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The present experiments provide strong evidence that
f-asarone is bioactivated via microsomal oxidation to a
bioactive epoxide. Synergism of p-asarone by menthol
represents the first reported case of synergism between
two natural products where the synergism results from
metabolic bioactivation by enzymes usually involved in
detoxication.
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A novel reaction time task for investigating force and time parameters of locomotor initiation in rats
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Summary. A novel simple reaction-time task for rats is described in the present study. Food-deprived rats were trained
in a2 modified runway for rapid locomotor initiation, in response to a combined optical/acoustic stimulus, to receive
a food reward. Rats rapidly learned this task with small variability, and movement patterns of locomotor initiation
are congruent under these conditions. Reaction time, movement time and accelerative forces were recorded from each
initiation of locomotion by means of video equipment and a force platform. The quantification modes yielded
consistent results and a quantitative description of measured force and time parameters is given. The task may be
especially appropriate for investigating basal ganglia functions. The present results will be the basis for investigating

initiation of locomotion in animal models of neurological diseases.
Key words. Locomotor initiation; reaction time; movement time; force; basal ganglia; rat.

Since several aspects of movement initiation are dis-
turbed in neurodegenerative disorders of the basal gan-
glia, such as Parkinson’s disease (Marsden® and refer-
ences cited) or Huntington’s disease? 3, and during
normal aging*, the study of voluntary movement initia-
tion has been an issue of intense interest. A dysfunction
of the nigrostriatal dopamine (DA) system has been im-
plicated in these movement-initiation deficits and in
bradykinesia of humans®. Animal studies using move-
ment initiation as a paradigm for investigating basal gan-
glia functions provided further evidence that an intact
nigrostriatal DA system appears to be necessary for rapid
response to an external stimulus®.

Different types of apparatus have been designed to study
movement initiation in rats. Reaction time (RT) perfor-
mance has mostly been assessed in lever-release tasks
conducted in operant chambers. It has been shown that
RT performance depends on a number of variables in-

cluding integrity  of the nigrostriatal DA system® .
However, most rodent models using RT tasks have fo-
cused on distal paw movements, disregarding the in-
volvement of the basal ganglia in the control of axial and
proximal movements ® °. The relationship between basal
ganglia and axial motor control is indicated by anatom-
ical and electrophysiological data'®~*%. In addition,
clinical findings with regard to Parkinson’s disease have
revealed severe deficits in control of posture and gait, and
initiation of proximal movements*3.

With respect to locomotion, it was suggested that a lack
of regulation by descending basal ganglia efferents is
reflected in a deficient initiation of locomotion ®, while
the stepping mechanism as such is relatively unaffect-
ed*. Rodent studies paralleled these findings in part,
showing a disturbed initiation of locomotion using dif-
ferent models®’~*7, These studies, however, were not
performed under RT conditions with relatively high ki-
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netic requirements for the response, which is known to be
especially sensitive to basal ganglia dysfunction 8.

The work presented here describes a new, simple reac-
tion-time task for rats. The animals were trained for
rapid initiation of locomotion in response to an external
stimulus to receive a food reward. The device permitted
a detailed analysis of the process of locomotor initiation
in terms of reaction time (RT) and movement time (MT).
In addition, the forces emitted by an animal during
movement initiation were recorded by a force platform,
which provided dynamic index of the proximal move-
ment required in this condition.

Materials and methods

Subjects. Subjects were nine male (weight range 230-
250 g) Sprague Dawley rats (Interfauna, Tuttlingen,
FRG) caged in two groups with free access to water.
They were provided with 12 g/d/rat rodent laboratory
chow after the daily experimental sessions. The colony
room was temperature-regulated (22 4+ 3°C) and rats
were maintained on a 12—12 h light dark cycle (lights on
at 06.00 h).

Apparatus. The apparatus was built of plexiglass and
consisted of a removable start and goal box
(22 x 9 x 9 cm respectively) which were connected by a
runway (100 x 9 x 9 cm) (see fig. 1).

A movable front door blocked the runway entrance. The
door was installed in a frame and operated electromag-
netically. Once opened, the door dropped vertically
downwards (duration < 80 ms). In front of the start
box, lamps were mounted bilaterally and a loudspeak-
er was attached above. A combined optical-acoustic
(10 W, 8 kHz/40 dB) stimulus signalled the simultaneous
opening of the front door. Perpendicular to the start box,
a video camera (Panasonic WV 130 CCD) was installed
in the plane of the runway, connected with a time gener-
ator (Panasonic WJ 810) (clock pulse rate: 10-ms inter-
vals) and a recorder (Panasonic AG 6200).

A force-measuring unit was mounted below the start box
to monitor the anterior-posterior (horizontal) and verti-

goal box runway startbox force platform
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Figure 1. Schematic representation of the apparatus.
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cal components of the resulting force applied by an ani-
mal on the surface. The mediolateral (horizontal) force
component was disregarded. The force platform was
newly designed and constructed, since suitable products
are commercially not available. Furthermore, some de-
signs described in the literature!® do not easily lend
themselves to miniaturization or reconstruction. The
force platform was built from force sensors used for
construction of precision topload balances. The force
sensor (Soehnle, Murrhardt, FRG) consisted of a strain
gauge as a force-sensing element, which was installed in
a frame. The frame served as a force-transmitting device,
and was compensated for decentral force application. In
addition, temperature and humidity compensation was
provided by appropriate construction and use of materi-
als (according to the manufacturer’s declaration).

Two force sensors were suitably assembled to allow sep-
arate recording of the force components. The assembled
force sensors were connected with a top plate serving as
the animal’s support in the start box, attached to a vibra-
tion-absorbing, adjustable base frame. Each full bridge
circuit of strain gauges was connected with an operation
amplifier, digital memory oscilloscope (ITT-metrix OX
750/2), and printer (Laumann, Servocass 2000). The first
prototype of the design was tested in pilot studies and
then improved in some minor aspects. The final version
has been used for several months and has provided reli-
able and precise force measurements (table).

Behavioral procedure. Naive, untreated rats were habitu-
ated individually for 10 min to the baited apparatus prior
to the onset of training. The following day, animals were
trained in one session per day, consisting of 10 consecu-
tive trials per animal. A food-deprived rat was placed in
the start box facing the closed front door blocking the
entrance to the runway and goal box with the food re-
ward (pellet, Noyes, 45 mg). After a variable delay (3—
10 s), the stimulus signalled the simultaneous opening of
the front door. The rats were trained to initiate locomo-
tion in response to the stimulus and to move straight
ahead through the runway into the goal box for the
reward in a baited cup. Approximately 10 s later the rat
was again placed in the start box for a new trial.
Evaluation. The transition from stance to gait of each
locomotor initiation was recorded by means of video
equipment and the force platform. RT was monitored in
all training sessions, force and movement time (MT) data
were recorded from the last session. Only correct reac-

Force platform — technical data

Calibrated range Fy,Fz 02-20N
Threshold Fy,Fz 02N
Linearity Fy,Fz <1.5%
Hysteresis Fy,Fz < 0.5%
Sensitivity Fy,Fz 01N
Crosstalk Fy-Fz <1%
Fz-Fy <1%
Natural frequency 67 Hz
Deviation due to decentral force application on top plate <1%




1086

tions (initiation of locomotion within 100—1000 ms)
were considered for evaluation. RT data were collected
by frame-by-frame analysis from the video records and
RT was defined as latency from stimulus presentation up
to the lifting of a paw from the surface. MT was deter-
mined as the duration from the lifting of the first paw
until the time when the last paw left the top plate. Force-
time waveforms of each response were detected by means
of the force platform, and recorded on-line. The mea-
surements and calculations of force parameters were per-
formed after the data had been collected. The horizontal
component of each waveform was manually analyzed,
including 2 parameters: the maximum (peak) force de-
fined as the distance between baseline and maximum

" force value, and the rate of force development defined as
the slope from the initial force increase to the peak force
value.

Results

All apimals rapidly learned the simple reaction-time task
presented here with little variability, and quantification
of the analyzed parameters yielded consistent results. The
movement patterns of locomotor initiation under these
conditions were congruent and were established within a
few trials: during the prestimulus phase a rat remained
with all 4 paws on the ground in an upright posture to
initiate locomotion. Following stimulus presentation, lo-
comotion was usually initiated by a forepaw (> 95%,
n = 374), and a rat rapidly moved to the goal box. Ini-
tially observed impairments of movement initiation, e.g.
inadequate postures or paw positions, were disregarded
for evaluation. Paw preferences were not investigated,
though they presumably occur. As illustrated in figure 2,
the rats showed a steady increase of correct trials in
consecutive sessions, reaching 97% correct trials on
day 6.

Mean correct RT data exhibited that baseline perfor-
mance (range 238.3—248.7 ms) was already established
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Figure 2. Mean correct reaction times { + SEM) and number of correct
responses (n) measured in consecutive daily sessions consisting of 10 trials
per animal (N = 9), respectively. On day 0 the animals were habituated
individually to the apparatus.
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Figure 3. Representative force time waveform from a locomotot initia-
tion. Numbers on time axis mean 0 = stimulus presentation, 1 = RT
(from video signal), 2 = leaving the platform. Top: horizontal anterior-
posterior force component {4 Fy: forward, — Fy backward) of a rat
weighing 234 g. Bottom: vertical force component (+ Fz: force increase,
- Fz: force decrease).

on day 4 and remained nearly constant. In addition,
variability of RT decreased, as indicated by the narrow-
ing of the standard errors of the means. Measures of MT
showed a mean duration of 608.9 ms (SEM 4 38.1 ms,
n = 64), indicating relatively uniform movement pat-
terns. An impact of the prestimulus position of a rat on
MT data could be neglected, as the start box dimensions
confined the animals to a relatively defined position, and
the rats spontaneously occupied a position close to the
front door. Analysis of force-time patterns of ground
reaction forces yielded different results with regard to
quantification (fig. 3).

The vertical force-time peaks, reflecting movements in
that plane, exhibited inconsistent and irregular patterns
which made quantitative analysis difficult. This may be
due to differences in postural preparation of locomotor
initiation. To address this question, single paw recordings
are required for a more detailed analysis of postural
preparation of locomotor initiation. These data were
therefore excluded from further analysis. In contrast, the
anterior-posterior (horizontal) force component, reflect-
ing the animal’s propulsion, showed reproducible pat-

body-
weight
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terns which were easy to analyze. Two parameters known
to be drug-sensitive?’ were used to characterize this
peak: the rate of force development (slope) and the max-
imum (peak) force. The average rate of force develop-
ment was found to be 8.7 N/s (SEM + 0.6, n = 73) and
the mean peak force 0.6 N (SEM + 0.025, n = 73). Com-
parison of peak force timing and corresponding RT re-
vealed that the peak force value was achieved simulta-
neously or immediately after movement initiation
(> 94 %, n = 73). The quantitative description of initia-
tion of locomotion given here was confirmed under the
conditions of a study investigating drug effects using the
same system 2°,

Discussion

The results indicate that initiation of locomotion in rats
is a consistent response which is reliably quantifiable in
the simple reaction-time task presented here. Gradual
food deprivation was sufficient to produce consistent
responses. On the whole, the animals rapidly learned this
task and a constant performance was established in a few
trials. This holds true both for initiation of locomotion
and for completion of the task. Once trained, rats moved
straight forward without interruption to the goal box to
receive the food reward. The appetitive nature of the task
used here is a major advantage, since most rodent RT
tasks are conducted using aversive patterns, such as ac-
tive avoidance with shock treatment, which may con-
found performance in various ways.

The RT data collected here are difficult to compare with
other RT studies as this is, to our knowledge, the first
study investigating locomotor initiation under RT condi-
tions. However, lever-release tasks have revealed RT in a
range of about 200—400 ms and under specific circum-
stances less than 200 ms® 72!, and the maximum reac-
tive capacity of Sprague-Dawley rats was estimated to be
approximately 120 ms22. These findings are in line with
our RT results. Therefore, it may be concluded that ini-
tiation of a proximal movement as examined here is a
relatively fast response initiated with latencies similar to
those for manipulatory movements. In addition, laten-
cies of locomotor initiation indicate a voluntary response
initiation, as involuntary reflexive movements (e.g. star-
tle, jump) have shorter latencies (less then 120 ms)?2.
However, these comparisons are limited for methodolog-
ical reasons. There are a number of factors (age, body

weight, spontaneous activity levels, individual speed -

preference) which potentially interact with response per-
formance. However, these primarily affect response com-
pletion and not movement initiation 2*. Furthermore, the
narrow age and weight range of rats used here and the
consistency and small variability of the results indicate
that these variables were not important.

The force measurements in this study were focused on the
force-time waveforms of the horizontal force component
representing the propulsive force generating the initial

Experientia 46 (1990), Birkhauser Verlag, CH-4010 Basel/Switzerland

1087

acceleration during locomotor initiation. Regarding the
timing of propulsive force production and movement
initiation, the data indicated that the onset of force pro-
duction preceded movement initiation, and the peak
force was achieved with or immediately after movement
initiation. Thus, force and time parameters appear to be
conveniently coordinated during locomotor initiation.
Both parameters used to quantify this waveform yielded
consistent results and may be an index of the dynamic
characteristic of this proximal movement. As dynamic
abilities of rats are rarely investigated, the results present-
ed here are difficult to classify, but available data con-
cerning peak forces?3~2° resemble those measured in
this study. Furthermore, subtle chances of force produc-
tion seem to be associated with a dopaminergic dysfunc-
tion in rats and humans 24~ 26,

Taken together, the novel method presented here permits
a quantitative description of force and time parameters
of rapid locomotor initiation in rats. It is known that
these parameters may be altered as a result of basal gan-
glia dysfunctions (see introduction). The demand of a
fast axial body movement in this task may be especially
appropriate for investigating basal ganglia functions,
and this test closely parallels a corresponding task in man
which is sensitive to slowed movement-initiation in
Parkinson’s disease (Diener, personal communication).
In addition, measurement of axial motor control was
recently proposed to be a useful tool in evaluating thera-
peutic drugs in Parkinson’s disease?”.

On the basis of the present analysis, it will be possible to
discern the effects of impaired basal ganglia functions in
suitable rodent models and then to compare the effective-
ness of drug treatments. Preliminary studies using the
task presented here showed that the force and time
parameters are sensitive to subtle changes of central do-
paminergic transmission 29 2%:2°,
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