
Pharmacologx Bu~¢hemt~tr~ & Behavtor, Vol 24, pp 271-280, 1986 ' Ankho International lnc Printed m the U S A 0091-30S7/86 $3 00 + 00 
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CAPLAN. M A AND K PUGLISI Stress and ~onflut ~ondttton~ leadtng to and maintaining voluntar~ ahohol 
¢on~umptton m tat~ PHARMACOL BIOCHEM BEHAV 24(2) 271-280, 1986--Four  expertments were conducted to 
Investigate the effects of unavoidable shock, conflict condmons, taste, and food deprivation on the voluntary consumption 
of alcohol by rats Experiment 1 showed that when rats were given unavoidable shocks for one hour every day, those hwng 
m their home cages consumed greater amounts of a 5% ethanol solution than did rats hwng m the shock chambers 
Experiment 2 revealed that this ,ncreased alcohol consumption was maintained and further elevated when these same rats 
were subJected to conflict, and it d~d not decrease when the conflict conditions were terminated When the unavoidable 
shock conditions were repeated m Experiment 3 with naive rats and the fired choice consisted of a plain sucrose solution 
and one containing alcohol, rats in both the shock box and safety cage hvmg condmons consumed very httle of the 
sucrose-plus-alcohol solution Rats living in the avers~ve environment even decreased consumptton of the plain sucrose 
solution Experiment 4 showed that s~mple food deprivation can also result m an increased retake of an alcohol solution 
The tension reduction hypothesis cannot account for these results they demonstrate that deprivation can influence alcohol 
consumption, and indicate that an averslve environment can interfere with dnnkmg of any solution The results also 
demonstrate both the posture and negative properties that alcohol can have 

Unavoidable shock Punished responding Alcohol consumption 

A n u m b e r  of  s tudies  have  s h o w n  tha t  repe t i t ive ly  sub jec t ing  
an o r g a m s m  to var ious  kinds  o f  avers~ve s t imula t ion  will 
increase  a lcohol  c o n s u m p t i o n  m an imals  tha t  init ially show 
an ave r s ion  to ~t, o the r  s tudies  have  ind ica ted  no  effect  
[2,14] Powell ,  K a m a n o  and  Mar t in  [15] s h o w e d  tha t  ra ts  of  
bo th  sexes  sub jec ted  to per iodic  uncon t ro l l ab le  shock  f ive 
t imes  dally Increased  a lcohol  c o n s u m p t i o n  fol lowing a per iod  
of  fo rced  e thano l  retake,  this  inc reased  in take  r e m a i n e d  ele- 
va ted  dur ing  the two-week  s t ress - f ree  af te r  pe r iod  A 
n u m b e r  of  o t h e r  inves t iga to rs  have  d e m o n s t r a t e d  tha t  volun-  
tary  e thano l  c o n s u m p t i o n  inc reases  d u n n g  the  s t ress - f ree  
per iod  tha t  fol lows shock  exposu re  The  classic  resul t  here  is 
tha t  of  Casey  [4] who  found  no  inc rease  in a lcohol  c o n s u m p -  
t ion by rats  dur ing  the per iod  w h e n  they  were  be ing  sub- 
j e c t e d  to inescapab le  shock  E t hano l  c o n s u m p t i o n  Increased  
fol lowing t e rmina t ion  of  the s t ress  cond i t ions  and  was max-  
imal 16 days  af te r  the  last  shock  W h e n  rats  were  sub jec ted  
to r a n d o m  p re sen t a t i on  of  unavo idab le  shock  dur ing  the  
same  12 minu te s  of  eve ry  h o u r  for  five days ,  Mills,  Bean  and  
H u t c h e s o n  [ i l ]  found  tha t  i nc reased  a lcohol  c o n s u m p t i o n  
occu r r ed  specif ical ly in the  t empora l  in terval  Immedia te ly  
fol lowing shock  o c c u r r e n c e  

Since these  resul t s  Indicate  tha t  s t r e s s - reduced  a lcohol  
c o n s u m p t i o n  fol lows s t ress  exposu re ,  Volp lce lh ,  T w e n  and  
K l m m e l  [22] h y p o t h e s i z e d  tha t  a p o s t - s h o c k  safety per iod  is 
n e c e s s a r y  in o rde r  to o b s e r v e  inc reased  a lcohol  c o n s u m p -  
t ion They  pos i ted  tha t  the  a b s e n c e  of  a s t ress- f ree  per iod  
was  the  r ea son  tha t  Myers  and  H o l m a n  [12] fai led to find an 

inc rease  in a lcohol  re take when  uncon t ro l l ab le  and  unpre-  
d ic tab le  foo t shock  was admin i s t e r ed  to ra ts  one  or  six t imes  
pe r  hou r  for 14 days  Volp lce lh  et al t es ted  the hypo thes i s  
tha t  an imals  would  d n n k  more  e thano l  m a safe e n v i r o n m e n t  
fol lowing t e rmina t ion  of  inescapab le  shock  than  they  would  
ff they were  ma in ta ined  in the  avers~ve shock  c h a m b e r s  
Dur ing  the  s t ress  per iod,  all ra ts  were  p laced  m the  shock  
c h a m b e r ,  one  at a t~me, and rece ived  60-1 0 m A  inescapab le  
shocks  o f  two sec dura t ion  de l ive red  on a f ixed- t ime 60- 
s econd  schedu le  Volp lce lh  et al found  that  ra ts  housed  m 
the i r  home  cages  c o n s u m e d  more  a lcohol  in the  shock- f ree  
per iods  than  did those  h o u s e d  in the  e x p e r i m e n t a l  c h a m b e r s  
The i r  p r o c e d u r e  insured  an adequa t e  sampl ing  of  a lcohol  
pr ior  to the shock  f i red-choice  phase  there  were  two shock  
per iods  p reced ing  this  phase  d u n n g  wh ich  on ly  w a t e r  (Phase  
I) or  a lcohol  (Phase  II) was ava i lab le  to the  an imals  at  all 
t imes  

A n l s m a n  and  Wal ler  [1] found  tha t  vo lun ta ry  c o n s u m p -  
t ion of  a lcohol  Increased  in ra ts  w h e n  m e s c a p a b l e  shock  was  
p re sen t ed ,  and  there  were  no  d i f fe rences  m c o n s u m p t i o n  
dur ing  s t ress  and  res t  per iods  Alcoho l  c o n s u m p t i o n  did not  
Increase  w h e n  the ra ts  were  in a conf l ic t  s i tua t ion  w h e n  they  
could  avo id  shock  by  not  r e s p o n d i n g  The  usual  mte rp re ta -  
t ton  of  these  resu l t s  is tha t  o rgan i sms  engage  in the  vo lun ta ry  
c o n s u m p t i o n  of  e thano l  b e c a u s e  it r educes  the  anx ie ty  and  
fear  i nduced  by  uncon t ro l l ab le  ave r s lve  s t imula t ion  Accord -  
lng to A n l s m a n  et al , cont ro l  o v e r  ave r s ive  shock  st imula-  
t ion ~s an t m p o r t a n t  d e t e r m i n a n t  of  a lcohol  c o n s u m p t i o n  be- 
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FIG 1 Medmn ethanol intake (ml) during the dally 23-hour stress- 
free intervals of rats hvmg m their home cages (SC) or m the shock 
chambers (SB) during the designated phases 
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FIG 2 Percent ethanol intake of ind~wdual rats m the SB and SC 
hvmg conditions when a choice of water and a 5% ethanol solution 
was available to them 

T A B L E  1 

MEDIAN VOLUME (ml) AND QUANTITY (g/kg) OF 5% ETHANOL CONSUMED BY THE SHOCK- 
BOX (SB) AND SAFETY-CAGE (SC) RATS IN EACH PHASE OF THE UNAVOIDABLE SHOCK- 

STRESS CONDITIONS (EXPERIMENT 1) 

Amount of Ethanol Consumed 

(ml) (g/kg)t 

No and Gender 
Phase of Subjects SB SC SB* SC* 

Pre-shock 2m, If 1 00 0 00 0 09 0 00 
(0 00-0 08) (0 00-0 20) 

EtOH Only 4m, 2f 23 00 25 50 2 06 2 58 
(071-313) (131 323) 

Choice I 4m, 2f 1 50 5 50 0 13 0 56 
(0 00-2 23) (0 00-2 73) 

Choice I1 4m, 2f 4 00 14 50 0 36 1 46 
(0 00-6 61) (0 00-3 23) 

Post-shock 2m, If 3 00 6 00 0 27 0 61 
(0 00-1 34) (0 00-4 45) 

*Median ad-hb body weight (g) SB=441 5, SC=390 5 
¢Range ~s m parentheses 

cause  w h e n  an adequate  coping me thod  ~s avadable ,  the or- 
ganism does  not  need  alcohol  to r educe  the s t ress  Lazarus  
[7] has also emphas t zed  the control labdl ty  o f  avers lve  stimu- 
lation as being a main fac tor  m the de te rmina t ion  of  what  
kind of  s t imulat ion will be s tressful  to the o rgamsm 

The first expe r imen t  to be r epor ted  here  was conduc ted  to 
r ephca te  Volplcelh  et  a l ' s  procedure  and resul ts ,  it also m- 
c luded two a lcohol -wate r  ba sehne  phases ,  one preceding  and 
one  following the s t ress  per iod to provide  a measure  of  alco- 
hol consumpt ion  before  and af ter  s t ress  exposu re  The sec- 
ond expe r imen t  examined  alcohol consumpt ion  when  these  
rats were  mlmmally  food-depr ived  (95% ad hb body  weight)  
and subjec ted  to an app roach -avo idance  confl ict  The ques-  
tion of  in teres t  was w h e t h e r  or not  having control  over  shock  
occu r rence  would result  m a dec rease  or cessa t ion  o f  alcohol 
consumpt ion  in a lcoho l -exper ienced  rats during the confl ict  
per iod 

Since tas te  has been  shown  to be a factor  control l ing the 

voluntary  consumpt ion  of  alcohol ,  Expe r imen t  3 was con- 
duc ted  to see If f lavoring the alcohol solution with sucrose  
would inf luence ~ts consumpt ion  m the unavmdable  shock 
condi t ions  of  Exper imen t  1 when  the choice solution con- 
s ls ted of  plato sucrose  Inves t iga tors  have shown that when a 
sweet  caloric solution is one of  the fluids available to the 
animal,  choice  of  ~t can overr ide  consumpt ion  of  any o thers  
[8,11] Mdls et  al  also found that when  the sweet  solution 
d~d not  conta in  calories eqmvalen t  to the ethanol  solution,  
s t ressed  animals  dec reased  sacchar in  intake m favor  of  the 
5% and then a 10% ethanol  solut ion They at t r ibuted these  
results  to changes  that occur  w~th increasing exposure  to 
s t ress ,  taste s~mply begins  to play a less ~mportant role m 
fired se lect ion Expe r imen t  4 was  conduc ted  to see which 
sucrose  solut ion would be prefer red  when  the animals were  
reduced  to 95% ad hb body  weight  as they were  m Exper i -  
ment  2 Waller,  McBride ,  L u men g  and LI [24] have shown 
that  both  food res t r ic t ion and sugar f lavoring of  an alcohol 
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TABLE 2 

MEDIAN VOLUME (ml) AND QUANTITY (g/kg) OF 5% ETHANOL 
CONSUMED BY MALE AND FEMALE RATS IN THEIR HOME CAGES 
DURING SHUTTLE-BOX CONFLICT CONDITIONS (EXPERIMENT 2) 

Phase 

Amount of Ethanol Consumed 

(ml) (g/kg)+ 

Males Females Males* Females* 

Approach I 6 79 17 75 0 61 2 52 
(0 00-1 98) (0 96--3 20) 

Conflict 18 25 26 13 I 64 4 18 
(0 00-3 69) (2 24-6 24) 

Approach 11 17 57 22 55 1 58 3 61 
(0 00-3 87) (1 76-7 04) 

Post-shuttle-box 29 33 21 25 2 64 3 40 
(0 27-4 32) (2 56-5 44) 

*Medmn 95c~ body weight (g) Males=438 0, Females=246 5, 
n=8 males and 4 females m each phase 

vRange as m parentheses 

solution result in the greatest increase m alcohol consump- 
tion under non-stress conditions 

EXPERIMENT 1 

METHOD 

Ammal~ 

Twelve Sprague-Dawley rats (8 males, 4 females) ob- 
tained from Blue Spruce Farms, Altamont, NY, were run 
m two squads of six rats each (4 males, 2 females) At the 
start of the experiment, the first and second squads of 
ammals were 140 and 90 days old, respecnvely and weighed 
between 244 (f) and 542 (m) grams Median weights of the 
rats are presented m Tables I through 4 All were housed 
individually under a 12-hour hght/dark cycle, with food and 
liquid freely avadable This liquid consisted of water and/or a 
5°~ ethanol solution prepared from 10(O ethanol and tap- 
water (v/v) 

Appat  atu 

Two kinds of hvlng conditions were provided for each 
squad of animals Three rats in each squad were housed in 
their home cages in the vlvarmm (the safety-cage group-SC), 
the other three m each squad were housed m the shock 
chambers (the shock-box group-SB) Ad hb food was avad- 
able to all of the animals from a food hopper that hung on 
one of the walls of their cages Flmd was available from one 
or two inverted 100 ml graduated cyhnders mounted side by 
side on the cages to the right of the food hopper Drinking 
spouts protruded 2 5 cm into the cage and hung 3 0 cm above 
the floor 

The shock box hwng conditions consisted of  three identi- 
cal chambers (25x30x30 cm), each encased within a 
sound-attenuating chamber Adequate clrculatmn of air was 
provided by a fan, and a white noise generator provided 
low-level masking noise dunng the shock sessions The side 
walls were constructed of stainless steel and the top, front, 
and rear panels conststed of clear Plexlglas A food hopper 

hung on a side panel outside a square hole (5×7 cm) covered 
by wire mesh 4 5 cm above the floor from which the sub- 
jects could obtain food ad hb One or two mverted 100 ml 
graduated cyhnders hung on either side of the food hopper, 
drinking spouts protruded 2 0 cm into the shock box and 
hung 7 0 cm from the floor The floor of the shock box con- 
Slsted of stainless steel grid bars 0 5 cm in diameter, spaced 
1 5 cm apart center to center Scrambled shock was deliv- 
ered through the grid floor and side walls by a constant volt- 
age, fixed lmpedence shock source [5] Shock was pro- 
grammed via electromechanlcal equipment and an interval 
tape programmer In an adjacent room 

Pro~ edllt t" 

The experiment consisted of six phases, each of seven- 
days duration All animals were run through four shock phases 
(11, II1, IV, and V) For the first five days of each shock 
phase, each subJect was placed into the shock chamber for 
one hour, and received 60 uncontrollable ! 0 mA shocks of 
two seconds duration delivered on a fixed-time 60-sec 
schedule Alcohol and water Intakes were recorded for 
Squad One for one week following termination of the final 
shock phase (Phase VI) A pre-shock measure of fluid intake 
was recorded for Squad Two for one week pnor to the be- 
ginning of the first shock phase (Phase I) Dunng both of 
these non-shock phases, shock-box and safety cage groups 
were housed in the vivarium in standard Wahmann cages 
Water and ethanol intakes were recorded daily The order in 
which the animals were exposed to dally shock sessions was 
randomized and the time between shock sessions vaned be- 
tween 20-28 hours in order to control for temporal condition- 
lng cues that might influence alcohol consumption 

The SB ammals were moved into the shock chambers to 
live at the beginning of Phase II Water was the only flmd 
available to both groups during phase II, and the alcohol 
solutmn was the only fluid avadable dunng the third phase 
Throughout Phases IV and V, subJects were provided with a 
choice of water and a 5% ethanol (v/v) solution These fluids 
were available to the rats m their respective hvlng conditions 
and dunng the daffy shock periods When subjects asstgned 
to the safety-cage condmon were placed in the shock boxes, 
the dtsplaced SB ammal was temporarily transferred to an 
empty cage in the wvanum The amount of each fluid con- 
sumed was recorded each morning at I000 hours and im- 
mediately following each shock session dunng the four 
shock phases For Squad One, fluid retake was also recorded 
two hours after termination of the shock session, since con- 
sumptlon dunng th~s period was neghg~ble, this aspect of the 
procedure was ehmmated for Squad Two Fired bottles were 
refilled immediately after daily morning recordings were 
taken and the location of these was alternated to control for 
position preferences All subjects were weighed daily, 
weights did not change dunng the experiment 

RESULTS 

Figure 1 Illustrates the differences in alcohol and water 
consumption for the rats that were housed in the shock 
chambers (SB) and for those that lived in their home cages in 
the vivarium (SC) More water than alcohol was consumed 
by both groups m the shock-choice phases, except during 
phase V when SC ammals increased consumption of  the 
alcohol solution and decreased water intake Mann-Whitney 
U-tests indicated that the safety-cage animals drank slgnlfi- 
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T A B L E  3 

MEDIAN VOLUME (ml) AND QUANTITY (g/kg) OF A SUCROSE + ETHANOL SOLUTION CONSUMED BY MALE AND FEMALE RATS 
LIVING IN THE SHOCK-STRESS CHAMBERS (SB~SHOCK-BOX) OR IN THEIR HOME CAGES (SC--SAFETY-CAGE) IN EXPERIMENT 3 

Amount of Sucrose + Ethanol Consumed 

(ml) (g/kg)+ 

SB SC SB SC 

Phase M F M F M* F* M* F* 

Pre-shock 12 43 9 76 10 24 12 33 1 09 1 29 0 92 1 78 
(0 00-3 81) (0 00-3 04) (0 00-2 96) (0 00- 9 08) 

S+EtOH Only 42 93 37 67 27 07 49 60 3 75 4 99 2 43 7 15 
(2 25-6 14) (3 71-5 56) (I 79-4 03) (3 32-14 42) 

Choice I 9 33 9 24 10 24 5 76 0 82 1 22 0 92 0 83 
(0 00-2 85) (0 00-4 50) (0 00-3 05) (0 00- 2 02) 

Choice II 9 05 10 00 10 76 8 76 0 79 1 32 0 97 1 26 
(0 00-1 99) (0 00-3 97) (0 00-2 69) (0 00- 3 60) 

Post-shock 14 29 8 19 12 43 7 57 I 25 1 08 ! 11 I 09 
(0 00-4 93) (0 00-4 77) (0 00-3 23) (0 00- 2 45) 

*Median ad-hb body weight (g) SB-males=456 1, SB-females=298 0, SC-males-440 0 SC-females=273 6 n=3 males and 3 females 
per group 

+Range ~s m parentheses 

T A B L E  4 

MEAN VOLUME (ml) AND QUANTITY (g/kg) OF A SUCROSE + E T H A N O L  SOLUTION CONSUMED 
BY MALE AND FEMALE RATS BEFORE, DURING AND AFTER REDUCTION TO 95% OF THEIR 

AD-LIB BODY WEIGHTS (EXPERIMENT 4) 

Phase 

Males* Females* 

Amount of Amount of 
Sucrose + Sucrose + 

Md EtOH Consumed Md EtOH Consumed 
Body Wt Body Wt 

(g) (ml) (g/kg)? (g) (ml) (g/kg)v 

Before 490 5 13 55 1 09 303 5 7 85 I 02 
(0 00-5 07) (0 00-5 72) 

During 466 0 26 85 2 27 288 0 33 45 4 58 
(0 00-5 67) (0 00-7 53) 

After 480 5 I 1 00 0 90 320 0 6 30 0 78 
(0 00-5 42) (0 00-5 18) 

* n - 6  
+Range Js m parentheses 

can t ly  more  a lcohol  than  the  s h o c k - b o x  ra ts  did dur ing  bo th  
s h o c k  per iods  w h e n  a cho ice  of  wa te r  and  the  a lcohol  solu- 
t ion  was  ava i lab le  The  a m o u n t  of  a lcohol  c o n s u m e d  dur ing  
Phase  I, the  p r e - s h o c k  phase ,  and  Phase  VI ,  the  p o s t - s h o c k  
phase ,  did not  differ  b e t w e e n  the  SB and  SC groups  (For  all 
e x p e r i m e n t s ,  med i ans  were  c o m p a r e d  using the  SPSS pro- 
g ram for  the  M a n n - W h i t n e y  U - W l l c o x o n  Rank  Sum W Tes t  
S igni f icance  of  the  c o m p a r i s o n s  (p < 0  05) was d e t e r m i n e d  by 
this  p rog ram by  c o m p u t a t i o n  o f  z scores  and  exac t  
p robabi l i t i es  of  ob ta in ing  these  va lues  Cons ide ra t i on  of  re- 
pea t ed  m e a s u r e s  a lways  yielded n ' s > 2 0  ) 

In take  of  the  a lcohol  so lu t ion  was  s ignif icant ly  g rea te r  for  
the  SC an imals  dur ing  each  of  the  shock -cho ice  phases  than  
it was  for  these  an imals  dur ing  the  p r e - shock  base l ine  phase  

A b e t w e e n - s q u a d  c o m p a r i s o n  of  a lcohol  in take  dur ing  the 
p r e - s h o c k  and  p o s t - s h o c k  phases  (I vs  VI)  ind ica ted  tha t  
a lcohol  in take  was  still s ignif icant ly  e leva ted  fol lowing ter- 
mina t ion  of  the  shock-s t re~s  p rocedu re  and  the p r e w o u s  
fluid cho ice  cond i t ions  T h e s e  squads  did not  differ  m 
e thano l  re take dur ing  any  of  the  s t ress  per iods  The  SB 
an imal s  c o n s u m e d  a s ignif icant ly  g rea te r  a m o u n t  of  a lcohol  
on ly  dur ing  Phase  V, the second  shock -cho ice  phase ,  than  
they had  dur ing  Phase  | The  only t ime tha t  total  fired retake 
s ignif icant ly  dif fered b e t w e e n  the  SB and  SC groups  was  m 
Phase  II, the  wa te r  only shock  phase ,  and  in Phase  IV, the  
first shock -cho ice  phase  More  fluid was c o n s u m e d  by the  
SC group  dur ing  Phase  II, and  by  the  SB rats  dur ing  Phase  
IV It can be  seen  tha t  this  was  due to the  g rea te r  a m o u n t  of  
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FIG 3 Percent alcohol consumed (--) and total fluid retake (©- - - -©)  before, during, and after rats 
were subjected to shock pumshment for crossover responses in the shuttlebox 

water  consumed by the respect ive  groups dunng  these 
periods 

Figure 2 shows the percent  of  the alcohol  solution con- 
sumed for mdwldual  animals in each group as a function of  
phase when both fluids were available to the animals Phases 
IV and V were  the shock-choice  phases and only one ammal  
m the SB group consumed a slgmficant  amount  of  alcohol  

Tables  1 through 4 show the volume (ml) o f  a lcohol  con- 
sumed by the respect ive  groups,  and the quanti ty in terms of  
g/kg [10] Differences  in consumpt ion  by males and females  
are shown in Tables  2, 3, and 4 for the respect ive  experi-  
ments This sex difference breakdown was not possible for 
the rats m Exper iment  1 since only two females were  in- 
cluded m the shock-box and safety-cage groups respec twely  

E X P E R I M E N T  2 

M E T H O D  

A mmaL~ 

The same rats were  used in Exper iment  2 as were  used m 
Exper iment  1 All were  housed Individually in standard rat 
cages located m the v l v a n u m  They were  maintained at 95% 
of  their  free-feeding body weights and always had ad lib 
access  to water  in their  home cages 

Apparutu s 

A shut t lebox (20×48× 19 cm) encased within a sound at- 
tenuating chamber  was used The side panels of  the box were 
cons t ruc ted  of  stainless steel and the top, front,  and back 
panels were  made of  clear  Plexlglas A Plexlglass ba rne r  8 
cm high divided the box into right and left halves Two  Daws 
feeders  (PD 104) mounted  on each side of  the chamber  deliv- 
ered 45 mg Noyes  pellets into food trays located 3 5 cm 
above  the f loor in the cen ter  of  the side walls A white 
stimulus light was located 10 cm above each feeder  tray and 
signalled the beginning and end of  each session A fan 
mounted  on one wall of  the chamber  provided ventilation.  

The f loor of  the shut t lebox consis ted o f  stainless steel 
grids 0 4 cm diameter  spaced i 4 cm apart  center  to center  
These  were  connec ted  to mlcrosw~tches which were  ac- 
nva ted  each t ime the animal j u m p e d  to the opposi te  side of  
the chamber  These  mlcroswi tches  served to act ivate  the 
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SESSIONS 

FIG 4 Medmn dally response rates before, during, and after cross- 
over responses were punished with electric shock 

appropriate  feeder.  The grids on the left side of  the 
shut t lebox were also connec ted  to a constant  voltage,  fixed 
~mpedence shock source which del ivered current  through an 
integrated circuit  shock scrambler  [4] Two  reverted 100 ml 
graduated cylinders were  mounted  on the front panel on the 
right (safe) side of  the shutt lebox,  ex tended 3 cm into the box 
and hung 2 5 cm above the grid f loor Feeder  operat ion,  
shock dehvery ,  session length and data recording were  con- 
trolled by solid state modules  and e lec t romechanlca l  coun- 
ters located m an adjoining room 

Pro~ edltre 

Exper iment  2 began approximate ly  3 weeks  after the end 
of  Exper iment  1 The rats were  placed m the shut t lebox for 
40 mm sessions,  and were  reinforced with food when they 
jumped  ove r  the b a m e r  from one side of  the shut t lebox to 
the other.  The re inforcement  schedule was cont inuous for 
the first six sessions,  the probabdl ty  of  re inforcement  was 
then changed to 85% Twe lve  sessions o f  approach training 
were  g]ven prior  to initiation of  the conflict  procedure  (Ap- 
proach I) SubJects were  provided ad hb access  to a choice  of  
water  and a 5% ethanol  solution in the shut t lebox and m their  
home cages dunng  six of  these sessions to obtain a baseline 
measure  of  consumpt ion  
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FIG 6 Medmn amounts (ml) of a sucrose and a sucrose-alcohol 
solution consumed by rats hwng m their home cages (SC) or in the 
shock chambers (SB) during the designated phases 

Beginning on Session 13, the conflict procedure began 
Rats received a 0 3 mA shock of 0 5 sec duration every time 
they crossed the barrier from the right to the left stde Cross- 
overs from the left to the right side were never punished 
After 12 sessions, the animals were provided with access to 
an ad lib choice of water and 5% ethanol In their home cages 
and In the shuttlebox Following 12 sessions of this fluid 
choice, conflict condition, shock was terminated and five 
shock-free approach sessions were run (Approach II) with 
both fluids available For one week following termination of 
Experiment 2 when animals were returned to their home 
cages, they were provided ad lib access to food and to a 
choice of the alcohol solution and water These last two 
procedures were followed to determine if the amount of 
alcohol consumed would change after a period of conflict 
exposure had ended The amounts of fluids consumed in the 
home cages were recorded each morning at 1000 hours, and 
in the shuttlebox after each session 

RESULTS 

Figure 3 shows the percent of alcohol consumed and the 
total fluid intake during each stage During Approach I, the 
percent of alcohol consumed, still elevated above the initial 
baseline levels observed in Experiment 1, usually remained 
below 40% The seml-interquartlle range (IQr=(Q~-Qt)/2) was 
equal to 21 92% This means that across animals and across 
days during this phase, the median percent intake of the 
ethanol solution (29 63%) vaned by _+21 92% The rats in- 
creased alcohol intake to about 70% of their total fluid intake 
when they were subjected to the conflict procedure, when 
crossover responses to the left side of the shuttlebox were 
punished (IQr=27 38%) Alcohol intake decreased on the 
first day of Approach II, when shock punishment was dis- 
continued, and then increased and remained elevated for the 
duration of the experiment when the animals continued to 
make shock-free crossover responses to obtain food rein- 
forcement (IQr= 19 23%), and following the shuttlebox pro- 
cedure when they were returned to their home cages and 
free-feeding conditions (IQr= 13 94%) Total fluid intake re- 
mained fairly constant throughout the experiment These re- 
suits indicate that neither control over,  nor termination of 
the aversive shock conditions necessarily results in the ces- 
sation of increased alcohol intake 

Figure 4 shows how the crossover responses were sup- 
pressed when they were punished Crossover rates de- 
creased for both squads of animals from 5 or 8 responses per 
minute to about one response per minute These rates started 
to show some recovery before the choice of fluids was made 
available to the animals and stabilized at around 3-4 re- 
sponses per minute while the shock punishment procedure 
was still In effect When this punishment was eliminated, 
response rates increased to the pre-punishment levels 

One further finding of interest revealed that liquid intake 
did increase in the shuttlebox but it was not of the alcohol 
solution Figure 5 shows that the amount of water consumed 
in the shuttlebox decreased when the conflict procedure was 
introduced, gradually increased to pre-confllCt consumption 
levels, and then increased dramatically during Approach II 
when the conflict procedure was terminated This cannot be 
accounted for the by increased number of food reinforcers 
received because water consumption was not as great dunng 
Approach I when just as many food pellets were being ob- 
tained 

EXPERIMENT 3 

METHOD 

Antmal~  

Twelve naive Sprague-Dawley rats (6 males, 6 females) 
obtained from Blue Spruce Farms, Altamont, NY, were run 
in two squads of six animals each, as was described in the 
first experiment At the start of this experiment, the first and 
second squads of animals were 188 and 223 days old respec- 
tively Subjects were housed individually under a 12-hour 
light/dark cycle They had ad lib access to food and a 3% 
sucrose (w/v) and/or an ethanol solution that was 5% of the 
3% sucrose solution (v/v) The rats were assigned to either 
the safety-cage (SC) or shock-box (SB) living conditions 

A p p a l  atu ~ a n d  P~ o~ edut e 

The living conditions and inescapable shock procedure 
were the same as were described for Experiment 1 In the 
present experiment, data were obtained for all 12 rats in each 
of the six phases At the end of Experiment 3, the rdts were 
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FIG 7 Medmn amounts (ml) of a sucrose and a sucrose-alcohol 
solution consumed by rats before, dunng, and after they were re- 
duced to 95% of their ad hb body weights 

maintained m their home cages m the vwar |um and were 
allowed access to ad hb food and water Ibr s~x weeks 

RESULTS 

Figure 6 shows the amounts of each solution that were 
consumed by the SB and SC groups during the s~x phases of 
the Inescapable shock conditions It shows that most of the 
animals' fluid intake consisted of the plain sucrose solution 
when a choice was avadable to them ( I Q r -  SB= 12 69 ml, 
SC=24 84 ml ) There was a decrease in the amount of su- 
crose consumed by both groups during the shock phases 
(II-V) which was most pronounced for the shock-box rats 
These rats significantly decreased sucrose intake from 100 
ml to 69 5 ml when shock was first introduced, even though 
the plato sucrose was the only solution available for them to 
dnnk (IQr=23 25 ml) These decreased intakes remained 
slgmficantly lower throughout the shock phases of the exper- 
iment (p ' s<0 05), sucrose intake significantly increased to 
pre-shock levels when the shock phases were terminated 
(p<0 05, IQr=8 67 ml) Although the SC animals seemed to 
show a similar decrease m sucrose consumption in Phase II, 
~t was not significant (p>0 05. IQr=27 87 ml) There was 
very little retake of the sucrose-alcohol solution by e~ther 
group and it did not change during any phase of the experi- 
ment except during Phase III when it was the only solution 
available to them (IQr-SB=5 57 ml, SC= 10 09 ml) 

EXPERIMENT 4 

METHOD 

Ammal~ and Pro( edure 

At the end of the 6-week interval following Experiment 3, 
baseline weights were recorded from the rats for 10 days 
while they were being malntamed on ad lib feeding and drink- 
mg The fluids available to the animals were changed from 
water to two 3% sucrose solutions, one of which was 5% 
alcohol The animals had access to these fluids from two 
graduated cylinders that hung on the front of  their home 
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FIG 8 Dady weights and dady consumption of the sucrose and 
sucrose-alcohol solutions during each 10-day period before, during. 
and after deprivation 

cages They were reduced to 95% of their ad lib body weights 
over the next 10-day period Rats were then returned to ad 
hb feeding and dnnkmg conditions for a third 10-day period 
Weights of the rats and amounts of each fluid consumed 
were recorded daily at 1000 hours and bottles were refilled 
after each reading Their posit~ons were alternated to control 
for poslt~on preference 

RESULTS 

Figure 7 shows the median amount of each fired that 
was consumed by the rats before, dunng, and after they were 
reduced to 95% of their ad lib body weights Consumption of 
the plain sucrose solution was much higher than was the 
consumption of the sucrose-alcohol solution The medmn 
sucrose consumption was equal to 97 5 ml and the semt-IQ 
range (IQr) was equal to 3 73 ml The median amount of 
sucrose-plus-alcohol consumed was equal to 10 14 ml and 
the IQr was equal to 7 09 ml Sucrose consumption showed a 
very small but slgmficant decrease dunng the deprivation 
phase (mdn=95 43 ml, IQr=3 96 ml) when consumption of 
the sucrose-alcohol significantly increased (mdn=21 5 ml, 
IQr= I 1 85 m l , p ' s < 0  05) The dally retakes of both solutions 
slgmficantly decreased below baseline levels when the rats 
were again allowed ad lib intake (p ' s<0 05) Across animals 
and across days dunng this phase, sucrose retake decreased 
to 92 39 ml (IQr=13 22 ml) No sucrose-alcohol was con- 
sumed 27 5% of the time, and only 5 57 ml was consumed 
50% of the time Tables 2 through 4 show that both males and 
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females increase the volume and quantity of alcohol con- 
sumed under conflict and deprivation conditions, and this 
Increase zs greater for females than it is for males, as Melsch 
[10] has Indicated is the usual finding 

The daily consumption of each of these fluids is shown in 
Figure 8 Here it can be seen that the increasing consumption 
of the sucrose-alcohol solution during deprivation seems to 
parallel the decline in mean body weight that was occurring 
at the same time When the deprivation procedure was ter- 
minated, body weight increased by the second day and con- 
sumptlon of the sucrose-alcohol solution shows a corre- 
sponding dechne These results indicate that food depriva- 
tion can cause rats to Increase consumption of a caloric 
solution containing alcohol However ,  caloric deprivation 
cannot be the only reason for the increased ethanol retake 
because the animals decreased intake of the calonc sucrose 
solution at the same time 

G E N E R A L  DISCUSSION 

The results of the first experiment replicated those of 
Volplcelh, Tlven, and Klmmel [22] amd support the conclu- 
sion that a discriminable post-shock safety period is neces- 
sary to observe an increase in alcohol consumption by rats 
Specifically, those animals that were returned to their home 
cages following exposure to noxious stimulation consumed 
more alcohol than those remaining in the shock chambers 
Virtually no alcohol was consumed by either group dunng 
shock exposure These findings cannot be explained by the 
Tension Reduction Hypothesis (TRH) which suggests that 
alcohol consumption following stress exposure is mediated 
by the depressant or tranquilizing effects of ethanol, It sup- 
posedly reduces tension induced by averslve stimulation or 
the actual noxiousness of it This hypothesis would thus 
predict that most alcohol would be consumed by rats living 
in the shock environment and that this intake would be most 
pronounced during the temporal interval immediately pre- 
ceding or during averslve stimulation The present results do 
not support either of these predictions 

They indicate that alcohol may not have the kind of 
stress-rehevlng properties that the TRH imphes That IS, the 
analgesic or tranquilizing effects of ethanol may not compen- 
sate for the effects of averslve stimulation that may directly 
Interfere with drinking Von Wright, Pekanmakl and Mahn 
[23] have suggested that an averslve environment elicits re- 
sponses that are incompatible with drinking Therefore, 
alcohol intake will be more likely to occur following shock 
stimulation in an environment (or during a temporal interval) 
that the animals can discriminate as being safe and that does 
not elicit responses that are incompatible with the consum- 
matory response They have observed that shock stimulation 
led to a lasting decrease In rats' level of activity whale they 
were in an averslve environment which induced freezing and 
a variety of aggressive and escape behaviors Although no 
group differences in the amount of the sucrose-alcohol solu- 
tion were observed in Experiment 3 when naive rats were 
subjected to the same stress and living conditions as the rats 
in Experiment 1, the fact that the shock-box animals in Ex- 
periment 3 showed a greater decrease in the amount of the 
plain sucrose solution consumed than did the safety-cage 
animals lends support to Von Wright e t  a l  '~ hypothes~s 
being in the averslve environment evidently elicited re- 
sponses that even interfered with drinking a preferred 
sweet-tasting solution 

These investigators have also suggested that the emo- 
tional arousal, anxiety, or tension that is induced by averslve 
stimulation remains high for some time after it ends The 
present finding in the first experiment, that little alcohol was 
consumed by rats in the first two hours after they were re- 
moved to their home cages following shock sessions indi- 
cates that the response suppression induced by the averslve 
environment can even Interfere with drinking In a safe en- 
vironment for awhile after the periodic shock stimulation 
ends 

The results of Experiment 2 also support the hypothesis 
that stress-induced alcohol consumption is most likely to 
occur in a safe environment, since these animals did not 
consume any alcohol during conflict sessions but consis- 
tently increased and maintained alcohol intake when re- 
turned to their home cages Of interest is the fact that 
polydlpsla was evidenced by an excessively high volume of 
water consumed in the shuttle-box even though alcohol came 
to serve as the fluid of choice in the home cage 

Perhaps most important, these data suggest that control- 
lability of the averslve stimulation is not a major factor in- 
fluencing alcohol intake This is in contrast to the findings of 
Anlsman and Waller [1] and Von Wright e t  a l  [231 showing 
reduced consumption of alcohol when rats could avoid shock 
occurrence by not responding Anlsman and Waller demon- 
strated that rats placed into a conflict situation drank less 
alcohol than did those receiving inescapable electric shock, 
and they attributed these results to the ability of the rats in 
the conflict groups to control the occurrence of the averslve 
stimulation They stated that under these conditions, " the  
necessity of consuming alcohol for possible stress reduction 
is minimized "" Von Wright e t  a l  "s results indicated that the 
increased alcohol intake following their conflict conditions 
was only transitory, while inescapable shock led to a fairly 
permanent alcohol preference following termination of the 
averslve conditions These results indicate that shock stimu- 
lation that can be controlled may be less averslve than that 
which cannot Although this assertion is intuitively plausi- 
ble, whether or not a procedure is stress-inducing should be 
derived from a measure that is independent of the alcohol 
consumption which is purported to result from it This would 
include such physiological measures as levels of plasma cor- 
tlCOsterone or degree of gastric ulceration and measures in- 
dicating that the physiological functioning of the organism 
becomes more vulnerable to insult following exposure to in- 
escapable shock stimulation [9,21] The present results 
suggest that the ability to control the shock stimulation be- 
comes an irrelevant factor influencing ethanol consumption, 
at least after animals have had shock-induced experaence 
dnnkIng alcohol Research is currently in progress to de- 
termine how much alcohol will be consumed by naive rats 
subjected to the same conflict conditions 

All of these results suggest that a simple characterization 
of alcohol as being either positive or negative is not possible 
Rats maintained alcohol consumption following termination 
of the shock conditions in Experiments 1 and 2, indicating 
that the alcohol solution had acquired positive reinforcing 
properties Several investigators have demonstrated these 
by showing an ethanol perference over water following pro- 
longed exposure to both solutions simultaneously [6,13], and 
Samson and colleagues have demonstrated these positive 
properties in an extensive series of experiments utlhzlng an 
operant conditioning paradigm [16, 17, 18] 

Several other investigators have explicitly demonstrated 
the averslve properties of ethanol using a place conditioning 
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paradigm [20], and have  shown  that  rats do not  exhibi t  a 
f lavor  p re fe rence  for  a swee t  solution when  ~t has p rewous ly  
been  a s socmted  with mtuba t lon  of  an e thanol  solut ton [19] 
The latter  resul ts  suggest  that  a suc rose  solut ton con ta inmg 
ethanol  will be avers ive  to the ammals ,  they  explain why  rats 
rece~wng inescapable  shock m E x p e r i m e n t  3 c o n s u m e d  very 
little of  the suc rose -e thano l  solut ion when  they were  given a 
choice  be tween  ~t and plato sucrose  These  findings also con- 
trad~ct the conclus ion  d rawn by Mills et al [11] that  taste  
plays a less |mpor tan t  role in fluid select ion w~th increasing 
exposure  to s t ress  Rats  m their  second  expe r imen t  de- 
c reased  intake of  a s a c c h a n n  solution m favor  of  a 5- or 10% 
ethanol  solution when  subjec ted  to unavoidable  shock  
s t ress  Resul ts  o f  our  Expe r imen t  3 md~cate that  when  a 
sucrose  solut ion ~s ut ihzed which conta ins  calories ,  taste  
does  play an impor tant  role,  and a pos t - shock  safety pemod 
becom es  an ~rrelevant factor  con t ro lhng  alcohol retake 

The ~mportance of  food-depr iva t ion  m determining  choice  
of  fluid c o n s u m e d  ~s demons t r a t ed  by the results  o f  the 
fourth expe r imen t  consumpt ion  o f  the sucrose  solut ion con- 
ta lnmg alcohol d~d increase when  animals were  reduced  to 
95% of  thew free-feeding weights ,  a very  low depr iva t ion  
level, and dec reased  when they were  again placed on ad hb 
feeding condi t ions  This f inding is cons i s ten t  w~th the con- 
clusion drawn by Carroll and Melsch  [3] m a rev iew of  
s tudies  invest igat ing the re la t ionship be tween  food- 
dep r lvahon  and drug intake They conc luded  that  a basic 
finding ~s that  the rate of  drug mainta ined behav ior  nearly 
doubles  in food-depraved ammals  and that th~s holds  true 
across  various routes  of  admlmst ra t lon ,  species ,  and types  of  
drug 

Based on several  expe r imen t s  compar ing  condi t ioned  
f lavor p re fe rences  for neutral  solut ions pmred w~th suc rose  

or  alcohol ,  She rman  et al [19] had conc luded  that  the posi- 
tive proper t ies  that  an alcohol  so luhon can have are mamly 
due to ~ts caloric con ten t  Smce  a lcohol -consuming  rats in 
the p resen t  expe r imen t s  con t inued  increased  alcohol  mtake  
when  all avers~ve shock condi t ions  were  t e rmmated  and they  
were  being mainta ined on ad lib feeding,  results  indicate that  
~t is not hkely that  the caloric con ten t  o f  the alcohol solut ion 
~s the only factor  contr ibut ing to the poszt~ve proper t ies  that  
e thanol  can have In their  review,  Carroll  and Melsch  have 
also cited a number  of  s tudies  indicating that the increased  
alcohol retake obse rved  during food depr ivat ion  cannot  be 
at tmbuted solely to ~ts caloric con ten t  A n u mb er  of  these  
s tudies  found this depr iva t ion- reduced  increase even  when  
they  used non-calomc drugs This conclus ion  is also sup- 
por ted by the finding that  rats in our Exper imen t  4 showed  a 
small but significant dec rease  in retake of  a caloric swee t  
solution during the depr ivat ion  phase  when  they increased  
intake of  the avers~ve sucrose-a lcohol  solution 

The presen t  series of  expe r imen t s  thus indicate that rats 
will Increase consumpt ion  of  a non-prefe r red  e thanol  solu- 
tion following exposure  to e i ther  inescapable  or control lable  
shock st imulation This increase  ts most  p ronounced  m a 
safe env i ronment ,  in one that has not been  a s socmted  with 
shock  The finding that  rats hvlng In the avers lve  environ-  
ment  dec reased  c o n s u m p h o n  of  a prefer red  swee t  so luhon  
suggests  that  these  avers lve  condi t ions  may interfere  with 
c o n s u m m a t o r y  r e sponses  m general  Finally, food deprava- 
tion does  increase the probablh ty  that  rats will consume  a 
non-prefe r red  alcohol solut ion over  a plain sweet  one,  
suggest ing e~ther that they  can d~scnmlnate the higher 
caloric con ten t  of  the sucrose-a lcohol  solution,  or possibly 
that food depr ivat ion is ano the r  kind of  s t ress  condi t ion that 
can result  m Increased alcohol intake 
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