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IZQUIERDO, 1., N. RAMSEY BARCIK AND J. D. BRIONI. Pretest B-endorphin and epinephrine, but not oxotremorine, reverse
retrograde interference of a conditioned emotional response in mice. PHARMACOL BIOCHEM BEHAV 33(3) 545-548,
1989. —CD-1 mice were trained in a classically conditioned emotional response paradigm and tested 24 hr later. Exposure to an open
field O or 1, but not 3 hr after training retroactively interfered with retention of the conditioned emotional response. The retroactive
interference was counteracted by the pretest IP administration of B-endorphin (0.05 pg/mouse) or epinephrine (1 pg/mouse), but not
by that of oxotremorine (5 pug/mouse). The three drugs were able to enhance retention test performance in animals not exposed to the
open field after training. In view of evidence in the literature that 3-endorphin and epinephrine are released during training in an
aversive task like this, it seems likely that these two agents were able to overcome the effect of retroactive interference by reinstating

neurohumoral attributes of the conditioned emotional task at the time of testing.
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INFORMATION interpolated after a learning experience or event
may alter retention of that experience or event. This is called
retroactive interference and was first described for human verbal
learning (17). Retroactive interference has been recently studied in
mice (3), rats (14, 16, 18, 19), and humans (9). It was found to be
time dependent (9, 16, 18, 19), which makes it different from
extinction (9, 17-19), and confirms Muller and Pilzecker’s (17)
early descriptions of this phenomenon. In addition, posttraining
facilitation by vasopressin, epinephrine or ACTH makes inhibitory
avoidance learning in rats resistant to extinction, but not to
retroactive interference (14). This has led to the suggestion that
retroactive interference, unlike extinction (14,18), and contrary to
early suggestions (17), does not consist of the weakening of a
previously acquired trace, but rather of the addition of negative
information to it so as to make it less retrievable or less accessible
to retrieval (14, 18, 19). Consistent with this interpretation,
retroactive interference was found to require the recording of the
interfering task: Treatments that make animals unable to retain that
additional information, such as diazepam, inhibit its interfering
effect (4, 13, 18, 20). Retroactive interference was also found to
be task dependent: In mice and rats, various forms of habituation
[to an open field (14, 16, 19), to a Y maze (4), to a tone (14,18)]
presented 20 to 120 min after inhibitory or active avoidance
training interfere with retention of the avoidance tasks, but the
opposite does not happen (18). It would seem that the interfering
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task must be less stressful or alerting than the main task in order to
be effective (4, 13, 18, 19).

The present study investigates interference with retention of a
conditioned emotional response (2, 3, 7) by the posttraining
exposure to an open field, in mice, and the influence thereupon of
pretest 3-endorphin, epinephrine, or oxotremorine administration.
These treatments are known to enhance the retention test perform-
ance of a variety of aversive tasks in rats or mice, and to reverse
the amnesia caused by a variety of treatments, such as ethanol,
diazepam, electroconvulsive shock, and others (3, 6, 8, 11-14).

METHOD

Two hundred CD-1 mice (median weight, 27 g; Charles River)
were used; 38 in a pilot study (Table 1) and 162 in the main
experiments shown in Figs. 1 and 2.

The task used was a classically conditioned emotional response
paradigm (2, 3, 7), with a training-test interval of 24 hr. The
paradigm was based on the previous studies by Hunt and Brady (7)
and Kameyama and Nagasaka (15), who showed that footshock
training in a given environment produces a conditioned suppres-
sion of activity in that environment in a test session carried out 1
or more days later.

Training and testing were performed in a dark room. The
training procedure was as follows (2,3). Animals were placed in
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one of the arms of a trough-shaped Y maze with their head
pointing opposite to the door. The door of the arm was kept
closed, which turned it into a compartment 13.5 cm high, 15.5 cm
long, and 11.5 cm wide at the top and 2.5 cm wide at the base.
Starting after 15 sec, a 5-sec, 1-kHz tone was presented 20 times,
at 20-sec intervals. In the no-footshock groups, the tone was
presented alone. In the footshock-trained groups,the last 2 sec of
each tone overlapped with a 0.75-mA scrambled footshock deliv-
ered to the floor of the closed compartment. The training session
lasted 400 sec.

In the test session, the animals were placed again in one of the
arms of the maze with the head pointing opposite to the door, but
the doors of the three arms were kept open, and the number of
entries into the arms was counted. The test session lasted 120 sec.
In the pilot study shown in Table 1, testing was carried out either
without the tone, or with the tone continuously on starting 3 sec
after the animals were placed in the apparatus. In the main study,
whose results are shown in Figs. 1 and 2, the tone was on during the
test session.

In the pilot study, two groups, one trained with and the other
without footshock (n= 10 per group), were tested with the tone;
and two other groups were similarly trained (N=9 per group) and
tested without the tone.

In the main study, in which all animals were tested with the
tone, 7 groups (N =6 per group) were trained with no footshock
and 10 groups (N = 12 per group) were trained with the footshock.
Three of the no-footshock groups, and 6 of the footshock-trained
were exposed, after training, during 10 min, to a brightly-
illuminated 95-cm diameter circular open field with a 19-cm high
wall made of styrofoam, painted yellow. The animals were placed
in this apparatus immediately after training (0 hr), 1 hr, or 3 hr
after training in the Y maze, and explored it thoroughly during the
time they were in it. Before and after exposure to the open field the
mice were kept in their own home plastic cages where they were
housed in groups of 6. Animals not exposed to the open field were
kept in their home cages throughout the training-test interval.

Six min prior to testing, the mice received an IP injection of
saline, oxotremorine sesquifumarate (5 pg/mouse), epinephrine
HCI (1 pg/mouse), or camel B-endorphin (0.05 pg/mouse). All
drugs were dissolved in saline and injection volume was 0.1
mi/mouse in all cases.

Statistical analysis was by one-way ANOVAs followed by a
Newman-Keuls test.

RESULTS

Results of the pilot study are shown in Table 1. Regardless of
the presence of the tone in the test session, footshock-trained
animals made less entries in the test than the animals trained with
no footshock. This ruled out mere habituation or dishabituation
effects of the training session on responsiveness to the tone in the
test session and was evidence of conditioned suppression (15) or
emotional (2, 3, 7) learning. However, the difference in the
number of entries between footshock-trained and no-footshock
groups was slightly but significantly larger when the tone was on
in the test session. This suggested that there was a small but
detectable classically conditioning component in the footshock-
trained groups caused by the tone-footshock pairing, which is
properly revealed only when animals are tested in the presence of
the tone. Accordingly, and in order not to lose this component, the
main study (Figs. 1 and 2) was carried out with the tone on during
the test session.

A one-way ANOVA applied to all groups in Figs. 1 and 2,
regardless of whether they were trained with or without footshocks,
showed a significant groups effect, F(16,145)=41.63, p<0.0001.
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TABLE 1
EFFECT OF TONES ON TEST SESSION PERFORMANCE

Training Test Mean = SEM Entries
Condition N Condition in Test Session
No footshock 10 Tone on 12.3 =+ 0.4
Footshock-trained 10 Tone on 42 = 0.5*

No footshock 9 Tone off 104 = 0.6
Footshock-trained 9 Tone off 5.2 = 0.6%

*Significant difference from no-footshock group submitted to the same
test condition (tone on or off) at p<<0.01 level in the Newman-Keuls test.
The mean += SEM of individual differences between test session perform-
ance of footshock-trained animals and the mean of the corresponding no-
footshock group was 8.1 = 0.6 in the animals tested with the tone, and
5.2 = 0.7 in the animals tested without the tone. The difference between
these two means was significant at a p<<0.01 level in a r-test.

Mean = SEM entries in the arms of a Y-maze in a 2-min test session
carried out 24 hr after a training session that consisted of 20 tones (no-
footshock groups), or of 20 tone-footshock classical conditioning trials
(footshock-trained groups), presented every 20 sec in one of the closed
arms of the maze. Animals were tested either with the tone on starting 3 sec
after being placed in the maze, or without the tone.

Results obtained in the control animals trained with no foot-
shock are shown in Fig. 1. Differences among these groups were
not significant, F(6,35)=0.23, p=0.95. Therefore, exposure to
the open field 0, 1 or 3 hr after training with no footshock, and
pretest B-endorphin, oxotremorine or epinephrine administration
had no effect on mere exploratory activity in the Y maze in
animals previously presumably habituated to the tone one day
before.

Results obtained in the footshock-trained animals are shown in
Fig. 2. Differences among groups in performance of the condi-
tioned emotional response [i.e., the suppression of exploratory
activity in the test session (2, 3, 7, 15)] were significant,
F(9,108)=36.19, p<<0.0001. Exposure to the open field 0 or 1 hr,
but not 3 hr after training caused a significant reduction of
retention test performance of the conditioned emotional behavior.
Actually, performance in the test session of the animals submitted
to the open field O hr after training was not significantly different
from that of its own no-footshock control (p>>0.2); test perform-
ance of all other footshock-trained groups, including the one
exposed to the open field 1 hr after training, was significantly
lower than that of any of the no-footshock groups at a p<<0.01 level
in a Newman-Keuls test. The retroactive interference caused by the
immediate posttraining exposure to the open field was reversed by
the pretest administration of B-endorphin or epinephrine, but not
by that of oxotremorine. In control animals, all three drugs
significantly enhanced retention test performance, in confirmation
of previous results obtained in this (2,3) or in other tasks, in rats
and mice (5, 10-14).

DISCUSSION

Footshock-trained control animals performed less entries in the
test session than the no-footshock controls. The difference in the
number of entries between footshock-trained and no-footshock
groups was larger in animals tested with the tone, which suggests
several things. First, that the influence of the footshock in the
training session was not just due to changes in habituation to the
tone. Second, that footshock (or tone-footshock) training induces
conditioned emotional (or conditioned suppression) learning (2, 3,
7, 15). Third, that there is a small but detectable classical
conditioning component (2,3) that is best observed when the
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FIG. 1. Mean+SEM number of entries into the arms of a Y maze in a test
session carried out 24 hr after a training session that consisted of 20
five-sec tones presented every 20 sec in one of the closed arms of the maze
(training with no footshock). In this and the following figure, the first
symbol in the legend to the abscissae indicates the posttraining treatment
(—/: no treatment; R0/, R1/, R3/, exposure to an open field 0, 1, or 3 hr
after training, respectively); and the second symbol indicates the pretest
treatment (S: saline; B: B-endorphin, 0.05 p.g/mouse; O: oxotremorine, 5
pg/mouse; E: epinephrine, 1 pg/mouse). Differences in test session
performance among groups were not significant either in a one-way
ANOVA or in a Newman-Keuls test.

animals are tested with the tone.

Exposure to an open field caused an increase of the number of
entries in the test session in the footshock-trained animals, but not
in the no-footshock groups. Assuming that footshock-trained
animals effectively learned a conditioned emotional response (2,
3, 7), the effect of exposure to the open field can be interpreted as
due to retrograde interference (14, 16-19). The time dependency
of the effect was similar to that described in rats for retrograde
interference caused by similar or by other forms of habituation on
previously acquired inhibitory or active avoidance behaviors (16,
18, 19). It is unlikely that the effect of the open field seen in the
present experiment was due to an influence on prior habituation to
the tone, or of extinction of the conditioned emotional response
because of the cognitive contrast between the main and the
interfering task (a small, dark compartment versus an ample,
brightly-illuminated space). Posttraining exposure to the open
field had no effect on the number of entries performed by control
animals trained without footshocks, and reasons to think that
footshock training did induce conditioned emotional learning (2,
3, 7) were given above.

The present findings are in agreement with previous evidence
on the lack of a need of any cognitive relevance between
interfering and main tasks (13, 14, 18, 19), and suggests that the
reasons for the interference should perhaps be sought elsewhere,
such as in the novelty of the interfering task (16), or in the fact that
interfering tasks are usually, and perhaps necessarily, less stressful
or alerting than those whose memory they interfere with (18,19).

In a previous paper (14) it was found that posttraining epineph-
rine, vasopressin and ACTH did not affect retroactive interference
but were able to antagonize extinction. Here we find that pretest
B-endorphin or epinephrine administration are, and pretest ox-
otremorine is not, able to reverse retroactive interference at the
doses used. The three treatments are known to enhance retention
test performance of a variety of tasks (2, 3, 8, 10-14), and in fact
they did so in the present case, in animals not exposed to the
interfering task, and to a similar extent (Fig. 2). The fact that, at
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FIG. 2. Mean + SEM number of entries into the arms of a Y maze in a test
session carried out 24 hr after a training session that consisted of 20
tone-footshock classical conditioning trials presented every 20 sec in one
of the closed arms of the maze. Except for the R0/S group, the number of
entries was in all cases lower than that of any of the no-footshock groups
in Fig. 1 (p<<0.01 in a Newman-Keuls test), which means that they showed
retention of the conditioned emotional response [i.e., suppression of
exploratory activity in the test session (1, 2, 6)]. Exposure to the open field
Oor 1 hr (RO/S, R1/S) but not 3 hr (R3/S) after training caused a significant
impairment of retention in the animals that received saline prior to testing
(a: p<0.01 in a Newman-Keuls test). Pretest B-endorphin (—/B), ox-
otremorine (—/O) and epinephrine (—/E) (same doses as in Fig. 1)
significantly enhanced retention test performance in animals not exposed to
the open field after training (a: p<<0.01 in a Newman-Keuls test). In the
animals exposed to the open field immediately after training (RO), pretest
B-endorphin (R0/B) and epinephrine (RO/E), but not oxotremorine (RO/O),
attenuated the retrograde interference caused by that exposure and carried
memory scores to levels similar to those of the control group (b: significant
difference from RO/S gorup, p<<0.01 level; c: difference not significant
from RO/S group, p>0.2, but significant from —/S group, at p<<0.01 level
in a Newman-Keuls test).

doses equipotent to enhance retention test performance in control
animals, two of the drugs were, and the other was not, able to
partially overcome the effect of retrograde interference is difficult
to interpret, and the present findings provide no direct answer to
this question.

B-Endorphin and epinephrine are believed to enhance retrieval
by reinstating neurohumoral attributes of the task at the time of
testing (10-14, 21). Brain B-endorphin is released during a very
wide variety of training procedures and peripheral epinephrine is
released during alerting or aversive trainings (12,13). On account
of the prior release of B-endorphin by the main task, which
induces a depletion that takes over 3 hr to recover, the interfering
task would not be expected to release brain 8-endorphin (18). On
account of the fact that exposure to the open field is less stressful
than footshock training (it was painless to begin with), it is
certainly likely to release less epinephrine than the latter [see
(13)]. Thus, it is possible that B-endorphin and epinephrine were
able to counteract retroactive interference by reinstating neurohu-
moral attributes of the main task rather than of the interfering task
at the time of testing (10, 13, 21). It may be noted that epinephrine
also releases brain B-endorphin, which may partly explain its
pretest memory enhancing effect (10, 12, 13) and/or its reversal of
retrograde interference effects.

On the other hand, there is no evidence that the pretest
enhancing effect of oxotremorine represents a reinstatement of a
neurohumoral condition prevalent at the time of training. It is
assumed that cholinergic systems are necessary for learning and/or
consolidation (1,6), but there is no evidence that training is
accompanied by a hypersecretion of acetylcholine as it is, instead,
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accompanied or followed by a hypersecretion of brain B-endorphin
and peripheral epinephrine (6, 12, 21). The available evidence
suggests instead that pretest oxotremorine facilitates retrieval
independently of acquisition or postacquisitional variables (2,3).
Therefore, oxotremorine enhances retention test performance by a
mechanism apparently not involving a reinstatement of neurohu-
moral conditions present during training; which may be the reason
why it did not reverse retrograde interference effects. Clearly,
further investigation of this point is desirable.

The present findings suggest that an investigation of other
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drugs capable of reversing retroactive interference by a pretest
action may be interesting, and could be of potential clinical
interest (9,13).
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