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Mice were injected with cycloheximide (cyc) or saline 45 min be fore passive 
avoidance training. They were tested 1,1.5,3,5,7,24, or 72 h after training. A 
significant drop in the performance of the cyc animals was observed between the 
3- and 5-h test intervals, a result similar to that found in maze studies. However, 
contrary to the results of maze studies, amnesia was evident as early as 1.5 h 
after training. Several possible ex plan at ions for this early appearance of amnesia 
are discussed, and it is suggested that the retraining procedure used in maze 
studies may have masked the early stages of amnesia. 

In aseries of studies, Barondes and 
his coworkers have studied the effects 
of inhibiting cerebral protein synthesis 
on the memory of a maze task (see 
Barondes, 1970, for an excellent 
review of his work). They have 
generally found that when mice are 
injected with cycloheximide (cyc) or 
acetoxycycloheximide and then 
trained in a maze to a minimal 
criterion at a time when their cerebral 
protein synthesis is inhibited 90% or 
more, the animals show marked 
amnesia when retrained 6 h or more 
after initial training but no amnesia 
when retrained 3 h or less after initial 
training. These authors have 
interpreted these results as indicating 
that the establishment of long-term 
memory is dependent upon protein 
synthesis during or shortly after 
learning, whereas short-term memory 
(3 h or less after learning) is 
independent of protein synthesis. 

The purpose of the present study 
was to a ttempt an in-prineiple 
replication of the above findings with a 
passive avoidance (PA) task in order to 
test the generality of the above 
hypothesis and to determine whether 
cyc produces a gradient of amnesia for 
PA learning (which has been the most 
popular task for the study of amnesic 
agents) similar to the gradient found 
after maze learning. This test of the 
generality of the effects of cyc on 
memory seems necessary, since some 
published reports on the effects of cyc 
on PA memory are somewhat 
conflicting (Quartermain & McEwen, 
1970; Squire, Geiler, & Jarvik, 1971; 
Geiler, Roubustelli, Barondes, Cohen, 
& Jarvik, 1969). 

METHOD 

cycle. They were adapted to the 
laboratory and vivarium for at least 2 
weeks before being used in the 
experiment. 

The "step-through" PA apparatus 
used in this task was basically sirnilar 
to the ones described by Essman & 
Alpern (1964) and by Herz, Peeke, & 
Wyers (1966). Training was 
accomplished by plaeing the mouse on 
an illuminated metal platform and 
permitting it to step spontaneously 
through a hole in an adjacent panel 
into a darkened chamber. When the 
front feet of the animal touched the 
metal floor of the chamber, it received 
a 2.0-mA shock to its feet. 

The mice were injected 
subcutaneously between the shoulders 
45 min before training. They were 
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injected with .4 ml of 0.15 M saline or 
.4 ml of a cycloheximide (actidione, 
NBC) solution (10 mg cyc/ml in 
0.15 M saline). The degree of 
inhibition of protein synthesis was 
determined by the method described 
by Barondes & Cohen (1967) and was 
found to be 93%-95% 45 min after the 
injection of cyc. 

The mice were given one training 
trial, then placed in a holding cage 
until all the animals of that group had 
been run, and then returned to their 
horne cages. They were given a test 
trial 1, 1.5, 3, 5, 7,24, or 72 h after 
training. During training, the 
step-through latency (STL) was 
measured as the time it took for the 
mouse to make contact with the meta! 
floor after being placed on the 
platform. During testing, the STL was 
measured as the time it took the 
animal to enter into the chamber with 
all four feet after being placed on 
the platform (no shock on the test 
trials). If on the test trial an animal 
did not step into the chamber within 
30 sec, the trial was terminated and 
the animal was assigned a step-through 
latency of 30 sec. 

RESULTS 
The median STLs on the training 

and test trials for all groups are 
presented in Fig. 1. An analysis of 
variance (Kruskal-Wallis) performed on 
the test-trial STLs of the 
cycloheximide groups over 
training-test intervals was significant 
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Male C57BL/6J mice, 22-26 g, were 
used in this study. They were housed 
six per cage, given food and water 
ad lib, and maintained on a 12-h light 
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Fig. 1. Median test trial step-through latencies (STLs) at the various 
training-test intervals. The shaded part of the bar graphs represents the STLs on 
the training trial. c = cycloheximide'injected mice; s = saline-injected mice; N = 
12/group. 
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(p < .01), but a comparable analvsis of 
the saline groups was not (p > .1\ The 
largest change in performance of the 
cycloheximide groups occurred 
between the 3- and 5-h groups 
(Mann-Whitney U, p< .05). This is 
similar to the results of Barondes and 
Cohen (1968), WRO found that the 
maximum change in performance 
occurred between the groups tested at 
3 and 6 h after training. 

However, in previous studies that 
utilized maze escape training 
(Barondes & Cohell, 1968), no 
difference was found between the 
cycloheximide and saline groups when 
tested at· 3 h after training, whereas in 
t h e present study, a significant 
difference (Mann-Whitney U, p< .05) 
was found between the groups tested 
at 1.5 or 3 h after training, as weIl as 
the longer test intervals (p < .01) for 
the 5-, 7-, 24-, and 72-h intervals). It 
was also found that the mean training 
trial STL for the pooled cycloheximide 
groups was significantly greater than 
the pooled saline groups (two-tailed t, 
p< .05). 

DISCUSSION 
The results of this study indicate 

that the temporal gradient of amnesia 
following cycloheximide treatment 
and PA training is somewhat similar to 
the gradient following escape training 
(&rondes & Cohen, 1968), insofar as 
there is a marked decrease in 
"memory" between 3 and 5 h (or 6) 
after training. 'Ibis suggests that this 
part of the cycloheximide-induced 
arnnesia syndrome is not task specific 
but is a general phenomenon. 
However, this study also found that a 
performance decrement in the 
cycloheximide Ss can be observed as 
early as 1.5 h after PA training, 
whereas previous studies, using maze 
tasks, have reported no decrement 
until 6 h after training. 

Some recent studies have found that 
general activity is less than normal 
from about 1 to 3 h after cyc 
treatment (Squire, GeIler, & Jarvik, 
1970; Segal, Squire, & Barondes, 
1971), and it seems likely that the 
small, but significant, elevation of the 
training trial STL of the cyc groups 
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re fleets this decreased activity. It 
seemed possible, therefore, that the 
early appearance of a performance 
decrement at 1.5 h may have also been 
due to so me secondary effect of the 
drug on PA performance (such as 
disorientation, hypersensitivity to 
light, etc.) rather than to amnesia. 

Therefore, a control study was run 
to determine if the impaired test trial 
performance of the cyc-treated mice 
could have been caused by some 
secondary, nonamnesie, effect of the 
drug. Four groups of mice 
(N = 12/group) were given PA training 
and then injected with 4 mg of cyc or 
saline on the following day. One cyc 
and one saline group were given the 
test trial 2.25 or 5.75 h after the 
injections, corresponding to the 
train-test intervals of 1.5 and 5 h in 
the original experiment. All four groups 
had median STLs of 30 sec on 
the test trial. Therefore, it seems very 
unlikely that the impaired test trial 
performance observed in the original 
study could have been due to so me 
secondary, nonamnesic, effect of cyc 
on PA performance. 

It is possible that the drug may have 
impaired the learning ability of 
the mice so that their early poor 
performance reflected inferior 
conditioning rather than memory 
impairment. However, the absence of a 
significant difference between the 
groups tested at 1 h te nd to argue 
against this, although it is possible that 
had the criterion test latency been 
langer (i.e., less chance of a "ceiling 
effect"), the difference between the 
groups tested at 1 h might have 
reached significance. This possibility is 
being investigated further. 

Perhaps the most parsimonious 
explanation for the difference between 
this study and previous maze studies in 
the time of appearance of amnesia is 
that the PA task used in this study is 
more sensitive to the amnesie effect of 
cyc and provides a more sensitive 
measure of partial amnesia than do 
maze tasks. It is possible that the 
retraining procedure used in the maze 
studies (see Barondes, 1970; Barondes 
et al, 1968) may have masked the 

appearance of the early stages 01 
amnesia. The animals may have been 
experiencing partial amnesia 3 h after 
training, but they relearned the task to 
criterion so easily that the effects of 
the partial amnesia were quickly 
overcome and not reflected in the 
"savings score" which Barondes and 
others have used to measure amnesia. 

In support of this suggestion, it has 
been found in this laboratorv that 
mice preinjected with cyc and trained 
to a criterion of three out of four (ar 
five out of six) conditioned avoidance 
responses in a jump-up box (a task 
which they learn very easily) da not 
differ from saline-injected mice when 
they are retrained to the same 
criterion and their savings scores are 
compared but do differ significantly 
when only the performance on the 
first retraining trial is compared. 
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