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BOTWINICK, C. Y. AND D. QUARTERMAIN. Recovery from amnesia induced by pre-test injections of monoamine 
oxidase inhibitors. PHARMAC. BIOCHEM. BEHAV. 2(3) 375-379, 1974. - Amnesia was induced in C57BL6J male 
mice by pre-training injections of cycloheximide (CYC) in a one-trial passive avoidance task. This amnesia was reversed 
by pre-testing injections of two monoamine oxidase inhibitors (MAOI's) catron and pargyline. The results of 2 non- 
contingent control groups indicated that mice injected with cycloheximide but given foot shock in a place different 
from the training apparatus did not show increased latency following treatment with catron and pargyline. This 
indicates that recovery is specific for training in the passive avoidance task. Depletion of norepinephrine (NE) by 
diethyldithiocarbamate (DEDTC), a dopamine beta hydroxylase inhibitor, resulted in an amnesia similar to that induced 
by CYC. DEDTC-induced amnesia was also reversed by catron and pargyline. 

Amnesia Cycloheximide Diethyldithiocarbamate Memory recovery Monoamine oxidase inhibitors 

A NUMBER of recent studies on experimentally induced 
amnesia have focused on the issue of the permanence of the 
effect. These experiments have attempted either to deter- 
mine whether memory recovers spontaneously some time 
following amnesic treatment, or to induce recovery by 
reminder treatments or by pharmacological means. Spon- 
taneous recovery of memory has been observed in a number 
of experiments [ 13, 17, 23],  but has not occurred in some 
others [3, 6, 12]. The results of reminder induced recovery 
experiments are more consistent in showing positive find- 
ings [7, 10, 11, 14, 15, 16], although some failures have 
been reported [ 2 ]. 

Recently, evidence has been presented which indicates 
that a reminder shock may not be an adequate means to 
evaluate the permanence of retrograde amnesia. Haycock et 
al. [9] and Gold et al. [8] have shown that non-contingent 
foot-shock improves performance on the retention test 
because it summates with the weak habit of partially 
amnesic animals, rather than because it recovers the original 
memory. Whether this explanation is adequate to account 
for all the reminder recovery findings remains to be deter- 
mined. 

Evidence that pharmacological manipulation may lead to 
recovery from amnesia induced by protein synthesis inhibi- 
tion has recently appeared. Roberts, Flexner and Flexner 
[ 21 ] have shown that puromycin induced amnesia could be 
reversed by pretesting injections of imipramine, tranyl- 
cypromine and d-amphetamine. Serota et al. [22] have 
demonstrated that amnesia induced by acetoxycyclo- 

heximide (AXM) can be prevented by post-training injec- 
tions of metaraminol or d-amphetamine. Since all of these 
drugs increase tissue concentrations of catecholamines, it 
has been suggested that protein synthesis inhibition may be 
producing amnesia by depleting concentrations by biogenic 
amines most likely norepinephrine [5,21]. Some direct 
evidence for this hypothesis comes from a recent experi- 
ment which shows that both cycloheximide (CYC) and 
AXM inhibit the activity of tyrosine hydroxylase and thus 
reduces the functional pool of catecholamines [ 5 ]. 

The object of the present study was to determine if 
amnesia for a one-trial passive-avoidance response induced 
by CYC could be reversed by pretesting injections of agents 
which increase intraneuronal levels of catecholamines. A 
second objective was to determine whether amnesia in- 
duced by norepinephrine depletion could also be reversed 
by increasing brain catecholamine levels. 

EXPERIMENT 1 

The aim of this experiment was to determine whether 
memory of  a one-trial inhibitory avoidance response lost 
following CYC administration could be restored by pre- 
testing injections of two monoamine oxidase inhibitors 
(MAOI's), catron (CAT) and pargyline (PAR). Catron and 
pargyline, by preventing the oxidative deamination of 
norepinephrine (NE) and dopamine (DA), raise the intra- 
neuronal levels of these transmitters and might be expected 
to attenuate CYC-induced amnesia if CYC is exerting its 

Supported by the Grant Foundation, Inc. Cycloheximide was generously supplied by Dr. G. B. Whitfield, Jr. of the Up John Company. 
2 Requests for reprints should be addressed to: David Quartermain, Department of Neurology, New York University School of Medicine, 

New York, New York 10016. 

375 



376 

effec t  via a dep le t ion  of  i n t r a n e u r o n a l  cen t ra l  ca techol -  
amines .  

M E T H O D  

Animals 

The  animals  were male  C 5 7 B L / 6 J  mice,  25 g in weight .  

Apparatus 

The appa ra tus  was a two  c o m p a r t m e n t  pass ive-avoidance 
box .  The  small  c o m p a r t m e n t ,  made  of  clear Plexiglas, was 
10 cm long and  7 cm wide.  A circular  hole,  5 cm in dia.,  served 
as an  en t r ance  to  the  large c o m p a r t m e n t  wh ich  had  b lack  
Plexiglas sides and  was 15 cm long and  10 cm wide. The  f loor  
was made  of  steel  rods  3 m m  in dia. and  set 13 cm apart .  A 
b lack  Plexiglas gui l lo t ine  d o o r  separa ted  the  2 c o m p a r t m e n t s .  
The  ent i re  appa ra tus  was 20 cm high and b o t h  c o m p a r t m e n t s  
were covered  w i th  separate  h inged lids. 

Design 

The basic design was as follows. Mice were in jec ted  wi th  
e i the r  CYC (120  mg /kg  sc) or  phys io logica l  saline and  30 
rain  la te r  given a t ra in ing  trial  in the  passive avoidance  
appara tus .  For  each group  t h a t  received a foo t - shock  (FS)  
on  the  t ra in ing  day,  the re  was a c o r r e s p o n d i n g  con t ro l  
g roup  which  did no t  receive foo t - shock  (NFS) .  The  ef fec t  
of  the  MAOI ' s  in recover ing  m e m o r y  was eva lua ted  24 hr  
la te r  on  the  tes t  day.  Animals  which  did no t  receive FS on  
the  t ra in ing  day served to evaluate  the  ef fec ts  of  the  
MAOI ' s  a lone ,  on  s tep ou t  latencies.  In add i t ion ,  2 non-  
c o n t i n g e n t  con t r o l  groups  were emp loyed .  The design of  
those  groups  was as follows. One Day 1, an imals  were in- 
j ec ted  wi th  CYC and given foo t - shock  in an appa ra tus  
d i f fe ren t  f rom the  passive avoidance  box .  On the  tes t  day,  
mice were in jec ted  wi th  the  MAOI ' s  and  tes ted  in the  
passive avo idance  appara tus .  This con t r o l  was designed to 
d e t e r m i n e  w h e t h e r  increases  in l a t ency  fo l lowing t r e a t m e n t  
w i th  MAOI ' s  is specific to  passive avo idance  t ra ining.  All of  
the  g roups  used in E x p e r i m e n t  1 are s h o w n  in Table  I. 

Procedure 

T h i r t y  min  fo l lowing  CYC in jec t ion ,  mice were p laced in 
the  small  c o m p a r t m e n t  and  af te r  they  had  en te red  the  large 
c o m p a r t m e n t ,  the  door  was closed and  the  FS groups  
received a 2.0 sec 0.2 m A  shock  au toma t i ca l l y  del ivered 
t h r o u g h  the  bars. The  NFS groups  were lef t  in the  large 
c o m p a r t m e n t  for  2.0 sec. Latencies  to  en t e r  the  large 
c o m p a r t m e n t  were r ecorded  on  the  t ra in ing  tr ial  and  on  the  
r e t e n t i o n  tes t  trial. On Day 2, mice were in jec ted  inter-  
pe r i tonea l ly  wi th  e i the r  c a t r o n  (10 mg/kg)  dissolved in 
0 . 2  cc  s o l u t i o n  o f  p h y s i o l o g i c a l  saline,  pargyl ine  
(75 mg/kg) ,  or phys io logica l  saline. Ca t ron  was in jec ted  
1 hr  p r io r  to  tes t ing  and  pargyl ine  2 hr. These  dose levels 
and  in jec t ions  t imes  were selected so t ha t  greater  t h a n  95% 
i n h i b i t i o n  of  MAO was achieved at the  t ime  of  test ing.  
R e t e n t i o n  was tes ted  by  placing mice back  in to  the  passive- 
avo idance  appa ra tus  us ing the  same p rocedu re  as e m p l o y e d  
on  Day 1, excep t  t ha t  no  shock  was given. Animals  t h a t  
failed to  en te r  the  large c o m p a r t m e n t  wi th in  300  sec were 
r emoved  and  given a score of  300+.  

R E S U L T S  

There  were no  s ignif icant  d i f ferences  in t ra in ing  la tency  

BOTWINICK AND Q U A R T E R M A I N  

T A B L E  1 

D I F F E R E N T  T R E A T M E N T  G R O U P S  IN E X P E R I M E N T  1 

Training Day Test Day 

Group N FS/NFS Drug Drug 

1 15 FS SAL SAL 

2 10 NFS SAL SAL 

3 23 FS CYC SAL 

4 10 NFS CYC SAL 

5 10 FS SAL CAT 

6 10 NFS SAL CAT 

7 10 FS CYC CAT 

8 10 N FS CYC CAT 

9 10 FS CYC PAR 

l 0 10 NFS CYC PAR 

11 15 FS SAL PAR 

12 10 NFS SAL PAR 

a m o n g  the  groups.  Mean la tency  was 17.04 wi th  a range 
f rom 15.34 sec to  18.61 sec. R e t e n t i o n  tes t  la tencies  are 
s h o w n  in Fig. 1. In the  NFS groups,  ne i t he r  ca t ron  no r  
pargyl ine  s igni f icant ly  increased tes t  la tencies  of  CYC or 
saline in jec ted  animals.  There  were no  s ignif icant  differ- 
ences b e t w e e n  CYC-SAL-FS and  CYC-SAL-NFS groups.  
The  effects  of  the  d i f fe ren t  drug t r e a t m e n t s  are revealed in 
the  groups  which  received FS on the  t ra in ing  day. CYC- 
saline in jec ted  groups  showed  a s ignif icant  r e t e n t i o n  defici t  
24 hr  la te r  w h e n  c o m p a r e d  wi th  the  saline-saline group 
( t  -- 5.80,  p < 0 . 0 0 1 ) .  B o t h  the  CYC-ca t ron  group  and  
CYC-pargyl ine  group  had  s igni f icant ly  longer  la tencies  t han  
the  CYC-saline group  (CYC-pargyl ine,  t = 8.18, p < 0 . 0 0 1 ;  
C Y C - c a t r o n ,  t = 5 . 4 1 ,  p < 0 . 0 0 1 ) .  Nei ther  ca t ron  nor  
pargyl ine  s ignif icant ly  in f luenced  la tencies  of  saline in jec ted  
mice.  

In order  to  be sure t h a t  the  increased la tencies  of  the  
CYC-ca t ron  and  CYC-pargyl ine groups  were specific to  the  
pass ive  avo idance  response ,  2 n o n - c o n t i n g e n t  con t ro l  
groups  were employed .  On Day 1, 30 mice were in jec ted  
wi th  CYC as previously  descr ibed.  Th i r ty  min  later,  t hey  
were placed in a box  d i f fe ren t  f rom the  t ra in ing  appa ra tus  
and  given a 0.2 m A  foo t - shock  for  2.0 sec. The box,  which  
was 21 cm long, 11-1/2 cm wide, and  13-1/2 cm high,  was 
c o n s t r u c t e d  of  Plexiglas. The f loor  was made  of  brass rods 
3 m m  in dia. and  set 3-1/2  cm apart .  The inside was gray 
and  the  en t i re  box  was covered wi th  a clear Plexiglas lid. On 
Day 2, mice were divided in to  3 groups;  G r o u p  A (N = 10) 
was in jec ted  wi th  ca t ron  (10 mg/kg) ,  G r o u p  B (N = 10) 
wi th  pargyl ine  (75 mg/kg)  and  G r o u p  C (N = 10) wi th  
saline. Group  A was t es ted  1 hr  and  Group  B 2 hr  fo l lowing 
in jec t ion .  Half  of  the  mice in G r o u p  C were in jec ted  1 hr  
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FIG. l. Mean test latencies for groups in Experiment 1. Drug treatment on the Training and Testing day is 
indicated below each group. 

and the other half 2 hr following injection of saline. Testing 
consisted of placing each mouse in the small compartment 
of the passive avoidance box and recording latencies to 
enter the large compartment. No FS was given. Mean 
latency for the 3 groups was as follows: saline, 17.0 sec; 
catron, 17.2 sec; and pargyline, 17.1 sec. All of these 
groups had significantly shorter latencies than the corre- 
sponding contingent shock groups (Fig. 1), (saline, t = 7.91, 
p<0.001;  catron, t = 3 . 5 9 ,  p<0.01;  pargyline, t=6.0,  
p<0.001). These results indicate that the MAOI's are not 
increasing test latencies because of non-specific effects. 
Rather, these data show that increased latencies in CYC- 
catron and CYC-pargyline groups are specific to the passive 
avoidance training and thus probably reflect restoration of 
some part of the original memory. 

EXPERIMENT 2 

We have previously shown that administration of 
DEDTC, a compound which inhibits synthesis of dopamine 
beta hydroxylase and thus reduces the functional pool of 
norepinephrine, produces retrograde anmnesia in the pas- 
sive avoidance task [19]. The aim of the present experi- 
ment was to determine whether this amnesia could be 
attenuated by pre-testing treatment of monoamine oxidase 
inhibitors. 

METHOD 

Apparatus 

Apparatus was the same as described in Experiment 1. 

Design and Procedure 

In this experiment, our basic procedure was identical to 
that previously described. Mice were injected with DEDTC 
before training on the passive-avoidance task and injected 
with catron or pargyline before testing. On Day 1, 35 mice 
were injected with DEDTC (250 mg/kg subcutaneously in 
0.3 cc saline solution) and 15 mice were saline 3 hr prior to 
training. We have previously shown that the most effective 
inhibition of dopamine-beta-h4ydroxylase in brain was 
measured by conversion of ( 1  C) dopa to (14C) norepi- 
nephrine was apparent between 90 min and 4.5 hr after 
administration of DEDTC [19]. On the following day, 
DEDTC-treated mice were ordered into the following 
g r oups :  G r o u p  1 (N= 13) was injected with saline 
(0.3 ccip)  1 hr prior to testing; Group 2 (N = 10) was 
injected with catron (10 mg/kgip in a 0.2 cc solution of 
saline) 1 hr prior to testing; Group3 (N= 12) with 
pargyline (75 mg/kg ip in 0.2 cc saline solution) 2 hr prior 
to testing; and Group 4 (N = 15) was injected with saline 
both before training and 1 hr prior to testing. 

RESULTS 

Results of this experiment are shown in Table 2. 
DEDTC-saline injected mice showed the expected amnesia 
when compared with the saline-saline group ( t - -8 .80,  
p<0.001). Both catron and pargyline attenuated DEDTC 
induced amnesia. The DEDTC-saline group had significantly 
shorter latencies than both the DEDTC-catron (t = 8.10, 
p<0.001) and the DEDTC-pargyline groups ( t=6 .14 ,  
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T A B L E  2 

MEAN LATENCY SCORES FOR BOTH TRAINING AND TESTING IN EXPERIMENT 2 

Drug on Drug on Mean Training Mean Test 
Group N Training Day Test Day Latency (sec) Latency (sec) 

1 13 DEDTC Saline 18.3 18.8 

2 10 DEDTC Catron 18.6 97.1 

3 12 DEDTC Pargyline 18.0 89.0 

4 15 Saline Saline 19.0 112.6 

p < 0 . 0 0 1 ) .  Test  la tenc ies  of  D E D T C - ca t r on  and  DEDTC- 
pargyl ine  were no t  s igni f icant ly  d i f fe ren t  f rom those  of  the  
saline-saline group.  It  has previously  been  d e m o n s t r a t e d  in 
E x p e r i m e n t  1 t ha t  ne i t he r  ca t ron  nor  pargyl ine  s igni f icant ly  
in f luence  la tencies  o f  saline in jec ted  mice. These  data  
ind ica te  t h a t  amnes ia  resul t ing  f rom i n h i b i t o n  of  norepi -  
n e p h r i n e  b iosyn thes i s  is no t  p e r m a n e n t  and  suggest tha t ,  
l ike CYC, DEDTC is in te r fe r ing  wi th  m e m o r y  retr ieval  
r a t h e r  t h a n  p reven t ing  m e m o r y  storage.  This  is s u p p o r t e d  
by  the  resul ts  of  a r ecen t  s tudy  [18]  which  showed  tha t  
DEDTC induced  amnes ia  in a food  m o t i v a t e d  discr imina-  
t i on  reversal  task could  be reversed by  pre- tes t ing  in jec t ions  
of  pargyl ine.  

DISCUSSION 

The  resul ts  of  E x p e r i m e n t  1 d e m o n s t r a t e  t ha t  amnes ia  
for  a one- t r ia l  i n h i b i t o r y  avo idance  response  i nduced  by  
CYC can be  a t t e n u a t e d  by  a d m i n i s t r a t i o n  of MAOI's .  The 
increased la tenc ies  fo l lowing a d m i n i s t r a t i o n  of  ca t ron  and  
pargyl ine  are specif ic  to  animals  t ha t  were s hocked  in the  
t ra in ing  appa ra tu s  and  thus  c a n n o t  be a c c o u n t e d  for  in 
t e rms  of  drug induced  le thargy  or general  deb i l i t a t ion .  
These  increased la tencies  p r o b a b l y  ref lect  recovery  of 
some par t  of  the  or iginal  m e m o r y  of  the  avo idance  
response .  This  c o n t e n t i o n  is s u p p o r t e d  by  the  behav io r  of  
the  mice  dur ing  test ing.  CYC t rea ted  animals  in jec ted  

wi th  ca t ron  and  pargyl ine  e x h i b i t e d  behav io r  s imilar  in a 
n u m b e r  of  respects  to  saline cont ro ls .  When placed in the  
small  c o m p a r t m e n t  on  the  tes t  trial,  t hey  showed  increased  
ac t iv i ty  and  p r o n o u n c e d  approach -avo idance  behavior .  
When they  f inal ly en te red  the  large c o m p a r t m e n t ,  t hey  did 
so in an ex t r eme ly  he s i t an t  fashion.  This  behav io r  was in 
sharp  con t r a s t  to CYC-saline t r ea t ed  an imals  who  en te red  
the  large c o m p a r t m e n t  w i t h o u t  hes i ta t ion .  Saline in jec ted  

mice f r e q u e n t l y  de feca ted  and u r ina t ed  while in the  small  
c o m p a r t m e n t  bu t  CYC t rea ted  mice were never  observed  to 
do so. Defeca t ion  and  u r i n a t i o n  was also f r equen t ly  ob- 
served in CYC mice t r ea t ed  wi th  ca t ron  and pargyl ine.  
These  obse rva t ions  provide  add i t iona l  suppo r t  for  the  view 
t h a t  MAOI's ,  by  increas ing i n t r a n e u r o n a l  levels of  bra in  
ca techo lamines ,  res tore  the  an imals '  abi l i ty  to  retr ieve the  
m e m o r y  of  the  avoidance  response  learned dur ing  p ro t e in  
synthes is  i nh ib i t i on .  

Similar obse rva t ions  have recen t ly  been made  in a food 
m o t i v a t e d  d i sc r imina t ion  reversal task. Q u a r t e r m a i n  and 
Botwin ick  [ 18] have s h o w n  tha t  amnes ia  induced  by  CYC 
can be reversed by  pre- test  in jec t ions  of  ca t ron ,  pargyl ine,  
and  d - a m p h e t a m i n e .  We have s h o w n  tha t  these  c o m p o u n d s  
do no t  in f luence  r e t e n t i o n  scores of  saline t rea ted  animals ,  
and  t ha t  the  improved  p e r f o r m a n c e  of  CYC animals  t r ea ted  
wi th  these  agents  c a n n o t  be a c c o u n t e d  for  in t e rms  of  
general ized e n h a n c e m e n t  of learning.  

The exact  na tu re  of  the  re la t ionsh ip  b e t w e e n  CYC- 
induced  amnes ia  and  dep l e t i on  of  bra in  ca t e cho l amines  is 
no t  clear at the  present  t ime.  It does  no t  seem likely tha t  
CA's  are still s igni f icant ly  dep le ted  24 hr  a f te r  in jec t ion ,  
a l t h o u g h  no  b iochemica l  da ta  at this  t ime  po in t  are pres- 
en t ly  available. F l exne r  et  al. [5] have s h o w n  tha t  maxi-  
m u m  i n h i b i t i o n  of  ty ros ine  hyd roxy l a se  fo l lowing CYC 
t r e a t m e n t  occurs  2 hr  a f te r  in j ec t ion  and,  by 4 hr,  recovery  
is beg inn ing  to occur.  This assay however  was based on 
large samples  of  cerebra l  hemisphere ,  and the  possibi l i ty  
exists  t ha t  specific regions cri t ical  to  m e m o r y  retr ieval  may 
have been  more  p r o f o u n d l y  deple ted .  It seems likely f rom 
the  behaviora l  data  t ha t  CYC has effects  on  the  u t i l i za t ion  
and  mob i l i z a t i on  of  CA's  which  are still a p p a r e n t  24 hr 
fo l lowing  t r e a t m e n t .  Add i t iona l  b iochemica l  s tudies  will be 
necessary to d e t e r m i n e  the  na tu re  of  these  effects.  
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