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DI GIUSTO, E. L. AND N. BOND. Enhancement of pseudoconditioning and retardation of escape by low doses of ethanol. 
PHARMAC. BIOCHEM. BEHAV. 6(2) 175-177,  1977. - Independent groups of mature Wistar rats were injected 
intraperitoneally with 0.9% NaCI solution or 0.5 g/kg, 1 g/kg or 2 g/kg ethanol prepared from a 30% ethanol solution in 
0.9% NaC1. Thirty rain later each animal was placed in a two compartment shuttlebox and given 25 trials during which 
footshock was presented every 60 sec and tones of 8 sec duration were randomly programed. Shock-escape latencies and 
frequencies of intercompartmental (pseudoconditioned) responses to the tone were measured. The results showed that 1 
g/kg and 2 g/kg ethanol significantly retarded escape performance but 2 g/kg ethanol significantly enhanced 
pseudoconditioning. These findings have implications for the design of experiments concerned with the effects of drugs on 
learning processes, and for theories of the effects of ethanol on behavior. 
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WHILE it is well es tabl i shed  t ha t  high doses  of  e t hano l  
have a m a r k e d  depressan t  e f fec t  on  behavior ,  the  role of  
low doses of  the  drug has no t  been  c o m p l e t e l y  clarified. In 
fact,  several r ecen t  an imal  e x p e r i m e n t s  t oge the r  provide  
evidence t ha t  e t h a n o l  admin i s t e r ed  in low quan t i t i e s  has  a 
s ignif icant  s t imu lan t ,  ac t iva t ing  or d i s inh ib i to ry  ef fec t  on  
behav io r  in a var ie ty  of  species and e n v i r o n m e n t a l  con tex t s .  
For  example ,  it has  been  d e m o n s t r a t e d  tha t  doses of  
e thano l  ranging f rom 1 to 3 g /kg increased m o t o r  ac t iv i ty  in 
rats and mice  [ 3 ] ,  r e ta rded  the  rate of  h a b i t u a t i o n  of  a 
c o n s u m m a t o r y  response  (p rey-ca tch ing)  in frogs [ 7 ] ,  in- 
creased low rates  of  lever-pressing for  food  in squirrel  
m o n k e y s  [ 6 ] ,  e n h a n c e d  acquis i t ion  of  s h u t t l e b o x  avoid- 
ance r e spond ing  in rats  [5] and re ta rded  e x t i n c t i o n  of  
active avoidance  re spond ing  in ra ts  and mice ]1 ,2 ] .  
Fu r the r ,  the re  is ev idence  t ha t  acute  doses of  e t hano l  
s t imula te  the  synthes i s  of  bra in  ca t echo l amines  [4 ] ,  and 
t ha t  c~methyl-p-tyrosine,  which  inh ib i t s  c a t e c h o l a m i n e  
synthes is  at  the  ty ros ine  hyd r oxy l a s e  step,  b locks  b o t h  
e thano l - induced  m o t o r  ac t iv i ty  [3] and e thano l -caused  
e n h a n c e m e n t  of  avoidance  r e spond ing  [5 ] .  These  s tudies  
suggest a close re la t ionship  b e t w e e n  e t hano l - i nduced  be- 
havioral  ac t iva t ion  and the  c a t e c h o l a m i n e  system.  

In a separate  series of  s tudies  using rats, l zqu ie rdo  [8,9]  
r epor t ed  t ha t  drugs which  in f luence  the  c a t e c h o l a m i n e  

s y s t e m  (e.g. a m p h e t a m i n e )  atso in f luence  pseudo-  
cond i t i on ing  in the  shu t t l ebox .  P s e u d o c o n d i t i o n i n g  was 
ob ta ined  by p rograming  f o o t s h o c k s  and tones  in- 
d e p e n d e n t l y  of  one a n o t h e r  dur ing  a single test  session. The 
f r equency  of  i n t e r c o m p a r t m e n t a l  crossings to the tones  
served as the  response  index.  As l zqu ie rdo  [8] has po in ted  
out ,  p s e u d o c o n d i t i o n i n g  is a neglected bu t  po ten t i a l ly  
i n t e r e s t i n g  p h e n o m e n o n  in tha t  a l t hough  pseudo-  
cond i t i oned  responses  are topograph ica l ly  similar to con-  
d i t ioned  responses,  they  occur  in the absence  of a con- 
t ingency  be tween  tones ,  responses  and shocks,  they  de- 
crease r a the r  t h a n  increase in f r equency  wi th  repe t i t ion ,  
they show no evidence of  r e t en t i on  and they have d i f fe ren t  
neu rochemica l  corre la tes  to cond i t i oned  responses  [9 ] .  
P s e u d o c o n d i t i o n e d  responses  thus  appear  to reflect  a 
t empora ry ,  nonassocia t ive ,  ac t iva t ion  process  which  may  
act as a po t en t i a l  c o n t a m i n a n t  of  associat ive learning such 
as avoidance  cond i t ion ing .  

The  above e x p e r i m e n t s  appear  to es tabl ish  a close 
re la t ionship  be tween  small  doses of  e thanol ,  increased 
ca t echo l amine  synthes is  and behaviora l  ac t iva t ion  in a 
var iety o f  c o n t e x t s  on  the one  hand ,  and the ca t echo lamine  
system and p s e u d o c o n d i t i o n i n g  on  the  o ther .  This  re- 
la t ionship  suggested an e x p e r i m e n t  examin ing  the  effect  of  
small  doses of  e t hano l  on  p s e u d o c o n d i t i o n i n g .  In add i t ion ,  
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the ef fec t  of e thano l  on escape p e r f o r m a n c e  in the  
s h u t t l e b o x  was s tudied.  

M E T H O D  

Animals 

A tota l  of  80 male  Wistar  rats  a p p r o x i m a t e l y  130 days 
old at tes t ing were used. On each of  3 days pr io r  to tes t ing 
the rats  were indiv idual ly  hand l ed  for  several minutes .  
Animals  were m a i n t a i n e d  two  to a cage in 12 hr:  12 h r  l ight 
on: l ight  off  c o n d i t i o n s  with ad lib food  and  water .  Tes t ing  
always occur red  dur ing  the l ight  on  phase.  

Apparatus 

The majo r  piece of  appa ra tus  consis ted  of  a conven t i ona l  
two c o m p a r t m e n t  s h u t t l e b o x  ident ica l  to t ha t  descr ibed in 
detai l  by Chesher  [ 5 ] .  The  s h u t t l e b o x  was fully a u t o m a t e d  
and escape la tencies  to shock and f r equency  of  inter-  
c o m p a r t m e n t a l  responses  were recorded  by  means  of  
a u t o m a t i c  p r i n t o u t  t imers.  All e q u i p m e n t  was s i tua ted  in a 
da rkened ,  t e m p e r a t u r e  con t ro l l ed ,  sound  a t t e n u a t e d  
cubicle.  

Procedure 

Each rat  was assigned r a n d o m l y  to one of  the  four  
groups,  each of  which  consis ted of  20 animals.  Th i r ty  min  
pr ior  to  tes t ing animals  were in jected in t r ape r i tonea l ly  wi th  
e i ther  0.9% NaC1 so lu t ion  or 0.5 g/kg, 1 g/kg or 2 g/kg 
e thano l  p repa red  f rom 30% e thano l  so lu t ion  in 0.9% NaC1. 
The saline con t ro l  g roup  received an in jec t ion  vo lume  
equiva lent  to  t ha t  received by the  1 g/kg e thano l  g roup  as it 
was cons idered  unnecessa ry  to con t ro l  for  saline vo lume  
across all three  e x p e r i m e n t a l  groups.  

During tes t ing each rat  was placed in the  same side of  
the  s h u t t l e b o x  and al lowed a 5 min  a d a p t a t i o n  per iod  wi th  
the  gui l lot ine  doo r  separa t ing  the  two c o m p a r t m e n t s  raised. 
The rat was subs equen t l y  r emoved  br ief ly  f rom the  
s h u t t l e b o x  while the  appa ra tu s  was ac t ivated  and the  
animal  was t h e n  replaced.  A 1.5 mA sc rambled  f o o t s h o c k  
began each of 25, 60 sec trials. On every trial the  shock 
remained  on un t i l  the  rat  escaped to the  o the r  com- 
p a r t m e n t .  Wi th in  each 60 sec interval  a 2800  Hz tone  of 8 
sec du ra t i on  was r a n d o m l y  p rogramed  wi th  the  res t r i c t ion  
tha t  no  tone  occur red  wi th in  10 sec pr ior  to or fol lowing 
shock.  This  res t r i c t ion  ensured  tha t  no close fo rward  or 
backward  pair ing of tone  and shock occurred .  

R E S U L T S  

The d e p e n d e n t  variables for each animal  were m e a n  
shock-escape la tency,  f r equency  of  i n t e r c o m p a r t m e n t a l  
responses  to  the  tone  ( p s e u d o c o n d i t i o n i n g )  and f r equency  
of i n t e r c o m p a r t m e n t a l  responses  dur ing the  absence  of 
tones  and  shocks  dur ing  the 25 test  trials. Since n o n e  of  the 
animals  r e sponded  in the absence  of tones  and shocks ,  
fo l lowing the  first shock,  this  ca tegory  was o m i t t e d  f rom 
the  data  analysis.  A s u m m a r y  of  the  results  is inc luded  in 
Table  1. 

An  analysis  of  var iance c o n d u c t e d  on  mean  shock-escape 
la tencies  showed  tha t  s ignif icant  d i f fe rences  occur red  
among  the  saline con t ro l  and e t hano l  t r e a t m en t s ,  F ( 3 , 7 6 ) =  

T A B L E I  

SUMMARY OF MEANS +- STANDARD ERRORS OF MEANS FOR 
ESCAPE L A T E N C I E S  AND PSEUDOCOND1TIONED RESPONSES 

FOR EACH OF THE FOUR GROUPS 

Treatment 

Dependent Variable 
Frequency of 

Escape latencies pseudoconditioned 
in sec responses 

saline solution 1.6 ± 0.21 3.1 _+ 0.84 
0.5 g/kg ethanol 1.7 ± 0.26 4.2 _+ 0.82 
1 g/kg ethanol 2.3 ± 0.22 3.1 _+ 0.77 
2 g/kg ethanol 2.5 + 0.26 6.1 ± 0.84 

3.39, p < 0 . 0 5 .  P lanned  compar i sons  revealed tha t  b o t h  2 
g/kg e thano l  ( p < 0 . 0 2 )  and l g/kg e thano l  ( p < 0 . 0 5 )  bu t  no t  
0.5 g/kg e thano l  ( p > 0 . 0 5 )  re ta rded  escape pe r fo rmance  
when  compared  to the con t ro l  group.  

An analysis  of variance c o n d u c t e d  on  f r equency  of 
p s e u d o c o n d i t i o n e d  responses  con f i rmed  tha t  s ignif icant  
d i f ferences  also occur red  on  this  d e p e n d e n t  variable among  
the saline con t ro l  and e thano l  t r e a tmen t s ,  F (3 ,76 )  = 2.93, 
p < 0 . 0 5 .  P lanned  compar i sons  revealed t ha t  only  the 2 g/kg 
e thano l  dose increased p s e u d o c o n d i t i o n i n g  ( p < 0 . 0 2 ) ,  while 
the 1 g/kg and 0.5 g/kg e thano l  doses had  no  signif icant  
effect  (p> 0.05).  

DISCUSSION 

The majo r  conc lus ion  f rom the  p resen t  s tudy  is tha t  a 
relat ively low dose of  e t hano l  s ignif icant ly  increased the  
f r equency  of p s e u d o c o n d i t i o n e d  responses.  This  result  
provides  add i t iona l  expe r imen t a l  suppo r t  for  the  hypo thes i s  
tha t  low doses of  e thano l  have s t imu lan t  proper t ies ,  
p robab ly  med ia ted  by the ca t echo lamine  sys tem,  and is 
cons i s ten t  wi th  the  results  of the  e x p e r i m e n t s  summar ized  
earlier. However ,  it seems unl ikely  tha t  a simple m o t o r  
ac t iva t ion  mechan i sm is suff ic ient  to expla in  all the 
repor ted  data.  In the p resen t  s tudy for  example ,  escape 
responding  was re ta rded  by  e thano l  at a dose which  
faci l i ta ted p s e u d o c o n d i t i o n i n g  (2 g/kg).  In fact,  escape 
responding  was also s ignif icant ly  d i s rup ted  by  a dose of 
e thano l  which  was too  low to affect  p s e u d o c o n d i t i o n i n g  ( 1 
g/kg). Also, Pliner and Cappel l  [10]  d e m o n s t r a t e d  tha t  
affect ive responses  to a lcohol  in h u m a n s  are s ignif icant ly  
inf luenced by the  social e n v i r o n m e n t .  The  la t ter  result  
suggests tha t  there  is no  simple co r r e spondence  be tween  an 
e thano l - induced  b iochemica l  m a n i p u l a t i o n  and its be- 
havioral  consequences ,  which  is i n d e p e n d e n t  of the em 
v i r o n m e n t a l  con tex t .  

The effects  of  e t hano l  and of o the r  drugs [91 on 
nonassocia t ive  processes  l inked to ac t iva t ion  s t rongly 
suggest t ha t  add i t iona l  con t ro l s  should  be inc luded when  
s tudy ing  the  effects  of  such drugs on learning.  For  example ,  
avoidance  acquis i t ion  s tudies  [51 have rarely included a 
p s e u d o c o n d i t i o n i n g  con t ro l  group despi te  the  fact tha t  use 
of aversive s t imu la t ion  makes  such p seudocond i t i on ing  a 
likely c o n t a m i n a n t  of pe r fo rmance ,  and thus  makes  correct  
i n t e rp r e t a t i on  of  the data  less probable .  
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