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SANTI, A. AND L. WEISE. The effects of scopolamine on memory for time in rats and pigeons. PHARMACOL BIO-
CHEM BEHAV 51(2/3) 271-277, 1995.—1In Experiment 1, pigeons were trained to match short (2 s) and long (8 s) sample
durations to red and green comparison stimuli and red and green samples to vertical and horizontal line comparisons. They
received injections of scopolamine hydrobromide (0.02 mg/kg), scopolamine methylbromide (0.02 mg/kg), or saline, and the
delay interval was manipulated (0, 1, 3, and 9 s). In Experiment 2, rats were trained to discriminate short (2 s) or long (12 s)
durations of house-light illumination using a choice procedure. During the test phase of each trial, the left and right levers
were presented with the cue light on above one of them (cued lever) while the other was off (uncued lever). For half of the
rats, the correct response following the short sample was to press the cued lever, whereas following the long sample, it was to
press the uncued lever. This was reversed for the remaining rats. The rats received injections of scopolamine hydrobromide
(0.15 mg/kg), scopolamine methylbromide (0.15 mg/kg), or saline, and the delay interval was manipulated (0, 1, 3, and 9s).
In pigeons, scopolamine equivalently disrupted both temporal and nontemporal memory. Memory for time, in both rats and
pigeons, was significantly poorer following scopolamine injections than following methylscopolamine or saline injections. No
choose-short effect was observed in either rats or pigeons during saline test sessions. The data indicate that central cholinergic
blockade in both pigeons and rats disrupts the accuracy of delayed temporal discriminations. However, scopolamine does not

appear to accelerate the rate at which memory for temporal events is foreshortened.
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THE EFFECTS of anticholinergic drugs on memory has been
assessed in a variety of species (humans, monkeys, chimpan-
zees, rats, mice, and pigeons) with a variety of tasks (passive
and active avoidance, spontaneous alternation, radial arm
maze, delayed matching-to-sample, and various discrimina-
tion learning tasks). This research has demonstrated that tasks
requiring working memory rather than reference memory are
more susceptible to the effects of central cholinergic blockade
(1,3,19,27,29,30,33,44,46,48). Reference memory is viewed as
a relatively stable knowledge base concerning which response
to make for particular stimulus sequences, which outcomes
follow certain responses, and so on. Working memory is re-
garded as maintaining a limited amount of trial-specific infor-
mation, such as the color of a sample stimulus, over relatively
brief time periods. Despite the frequently reported enhanced
sensitivity of working memory to cholinergic blockade, there
have been a few reports of equivalent anticholinergic effects
on reference memory (13,22), especially when higher doses of
anticholinergics are used (3,33) or when animals are trained to
a high learning criterion (20).

The enhanced sensitivity of working memory processes to
cholinergic blockade would lead one to expect that these ef-
fects should be delay dependent. That is, the effect of a partic-
ular anticholinergic agent, or of increasing doses of the agent,
should be greater at long than at short delay intervals. How-
ever, in pigeons tested on delayed matching-to-sample
(DMTS), the effects of scopolamine have uniformly been de-
lay independent (29,30,33,35,43). Similarly, when rats are
tested on a variety of delayed response tasks, most frequently
anticholinergics such as scopolamine produce a generalized
disruption of performance that is equivalent across short and
long delays (6,7,10,14-18,36,45). The pervasive finding of de-
lay independence suggests either that the notion of cholinergic
blockade specifically affecting working memory processes is
wrong or incomplete, or that the tasks used in these studies
are not sensitive enough to detect delay-dependent effects.

In almost all of the tasks used to examine the effects of
anticholinergics on animal memory, the events to be remem-
bered have been particular types of visual stimuli, auditory
stimuli, olfactory stimuli, or spatial locations. The nature of
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the memory representation for these stimuli may be different
from those for other stimuli, such as event durations. That is,
whereas the memory code for various visual, auditory, and
spatial stimuli may be categoric in nature, the memory code
for event durations appears to be analogic. Support for this
idea comes from recent research on pigeons’ memory for event
duration. When variable-length delay intervals (DIs) are pre-
sented following temporal samples, pigeons show an increas-
ing tendency to peck the comparison stimulus corresponding
to the short-duration sample (37,38,41). Similar results have
also been obtained when rats’ memory for durations of house
light is examined (34). This “choose-short” response bias sug-
gests that there is an isomorphism between the temporal prop-
erties of the sample and the working memory code for that
sample. That is, temporal samples appear to be represented in
working memory as the number of pulses generated by the
internal clock during presentation of the sample. The number
of pulses generated does not appear to be coded into working
memory as categoric information on some dimension other
than time (e.g., “Sample Type A vs. Sample Type B” or “Peck
Red vs. Peck Green). The analogically coded event duration
stored in working memory shortens as a function of time since
termination of the sample. The subjective shortening of the
analogically coded duration is presumably responsible for the
choose-short effect (40,47).

The systematic errors that occur when memory-for-event
durations are tested may be particularly sensitive indices for
assessing amnesic drug effects. Indirect support for this hy-
pothesis comes from studies examining the neural mechanisms
mediating resetting of the internal clock (21,23). Rats with
fimbria-fornix lesions were unable to remember the amount
of time that had elapsed before the introduction of a gap in a
signal they were timing. This suggests that working memory
for the duration of signal before a gap is disrupted by hippo-
campal lesions. Given the demonstrated importance of the
septohippocampal cholinergic system generally for delayed
matching tasks in a variety of animals (2,6,8,24,28), it is rea-
sonable to expect that an examination of cholinergic manipu-
lations on temporal working memory would be informative.
Recently, when the effect of scopolamine on pigeons’ memory
for time was examined, it was found that overall accuracy
was reduced and a significant choose-short bias was observed
under scopolamine at delays as brief as 3 s, but not under
saline (31). These results suggest that anticholinergic blockade
may accelerate the rate at which memory for temporal events
is foreshortened in working memory. However, the absence of
a choose-short bias under saline creates difficulties for this
interpretation. In addition, the form of scopolamine used had
both central and peripheral effects, so the results observed
may not have been due to the central effects of the drug.
Further research is needed to determine whether scopolamine
does accelerate subjective shortening, and whether the effect
is centrally mediated.

The purpose of the present research was to examine the
effects of scopolamine on pigeons’ and rats’ memory for time.
In Experiment 1, pigeons were trained to match short (2-s)
and long (8-s) sample durations to red and green comparison
stimuli and red and green samples to vertical and horizontal
line comparisons. This permitted an examination of drug ef-
fects on both temporal and nontemporal memory in pigeons.
Pigeons received injections of scopolamine hydrobromide
(0.02 mg/kg), scopolamine methylbromide (0.02 mg/kg), or
saline during sessions in which the DI was varied. In Experi-
ment 2, rats were trained to discriminate short (2-s) or long
(12-s) durations of house-light illumination using a similar
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choice procedure. During sessions in which the DI was varied,
rats received injections of scopolamine hydrobromide (0.15
mg/kg), scopolamine methylbromide (0.15 mg/kg), or saline.
Scopolamine methylbromide is a quaternary anticholinergic
that does not enter the CNS. It was used as a control agent to
assess whether the effect of scopolamine hydrobromide was
due to its central or peripheral nervous system effects. The
study was designed to provide data on the following issues: a)
Does central cholinergic blockade in both pigeons and rats
disrupt the accuracy of delayed temporal discriminations? b)
Does scopolamine accelerate the rate at which memory for
temporal events is foreshortened in both pigeons and rats?

EXPERIMENT 1
Method

Subjects. Eight adult male White Carneaux pigeons, main-
tained at approximately 80% of their ad lib weight and housed
individually with constant access to grit and water, served as
subjects. Fluorescent lights were illuminated ona 12 L :12 D
cycle in the colony room. All birds had extensive experience
with delayed matching tasks including memory for event dura-
tion.

Apparatus. Four Coulbourn modular operant test cages
(Model E10-10) housed individually in isolation cubicles
(Model E10-20) were used. Each cubicle was equipped with a
ventilation fan and baffled air intake and exhaust system.
Each test cage was equipped with three horizontally aligned,
clear plastic keys behind which projectors could display stim-
uli (red or green field, a white vertical, a white horizontal, or
white crossed diagonal lines on a black background, or a black
dot on a white background) onto a frosted rear projection
screen (Model E21-18; Coulbourn). Directly below the center
key was a 5.7 X 5 cm opening that provided access to a hop-
per filled with mixed grain (Model E14-10; Coulbourn). A
house light was located 6.5 cm above the center key and in-
stalled such that the light was directed upward to reflect from
the top of the cage (Model E11-01 with bulb SL1819X; Coul-
bourn). All experimental events and response measures were
arranged and recorded by a microcomputer system located in
an adjacent room.

Procedure. All birds had received extensive prior delayed-
matching training with color (red and green fields) and tempo-
ral (2- or 8-s illumination of crossed diagonal lines) samples.
Color sample stimuli were followed by line-tilt comparison
stimuli (vertical and horizontal lines), and temporal sample
stimuli were followed by color comparison stimuli (red and
green fields). The position of the comparison stimuli was
counterbalanced over trials. Each trial began with the warning
stimulus (black dot on a white background) presented on the
center key. A single peck to it resulted in presentation of one
of four sample stimuli on the center key. The color samples
were presented for 4 s, because this is an approximate estimate
of the point of subjective equality between 2- and 8-s temporal
samples for pigeons (41). Immediately following the offset of
the sample stimulus, the comparison stimuli were presented.
For all birds, a response to the red comparison was correct
following a 2-s sample, and a peck to the green comparison
was correct following an 8-s sample. For five birds, a peck to
the vertical line comparison following a red sample and a peck
to the horizontal line comparison following a green sample
was correct. For the remaining three birds, the relationship
between the color sample and the correct line comparison
stimulus was reversed. A single peck to the comparison stimuli
turned them off and, if correct, permitted 3-s access to mixed
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grain. Incorrect responses to the comparison stimuli produced
a 3-s blackout followed immediately by representation of the
same sample stimulus and comparison stimulus configuration.
A correct response on a correction trial produced 3-s access to
mixed grain, although only the choice response on the initial
(noncorrection) trial was used to calculate matching accuracy.
When necessary, supplementary feedings of Purina Pigeon
Chow occurred after the experimental sessions.

Within each block of eight trials, all combinations of the
four sample stimuli with the various comparison stimuli on
the left and right keys occurred once. The order of presenta-
tion was randomized individually for each bird. All birds re-
ceived 72 trials per session. Intertrial intervals were a constant
20 s in length. Prior to drug testing, the performance of all
birds was at 80% or better on both color and temporal sample
trials.

On each session of drug testing, the birds received one of
the following injections: 0.09% saline, 0.02 mg/kg scopol-
amine hydrobromide; or 0.02 mg/kg scopolamine methylbro-
mide. A 0.02-mg/kg dose was used because in our previous
work it has produced reliable and selective effects on working
memory (29,30,33). Larger doses disrupt both reference mem-
ory and working memory, as well as interfere with key-
pecking behavior generally. The drug was purchased from
Sigma Chemical Co. (St. Louis, MO). All injections were
made into the pectoral muscle 10 min before each test session
in a volume of 1.0 ml/kg body wt. Two different random
orders of the drug treatments were generated: One of the or-
ders was assigned to one group of four birds, and the other to
the remaining four birds. Bach of the drug treatments was
administered once before the same injection was repeated. A
total of 21 test sessions (seven saline, seven scopolamine, seven
methylscopolamine) were administered. Each drug test session
consisted of 96 trials, within which 18 trials for each sample
occurred at the 0-s delay and two trials for each sample oc-
curred at each of the other delays (1, 3, and 9 s). This distribu-
tion of delays was used so that the reference memory of dura-
tions of temporal samples and their associations with the
comparison stimuli established during 0-s delay training would
remain relatively stable during testing (41). There was no illu-
mination in the test chamber during the delay intervals. All
other parameters were the same as those described previously,
but without a correction procedure.

Results and Discussion

Figure 1 shows the mean percentage correct matching per-
formance during drug testing sessions at the four delay inter-
vals for both temporal and color samples. Overall accuracy
was significantly lower with scopolamine (66.1%) than with
either saline (76.5%) or methylscopolamine (77.0%) [F(2, 14)
= 26.40, p < 0.01}, and it declined with increases in delay
interval [F(3, 21) = 56.38, p < 0.01]. Accuracy was also sig-
nificantly higher on trials with color samples (77.7%) than on
trials with temporal samples (69.1%) [F(1, 7) = 11.27, p <
0.05]. The analysis also revealed significant interactions of
drugs by delay interval [F(6, 42) = 3.53, p < 0.05] and sam-
ple dimension by delay interval [F(3, 21) = 3.48, p < 0.05).
There was a significant effect of drug treatments at all de-
lays [F(2, 14) = 25.92, 16.67, and 9.40, except at the 9-s
delay, F(2, 14) = 2.10, where the birds performed poorly
under all conditions]. Similarly, accuracy was significantly
higher on color-sample trials than on temporal-sample trials
at all delays [each (1, 7) = 58.91, 8.02, and 16.42, except at
the 9-s delay, F(1, 7) < 1]. Scopolamine appears to disrupt
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FIG. 1. Mean percent of correct matching responses of pigeons as a
function of saline, scopolamine (0.02 mg/kg), or methylscopolamine
(0.02 mg/kg) on temporal and color sample trials during testing at
delays of 0, 1, 3, and 9s.

both temporal and nontemporal delayed discriminations
equivalently in pigeons. This effect is due to central choliner-
gic blockade and not the peripheral effects of scopolamine,
because retention functions under scopolamine methylbro-
mide and saline were equivalent.

The effects of scopolamine on temporal memory were ex-
amined in more detail by including sample duration (short or
long) as a factor. These data are displayed in Fig. 2. Overall
accuracy was significantly lower with scopolamine (60.8%)
than with either saline (73.9%) or methylscopolamine (72.6%)
[F(2, 14) = 22.31, p < 0.01], and it declined with increases
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FIG. 2. Mean percent of correct matching responses of pigeons as a
function of saline, scopolamine (0.02 mg/kg), or methylscopolamine
(0.02 mg/kg) on short and long sample trials during testing at delays
of0,1,3,and 9s.
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in delay interval [F(3, 21) = 40.32, p < 0.01]. The analysis
also revealed a significant drug X delay interval interaction
[F(6, 42) = 3.28, p < 0.05]. The effect of drug treatments
was significant at the 0-s and 1-s delays [F(2, 14) = 65.65 and
6.71] but not at the 3-s and 9-s delays [F(2, 14) = 2.7§ and
3.23]. For scopolamine sessions, accuracy on short-sample tri-
als appeared to be greater than on long-sample trials. How-
ever, neither the effect of sample duration nor any interactions
involving sample duration were statistically significant. The
overall pattern of these results are similar to those previously
reported by Santi and Bridson (31) in that there was a trend
for a choose-short effect to occur under scopolamine but no
evidence of such an effect under saline. The replicable absence
of a choose-short effect under saline is somewhat surprising
because it is normally quite robust (11,12,37-41,47). Numer-
ous studies indicate that choose-short effects appear to result
from the subjective shortening of an analogic code (12,40,41,
47); however, the failure to observe a statistically significant
choose-short effect under scopolamine in the present research
is inconsistent with the hypothesis that scopolamine acceler-
ates the rate at which event durations are subjectively short-
ened in working memory.

EXPERIMENT 2

Method

Subjects. Eight male Sprague-Dawley rats maintained at
approximately 80% of their ad lib weights served as subjects.
They were housed in individual stainless-steel cages in a room
maintained on a 12 L : 12 D schedule. The rats had free access
to water at all times in the colony room. All rats had previous
experience with the current DMTS task in which ITI and DI
manipulations had been investigated. Five had also served, 3
mo previously, in a study examining the effects of amphet-
amine on temporal memory.

Apparatus. Four Coulbourn modular operant test cages
(Model E10-10) housed individually in isolation cubicles
(Model E10-20) were used. The cubicles were equipped with a
ventilation fan and baffled air intake exhaust systems. Each
test cage was equipped with a 45-mg pellet feeder (Model E14-
06), which was mounted in the centre of the front wall. Two
retractable levers (Model E23-07) were mounted 2.5 cm above
the grid floor on either side of the pellet feeder. A 7.5-W
opaque white jewel lamp was mounted directly above each
retractable lever. A house light was located 6.5 cm above the
pellet feeder and installed such that the light was directed
upward to reflect from the top of the cage (Model E11-01
with bulb SL1819X; Coulbourn). All experimental events and
response measures were controlled by a microcomputer lo-
cated in an adjacent room.

Procedure. All rats had been previously trained in a DMTS
procedure to discriminate short (2-s) and long (12 s) durations
of house-light illumination. Each trial was initiated by onset
of the house light for 2 or 12 s. Termination of the sample was
followed by a 2-s period during which the cue light above
either the left or right lever was illuminated before entry of the
levers into the chamber. This will be referred to as a 0-s delay
condition, because the onset of the cue light immediately after
sample termination provided the rat with information con-
cerning the correct spatial location to respond to once the
levers were inserted. Within each block of four trials, all com-
binations of the two sample durations with the two test condi-
tions (i.e., cued left~uncued right, or uncued left-cued right)
occurred once. The order of presentation was randomized in-
dividually for each rat. For three rats, responding on the cued
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lever was correct after the 2-s signal and responding on the
uncued lever was incorrect; following a 12-s signal, the uncued
lever was correct and the cued lever was incorrect. These con-
tingencies between event duration and correct lever were re-
versed for the remaining five rats. A response to the correct
lever turned off the cue light, retracted both levers, and re-
sulted in delivery of a food pellet. Pellet delivery produced an
audible click, and the light in the magazine was illuminated
for 0.5 s. A response to the incorrect lever turned off the cue
light and retracted both levers. A correction procedure was
used throughout training. Following an incorrect response, a
5-s delay period occurred; this was followed immediately by
representation of the same sample duration and the same
cued-uncued-lever configuration. A correct response on a cor-
rection trial turned off the cue light, retracted both levers, and
resulted in delivery of a food pellet. Only the choice response
on the initial (noncorrection) trial was used to calculate match-
ing accuracy. Following delivery of the reinforcer, an intertrial
interval of 25-s was spent in darkness. All rats received 72
trials per session. Prior to drug testing, the performance of all
rats was 80% or better.

During each session of drug testing, the rats received one
of the following injections: 0.15 mg/kg scopolamine hydro-
bromide; 0.15 mg/kg scopolamine methylbromide; or 0.09%
saline. Although this dose is higher than that typically used
with pigeons, it was selected on the basis of previous scopol-
amine studies on memory in rats. This dose is a relatively
low dose of scopolamine for rats that does not produce gross
sensorimotor disturbance or loss of motivation (25). The drug
was purchased from Sigma Chemical Co. (St. Louis, MO).
Twenty minutes before each test session, each rat was given an
IP injection in a volume of 1.0 ml/kg body wt. Two different
random orders of the drug treatments were generated. Four
rats received one order; those remaining received the other
order. Each of the drug treatments was administered once
before the same injection was repeated. A total of 15 test
sessions (five saline, five scopolamine, and five methylscopol-
amine) was administered. Each drug test session consisted of
two blocks of 36 trials. Within each block of 36 trials, there
were 12 short and 12 long samples tested at the 0-s delay and
two short and two long sample durations tested at each delay
of 1, 3, and 9 s. This distribution of delays was used so that
the reference memory of the sample durations and their asso-
ciations with the correct comparison response established dur-
ing 0-s delay training would remain relatively stable during
testing (41). The delay intervals represented periods of dark-
ness between sample termination and onset of the cue light for
2 s before lever entry. All other parameters were the same as
in the training sessions, but without a correction procedure.

RESULTS AND DISCUSSION

Figure 3 presents the mean percentage of correct matching
responses obtained during drug testing sessions. Overall accu-
racy was significantly lower with scopolamine (60.0%) than
with either saline (64.0%) or methylscopolamine (67.8%)
[F(2, 14) = 6.06, p < 0.01], and it declined with increases in
delay interval [F(3, 21) = 71.18, p < 0.01]. The analysis also
revealed a significant drug x delay interval interaction [F(6,
42) = 2.48, p < 0.05]. The effect of drug treatments was sig-
nificant at the 0- and 1-s delays [each F(2, 14) = 6.07 and
5.22], but not at the 3- and 9-s delays [each F(2, 14) = 2.66
and 1.05]. At the 0-s delay, scopolamine reduced accuracy
significantly compared to both saline and methylscopolamine.
At the 1-s delay, accuracy under saline and methylscopol-
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FIG. 3. Mean percent of correct matching responses of rats as a
function of saline, scopolamine (0.15 mg/kg), or methylscopolamine
(0.15 mg/kg) on short and long sample trials during testing at delays
of 0, 1,3,and 9s.

amine was again equivalent, but scopolamine significantly re-
duced accuracy only with respect to methylscopolamine. At
the longer delays, the rats performed poorly under all condi-
tions. Neither the effect of sample duration nor any interac-
tions involving sample duration were statistically significant.
The absence of a choose-short effect under saline was unex-
pected because we have observed these effects in both rats and
pigeons in studies not involving scopolamine (5,32,34).

GENERAL DISCUSSION

The present findings are consistent with the previously
reported disruptive effects of scopolamine on matching of
nontemporal events, in that disruption occurred at even the
shortest delay interval (6,10,14-18,29,30,33,35,36,43,45). In
addition to affecting nontemporal delayed discriminations,
the present results indicate that scopolamine disrupts temporal
delayed discriminations in a similar fashion in both rats and
pigeons. The drug x delay interval interaction that was ob-
served in both studies occurred because scopolamine disrupted
accuracy at the short delays (0 and 1 s), but not at the longer
delays (3 and 9 5). The longer delay intervals reduced accuracy
in the control conditions sufficiently to prevent a disruptive
effect of scopolamine from being detected. Consequently, the
nature of the drug X delay interaction is not consistent with
the hypothesis that scopolamine accelerates the rate of forget-
ting. The results indicate a generalized disruption of perfor-
mance in which poor performance at the long delays prevented
a drug effect from being detected. In both species, the effect
is due to central cholinergic blockade and not the peripheral
effects of scopolamine, because retention functions under sco-
polamine methylbromide and saline were equivalent.

Ennaceur and Meliani (9) found that low doses of scopol-
amine (0.25 and 0.50 mg/kg) disrupted radial-maze learning
but not object recognition memory in rats. They concluded
that this result was consistent with the finding that working
memory tests based on nonspatial information were less sensi-
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tive to scopolamine effects. However, their conclusion may be
premature. The present results indicate that the same low
doses of scopolamine that disrupt radial-maze learning in rats
can also disrupt working memory tests based on temporal
information.

The data obtained in the present research support the hy-
pothesis that manipulation of the neurotransmitter acetylcho-
line affects behavior in tasks requiring memory processes not
only in mammalian species, but in an avian species as well.
Although previous research with a variety of species has indi-
cated that tasks requiring working memory rather than refer-
ence memory are more susceptible to the effects of anticholin-
ergics (1,3,19,27,29,30,33,46,48), it has been difficult to
isolate the specific cognitive processes affected. Many reasons
could account for this; however, the present research at-
tempted to determine whether the nature of the code stored
in working memory is a factor in the sensitivity of delayed
discrimination performance to anticholinergic effects. Behav-
ioral research has supported the hypothesis that the working
memory code for event durations is analogic rather than cate-
goric (12,40,47), and that this analogic code is subject to fore-
shortening (41). Contrary to our previous finding (31), the
present results do not support the hypothesis that anticholin-
ergic blockade accelerates the rate at which memory for tem-
poral events is foreshortened in working memory. If it did
accelerate the rate at which memory for temporal events is
foreshortened, we should have observed significantly larger
choose-short effects under scopolamine than under saline, and
these effects should have occurred at shorter delay intervals
with scopolamine than with saline. Although we have not been
able to replicate the finding of a choose-short effect under
scopolamine, we have repeatedly found that the choose-short
effect does not occur under saline conditions when scopol-
amine is being concurrently tested.

The reliability of the choose-short effect has been well es-
tablished by the results of many different studies, but it has
also been shown that the effect is strongly affected by proce-
dural variables, such as the ITI and DI durations (41), the ITI
and DI values used during training relative to those in testing
(38,39), and the specific type of DMTS procedure used
(5,11,12,32). The procedural variables used in the present re-
search were consistent with those known normally to result in
the choose-short effect. The absence of a choose-short effect
in saline sessions is apparently due to the intervening sessions
in which scopolamine was administered. In other research
conducted in our laboratory with both rats and pigeons, we
found a choose-short effect under saline when the drug admin-
istered in other sessions was amphetamine. In the amphet-
amine studies, the injections of saline and amphetamine were
either blocked or alternated regularly. In our scopolamine
studies, the injections of saline and scopolamine were random-
ized. Consequently, further research is need to determine
whether the absence of a choose-short effect under saline is
due to the nature of the neurochemical system being manipu-
lated on drug sessions or to the predictability of saline and
drug sessions.

Comparison of the present effects of scopolamine on tem-
poral discriminations in pigeons and rats with those effects
reported for d-amphetamine (26,42) and tetrahydrocannab-
inol (4) is complicated because of several differences in proce-
dure. However, in both rats (26) and pigeons (4,42) at a 0-s
delay, drugs such as d-amphetamine and tetrahydrocanna-
binol produced significant choose-short biases particularly as
the doses of these drugs were increased. Unfortunately, in
these studies the delay interval was not manipulated; there-
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fore, we cannot determine whether a choose-short effect
would have been observed under saline. Nevertheless, there is
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discriminations in both rats and pigeons is disrupted even at a
0-s delay by drugs such as scopolamine, amphetamine, and

now considerable evidence that the accuracy of temporal tetrahydrocannabinol.
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