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AHLENIUS, S. AND J. ENGEL. Behavioral stimulation induced by ethanol withdrawal. PHARMAC. BIOCHEM. BEHAV. 
2(6) 847-850 ,  1974. - A model for the study of an ethanol withdrawal syndrome on operant behavior is described. Rats 
maintained on 16% w/v solutions of ethanol for several months were trained to perform on a DRL-15 schedule On 
withdrawal of ethanol the interresponse times were significantly shortened concomitant with an increase in the total 
number of responses. 

Ethanol Operant behavior Withdrawal 

V A R I O U S  e x p e r i m e n t a l  models  have been  used in the  
,,;tudy of  e t h a n o l  d e p e n d e n c e  and e t h a n o l  w i thd rawa l  
117,11]. Mostly,  the  w i thd rawa l  s y n d r o m e  ob t a ined  w i th  
these  models  has been  r a t h e r  severe, inc lud ing  convuls ions  
and occas ional ly  death .  Recent ly ,  Cicero et al. [6] have 
descr ibed a new m e t h o d  in which  the  an imals  have been  
exposed  to e t hano l  for  a long per iod s ta r t ing  at  21 days  of  
age. With this  p rocedu re  " u p o n  wi thd rawa l  of  a lcohol  the  
ra ts  were found  to be e x t r e m e l y  hyperac t ive  and  appeared  
to be  engaged in f rant ic ,  h ighly  disorganized,  e x p l o r a t o r y  
behav io r  in an open  f ie ld ."  

In the  present  inves t iga t ion  using a similar p r o c e d u r e  the  
effects  u p o n  wi thd rawa l  of  e t hano l  have been  s tudied  in 
Iats  t ra ined  to pe r f o r m  a food- re in fo rced  lever-pressing 
behavior ,  ma in t a ined  by  a DRL (d i f fe ren t ia l  r e i n f o r c e m e n t  
of  low ra te) -schedule ,  wh ich  engenders  very low ra tes  of  
responding.  A behav io r  thus  m a i n t a i n e d  is k n o w n  to  be  
sensit ive to  drug- induced  s t imu la t i on  [9 ] .  

METHOD 

A nimals 

Pregnan t  ra ts  of  the  Sprague-Dawley s t ra in  ( A n t i c imex ,  
S t o c k h o l m )  were used. All an imals  were b o r n  in the  depar t -  
rnent  and  the  b i r t h  was n o t e d  wi th in  12 hr. At  the  age of  
16 days  the  an imals  in four  l i t ters  were weaned.  The  rats  
were t h e n  exposed  to one  of  th ree  d i f fe ren t  e t hano l  solu- 
t ions ,  4, 8, or 16%, or  given wate r  ad lib. Only  the  an imals  
subjec ted  to the  4 and  8% e t hano l  so lu t ions  d isp layed  a 
g r o w t h  curve c o m p a r a b l e  to  t ha t  of  the  con t ro l s  (Fig. 1). 
At  two  m o n t h s  of  age four  male ra ts  of  the  an imals  given 
8% e thano l  were chosen  for  the  behaviora l  e x p e r i m e n t  and  
m a i n t a i n e d  on  16% e thano l ,  since a c o n t i n u a t i o n  on  the  8% 

so lu t ion  does no t  i nduce  any  behaviora l  changes u p o n  with- 
drawal  ( unpub l i shed  data).  

Behavioral Procedure 

Afte r  two  m o n t h s  on  16% e thano l  the  four  male  rats  
were food-depr ived  and  kep t  ind iv idual ly  at  a cons t an t  
weight.  The  rats  were t ra ined  to  lever press on  a food pel let  
(Noyes  45 mg) re in forced  DRL-15 Schedule  (Dif ferent ia l  
R e i n f o r c e m e n t  of  Low Rate )  in s tandard  behaviora l  
chamber s  (Model  E 3125A,  Grason-Stadler ) .  On this  
schedule ,  depress ion  o f  the  lever p roduced  a food  pel let  
only  if t he  response  fol lowed the  p reced ing  lever depress ion  
by  at least  15 sec. A p r e m a t u r e  response  (less than  15 sec 
af te r  the  last  response)  reset  a clock so t ha t  the  15 sec 
interval  began  again. 

The  in te r - response  t imes  ( IRT,  interval  b e t w e e n  succes- 
sive responses)  were divided in 3 sec categories:  0 - 3 ,  3 - 6  
etc. Presses spaced more  t han  30 sec apar t  were col lected in 
a last  ca tegory.  Lever-press responses  were recorded  on  
digital  coun te r s  and  ca tegor ized au tomat i ca l ly .  For  each 
session a m e a n  IRT was calculated.  A grand mean  for  the  
con t ro l  (n = 11) and  the  d i f fe ren t  t r e a t m e n t s  was calcula ted 
and  a 98% conf idence  in terval  d e t e r m i n e d  for  the  differ-  
ences  b e t w e e n  t he  means  [ 12] .  

Each  ra t  was exposed  to  sessions 5 days a week. The  rats  
were t ra ined  in a two  h o u r  session un t i l  t h e y  reached  a 
s table basel ine  of  lever-pressing. E x p e r i m e n t a l  sessions 
consis ted o f  a 15 min  a d a p t a t i o n  per iod ,  immed ia t e ly  
fol lowed by a 60 min  per iod,  in wh ich  responses  were 
recorded .  

E t h a n o l  was w i t h d r a w n  i m m e d i a t e l y  af te r  a con t ro l  
session and replaced by  water.  Af te r  t h r ee  daily sessions on  
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FIG. 1. Weight curves for rats kept  at various concentrat ions of ethanol  from Day 16. Ethanol was given orally in four different 
concentrat ions w/v (for further details see METHOD). Shown are the means of 6 - 8  animals. 
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FIG. 2. Effects of  ethanol  (16% w/v orally) withdrawal on food-reinforced leverpressing behavior in rats, maintained on a 
DRL-15 schedule. Shown are the mean IRTs of four rats. The broken line represents the grand mean IRT for the ethanol control 
sessions (n = 11). * p<0 .01  (difference between grand mean IRT for ethanol  controls and the mean  from the water sessions 

compared with zero [ 12].  
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water,  e thanol  was re in t roduced immedia te ly  after  the third 
session. This procedure  was replicated once on the same 
animals. For  fur ther  details see Fig. 2. 

RESULTS AND DISCUSSION 

Rats exposed to e thanol  displayed a f requency distribu- 
t ion o f  the lever-presses very similar to that  obta ined in 
untreated animals [2 ,3] .  On the first day after  e thanol  
withdrawal  there were no obvious changes in the lever- 
pressing behavior  o f  the animals. However ,  on the second 
and third day on water,  the IRT distr ibut ions showed a 
statistically significant increase in the f requency  of  short 
IRTs (Fig. 2 and 3). This effect  was repl icated once (see 
Fig. 2). When e thanol  was re in t roduced the animals re- 
turned to the e thanol  control  level of  lever-pressing. The 
significant decrease in the IRTs under  water  on Day 2 and 
Day 3 was accompanied  by a significant increase in the 
total  number  of  responses emi t ted  (Table 1). 

It should be noted  that  in spite of  the fact that  the 
shortening of  IRTs during e thanol  wi thdrawal  resulted in 
smaller amounts  of  re inforcements  being received, the rats 
persisted in pressing the lever even at an enhanced rate. This 
s t imulat ion on DRL has previously been shown in rats 
t reated with the central s t imulant  amphe tamine  [3 ,14] .  In 
man, di f ferent  signs of  overact ivi ty  are seen during e thanol  
w i t h d r a w a l  [13] .  The central  st imulating effects of  
amphe tamine  in animals and man are considered to be 
mediated via a release o f  central  ca techolamines  [4 ,8] .  
Whether  similar mechanisms are involved in the behavioral  
s t imulat ion observed during e thanol  withdrawal  remains to 
be clarified. The s t imula tory  effects on behavior  observed 
after  acute e thanol  adminis t ra t ion in animals [5] and man 
[ 1 ] have been suggested to involve central  catecholamines.  

There was a marked increase in the amoun t  of fluid 
retake on the first day on water  (Table 1). On the ensuing 
Lwo days on water  there were no significant changes in the 
amount  o f  fluid intake as compared to e thanol  controls.  It 
should be noted that  the amount  of  fluid consumed under  
e thanol  is in substantial agreement  with the normal  water  
intake repor ted  for the rat [ 10].  

Af te r  the behavioral  exper iments  had been discont inued,  
a separate exper iment  was per formed in which the animals 
were presented bo th  e thanol  and water.  Under  these 
circumstances it was found that  the total  fluid intake was 
markedly increased, up to 60 ml per 24 hr after one week. 
The e thanol  intake const i tu ted  about  37% of this to ta l  
amount .  It is well known that  adult rats do not  voluntar i ly  
ingest e thanol  in the concent ra t ions  used in the exper iment .  
Thus the presenta t ion o f  e thanol  at an early age seems to be 
a prerequisi te  for a significant ingestion of  e thanol  in adult 
rats. Similar results have previously been repor ted  by Cicero 
e t  al. [6] ,  using about  the same percent  solutions of  
ethanol.  Taken together  this seems to be a reliable method  
for the induc t ion  of  e thanol  dependence  and the s tudy of  
e thanol  withdrawal  in the rat. 
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FIG. 3. Relative freuency distributions of time intervals between 
successive lever-pressing responses from one rat. 
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T A B L E  1 

Inter-Response Time 

(sec) 

Total Responses  Fluid Consumpt ion  

(ml/24 hr) 

Weight 

(g) 

Ethanol 

Water Day 3 

4 

5 

17 

18 

19 

16.2 + 1.27" 

16.6 + 2.44 NS 

13.4 ± 0.54? 

15.1 _+ 2.21 t 

15.5 + 2.85 NS 

13.8 ± 2.73? 

14.6 + 1.13 t 

182 ± 60 

186 ± 

258 ± 

236 + 

57 NS 

10t 

34? 

218 + 30 NS 

264 ± 55 t 

245 ± 17 t 

31.4 + 2.19 

59.5 + 10.637 

29.0 + 13.11NS 

25.0 ±_ 8.16 NS 

65.0 -+ 10.80? 

33.8 + 12.50 NS 

not  measured 

293 ± 31 

306 + 27 t 

298 ± 31NS 

289 ~_ 29 NS 

305 + 281- 

297 + 30 NS 

288 + 33 NS 

*mean +_ S.D. (n = 4) t p<0 .01  

R E F E R E N C E S  

1. Ahlenius, S., A. Carlsson, J. Engel, T. Svensson and P. S6der- 
sten. Antagonism by alpha methyl tyros ine  of  the  ethanol- 
induced s t imulat ion and euphoria in man. Clin. pharmac. Ther. 
14: 5 8 6 - 5 9 1 ,  1973. 

2. Ahlenius, S. and J. Engel. Effects of  small doses of  haloperidol 
on t iming behaviour. J. Pharm. Pharmac. 23: 3 0 1 - 3 0 2 ,  1971. 

3. Ahlenius, S. and J. Engel. Effects of  a dopamine (DA)-t3- 
hydroxylase  inhibitor on t iming behaviour. Psychopharmaco- 
logia 24: 2 4 3 - 2 4 6 ,  1972. 

4. Carlsson, A. Amphetamine  and brain catecholamines.  In: 
Amphetamines and Related Compounds, edited by E. Costa 
and S. Garattini. New York: Raven Press, 1970, pp. 289 300. 

5. Carlsson, A., J. Engel and T. Svensson. Inhibition of  ethanol- 
induced excitat ion in mice and rats by c~-methyl-p-tyrosine. 
Psyehopharmacologia 26: 3 0 7 -  312, 1972. 

6. Cicero, T. J., S. R. Snider, V. J. Perez and L. W. Swanson. 
Physical dependence on and tolerance to alcohol in the rat. 
PhysioL Behav. 6 : 1 9 1  198, 1971. 

7. Freund,  G. Alcohol, barbiturate,  and bromide withdrawal 
syndrome in mice. In: Recent Advances in Studies o f  Alco- 
holism, edited by N. K. Mello and J. H. Mendelson. Washing- 
ton: H.S.M. Publication No. 7 1 - 9 0 4 5 ,  1971, pp. 4 5 3 - 4 7 1 .  

8. JiSnsson, L. -E., L. -M. Gunne and E. Anggfird. Effects of  
c~-methyl-tyrosine in amphetamine-dependent  subjects. Phar- 
mac. Clin. 2: 2 7 - 2 9 ,  1969. 

9. Kelleher, R. T. and W. H. Morse. Determinants  of  the 
specificity of  behavioral effects of  drugs. Rev. Physiol. 60: 
1 - 5 6 ,  1968. 

10. Kutscher,  C. L. Species differences in the interaction of feeding 
and drinking. Ann. N. K Acad. Sci. 157: 5 3 9 - 5 5 2 ,  1969. 

11. Ogata, H., F. Ogata, J. Mendelson and N. K. Mello. A com- 
parison of techniques to induce alcohol dependence and toler- 
ance in the mouse.  In: Recent Advances in Studies of  Alco- 
holism, edited by N. K. Mello and J. H. Mendelson. Washing- 
ton: H.S.M. Publication. No. 71-9045, 1971, pp. 4 7 2 - 5 0 7 .  

12. Scheff~, H. The Analysis of  Variance. New York: John Wiley 
and Sons, 1959, pp. 1 6 0 - 1 9 0 .  

13. Seixas, F. A. and S. Eggleston. Eds. Alcoholism and the central 
nervous system. Ann. N. E Acad. Sci. 215: 1 - 3 8 9 ,  1973. 

14. Sidman, M. Technique for assessing the effects of  drugs on 
timing behavior. Science 122: 925, 1955. 


