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DENOBLE, V. J. AND H. BEGLHTER, Response suppression on a mixed schedule of reinforcement during alcohol 
withdrawal #~ rats. PHARMAC. BIOCHEM. BI'IIAV. 51"2) 227-229,  1976. -- Two groups of rats were mainlained on a 
mixed fixed-ratio, fixed-interval schedule of food reinforcement until pertbrmance was stable. The animals were intubated 
daily with ascending doses of alcohol or water 30 min before each session, starting with 4.0 g/kg and increasing to the final 
dose of 8.0 g/kg. The results show that withdrawal from alcohol suppresses responding in all components of a mixed 
schedule and this suppression lasts approximately 14 hours. These results support previous reports which suggest that the 
duration of the behavioral aberrations produced by alcohol withdrawal are most severe 6 to 14 hours post-withdrawal. 

Alcohol Withdrawal I:ixed-ratio Fixed-interval 

RECENTLY,  there  have been a n u m b e r  of  invest igat ions  
conce rn ing  the role of  la ten t  neural  hype rexc i t ab i l i t y  in the  
genesis of  the  wi thdrawal  syndrome ,  specifically,  the t ime 
course of  cent ra l  nervous  sys tem d i s tu rbances  [3 ] .  The  
recovery cycle of  soma tosenso ry  evoked po ten t i a l s  has been  
used to s tudy  changes  in brain exc i tab i l i ty  in h u m a n  
alcohol ics  dur ing  i n tox i ca t i on  and wi thdrawal  [2 ] .  More 
recent ly ,  invest igators  have repor ted  tha t  evoked bra in  
po ten t ia l  changes  caused by alcohol  wi thdrawal  last for  a 
period of  t ime past the  10 hours  previously repor ted  [ l ,  8, 
101. A recent  invest igat ion [9] of  the  course  of  cent ra l  
nervous  system exci tab i l i ty  fo l lowing a lcohol  wi thdrawal  
indicated tha t  m a x i m u m  bra in  hype rexc i t ab i l i t y  was ob-  
served at the visual cor tex  7 to 8 hours  af ter  a lcohol  
wi thdrawal .  This t ime course of centra l  nervous  sys tem 
changes closely a pp r ox i m a t e s  an earlier result  [8] which 
has shown  that  the behaviora l  wi thdrawal  s y m p t o m s  were 
most  severe 6 to 10 hours  pos twi thdrawal .  While several 
me thods  have been proposed  to observe the  behaviora l  
wi thdrawal  s y n d r o m e  in roden ts  [4, 7, 10] ,  a need for a 
more quan t i t a t ive  m e t h o d  still exists. In these s tudies  [6, 7, 
8, 10] ,  the  overt  behaviora l  signs of  wi thdrawal  did not  
persist past a 10 to 12 hou r  per iod,  whereas  Beglei ter  and 
Col t rera  [ I ]  have d e m o n s t r a t e d  tha t  the  cent ra l  nervous  
system d i s tu rbances  persist for as long as a 24 hr  period.  

The  purpose  of  the  present  s tudy  was to access the 
effects  of  a lcohol  abs t inence  on schedule  con t ro l l ed  be- 
havior.  Changes  in pe r fo rmance  unde r  fixed rat io  and fixed 
interval  schedules  are of  par t icular  in teres t  because each 
produces  pa t t e rns  of r esponding  which  are highly repro- 
duceable  and should  serve as a useful basel ine for evaluat ing 
l aba tory  therapeut ics .  

M E T I I O I )  

Animals 

The animals  were 14 Long Evans hooded  rats, 90 120 
days old at the beg inning  of  the expe r imen t .  The  animals  
were housed  individual ly  and daily weights  were recorded 
for a 2 week per iod,  af ter  which  they  were gradually 
reduced to 80 per  cent  of  thei r  free-feeding weights  as 
calculated from the last 5 days of  the 2 week period.  

Apparatus 

]"wo s tandard  Lehigh Valley rat  chamber s  housed in 
Lehigh Valley vent i la ted  enclosures  were equ ipped  with a 
response lever, s t imulus  light, and a r e in fo rcemen t  dis- 
penser. Schedules  and data  col lect ing were accompl i shed  by 
e l ec t romechan ica l  and solid s tate  equ ipmen t .  

'This study was supported by NIAAA (;rant AA01231 to Henri Begleiter. 
2 Requests for reprints should be mailed to Dr. DeNoble. Department of Psychiatry, Downstate Medical Center. State University of New 

York, 450 Clarkson Avenue, Brooklyn, NY 11203. 
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Pro cedure 

Each animal  was shaped to barpress  for a 45 mg Noyes  
pellet and  al lowed to earn I 0 0  r e i n f o r cem en t s  on  a 
c o n t i n u o u s  r e i n f o r c e m e n t  schedule  for 2 consecut ive  days. 
Fol lowing this, an imals  received r e in fo rcemen t s  according  
to a mixed f ixed-rat io (FR) ,  f ixed-interval  (FI)  schedule  
with a t ime  ou t  (TO)  fol lowing r e in fo rcemen t s  in the  FI 
c o m p o n e n t .  During the  t ime  out ,  all l ights were ex- 
t inguished in the  c h a m b e r  and respond ing  had no scheduled 
consequence .  

The schedule  con t ingenc ies  were gradual ly  increased 
unt i l  final schedule  values were FR 30, FI 180 sec, TO 90 
sec. Daily sessions lasted unt i l  18 r e in fo rcemen t s  were 
ob ta ined  and all an imals  received 45 days  of  t ra in ing before  
baseline data was col lected.  When the  response  rates for 
each c o m p o n e n t  varied less than  20 per  cent  for 5 
consecut ive  days, daily i n t u b a t i o n s  of  e thano l  or water  
were admin is te red .  I n t u b a t i o n s  of  e thano l  or wate r  (30% 
w/v so lu t ion)  were as follows: 4 g/kg for the  first 3 days, 5 
g/kg for the  next  3 days, 6 g/kg for  the  next  3 days, 7 g/kg 
for the fol lowing 2 days, and 8 g/kg for the final day before  
total  removal  of  e thanol .  Each animal  was i n tuba t ed  30 rain 
before  the daily behaviora l  testing. Af te r  12 days of  
in tuba t ion ,  a lcohol  was w i t h d r a w n  and behavioral  tes t ing 
occurred beginning  6 hr  af ter  the last i n tuba t ion .  All 
animals  were run unt i l  18 r e in fo rcemen t s  were ob ta ined  or 
unti l  40 rain had elapsed, and were then  removed and 
placed in a ho ld ing  cage for 20 min. This behaviora l  tes t ing 
p rocedure  was repeated every hou r  unt i l  response  rates in 
all c o m p o n e n t s  re turned  to baseline levels. To d e t e r m i n e  
whe the r  the  behaviora l  d i s rup t ion  persisted,  animals  were 
tested 24 hr af ter  the last i n tuba t ion .  Four  of  the animals  
died dur ing  the i n t u b a t i o n  phase of the expe r imen t ,  leaving 
7 animals  m the alcohol  group and 3 in the  wate r  group.  

RI'SUI.TS 

The 2 graphs  in Fig. I present  the mean  response  rates 
for animals  in the con t ro l  group and expe r imen ta l  group.  
As can be seen, the c o m b i n e d  response rates for the fixed 
interval and the  fixed rat io schedules  vary less than  20 per  
cent dur ing  the baseline sessions. While there were subjec t  
d i f ferences  in the response rates, each individual  an imal ' s  
baseline response ra te  varied less than  20 percent  from day 
to day. The  baseline data  is representa t ive  of  the  last 5 days 
during which  a lcohol  was in tuba ted .  The initial i n t u b a t i o n s  
p roduced  a suppress ion  of responding  which  re tu rned  to 
baseline levels by  the s ixth  in tuba t ion .  The figure shows 
that  the  animals  in ( ; roup  1 (water  i n t u b a t i o n ) d i d  not  
exhibi t  any behaviora l  d i s tu rbances  6 hr a f te r  the last wate r  
i n tuba t ion ,  and when  tested every hou r  for 14 hr f rom the 
last water  i n tuba t ion ,  they did not  display any change in 
responding.  When tested 24 hr af ter  the last wate r  
i n tuba t ion ,  these subjects  did not  d e m o n s t r a t e  any be- 
havioral  changes,  suggesting tha t  ne i the r  the i n t u b a t i o n  
procedure  nor the water  i n t u b a t i o n  had any  effects  on  
behavior  6 to 14 hr or 24 hr fol lowing the cessat ion of 
water  admin i s t ra t ion .  

The data  for Group  2 ( e thano l  i n t u b a t i o n )  show that  all 
animals  reached a s table  level of  pe r fo rmance  dur ing  
baseline sessions; however ,  6 hr af ter  the last a lcohol  
i n tuba t ion ,  the response  rate of all animals  was largely 
suppressed.  This  response suppress ion  gradually decreased 
and response  rates dur ing the  fixed interval  and fixed rat io  
c o m p o n e n t s  re turned  to basel ine levels be tween  the l l t h  
and 13th hr of test ing,  whereas  the responsc rates dur ing  
the t ime ou t  c o m p o n e n t  re tu rned  to p rewi thdrawal  levels 
be tween  7 to 8 hr of testing. The data  col lected 24 hr af ter  
the last e thano l  i n t u b a t i o n  show tha t  all c o m p o n e n t s  of the 
mixed schedule  are at baseline levels indicat ing that  the 

GROUP I 

nBoselineq Wlthdrowol '24 hrs post- I O0 Iwlthdrowol 

9'2-] i ,~',~ I " ~  " ' I ° N = 3  
o4- ~.,~, ~"~"~ '~--~. 

t~ f 6  

ua 6 0  

5'2~ 

Q: -I g / ' - ' ~  , 
Z 3 6 ~  

I 2 ~  - I 

- - -  1 - c - r  ~ T ~ T - r - r  i T - ' - n  

I 3 5 ! 6 8 I0 :2 14 24 

DAYS HOURS 

~ F l x e d  intervolrote 

~ - - ~  FLxed rotlO rote 

~ T l m e  out rote 

GROUP 2 

I00 7 Baseline Withdrawal 

92J 
4 

84 - P~ 

=~ ~ ~ "~ 
60- 

52 1 
4 4 .  

J 
Z 36~ 

2 0 -  

I 3 5 6 8 I0 12 14 

DAYS HOURS 

24 hrs post- 
wlthdrowol 

! N = 7  

Y o 

: I 

/ ",, ! I // ~ " 

2 4  

I.'1(;. I. Responses per rain averaged across animals intubated with water i(;roup I) and alct)hol 
(Group 2). l-ach graph contains the data from the 5 days prior to removal of alcohol and the hour data 
starting with 6 hr postwithdrawal and ending at the 14th hr postwithdrawal. Also included is the data 

obtained 24 hr after the last intubation. 
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d i s rup t ing  effects  of  a lcohol  wi thdrawal  observed on  a 
mixed schedule  of  r e i n f o r c e m e n t  do  not  last past  a 14-hr 
period.  Qbserva t ion  of  the  animals  dur ing  the  wi thdrawal  
phase showed  tha t  all an imals  displayed t r emors  occurr ing  
6 - I 0 hr fo l lowing the  last i n tuba t ion .  

I)ISCUSSION 

The results  ind ica te  tha t  wi thdrawal  f rom e thano l  
subsequen t  to  ch ron ic  in take  results in a d i s rup t ion  of  the  
schedule  con t ro l l ed  behav ior  of  rats. This  d i s rup t ion  is 
mani fes ted  by  a suppress ion  of  r e spond ing  in all com- 
ponen t s  of  a mixed schedule  of  food r e i n f o r c e m e n t  for as 
long as 14 hr  fol lowing a lcohol  removal .  This suppress ion  
canno t  be accoun ted  lor  by an increased caloric in take  
which occurs  dur ing  a lcohol  inges t ion because the  basel ine  
data  was col lected dur ing  days when  e thano l  was also 
in tuba ted  and behaviora l  changes  due to the increased 
caloric value would have been  observed dur ing  basel ine  
sessions. 

The  t ime course of the  behaviora l  d i s rup t ion  ob t a ined  in 
this s tudy,  namely  6 to 14 hr a f te r  the  last a lcohol  in take ,  

coincides  with repor t s  of cent ra l  nervous  sys tem hyper-  
exci tabi l i ty  fol lowing a lcohol  wi thdrawal  [8, 9, 10].  These  
studies [8 ,10]  found  tha t  e l ec t roencepha lograph ic  and 
evoked po ten t i a l  changes  [9] were mos t  severe f rom 6 to 
10 hr pos t -wi thdrawal .  These findings,  c o m b i n e d  with those  
of the present  invest igat ion,  suggest tha t  the  m a x i m u m  
central  nervous  sys tem d i s tu rbance  and the  behavioral  
abe r ra t ions  tha t  results  f rom alcohol  wi thdrawal  occur  
wi th in  the  same t ime interval.  Begleiter and Col t rera  [1] 
have repor ted  tha t  a b b e r a t i o n s  o f  the  visual evoked 
response  recorded  from the  visual cor tex  caused by a lcohol  
wi thdrawal  last much  longer than  the 10-hr per iod pre- 
viously repor ted .  However,  it has been suggested by H u n t e r  
et al. [8]  tha t  the cor tex  does no t  play a pr imary  role in 
the genesis of  the behaviora l  s y m p t o m a t o l o g y  observed 
dur ing a lcohol  wi thdrawal .  In the  present  s t udy  the 
behavior  of all an imals  was at p rewi thdrawal  levels 24 hr 
pos twi thdrawal ,  which  suppor t s  the hypo thes i s  that  the  
cor tex may not  faci l i ta te  the  behaviora l  abnorma l i t i e s  
which  a c c o m p a n y  the onset  of wi thdrawal ,  bu t  may be of  
greater  i m p o r t a n c e  in re la t ion to the readdic t ing  phe- 
nomena .  
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