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I 1 ()O1)..I. I'., M. I'..IAP, VIK, I... 1.. BI.NNI'TH', A. E. ORMI'; ANI) M. R. ROSI.NZWl. 1(;. Protein svl~tlzc~'is" inhibition aim 
,m'm<>rl" ./,)r pole /Uml~ attire avoi(km('(' a#l(t e.vtmction. PIIARMA(.  BIO('tlI'M. BI..IIAV. 7(I ) 71 -77 .  1977. Ih is  
slnd', utilizes a pole jtllllp active a,.oidanc'e task t,) investieate the effects of  protein synthesis cm memory l'ornlation. An 
e'.,tincticm lrainin.e prcicedure l'~r this task is als~ described.. . \nmesia for extinction is produced by inhibition of  protein 
s ' ,n thcs i s  :llld is :llS{l demonstrated by active responding, so it is clear that there is ilo .<.:eneral impairment sufficient to 
disrupt rllotor skill, llloti~,alic~rl, or retrieval c~l stored memories, h ',','as found ilia( while inhibition of  proleill synthesis i11 
br:im t,,r 2 hr did il~)t produce alnnesia, inhi l f i t ion Ior 6 to 8 hr did. These results demonstrate that for both 
",]lock-I11t~liV:lled Icarnin.t! alld rlorl-Sh~lck illOti;'ated extinc't iol l  learnillg, the duration (it inhibi t ion o f  protein synthesis is 
hl lpt)r lai l l  it1 dl_'lcrnlilliil.,_' whether aillilesia ~cctlrs. Wc conchlde that inhibi t ion of  cerebral protein synthesis can best 
;let's)lint for alllnesia irlduccd by arlisoril', t in,  cyclohcximidc, arid acetoxyc3 ch)hcxinlide. 

Acti',e avoidance test Amnesia .\nisomycirl Protein synthesis Protein synthesis inhibition 

I N I I I B I I I ( ) N  ot p r o l c i n  s~'nthesis dur ing  and a f t e r  t r a in ing  
has been I¢mnd ill t l la l l  3 eases  [(I lead It) alllnesi:`l tha t  
appea r s  to I~e p e r m a n e n t  11 5, "7 13. 16, 1,"; 22, 241. 
(~mtr(~l over  It10 p a r a m e t e r s  o f  a c q u i s i t i o n  is n e e d e d ,  s ince  
it has  been s h o w n  that  fai lure I(1 do  so can r educe  or  
ob l i t e r a t e  the a m n e s i c  e f fec t  [7. 9. 10, 17] .  R e c e n t l y  we 
rep(+rted that  as the  d u r a t i o n  o f  i n h i b i t i o n  o f  bra in  p r o t e i n  
s y n t h e s i s  inc reased  a f t e r  passive aw~idance  t ra in ing ,  the  
p e r c e n t a g e s  o f  :`,nimals chlssed as a m n e s i c  i nc reased  [8711. 
This  was also i()t l l ld i"or l+-ltlaz¢ f o e ( s h o c k  a v o i d a n c e  
t ra in ing  bill the  p~,rarneters c o n t r o l l i n g  acqu i s i t i on  o f  
[ - n l a z c  a v o i d a n c e  c o n d i t i o n i n g  v¢cre t oo  n t ln le ro t l s  and the  
d u r a t i o n  o f  i nh ib i t i on  r equ i r ed  for s t r o n g  a m n e s i c  e f f e c t s  
was to(~ Ion,e 114 hr)  for  lhis  task re be used regular ly  in 
s t ud i e s  o f  m e m o r y  t race  t o r m a t i ( m  [101.  We repor t  here  
l t le e l l ec t s  e l  p ro te i n  syn l i les is  i n h i b i t i o n  on r e ten t i on  fo r  
an av,e)idallce task lhat  is learilc'd n lore  easily than  ] - n t a z e  
avo idance .  111 a d d i t i o n ,  e x t i n c t i o n  is t rea ted  :.is an acqu i -  
s i l i on  se',;sion, and anlnesia l'()r learn ing  n o t - l o - r e s p u n d  is 
repor ted .  

(;I'IN L'i RAI .  PROC'I 'II)ITRES 

,.I nimals and Drugs 

t h e  an i ma l s  for  the  behav io ra l  e x p e r i m e n t s  were  Swiss 
W e h s t e r ( ( ' l ) - l )  male  a lb ino  m i c ¢ , 6 0  80 days  o f  agc at the  
t ime  o f  tile c x p e r i m e n l .  T h e y  were  o b t a i n e d  f rom ( 'ha r les  
River  Breed ing  L a b o r a t o r i e s  at 6 weeks  (11 age. Mice used 
for  the  behav io ra l  e x p e r i m e n t s  were  hot t sed  s ingly 24 hr  
p r io r  I(i t r a in ing  and r e m a i n e d  so h o u s e d  tmtil  t e s t ed  for  
r e t e n t i o n  one  week later .  

A n i s o m y c i n  1 2 - p - n l e t h o x y p h e n y l - 3 - a c e t o x y - 4 - h y d r o x y -  
p y r r o l i d i n e )  was a gifl f rom Pf izer  ( o . ,  G r o l o n .  ("1 t h r o u g h  
the  g e n e r o s i t y  o f  Dr. N. Be lcher  or  was o b t a i n e d  f rom 
Pf izer  Diagnos t ics ,  ( l i t t o n ,  N.J. In o r d e r  to d issolve  Ant ,  an 
a p p r o x i m a t e l y  equa l  m o l a r  a m o u n t  o f  3N l l ( ' l  was a d d e d ,  
and the  p l l  was  f inal ly ad i t i s ted  to 6 7. F h e  final s o l u t i o n  
was 2.(I m g / m l  in O.q~'; sal ine:  Ant was m j e c l e d  at 20 n tg /kg  
s u b c u t a n e o u s l y  jus t  p o s t e r i o r  to the  back o f  lhe  neck .  The  
first  i n j ec t ion  o f  Ant ¢1r sal ine was a d m i n i s t e r e d  15 tnin 
he fo r e  t ra in ing.  ( ' y c h l h e x i m i d e  ( ( ' y c l o )  o b t a i n e d  as Acli-  
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I N H I B I T I O N  OF P R O T E I N  S Y N T H E S I S  
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H O U R S  
FI(;. 1. Inhibition of eerehra[ protein synthesis ill Sv,iss Webster male mice ~btained by subcutaneous injections of Ani, Ani. Ani. and 
Ani~.Ani.~('yclo. "lhe successive curves show the inhibition produced by a ,dngle dose of 0.5 m,e or" Ani, by tv, o successive do,;es of 
Ani, and by 2 successive doses of Ani t'olk)v,.'ed by a 2.5 mg dose of ('Yclo, each at 2 hr intervals. The number ol mice and lhe 
standard deviation are shown for each data pOilll where ira)re than IV,'o illice were  used.  lh¢ doses (05 nl!~ Ani,  2,5 Illg cyclohc',.i- 
mide)  and lhe  in jec t ion  schedule  were tile Sallle as used for lhc Behavioral  e ' . ,perinlenls ,  l 'wo l l laior seri,:,, o f  cxpc rh i l en t s  done  Iv~o 
years  apar t  are represen ted  by and : .  "File curve for A n i i A n i  is a c o m p o s i t e  ctm.e i n c o r p o r a t i n g  data  from (' .  , B l . . l f  and S~iss  
rnale mice. We ha'~e found thal ( ' , .B1 / J f  anti Sv,iss mice have e~,senlially identical inhibit/on resulting rronl a singD dose u( Arli and 

similar degrees of inhibition at 4 hr and 5 hr ,~ni. Ani data point,;. 

di(me from the Upjohn ( 'o. .  was dissolved in 0.9% saline 
and at tministered subcutaneous ly  at a dose of 100 mg/kg. 
I ' ' ( ' ( U ) ] - k - v a l m e  was ob ta ined  from the New England 
Nuclear Corp. The mice for the biochemical  expe r imen t s  
were bred in our laborator ies  lronl Swiss Webster  ( 'harles 
River mice or (- ' , ,  B I / J f  mice. 

Determination o f  l'rotein Synthesi.~ 

Protein synthesis  was de te rmined  by the ratio of  
radioactivi ty result ing from tile incorpora t ion  of subcuta-  
neously adminis tered  [ ' " ( ' (L ' ) ] -L -va l ine  into the trichlor- 
acetic acid insoluble fract ion to the total  amount  of activity 
in the brain sample. The radioactive amino  acid was 
injected 20rain prior to sacrifice. The percent  inhibi t ion 
was de t e rmined  by a compar ison  of  this ratio in the 
exper imenta l  and contro l  mice. The procedures  have been 
descr ibed in detail {7]. Duplicate f rac t ionat ions  and deter-  
minat ions  of  radioactivi ty were made for each nlotlse brain. 

BIO('I IEMI( 'AI FXI)t- RIMI:NTS 

Results 

The purpose of  tile biochemical  studies was to de termine  
the inhibi t ion of  prote in  synthesis  achieved by several 
injection schedules  of anisomycin  and cyc loheximide  used 
in tile behavioral studies.  After an injection of Ani, the 
inhibi t ion of  prote in  synihesis  rises rapidly to ~)0"; and then 
falls to 80'::; af ter  2 h r  ~Fig. 1). A subsequent  injection of 
Ani results in an inhibi t ion curve similar to lhe first one. 
Thus each injection of  Ani maintains inhibit ion of X0-,' or 
more for an addit ional  2 hr lalso see [8]) .  f h e  inhibit ion 
obta ined by an injection of (;yclo falls to 80 ' ;  somewhat  
more quickly than does tile inhibi t ion obta ined with Ani, 
bul tile subseqtzent decay is less rapid {Fig. I I. Similar 
differences  in the time courses of inhibi t ion were previously 
observed after  a single injection of the individual inhibi lors  
]8] .  Since training of the mice occurred in the behavioral 
expe r imen t s  15 rain afler the first injecti(m of Ani or saline. 
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inhibi t ion for Ant-injected subjects  was at a high level at the 
time of training. The impor tan t  advantage in using Ant over 
o the r  available prote in  synthesis  inhibi tors  is that  the lethal 
single dose of  Ant in mice is at least 40 t imes greater than 
the dose t, sed in the behavioral studies.  In o the r  experi- 
ments ,  wc have found that up to 7 inject ions of  Ant can be 
given at 2 h r  intervals wi thout  marked ill e f fec ts  and the 
time course of  the inhibi t ion front the seventh inject ion was 
essentially super imposable  over that ob ta ined  from the first 
{[10] and unpubl i shedL A s a r e s u l t ,  it is possible to con t ro l  
the dura t ion  of  inhibi t ion by giving successive inject ions of  
Ant at 2 hr intervals. At the time we did these exper iments .  
we had only a l imited supply of  Ant available: therefore  we 
used ( 'yclo as the final inhibi tor  to obta in  ex t ended  
inhibi t ion.  We used a sequent ia l  series of  one to four  
reject ions in order  to vary the dura t ion of  inhibi t ion after  
training from I 3/4hr  to about  7-1/2 h r a t  80", ~ or greater.  
I ) a t a  was  ob ta ined  for the combina t ion  AnF ~ ( 'yclo 
{l"ig. IL The axsumption that inhibi t ion for Ant ' ,- ( y c l o i s  
80"; ~,I 8 hr is a reasonable ex t rapola t ion  since Ani does not 
appear to have cunlillative effects .  

BEH AVI()I~,A 1 F X PF. RIMI.INFS 

I - X P E R I M E N I  I :  " IHE E l . l . b ( " f  ()l" I ) { . I R A I I ( ) N  OI. PP , ( ) I I ' : IN  

SYN'FHI. :SI ,  <, IN I I IB IT ION ()N RI . I I I - :Nf lON FOP, POLE J U M P  

.~VOII),.\NCE I 'ASK 

,,tpparatu,~' and Training Frocedures 

The training appara tus  for the pole j ump  task consists  of  
an alley 3 0 c m  long, 11.5 cm wide anti l g c m  high divided 
into two c o m p a r t m e n t s  by a guillotine door.  A brass grid 
floor is used to deliver foo tshock  (0.35 reAl in both  
conlparll 'rlents. ].he smaller c o m p a r t m e n t  {9 cm long) is a 
start box. f i l e  o the r  compartm~.nt  ( 2 I cm long) conta ins  a 
vertical plastic pole in the center .  3he  pole ~2 .5cm 
d iameter l  is covered with 1..'2 inch wire mesh which starts 
.just above the shock grid; the mesh makes it easy for a 
mouse to climb the pole anti to cling to it. The pole can be 
removed easily with the mouse on it. The apparatus  is buill 
of  black plastic except  for the pole, which is white.  A l o u d  
door  bell buzzer  is used as the cond i t ioned  s t imulus  {('SI. 
l h c  training room is dark except  for a bright Tensor  lamp 
i l luminating the apparatus.  

l 'he  training procedure  consists  of  the following steps: 
The mot,se is placed in the small c o m p a r t m e n t  and after  
approx imate ly  15 sec the guil lotine door  is lifted to give 
access to the pole c o m p a r t m e n t .  S imul taneously  with 
removal o f  the guillotine door ,  the buzzer  begins to sound,  
and 5 sec later foe(shock  is adminis te red  it the mouse has 
not c l imbed on to  the pole. l 'hc  buzzer  and shock are 
manually te rmina ted  ;Is soon as the mouse climbs on to  tile 
pole. An avoidance response is scored if the mouse climbs 
on to  the pole within the 5 sec safe period.  

After  each trial the mouse is re turned to its home cage 
by carefully removing the pole {with the mouse on i t ) a n d  
placing the pole in the home cage. Most mice quickly climb 
of f  the pole, but occasionally a light touch to the hind 
quar ters  is used to encourage the nlOl.lSe to disn]ount .  
Subsequent  trials {training or test ing) are run in the same 
manner .  The intertrial interval is about  45 sec. Animals 
receive only 2 training trials because pilot work showed  
that saline-injected cont ro ls  per formed equally well on the 
re tent ion test whe the r  given 2, 4, or 6 training trials. 

The re ten t ion  test follows 1 week after  training, anti 
consists  of  retraining a mouse  until it makes one avoidance 
response.  Training and testing are always done be tween  
g a.m. and 2 p.m. The n u mb er  of  trials prior to 
making the first avoidance response is taken as a measure of  
re tent ion .  In this expe r imen t ,  amnesia is def ined as taking 3 
or more  test trials to make an avoidance response.  This 
cri terion is valid since it classifies 79";: of  naive mice as 
amnesic (lr:ig. 2, Panel A). 

Ten of  the saline-injected subjects  were given 10 test 
trials each in order  to test whe the r  an animal con t inues  to 
avoid af ter  making its first avoidance response.  The mean 
percent  avoidance responses  af ter  each mouse made its first 
avoidance response was 97.5'.;; across the 10 animals. Only 
2 mice received addi t ional  shock -- one a shock on the 6th 
trial and the o the r  on the 7th trial. Thus training the mice 
to a 9 out of  10 cri terion on the re ten t ion  test would have 
provided little addi t ional  in format ion .  Also, more re tent ion  
trials can confuse the dis t inct ion be tween re ten t ion  of  a, 
habit vs main tenance  of  a habit .  

l,){'Sl~tl 

The purpose of  this expe r imen t  was to s tudy the effect  
of dura t ion  of  inhibi t ion of prote in  synthesis  on re tent ion  
for pole j u m p  training. Three drug groups were used. These 
were Ant {single pretraining injection 15 nlin prior to 
training), Ant '  * ( 'yclo {a single pretraining injection of  
Ant fol lowed 1 - 3 / 4 h r  af ter  training by ano the r  injection of 
Ant and then an injection of  Cycle 3-3/4 hr af ter  training), 
Ant ' , ( 'yclo {single pre t ra inmg injection of  Ant, two Ant 
inject ions af ter  training at 1 -3 /4hr ,  and 3-3/4hrand ( 'yclo 
at 5-3/4 hr af ter  training). Three saline control  groups were 
run, they received saline inject ions at the time the 
comparable  drug groups received their  injections.  A seventh 
group was used to establish the pe r fo rmance  of  naive 
subjects.  ].his naive baseline group ',~.as isolated at the time 
when thc o the r  groups were trained and received no 
injections.  The naive group was first trained when the o ther  
groups were being tested for re tent ion.  The N's are given in 
Fig. 2. 

Re'sidLe 

The saline cont ro l  animals combined  {Fig. 2B) and the 
group given a single 20 mg/kg Ant in iection {Fig. 2 ( ' ) s h o w e d  
good re tent ion .  ()nly 85' and 0'V of these groups, respec- 
tively, were classed as anmesic.  Both groups differ  clearly 
from tile naive baseline group {Fig. 2A) in which 70'7 of 
the animals would have been scored as amnesic.  Because 
some of  the naive mice learned the task in 1 or 2 training 
trials, the percent  amnesia was not 100'; .  f h e  Ani ' + 
( y c l o  group {Fig. 2D), wh.ich had 6 hr of prote in  synthesis  
inhibit ion at 80"; or greater,  yielded 38'>; amnesic  animals,  
this was significantly di f ferent  from bo th  the saline cont ro ls  
and the group that  received only a single pretraining 
injection of  Ant (p<0.001,  x: test).  Sixty-six percent  
the Ant ~ ~ ( 'yclo group {Fig. 2FL which had 8 hr of  
inhibi t ion of  prote in  synthesis ,  were amnesic ,  this percent-  
age of  amnesic  mice not only differed significantly from the 
saline cont ro ls  and the single Ant group but it also showed a 
greater percentage of  amnesia than did the AnF ~- ( 'yclo 
group {I?...0.025~. In fact, the pe r fo rmance  of the A n t ' . ,  
Cycle groul~ did not differ  significantly from the naive 
baseline group t p < 0 . 2 5 L  f h u s ,  increased dura t ions  of  
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t ' IG.  2. Ffl 'ects o f  dura t ion  ot" inh ihhicm ,.~t + p rmem synthesis ~m retentiorL for  1",oli + . lump tr;thtin~ ( l ( \ pe r imen l  1). 
The series  o f  1igttres shox', the  f requency  d i s t r i bu t i on  of  an imals  versus trial of  first a , .oidance res?onse  1"~I 5 
e x p e r i m e n t a l  ~roups.  Anim;tls  requi r ing  3 or more  tr ials to make  an avo idance  response '.,.ere scored as tmmesic ( s h d c d  
barsL As the n u m b e r  o f  in jec t ions  of  i nh ib i to r  increased from one to four (Atli,  Ani ~ + ( 'Y,  A n i '  + ( 'Y) ,  im.'re;tsiny tht: 
d u r a t m n  o f  p ro te in  s}n lhes i s  i nh ib i t ion ,  the perccnt~lge t~l" llli,,'e sh()wing amnes ia  increased.  "lhux t~ver 90 ' ;  of  
the sal ine con t ro l  g roup  (Panel B) and tile Ani  ~roup (Panel ("') made  the first avo idance  in 2 ~rials or less. v,'hile 
on ly  34 ~ o f  file A n i " - - ( ' Y  ,~rottp (Panel t ' i )  made  an awf idance  durinF the first 2 tri;ds. C 'orrespondin~ly .  the mean  
nund~er (X) of  t r ia ls  to the first avo idance  response  increased f rom 1.19 1o 3.26. Bec~use smile of  tile nai ' ,e mice 

learned the lest  in I c/r 2 trials,  the percent  amnes ia  as de f ined  Was not  1()0 ~ . 
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inhibi t ion of  prote in  synthesis  (6 or 8 hr) led to incrcased 
percentage of  amnesia.  

EXPERIMI-INI 2: FII. I.E(F OF DURATION OF INHIBITIt)N ()F 
PROI I.IIN %YN IHESIS ON EXTIN('TION "I RAINING 

.Uaterials and l'roct'durc.~ 

The apparatus  was the same as in Exper iment  1, and 
similar subjects  were used. In order  to build up an 
avoidance habit that would be ext renle ly  resistant to 
ex t inc t ion  or forget t ing,  tile fol lowing procedures  were 
used; I ' ra inmg days were spaced. The mice were given 20 
tr:,ining trials per day on Monday,  Wednesday and Friday 
of  the first week and on Monday and Wednesday of  the 
second week. Subjects  were peri:uitted to make two errors 
of omission ti.e., no avoidance response)  wi thout  being 
shocked,  on the third consecut ive  failure to respond shock 
was given. ] h i s  I vpe of training schedule is referred to as 
partial r emtorcen len t .  An occasional  animal that began It) 
form a pat tern  of  two failures to respond fol lowed by a 
response,  was shocked on every error  until it responded  
with thrce consecut ive  avoidances.  This was done to 
discourage learning a response pa t te rn  that would result in 
avoiding shock ,a.ith a relatively low percentage of  avoid- 
an te  responses.  Lastly, aninlals failing to make an avoidance 
on cf lher  the first or the last trial of  a day were shocked for 
nol making lhe avoidance.  

On f r iday  of  the second week, wc used 10 training trials 
to select subjects  with s t rong avoidance habits.  To be 
retained, sub.iects had to nlake an avoidance on tile first 
trial and receive no more than one shock in the ten (raining 
trials. Animals (about ~.~0!;) meet ing this cri terion were 
shif ted on [r ia l  I1 to e i ther  tile convent iona l  ex t inc t ion  
procedure  or to the more effect ive Katzev ex t inc t ion  
procedure  [15[ .  File fol lowing rules are used for conven-  
tional ex t inc t ion :  I 1 ) if the animal responds  in 5 sec or less 
(an avoidance) ,  te rminate  tile ( 'S (buzzer) .  or (2) if the 
animal fails to respond in 5 sec, te rminate  the ('S p rompt ly  
at the end of  5 sec. In e i ther  case no shock is given, but 
with well tra, ined subjects  these procedures  produce  little or 
rat) t tecrement  in responding  bees, use tile mice rarely fail to 
respond and thus have only exper ienced  addi t ional  training 
(Rule l)  and no true ex t inc t ion  trials (Rule 2). For the 
groups given Katzev ex t inc t ion  procedure  lhc fol lowing 
rules were used: ( 1 ) i f  the animal responds  within 5 sec, 
leave the ( 'S on for 30 sec fol lowing the response,  o r 1 2 ) i f  
the animal fails to respond,  t e rmina tc  tile ( 'S pronlp t ly  at 
the end of  5 sec. Rule 1 is where the two procedures  differ:  
Katzev Rule 1 breaks the response cont ingencies  of  tram- 
ing, showing tile animal that con t inued  sounding of tile 
buzzer  is no longer associated with shock,  and this leads to 
a rapid decline in aw)idance responding  [151. With the 
Katzev procedure ,  mice reached the cr i ter ion of  two 
successjve failures to avoid after  a mean of  6.95 ex t rac t ion  
trials: 72'V of  tile animals given the Katzev procedure  
reached ex t inc t ion  in 6, 7 or 8 trials. File Katzev groups 
were run first, and animals receiving the convent iona l  
t rea tment  were matched  with Katzev animals: thus they 
were given 7 or 8 ex t inc t ion  trials even though this did not 
bring then( to lhe cri terion of  ex t inc t ion .  

Drug Cond i t ions  

To test the effect  of  dura t ion of  inhibi t ion of  prote in  
synthesis  on re tent ion  for ext i l lc t ion training, we used four 

saline and two Ant groups.  Of two convent iona l  ex t inc t ion  
groups,  one received a single pretra ining injection of  saline; 
the o t h e r  received three successive inject ions of  saline at the 
fol lowing t imes 15 rain before ex t inc t ion  training and 
I-3/4 and 3-3/4 hr af ter  training. These groups serve as 
cont ro ls  to mo n i t o r  any possible indirect  effects  that  might 
lead to a decreased avoidance rate during the re ten t ion  test 
(e.g., effect  o f  one week wi thout  training, tile injections,  
addi t ional  trials wi thout  shock) .  Two o ther  groups received 
the same s l ime injection schedules  (one injection or three)  
but were given Katzev ex t inc t ion .  These groups measure the 
degree to which mice will recall effect ive ex t inc t ion  
training. The two exper imenta l  (Ani) groups received ei ther  
a single pretra ining injection of  Ant or three successive 
rejections of  Ani. Both of  these groups were given Katzev 
ex t inc t ion .  These groups reveal the effec! of  two durat ions  
of prote in  synthes is  inhibi t ion (2 vs 6 h r  of inhibi t ion at 
805,: or more)  on re ten t ion  for ex t inc t ion  training. 

R e t e n t i o n  Test 

The re ten t ion  test was given 1 week af ter  (he ex t inc t ion  
session. All mice were given 20 convent iona l  ex t inc t ion  
trials to test the s t rength  of  their  avoidance habit.  No shock 
was used sit this session. 

Resu l t s  

Saline-injected mice given convent iona l  ex t inc t ion  trials 
retained a very strong aw)idance habit over the one week 
re ten t ion  period,  as they showed 94':~ and 96"; mean 
avoidances (Saline and Saline");  that  is, tile convent ional  
p rocedure  did not yield cx t inc t ion  with the nunlber  of  
trials given. "lhe saline-injected mice given the Katzev 
procedure  had reached ex t inc t ion  during the ex t inc t ion  
session, and they still t ended to show ex t inc t ion  one week 
later: (hey gave only 26!:; and 275,: mean avoidances (Saline 
and Saline-' ~ - significantly less than the groups given tile 
convent iona l  ex t inc t ion  training. The group receiving a 
single injection of  Ant and Katzev ex t inc t ion  showed poor  
responding with 32% mean avoidances,  so they retained tile 
ex t inc t ion  they had acquired.  But the group receiving three 
successive inject ions of  Ant and K:,tzcv ex t inc t ion  respond-  
ed with c.~4~.'; mean avoidances and clearly did not differ  
from subjects  receiving convent iona l  ex t inc t ion  (Table I): 
lhus, a l though the response had been ext inguished tile week 
before,  the 0 hr o f  inhibi t ion of  protein synthesis  had 
prevented long-term storage of  the ex t inc l ion .  

1)1S{'USSION 

The results of  these e x p e r i m e n t s  show that for both  
shock-mot iva ted  learning (pole j umb  avoidance)  and for 
non-shock mot ivated  learning {ext inct ion)  tile durati{}n of  
inhibi t ion of  prote in  synthesis  (i.e., the n u m b e r  of  Ant 
inject ions)  is impor tan t  in de te rmin ing  whe the r  amnesia 
will occur.  With tile s t rength of  training used. a single 
pretraining injection of  Ant is not sufficient  to disrupt 
re tent ion  and it requires tile addi t ion of  one or more 
pos t t ra in ing  inject ions to obta in  amnesia.  Since these 
reject ions did not impair acquisi t ion,  we conclude  that Ani 
blocked Iong-ternl memo ry  storage. Old memor ics  are not 
af fec ted  by inhibi tors  of  protein synthesis ,  since in the 
ex t inc t ion  expe , in len t  the mice given three successive 
inject ions of  Ant con t inued  to nlake avoidances thus 
revealing their  earlier training while forget t ing tile 
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EFFECT OF PROTFIN SYNTH[-SIS INHIBITION ON RETENflON F()R I.EARNI{D EXIINCTION 

':; Animals 
Treatment Group Mean ',: Axoidances Maintaining* 

Saline -- Conventional  Extinction 
Saline:' + Conventional  Extinction 
Saline -,- Kat/e' ,  Extinct ion(  
Saline :~ ~- Katzev Extinction 
Ani ~- Katze,, Extinction 
AnP o, Katzev Extinction 

94.5 Itltt 
96.5 90 
26.5 t) 
27.0 0 
31.0 0 
93.5 I O0 

*Maintaining of a shock avoidance habit is defined as making g0¢i or more a~oidances. 
+See reference 1151. 

s u b s t a n t i a l  e x t i n c t i o n  tra in ing .  An  i n t e r e s t i n g  f e a t u r e  o f  the  
use of  ex t inc t ion  as a learning task is that  forget t ing is 
revealed by active responding.  Usually one associates 
anmesia with decreased responding.  It is not always clear 
whe the r  this decre inent  ill r esponding  is title to pernlanent  
drug- induced dan(age, to lack of  I'aotiv:.llioI1, or to poor  
n temory  storage. In tile exl i l lc t ion siltlalioll the animals 
that forget are the ones thal cont inue  to respond,  and thus 
it is clear that  there is no general impairnlent  sufficient  l¢) 
disrupt  m o t o r  skill, nlot ivat ion,  or retrieval (~I s tored 
memories .  We conclude  that subjects  given a sufficient  
nunlber  of  Ant in ject ions  lack stored memor ies  for the 
specific task for which the drug was employed .  

While it is possible that  some side effect  and not 
inhibi t ion of  cerebral prote in  synthesis  is responsible for 
the amnesia,  we in terpret  our findings as indicating that as 
the dura t ion  of  inhibi t ion of  prote in  synthesis  increases the 
probabi l i ty  heconles  greater that long-term melllory storage 
will not occur.  

Few studies have been made of the side effects  of 
anisomycin  on brain neurochenlistr ,v,  especially on lhe 
neu ro t r ansmi t t e r  systems.  Zech and l)ontagk have repor ted  
that an isomycin  is a relatively poor  inhibi tor  of acelyl- 
chol incslcrase ,  so it is unlikely that tile effects  of aniso- 
mycin can bc a t t r ibu ted  to il~.hibition of A(ht{ 1251. 
| : l exner  and ( ; o o d m a n  have poin ted  out thai impor tan t  sidc 
e f f e c t s  on  the  central  adrenergic system appear to be 
comnlon  to all inhibi tors  of prote in  synthesis  and that  these 
side e f fec ts  may con t r ibu te  to the anmesia [6,141. Indeed,  
they conc lude  that the behavioral  mani fes ta t ions  may not 
be a t t r ibutable  solely, or at all, to inhibi t ion of prote in  
synthesis ,  l h e y  showed that  prutein synthesis  inhibi tors  
purol l lycin,  cyc lohex imide ,  a ce toxycyc lohex imide  :tnd an- 
isomycin • had the comnlon  p roper ty  of depressing the ratc 
of accumula t ion  of norep inephr ine ,  dopamine ,  and total 
ca techo lamines  and at tire same timc nlarkedly elevating the 
levels of tyrosine,  l fowever,  in the case of anisonlycin.  
Flexner  anti ( ;oodn lan  presented  data for only one dosage 
and one t ime point  af ter  adminis t ra t ion  i2 hr), and until 
more comple te  data are available, it is difficult  to evaluate 
the significance of  these results for the in te rpre ta t ion  of our 
behavioral exper iments .  Squire. Kuczensik,  and Barondes 
have compared  the amnesic effects  of cyc lohex imide .  
an isomycin ,  anti u -methyl -p- tyros ine  and their effect iveness  
as inhibi tors  of  brain tyrosine hydroxylase  activity 1231. 
They found thai doses of a -methy l -p - ty ros ine  which depres- 
sed tyros ine  hydroxylase  activity as much as or inore than 
ei ther  cyc lohex imide  or anisomycin  did nol affect n lenmry ,  

while anisomycin  and cvclohexinl ide  did. They concluded 
that the effect  of protein synthesis  inhibi tors  on brain 
tyrosine hydroxylase  activity is not sufficient tt) explain lhc 
amnesic e f tecl .  

Recent ly  we tried to obtain anlnesia (or  active and 
passive avoidance with d ie thy ld i th ioca rbamate  ( I ) l ) ( l  and 
~-meth: , l -p- tvrosine i A M P I I ,  two relalively specific and 
long lasting inlaibitor~; o f  catecholanlil]e ( (A~ netlrotrans- 
mi l ler  synthesis .  In doses thai did nol interfere with gross 
behavioral nlovelllt.'ll[S, ne i ther  ageI]I caused anlncsia for 
active avoidance.  Yet under  the same Colldition of trairdng, 
.,4~ni caLised amnesia (I.l¢>od el a/., ill prcp'arationl.  In the 
passive avoidance task. DI ) (  and ..\MPI caused amnesia 
only under  the weakest possible training condi t ion  (thresh- 
old foo tshock  in lcns i lyL As foo t shock  intensit . \  increased. 
Ani consis tent ly  caused amnesia,  hut the ( A  synthesis  
inhi lqlors  showed a rapid decline in ability to induce 
amnesia.  If specific and very long lasting inhibi t ion of ( 'A 
synthesis  cannot  cause ainnesia, then it seems unlikely that 
this is the most per t inent  |node  of action of tile protein 
synthesis  inhibi tors  in blocking meli]c)r,, tornla t ion.  Ill 
addi t ion ,  the ( 'A inhibi tors  showed no relat ionship betWeel~ 
the numt~er of inject ions given and amnesia.  Ill fact. 
addit ional  pos t t ra in ing inject ions of ( 'A inhibi tors  did not 
induce all',' f t tr ther increases ill amnesia. Yet. increasing tile 
nLirnber o f  successive injections of  Ant shows a clear effect  
of increasing the percent  amnesic animals, f, resulnably 
because of  longer dura t ions  of protein synthesis  inhibi t ion.  
We believe thai inhibi t ion of cerebral protein synthesis  is 
best able to accottnt  for the am:lesia indtlced Ht active alld 
passive avoidance and ill ext inction training bv anisonLvcin. 
cyc lohex imide  and acctoxyc,vclohcximide.  
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