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Retrograde Amnesia: Electroconvulsive Shock Effects
after Termination of Rapid Eye Movement Sleep Deprivation

Abstract. Mice that were deprived of rapid eye movement sleep for 2 days
immediately after one-trial training in an inhibitory avoidance task and were
given an electroconvulsive shock after deprivation displayed retrograde amnesia
on a retention test given 24 hours later. Electroconvulsive shock produced no
amnesia in comparable groups of animals that were not deprived of rapid eye

movement sleep.

It is well documented that suscepti-
bility of a memory trace to disruption
by an electroconvulsive shock (ECS)
decreases as the interval between the
learning trial and the application of
the amnesic treatment is increased.
Generally, little or no amnesia is ob-
tained if the ECS is given several hours
or longer after training (Z). This evi-
dence supports the general hypothesis
that memory trace consolidation proc-
esses are time-dependent.

Evidence from a recent pilot study
(2) suggests that, if ECS is given im-
mediately after several days of rapid
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eye movement (REM) sleep deprivation
(REMD), the memory trace of an event
experienced just before the REMD
may be disrupted. Our report examines
this finding further. Separate groups
of mice were subjected to continual
REMD for the 48 hours after their
training in a one-trial inhibitory avoid-

ance (passive avoidance, or PA) task."

They were then administered an ECS
at one of several intervals after termi-
nation of the REMD. On a 24-hour
retention test, the mice displayed a
retrograde amnesia gradient that varied
with the interval between termination

of REMD and administration of ECS.

We used as subjects 226 naive Swiss
Webster mice that were 50 to 60 days
old (3). The training apparatus was an
alleyway (2.6 by 19.8 cm) leading to an
open field (16.0 by 16.0 cm), with a
grid floor mounted 0.6 cm above the
base. The grid was constructed of 2.4-
mm stainless steel rods, 7 mm apart,
covering the entire floor of the en-
closure. The apparatus was connected
to a shock scrambler. All animals were
given one training trial and one reten-
tion test trial. On each trial, the animal
was placed in an alleyway, and the
latency of its entrance into an open
field (all four legs in the field) was re-
corded to the nearest 1/100 second.
On the first trial, a scrambled shock of
500 msec at 0.6 ma was delivered to the
floor of the open field as a gate behind
the mouse was closed. On the retention
test trial no shock was given; latency
of entering the open field was recorded
as in the training trial, with a maximum
latency of 30 seconds allowed. In order
to control for diurnal rhythm effects,
care was taken to train and test each
animal at the same time of day (within
a few minutes). Since small groups of
animals were run each day, control for
age differences was maintained by start-
ing the animals in the experiments
when they were no younger than 50
days and no older than 60 days. Con-
trol for seasonal differences was main-
tained by assigning animals at random
to each of the groups through the
course of the experiment. REMD was
produced by placing each mouse on a
Plexiglas pedestal 3 cm in diameter,
approximately 4 cm above the floor of
the cage in which the animals were
maintained. The floor was covered with
water 3 cm deep. Food and water were
always available (Fig. 1). Fishbein (4)
has described this technique as it is
used with mice. The method of depri-
vation takes advantage of the fact that
during REM sleep there is a generalized
inhibition of spinal motor activity (5).
Since this inhibitory process appears to
take place only during the REM pe-
riods, postural tonus persists during the
non-REM (NREM) synchronized, high
voltage, slow wave sleep. This means
that the mice can sleep while crouch-
ing or sitting on the small pedestals.
However, when the mice begin to enter
the REM phase and postural tonus of
the whole body, particularly of the
muscles of the head and neck, dimin-
ishes, they either awaken briefly or fall
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into the water. In either case, REM
sleep is interrupted before it becomes
fully developed. The advantage of this
procedure is that many animals can be
deprived of REM sleep simultaneously.

Confirmation of REMD was evident
by observation and by 24-hour electro-
encephalographic (EEG) and electro-
myographic (EMG) monitoring of sev-
eral mice with permanently implanted
electrodes. Initially, 2 to 5 days of con-
tinuous base line recordings were ob-
tained from three animals housed in
Plexiglas cages with wood shavings.
The animals were maintained through-
out the recording session in a 12-hour,
light to dark cycle (7 a.m. to 7 p.m.).
The base line recordings revealed three
behavioral states that could be easily
characterized by the EEG and EMG
criteria: the awake state included a de-
synchronized EEG accompanied by
tonic EMG activity; the NREM sleep
state comprised high voltage, synchro-
nized, slow waves in the EEG and a
decrease in EMG activity, relative to
the awake state; the REM state con-
tained low voltage, fast, desynchronized
EEG in the presence of periodic body
twitches, flaccid sleeping posture, twitch-
ing of the whiskers and ears, irregular
breathing, and relative EMG suppres-
sion. Continuous EEG and EMG re-
cordings were then obtained from these
animals for the 3 to 5 days they were
on the 3-cm pedestals for REMD. Total
sleep time for these mice was reduced
only 11 percent from the base line data;
on the other hand, total REM time was
reduced more than 80 percent [base
line REM time = 10.1 percent of total
sleep time; standard error of the mean
(SEM.) = 0.9 percent; pedestal
REM time = 1.9 percent of total sleep
time; S.E.M. = 0.6 percent].

It is important to point out that mice
living on pedestals in water are quite
active. They are constantly climbing,
hanging, and playing about the wire
mesh top of the cage. We have system-
atically observed the behavior in an
open field of separate groups of REMD
mice (N =16 per group) for as long
as 5 to 7 days and have found no
change in activity when compared with
control animals not REMD.

To avoid the confounding effects of
adaptation to the pedestals immediately
following the first trial, all mice, when
they were 35 to 40 days old, were put
on the pedestals for 3 days (72 contin-
uous hours of REMD). At 50 days, they
were assigned at random to groups.
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Fig. 1. Mouse placed (for REMD) on a
Plexiglas pedestal 3 cm in diameter, ap-
proximately 4 cm high. Water 3 cm deep
covers the floor of the cage. Food and
water are freely available to the subjects.

Mice that had undergone REMD and
ECS (REMD + ECS) were continuously
REMD for 48 hours after training
in the PA task; then, at varying inter-
vals after termination of REMD, the
animals were put under light ether
anesthesia and administered a trans-
corneal ECS (800 msec at 8 ma). The

~ T"WP"  ether anesthesia, by preventing the tonic

convulsion, eliminates the fatalities gen-
erally caused by ECS alone, but, in the
concentration we used, it does not pro-
duce amnesia (6). The control groups
(control + ECS) were isolated for 48
continuous hours in a cage with wood
shavings after training in the PA task.
They were anesthetized and given ECS
at the same intervals of time as the
experimental animals. Other control
groups (REMD + sham ECS, control +
sham ECS) were treated identically as
the REMD + ECS and control + ECS
groups, except that after being an-
esthetized they were given only a sham
ECS in order to determine the effect of
the ether anesthesia treatment.

Each of the groups (REMD + ECS,
control + ECS) was divided into six
subgroups (N = 16 animals per group).
Each subgroup received the ether an-
esthesia and ECS at a different time:
5 minutes, 30 minutes, 1 hour, 3 hours,
6 hours, or 12 hours after termination
of REMD. The REMD + sham ECS
and the control +sham ECS groups
were anesthetized and given the sham
ECS at the 5-minute interval. The next
day, 24 hours after termination of
REMD, all mice were given a retention
test. It should be noted that REMD
and ECS treatments were given after
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Fig. 2. Retrograde amnesic effects of ECS on REM-deprived and control mice. Inhibi-
tory avoidance retention test latencies: mice were (i) trained, (ii) deprived of REM for
2 days (on controls), (iii) treated with ECS at one of several intervals after termi-
nation of deprivation, and (iv) tested for retention 24 hours later. Each point is based

on 16 animals.
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the initial learning experience and that
the retention test was administered after
the acute effects of REMD and ECS
had disappeared.

On the training trial there were no
differences among the groups in latency
of entrance into the open field (7). Mice
that received ECS 5 minutes, 30 min-
utes, or 1 hour after being removed
from the REMD situation displayed
marked retention deficits when com-
pared with the groups of mice that
were administered ECS without having
had REMD (overall analysis: F =
8.54; d.f.=1/90; P < .01; compari-
sons between pairs: P <.05; P <.05;
P < .10, respectively). Mice that werée
administered ECS 3, 6, or 12 hours
after removal from the REMD situation
displayed no memory loss (F = 0.50;
d.f. =1/90; not significant). The an-
esthetized controls showed normal re-
tention (REMD - sham ECS versus
control + sham ECS, not significant;
REMD - sham ECS versus REMD -+
ECS, P < .01; control 4+ sham ECS
versus control + ECS, not significant)
(see Fig. 2).

Computations for trend analysis were
performed on the REMD + ECS group.
The linear component was highly sig-
nificant (F =15.52; d.f.=1/90; P <
.01), suggesting that the retrograde
amnesia was graded linearly and was
related to the interval between removal
of the animals from the REMD situa-
tion and administration of the ECS.

Evidence from numerous studies sup-
ports the view that memory processes
are susceptible to interfering agents
only for a period of several hours after
training. The present finding suggests
that the memory trace of a previously
learned experience can remain suscepti-
ble to disruption several days after
training if the animals are REMD dur-
ing the interval. The precise neurobi-
ological bases for the maintained sus-
ceptibility are unclear. It has been
shown, however, that several factors
which may influence memory consolida-
tion and storage can be altered as a
consequence of REMD: among them,
increased norepinephrine turnover in
the telencephalon and diencephalon (8);
decreased acetylcholine content of the
telencephalon (9); decreased potassium
content in the blood and brain (70); and
decreased glycogen content in the sub-
cortex and caudal brain stem (I1).
These changes may cause increased
neural excitability, which Cohen and

Dement (I2) observed in the form of ,

decreased thresholds to ECS in REMD
82

rats and prolongation of the tonic phase
of ECS-produced convulsion in REMD
mice. Thus, ECS may not affect REMD
mice in the same way it affects the
various controls. This suggests the al-
ternative interpretation that REMD
may have rendered the ECS a more
effective amnesic agent. Nevertheless,
biochemical evidence based on work
with rats suggests that endogenous neu-
rochemicals, which are important for
maintaining long-term memory, could
be synthesized and used during the
REM sleep of mice. Our experiment,
therefore, provides further evidence (2,
4) that processes which occur during
sleep, and most predominantly during
the REM sleep state, influence the
mechanisms which underlie the storage
of long-term memory.
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Cycloheximide: Its Effects on Activity Are Dissociable

from Its Effects on Memory

Abstract. Cycloheximide, when injected subcutaneously or intracerebrally, pro-
duces changes in the activity level of mice. Isocycloheximide, injected intracere-
brally, produces identical effects on activity, but it does not produce inhibition of
cerebral protein synthesis or amnesia. Amphetamine, in doses that can antago-
nize the amnesic action of cycloheximide, does not antagonize the effect of cyclo-
heximide on activity. Effects of cycloheximide on activity do not appear to be

responsible for its amnesic action.

Protein synthesis inhibitors have
been used extensively in an attempt to
determine the role of cerebral protein
synthesis in memory storage. Two
classes of drugs, puromycin and the
glutarimides, have been used for this
work. Both groups of drugs impair
long-term memory storage, but differ-
ences were found between them (I).
Most notably, it was found that puro-
mycin, in addition to inhibiting cere-
bral protein synthesis, produces dis-
turbances in cerebral electrical activity,
but that cycloheximide does not Q).
It was therefore concluded that, of the
available drugs, the glutarimide deriv-
atives were the drugs of choice for
such studies, although it was recognized

that they, too, might have side effects
that could contribute to their amnesic
properties (3).

In the course of continued studies on
the effects of cycloheximide on learn-
ing and memory, we and Squire et al.
(4) found that cycloheximide, injected
either subcutaneously or intracerebral-
ly, produced alterations in the activity
of mice. This finding raised the possi-
bility that the amnesic effect of cyclo-
heximide might be due to its effect on
activity rather than to its capability of
inhibiting cerebral protein synthesis
specifically required for memory stor-
age. This possibility seemed particularly
worthy of attention since amphetamine,
which can' produce increased activity,
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