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POLING, A. AND T. THOMPSON. Attenuation of ethanol intake by contingent punishment of food-maintained 
responding. PHARMAC. BIOCHEM. BEHAV. 7(4) 393-399,  1 9 7 7 . -  Two food-deprived rats responded under a 
concurrent fixed-ratio 12 (food) fixed-ratio 1 (8% ethanol) reinforcement schedule in which a tone occurred during every 
second or every fourth interpellet interval. When ethanol-maintained lever presses during the presence of the tone shifted 
the food schedule to one in which electric shock punishment occurred, ethanol-maintained responding consistently 
decreased. The decrease in the frequency of ethanol-maintained responding varied directly with shock voltage from 25 to 
100 V, and occurred during intervals with the tone present and absent. These results indicate that ethanol intake may be 
attenuated by contingent changes in a concurrent food schedule. 
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B E H A V I O R A L  pharmaco log i s t s  have long been  in te res t ed  
in es tabl i sh ing cons i s t en t  oral  e t h a n o l  se l f -admin i s t ra t ion  by  
n o n - h u m a n  subjec ts  [ I 1 ] .  In recen t  years,  a n u m b e r  of  
t e chn iques  for engende r ing  apprec iab le  e t h a n o l  in t ake  have 
be, en r epo r t ed  [ 7 , 1 1 ] .  Fo r  example ,  food-depr ived  rats 
which  i n t e r m i t t e n t l y  receive dry  food pel le ts  regularly 
dr ink suff ic ient  e t h a n o l  to  show behaviora l  signs of  
i n t o x i c a t i o n  [5, 6, 9, 11] .  When  food  p r e s e n t a t i o n  wi th in  
e x p e r i m e n t a l  sessions is s topped ,  these an imals  con t inue  to 
dr ink more  e t h a n o l  t h a n  tap water ,  d e m o n s t r a t i n g  tha t  the  
drug is serving as a r e in fo rce r  [7, 10, 12] .  A decade  ago, i t  
was n o t  clear w h e t h e r  e t h a n o l  could  be es tab l i shed  as a 
r e in fo rce r  for  n o n - h u m a n  species [ 11 ].  

Perhaps  due to  the  di f f icul t ies  which  m e t  early a t t e m p t s  
to es tabl ish  o ra l ly -admin i s te red  e t h a n o l  as a re inforcer ,  
there  have been  few a t t e m p t s  to  decrease  the  e thano l  
se l f -admin is t ra t ion  of  n o n - h u m a n  species wi th  behaviora l  
procedures .  This  s tands  in m a r k e d  con t r a s t  to  the  m u l t i t u d e  
of  s tudies  which  have a t t e m p t e d  to a t t e n u a t e  the  e thano l  
in take  of  n o n - h u m a n s  w i th  pharmaco log ica l  i n t e rven t ions  
(e.g., [ 16] ), and  to reduce  h u m a n  e t h a n o l  c o n s u m p t i o n  via 
behaviora l  m a n i p u l a t i o n s  (e.g., [4] ). 

Two s tudies  [12 ,13]  which  used behaviora l  manipula -  
t ions  to  a t t e n u a t e  the  e t h a n o l  in t ake  of rats  d e m o n s t r a t e d  
cons i s t en t  r educ t ions  in e t h a n o l - m a i n t a i n e d  lever pressing 
and  e t h a n o l  in t ake  w h e n  each  e t h a n o l - m a i n t a i n e d  lever 
press de layed c o n c u r r e n t  food  availabil i ty.  The degree of  
r educ t ion  varied inversely wi th  e t h a n o l  c o n c e n t r a t i o n  and  
direct ly  wi th  delay l eng th  and  did n o t  resul t  f rom changes  
in in t e rpe l l e t  t ime  alone.  These da ta  ind ica te  t h a t  e t h a n o l  

in take  may  be a t t e n u a t e d  by  c o n t i n g e n t  changes  in a 
c o n c u r r e n t  food schedule.  The p resen t  s tudy  f u r t h e r  
e x a m i n e d  the  ef fec ts  of  a l ter ing a c o n c u r r e n t  food  schedule  
c o n t i n g e n t  on  e t h a n o l - m a i n t a i n e d  r e spond ing  by deter-  
min ing  the  effects  of  pun i sh ing  food -ma in t a ined  lever 
pressing c o n t i n g e n t  on e t h a n o l - m a i n t a i n e d  responding.  

METHOD 

Animals 

Two male Sprague-Dawley rats, a b o u t  150 days old at 
the  onse t  of  e x p e r i m e n t a t i o n ,  were indiv idual ly  housed  in a 
cons tan t ly - l igh ted  r o o m  wi th  an a m b i e n t  t e m p e r a t u r e  of 
24°C. Animals  were m a i n t a i n e d  at 80% of  f ree-feeding 
b o d y  weights,  wh ich  were: R - 7 ,  302 g; R - 8 , 3 0 0  g. Water  
was c o n s t a n t l y  available in h o m e  cages, excep t  as n o t e d  
below. 

Apparatus 

Each  of  two  s o u n d - a t t e n u a t e d  Ge rb rands  operan t  con-  
d i t ion ing  c h a m b e r s  was equ ipped  w i th  two levers, a pel le t  
dispenser ,  and  a l iquid dipper.  A 7 W whi te  magazine  l ight  
and a 25 W whi te  house  l ight  suppl ied constar t t  i l lumina-  
t ion.  A 7 W red l ight  was loca ted  immed ia t e ly  above each  
lever. An exhaus t  fan p rov ided  ven t i l a t ion  and masking  
noise.  Noyes  food  pel le ts  (45 mg)  were p resen ted  fol lowing 
des ignated  presses of  the  left  lever. The d ipper  (0.25 ml 
vo lume)  was p re sen ted  for  four  seconds  c o n t i n g e n t  on 
des ignated  presses of  the  r ight  lever. A force of  approxi-  
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mate ly  0.27 N was requi red  to opera te  the  levers. The  
c h a m b e r  f loor  cons is ted  of  0.2 cm d iame te r  me ta l  grids 
spaced 0.9 cm apart .  Electr ic  shock  of  specif ied in tens i ty  
and  du ra t ion  could  be delivered to the  grids via an a.c. 
shock scrambler .  E l ec t romechan ica l  p r o g r a m m i n g  and re- 
cord ing  e q u i p m e n t  was located  in an ad jacen t  room.  

E t h a n o l  so lu t ions  (v/v) were p repar ing  using 95% 
e thano l  in tap water.  Solu t ions  were p repa red  less than  
48 hr  before  use and s tored in sealed flasks at r oom 
tempera tu re .  

Procedure 

Each an imal  was t ra ined  to press the  left  lever, wi th  each  
press fo l lowed by p resen ta t ion  of  a food pellet .  Over a 
n u m b e r  of  sessions, the  food schedule  was raised f rom 
fixed-rat io 1 (FR  1) to  FR 12. Unde r  the  FR 12 schedule ,  
every twe l f th  response  p roduced  food.  Over the  same 
period,  animals  were ini t ial ly wa te r  depr ived for  24 hr  and  
t ra ined  to press the  r ight  lever, wi th  each  press fo l lowed by 
p resen ta t ion  of  the  d ipper  (FR 1), filled wi th  tap water.  
Water  depr iva t ion  was gradually r educed  across sessions and 
finally abol ished as cons i s t en t  d r ink ing  developed.  At  tha t  
t ime,  4% (v/v)  e thano l  so lu t ion  was subs t i t u t ed  for  tap 
wate r  for three  sessions, a f te r  which  8% (v/v) e thano l  

so lu t ion  replaced the  4% solut ion.  Daily sessions t e r m i n a t e d  
af ter  100 food  pel le t  p resen ta t ions .  

Af te r  five sessions of exposure  to the  c o n c u r r e n t  FR 12 
( food)  FR 1 (8% e thano l )  schedule ,  a tone  was p resen ted  
dur ing  every second  in te rpe l l e t  interval.  No changes  in 
p r o g r a m m e d  con t ingenc ies  were associated wi th  the  tone  at 
this  t ime.  This p rocedure  r emained  in ef fec t  unt i l  the rate 
of  food -ma in t a ined  lever pressing showed  n o  obvious  
upward  or d o w n w a r d  t rend  across five consecut ive  sessions. 

At  t ha t  t ime,  a p rocedure  was in s t i t u t ed  in which  any 
e thano l -ma in t a ined  lever press dur ing the  presence of the  
tone  shi f ted  the  FR 12 food  schedule  to  one in which  each 
food -ma in t a ined  lever press was fo l lowed by a br ie f  (200  
msec),  25 V electr ical  shock delivered to the  c h a m b e r  floor.  
This p u n i s h m e n t  con t i ngency  remained  in e f fec t  un t i l  a 
food pel let  was earned,  at  which  t ime b o t h  tone  and 
p u n i s h m e n t  t e rmina ted .  During the  t ime  tha t  p u n i s h m e n t  
was p rog rammed ,  a l ight  loca ted  above the  left  lever was 
i l lumina ted .  This p rocedure  r emained  in ef fec t  unt i l  the 
n u m b e r  of  in te rpe l l e t  intervals  wi th  the  tone  p resen t  in 
which  at least  one  e t h a n o l - m a i n t a i n e d  lever press occur red  
showed  n o  obvious  upward  or d o w n w a r d  t r end  over five 
consecut ive  sessions. At  t ha t  t ime,  shock in tens i ty  was 
raised to 50 V. Animals  were run  at this  in t ens i ty  un t i l  the 
above cr i ter ion was met ,  at which  t ime  shock in tens i ty  was 
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FIG. 1. Percentage of interpeilet intervals with one or more ethanol-maintained lever presses when the tone was present on 
every second interpellet interval. During intervals when the tone was present and an ethanol-maintained lever press was 
emitted, each food-maintained lever press was followed by a 200 msec shock of the intensity shown. Shock was not 
presented at any time during intervals when the tone was not present. During the first series, shock intensities were 
presented in ascending order, while a descending order was employed in the second series. The horizontal lines through the 

data points represent the mean of both series. 
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FIG. 2. Percentage of interpellet intervals with one or more ethanol-maintained lever presses when the tone was present on 
every fourth interpellet interval. During intervals when the tone was present and an ethanol-maintained lever press was 
emitted, each food-maintained lever press was followed by a 200 msec shock of the intensity shown. Shock was not presented 
at any time during intervals when the tone was not present. During the first series, shock intensities were presented in 
ascending order, while a descending order was employed in the second series. The horizontal lines through the data points 

represent the mean of both series. 

raised to  100 V and  the  an imals  were again run  to cr i ter ion.  
This c o n c l u d e d  the  first (ascending)  series of  shock  in ten-  
sities. A second  (descend ing)  series, like the  ascending  series 
in all respects  e x c e p t  for a reversed order ing  of  shock  
in tensi t ies ,  was t h e n  ins t i tu t ed .  

Fo l lowing  the  f inal  session of  the  ascending  series, a 
series of  m a n i p u l a t i o n s  s imilar  to t h a t  descr ibed  above was 
p e r f o r m e d  wi th  the  tone  (and p o t e n t i a l  p u n i s h m e n t )  
p resen t  on every f o u r t h  in te rpe l l e t  interval .  

Dur ing each session,  n u m b e r  of  e t h a n o l - m a i n t a i n e d  lever 
presses dur ing  each  in te rpe l l e t  in terva l  was recorded ,  as 
were ra te  of  f o o d - m a i n t a i n e d  lever press ing and mill i l i ters  
of  so lu t ion  c o n s u m e d .  C o n s u m p t i o n  was co r rec ted  for  
evapora t ion  as descr ibed  by  Meisch and Beardsley [8 ] .  
Only data  co l lec ted  dur ing  the  f inal  five sessions of  each  
expe r imen t a l  c o n d i t i o n  are r epo r t ed  below.  

RESULTS 

During ini t ia l  sessions w h e n  p u n i s h m e n t  was n o t  pro- 
g rammed ,  b o t h  an imals  em i t t ed  at  least  one  e thano l -  
m a i n t a i n e d  lever press dur ing  over  ha l f  of  the  in te rpe l l e t  
intervals  wi th  the  tone  p resen t  and  absent .  When  shock  was 
p rog rammed ,  the  pe rcen tage  of  in t e rpe l l e t  in tervals  w i th  at 
least one  e t h a n o l - m a i n t a i n e d  lever press decreased progres- 

sively as shock  voltage increased (Fig. 1). This decrease was 
evident  dur ing  b o t h  the  presence  and absence  of  the  tone ,  
a l t h o u g h  e t h a n o l - m a i n t a i n e d  r e spond ing  decreased more  
dur ing  in te rpe l l e t  intervals  wi th  the  tone  p resen t  than  
dur ing  intervals  wi th  the  tone  absent .  The percen tage  of  
in te rpe l l e t  intervals  wi th  at  least  one  e t h a n o l - m a i n t a i n e d  
lever press was similar  for  the  first (ascending)  and second 
(descending)  series of  shock intensi t ies .  When the  tone  was 
p resen t  on  every f o u r t h  in te rpe l l e t  in terval  (Fig. 2), the  
re la t ion  b e t w e e n  shock in tens i ty  and the  pe rcen tage  of  
in te rpe l l e t  intervals  wi th  at  least  one e t h a n o l - m a i n t a i n e d  
lever press was similar to  t ha t  descr ibed above.  E x a m i n a t i o n  
of  cumula t ive  records  ind ica ted  t ha t  t h r o u g h o u t  the  s tudy  
e t h a n o l - m a i n t a i n e d  lever presses typica l ly  occur red  
immed ia t e ly  af te r  a food  pel le t  was received, jus t  before  
f ood -ma in t a ined  r e spond ing  was in i t ia ted .  Dur ing all con- 
di t ions,  more  t han  one e t h a n o l - m a i n t a i n e d  lever press rarely 
occur red  dur ing  any  in te rpe l le t  interval .  

Like e t h a n o l - m a i n t a i n e d  responding ,  mean  vo lume of  
so lu t ion  and  m e a n  mil l igrams e t h a n o l  (per  100 g b o d y  
weight )  c o n s u m e d  per  session decreased progressively wi th  
increas ing shock  in tens i ty ,  b o t h  w h e n  the  tone  was p resen t  
dur ing  every second (Fig. 3) and every f o u r t h  (Fig. 4) 
in te rpe l l e t  interval .  

F o o d - m a i n t a i n e d  r e spond ing  occur red  at  a h igh rate 
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FIG. 3. Mean volume of solution and milligrams ethanol (per 100 g body weight) consumed per session under all 
conditions when the tone was present on every second interpellet interval. Conditions are labelled according to the 
intensity of shock which followed each food-maintained lever press during interpellet intervals when the tone was present 
and an ethanol-maintained lever press occurred. The first bar under each condition represents consumption during the first 
(ascending) series of shock intensities, the second bar represents consumption during the second (descending) series of 

shock intensities. The area within brackets represents + 1 standard error. 

when  p u n i s h m e n t  was no t  p r o g r a m m e d  and the  tone  was 
present  dur ing every second (Fig. 5) or  every f o u r t h  
(Fig.. 6) in te rpe l le t  interval .  Rates  of  food -ma in t a ined  lever 
pressing dur ing  all in te rpe l le t  in tervals  in which  e thanol -  
ma in t a ined  re spond ing  occur red  were slightly lower  t han  
rates when  no  such re spond ing  occurred,  while rates  dur ing  
in te rpe l le t  intervals  when  shock  was delivered were 
apprec iably  lower  t han  rates  dur ing o t h e r  in te rpe l le t  inter-  
vals. The relative decrease in the  rate of  food -ma in t a ined  
responding  associated wi th  shock delivery varied direct ly  
wi th  shock voltage. 

D I S C U S S I O N  

The p resen t  results  parallel  previous  f indings [5, 6, 9, 10, 
12, 13] ,  d e m o n s t r a t i n g  t ha t  rats which  i n t e r m i t t e n t l y  
receive food  pel lets  m ay  consume  appreciable  quan t i t i e s  of  
e thanol .  These data  also indica te  t h a t  e t hano l - ma in t a ined  
responding  and e thano l  c o n s u m p t i o n  can be decreased by 
pun ish ing  food -ma i n t a i ned  re spond ing  c o n t i n g e n t  on 
e thano l -ma in t a ined  lever pressing. A l though  the effects  of  
such a p rocedure  have no t  been  r epo r t ed  previously,  earlier 
s tudies  have ind ica ted  tha t  d rug-main ta ined  behav io r  can be 
a t t e n u a t e d  by  m a n i p u l a t i o n  of  its consequences :  Conven-  
t ional  p u n i s h m e n t  p rocedures  suppress  behav io r  m a i n t a i n e d  
by codeine ,  m o r p h i n e ,  and a m p h e t a m i n e  [ 1 5 , 1 8 ] ,  and 

e thano l -ma in t a ined  re spond ing  can be rel iably decreased by  
c o n t i n g e n t  p o s t p o n e m e n t  of  food  avai labi l i ty  [ 12,13 ]. 

C o n t i n g e n t  i n t e rac t ions  wi th in  c o n c u r r e n t  r e i n f o r c e m e n t  
schedules  have been  given l i t t le  e x p e r i m e n t a l  a t t e n t i o n  (for  
a review of  research on c o n c u r r e n t  schedules  see [3 ] ) .  
However,  r ecen t  f indings suggest t ha t  a l ter ing a food  
schedule  c o n t i n g e n t  on  e thano l -ma in t a ined  re spond ing  may  
a t t enua t e  such re spond ing  when  the  a l t e ra t ion  consis ts  of  
the add i t ion  of  shock  p u n i s h m e n t ,  as in the present  s tudy ,  
or the p o s t p o n e m e n t  of  food availabil i ty,  as in earlier 
s tudies  [ 12 ,13] .  In the  p resen t  s tudy,  the magn i tude  of  the 
decrease in e t h a n o l - m a i n t a i n e d  re spond ing  was di rect ly  
related to the  voltage of  the  shock p u n i s h m e n t  added  to the  
food schedule .  Such a direct  re la t ion  be tween  shock voltage 
and response  suppress ion  general ly occurs  when  a single 
ope ran t  response  is pun i shed  [ 1 ,2] ,  and was ev ident  when  
food -ma in t a ined  re spond ing  was pun i shed  in the present  
s tudy.  

Since rates  of  food -ma in t a ined  r e spond ing  invar iably  
decreased dur ing  intervals  when  shock was p rog rammed ,  
the p rocedure  used in the  p resen t  s tudy  func t iona l ly  
delayed food  avai labi l i ty  when  e thano l -ma in t a ined  respond-  
ing occur red  dur ing in te rpe l le t  intervals  wi th  the  tone  
present .  Whe the r  such delays in food  p r e sen t a t i on  are 
requi red  to a t t e n u a t e  e t hano l -ma in t a ined  re spond ing  is no t  
clear: Previous research [ 1 2,13] has  ind ica ted  tha t  such 
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tone present,  no e thanol-mainta ined lever presses, while the four th  bar represents intervals with the tone present  and 
e thanol-mainta ined lever pressing (i.e., interpellet  intervals when  shock of  the listed intensi ty followed each 
food-maintained lever press). Rates are calculated across the first (ascending) and second (descending) series of  shock 

intensities. 
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P u n i s h m e n t  I n t e n s i t y  ( v o l t s )  
FIG. 6. Rates of food-maintained lever pressing under all experimental conditions when the tone was present on every 
fourth interpellet interval. Conditions are labelled as in Fig. 3. The first bar under each condition represents response rate 
during interpellet intervals when the tone was not present and ethanol-maintained lever pressing did not occur The second 
bar represents intervals with the tone absent and one or more ethanol-maintained lever presses. The third bar represents 
tone present, no ethanol-maintained lever presses, while the fourth bar represents intervals with the tone present and 
ethanol-maintained lever pressing (i.e., interpellet intervals when shock of the listed intensity followed each 
food-maintained lever press). Rates are calculated across the first (ascending) and second (descending) series of shock 

intensities. 

delays alone may  be suff ic ient  to a t t e n u a t e  e thano l -ma in -  
ta ined responding,  bu t  the i r  necess i ty  remains  to  be 
empir ical ly  evaluated.  

A l though  food -ma in t a ined  lever pressing in the  present  
s tudy  was pun i shed  c o n t i n g e n t  on e t h a n o l - m a i n t a i n e d  lever 
pressing only  dur ing  par t icu lar  in te rpe l le t  intervals,  which  
were signalled by  a tone ,  e t hano l - m a i n t a i ned  lever pressing 
decreased relative to ini t ial  sessions dur ing  intervals  wi th  
the tone  p resen t  and absent .  The magn i tude  of  this  decrease 
varied di rect ly  wi th  shock in t ens i ty  dur ing intervals  wi th  
the tone  p resen t  and absent ,  a l t hough  the  decrease at a 
given shock  in tens i ty  was typica l ly  greater  dur ing  inter-  
pel let  intervals  wi th  the tone  present .  E t hano l  c o n s u m p t i o n  
also decreased di rect ly  wi th  shock in tens i ty .  These data  
suggest t h a t  the  suppressive effects  of  adding  a p u n i s h m e n t  
con t ingency  to the  food schedule  dur ing  intervals  wi th  the  
tone  present  general ized to intervals  when  the tone  was no t  

present .  Having repea ted ly  p resen ted  the  tone  w i t h o u t  
consequence  dur ing  baseline sessions may  have c o n t r i b u t e d  
to this  general iza t ion,  a l t hough  this  poss ibi l i ty  was no t  
tested.  

Whe the r  the  p resen t  da ta  relate  in any mean ingfu l  way 
to h u m a n  drug abuse p rob lems  is doub t fu l .  N o n - h u m a n  
models  of  e t hano l  in take  have been  jus t ly  cr i t ic ized as 
ignoring the  mul t ip le  causa t ion  and complex  cond i t i on ing  
factors  p r o b a b l y  involved in h u m a n  drug abuse [ 1 4 , 1 7 ] ,  
and mode l  p rocedures  for a t t e n u a t i n g  e thano l  in take  are 
subject  to  these same crit icisms. Fur the r ,  even if  these  
cr i t ic isms are coun te r ed ,  e thical  and pract ica l  considera-  
t ions would  surely l imi t  the  pract ica l  t he rapeu t i c  value of  a 
p rocedure  di rect ly  ana logous  to tha t  used in the present  
s tudy,  a l t h o u g h  no t  necessari ly  t h a t  of  o ther ,  similar 
p rocedures  based on  c o n c u r r e n t  schedule  in te rac t ions .  
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