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Retrograde Amnesia for Old (Reactivated) Memory:

Some Anomalous Characteristics

Abstract. Old memory, when reactivated by cue exposure, was disrupted by mild
or deep hypothermia treatments. New memory was impaired only by deep cooling.
Moreover, old but not new learning showed spontaneous recovery. Old reactivated
memory may be qualitatively different from newly acquired memory.

That old memories are more stable and
less susceptible to disruption than re-
cently acquired learning has been a wide-
ly accepted proposition since the late
19th century, when Ribot, on the basis of
human amnesia findings, formulated his
“‘law of regression’’ (/). Although agree-
ment on Ribot’s principle is not universal
(2), many reports of experimentally in-
duced amnesia in animals have been con-
sonant with the view that memory resists
disruption by traumatic events as a func-
tion of time (3). Several recent studies,
however, suggest that the degree of acti-
vation of memory may determine its vul-
nerability to insult more than the age of
the information does «, 5). Other evi-
dence suggests not only that new and old
(reactivated) memories can produce
comparable interference effects (6), but
also that both classes of memories may
be enhanced by strychnine sulfate (7).
We report here data substantiating sev-
eral similarities as well as dissimilarities
of new and old target memories sub-
jected to amnesic treatment.

Because the induction of amnesia for
cue-reactivated older memories has not
always been obtained (8), we initiated
our study in an attempt to replicate and
extend the original demonstration @, 9).
Hypothermia was chosen as the am-
nesic agent since, like electroconvulsive
shock, it is highly effective in producing
retrograde amnesia for new learning (10,
11). In our first experiment, 36 adult
male Holtzman rats (295 to 380 g) re-
ceived one-trial training in a black-white
passive-avoidance chamber (45.5 by 17.5
by 23.5 cm). When the rats crossed into
the black compartment, they received an
inescapable 1-second 150-V scrambled
footshock.

After the training session, the animals
were randomly divided into four groups
of nine each; the experimental treatment
was given 24 hours later. For three
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groups, a brief 30-second exposure to the
black ‘‘fear’” compartment was present-
ed to reactivate the memory trace of pas-
sive-avoidance training. Immediately af-
ter cue exposure, they were subjected to
mild or severe hypothermia treatment or
no treatment and were then returned to
their home cage. Hypothermia was in-
duced by immersing restrained rats to
neck level in water at 4°C until body tem-
peratures were reduced to approximate-
ly 30.0° or 21.0°C for the mild and severe
conditions, respectively. Mild body
cooling was intended as a control for the
general effects of stress per se (10, 12).
The third group, which did not receive
cold treatment, was used to assess the
reactivation or extinction effect of the
brief cue exposure. A fourth group of an-
imals, included to establish a retention
baseline, did not receive cue exposure or
hypothermia treatment, but was simply
transported to the experimental room
and handled for 30 seconds. Twenty-four

Mean test latency (sec)

Handled

Cues
only

Cues/ Cues/
mild deep
Hypothermia

Treatment condition

Fig. 1. Mean cross-through latency on a pas-
sive avoidance test trial 24 hours after experi-
mental treatments. Considerable loss of reten-
tion is indicated by a rapid cross-through re-
sponse.
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hours after experimental treatment all
subjects received a passive-avoidance
test to assess retention of the original
training experience. Latency to enter the
compartment previously associated with
shock provided the index of memory.

Prior to punishment, the groups did
not differ in their response latencies
(F < 1.0). A one-way analysis of vari-
ance on the retention-test latencies (/3)
confirmed an effect of the experimental
treatments (P < .002) (Fig. 1). As ex-
pected, the brief cue exposure alone had
little, if any, effect on the retention nor-
mally observed 48 hours after passive-
avoidance training. In contrast, the se-
vere-hypothermia group exposed to the
cue showed substantial memory loss, as
reflected by test scores significantly low-
er than those of either the cues-only or
handled controls (P = .01). To our sur-
prise, the old reactivated memory was
also disrupted by brief cooling (P = .05)
with the resultant decrement indistin-
guishable from that produced by the
more severe treatment. The severity of
memory loss is reflected in the finding
that the test latencies of both of these
groups approached their respective train-
ing latencies.

The findings of a memory deficit fol-
lowing the combined cue exposure and
hypothermia treatment substantiates
previous reports ¢, 5) that retrograde
amnesia may be produced for old memo-
ries brought back to an active state. Oth-
er research indicates that brief cooling,
even when administered immediately af-
ter acquisition, is not sufficient to pro-
duce retrograde amnesia (10, 12). Ac-
cordingly, as a check on the possibility
that there may be some characteristic
difference in the susceptibility to dis-
ruption of old and new memories, we
conducted a direct comparison of the ef-
fect of deep and mild hypothermia on
both classes of memories.

Fifty-six adult male rats received one-
trial passive-avoidance training as in ex-
periment 1. In the new learning condi-
tion, two groups of animals (N = 11
each) received either deep or mild hypo-
thermia treatment within 30 seconds of
the end of footshock. The disruptibility
of old memories was assessed with an
additional two groups of animals (N = 11
each) which were cooled for either a pro-
longed or a brief period, but only after a
24-hour delay. Both of these latter
groups received a brief 30-second ex-
posure to the fear cues of the black
chamber prior to cold water immersion
to produce reactivation of the target
memory. As a control for systemic ef-
fects of the cold water treatment, two
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groups of six received the cooling treat-
ments 24 hours after passive-avoidance
training, but without a prior reactivation
treatment (/4). Twenty-four hours after
their cold water immersion, all animals
were tested for retention.

Prior to their experimental treatments,
the six groups performed similarly on the
cross-through response (F = 1.1). A 2
by 2 analysis of variance on the data
from the cross-through test latencies (/3)
of the four experimental groups in-
dicated reliable age of memory, immer-
sion treatment, and interaction effects
(P < .001) (Fig. 2). Comparably short
test latencies were noted for both deep-
cooled groups regardless of the age of
the memory, but in the brief cooling con-
dition memory disruption depended on
the age of the memory (P = .01). More
specifically, the brief cooling treatment
produced forgetting of the old reactivat-
ed memory (P = .01) but had little, if
any, behaviorally detectable effect on a
recently acquired memory. Further-
more, each of the three groups that expe-
rienced ‘‘memory failure’ displayed test
latencies that approached their initial
training scores. The remote possibility
that the hypothermia treatments act ret-
roactively on 24-hour-old memory is
ruled out by the finding that 10 of 12
trained rats showed maximum avoidance
(900 seconds) when delayed cooling oc-
curred without the reactivation manipula-
tion. These observations replicated our
first experiment and verified that a condi-
tion sufficient to produce severe amnesia
for a cue-reactivated memory leaves a
new memory unscathed. This effect
seems specific to the age of the memory,
as additional data from our laboratory in-
dicate no significant impairment of reten-
tion in the new learning condition when
immediate posttraining cue exposure is
combined with mild hypothermia treat-
ment.

Although these data point to some im-
portant differences in the age-related
characteristics of memory, striking evi-
dence of some changing characteristic of
a memory trace would be provided by a
difference in the permanence of the
memory disruption for young as com-
pared with old memories. Accordingly,
our next experiment examined the issue
of spontaneous recovery. With respect
tc amnesia for newly acquired re-
sponses, it is now well established that
memory seldom, if ever, returns sponta-
neously after electroconvulsive shock or
hypothermia treatment (/5). In contrast,
evidence is lacking to answer the parallel
question with respect to anmesia for old
reactivated memories. Therefore, 1 or 3
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Fig. 2. A new memory was disrupted by deep
but not by mild hypothermia when the treat-
ment occurred immediately after the training
footshock. An old memory, reactivated 24
hours after training footshock, was suscep-
tible to disruption by either deep or mild hy-
pothermia. Old memory in animals not receiv-
ing reactivation exposure was unaffected by
mild or deep hypothermia treatment.

days after the initial test we retested the
three groups from experiment 2 that had
originally displayed amnesia.

Because of the small number of sub-
jects in each of the retest subgroups, the
data from the two intervals were pooled.
A 3 by 2 repeated-measures analysis of
variance (/3) revealed significant group,
test, and interaction effects (P < .003).
The latency scores of both the cue-mild-
hypothermia and cue-deep-hypothermia
groups increased reliably over the two
test sessions (84.6 to 583.9 and 92.5 to
512.7 seconds, respectively; P = .01),
but the training-deep-hypothermia group
showed no change (21.6 to 24.6 seconds;
P > .05). A retest procedure has the
drawback that the initial test may pro-
vide an implicit reactivation episode
(16), thus potentially obviating the spon-
taneous aspect of recovery. However,
this confounding was equally applicable
to the new-learning-amnesia group,
which failed to show a change in la-
tencies across test trials. Thus, the per-
sistence of amnesia is markedly different
depending upon whether the treatment
affects old or new learning.

These data are consistent with a grow-
ing body of evidence that old reactivated
memories share some of the character-
istics of new memories ¢-7). As such,
our findings indicate a boundary condi-
tion on Ribot’s concept of memory dis-
ruptability: Although early memories
may be more resistant to disruption than
new ones, an old reactivated memory ap-
pears to be highly vulnerable. Moreover,
after cue reactivation, the susceptibility
of memory to disruption by either mild
or deep hypothermia decreases over

time (/7), an outcome parallel to that
with recently acquired memory. Thus,
time since original learning does not ap-
pear to be the only determinant of the
“fragility”’ of a trace (/8). Whether the
cue exposure induces memory activation
“, 5) or reinitiates either rehearsal (/9)
or a motivational state akin to that of
training (20) is not yet clear. But it
should be noted that dormant memories
of comparable age remained impervious
to disruption. Although the similarities
between reactivated and new memories
are impressive, some intriguing differ-
ences remain. That memories of dif-
ferent ages may differ in qualitative as
well as quantitative characteristics war-
rants further consideration.
CHARLES F. MacTuTUS
Davip C. Riccio
JACQUELYN M. FEREK
Department of Psychology, Kent State
University, Kent, Ohio 44242
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