rat in itssummed for the entire observation period. Four tests were
normal environment. Cho (8) has briefly described the usé!sed to evaluate the accuracy of the method to measure
of a scale and kymograph for measurement of activity, anghanges in weight.
Siviy (9) has mentioned the use of a balance to record the Evaluation of positional effects. The method was
“activity counts” of rats in a metabolic cage. A similar first evaluated to determine if there were differences in the
device is also available commercially (MAD-1 Motion/ values recorded by the balance when weights were placed in
Activity Detector; Sable Systems International, Hendersondifferent areas on the bottom of an empty rat cage. The cage
NV 89014; sablesys@aol.com). This report describes oupottom was divided into five equally spaced areas; four
approach to the measurement of spontaneous movement #€eas encompassing the four corners, and one area at the

unrestricted rats during both active and quiescent periodscenter. A 100-g weight was placed randomly and repeatedly
in one of the five areas; the total number of trials was 100

Materials and Methods (Table I gives the number of trials in each corner and the
Experimental Set-Up. The basis for this method is center). The balance value was recorded, and the average

that activity produced by a rat will induce a force that can befor each area was determined.

registered as a Change in We|ght by a balance. The proce- Precision of data collection. The System was evalu-
dure for measuring rat activity consisted of placing a cageited to determine if the transmission of deia the RS232
containing the rat on the pan of a top-loading electronig?ort and Labtech Notebook software consistently reflected
balance, taring the balance to zero, and recording the weighe changes of weight on the balance. Different “known”
changes that occur with the rat's movement. A top-loadingV€ights were added to or removed from the balance, and the
electronic balance with a resolution of 0.1 g (model Bpoutput from the calculated “activity” was compared to the
6100; Sartorius, Edgewood, NY) set to acquire data at 10

Hertz (Hz) was used. The dimensions of the balance pan

were 18 x 21.5 cm. Rubber pads (2.5%mvere glued to the Table I. Effect of Weights Placed in Different Areas
corners of the balance pan to minimize movement of the rat on the Balance

10 = XDl 106 = X2, [ = Xg) - - - [[(6 + 1) = ()]

cage. The cage used was the rat's home cage, a 24 cm x 45.4rea Mean + SEM (g) Number of trials
cm x 21.2 cm polycarbonate cage with a wire top, prowdeoCOmer 1 1996 + 0.05 o5
with normal rat chow and water. Corner 2 199.5 + 0.05 19
Data Acquisition.  The weight registered on the bal- Corner 3 199.6 + 0.06 16
ance, due to the force of the rat's movement, was continu€orner 4 199.6 £ 0.05 22
ously sampled at 10 Hz and transmittéd an RS232 output ~ Center 199.6 £ 0.05 18

port from the balance to a Northgate PC (Northgate 386#ote. Data are mean + SEM.
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actual value. At the start, a 50-g weight was placed on thdéresults
platform, and the balance was tared to zero. Data collection  Eyaluation of Positional Effects. Table | shows

began, and a reading of zero was recorded for 5 sec. Thefeasurement of the same 100-g weight placed randomly a
four different consecutive weight changes were producediotal of 100 times in the four corners and center of the cage.
1) a 100-g weight was placed on the platform for 5 secNo significant differences were found between the means as
2) the 100-g weight was removed and zero weight recorde@dyaluated by one-way ANOVA.
for 5 sec, 3) the 50-g weight was removed so that the bal-  precision of Data Collection.  Figure 1A shows the
ance recorded -50 g for 5 sec; and 4) the 50-g weightesults from sequentially adding or removing weights from
returned to the balance so that zero grams were recorded f@ie balance. Applied weight changes of 50 g and 100 g
5 sec. This sequence was repeated two more times for #pear as peaks rather than steady-state changes because
single test period of 75 sec. The 75-sec test period wagnly changes in weight with time were calculated (i.e., dif-
repeated a total of six times to determine the precision of thgerences in weight between consecutive samples). The
method. _ _ peaks are all positive because the absolute value of the
Evaluation of stereotyped motion. We next tested (ifferences was determined; absolute values were calculated
the ability of the method to quantify movement forces byto allow for summation of total activity.
recording the weight changes produced by the swinging of  The magnitude of the peaks (approximately 5 or 10 g)
a pendulum placed on the platform. The pendulum wass one-tenth the value of the weight changes because the
composed of a 500-g weight suspended by 5 cm of stringutput from the balance was sampled at 10 Hz, and the
from a 10-cm horizontal arm that was mounted 27 cm highmean was calculated each second (i.e., the mean of 10

on aring stand. The pendulum was placed on the balancgamples was taken). Since the applied changes in weight
platform, the balance tared to zero, the pendulum set in

motion, and the resulting forces recorded until the pendu- A. Application of a Series of Changes in Weight
lum became motionless.
Evaluation of correction for changes in total mass. 15

We anticipated that during the measurement of spontane-
ous activity over several hours, with the balance initially
tared to zero, evaporation of shed urine and exhaled wateg,
would cause a decrease in the baseline weight recorded bﬁ
the balance. To eliminate any effect of this baseline de-© 5

crease on the calculation of total spontaneous movement,

first differences between consecutive samples were calcu-

lated as described above. To determine if this calculation 0 ' t f t t t
was effective, we mimicked the influence of evaporation by 1 11 21 31 41 51 61
using a syringe pump (model 600-910/920; Harvard Appa- Seconds

ratus Co., Inc., Dover, MA) to withdraw water at a constant
rate of 5.5 ml/min from a beaker resting on the balance pan
while performing the same sequence of addition and re-
moval of wejghts as used when determining the precision of B. Application of a Series of Changes in Weight During
data collection (see above). [The expected rate of evapora- Withdrawal of Water
tion of urine and insensible water loss of a 300-g rat is 45
30-40 ml/day, much less than the rate withdrawal of water
used in these trials (10)]. The addition and removal of
weights was intended to mimic force changes on the balance 10 +
that might occur due to movement of a rat.

Animal Testing. Experimental. Four different ©

am

measurements of movement were evaluated in two female > T

rats of the Albino Surgery strain housed in the same cage: A /\ /\ /\ /\ j\
1) spontaneous activity recorded for a 10-min period while 0 | {
the rats slept; 2) activity recorded for 10 min while the rats 1 11 21 31 41 51 61
were induced to move with sunflower seeds held above the Seconds

cage top; 3) activity recorded on three separate days startir].ggure 1. (A) Sequential application of changes in weight as ana-

at midnight for a 4-hr period; and 4) activity recorded on fourlyzed by calculating 1-sec averages of the absolute value of the
separate days starting at noon for a 4-hr period. All recorddifference between consecutive samples of raw data collected at 10
. . . . . . Hz. (B) The same sequence of weight changes were carried out as
ings were carried out with the two rats in their home cage Mn Fig. 1A, during continuous withdrawal of water from the cage at 5.5

the animal facility where the rats were normally housed. mi/min.
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were recorded within the first 0.1 sec, during the following
0.9 sec a value of zero was recorded (no change in weight). 0.7 -

10 Minute Recordings of Active and Sleeping Rats

The average of the change in weight sampled in 0.1 sec and —--— Active
the 0.9 sec of zero values yields a number 1/10th the actual Sleeping
change in weight. 05+ I

To determine the precision of the method, six trials t #

with sequences of known weight changes were carried out. L i
For each trial, six sequential weight changes were induce(§ 034 [
with 50- and 100-g weights. Keeping in mind that with our @ A . i Dl
method of sampling, weight changes accomplished in 0.1 X : i A
sec yield values that are 1/10th the actual weight change, the 0.1 " WL N R
expected sum of the absolute value of the differences in =,/ y
weight was 90 g. The observed mean for six trials of the
applied weight changes was 90.1 + 0.02 g, which was not |
significantly different from the expected sum. The precision
of the method was estimated from the percentage coefficient
of variation (% CV; standard deviation/(mean x 100)) for Six Figure 3. Movement recorded as change in weight over a 10-min
trials. The % CV for the mean of the six trial sums was 0.06% period when rats were induced to move (at 1:00 pm, dashed line) and
I . f d . . h when rats were sleeping (at 1:30 pm, solid line) measured on the

Ev_a uation o stereptype ’ motion. Figure 2 shows a same day. Data recorded as 1-sec averages of the absolute value of
recording of the decay in motion recorded from a pendulurnthe difference between consecutive samples of raw data collected at
placed on the balance. Data shown are 1-sec averages of tHeHz.
absolute value of the first difference obtained at 10 Hz.
Fitting a single exponential equation to the data yielded an ) ) ) )
R? = 0.97. This exponential decay is the expected result of Animal testing. Figure 3 summarizes the results of the

the constantly decreasing force produced by the diminishingV© 10-min recordings starting at 1:084 while the rats
motion of the pendulum on the balance. Wwere sleeping and at 1:3® while the rats were induced to

Evaluation of correction for changes in total mass. be active. While active, the rats exhibited a total spontane-

Figure 1B shows that our method of estimating motion is@US activity of 8.8 + 0.086 g in 10 min (sum of the 1-sec

virtually independent of changes in total mass of the rat a&verages), which was significantly different from the sum

could occur with evaporation. The same weight change prol/hen they were sleeping (0.5 + 0.001,P < 0.0001).

cedure was performed as shown in Figure 1A, except thaf Nis test demonstrates the ability of the method to distin-
water was constantly removed from the cage a,t 5.5 ml/mirguish between active and inactive rats. Figure 4 summarizes
to mimic evaporation. The mean value for six trials of the results of the four-hour long recordings € 7; four

weight changes with constant withdrawal of water was 90.76¢0rds made during the day, and three at night). None of

+ 0.16 g, which was significantly greater than the meanthe sums from the daytime recordings overlapped with the

without withdrawal of water (90.1 + 0.02 @ < 0.005). sums from the night recordings. The average of the sums of

Although these values are significantly different, the meandh€ three daytime measurements %83+ 23, was five times
differ by only 0.6%. less than the average of the sums of the four night-time

1 11 21 31 41 51 61
Seconds

Animal Activity: Four hour trials
Pendulum Motion

10 600
8 y = 11.175¢00%0%
R%=0.97 400 -
[72]
£
@ o
g 0}
(O] 200 4
0
. 1 2 3 4
! T ' Trial
1 26 51 76 101 126 151 176

Seconds 0 Noon - 4PM (Day) B Midnight - 4 AM (Night)

Figure 2. Change in weight over time due to the motion of a pen-
dulum placed on the balance pan. The smoothed line represents a
single exponential fit to the data.

Figure 4. Total activity summed over 4 hr (sum of 1-sec averages of
the absolute value of the difference between consecutive samples)
from noon to 4:00 pm (day) and midnight to 4:00 am (night).
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measurements, 450.5 g £ 9B € 0.0007). These results where FI represents the component of the force that is
demonstrate the ability of the technique to detect differenceperpendicular to the plane of the balance pan dhibpre-
between rats exhibiting varying levels of activity and the sents the component of the force that is parallel to the plane
ability to detect the normal differences in diurnal and noc-of the balance pan. Our method measur&§ Wwhich is
turnal activity during prolonged recording periods. related to k., as follows:

Discussion FO = (cos6) (Fiota)

The method described here provides a simple and reIiCose represents the cosine of the angj¢he angle between

ablg .pr(.)cedure for the quantification of total ,Spoma”eo%e actual direction of the force exerted by the rat and a line
activity in the rat. The primary advantage of this method is

hat th . ; . i iable i {;erpendicular to the surface of the balance. For forces that
that the required equipment is readily available in most, "oy directly perpendicular,Fwill be less than F,,

laboratories and easily assembled. The method can providéand only the perpendicular component will be recorded.

both a single value for total spontaneous activity over thexjeany “the perpendicular components are directly related
measurement period (by summing the activity over a giveny, yne"to1a| force and thus the total activity. We have no

Pe“o‘?') ar,]d a measure of .the frequency of movemeqt (anformation on the values df, which will vary with each
counting individual deflections over any desired perlod).movement of the rat. In most conditions the angles of the

The sensitivity of the method is limited by the resolution of ¢, ¢ 0) are not likely to differ systematically between rats

the bglance. W'th,a resolution of 0.1 g, movements likeg, 1 totq) activity sum is a valid estimate of spontaneous
grooming and turning the head and upper torso of a rat argctivity

recorded as well as rearing anql horizontal movements. Thus |, summary, we describe an inexpensive method that
the method measures total activity. The method requires ngy, iqes a simple, precise, and automated procedure to
observer interaction with the animals. Activity can be re- . aniitate spontaneous activity in the rat. This method can
corded for prolonged periods with the animal in its homeg ;g\ e altered to provide a measure of activity in other

cage in any lighting condition. This method should beg,ocies providing a useful tool for the measurement of
readily a_daptable to o_ther Species W_'th the limiting ParaM-nontaneous activity in many different areas of study.
eters being the capacity and resolution of the balance. The
main limitation of the method is that all types of movement
are recorded as weight changes so different behaviors are The authors acknowledge the excellent secretarial assistance of Judy
not distinguished. Suleski.
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