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ANISMAN, H. Differential effects of scopolamine and d-amphetamine on avoidance: strain interactions. PHARMAC.
BIOCHEM. BEHAV. 3(5) 809-817, 1975. — In a discriminated Y-maze avoidance task it was observed that mice of
the A/J strain were superior to mice of the DBA/2J strain, which in turn made more avoidance responses than
C57BL/6] mice. Moreover, the A strain was also observed to acquire a discrimination problem more readily than either
of the other strains. Administration of scopolamine enhanced active avoidance performance in A, but not DBA/2 or
CS7BL/6 mice. D-Amphetamine improved performance in both A and DBA/2 mice but had negligible effects on the
performance of the C57BL/6 strain. Neither drug affected discrimination performance irrespective of strain. In an
inhibitory avoidance task the C57BL/6 strain was found to perform more poorly than the A strain which was inferior
to DBA/2 mice. Scopolamine disrupted performance in all three strains, while d-amphetamine was found to disrupt the
performance of the A and DBA/2 strains only. The results were interpreted in terms of the role of associative and
nonassociative effects of shock in modulating avoidance behavior.
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IT is now well documented that in addition to associative
factors, the nonassociative effects of shock (i.e. freezing
behavior) play a major role in determining the rate at which
an avoidance response is acquired [11,17]. In the typical
active avoidance situation it is difficult to determine how
much of the variance due to a particular treatment is
attributable to associative factors, and how much to
nonassociative factors, since they are not divorced from
each other in most investigations. This factor has proven to
be a particularly burdensome one in the investigation of
strain differences in avoidance perfromance (e.g., [25, 31,
38, 39, 40]). Strains may differ in the rate at which the
response-shock contingencies are learned (i.e., knowing
where and when to respond), but in addition, they might
also differ in their ability to initiate the response. Thus,
even if one particular strain readily learns about those cues
signalling safety and those signalling danger, the inability to
initiate a2 locomotor response may effectively limit the rate
of acquisition of an avoidance response. Indeed, it has been
demonstrated that the rate at which an active avoidance
response is acquired is inversely related to the strength of
the freezing response produced by shock, and directly
related to the rate at which an effective running response
can be established [7, 10, 13].

Recently, considerable emphasis has been placed on the
role neurochemical changes may play in modifying avoid-
ance behaviors. For example, several experiments have
shown that administration of anticholinergic (antimusca-
rinic) agents such as scopolamine [6, 13, 14, 24, 30], or
noradrenergic-dopaminergic stimulants such as ampheta-
mine [9, 13, 14, 18, 28] can modify the acquisition of
avoidance responses. Presumably, the facilitative effects are
due to nonassociative (response-enhancing or disinhibitory)
effects of these agents. It follows that if strain differences
in avoidance were primarily a product of response inhibi-
tory factors, then pharmacological manipulations could
possibly equate the performance of these strains. The
present series of experiments were designed primarily to
test such a prediction. In addition to the pharmacological
manipulations, the strain and drug treatmenta were system-
atically examined in different avoidance tasks. The proce-
dure was employed to divorce further the differences in
performance attributable to associative factors and those
pertaining to the nonassociative effects of shock. More
explicitly, mice were tested in either an inhibitory avoid-
ance task or a discriminative Y-maze avoidance task. Thus it
could be ascertained whether strain and drug differences
were specific to response initiating factors (i.e., enhancing
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active responding but disrupting inhibitory avoidance), or
whether the vartables in question dealt with general
cognitive processes (i.e., do the treatments enhance perfor-
mance irrespective of the response requisite).

A second purpose of the present investigation was to
examine the similarity of scopolamine and d-amphetamine
in terms of the response biases elicited by these agents.
Specifically, it has been postulated that since anticholin-
ergic and noradrenergic agents have similar behavior effects
and may also act synergistically [19, 20, 27, 35], the
adrenergic and cholinergic systems might act in synchrony
[21,22]. That is, increasing the action of one system would
essentially have behavioral consequences comparable to
that of reducing the action in the other system. It follows
from such an hypothesis that noradrenergic stimulation via
d-amphetamine [26] should affect avoidance behavior, in
both active and inhibitory tasks, in a manner comparable to
that observed with cholinergic blockade. Differential effects
of the drugs among the various strains would suggest that
scopolamine and d-amphetamine create basically different
response biases.

EXPERIMENTS 1 AND 2

In Experiments 1 and 2 mice of three strains differing in
levels of avoidance performance were tested in a discrimi-
nated Y-maze avoidance task following injection of scopol-
amine or d-amphetamine, in order to determine whether
cholinergic blockade or increased catecholamine activity
would equate the performance in these strains. A Y-maze
avoidance task was employed since this technique has been
found useful in divorcing associative and nonassociative
factors [13]. Specifically, through the use of a Y-maze, a
measure cannot only be obtained for avoidance perfor-
mance (measured by correct avoidance responding), and
activity to some extent (as measured by incorrect respond-
ing and incomplete responses), but also of discrimination
learning ability (i.e., the frequency with which animals
initially enter the correct arm of the Y-maze irrespective of
whether the response is an avoidance or an escape). In other
words, a measure can be obtained not only of whether
animals know when to go or are capable of initiating a go
response, but whether a particular treatment improves the
animals ability to decide where to go. Accordingly, if a
particular treatment improves avoidance performance with-
out altering discrimination learning, it is unlikely that the
change in avoidance behavior is due to changes in learning
ability, but rather the treatment may be acting selectively
on response modulating systems. Conversely, if both
avoidance learning and discrimination ability are altered,
the treatment may, in fact, have altered associative pro-
cesses (e.g., memory, acquisition processes, attention).

METHOD

Animals

Experiments 1 and 2 each employed 20 female and 20
male mice of each of three inbred strains (A/J, DBA/2J and
C57BL/6J). Mice were derived from brother X sister
matings in our laboratories from stock originally procured
from the Jackson Laboratory, Bar Harbor, Maine. Animals
were separated by sex and strain and housed 3 to 5 per
cage. Mice were permitted ad lib access to food and water
for the duration of the experiment. Animals were tested
when they were 70—90 days of age, and weighed between
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19-26 g All testing was carried out during the light
portion of a 12 hr on — 12 hr off light cycle.

Apparatus

The apparatus consisted of a symmetrical black Plexiglas
Y-maze with three arms 9.0 X 6.0 X 7.0 cm. Each arm was
separated by a guillotine-like gate which dropped through
the grid floor, thus permitting access to that arm. Each
compartment could serve as a goal or as a start area.
Located on the end wall of each compartment was a 6 W
lamp covered by an opaque plastic halter. The floor of the
apparatus consisted of 0.25 cm stainless steel rods spaced
1.0 cm apart (center to center), and suspended by Plexiglas
strips mounted on the side walls of each arm. Footshock of
300 uA was delivered through the grid floor via a high
voltage-high resistance source, providing relatively constant
current. The grid floor was wired through a diode bridge
connecting every fourth bar, thereby decreasing the proba-
bility of the animal finding two bars of the same polarity.
The maze was housed in a darkened room and programmed
through standard relay switching, timers and circuitry.

Procedure

Two independent experiments were carried out, each
consisting of a 3 (Strains) X 4 (Drug Treatments) factorial
design. Mice of each strain (N = 5 male and 5 female/cell)
received intraperitoneal (IP) injection of either scopolamine
hydrobromide (Experiment 1), d-amphetamine sulfate
(Experiment 2), or saline. Drugs were administered in
dosages of 1, 2 or 3 mg/kg in a 0.5 mg/ml solution of
bacteriostatic water. Physiological saline was administered
in a volume of 1 mi/kg. Ten minutes after injection the
mice were placed individually in one start section of the
Y-maze. Thirty seconds after placement in the Y-maze, the
gate in each arm was dropped through the grid floor, and
one compartment of the maze was illuminated. If the
mouse did not leave the start chamber and enter the
illuminated compartment within 10 sec, foot-shock was
delivered until an escape response was made, whereupon
the CS was terminated and the gates were raised. If the
animal entered the illuminated goal compartment within 10
sec, the CS was terminated, the gates were raised and the
shock was withheld. Entry into the non-illuminated arm at
any time was punished by electric shock; the mouse was
permitted to escape the compartment. Safe and dangerous
compartments were randomly alternated on a predeter-
mined quasi-random schedule. Animals received 60 training
trials at 30 sec intervals between trials. Responding was
categorized as (a) avoidances — entering the illuminated
compartment within 10 sec of CS onset, (b) correct
discriminations — where the initial response, whether
avoidance or escape, was to enter the illuminated arm, (c)
incorrect avoidances — entering the non-illuminated arm
within 10 sec of CS onset, and (d) incomplete response -
stepping into the triangular choice area without entering
either choice arm of the Y-maze prior to shock onset.

RESULTS AND DISCUSSION
Scopolamine

The mean correct avoidance responses as a function of
Strain and Scopolamine Treatment are depicited in Fig. 1.
An analysis of variance of the avoidance scores yeilded
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significant main effects for Strains, F(2,108) = 31.22,
p<0.01, and Drug Treatment, F(3,108) = 3.59, p< 0.01.
Newman-Keuls multiple comparisons between the means
involved in these main effects revealed that (a) mice of the
A strain performed better than DBA/2 mice, which in turn
demonstrated avoidance performance superior to that of
C57BL/6 mice, and (b) relative to the saline treatment,
administration of scopolamine enhanced avoidance perfor-
mance. Although the Strain X Drug Treatment interaction
did not approach statistical significance, F(6,108) = 1.71,
p>0.05, Newman-Keuls multiple comparisons (¢ = 0.05)
were carried out since an g priori prediction had been made
concerning this interaction [41]. These comparisons reveal-
ed (see Fig. 1) that scopolamine at each of the dosages used
enhanced performance in the A strain but had negligible
effects among both DBA/2 and C57BL/6 mice.

The data for incorrect avoidance responses were very
similar to those of correct avoidance responses. The analysis
of variance yielded a significant Strain X Drug Treatment
interaction, F(6,108 = 2.19, p < 0.05, which was due to
scopolamine increasing the frequency of incorrect avoid-
ance responses in the A strain without substantially altering
the performance of DBA/2 and C57BL/6 mice (see Table
1). In the saline condition both A and DBA/2 mice made
more incorrect responses than did C57BL/6 mice, while the
difference between the former strains was not statistically
significant. It would appear that the higher rate of correct
avoidance responses among A mice given scopolamine
might be due to the greater probability of these animals
initiating a running response. That is, following administra-
tion of scopolamine animals of the A strain are more likely
to initiate a running response, and simply by chance
demonstrate a greater frequency of incorrect avoidance
responses. The supposition regarding the relationship
between correct and incorrect avoidances is also supported
by the finding that in 9 of 12 instances the Pearson product
correlations between these two variables were statistically
significant (correlations ranged from .21 to .95; X correla-
tion = .67).

The data for correct discriminations do not support a
memory or cognitive position with respect to the effects of
scopolamine. Neither the main effect for Drug or the Drug
X Strain interaction approached statistical significance (F<
1), suggesting that scopolamine improved avoidance perfor-
mance by acting exclusively on response modulating
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FIG. 1. Mean number of correct avoidance responses/60 trials as a
function of Strain and dosage of scopolamine.

systems. In contrast to the lack of drug main effect, the
analysis of variance did reveal a significant main effect for
Strain, F(2,108) = 5.71, p<0.01. Subsequent multiple
comparisons revealed that the A strain made significantly
more correct discriminations (X correct discriminations *
SEM = 38.3 = 1.27) than either the DBA/2 or C57BL/6
strains (X correct discriminations = 35.1 £ 0.90 and 36.3 *
1.07, respectively). These differences appeared late in
training as animals exhibited an initial aversion towards the
illuminated compartment early in training. The fact that
the A strain demonstrated both superior avoidance perfor-
mance and discrimination learning might suggest that the
strain differences observed were due to cognitive factors.
This of course does not preclude the possibility that the A
strain was also more capable of initiating the running

TABLE 1

MEAN NUMBER * S.E.M. OF INCORRECT AVOIDANCE RESPONSES AS A FUNCTION OF
STRAIN AND DRUG TREATMENT

Scopolamine (mg/kg)

Strain Saline 2 3
A 5.50+1.22 7.30 + 1.50 10.00 = 1.51 7.70 + 1.45
DBA/2 4.70 £ 1.00 4.30 + 0.89 2.60 £ 0.92 4.20 + 0.96
C57BL/6 1.20 + 0.44 2.40 £ 0.86 1.50 £ 0.94 1.00 + 0.42
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response necessary for successful avoidance. In any event,
together with previous reports indicating that relative to A
and DBA/2 mice the C57BL/6 strain is slow in acquiring an
operant bar pressing discrimination task for positive rein-
forcement [33] and a spatial discrimination reversal [4]
this finding suggests that the poor performance of C57BL/6
mice is due to associative factors.

Finally, the analysis of variance of incomplete responses
yielded only a significant Drug effect, F(3,108) = 7.15,
p<0.01. The source of the variation was found to be due to
the fact that scopolamine increased incomplete responses
regardless of strain (X incomplete responses = 2.6, 5.5, 5.8
and 5.9 for the saline and 1, 2, and 3 mg/kg groups,
respectively). It is interesting that although scopolamine did
not affect active avoidance responding in the DBA/2 and
C57BL/6 strains, imcomplete responding was increased, and
inhibitory avoidance behavior was disrupted (see Experi-
ment 3). This finding supports the hypothesis that scopol-
amine has disinhibitory properties in each strain, but these
effects are not in evidence in the relatively insensitive
Y-maze task.

d-Amphetamine

Analysis of variance of the avoidance scores yielded
main effects for Strains, F(2,108) = 12.21, p<0.01, and
Drug Treatment, F(3,108) = 5.82, p<0.01. Consistent with
Experiment 1 (see Fig. 2), subsequent multiple comparisons
revealed that the A strain made more avoidance responses
than either of the other two strains, and d-amphetamine
was generally found to enhance avoidance performance.
Closer examination of the data revealed that the effective-
ness of d-amphetamine in altering performance was in fact
strain specific. That is, 1 and 3 mg/kg of d-amphetamine
significantly improved performance in the DBA/2 strain,
whereas the 1 and 2 mg/kg doses improved performance
among A mice. The 3 mg/kg dosage did not lead to a
statistically reliable increase in the performance of A mice.
A subsequent partial replication of these data revealed that
3 mg/kg of d-amphetamine was very effective in improving
performance in the A mice. In contrast to the effects
observed in the A and DBA/? strains, none of the dosages
employed yielded a significant improvement in perfor-
mance among C57BL/6 mice. It is of interest to note that
the results of Experiments 1 and 2 are not restricted to the
Y-maze avoidance task, in that the same Drug x Strains
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FIG. 2. Mean number of correct avoidance responses/60 trials as a
function of Strain and dosage of d-amphetamine.

interaction have been observed in this laboratory when a
shuttle task was employed.

Consistent with the correct avoidance data, the analysis
of variance of the incorrect avoidance responses yielded a
significant Drug x Strains interaction, F(6,108) = 2.28,
p<0.05. Multiple comparisons for the simple main effects
involved in this interaction, shown in Table 2, revealed that
among A mice 1 mg/kg of d-amphetamine increased the
occurrences of incorrect avoidance responses. Similarly,
incorrect avoidances were found to increase among DBA/?2
mice following injection of 3 mg/kg of d-amphetamine but
did not affect the performance of C57BL/6 mice. It would
thus appear that the increased probability of avoidance
responding among A and DBA/2 mice treated with d-
amphetamine was due to the motorigenic effects of the
drug. This interpretation is supported by the fact that the

TABLE 2

MEAN NUMBER * S.E.M. OF INCORRECT AVOIDANCES AS A FUNCTION OF STRAIN AND
DRUG TREATMENT

d-Amphetamine (mg/kg)

Strain Saline 2 3
A 2.5 £ 0.57 7.0 £ 1.35 54 +0.72 5.0 £0.79
DBA/2 3.2 + 0.55 3.7 £ 0.71 3.2 £0.58 6.6 £ 1.55
C57BL/6 2.4 + 0.59 2.5 +£0.29 3.2 +0.55 3.5 £0.79
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correlations between incorrect and correct avoidances were
significant in_10 of 12 instances (correlations ranged from
.31 to .91; X correlations = .71). Moreover, the ratio of
correct to total avoidance responses revealed that the
d-amphetamine treatment did not increase the overall
proportion of correct avoidance responses in either the A or
DBA/2 mice.

Analysis of variance of the correct discrimination scores
did not yield any significant differences. (X correct
discriminations = 37.7, £ 1.31,35.9 £ 1.00 and 36.6 * 1.40
for the A, DBA/2 and C57BL/6 strains respectively). This
finding was contrary to the results of Experiment 1 where
the A strain was found to show a greater number of correct
responses than the other two strains. A subsequent partial
replication (N = 5/cell) without any drug treatments was
thus carried out. Consistent with Experiment 1, the A
strain was found to make more correct discriminations than
either the DBA/2 or C57BL/6 strains (X correct discrimina-
tions = 43.0 £ 1.01, 36.8 * 0.97 and 36.2 * 0.99,
respectively). It is apparent that the A strain is in fact
superior to the other strains in acquiring the discrimination
problem. As with scopolamine, within each strain d-
amphetamine did not improve the frequency of correct
discrimination responding. Apparently the improvement of
avoidance responding was not due to a general improve-
ment in learning ability, but rather involved response
disinhibition produced by d-amphetamine.

Finally, unlike the effects observed with scopolamine,
administration of d-amphetamine did not increase the
frequency of incomplete responses in any of the strains. In
fact, the occurrences of incomplete responses decreased
among A and DBA/2 mice, although this effect was

significant only in the A strain (p < 0.05 for all three doses).

It is likely that motorigenic effects were increased by the
drug, since both correct and incorrect avoidance responses
were increased. Similarly, if the drug treatment had not
produced response bias, then incomplete responding should
have occurred equally frequently in drugged and saline
animals. It seems that d-amphetamine tends to elicit
response initiation, and that once animals initiate the
running response and enter the choice area, more often
than not animals continue locomoting and enter one of the
choice arms. In the scopolamine condition, initiation of the
locomotor response by no means insures that the response
will be culminated by a choice. This would suggest that a
qualitative difference might exist in the nature of the
response biases exerted by the two drugs.

EXPERIMENT 3

One possible source for the differential effects of the
drugs on avoidance behavior in the three strains may
involve interaction between the disinhibitory effects of the
drugs and particular task variables. That is, in some strains
the constraints imposed by the difficult Y-maze task may
limit the disinhibitory action of the drugs, and as a result
no facilitation in avoidance is observed. What is thus
necessary is to demonstrate that in a simpler, or more
sensitive task, the drug treatments will become more
evident in each of the strains.

One technique which has proven particularly useful in
detecting disinhibitory properties of pharmacological agents
as well as determining whether strain differences are due to
different levels of response inhibition is the use of both an
active and inhibitory task {9,25] or a GO/NO-GO avoid-
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ance paradigm [14, 16, 36]. More explicitly, if a specific
agent improves performance in an active avoidance task but
distupts performance in an inhibitory avoidance situation,
it cannot be argued that the agent in question is primarily
affecting cognitive processes and thereby altering behavior.
On the contrary, such a finding would imply that disinhibi-
tory factors are responsible for the observed drug effects. In
the case of strain differences, a similar prediction can be
made. If the strain differences are due to cognitive factors,
then those strains performing most poorly on the active
avoidance task should likewise demonstrate the poorest
performance in the inhibitory avoidance situation. In
contrast, if the strain differences were due to inhibitory
factors, strains showing the poorest performance in one
task should demonstrate the most superior performance in
the other task [25].

The use of an inhibitory avoidance task, in conjunction
with an active avoidance task, has another advantage in that
the inhibitory task may be more sensitive to drug effects,
and as a result, the disinhibitory action of drugs which are
not apparent in an active avoidance situation might be more
detectable in the inhibitory situation. Specifically, in the
active avoidance situation animals must learn to run in a
certain direction at a certain point in time, thus making the
task a fairly difficult one. In the inhibitory avoidance
situation the animal must simply learn not to make a
locomotor response at any time. Thus the latter task may
be more sensitive to response disinhibition than is the
former task. The present study employed a continuous
inhibitory avoidance situation where mice received shock
for making a locomotor response of some given distance. In
order to avoid shock, animals must inhibit active respond-
ing without having to differentiate cues signalling danger
and safety. Over a given session, animals generally receive
several shocks before responding is entirely suppressed.
Thus a latency measure can be obtained as in the one-trial
inhibitory task (i.e., latency to the second shock), but in
addition the number of shocks animals receive can be
measured over some period of time without the necessity
for handling the animal. Since this task neither depends on
specific apparatus cues as danger signals nor involves
responses which are directed towards certain locales, the
disinhibitory properties of a pharmacological treatment
may be more observable. Moreover, since this task is not
acquired after a single trial, ceiling effects are not a limiting
factor in detecting response inhibition.

METHOD

Animals

Fifteen male and 15 female mice of the A/J, DBA/2J
and C57BL/6J strains were procured from the Jackson
Laboratory. Animals were maintained as in Experiment 1
and tested between 70--90 days of age.

Apparatus

The inhibitory chamber was a 30 X 30 X 30 cm clear
Plexiglas open field with a grid floor consisting of 0.23 cm
stainless steel rods spaced 0.83 cm apart. The floor beneath
the grid was divided into 7.5 x 7.5 cm squares, thus
demarcating the open field into 16 areas of equal size. The
shock source was the same as in Experiment 1.
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Procedure

Experiment 3 involved a 3 x 3 factorial design consisting
of three strains and three drug treatments (scopolamine
hydrobromide, 2 mg/kg, d-amphetamine sulfate, 3 mg/kg
and saline, 1 ml/kg). Ten minutes after injection animals
were placed into the open field, 10 sec after which
avoidance training commenced. The training consisted of
shocking the animal (300 pA for 2 sec) whenever a crossing
of one square was made (defined as all four legs being
placed into one of the adjacent squares). Following each
shock animals were permitted to locomote for a 10 sec
period without shocked, after which crossings were again
punished. This procedure was employed because of the
transient excitation produced by shock [12,34] and be-
cause residual running is often found to occur in the first
few seconds following shock offset. Animals were tested for
a 15 min period during which time the number of shocks
received and the time between shocks were recorded.

RESULTS AND DISCUSSION

The latency between the first and second shock and the
number of shocks received as a function of the Strain and
Drug Treatment are shown in Fig. 3. An analysis of variance
of the latency scores revealed a significant Strain X Drug
Treatment interaction, F(4,81) = 2.52, p<0.05. Newman-
Keuls multiple comparisons on the simple main effects
involved in this interaction revealed that the C57BL/6 mice
made the second crossing significantly sooner than either
the DBA/2 or A strains. The difference between the latter
two strains did not reach an acceptable level of significance
(0.10<p>0.05). In terms of the Drug Treatments, both
d-amphetamine and scopolamine decreased the latency to
the second shock in the DBA/2 and A mice but did not
substantially affect the performance of C57BL/6 mice.

Analysis of variance of the number of shocks received
revealed a Strain x Drug Treatment interaction, F(4,81) =
2.61, p<0.05. Subsequent multiple comparisons revealed
that the A strain made more crossings than did DBA/2
mice. The differences between A and CS57BL/6, and
C57BL/6 and DBA/2 mice did not approach statistical
significance. It seems that although the C57BL/6 strain
made the second crossing sooner than the A mice, the
number of shocks required to suppress active responding
did not differ between the two strains. Turning to the drug
effects, d-amphetamine was found to disrupt performance
in the A and DBA/2 mice, but it did not affect the
performance of C57BL/6 mice. Scopolamine on the other
hand, disrupted the performance of all three strains, with
only minor effects occurring in the A strain. It appears that
in the A strain scopolamine increased the frequency with
which active responses occurred early in training but did
not substantially affect the number of shocks required to
suppress locomotor responding. Among C57BL/6 mice
scopolamine increased the number of shocks received but
did not decrease the latency to the second shock. Inspec-
tion of Fig. 3 clearly reveals that this was a result of the
relatively short latency to the second shock demonstrated
by saline animals. Thus the possibility of shorter latencies,
given the relatively large variance occurring in inhibitory
avoidance situations, was precluded. Nevertheless, the drug
effect among C57BL/6 was in the direction of a disruption
of performance.

The effects of d-amphetamine in Experiment 3 are quite
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predictable from a disinhibitory notion. Where the drug
improved performance in the active avoidance situation
(i.e., among A and DBA/2 mice), a significant retardation
of avoidance behavior was noted in the inhibitory para-
digm. Where the drug had no effect in the active avoidance
situation, as in C57BL/6 mice, no effect was similarly
observed in the inhibitory avoidance task. With respect to
scopolamine the data also seem to support a disinhibition
notion, in that performance was disrupted among A mice,
whereas the same drug treatment improved performance in
the active avoidance task. However, where scopolamine had
no effect in the active avoidance situation (as in DBA/2 and
CS7BL/6 mice), a significant reduction in performance was
observed in the inhibitory avoidance situation. It seems that
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the effects of scopolamine were not sufficiently potent to
affect the behavior of the C57BL/6 and DBA/2 mice in the
active avoidance situation, but in the more sensitive
inhibitory situation the drug effects were more detectable.
The strain differences in avoidance performance do not
appear to be due solely to differential levels of inhibition.
Were this the case, the poorest active avoidance strain
should have shown the most superior inhibitory avoidance
behavior, and vice versa. The fact, however, is that the
CS7BL/6 strain, which consistently demonstrated the poor-
est active avoidance behavior, also demonstrated the poor-
est inhibitory avoidance performance. Evidently response
inhibition does not entirely account for the strain differ-
ences in avoidance behavior. Yet, when only the A and
DBA/2 strains are considered an inverse relationship is
observed between the active and inhibitory tasks. That is,
the high active avoidance A strain does poorly in the
inhibitory task, whereas the low active avoidance DBA/2
mice perform well on the inhibitory task. Perhaps response
inhibition accounts for some degree of the variability
between the A and DBA/2 strains while this factor is less
pertinent as concerns the behavior of C57BL/6 mice.

GENERAL DISCUSSION

Because of the differential effects of scopolamine and
d-amphetamine on the behavior of the three strains of mice,
and since these effects also interact with task, a resume of
the studies is indicated. (a) The A strain is superior to both
the DBA/2 and C57BL/6 mice in both active avoidance and
discrimination performance. The DBA/2 strain appears to
make somewhat more avoidance responses than the
CS57BL/6 mice; (b) scopolamine improved active avoidance
behavior in the A strain but not in the DBA/2 or C57BL/6
strains. The drug was ineffective in altering the rate of
correct discriminations; (c¢) d-amphetamine improved the
avoidance performance of A and DBA/2 mice, but did not
alter the avoidance rate among C57BL/6 mice; as with
scopolamine, administration of d-amphetamine did not
alter the frequency of correct discrimination responses; (d)
when tested in the more sensitive inhibitory avoidance task,
saline animals of the C57BL/6 strain performed more
poorly than did either of the other two strains. Unlike the
results observed.in the active avoidance situation, scopola-
mine disrupted the performance of all three strains, whereas
d-amphetamine disrupted the inhibitory avoidance perfor-
mance of the A and DBA/2 strains.

Clearly, associative and nonassociative factors contribute
to the rate at which an avoidance response is acquired.
However, a factor which accounts for a major portion of
the variance between any two strains may account for
considerably less variance when two other strains are
considered. For example, the fact that the DBA/2 and
CS7BL/6 strains were inferior to the A strain in acquiring
the discrimination and the avoidance response would
suggest that associative factors are responsible for the
superior avoidance performance of the A strain. However,
the difference in discrimination performance is small and
only marginally significant in two of three experiments,
whereas the avoidance difference is large and clearly a
robust effect. Indeed, in one of the studies where the
difference in discrimination ability did not reach statistical
significance, the avoidance performance of the A mice was
far superior to that of either of the other two strains. Taken
together, these results suggest that differences in response
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modulation (response activation and/or response inhibition)
are pertinent factors in accounting for at least a substantial
part of the strain differences.

When the inhibitory and active avoidance data are
considered together it is clear that nonassociative response
inhibitory tendencies are not responsible for the
poor performance of C57BL/6 mice. If response inhibition
were a cogent factor in determing performance, then the
strain exhibiting the poorest active avoidance behavior
should demonstrate the best inhibitory avoidance perfor-
mance. The behavior of the CS7BL/6 strain is not congru-
ent with such a model. This strain shows the poorest active
avoidance performance, but also performs poorly on the
inhibitory task. Again these data support the notion that
the poor performance of the C57BL/6 mice is not due to
response inhibition, but possibly to factors which are
exclusive to the ambiguous nature of the Y-maze task.
Indeed, in tasks where inhibitory tendencies play somewhat
of a role, but associative competing response tendencies are
not present (e.g., one-way or jump out avoidance), the
performance of C57BL/6 mice is at a reasonably high level
[37, 38, 39, 43]. Thus it seems quite probable that the low
level of inhibition of C57BL/6 mice following shock [8] is
responsible for the high level of performance in simple
active avoidance tasks and the poor performance in an
inhibitory avoidance situation, but in the shuttle task
cognitive factors effectively limit the level of performance.
In support of such an interpretation, it has been observed
recently [5] that in an aversively motivated reversal
learning task A and DBA/2 mice exhibit negative transfer
effects when required to run towards cues previously
associated with shock, whereas positive transfer is observed
when mice are required to run away from cues associated
with shock. In contrast, among C57BL/6 mice negligible
transfer of training effects are observed. It seems that
associative difficulties may exist which limit the perfor-
mance of C57BL/6. Earlier reports (e.g., [42]) have also
suggested that performance differences between CS7BL/6
and DBA/2 may deal with associative processes.

In considering the poor performance of the DBA/2
strain, an entirely different picture from that of the
CS57BL/6 becomes apparent. First, when the A and DBA/?2
performances are examined independently, it is apparent
that an inverse relationship exists with respect to the
performance of these strains in the active and inhibitory
tasks. While the DBA/2 strain is inferior to the A strain in
the active tasks, the opposite is true in the inhibitory task.
As indicated previously, such a finding would implicate the
involvement of response inhibitory factors (see [25]).

Consider next the drug effects observed in the various
strains. Had response inhibition per se been the prepotent
factor in accounting for the strain difference, then the
drugs should have equated the performance of the strains.
This prediction was clearly not verified. Neither C57BL/6
nor DBA/2 mice demonstrated any improvement in the
active avoidance situation following administration of
scopolamine. Yet, in the inhibitory avoidance situation
scopolamine dramatically altered the performance of all
three strains. Clearly, response inhibition is involved in the
inhibitory task, and scopolamine is effective in eliminating
these response tendencies. The question which arises, then,
is whether the inhibitory factor which is involved in shock
motivated situations is a prepotent factor in the active
avoidance task. It is quite likely that inhibition is a cogent
factor, but is masked by more potent effects, possibly the
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associative aspects of returning to a compartment in which
mice had previously been shocked. Specifically, it may well
be the case that the lack of drug effect in C57BL/6 tested
in the active avoidance task is due to the difficult nature of
the task. That is, if the contingencies of the avoidance
situation cannot be established readily, then potentially
beneficial effects of response disinhibition will not be-
come apparent. Alternatively, the factor responsible for
response inhibition in C57BL/6 may be a transmitter
other than ACh (e.g., serotonin), thus accounting for the
lack of effect of an antimuscarinic.

Inasmuch as A mice have good associative abilities but
suffer, at least to some degree, from the nonassociative
effects of shock, it is not surprising that disinhibition
exerted by scopolamine and d-amphetamine enhance per-
formance. Similarly, because of associative limitations, the
disinhibitory effects of the drugs have little effect on the
active avoidance performance of C57BL/6. The drug effects
in DBA/2, however, appear to be an enigma. The improve-
ment in performance following d-amphetamine can be
attributed to improved response initiating abilities. The
question then essentially becomes one of determining why
scopolamine, which presumably also has disinhibitory
properties, did not enhance the performance of DBA/2
mice in the active avoidance task, but altered the behavior
pattern in the inhibitory task. In doing this it must be
considered that, although scopolamine did not increase the
frequency of avoidances, the frequency of incomplete
responses was increased. Moreover, scopolamine altered
inhibitory avoidance performance in a manner predictable
from a disinhibitory position. Evidently scopolamine af-
fects response inhibition but is not sufficiently potent to
alter the behavior of DBA/2 mice in the active avoidance
task. However, the consistent finding that d-amphetamine
enhances active avoidance performance in DBA/2 mice
suggests that the difficulty of the task in itself is probably
not responsible for the lack of a scopolamine effect in the
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DBA/2 mice. Rather, it appears that the actions of
scopolamine and d-amphetamine differ in terms of the
response biases exerted by the drugs. Quite possibly,
cholinergic action involves response inhibition, and anti-
muscarinic agents eliminate inhibition. In contrast, cate-
cholaminergic action involves excitation of behavior be-
yond a given baseline. It seems that, although scopolamine-
induced response disinhibition may enhance active avoid-
ance performance, much more potent effects on avoidance
behavior may be exerted when the drug action also involves
excitation of behavior. Consistent with earlier reports {13],
neither drug appears to affect performance via associative
processes, in that although active avoidance performance
was enhanced, discrimination performance was unaffected.
Moreover, the fact that the drugs augmented active but
disrupted inhibitory avoidance suggests that response bias is
modulated by the drug treatments [see also 6, 8, 14, 16,
24].

Summarizing, the basic tenet of the present paper is that
the differential performance levels of the three strains
appear to be due to both associative factors, nonassociative
effects of shock, and task specific inhibition of responding.
The avoidance acquisition process can effectively be limited
by any one of these factors. If the limiting factor is one
dealing with nonassociative processes, then agents which
have disinhibitory properties will effectively enhance per-
formance. On the other hand, if the avoidance response rate
suffers because of associative deficits, or both associative
deficits and response inhibitory tendencies, then reduction
of the nonassociative effects of shock will have negligible
effects on performance. In order to adequately evaluate the
effects of pharmacological treatments it is necessary to
determine whether the base levels of performance are
limited by associative or nonassociative factors. This objec-
tive can be achieved through the use of a variety of tasks
such as inhibitory and active avoidance, as well as discrimi-
native performance tasks.
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