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MATTINGLY, B. A. Scopolamine disrupts leverpress shock escape learning in rats. PHARMACOL BIOCHEM BEHAV
24(6) 1635-1638, 1986.—Five groups of rats were tested on a discrete-trial leverpress shock escape task 30 min following an
intraperitoneal injection of either O (saline), 0.2, 1.0, or 5.0 mg/kg scopolamine hydrobromide, or 5.0 mg/kg
methylscopolamine hydrobromide. The results indicated that scopolamine, but not methylscopolamine, disrupted escape
performance and this disruption was dose-related. These findings are consistent with both disinhibition and reduced
freezing explanations of anticholinergic effects and support the view that reduced acetylcholine is involved in the behav-
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ioral effects of septal lesions.
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SEPTAL lesions differentially affect the performance of rats
in a variety of aversive learning situations (see [6, 8, 14] for
reviews). Many studies, for example, have demonstrated
that septally-lesioned animals are deficient in passive
avoidance learning [11]. Likewise, septal lesions severely
disrupt the performance of rats in leverpress shock escape
tasks [13]. In contrast, septal lesions facilitate the acquisition
of 2-way active avoidance and rats with septal lesions per-
form more efficiently than normal rats on Sidman avoidance
tasks {19]. While several explanations have been proposed to
explain these apparently discrepant results [6, 11, 14], the
most parsimonious explanation appears to be that septal le-
sions reduce freezing responses in aversive situations [4,16].
Following septal lesions there is a significant reduction in
the level of several forebrain neurotransmitters (see [12,27]).
Recently it has been suggested that the behavioral changes
observed in aversive learning tasks following septal damage
are a consequence of the lesion-induced reduction of brain
serotonin [25-26]. Supporting evidence for this view is as
follows: (a) Animals treated with para-chlorophenylalanine
(PCPA), a compound which inhibits the synthesis of seroto-
nin and thereby depletes brain serotonin, are similar to
septally-lesioned rats in some aversive learning tasks. For
example, PCPA-treated rats, like septal-lesioned rats, are
deficient in passive avoidance but are superior to normal rats
in active avoidance [23]; and (b) the facilitation of active
avoidance learning following septal lesions is reversed by the
administration of S-hydroxytryptophan (5-HTP), a com-
pound which increases brain serotonin levels [26].
Although serotonin does seem to be involved in the septal
lesion-induced changes in avoidance learning, recent exper-
iments in our laboratory indicate that a reduction in brain
serotonin cannot explain all the behavioral effects of septal
lesions in aversive learning situations. As examples, we have
found that rats treated with PCPA are less active than normal
rats during an aversive conditioned stimulus (CS) [15],
whereas septally-lesioned rats are more active than normal
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rats during an aversive CS [16]. Further, although septally-
lesioned rats are deficient in leverpress shock escape learn-
ing [13], rats treated with PCPA learn to escape shock as
quickly as control rats [17]. Moreover, the deficient shock
escape performance of rats with septal lesions is not im-
proved by the administration of 5-hydroxytryptophan [17]. It
is evident from these results, therefore, that the reduction of
brain serotonin consequent to septal damage is not solely
responsible for all of the observed lesion-induced behavioral
changes in aversive learning tasks.

Besides serotonin, septal lesions produce a reduction in
the levels of other neurotransmitters. Indeed, acetylcholine
levels are significantly reduced following septal lesions [22,
24, 27], and many similarities have been reported between
the behavioral effects of septal lesions and cholinergic
blockade (see [2-3] for reviews). Moreover, in some
nonaversive situations a pharmacological dissociation has
been demonstrated in the behavioral effects of septal lesions.
For example, septal lesions have been reported to disrupt the
habituation of both exploratory and startle responses,
whereas cholinergic blockade via scopolamine, disrupts the
habituation of exploratory, but not startle, responses [29]. In
contrast, depletion of brain serotonin via para-
chlorophenylalanine, disrupts the habituation of startle, but
not exploratory, responses {7]. Since septal lesions result in
reductions of both acetylcholine and serotonin, these
habituation findings suggest that the various behavioral ef-
fects of this lesion may be related to one or the other neuro-
chemical change.

As mentioned, septal lesions produce a significant dis-
ruption in leverpress shock escape performance [13], but the
performance of rats on this task is not affected by manipula-
tions of brain serotonin levels. The purpose of the present
study, therefore, was to determine whether the performance
of rats on this task would be affected by a drug-induced
interference with central cholinergic functioning. Conse-
quently, groups of rats were injected with either saline (con-
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trol) or the central cholinergic antagonist, scopolamine (0.2,
1.0, or 5.0 mg/kg) and then tested on a leverpress shock
escape task. In addition, another group of rats was injected
with 5.0 mg/kg of methylscopolamine, a peripheral choliner-
gic antagonist, prior to testing to control for peripheral ef-
fects of scopolamine. If reduced brain acetylcholine is re-
sponsible for the behavioral effects of septal lesions on this
task, then rats treated with scopolamine, like septally
lesioned rats, should be deficient in shock escape learning
and should show other behavioral characteristics of rats with
septal lesions.

METHOD
Subjects

Fifty male Wistar albino rats were experimentally naive
and approximately 90 days old on the day of testing. All rats
were housed individually and maintained on ad lib food and
water. A 12 hour light-dark cycle was held constant through-
out the experiment.

Apparatus

Behavioral testing was conducted in two Grason-Stadler
operant conditioning chambers (Model IIII) housed individ-
ually in sound attenuated research chests. These chambers
had grid floors, and a house light (GE 1820) and response
lever mounted on one wall. Grason-Stadler constant current
shock generators (Model 700) equipped with grid scramblers
were used to deliver footshock.

Design and Procedure

Prior to the initiation of testing, the rats were randomly
assigned, in equal numbers, to five drug condition groups.
Three groups were injected intraperitoneally (IP) with doses
of 0.2, 1.0, or 5.0 mg/kg of scopolamine hydrobromide. One
group was injected with saline, and the final group was in-
jected IP with a 5.0 mg/kg dose of methylscopolamine hy-
drobromide. All injections were given 30 min before the
shock escape training session. All doses were calculated as
the active base of the drug and dissolved in isotonic saline
just prior to administration. Also, all doses were adminis-
tered in a volume of 1 mi/kg and treatment conditions were
coded so that group assignments were unknown to the exper-
imenter during injection and testing procedures. Following
the injection all rats were returned to their home cage.

Shock escape training was initiated 30 minutes following
the drug injection. In the test session, the rat was placed into
one of the chambers and 90 sec later a 1.0 mA footshock was
delivered to the grid floor. This shock continued for 1 min or
until the rat pressed the lever. The shock trials were sepa-
rated by 90 sec intervals and the test session consisted of 60
discrete shock escape trials. During the test session, re-
sponse latencies to the nearest 0.001 sec were recorded.
These response latencies were converted to speed scores by
adding the integer one to each latency (in sec) and then tak-
ing the reciprocal (i.e., 1/(latency + 1)). This transformation
prevents very short or very long latencies scores from mak-
ing a disproportionate contribution to the mean performance
scores. The possible range of transformed scores is from
zero to one, with larger numerical scores representing faster
speeds [21]. Besides response latencies, the total number of
leverpresses (Barpresses) and the total amount of time the
lever was depressed (Bartime) during the session was also
recorded.
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FIG. 1. Mean speed scores (1/(latency +1)) for the five groups
across blocks of 10 escape trials.

RESULTS

Figure 1 presents the mean speed scores for the groups
across 6 blocks of 10 shock escape trials. As may be seen in
Fig. 1, all groups displayed an increase in speed scores
across blocks, but the saline and methylscopolamine groups
responded more quickly than the scopolamine-injected
groups. An analysis of variance performed in these data re-
vealed a significant effect of blocks, F(5,225)=37.86,
p<0.001, and a significant drug treatment effect,
F(4,45)=4.71, p<0.01. A Neuman-Keuls post hoc analysis
performed on the significant drug effect indicated that the
saline-injected rats responded faster than the 0.2, 1.0, and
5.0 mg/kg scopolamine-injected rats, p<0.05 in each case.
Further, the methylscopolamine-injected rats responded
significantly faster than the 1.0 and 5.0 mg/kg scopolamine
injected rats, p<0.05 in each case. However, the saline
group did not significantly differ from the
methylscopolamine group in speed of responding, p>>0.05.

Table 1 presents the mean barpresses, bartime, and bar-
time per barpress for the five drug groups. An analysis of
variance performed on each of these measures revealed a
significant drug effect: barpresses, F(4,45)=3.79, p<0.01;
bartime, F(4,45)=12.35, p<0.0001; and bartime per barpress
(BTBP), F(4,45)=10.85, p<0.0001. As may be seen in Table
1, the number of barpresses and amount of bartime was
markedly decreased by scopolamine. More important, the
decrease in bartime was not simply a function of decreased
barpressing. Indeed, the saline-treated rats held the lever
down an average of 7.0 sec for each barpress, whereas the
rats injected with 5.0 mg/kg of scopolamine averaged less
than 0.3 sec of bartime per barpress.

DISCUSSION

It is evident from these results that scopolamine disrupts
leverpress shock escape performance of rats in a dose-
related fashion. In contrast, the escape performance of rats
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TABLE 1

SUMMARY OF MEAN BARPRESSES, BARTIME AND BARTIME/
BARPRESS (BT/BP) FOR THE FIVE DRUG GROUPS

Drug Barpress Bartime BT/BP
Saline 191.24 1258.22 7.04
Methylscop 111.28 527.38 4,94
Scop 0.2 mg/kg 128.78 95.7¢ 0.58
Scop 1.0 mg/kg 124.6 46.4¢D 0.38
Scop 5.0 mg/kg 100.63 27.1° 0.38

Means with different letter superscripts are significantly different
as determined by Neuman-Keuls tests, p<0.05.

treated with methylscopolamine was not significantly differ-
ent from that of the saline-control rats. Thus, the disruption
in escape learning produced by scopolamine would appear to
be due primarily to the central, rather than peripheral, ef-
fects of the drug.

Previous studies of leverpress shock escape learning
(e.g., [13,17]), have shown that ‘‘normal’’ rats learn to es-
cape shock quickly by staying near the lever and holding it
down during the intertrial intervals. Consequently, escape
speed is usually directly related to the amount of time the
lever is depressed (bartime). Rats with septal lesions, how-
ever, have difficulty remaining near the lever during the in-
tertrial intervals, and therefore, display very little bartime
and much slower escape latencies than do normal rats. This
pattern of slow escape responding and decreased bartime in
rats with septal lesions is, of course, very similar to that
observed in the present study with scopolamine-injected
rats. Since septal lesions produce a significant reduction in
acetylcholine activity, the results of the present study are
consistent with the view that reduced brain acetylcholine
may be responsible for the lesion-induced retardation of
leverpress shock escape performance.

The reduced bartime and slow escape responding in rats
with septal lesions and scopolamine-treated rats may be
consistent with several explanations of cholinergic and sep-
tal function. However, two particular hypotheses seem most
relevant. The first view suggests that a septal-hippocampal
cholinergic system mediates response inhibition (e.g.,
[9,10]). According to this view, septal and scopolamine-
treated rats are deficient in their ability to withhold or inhibit
competing responses. Thus, in a leverpress shock escape
task both groups of rats, unlike normal rats, are unable to
inhibit competing exploratory responses during the intertrial
intervals and therefore, do not remain near the lever during
the intertrial intervals. Thus, these rats display little bartime
and little improvement in escape speed. A similar, but more
limited, explanation of these findings suggests that septal
lesions and scopolamine treatments simply reduce the tend-
ency of rats to freeze in aversive or fear producing situations
(e.g., [1, 16, 18]). Freezing responses, as well as flight re-
sponses in aversive situations are considered to be
“*species-specific defense reactions’” (SSDRs). Bolles [5] has
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stated that avoidance and escape responses are acquired by
the elimination or suppression of ineffective SSDRs. On
active avoidance tasks, for example, the freezing response
must be suppressed before optimal performance is obtained.
Conversely, in passive avoidance tasks, freezing responses
lead to effective performance, whereas the flight reaction
must be suppressed. Similarly, in a leverpress shock escape
task, a tendency to freeze on the lever during the intertrial
interval would facilitate the escape response. According to
this view, then, the disruption of leverpress shock escape
performance in rats with septal lesions and those treated
with scopolamine is related to a reduced tendency to freeze
in aversive situations.

It should be noted that while the present results are con-
sistent with inhibition and freezing explanations of choliner-
gic function, other more recent theories of cholinergic func-
tioning which emphasize the role of acetylcholine in acquisi-
tion and retention processes, particularly with regard to spa-
tial navigation (see [20,28] for review), cannot be excluded.
Unfortunately, leverpress shock escape tasks, like many
simple tasks used in psychopharmacological research, can-
not differentiate among inhibitory, memory, or discrimina-
tion processes when used alone (see [30]). Consequently, it
cannot be concluded from such tests that cholinergic
antagonists affect only inhibitory or freezing processes.
Likewise, it is of course possible that the deficient shock
escape performance of the scopolamine-treated rats may
have been related to a direct effect on sensory or motor
systems independent of higher level cognitively inferred
processes. For example, scopolamine has been reported to
increase both shock sensitivity and locomotor activity (see
[3]D). Either of these two reported effects of scopolamine
could be involved in the scopolamine-induced disruption of
leverpress shock escape performance. Para-chlorophenyl-
alanine, however, has also been reported to increase shock
sensitivity and locomotor activity (see [23,25]), but this drug
does not disrupt the shock escape performance of rats [17].
Hence, drug-induced changes in shock sensitivity and/or lo-
comotor activity alone would not appear to account for the
disruption in shock escape performance.

Regardless of the behavioral mechanisms responsible for
the present findings, the similarity between the effects of
scopolamine treatments and septal lesions on shock escape
performance does support the view that a lesion-induced re-
duction in brain acetylcholine may be responsible for some
of the behavioral effects of septal lesions. It should be noted,
however, that septal lesions and anticholinergics do not al-
ways have the same behavioral effects [2], and conse-
quently, reduced brain acetylcholine probably plays an im-
portant, but not an exclusive, role in determining the effects
of septal damage.
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