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Abstract 

Injection of 210 mg/kg of anisomycin 5 hr prior to training 

produced more nonspecific behavioral side effects at the time of 

training than did a low dosage (30·mg/kg) given 20 min prior to 

training. Yet the low dosage 20 min pre-training produced 

greater protein synthesis inhibition at training and greater 

impairment of retention of passive avoidance training than did 

the high dosage 5 hr pre-training. These results demonstrate 

that the level of protein synthesis inhibition at or near the 

time of training is the critical factor for inducing amnesia, and 

not nonspecific side effects following treatment with a protein 

synthesis inhibiting drug. Conditions required for inducing 

amnesia according to various alternative hypotheses are also 

satisfied better by the high dosage of anisomycin given 5 hr 

prior to training than by the amnes.tic low dose given 20 min 

prior to training. Thus, these results provide further support 

for the hypothesis that brain protein synthesis is required for 

long-term memory formation. 



·~2-

When antibiotic drugs that inhibit cerebral protein syn-

.thesis_are administered shortly b~fore or sho~tly after training, 

they markedly impair long-term retention in a variety of species 

and for a variety of tasks (Flood & Jarvik, 1976). The.usual 

interpretation of these f~ndings is that cerebral protein syn-, .. 

thesis is not required for acquisition or ~hort-term memory but 

is required for the formation of long-te~m memory. It is possi-

ble, however, that these drugs act by producing some nonspecific 

effect on acquisition or r~tention rather than by specifically 

inhibiting the synthesis of cerebral proteins required for memory 

formation. One possible way this might occur is that inhibiting 

protein synthesis causes sickness. 

The possible role of sickness is typically evaluated by 

administering the protein synthesis inhibitor several hours after 

training and then testing for retention after the drug has been 

metabolized. If the poor retention of ani~als treated prior to 

training were due to illness, then animals injected several hours 

after training should have as poor retention as animals injected 

before training. Since animals injected hours after training 

have normal retention, illness has usually been considered not to 

contribute to poor retention. A difficulty with this type of con-

trol group is that it rules out only those nonspecific effects 

that might I occur after the time of injection. Nonspecific 

effects that could operate closer to the time of training have 

been evaluated by comparing the amnesic effect of a dosage of 

protein synthesis inhibitor given minutes before training with 

the effect of the same dosage given hours befcre training 

• 
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(Barondes & . Cohen, 1967; Squire & Barondes, 1976). Although no 

independent measure of nonspecific side effects was obtained in 

these studies, injections given ho~rs before training did not 

effect retention, provided capacity for cerebral protein syn-

thesis had sufficiently ~ecovered by the time of training. For a . ' .. 
more vigorous test of the nonspecific side e~fects of the protein 

synthesis inhibitors, the present study treated animals with dif-

ferent drug dosages at different times p~ior to training and made 

assessments of the resultant nonspecific side effects at the time 

of training. 

Specifically, we injected mice with a high dose (210 mg/kg) 

of anisomycin (ANI) 5 h~ prior to training o~ a low dose (ANI 30 

mg/kg) 20 min prior to training. Nonspecific effects were 

assessed by observing locomotor activity and asking rate~s to 

make blind judgments for symptoms of overt sickness. We found 

that sickness at the time of training was greater following the 

high dose of ANI. However, because ANI-induced inhibition of 

synthesis begins declining after approximately 2 hr (Davis, 

Rosenzweig, Bennett, & Orme, 1978), the level of inhibition of 

brain protein synthesis was ma~ginal for the induction of 

amnesia. In the case of the low dose of ANI, inhibition of cere-

bral protein synthesis was high at the time of training, but 

sickness was relatively absent. The rationale for this experi-

ment is illustrated in Table 1. If the illness hypothesis is 

correct, then the large dose of ANI (210 mg/kg) would produce the 

greater impairment of performance at test (B' in Table 1), but if 

the level of protein synthesis inhibition is critical, then the 
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low dose of ANI (30 mg/kg) should produce the greater impairment 

of retention (A' in Table 1}. 

Hale Swiss-Webster CD-1 mice were used for both the biochem-

ical and behavioral parts of this experiment. The method for 

evaluating protein synthesis inhibition has been described in 

detail previously (Davis et al., 1978}. ·In brief, mice were 
. . I 

injected subcutaneously with L-[u~4c] valine at various times 

after the injection of ANI (210 mg/kg or 30 mg/kg) or saline, and 

then sacrificed 20 min later. An estimate of protein synthesis 

during the 20 min prior to sacrifice was calculated by determin-

ing the ratio of (1) radioactivity resulting from . incorporation 

of the label into trichloracetic acid insoluble material to (2) 

total radioactivity in the brain sample. The percent inhibition 

was calculated by cbmparing this ratio for ANI-treated animals to 

' saline-treated animals. 

Determinations of the percent inhibition of protein syn-

thesis produced by the different doses of ANI and their relation 

to the training time for the behavioral experiments are given in 

Fig. 1. A large dosage of ANI (210 mg/kg) inhibits protein syn-

thesis to a greater extent and duration than does a low dose of 

ANI (30 mg/kg). However, at the time when animals are trained, 

the high dose of ANI (210 mg/kg) given 5 hr previously is inhi-

biting protein synthesis at. a level of about 80%, whereas the 

level of protein synthesis inhibition is high (90%) for the 30 

mg/kg dose of ANI given only 20 min previously. 

Evaluation of nonspecific behavioral effects was achieved by 

automatically measuring locomotor activity in an activity box 
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(30.5 em square x 15.5 em high) painted flat black. The box was 

divided into four quadrants by photocells, and measurement of the 

number of crossings was made for the different dru~ dosages at a 

time that would correspond with the time of training. Addition-

ally, at a time corresponding to training time 15 triplet sets of 

mice that had received-~ither ANI 210 mg/kg, ANI 30 mg/kg, or 

~ saline were asses~ed for overt signs of illness by 3 individuals 

experienced in handling laboratory animals. Sickness assessment, 

as well as behavioral training and testing, was done without 

knowledge of the drug condition of the animal. 

The results clearly indicate that animals that received a 

high dose of ANI 5 hr prior to evaluation demonstrated greater 

nonspecific behavioral effects than did animals that received a 

low dose of ANI 20 min prior to evaluation. The mean number of 

quadrant crossings during a 10 min period for ANI 210 mg/kg, ANI 

30 mg/kg, and saline were 120, 180, and 218, respectively. The 

ANI 210 mg/kg mice were significantly different from the ANI 30 

mg/kg and saline mice when evaluated by the Duncan test at the 

0.05 level. The saline and ANI 30 mg/kg mice ~ere not signifi-

cantly different • On ratings for overt sickness, the mice 

. rec~iving the high dose of ANI were rated as most sick, compared 

to the other two groups, on 14 out of 15 comparisons (p<0.01 for 

ANI 210 mg/kg vs ANI 30 mg/kg or saline). By contrast, the mice 

receiving a low dose of ANI were considered sicker than saline 

mice on 9 out of 15 comparisons (p>0.30). Thus, both measures 

consistently indicated differential degrees of nonspecific side 

effects for the two dosages of ANI. 
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Retention was evaluated 1 or 7 days after one-trial passive 

avoidance training in a standard step-through apparatus described 

previously (Davis et al., 1978). Briefly, it consists of a bla~k 

Plexiglas start box (9 em long x 10.2 em wide x 12.5 em high) 

separated from a white Plexiglas shock ~ompartment (35 em long x ... .. 
8.2 em wid~ x 12.5 em high) by a black panel with a 3.8 em diame-. 
ter hole at its base. Illumination of the appa~atus was provided 

by a 1 • 8 W 1 i g h t b u 1 b s i t u ate d behind a w hi t e t ran s 1 u c en t P 1 ex i,g-

las panel at the end of the shock compartmen~. Entry into the 

shock compartment until the time of training or test was 

prevented by a guillotine door. A 0.30 mA shock was delivered 

through 2.4 mm diameter brass rods by a constant current 18 pole 

shock scrambler. 

For training, a mouse was placed into the start box for 10 

sec after which the light illuminating the apparatus was turned 

on for 10 sec. 
( 

The guillotine door was removed when the animal 

was orien~ed away from the entrance. The step-through latency 

(STL) was measured as the time from orientation to the entrance 

until ~he animal had all four paws on the shoe~ grid. Five 

seconds after the mouse entered, a footshock was delivered until 

the mouse escaped back to the start box. The guillotine door was 

replaced, the Light turned off, and after approximately 5 sec the 
) 

mouse was returned to its home cage. Mice were treated in an 

identical fashion at test, except that no foot shock was 

delivered. 

The retention performance of mice injected with either ANI 

210 mg/kg, ANI 30 mg/kg, or 8aline S hr or 20 min prior to 
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training is shown in Table II. These results demonstrate that the 

important factor for inducing amnesia is the level of protein 

synthesis inhibition at or shortly after the time of training and 

not some nonspecific side effect of the protein synthesis inhibi-

tors observable during this time. As the level of protein syn-
.. 

thesis inhibition increased, the retention of animals decreased, . 
as indicated by percent amnesia. In contrast, the mice that 

showed the greatest nonspecific effects of protein synthesis 

inhibition at the time of training (ANI 210 mg/kg 5 hr pre-

training) did not show the greatest impairment of retention. 

There are two possible objections that might be raised to 

our interpretation of the results from this experiment. First, 

the normal passive avoidance retention of mice treated with ANI 

(210 mg/kg) 5 hr prior to training and tested at 1 day might be 

interpreted as an artifact of low locomotor activity due to some 

lingering side effect of the high drug dosage. This possibility 

is ruled out, however, by the significant impairment of retention 

at 1 day when the same drug dosage was given 20 min prior to 

training. A second possible objection comes from the finding that 

mice treated with ANI (210 mg/kg) 5 hr prior to training demon-

strated impaired retention at 7 days. This finding does not, how-

ever, provide support for the nonspecific illness hypothesis for 

the following reasons: 1) This group is less impaired than the 

group tested at 7 days that received ANI 30 mg/kg 20 min prior to 

0 training, and which demonstrated no nonspecific side effects at 

the time of training. 2) The level of protein synthesis inhibi-

tion achieved in this group is sufficient to c3use some degree of 
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amnesia, p~~ticularty at a long training-test interval, since 

memory strength declines over time (Davis, et al., 1978). 

The results of this experiment, in conjunction with experi-

ments using post~training .injected sickness controls (Davis et 

al., 1978), rule out nonspecific illnesi prior to, at, or after .. , 
training as an explanation for amnesia f~llowing protein syn-

thesis inhibition. In addition, we believe that the present study 

has implications ·for most, if not all, of the alternative 

hypotheses that have been offered to explain amnesia following 

inhibition; specific studies have in the past dealt directly with 

alternative hypotheses for the amnesic effects of protein .syn-

thesis inhibition. These include altered locomotor activity 

(Squire & Barondes, 1974), conditioned aversion (Squire, Emanuel, 

Davis, & Deutsch, 1975), altered cerebral electrical activity 
.. 

(Cohen, Ervin, & Barondes, 1966) inhibition of tyrosine ~ydroxy-

lase activity (Squire, Kuczenski, & Barondes, 1974), induction of 

an abnormal brain state by. accumulation of a metabolite or deple-

tion of a short half-life protein (Squire & Barondes, 1976), 

accumulation of brain tyrosine (Spanis & Squire, 1978), and inhi­

bition of adrenal steroidogenesis (Squire, St. John, & Davis, 

1976). The conditions required for inducing amnesia according to 

these alternative hypotheses would be satisfied by the high dose 

of ANI 5 hr prior to training, at least as well as the low dose 

of ANI 20 min prior to training, but the low dose of ANI produced 

a significantly greater impairment of retention than did the ~igh 

dose. Thus, the results of the present and previous studies are 

consistent with the hypoth~s~s ~h~t tLe protein synthesis 

; 
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inhibitors induce amnesia by blocking the·synthesis of brain pro­

tein specifically required for the formation of long-term memory • 

..,. 

.. 



-10-

·). 

Barond~s, s. H., & Coh~n, H. D. (1967). D~lay~d and sustain~d 

~ff~ct of ac~toxycycloh~ximid~ on m~mory in mic~. Pro~~cd-

157-

164. 

Coh~n, H. D., Ervin, F., & Barond~s, S. H. (1966). Puromycin 

and cycloh~ximid~: diff~r~nt ~rr~cts on hippocampal ~l~ctri-

cal activity. S~jo~~o, ~' 271-273. 

Davis, H. P., Ros~nzw~ig, M. R., B~nn~tt, E. L., & Orm~, A. E. 

(1978). R~covory as a f~nction of th~ d~gr~~ of amn~sia du~ 

to prot~in synth~sis inhibition. Pharmacology Bio~hcmjst-y 

.itD...d.. B o hay i o r , .§., 7 0 1 - 7 1 0 • 

Flood, J. F.,.& Jarvik, M. E. (1976). Drug influ~nc~s on l~arn­

ing and m~mory. In M. R. Ros~nzw~ig & E. L. B~nn~tt (Edi-

tors), N~ural M~chanisms of L~arning and M~mory, pp. 483-, 

507. Cambridg~, Mass.: MIT Pr~ss. 
'·. 

Spanis, C. W., & Squir~, L. R~ (1978). El~vation of brain tyro-

sin~ by inhibitors of prot~in synth~sis is not r~sponsibl~ 

for th~ir amn~sic ~ff~ct. Brain R~s~arC'h, J3...9.., 384-388. 

Squir~, L. R., & Barond~s, S. H. (1974). Anisomycin, lik~ oth~r 

inhibitors of . c~r~bral prot~in synth~sis, impairs 'long-

t~rm' m~mory of a discrimination task. Brain R~s~ar~h, 66, 

301-308. 

r. ~ -' 



. e 

.. 

0 

' ... 

-11-

Squir~, L. R., & Barondo.s, S. H. (1976). Amn~sic ~ff~ct of 

cycloh~ximid~ not du~ to do.pl~tion of a constitutiv~ brain 

prot~in with short half-lif~. Brain Rqs""ar,.h, m, 183-190 • 

S q u 1 r ~ , L • R • , Em an u ~ 1 ·, • C • A • , D-a v 1 s , H • P • , & D ~ u t s c h , J • A • 

(1975). Inhibitors of cqr~bral prot~in syntho.sis: dissocia-

t1on of av~rsiv~ and amn~sic qff~cts. Bqhayioral Biology, 

ll, 335-341. 

Squir~, L. R., Kucz~nski, R., & Barondo.s, S. H. (1974). Tyro-

sin~ hydroxylaso. inhibition by cycloho.ximido. and anisomycin 

is not ro.sponsiblo. for th~ir amno.sic o.ffo.ct. Bra1n 

Squir~, L. R., St. John, S., & Davis, H. P. (1976). Inhibitors 

of prot~in syntho.sis and mo.mory: dissociation of amno.sic 

~ffo.cts and ~ffo.cts on adro.nal st~roidogqno.s1s. Brain 
' 

Ro.soart"h, ~' 200-206. 

• 



, 

Acknowledgements 

This research was supported by ADAMHA Grant ROlMH26704 and from the 

D1 vision of Biomedical and Environmental Research of the U.S. Department 

of Energy, Contract number W-7405-ENG-48. · · L.R.S. was supported by the 

Medical Research Service of the Veterans Adminis~ration and by a grant 

from the Spencer Foundation. We thank Ann E. Orme for biochemical 

assistance. 

12 . 



.... .. 

Table I 

RATIONALE FOR THE EXPERIMEUT 

Conditions 

A B 

Protein Synthesis Sickness at 
Inhibition at Training Training 

ANI 210 mg/kg Lower Higher 

A.~I 30 mg/kg Higher Lower 

Amnesia Hypotheses 

A' 

Protein Synthesis 
Inhibition 

LOwer 

Higher 

B' 

Illness 

Higher 

Lower 

13 
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Table II 

Results: Percent amnesia at ·recall and 
nonspecific effects at training. 

Time of N % amnesic 
pretraining injection 

Day Test 

Saline 20 15 

A!'ii 30 mg/kg 5 hr 20 5++ 

k"'ii 210 mg/kg 5 hr 20 10+ 

* ANI 30 mg/kg 20 min 20 50 

*** ANI 210 mg/kg 20 min 20 75 

Day Test 

Saline 25 8 

A."tii 30 mg/kg 5 hr 20 15++ 

ANI 210 mg/kg 5 hr 24 46** 

*** ANI 30 mg/kg 20 min 21 62 

*** ANI 210 mg/kg 20 min 20 90 ' 

*p<0.05, **p<O.Ol, and ***p~O.OOl as compared to saline. 

++ 
p < 0. 01 as compared to ANI 30 mg/kg 20 min pretraining. 

determined on be.sis. of activity seer~:; :mJy. 

14 

% inhibition Sickness 
at traini.ng at training 

0 l. 

5 3A. 

Bo 5 

90 ·2 

I 95 4 .. 

,_. 

.. 

+ p< 0.05 and 

A rank order 
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Figure Caption 

Figure 1. Percent inhibition of protein synthesis by ANI 210 mg/kg (o-----o) 

and ANI 30 mg/kg (¢---0) are presented in relation to training time (T). 

~· Five mice were used for each data point, and the standard deviations are 

shown by the vertical bars. These inhibition curves nave been derived, in part, . 
from numerous other experiments carried out in this laboratory. 

·--_ .. _~ 
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