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PRESTON, K L AND C R SCHUSTER A comparison of the central and peripheral effects of utropine on force lever
performance PHARMAC BIOCHEM BEHAV 16(3) 423-427, 1982 —The central and peripheral effects of atropine, a
muscarinic antagonist, on motor control were tested in a force lever apparatus Three rhesus monkeys were tramned to
extend their arms through a tube and press a manipulandum with between 25 and 40 grams of force for 3 continuous
seconds Responding was maintained by the delivery of 1 5 ml of water Single injections of atropine sulfate or atropine
methylnttrate (a quaternary derivative of atropine which does not cross the blood brain barrer) were given 30 min prior to
the session Atropine sulfate disrupted force lever performance m a dose related fashion Atropine methylnitrate had hittle
or no effect on responding The effects of atropine on motor control as measured in this procedure, therefore, appear to be

centrally mediated

Atropine sulfate Atropine methylmtrate

Force lever

Rhesus monkeys

MANY drugs acting on the nervous system are reported to
produce tremor and disturbances of motor control The ef-
fects of cholinergic agents on motor control are especially
interesting 1n light of the various motor diseases known to be
linked to the cholinergic nervous system Myasthema gravis,
a disease of the peripheral cholinergic system, Parkinson’s
disease, which can be treated with l-dopa or cholinergic
antagonists, and Huntington’s chorea, a disease i which
improvement has been seen after the admimstration of
agents which raise brain acetylcholine levels, are examples
of such diseases (1, 2, 7, 8]

A quantitative method for studying discriminative motor
control in unrestrained rats was developed by Falk and Haas
[4] and shown to be sensitive to a variety of psychotropic
drugs [3] Johanson et al [6] who modified this procedure for
use with primates were able to demonstrate subtle changes 1n
motor function produced by the administration of acute
doses of methamphetamine

The present study was designed to determine the effects
of atropine, a muscarinic antagomist, on motor control as
measured by this force lever method and to determine
whether the effects of atropine were due primarily to its

central actions or to more generalized effects on both the
central and peripheral nervous system This was accom-
plished by comparing the effects of atropine sulfate to the
effects of atropine methylnitrate Atropine methylnitrate 1s a
quaternary muscarinic receptor blocker which 1s equipotent
to atropine sulfate peripherally [5] but, because it does not
readily cross the blood bram barner, 1s much less po-
tent centrally Results showed that atropine sulfate had a
profound effect on force lever performance while atropine
methylnitrate had little or no effect, indicating that atropine’s
effects on this measure of motor control are centrally medi-
ated

METHOD
Animals

The subjects were one male and two female adult rhesus
monkeys weighing between 4 and 8 kg at the beginning of the
study One monkey, 9041, was experimentally naive Mon-
keys 5126 and 6056 had previous lever pressing experience
with responding maintained by intravenous drugs and shock
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TABLE 1
PERFORMANCE INDICES

Number of Remforcers Delivered x

Mmimum Time Requirement (3 sec)

Efficiency* =

In Band Responding Time (sec)
In Band Responding Time (sec)

Tomc Accuracy* =

Work Rate =

Total Responding Time (sec)

Total Responding Time (sec)

Session Time (sec)

Total Band Entrances

Mean Band Entrances* =

Mean In Band Time* =

Number of remforcers dehivered

In Band Responding Time (sec)

Total Band Entrances

Number of Reinforcers Delivered

Reinforcers =

Within 30 Minutes (Maximum of 50)

*If responding 1s completely ehminated by any mampulation, this index cannot

be calculated

pumishment experience but had not received any drug nor
were 1 any experiment for one year prior to this experiment
Each monkey was housed individually 1n a standard metal
cage The colony room temperature was 21+1°C

Each monkey received a total of 175 to 225 ml of water
daily (75 ml maximum during the session, the rest given
the home cage after the daily session and titrated to the
amimal’s needs to avoid dehydration while still maintaining
responding for water delivery) The monkeys received free
access to Purina Monkey Chow and two sugar cubes satu-
rated with liquid vitamins (Vitol, Vet-A-Mix, Inc , Sanan-
doah, IA) daily in the home cage

Apparatus

The force lever system 1s the same as that described by
Johanson et al [6] and 1s a modified version of an apparatus
described by Falk and Haas [4] designed to monitor dis-
criminative motor control in rats

The apparatus consisted of a standard metal cage which
had one side removed so that the monkey could place its arm
through an adjustable Plexiglas tube and press on a conical
shaped manipulandum (maximum displacement 0 1 mm) lo-
cated at the end of the tube and attached to a force trans-
ducer This apparatus was situated in two sound attenuating
wooden boxes, one housing the animal chamber and one
housing the Plexiglas tube, manipulandum, and force trans-
ducer A Plexiglas wall separated the two chambers A water
cup was located on the Plexiglas wall to the left of the Plexi-
glas tube and was attached by plastic tubing to a peristaltic
mfusion pump (7540X, Cole-Parmer Instrument Co ,
Chicago, IL) located outside the wooden boxes Four amber
mdicator hghts were located to the left of the water cup on
the Plexiglas wall in a verticle arrangement The amount of
force apphed to the manipulandum was monitored by a
Statham force transducer (Model UC3, Statham Instru-
ments, Oxnard, CA), a Beckman Dynograph (Type R411,
Beckman Instruments, Inc, Lincolnwood IL) and
BRS/LVE solid-state programming and recording equipment
(BRS/LVE, Beltsville, MD) Calibration of the apparatus

was checked regularly by suspending weights from the ma-
mipulandum

Ternunal Schedule

The monkey was required to extend its arm through the
Plexiglas tube and press on the lever with a force greater
than 25 grams and less than 40 grams for 3 continuous sec-
onds If the force exerted was outside these limits (less than
25 grams or greater than 40 grams) for more than 30 muil-
liseconds, the time requirement reset When a trial was suc-
cessfully completed (1 e, the 3 second requirement was
met), the pump delivered 1 5§ ml of water During water de-
livery, all hghts were extinguished in the cubicle, and re-
sponding had no programmed consequences A session
ended after 50 completed trials, or after 30 minutes had
elapsed, whichever came first

Indicator lights provided feedback for responding One of
three lights was lit when the pressure on the lever was be-
tween 10 and 25 grams, 25 and 40 grams, or above 40 grams,
respectively A hight located above the mdicator hghts in the
experimental chamber indicated when the session was on

Total session time and time spent responding between 10
and 25 grams (below band), between 25 and 40 grams (in
band), and above 40 grams (above band) were recorded on
four timers Counters recorded the number of times the re-
sponse force entered the required band width (from either
above or below band) and the number of water deliveries
obtained within the 30 minute time mit Total time respond-
ing was calculated by summing the times recorded for below,
1n, and above band responding

Data Analysis

Using the above measures, the indices 1n Table 1 were
calculated for each experimental session These indices have
previously been shown by Falk [3] and Johanson ef al [6} to
be sensitive to the effects of various psychotropic drugs

Efficiency, tonic accuracy, and work rate are relatively
independent and vary between 0 and 1 0 with higher values
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corresponding to better performance Efficiency 1s a meas-
ure of how well the monkey performed relative to a perfect
score but independent of the number of reinforcers 1t earned.
that 1s, 1t 1s the time spent pressing the lever with between 25
and 40 grams of force relative to the mimimum n band time
required to earn a given number of remnforcers Tonic accu-
racy 1s a measure of how much time the monkey spent re-
sponding within the 25 to 40 gram range relative to the total
amount of time 1t spent pressing the lever with 10 or more
grams of pressure Work rate measures the amount of time
the monkey spent pressing the lever with 10 or more grams
of pressure relative to the time it spent engaging in other
behaviors While work rate 1s not a measure of motor con-
trol, 1t 1s a good measure of general performance Mean band
entrances 1s the average number of band entrances made per
reinforcer earned A drug which caused a tremor would be
expected to increase mean band entrances Mean 1n band
time gives the average length of time spent responding 1n the
required band width per band entrance Although these last
two indices are related, the effects of some drugs could dif-
ferentially affect the two scores For example, a drug which
caused a gradual dnift in the force exerted on the lever could
result 1n an increase m the in band time without increasing to
as large an extent the total number of band entrances

Experniment

When responding became stable, single injections of at-
ropine sulfate (Aldrich) or atropine methylnitrate (Sigma)
were given intramuscularly 30 minutes prior to the expen-
mental session 1n doses ranging from 0 025 to 1 6 mg/kg of
the salt For an equal number of mg of atropine sulfate and
atropine methylnitrate, 5% more atropine base moeties were
delivered with the atropine methylmitrate adminmstration
These doses were given 1n 0 1 ml/kg of physiological saline 1n
ascending order, with all doses of atropine sulfate being
given first Drug was given no more often than every fourth
session and only after responding returned to baseline
Saline ijections were given IM one or two sessions prior to
each drug session and served as control

RESULTS

Figure 1 shows the dose response curves of the two drugs
for each monkey In each subject, the effects of atropine
sulfate were dose dependent, such that efficiency, tonic ac-
curacy, work rate, mean in band time, and number of rein-
forcers earned all decreased with increasing doses while
mean band entrances per reinforcer increased with increas-
ing doses of drug Responding was totally disrupted by a
dose of 0 8 mg/kg of atropine sulfate in two subjects (5126
and 6056) and by a dose of 0 2 mg/kg 1n subject 9041

At most doses, atropine methylnitrate showed little or no
effect on the measured indices (Fig 1) A dose of atropine
methylnitrate which supplied twice as many moles of at-
ropine as the highest dose of atropine sulfate had only neg-
ligible effects on the responding of subjects 5126 and 6056
In subject 9041, responding was disrupted by the highest
dose of atropine methylnitrate resulting in 40% of possible
reinforcers being earned and a decrease mn work rate, but
there were no increases in mean band entrances or other
measures to suggest that this was a specific effect on motor
function

Figure 2 shows representative Beckman analog record-
ings of responding by subject 5126 after the administration of
saline, 0 8 mg/kg of atropme sulfate, or 0 8 or 1 6 mg/kg of
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FIG 1 The effects of single imjections of atropine sulfate (squares)
and atropine methylmtrate (circles) on the six performance indices
of three subjects See Table 1 for description of the performance

indices
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FIG 2 Analog recordings of responding of subject 5126 after the IM administration of saline,
atropine sulfate 0 8 mg/kg, or atropine methylnitrate 0 8 or 1 6 mg/kg The tracing moves horizontally
with time and vertically with changes in force exerted on the lever The notches in the line at the top
of each recording indicate dehvery of water
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atropine methylnitrate Performance in the presence of
saline shows the typical pattern of baseline responding The
topography of responding differed somewhat between mon-
keys and accounted for individual differences in baseline
scores Performance in the presence of 0 8 mg/kg of atropine
methylnitrate resembles that of saline whereas performance
n the presence of 0 8 mg/kg of atropine sulfate shows many
band entrances and reduced time i band, resulting in a sub-
stantial reduction in number of water deliveries At the dose
of 1 6 mg/kg, the tracing shows that the monkey had diffi-
culty holding the lever for the required 3 seconds, although
the basic pattern of the response tracing 1s essentially nor-
mal

DISCUSSION

The result show that atropine has profound effects on
force lever performance when 1t 1s admimstered in a form
which readily enters the central nervous system (atropine
sulfate) All performance indices indicated a decline in motor
control with increasing doses of atropine sulfate The mn-
creases 1n mean band entrances indicate the presence of
tremor n the atropine sulfate treated subjects while de-
creases in tonic accuracy show a decreased ability to hold
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the lever in band for the required time This 1s 1n contrast to
the effects of methamphetamine, as seen by Johanson et al
[6], which produced increases in band entrances without af-
fecting efficiency or tonic accuracy

The admmustration of atropine mn a form which did not
readily cross the blood brain barrier (atropine methylnitrate)
was far less effective in disrupting performance than atropine
sulfate Even a dose of 1 6 mg/kg of atropine methylmtrate,
which delivered twice the number of atropine moeties neces-
sary to totally disrupt behavior when administered in the
sulfate form, had minimal effects on responding Since at-
ropine methylnitrate has been shown to be equipotent to
atropine sulfate peripherally, it can be concluded that the
effects of atropine on force lever performance are primarily
centrally mediated
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