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Electroconvulsive shock (ECS) was 
administered to mice 10 sec, 120 sec, and 
3 h after training in a passive avoidance 
task. Subgroups were retested at 24 h, 
48 h, 72 h, 1 week, and 4 weeks. A 
temporal gradient of retrograde amnesia 
was produced, with ECS still being 
effective even when given 3 h after 
training. The gradient was maintained over 
all retest times. No evidence of recovery 
could be detected. 

In clinical studies of patients following 
head trauma, it has been frequently 
observed that the period of time for which 
there has been retrograde amnesia 
progressively shrinks, leaving usualIy only a 
brief period for which there is a permanent 
retrograde amnesia (Russell & Nathan, 
1946). There has recently been 
considerable controversy concerning the 
permanence of the retrograde amnesia 
produced by electroconvulsive shock (ECS) 
in animals. Some studies (Zinkin & Miller, 
1967; Kohlenberg & Trabasso, 1968; 
Miller, 1968) have shown recovery, 
whereas others (Chevalier, 1965; Herz & 
Peeke, 1967; Luttges & McGaugh, 1967; 
GeIler & Jarvik, 1968) have found the 
amnesia to be permanent over several 
weeks. All of these studies, except one, 
have used training-ECS intervals which 
have been brief (seconds) and have 
achieved apparently complete amnesia at 
the earliest testing time. Miller (1968), 
however, used four training-ECS intervals 
(3.1 to 3,000 sec) and retested his Ss at 
24 hand again at 48 h. He obtained 
recovery from the amnesia produced with 
the three longer training-ECS treatment 
intervals, but obtained no recovery from 
that produced with the shortest 
training-ECS interval. If the period of 
retrograde amnesia following ECS shrinks 
to an irreducible minimum on analogy with 
the retrograde amnesia produced by head 
trauma, this has implications both for 
consolidation theory and for theories 
concerning the mechanism of action of 
ECS. 

In our laboratory, we have obtained 
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gradients of retrograde amnesia of up to 
23 h (Robustelli et al, in press). The 
discrepancy between these long gradients 
and the extremely brief ones of a few 
seconds obtained by some other authors 
(Chorover & Schiller, 1966) has been 
somewhat puzzling. Chorover & Schiller 
(1966) proposed that the true gradient of 
retrograde amnesia is brief and that the 
impairment obtained at longer time 
intervals is due to effects of ECS on 
processes unrelated to memory 
consolidation. 

The purpose of the present investigation 
was to examine the possibility of 
spontaneous recovery from the partial 
amnesias produced at training·ECS 
intervals of greater than 10 sec in our 
experimental situation. 

EXPERIMENT 1 
Subjects 

The Ss were 240 female CF 1 albino mice 
approximately 6 weeks old, housed eight 
to a cage with ad lib access to food and 
water. 

Apparatus 
Animals were trained in a step-through 

apparatus consisting of a trough-shaped 
two-compartment box (Jarvik & Kopp, 
1967). In the sm aller transparent 
compartment, Ss were exposed to a bright 
Tensor lamp. The smaller compartment 
was connected to the larger dark 
compartment by an opening 3.2 cm high, 
2.7 cm wide, and flush with the floor. The 
floors of both compartments consisted of a 
pair of parallel metal plates. The opening 
between the compartments could be closed 
by a guillotine door. 

Procedure 
The Ss were placed into the smaller lit 

compartment facing away from the door, 
and they stepped spontaneously into the 
larger dark compartment. A tim er was 
started manually when the Ss were placed 
in the apparatus and was stopped 
automatically when the Ss crossed a 
photocelI on the wall of the larger 
compartment, 8 cm from the opening. 
When the timer stopped, the guillotine 
door was closed, and the Ss remained in 
the dark compartment without shock for 
30 sec. At the end of this period, a 
350-microampere foot shock was delivered, 
the guillotine door was opened, and the Ss 
were permitted to escape to the lit 
compartment from which they were 
removed. On the retest trials, Ss were 

placed in the lit compartment, and their 
Jatency to step to the dark compartment 
was recorded. Those Ss remaining longer 
than 600 sec were removed. 

Electroconvulsive shock 
(15 milliamperes for 0.2 sec) was; 
administered transcorneally, ou tside the 
conditioning apparatus, using a Hans 2-C 
electroshock apparatus. 

The Ss were divided into four main 
groups, one control group, in which Ss 
were. returned to their horne cages 
immediately after training, and three 
experimental groups receiving ECS 10 sec, 
120 sec, and 3 h after training. The Ss 
receiving ECS 120 sec and 3 h after 
training spent the training·ECS interval in 
their horne cages. Each main group was 
divided into four subgroups of 15 Ss 
according to the time at which they were 
to be retested. Retest was 24 h, 48 h, 72 h, 
or 1 week after training. 

RESULTS 
Overall analysis of variance 

(Kruskal·Wallis) revealed no significant 
differences in training-triallatencies among 
the 16 subgroups. Analyses of variance 
performed across the main groups were 
significant for each time of retest at 
p < 0.001, indicating that the ECS 
treatment was sufficient to differentiate 
the groups at all retest times. A Wilcoxon 
rank sum test (Wilcoxon & Wilcox, 1964) 
was performed between training and retest 
latencies for each subgroup. Retest 
latencies were significantly higher 
(p < 0.001) than training latencies for alI 
the subgroups of both the control 
(no-ECS) and the 3-h ECS groups. The 
retest latencies for all the subgroups of the 
120-sec ECS group did not differ 
significantly from their training latencies. 
However, the retest latencies of the 
subgroups given ECS at 10 sec and retested 
at 24 hand 48 h were different from their 
training latencies (p< om and p< 0.025, 
respectively), but were lower on the retest 
than on the training trial. At the 72 hand 
1 week retest, the latencies of the 10-sec 
ECS subgroups were not significantly 
different from their training latencies. All 
ECS-treated subgroups had lower latencies 
than controls (no ECS) at all retest 
intervals. Significant differences from 
controls (Wilcoxon multiple comparison, 
Wilcoxon & Wilcox, 1964) were found for 
each subgroup except the 3-h ECS, retested 
at 24 h, 48 h, and 72 h. At the I·week 
retest, the latencies of the 3-h ECS were, 
however, significantly less (p < 0.01) than 
controls. A Kruskal-Wallis analysis of 
variance across retest times for each ECS 
condition revealed no differences related to 
time of retest. 

The results of the first experiment failed 
to show any suggestion of recovery from 
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Fig. 1. Median retest latencies for Ss of Experiments land 2. 

the amnesic effects of ECS given 10 sec, 
120 sec, or 3 h after training over a I-week 
period. However, a proactive effect ofECS 
is demonstrated by latencies lower on the 
retest than on the training trial for the 
IO-sec ECS subgroups retested at 24 h and 
48 h. The latencies of the 10-sec ECS 
subgroups, though they rose at the 72-h 
and I-week retest times, did not differ 
significantly from the training latencies. 
That is, a proactive effect upon 
step-through latencies appeared to have 
dissipated, but the amnesia remained 
complete. It is possible that the time 
intervals used in the first experiment, even 
though longer than those commonly 
employed, were still too short to permit 
demonstration of recovery. 

EXPERIMENT 2 
A second experiment was conducted 

exactly as the first, except that a 4-week 
retest was substituted for the 48-h retest. 
In this experiment, 288 mice were used to 
give an N of 18 per subgroup. 

As can be seen in Fig. I, the results of 
this experiment essentially replicate and 
extend those of the first. A Kruskal-Wallis 
analysis of variance showed no significant 
effect of time of retest for any of the four 
main groups (p> 0.5,0.7, 0.8, 0.8 for the 
control, ECS 3 h, ECS 120 sec, and 
ECS 10 sec, respectively). All ECS-treated 
subgroups, including those given ECS 3 h 
after training, had latencies significantly 
lower than controls at all times of retest in 
this experiment. 
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DISCUSSION 
The results of the present study show no 

spontaneous recovery over a 4-week period 
from the amnesia produced by ECS, either 
when the amnesia is complete or when it is 
only partial. This is not what would be 
predicted on the basis of an analogy with 
the retrograde amnesia produced by head 
trauma, where there is spontaneous 
shrinkage with time, nor does it agree with 
the results of Miller (1968), who found 
recovery at the longer training-ECS 
intervals. 

Caution, however, should be exercised 
when interpreting the various results of 
experiments testing the permanence of the 
amnesia produced by ECS, both with 
regard to the specific experimental design 
being used and in terms of the implications 
of the findings for consolidation theory. 

Previous results from our laboratory 
have demonstrated a clear-cut proactive 
effect of ECS on the step-through latencies 
of trained mice (Robustelli et al, 1969) and 
naive mice (Aron et al, 1969) lasting for 
24 h. In the present investigation, a 
proaetive effect can be demonstrated up to 
48 h, but not thereafter. All of the studies 
that have shown recovery from the amnesia 
produced by ECS have used ECS-retest 
intervals of no longer than 72 h (Cooper & 
Koppenaal, 1964; Zinkin & Miller, 1967; 
Kohlenberg & Trabasso, 1968; Miller, 
1968). Sinee it is known that the extent of 
the amnesia produced by ECS is dependent 
upon ECS parameters, task, and species 

variables, it might be suggested that in the 
above studies ECS had little, if any, true 
retrograde effect and that what was being 
demonstrated was a recovery from the 
proactive rather than the retroactive effects 
ofECS. 

Independently of these technical 
considerations, however, the fmding of 
recovery from the amnesic effects of ErS 
would not invalidate consolidation theory, 
nor do the results of the present 
investigation necessarily support it. A 
distinetion has to be made between the 
consolidation hypothesis itself and 
hypotheses concerning the mechanism of 
action of ECS. Electroconvulsive shock is 
most generally assumed to destroy a labile 
memory trace and thus arrest the 
formation of a stable memory trace at 
the time of its delivery. This would require 
that the resultant amnesia be permanent, 
sin ce the labile trace is physically 
destroyed by the treatment. However, the 
gradient produced by ECS might be 
maintained over long testing intervals but 
be unrelated to consolidation, for example, 
a potentiation of ECS by the preceding 
foot shoek which diminishes as the foot 
shock-ECS interval increases. On the other 
hand, it might be suggested that the 
convulsion and/or the subsequent postical, 
state temporarily interrupts a consolidation 
process which might then be reinstated 
after the passage of time. Such a 
reinstatement might possibly occur at time 
intervals longer than 24 h. Under these 

Psychon. Sei., 1970, Vol. 19 (5) 



circumstances, a permanent amnesia would 
be produced only if the interruption 
covered the entire consolidation time. 
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Mice were given a sham operation (skin 
incision plus wound clip) under ether, a 
sham operation without ether, or ether 
alone after training in a passive-avoidance 
task and were tested for retention 24 h 
/ater. When administered 1 h after training, 
sham-ether and sham treatments, but not 
ether treatments, induced amnesia. 
Amnesia due to the sham-ether treatment 
was greater than that due to the 
sham-no ether treatment. When given 6 h 
after training, only the sham-ether 
treatment induced significant amnesia. 

This report was generated by an attempt 
to produce retrograde amnesia in mice by 
brain damage. Our initial aim was diverted, 
however, by the discovery that a sham 
operation without brain damage was 
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sufficient to produee amnesia. 
Consequently, attention was shifted to an 
analysis of this latter phenomenon. 

SUBJECTS 
The Ss were fern ale CFl mice, 6 to 

8 weeks old, housed 8-10 to a cage. 
APPARATUSANDPROCEDURE 

The conditioning apparatus was identical 
to that. described by Jarvik & Kopp (1967). 
Briefly, the trough-shaped step-through 
apparatus consisted of a two-compartment 
box in wh ich the Ss could receive a 
350 microA foot shock when stepping 
from the smalllighted compartment to the 
larger dark one. The conditioning trial was 
terminated when Ss escaped back to the 
light compartment from which they were 
removed. All retest trials were conducted 
with the same procedure and always 
occurred 24 h following the conditioning 
trial. All latencies with which Ss entered 
the large dark compartment on both 
conditioning and retest trials were 
recorded. 

EXPERIMENT 1 
The Ss were divided into two groups of 

12 anirnals each. Group C (control) was 
given training and retest trials without any 
additional treatment. Group S-E 
(sham-ether) was treated as Group C but 
was sham operated under ether anesthesia 
1 h after the training trial. The sham-ether 
operation had five steps: (1) placing a 
mouse in a beaker containing volatile ethyl 
ether at 25°C for approxirnately 45 sec until 
surgical anesthesia was obtained, 
(2) shaving the dorsal side of the mouse's 
head, (3) placing the mouse in the ether jar 
for a second tirne until surgical anesthesia 
was again obtained, (4) making an 8-mm 
skin incision along the midline of the head 
with a scalpel, and (5) closing the wound 
with a 7-mrn wound clip. For one-third of 
the mice, a third dose of ether was 
necessary between the fourth and fifth 
steps. 

Results 
As shown in Table 1, Ss recelvmg the 

S-E treatment 1 h after training had lower 
retest latencies than untreated C Ss. This 
difference was significant at p< .01 
(Wilcoxon & Wilcox, 1964). 

EXPERIMENT 2 
The irnportance of the ether and of the 

skin incision in producing the sham-ether 
effect were separately evaluated. The Ss 
were divided into four groups of 12-14 
anirnals each. Groups C and S-E were given 
the same con trol and sham-ether 
treatments, respectively, as the Ss in 
Experiment 1. Group S-NE (sham-no 
ether) was treated the same way as 
Group S-E except that no ether or other 
anesthesia was used. These Ss were held by 
the neck and tail while they were shaved 
and given a skin incision and a wound clip. 
Group E (ether) was treated in the same 
way as Group S-E except that no sham 
operation was performed. These Ss were 
surgically anesthetized in ether with the 
same frequency as were the Ss in 
Group S-E, i.e., one-third of the Ss in 
Group E were placed in the ether jar three 
tirnes and the rest onlv twice. 

Results 
As shown in Table 2, the S-E effect was 

replicated. The Ss receiving the S-E 
treatment 1 h after training again had 
significantly (p < .OI) lower retest 
latencies than C Ss. The Ss receiving the 
S-NE treatment also had significantly 
(p < .05) lower retest latencies than the 
C Ss. However, amnesia due to the S-E 
treatment was significantly (p< .05) 
greater than that due to the S-NE 
treatment. The Ss receiving the E 
treatment showed no amnesia whatsoever 
and had significantly (p< .0)) higher 
latencies than Ss receiving either the S-E or 
the S-NE treatment. 
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