
the initial learning experience and thai 
the retention test was administered after 
the acute effects of REMD and ECS 
had disappeared. 

On the training trial there were nc 
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 were 
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 + 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 (10); and 
decreased glycogen content in the sub- 
cortex and caudal brain stem (11). 
These changes may cause increased 
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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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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 (1). 
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 (2). 
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 
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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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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. 
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did, under certain conditions, antago- 
nize the cycloheximide effect on mem- 
ory (5). 

In addition to describing alter- 
ations in the activity of mice that had 
been injected subcutaneously or intra- 
cerebrally with cycloheximide (in the 
same doses used in previous memory 
studies), we now demonstrate (i) that 
isocycloheximide, which has no effect 
on memory or cerebral protein syn- 
thesis, produces similar activity changes; 
and (ii) that the antagonism by amphet- 
amine of the cycloheximide effect on 
memory is not accompanied by an 
antagonism of its effect on activity. 
Although the amnesic properties of 
cycloheximide may be related to its 
effects on activity, our experiments dis- 
sociate these two effects and support 
the contention that the amnesic effect of 
cycloheximide is due to inhibition of 
the cerebral protein synthesis required 
for long-term memory storage. 

Cycloheximide (120 mg/kg), admin- 
istered subcutaneously (Fig. 1) or intra- 
cerebrally (Fig. 2), has significant effects 
on the activity of mice (6). For two 
groups of mice, we measured activity 
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Fig. 1. The effects of cycloheximide (120 
mg/kg) or saline on gross locomotor activ- 
ity of mice that were monitored for 10 
minutes at one of the indicated intervals 
after subcutaneous injection (A) or con- 
tinuously for 3 hours and 10 minutes after 
injection (B). In B, 10-minute samples 
were selected at regular intervals from the 
continuous record. The two groups mon- 
itored continuously are significantly differ- 
ent at all times, except at the 30- to 40- 
minute interval (P <.05, Mann-Whitney 
U test). When measurements were made 
for only one 10-minute interval, only the 
cycloheximide-induced hyperactivity was 
significantly different from control values 
(P < .05, Mann-Whitney U test). 
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continuously for 3 hours after sub- 
cutaneous injection of cycloheximide 
or saline; for separate groups, we mea- 
sured activity for one of several 10- 
minute intervals during the 24 hours 
after subcutaneous injection. In both 
cases, cycloheximide produced initial 
hyperactivity. Squire et al. (4) found 
that this initial hyperactivity was ap- 
parent within 3 minutes after injection 
of the drug. At about 30 to 40 minutes 
after injection, activity returned to nor- 
mal. Thereafter, mice showed a marked 
decrease in activity. The decrease was 
more apparent in the mice that were 
observed continuously (Fig. 1B) than 
in the mice that were observed at one 
10-minute interval (Fig. 1A). Appar- 
ently, the depressive effects of cyclo- 
heximide were antagonized until the 
mice became accustomed to the cham- 
ber. This may explain our earlier failure 
to detect changes in the activity of 
mice that we observed casually for 
short periods in an open chamber: in- 
deed, the mice in the present study 
appeared normal upon casual observa- 
tion. 

When injected subcutaneously, cyclo- 
heximide must be given in large doses 
in order to produce amnesia or to affect 
activity. Since intracerebral injections 
require much smaller doses to produce 
amnesia (3), we studied the effects on 
activity of intracerebral administration 
of cycloheximide. We did not measure 
activity until 1 hour after intracerebral 
injection, in order that the animals 
might recover from the ether anesthesia 
and the acute trauma of the injections. 
Upon intracerebral administration of 
200 jig of cycloheximide [a dose that 
inhibits more than 90 percent of cere- 
bral protein synthesis for several hours 
and that has marked amnesic effects 
(3)], a significant decrease in activity 
was observed from 1 to 4 hours after 
injection (Fig. 2). 

For studies of memory, we usually 
train mice 4 hours after an intracere- 
bral injection to allow for diffusion 
of the drug in the brain. Since de- 
creased activity levels would be ex- 
pected at the time of training, we con- 
sidered that this effect of cycloheximide 
on activity might somehow be related 
to its amnesic effect. We investigated 
this possibility by using a small amount 
of isocycloheximide, a stereoisomer of 
cycloheximide, which has no significant 
effect on cerebral protein synthesis (7). 
Mice were injected intracerebrally with 
200 /jg of cycloheximide or isocyclo- 
heximide. Isocycloheximide produced 

depression in activity from 1 to 4 hours 
after injection. This depression did not 
differ significantly from depression pro- 
duced by cycloheximide (Fig. 2). How- 
ever, in contrast with cycloheximide, 
isocycloheximide did not have any 
amnesic effect. Mice treated with iso- 
cycloheximide and trained in a light- 
dark discrimination 4 hours after intra- 
cerebral injection (8) showed retention 
3 days later that was indistinguishable 
from retention exhibited by saline- 
treated mice. Saline-treated animals 
had 65 percent savings (N=14); iso- 
cycloheximide-injected animals had 64 
percent savings (N = 13); but cyclohexi- 
mide-injected animals had 13 percent 
savings (N = 15). Thus intracerebrally 
injected isocycloheximide, which de- 
presses activity as cycloheximide does 
but does not markedly inhibit cerebral 
protein synthesis (1, 7), has no amnesic 
effect. Depression of activity is appar- 
ently unrelated either to amnesic action 
or to inhibition of cerebral protein 
synthesis. 

Since injections of amphetamine (1 
mg/kg) administered 3 hours after the 
completion of training antagonize the 
amnesic effect of cycloheximide admin- 
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Fig. 2. The effects of intracerebral admin- 
istration of saline, cycloheximide, or iso- 
cycloheximide on two measures of activity: 
rearing (top) and cross-overs (bottom). A 
15-,cl dose of isotonic saline, with or with- 
out 100 ,ug of cycloheximide or isocyclo- 
heximide, was injected intracerebrally into 
each temporal region (1 mm rostral to the 
caudal sutures, 1 mm lateral to the sagittal 
suture, and 4 mm below the skull surface). 
Activity was measured continuously be- 
tween 1 and 4 hours after injection. Both 
cycloheximide and isocycloheximide signi- 
ficantly reduced motor activity when com- 
pared to saline controls (P < .05, Mann- 
Whitney U test). 
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istered subcutaneously 30 minutes be- 
fore training (5), we sought to determine 
whether such injections of amphetamine 
also antagonize the effects of cyclo- 
heximide on activity. Mice were first 
injected with cycloheximide; 3 hours 
and 45 minutes later, they were injected 
subcutaneously with amphetamine (1 
mg/kg) or saline. This interval between 
drug injections is the same one em- 
ployed in memory studies, where am- 
phetamine, but not saline, was found 
to antagonize the effect of cyclohexi- 
mide. Activity was measured continu- 
ously during the 1st hour after amphet- 
amine or saline injection. Mice given 
cycloheximide and saline (N = 8) ex- 
hibited marked inhibition of activity 
during this period; their activity was sig- 
nificantly less than that of mice given 
only saline (Fig. 1) before activity 
(P < .01). Amphetamine (N = 8) did 
not antagonize the depression of activ- 
ity. Thus, the effect of amphetamine on 
memory in cycloheximide-treated mice 
(5) is not correlated with a measurable 
increase in activity. 

We conclude from these studies (i) 
that cycloheximide affects activity by 
acting on the brain, (ii) that this acti6n 
is unrelated to its inhibition of protein 
synthesis, 'and (iii) that these effects of 
cycloheximide on activity do not appear 
to be responsible for its amnesic action. 
It is possible, of course, that cyclohexi- 
mide has some other property, unre- 
lated to inhibition of cerebral protein 
synthesis, that is responsible for its 
amnesic effect. 

DAVID S. SEGAL 
LARRY R. SQUIRE 

SAMUEL H. BARONDES 

Department of Psychiatry, University of 
California, San Diego, La Jolla 92037 
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Mendelson (1) reported that rats in 
the presence of relevant goal objects 
(for example, food for a stimulus-bound 
eater) while receiving rewarding hy- 
pothalamic stimulation turn off the 
stimulation less frequently than rats do 
when there are no relevant goal objects. 
The rats could switch the stimulation 
ON by moving into one half of a shuttle 
box and switch it OFF by running into 
the other half. Mendelson states that 
the phenomenon is due to a suppression 
of the normally aversive effects of long 
lasting stimulation by consummatory 
behavior. He then proposed that the 
aversive effects of the brain stimulation 
(2, 3) are due to the excessive arousal 
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sponses. Savings was calculated as described 
by S. H. Barondes and H. D. Cohen [Science 
151, 594 (1966)]. Mice that required more trials 
to reach criterion on retest than on original 
learning were scored as having zero savings. 
The savings of mice given cycloheximide were 
significantly less than the savings of mice given 
saline (P < .02) or isocycloheximide (P < .02). 
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In their article Harrison et al. (1) 
presented interesting models for the 
transport of DDT (2) through several 
trophic levels. Their models essentially 
represent a series of mass transfer equa- 
tions in a homogeneous spatial medium. 
Harrison et al. claim that the models 
they propose are "sufficiently descrip- 
tive to yield the general nature of popu- 
lation response, and to make possible 
the prediction that a significant varia- 
tion of a predator population would 
cause upsets throughout the entire sys- 
tem, some of which might be of suffi- 
cient magnitude to create 'out-of-con- 
trol' conditions." However, nowhere in 
the article does there appear a verifica- 
tion analysis of the models proposed 
which would lend even minimum sup- 
port to such a contention. 

A verification analysis should com- 
pare the analytical model to observed 
data from the real world. Such an anal- 
ysis is basic to a systems analysis of 
any phenomenon. The presentation of 
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a model without some indication of 
how well the model does in "independ- 
ent" test predictions represents only 
part of the systems analysis. One must 
always be prepared to demonstrate the 
utility of the model for decision-mak- 
ing. For this reason it is necessary to 
go substantially beyond mere structur- 
ing of the analytical model. Numerous 
changes in the model may be necessi- 
tated by such a verification analysis. 
Certainly this step must be carried out 
before any claim is made about the 
ability of the model for prediction pur- 
poses. 
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of drive, and that the opportunity to 
engage in consummatory behavior re- 
duces the drive and makes the stimula- 
tion less aversive. However, a much 
simpler hypothesis can account for his 
result. During hypothalamic stimula- 
tion, the rat shows a high level of activ- 
ity such as sniffing, searching, and mov- 
ing, but if the relevant goal object is 
supplied during stimulation, such activ- 
ity is reduced because the rat becomes 
engaged in eating, drinking, or gnawing 
(4). This simple "activity" hypothesis 
can account for Mendelson's finding 
that the rat would prefer a longer dur- 
ation of brain stimulation with a goal 
object than without one. Such a sim- 
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