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VEALE, W. L. Ethanol selection in the rat following forced acclimation. PHARMAC. BIOCHEM. BEHAV. 1(2) 233-235,  
1973.-In the rat, forced drinking of ethanol does not produce greater drinking subsequently. The gradual acclimation to 
ethanol in the presence of an alternate solution has been shown to result in greater selection of ethanol in later tests [ I 1 ]. 
Rats forced to drink a 30% concentration of ethanol for several months following an interval during which time they were 
forced to drink ethanol solutions in increasing concentrations from 3-30%, selected alcohol in a free-choice test situation 
in amounts in excess of 11 g/kg/day. This finding suggests that forced acclimation to ethanol does not necessarily lead to 
reduced subsequent ethanol selection may be an effective means of getting animals to select ethanol in relatively large 
amounts. It is suggested that the forced acclimation procedure combined with the method recently described by Falk et al. 
[3] may produce greater maintained volitional drinking of ethanol. 
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S E V E R A L  inves t igators  have d e m o n s t r a t e d  t ha t  the  forced  
c o n s u m p t i o n  of  e thano l  so lu t ions  in c o n c e n t r a t i o n s  ranging 
f rom 8 to  24 per  cent  does  no t  resul t  in an  increase in 
s u b s e q u e n t  d r ink ing  of  e t h a n o l  [ 4 , 9 ] .  However ,  a slight 
increase in the  se lec t ion  of  e t hano l  in a c o n c e n t r a t i o n  of  5% 
was observed fo l lowing forced  c o n s u m p t i o n  o f  the  same 
c o n c e n t r a t i o n  for  several days  [ 5 ] .  When  forced  to  con-  
sume e thano l  in so lu t ions  ranging f rom 5 _ 2 0 % ,  rats  showed  
on ly  a very slight increase  in e t hano l  c o n s u m p t i o n  even 
t h o u g h  they  had been  m a i n t a i n e d  on  the  tes t  c o n c e n t r a t i o n  
for  as long as 4 m o n t h s  [ 6 ] .  Similar ly ,  rats res t r ic ted  to 
c o n c e n t r a t i o n s  of  e t hano l  f rom 2 - 1 6 %  for  6 m o n t h s  
increased the i r  p re fe rence  on ly  sl ightly for  the  lower  
c o n c e n t r a t i o n s  (2 and  8%) but  re jec ted the  h igher  (16%) 
c o n c e n t r a t i o n  [ 10] .  More  recen t ly ,  Veale and  Myers  [ 11 ] 
showed  tha t  w h e n  rats  were  forced  to d r ink  a 15% so lu t ion  
of  e t h a n o l  the i r  s u b s e q u e n t  p re fe rence  for  e t h a n o l  was 
r educed  whereas  an imals  tha t  had been  gradual ly  accli- 
ma ted  to e t h a n o l  increased the i r  c o n s u m p t i o n  progres- 
sively. In an ex tens ion  o f  this  s tudy  Carey [ 1 ] showed  tha t  
the  forced d r ink ing  of  5% e thano l  by  f luid depr ived  rats  for  
30 min  per  day for  10 days  did no t  increase the  s u b s e q u e n t  
d r ink ing  this  same so lu t ion  whereas  forced  d r ink ing  of  a 
10% e thano l  so lu t ion  reduced  s u b s e q u e n t  dr inking .  On  the  
o t h e r  hand ,  Cicero et al. [2]  d e m o n s t r a t e d  t ha t  rats  
res t r ic ted  to  7% e thano l  for  133 days  showed  an increase in 
e thano l  c o n s u m p t i o n  in a s u b s e q u e n t  self-select ion test .  

Recen t ly ,  Falk et al. [3]  have specif ied several cri teria 

which  would  faci l i ta te  the  s tudy  o f  a lcohol i sm using an 
an imal  mode l  and  have furn ished  impressive evidence t ha t  
these  cri teria have been  met .  We present  evidence in this  
paper  t h a t  forced dr ink ing  of  high c o n c e n t r a t i o n s  of  
e thano l  does  no t  necessari ly lead to reduced  vol i t ional  
in t ake  and  may even resul t  in the  se lec t ion of  high levels of  
e t hano l  in a self-select ion s i tua t ion .  We fu r t he r  suggest t ha t  
this  m e t h o d ,  in c o m b i n a t i o n  wi th  tha t  descr ibed by  Falk et 
al. [ 3 ] ,  may  result  in the  p r o d u c t i o n  of  a more  app rop r i a t e  
an imal  analogue o f  a lcohol i sm than  now exists.  

METHOD 

T w e n t y  120-day old male rats  o f  the  Long-Evans  s t ra in  
were housed  individual ly  and  ma in ta ined  on  an ad lib diet  
in an  a i r - cond i t ioned  l abo ra to ry  room unde r  c o n s t a n t  
i l l umina t ion  at 7 0 - 7 2  ° F. 

Over  a per iod of  5 m o n t h s ,  9 rats  were gradual ly  forced  
to dr ink increasing c o n c e n t r a t i o n s  of  e t hano l  so lu t ions  
beg inn ing  wi th  3%. Every 14 days the  c o n c e n t r a t i o n  was 
increased by  one  step in the  fo l lowing sequence ;  3 , 4 ,  5, 7, 
9, 10, 12, 15, 20,  25 and  30%. The  rats were t hen  
ma in t a ined  on  30% e thano l  for  the  fol lowing 6 m o n t h s  
before  t hey  were of fe red  a choice  be tween  tap wa te r  and a 
so lu t ion  of  e thano l .  At  the  beg inn ing  of  the  e leven th  m o n t h  
e thano l  so lu t ion  and  water  were available s imul t aneous ly  
the  e thano l  so lu t ions  in c o n c e n t r a t i o n s  beg inn ing  at 3% and  
increasing one  step each day in the  sequence  descr ibed 
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above.  During the  expe r i emen t s ,  3 Kimax dr ink ing  tubes  
were used and the  preference  tests  emp loyed  the  3 b o t t l e  
m e t h o d  of  Myers and Ho lman  [7 ] .  

The  con t ro l  g roup  had no  previous  exposure  to  e t hano l  
bu t  where  t rea ted  as those  in the  forced acc l ima t ion  group.  
Water  was available in 3 Kimax dr ink ing  tubes  in each  cage 
over  the  en t i re  1 I m o n t h  expe r imen ta l  per iod before  they  
were offered a choice  be tween  e t hano l  and  wa te r  in the  
sequence  descr ibed above.  Fo l lowing  the  preference  test  a 
2-day per iod elapsed and the  same test  was repeated  in b o t h  
groups.  

Alcohol  so lu t ions  were mixed in tap wate r  (v/v)  and 
replaced each day.  Body weight  was recorded  at regular  
intervals and the  animals  were observed for  unusual  
behaviora l  responses.  

RESULTS AND DISCUSSION 

The  effect  of  forced c o n s u m p t i o n  of  a relatively high 
c o n c e n t r a t i o n  of  e thano l  fo l lowing previous  gradual  forced  
acc l imat ion  produces  a s ignif icant  increase in e thano l  
se lect ion in a free-choice test.  Figure 1 i l lustrates  t he  in take  
of  e thano l  for  b o t h  the  con t ro l  and  forced acc l ima t ion  
groups  in g per  kg per  day for  each c o n c e n t r a t i o n  o f  the  
test  sequence.  The  in take  record  represen ted  by the  crosses 
(x x) i l lustrates  the  mean  e t hano l  in t ake  and  twice the  
s t andard  error  for  the  forced acc l imat ion  group  dur ing  the  
first test  sequence .  The  in take  for  the  con t ro l  group is 
represen ted  wi th  twice the  s t andard  er ror  by the  circles 
(o ~). It is evident  t ha t  the  animals  tha t  had e t h a n o l  as 
thei r  sole fluid for  6 m o n t h s  fol lowing gradual  forced 
acc l imat ion  consumed  s ignif icant ly  more  e thano l  in the  
free-choice s e t t i n g ( t  = 7 . 9 2 ; d f =  1 8 ; p < 0 . 0 1 )  t han  did the  
con t ro l  animals.  It is in teres t ing  to note  tha t  the  12% 
solu t ion  which  was well above  t ha t  normal ly  selected by  
rats [8,11 ] was selected in the  greates t  a m o u n t .  The  mean  
weight  of  these  rats was 480  g which  means  t ha t  t he  in take  
for the  12% c o n c e n t r a t i o n  represents  an in take  o f  11.2 ± 
1.68 g per  kg per  day.  

In the  second e thanol  so lu t ion-wate r  test  which  was 
separated f rom the  first by 2 days, the  d i f fe rence  be tween  
the  forced acc l imat ion  group  and the  con t ro l  g roup  was 
s ignif icant ly  d i f fe rent  (t  = 7 .70;  d f  = 18; p<0.O1) .  The  
absolu te  a m o u n t  of  e thano l  consumed  by the  forced 
acc l imat ion  group  dur ing  the  second test  was less t han  t ha t  
consumed  by this  same g roup  dur ing  the  first test .  The  
in take  records wi th  twice the  s tandard  er ror  are i l lus t ra ted 
in Fig. 2 for  b o t h  the  forced acc l imat ion  ( x -  x) and  
con t ro l  (c~ - o) groups.  

The  results  of  these expe r imen t s  clearly indicate  tha t  
pr ior  exposure  to e thano l  is a s ignif icant  fac to r  in deter -  
mining  subsequen t  intake.  It has been  s h o w n  previously 
tha t  if an an imal  is forced  to dr ink  e thano l  in concen t r a -  
t ions  above tha t  which  the  animal  would  normal ly  select in 
a free-choice s i tua t ion ,  the  s u b s e q u e n t  se lec t ion of  e thano l  
in a free-choice test  is reduced I 1 1 ] .  Even when  the  
c o n c e n t r a t i o n  the  rats are forced to dr ink  is relat ively low 
(5%) the  subsequen t  increase is very small  [ 1,61. Fu r the r ,  
in the  s tudies  which forced c o n s u m p t i o n  of  a non-pre fe r red  
so lu t ion  p roduced  lower  s u b s e q u e n t  e thano l  d r ink ing  [ I 1 ], 
the animals  may not  have been able to accl imate  to  the  high 
c o n c e n t r a t i o n  di rect ly  w i t h o u t  previous  exposure .  In the  
expe r imen t s  of  this paper ,  30% e thano l  was forced 
upon  a g roup  ot; rats  for  a per iod of  6 m o n t h s ,  bu t  on ly  
af ter  they had been  gradual ly  acc l imated  to this  high 
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FIG. 1. Intake of alcohol (g/kg/day) for the specific concentration 
offered on each day of the alcohol solution-water choice sequence. 
The intake for the control group is represented by the circles 
(~ ... o) and that for the tbrced acclimation group is represented by 
the crosses (x .. x). Each point represents a mean value and each 

vertical bar represents twice the standard error. 

c o n c e n t r a t i o n  over  a per iod of  5 mon ths .  In a self-select ion 
test  at this  t ime  the  forced acc l imat ion  animals  consumed  
s ignif icant ly  larger quan t i t i e s  of  e thano l  t han  did con t ro l  
animals.  T h r o u g h o u t  the  expe r imen ta l  per iod all an imals  
showed a normal  weight  gain and displayed no unusual  
behavioura l  pa t terns .  Fol lowing t he  t e r m i n a t i o n  of  e thano l  
the  rats did appear  i r r i table  upon  .hand l ing  bu t  this  
behav iour  d isappeared over  a per iod of  1 3 days. 

Fol lowing forced acc l imat ion  the  a m o u n t  of  a lcohol  
selected by the  rats was 3.1 to 11.2 g per  kg per  day 
depend ing  on  the  c o n c e n t r a t i o n  available. It is in te res t ing  
to no te  t ha t  the  12% c o n c e n t r a t i o n  was c o n s u m e d  to the  
greates t  e x t e n t  and tha t  this  c o n c e n t r a t i o n  is well above 
tha t  normal ly  preferred  by rats [ 1 1 ] .  The  fact  tha t  the  
lower c o n c e n t r a t i o n s  of  2, 3, 4 and 5% were not  selected in 
as great  a q u a n t i t y  as the  c o n c e n t r a t i o n s  f rom 7-- 15 would  
indica te  tha t  the  long- te rm forced acc l ima t ion  changed  the  
animals '  normal  se lec t ion of  the  lower  c o n c e n t r a t i o n  to 
higher  ones.  Carey [ 1 ] found  tha t  the  effect  on  subsequen t  
e thano l  preference  of  previous  exper ience  wi th  e thano l  
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eventually did disappear  and this is compat ib le  wi th  our  
results. 

The results indicate  the great need for  careful in terpreta-  
t ion of  data involving e thanol  intake in animals which have 
had previous exposure  to  the substance.  The type  of  initial 
exposure ,  the length of  forced consumpt ion ,  the  presence 
or absence of  an alternative fluid, the interval be tween  the 
last o p p o r t u n i t y  to  consume  e thanol  and the concen t ra t ion  
of  the solu t ions  themselves  as well as the  m e t h o d  of  
p resen ta t ion  are all ex t remely  impor tan t  variables which 
must  be considered in exper iments  which involve the 
ingestion of  ethanol .  In addi t ion,  these results suggest that  
the  problem of  get t ing animals to select alcohol over an 
al ternative solut ion in relatively large amoun t s  may be one  
which can be overcome.  Recent ly ,  Falk et al. [2] have 
d e m o n s t r a t e d  that  an animal 's  intake of  e thanol  can be 
mainta ined at high levels for relatively ex tended  periods of  
t ime using the t echn ique  of  schedule- induced polydipsia.  
Perhaps  the use of  the  schedule- induced polydipsia tech- 
nique to maintain the  intake of  e thanol  following a regimen 
of  forced accl imat ion may lead to an even be t te r  animal 
analogue of  alcoholism. 

ALCOHOL CONCENTRATION % 

HG. 2. Intake of alcohol (g/kg/day) for the specific concentration 
offered on each day of the alcohol solution --water choice sequence. 
The intake for the control group is represented by the circles 
(:) - o) and that for the forced acclimation group is represented by 
the crosses (x - x). Each point represents a mean value and each 

vertical bar represents twice the standard error. 
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