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Effects of Protein Synthesis Inhibition on Memory

for Active Avoidance Training

ABSTRACT
,Inhibition of brain protein synthesis by anisomycin and acetoxy-

cyc]oheximide was studied in mice for its biochemical and behavioral

‘effects. At low doses acetoxycycloheximide (100 ug) and anisomycin

(500 ug) could be given more than once in succession. By employing
both drugs in a series of injectioné, we were able to inhibit protein

synthesis for up to 14 hr at 80% or greater without it causing any

detectable permanent impairment to the mice.

The drugs were employed as amnestic agents in mice trained to
avoid footshock in a T-maze. It was found that as the duration of

inhibition increased the percent mice classed as amnestic increased.

" This amnesia could be reduced by (a) increasing the rate of acquisition, -

or (b) practice at avoiding shock. Anisomycin was also shown to-cause
a significant degree oi amnesia for escape learning.
| In all drug groups, anisomycin was given 15 min prior £o training.
This single pre-training injection did not cause significant chahjes
in the acquisition or retention of avoidance conditioning when compared
with saline41njected controls. Only the additional injéctions given
after training to prolong inhibition caused high incidences of amnesia.
Thus, those injections critica] in obtaining amnesia were given at a
time at whiéh interference with acquisition could not have oCcufred.
Key ‘words: Memory Mice Anispmycin Acetoxycycloheximide

Active avoidance Inhibition of protein synthesis
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Introduction

‘Active avoidance has been used infreduent]y in studies of memory
formation using protein synthesis inhibition as the amnestic treatment.
Flexner and.his co-workers have reported that puromycin will block
memory for’a left-right shock avoidance habit in a Y-maze (5). However,

the amnesia seems to be the result of a disruption of retrieval processes

rather than-.a.disruption of71ong—term»memory formation (2,3). Flexner,

Flexner, and Roberts (4) reported that acetoxycycloheximide so impaired
learning of a left-right shock avoidance task that the effects on memony'-
could not be asseSsed. Revefsa] training was used and acetoxycycloheximide
successfully blocked memory without disrupting learning. It should be
noted that the drug was admin}stered intracerebrally several hours prior.

to training. More recent work has shown that the subcutaneous route of

“administration establishes high levels of inhibition within a short'

R period of time and thus obviates the necessity of insult to the brain

M.

~ In our previous studies (6-8), we have employed only passive avoidance

training to evaluate the role of brain protein synthesis on memory forma-

~ tion. In this study, we extend this research to active avoidance. ‘The

effects of anisomycin (Ani) on retention for passive avoidance and active

!

avoidance conditioning are compared in the discussion section.

GENERAL DESCRIPTION - BIOC@EMISTRY
Procedures |
Anisomycin (Ani} was a gift from Charles Pfizer Co., Connecticut,
through‘the generosity of Dr. N. Belcher. The acetox&cyc]oheximide (AXM)

used in these experiments was obtained several years ago, and we do not
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know of ény.current source of this drug. Both drugs were prepared in
saline (0,9% NaCl), Ani at either 2.0 mg/ml or 10.0 mg/ml; AXM concen-
trétion in the behavioral studies was 0.4 mg/ml. ‘In the behavioral
vstudies the volume of the injection was always 0.25 ml; thus Ani was
injected ét either 500 ug or 2500 yug ahd AXM at 100 ug/mouse. The drugs
were administered subcutaneously. | /

"Inhibition of protein synthesis wa§ determined by combaring the
incorporation of va]ine-U—]4C into the trich]oroacetic acid insoluble
- fraction in drug- and saline-injected mice. Experimeﬁta] procedures
have been given in detail previously (6-8).
Results _ e | !

Extensive inhibition data for Ani'was published previously for
€57 B1/Jf (7) and for the Swiss strain (8); therefore, the.inhibition
data for Ani was not redetermined. Only the principa]_findings rele-
‘'vant for this paper will be presented. Ani is relatively non-toxic;
at doses 20 times greater than needéd to produce significant inhibition |
of brain protein synthesis, Ani was still not:found to be toxic
(10 mg/mbuse in a single injection). Inhibition of protein synthesis
by Aﬁi shows very little dose dependehce in the range of 0.5-3.0
mg/mouse, At higher doses the duration of inhibition is only slightly
longer and the peak of inhibition is only 1-2% higher. Thus in oﬁe of
the ekperiments that follows mice weré given an injection of either
500 ng or 2500 ug of Ani. Between these two groups, there is only a
very slight difference in the duration and peak of inhibition. A third
finding was that inhibition of brain protein synthesis could be prolonged

by giving injections of Ani every 2 hr. In the experiments that follow,

3
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up to 6 successive injections of Ani were given; this produced about

12 hr of inhibition of'protein synteesis of 80% or greater. The drug

does not seem to have significantly different effects upon different
strafns of mice. Using a fixed dose (disregarding body weight differences
ecross straine), it was found that only small differences existed in the
effect Ani had on the duration or peak of inhibition in 7 strains of

mice (8).

AXM was used in one of the following experimehts:tq Tengthen the
duration of inhibition. In this experiment, Ani was e]ways given 15 min
prior to training and additionaT Ani or AXM injections were given after
training according to the schedule in Tab1e 3. AXM shows a dose dependence
such that the greater the amount of AXM administered subcutaneous1y, the
"greater the duration of inhibition. However, 100 ug/injection seemed to
offer a relatively long inhibition at a- re]at1ve1y Tow dose (Table 1)
Barondes and Cohen (1) have also published data for inhibition of brain
protein synthesis with AXM, and insofar as they can be compared our
results agree~we]1 with,thefr results. We feel that the use of the
lowest bossible effective dose is impertant because this'reduces‘problems
of systemic side effect as the cause of amnesia. AXM is the more potent
of the two inhibitdrs'on'a gram for gram basis. The 100 pg 1n3ect1on of
AXM inhibits protein synthesis for about 5 hr at 80% or greater, while
the 500 ug injection of Ani 1nh1b1ts for only about 2 hr at the same
level. The combination of Ani followed by a 100-ug dose of AXM (2 hr
later) extends inhibition by AXM to 6 hr (total fnhibition 8 hr:Ani =
2 hr + AXM = 6 hr); thus the drugs together show some significant

synergistic action. In some of the groups that are employed in the



Flood et al.

4
behavioral experiménts; two AXM injections were given 6 hr apart. - Under
these conditions the Ani + AYM? injections were found to inhibit protein
synthesis for 13-1/2 to 14 hr,éf about 80% or'greater.

In the biochemical and behavioral studies, it was observed that
no subject appeared to be seriously i11 except for diarrhea, which is

to be expected after administering such large amounts of antibiotics.

GENERAL DESCRIPTION - BEHAVIORAL
Subjects |

The_subjects used in these experiments (N=438) were randomly bred
male Swiss (CD-1) albino mice reared ét our colony in Lawrence Berke]ey
-Laboratory. The breeding stock was originally purchased from Charles
Rivers Breeding Laboratory, Inc., Wilmington, Mass. The mice uséd in
these experiments were offspring from the original stock. Subjects were
housed 48 hr prior to training in indiv%dual metal cages. -Food and
water were available at a]i times. The mice were maintained on an 8-hr
dark and 16-hr 1ight cycle as previously described. The hice were between
60 and 75 days of age when trained and weighed about 40 g.

. Agg.aratus -

The training apparatus consisted'qf a black Plexiglas T-méze (12.5 cm
high, 9.8 cm wide alleys, the start alley being 46 cm long, and the goal
boxes 17.5 cm'deeb). Shock (0.40 ma) was administered through brass
floor rods by an 18-pole shock scrambler. Each goal Box was fitted with

:a clear Plexiglas liner, the bottom of which went below the shock grid..
This Tiner was used to remove the subject from the goal box. A small
start box was separated from the rest.of the start alley by a black

- Plexiglas guillotine door which prevented the subject from moving down

>
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the start alley until the trial started. Subjects were not permitted
to explore the maze prior to training.

Training Procedure

The mouse was placed in the start box on the first trainfng trial.
The guillotine door on this, and only this, trial was left in place
until 0.01 min prior to shock onset. On all subsequent trials, including
the retention trials, the guillotine door was removed 5 sec before shock
onset. A trial began when a loud doof bell type buzzer‘sounded;-S_sec
later shock (0.40 ma) began, and both continued until the desired
response was made. On the first trial the mouse ran intovone of the
two goal boxes; in all cases this first choice was treated as incor-
rect and the subject was forced by continuing the shock to move into
the other goal box. On subsequent trials the non-preferred side (as
determined on the firﬁt trial) was correct. As training proceeded,
a mouse could make one of two responses--(a) an escape response, run-
‘ning into the goal box while the shock was on, or (b) an avoidance
résponse,3running into the goal box before .the shock came on (1;945
responses during the 5-sec warning period). When the mouse entered
the correct goal box the buzzer alone (avoidance) or buzzer and shock
(escape) were terminated. The goal box entrance was blocked off qnd
the mouse removed carefully from‘the'goa1 box by Tifting the Tiner out.
The Tiner was placed in the mouse's home cage and gently tilted, thus
encouraging the mouse to return to its home cage. After about 30 sec,
the mouse was picked up by the tail and placed into the start box for
~ the next trial, Care in removing the mouse ffom the goal box is par-
ticularly important in obtaihing rapid acquisition and resbonse’measures

that will best reflect 1earning}
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Injections

Fifteen min prior to training, the micé were given either a
saline or Ani injection (Vo]ﬁmé 0.25 m1) at a dose of 500 ng (except
in Experiment 3); subsequent injections of Ani or AXM were given at
2-hr intervals. Al1 injections, prior to or after training, were
administered under Very Tight ether anesthesia; All injectibns were
given subcutaheous]y on the back. Injection schedules will be
described‘in each experiment. |

. Retention Test

'The retention test consisted of'retraining the subject until it
made one conditioned Fesponse (CR). As will be shown, with our tra1n1ng
procedure, once a mouse makes one avoidance response, it will continue
to do so until extinction beg1ns to occur. Thus, little more informa- .
tion could be gained by retraining the mice to a 9 out of 10 response
criterion. |

BEHAVIORAL EFFECTS

Acquisition of the Avoidance Task

It has been our contention throughout our research that one can
best ﬁse the inhibitors to test their effects on.memory'when one knows
to what extentvthe mice are trained. Thus we will first present some
data on acquisition of this habit by the Swiss mice.

Most mice learned the avoidance habit quickly, making their first
avoidance response by the 5th or 6th training trial (Figure 1). Thus,
mice making their first avoidance response in fewer than 6 tria]siwould
be learning féster than the average, and those making their first

avoidance response in 7 or more trials would be learning slower than

<
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the'average.v We will refer to these two groups respectively as mice
with fast or slow rates of learning. Also from Figure 1, it is clear
that no significant differences in acquisitién occurred between the

saline- and Ani-injected mice.

EXPERIMENT 1°
Design
| The purposes of this expériment were to test if Ani would cause
amnesia for weak active avoidance training (only 5 trials) and how - -
long the inhibition might have to be maintained before émnesia, if any,
~ could be detected. The groups used were: NaCl (saline), in which one

group received a single injéction of NaCl, NaC13

which received three
successive injections of saline 2 hr apart, and NaC]5 which received
5 successive injections of saline 2 hr'apart. The eXperimenta]'groups
received either 1, 2, 3, 4, or 5 injections of Ahi (Ani, Aniz,'... Anis),
each series:starting 15 min brior to training and subsequent injections
at 2-hr intervals. Injections of 500 ug of Ani at 2-hr'interVa1s were
previously reported to maintain inhibition at 80% or greater (7,8). in
additioh, two comparison groups were used. Iso indicates a group that
was isolated during the retention period and trained for the ffrst time
wﬁen other mice were being given the retention test. This group estab- -
lishes the naive-subject baseline. The other éomparison.group was

5

Na+Ani® in which saline was administered prior to training and, starting

2 hr later 5 successive injections of Ani were given. This group should

5 has no'permahent debili-

‘not differ from the saline controls if (a) Ani
tating effects and (b) the necessary protein(s) for long term memory
can be synthesized during the 1-3/4 hr after training when inhibition is

not present.
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Procedures

A11 subjects were given 5 training trials. On the retention test
(given 1 week after training),ieach subject was trained until it made
one avoidance response; an avoidance response to the correct‘side of the
T-maze is the conditioned response (CR). Twenty subjects were run for
each group. Amnesia for this task will be defined as taking 5 or more |
trials to maké the‘first CR during retraining (retention test).
Results

Comparing the saline versus the Ani-injected’subjects in Figure 2,
it will be seén that at 1e$st 3 successive injections of Ani (6 hr of
inhibition) were reqniréd to cause a significant percent of the mice to
become amnestic.' However, even after 5 successive injections of Ani
(10 hr of inhibition) the percentage of amnestic subjects is significantly
below the naive-baseline (the Iso group). A clear trend for increasing
amnesia nith increasing duration of inhibition is evident; the increase
runs from 5% amnesia with a single injection of Ani to 60% amnesia with

.5 3 3

A 15% difference in amnesia exists between.Ani' and Ani”, Ani

4 and Ani5 (Figure 2).

and An14, and also between Ani
The distribution of the retention scores (Figure 3) shows that as

one moves from Ani to Anis,.subaects take more and more trials to make

thein first CR on the retention test. In these graphs, it is c]eér'that

5 and Ani do not differ significantly

the combined NaCl groups, NaCl+Ani
in distribution of scores, yet all différ markedly from the Iso group.
There is almost no overlap in the distributions. Ani5 is clearly closer
to Iso than to the combined NaCl groups. | o

The Ani injections also had a significant effent upon the escape

behavior (Téb]e 2); In the Ani4 and Ani5 groups significant numbers of

&
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subjects made an error by escaping to the wrong side of the T-maze
(those mice‘making an avoidance on the first retention trial were not

5

included in these calculations). Few Ani, NaCl+Ani” or NaCl injected

subjects made discrimination errors. . .

'EXPERIMENT .2

Design

In Experiment 1, subjects'recéived only margina] training (5 trials).

In Experiment 2, we tested the inhibitor, Ani, as an amnestic agent on

much better trained mice. Three IeveisMof training were Qsed: 6 trials
(T-6), 8 trials (T-8), or 10 fria]é (T-10). Across each of these Qroups
5 durations of inhibition were tested: 2, 8, 10, 12, and 14 hr. in
addition, subjects were classified és to how many trials it-took before
they made their first'avoidance reSpohse (CR). Other conditions of

shock and training were as in Expérimeﬁt 1. Table 3 gives the schedule

of injections and method by which each duration of inhibition was obtained.

In Experiment 2 amnesia will be defined as a savings score of less than
30% on the number of trials to make the first avoidance response, because

in this experiment clear differences in rates of learning were evident.

- Results

The main effect of dfug versus no drug showed that 1ong durations‘
of fnhibition had a significant'aﬁnestic effect (P <.001) -in these bettéf
trained subjects (Figure 4). A comparison of the saline and combined 8,
10, 12, and 14 hr inhibition groups showed that none of the.saline subjects
were émnestic while 59% of those subjects in the long duration of inhibi-

tion groups were amnestic. The subjects receiving a single Ani injection
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prior to training_did not differ significantly frém the saline controls
in the percent amnesia (Figure 4).

After training and testing the subjects, it wa$.c1ear that a great
deal of uncontrolled variability in training performance'existed. Due
to the small supply of AXM, it was not possible to determine in addi-
tional experiments how this variability affected the amnesia induced by -
inhibition of protein synthesis. In thé fo]1owing paragraphs some per- .
formance variab]es are described which were factbred in order to see if
a possible effect oﬁ amneéia'had occurred. Some of the performance variables -
are: the number of trials,-thevrate of écquisition, and the number of escape
errors.

Within the drug conditions using 1ohg durafions of inhibition, tﬁe
rate of learning (number of tréining fria]s to make the first CR) had a
significant effect on the effectiveness of inhibition of‘protein'syn-
thesis as an amnestic treatmeht. The faster the rate of learning, the
less effective the amﬁestic treatment (Tab]e 4).

The number of training trials (6, 8, or 10) seemed to have had some
effect upon the amnesia (Table 5). A trend is seen for more training
tria1§ to reduce the percent amnesia.

Another factor upon which 5ubje¢tslvary is how many discrimination
errbfs‘they b&de dqring-the garly iraihing trials. This}factor aiso had
a possible effect upon the percent amnesia, as those subjeéts making no
error had 70% amnesia.whi1e those making 1 errof had 55% amnesia.. In
Table 6 the interaction between the rate of acquiéition and the number
of errorsvsh0ws a weak trend for those mice making no erroré and having

low rates of learning to be the most amnestic and»thoSe subjectS'making
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discrimination erroré,and having high rates of learning to be the least
1ikely to be amnestic. As the number of errors increases, the amount‘v
of shock a subject received increased. ‘It may be that,.to:some extent,
the more shock a subject received -at training, the less likely the sub-
ject would be amnestic at retraining. | |

The longer the duration of inhibition:of brain protein synthesis,

the higher the percentage of amnesia (Table 7). Table 7 also shows that

the single pre-training injection of Ani, under these conditions of
training, did not cause significant percent amnesia. Thus the major
effect of inhibition on memory occurs with injection given after training.

The Na+Am'+AXM2 group demonstrates that the duration of inhibition per se

_does not apparently cause any permanent damage to the mice such that they ’

were not able to remembér the training. Also it indicates that memory
profein,vsufficient for recall 1 week later, was synthesized within
1-3/4 hr of training.

The durat1on of 1nh1b1t1on and the number of tra1n1ng trials both -

'-affect amnes1a (Table ), such that those subjects with the most training

and the shortest duration of inhibition are the‘least 1ikely to be amnes-

~ tic when retested and that those subjects given the fewest number of

~ trials and the longest duration of inhibition are most 1ikely to be

E . |
amnestic when retested. : i

Thus it seems probable that several of these factors affect the
memory processes. These factors are: (a) the number of training
trials, (b) the rate of acquisition,A(c) the number of discrimination

errors prior to avoiding shock, and (d) the duration of inhibition.
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| EXPERIMENT -3
One may ask, why did we not use oné,large injection of Ani rather

than giving several small doses of Ani.b The answer is in two parts:
(a) larger doses of Ani do not greatly prolong inhibition (7)--thus, if
an increase in amnesia were shown to be related'to an increase in.ddse,
it would have to be due to‘some side effect since the inhibiticn would
be relatively unchanged--and (b) Targe doses of Ani given pfior to
training could imbair acquisition, reduce sensitivity to shock, etc.
The effects of a 500 ug dose was compared with that of a 2500 ung dose.‘

The groups used were: bAni+Ani--in this group the subjects received a

2500 ug dose 15 min pribr to training and 2 hr later received the standard

500 ug doée.liThe second group received Ani+5Ani (500 ﬁg dose followed
2 hr later by the 2500 nug dose). The third group,-AniB, received three»
successive 500 ug injections of Ani at 2-hr intervals. The last group,
Aniﬁ, received six successive injections of Ani atlfhe 500 1g dose. In
all these groups the first injection was givenjls min prior to training.
The following data should make clear why these variou§ groups were
employed. The duration of inhibition at 80% or greater is approximately

as follows: Ani® = 12 hr,'Am'_3

=6 hr, Ani+5Ani = 5 hr, and 5Ani+Ani =
4 hr. In’addftion, the fbtal amount of drug giveﬁ to the subjects in
the Anis, Ani+5Ani, and 5Ani+Ani groups was 3000 ug.

The subjects in this_experiment were given 8 training tr%a]s; and
only those subjects mgking their first avoidance response on trials 5, 6,
or 7 were included, Other conditions of tkaining and tééting are as for

the previous two experiments. Amnesia is defined as a savings score on

the retention test of less than 30%.

&
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Results

The results of this experiment can be,compared in two ways: (a) the
total inhibition time and (b) the total amount of drug received. Ani3,
Aﬁi+5Ani and 5Ani+Ani caused about the same duration of inhibition of
proiein syntheSis. Am’3 caused 10% amnesia, Ani+5Ani caused 0% amnesia,
buf 5Ani+Ani caused 80% of'the subjects to be classed as amnestic. The
second comparison is based upon subjects receiving 3000 pg of Ani in
tota], Ani+5Ani, Anis, and 5Ani+Ani all received the same amount of
drug. Ani+5Ani caused 0% amnesia, Am’6 caused 40% amnesia, but 5Ani+Ani
caused 80% of the subjects to become.amﬁestic. By each comparison the
5Ani+Ani group does‘not reflect the expected outcome. With this level of
training the short durations of inhibition (4 to 6 hr)jshou]d not have
had a significant amnestic effect judging from the results of Experi-’

ments 1 and 2. Of the groups with short durations of inhibition, only

the 5Ani+Ani group showed significant amnesia. . By considering the total

amount of drug'given, one can only conclude from Am‘6 and Ani+5Ani that

total drug received dde% not necessarily account for amnesia. In a similar
experiment using passive avoidance, we concluded that duration of inhibi-
tion, not the quantity of drﬁgvggr_gg, influenced amnesia (7). For 5Ani

to cause a high percentage of the subjects to become amnestic, it had to

be given prior to training, as the 5Ani+Ani and Ani+5Ani %omparisoh shows .
If 5Ani does not achieve its amnestic power by either duration of inhibi-
tion or by virtue of the total amount of drug administered, then how does

5Ani cause amnesia?
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DISCUSSION
The main finding of these stud1es is that there appears, in pr1nc1p1e,
to be Tittle d1fference between the effect of brain prote1n synthesis
1nh1b1t1on on memory for passive avoidance and active avoidance.

Tra1n1ng,$trength

If we cons1der training strength as any parameter of tra1n1ng
that influences retention, then increases in tra1n1ng strength, in both
pasSive (6-8) and active avoidance, reduce the amnestic effect of a given
duration of prote1n synthes1s 1nh1b1t1on (Exp. 1 vs. Exp. 2, Table 5).
However, 1ncreas1ng the durathn of the 1nh1b1t1on was observed in both

passive (7,8) and active avoidance to counteract the effect of increasing

the training strength (Table 8).

Duration of Inhibition

The results with passive and active avoidance training differ. with

respect to the duration of inhibition that one must work within, In

the best trained subjects of paésive avoidance, no more than 5 suceeseive
Ani injections (10 hr of inhibition) were required to cause 80% to 100% :
amnesia (7). This same level of amnesia was obtained with active avoidance A
but only in the most poorly trained subjects and with 14 ﬁr of inhibition E{E
(Table 8). The two tasks differ considerably in the (a) total amount of |
shock received by the subjects (passive avoidahce, 0.01-0.08 miﬁ;'active
avoidance, 0.3—0.8.min), and (b) the total time exposed to the training

situation (passive avoidance, 30 sec; active avoidance 10-15 min). For

the Swiss . strain, the shock intensity prodhcing minimal learning in pas-
sive avoidance was 0.38 ma and in active avoidance 0.40 ma. Subjects
trained on active avoidance experience more shock and have longer T

exposure to the training situation. These two factors probably account
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for the greafer duration of inhibition required to achfeve amnesia for
active avoidance training. | o

As in passive avoidance (7,8), active avoidancevWQS shown to be
sensitive to the duration of inhibition. The 1dnger the duration of .
inhibition; the more likely the subject was to'bé amnesfic when tested
1 week after origina] training.

~ Active Avoidance as a Research Tool

Active avoidance seems to involve learning two tasks: (a) where to
direct the escape response and (b) to anticipate the shock onset. Where
the subject directs>its response is learned within the first few trials;
many Sybjects never made a discriminatfon'error (1eft-right choice) except
on the first training trial in which the first choice was treated as an
incorrect response for all mice. Thus most mice received a considerable
amoynt of practice on learning where to direct their avoidance response
. ... .before they acfua]]y lTearned to avoid the fodtshock. Leérning to anti-

cipate the onset of éhock is necessary if a subject is to learn to évoid
being shocked. qui subjects learned this portion of the task by the 5th
L or 6th training trial. Thué, those subjécts in the 10-trial group received
considerable practice at avoiding the footshock (4 or 5.CR's on the
‘average). This'may not seem 1ike much practice; yet the change in behavior.
over the 4-5 CR's is dramatic. The fifst CR is usually of a long duration
(4-4.9 sec, the shock coming on at 5.1 sec). -The 2nd and 3rd avoidance
responses fend to show latencies of about 2.5-3 sec duration. The 4th
and 5th CR's are usually less than 2 sec duration and many responses of
only 0.6 sec duration. The subject makﬁng the fast latency CR's has no
time to ponder the situation; the response appears to be almost automatic

and will show no further improvement with additional training.
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Active avoidance generafes a great deal of variability. Some
trends were reported which suggest that variability in the number of
training trials, number of discrimination érrors,'rate of acquisition,

“and probably the total amount of shock influence the degree of learning.
"In order to obtain control over the amnestic effect, one-needs control
over the amount of learning. This control requires factoring the
training data into many groups, thus making even a small experiment a
major project. _ |

The measures of learning (avoidahce and escape respohses) are not
always reliable indicators of what and when a subject has learned; this
seems particularly true of fhe avoidance response. Numerous mice in the
control groups showed no signs of having learned to avoid shock; yet, at
the retention test they required only 1 or 2 trials to make the avoidance
response. While our procedure improved the reliability of thé learning.
measures, there are,sti]]-obvidus dfscrepancies between what the
training record.indicgted was the level of learning and what the reten-
tion test showed to be the level of learning. Thus, 6ne cah easily
oVertrain‘a subject and not be-able to detect it, thus adding variance
to the amnestic effect.

It appears that active avoidance is not partiéula}ly useful for a
careful study of the processes undek]ying memory formation because (a)
reliability of the learning measure is questionab]e,.(b) too much

- variapility is generated, and (c) the task involves learning at least
'3 probTems (d.e., habituatibn, escape, avéidance). While one is training
the subjeét on the avoidance component, you are ovértraining the subject

on the escape component and even more overtraining on the habituation
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that is likely to have 6ccurréd. Indeed, 20 subjects given 5 escape
training trials showed a mean of 3.5 trials to make thefr first avoidance
response when tested on the avoidance training 1 week after the escape
training. Naive subjects took only 5.6 trials to make their first
.avoidance'fesponses. Thus the éscape trainiﬁg provided some savings
when it came to learning to avoid the footshock. By éompafison; pas-
sive avoidance remains the more useful -research tool.

Amount of Drug versus Duration of Inhibition

The results of Experimeht 3 raise avpkoblem of how one can.inter-
pret the findings. The 5Ahi+Ani injection caused no significant detectable
impairment of acquisition. The mean trials to make the first avoidance
response, thé percent simple versus complex responses (Figure 5), and
" the duratibn of shock were witﬁin normal 1imits. Yet, 5Ani+Ani caused .
highly significant percent of the subjects to become amnestic, while
Ani+5Ani did not. It is not at all clear how this was accomplished.
The 2500 ung dosé of Ani does not significantly alter the duration or
extent of inhibitionléaused by the 500 ug dose of Ani (Flood et al.,
1973). Why would the 2500 ug dose of Ani only have this greater amnestic
effect when'given prior to training as the first but not'as the second
injectidn? Thus the principal problem of interpreting how the large dose
of Ani caused amnesia, is that no known mechanism can be related to this
amnestic effect.. Therefore, the amnesia caused by the lafge dosé‘of Ani
provides us with Tittle informatién as to the mechanisms underlying long-
term memory fdrmation. The Targe dose of Ani could conceivably cause
amnesia in many ways such as by some subtle impairment of learning,

interference with e]ectrophysio]ogica] activity or by disrupting other

biochemical processes besides protein synthesis.
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Possible Drug Effect on Acquisition

In the early training trials subjeéts escaped from shock by a
simple or complex pathway. Simple pafhways aré_those that‘get the
subject to the goal box with a'minimum of retracting of its previous
.run through the box for a given trial. In'EXberiment 1, the NaCl- and
Anf—injected subjects showed no significant differences in the percent
of simple versus complex responses. However, in Experiment 2, Ani-injected
subjects made significantly more complex escape responses than the NaC1-
injected subjects (P <0.01). However, it was the NaCl group that changed
between Experiments 1 and 2 (Figure 5). 1In spite of the very large N's
. in each experiment, the tendency for NaCl-injected subjects to make - |
fewer complex escape responses does not seem reliable. In addition,
wheﬁ,the Ani-injected subjects are cdmpared on the complex vs. simple |
response measure the percent amnesia was not significantly different ”
(44% amnesia for complex, 58% amnesia for simpTe). The general pattern
seems-to_indicate that the pretraining injectioh of anisomycin had no-
systematic effect on acquisition (Figure 1). In addition, subjecté
~given only a single pretraining injection of Ani did not show signifi-
cant levels of}amnesia (Figuresvz and 4). | ’

Memory Loss with 3 Inhibitors | ‘ i

We have shown in this study that Ani and AXM could be administered
hours after'training, as part of an injection series,'and'causelsignifi-
cant amnesia, where.a single pré-trafning injection of Ani had no .
detéctab1e aﬁnestic effect (Figure 2, Table 7). Cyclo had previously been
shown to be an effectiye amnestic agent when administeréd as the second

injection of a series of injections in a passive avoidance experiment (7).
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Thus, Ani, Cyclo, and AXM,have been demonstrated to cause amnesia at a
time when they could not haye impaired 1earnihg1
The results of these ekpefiments‘extend the previous findings with
passive avoidance to active avoidance. This extension adds additional
support to the hypothesis that protein synthesis is required for 1dng

term memory formation.
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. Dose of

AXM ng

50
75
100
150
200
250

Percent Inhibition of Brain Protein Synthesis

% Inhibition

4 hr

80
85
84
86

6 hr

69
77
82

85

by AXM and by Ani and AXM

4 hr

72
84
87
87
90
91

Ani 2+AXM*

6 hr

66
70
80
81
80

83

% Inhibition
8 hr

51
63

63

21

10 hr
28
43
53

*Hours means the time after the AXM injection; for total time one

should add 4 hr.

- {inhibition time of 10 hr at 80% inhibition or greater (4 hr by Ani
and 6 hr by AXN).

Thus Ani~+AXM at the 100 ug dose has a total

2
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Table 2

Effects of Ani on Retention for the Left or Right Escape Response

3 4 5

Ani
% Error 11.7 15 15 . 20 - 20 35 55

Treatment NaCl ~NaCl#Ani®  Ani  Ani®  Ani Ani

Naive subjects showed no left or fight side preference (54% went
to the right side on the first training trial); thus 50% errors could
be considered complete amnesia. One assumptfon being made is thét
if one could repeatedly test a‘sing1e.subject tovsee what its first
choice would be, it would show no preference. We can say that a group
has‘no side preference. However, it cannot be determined if an indi-
vidual mouse has a side preference. In the groups receiving 4 or 5 Ani
fnjections, significant numbers of the subjects forgot which side was
correct. The Am‘5 group may be completely amnestic for-the.escapé
response portion of this training task. A1l the groups héve N's = 20

except NaCl (N = 60).
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Table 3

Groups for Experiment 2

Duration of

Injection Group Time of Injection(s) Inhibition >80%
NaCl 4 injections at times ' 0 hr
0, 2, 4, 6 hr
Ani 1 injection at time O 2 hr
Ani+AXM Ani at 0, AXM at 2 hr 8 hr
Ani Z+AXM Ani at 0 and 2 hr, 10 hr
AXM at 4 hr '
AniS+AXM Ani at 0, 2, and 4 hr, 12 hr
AXM at 6 hr '
AnitAMZ Ani at 0 hr, AXM at 14 hr
2 and 8 hr

The groups. used in Experiment 2, the types and times of injection
and the duration of inkLibition. Al injections were given subcutaneously.
Training is always 15 min after the first injection (first injection given

at time 0).
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Table 4

Rate of Acquisition and Percent Amnesia

Made 1st CR

on trial No.

‘Percent Mice Amnestic*

73% (N=37)
63% (N=43)
547 (N=41)
10% (N=21)

*Amnesia defined as a savings score of less than 30%.
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Table 5

Training Trials and Percent Amnesia

Number of
Training Trials Percent Mice Amnestic*
6 , _ 77% (N=44)
8 60% (N=35)
10 50% (N=42)

*Amnesia is defined as a savings score of less than 30%.
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Table 6
Rate of Acquisition, Discrimination Errors and
| Percent Amnesia* |

~

Made 1st CR Number of Discrimination Errors

.on trial No. S Made at Training
o 1 2
5 - 60%  50%  too few

(N=15) (N=12) scores

6 604  60%  60%
(N=15) (N=15) (N=10)

7 o 81% 55% 44%

(N=16) (N=11) (N=9)

*The percent amnesia is defined by a savings score of less than
30%. It appears as if those Subjects that made more errors at the
training session were less 1ikely to be amnestic when tested 1 week
_ after training. Across-thé Subjects making no errors, 70% were
amnestic, while 55% of fhe'subjects making 1 error were amnestic. -
. None of the comparisons were'signiffcant; however, large N's might

confirm a weak trend.
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Table 7
Duration of Inhibition and Percént Amnesiaf

Treatment Duration of Inhibition Percent Mice

| at 80% or greater Amnestic
Na® 0 hr 0% (N=39)
Na+Ani+AXMZ 14 hr but delayed 0% (N=10)
(T-6 only) until 1-3/4 hr post training |
Ani 2 hr ° 7% (N=30)
Ani+AXM | . 8 hr | 55% (N=33)
Ani 2+AXM 10 hr  55% (N=29)
Ani S+AXM | 12 hr 67% (N=27)
Ani+AXMZ 13-1/2 - 14 hr | 73% (N=30)

*As the duration of inhibition increases, the probability increases
‘thai a sﬁbject will be amnestic at retraining; Within the groups given:
8-14 hr of ihhibition, the trend does not quite reach significance;
however, it is generally consistent with trends in other'experiménts

that we have reported.
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Table 8
No. of Training Trials, Duration of Inhibition and

Percent Amnesia*

Number of ' " Duration of Inhibition
Training Trials 0 2. 8 10 12
6 0% 10%  77%  73% 70%
(N=13) (N=10) (N=13) (N=11) (N=10)
8 | 02  10%2  44%  50%  71%
(N=10) (N=10) (N=0) (N=10) (N=7)
10 0% 0% 36% 38% 60%

(N=16) (N=10) (N=11) (N=8)  (N=10)

28

- 14

90%
(N=10)

77%

(N=9)

62%
(N=13)

*An interaction exists such that the more trials a subject is given

and the lower the level of inhibition, the lower the probability that

such subjects will be amnestic at retraining. On the other hand, sub-

jects that receive the fewest number of trials and the greatest duration

of inhibition of protein synthesis are most likely to become amnestic.
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Figure Captions

Figure 1. The figures that follow show the acquisition curves for_two
groUps of subjects being trainéd to avoid foot shock. In Figure 1A,
the cumulative distribution for the trial on which Subjecfs made their
first avoidance response during training is plotted. Each additional
trial contains the percent of the precéding trials. Thus'by trial 6,
70% of the subjects have made at least 1 CR. If we-were to plot the
percent subjects making an avoidance on each trial the curve would be
almost identical because with this training procedure, once a subject
starts making avoidance responses it continués to do so. Few subjects
required additional shock. This curve is based on the subjects run in
Experiment 2. The N's for trials 1-6: NaCl = 46, Ani = 169; triéTé 7
and 8: NaCl = 26, Ani = 116; trials 9 and 10: NaCl = 16, Ani = 63.
In Figure 1B, the 1st avoidance response is plotted in terms of what
percent of the sbujects made.their 1st CR's on which trial (non;cumula-
tive). From this nearly normal distribution, we can see that the
majority of subjects have made a 1st CR on triaTs_S, 6, orv7.

Wfth these meausre of acqﬁisitfon, NaCl énd Ani did not differ
significant]y The pre-training injection of Ani. apparent1y has no

adverse effect upon acquisition of avoidance training.

Figure 2. The effect of the duration of inhibition'of protein éynthesis

by Ani on memory for footshock avoidance training.
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Figure 3. The distribution of retention scores (the number of trials
to make the ]st CR). The aréa of the combined saline groups (NaCl)
was made equal in area to the other groups because the combined saline

controls constitute 60 subjects while the other groups have.20 subjects

each. The shaded area represents those subject's scores that have been.

classified as amnestic (i.e., 1st CR on trial § or later). Note that
across the Ani groups (Ani to Anis) thé shadedlaéea is increasing, and
~ the means are shifting toward the amnestic value (those greater thén

4 trials). Three naive subjects learned so quickly that they are |
classed as having remembered the training which they never had. Thus,
to some extent, even with a reaﬁonab]e criterion of what constitutes

retention, it is difficult to obtain 100% amnesia for this task.

Figure 4. The distribution of retentidn scores (trial on which ﬁhe
st avoidance response was made) as a function of the drug condition.
Across the multiple injection drug groups (o—o), 59% of the subjects
were amnestic on a fixed criterion basis (amnesia = 5 or more trials
to make the 1st CR on retraining). Those subjécts receiving only the
single pre—tfaining injection of Ani showed only 7% of the subjects to
be amnestic. None of the NaCl subjects were amnestic. ’

i
Figure 5. Diétribution of complex escape responses for NaC]-,.Ani-,.

and 5Ani-injected subjects.
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