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ANISMAN, H. AND T. G. WALLER. Effects of  inescapable shock and shock-produced conflict on self selection of  
alcohol in rats. PHARMAC. BIOCHEM. BEHAV. 2(1) 27-33 ,  1974. - In five experiments it was found that stress 
of inescapable unavoidable shock produced increased self selection of alcohol. These effects were maintained only so 
long as the shock schedule was continued. Factors such as predictability of shock, shock schedule and nutritional 
deficiency were found not to alter alcohol consumption substantially. In contrast to the effects of inescapable unavoid- 
able stress, shock-produced conflict did not lead to the self selection of alcohol. Results were interpreted in terms of a 
Tension Reduction Hypothesis and the role of control over aversive stimulation. 
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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  e thy l  
a lcohol  decreases the  n u m b e r  of  responses  made  in an  
active avo idance  task [2,4]  and increases  the  d i s tance  sub- 
jects  will a p p r o a c h  in an a p p r o a c h - a v o i d a n c e  conf l ic t  
s i t ua t ion  [ 3, 12, 13 ]. On the  basis of  these  expe r imen t s ,  as 
well as a n u m b e r  of  o t h e r  comparab l e  repor t s  [ 8 ] ,  i t  had  
been  suggested t h a t  e t hano l  reduces  stress in  aversively 
m o t i v a t e d  s i tua t ions  (Tens ion  R e d u c t i o n  Hypothes i s ) .  

I t  fol lows t h a t  if  e t hano l  reduces  t ens ion  associated wi th  
the  stress of  e lectr ic  shock ,  t h e n  v o l u n t a r y  a lcohol  con- 
s u m p t i o n  in an aversive s i tua t ion  should  be re in forc ing  and,  
consequen t ly ,  should  increase in f requency .  However ,  
paradoxica l  results  have been  r epo r t ed  conce rn ing  this  
p red ic t ion .  Myers and H o l m a n  [14]  r epo r t ed  t ha t  n e i t h e r  
acc l ima t ion  to  a lcohol ,  or shock  p resen ted  on a par t ia l  
schedule  (variable or f ixed in te rva l )  resul ted  in increased  
a lcohol  c o n s u m p t i o n .  Similarly,  Casey [9] found  t ha t  
a lcohol  c o n s u m p t i o n  did n o t  increase  unt i l  16 days af ter  a 
stress t r e a t m e n t  was t e r m i na t ed .  In con t r a s t  to  these  
repor t s ,  several o the r  inves t iga tors  (e.g., [1, 11, 17] f o u n d  
t h a t  v o l u n t a r y  a lcohol  c o n s u m p t i o n  increased as a resul t  of 
stress p roduced  by  electr ic  shock.  

One fac to r  which  might  a c c o u n t  for  these  d i sc repan t  
resul ts  concerns  the  o p p o r t u n i t y  animals  have for sampl ing  
the  a lcohol .  Specifically,  since v o l u n t a r y  a lcohol  consump-  
t ion  in a stressful  s i tua t ion  is essent ia l ly  a m o d e  of escaping 
or  avoiding stress, the  ra te  of  acquir ing the  c o n s u m a t o r y  
response  shou ld  be regarded in the  same fash ion  as would  a 
r u n n i n g  or b a r - p r e s s  avo idance  response.  Specifically,  since 

d r ink ing  behav io r  c a n n o t  be cons idered  a defensive r eac t ion  
in the  rats r eper to i re  of  responses  [5 ] it is no t  at all surpris-  
ing t h a t  the  t e n d e n c y  to c o n s u m e  a lcohol  is acqui red  as 
slowly as i t  is. I t  would be expec t ed  t ha t  if  the  p robab i l i ty  
of a lcohol  be ing  sampled were max imized  while the  organ-  
ism were in the  stressful  s i tua t ion ,  t h e n  the  c o n s u m a t o r y  
responses  should  be  acqui red  more  readily.  Pre l iminary  
inves t iga t ions  carr ied out  at our  l abora tor ies  ind ica ted  t ha t  
one  m e t h o d  which  is f ru i t fu l  in this  respect  is s imply  to 
c o n t i n u o u s l y  house  the  an imal  in the  stressful  s i tua t ion  
wi th  b o t h  a lcohol  and water  freely available. In each of the  
s tudies  to  be r epor ted  this  t e c h n i q u e  was employed .  The 
var iables  m a n i p u l a t e d  in each of  the  e x p e r i m e n t s  essential ly 
r ep resen ted  an  a t t e m p t  to f u r t he r  e n h a n c e  the  rates  of self  
se lec t ion of  e t hano l  in an aversive s i tua t ion .  

E X P E R I M E N T  1 

One variable  which  may  in f luence  the  degree of voli- 
t iona l  a lcohol  c o n s u m p t i o n  is the  s t r e s s - r e s t  schedule  to  
which  an imals  are subjec ted .  Specifically,  it has been  
d e m o n s t r a t e d  t h a t  m o n k e y s  [6 ,7]  and rats [18]  are more  
p rone  to gastric u lce ra t ion  when  ma in t a ined  on  a 6 hr  
s t r e s s - 6  hr  rest  schedule  t h a n  on  a 12 hr  s t r e s s - 1 2  hr  rest  
schedule ,  suggest ing t ha t  animals  are less able to cope,  via 
in t e rna l  mechan i sms ,  wi th  stress p resen ted  on  a 6 h r - 6  hr  
schedule .  I f  the  degree of stress, or the  organism's  abi l i ty  to  
cope wi th  stress, is re la ted  to self se lec t ion  of a lcohol ,  t hen  
it shou ld  fo l low tha t  a lcohol  c o n s u m p t i o n  would  be differ- 
ent ia l ly  a f fec ted  by  the  s t r e s s - r e s t  schedule  employed .  
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M E T H O D  

Animals 

Twelve expe r imen t a l l y  naive male H o l t z m a n  rats weigh- 
ing 2 3 0 - 2 5 0 g  u p o n  arrival f r om the  H o l t z m a n  Co., 
Madison,  Wisconsin were used. Rats  were indiv idual ly  
housed  in s t andard  wire cages wi th  ad lib food  and  wa te r  
for  seven days  pr ior  to any  e x p e r i m e n t a l  t r e a t m e n t .  A t  the  
s tar t  of  the  e x p e r i m e n t  rats weighed 2 6 0 - 2 8 0  g. 

Apparatus 

During the  course of  the  e x p e r i m e n t  twelve Plexiglas 
chamber s  (23 x 21 x 20 cm)  served as the  an imals '  l iving 
quar ters .  The  f loor  of  each c h a m b e r  consis ted of  0 .16 cm 
stainless steel rods,  spaced 1.25 cm apar t  ( cen te r  to  cen te r ) ,  
t h r o u g h  which  electr ic  shock  of  1.0 m A  ( c o n s t a n t  cur ren t ,  
60 cycle AC) could be delivered.  Occurences  of  shock  
periods,  d u r a t i o n  of  shocks  and  i n t e r s h o c k  intervals  were 
p r o g r a m m e d  t h r o u g h  a series of  t imers ,  relays and  a tape  
drive. Holes  dril led in one  wall of  each  chamber ,  8.0 cm 
apar t  and  4 .0  cm above  the  grid f loor ,  p e r m i t t e d  the  inser-  
t i on  of  d r ink ing  spouts  of  100 cc g radua ted  cyl inders .  Size 
of  d r ink ing  spouts  were u n i f o r m  for  all an imals  and  permi t -  
ted a p p r o x i m a t e l y  1 - 3  cc of  spillage or  evapo r a t i on  over  a 
24 hr  per iod.  

Procedure 

Rats  were r a n d o m l y  assigned to th ree  groups.  Rats in  
one group received a single 2 sec signaled inescapable  shock  
every 30 rain dur ing  a l t e rna te  6 hr  per iods  ( G r o u p  6 - 6 ) .  A 
second  group similar ly received shock  every 30 min.  How- 
ever, shock  per iods  occur red  dur ing  a l t e rna te  12 hr  per iods  
(Group  1 2 - 1 2 ) .  Final ly,  a th i rd  g roup  received n o  shock  
exposure  ( G r o u p  0 - 0 ) .  Shock  per iods  in the  6 6 and 
1 2 - 1 2  groups  were c o u n t e r b a l a n c e d  such tha t ,  while shock  
was on  for  ha l f  the  animals ,  i t  was o f f  for  the  r ema in ing  
rats. The  shock  began on the  second day of  the  e x p e r i m e n t  
and  c o n t i n u e d  11 days. Rats  were m a i n t a i n e d  in the  
chamber s  for 4 add i t iona l  days fo l lowing t e r m i n a t i o n  of  the  
shock  t r e a t m e n t .  

A lcoho l  and  wa te r  were available ad lib t h r o u g h o u t  the  
expe r imen t .  On Day 1 (when  no  shock  was p re sen t ed )  the  
c o n c e n t r a t i o n  of  a lcohol  was 2% (v/v).  C o n s u m p t i o n  of 
water  and a lcohol  on this  day served as the  basel ine  con- 
s u m p t i o n  rate.  On s u b s e q u e n t  days the  a lcohol  concen t ra -  
t ion  was increased daily in 1% i n c r e m e n t s  unt i l  the 
c o n c e n t r a t i o n  was 10% (v/v). The 10% c o n c e n t r a t i o n  was 
m a i n t a i n e d  for the  d u r a t i o n  of  the  e x p e r i m e n t .  The posi- 
t ions  of  the  a lcohol  and  wate r  cyl inders  were varied twice  
daily ( 0 9 0 0  and  1700 Hr)  on  a r a n d o m  schedule  and  fluid 
c o n s u m p t i o n  was r ecorded  daily at 0 9 0 0  Hr. 

Only a single basel ine  day was emp loyed ,  since the  con- 
s u m p t i o n  of  a lcohol  at  the  2% c o n c e n t r a t i o n  had  previously  
no t  been  found  to be  predic t ive  of  subsequen t  c o n s u m p t i o n  
wi th  increas ing a lcohol  concen t r a t i ons .  The  purpose  of  the  
n o n s h o c k  day was essent ia l ly  to  p e r m i t  the  animals  to  
h a b i t u a t e  to  the  novel  e n v i r o n m e n t .  Accord ing ly ,  the  self  
se lec t ion  of  a lcohol  a m o n g  shock  groups  wi th in  the  present  
inves t iga t ion  should  be cons idered  wi th  respect  to  non-  
shock  groups  r a the r  t h a n  the basel ine measure .  

R E S U L T S  

Figure 1 shows  the  mean  q u a n t i t y  of  a lcohol  and water  

c o n s u m e d  daily by each of  the  groups.  An analysis of  vari- 
ance  of  the  fluid c o n s u m p t i o n  y ie lded a s ignficiant  Shock 
t r e a t m e n t  x Fluid i n t e r a c t i o n  (F(2 ,  9) = 4.72,  p < 0 . 0 5 ) .  
Subsequen t  mul t ip le  compar i sons  ind ica ted  tha t  rats  in 
b o t h  shock  groups  consumed  more  a lcohol  t han  did the 
n o n s h o c k  group,  however ,  a lcohol  c o n s u m p t i o n  did no t  
differ  b e t w e e n  the  two  shock  groups.  A m o n g  rats in G r o u p  
6 - 6  a p re fe rence  for  a lcohol  was developed wi th in  3 days 
of  the  c o m m e n c e m e n t  of  the  shock  schedule ,  whereas  
a m o n g  rats  in G r o u p  12--12 an a lcohol  p re fe rence  was 
ev iden t  as early as the first shock  day.  It should  be n o t e d  
t ha t  this  p re fe rence  was no t  ev ident  unt i l  the  shock  sched- 
ule was c o m m e n c e d ;  witness  the  lack of  an a lcohol  prefer-  
ence exh ib i t ed  by  all groups  dur ing  the  n o n s h o c k  day. 
In spec t ion  of  fluid c o n s u m p t i o n  a m o n g  the  animals  wi th in  
each group revealed for  b o t h  the 6 - 6  and 12 12 groups,  3 
of  the  4 animals  showed  s t rong  preferences  for a lcohol  over 
water ,  whereas  a m o n g  the  animals  in the  0 - 0  group only 
one  rat  showed  any  preference  for  a lcohol ,  and  this  was 
res t r ic ted  to  the  first few days of  t r a in ing  where  a lcohol  
c o n c e n t r a t i o n s  were relat ively low. 

A l though  the  Shock T r e a t m e n t  x Fluid x Days Interac-  
t ion  was n o t  s ignif icant ,  i n spec t ion  of  the  data  (see Fig. 1) 
ind ica ted  t ha t  c o n s u m p t i o n  of  a lcohol  in the shock groups 
decreased fo l lowing the t e r m i n a t i o n  of  the  shock schedule.  
The  decrease was m u c h  more  ev ident  for Group  6 - 6  than  
G r o u p  12 12. Nevertheless ,  d i f ferences  be tween  a lcohol  
and wate r  c o n s u m p t i o n  a m o n g  the 6 6 and 1 2 - 1 2  groups 
did no t  app roach  s tat is t ical  significance.  

It is in te res t ing  to no te  t ha t  a l t hough  the  vo lun ta ry  
c o n s u m p t i o n  of  a lcohol  was d e p e n d e n t  on the  presence  of 
shock,  no  sys temat ic  d i f ferences  in c o n s u m p t i o n  were 
ev iden t  dur ing  stress and rest  per iods a m o n g  e i the r  of the 
shock  groups.  A l though  cons t an t  i l l umina t ion  was pro- 
vided,  animals  t e n d e d  to consume  most  of the fluid dur ing  
n igh t  hou r s  of  the  diurnal  cycle (9 p . m . - 9  a.m.).  The 
general  t rend  of  the  results  were cons i s ten t  regardless of 
w h e t h e r  the  data  was ana lyzed  in t e rms  of to ta l  vo lumes  of 
fluid consumed  or abso lu te  a lcohol  c o n s u m e d / k i l o g r a m  
b o d y  weight  (X a lcoho l /kg  dur ing  shock  days = 3.04 ml/kg,  
7 . 8 0 m l / k g ,  6 . 1 6 m l / k g  for  the  0 - 0 ,  6 - 6  and 1 2 - 1 2  
groups respect ively) .  

Immed ia t e ly  fol lowing the  t e r m i n a t i o n  of the  experi-  
m e n t  ra ts  were disected and s tomaches  examined  for  ulcera- 
t ion.  None  of the rats  were found  to have gastric u lcera t ion .  

D I S C U S S I O N  

In accordance  wi th  earlier repor t s  (e.g. [1, 11, 17] ,  the 
resul ts  of  E x p e r i m e n t  1 ind ica ted  tha t  stress of  electr ic  
shock  was effect ive in p roduc ing  vol i t ional  a lcohol  con- 
s u m p t i o n  to the e x t e n t  t ha t  a lcohol ,  the  original ly non -  
preferred  fluid, became  the preferred  one. Moreover,  this 
was f o u n d  to be the case regardless of w h e t h e r  rats were 
shocked  on  a 6 h r  o n - 6 h r  off  or 1 2 h r  o n - 1 2 h r  off  
schedule .  While the  p rocedure  of  ma in ta in ing  rats in the  
shock  c h a m b e r  t h r o u g h o u t  the expe r imen t a l  t r e a t m e n t ,  and 
increasing the  daily c o n c e n t r a t i o n  of  a lcohol  in small  
i nc remen t s ,  may have p r o m p t e d  vo lun ta ry  a lcohol  con- 
s u m p t i o n ,  this  p rocedure  in i tself  was no t  suff ic ient  to 
p r o m o t e  se lec t ion  of  a lcohol  as the  prefer red  beverage.  
Rather ,  the  necessary  cond i t i on  appears  to be tha t  shock  be 
admin i s t e r ed  to animals.  These data  are cons i s ten t  wi th  the  
Tens ion  Reduc t ion  Hypothes is .  Specifically,  a lcohol  pre- 
sumab ly  reduces  stress, is thus  re in forc ing  and consequen t l y  
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delivered on Days 1 3 - 1 6 .  
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increases  in  f r equency .  The  fact  t h a t  the  vo lume  of  a lcohol  
c o n s u m e d  decl ined in the  shock  groups  when  the  shock  
t r e a t m e n t  was t e r m i n a t e d  suggests t ha t  self se lec t ion is due 
to  phys ica l  stress ( shock)  and no t  secondary  s t imul i  (i.e., 
impl ic i t  and  explici t  cues of  the shock  chamber ) .  

E X P E R I M E N T  2 

A l t h o u g h  the  mos t  pa r s imon ious  e x p l a n a t i o n  of  the  data  
observed in E x p e r i m e n t  1 is in t e r m s  of the  Tens ion  Reduc-  
t ion  Hypothes i s ,  an a l te rna t ive  i n t e r p r e t a t i o n  of  these  data  
does  exist .  Specifically,  dur ing  the  first  few days of  the  
s t ress  schedule  shocked  rats d e m o n s t r a t e d  a m a r k e d  
decrease  in weight  (mean  weight  loss be ing  14.5 gin). 
Accord ingly ,  it can be argued t h a t  because  e t h a n o l  has  a 
grea ter  nu t r i t ive  value [19]  an imals  are more  apt  to 
c o n s u m e  this  fluid t h a n  tap water.  If this  were the  case, 
t h e n  food  dep r iva t i on  shou ld  increase self se lec t ion  of  
a lcohol  even among  n o n s h o c k e d  rats. One  purpose  of  
E x p e r i m e n t  2 was to  tes t  such a possibi l i ty .  

A second po in t  of in te res t  w i th  respect  to  E x p e r i m e n t  1 
is the  fact tha t  uns ignaled  shock  p r o d u c e d  vol i t iona l  con- 
s u m p t i o n  of  a lcohol .  Previous  repor t s  [10]  had  ind ica ted  
t ha t  a necessary  requis i te  for  a lcohol  com s um pt i ' on  to 
increase  is tha t  a signal be  impl ic i t ly  paired wi th  the  shock.  
While the  resul ts  of  E x p e r i m e n t  1 are clearly i n c o m p a t i b l e  
wi th  the  f indings  r epo r t ed  by  Cicero et  al. [ 1 0 ] ,  i t  is pos- 
sible t ha t  t e m p o r a l  cues served as a warn ing  signal for  
shock ,  since shock  was p resen ted  at  f ixed intervals .  Were 
this  the  case, t hen  vol i t iona l  a lcohol  c o n s u m p t i o n  should  
no t  increase  if unsignaled shock  were p resen ted  at  r a n d o m  
intervals.  E x p e r i m e n t  2 was designed to  tes t  such  a 
p red ic t ion .  

METHOD 

The  appa ra tus  and s t ra in  of  ra ts  was the  same as tha t  
used in E x p e r i m e n t  1. Twelve rats  were r a n d o m l y  assigned 
to one  of three  t r e a t m e n t  cond i t ions .  Rats in one  group 
received ad lib food,  and  shock  on  a r a n d o m  schedule  ( two  
1 . 0 m A  2 s e c  s h o c k s / h r )  on  a 6 h r  o n - 6 h r  off  basis. A 
second  group received the  same shock  t r e a t m e n t  bu t  
received on ly  one hr  of  feeding t ime  per  day.  Final ly  ra ts  in 
a th i rd  g roup  received no  shock  but  were p e r m i t t e d  food  on  
the  same schedule  as the  depr ived  group.  Alcohol  and wate r  
were p resen ted  to  rats  in each  group on the  same reg imen  as 
descr ibed in E x p e r i m e n t  1. Rats were m a i n t a i n e d  on this  
schedule  over a 22 day period.  

RESULTS AND DISCUSSION 

Table  1 shows  the  m e a n  daily vo lumes  of wa te r  and  of  
a lcohol  so lu t ion  c o n s u m e d  over  the  22 day tes t ing  period.  
An analysis  of var iance  of the  fluid vo lumes  c o n s u m e d  
yie lded a s ignif icant  T r e a t m e n t  x Fluid i n t e r a c t i o n  (F(2 ,  
3) = 5.22,  p < 0 . 0 5 ) .  Compar i sons  be t w een  the means  
involved in the  i n t e r ac t i on  ind ica ted  t ha t  b o t h  shock  
g r o u p s  c o n s u m e d  more  a lcohol  t han  did the food 
depr ived  n o n s h o c k  group  ( p < 0 . 0 5 ) .  Moreover ,  the  shock-  
food  depr ived  group  c o n s u m e d  less a lcohol  t h a n  did the  
shock  n o n d e p r i v e d  group.  It is unclear ,  however ,  w h e t h e r  
this  was a result  of  food  depr iva t ion  resul t ing  in the  
a l ccho l  be ing  more  effect ive as a stress reducer ,  or 
w h e t h e r  i t  is s imply  a m a t t e r  of  the  n o n d e p r i v e d  group 
c o n s u m i n g  more  fluid (as was the case for wa te r  
c o n s u m p t i o n ) ,  

TABLE 1 

MEAN DAILY VOLUME (ml) OF ALCOHOL AND WATER 
CONSUMED AS A FUNCTION OF VARIABLE INTERVAL 

SHOCK AND FOOD DEPRIVATION (EXPERIMENT 2) 

Group 

Fluid 

Alcohol Water 

Non-shocked food deprived 8.7 29.8 

Shocked food deprived 19.5 19.4 

Shocked non-deprived 23.5 26.7 

As in E x p e r i m e n t  1, n o n s h o c k e d  animals  consumed  
s igni f icant ly  more water  t han  alcohol .  In fact  in Experi-  
m e n t  1, n o n s h o c k e d  rats consumed  a mean  of 14.2 cc 
wate r  and 24.4 cc a lcohol  daily, while in E x p e r i m e n t  2 
n o n s h o c k e d  an imals  c o n s u m e d  an average of  8.7 cc of  
a lcohol ,  and 29.8 cc of water  daily.  Thus  it  seems tha t  
no t  on ly  did depr iva t ion  no t  increase a lcohol  consump-  
t i o n ,  bu t  r a the r  it r educed  the  quan t i t y  consumed .  
Clearly,  food depr iva t ion  was no t  respons ib le  for  the self 
se lec t ion  of  a lcohol  observed in shocked  rats in Exper i -  
m e n t  1 or 2. However ,  it was no t ed  in E x p e r i m e n t  2 (see 
Table 1) tha t  a l t hough  shocked  rats c o n s u m e d  more  
a lcohol  t han  did n o n s h o c k e d  rats, no  preference  for  
a lcohol  over wate r  was d e m o n s t r a t e d  by the shocked  
groups.  Since it is unc lear  w h e t h e r  this  was due to the  
r a n d o m  shock  schedule ,  or s imply  a spur ious  resul t ,  a sub- 
s e q u e n t  e x p e r i m e n t  e m p l o y i n g  n o n s h o c k e d  (n = 4)  and 
r a n d o m l y  shocked  animals  (n = 4) was carr ied out .  
Table  2 shows the  mean  to ta l  water  and a lcohol  consump-  
t ion  of  these  groups  over the  13 day tes t  period.  It is 
ev iden t  t h a t  rats which  received shock  on a r a n d o m  
schedule  c o n s u m e d  more  a lcohol  t h a n  did n o n s h o c k e d  
rats, and  also d e m o n s t r a t e d  a p re fe rence  for  a lcohol  over 
wate r  as had  been  seen in E x p e r i m e n t  1. 

In each of  these  two studies ,  e x a m i n a t i o n  of  the  
s t omaches  yielded no  evidence of u lcera t ion .  This was 
also f o u n d  to be  the  case in several add i t iona l  and similar 
s tudies  where  rats  received shock  and were pe rmi t t ed  
access only  to water .  It appears  t h a t  u lce ra t ion  was no t  a 
by  p r o d u c t  of  the  stress t r e a t m e n t  employed .  

T A B L E  2 

MEAN DAILY VOLUME (ml) OF ALCOHOL AND WATER 
CONSUMED AS A FUNCTION OF SHOCK PRESENTED ON A 

VARIABLE INTERVAL SCHEDULE (EXPERIMENT 2) 

Fluid 

Group Alcohol Water 

Shock 26.6 13.6 

Non-shock 18.0 22.1 
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E X P E R I M E N T  3 

In each of  the previous exper iments  the rats had no 
control  over the occurence of  shock. Under  these condi- 
t ions alcohol  consumpt ion  was reliably found to increase, 
but  in no case was ulcerat ion found in any of  the ani- 
mals. Given these findings it would  be interest ing to 
determine  whether  some degree of control  over shock 
would produce ulcerat ion and whether  this procedure  
would  also produce voluntary  alcohol  consumpt ion .  

As previously indicated,  a lcohol  has typical ly been 
found to reduce avoidance behavior  in a confl ict  s i tuat ion 
[3 ,12] ,  presumably because of  its tension-reducing prop- 
erties. It fol lows then, that  in a conflict  s i tuat ion where 
free choice alcohol  and water are available, the proba- 
bil i ty of  alcohol  being consumed should increase. More- 
over, because of  the animals partial control  over shock in 
such a si tuation it is l ikely that ulcerat ion may occur  as 
indicated by Brady (1958).  

Since strain differences have been found to be an 
impor tan t  variable in a lcohol  self select ion studies [20] 
and in studies on gastric ulcerat ion [16] ,  two strains of 
rats, Hol tzman  and Sp rague -Dawley ,  were employed  in 
the present investigations. Preliminary unpubl ished studies 
indicated that ,  a l though stress increased alcohol  consump- 
t ion in Hol tzman rats, S p r a g u e - D a w l e y  rats exhib i ted  a 
distinct aversion towards alcohol,  and a preference for 
a lcohol  was not  increased through stress. If stress in a 
confl ict  s i tuation is more aversive than that of inescapable 
shock, it might be expected  that  S p r a g u e - D a w l e y  rats 
would demons t ra te  increased consumpt ion  of  alcohol.  

METHOD 

Animals 

Animals were 24 male rats weighing 2 3 0 - 2 5 0  gm upon 
arrival f rom the supplier. Half  the rats were of  the 
Hol tzman  strain and obtained f rom the Hol tzman  Co., 
Madison, Wisconsin, while the remaining rats were of  the 
S p r a g u e - D a w l e y  strain procured f rom the S p r a g u e -  
Dawley Co., Madison, Wisconsin. 

Apparatus 

The testing chambers  were the same as those described 
in Exper iment  1. The wiring of  the grid f loor in the eight 
shock chambers was modif ied.  For  half  the chambers the 
part of  the grid f loor which could be electr if ied was that 
nearer  the drinking spouts, while for the remaining 
chambers  the grid floor which could be electr if ied was on 
the side opposi te  the drinking spouts.  

Procedure 

Rats of  each strain were r andomly  assigned to one of 
three t rea tment  groups. Unlike Exper iments  1 and 2 the 
shock schedule was maintained cont inuously  through each 
24 hr period. One group received no shock, a second 
group received shock only on the side of  the chamber  
where the drinking spouts were located (confl ict  group),  
and a third group received shock only on the side of  the 
chamber  opposi te  the drinking spouts (isolated group). 
The third group was included to control  for learning to 
stay on one side of the chamber,  and to cont ro l  for pos- 
sible effects  of  restr icted movemen t  exper ienced by the 
confl ict  group. Electric shock was presented at r andom 

intervals six times an hour ,  with each shock being 1.0 mA 
and 2 min in durat ion.  Accordingly,  shock was present in 
one side of the chambers 20% of the time. This t r ea tment  
was cont inued for 10 consecutive days. Percentages of  
a lcohol  in the daily solutions,  and the randomiza t ion  of  
drinking tubes was the same as in Exper iment  1. 

RESULTS AND DISCUSSION 

Table 3 shows the mean daily volumes of water  and of  
a lcohol  solut ion consumed.  An analysis of variance of the 
consumpt ion  scores did not  yield any significant main 
effects  or interact ions  involving the shock t rea tment  or 
for strain of  rats. In fact, subjects in the conflict  group 
consumed slightly less alcohol  than did the isolated group. 
This difference,  however ,  did not  approach statistical 
significance. The analyses o f  variance of  the absolute 
a lcohol  consumed/kg  body  weight and volume of a lcohol /  
water  ratio yielded similar results. Moreoever,  inspect ion 
of  the consumpt ion  scores over days revealed no system- 
a t i c  c h a n g e s  in the volumes of  alcohol consumed.  
Examina t ion  of the animals s tomachs again revealed no 
signs of ulcerat ion in any of the groups. 

TABLE 3 

MEAN DAILY VOLUME (ml) OF WATER AND ALCOHOL 
CONSUMED AS A FUNCTION OF STRESS TREATMENT 

(EXPERIMENT 3) 

Fluid 

Group Alcohol Water 

Non-shock 16.3 27.9 

Conflict 16.9 23.2 

Isolated 20.8 20.6 

While these data appear inconsistent  with a tension 
reduct ion  hypothesis ,  there are several factors which may 
have been influential  in producing these effects. Specifi- 
cally, since shock occurred only 20% of the t ime, rats 
may of ten  have avoided the shock and were thus not  
suff icient ly stressed. Thus in Exper iment  4 the probabil i ty  
of  shock being present was increased f rom 20% to 80%. 

E X P E R I M E N T  4 

Apparatus and Procedure 

The apparatus and procedure  were the same as in 
Exper iment  3 except  that shock was presented randomly  
on 24 occasions during each hour  (each shock being 
2 min in durat ion),  thus resulting in the grid f loor being 
electrif ied 80% of the time. Unlike Exper iment  3, this 
s tudy employed  only Hol tzman  rats (n = 12) since differ- 
ences in alcohol  consumpt ion  were in fact not  evident 
be tween  the strains. 
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RESULTS AND DISCUSSION 

Table  4 shows the  mean  vo lumes  of  a lcohol  and  wate r  
c o n s u m e d  by  each of  the  t r e a t m e n t  groups.  An analysis  
of  var iance  of  the  f luid vo lumes  c o n s u m e d  yie lded n o  
s ignif icant  ma in  effects  or in te rac t ions .  If t he  da ta  were 
ana lyzed  in t e rms  of  abso lu te  a lcohol  c o n s u m e d / k g  b o d y  
weight ,  a s ignif icant  T r e a t m e n t s  main  ef fec t  was o b t a i n e d  
(F(2 ,  9) = 4 .65,  p < 0 . 0 5 ) .  Compar i sons  b e t w e e n  the  means  
involved in this  main  ef fec t  ind ica ted  tha t  the  conf l ic t  
g roup  consumed  s igni f icant ly  less a lcohol  t h a n  did the  
r emain ing  two  groups.  The  main  source  for  this  d i f ference ,  
as seen in Table 4, seems to  be a resul t  of  the  conf l ic t  group 
c o n s u m i n g  less to t a l  fluid (a lcohol  and  wate r )  t h a n  the  
r ema in ing  groups.  

T A B L E  4 

MEAN DAILY VOLUME (ml) OF ALCOHOL AND WATER 
CONSUMED AS A FUNCTION OF STRESS TREATMENT 

(EXPERIMENT 4) 

Fluid 

Group Alcohol Water 

Non-shock 22.0 23.7 

Conflict 13.5 14.1 

Isolated 21.5 21.2 

The  fact  t ha t  conf l ic t  did n o t  increase  vo lun ta ry  a lcohol  
c o n s u m p t i o n  is i n c o m p a t i b l e  wi th  a Tens ion  R e d u c t i o n  
Hypothes i s .  There  are, however ,  th ree  d is t inc t  a l t e rna t ive  
exp lana t ions  which  may a c c o u n t  for  the  observed  consump-  
t ion  rates  a m o n g  the  conf l ic t  rats.  (a) While the an imal  is in 
the  conf l ic t  s i tua t ion  a d m i n i s t r a t i o n  of  a lcohol  may  reduce  
stress. However ,  when  the  organism is requi red  to select the  
a lcohol  freely,  the  response  of crossing i n to  the  shock  side 
of  the  c h a m b e r  ( p r e s um ab l y  when  the  shock  is absen t )  
resul ts  in the  conf l ic t  be ing  resolved (at  least  t empora r i l y ) ,  
and  as a resul t  t he re  is n o  need  for  the  a lcohol .  (b)  Given 
t h a t  the  organism has some con t ro l  over the  occur rence  of  
shock  t h r o u g h  ex te rna l  means  (i.e., crossing or no t  crossing 
i n to  the  shock  side), the  necess i ty  for  seeking o the r  means  
of  r educ ing  stress, in this  case c o n s u m p t i o n  of a lcohol ,  are 
reduced.  (c) Final ly ,  it was n o t e d  tha t  dur ing  the  first few 
days of  the  conf l ic t  t r e a t m e n t  rats made  few crossing i n to  
the  shock  c h a m b e r  and  c o n s u m e d  very l i t t le  fluid (wa te r  as 
well as a lcohol) .  Accordingly ,  the  an imals  had  l i t t le  oppor -  
t un i ty  to sample the  a lcohol  and to learn  of  its t ens ion  
reduc ing  proper t ies .  Moreover ,  the  ra ts  did no t  have the  
o p p o r t u n i t y  to  adap t  to  the  aversive tas te  of  the  a lcohol  at 
low concen t r a t i ons .  Perhaps  when  animals  f inal ly did com- 
mence  dr ink ing  larger a m o u n t s  of  fluid,  the  re la t ively  
s t rong  a lcohol  so lu t ion  was too  aversive for  the  animal .  

A l though  conf l ic t  did n o t  p roduce  vol i t iona l  consump-  
t ion  of  a lcohol ,  two of the  four  conf l ic t  ra ts  did have 
gastric u lcera t ion .  In ag reemen t  wi th  earl ier  repor t s  [ 1 6 ] ,  
s u b s e q u e n t  pi lot  s tudies  con f i rmed  this  same effec t  and  
i nd i ca t ed  t ha t  conf l ic t  t r e a t m e n t  ranging f rom 5 - 1 2  days is 

ef fec t ive  in p roduc ing  u lcera t ion .  If ra ts  received more  or 
less days on  the  conf l ic t  t r e a t m e n t  t hen  u lcera t ion  was no t  
observed.  

E X P E R I M E N T  5 

E x p e r i m e n t  5 was a fu r the r  inqu i ry  in to  the role of  
shock  p roduced  conf l ic t  on  vo lun t a ry  a lcohol  c o n s u m p t i o n .  
E x p e r i m e n t s  1 - 4  ind ica ted  tha t  while uns ignaled  inescap- 
able shock  increases  the  self se lec t ion of  a lcohol ,  shock  
p roduced  conf l ic t  does no t .  As previously  suggested,  rats  in 
the  conf l ic t  g roup  consumed  l i t t le  fluid (a lcohol  or water )  
dur ing  the  first few days of t ra in ing  and thus  may n o t  have 
had  the  o p p o r t u n i t y  to  adap t  to the  aversive taste  of the  
a lcohol  so lu t ion .  Consequen t ly ,  w h e n  the  ra ts  in the  con- 
flict g roup  did c o m m e n c e  consuming  fluid,  the  increased 
c o n c e n t r a t i o n  of  a lcohol  present  may have been  relat ively 
more  aversive t han  it was in the  n o n s h o c k e d  or isola ted 
groups,  and  as a resul t  the  a lcohol  was no t  c o n s u m e d  in 
apprec iab le  quant i t i es .  It fol lows tha t  if the c o n c e n t r a t i o n  
of  a lcohol  were ma in t a ined  at a cons t an t  weak concen t ra -  
t ion ,  t h a n  the  conf l ic t  group would  d e m o n s t r a t e  increased 
vol i t ional  a lcohol  c o n s u m p t i o n  relat ive to n o n s h o c k e d  rats. 

Apparatus and Procedure 

The appara tus ,  p rocedure  and  s t ra in  of rats  (n = 12) 
were the  same as in E x p e r i m e n t  4 excep t  t ha t  the  a lcohol  
c o n c e n t r a t i o n  was kep t  cons t an t  at  3% (v/v). The experi-  
men ta l  t r e a t m e n t  was ma in t a ined  for seven consecut ive  
days. 

RESULTS AND DISCUSSION 

Since the  conf l ic t  group consumed  cons iderab ly  less 
fluid t han  the  o the r  two  groups dur ing  the  first few days of  
t ra ining,  the  data  were analyzed in t e rms  of the  to ta l  
vo lume of  a lcohol  so lu t ion  c o n s u m e d  minus  to ta l  vo lume 
of  water  consumed .  The  analysis of variance of these  scores 
y ie lded  a s ignif icant  T r e a t m e n t s  e f fec t  (F(2 ,  9) = 8.08, 
p < 0 . 0 5 ) .  Subsequen t  mul t ip le  compar i sons  revealed tha t  
the  i so la ted  group consumed  relat ively more  a lcohol  (X 
a lcohol  X water  c o n s u m e d  = 22 .10  ml)  t han  the  confl ic t  
or  n o n s h o c k  groups  (X a lcohol  - X water  consumed  = 3.32 
and  7 .00 ml respect ively) .  These d i f ferences  were cons i s t en t  
dur ing 6 of  the 7 t r e a t m e n t  days. Moreover ,  add i t iona l  
s tudies  revealed comparab le  resul ts  when  a lcohol  was main-  
t a ined  at e i the r  a 5% or 3% (v/v) so lu t ion .  

Once again it appeared  tha t  conf l ic t  did no t  increase 
vol i t ional  a lcohol  c o n s u m p t i o n .  This was no t  a f unc t i on  of 
a lcohol  tas t ing  relat ively more  aversive for  the conf l ic t  t han  
the  n o n s h o c k e d  or isola ted groups  since the  c o n c e n t r a t i o n  
of  a lcohol  was kep t  c o n s t a n t  t h r o u g h o u t  the expe r imen t .  
Moreover ,  the  fact  t h a t  the  n o n s h o c k e d  and  conf l ic t  groups 
c o n s u m e d  more  l iquid f rom the  a lcohol  so lu t ion  than  f rom 
the  water,  a t tes ts  to the  fact  tha t  the  c o n c e n t r a t i o n  of  
a lcohol  used was in i tself  no t  aversive. It is in te res t ing  t ha t  
the  isolate g roup  consumed  greater  a m o u n t s  of a lcohol  than  
the  o the r  two  groups,  a l t hough  t hey  could passively avoid 
the  shock.  This f inding is no t  really surpr is ing since the  
t r e a t m e n t  was appa ren t ly  an  aversive one in t ha t  rats  in the  
isolate  g roup  exh ib i t ed  weight  loss comparab le  to  tha t  of  
the  conf l ic t  g roup  b e t w e e n  the  first and  second days of 
t r a in ing  (X weight  loss = 15.5 gm). Unlike the conf l ic t  
group,  weight  increased fo l lowing the second day of train- 
ing a m o n g  the  isolated rats. It seems t ha t  part ial  con t ro l  
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over the occurence  of  shock  (i.e., inh ib i to ry  responses  pre- 
cluded the occurence  of  shock  in the isolate group)  did lead 
to increased voluntary  alcohol  consumpt ion .  The reliability 
of  this f inding is ques t ionable ,  however ,  in tha t  the isolate 
group was no t  found  to consume  more  a lcohol  than  the 
nonshock  group in Exper imen t s  3 and 4. Were this f inding 
found  to be a replicable one it would  suggest tha t  lack of 
con t ro l  over shock is relatively u n i m p o r t a n t  in p roduc ing  
voli t ional  a lcohol  consumpt ion .  Given recent  repor t s  in 
which avoidance training increased voluntary  alcohol con- 
sumpt ion  [15 ] ,  this possibil i ty becomes  an increasingly 
compel l ing one. All factors  considered the hypo thes i s  that  
once the  animals in the confl ic t  group cross into the shock 
side of the chamber  the confl ict  is resolved and the neces-  
sity for a lcohol  c o n s u m p t i o n  is mit igated,  appears to be the 
most  viable explana t ion  of  the lack of c o n s u m p t i o n  of  
alcohol on the part of the confl ict  group. 

G E N E R A L  DISCUSSION 

It is apparen t  f rom the results of the present  series of  
expe r imen t s  tha t  exposure  to inescapable shock effect ively 
increases voli t ional  alcohol consumpt ion .  Moreover,  the 
self-select ion was not  due to nu t r i t iona l  deficiencies (see 
also [20] ) ,  or to specific s t imulus factors  as previously 
suggested by Cicero et al. [10] .  Specifically,  the present  
expe r imen t s  employed  unsignalled shock  p resen ted  on 
ei ther  a f ixed or variable interval schedule,  thus prec luding 
t empora l  factors  as being a signal for shock. It appears that  
the stress per se was responsible  for the self se lect ion of  

a l c o h o l .  Moreover,  main tenance  of the consumatory  
response  was also dependan t  on the presence of  the primary 
aversive st imulus.  Witness the f inding that  t e rmina t ion  of  
the stress schedule quickly resulted in rats decreasing their  
c o n s u m p t i o n  of  alcohol.  Of course, it is no t  unlikely that  if  
an explici t  cue had been paired wi th  shock,  subsequen t  
p resen ta t ion  of  this cue alone may have mainta ined the self 
select ion o f  alcohol.  The i m p o r t a n t  point  here is that  the 
necessary and suff ic ient  condi t ion  for voluntary  selection is 
tha t  a pr imary stressor  be in t roduced .  While an external  cue 
could possibly sustain the consuma to ry  response even when 
stress is t e rmina ted ,  it is not  a necessary condi t ion  to 
initially establish the preference  for alcohol.  

It is in terest ing that  a l though a Tension Reduc t ion  
Hypothes i s  would predict  that  confl ict ,  as inescapable 
shock,  should  increase voluntary  alcohol consumpt ion ,  this 
was no t  the case in the present  investigation.  Al though 
confl ict  was found to produce  a dramat ic  weight loss, 
comparable  to that  p roduced  by inescapable shock,  and on 
occas ion was also found  to produce  gastric ulcerat ion,  no  
sign of increased select ion of alcohol was apparent .  It seems 
tha t  cont ro l  over shock may be an impor t an t  de te rminan t  
of  a lcohol  consumpt ion .  Under  those condi t ions  where an 
external  source of  coping with stress is available, the neces- 
sity of  consuming  alcohol for possible stress reduc t ion  is 
minimized.  In contras t ,  where an external  source of coping 
with stress is no t  available, the impor tance  of alcohol as a 
stress reducer  is maximized.  Quite possibly,  the feedback of 
stress reduc t ion  in the la t ter  s i tuat ion is less ambiguous,  and 
there fore  more  reinforcing.  
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