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QUARTERMAIN, D., L. S. FREEDMAN, C. Y. BOTWlNICK AND B. M. GUTWEIN. Reversal of eycloheximide- 
induced amnesia by adrenergic receptor stimulation. PHARMAC. BIOCHEM. BEHAV. 7(3) 259-267 ,  1977. - Amnesia 
for a multiple trial appetitive spatial discrimination habit induced by the protein synthesis inhibitor cycloheximide 
(CXM) was reversed by peripheral injections of both alpha (clonidine) and beta (isoproterenol) norepinephrine receptor 
stimulators. Stimulation of dopamine receptors with piribedil and acetycholine receptors with pilocarpine was 
ineffective in reversing amnesia. The clonidine-induced recovery was blocked by phentolamine and the isoproterenol 
recovery by propranolol. Examination of the temporal parameters of clonidine-induced recovery indicated that the 
amnesia was prevented if the agonist was injected either before training and CXM treatment, up to 1 hr after 
training and up to 3 hr prior to testing. Clonidine also alleviated amnesia induced by another protein synthesis inhibitor 
anisomycin, for a shock motivated brightness discrimination habit. These data suggest that the transient amnesia 
induced by CXM may be a consequence of disruption of adrenergic mechanisms and more specifically that 
norepinephrine may play an important role in memory retrieval. 
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A N U M B E R  of  r ecen t  s tudies  have ind ica ted  t ha t  i nh ib i t i on  
of  p ro t e in  synthes is  can f r equen t ly  induce  amnesias  f rom 
which  an imals  recover  [4 ] .  Recovery  may  be s p o n t a n e o u s  
(e.g., [17,  19, 21, 2 5 ] )  or i t  may  be induced  by behaviora l  
(e.g., [ 1 9 ] )  and by  pharmaco log ica l  (e.g., [5, 17, 20, 2 2 ] )  
man ipu la t ions .  A l t h o u g h  the  variables wh ich  de t e rmine  
recovery  have n o t  been  ident i f ied ,  the  p h e n o m e n o n  occurs  
wi th  cons iderab le  re l iabi l i ty  when  amnesias  are i nduced  by  
cyc lohex imide  (CXM) for  mul t ip le  trial d i sc r imina ted  ap- 
p roach  and  avoidance  hab i t s  [ 1 6 , 1 7 ] .  These behaviora l  
pa rad igms  may  the re fo re  provide  an e x p e r i m e n t a l  basis for  
the  inves t iga t ion  of  m e c h a n i s m s  which  under l ie  m e m o r y  
retr ieval  as d is t inc t  f rom m e m o r y  conso l ida t ion .  The 
po t en t i a l  value of  t r ans ien t  amnes ias  as a source  of  
i n f o r m a t i o n  a b o u t  retr ieval  processes  is t ha t  they  provide  
an o p p o r t u n i t y  to a t t e m p t  r e s to ra t ion  of  m e m o r y  by 
pharmaco log ica l  s t i m u l a t i on  of  n e u r o t r a n s m i t t e r  systems.  
The r e e s t a b l i s h m e n t  of  retr ieval  processes  fol lowing acute  
m e m o r y  loss b y  s t imu la t i on  of  n e u r o c h e m i c a l  sys tems,  m a y  
provide ins ight  i n to  the  m e c h a n i s m s  which  no rma l ly  oper-  
ate dur ing  retr ieval  of  s to red  memor ies .  

Studies  by  F lexne r  and  his colleagues [10,  20, 22] first 
suggested t ha t  amnes ias  could be al leviated by  s t imu la t i on  
of  n e u r o t r a n s m i t t e r  systems.  They  showed  tha t  amnesias  
i nduced  by  b o t h  p u r o m y c i n  and  a c e t c x y c y c l o h e x i m i d e  
(AXM) could  be reversed by agents  which  s t imu la t ed  the 

adrenergic  sys tem.  Recen t  s tudies  f rom our  l abo ra to ry  have 
shown  t h a t  amnes ias  i nduced  by  CXM can be reversed by  
t r e a t m e n t  wi th  agents  which  increase ca t echo l amine  (CA) 
act ivi ty.  Amnes ia  for a one- t r ia l  i n h i b i t o r y  avoidance  
response  can be al leviated by t rea t ing  amnes t i c  mice wi th  
two m o n o a m i n e  oxidase inh ib i to r s  pargyl ine  and phenipra-  
zine [ 5 ] .  Similarly,  amnes ia  for  a mul t ip le  trial appet i t ive ly  
m o t i v a t e d  spat ial  d i sc r imina t ion  hab i t  can be reversed if 
pargyl ine,  phen ip raz ine  or d - a m p h e t a m i n e  is admin i s t e red  
pr ior  to  the  r e t e n t i o n  tes t  [ 1 7 ] .  All of  these s tudies  suggest 
tha t  pha rmaco log ica l  ac t iva t ion  of  cent ra l  CA mechan i sms  
can rees tabl ish  retr ieval  fo l lowing m e m o r y  loss. The experi-  
m e n t s  r epo r t ed  in this  paper  were designed to invest igate  
some o f  the behaviora l  and pharmaco log ica l  d e t e r m i n a n t s  
of  recovery  f rom amnesia .  

EXPERIMENT 1 

One specific issue which  requires  c lar i f ica t ion is the  
relat ive i m p o r t a n c e  of  NE and DA in med ia t ing  recovery  
f rom amnesia .  M o n o a m i n e  oxidase inh ib i to r s  increase intra-  
neu rona l  c o n c e n t r a t i o n s  of  b o t h  NE and DA, and amphe t a -  
mines  releases b o t h  amines  so t ha t  no  i n f o r m a t i o n  on the 
role of  specif ic  t r ansmi t t e r s  is available f rom our  previous  
studies.  By the  use of  specific agonis ts  it shou ld  be possible 
to ob ta in  d i rec t  i n f o r m a t i o n  on the  i m p o r t a n c e  of NE and  
DA in recovery  f rom amnesias  i nduced  by p ro te in  synthes is  
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FIG. 1. Mean percentage savings for all groups in Experiment 1. o - 
SAL pretraining and SAL preretention test; • - CXM pretraining, 
SAL pretest; ~___zx, SAL pretraining, clonidine, isoproterenol or 
ET-495,  pretest; A_----A CXM pretraining, clonidine, isoproterenol 
or ET-495 pretest. Dose levels for each receptor stimulator are 
shown on the abscissa. Each SAL group contained between g and 11 

mice; and each drug group contained between 10 and 16 mice. 

inh ib i tors .  The ob jec t  of  the  first e x p e r i m e n t  t he re fo re  was 
to d e t e r m i n e  w h e t h e r  recovery  f rom CXM-induced  amnes ia  
could be induced  by pre tes t  t r e a t m e n t  wi th  adrenergic  
r ecep to r  s t imula tors ,  c lon id ine  (a lpha)  and i sop ro t e reno l  
(be ta )  or wi th  the  d o p a m i n e  (DA) r ecep to r  s t imu la to r  
pir ibedil .  

Method 

Animals. Animals  for  all the e x p e r i m e n t s  r epo r t ed  in this  
paper  were male C 5 7 B L / 6 J  mice 10 weeks old and  
a p p r o x i m a t e l y  22 g in weight .  Mice were indiv idual ly  caged 
for 3 days pr io r  to the  beg inn ing  of  the  e x p e r i m e n t s  and  
had free access to  wate r  at all t imes.  Food  was available ad 
lib up to the  day pr ior  to  the  beg inn ing  of  the expe r imen t .  

Apparatus. Unless  o therwise  ind ica ted  the  appa ra tus  for  
all of the  e x p e r i m e n t s  in this  s tudy  was a T-maze,  7.6 cm wide 
x 8.9 cm high. The  cen te r  alley was 29.2 cm long and  each 
arm was 17.8 cm long.  The ini t ia l  8.9 cm of  the cen te r  alley 
served as a s tar t  box ,  separa ted  f rom the  rest  by  a gui l lo t ine  
door.  Gui l lo t ine  doors  at the  s tar t  of each arm p reven ted  
retracing.  The ent i re  maze was pa in t ed  flat b lack  and 
covered  wi th  clear Plexiglas lids. 

Procedure 

The s t andard  p rocedure  used t h r o u g h o u t  the  experi-  
men t s  was as follows: af ter  24 hr  of  food depr iva t ion ,  each  
mouse  was given a 10 rain a d a p t a t i o n  session in the  maze  
which  had  food  in b o t h  arms.  Fo l lowing  a d a p t a t i o n ,  mice 
were fed 1.5 g of  food  in the  h o m e  cage. On Day 1 mice 
were t ra ined  to  go e i the r  to  the  r ight  or to the  left  arm to 
ob ta in  food.  All animals  were given a to ta l  of 20 trials. The  
in te r t r ia l  in terval  was a p p r o x i m a t e l y  20 sec and a non-  
co r rec t ion  p rocedure  was employed .  On Day 2, all mice 
were t ra ined  to the  side oppos i te  t ha t  wh ich  had  been  
cor rec t  on  Day 1 un t i l  t hey  had  a t t a ined  a c r i te r ion  of 17 
cor rec t  choices.  On Day 3, mice were tes ted  for  r e t e n t i o n  

of  the  reversal, We adop t ed  this  reversal p rocedure  af ter  a 
sys temat ic  s tudy  of  the  t ra in ing  pa rame te r s  for this  task 
[ 17] .  We have shown tha t  this  c o m b i n a t i o n  of Day 1 and 2 
t ra in ing  resul ts  in the  greates t  magn i tude  of amnesia  when  
r e t e n t i o n  is t e s ted  24  h r  fo l lowing reversal. Reversal  train- 
ing is n o t  a p r e c o n d i t i o n  for  amnes ia :  we have shown  tha t  
lesser magn i tudes  of  amnes ia  can be ob t a ined  using conven-  
t iona l  t ra in ing  cr i ter ia  w i t h o u t  a reversal. It is of  in te res t  to  
no te  t ha t  G le i tman  [ 13] has  r epo r t ed  t ha t  fo rge t t ing  in rats 
is great ly  acce lera ted  when  a reversal p rocedure  is 
employed .  

Experimental Design 

Mice were in jec ted  wi th  CXM (120  mg/kg)  or  saline 
(SAL)  SC 30 ra in  be fo re  reversal  t r a in ing  on  Day 2. O n  Day 
3, 1 hr  before  the  r e t e n t i o n  test ,  b o t h  CXM and SAL t rea ted  
mice were in jec ted  wi th  e i the r  0.9% SAE,  the  a lpha  N E  
agonist  c lon id ine ,  the  be ta  NE agonist  i sop ro te reno l  or the 
DA agonist  p i r ibedi l  ( E T - 4 9 5 ) .  The dose levels of the  
r ecep to r  s t imu la to r s  and  n u m b e r  of  mice in each group are 
given in the  legend to Fig. 1. 

RESULTS 

Results are shown in Fig. I. Savings were calculated by 
using the formula; errors on the training day minus errors 
on the test day divided by errors on the training day. The 
typica l  amnes ic  e f fec t  of  CXM is shown  at the  left  of 
pane l  1 (CXM vs. SAL, t = 5.52,  p < 0 . 0 0 1 ) .  Resul ts  of  an 
A N O V A  carried ou t  on the  c lonid ine  data  indica te  a 
s ignif icant  drug ef fec t  (SAL-c lonid ine  vs. CXM-clonidine) ,  
F (2 ,68 )  = 14.3, p < 0 . 0 0 1 ;  and  a s ignif icant  dosage effect ,  
F (2 ,68 )  = 20.65,  p < 0 . 0 0 1 .  An A N O V A  of  the i sopro tere-  
nol  da ta  ind ica tes  a s ignif icant  ef fec t  for drug group 
( S A L - i s o p r o t e r e n o l  v s .  C X M - i s o p r o t e r e n o l )  
F ( 1 , 6 7 )  = 83 .58 ,  p < 0 . 0 0 1 ,  and a s ignif icant  drug × dosage 
in t e rac t ion ,  F (2 ,67 )  = 11.60,  p < 0 . 0 0 1 .  These  da ta  indica te  
tha t  ne i t he r  c lonid ine  n o r  i sop ro t e reno l  in f luenced  the  
r e t e n t i o n  scores of  SAL-t rea ted  animals  bu t  b o t h  agonists  
s ignif icant ly  faci l i ta ted r e t e n t i o n  in mice previously  t rea ted  
wi th  CXM. The  s ignif icant  in t e rac t ion  results  f rom absence  
of recovery  in CXM t rea ted  animals  at the  lowest  dose level 
of  each  agonist .  In con t r a s t  p i r ibedi l  failed to reverse CXM 
- i nduced  amnes ia  over  a wide range of  dose levels ( 1 0 - 6 0  
mg/kg) .  

A ques t ion  raised by  these data  conce rns  the  specif ici ty  
of  the  recovery effect .  Since c lon id ine  admin i s t r a t i on  
results  in e n h a n c e d  r e t e n t i o n  p e r f o r m a n c e ,  an in te rpre ta -  
t ion  of  the  results  in t e rms  of  toxic  side effects  is obviously  
ruled out .  The  possibi l i ty  t h a t  e n h a n c e d  r e t e n t i o n  reflects  a 
general  fac i l i ta t ion  of  learn ing  a n d / o r  m o t i v a t i o n  ra the r  
t han  recovery  of  a specific m e m o r y  has  to  be en te r t a ined .  
A l though  we have previously  shown  tha t  phen ip raz ine -  
induced  recovery  f rom CXM amnes ia  c a n n o t  be accoun ted  
for in t e rms  of  general  learn ing  e n h a n c e m e n t  [ 1 7 , 1 8 ] ,  an 
e x p e r i m e n t  to  evaluate  the  specif ici ty  of  the  c lonid ine  
reocvery ef fec t  was carr ied out .  Mice (N = 22)  were in jec ted  
wi th  CXM 30 rain pr ior  to reversal t ra in ing  and  23 hr  la ter  
all mice were in jec ted  wi th  0.5 mg/kg  of  c lonidine .  One 
hou r  fo l lowing c lon id ine  in jec t ion ,  10 mice were tes ted  to 
the  same side t h a t  was re in forced  dur ing  reversal and 12 
mice were re t ra ined  to the  oppos i te  side. We have previous- 
ly s h o w n  [17,  18, 19] t ha t  u n d e r  these tes t ing  cond i t ions  
SAL t r ea t ed  mice  require  s ignif icant ly  more  trials to  reach 
cr i ter ion when  re t ra ined  to the oppos i te  t han  w h e n  they  are 



A D R E N E R G I C  R E C E P T O R S  AND M E M O R Y  R E C O V E R Y  

T A B L E  1 

EFFECT OF REVERSING S ° DURING RETRAINING ON RETENTION 
IN CLONIDINE TREATED MICE* 

Groups Training Retention 

Same Side Opposite 

SAL-SAL 26.1 -+ 0.52 22.5 _+ 0.24 30.2 _+ 0.11 

CXM-SAL 28.2 _+ 0.14 28.8 _+ 0.17 26.2 _+ 0.34 

CXM-CLON 27.2 _+ 0.31 25.4 _+ 0.17 28.4 _+ 0.22 

*Numbers are mean trials to criterion _+ SEM. The SAL-SAL and 
CXM-SAL data are included for comparison. 

r e t ra ined  to the  same side. On the  o t h e r  h a n d  CXM-t rea ted  
mice require  s igni f icant ly  fewer  trials to  reach  cr i ter ion 
when  they  are re t ra ined  to the oppos i te  side t han  when  
they  are r e t r a ined  to the  same side. This e n h a n c e d  rate of  
reversal l ea rn ing  p r e s u m a b l y  resul ts  f rom an absence  of  
proact ive  i n t e r f e r ence  and  rules ou t  the possibi l i ty  tha t  the 
poo r  tes t  p e r f o r m a n c e  of  amnes t i c  an imals  ev iden t  on the 
c o n v e n t i o n a l  tes t  resul ts  f rom debi l i t a t ing  side effects  of  
CXM. By the  same reasoning,  if  c lon id ine  is i nduc ing  
recovery  of  the  reversal  hab i t ,  mice tes ted  to the  side 
oppos i te  t ha t  which  was cor rec t  on reversal  t ra in ing  should  
require  s ignif icant ly  more  trials to relearn t han  c lonid ine  
t rea ted  mice r e t r a ined  to the  same side. The results  of  this  
e x p e r i m e n t  are shown  in Table 1. 

Resul ts  o f  a 3 x 2 A N O V A  carried out  on the r e t e n t i o n  
data  ind ica te  a s ignif icant  i n t e r ac t i on  be t w een  type  of  
r e t e n t i o n  tes t  (same vs. oppos i te  side) and drug t r e a t m e n t ,  
F(2 ,55)-= 44 .56 ,  p < 0 . 0 0 1 .  This i n t e r ac t i on  indica tes  tha t  
mice t r ea ted  wi th  on ly  CXM pe r fo rm s ignif icant ly  b e t t e r  
when  tes ted  on the reversal  measure  t h a n  when  tes ted  to 
the  same side. Saline t r ea ted  an imals  show the oppos i te  
effect ;  the i r  p e r f o r m a n c e  is s ignif icant ly  worse w h e n  a 
reversal measure  of  r e t e n t i o n  is employed .  The  r e t e n t i o n  
p e r f o r m a n c e  of  CXM mice t rea ted  wi th  c lonid ine  is s imilar  
to t ha t  of  SAL cont ro ls .  The d e m o n s t r a t i o n  tha t  the  
r e t e n t i o n  scores of  CXM-clonidine  mice (like those  of  SAL 
con t ro l s )  can be increased or decreased by changing  the  
measure  of  r e t e n t i o n  s t rongly  suggests t h a t  c lonid ine  is 
faci l i ta t ing recovery  of  a specific spat ia l  response.  

261 

Biochemis try  

In o rder  to  con f i rm  tha t  pir ibedi l  was s t imula t ing  DA 
receptors  [7]  the  e f fec t  of  this  agonist  on DA tu rnove r  was 
es t imated  by  s tudy ing  the  decl ine of  NE and DA fol lowing 
tyros ine  hyd roxy l a se  i n h i b i t i o n  [1 ] .  Mice were in jec ted  
wi th  pi r ibedi l  (60  mg/kg  IP) 15 rain pr ior  to an in jec t ion  of  
c~-methyl -para- tyros ine-methyl  es ter  (250  mg/kg  IP). Ani- 
mals were sacrif iced at 3 h r  a f te r  a lpha MPT and whole 
brain  (minus  ce rebe l lum)  was dissected at  4°C and s tored 
on dry ice. Brains were h o m o g e n i z e d  in ice cold 0.4 N 
perch lor ic  acid, cen t r i fuged  for l0  rain at 10,000 Xg in a 
Sorvall ref r igera ted cent r i fuge  and CA's  isolated by  a lumina  
c h r o m a t o g r a p h y .  NE and DA levels were d e t e r m i n e d  using 
spec to f luo rme t r i c  t echn iques  [ 2 , 1 5 ] .  The results  (Table 2) 
ind ica te  tha t  a lpha-MPT induced  dep le t ion  in whole  brain 
DA levels was s ignif icant ly  reduced  by pir ibedi l  t r ea tmen t .  
Similar results  were ob t a ined  wi th  the p r o t o t y p e  DA 
agonist  a p o m o r p h i n e .  The data  indica te  t ha t  NE tu rnove r  is 
increased by DA recep to r  s t imula t ion .  This resul t  is in 
ag reement  wi th  previous  f indings  by  Corrodi  [7}.  These  
f indings ind ica te  t ha t  DA recep to r  ac t iva t ion  induced  a 
reflex r educ t i on  in d o p a m i n e  t u rnove r  and the reby  demon-  
s t ra te  t ha t  pir ibedi l  was pharmacolog ica l ly  active as a DA 
agonist  in the  behaviora l  expe r imen t s .  

EXPERIMENT 2 

In E x p e r i m e n t  1 and in our  previously  pub l i shed  studies,  
we have d e m o n s t r a t e d  tha t  CXM-induced  amnesia  can be 
reversed when  adrenergic  s t imula t ing  agents  are adminis-  
tered pr io r  to  the r e t e n t i o n  test. These s tudies  were 
specifically designed to invest igate  the role of adrenergic  
m e c h a n i s m s  on  retr ieval  processes.  Recen t  s tudies  have 
ind ica ted  t ha t  amnesias  can be reversed when  recovery-  
induc ing  agents  are given b o t h  before  and af te r  t raining.  
For  example ,  Stein,  Belluzzi and Wise [23] have shown  
tha t  d i e t h y l d i t h i o c a r b a m a t e  (DEDTC)  induced  amnes ia  can 
be reversed by  in t r aven t r i cu l a r  in jec t ions  of  NE adminis te r -  
ed immed ia t e ly ,  bu t  no t  2 or 5 hr  af ter  t raining.  Sero ta  
etal.  [22]  d e m o n s t r a t e d  t ha t  a c e t o x y c y c l o h e x i m i d e  
(AXM) - i nduced  amnes ia  could  be reversed when  meta ra -  
mino l  (a false t r a n s m i t t e r  which  releases NE) is adminis te r -  
ed 30 rain before  t raining,  30 rain to 2 hr  a f te r  t ra in ing  and 
i m m e d i a t e l y  to  2 hr  before  test ing.  No res tora t ive  effects  
occur red  i f  m e t a r a m i n o l  was admin i s t e red  e i the r  2.5 hr  

T A B L E  2 

EFFECT OF DA RECEPTOR STIMULATORS ON DECLINE OF BRAIN CA LEVELS AFTER TYROSINE 
HYDROXYLASE INHIBITION BY a-MPT 

NE DA 

Percent Change Percent change 
p.g/g from control /zg/g from control 

Control 0.49 - 0.032 1.62 _+ 0.207 

a-MPT 0.32 _+ 0.001 -35  1.02 -+ 0.033* - 3 7  

Piribedil-aMPT 0.24 _+ 0.040~: -51 1.23 _+ 0.040t - 24  

Apomorphine-aMPT 0.28 _+ 0.001 -43  1.74 -+ 0.178 + 7 

Values are means and standard errors. Each group was composed of four mice. 
*a-MPT vs. control t = 2.41, p<0.05. 
tPiribedil vs. a-MPT t = 3.83, p<0.01. 
:~Pidbedil vs. a-MPT t = 9.24, p<0.001. 
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FIG. 2. Mean percent savings for both CXM and SAL mice injected 
with 0.5 mg/kg clonidine at times both pre- and posttraining 
indicated on the abscissa. The standard reference groups which 

received CXM and SAL only are shown on the left. 

after training or 2.5 hr before testing. The present experi- 
ment  is designed to investigate in more detail  the tempora l  
characteristics of  c lonidine- induced recovery from CXM- 
induced amnesia. 

Design 

Adapta t ion  and Day 1 training were as previously 
described. For  all groups CXM was injected 30 min before  
reversal training and re tent ion  was tested 2 4 h r  later. 
Different  groups of  mice were injected with clonidine (0.5 
mg/kg) at the fol lowing t imes with reference to reversal 
training: 3 h r  (N = 15) and 1 hr  (N = 10) before;  im- 
mediate ly  (N = 8), 1 hr  (N = 8 )  3 h r  ( N = 8 ) ,  1 8 h r  
( N =  i0) ,  21 hr (N = 10) and 2 3 h r  (N = 12) after. The 
effect  of  clonidine on saline t reated mice was assessed at 
the fol lowing t ime points:  1 hr  before (N -- 10), immediate-  
ly (N = 8), 3 hr (N = 8), 6 hr  (N =- 10), and 23 hr  (N = 12) 
after reversal training. In addi t ion the standard reference 
groups treated only with CXM (N = 10) and saline (N = 12) 
administered 30 rain before reversal training were also 
included.  

R E S U L T S  AND DISCUSSION 

The results of  this exper iment  are shown in Fig. 2. The 
typical  amnest ic  effect  of  CXM is indicated by the 
differences be tween  the CXM and SAL reference groups, 
t =  4.32, p<0 .001 .  It is evident  f rom Fig. 2 that  the 
re tent ion  scores of  SAL treated mice are not  significantly 
inf luenced by clonidine.  None of SAL-clonidine groups is 
significantly different  f rom the standard SAL control  
group. On the o ther  hand,  t ime of  clonidine adminis t ra t ion 
exer ted  a significant influence on degree of  re tent ion  in 
CXM treated mice. A one way A N O V A  revealed that  there 
were significant differences in degree of  re tent ion  among 
the CXM-clonidine groups, F(9,88)  = 13.13, p<0 .001 .  Indi- 
vidual Sheffe-pair-wise comparisons  were carried out  on the 
CXM-clonidine data. The results show that  groups injected 
with clonidine 6 hr  before,  and 3, 6 and 18 hr after training 
were significantly (p< 0.001) different  from all of  the o ther  

groups, none  of  which differed significantly from each 
other.  These data indicate that  clonidine does not  block 
CXM-induced amnesia when it is injected ei ther  6 hr before  
training, or 3, 6 or 18 hr af ter  training. At all other  times 
clonidine t rea tment ,  b locked the amnestic  effect  of  CXM. 
A trend analysis carried out on the CXM-clonidine data 
indicates a p ronounced  cubic trend in the t ime course of  
the recovery,  F ( 1 , 8 8 ) =  88.29, p<0 .001 .  These data thus 
indicate that  clonidine can alleviate CXM-induced amnesia 
when it is administered bo th  before and short ly fol lowing 
training, as well as before  testing. 

It is l ikely that  the effects  of  clonidine at these two t ime 
periods are media ted  by different  processes. In the si tuation 
where clonidine is administered before or short ly fol lowing 
learning, the subsequent  recovery of m e m o r y  may reflect  
the prevent ion of  the deve lopment  of  amnesia. There is 
some evidence that  amnesia induced by protein synthesis 
inhibi t ion develops gradually, reaching its max imum 3 - 6  hr  
after training [3] .  The decline in the effectiveness of  
post training clonidine may parallel the deve lopment  of  
amnesia for this task. The effectiveness of  pretest ing 
clonidine adminis t ra t ion may reflect  the effects  of adrener- 
gic s t imulat ion on retrieval mechanisms.  One hypothesis  
suggested by the present data is that  when the amnesia is 
fully developed,  restorat ion of  m e m o r y  can only be 
achieved by st imulat ing adrenergic receptors  before or 
during the re tent ion  test. Pretesting receptor  s t imulat ion is 
not  necessary for res torat ion if clonidine is administered 
before the amnesia is fully developed.  This hypothesis  
would  predict  that  recovery from amnesia would occur  for 
the 3 and 6 hr  post training groups if re tent ion was tested 
1 hr  later in each case. 

The possibili ty that  clonidine administered before CXM 
was reducing the level of  of  inhibi t ion of protein synthesis 
was evaluated. The effect  of  clonidine (0.5 mg/kg,  IP) on 
the incorpora t ion  of  3 H-tyrosine into protein was deter- 
mined in CXM (120 mg/kg SC) treated mice. Clonidine was 
injected into mice 30 min pr ior  to CXM. L-tyrosine - 3,5 
~H (48 Ci /mmol)  20 uC, obtained f rom New England 
Nuclear, was injected IP 15 min after CXM and animals 
sacrificed by cervical disslocation 30 rain later. Brains were 
dissected at 4 ° C, homogenized  in ice cold 0.4 N perchloric  
acid (PCA) and homogenates  centr i fuged for 20 min at 
10,000 Xg. The PCA precipi tate was dissolved by use of  a 
tissue solubilizer NCS (Amersham),  Al iquots  of  the PCA 
supernatant  (soluble fract ion)  and PCA precipi ta te  (in- 
soluble fract ion)  were dissolved in 15 ml of  aqueous  
count ing solut ion and radioact ivi ty measured in a Searle 
liquid scintil lation counter .  Est imate of  protein synthesis 
was obtained by calculating the ratio of  3H-tyrosine 
associated with the PCA precipi tate  to that  associated with  
the PCA soluble fract ion [261. The ratios in control  
(N = 6), CXM (N = 12), and CXM-clonidine (N = 9) mice 
were 0.333, 0.042, 0.041, respectively. These data indicate 
that CXM inhibits  mouse brain prote in  synthesis by 87.4%. 
The level of  inhibi t ion in the CXM-clonidine group was 
87.7% indicating that  clonidine had no effect  on CXM 
induced inhibi t ion of protein synthesis. Thus, it is im- 
probable that  clonidine administered prior to CXM, attenu- 
ates CXM induced amnesia by reducing the magnitude of  
protein synthesis inhibi t ion at the t ime of  training. 

E X P E R I M E N T  3 

In order  to determine whether  the NE agonists clonidine 
and isoproterenol  antagonize CXM induced amnesia by 
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the i r  d i rec t  ac t ion  on  receptors ,  an a t t e m p t  was made  to  co 
select ively b lock  recovery  of  m e m o r y  by the  use of  specif ic  w 3 0 -  

z 
adrenergic  b lock ing  drugs. Bo th  p r o p r a n o l o l  (a be ta  anta-  ~ 2 5 -  
gonis t )  and  p h e n t o l a m i n e  (an a lpha  an t agon i s t )  were 

co 2 0 -  in jec ted  pr io r  to  the  a d m i n i s t r a t i o n  of  b o t h  c lon id ine  and t~ 
i sopro te reno l .  It would  be p red ic t ed  t h a t  if the  i sopro te re -  ~ 15 - 
nol  e f fec t  was med ia t ed  by  be ta  r ecep to r  ac t iva t ion  it  ~ 1 0 -  

z would  be b locked  by p r o p r a n o l o l  and  no t  by the  a lpha  LO 
recep to r  an tagon i s t  p h e n t o l a m i n e .  Similarly i f  the  c lonid ine  ~ 5 - n- 
e f fec t  was med ia t ed  by  a lpha - r ecep to r  ac t iva t ion ,  it shou ld  uJ 0 a_ 
be b locked  by  p h e n t o l a m i n e  and  n o t  by p rop rano lo l .  

: 7  - f -  

Design and  Procedure  m - 1 0 -  

A d a p t a t i o n  and  Day 1 t ra in ing  were the same as pre- 
viously descr ibed.  On Day 2 CXM was in jec ted  30  min  
before  reversal  t ra ining,  and  r e t e n t i o n  was tes ted  24 h r  la te r  
(Day 3). On Day 3 all mice were in jec ted  wi th  e i the r  
c lon id ine  (0.5 mg/kg)  or  i s o p r o t e r e n o l  (0.5 mg/kg)  1 hr  
be fo re  the  r e t e n t i o n  test.  Vary ing  doses of p r op rano lo l  
(2.5,  5.0, 10.0 mg/kg)  p h e n t o l a m i n e  (1.0,  5.0, 10.0 and  
20.0 mg/kg)  or SAL were in jec ted  20 min  pr ior  to the  
admin i s t r a t i on  of  the  two  r ecep to r  s t imula tors .  

RESULTS AND DISCUSSSION 

Results  o f  this  e x p e r i m e n t  are shown  in Fig. 3. 
CXM t rea ted  animals  show the  typ ica l  amnes t i c  e f fec t  

when  c o m p a r e d  w i th  SAL conrols ,  t =  5.11,  p < 0 . 0 0 1 .  In 
the  absence  of  b lock ing  drugs, b o t h  c lonid ine ,  t = 3.94,  
p < 0 . 0 0 1 ,  and  i sopro te reno l ,  t = 4.45,  p < 0 . 0 0 1 ,  s ignif icant-  
ly improve  the  r e t e n t i o n  scores of  CXM t r ea t ed  mice.  In 
o rde r  to s ta t is t ica l ly  assess the  e f fec t  of  the  b lock ing  agents,  
each p h e n t o l a m i n e  dose group was c o m p a r e d  wi th  the 
CXM-clonid ine  re ference  group,  and each  p r o p r a n o l o l  dose 
group was c o m p a r e d  wi th  the  CXM-isopro te reno l  re ference  
group.  The  resul ts  of  these  tests  ind ica ted  t h a t  the  c lonid ine  
induced  recovery  was ef fec t ively  b locked  by  p h e n t o l a m i n e  
at  5, t = 5 . 5 3 , p < 0 . 0 0 1 ,  10, t = 6 . 6 6 , p < 0 . 0 0 1  and 20 m g / k g t  
= 5.71,  p < 0 . 0 0 1 ,  bu t  no t  at 1.0 mg/kg,  t = 0.88. Pro- 
p rano lo l  did n o t  s ignif icant ly  in f luence  the  c lonid ine-  
i nduced  recovery  f rom amnesia .  The i sop ro t e r eno l - i nduced  
recovery  on  the  o t h e r  h a n d  was s igni f icant ly  a t t e n u a t e d  by  
5.0 mg/kg,  t = 4 .35,  p < 0 . 0 0 1 ,  of  p r o p r a n o l o l  and  comple te -  
ly b locked  by  10 mg/kg ,  t = 6.19,  p < 0 . 0 0 1 .  P rop rano lo l  at  
2.5 mg /kg  was inef fec t ive  in b lock ing  the  amnesia .  Ne i the r  
dose of  p h e n t o l a m i n e  s ignif icant ly  b locked  the  i sopro tere-  
nol  i nduced  recovery.  The resul ts  of  this  e x p e r i m e n t  
d e m o n s t r a t e  the  pha rmaco log ica l  specif ic i ty  of  c lon id ine  
and  i sop ro t e reno l  and suggest  t h a t  these  agonists  are 
p r o b a b l y  exe r t ing  the i r  behaviora l  e f fec ts  by di rec t  ac t ion  
on  specific adrenergic  receptors .  

EXPERIMENT 4a 

In all of  the  p roceed ing  e x p e r i m e n t s  as well as in 
previously  r epo r t ed  s tudies  we have used p e r f o r m a n c e  on a 
food  m o t i v a t e d  spat ia l  d i sc r imina t ion  task as the  measure  
of  r e t e n t i o n  and  p re t r a in ing  CXM t r e a t m e n t  as the  amnes t i c  
agent.  The  purpose  of  the  p resen t  e x p e r i m e n t  was to 
d e t e r m i n e  w h e t h e r  c lon id ine - induced  recovery  of  m e m o r y  
is i n d e p e n d e n t  of  the pa r t i cu la r  t r a in ing  and  tes t ing  
cond i t i ons  e m p l o y e d  in our  prev ious  studies.  In the p re sen t  
e x p e r i m e n t  the re fo re ,  a shock  m o t i v a t e d  br igh tness  dis- 
c r imina t ion  task was emp loyed ,  the  amnes t i c  agent  aniso- 
myc in  (ANI)  was in jec ted  i m m e d i a t e l y  pos t t ra in ing .  Cloni- 

CLONIDINE ISOPROTERENOL 
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DOSE OF ANTAGONIST ( m g / k g )  
FIG. 3. Mean percentage saving and SEMs for all groups m 
Experiment 3. Clonidine and isoproterenol were injected 1 hr prior 
to retention test at a dose of 0.5 mg/kg. Doses of propranolol and 
phentolamine are shown on the abscissa, o - SAL pretraining, SAL 
pretest; • - CXM, pretraining, SAL pretest; • - CXM, pretraining, 
elonidine or isoproterenol pretest; • - CXM pretraining, phentol- 
amine and clonidine pretest; ~ CXM pretraining, propranolol and 
clonidine pretest; ~ CXM pretraining, propranolol and isoprotere- 
nol pretest; X - CXM pretraining, phentolamine and isoproterenol 

pretest. 

dine (0.5 mg/kg)  was admin i s t e r ed  30 rain pr ior  to the  
r e t e n t i o n  tes t  which  occur red  5 days af te r  t raining.  

A p p a r a t u s  

The appa ra tus  was a Y-maze cons t ruc t ed  of  Black luci te  
and  covered  wi th  a clear Plexiglas top.  Each  arm was 22 cm 
long,  10.2 cm wide, and  18 cm high. The  arms were 
separa ted  by gui l lo t ine  doors.  The  f loor  consis ted of  
stainless steel rods  set 1.3 cm apar t  and 3.2 cm off  the 
ground.  All a rms  were wired to a s t andard  c o n s t a n t  cu r ren t  
shock source.  The arms of  the maze c o n t a i n e d  two l ights 
set 10.8 cm above  the  grid floor.  

Design and Procedure  

On Day 1, mice were placed in the s tar t  alley of  the 
Y-maze facing away f rom the  arms and 5 sec la te r  a 
c o n s t a n t  cu r r en t  f o o t s h o c k  (0.2 mA)  was au tomat i ca l ly  
delivered to the  grids in the  s ta r t  alley. Mice were requi red  
to choose  the dark-arm,  the  pos i t ion  of  wh ich  was 
r a n d o m l y  varied,  in o rder  to avoid shock.  An animal  
choos ing  incor rec t ly  was al lowed to cor rec t  and p e r m i t t e d  
to r emain  in the  safe arm for  15 sec. Gui l lo t ine  doors  
p reven ted  retracing.  T h e r e a f t e r  the an imal  was r emoved  
f rom the  maze and  placed in a ho ld ing  cage for  45 sec af te r  
which  he  was r e tu rned  to the  s tar t  alley for  the nex t  trial. 
Tra in ing  was t e r m i n a t e d  when  the  an imal  made  9 cor rec t  
responses.  Extens ive  p i lo t  data  ob t a ined  in our  l a b o r a t o r y  
ind ica te  t h a t  for  the  shock -mo t iva t ed  br ightness  discr imina-  
t ion  task the  c r i t e r ion  of  9 cor rec t  responses  p roduces  a 
robus t  amnes ia  on  the  5-day r e t e n t i o n  tes t  in ANl- in jec ted  
mice,  whereas  saline con t ro l s  still d e m o n s t r a t e  adequa te  
r e t en t ion .  Animals  reaching  this  c r i t e r ion  in less t han  17 or 
more  t han  30  trials were discarded.  Immed ia t e ly  a f te r  
t ra in ing  mice were in jec ted  wi th  e i t h e r  ANI (150  mg/kg  SC) 
or SAL. One  h o u r  pr ior  to  the  5 day r e t e n t i o n  tes t  d i f fe ren t  
groups  of  mice were in jec ted  wi th  e i the r  SAL, c lonidine ,  or 
wi th  c lon id ine  30  rain  fo l lowing t r e a t m e n t  wi th  an a lpha 
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T A B L E  3 

MEAN PERCENTAGE SAVINGS FOR THE GROUPS IN EXPERIMENT 4a 

Group N Drug After Drug Before Retention Percentage 
Training Testing Test Savings 

1 11 ANI SAL Standard - 18.4 

2 13 ANI SAL Standard 24.4 

3 13 ANI SAL Reversal 15.9 

4 10 SAL SAL Reversal -32.8 

5 10 ANI Clon Standard 35.2 

6 10 SAL Clon Standard 37.9 

7 10 ANI Clon Reversal -24.0 

8 10 SAL Clon Reversal - 10.6 

9 10 ANI phentol-clon Standard - 17,9 

10 10 SAL phentoi-clon Standard 27,4 

Anisomycin (ANI) 150 mg/kg, injected immediately after training; clonidine 
(clon) 0.5 mg/kg, injected 1 hr before testing; phentolamine (phentol) 10 mg/kg, 
injected 30 min before clon; Standard retention refers to mice retrained to the 
original sD; Reversal refers to mice retrained to the original S A. 

adrenergic  an tagon i s t  p h e n t o l a m i n e .  The design of  this  
e x p e r i m e n t  is s h o w n  in Table  3. Two measures  of r e t e n t i o n  
were employed .  Mice were re ta ined  to e i the r  the  dark  arm 
or reversed to the  l ighted  arm to a c r i te r ion  of 9 cor rec t  
responses.  

RESULTS AND DISCUSSION 

Mean pe rcen tage  savings for  all groups  in E x p e r i m e n t  4a 
is s h o w n  in Table  3. The basic ef fec t  of  ANI was assessed 
by  carrying ou t  a 2 × 2 A N O V A  on G r o u p s  1 , 2 , 3  and  4. 
The  resul ts  ind ica ted  a highly s ignif icant  i n t e r ac t i on  be- 
t w e e n  d r u g  group and type  of  r e t e n t i o n  test ,  
F ( 1 , 4 0 ) =  16.04,  p < 0 . 0 0 1 .  This i n t e rac t ion  shows t h a t  
A N I - S A L  mice had  s ignif icant ly  lower  mean  percen tage  
savings t han  S A L - S A L  animals  when  tes ted  to the  same 
side, bu t  a s ignif icant ly  h igher  m e a n  pe rcen tage  savings 
score when  the  reversal  measure  was emp loyed .  This  f inding 
shows t ha t  ANI is c rea t ing  an amnes ia  which  is specific for  
the  d i sc r imina t ion .  A f u r t he r  2 × 2 A N O V A  assessed the  
ef fec t  of  c lon id ine  o n  b o t h  ANI  and  SAL t rea ted  mice  
tes ted  on  the  two  r e t e n t i o n  measures .  The resul ts  of  this  
analysis revealed a h ighly  s ignif icant  i n t e r ac t i on  b e t w e e n  
drug group ( A N I - S A L  vs. ANI-c lon)  and  type  of r e t e n t i o n  
test,  F (1 ,37 )  = 11.89,  p < 0 . 0 0 2 .  This  f ind ing  ind ica tes  t ha t  
c lon id ine  induces  a specif ic  recovery  of  the  d i sc r imina ted  
avoidance  habi t .  This  parallels the  f indings  for  the  food  
m o t i v a t e d  pos i t i on  d i sc r imina t ion  response  descr ibed in 
E x p e r i m e n t  1. A one way A N O V A  was carr ied ou t  on  
Groups  1, 2, 5, 6, 9 and 10 in o rder  to  de t e rmine  w h e t h e r  
p h e n t o l a m i n e  would  b lock  c lon id ine - induced  recovery  of  
the  avo idance  response.  The  resul ts  indica te  a s ignif icant  
d i f fe rence  a m o n g  the  6 groups,  F ( 5 , 5 8 ) =  4.88,  p < 0 . 0 0 1 .  
To assess the  e f fec t  of  p h e n t o l a m i n e ,  the  r e t e n t i o n  score of  
teh  ANI-clon (Group  5) and the  A N I - p h e n t o l a m i n e  group 
(Group  9) were c o m p a r e d  by means  of  D u n c a n ' s  Range 
Test.  The d i f fe rence  b e t w e e n  these groups  was s ignif icant ,  
F (1 ,58 )  = 5.42, p < 0 . 0 1 .  Ne i ther  p h e n t o l a m i n e  no r  cloni- 
dine s ignif icant ly  in f luenced  the  r e t e n t i o n  scores of  SAL- 
t rea ted  mice.  

The  resul ts  of  this  e x p e r i m e n t  ind ica te  t ha t  amnes ia  
i nduced  by  i m m e d i a t e  pos t t r a in ing  in jec t ions  of  ANI in a 

shock-mot iva t ed  br igh tness  d i sc r imina t ion  task can be 
reversed by NE recep to r  s t imula t ion  wi th  c lon id ine  5 days 
af te r  learning,  and  suggests t h a t  the  e n h a n c i n g  ef fec t  of 
c lonid ine  on m e m o r y  retr ieval  is no t  specific to  the  class of  
p ro t e in  synthes i s  i n h i b i t o r  used to induce  amnesia ,  the 
learning task emp loyed ,  the  t ra in ing  re tes t  interval ,  or the  
mo t iva t i ona l  variable.  

EXPERIMENT 4b 

A possible e x p l a n a t i o n  for  the  fai lure of  CXM and ANI 
to i nduce  a p e r m a n e n t  amnes ia  is t ha t  a single dose of  these 
c o m p o u n d s  may  n o t  induce  i nh ib i t i on  o f  p ro t e in  synthes is  
for  a suff ic ient  pe r iod  o f  t ime  to p reven t  s torage of  
i n fo rma t ion .  Tha t  du ra t ion  of  i n h i b i t i o n  may  be an  
i m p o r t a n t  d e t e r m i n a n t  of  the  s t r eng th  and durab i l i ty  of  
amnes ia  is suggested by resul ts  of  a s tudy  by F lood  et al. 
[11 ] .  They  showed  t h a t  p ro long ing  p ro t e in  synthes i s  
i n h i b i t i o n  for  several hou r s  b e y o n d  t ime of  t ra in ing  could 
ove rcome  the  ef fec ts  o f  increased hab i t  s t r eng th  which  
typica l ly  b locks  the  amnes ic  ef fec t  of  p ro te in  synthes i s  
inh ib i t ion .  The aim of  E x p e r i m e n t  4b  was to de t e rmine  
w h e t h e r  c lon id ine  admin i s t e red  before  a 5 day r e t e n t i o n  
tes t  would  induce  a reversal of  amnesia  w h e n  p ro te in  
synthes is  was i nh ib i t ed  for  a du ra t ion  o f  6 - 8  hr  fol lowing 
training.  

Design and Procedure 

Appara tus  and  p rocedu re  were the  same as for Experi-  
m e n t  4a. T w e n t y - f o u r  mice were in jec ted  wi th  2.5 mg of  
ANI, and  12 mice wi th  SAL 30 min  pr ior  to  training.  The  
24 ANI t rea ted  mice were in jec ted  wi th  an add i t iona l  
0.5 mg  of  ANI, at 1.5, 3.5 and 5.5 h r  a f te r  t raining.  The 12 
mice t r ea ted  wi th  SAL pr ior  to  reversal  were given a second 
in jec t ion  of  saline at  these t imes. Th i r ty  min  before  the  
r e t e n t i o n  tes t  on  Day 5, 12 of  the  mice which  had  received 
the  mul t ip le  ANI t r e a t m e n t  were in jec ted  wi th  0.5 mg/kg  
of  c lon id ine ,  and  the  r emain ing  12 were in jec ted  wi th  S A D  

The  ef fec t  of  single and mul t ip le  in jec t ions  of  ANI on  
p ro te in  synthes i s  was d e t e r m i n e d  using the m e t h o d  pre- 
viously descr ibed.  Th i r ty  min  af te r  the  last  in jec t ion ,  20 ~C 
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of  3 H-tyrosine was injected intraper i toneal ly .  Animals  were 
sacrificed at 30 rain and brains processed as described in 
Exper iment  2 and level of  prote in  synthesis es t imated by 
calculating rat io of  3 H-tyrosine in PCA insoluble and PCA 
soluble fractions.  

RESULTS AND DISCUSSION 

Both  the single and mult iple ANI inject ion schedules 
inhibi ted mouse brain prote in  synthesis to a similar degree. 
The PCA insoluble/soluble  ratios were reduced from 0.351 
in the cont ro l  group (N = 6) to 0.073 in the single ANI 
g r o u p ( N =  5) and to 0.067 in the mult iple  ANI group 
(N = 6); a decline of  79.2 and 81.0%, respectively.  F lood 
et al. [ 11 ] have previously shown that  mult iple  inject ions 
of  ANI at 2 hr  intervals can maintain  a cons tant  level of  
protein synthesis inhibi t ion.  Our data are consistent  wi th  
the findings of  Flood et al. and indicate that  protein 
synthesis was inhibi ted for a 6 hr  period in this exper iment .  

Mean percent  savings for the SAL treated mice was 20.4 
and - 4 . 7 %  for the mult iple  ANI group treated with SAL 
before  testing, t = 2.86, dr22,  p<0 .02 .  That  this amnesia 
could be reversed by adrenergic s t imulat ion is indicated by 
the results of  the ANI-clonidine group. Mean percent  
savings for this group was 21.06, which was significantly 
different  f rom the A N I - S A L  group,  t = 2.15, df  22, 
p<0 .025 ,  and not  significantly di f ferent  f rom the S A L -  
SAL control  group,  t = 0.08. These data indicate that  
s t imulat ion of  adrenergic receptors  can induce recovery 
f rom an amnesia which has been produced  by prolonged 
inhibi t ion of  prote in  synthesis. 

EXPERIMENT 5 

The exper iments  repor ted  in this study indicate that  
pharmacological  manipula t ion  of  the adrenergic system can 
reverse amnesias induced by prote in  synthesis inhibitors.  As 
an initial a t t empt  to evaluate the role of  o ther  neurotrans-  
mi t te r  systems we have tested the effect iveness of  two 
agents that  induce cholinergic act ivat ion;  physost igmine an 
anticholinestrase inhibi tor ,  and pilocarpine a cholinergic 
receptor  s t imulator .  

Design and Procedure 

The procedure  for this exper iment  was the same as in 
Exper iment  1. On Day 2 mice were injected with ei ther  
CXM (N = 50) or  SAL ( N =  30) 30 rain before reversal 
training. The fol lowing day all CXM treated mice were 
injected with ei ther  SAL (N = 10) pi locarpine,  0.5 mg/kg  
(N = 8), 5.0 mg/kg  (N = 8) or  physos t igmine  0.5 mg/kg  
(N = 8), 1.0 mg/kg  (N = 8) 5.0 mg/kg  (N = 8). Pilocarpine 
was injected 30 min and physost igmine 15 rain before the 
re tent ion  test. Animals  t reated with SAL were divided into 
3 groups: Group 1 ( N =  10) were injected with SAL; 
Group 2 (N = I0)  with 5.0 mg/kg  of  physost igmine and 
Group 3 (N = 10) injected with 5.0 mg/kg  pilocarpine 
before  the re ten t ion  test. 

RESULTS AND DISCUSSION 

Results are shown in Table 4. Physost igmine,  a drug 
which potent ia tes  the effect  of  acetylchol ine  does no t  
reverse CXM-induced amnesia over a 10 fold dose range. 
Direct cholinergic receptor  s t imulat ion by pi locarpine is 
also ineffect ive over  a similar dose range. These data suggest 
that act ivat ion of  the cholinergic system prior  to the 

T A B L E  4 

EFFECT OF ACTIVATION OF THE CHOLINERGIC SYSTEM ON RE- 
VERSAL OF CXM-INDUCED AMNESIA 

Group* Dose mg/kg % Savings _+ SEM 

SAL-SAL - -  20.4 _+ 0.51 

SAL-PHYSO 5.0 19.1 _+ 0.036 

SAL-PILO 5.0 20.0 +_ 0.60 

CXM-SAL - -  -4.5 _+ 0.73 

CXM-PILO 0.5 -8.7 _+ 0.14 

5.0 -8 .9  _+ 0.19 

CXM-PHYSO 0.5 -1.8 _+ 0.29 

1.0 -8 .7  _+ 0.21 

5.0 -5.2 -+ 0.56 

*N = 8 per group, Saline (SAL), Cycloheximide (CXM), Physo- 
stigmine (PHYSO) and Pilocarpine (PILO). 

re tent ion  test cannot  overcome CXM-induced amnesias in 
this task, 

G E N E R A L  DISCUSSION 

The results repor ted  in these exper iments  provide clear 
evidence that s t imulat ion of  adrenergic receptors  can 
reverse the amnestic  effects  of  protein synthesis inhibit ion.  
The present  findings taken together,  with our previous 
results [17] which demons t ra ted  m e m o r y  restorat ion with 
d- (but  no t  1-) amphetamine  indicate that act ivation of  both  
pre- and pos tsynapt ic  adrenergic mechanisms can facilitate 
recovery from amnesia, 

It should be emphasized that  recovery of  m e m o r y  
fol lowing receptor  s t imulat ion is not  merely the result of  
increased general arousal. Clonidine,  a drug which has 
po ten t  ant ihypertensive effects  [14] facilitates re tent ion 
despite the fact that  at the effect ive doses used in these 
studies it produces  mild sedation and depresses activity and 
explora tory  behavior [24] .  More direct evidence that  
clonidine is facil i tat ing retrieval of a specific m e m o r y  rather 
than non-specifically enhancing all behavior,  comes from 
the results of  the reversal tests in Exper iment  1. When 
clonidine treated mice are tested on a reversal measure the 
number  of  trials required to reach cri terion is significantly 
increased relative to similarly treated animals tested in the 
convent ional  manner.  Since slower learning of a reversal 
indicates the existence of a source of  proactive interference,  
these findings strongly suggest that  clonidine is restoring 
m e m o r y  of  the specific spatial response rather than 
nonspecif ical ly enhancing learning. 

The data from Exper iment  3 suggests that  clonidine and 
isoproterenol  are acting through alpha and beta receptor  
mechanisms. Clonidine-induced recovery was reversed by 
alpha and not  by beta receptor  blockade whereas isopro- 
terenol- induced recovery was reversed by beta and not  by 
alpha receptor  blockade.  Recent ly ,  Gibbs [ 12] has repor ted  
data which conf i rms the present  findings that  alpha and 
beta receptors  are involved in m e m o r y  retrieval. This study 
showed that  both  NE and amphe tamine  can overcome 
amnesias in chicks induced by CXM, and that  the ef fec t  of  
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these agents  can be b l ocked  by  b o t h  a lpha  and be t a  
adrenergic  an tagon i s t s  bu t  n o t  by  d o p a m i n e  or h i s t amine  
r ecep to r  an tagonis t s .  

The  resul ts  of  E x p e r i m e n t  1 do no t  ind ica te  a specific 
role for  d o p a m i n e  in the  recovery  f rom amnesia .  The  
p o t e n t  DA agonist  p i r ibedi l  failed to reverse the  amnes t i c  
effects  of  CXM despi te  the  wide dose range wh ich  was 
employed .  It would  however ,  be p r e m a t u r e  to conc lude  
tha t  d o p a m i n e  does n o t  play a role in m e m o r y  retr ieval  
processes.  There  is recen t  ev idence  wh ich  suggests the  
ex is tence  of  b o t h  an e x c i t a t o r y  and  an i n h i b i t o r y  d o p a m i n e  
r ecep to r  [6] and  t h a t  these  two p o p u l a t i o n s  of  DA 
recep tors  may  r e spond  d i f fe ren t ly  to DA agonists.  Exci ta-  
to ry  recep tors  are s t imu la t ed  by  a p o m o r p h i n e  and  are 
relat ively u n a f f e c t e d  by pi r ibedi l ;  i n h i b i t o r y  med ia t i ng  
receptors  are max ima l ly  s t imula ted  by pi r ibedi l  and are 
relat ively u n a f f e c t e d  by  a p o m o r p h i n e .  This  h y p o t h e s i s  
would  suggest t ha t  a p o m o r p h i n e  would  be a more  effect ive  
DA agonis t  t han  pi r ibedi l  in these expe r imen t s .  

We have no t  been  able to  test  the  effects  of  apo- 
m o r p h i n e  admin i s t e r ed  pr ior  to the  r e t e n t i o n  test .  At 
effect ive  doses, a p o m o r p h i n e  induced  some anorex ia  in 
mice so t h a t  they  lose m o t i v a t i o n  to run  the  maze.  We did 
however  in jec t  a p o m o r p h i n e  (0.5 and  1.0 mg/kg)  im- 
med ia t e ly  a f te r  reversal  t ra in ing  (a t ime  at wh ich  c lonid ine  
is max ima l ly  effect ive in reversing amnes ia )  and  were 
unab le  to  d e m o n s t r a t e  recovery w h e n  r e t e n t i o n  was tes ted  
24 h r  later.  It c anno t ,  of  course,  be conc luded  t ha t  NE is 
p laying an exclusive role in re t r ieval  of m e m o r i e s  learned  
u n d e r  appe t i t ive  mot iva t ion .  While our  p re l imina ry  da ta  
r epo r t ed  in E x p e r i m e n t  5 dogs no t  indica te  an i m p o r t a n t  

role for  ace tycho l ine ,  o t h e r  pu ta t ive  n e u r o t r a n s m i t t e r s  
c a n n o t  be ruled out .  

The  resul ts  r epo r t ed  in these e x p e r i m e n t s  are cons i s t en t  
wi th  F lexners '  c o n t e n t i o n  t h a t  p ro t e in  synthes is  i nh ib i t i on  
may  be p r o d u c i n g  amnes ia  by  v i r tue  of i ts  d isrupt ive  ac t ion  
on adrenergic  n e u r o t r a n s m i s s i o n  [ 9 , 2 1 ] .  The demons t r a -  
t ion  in E x p e r i m e n t  2 t h a t  amnes ia  is p r e v e n t e d  if  adrenergic  
recep tors  are s t imula ted  before  CXM is admin i s t e red ,  
clearly suppor t s  this  hypo thes i s .  CXM has  been  shown  to 
resul t  in decreased  rate  of synthes is  of  b o t h  NE and DA 
30 min  af te r  t r a in ing  [9]  and  it  is n o t  un reasonab le  to  
suspect  t ha t  some d y n a m i c  aspect  of  the  CA sys tem,  such  
as release, r eup take ,  or  r ecep to r  sensi t ivi ty  is ma l func t ion -  
ing at  t ime  of  tes t ing  w h e n  an imals  are amnest ic .  T rans ien t  
amnesias ,  such as those  s tud ied  in th is  l abo ra to ry  in wh ich  
s p o n t a n e o u s  recovery takes  place 48 hr  a f te r  CXM may  
u l t ima te ly  be exp la ined  in t e rms  of  the effects  of  CXM on 
ca t echo l amine  systems.  The  ma jo r  obstacle  to the accept-  
ance of  the  c a t e c h o l a m i n e  hypo thes i s  as a general  explana-  
t ion  for  all amnes ias  i nduced  by  p ro t e in  synthes is  i nh ib i t i on  
is the  ex is tence  of  amnes ias  which  last  for  days or weeks 
and  do n o t  show s p o n t a n e o u s  recovery.  It is possible t ha t  
some pers i s ten t  defect  in CA m e t a b o l i s m  could accoun t  for  
these  amnesias  bu t  this  remains  to be d e m o n s t r a t e d .  
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