Lawrence Berkeley National Laboratory
Recent Work

Title
PROTEIN SYNTHESIS DEPENDENT GRADIENT OF ECS RETROGRADE AMNESIA

Permalink
https://escholarship.org/uc/item/6zf7d8i2

Author
Flood, James F.

Publication Date
1977-02-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/6zf7d8j2
https://escholarship.org
http://www.cdlib.org/

O 047095 6 3

Submitted to Behavioral Biology | LBL-6135
’ : : Preprint

PROTEIN SYNTHESIS DEPENDENT GRADIENT OF
ECS RETROGRADE AMNESIA

James ' F. Flood, Edward L. Bennett,
Ann E. Orme, and Murray E. Jarvik

PECEIVE

February 1977 BiRKy - “LZ'?',}MORY
Tty

MAR 30 1578

L—‘BF"/ Ry AND
Prepared for the U. S. Energy Research-and&rss SEC
Development Administration under Contract W-7405-ENG-48

- | | N\

JION

For Reference

‘Not to be taken from this room

- _

O_/

\->

Se19-T1dT



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



PROTEIN SYNTHESIS DEPENDENT GRADIENT OF

ECS RETROGRADE AMNESIA

James F. Flood

| Department of Psychiatry
University of California-
Los Angeles, California 90024

Edward L. Bennett
and
Ann E. Orme

Laboratory of Chemical Biodyhamics
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

Murray E. Jarvik

Department of Psychiatry and
Department of Pharmacolgy
University of California

Los Angeles, California 90024

Veterians Administration Hospital-Brentwood
Psychopharmacology Unit
Los Angeles, California 90073

Running Title: Protein Synthesis Inhibition and ECS Amnesia

Send Proofs to: James F. Flood
B-330 Franz Hall
Department of Psychology
University of California
Los Angeles, California 90024

i
|
t
|



QU0 J 04709506085

¥
H

KEY WORDS

-

Memory, active avoidance , passive avoidance, inhibition of protein synthesis,

anisomycin, ECS, retention, proteih synthesis time dependent



j ’ - ABSTRACT
The interacting amnesic effectofaprotein synthesis inhibitof, aniso-

mycin, and ECS were studied in active and passive avoidance tasks. By

‘giving on=z to three injections of anisomycin, the duration'of inhibition

of protein synthesis was inhibited from 2 to 6 hr at 80% or greater.

ECS was administered at various times after training (1 min to 9 hr) to
Both_inhibited and uninhibited mice. The ECS Qradient in uninhibited mice
wés never greater than 30 min. The ECS gradient in anisomYcin-tréafed

mice ranged frqm 3 hr to 8 hr depending on the training strength and the
number of anisomycin injections. The ECS gradient of retrograde émnesia
consistently developsd at about 1 hr after the recover? of protein synthesis
began and this displsced the ECS amnesic gradients by as much as 8-9 hr.
The. study also determined that ECS caused onlyra transient, lon percents
inhibition of protein synthesis in uninhibited mice. The EC§ given to
aniSomycin-freated mice had only a very slight effect on inhibition of
protein synthesis and did not seem to increase the inhibition enough to
account for the amnesia observed. The results are discussed in.terms'of
tne.ECS amnesic gradient being depéndent on memory-related prbtein synthesis

that preceeds ECS administration.



antibiotics to inhibit brain protein synthesis.

-2- '

H¢st theories about memory consolidation have two components: a

shorg'térm‘eléctrical”phase and a long-term macromolecular synthesis

_ phase (Agranoff, 1971; Andry and Luttges, 1973; ﬁavfs and Klinger, 1969;

John, 1967;- Landauer,.ISBA; McGaugh; 1967; Schneider and Sherman, ]968;
Watts and Mark, )971). The short-term bhase is usuaily believéd éo control
ér lead to:the long-term phase of memory consqlidation; ln'spfte of thié ) »
suggested.relationship between short- and long-terﬁ phéses of:;emory trace |
formation, only a few studies have attempfed to test for én interaction
between these two phases. In many studies, electroconvulsive shock (ECS)
Has.been employed tc disrupt short-term memory mechanisms.. Loné;term
memory disruption studies, on the'other hand,'often employed the use of

A test of the iﬁteractfon between ECS and inhibition of protein'syn—‘
thesis-was reported éy Andry and Luttées (1973); In a one-trial passive

avoidance tfaining»task, ECS and'inhibition_of protein synthesis (using

cycloheximide) caused a more rapid onset of amnesia compared to mice

receiving oﬁly cycloheximide. The mice receivipg both ECS and cyclohexi-
mide had 3 con;iderably longer post-training amnesic gradient than mice
given onl?»ECS. In fact, the ECS gradient was extended from'lesg than 30
min'fn‘mice fécéiving only ECS to at least 3 hr in mice freated with cyclo-

heximide and £CS. However, when an'agtfve avoidance task was employed,

the results showed that neither an ECS given immediately after training S

nor ECS and cycloheximide yfelded gmnésia when tested one week after train-
ing. A possisle reason for failing to fina an effect with active avoidance
may have been the large number of training trials used (56 in 30 min).

Others have reported that éXtended_training‘reduced or_blocked'the amnesic

effect of ECS (Geller et al, 1970; Keyes, 1973; Quartermain et al, 1970)
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or of protein synthesis inhibition (Baroqdes, 1970; Flood et al, 1972, 1973;

vSChmaltz and Delerm, 1974).

The purpose 6f this series of experiments was to'feplicate the ex;endedi
ECS gradient reported by Andry ana Luttges using passive and actfve avoidance B
tasks. With a step-through, paséive avoidance task, the duration of prdtein
s?nthesié inhibition was controlled by using anisomycih, an inhibitor of pro-
tein synthesis which can be administered reheatedly at 2 hr intervals to
maintain'high levels of inhibition for various lengths ofitime. An inter-
action betwen the number of -anisomycin inject%ons.and the shape'df the ECS
rétrograde amnesic gradient was studied. A similar study using tHe pole
jump apparafus, an active avoidance task, which could be learned in 3-4

trials was conducted to test: the generality of Andry and Luttges findings.

GENERAL DESCRIPTION -- BEHAVIORAL EXPERIMENTS

Materials and Procedures

In the behavioral experiments, CD-1 malé, albinp mice from Charleisiver
Breeaing Laboratories, Wilmington, Mass. were obtained at_6 weeks of age.
After 1 week in the laboratory, the mice were fndividuafly housed in small
cages 24 hr prior to training. After training, the mice were returned to
individual cages until the retention test one week later. The mice were
trained on one-trial, step-through passive avoidance or on a pole jﬁmp
shock avoidance task.

Anjsomycin (Ani) was obtained'throughvthe generosity of N. Belcher
as a gift from the Pfizer Phafmaceuficél cé., Grotbn; Connecticut. To
dissolve Ani, an approximately equal moiar amount of dilute HCl was added
and the PH was finally adjusted £0-6-7.‘ The final solution was 2.0 mg/ml
iﬁ 0.9% saline. The injections were given subcutaneoﬁs]y QVer tﬁe back

of the mice under light ether anesthesia.
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Passive Avoidance

The passive avOidéhcelﬁraining and apparatus have been descfibéd pre-
viqusly (Fléod et al, 1972). In brief, the apparath consists of a long
alley divided into a small black start box and a long white shOck cdmpart-v
mént. The two éompartments were separ;ted by a panel which contéined a.
mouse hole. The entry into the white compartment was preyénted ﬁntil the
"appropriate time by a translucent guillotine door. The white:;hock com- .
partment was illuminated by a dim lamp situated at the end of"thé alley.
Shock was delivered‘by a high voltage, constant currént 18 pole shockscfém-
bler. The shock was administered throdgh a brass floor grid in the white
box. The footshock fntensity was varied according to each experiment.

A training triai consisted of placing a mouse into the black start
box fot 20 sec. Next,'the'guillotine door was removed while the mouse
was facingvaway_from the hole giving the mouse access to the‘white box.
The‘latency-to-enter the white compartment was defermined froﬁ the time
the mouse oriented toward the mouse hole until it had completely entered-
the white compaffmenf. Thé shock was turned on.when the mouée was half-
way down the alleyv(appfoximately 5 sec éfter entering) and was left on
until the mouse éscaped back into fhe blaék‘box. This ended thé training
and_thé mouse was retufned'to its own cage until the‘retention test was
given 1 wgek later. .The retention test followed the same'procedure as
for tfaining ex?ept that no footshock Wasigiven if the animal entered the
white cémpartmentf Amnesia wés definea as entering the white shock com-
partment in 20 sec or.less. Mice not entering the white shock compartment
within 180 sec were removed and given a score of 180 sec. Training and

testing were done between 8:00 AM and 2:00 PM.
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‘fhe_pdle jump.apbéraius conéisted of an 11.5 cm wi&é and'18 cm high alley

i dfvided into two compaftments by a guillotine door; one small compaftmeht (9 et '

| long) was a start box, the other larger comparfment (21 cm long) contained theaf

pole in the center. A brass grid floor which was'uséd to deliver tﬁe footshock

(0.35 ma) ran through both compartments. The pole (1" aiameteE, hollow, rigid, -

plastic tubing cqvered with 1/2'" wire mesh) did not delivef an; shock. The

pole could be easily removed with the mouse on it. The apparatus was built

of black Plexiglas except for the pole which was white and ;he lid which was

clear. A loud doorbell type buzzer was used as the conditioned stimulus. The

training room was dark except for a bright Teﬁsor lamp illuminating the apparatus.
The training procedure consisted of plac}ng the'mou;e into the small

compartment and afterﬁappfoximately 15 sec lifting the guillotine door, thus q‘

~giving th;:mo¢se access to the pole compartment. The buzzer was sounded at

the same. time the guillotine door was removed. This was fo]lowed 5 sec later}

by thejadm?nistration of footshock if the mouse had not cliﬁbed onto the pole;

The buzzer and/or shock were terminated as soon as the mouse climbed onto the |

pole. An escape response was scored if the mouse climbed onto the pole after

IS sec; an avoidance response was s;ored if the mouse climbed onto the pole

fﬁithfn stec. The mouse was returnéd to its home cage from the pole compartment

by carefully removing the pole'(With the mouse on it) and placing it in the

home cage. Most mice quickly climbed off the pole. Occasionélly, howevér, a

light tbuch to the hind quarter was neeﬁed to encourage the mouse to dismount.

Twenty seconds aftér being returned to its home cage the mouse was returned

to the black start box and the next trial was given; each mouse received

three training trials. The retention test was given one weekvafter trainfng

and consisted of retraining the mice until one avoidance response was made.
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The retention heasure was the number of trials reqhired to make tﬁe‘firsf
faVofdgnce response. :Amnqs%a was defined as taking 4 of‘more,trials to make
aﬁ avoidance response.

Inhibition of Protein Synthesis:

and Administration of ECS

Various durations of inhibition of protein syhfhesis“were possible by
giving oné or more subcutaneous injections of anisohycin_(Aniffét 2 hr inter-
.véls.at-a dos¢ of-0.5.mg/mouse/inje§tion. The first‘injégtion of Ani.wés given
iS min prior to passive or active évoidénce training (no drug was used in Exp.1).
fhe first injection of either Ani or saline was administered undér very light

.ether anesthesia. When additional inje;tions of Ani were used they were-ad-
ministered 1-3/4 or 1-3/k and 3-3/4 hr§ after traininig.

" Electroconvulsive shock (ECS) was administered transcorneally at 8 ma
for 0.2'second§ at.60 Hz. Mice not showing bbth tonic and ;ionic coﬁvulsions
wére~di$carded. Mice given pseudo-elect}oéonvulsive shock (P-ECS) were handled

in the same manner as the ECS mice except that no current was delivered.

Experiment |

‘The_purpose of this gxperiment was .to determine what influence foot-
shock intensity in passive avoidance haﬁ on the shaﬁe of the po;t?training
gradient for ECS-induced amnes}a. The hice were trained on the passive
avoidance task_as described above. The mice were divided into three groups
by footshock intensity: 0.3h, 0.38 or 0.42 ma. Only mice that had a
iatén;y-tb-enter.the white §hock compartment between 1.5 and 2.4 sec inclusive,
and at the same time had a latency-to-escape betweeﬁ_l.b,and 3.4 sec were
used in the study; all 6thers were discarded. The three footshock intensity
groups were further divided into animals receiving ECS or P-ECS at l; 30 or 60

min after training. Therefore, the experiment included a total of 18

s
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”groupé with 20 subjects in each group. " The retention test was given 1 week

after training.

Resqlts
When ECS was administered within 1 min after training the perceﬁtage

of amnesic mice was high at all fobtshock-iﬁtensities. - But when ECS was
administered 30 or 60 min after training, the effectiveness og‘ECS asran

amnestic treatment decreased as the footsﬁock.intensity increased. This was
particulérly noticeable when ECS was administered 30 min after training.
_ furthermore, the longer ECS adhinistration was delayed_beyénd tfaining for
all footshock intensify conditions, the less was the amnesia that occurred
(Table 1). . The P-ECS controls showed 10 to 35% forgéfting depending on the
footshock intensity.‘ THe 0.34 ma footshock intensity was marginal training

in that the P-ECS groups showed 25 to 35% forgetting.

Tablé 1 about here

Experiment 2

The purpose of this experiheht was to determine if the ECS amnesic
gradient was dependent on the duration of memory-related protein synthesis
occurring during and after training but prior to the administration of ECS.
To test this, the protein synthesis.inhibitor.Ani was administered prior to’
training (training conditions béing thése for which one injection of Ani did
not cause amnesia) and ECS was administered at times during the inhibitién
and as protein synthesis was reéovering. The mice wefg frained on passive_
évoidanceAat a footshock of 0.38 ma. Four basic groups were used: Saline+

ECS, Saline+P-ECS, Ani+ECS and Ani+P-ECS. Ani or saline was administered
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15 mfn prior to t;aining.n'ECS 6r P-ECS was administered.l, 30; 66,V120;.180,
210 of 240 miﬁ after frai%ihg._ To control the degree of learning, only mice
.,Qith thelfollowing cémbinatiéns of latencies wergAused: 1X3, ixh, 2X2, 2X3,
IZXQ, 3x1, 3X2 (laténcyfto-enter By.latgﬁcy-tOfescape to the ne;ré§t second).

Other conditions and. procedures were as described above.

Results o : ' ' Lo
The fesults indicate that Ani delayed the onset 6f the ECS amnesic
gradient by 150 min (Table 2).‘ Ani+ECS differ;d significantly from Saline+ECS.
.for-ECS treatﬁent groups 30 to i80 min (at 30 min P <+01, for 60 to 180 min
P <001, x2Test). The SalinetECS gradient was much shorter sihce'Saline+ECS
and Saline+P-ECS only differed at the l mfn treatment time (P<-001, x2=32.h,
~df=1). At 30 min after training, Saline+ECS did no; differ signiffcantly

from Saline+P-ECS (x2é3.53; however, P<-05 is equal to x2=3;84), As }5 clear

from Table 2, Ani+P-ECS did not cause amnesia.

-

Table 2 dabout here

~ _Experiment 2A

" Additional groups were testeﬁ to determine if extensive inhibition of
brain protéin synthesis at 180 min after training would cause amnesia when an.
additional injection of Ani Qas givén. The tfaining conditions were the same
aS'injExpefiment 2. The Anit+Anijgg group réceived 1 injection of Api 15 min .
priorto training and another injectipn at 180 min after training when ECS
would have been administered. As previously reporfed (Flood et al, l9755), :
this injection schedule creates .about a 60 min gap in inhibition of protein

synthesis during which time substantial recovery of protein synthesis occurs.



The second group recejved_two injections 2 hr apart (no gap in. inhibition)
resu}tihg in 4 continuous hours of inthifion‘at 80% or more. Ani+Ani; g,
yielded only 15% amnesia which was withinvthe range of amnesia fok‘either
Saline or Ani groups given P-ECS, and differed from Ani+ECS, gy (75% am-
nesia). The Ani#Ani group yieldgd 75% amnesia; thus, 2 injections of.Ani
given 2 hr apart were required to cause aé high-a percentaéekqf_amﬁesic

mice as in the.Ani+ECS]8O grouP.

)

Experiment 3

The purpose of this experiment was.to test the generality 6f the results
of Experiment 2 over a longer time period. The training strength was increas-
ed so that three successive injectjoﬁs of Ani wduld not cause amnesia for
passive avoidance training. This was done by increasing the footshock inten-
sity to 0.42 ma and by lengthening the shock escape latencies. Only the_fol-
Iowiné‘combinations of latencies-to—ghter by latencies-to-escape (in'séconds)
were used: 2X3, 2X4, 3X2, 3X4. The same four basic.éroups were used as in
Experiment 2. ECSror P-ECS was administered at 1 min, 30 min, 1, 3, 5, 6, 7,
8, or 9 hr after training. Ani was administered 15 min prior to training
and at 1-3/4 hr and at 3-3/4 hr after’training. Two additional groups were
runvtoldetermine how many Ani injéctions wére required to obtain amnesia
under these conditions of training. These groups received a total of 4 or 5
successive injections of Ani each 2 hr apart beginning fS min prior to train-

ing.

Results
The results of the retention test given | week after training showed that
Ani had shifted the ECS amnesic.gradient.7 hours. This is based on a compari-

son between Ani3+ECS and Saline3+ECS where the percent amnesia differed signifi-
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‘cantly for ECS treatment groups 30 min to 7 hr, but did not differ‘signifiqéntly

for ECS treatment groups & or 9 hr after training (Table 3)}"The three injections

of Ani were not solely responsible for the amnesia as Ani3+P-ECS and Saine3+P-ECS

did not differ.  Saline3+ECS resulted in én'amhesiﬁ gradient of less than 30 min

as Saline3+ECS and Saline3+P-ECS only differed significantly at the 1 min treat- .

ment time (90% vs 10% amnesia, P<-001, x2=18.11). A series of four or five

Ani injections were required to yield high levels of amnesia (65% and 95% amnesia

respecfively). These results also confirm previous reports that amnesia will
occur in well-trained mice if an apéropriate'number of Ani injections are

given (Flood et al, 1973, 1975a) .

Experiment 4

"In this experiment, the'dependency‘of the. ECS amnesic gradient on the
number of Ani injections was tésted in-an active avoidance task. Mice were
trained and tested on the pole jump task as described aone. The retention
test was given 1 week after fraining, drug and ECS treatmeht. The same four>
basic érbups were used és in Experiments 2 and 3. Ani-injécted mice received
two successjvé>injections, the first 15 mih‘prior to training_aqd the second
1-3/4 hr after. training. ECS or P-ECS was administered at 1 min, 30 min\or
5, 6, or 7 hr after training. These times were choéen becauée in Experiments

.2 and 3 the Sa]ine-ECS amnesic gradient éppeared 6nly over the first 30 min

'after'training and the Ani+ECS amnesic gfadieht appeared only aslrecovery of

protein synthesis was occurring.

Results
In an active avoidance situation, Ani delayed the gradient of ECS induced
amnesia. The percent amnesia for Ani2+ECS and for Saline2+ECS differed signif-

icantly for treatment groups 30 min; 5 and 6 hr but not for 1 min or 7 hr
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(Table 4). The ECS gradient was displaced by 5 to 6 hours. The Saline2+ECS

‘and Saline2+P-ECS differed only when ECS had been administered within 1 min

of training. Since Ani2+P-ECS and Saline2+P-ECS did not differ, it was

clear that Ani alone was not responsible for the amnesia.

Table 4 about here

BIOCHEMICAL = EXPERIMENTS

The purpose of this experiment was to evaluate the effect of ECS on
protein synthesis in mice given either saline or Ani. The same four basic
groups of mice were used: Ani+ECS, Saline+ECS, Ani+P-ECS and Saline+P-ECS

plus two groups receiving either saline or Ani alone.

GENERAL DESCRIPTION - BIOCHEMICAL -

Materials and Procedures ' !

The. CD-1 male mice were obtained and housed as described in the behavioral

" section. Anisomycin was used in the same manner as in the behavioral experi-

ments. [1*C (U)]-L-Valine was obtained from New England Nuclear Corp. and

_diluted with 0.9% saline to contain 50 pc/mi.

Mice received a subcutaneous injection of Ani or saline at '"'zero time"
and ECS or P-ECS at 180, 210 or 240 min later. ECS or P-ECS was administered
as described for the behavioral experiments. Subsequently, each mohse.received
5 pc of [14C]-valine subcutaneousjy administered either 5 or 25 min after ECS
or P-ECS. After a fen minute fncorpqration period, the animals were decapitated,

the brains excised and frozen. There were 3 or 4 subjects per data point.
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'érotein synthesis was determined by the ratio of (a) rédisactivity resuit-
ing from incorpbrétion of.[l“c (U)]?L-véline into the trichloracétfc acid insol-
* uble fraction to (b) thg.fotal/gzt}gity in‘thé braiﬁ.samp]é. . The percent inhibi-
tioﬁlqr stimulation'ﬁas determined by a compariéon.of this.ratio in the control

(saline injected mice) and experimental mice. The expéfimental procedures have

bgen described in detail (Flood et al, 1972). Duplicate fractiohs‘énd deter;

minations of fadioactivity were made for each mouse brain.
Results - | _
Duﬁn et al (1971), Cotman et al (1971) and Kelly and Luttges (1976) héye
.reported that ECS caused an immedfate But'traﬁsient inhibition.df prétein syn=-
thesis up to 50%. For this reason we measured incorporation.of L-valine from .
5 to 15 min:és well as from 25.to 35 min after ECS or P-ECS. In our studies,
we found that ECS resulted in a maximum of 28% inhibition of protein synthesis
in saline-injected mice over the time period 5 to 15 min after ECS. This
inhiBition was.within ﬁhe anticipated rénge when the intensity and duration .
of the ECS and time parameters are consideréd. As anficipéted, Table 5a shows
that the.trend was similar whether ECS was given 180 or 210 min after saline.
‘P-ECS caused a tranﬁient stimulation_of protein synthesis of 19% over a time
.pefiod of.5 to 15 min after ECS compared td saline-injected control mice.

The stimulation of protein sYnthesis declined to 8% when measured 25 to 35 min s

" after ECS.

2N

Ani and ECS resulted in somewhat higHer inhibitionvof brain pro;ein syn-
thesis than Ani alone. 1At 180 min after an Ani injection, protein synthésis
was 48% inhibited, while at the same time Ani+ECS showed 53% iﬁhibitidn. The
additional inhibition due to ECS became more apparent as the level of inhibition !
due to Ani alone decreased. At iho min after the adﬁfnistrationvof Ani alone,

7
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only 19% of the protein synthesis was inhibited compared to the Ani+ECS group
which‘showeq 32% inhibition. P-ECS reduced siightly the level of inhibition
due to Ani; thus it stimulated protein synthesis as it did in the saline-

injected mice (Table 5b).

DISCUSSION

Dependence of ECS amnesic gradient on protein synthesis

‘The primary importance of these experiménts was the finding that Ani de-
layed 1he onset 6f tﬁe gradient of ECS retrograde amnesia. These results are
interpreted on tﬁe‘bésis of the inhibition of brain protein synthesis which
resulted from one or more injections of Ani. In Experiments 2, 3, and &,
therefore, the ECS amnesic gradiént appeared 3 to 5 hr after the last'injéction
of An? or 1 to 3 hr.after the initi;l recovery of protein synthesis} For ex-
ample in Experiment 2, a single injection of Ani inhibited protein synthesis
at 80% or more for about 2 hr; At 3 hr'after‘the Ani injection, the inhibition
had derped from above 80% to about SOZ. By the kth hour,.the inhibition was
about 20% (Table 5b). The ECS gradient éppeared between 3 and 4 hr after the
training when protein synthésis recovered from 50% to 80%. The relationship
between the decreasing effectiveness of ECS as an amnestic treatment and the re-

covery of protein synthesis for Experiments 2, 3, and Lk is shown in Figure

la, b, and c. ' -

‘Figure la, b, and c about here
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Figure 1b shows recovery of proteln synthesis 4-7 hr after the farst Ani
fnjection. The percent ‘amnesia for An|2+ECS mice was still hlgh at 5 hr
but declined rapld!y when ECS was administered 6 to 7 hr after training.

Similarly, Figure lc shows recovery of protein synthesis 6 to 9 hr after

the first Ani injection and the gradient for ECS amnesia appeared 8 to 9 hr

'after training. The figure also shows that the ECS alone was most effective

as an amnesic treatment when administered within 1 min after training. The
delay of the gradient of ECS retrograde amnesia showed the same pattern for

passive avoidance (Figure la,c) and active avoidance (Figure 1b).

Possible Interpretations

An inhibition lnteréretation

One possible fnterpfetation'of these results is that ECS and Ani-togethér
increased protein synthesis inhibition, thus preventing thé formation of the
mémory trace. However, three pointsiindicate that this is an unlikely ex-
planation: (a) ECS caused only a small transient increaseAin protein syn-
thesis-ihhibition compared to Aﬁi given alone, (b) amnesia resulted when ECS
was adminis&ered during maximal per}ods-of'Ani-induced inhibition of protein

i
synthesns - a perlod when sizeable further increases in inhibition were not

possible and (c) no amnesna occurred when Ani was administered in place of
ECS (Exp. 2A).

The inhibition of protéin synthesis increased slightly when ECS and Ani

were combined. The inhibition achieved with Ani+ECS (during the recovery

phase of protein synthesis ) was 53% at 180 min after a single injection of
(Table 5b). This level of inhibition was not significantly greater than

that resulting from Ani given alone (48% inhibition). At 210 min after train-



ing, Ani+ECSVyie]ded 35% amnesia as compared with 75% émnesia'for mice in the
180 min Ani+ECS group. fhe inhibition levels for AnifECS was 53% at 180.min'
and 50% at 210 min. Thus a decrease in amnesia occurred éven}though the in-
hibition level remained nearly coﬁstant. ECS administered alone.caqsed a
maximum of 28% inhibition which decreased over the next 20 min. This maximal
level of ECS-induced inhibition 6f protein synthesis is too low and lasts for
'foo short a time.to atcount’for the amnesia4in the Saline+ECS‘groups.

The level of inhibition due to ECS alone 15 consistent with estimates
obtained by Dunn et al (1971), Cotman et al (1971) and Kelly aﬁd Luttges (1976).
Kelly and Luttges (1976) found thatrthé combination of ECS aﬁd cycloheximide
did not produce any greater protéin,synthesis inhibition than cycloheximide
afoﬁe. In fact, duriﬁg the recovery phase of protein synthesis inhibition,
ECS appeared to reduce the protein synthesis inhibition slightly. Maclnnes
and Luttges'(l972) have also noted that combined ECS and cycloheximide treatment
produced no greater brain polysome disaggregation than cycloheximide alone.
We Qouldagree\Nith the conclusion of Kelly and‘Luttges (1976) that ECS and
cycloheximide or Ani produced additive memory deficits through different
effects on the underlying meméry storage mechanisms.

When ECS was édministered during peak levels of Ani-inducea protein
synthesis inhibition; any further increasé in inhibition would necessarily
have to be very small. Yet Ani+ECS caused significantlyxmore amnesia than
Ani+P-ECS or Saline+ECS. .This is clearly demonsfrated in Experiment'3:in

‘ thch inhibition due to Ani was maintained at well above 80% for 6 hr. Ani+
P-ECS did not cause amnesia whén P-ECS wés administered during this time
period. Ani+ECS however resulted in 85 to 100% émnesia for those groupé

receiving ECS 1 min to 6 hr after training. Since protein synthesis inhibition
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'was near maximum fdrvboth Ani+P-ECS and Ani+ECS, it seems‘un]ikely that the -
additional small incréase in inhibition cohld accouﬁt_for nearly 70% Qreater'
amnesia i; the Ahi+ECS gfoups. | |

In Experiment 2, Ani+Ani|80 groﬁp'reccived one injection of Ani 15 min
prior to training and a second injectibn 180 min after ffaining. Since Ani
would normally have been administered 105 min after training this 75 min
‘delay permitted ﬁomé recovery éf protein synthesis prior to the second Ani
injection (Flood et al, 1975). If the high percent and Ioné duration of
inhibifioh of protein synthesis causéd by the second‘injection of Ani at
180 min after training did not result'fﬁ amnesia (15% amnesia), then it
is unlikely that‘thé low percent and shortrduration ofrprotein synthesis
inhibition due to Ani¥ECS when ECS was given at 180 min after training

could be the cause of the significant difference in amnesia (15% vs 75% 4'

amnesia) .

A Protein Synthesis Dependent Interpretation

jA_ second interpretation based on a protein synthesis hypothési; can better
explain the data. The degree to which ECS can induce amnesia is.dependent on
how much m;mory-related protein synthesis occurs prior to ECS treatment. The
mechanism of action of ECS may be related to its ability to cause conformational
changes in the synaptic membrane similar to those that store-short%term memory
and thus disrupt the patfern of synaptic changes that océurred due to training.

[n order to claim thét the ECS amnesic gradient is controlled by the amount
of memory-related protein syéthesis that oécurs.pripr to ECS treatment, it must
first be shown that protein synthésis which is necessary.for long-term memory
can and must occur.over the time period in question. In Experihént 2, a singlé
injection of Ani resulted in a mean of 12.1% amnesia while two succéssive

ihjections of Ani yielded 75% amnesia. The additional 2 hr of inhibition of



prqtein synthesis from a second injectfon of Ani was necessafy to block
1§ng-term meﬁory trace fofmation. The second injectioh of Ani extended
inhibition at 80% or greate; from 1-3/4 hr to 3-3/4‘hrs.. The ECS amnesic
gfadieﬁt in this experiment appééred over the time period 3 to 4 hr after
- training (Figure la); ThusAfor:retentioq, protein syhthesis was required
over the ;ime period that the ECS amnesic gradient appeared.. Similarly
in Experiment 3, three successive injections of Ani did not cause amnesia
because the mice were trained with a higher footshock intenéity; a fourth
or a fifth injection of Ani extending‘jnﬁibftion at 80% or greater ffom
5-3/4 to 9-3/4 hr after training was neceésary to cause amnesia. The ECS
amnesic gradient fqr Ani3+ECS groups appeared between 7 énd 9 hr after
‘training (Figure ic). In both of these experiments, the ECS amnesic gradient‘
appeafed during a time period for which one or more injections of Ani were
required to obtain a'high perceht amnesia - presumably because memory-="
related protein(s) continued to be synthesized beybnd the duration of
inhibition.used in each experiment. ) o

We sugéest that ECS disrupts the pattern of synaptic changes at the
synaptic membrane which are the short-term trace and the sites at which
the conversion to long-term memory storage occurs. ECS wouldypresumably
result in a release of neurotransmitter from most synapses on a neuron
thus disrupting the pattern of selective changes induced by training.
Protein(s) synthesized prior to ECS would migrate énd bind to short-term
storage sites, but once the ECS has been administered such migration would
no longer be selective as most synapses would at this time have been
activated by the ECS éurrent or resulting convulsions. Thus little protein

would reach the synapses activated during training.
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. TABLE 1
_ Enteraction of Footshock,[ntensity on Post Tfaining Gradient of

‘ECS [ndﬁcéd Amnesia

' Footshock _ Treatment ~_Percent Amnesia
Intensity (ma) ' ~ "Time of Treatment (min)
- L )
0.34 . ECS | 0 70 40
| P-ECS . 25 30 35
0.38 ECS 80 4o 30
| | P-ECS . s 10 15
0.42 .  ECS 95 25 10
P-ECS 10 15 15

‘Amnesia is defined as a step-through latency of 20 sec or less
i . . _ v . : . ,
on a retention test for passive avoidance training. The retention test
was given | week after training and electroconvulsive shock (ECS) or

pseudo-elect}oconvulsive shock (P-ECS).'
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TABLE 2

!

Effect of a Protein Synthesis Inhibitor, Anisomycin,

on the Post Training Gradient of ECS Induced Amnesia

Drug ECS a Percent Amnesia >
' "Time of ECS Treatment after Training (min)

1 30 60 120 180 210 240

Ani ECS . 90 '8 8 80 75 35 20

Ani P-ECS 5 10 15 5 20 20 10
Saline ECS 95 4 10 10 10 15 15
Saline © P-ECS 5 15 . 10 10 15 10 5

Ani+Ani180~= 15% amnesia

il

Ani+Ani 75% amnesia

Ani without ECS did not result in amnesia for passive avoidance
training. When Ani and ECS treatments were combined the ECS gradient
of amnesia was displaced from 30 ﬁin or less to about 3 hrs. N per

cell equals 20.
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TABLE 3
Effect of ECS and Anisomycin on Retention
for Passive Avoidance
Drug =~ ECS Percent Amnesia

Time of ECS Treatment after Training

1 min 30 min 1 hr 3 hr 5 hr 6 hr 7 hr 8 hr 9 hr

Ani3 ECS 90 100 90 100 90 85 90 4o 15
Ani3 P-ECS" 10 100 0 o 10 0 20 10 0
Saline3 ECS 90 20 0 10 10 0O 10 10 0
Saline3  P-ECS 10 10 0 0 o0 10 10 0 10

Ani%= 65% amnesia (N=20)
Ani5=‘95%_amnesia (N=20)

~ Ani3 under the conditions of training did not cause amnesia as the Ani3d+
P-ECS and Saline3+P-ECS did not differ. It required at least 4 successive
injectioqs of Ani to get significant amnesia. Ani3 treatment delayed the ECS
amnesia gradient pntil recovery from inhibitioﬁ of protein synthesis Qas >
occurring; the gradient was dfsp]aced at least 8 hr.‘ Ani3+PfECS and Saline3+
P~-ECS groups had N's of 10 at each .treatment time. Ani3+ECS groups had Nf§ of
20 each. The Saline3+ECS groups had N's of 20 for treatment times 1 and 30 min;

the remaining times had N's of 10 per time.



Table 4
Effect of ECS and Anisomycin on Retention
for Active Avoidance

Drug ECS " : Percent Amnesia s
' ' Time of ECS Treatment after Training

*

1 min 30 min 5 hr- 6 hr 7 hr

Ani2  ECS 85 8 8 4k 15
Ani2 P-ECS 15 10 15 15 15 - :
Saline? ECS - 75 25 15 o 15
Saline? ~ P-ECS 15 10 15 10 15

The tabled values are for.percent mice classed as amnesic or having
forgotten. Amnesia is defined as tak{hg L or more trials to make an
avoidance fespdnse. Naive subjects'had a mean value of 5.8 trials to
make their.first avoidance response. For the 1 min treatment time,
Ani2+ECS took 5.2 mean trials to make an avoidanbe, Saline2+ECS took

4.6 mean trials and Saline2+P-ECS took 2.6 mean trials.
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TABLE 5a

Effect of ECS on Protzin Synthésis

. % inhibition (-) or ¥ Stimulation (+) <
Treatment Time of ECS or | lnjéction Time Af&er ECS
P-ECS after Saline 10 min . 30 min
. Saline+ECS - .Saline+ECS
180 min o | -28% -18%
240 min ' ' -21% ’ - 6%

" Injection Time After P-ECS

10 min - 30 min
Saline+P-ECS Saline+P-ECS -
180 min ' ' , +19% + 8%

Results are expressed as a difference from control subjects injected

with saline and given either ECS or P-ECS as appropriate.
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Table 5b

Effect of Ani or Ani+ECS on Protein Synthesis

Treatment Time of ECS or

- P-ECS after Saline

- % inhibition (-) or % stimulation (+) ' >

e
N
..

Injection Time* After ECS
10 min ’ 30 min
Ani  Ani+ECS Diff.  Ani

180 min -48% ~  -53% - 5% -hox  -37% - 32
210 min -35%  -503  -15% . -25% =323 - 7%
240 min -19%  -32%  -i3% - 8%  -333  -25%
InjeCtioh Time* After P-ECS .
- 10 min - 30 min
_Ani Ani&PfECSA'Diff; Ani Ani+P-ECS Diff.
180 min k8 <313 4173 -hox  -22%  +18%
‘ of -
. * Injection times refers to thetime/ }%C-(U)-Valine administration

the Valine injecfion.

after ECS or P-ECS as appropriate. The mice were sacrificed 10 min after

Ani+ECS Diff.
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FIGURE CAPTION

The relation between protein synthesis inhibition and the

combined treatment of anisomycin(ANI) and ECS on the gradients

of ECS-induced amnesia. Across the three experiments, one can

&

see. that the amnesic gradient for.saline and ECS i§ always

shorter than for ANl and ECS. Second, the three experiments

" are consistent in showing that the ANI+ECS condition results

in decreaéing levels of amnesia as the recovery of protein
synthesis proceeds. This suggests that the shape of the ECS
retrograde amnesic gradient is dependent on how much protein

synthesis preceeds ECS administration.
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