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BOTWINICK, C. Y., D. QUARTERMAIN, L. S. FREEDMAN AND M. F. HALLOCK. Some characteristics of amnesia 
induced by FLA-63, an inhibitor of dopamine beta hydroxylase. PHARMAC. BIOCHEM. BEHAV. 6(5) 487-491 ,  1977. - 
The amnesic effects of FLA-63, a potent dopamine-beta-hydroxylase (DBH) inhibitor, were investigated in a food 
motivated spatial discrimination task. Groups of C57BL/6J mice were injected with either 5 mg/kg, 15 mg/kg, 25 mg/kg, 
35 mg/kg or physiological saline 4 hr prior to training. Amnesia was observed 24 hr following training at all dose levels 
except 5 mg/kg. The performance deficit was specific to memory of the discrimination and not the result of 
state-dependency. Training conditions which produce an increase in habit strength prevented the amnestic effects of 
FLA-63. Spontaneous recovery of memory occurred 48 hr following drug administration. Recovery from amnesia was also 
induced by injections of a monoamine oxidase inhibitor, pargyline, administered 2 hr prior to the retention test. These 
data suggest that amnesia induced by norepinephrine (NE) depletion is the result of impairment of mechanisms necessary 
for memory retrieval. 
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lT IS KNOWN tha t  c o m p o u n d s  which  deple te  ca techola-  
mines  (CA) resul t  in amnesia .  For  example ,  Seiden and 
Pe te r son  [17]  r epor t  a t e m p o r a r y  failure to  pe r fo rm  a 
c o n d i t i o n e d  avoidance  response  fo l lowing in jec t ions  of  
reserpine or a lpha  me thy l -pa ra - ty ros ine  (AMPT).  Similar 
t r ans ien t  amnes ias  have been  r epo r t ed  wi th  the  use of  
AMPT in a f ood - m o t i va t ed  d i sc r imina t ion  reversal task 
[ 1 3 ] .  A d m i n i s t r a t i o n  of  a d o p a m i n e - b e t a - h y d r o x y l a s e  
(DBH) inh ib i to r ,  d i e t h y l d i t h i o c a r b a m a t e  (DEDTC) ,  wh ich  
b locks  the  f inal  s tep in the  b iosyn thes i s  of  n o r e p i n e p h r i n e  
(NE) and  deple tes  it [8 ,11]  p roduces  re t rograde  amnes ia  
for a f o o d - m o t i v a t e d  d i sc r imina t ion  reversal  [ 1 3 ] ,  a one-  
trial passive avoidance  response  [3, 10, 15] and for  a 
c o n d i t i o n e d  avoidance  response  [6 ] .  We have recen t ly  
d e m o n s t r a t e d  t ha t  amnes ia  induced  by  DEDTC recovers  
s p o n t a n e o u s l y  48 hr  fo l lowing training.  In add i t ion ,  we 
have shown  tha t  recovery  of  m e m o r y  can be induced  by 
t rea t ing  amnes t i c  an imals  w i th  m o n o a m i n e  oxidase  inhibi-  
tors  pr ior  to  the  r e t e n t i o n  test  [ 3 , 13 ] .  These f indings  
suggest a role for NE in re t r ieval  processes.  

The  object ive  of  the  p resen t  s tudy  was to de t e rmine  
w h e t h e r  amnes ia  can be i nduced  by  a d i f fe ren t  i n h i b i t o r  of  
D B H  b i s - ( 4 - m  e t h y  1 - l -ho  m o p i p e r a z i n y l - t h i o c a r b o n y l ) -  

d isulphide  (FLA-63)  [2 ,4 ] .  This would  indica te  t ha t  the  
amnesic  effects  are no t  un ique  to a par t i cu la r  DBH 
inh ib i to r .  A second object ive  was to de t e rmine  the dura-  
bi l i ty  of  the  amnes ia  induced  by  FLA-63 ,  the  specif ic i ty  of  
the effect ,  and  w h e t h e r  recovery  could be induced  by  
pre tes t  in jec t ions  of  the  MAOI pargyl ine.  

EXPERIMENT 1 

The aim of this  e x p e r i m e n t  was to s tudy  the effects  of  
d i f fe ren t  doses of  FLA-63 on r e t e n t i o n  of a food  mo t iva t ed  
spatial  d i sc r imina t ion  hab i t  tes ted  24 and 48 hr fol lowing 
learning,  and  to d e t e r m i n e  whole  brain  NE levels at t ime  of 
t ra in ing  and test ing.  

Method 

Animals. Used t h r o u g h o u t  these e x p e r i m e n t s  were male 
mice of  the  C 5 7 B L / 6 J  strain,  weighing a p p r o x i m a t e l y  25 g, 
ob t a ined  f rom the  Jackson  Labora to ry .  Each  mouse  was 
individual ly  caged and  had  free access to food  excep t  
dur ing depr iva t ion  periods.  Water  was always available 
ad lib. 
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Apparatus. The appa ra tus  used t h r o u g h o u t  these experi-  
men t s  was a T-maze 3 in. wide and  3V2 in. high. The cen te r  
alley was 1 l aA in. long, and  each arm was 7 in. long. The 
initial  3V2 in. of  the  cen te r  alley served as a s tar t  box 
separa ted  f rom the rest  of the  maze by a gui l lo t ine  door.  
Gui l lo t ine  doors  at the s tar t  of  each arm p reven t ed  
retracing.  The ent i re  maze was pa in t ed  flat  black and was 
covered wi th  clear Plexiglas lids. 

Design and procedure. Fol lowing  24 hr  of  food  depri-  
va t ion ,  each mouse  was given a 10 rain free exp lo r a t i on  
a d a p t a t i o n  per iod  in the maze with six 20 mg Noyes  food  
pellets  available in food  cups in each arm,  fo l lowed by 1.5 g 
of  food  in the  h o m e  cage. On all s u b s e q u e n t  days  
mice were also given 1.5 g of  food  when  r e t u r n e d  to h o m e  
cages. On Day 1, (24  hr  a f te r  a d a p t a t i o n )  mice were given 
twen ty  re in forced  trials to e i the r  the r ight  or lef t  arm. 
R e i n f o r c e m e n t  cons is ted  of one 20 mg pel le t  per  trial. The 
in ter t r ia l  in terval  was 30 sec and a n o n c o r r e c t i o n  p rocedure  
was employed .  On Day 2, mice were in jected with one  of  
four  doses (5, 1 5, 25 or 35 mg/kg)  of FLA-63 (SC) or saline 
4 h r  before  t ra in ing  and reversed to the side oppos i te  tha t  
which had  been  cor rec t  on Day 1. Reversal t ra in ing was 
t e r m i n a t e d  w h e n  mice had  achieved a c r i te r ion  of  I7 
correc t  choices.  We have previously  shown  tha t  this  set of  
t ra in ing  c o n d i t i o n s  p roduces  a robus t  and rep roduc ib le  
amnes ia  in this  task fo l lowing b o t h  cyc lohex imide  and 
DEDTC [ 1 3 , 1 4 ] .  R e t e n t i o n  was tes ted  for  i n d e p e n d e n t  
groups  24 and 4 8 h r .  fo l lowing reversal by re t ra in ing  
animals  to the side cor rec t  on Day 2. 

Biochemical methodology. Animals  were sacrif iced by 
cervical d is locat ion and  brain  regions dissected on ice. 
Cor tex ,  h y p o t h a l a m u s ,  and lower  brain  s tem (ports, mid-  
bra in  and  medu l l a )  samples  were h o m o g e n i z e d  in 100 
vo lumes  of 0.1 N perchlor ic  acid (PCA) and cen t r i fuged  at 
10,000 xg for  10 rain. Norep ineph r ine  in the PCA super- 
n a t a n t  was ana lyzed  by a m o d i f i c a t i o n  of  the  radioac t ive  
e n z y m a t i c  m e t h o d  of  Coyle and Henry [5 ] .  

Results 

Mean pe r cen t  savings for  all t r e a t m e n t  groups  are shown 
in Fig. 1. Percentage  savings was ca lcula ted  by the  fo rmula  
(R T ) / ( R - C )  × 100, where  R is the  n u m b e r  of trials to 
reach  cr i te r ion  on the reversal day,  T n u m b e r  of trials to 
c r i te r ion  on tes t  day,  and  C is cr i ter ion.  Analysis  of variance 
of these data  indica te  a s ignif icant  drug t r e a t m e n t  effect ,  
F (5 ,71 )  = 13.25,  p = < 0 . 0 2 5 ,  and as ign i f i can t  effect  for  t ime 
of test ing.  F (1 ,71 )  = 27 .63 ,  p = < 0 . 0 0 1 .  The  in t e rac t ion  
be tween  drug t r e a t m e n t  and t ime of  tes t ing was also signif- 
icant ,  F ( 4 , 7 1 )  = 5.30,  p = <0 .01 .  These resul ts  indicate  
tha t ,  with e x c e p t i o n  of  5 mg/kg,  all doses of FLA-63 
p roduced  s ignif icant  amnesia  when  r e t e n t i o n  was tes ted  
24 h r  fo l lowing learning,  bu t  failed to d i s rupt  m e m o r y  
when  r e t e n t i o n  was tes ted  48 hr  fo l lowing learning.  This 
indica tes  tha t  m e m o r y  s p o n t a n e o u s l y  recovers  2 days 
fo l lowing drug t r e a t m e n t .  Degree of  regional  dep le t ion  of  
b ra in  n o r e p i n e p h r i n e  with 5 mg/kg  and 25 mg/kg  doses is 
s h o w n  in Table  1. A dose of 25 mg/kg  was used in all 
s u b s e q u e n t  expe r imen t s .  
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FIG. 1. Mean percent savings and + SEM for all treatment groups 
tested for retention 24 hr. (filled circles) and 48 hr. Iopen squares) 

fk)llowingreversal. N 7 I O in all groups. 

T A B L E  1 

EFFECT OF FLA-63 ON MOUSE BRAIN NOREPINEPHRINE 
LEVELS 

Norepinephrine 
% Control 

4 hrs 24 hr 
Brain Region 5 mg/kg 25 mg/kg 25 mg/kg 

Cortex 103,9* 72.4+ 99.3 * 
+4.60 +2.38 _+7.82 

Brain Stem 86. I * 69,6+ 84.5* 
_+3.20 _+3.89 _+9.90 

Hypothalamus 89.2* 67,4+ 89,6* 
_+3.70 +2.28 +3.68 

*Not significant. 
tp<0.001 as compared to appropriate control: number of mice per 

group is eight. 
Values expressed as mean percentage of control _+ SEM: control 

levels (>g/g wet tissue) were: cortex 0.423, brain stem 0.816, 
hypothalamus 1.820. 

FLA-63 was injected subcutaneously to C57BL/6J mice. Animals 
sacrificed at 4 or 24 hr after drug administered. Control mice 
injected with drug vehicle. 

hab i t  [ 1 3 ] .  The purpose  of  this e x p e r i m e n t  was to 
de t e rmine  w h e t h e r  amnesia  induced  by FLA-63 is similarly 
sensit ive to  increases in t ra in ing  s t r eng then  p roduced  in the 
fo l lowing two ways:  (1) by increasing the in ter t r ia l  interval  
( ITI)  to 80 sec [ 13] and (2)  increasing the reversal cr i ter ion 
f rom 17 to 35 cor rec t  trials. 

EXPERIMENT 2 

R e c e n t  evidence f rom our  l a b o r a t o r y  indica tes  t ha t  
cyc lohex imide  (CXM) and DEDTC- induced  amnesia  can be 
p reven ted  by t ra in ing  cond i t i ons  which  increase s t r eng th  of  

Method 

Procedure. A d a p t a t i o n  and Day 1 t ra in ing was the same 
as descr ibed in E x p e r i m e n t  1. On Day 2, the first group of  
mice were reversed to a cr i ter ion of  1 7 correc t  choices  with 
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an 80 sec ITI, 4 hr  fo l lowing  an in jec t ion  of  FLA-63  (25 
mg/kg,  N = 10) or phys io logica l  saline (N = 10). T w e n t y -  
four  h r  later,  all mice were tes ted  for  r e t e n t i o n  wi th  the  
80 sec ITI. For  group 2 (N = 20),  all mice  were reversed to 
a c r i te r ion  of  35 cor rec t  choices  4 hr  fo l lowing in jec t ion  
(FLA-63 ,  N = 10; SAL, N = 10) on  Day 2, and  on  Day 3 
tes ted  for  r e t e n t i o n  to a c r i t e r ion  of 35 cor rec t  choices.  The  
ITI for  this  group was 30 sec. 

Results 

T h e  25 mg /kg  FLA-63  group and the  saline con t ro l  
group f rom E x p e r i m e n t  1 were used for s ta t is t ical  compar i -  
son. Percentage  savings scores for  the two groups  are shown 
in Table  2 a long wi th  the  scores of the  regularly t rea ted  
groups  f rom E x p e r i m e n t  1. 

T A B L E 2  

EFFECT OF INTERTR1AL INTERVAL AND TRIALS TO CRITERION 
ON RETENTION IN FLA-63 AND SALINE-TREATED MICE 

Mean % Savings 

lntertrial Interval 30* 80 30 
Trials to Criterion 17 17 35 
FLA-63 -9 .2  21.9 22.8 
Saline 13.6 22.5 23.0 

*Data taken from Experiment 1. 

Analyses  of  var iance carr ied ou t  on  the  ITI data  shows a 
s ignif icant  ef fec t  for  ITI, F ( 1 , 3 9 ) =  32 .55 ,  p = < 0 . 0 0 1 ,  and 
for  drug t r e a t m e n t ,  F ( 1 , 3 9 )  = 31 .49 ,  p = < 0 . 0 0 1 ,  ind ica t ing  
tha t  an 80 sec ITI p roduces  s ignif icant ly  b e t t e r  r e t e n t i o n  
than  a 30  sec ITI and tha t  SAL in jec ted  mice have overall  
b e t t e r  r e t e n t i o n  than  mice t r ea ted  wi th  FLA-63 .  The  
s ignif icant  drug x ITl i n t e r ac t i on ,  F ( 1 , 3 9 )  = 26 .68 ,  
p = < 0 . 0 0 1 ,  ind ica tes  tha t  increasing the ITI to 80 sec results  
in  a s i g n i f i c a n t l y  grea ter  i m p r o v e m e n t  in r e t e n t i o n  in 
FLA-63 t rea ted  mice than  it does  in saline cont ro ls .  Mice 
t rea ted  wi th  FLA-63  are amnesic  w h e n  t ra ined  and tes ted  
with a 30 sec ITI bu t  exh ib i t  n o r m a l  r e t e n t i o n  w h e n  an 
80 sec ITI is e m p l o y e d  on  t ra in ing  and test ing.  

Analysis  of  var iance of  the trials to c r i te r ion  da ta  yie lded 
s ignif icant  effects  for  n u m b e r  of  trials on  the reversal  day,  
F (1 ,39)  = 17.48,  p = < 0 . 0 0 1 ,  and for  drug t r e a t m e n t ,  
F (1 ,39)  = 18.88,  p = < 0 . 0 0 1 .  The i n t e r ac t i on  b e t w e e n  
these two  var iables  was also s ignif icant ,  F (1 ,39 )  = 16.93,  p 
= < 0 . 0 0 1 .  These  data  ind ica te  t ha t  t ra in ing  to a c r i t e r ion  
of  35 cor rec t  trials p reven ts  the  express ion  of  the amnes ia  
which  is typica l ly  p resen t  when  an imals  are t ra ined  to a 
cr i ter ion of  17 cor rec t  trials. The  resul ts  of  this  e x p e r i m e n t  
show t h a t  t r a in ing  cond i t i ons  wh ich  p roduce  increases  in 
hab i t  s t r eng th  can b lock  the amnes t i c  ef fec ts  of  FLA-63.  

EXPERIMENT 3 

The purpose  of  this  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  amnesia  induced  by FLA-63 is specific to  the  
m e m o r y  of  the reversal,  or a re f lec t ion  of  a nonspec i f ic  
learning i m p a i r m e n t .  If the  def ici t  is specific,  FLA-63  
t rea ted  mice should  show s ignif icant ly  b e t t e r  learning than  
saline con t ro l s  if the  test  for  r e t e n t i o n  is p e r f o r m a n c e  on  a 
second reversal. The fo l lowing e x p e r i m e n t  tes ts  this  hy- 
pothesis .  

Method 

Design and procedure. The p rocedures  for  Days 1 and 2 
were the  same as descr ibed in E x p e r i m e n t  1. On Day 2, 
mice were in jec ted  wi th  e i the r  FLA-63 (25 mg/kg ,  sec, N = 
12) or physiological  saline (N = 12) 4 hr  pr ior  to  reversal 
t raining.  On Day 3, ins tead of  be ing  tes ted  to the  side 
re in forced  on Day 2, all mice were reversed to the  oppos i te  
side and re t ra ined  unt i l  they  had  reached  the  c r i te r ion  of 17 
correc t  choices.  

Results 

The resul ts  of E x p e r i m e n t  3 are shown  in Table 3. A 
wi th in-sub jec t s  analysis  of  variance indica tes  tha t  the 
groups  by  reversals i n t e rac t ion  is highly s ignif icant ,  F( 1,47) 
-- 35 .53,  p = <0 .001  FLA-63  t rea ted  mice take s ignif icant ly  
fewer trials to  reach  cr i ter ion on the  second reversal  while  
mice t rea ted  wi th  saline take s ignif icant ly  more  trials. These  
data  clearly con f i rm  the  amnesic  effects  of  FLA-63 and rule 
ou t  the  poss ibi l i ty  tha t  the impai red  pe r fo rmance  in 
E x p e r i m e n t  1 could  be a t t r i b u t e d  to toxic  or o the r  non-  
specific side effects  of FLA-63.  

T A B L E  3 

MEAN TRIALS TO CRITERION 

Group Training Reversal Test 

FLA-63 26.4 24.0 
Saline 26.1 28.1 

EXPERIMENT 4 

Recen t  evidence indica tes  tha t  in jec t ions  of FLA-63  
result  in s t a t e -dependen t  learn ing  for  a cond i t i oned  avoid- 
ance response  in mice [ 1 ] .  The aim of this  e x p e r i m e n t  was 
to invest igate  the  possibi l i ty  tha t  the  amnes ia  observed in 
E x p e r i m e n t  1 could  be a s t a t e - d e p e n d e n t  p h e n o m e n o n .  
This was accompl i shed  by t ra in ing  animals  u n d e r  e i ther  
FLA-63 or saline and tes t ing ha l f  of each group u n d e r  saline 
and the  o t h e r  ha l f  u n d e r  FLA-63 .  This resul ted  in a 2 × 2 
factor ia l  design which  is shown  in Table  4. 

Method 

Procedure. The p rocedures  for  Days 1 and 2 were the  
same as descr ibed in E x p e r i m e n t  1. On Day 3, all mice were 
tes ted  for  r e t e n t i o n  to a cr i ter ion of  17 correc t  choices  4 hr  
fo l lowing the second in ject ion.  

Results 

Results  of  this e x p e r i m e n t  are shown  in T a b l e 4 .  
Analysis  of  var iance of  these data  indica te  a s ignif icant  drug 
ef fec t  for  t r e a t m e n t  on  the  t ra in ing  day,  F ( 1 , 3 9 )  = 43 .75 ,  
p = <0 .001  and no  effect  of  drug t r e a t m e n t  on day of  
testing. The  in t e rac t ion  be tween  these two var iables  was 
no t  s ignif icant .  These  results  indica te  t ha t  FLA-63 induced  
amnes ia  is no t  a s t a t e -dependen t  p h e n o m e n o n .  

EXPERIMENT 5 

We have previously  d e m o n s t r a t e d  t ha t  DEDTC- induced  
amnes ia  for a one- t r ia l  passive-avoidance response  and for  a 
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T A B L E  4 

THE DESIGN OF THE STATE-DEPENDENCY EXPERIMENT AND 
MEAN PERCENT SAVINGS FOR FLA-63 AND SALINE INJECTED 

MICE 

Training Testing Mean % Savings 

FLA-63 FLA-63 -2 .6  
FLA-63 SAL -9 .0  
SAL SAL 22.2 
SAL FLA-63 26.4 

N = 10 per group. 

f o o d - m o t i v a t e d  spat ial  d i sc r imina t ion  task can be reversed 
by pre tes t  in jec t ion  of  the  m o n o a m i n e  oxidase  inh ib i to r s  
pargyl ine and phen i p r az i ne  [ 3 , 1 3 ] .  The aim of  the  pres- 
en t  e x p e r i m e n t  was to a t t e m p t  to  reverse the  FLA-63  
induced  amnes ia  by  admin i s t e r ing  pargyl ine  pr ior  to the 
r e t e n t i o n  test .  

Method 

Design and procedure. The p rocedures  for Days 1 and 2 
were the same as descr ibed in E x p e r i m e n t  2. On Day 2, 10 
mice were in jec ted  wi th  FLA-63  (25 mg/kg ,  SC) and 20 
mice wi th  saline. T w e n t y - f o u r  h r  later ,  the  mice in jected 
wi th  FLA-63  on Day 2, and ha l f  of  those  in jec ted  wi th  
saline, were in jec ted  wi th  pargyl ine  (75 mg/kg ,  IP) 2 h r  
pr ior  to the  24 h r  r e t e n t i o n  test .  This  dose level and 
in jec t ion  t ime  was selected so tha t  grea ter  t han  95% 
inh ib i t i on  of MAO was achieved at t ime of tes t ing [ 9 , 1 6 ] .  
The r ema in ing  10 saline mice were in jected wi th  saline 2 hr  
pr ior  to test ing.  

Results 

Resul ts  of  this e x p e r i m e n t  are shown in Table  5. 
Analysis  of the  da ta  indica tes  tha t  the FLA-63 pargyl ine  
group showed  s ignif icant ly  grea ter  pe rcen tage  savings than  
the  FLA-63  group ( - 9 . 0 %  savings) f rom E x p e r i m e n t  2 (t  = 
5.22, dr= 18, p = < 0 . 0 0 1 ) .  A c o m p a r i s o n  of  the  d i f fe rence  
b e t w e e n  the  savings scores of  the  FLA-63-pargy l ine  group 
and  the  saline-saline group was no t  s ignif icant .  There  was 
also no  s ignif icant  d i f fe rence  be t w een  the saline-saline 
group and  the  sal ine-pargyl ine group.  

T A B L E  5 

EFFECT OF PARGYLINE ON RETENTION IN FLA-63 AND SALINE 
TREATED MICE 

Drug Before Drug Before Mean Percent 
Training Testing Savings 

FLA-63 Pargyline 13.3 
Saline Saline 13.9 
Saline Pargyline 13.1 

EXPERIMENT 6 

In our  previous  s tudies  with  cyc lohex imide  and DEDTC 
[ 1 3 ] ,  we showed  tha t  the  m a g n i t u d e  of  amnesia  for  a 
spatial  h a b i t  in a T-maze was grea tes t  when  mice were first 

t ra ined  to one  side and the fo l lowing day in jected wi th  the 
amnes t ic  agent  and reversed to the oppos i te  side; r e t e n t i o n  
of the reversal being tes ted  24 h r  later.  The aim of the 
present  e x p e r i m e n t  was to de t e rmine  w h e t h e r  amnesia  can 
be induced  by FLA-63  for  a spatial  d i sc r imina t ion  when  a 
more  conven t i ona l  t ra in ing cr i ter ion is e m p l o y e d  and when  
the  reversal p rocedure  is omi t t ed .  

Method 

Thi r ty  mice were adap ted  as previously descr ibed.  On 
Day 1 mice were in jec ted  wi th  e i the r  FLA-63 (25 mg/kg,  N 
= 20)  or saline (N = 10) 4 hr  pr ior  to t raining.  A cr i te r ion  of  
7 ou t  of  8 cor rec t  choices  ( n o n c o r r e c t i o n )  was chosen  on  
the basis of  p i lo t  s tudies  which ind ica ted  tha t  mice could 
achieve this  c r i te r ion  in a single t ra in ing  session (range 
27 40 trials) and  would show a p p r o x i m a t e l y  60% savings 
2 4 h r  later.  Animals  were tes ted  for r e t e n t i o n  2 4 h r  
fo l lowing training.  Mice t rea ted  with FLA-63 were divided 
in to  two groups:  G r o u p  1 (N = 10) were in jected with the 
MAOI phen ip raz ine  (10 mg/kg,  IP) one h o u r  pr ior  to 
tes t ing and the  Group  II (N = 10) was injected wi th  saline. 
The fo rmer  group was inc luded to de t e rmine  w h e t h e r  any 
amnesia  induced  unde r  the new t ra in ing  cond i t i ons  could 
be a t t e n u a t e d  by m o n o a m i n e  oxidase  inh ib i t ion .  

Results 

Mean percen tage  savings for the saline con t ro l  mice was 
66 .54  and 11.45 for  the FLA-63 group.  This  d i f ference 
was s ta t is t ical ly  s ignif icant  i t  = 9.16, p = <0 .001 ) .  The 
savings scores of  the  FEA-63 group t rea ted  with pheni-  
prazine  was 57.15,  which  was s ignif icant ly  d i f fe ren t  It = 
7.17, p = < 0 . 0 0 1 )  f rom the FEA-63 saline group,  and not  
s ignif icant ly  d i f fe ren t  f rom the  saline t rea ted  con t ro l  group 
(mean  pe rcen t  savings 66.54) .  These  results  show tha t  the 
use of a reversal p rocedure  is no t  a necessary cond i t ion  for  
e i the r  the  p r o d u c t i o n  of amnesia  by FLA-63 or its 
pharmacolog ica l ly  induced  recovery.  

DISCUSSION 

The results  of the e x p e r i m e n t s  r epor t ed  in this  s tudy  
indica te  t ha t  the behaviora l  defici t  induced  by the adminis-  
t r a t ion  of  FLA-63 is a t e m p o r a r y  loss of the  capaci ty  to 
retr ieve i n fo rma t ion  f rom storage.  This defici t  is specific to 
retr ieval  processes and c a n n o t  be a t t r i b u t e d  to drug induced  
illness, m o t o r  incapac i ty ,  d i so r i en ta t ion  or s tate  d e p e n d e n t  
learning.  

Data  p resen ted  in this  s tudy indicates  tha t  the retrieval 
defici t  induced  by the  inh ib i t ion  of n o r e p i n e p h r i n e  biosyn-  
thesis can be b locked  by increases in t ra in ing s t rength .  This 
resul t  con f i rms  earlier f indings wi th  DEDTC [ 12,13] and 
indica tes  tha t  n o r e p i n e p h r i n e  dep le t ion  like p ro te in  synthe-  
sis i nh ib i t i on  [13]  will no t  induce  an amnesia  if the hab i t  is 
well learned.  Recen t ly  F lood  etal. [71 have shown  that  
increasing the du ra t ion  of p ro te in  synthes i s  inh ib i t ion  by 
repeated  doses of  an i somyc in  can induce  amnesia  for 
relat ively s t rong habi ts .  This suggests the possibi l i ty  tha t  
increases in du ra t ion  of DBH inh ib i t i on  may also abol ish 
the p ro tec t ive  effects  of  increased t ra in ing s t rength .  

It is clear f rom the results  of this s tudy  tha t  consoli-  
da t ion  is no t  b locked  by the inh ib i t ion  of  n o r e p i n e p h r i n e  
b iosynthes is .  At  all effect ive doses of  FLA-63,  the amnesia  
presents  2 4 h r  fol lowing learning spon t aneous ly  recovers 
2 4 h r  later. These data are  cons i s ten t  with results o t  
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previous  s tudies  which  have s h o w n  t h a t  amnes ia  i nduced  by  
i n h i b i t i o n  of  DBH wi th  DEDTC show s p o n t a n e o u s  recovery  
[ 1 2 ] .  The  resul ts  of E x p e r i m e n t  5 add f u r t h e r  s u p p o r t  for  
the  h y p o t h e s i s  t ha t  n o r e p i n e p h r i n e  i n h i b i t i o n  is impai r ing  
retr ieval  m e c h a n i s m s  by  d e m o n s t r a t i n g  t ha t  m e m o r y  recov- 
ery  can  be i n d u c e d  by  a d m i n i s t r a t i o n  of a m o n o a m i n e -  
oxidase  i n h i b i t o r  be fore  the  r e t e n t i o n  test .  

The  m e c h a n i s m  by which  this  recovery  occurs  is n o t  
clear at  th is  t ime.  Previous  s tudies  have shown  t h a t  MAOI 
induced  recovery  f rom cyc lohex imide  amnes ia  is no t  the  
resul t  of  nonspec i f ic  e n h a n c e m e n t  of  re learning or facili- 
t a t ion  of  a poor ly  learned h a b i t  [ 1 3 , 1 4 ] .  These  da ta  tend  
to rule ou t  general  e n h a n c e m e n t  of  learning as an exp lana-  
t ion  of  the  improved  r e t e n t i o n  p e r f o r m a n c e  in the  p resen t  
expe r imen t s .  It is possible  t h a t  the  increased i n t r a n e u r o n a l  
c o n c e n t r a t i o n s  of CA's  which  resul t  f rom MAO inh ib i t i on  
induced  a reac t iva t ion  of specific noradrenerg ic  m e c h a n i s m s  

which  have been  d i s rup ted  by  FLA-63  induced  inh ib i t i on  
of  DBH act ivi ty  and  the  r e su l t an t  dep le t ion  of  NE stores.  

A pers i s ten t  ques t ion  remains  conce rn ing  the  fact  tha t  
a l t h o u g h  n o r e p i n e p h r i n e  synthes is  is i nh ib i t ed  at t ime  of  
t ra in ing  resul t ing  in a dep le t ion  of  e n d o g e n o u s  NE levels, 
retr ieval  defici ts  are d e m o n s t r a b l e  24 hr  la ter  at  t ime of 
tes t ing  when  s teady s ta te  levels of  NE are back  to normal .  
The mos t  pa r s imon ious  h y p o t h e s i s  conce rn ing  the  neuro-  
chemica l  basis of  this  retr ieval  defici t  is t ha t  there  remains  
some pers i s ten t  defec t  in the dynamic  aspects  of the  
ca t echo l amine  sys tem tha t  is p resen t  at 24 bu t  no t  48 hr.  It 
shou ld  be n o t e d  t ha t  bra in  NE c o n c e n t r a t i o n s  p r o b a b l y  
represen t  the poores t  index of func t iona l  s ta tus  of cen t ra l  
noradrenerg ic  sys tems.  Our  cu r r en t  research e f for t s  are 
d i rec ted  at assessing t u r n o v e r  rates,  release and r ecep to r  
m e c h a n i s m s  at the t ime  when  amnes ia  is p resen t  and at the  
t ime  when  m e m o r y  has s p o n t a n e o u s l y  recovered.  
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