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ECKERMAN, D. A., W. A. GORDON, J. D. EDWARDS, R. C. MAcPHAIL AND M. I. GAGE. Effects of 
scopolamine, pentobarbital, and amphetamine on radial arm maze performance in the rat. PHARMAC. BIOCHEM. 
BEHAV. 12(4) 595-602, 1980.--Rats were trained to obtain food pellets from the end of each arm of an eight-arm radial 
maze. Baseline performance was characterized by very few entries into arms from which the food pellet had already been 
obtained. In Experiment 1, neither d-amphetamine (0.1-3.0 mg/kg) nor pentobarbital (1.0-10.0 mg/kg) affected choice 
accuracy, although the rate of arm-entry increased after d-amphetamine and decreased after pentobarbital. Scopolamine 
(0.1-1.0 mg/kg), on the other hand, reduced both accuracy and the rate of arm entry. In a second experiment, the effects of 
scopolamine were replicated using a between-subjects design. Methylscopolamine (0.17, 1.0 mg/kg) was found to have little 
effect on performance. Multiple response criteria were also compared in the second experiment. Scopolamine was found to 
affect runs farther out the arm differently than it affected abbreviated arm entrances. A post-trial feeding test was also 
included to evaluate changes in reinforcer effectiveness, and showed that food continued to be a reinforcer after both 
scopolamine and methylscopolamine. 
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T H E R E  have been a number of reports implicating 
cholinergic mechanisms in the control of response se- 
quences, memorial processes, and the discriminative control 
of behavior [ 11]. Further, pentobarbital [7] and amphetamine 
[2(I] have been found to influence these processes. Anti- 
cholinergic agents have been reported to affect delayed 
reactions requiring particular response sequences. For 
example, scopolamine (an antimuscarinic with central and 
peripheral nervous system actions) decreased the tendency 
of rodents to alternate entries into arms of a T-maze or 
Y-maze [1,24] and decreased the frequency of  food- 
reinforced alternation in an operant chamber [9,11]. 
Methylscopolamine produced little or no effect on such al- 
ternation [24]. 

While these and other data [2, 3, 32] suggest that 
cholinergic mechanisms are involved in memorial processes, 
other data argue against such a conclusion. Scopolamine dis- 
rupted spatial alternation when delays separated successive 
opportunities to respond [11]. Since the degree of disruption 
did not appear to vary with the delay length, however,  the 

effect was attributed to a reduction in stimulus control rather 
than to disruption of memorial processes. Similarly, im- 
pairment of delayed matching-to-sample by scopolamine was 
comparable at various delay intervals, again suggesting a 
disruption of stimulus control rather than of memory [32]. 

The present experiments offer yet another means of  
evaluating the effects of drugs on memorial processes. The 
procedure utilized an elevated maze having eight arms 
radiating from a central platform like spokes of a wheel [28]. 
This type of maze has recently received considerable atten- 
tion as an apparatus for assessing working memory of  ro- 
dents [26]. 

EXPERIMENT 1 

The first experiment in the present series determined the 
effects of scopolamine on several measures of  rats' perform- 
ance in the radial arm maze. In order to more fully char- 
acterize the performance, determinations were also made of 
the effects of d-amphetamine and pentobarbital. 

~l['he present work was supported by the Neurotoxicology Division, Health Effects Research Laboratory, U.S. Environmental Protection 
Agency, and by training grant, MH-14269, from the National Institute of Mental Health. Special appreciation is expressed to W. M. Guyer, R. 
J. Pettinelli, and E. T. Puckett for aid in carrying out Experiment 1 and to the several observers who aided in Experiment 2. Reprints may be 
obtained by writing the first author, Department of Psychology, Davie Hall 013A, University of North Carolina, Chapel Hill, NC 27514. 
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METHOD 

Subjects loo 

Twenty male, Sprague-Dawley-derived rats were ob- 
tained from Charles River, Inc. (Wilmington, MA). They 
were 90 days old and weighed approximately 300 g upon 
receipt. Animals were housed individually with free access 
to water. After acclimation to the colony room, body weights s0 
were reduced by food deprivation and subsequently main- 
tained at 80Vo of free feeding values. 

Apparatus 
6o 

Two eight-arm radial mazes similar to those described by o 
z Olton and Samuelson [28] were used. Each of the arms (7 by o 

75 cm) projected from one side of an octagonal center plat- 
form measuring 30 cm in diameter. A Lucite-lined circular -" 
food well (4-cm dia., 1.5 cm deep) was positioned at the far 
end of each arm. The maze was painted black and was ele- U,~ 40 ~ 
vated 50 cm from the floor. 

Each maze was centered in a small room lighted by 
fluorescent bulbs. One room had a floor area of 2.40 by 2.45 
m; the other room bad a floor area of 1.92 by 2.71 m. Doors 
and cabinets made each wall in a room distinguishable. A 20 
chair was placed in each room and during trials an observer 
sat and recorded data. 

Procedure 

Training trials. Prior to each trial, every arm of the maze 
was baited with a 45-mg food pellet (Noyes Co., Lancaster, 
NH). The rat was then placed on the center platform facing a 
particular arm (same for all trials and for all rats). A trial 
continued until either all eight food pellets had been con- 
sumed, or 10 rain had elapsed, whichever occurred first. 
Placing all four paws on an arm was recorded as an arm 
entrance. Times of arm entrances and exits and pellet re- 
ceipts were recorded. 

Twenty rats were given a minimum of five and a 
maximum of seven training trials during the initial baseline- 
acquisition phase of the experiment. On those trials preced- 
ing the development of consistent performance, extra pellets 
were sometimes placed along the maze arms. 

Two rats which did not develop consistent performance 
were dropped from the experiment. The remaining rats were 
assigned to three experimental groups so that each group 
was composed of three rats trained on each maze (i.e., six 
subjects per group). One of these groups of rats received 
subsequent treatments with amphetamine, the second with 
pentobarbital, and the third with scopolamine. 

Training continued according to the following three-day 
cycle: on day one, a trial was given as before and no injection 
was administered. On day two, a trial was given 10 or 30 min 
(see below) following injection of 1 ml/kg body weight of 
normal saline. On day three, a trial was given 10 or 30 min 
following injection of a dose of one of the treatment drugs. A 
drug was not given on day three if a rat did not obtain all 
eight pellets on day two of this cycle. This three-day cycle 
continued for each rat until it had received all three dosages 
of the appropriate drug. The order of dosages was deter- 
mined by a Latin Square. 

Drug, s. The rats received IP injections of 0.3, 1.0, and 3.0 
mg d-amphetamine sulfate/kg body weight (donated by Smith 
Kline and French, Philadelphia, PA), 1.0, 3.0, and 10.0 mg 
sodium pentobarbital/kg body weight (obtained from Sigma 
Chemical Co., St. Louis, MO), or 1.0, 3.0, and 10.0 mg 
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FIG. 1. Accuracy of successive choices within a trial. Mean percent 
choices of new arms is shown for saline control days for animals of 
each group from Experiment 1 and for all animals on the saline 
control day of Experiment 2. The diagonal represents the number of 
new arms which would be selected if the choice were a random 
selection (following complete accuracy on prior choices). 

scopolamine hydrochloride/kg body weight (obtained from 
Sigma Chemical Co., St. Louis, MO). Drugs were prepared 
in normal saline so that each dose was administered in 1 
ml/kg. Rats receiving d-amphetamine and pentobarbital were 
injected 10 min prior to testing, and those receiving 
scopolamine were injected 30 min prior to testing. 

RESULTS 

Choice Accuracy 

If a rat re-entered an arm after food had already been 
removed, that selection was recorded as an error. By con- 
sidering the first eight selections, one can calculate average 
accuracy measures for each animal. Accuracy judged in this 
manner was quite high. An average of 7.3 (SD=0.85) of the 
first eight choices were to new arms on the saline control 
sessions for all rats. Accuracy did not differ across the three 
groups of rats, F(2,51)<1.0, or between the two mazes, 
F(I,  134)< 1.0, so data for the two mazes were combined. As 
the probability of entering seven or eight new arms by 
chance (random selection with replacement) is 0.07, the per- 
formance is seen to be quite different from that expected by 
chance. 

Choice accuracy changed, however, across the selections 
made during a particular trial. Figure 1 shows the average 
proportion of selections which were to new arms on the sec- 
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FIG. 2. Mean accuracy for selections 4--8 of saline-control and 
drug-trials in Experiment 1. Accuracy at each selection was ex- 
pressed relative to chance-accuracy before averaging (see text). 
Data are included for each condition in which at least three subjects 
made at least six selections. The standand error of these means is 
also shown. 

ond through eighth choices for each group during the saline 
sessions. Very few errors were made on the second, third, or 
fourth selections. From the fifth to the eighth selection,how- 
ever, accuracy was consistently and progressively de- 
creased. 

Since the number of available new arms changed with 
succeeding selections, the accuracy of  each selection must 
be judged against its appropriate chance value. Corrections 
for chance were made (see [28]) for each rat by summing the 
number of new arms available at the time of a selection over 
all selections with a comparable ordinal position (all second 
selections, all third selections, etc.) and dividing by the total 
number of selections. This value was taken as the estimate of 
chance accuracy. The actual proportion of selections which 
were correct and this chance value were then related as 
shown below to determine the accuracy corrected for 
chance. 
Corrected accuracy= (observed accuracy - chance accuracy)/ 

(100 - chance accuracy) 
This corrected value is 1.00 if all selections are correct 
and 0.0 if a chance number of selections is correct. By mul- 
tiplying this value by 100, observed accuracies between 
101Y~ and chance are scaled between 100 and 0; observed 
accuracies less than chance are scaled from 0 to -oo. 
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FIG. 3. The frequency of selecting an ann various distances away 
from the ann just exited (arm 0). For each trial, the direction 
(clockwise or counterclockwise) with the greater number of selec- 
tions was designated as preferred for pooling data. Frequencies were 
simply summed across the subjects of a group at each condition. 

Figure 2 shows the effect of drugs on corrected accuracy 
averaged for choices 4-8 on all trials where at least six selec- 
tions were available for at least three of the six subjects. 
With accuracy of each choice calibrated against its corre- 
sponding chance value, these successive measures were 
considered as repeated estimates of accuracy and thus could 
be averaged. Scopolamine reduced choice accuracy (Fried- 
man two-way analysis of variance with ranks, Xr2=7, n=3, 
k=4,  p =0.054), while neither amphetamine nor pentobarbi- 
tal were found to affect choice accuracy. 

Scopolamine affected response patterning as well as 
choice accuracy. Figure 3 shows that there was a strong 
tendency to choose a neighboring arm on the saline control 
days for rats in each group. Scopolamine altered this pattern 
by shifting the modal separation between selections from one 
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FIG. 4. Mean rate of entering arms (log scale) for each condition of 
Experiment 1. Rate was taken as the number of arms entered/trial 
time. The standard error of each mean is also shown. 

to two to three arms from the exited-arm, as the dosage 
increased from 0 to 0.1 to 0.3 mg/kg. Insufficient data were 
available at 1.0 mg/kg to determine a distribution. Neither 
pentobarbital nor amphetamine, on the other hand, altered 
this position preference. 

In addition to analyzing the distance between successive 
selections, the patterning of responses was estimated by the 
tendency to repeat particular pairs of selections. An un- 
biased estimate of this repetition tendency was obtained by 
comparing the location of consecutive errors with the se- 
quence of initial choices of arms (see [29]). Over all groups, 
the repetition tendency was about 29%. The repetition tend- 
ency was above chance, however, for only half the rats. The 
repetition tendency thus appears to be rather slight. 

Whereas only scopolamine affected accuracy, all three 
drugs altered the rate of selection. Figure 4 shows the 
number of selections made divided by the time of the trial, 
averaged within each drug group over all subjects. The values 
are shown on a log scale to avoid a floor effect. It is clear that 
amphetamine increased the number of arm entrances per 
unit time while pentobarbital and scopolamine reduced this 
rate. Observations, however, revealed that this decreased 
rate of selection differed considerably for pentobarbital- and 
scopolamine-treated rats. While pentobarbital-treated rats 
were inactive after large dosages, scopolamine-treated rats 
were actively circling the center platform and making abor- 
tive arm entrances which did not meet the four-paw crite- 
rion. 

DISCUSSION 

That scopolamine affected choice accuracy on the radial 
arm maze suggests an effect on spatial working memory. 
Other accounts, however, must also be evaluated. Prior 
work has strongly suggested [27, 28, 34] that odor-cues are 
not potent sources of control and that the performance is, 
instead, controlled by visual extra-maze cues. Were odor 
trails responsible for accurate performance, the notion of 
spatial memory would be unnecessary, and the effect of 
scopolamine might be attributed to changes in olfactory sen- 
sitivity. Similarly, prior work has also emphasized that the 
performance is not merely due to repetition of a stereotyped 
sequence of arm entrances (e.g., always go one-arm to the 
right) or to repetition of some other response strategy (e.g., 
[21,28]). In the present data, a pattern of selecting adjacent 
arms was seen; this pattern was probably not, however, a 
determinant of accuracy. Evidence for the independence of 
accuracy and patterning is as follows. 

If saline-control data for the scopolamine group are con- 
sidered, only one of six rats showed a pattern of responding 
which was consistent from day to day. For two of the re- 
maining five, the modal number of arm separations changed 
from day to day. For the remaining three, there were other 
daily changes in the pattern of choices. These variations in 
response pattern occurred despite the very high accuracy 
already described (in all but one of these 18 sessions, at least 
seven new arms were selected in the first eight selections). 
Since accuracy of selection was virtually constant while re- 
sponse patterning varied from day to day and rat to rat, it is 
unlikely that the scopolamine-induced changes in accuracy 
merely reflected effects on response patterning. 

Amphetamine and pentobarbital did not consistently af- 
fect either accuracy or the pattern of selection. They did, 
however, affect the rate of selection, with amphetamine pro- 
ducing increases and pentobarbital producing decreases in 
the rate of arm-entry. The dosages, therefore, were behav- 
iorally active despite the fact that accuracy was unchanged. 
Moreover, that these agents affected rate without affecting 
accuracy suggests that scopolamine's effect is not simply the 
result of a reduced rate of selection. The differential effect of 
amphetamine and scopolamine is especially interesting, 
since their effects have been shown to be similar in other 
situations (e.g., [13,16] but see [5,22]). 

EXPERIMENT 2 

In the second experiment, the effects of scopolamine and 
methylscopolamine were compared on radial-arm-maze per- 
formance. The dose-effect function for scopolamine was 
more completely evaluated. Different criterion measures of 
performance were also taken, and a post-trial assessment of 
pellet eating was included. A between-subject design was 
used in which each rat was given only one drug treatment. 
This design allowed an assessment of drug effects that are 
unconfounded by possible carry-over influences. This exper- 
iment was carded out in different rooms with less detail on 
the walls than in Experiment 1 and thus allowed an assess- 
ment of the generality of the effects obtained in Experiment 1. 

METHOD 

Subjects 

Seventy-two male, Sprague Dawley-derived rats were ob- 
tained from Charles River, Inc. (Wilmington, MA). The ani- 
mals were randomly assigned to three groups of 24: each 
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group was housed for an additional two weeks and then ex- 
posed to the procedures described below. All animals were 
90 days old and weighed approximately 300 g upon arrival. 
Animals were housed individually in plastic cages with wood 8 0  

chip bedding and free access to water. The animals were 
maintained by food deprivation at 80% of their respective 
free feeding body weights during the week prior to and 
throughout testing. 60 

Equipment 

The two radial arm mazes used in Experiment 1 were 
used in this experiment. The mazes were placed in similar 
rooms that were 2.5 m 2' The arm designated number 1 was 11 
cm from the wall and 1 m from the corner. The door to the 
room was between arms four and five. The chair was at the 
end of arm six. Electrical outlets and other features of the 
two rooms were similar. 

Procedure 

Prior to each trial the arms of the maze were baited with 
45-mg food pellets (Noyes, Co., Lancaster, NH). The rat 
was then placed on the center platform facing arm one. A 
trial continued until either all eight food pellets had been 
consumed or 10 rain had elapsed, whichever occurred first. 
Four criterion levels of arm entrance were recorded along 
with the time of the greatest penetration into an arm: (1) 
when a rat 's nose crossed the plane extending upwards from 
the intersection of the center platform and an arm; (2) when 
two paws were placed on the arm; (3) when all four paws 
were placed on the arm; and (4) when the head crossed the 
food cup. These food-cup responses were further separated 
into those accompanied by eating a pellet and those not so 
accompanied. 

All rats were given six training trials with one trial per 
day. On those trials preceding development of consistent 
performance, extra pellets were occasionally placed on the 
arms of the maze and the rat was sometimes handled while 
on the maze to facilitate consistent ambulation. 

The seventh trial was preceded by an IP injection of nor- 
real saline for all rats, 30 min prior to the trial. The eighth 
trial was not preceded by an injection and was considered a 
non-injection control trial. Thirty rain prior to the ninth trial, 
each rat was injected with either scopolamine, methylscopol- 
amine or normal saline. The tenth and final trial involved no 
injection. Any rat which did not obtain all eight pellets on trial 
eight received no further testing. The remaining rats were 
randomly assigned to a dosage group with the restriction that 
each maze have approximately equal numbers of animals in 
each group. 

Following a trial, each animal was placed in a cage in 
which a ceramic dish containing eight 45-mg food pellets had 
been placed. The time taken to consume the pellets was 
recorded, up to 5 rain. The number of pellets eaten was also 
recorded, the ceramic dish was then removed, and the ani- 
mal was returned to its home cage. 

Water was removed at the time of injection for the first 
twenty rats studied. Subsequently, rats were allowed access 
to water throughout the treatment time preceding the trial, to 
aid in keeping the oral cavity and pharnyx clear of partially 
ingested food. 

Drugs. Five dosages of scopolamine hydrochloride 
(Sigma Chemical Co., St. Louis, MO) were studied: 0.10, 
0.17, 0.30, 0.56 and 1.0 mg of the base/kg body weight. 
Methylscopolamine (scopolamine methylnitrate; Sigma 
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FIG. 5. Mean accuracy for selections 4-8 of the drug or saline trials 
of Experiment 2 (see Fig. 2). 

Chemical Co., St. Louis, MO) was given in dosages of 0.17 
and 1.0 mg of the base/kg body weight. Injection volume was 
1 ml/kg and rats in the control group received a similar vol- 
ume of normal saline. All injections were IP. 

RESULTS 

Accuracy of selection was high for all rats. Taking the 
four-paw entrance as the criterion for a response, subjects 
chose 6.8 new arms for the first eight selections on each of 
the two trials preceding drug administration (S.D. equalled 
0.85 and 0.83, respectively). This figure was somewhat lower 
than that for Experiment 1, but accuracy was still consid- 
erably higher than that expected from random selection 
(probability of a difference this large occurring for an indi- 
vidual trial through random selection with replacement is 
less than 0.08; probability of this average occurring by 
chance is very much smaller). If crossing the plane of an arm 
with the rat 's nose was taken to define the response, on these 
same two trials 6.7 and 6.8 new arms were selected on the 
first eight opportunities (S.D. equalled 0.92 and 0.58, re- 
spectively). As in Experiment 1, there was no difference in 
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TABLE l 
P O S T - T R I A L  P E L L E T  E A T I N G  

Scopolamine (mg/kg) M-scop (mg/kg) 

Saline 0. l0 0 . 1 7  0 . 3 0  0.56 1.00 0.17 1.00 

No. tested 7 7 6 8 7 7 3 5 
No. ate>~l 7 7 6 8 7 6 3 5 
No. ate all 8 7 7 5 8 7 5 3 4 
Time to eat 8 10.5 10 14 27 30 39 10 8 

(sec) 

accuracy for rats on the two mazes. Accuracy was again 
seen to decline across successive choices within a trial (see 
Fig. 1). Estimates of selection accuracy were determined 
after correcting for the appropriate chance level (see Exper- 
iment l) and averaged for choices 4-8 to characterize the 
effect of each treatment. Scopolamine was again found to 
decrease accuracy (Fig. 5). When the four-paw criterion was 
taken to define the response, accuracy tended to decrease 
with increasing dosage, F(5,24)=3.72, p<0.025, the greatest 
decrease being obtained at 1.0 mg/kg. When the crossing- 
the-plane criterion was used, dosages of 0.17, 0.30, and 0.56 
mg/kg also decreased accuracy (analysis of variance showed 
F(5,24)=9.34, p<0.001). Methylscopolamine, also tended to 
decrease accuracy with increasing dosage, but regardless of 
the response criterion, the decreases were much smaller than 
those produced by an equivalent dosage of scopolamine (Fig. 
5). 

The subjects showed a slight tendency to select an arm 
that was close to the one just exited. This tendency was not 
as great, however, as it had been in Experiment 1. The aver- 
age number of arms separating one selection from the next 
was just over 2, while this figure had been 1.7 for saline 
control days of Experiment 1. Further, in this experiment, 
scopolamine did not change the patterning. Methylscopola- 
mine also left patterning unchanged. As in Experiment 1, 
response patterning was not related to accuracy. Of the 57 
subjects, only 10 showed similar patterns of responding on 
both saline and non-injection trials. These subjects were no 
more accurate than the others and showed comparable effects 
of scopolamine. 

Figure 6 (four-paw criterion) shows that rate of arm 
selection decreased in a dose-related fashion following 
scopolamine. Methylscopolamine, on the other hand, pro- 
duced only slight decreases over a comparable range of dos- 
ages. The rate of selection, however, was not decreased as 
much following scopolamine when the response was defined 
as the nose crossing the plane of the arm, demonstrating that 
the rats were still active, but did not venture onto the arms as 
frequently. With this response criterion, methylscopolamine 
did not affect rate of arm selection. 

A post-trial measure of food consumption was taken as 
described in Method. In general, animals in all drug condi- 
tions consumed post-session pellets. Of the 50 subjects 
tested, 49 ate at least one pellet within 5 min and 46 ate all 
eight. The time to consume the eight pellets did, however, 
increase (Table 1) with increasing dosages of scopolamine, 
but was unaffected by methylscopolamine. 

D I S C U S S I O N  

Scopolamine again decreased both accuracy of selections 
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FIG. 6. Mean rate of entering arms (log scale) for the drug or saline 
trials of Experiment 2 (see Fig. 4). 

and the rate of entering arms, adding generality to the results 
of Experiment 1. Since Experiment 1 involved multiple in- 
jections of each subject and Experiment 2 involved a single 
injection per subject, the similarity of the results confirms 
that these effects transcend differences in experimental de- 
sign. The importance of central as opposed to peripheral 
antimuscarinic actions was shown in that scopolamine af- 
fected the performance considerably more than did 
methylscopolamine. This differential effect is comparable to 
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that found in other discrimination situations (see General 
Discussion) and shows that peripheral antimuscarinic effects 
alone (e.g., decreased salivation) did not produce the 
sc.opolamine effects. Although difficulty in eating was ob- 
se.rved and involved some choking on, and dropping of, pel- 
lets, consumption of pellets given after the drug trial shows 
that they continued to be reinforcers. We therefore con- 
cluded, as did Robustelli, et al. [32], that motivational change 
did not interact with the drug in disrupting performance. 

Experiment 2 allowed confirmation of the casual obser- 
vation made in Experiment 1 that rats continued to move 
about and make abbreviated arm entrances (crossing plane 
of the arm and then drawing back) even after the largest dose 
of scopolamine. The rate of breaking the plane of  an arm 
with the nose did decrease with increasing dosage of 
scopolamine, but not nearly as much as did venturing out 
onto the arms (with all four paws). Accuracy of entrance was 
reduced at lower dosages of scopolamine when breaking the 
plane of the arm was taken to define the response than when 
the four-paw criterion was used. 

G E N E R A L  DISCUSSION 

Scopolamine decreased the accuracy of arm selections on 
a radial-arm maze while d-amphetamine and pentobarbital 
were without effect. It is unlikely that this lack of  effect was 
dtte to inappropriate selection of dosages because both drugs 
have been shown to affect several other types of  perform- 
ance over comparable ranges. Furthermore,  d-amphetamine 
and pentobarbital did affect the rate of arm selection in Ex- 
periment 1. In Experiment 2, moreover,  the predominantly 
peripherally-acting drug methylscopolamine only minimally 
altered performance measures that were substantially 
changed by a comparable dosage of scopolamine. Taken to- 
gether, these results provide comparatively strong evidence 
for the selective involvement of  central cholinergic mech- 
anisms in performance on the radial-arm-maze. Studies 
demonstrating an effect of hippocampal lesions on radial arm 
maze performance also imply cholinergic mechanisms [12, 
25, 30]. 

Consideration should be given to the extent to which per- 
fo~nance on the radial-arm maze, and the behavioral effects 
of scopolamine, depend on a rat 's  memory of prior locations 
from which food was taken, on the repeated emission of  a 
response sequence, or on control by discriminative stimuli. 
Sequences of responses have been obtained using several 
procedures,  and for most of these, scopolamine has been 
shown to disrupt the likelihood of the sequence. Sco- 
polamine decreased the frequency of single alteration per- 
formance to chance level in a Y-maze and a T-maze [1,24]. 
Scopolamine also decreased alternation between two 
levers in an operant paradigm and in a trials design with 
variable intertrial intervals [9, l l ,  17]. With few exceptions 
[9,15], the disruption in response sequences does not appear 
to be the result of response perseveration, cf. [12]. In fact, 
in a situation in which perseveration was required, sco- 
polamine decreased the frequency of response runs [33]. 
The disruption then, represents the loss of control by the 
location of the previous response rather than a reversal of 

this control. Most experiments are in agreement, however,  
in showing that methylscopolamine has little effect on per- 
formance. In the present experiments,  response patterning 
was evident in some rats, but these rats were no more accu- 
rate than those that showed no evidence of patterning. Many 
of the rats that patterned responses,  moreover,  showed 
shifts in the pattern without concomitant decreases in accu- 
racy. Consequently, it seems unlikely that accuracy was due 
to repetition of response sequences or that scopolamine's  
effects on accuracy were due to a disruption of response 
sequences. What the performance on the radial-arm maze 
demonstrates,  in fact, is control of arm-selection by all loca- 
tions previously selected within the trial rather than merely 
control by the last response. This delayed stimulus control is 
what was disrupted by scopolamine. In the radial-arm maze 
procedure,  as opposed to response al temation,  the disrup- 
tion may be more clearly laid to loss of stimulus control 
rather than to a mere alteration in a response algorithm. 

The issue of whether scopolamine affects an organism's 
memory of responses and their consequences appears open 
to debate. While some studies imply that the ability of 
stimulus control to bridge delays (i.e., memory) is disrupted 
by scopolamine, e.g., [2,23], other studies stress that 
scopolamine 's  effect is on stimulus control and not memory 
[3, 5, 8, l l ,  32]. For  example, scopolamine was found to 
disrupt spatial alternation when variable delays separated 
the opportunity to respond, but the degree of disruption was 
independent of the delay length [ l l ] .  Scopolamine also dis- 
rupted accuracy of delayed matching-to-sample performance 
in monkeys although the effect of  delay length on accuracy 
obtained under nondrug conditions was preserved after 
scopolamine [3,32]. By the same token, in several studies in 
which delays did not separate presentation of  stimuli from 
the opportunity to respond, stimulus control was disrupted 
by scopolamine [4, 5, 10, 18, 19, 33]. Bartus and Johnson [2], 
however,  have observed an increased disruption of  stimulus 
control at long delays, indicating that an effect on memory 
cannot be ruled out. 

Accurate performance on the radial-arm maze appears to 
involve the rat ' s  selecting from a list of  arms without re- 
placement. This performance demonstrates delayed dis- 
criminative control (i.e., memory). The disruption of this 
performance, however, might result from either disruption of 
this memory process or from a lowered discrimination be- 
tween items on the list (i.e., confusion of arm locations). 
Determining which is involved requires inserting delays into 
the procedure to see interactions of accuracy with delay, e.g., 
[31]. In the present study, experimenter-imposed delays 
were not inserted and therefore a conclusive answer is not 
available. A tentative answer, however,  is suggested by 
comparing accuracy at successive selections within the trial. 
If scopolamine's  effect was on memory,  the decrease in ac- 
curacy across successive selections within a trial (see Fig. l) 
should have been accelerated. Scopolamine, however,  
dropped corrected accuracy about the same amount at each 
selection in a trial. The present data thus suggest that 
scopolamine may reduce discriminative control without 
changing the loss of this stimulus control over time (i.e., 
memory). 
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