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PAULUS, M. P, M. A. GEYER AND E. STERNBERG. Differential movement patterns but not amount of activity in
unconditioned motor behavior of Fischer, Lewis, and Sprague—Dawley rats. PHYSIOL BEHAYV 65(3) 601-606, 1998.—Histo-
compatible Fischer 344 and Lewis rats have been shown to differ on a wide variety of behavioral, chemical, and molecular
measures. This investigation aimed to clarify strain differences in unconditioned motor behavior with respect to the amount
and patterns of movements. Twenty female Fischer 344, Lewis, and Sprague-Dawley were tested in the Behavioral Pattern
Monitor for 30 min. The locomotor activity and movement patterns, quantified by counts of photobeam breaks and the spa-
tial scaling exponent, d, were assessed. The level of locomotor activity did not differ significantly between Fischer, Lewis, and
Sprague-Dawley rats. In contrast, movement patterns differed significantly between the strains. Specifically, Sprague-Daw-
ley rats exhibited significantly more straight movements than both Fischer and Lewis rats. Moreover, Lewis rats showed sig-
nificantly more straight movements compared to Fischer rats during the first 10 min in the enclosures. Differences in move-
ment patterns across strains may provide an important behavioral variable to further explore the genetic and developmental

aspects of behavior. © 1998 Elsevier Science Inc.

Locomotor activity Patterns Strains

HISTOCOMPATIBLE Fischer 344 and Lewis rats differ in a
wide range of biochemical (1-3,7,13), electrophysiological
(18), immunological (28), and behavioral measures (6,11).
Moreover, these animals have been used to discern the influ-
ence of genetic background on immune response, hypo-
thalamo-pituitary—adrenal (HPA) axis regulation (20), the
susceptibility to a neonatal lesion (16), and the susceptibility
to drug dependence (5,15,19). Results of recent studies indi-
cate that these functions are not independent, but are, in fact,
tightly intertwined components sharing molecular, biochemi-
cal, and electrophysiological commonalties. Hence, these ani-

mals reflect a complex phenotype resulting from distinct ge-
netic differences.

Unconditioned motor behavior in a novel environment in-
volves many different behavioral responses including move-
ments, grooming, and rearing, local exploration, and investi-
gatory responses. The analysis of animal behavior is typically
based on predefined behavioral categories that are thought to
reflect heuristically derived distinct behaviors (29). Most com-
monly, multiple indices are used to describe changes in pat-
terns of behavior (10,26). We have recently proposed an alter-
native approach that can be used to quantify patterns of
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FIG. 1. (A) Mean and standard errors of the locomotor activity
measure counts for three 10-min time blocks for Sprague-Dawley,
Lewis, and F344 rats. (B) Mean and standard errors of the locomotor
pattern measure d for three 10-min time blocks for Sprague-Dawley,

Lewis, and F344 rats.

behavior based on the notion of behavioral organization
(22,24,25). This approach is based on the phenomenon of scal-
ing, which has been widely observed in complex physical sys-
tems (17,27).

Both indirect serotonergic agonists, for example, MDMA
or MBDB (23), and direct 5-HT, agonists, RU24969 (24),
sensitively increase the contribution of straight or directed
movement sequences based on this scaling approach. This in-
vestigation was motivated by the hypothesis that strains of
rats, which have been shown to differ in functional status
of their serotonin (5-HT) systems, exhibit different patterns of
unconditioned motor behavior. Specifically, some groups
have found that in comparison to Fischer and Sprague-Daw-
ley rats, Lewis rats contain lower concentrations of cortical
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Fischer 0 -30 min Lewis 0 -30 min Sprague Dawley 0 -30 min

FIG. 2. Exemplary movement patterns for 30 min of a representa-
tive animal from the Fischer, Sprague-Dawley, and Lewis group.

and hippocampal 5-HT,;, receptors (4). In addition, Lewis
rats were shown to express significantly fewer hippocampal
and frontal cortical 5-HT,, agonist binding sites and less
5-HT,;, mRNA compared to Fischer rats (2). It has been ar-
gued that these changes reflect a general decrease of sero-
tonergic function in Lewis rats. If these changes reflect a
downregulation of receptors secondary to an overactive sero-
tonergic system, one would expect an increase in straight
movements in Lewis compared to Fischer rats. Alternatively,
if the observed molecular changes in Lewis rats result from a
decrease in serotonergic modulation, a decrease in straight
movements is expected.

METHODS

For the experiment, 20 female rats of three different
strains (Fischer 344, Lewis, and Sprague-Dawley) weighing
90-130 g were kept on a reverse 12-h dark-light cycle and al-
lowed to acclimate to the animal facilities for at least 7 days
before behavioral testing. As part of the comprehensive ex-
perimental testing, each animal was also exposed to the startle
paradigm [data have been reported (11)]. For the assessment
of motor activity, the animals were brought to the laboratory
1 h prior to testing. Each animal was tested during its first ex-
posure to the Behavioral Pattern Monitor (BPM).

For a detailed description of the data acquisition system
(9). Briefly, eight BPM chambers, each enclosed within a ven-
tilated wooden box, were used. Each chamber consists of a
30.5 X 61.0 X 38.0 cm Plexiglas holeboard equipped with
three floor holes in the front, middle, and rear part of the
floor, six wall holes, three along either side of the long walls,
and a hole in the back of each chamber. Due to the small size
of the animals, exploratory holepoking behavior was disabled
by plugging tightly the holes described above with a rubber
plug. The location of the rats in the BPM chambers was ob-
tained from a grid of 4 X 8 photobeams 2 cm above the floor
in each chamber. Subsequently, the raw data files were trans-
formed into ASCII data files comprised of the (x,y) location
of the rat in the BPM chamber with a resolution of 3.8 cm,

FIG. 3. (A) The average fluctuation spectrum and its standard error is shown for the first (upper), second (middle), and third (lower panel) 10-
min time block for three strains. (B) The #-score difference function is shown for the first (upper), second (middle), and third (lower panel) 10-
min time block for three strains. Statistically significant differences are indicated by the straight lines at = * 2.0.
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yielding 7 X 15 different possible positions and the duration
of each event (¢).

The behavioral assessment for the different strains of ani-
mals is based on the sequences of microevents. Simple de-
scriptors of the motor activity were obtained from the se-
quences of microevents. The counts measure consists of the
total number of (x,y,f) microevents within a given time inter-
val and quantifies the amount of activity. The temporal scal-
ing exponent, o, was calculated from a least-squares fit of the
logarithm of the number of microevents with a duration be-
tween t and ¢ = ¢ versus the microevent duration, ¢ [for details
see (21)]. The spatial scaling exponent, d, was calculated as
described in (22). This measure quantifies the degree to which
an animal generates a sequence of movements that are char-
acterized by a straight line (d = 1) or within a circumscribed
area (d = 2). Finally, the fluctuation spectrum of local spatial
scaling exponents, f(d), was computed as described in (24) for
each animal to determine the contribution of movements with
different geometric characteristics. Group differences of the
f(d) function were quantified by a z-score difference function
as described in (24).

Based on the hypotheses advanced above, a one-way
(strain) analysis of variance (ANOVA) for repeated measures
(time in enclosure) was computed from the scores of the dif-
ferent groups. All effects are described in the results section
with their associated significance level and degrees of free-
dom. The calculations were performed using the BMDP 2v
software (8).

RESULTS
Levels of Locomotor Activity: Counts and o

There was a significant main effect for the counts measure
for the repeated measure design, F(1, 54) = 169427, p <
0.0001. All three rat strains exhibited significant attenuation
of the amount of activity as indicated by the decline of counts
over the 30-min exposure to the BPM, F(2, 108) = 503.60, p <
0.0001, shown in Fig. 1A. There was no significant strain effect
indicating that Fischer, Lewis, and Sprague-Dawley rats
showed comparable levels of activity, F(2, 54) = 0.30, NS).
However, there was a significant interaction between strain
and time in enclosure, F(4, 108) = 3.81, p < 0.006, indicating
that these animal strains habituate differently to the novel en-
vironment.

Similar to the counts measure, there were no significant
differences in the temporal scaling exponent, a, across strains,
F(2, 54) = 0.04, NS. There was a significant change of over
time, F(2, 108) = 308.36, p < 0.0001, but no significant inter-
action between strain and time in the chamber, F(4, 108) =
1.88, NS, indicating that changed significantly but not differ-
entially with habituation to the novel environment.

Overall Behavioral Organization: Spatial Scaling Exponent d

Figure 2 shows movement patterns for 30 min in the BPM
of three rats representative for the different strains. Rat
movements are found predominantly along the perimeter of
the chamber and particularly near the corners. The Fischer rat
exhibits a moderate amount of movements covering the cen-
ter of the enclosure. In contrast, both Lewis and Sprague-
Dawley rats exhibit movements that are predominantly along
the walls of the chamber.

There was a significant main effect for the average spatial
scaling exponent, d, F(2, 54) = 7.39, p = 0.002. Moreover,
there was a significant effect of time, F(2, 108) = 38.15, p <
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0.0001, but no interaction between time and strain, F(4, 108) =
1.34, NS. Thus, the average spatial scaling exponent differed
across strains with Fischer rats exhibiting more circumscribed
movements (30-min average d = 1.47 = 0.007) than Lewis (30
min average d = 1.44 = 0.008), and Sprague-Dawley rats (30
min average d = 1.41 = 0.01). In addition, for all three strains
the d measure increased over time, indicating more circum-
scribed movements with increased habituation to the novel
environment. Comparing the d measure across strains for dif-
ferent periods of time revealed that the effect size was most
pronounced during the first 10 min in the chambers and de-
creased with increased habituation (see Fig. 1B).

Detailed Assessment of Behavioral Organization: Fluctuation
Spectrum of Local Spatial Scaling Exponents, f(d)

The detailed analysis of the movement patterns further
confirmed the assessments obtained from the average spatial
scaling exponent, d. Specifically, Fig. 3A shows the fluctuation
spectrum of local spatial scaling exponents, f(d), and the #-score
difference function fi(d) is shown in Fig. 3B. These functions
indicate that the movement patterns of these rat strains differ
both in straight or directed movements and in local or circum-
scribed movements. These differences are most significant
during the first 10-min time block. Lewis rats exhibit signifi-
cantly more straight movements (local d < 1.4) and signifi-
cantly less circumscribed movements (d > 1.6) than Fischer
rats. Moreover, Lewis rats show significantly more circum-
scribed movements compared to Sprague-Dawley animals.
Fischer rats exhibit significantly less straight or directed
movements and significantly more circumscribed movements
when compared to Sprague-Dawley rats. There are no signifi-
cant differences between the strains during the second 10-min
time block. During the third 10-min time block, Lewis rats
exhibit significantly more straight movements compared to
Fischer rats but do not differ significantly from Sprague-Daw-
ley animals. In contrast, Fischer rats engage in significantly
less straight movements than Sprague-Dawley rats.

DISCUSSION

This investigation yielded four main results. First, there is
no significant difference in the level of motor activity across
the three strains. Second, Fischer rats exhibit movement pat-
terns that are significantly more circumscribed than those of
both Lewis and Sprague-Dawley rats. Third, the detailed
analysis of the movement patterns revealed that the overall
changes in movement patterns reflect a simple shift toward
more circumscribed movements rather than a more complex
reorganization of movement patterns. Fourth, the behavioral
differences were most pronounced during the first 10 min in
the chamber and attenuated with increased habituation.

The increase in straight movements in Lewis relative to
Fischer rats is similar to changes in movement patterns ob-
served with both direct and indirect serotonin agonists
(23,24). These pattern changes support the hypothesis that be-
havioral differences between Lewis rats in comparison to
Fischer animals may be related to an altered function of the
serotonergic system. Changes in movement patterns similar to
those seen with direct and indirect 5-HT agonists in Lewis rats
may relate to findings that these animals have an altered func-
tional status of the 5-HT, 5 receptor (3), exhibited lower hip-
pocampal 5-HT, 5 receptor binding and lower activity of tryp-
tophan hydroxylase in comparison to Fischer rats (6).

Alternatively, the observed behavioral differences may be
attributable to CRF mediated behavioral effects. CRF is well



UNCONDITIONED MOTOR BEHAVIOR IN RATS

known to generate complex behavioral profile characterized
by hyperlocomotion in habituated animals and hypolocomo-
tion and neophobia in an open field environment (14). These
strains not only differ in their responsiveness at the level of
the HPA axis, but also with respect to their behavioral re-
sponse to CRF. Specifically, while both Fischer and Lewis rats
respond robustly with an increase in corticosterone to CRF
administration, Lewis rats show only moderate or nonsignifi-
cant changes in locomotor activity, grooming, and rearing fol-
lowing CRF infusion. In contrast, Fischer rats respond to CRF
with a profound decrease in locomotor activity and rearing.
The dissociation of the behavioral response from the neu-
roendocrine response to CRF in these strains has been taken
to suggest that under enhanced “stressful” conditions both
strains respond with a similar behavioral repertoire.

The increase in straight movements observed in Lewis rel-
ative to Fischer rats points toward long straight movement
patterns and reduced number of circumscribed movements.
These findings agree with previous behavioral descriptions
that Lewis rats were found to cross less frequently the inner
squares of a novel environment, and groomed less in the open
field (6,12). The profound changes in movement patterns can
also explain the equivocal findings related to levels of locomo-
tor activity. Although some investigators have reported signif-
icant decreased locomotor activity in Lewis relative to Fischer
rats (6), others have found no difference (15). The increase in
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straight movements in Lewis rats relative to Fischer rats can
result in differential effects on measures of locomotor activity,
depending on the measuring device.

In summary, Fischer, Lewis, and Sprague-Dawley rats
differ significantly with respect to their movement patterns in
response to a novel environment particularly during the first
10-min interval. These pattern differences may be related to
differences in serotonergic function in these strains. If these
behavioral changes were due to 5S-HT-mediated mechanisms,
the present findings would support the hypothesis that Lewis
rats are more susceptible to the acute 5-HT influence on the
organization of motor behavior. This relative lack of extended
exploration may be related to an increase in baseline anxiety-
related behaviors, which has been reported for these strains
(6). The significant attenuation of the differences between
these strains as habituation develops supports the notion of a
phasic adjustment that involves the regulation of the neurobi-
ological system rather than baseline states or levels of neuro-
transmitters.
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