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RAINBOW, T. C., J. E. ADLER AND L. B. FLEXNER. Comparison in mice of the amnestic effects ofcycloheximide and 
6-hydroxydopamine in a one-trial passive avoidance task. PHARMAC. BIOCHEM. BEHAV. 4(3) 347-349, 1976. - To test 
further the hypothesis that cycloheximide (CXM)-induced amnesia is due in part to its effects on the central adrenergic 
system, a comparison was made in mice of the effects of the antibiotic and of 6-hydroxydopamine (6-OHDA) on memory 
of a one-trial passive avoidance task. Both drugs produced amnesia 24 hr after training but unlike CXM, 6-OHDA had no 
effect on memory 20 rain after training. 

Cycloheximide 6-Hydroxydopamine Amnesia 

TRAINING in the presence of  cycloheximide (CXM), an 
inhibitor of  protein synthesis, results in loss of memory in 
several training situations [7, 1 1, 17]. While the amnestic 
effects of  CXM are often attributed solely to inhibition of  
protein synthesis, there is increasing evidence that it has 
side effects on the adrenergic system and that these side 
effects may contribute importantly to the amnesia. Thus 
the loss of  memory induced by the antibiotic and its 
analog, acetoxycycloheximide, is prevented by treatment 
with adrenergic stimulants [3,16] or monoamine oxidase 
inhibitors [4].  Both antibiotics cause a loss of  tyrosine 
hydroxylase activity [6,18],  both decrease the rate of 
synthesis of  norepinephrine (NE) and dopamine (DA), and 
both cause an increase in levels of NE and DA (in spite of a 
depressed rate of  synthesis) suggesting additional modifica- 
tions of  catecholamine (CA) metabolism [5,8]. 

The  severe, chronic central adrenergic denervation 
caused by 6-hydroxydopamine (6-OHDA) offers an oppor- 
tunity to evaluate directly the role of the adrenergic system 
in memory. If CXM affects only the adrenergic system one 
might anticipate that its effects would be reproduced in 
animals treated with 6-OHDA. We have found that, like 
CXM, the  chronic central denervation produced by 
6-OHDA results in amnesia for a one-trial passive avoidance 
response at 24 hr. Unlike CXM, however, 6-OHDA has no 
significant effect on memory shortly after training. 

METHOD 

Male C57bl /6J  mice were housed 4 to a cage in a sound- 
proof  room at 24.5 ° artifically lighted from 7 a.m. to 
7 p.m. Food and water were ad lib. 

Under  Nembutal anesthesia (75 mg/kg), 25 #g of 
6-OHDA HBr (Regis) in 5 ul of saline containing 0.1% 
ascorbic acid was injected into each lateral ventricle. Con- 
trol mice were injected in the same way with ascorbic acid 
vehicle. Mice were then isolated for at least 2 weeks before 
being used for behavioral  or biochemical studies. By the 
end of  the first week, cage behavior, feeding and drinking 
appeared normal. Postoperative mortality of mice treated 
with 6-OHDA was 10%. CXM (120mg/kg)  was injected 
subcutaneously 30 min before training. 

For the CA assays on the cerebral hemispheres, mice 
were killed by cervical dislocation. CAs were extracted and 
NE assayed according to the method of  Anton and Sayre 
[2] as modified by Moore and Smith [10]. DA was assayed 
as described by Adler [ 1 ]. 

The two-compartment passive avoidance box was iden- 
tical to that described by Randt etal. [14]. Mice were 
placed in the small compartment of  the box 40 sec before 
the door was opened to the large compartment. After enter- 
ing, the door was closed and 5sec later a 0 .16mA 
scrambled foot shock lasting 2 sec was automatically given. 
Mice were removed immediately to their home cages and 
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FIG. 1. Effects of treatment with CXM and 6-OHDA on memory of one-trial passive avoidance task 20 
min and 24 hr af ter  training. P values (Mann-Whitney U-test, 1-tailed): Saline 24 hr (n = 9) vs vehicle 
24 hr (n = 9) 0.1; CXM 0.3 hr (n = 4) vs saline 0.3 hr (n = 5) --- 0.008; 6-OHDA 0.3 hr (n = 5) vs vehicle 
0.3 hr (n = 5) = 0.1 ; CXM 24 hr (n = 9) vs saline 24 hr = 0.001 ; 6-OHDA 24 hr (n = 9) vs vehicle 24 hr 

= 0.001. S.E.M. --- standard error of the median. 

tes ted  for  r e t e n t i o n  20 rain or  24 hr  later.  La tency  to  en te r  
was t a k e n  as the  t ime  b e t w e e n  o r i e n t a t i o n  towards  the  large 
c o m p a r t m e n t  and  the  t ime  w h e n  all paws were on  the  bars  
of  the  large c o m p a r t m e n t .  A m a x i m u m  interval  of  30 sec 
was a l lowed for  o r i en ta t ion .  Mice t h a t  failed to  en te r  the  
large c o m p a r t m e n t  w i th in  3 rain were r emoved  and  given a 
score o f  3 rain.  

RESULTS 

(aJ Biochemical 

The  means  -+ SEM for cerebra l  NE and DA of  the  con-  
t rois  (n = 7) were 0 .29 -+ 0 .02 and  1.06 + 0.07 #g/g, respec- 
t ively,  u n c o r r e c t e d  for  70% recovery.  The  means  + SEM for 
NE and  DA af te r  t r e a t m e n t  wi th  6 -OHDA one  day af te r  the  
behaviora l  e x p e r i m e n t s  were,  respect ively,  0.05 +- 0 .03 and  
0.31 + 0.05 ug/g. Thus  6 -OHDA reduced  the  average level 
of  NE by  83% and  t ha t  of  DA by 71%. 

(b) Behavioral 

As s h o w n  in Fig. I, CXM produced  m a r k e d  amnes ia  
b o t h  at 20 rain (n = 4)  and  24 hr  (n  = 9) a f te r  t ra ining.  By 
cont ras t ,  t r e a t m e n t  wi th  6 -OHDA had  no  s ignif icant  ef fec t  
on  m e m o r y  at 20 rain (n = 5) bu t ,  like CXM, caused severe 
amnesia  at  24 hr  (n  = 9). 

DISCUSSION 

AS s ta ted  above,  there  is evidence t h a t  can be i n t e rp r e t ed  

to m e a n  t ha t  CXM-induced  amnes ia  resul ts  in par t  f rom 
in te r fe rence  wi th  the  cent ra l  adrenergic  system. To tes t  this  
p o s s i b i l i t y  fur ther ,  we have c o m p a r e d  CXM-induced  
amnes ia  of  a one- t r ia l  passive avo idance  task to  t ha t  
observed  in mice t h a t  had  a dras t ic  loss of  CAs af te r  t reat-  
m e n t  wi th  6-OHDA. The  two  amnes ias  were b o t h  severe at  
24 hr. T w e n t y  minu t e s  a f te r  t ra ining,  however ,  t hose  mice 
t r ea ted  wi th  6 -OHDA had  a h igh  level of  m e m o r y ;  those  
w i t h  C X M ,  p r o f o u n d  amnes ia  as also observed by 
Q u a r t e r m a i n  and  McEwen  [ 12] and  s h o w n  no t  to  be due  to 
effects  o n  act ivi ty  [9 ] ,  R e t e n t i o n  of  m e m o r y  at 20 min  
wi th  6 -OHDA indica tes  n o r m a l  acquis i t ion ;  amnes ia  at  24 
h r  suggests a fai lure of  fu r the r  conso l ida t ion  or  a fai lure of  
retr ieval .  Tha t  fai lure of  retr ieval  r a t h e r  t h a n  of acquis i t ion  
does occur  wi th  CXM has  been  s h o w n  by recovery  o f  
m e m o r y  fo l lowing t r e a t m e n t  wi th  m o n o a m i n e  oxidase  
inh ib i to r s  [41 or n o n c o n t i n g e n t  shocks  [ 11 ].  

The  mean ing  of  the  d i f fe rence  b e t w e e n  the  two groups  
at 20 min  af ter  t ra in ing  is obscure.  C o m p a t i b l e  wi th  our  
results  are those  o f  R a n d t  et al. [ 15] and  Z o r n e t z e r  et al. 
[ 19] who  found  r e t e n t i o n  of  m e m o r y  of  a one- t r ia l  passive 
avoidance  task for  a shor t  t ime  af te r  t r a in ing  t h a t  was 
c o n d u c t e d  in t he  presence  of  an  i nh ib i t o r  of  DA-f lhydroxy-  
lase or  o f  ty ros ine  hydroxy lase .  The early amnes ia  a f te r  
CXM suggests t ha t  its effects  on  the  cent ra l  nervous  sys tem 
differ  f rom those  of  6 -OHDA and the  inh ib i to r s  of  CA 
synthesis .  This  d i f fe rence  may  involve on ly  the  adrenergic  
sys tem or  may be due to in t e r f e rence  wi th  o the r  aspects  of  
neu rona l  func t ion .  
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