
Pharmacology Biochemistry & Behavior, Vol. 10, pp. 393-396. Printed in the U.S.A. 

Impairment of Acquisition of a DRL Schedule 
Following Prolonged Ethanol Consumption' 

V I C T O R  J. D E N O B L E  2 A N D  H E N R I  B E G L E I T E R  

D e p a r t m e n t  o f  Psych ia t r y ,  D o w n s t a t e  Med ica l  Cen ter  
Brook lyn ,  N Y  11203 

(Received  12 Oc tobe r  1978) 

DENOBLE, V. J. AND H. BEGLEITER. Impairment of  acquisition of a DRL schedule following prolonged ethanol 
consumption. PHARMAC. BIOCHEM. BEHA V. 10(3) 393-396, 1979.--Two groups of male hooded rats (N =9) were given 
either ethanol or sucrose solutions as their only source of fluid for six months. Thirty days after the ethanol treatment, the 
rats were reduced to 85% of their free-feeding weights and allowed to obtain 45 mg food pellets on an FR 1 schedule for five 
consecutive days. Subsequently, the rats were tested on four DRL schedules (6, 12, 18, 24 sec). There was no difference 
between the two groups on FR I or DRL 6 sec schedules; however, when the DRL interval was lengthened to 12, 18, and 24 
sec, the ethanol group required more sessions than the sucrose group to reach criterion performance. After increases in the 
DRL interval, the modal interresponse time of the ethanol group shifted more slowly than that of the sucrose group. 

Ethanol DRL Aging Rats 

THE POTENTIALLY deleterious effects of prolonged 
ethanol consumption on behavior have been recognized for 
centuries. Brain damage and/or learning impairments have 
been demonstrated in numerous alcoholic patients [2, 13, 15, 
16]. Until recently it has been generally accepted that this 
brain damage and resulting abnormalities in learning and 
memory were a direct result of malnutrition, especially 
thiamine deficiency [17]. The role of direct ethanol toxicity 
in the production of human brain damage is difficult to de- 
termine because conditions collateral to alcoholism may 
themselves contribute to central nervous system damage. 
Liver malfunction, head trauma, as well as dietary insuf- 
ficiencies are among those conditions which frequently ac- 
company alcoholism and can lead to brain and behavioral 
dysfunctions. For these reasons it is desirable to use con- 
trolled animal populations to study the potential ethanol- 
induced behavioral dysfunctions. 

In a number of studies the effects of chronic ethanol con- 
sumption on learning have been investigated in laboratory 
animals which were maintained on a diet adequate in all 
essential nutrients [1, 5, 18, 19, 20]. Generally, the results 
indicate that prolonged ethanol consumption concomitant 
with adequate nutrition leads to a deterioration of behaviors 
involved in the acquisition of new material. An attenuation 
of learning following prolonged ethanol intake (6-12 months) 
has been shown to occur with mice and rats on shock 
avoidance tasks, on acquisition of behavior reinforced ac- 
cording to a differential reinforcement of low rates (DRL) 
schedule, and maze performance [1, 5, 8, 19]. Reinforcement 
according to a DRL schedule is contingent upon two re- 

sponses being separated by some minimum specified time 
period. The first response after the time period has elapsed 
produces a food pellet; responses prior to the completion of 
the time period are not reinforced and start the interval over. 

Walker and Freund [19] showed that prolonged ethanol 
consumption impairs acquisition of DRL performance. 
However, the initial difference between the groups in the 
number of responses per session gradually diminished with 
repeated training sessions. During the last three sessions of 
the experiment, there were no significant differences be- 
tween the groups in the number of responses in each session, 
and the mean number of reinforcers obtained per session for 
the ethanol group showed a positive accelerating slope [19]. 
These data suggest that with extended training the DRL per- 
formance of animals previously maintained on ethanol would 
be similar to that of control animals. The present study was 
conducted to test this notion and to further examine the DRL 
performance of rats with a history of chronic ethanol intake. 

METHOD 

Animals 

Eighteen male hooded rats weighing between 210-261 g 
were used. The animals were weighed daily for two weeks 
and then divided into two equal groups matched for weight. 
All animals werl~ housed individually in a temperature con- 
trolled room (23-25°C) with a 12 hr light-dark cycle. 

Apparatus 

Two identical Lehigh Valley operant conditioning cham- 
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bers were used. The chambers were enclosed in sound at- 
tenuated boxes and programmed with electromechanical and 
solid state logic modules. Each chamber contained a white 
stimulus light positioned above a response lever. To the left 
of  the response lever a food receptacle was mounted 2.0 cm 
above the grid floor. 

Procedure 

Drug histoo,. Following group assignments, nine rats 
were given as their only source of  liquid an increasing pro- 
gression of ethanol solutions as follows: 3.0% (v/v) solution 
for the first five days,  5.0% (v/v) for next five days,  8.0% 
(v/v) for the next seven days, and 10.0% (v/v) for the remain- 
ing 163 days. The solutions were mixed from 95% ethanol 
(5.25 calories/ml), and were available to the animals in two 
100 ml bottles with stainless steel drinking spouts attached 
by means of rubber stoppers. The bottles were cleaned and 
refilled every other day. Food (Purina Rat Chow) was freely 
available throughout the 180 days,  and the animals were 
weighed three times each week. Following 120 days of con- 
tinuous ethanol intake, six withdrawal probes,  one every ten 
days, were conducted to determine if the rats were physi- 
cally dependent. Probes consisted of enforced ethanol absti- 
nence for 12 consecutive hours, during which time the ani- 
mals were observed for signs of withdrawal (activity, mus- 
cle tone, muscle rigidity, muscle fasciculations, tremors, and 
hyperactivity). The control group received as their only 
source of liquid an isocaloric solution of sucrose (87% 
w/v=3.5 calories/ml) according to the same regimen as the 
ethanol group. All animals were given 0.5 ml of poly-vi-sol 
multivitamin supplement two times each week throughout 
the 180 days. The vitamins were administered orally with a 
1.0 ml syringe. 

Following 180 days of ethanol or sucrose consumption, 
tap water was substituted in the drinking bottles for thirty 
days. During this time, the animals were weighed daily. Sub- 
sequently, they were reduced to 85% of their free-feeding 
weights calculated from the mean of the last five days of the 
30 day period. Behavioral testing began on the 45th day after 
ethanol discontinuation. 

Behavioral testing. After weight reduction, all animals 
were shaped to lever press and were allowed to receive 100 
45 mg Noyes food pellets on a Fixed-ratio 1 schedule (FR l) 
on each of five days. The schedule was then changed to a 
DRL 6 sec schedule. The DRL interval was lengthened by 6 
sec when the rat reached an efficiency ratio of at least 0.50 
for three out of five days or remained in the existing DRL 
contingency for 30 days. The efficiency ratio was calculated 
by dividing the number of food pellets obtained in each ses- 
sion by the total number of responses emitted in that session. 
Daily sessions lasted 3 hr and the behavioral testing contin- 
ued until all rats reached criterion on an interval of 24 sec. 

Upon completion of the experiment,  all rats were sac- 
rificed and wet liver weights were measured. 

RESULTS 

Ethanol consumption and weight gain. During the first 
month, ethanol intake was variable and low; however, the 
mean g/kg intake for the remaining five months was 6.2 
g/kg/day. Casual observation of the rats showed that all rats 
in the Ethanol group appeared intoxicated on at least one 
occasion with the major sign being motor incoordination and 
a lethargic appearance. During the six withdrawal probes, 

mild signs of withdrawal (general hyperactivity and occa- 
sional tail tremors) were observed in all ethanol consuming 
rats, whereas sucrose removal did not produce an observa- 
ble effect. After 180 days of treatment, the general appear- 
ance of the ethanol group was indistinguishable from that of 
the sucrose group. The mean weights (_  SEM) of the sucrose 
and ethanol groups before treatment were 238.1 (---6.1) and 
236.0 (-+5.2), and after treatment, they were 429.3 (-+3.9) and 
382.5 (-+4.2) respectively. The sucrose group had a mean 
liver weight of 3.01 g/100 g body weight, while the ethanol 
group had a mean liver weight of 2.86 g/100 g body weight. 
A Student 's  t test between liver weights of  the two groups 
showed no significant difference (t= 1.50; p>0.05).  

Fixed-ratio and DRL performance. At FR 1, the mean 
responses per. second for the sucrose group was 0.25 while 
the mean for the ethanol group was 0.28, suggesting that the 
two groups were performing equally well. Figure 1 presents 
the mean number of days to criterion at the four DRL inter- 
vals for both experimental and control rats. At DRL 6-sec, 
the difference between the sucrose and ethanol consuming 
groups in the number of days to criterion was small 
(Mean=7.8 for sucrose and 8.9 for the ethanol group). How- 
ever, when the interval was switched from 6 to 12 to 18 to 24 
sec, the ethanol animals required significantly more time to 
reach criterion at each stage than did sucrose rats. None of 
the sucrose rats required 30 days of training to reach crite- 
rion and only three rats in the ethanol group reached the 30 
day limit, all at DRL 12 sec. A two-way analysis of variance 
with repeated measures comparing sucrose versus ethanol 
animals for days to criterion at the four DRL intervals 
showed a significant difference between the groups, 
F(3,48)= 15.5, p<0.01.  The interaction between the group 
and DRL interval was not significant, F(3,48)=2.1, p>0.05.  

The first two columns in Fig. 2 present the frequency 
distributions of  interresponse times averaged for all animals 
within each group for the last five days prior to increasing the 
DRL interval. When the DRL interval was increased, the 
second mode of these bi-modai distributions occurred at the 
required delay interval for both groups at the four DRL time 
intervals. When performance was stable, there was found to 
be no major difference in the frequency distributions of  the 
control and ethanol animals. In contrast to stable perform- 
ance, a difference is found between ethanol and sucrose rats 
if a comparison is made after both groups have had equal 
training. The third column in Fig. 2 shows the frequency 
distributions for the ethanol rats that were obtained after the 
same number of  sessions that the sucrose group had at each 
DRL interval. A comparison of sucrose group performance 
(column 1) with ethanol group performance which occurred 
after the same number of sessions as the sucrose group (col- 
umn 3) shows that the ethanol group emitted a larger propor- 
tion of responses in the intervals immediately prior to the 
required interval. A Student 's  t test between the number of 
premature responses of the control and ethanol group (col- 
umn 1 and 3, Fig. 2) showed significant differences at DRL 
12, 18, and 24 (t=4.21, p<0.01,  t=3.71, p<0.01,  t=4.93, 
p <0.01). This pattern of emitting too many responses in the 
previously reinforced interval may be thought of as response 
perseveration, for the rats had a history of being reinforced 
at shorter IRT intervals when the DRL length was one value 
lower. The numbers to the left of each frequency distribution 
show the percent of responses occurring prior to the rein- 
forcement interval. Inspection of the distributions (column 3) 
indicates that the ethanol group emitted a larger proportion 
of responses prior to the required DRL interval. 
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FIG. 1. Days to criterion as a function of the DRL intervals. Each 
point represents the mean number of sessions to criterion for nine 

rats. Brackets show the standard error of the mean. 
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FIG. 2. The relative frequency of interresponse times as a function 
of the class interval (each class interval equals 3.0 sec). Each point 
represents the mean (N=45) for the nine rats in each group for the 
last five sessions prior to increasing the DRL interval. Vertical lines 
indicate the reinforcement interval and the numbers to the left of 
each graph show the mean percent of responses that occurred prior 
to the reinforcement interval. Column one presents the stable per- 
formance for sucrose rats for sessions 3-7 (DRL 6), 12-16 (DRL 12), 
10-14 (DRL 18), and 9-13 (DRL 24). Column two presents the stable 
performance for the ethanol rats for sessions 5-9 (DRL 6), 23-27 
(DRL 12), 21-25 (DRL 18), and 18--22 (DRL 24). The third column 
presents the interresponse times of the ethanol rats measured after 
the same number of sessions as the sucrose rats (3-7 DRL 6, 12-16 

DRL 12, 10-14 DRL 18, and 9-13 DRL 24). 

DISCUSSION 

The results show that there were no differences between 
the ethanol and sucrose groups in either FR 1 training or 
performance at the first DRL interval (6 see). However ,  
when the DRL interval was lengthened, differences in tran- 
sition behavior occurred. The rats subjected to prolonged 
ethanol consumption required more time to reach criterion at 
specific DRL intervals [12, 18, 24] even though the final 
performance at these intervals was similar to that of control 
rats. Our findings corroborate previous reports showing that 
prolonged ethanol consumption results in learning and per- 
formance deficits in rodents [5, 8, 11, 19]. 

Despite the 180 day ethanol treatment and the mild signs 
of withdrawal observed in the ethanol group, there were no 
differences in the body weight, liver weight and general 
physical appearance of  the two groups. Stable performance 
of the ethanol consuming rats was just  as efficient as the 
sucrose group. Thus, the ethanol-induced performance defi- 
cits which occur on DRL schedules can be ameliorated with 
extended training. Further,  since the only difference in per- 
formance between the ethanol and sucrose groups was in the 
acquisition of lengthened DRL performance, the behavioral 
deficit appears to be specific as opposed to a general toxic 
effect that would produce an impaired final level of perform- 
ance. 

It should be noted that a pair-fed control group was not 
included, and differences in the nutritional status of the rats 
cannot be ruled out. In view of the similarity of  body and 
liver weights and since the operant task began 45 days fol- 
lowing the end of  drug treatment, it is unlikely that nutri- 
tional states or differences in growth rate were responsible 
for the difference in DRL acquisition. 

Another possible explanation for the differences in 
performance is that the ethanol group had six withdrawal 
probes. Freund [7] has shown that repeated withdrawal from 
ethanol results in impairment of acquisition of shuttle box 
avoidance, whereas continuous ethanol consumption for the 
same length of  time (5 weeks) did not impair learning ability. 
Comparisons between the two studies are difficult due to the 
extended period of alcohol exposure in the present study. 
However,  since the DRL performance was obtained more 
than 45 days after the last withdrawal probe, it is unlikely 
that these probes affected behavior 45 days later, unless 
these withdrawal probes produced brain damage. 

The rate of acquisition of lengthened DRL performance in 
ethanol consuming rats following discontinuation of  an 
aqueous ethanol solution was slower than that of  sucrose 
consuming rats. Similar response patterns have been shown 
when the learning performance of  mature-young (8 months 
old) and aged (27 months old) rats were compared [9,10]. In 
these studies the aged rats exhibited behavioral rigidity (the 
tendency to perseverate in making the same errors) when 
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c o m p a r e d  to young  rats.  While  in the p re sen t  s tudy there  
was no age d i f ferences  be t w een  the  g roups ,  the  behav iora l  
pa t t e rn  of  the e thanol  c o n s u m i n g  rats  appea r s  s imilar  to tha t  
of  aged rats. A hypo thes i s  tha t  e thanol  is conduc ive  to pre- 
mature  aging has  been  previous ly  suggested  [6], and recent ly  
this  hypo thes i s  was  suppor ted  in a s tudy o f  the  
pa thophys io logy  of  a lcohol ic  cerebra l  a t r ophy  [4]. H o w e v e r ,  
it should be no ted  that  the de le ter ious  effects  of  a lcohol i sm 
appea r  more  revers ib le  than those  seen  in aged individuals  
[31. The  f indings of  the  p resen t  s tudy c o m b i n e d  with f indings  

in o the r  s tudies  suggest  tha t  chronic  high e thanol  intake in- 
duces  a behaviora l  defici t  tha t  is s imilar  to a deficit  seen in 
aged rats. Pe rhaps ,  fu ture  s tudies  will reveal  a c o m m o n  
m e c h a n i s m  for  the p roduc t ion  of  such  deficits.  

ACKNOWLEDGEMENT 

We thank Dr. Richard A. Meisch, Dr. Marilyn E. Carroll and 
Patrick M. Beardsley for their helpful comments concerning the 
manuscript. 

REFERENCES 

1. Bond, N. W. and E. L. DiGiusto. Impairment of Hebb-Williams 
maze performance following prolonged alcohol consumption in 
rats. Pharmac. Biochem. Behav. 5(1): 85-86, 1976. 

2. Butters, N., L. S. Cermak, K. Montgomery and A. Adinolfi. 
Some comparisons of the memory and visuoperceptive deficits 
of chronic alcoholics and patients with Korsakoff's Disease. 
Alcoholism 1: 73-80, 1977. 

3. Carlen, P. L., G. Wortzman, R. C. Holgate, D. A. Wilkinson 
and J. G. Rankin. Reversible cerebral atrophy in recently absti- 
nent chronic alcoholics measured by computed tomography 
scans. Science 200: 1076-1078, 1978. 

4. Epstein, P. S., V. D. Pisani and J. A. Fawcett. Alcoholism and 
cerebral atrophy. Ah'oholism 1: 61-65, 1977. 

5. Fehr, K. A., H. Kalant and A. E. LeBlanc. Residual learning 
deficit after heavy exposure to cannabis or alcohol in rats. Sci- 
ence 192: 124%1251, 1976. 

6. Fitzhugh, L. C., K. B. Fitzhugh and R. M. Reitan. Adaptive 
abilities and intellectual functioning of hospitalized alcoholics: 
Further considerations. Quart. J. Stud. Alcohol 26: 402-406, 
1%5. 

7. Freund, G. Alcohol, barbiturate and bromide withdrawal syn- 
drome in mice. In: Recent Advances in Studies o f  Alcoholism, 
edited by N. K. Mello and J. H. Mendelson. U.S. Government 
Printing Office, Pub. No. 71-9045, pp. 453-471. 

8. Freund, G. Impairment of shock avoidance learning after long 
term alcohol ingestion in mice. Science 168: 1599-1601, 1970. 

9. Goodrick, C. Learning by mature-young and aged Wistar albino 
rats as a function of test complexity. J. Gerontol. 27: 353-357, 
1972. 

10. Goodrick, C. Learning, retention, and extinction of a complex 
maze habit for mature-young and senescent Wistar albino rats. 
J. Gerontol. 23: 298-304, 1968. 

11. MacDonall, J. S. and H. Marcucella. Short-term memory defi- 
cits following prolonged ethanol consumption by rats. In: Cur- 
rents in Alcoholism, Vol. III, edited by F. A. Seixas. New York: 
Grune and Stratton, 1978, pp. 245-254. 

12. Oscar-Berman, M. O. Hypothesis testing and focusing behavior 
during concept formation of amnesic Korsakoff patients. 
Neuropsychologia 11: 191, 1973. 

13. Parsons, O. A. Neuropsychological deficits in alcoholics: Facts 
and fancies. Alcoholism 1: 51-56, 1977. 

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

15. Victor, M. The amnestic syndrome and its anatomical basis. 
Can. Med. Ass. J. 100: 1115-1125, 1969. 

16. Victor, M. Observations on the amnestic syndrome in man and 
its anatomical basis. In: Brain Function, edited by M. A. 
Brazier. Berkley: University of California Press, 1964, pp. 
311-339. 

17. Victor, M. and R. D. Adams. On the etiology of the alcoholic 
neurologic diseases with special reference to the role of nutri- 
tion. Amer. J. Nutr. 9: 379, 1961. 

18. Walker, D. W. and B. E. Hunter. Prolonged alcohol consump- 
tion in the rat: Absence of retrograde amnesia for an avoidance 
response. Pharmac. Biochem. Behav. 2(1): 63-66, 1974. 

19. Walker, D. W. and G. Freund. Impairment of timing behavior 
after prolonged alcohol consumption in rats. Science 182: 597- 
598, 1973. 

20. Walker, D. W. and G. Freund. Impairment of shuttle box 
avoidance learning following prolonged alcohol consumption in 
rats. Physiol. Behav. 7(5): 773-778, 1971. 


