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BECKER, J. AND E. K. MICHAELIS. Comparison of the cycloheximide and food satiation effects on a discrimination
task. PHARMAC. BIOCHEM. BEHAV. 6(6) 631-635, 1977. — The effects of intraventricular cycloheximide (CHX)
pretreatment were examined on the ability of rats to recall a light position discrimination task. The CHX pretreatment
used inhibited brain protein synthesis at the time of training by 71%. Following treatment with CHX the animals
demonstrated no retention of the task 18 hr later. Free feeding for 24 hr prior to treatment with cerebro-spinal-like fluid
(CSF) produced similar effects as CHX. It is proposed that the amnesic effect of CHX in this behavioral paradigm may be a
nonspecific action resulting from decreased motivation. Both the CHX-treated and satiated animals exhibited low
responding levels during training, despite comparable behavioral activity levels for the CHX- and CSF-treated groups.
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THE HYPOTHESIS that proteins are synthesized as a result
of learning and that this process is in some way responsible
for memory formation has been widely accepted. Investi-
gations to determine the role of proteins have followed two
different avenues. One approach has been to demonstrate
and purify newly synthesized proteins specific for the
learned task [2, 14, 21]. The other and most frequently
employed method has involved the study of the effects of
protein synthesis inhibitors on memory formation (e.g., [1,
3, 5,7, 16]). Despite the general agreement in the literature
that protein synthesis inhibitors administered prior to or
immediately after training produce amnesia of the trained
task, some studies have reported no effect of these agents
on memory formation [8, 15, 20, 22], or that have
reported the spontaneous recovery of memory [18,19].
There are several factors that can account for the failure
to produce an amnesic effect with protein synthesis
inhibitors, including the percent of protein synthesis
inhibition achieved [1] and the amount and quality of
training employed [6, 7, 8, 13]. For example, reduced
amnesia has been observed after protein synthesis inhibition
if too little or too much training has been employed [7], or
if longer shock duration [6] or increased intensities were
used [8] in shock-motivated training paradigms. These
observations might indicate that some of the effects of
protein synthesis inhibitors on memory represent a non-

specific interaction of this type of treatment with the
training procedures used.

In order to study the specificity of the effects of one
such protein synthesis inhibitor, cycloheximide (CHX), we
selected a food-reinforced discrimination task rather than a
shock-motivated training paradigm. With this type of
positively motivated learning paradigm it was expected that
one could easily compare the behavioral effects of cyclo-
heximide with the effects of a procedure that reduces the
motivational state of the experimental animals, such as
food satiation before training. In addition, this study was
designed so that the effects of CHX on a task which
required prolonged training sessions could be explored, and
so that each animal functioned as its own control for the
CHX and no-CHX treatment conditions.

METHOD
Chemicals

Cycloheximide was obtained from Sigma Chemical Co.,
St. Louis, MO. (®* H)-Leucine (5.0 Ci/mmole) was obtained
from New England Nuclear Corporation, Boston, MA. All
other chemicals were of reagent grade.

Animals

Thirty-eight male Sprague-Dawley rats were housed in
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individual cages, kept on a 12 hr light, 12 hr dark schedule
and maintained at 85% of their free feeding weight
throughout the experiment. All animals had been subjects
in a student behavioral psychology class prior to the
experiment and had similar training histories.

Apparatus

A Gerbrands operant conditioning unit was altered to
accommodate two lights, one on each side of the lever. The
push rod was removed from the chamber. The control unit
was attached to a stepper and a cumulative recorder.
Condition changes were made manually.

Behavioral Methods

The animals were randomly divided into four groups of
six animals in each group. Each group received two
injections separated by one week’s time. Each injection was
followed in 2 hr by a training session and a postcheck
session 18 hr later. The first group (Group 1) received a
cerebro-spinal fluid-like injection [4] (CSF) as the first
injection and CHX as the second injection. The second
group (Group 2) received CHX as the first and CSF as the
second injection. The third group (Group 3) received CSF
in both injections and the fourth group (Group 4) was
satiated prior to their first injection of CSF but food
deprived prior to their second CSF injection. The injections
were administered under light ether anesthesia employing a
free-hand injection procedure [11] into the right ventricle.
A single blind design was used for the injection of Groups 1
and 2. All injections were 10 ul in volume and consisted of
either CSF or 18.75 ug CHX/ul CSF solution. The injection
site was checked in a number of animals by sacrificing the
animals 12 hr after their last injection and checking for the
needle blood tracks. In several animals the site was localized
by injection of 10 ul of methylene blue dye through the
previously used track just prior to sacrifice. Only one
animal had to be discarded because of improper injection
site placement.

Preceding all injections each animal was established on a
fixed ratio of 25 bar presses to one 45 mg Noyes food
pellet (FR 25). Following that training the animals were
taught to discriminate light position. One light functioned
as a discriminative stimulus (SD) for bar pressing on a FR 3.
The second light signified that bar pressing would not be
reinforced (8#). For the first discrimination training session,
rats in all four groups were trained while the left light (the
light illuminated in the initial FR 25 training) functioned as
SD and the right light served as the S*. Following the first
postcheck session each animal was reestablished on a
FR 25 in the presence of the illumination of the right light.
During the second discrimination training session the right
light functioned as the SD while the left light signified the
S® component. The discrimination training session follow-
ing either injection consisted of four periods of SD and
three periods of S$%; the first was always an SD and it
alternated with three S conditions. Each SD condition was
five minutes long. Each S* condition continued until the
rat had not responded for three consecutive clock minutes
(3 min change-over-delay). The postcheck administered
18 hr after each training session was a repeat of the seven
training conditions the animal had been exposed to
18 hr earlier. All discrimination training sessions were
preceded by a 24 hr food deprivation period except for the
first training session of Group 4. During all sessions a
cumulative recorder was operated and the number of
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responses were recorded (from electromechanical counters)
at one minute intervals by the experimenter.

A discrimination ratio was used to determine the degree
to which each animal had made the discrimination between
SD and S$” conditions [12]. This ratio was calculated as:

the number of responses in the SD conditions

Total responses in all conditions

for an entire session. A perfect discrimination would be a
ratio of one. Discrimination ratios were also calculated for
each of the three exposures to the two stimuli to determine
if there was improvement across the session in the animals’
ability to distinguish the cues. These ratios were calculated
as:

the number of responses in the SD component

responses in SD + responses in the preceding
S% component

The difference in each animal’s discrimination ratio in the
postcheck session minus the discrimination ratio in the
training session was used in calculating the group average
discrimination ratio difference under a given treatment
condition. In addition to discrimination ratios the response
rate of each animal in the SD and $* conditions were
computed as responses per minute.

Activity Measures

A Lehigh-Valley photocell activity cage (61 ¢cm dia-
meter) was employed to measure general activity in two
groups of four rats each. One group received 10 ul CSF
first, the other 10 ul CHX. One week later the group that
received CSF the first time received CHX and the other
group received CSF. Two hours after each intraventricular
injection, the rat was placed in the activity cage for 30 min.
In computing average activity all animals receiving
CHX were considered together as were all animals receiving
CSF.

Biochemical Measures

Six rats were used for the measurement of brain protein
synthesis activity; three rats were treated with CSF and
three were injected with CHX as previously described. Each
animal was returned to its home cage and 2 hr later it was
injected intraventicularly with 10ul of (*H)-leucine
(10 pCi). The animal was decapitated 15 min later and the
brain was sliced in the cold in a dorsoventral fashion. Slices
from the forebrain, mid-brain, and hind-brain areas were
used for homogenization, protein precipitation, and wash-
ing of the protein pellet as previously described [1]. The
average weight of starting brain tissue material was 1.08 g
(range 1.0—1.2 g). The washed protein pellet was resus-
pended in 1.1 ml of a 1.9 N NaOH-20% Triton X-100
solution and triplicate 20 ul aliquots of the suspension were
used to measure the radioactivity by means of scintillation
spectrometry employing a Triton X-100-Toluene (1 : 2 v/v)
scintillation fluid (average tritium efficiency was 39%).
Three 0.1 ml samples of the deproteinized supernatant were
also removed and the radioactivity of free (* H)-leucine was
determined employing a scintillation fluid with cab-o-sil
[9] (average tritium efficiency was 55%). Protein concen-
tration in the tissue homogenate, the redissolved protein
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precipitate, and the supernatant was measured by the
Lowry method [10].

RESULTS
Protein Synthesis Inhibition

The dose of cycloheximide selected (187.5 ug per
injection) was found to be the largest dose that the animals
could tolerate without exhibiting overt manifestations of
sickness. Even at this dose level three animals failed to bar
press for the first five minutes of the FR 5§ component and
they had to be excluded from the study. At the dose level
employed in this study, protein synthesis was found to have
been inhibited by 71% in the brain tissue. The average
(°® H)-leucine radioactivity incorporated into the protein
fraction of the control animals was 14,016 DPM/mg
protein, whereas that for the CHX-treated animals was
4,390 DPM/mg protein.

Behavioral Effects of Treatment

A comparison of the discrimination ratios between the
training and postcheck sessions for Group 1 which received
CSF in its first injection, revealed an increase in the
discrimination ratio of the postcheck session of +0.330
(standard error, SE 0.06). This can be interpreted as
indicative of some retention of the discrimination between
the two sessions. One week later when these same animals
received CHX, the average difference between the post-
check session minus that of the training session was —0.059
(SE 0.08) which shows that these animals did not retain the
training that they had received 18 hr earlier. These results
were replicated with animals in Group 2 that received CHX
first. The difference in discrimination ratio between post-
check and training session was +0.059 (SE 0.05), again
indicating no retention of the learned discrimination. One
week later when this same group of animals was injected
with CSF, the difference in discrimination ratios between
postcheck and training sessions was +0.257 (SE 0.04). A
statistical comparison of the differences in discrimination
ratios between postcheck and training sessions under the
two treatment conditions of CSF and of CHX, showed that
the two conditions produced significantly different effects.
On a two-tailed z-test, the difference found in Group 1 was
significant at the 0.005 level, and in Group 2 it was
significant at the 0.02 level (p<0.05 considered as signifi-
cance limit, df = 10).

The animals in Group 3 served as injection-scheduling
controls in order to allow for the examination of any
effects that might have been produced by the procedures
used with Groups 1 and 2. Following the first CSF injection
of the Group 3 animals, the postcheck session produced an
average increase in the discrimination ratio of +0.216 (SE
0.102) when compared to the training session. One week
later the same procedures resulted in an increase in the
discrimination ratio between the postcheck and training
session of +0.209 (SE 0.08). Statistical analysis revealed no
significant difference between the two treatment pro-
cedures for Group 3.

Unlike the animals of Group 3, the animals in Group 4
that had a 24 hr free feeding period preceding their first
injection of CSF, showed an average decrease in their
discrimination ratio between postcheck and training of
—0.111 (SE 0.077). However, one week later these same
animals, when given CSF following 24 hr of food depri-

vation, had an average increase in discrimination ratio
between the postcheck and training sessions of +0.386 (SE
0.031). The difference between the two treatment condi-
tions was statistically significant at the 0.001 level, df = 10.

In summary, then, across all four groups, those animals
that received CSF treatment showed improved ability to
discriminate between SD and S conditions as manifested
by an increase in the discrimination ratios between training
and subsequent postcheck sessions. In contrast the animals
that were allowed to free feed or were treated with CHX
prior to the training session showed little or no retention of
the discrimination task in postcheck sessions.

The response rates for each group of animals during the
three S and the last three SD conditions of all the sessions
are shown in Fig. 1. It should be recalled that the SD
conditions were always 5 min long whereas the $* conditions
were of variable length because of the 3 min change-over-
delay. Generally, it is apparent that the response rate during
the SD conditions in the training sessions that followed
CHX treatment or the 24 hr free feeding period prior to the
CSF injection, were lower than the response rates in the
same condition and session after the food deprivation-CSF
injection treatment. In addition, while there is a decrease in
the response rate in the S* conditions from training to
postcheck session after CSF treatment, this trend is not
apparent in the CHX or satiation conditions.

The discrimination ratios for each $2/SD presentation
are also shown in Fig. 1. In all groups of animals under all
conditions, one can observe an increase in the discrimi-
nation ratio between the first exposure to the discrimi-
native stimuli and the third exposure in each training and
postcheck session. It should also be noted that in the CSF
conditions there is a trend toward increased discrimination
ratios that is carried over from training session to postcheck
session. However, in animals that underwent CHX or
freefeed-CSF treatment the trend is not observed to carry
over from the training to the postcheck session, even
though the discrimination ratios for these animals at the
end of the training session are as high as those for the
CSF-treated animals.

Activity Measures

The effect of CHX on the response rate that was
observed in the animals treated with this agent might have
indicated more than a suppression of motivation. An actual
neuromuscular debilitation as a result of treatment could
have produced a similar decrease in the rate of responding.
This possibility was explored by measuring the effects of
CSF and CHX treatment on general locomotor activity. In
terms of general exploratory behavior the animals treated
with CSF interrupted the activity cage photocells an
average of 487 + 192 times in 30 min while the animals
treated with CHX interrupted the beam an average of
443 + 239 times in 30 min. There was no statistical
significance in the difference between exploratory behavior
of CSF or CHX treated animals.

DISCUSSION

In this study, as in many earlier ones, protein synthesis
inhibition led to the blockade of memory formation of a
learned task. However, unlike the majority of the studies
that have examined the effect of protein synthesis in-
hibitors on memory formation, this study involves a food-
reinforced discrimination task rather than a shock avoid-
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FIG. 1. Response rates and discrimination ratios for each of the three S&/SD stimulus presentations
during training and postcheck sessions. All values are group means. For the discrimination ratios the
vertical lines with cross bars indicate the standard error of the mean.

ance paradigm. The CHX treatment prior to training for the
discrimination task blocked almost completely the reten-
tion of the trained behavior in the treated animals. This
suppression of memory formation was achieved with a 71%
inhibition of protein synthesis as determined by the
decrease in (® H)-leucine incorporation into brain proteins
two hours following the CHX treatment. Thus, for this

particular behavioral paradigm and these testing conditions,
and for the animals employed in this study (rats), there
appeared to be no need to inhibit 85-95% of the brain
protein synthesis in order to observe the blockade of
memory formation, as has been reported for mice [1]. As a
matter of fact, the CHX dose employed was the highest
dose that could be tolerated by the experimental animals
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and would still allow them to go through their training
session. It is possible that the behavior that was being
examined is more sensitive to the effects of protein
synthesis inhibition than the avoidance procedures com-
monly employed. Or otherwise, it may simply be a matter
of species differences in the response to this type of
treatment.

The CHX treatment employed in this study did not only
produce a loss of retention of the trained discrimination,
but it also caused a decrease in the response rates during the
training session. This decrease in responding could not be
directly ascribed to a generalized decrease of behavioral
activity, since the CHX-treated animals maintained a
normal level of exploratory activity two hr after CHX
treatment. The decreases in response rates during the
training session following CHX treatment were more like
the decreases in responding observed in the group that had

been food-satiated 24 hr before training. Thus, the CHX
effect approximated more closely that of a change in the
level of motivation to respond for food reinforcement.
Even more interesting was the similarity between CHX

“treatment and food satiation on the retention of the trained

discrimination, since both manipulations produced a block-
ade of memory formation.

The similarities between protein synthesis inhibition and
decreases in the motivational state of the animals described
in this study point to the need for a careful evaluation of
the specificity of the effects of protein synthesis inhibitors
on memory formation. It is possible that even in studies
employing avoidance paradigms some of the effects of
protein synthesis inhibitors are due to changes in the
intensity of emotional responses in the experimental
animals.

REFERENCES

1. Barondes, S. H. and H. D. Cohen. Delayed and sustained effect
of acetoxycycloheximide on memory in mice. Proc. natn.
Acad. Sci. U.S.A. 58: 157—-164, 1967.

2. Bogoch, S. The Biochemistry of Memory. New York: Oxford
University Press, 1968, pp. 184—-197.

3. Braud, W. G. and W. J. Broussard. Effects of puromycin on
memory for shuttle box extinction in goldfish and bar press
extinction in rats. Pharmac. Biochem. Behav. 1: 651—656,
1973.

4. Fenstermacher, J. D. Ventriculocisternal perfusion as a tech-

nique for studying transport and mefabolism within the brain. -

In: Research Methods in Neurochemistry, Vol. 1, edited by N.
Marks and R. Rodnight. New York: Plenum Press, 1972, pp.
165-178.

5. Flexner, I. B., L. B. Flexner and E. Stellar. Memory in mice as
affected by intracerebral puromycin. Science 141: 57-59,
1963.

6. Flood, J. F., M. R. Rosenzweig, E. L. Bennet and A. E. Orme.
Influence of training strength on amnesia induced by pre-
training injections of cycloheximide. Physiol. Behav. 9:
589--600, 1972.

7. Flood, J. F., M. R. Rosenzweig, E. L. Bennet and A. E. Orme.
The influence of duration of protein synthesis inhibition on
memory. Physiol. Behav. 10: 555-562, 1973.

8. Flood, J. F., E. L. Bennet, A. E. Orme and M. R. Rosenzweig.
Effects of protein synthesis inhibition on memory for active
avoidance training. Physiol. Behav. 14: 177—184, 1975.

9. Gordon, C. F. and A. L. Wolfe. Liquid scintillation counting of
aqueous samples. Analyt. Chem. 32: 574, 1960.

10. Lowry, O. H., N. J. Rosebrough, A. L. Farr and R. J. Randall.
Protein measurement with the Folin phenol reagent. J. Biol.
Chem. 193: 265-275, 1951.

11. Noble, E. P., R. J. Wurtman and J. Axelrod. A simple and rapid
method for injecting *H-norepinephrine into the lateral ventri-
cle of the rat brain. Life Sci. 6: 281-291, 1967.

12. Powell, R. W. Effects of stimulus control and deprivation upon
discrimination. J. exp. Analysis Behav. 19: 351360, 1973.

13. Quartermain, D., B. S. McEwen and E, C. Azmitia. Amnesia
produced by electroconvulsive shock or cycloheximide: Condi-
tions for recovery. Science 169: 683—-686, 1970.

14. Routtenberg, A., D. R. George, L. G. Davis and E. G.
Brunngraber. Memory consolidation and fucosylation of crude
synaptosomal glycoproteins resolved by gel electrophoresis: A
regional study. Behav. Biol. 12: 461—-475, 1974.

15. Schoel, W. M. and B. W. Agranoff. The effects of puromycin
on retention of conditioned cardiac deceleration in the
goldfish. Behav. Biol. 1: 553-565,1972.

16. Segal, D. S., L. R. Squire and S. H. Barondes. Cycloheximide:
Its effects on activity are dissociable from its effects on
memory. Science 172: 82—84, 1971.

17. Serota, R. Acetoxycycloheximide and transient amnesia in the
rat. Proc. natn. Acad. Sci. U.S.A. 68: 1249-1250, 1971.

18. Squire, L. R. and S. H. Barondes. Variable decay of memory
and its recovery in cycloheximide-treated mice. Proc. natn.
Acad. Sci. U.S.A. 69: 14161420, 1972.

19. Squire, L. R. and S. H. Barondes. Memory impairment during
prolonged training in mice given inhibitors of cerebral protein
synthesis. Brain Res. 56: 215-225,1973.

20. Ungar, G., L. Galvan and R. H. Clark. Chemical transfer of
learned fear. Nature 217: 1259-1261, 1968.

21. Van Abeleen, J., J. Daems and G. Douma. Memory storage in
three inbred mouse strains after injection of cycloheximide.
Physiol. Behav. 10: 751-753,1973.



