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GUTWEIN, B. M., D. QUARTERMAIN AND B. S. MCEWEN. Dissociation ofeycloheximide's effects on activity from its 
effects on memory. PHARMAC. BIOCHEM. BEHAV. 2(6) 753-756,  1974. - Two doses of cycloheximide (CYC) were 
used to dissociate the effect of this drug on locomotor activity from its effect on memory. Results indicated significant 
short-term (30 ' -40 ' )  and long-term (24 hr) increases in locomotor activity occur at both CYC doses, whereas significant 
short- and long-term decreases in step-out latencies in a passive-avoidance task occur primarily at the higher CYC dose. 
Pargyline, a monoamine oxidase inhibitor, significantly increases locomotor activity but does not decrease step-out 
latencies in the passive-avoidance task. It is concluded that the decreases in step-out latencies shown by CYC-treated 
animals.in the passive avoidance task are the result of an amnesic effect of CYC rather than its effect on locomotor 
activity. 

Cycloheximide Passive avoidance Activity Amnesia 

A N U M B E R  of  s tudies  have d e m o n s t r a t e d  t ha t  mice  t rea ted  
witlh cyc lohex imide  (CYC) shor t ly  before  ac t iv i ty  sessions 
show signif icant  increases  in l o c o m o t o r  ac t iv i ty  up  to 
45 rain af te r  i n j ec t ion  [3, 7, 101. Recen t ly ,  ev idence  has  
been  p resen ted  which  ind ica tes  t ha t  mice t rea ted  wi th  CYC 
30 :rnin before  t ra in ing  in a one- t r ia l  i n h i b i t o r y  avoidance  
task show s igni f icant ly  sho r t e r  s tep-out  la tencies  w h e n  
r e t e n t i o n  is t e s ted  5 min  to  24  hr  af ter  t r a in ing  [5 ] .  The  
present  s t udy  was carr ied ou t  to  examine  the  poss ibi l i ty  
thai: shor t  s t ep-ou t  la tenc ies  are the  resul t  of  an e f fec t  of  
CYC in increas ing l o c o m o t o r  ac t iv i ty  levels r a t h e r  t h a n  any  
amnes ic  effect .  

EXPERIMENT 1 

The  aim of  E x p e r i m e n t s  1 and  2 was to corre la te  the  
occur rence  of  r e t rograde  amnes ia  for  a one- t r ia l  i n h i b i t o r y  
avoidance  response  resul t ing  f rom CYC a d m i n i s t r a t i o n  wi th  
a CYC-induced  e n h a n c e m e n t  o f  l o c o m o t o r  act ivi ty .  It  was 
expec ted  t ha t  b y  varying the  dose o f  CYC, one  migh t  
dissociate  the  effects  o f  CYC on amnes ia  f rom its ef fec t  on  
act ivi ty.  

Me th od 

Animals. The animals  were male  mice,  25 g in weight ,  of  
the  C 5 7 B L / 6 J  strain,  m a i n t a i n e d  on  a f ixed 12 hr  l i g h t -  
dark  schedule ,  housed  in indiv idual  cages, wi th  food and 
wate r  ad lib. 

Apparatus. The appara tus  was a t w o - 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 I 0 cm long and  7 cm wide. A circular  
hole,  5 cm in dia., served as an en t r ance  to the  large com- 
p a r t m e n t  which  had black Plexiglas sides and  was 15 cm 
long and 10 cm wide. The  f loor  was made  of stainless steel 
rods  3 cm in dia. and  set 12 cm apart .  A black Plexiglas 
gui l lo t ine  d o o r  separa ted  the  two  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 wi th  separate  h inged  lids. 

Design and procedure. Basic p rocedu re  was as follows. 
Mice were placed in the  small  c o m p a r t m e n t ;  a f te r  t hey  
en te red  the  large c o m p a r t m e n t ,  the  c o n n e c t i n g  doo r  was 
closed and a 2 sec 0.2 m A  shock was au toma t i ca l ly  delivered 
t h r o u g h  the  bars. Latencies  to  en te r  the  large c o m p a r t m e n t  
were recorded  b o t h  on  the  t ra in ing  trial  and  the  r e t e n t i o n  
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TABLE 1 

M E A N  S T E P - O U T  L A T E N C I E S  F O R  MICE I N J E C T E D  W I T H  B O T H  D O S E S  O F  CYC A N D  
T R A I N E D  IN T H E  P A S S I V E - A V O I D A N C E  T A S K  

Significance 
Mean retention compared with 

Group N Time of test latency S.D. saline control 

1 : C Y C - 1 2 0  mg/kg l0 10 min 52.7 0.32 p~<0.01 

2 : C Y C - 4 0  mg/kg 15 10 min 200.7 0.27 NS 

3: SALINE 25 10 min 203.6 0.3l 

4: CYC 120 mg/kg 10 24 hr 76.5 0.19 p<~0.01 

5 : C Y C - 4 0  mg/kg 10 24 hr 127.0 0.26 NS 

6: SALINE 10 24 hr 147.1 0.37 

test trial. Mice were injected subcutaneously  in the back of  
the neck 30 min before  training and tested for re tent ion  
either 40 min or 24 hr af ter  injection.  

For  testing at 40 min, the groups were: saline (N = 25); 
CYC, 120 mg/kg (N = 10); CYC, 40 mg/kg (N = 15). Both 
doses of  drug were dissolved in 0.3 cc solution of  physio- 
logical saline. For  testing at 24 hr, the groups were: saline 
(N = 10); CYC, 120 mg/kg (N = 10); CYC, 40 mg/kg (N = 
lO). 

Results 

A one-way analysis of  variance with Scheffe pairwise 
comparisons were used to analyze the results of  this experi- 
ment  and Exper iment  4 [ 12]. The results of  Exper iment  1 
indicate that  mice treated with CYC 120 mg/kg  exhibi ted 
significantly shorter  re tent ion latencies when tested 10 min 
after training compared to saline controls  (Scheffe  pairwise 
comparisons of one-way ANOVA,  df  = 1/56, F 20.21, 
p<0.01) .  

Mice treated with 40 mg/kg of  CYC were not  signifi- 
cantly different  f rom saline controls  when re tent ion  was 
measured 10 rain after training (Scheffe pairwise compari-  
sons of  one-way ANOVA,  df  = 1/56, F = 0.21). CYC- 
injected mice tested for re tent ion 24 hr after training 
exhibi ted significantly shorter re-entry latencies compared 
to saline controls (Scheffe pairwise comparisons of  one-way 
ANOVA,  df  = 1/36, F = 20.42, p<0 .01) ,  but  mice treated 
with 40 mg/kg of  CYC did not exhibi t  significantly shorter  
re tent ion  latencies compared to saline controls  at this t ime 
(Scbeffe pairwise comparisons of  one-way ANOVA,  d j =  
1/36, F = 0.003). 

E X P E R I M E N T  2 

In the fol lowing exper iment ,  we investigated the effects  
of  the same two doses of  CYC on l o c o m o t o r  activity. As 
noted in the in t roduct ion  to Exper iment  1, this procedure  
might be expected to clarify whether  the increased loco- 
moto r  activity induced by CYC contr ibuted  to the memory  

deficit observed in CYC-treated animals in the passive- 
avoidance task. 

Me th od 

L o c o m o t o r  activity was measured by placing a card- 
board insert on the f loor  of  the large compar tment  of  the 
passive-avoidance apparatus. A line was drawn across the 
middle of  the cardboard,  dividing the apparatus in to  three 
sections when the connect ing door  to the start box was 
opened.  Mice were placed in the small compar tmen t  and 
given 1 point  each t ime they crossed a line. Cumulated  
activity counts  were recorded each minute  for a 10-rain 
period. 

Design and procedure. L o c o m o t o r  activity was recorded 
for 10 min for groups of  mice starting ei ther 30 rain or 
24 hr after subcutaneous inject ion of  ei ther 120 mg/kg 
CYC, 40 mg/kg CYC, or  saline alone. At 30 min: CYC, 
120 mg/kg (N = 10); CYC, 40 mg/kg (N = 10); and saline 
(N = 10). At 2 4 h r :  CYC, 1 2 0 m g / k g  (N = 10); CYC, 
40 mg/kg (N = 10); and saline alone (N = 10). The t iming of  
activity testing for all groups coincided with the t ime of  
training and testing in the passive-avoidance exper iment .  

Results 

The locomoto r  activity scores are presented in Fig. 1. A 
two-way analysis of  variance with repeated measures and 
Scheffe pairwise comparisons were used to analyze the 
results o f  this experiment .  This analysis indicates that  mice 
injected with CYC 120 mg/kg and CYC 40 mg/kg 30 min 
before activity sessions had significantly higher l ocomoto r  
ac t iv i ty  levels compared to saline controls  ( two-way 
ANOVA,  repeated measure, df = 9/324,  F = 10.76, 
p<0.01) .  Scheffe pairwise comparisons indicate that  bo th  
doses of  CYC significantly increased l ocomoto r  activity 
levels compared to saline controls  when activity was 
measured for 10 rain starting 30 min following drug 
administrat ion.  (CYC 120 mg/kg, df = 1/36, F = 8.10, 
p<0 .01 ,  and CYC 4 0 m g / k g ,  d f  = 1/36, F = 43.49, 
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FIG. I. Cumulated activity counts for mice treated with 120 mg/kg cycloheximide, 40 mg/kg cycloheximide, pargyline 75 mg/kg, 
or saline. The timing of activity testing for groups coincided with the time of training and testing in the passive-avoidance 

experiment. (A) tested 30 min after injection. (B) tested 24 hr after injection. 

p<:0.001). Mice treated with either of  the CYC doses and 
given activity sessions 24 hr following drug administration 
also exhibited significantly increased locomotor  activity 
when compared to saline controls (two-way ANOVA, 
repeated measures, df  = 9/324, F = 19.01, p<0.001,  and 
Sclheffe pairwise comparisons: CYC 120 mg/kg, dr= 1/36, 
F := 7.66, p<0.01 and CYC 40 mg/kg, df  = 1/36, F = 30.63, 
p<0.001).  

EXPERIMENT 3 

In an attempt to further dissociate activity from 
amnesia, we attempted to determine whether a monoamine 
oxidase inhibitor, pargyline, which has been observed to 
increase locomotor  activity [2] but which has no known 
amnesic properties would significantly reduce step-out 
latencies in the passive-avoidance task. The object of 
Experiment 3 was to record activity scores following 
pargyline injection using the test conditions previously 
employed with CYC in Experiment 2. In Experiment 4, we 
attempted to determine the effect of pargyline administra- 
t/on on step-out latencies in the passive-avoidance task. 

Melh od 

]in this experiment, our basic procedure was identical to 
tha~: previously described in Experiment 2. Group 1: Mice 
were injected with pargyline (75 mg/kg, i.p. in 0.2 cc saline 
solution) (N = 10) or with saline alone (N = 10) 1 hr before 

activity sessions. Group 2: Mice were similarly treated as in 
Group 1; pargyline (75 mg/kg in 0.2 cc saline solution, 
injected i.p.) (N = 10) and saline alone (N = 10). Activity 
sessions were given 24 hr after drug administration. Activity 
counts were recorded each minute for a 10-min period. 

Results 

Activity scores for the pargyline-treated animals are 
shown in Fig. 1. The results of Experiment 3 indicate that 
pargyline significantly increased locomotor activity 1 hr 
and 24 hr after injection compared to saline controls (two- 
way ANOVA with repeated measures; at I0 min, df  9/324, 
F = 10.76, p<0.01. At 24hr ,  df  = 9•324, F = 19.01, 
p<O.O01. Scheffe pairwise comparisons of two-way 
ANOVA repeated measures: pargyline, 1 hr, df  1/36, F = 
8.14, p<0.01;  pargyline, 24 hr, df  = 1/36, F = 62.74, 
p<0.001).  

EXPERIMENT 4 

Apparatus. The apparatus was the same as described in 
Experiment 1. 

Design and procedure. In this experiment, our basic 
procedure was identical to that previously described in 
Experiment 1. Group 1: Mice were injected with either 
pargyline (75 mg/kg, i.p.) in 0.2 cc saline solution (N = 10), 
or saline alone (N = 10), and trained in the passive- 
avoidance task 50 min later. Retention was tested 10 min 
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af ter  t ra ining.  This  dose level and in jec t ion  t ime  were 
selected so tha t  greater  t han  95% inh ib i t i on  of  MAO was 
achieved at t ime  of  tes t ing  [4,6]  and also co inc ided  w i th  
the  t ime  of  tes t ing  emp loyed  in E x p e r i m e n t  1. G r o u p  2: 
Mice were similarly t r ea ted  to  those  in G r o u p  1; pargyl ine  
(75 mg/kg, i.p. in 0.2 cc so lu t ion)  (N = 10) and  t ra ined  
50 min  later.  R e t e n t i o n  was tes ted  24 hr  af ter  drug adminis-  
t ra t ion .  

Resul t s  

The results  of  E x p e r i m e n t  4 indica te  t ha t  pargyl ine-  
t rea ted  mice tes ted  for  r e t e n t i o n  at t h r  and at 24 hr  
f o l l o w i n g  drug admin i s t r a t i on  did no t  have s tep-out  
l a t e n c i e s  s igni f icant ly  d i f fe ren t  f rom saline con t ro l s  
(Scheffe  pairwise compar i sons  of  one-way ANOVA,  at 1 hr:  

= 163.6 sec, d f  = 3/56,  F = 0.16;  at 24 hr:  X = 99.1 sec, 
d r =  3/56,  F = 0.28).  

DISCUSSION 

The results  of  E x p e r i m e n t s  1 and 2 ind ica te  a par t ia l  
dose d e p e n d e n t  separa t ion  of CYC's  effect  on  s tep-out  
la tencies  f rom its ef fec t  on  l o c o m o t o r  act ivi ty.  The resul ts  
of  Expe r imen t s  3 and 4 provide  add i t iona l  suppor t  for th is  
hypo thes i s  by  showing  t ha t  pargyl ine  s ignif icant ly  increases 
l o c o m o t o r  act ivi ty ,  bu t  does  no t  s ignif icant ly  decrease  step- 
ou t  la tencies  in the  passive-avoidance task. These  resul ts  
clearly indicate  t ha t  e n h a n c e m e n t  of  l o c o m o t o r  act ivi ty is 
no t  always accompan ied  by  a decrease  in s tep-out  latencies.  
It is i m p o r t a n t  to  po in t  ou t  t ha t  our  data  differs  f rom the  
results  repor ted  in previous  expe r i m en t s  [3, 7, 10] ,  wh ich  
d e m o n s t r a t e d  t ha t  the  effects  of  120 mg/kg CYC on loco- 
m o t o r  act ivi ty  were shor t - las t ing  ( increases  up to 45 rain 
and a r e tu rn  to basel ine  at 24 hr).  The failure of these  
s tudies  to  de tec t  an e n h a n c e m e n t  of  l o c o m o t o r  act ivi ty at 
24 hr  might  be  a t t r i bu t ab l e  to hab i t ua t i on ,  since the  same 
animals  were tes ted  at  the  45 rain and at the  24 hr  act ivi ty  
sessions. 

A recen t  e x p e r i m e n t  [2] has shown  tha t  mice in jec ted  
wi th  120 mg/kg  CYC 30 min before  passive-avoidance train-  
ing and t rea ted  wi th  pargyl ine  2 hr  pr ior  to  the  24 hr  re tes t  
show signif icant ly  increased r e t e n t i o n  la tencies  compared  
to a CYC-SAL group bu t  no t  a SAL-SAL group.  The resul ts  
of  add i t iona l  con t ro l  groups  led the  au thors  to  conc lude  
t ha t  the  increased s tep-out  la tencies  of  the  CYC-pargyl ine 
group was due  to the  drug ' s  a t t e n u a t i o n  of  CYC-induced 
re t rograde  amnesia .  They  also observed a cons iderab le  
increase in l o c o m o t o r  act ivi ty in the  pargyl ine- t rea ted  mice 
when  they  were placed in the  start  c o m p a r t m e n t  of  the  
pass ive-avoidance box  for  the  r e t e n t i o n  test.  Segal, Squire  
and Barondes  [7] have recen t ly  shown tha t  iso-cyclohexi-  
rnide, an i somer  of  CYC, increases l o c o m o t o r  ac t iv i ty  bu t  
does  no t  affect  r e t e n t i o n  in a mul t ip le- t r ia l  shock  avoidance  
task. These resul ts  provide add i t iona l  suppor t  for  the  
separa t ion  of  CYC's  effects  on  l o c o m o t o r  act ivi ty f rom its 
effects  on  memory .  

A n u m b e r  of s tudies  have shown  tha t  CYC can p roduce  
amnesia  rapidly a f te r  t raining.  Qua r t e rma in  and McEwen  
[51 have s h o w n  tha t  mice in jec ted  wi th  CYC and t ra ined  in 
a o n e - t r i a l  pass ive-avoidance task unde r  low shock  
(0 .16 mA)  show a well-developed amnesia  when  tes ted  at 1 
min and  5 rain af ter  t raining.  It should  be no t ed  t ha t  w i th  
high shock (1.6 mA),  the re  were no  significant  d i f ferences  in 
the  la tencies  b e t w e e n  the  saline and CYC-injected an imals  
unt i l  24 hr  a f te r  t raining.  Squire and Barondes  [8] and  
Squire, Smi th  and Barondes  [11]  r epor t ed  tha t  a CYC- 
sensi t ive c o m p o n e n t  of  m e m o r y  could be de tec ted  wi th in  
minu t e s  af ter  t ra in ing  onse t  in the  mul t ip le- t r ia l  shock-  
avoidance  task. These results,  the re fore ,  indicate  t h a t  in 
b o t h  passive-avoidance and mul t ip le- t r ia l  shock escape 
tasks, CYC-injected mice show amnes ia  w h e n  r e t e n t i o n  is 
tes ted wi th in  an h o u r  fo l lowing training.  It thus  appears  
tha t  an earlier hypo thes i s  [1 ,8]  which  pos tu la ted  t ha t  
shor t - t e rm m e m o r y  was insensi t ive to CYC will have to be 
revised. 
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