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BRAUI), W. (;. AND W. J. BROUSSARD. Effects of  puromycin on memory for shuttle box extinction in goldfish and 
barpress extinction in rats. PHARMAC. BIOCHEM. BEHAV. !(6) 651-656, 1973.-Five experiments were conducted to 
investigate the generality of puromycin's reported effect on disruption on memory of a recently learned task. The first 
experiment replicated previous work on acquisition to determine the effectiveness of the procedures used. The second 
investigated the role of puromycin's low pH in memory disruption. The third experiment used short training and 
extinction sessions to determine if puromycin retarded retention of extinction. The fourth experiment used longer 
training and extinction sessions and multiple and delayed injections of puromycin, and the fifth experiment attempted 
to extend puromycin's effect on avoidance extinction to extinction produced in an appetitive operant task. Puromycin 
disrupted retention of extinction of both shuttle box avoidance in fish and barpressing in rats. The role of puromycin's 
pll was negligible. 
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TI lE I N T R A C R A N I A L  injection of  mice,  goldfish, and 
Japanese quail with puromycin  immedia te ly  fol lowing a 
training session has been shown to interfere with subse- 
quent  re tent ion of  the acquired behavior  in a variety of  
learning si tuations including escape learning [5 ] ,  simple 
a v o i d a n c e  [21, discr iminat ion avoidance and passive 
avoidance [16] ,  simple classical condi t ioning [141, and 
appeti t ive color-discr iminat ion learning [I 5] .  Since delayed 
injections typically do not result in in terference,  and since 
the inject ions usually do not impair  initial learning itself, 
puromycin ' s  effect generally is believed to be upon a hypo-  
thetical " m e m o r y  conso l ida t ion"  process in which infor- 
mation is transferred from a short- term to a long-term 
store. Along with physiological and biochemical  research on 
the drug's mechanism of  act ion,  considerable behavioral 
research is needed to accurately delineate the general i ty of  
puromycin ' s  effect  and to specify exact ly the various condi- 
tions upon which the interference phenomenon  depends.  
Illustrations of  the need for further  behavioral research are 
the: recent findings [14] that nei ther  inject ion t ime nor 
overtraining altered puromycin ' s  interfering effect  on reten- 
tion of a classical condi t ioning task and the quest ion [16] 
of  just which componen t  processes of  a complex  task is 
puromycin  actual ly affecting.  

The present work is concerned with the process gener- 
ality of  puromycin ' s  effect .  All research to date has dealt  
with puromycin ' s  effect  upon re tent ion  of  an acquisi t ion 
process; the complementa ry  ext inc t ion  process has been 

'We thank J. McMah'm, D. Wong, R. Wetherford, D. Gordon, 
investigations. 

ignored. It was hypothesized that puromycin  would inhibit 
m e m o r y  for ext inct ion,  whether  ext inc t ion  was viewed as a 
passive decay process or al ternatively as an active inhibi tory 
process. Agranoff  has provided evidence that repeated 
injections of  ace toxycyc lohex imide ,  a drug having behav- 
ioral and biochemical  effects  similar to those of  puromycin ,  
could prevent  the decay of  short- term memory  in goldfish 
[11. Exper imenta l  ext inc t ion  (if conceptual ized as decay)  
might similarly be affected by puromycin.  On the o ther  
hand, puromycin  should also depress re tent ion of  ext inc-  
tion if the lat ter  is viewed as an active inhibi tory learning 
process, a view strongly supported by recent bioassay 
exper iments  by Braud [6] and by pharmacological  studies 
by Deutsch and Wiener [9] .  The finding that puromycin  
could interfere with the retent ion of  ext inc t ion  as well as 
acquisit ion would greatly extend the generality of  the 
puromycin  phenomenon .  An addit ional  quest ion of  interest 
was whether  puromycin ' s  effect  upon ext inc t ion  might be 
t ime-dependent ,  as it is in acquisi t ion paradigms. A third 
quest ion concerned the role of  puromycin ' s  pH, and a 
fourth a t t empted  to extend the generali ty of  the effect  to 
ext inc t ion  produced in an operant  task using positive 
re inforcement .  

G E N E R A L  METHOD 

Animals 

The fish used in Exper iments  1 through 4 were 110 
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c o m m o n  goldfish,  7.5 10.0 cm long, ob ta ined  f rom Ozark 
Fisheries,  S tou t l and ,  Missouri. Init ially the fish were main-  
ta ined in groups  of  ten in cons t an t ly  aerated and fi l tered 
10-gallon aquar ia ;  however ,  dur ing  the  expe r i m en t s  the  fish 
were kept  in groups  of five in nonae ra t ed  and nonf i l t e red  
plastic tanks  (42 x 23.5 x 10 cm).  The  fish were kept  in 
darkness  f rom 11:00 p.m. unt i l  8 : 0 0  p.m. dai ly;  dur ing  the 
rest of the  t ime they  were kept  unde r  artificial  room illumi- 
na t ion .  The fish were not  fed while the  expe r imen t s  were in 
progress. 

The animals  used in Expe r imen t  5 were 16 male Sprague- 
Dawley rats, 80---100 days old,  wi th  a f ree-feeding weight  
of  app rox ima te ly  2 5 0 - 2 8 0 g .  In all animals  excep t  those 
used in a con t ro l  group,  a small  hole was dril led bi la teral ly  
t h rough  the  skull jus t  above the  angle be tween  the  caudal  
sutures  of  the  parietal  bones  and the origin of  the t empora l  
muscles 191. 

A pparatus 

In Expe r imen t s  I t h r ough  4, the t ra in ing  appara tus  
consis ted of  two semi -au toma ted  aquat ic  shu t t l e  boxes  
similar to those  used by Agranof f  and Klinger [2 ] .  ] ' hey  
were identical  clear plast ic boxes ,  3 0 x  10.5 x 18 cm, 
covered on sides and ends  with opaque  whi te  paper.  Cen- 
tered across the  b o t t o m  of  each box  was a 10.5 x 3.5 cm 
p lywood  barrier.  The water  level in the  boxes  was main-  
ta ined at a dep th  of  5.4 cm which  al lowed 1.9 cm of  water  
over the top  of  the  barrier.  A clear s t imulus  light was taped 
to the  outs ide  of  e i ther  end of  a box  and centered  near the  
b o t t o m .  Stainless steel mesh e lec t rodes ,  11.5 x 3.5 cm were 
s i tua ted  near  e i the r  end and on e i ther  side of  b o t h  boxes.  
Electric shock consis ted of  0.2 sec du ra t ion ,  9 V d.c. pulses, 
delivered at a rate of  40 per  rain. 

In Exper imen t  5, two s tandard  ope ran t  cond i t i on ing  
chamber s  were used. A micro-swi tch  bar  was pos i t ioned  on 
the left side of  the  f ront  wall, and 45 mg Noyes pellets were 
delivered to a feeder  t rough  located to the  right of the  bar.  
Each c h a m b e r  was enclosed in a s o u n d - a t t e n u a t i n g  chest 
and located in a room adjacent  to tha t  hous ing  the electro-  
mechanica l  e q u i p m e n t  used to con t ro l  it. 

EXPERIM I';N l" 1 

l:'J]L'ct o f  Puromycin on Acquisi t ion 

Before c o n d u c t i n g  the ex t inc t i on  s tudy,  it was necessary 
to repl icate  Agranoff ' s  acquis i t ion  work in o rder  to be 
cer ta in  tha t  our  behaviora l  work and b iochemica l  proce-  
dures were effective.  

Me tltod 

Four  groups of  ten goldfish were given twen ty  light- 
signalled avoidance  acquis i t ion  trials in the  shu t t l e  box.  A 
trial consis ted of  20 sec of  light ( i l l umina t ion  of  the  
c o m p a r t m e n t  occupied  by the fish), fol lowed by 20 sec of  
light wi th  pulsed shock,  fol lowed by 20 sec of  darkness  and 
no shock.  There  was a five m i n u t e  interval  of  darkness  
before  the first trial and fo l lowing each b lock  of  five trials. 
If a fish crossed the  barr ier  dur ing  the first 20 sec of light, 
an avoidance  response was recorded.  In order  to insure a 
h o m o g e n e o u s  sample ,  fish tha t  avoided on  more  than  80 
percent  or less than 30 percent  of the first 20 trials were 
e l iminated  and replaced by o the r  fish. F i f teen  of  the  for ty  
fish were replaced in this manner .  Immedia te ly  fol lowing 
the 20 t ra in ing  trials, one group was in jected in t racrania l ly  

with  90 ,,g p u r o m y c i n  d ihyd roch lo r ide  in saline; a n o t h e r  
group was in jected wi th  saline: and a th i rd  group received 
no inject ion.  A four th  group was injected with p u r o m y c i n  
af ter  a 24-hr  delay.  In all cases, 1 0 u l  of mater ia l  was 
injected according  to the m e t h o d  of  Agranof f  and Klinger. 
Seventy- two hr  af ter  initial t raining,  all animals  were tested 
for  r e t en t i on  by being given ten avoidance  trials w i thou t  
shock.  

Fish were not  aerated dur ing  thei r  stay in the t ra in ing/  
test ing appara tus .  Use of an unae ra ted  shu t t l e  box  has heen 
s tandard  opera t ing  p rocedure  in our  lab. We have never  
found tha t  lack of  aera t ion  dur ing  t ra in ing  affected the 
learning process and have cons i s ten t ly  ob ta ined  t ra in ing 
results comparab le  to those  of  o lhe r  invest igators .  

Since goldfish learning apparen t ly  varies wi lh  temper-  
a ture  and season of  lhe year,  we repor t  thal  lhese studies 
were conduc t ed  dur ing  the m o n t h s  of November  th rough  
Janua ry ;  water  t empe ra tu r e  was ma in ta ined  at 21 22 ' ( "  
dur ing  t ra in ing and testing. 

Results 

Immedia t e  inject ions  of  p u r o m y c i n  in te r fered  with 
r e t en t i on  of acquis i t ion  learning (Mann Whi tney  U = I0,  
n =  10. p = 0 . 0 0 1 ) ,  while a 24-hr  delayed p u r o m y c i n  
in jec t ion  did not  (Fig. 1). This f inding is cons i s ten t  with  
results ob ta ined  by  Agranof f  and his co-workers .  I lowever.  
while Agranof f  typical ly  uses large groups  of animals ,  larger 
doses of pu romyc in ,  and measures  r e t en t i on  in terms of 
predic ted  r e t en t i on  scores derived th rough  the use of  regres- 
sion analysis,  we were able to ob ta in  d ramat i c  results  in the 
present  s tudy  using small  groups,  a low p u r o m y c i n  dosage, 
and a direct compar i son  of raw r e t en t i on  scores. We believe 
our  more  sensit ive assessment  of p u r o m y c i n ' s  effect  is due 
to the use of  a more  h o m o g e n e o u s  sample  of  animals  and 
our  use of non-shock  r e t en t ion  trials. 

EXI'I.;RIMI.2NI 2 

Since the p u r o m y c i n  so lu t ion  was not  neut ra l ized  
{puromyc in ' s  m e m o r y  impair ing p roper ty  is d e p e n d e n t  
upon  the par t icular  neut ra l iz ing  agent  used)  [101,  a second 
e x p e r i m e n t  was done  to d e t e r m i n e  the  role, if any.  of  its 
low pl l .  It was possible tha t  at least part  of  the r e t en t ion  
defici t  observed in the first e x p e r i m e n t  might  have been 
due to the acidi ty  of the mater ial  injected.  

Method 

Two groups  of  ten fish each were given twen ty  avoid- 
a n t e  acquis i t ion  trials as descr ibed in Expe r imen t  1. The 
fish were immedia te ly  injected with 10 ~1 of  e i the r  saline or 
0.01 N hydroch lo r i c  acid, the pH of  which equalled tha t  of 
the p u r o m y c i n  used in the previous e x p e r i m e n t  (pH = 2.0). 
Seventy- two hours  later,  all animals  received 20 re learning 
trials to measure  re ten t ion .  

Results 

As may be seen in Fig. 2, the immedia t e  in jec t ion  of  l lCl 
had no effect  on r e t en t ion ;  in fact.  the  r e t e n t i o n  score of 
the  HCI group was a lmost  identical  to tha t  of the  saline- 
injected cont ro l .  Thus ,  in this expe r imen t ,  the  c o n t r i b u t i o n  
of  p u r o m y c i n ' s  acidi ty  is negligible. 

I':Xt'ERIMEN I 3 

I laving d e t e r m i n e d  that  our  p rocedures  were effect ive in 
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puromycin). 

in ter fer ing  wi th  m e m o r y  of  an acquis i t ion  task, a th i rd  
e x p e r i m e n t  was c o n d u c t e d  to assess p u r o m y c i n ' s  effect  on  
m e m o r y  of  expe r imen t a l  ex t inc t ion .  We con t inue  to term 
this e x p e r i m e n t  " e x t i n c t i o n "  since opera t iona l ly  (nomi-  
nal ly)  it was exac t ly  t ha t ;  func t iona l ly ,  the animals  did no t  
d e m o n s t r a t e  the  expec ted  ex t inc t i on  behavior .  

Method  

N u m b e r  of  acquis i t ion  trials was increased in this experi-  
men t  to ob ta in  h igher  pe r fo rmance  and hence  enhance  
de t ec t i on  of  a behaviora l  d e c r e m e n t  dur ing  ex t inc t ion .  

Two groups  of  ten fish each were given th ree  days  (60 
total  tr ials) of  avoidance  acquis i t ion  t ra in ing  fol lowed by 
one day (20 trials) of  e x t i n c t i o n  t ra in ing  in which  shock 
was omi t t ed .  Immedia t e ly  fol lowing the  single e x t i n c t i o n  
session, fish were in jected with 10~1 of  e i the r  p u r o m y c i n  
or saline. Seven ty - two  hours  later ,  an imals  were tes ted for  
r e t en t i on  of e x t i n c t i o n  learning by  be ing  given 20 trials 
w i thou t  shock.  

Results  

R e t e n t i o n  scores for the  p u r o m y c i n  and saline groups  
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did not differ significantly. Neither group, however,  demon-  
strated ext inc t ion  behavior fol lowing a single ext inc t ion  
session. During ext inc t ion ,  the animals per formed so well 
that they experienced very few actual ext inc t ion  trials, i.e.. 
trials in which they failed to avoid but received no shock. 
What was nominally and operat ional ly an ext inc t ion  session 
for the exper imenter  was not funct ional ly an ext inc t ion  
session for the animals. It is likely that puromycin  had no 
effect since proper ext inct ion did not occur ;  on the o ther  
hand, acquisit ion training was probably already sufficiently 
consolidated so as to be insusceptible to the action of  puro- 
mycin.  

EXPERIMENT4 

Since the effect of  the single puromycin  injection and 
the procedural  def ini t ion of  ext inc t ion  in Exper iment  3 
were unclear, a fourth exper iment  was conducted .  In this 
exper iment ,  the amount  of  acquisit ion training was ex- 
tended and combined with repeated ext inc t ion  sessions and 
mult iple inject ions of puromycin .  The amount  of acquisit ion 
training was further increased to bet ter  observe an extinc- 
tion decrement  and because unpublished pilot studies have 
indicated that ext inc t ion  may be enhanced by giving addi- 
tional overtraining trials (i.e., an overlearning extinction 
effect seems to occur  in goldfish avoidance learning). 

Method 

Three groups of  ten fish each were given five days (100 
total trials) of  avoidance acquisi t ion training, fol lowed by 
two days (40 total trials) of  ext inc t ion  training. After  each 
20-trial ext inc t ion  session, animals were injected immedi-  
ately with 10u l  of  ei ther puromycin  or saline. Another  
group was given puromycin  injections after a 16-hr delay. 
Seventy- two hr after the last ext inc t ion  session, fish were 
tested for re tent ion by being given 20 nonshock (light only)  
trials. 

Results 

As seen in Fig. 3, puromycin  had its predicted effect 
following mult iple ext inc t ion  sessions. Immediate  puro- 
mycin injections interfered with retent ion of  ext inc t ion  
( U = 4 ,  n =  10. p<0 .001) ,  while delayed puromycin  injec- 
tions had no effect .  

I':X PI.:R IM I.:N'I 5 

Since Exper iment  4 demonst ra ted  puromycin ' s  effect on 
ext inct ion of  an aw)idance task, ii was felt that the gener- 
ality of  the phenomenon  could be extended by investi- 
gating puromycin ' s  effect on retent ion ot" ext inc t ion  in an 
operant  task using positive re inforcement .  
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Method 

Sixteen rats were placed on  food depr iva t ion  and re- 
duced to 80 percen t  of  the i r  f ree-feeding weight .  During 
t ra ining,  all an imals  were given one  day of  magaz ine  train- 
ing fol lowed by two days of  shap ing  to  a f ixed ra t io  (FR)  
schedule  requi r ing  30 barpresses  for one  food p r e s e n t a t i o n  
consis t ing of  a 45 mg Noyes pellet .  The  shap ing  sessions 
were fol lowed by six a l t e rna t ing  days of  one -hou r  sessions ~n 
on the  FR-30  schedule .  A l t e rna t ing  t ra in ing  sessions and  '" 
days in the  h o m e  cage (off  days)  on  a m a i n t e n a n c e  food z 

o 
schedule  to ta led  12 days  for response  rate to stabil ize.  On a. 
Day 13, all an imals  were ex t inguished  to a basel ine  def ined  ,u] 
as no  responses  occur r ing  for  15 min.  Immed ia t e ly  follow- ¢ 
ing e x t i n c t i o n  procedures ,  animals  were anes the t i zed  and z 
p u r o m y c i n  or saline was in t racran ia l ly  in jected.  A third t, 
g roup was given sham opera t ions ,  and  a four th  g roup  was 
r e tu rned  to the  h o m e  cages. Day 14 was a usual of f  day.  On 
Day 15 all an imals  were placed back in the  ope ran t  
c h a m b e r  and remained  there  unt i l  no responses  occur red  
for 15 min;  the  animals  then  were r e tu rned  to the  h o m e  
cages. The  e x t i n c t i o n  p rocedure  was repeated  on  Days 17 
and 19. The a m o u n t  o f  p u r o m y c i n  admin i s t e red  in this 
e x p e r i m e n t  was calcula ted on the  basis of  the  repor ted  
effect ive dose in mice [11]  and the  wet-bra in  weight  to 
body  weight  rat io  repor ted  for  mice and rats [ 3 ] .  Such a 
ra t io  resul ted in a dosage of  0 .84 rag /0 .012  ml per  in jec t ion  
site. For  Expe r imen t  5 only ,  p u r o m y c i n  was neut ra l ized  
with NaOIl  to a pH of  7.2. 

Results 

During training,  all animals  reached the  FR-30  cr i te r ion  
dur ing  the  first two days fo l lowing shaping.  Response  ra te  
was s table  dur ing  the  fo l lowing six a l t e rna t ing  days  on  the  
FR-30  schedule .  Previous to ex t inc t i on ,  an imals  were 
assigned to one  of  the  four  groups  on the  basis of  response  
rate so tha t  every group  would consist  of  b o t h  low and high 
responders .  

I m m e d i a t e  in ject ions  of  p u r o m y c i n  in te r fe red  wi th  
r e t e n t i o n  of  e x t i n c t i o n  on all three  days  of  test ing.  Figure 4 
shows the  average n u m b e r  of  responses  and Fig. 5, the  o~ 
average t ime unt i l  the  last response  was recorded  for  each 
group.  Analysis  of  variance revealed a d i f fe rence  be tween  "" 
groups  ( p < 0 . 0 0 1 )  for b o t h  response  and t ime measures .  _z 

I; 

DISCUSSION z 
v 

T h e  r e s u l t s  o f  t h e s e  e x p e r i m e n t s  suggest tha t  tu 
pu~omycin ' s  abi l i ty to d i s rupt  m e m o r y  of e x t i n c t i o n  is ___ 
d e p e n d e n t  upon  (a) the length and ef fec t iveness  of  ex t inc-  
t ion sessions,  and (b)  the p o s t e x t i n c t i o n  interval  be tween  z 
the session and drug admin i s t r a t i on .  In E x p e r i m e n t  3, w 
ne i the r  p u r o m y c i n  nor  sal ine- injected animals  exh ib i t ed  a • 
decrease in percent  r e spond ing  fol lowing one  e x t i n c t i o n  
session. In E x p e r i m e n t  4, however ,  immedia t e  p u r o m y c i n  
in jec t ion  in te r fe red  wi th  r e t e n t i o n  of  e x t i n c t i o n  while 
saline or  de layed p u r o m y c i n  did not .  Results  of  these  two 
expe r imen t s  again indicate  the i m p o r t a n c e  of  func t iona l  
de f in i t ions  of  the  behaviora l  p rocedures  used in animal  
research.  

The results  of  Expe r i m en t s  4 and 5 ex t end  the  genera l i ty  
of  p u r o m y c i n ' s  effect  to e x t i n c t i o n  p roduced  in b o t h  shut -  
tle box  avoidance  and ope ran t  cond i t ion ing .  In the  la t te r  
s tudy ,  pu romyc in - in j ec t ed  animals  d e m o n s t r a t e d  a high rate 
of  barpress ing on  all three  days of e x t i n c t i o n  test ing.  The  
data  f rom Expe r imen t  5 suggest tha t  immed ia t e  p u r o m y c i n  
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FIG. 5. Average time (in min) for control and experimental groups 
during the initial extinction day (1'.') and subsequent testing days 

('l'~, "1",, 1" 3 ) following puromycin injections. 
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injections not only interfered with re ten t ion  following the 
initial ex t inc t ion  session, but cont inued to block re ten t ion  
for at least the subsequent  two testing days. 

The combined  results of all five exper iments  suggest the 
following conclusions:  (a) puromycin  interferes with reten- 
tion of  acquisi t ion and ex t inc t ion ,  (b) pu romyc in ' s  effect  
ex tends  to bo th  avoidance and operant  behavior,  (c) the 
drug's low pH cont r ibu tes  little to the disruptive effect ,  and 
(d) immedia te  injections are effective while delayed admini-  
s t rat ion is nol .  We are aware that  Exper iment  5 did not 
include a time course study of pu romyc in ' s  effect  and that 
any s t a tements  about t ime-dependence  derive from our 
goldfish exper iments .  

An interest ing observat ion from Exper iments  4 and 5 is 
that puromycin- in jec ted  animals not only cont inued  to 
respond during testing days, but demons t r a t ed  increased 
response (and t ime) scores on testing days compared  to 
ini t ial  ex t inc t ion  day levels. If pu romyc in  inject ions 
produced  a general facili tation effect ,  then the delayed 
injection animals of  Exper iment  4 should also have shown 
response facilitation on testing days. An alternative expla- 
nat ion is suggested from research concerning pu romyc in ' s  
effect  on biochemical  [4, 7, 13],  electrical [8 ] .  and histo- 

logical [121 ntechanisms.  Since puromycin  inject ions 
produce  sucn a variety of changes in neural tissue, it is 
possible that such injections interfere with shor t - term 
memo ry  processes. We are fully aware that  an in ter ference  
with shor t - term memory  by puromycin  or o ther  amnesic 
agents is not usually repor ted  in the l i terature.  This is the 
very reason we reporl  such an apparent  effect  here: perhaps 
STM disrupt ion effects  have been present in the findings of 
others,  but have been over looked.  If puromycin  did par- 
tially interfere with shor t - te rm memory ,  then an increase in 
response scores as observed in these exper iments  would be 
ant ic ipated.  The increased response and time scores during 
later ex t inc t ion  tests in the immedia te ly  injected puro- 
mycin groups in these exper iments  do indeed indicate that 
ex t inc t ion  cont inues  to occur  within a session, but it takes 
longer than it should;  i.e, the animals learn ex t inc t ion  nmch 
slower than normally,  hence there may be an impai rment  of 
shor t - term memory  for ex t inc t ion  learning, as measured 
within sessions. Certainly this aspect of pu romyc in ' s  effecl 
should be more closely exantined.  It is interest ing to note 
that Swanson,  McGaugh and Cotman [17] have r e p o r t e d a  
similar disrupt ion of shor t - te rm menaory in mice by the 
protein synthesis  inhibit ing drug, ace toxycyc lohex imide .  
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