
Pharmacology Biochemistry and Behavior, Vol. 2, pp. 63-66.  ANKHO International Inc., 1974. Printed in the U.S.A. 

Prolonged Alcohol Consumption in the Rat: 
Absence of Retrograde Amnesia for 

an Avoidance Response' 

DON W. W A L K E R  2 A N D  B R U C E  E. H U N T E R  

Veterans Administration Hospital and Department  o f  Neuroscience, University o f  Florida, 
Gainesville, Florida, U.S.A. 32610 

(Rece ived  17 Augus t  1973)  

WALKER, D. W., AND B. E. HUNTER. Prolonged alcohol consumption in the rat. absence o f  retrograde amnesia for an 
avoidance response. PHARMAC. BIOCHEM. BEHAV. 2(1) 63-66 ,  1974. -- Prolonged alcohol consumption (18 weeks) 
did not result in the disruption of retention of a previously learned avoidance response. Rats were pretrained to a 
criterion of 80% correct responses on a shuttlebox avoidance task and subsequently divided into three groups matched for 
performance and weight. One group received ethanol incorporated into a liquid diet which served as the source of calories 
and fluid. One control group was individually pair-fed the identical liquid diet except sucrose was isocalorically substituted 
for ethanol. A second control group was maintained on pelleted laboratory food and water. After 18 weeks of maintenance 
on the respective experimental diets, all rats were given laboratory food and water ad lib. Three months after the 
ethanol-containing and sucrose-containing diets were replaced with laboratory food and water, the rats were tested for 
retention of the avoidance response. It was found that the groups were statistically indistinguishable on the measures of 
retention used. The results were interpreted as being in agreement with clinical descriptions of alcoholic Korsakoff 
patients. 
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CHRONIC e t h a n o l  c o n s u m p t i o n  has been  f o u n d  to  resul t  in 
cen t ra l  ne rvous  sys tem (CNS) p a t h o l o g y  inc lud ing  m o r p h o -  
logical d e t e r i o r a t i o n  in a var ie ty  of  b ra in  regions and 
associated behav iora l  s y m p t o m a t o l o g y ;  the  mos t  p r o m i n e n t  
be ing  i m p a i r m e n t  in learn ing  and recen t  m e m o r y  [ 1 0 ] .  
Trad i t iona l ly ,  the  p a t h o l o g y  has been  a t t r i b u t e d  to  mal-  
n u t r i t i o n  r a t h e r  t h a n  tox ic i ty  of  e thano l ,  based  pr imar i ly  
u p o n  the  f r e q u e n t  associa t ions  in the  clinical l i t e ra tu re  
b e t w e e n  Korsakof f ' s  amnes t i c  s y n d r o m e  and  s y m p t o m s  of  
m a l n u t r i t i o n ;  especial ly  t h i a m i n e  def ic iency  [ 1 1 ] .  Vic tor ,  
Adams ,  and Collins [ 12] have suggested t h a t  the  amnesia ,  
charac te r i s t ic  of  a lcohol ic  Korsakof f ' s  pa t ien ts ,  is ac tua l ly  a 
" p s y c h i c  m a n i f e s t a t i o n  of  Wern icke ' s  d isease" .  P re sumab ly ,  
i n t ake  of  a subs tan t i a l  a m o u n t  of  e m p t y  calories in the  
fo rm of  e t h a n o l  results  in a r e d u c t i o n  in more  nu t r i t ive  
calories i nduc ing  a s ta te  of  relat ive m a l n u t r i t i o n ,  a l t h o u g h  
to ta l  caloric i n t ake  m ay  remain  normal .  

A l t h o u g h  ev idence  for  morpho log ica l  and behav iora l  
p a t h o l o g y  resu l t ing  f rom t h i a m i n e  def ic iency  appears  
unequ ivoca l ,  it is un l ike ly  t ha t  all the  s y m p t o m a t o l o g y  
found  in Korsakof f ' s  psychosis can be a t t r i b u t e d  exclusive-  

ly to  m a l n u t r i t i o n .  I n s t i t u t i ona l i zed  a lcohol ics  w h o  show 
evidence  of  associa ted  m a l n u t r i t i o n  o f t en  are of  the  skid 
row var ie ty  r ep resen t ing  on ly  a b o u t  5% of  the  p r o b l e m  
dr inkers  in our  socie ty  [1 ] .  Since bra in  damage  and asso- 
ciated m e n t a l  de t e r i o r a t i on  have been  repor ted  in a lcohol ic  
pa t i en t s  wi th  n o  clinical h i s to ry  of  m a l n u t r i t i o n  [ 5 , 9 ] ,  it is 
conce ivab le  t h a t  e t h a n o l  may  exer t  toxic  effects  on  CNS 
f u n c t i o n  and learning despi te  adequa te  n u t r i t i o n .  

R e c e n t  inves t iga t ions  using l a b o r a t o r y  animals  have sup- 
po r t ed  this  conc lus ion .  By i n c o r p o r a t i n g  e t h a n o l  i n to  l iquid 
diets ,  it has been  s h o w n  tha t  mice [2 ,15]  or rats  [6]  will 
c o n s u m e  subs tan t i a l  quan t i t i e s  of  e t h a n o l  and s u b s e q u e n t l y  

deve lop  wi thd rawa l  s y m p t o m s .  The  use of  l iquid diets  as 
the sole source  of  calories and fluid provides  for  precise 
n u t r i t i o n a l  cont ro l .  The  e m p t y  calories p rovided  by  e thano l  
can be replaced in con t ro l  diets  by  isocalor ic  quan t i t i e s  of  
sucrose.  F u r t h e r  s u p p l e m e n t a l  n u t r i e n t s  can be  added to 
insure  p r o p e r  in t ake  of  essential  v i tamins  and minerals .  
Using this  t e chn ique ,  it had  been  s h o w n  t h a t  mice [3,4]  or 
rats  [13]  c o n s u m i n g  a lcohol  l iquid diets  for  3 - 7  m o n t h s  
show i m p a i r m e n t  in shock  avoidance  learn ing  w h e n  tes ted 
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2 - 1 8  weeks after ethanol was omitted from the diet. How- 
ever, the possibility remained that the alcohol-induced 
impairment was specific to the shock avoidance situation. 
To test the generality of this result, rats were tested for the 
acquisition of a differential reinforcement of  low rate 
response (DRL) following a period of prolonged consump- 
tion. When compared to shock avoidance, the DRL is food 
motivated rather than shock motivated, requires response 
suppression rather than rapid response initiation and acqui- 
sition is not contingent upon sensory processing of external 
stimuli. It was found that prolonged alcohol consumption 
resulted in severe impairment of the acquisition of the DRL 
task [ 14]. Taken together, these results strongly supported 
the conclusion that prolonged alcohol consumption, despite 
adequate nutrition, results in impairment of the associative 
processes of learning. The present experiment represents 
the first in a series of  experiments which will attempt to 
characterize the nature of the alcohol-induced impairment. 
More specifically, we attempted to determine if prolonged 
alcohol consumption disrupted the retention of  a previous- 
ly learned response. 

METHOD 

A nim als 

The animals were 30 male Long Evans hooded rats, 
approximately 90 days old, weighing 2 5 0 - 3 0 0  g, purchased 
from Blue Spruce Farms, Altamont, New York. 

L i q u i d  Diets  

The composition and nutritional adequacy of  the liquid 
diets has been reported in detail previously [13]. Briefly, 
the experimental diets contained 35% ethanol-derived 
calories and were prepared from a 63.3% V/V stock solu- 
tion of ethanol mixed with Metrecal Shape (Mead Johnson). 

The final concentration of ethanol was 8.1% (V/V), 
providing 1.3 KCal/ml. Control diets were prepared in the 
same manner except sucrose was isocalorically substituted 
for ethanol. The diets were additionally fortified with Vita- 
min Diet Fortification Mixture, 0.3g/100 ml, and Salt 
Mixture XIV, 0.5g/100 ml (Nutritional Biochemical Cor- 
poration). 

Appara tus  

The apparatus consisted of a Lehigh Valley Electronics 
model # 146-04 toggle floor shuttlebox enclosed in a Lehigh 
Valley sound-attenuating cubicle. The two compartments of 
the shuttlebox were separated by a metal barrier 3 1/4 in. 
jn diameter. Shock was delivered by a Lehigh Valley Elec- 
tronics model #113-04 constant current shock generator 
and scrambled by a Lehigh Valley model #113-14 dual 
shock scanner and scrambler, and programmed by Grason- 
Stadler Series 1200 solid state modules. 

Procedure  

The rats were trained in the shuttlebox avoidance task 
until a criterion of 12/15 avoidances had been attained dur- 
ing a single session. Each session (one session/day) consisted 
of 15 CS-UCS presentations separated by an intertrial inter- 
val of 30 sec. The CS was a compound stimulus of light and 
tone presented simultaneously. The tone was generated by 
a Mallory Sonalert (standard on Lehigh Valley shuttlebox). 
The light stimulus was the onset of a cue light in the corn- 

partment occupied by the animal at the beginning of each 
trial. The CS-UCS interval was 7 sec. UCS was a shock of 
0.6 ma. Both CS and UCS remained on until the rat either 
avoided or escaped and were then terminated. The number 
of avoidances, the mean latency to respond following CS 
presentation, and the number of ITI responses were record- 
ed in blocks of 15 trials. 

After 30 sessions, 9 animals had not reached the 80% 
criterion and were eliminated from the experiment. The 
remaining 21 rats were divided into 3 groups of seven, 
matched for number of sessions to criterion. 

For the following 4 1/2 months, one group was maintain- 
ed on the alcohol-containing liquid diet, one control group 
was individually pair-fed the sucrose diet, and the remaining 
group received lab chow and water ad lib. Following this 
experimental diet period, all rats were placed on lab chow 
and water ad lib. for a period of 3 months before retention 
testing was begun. This time period was chosen to prevent 
any possible transient effects of alcohol withdrawal on per- 
formance and to evaluate the permanency of the retention 
deficit, if one occurred. We had previously found that the 
alcohol-induced deficit in acquisition of shuttlebox avoid- 
ance was present for at least 18 weeks following discontinu- 
ation of alcohol in the diet, the longest interval tested [4]. 

Retention of the avoidance response was tested by the 
presentation of the CS alone for five trials/day for two 
days. The conditions during this retention test were identi- 
cal to those during acquisition, except no shock was deliv- 
ered. The number of avoidances (responses occurring in less 
than 7.0 sec) and latency to respond follwoing CS presenta- 
tion were recorded for the I 0 retention trials. As an addi- 
tional measure of retention, reacquisition of the avoidance 
response was initiated on the day following the last reten- 
tion test. Ten reacquisition sessions of 15 trials each 
were given. The experimental conditions and CS and UCS 
parameters were identical to those during original acquisi- 
tion. The number of sessions to reacquisition of the 
criterion of 12/15 avoidances (80%) were recorded for each 
rat. 

RESULTS AND DISCUSSION 

On the day of alcohol withdrawal each rat was given lab 
chow and water ad lib and was carefully observed for 
behavioral symptoms of withdrawal. No overt behavioral 
signs other than hyperactivity were observed. It should be 
noted, however, that the procedures used in the present 
experiment, as in those discussed previously [3, 4, 13, 14] 
differ considerably from those used to induce physical 
dependence in mice [2,15] or rats [6],  since no weight 
reduction was used prior to the introduction of the 
experimental diets and the concentration of ethanol was 
not gradually increased during the treatment period. Fur- 
thermore, as has been discussed previously [13],  it is likely 
that some adaptation to alcohol takes place during the 
extended treatment period. 

Table 1 shows the mean body weights for alcohol, 
sucrose and lab chow groups during the 18 week treatment 
period. It is apparent that the rats consuming the experi- 
mental diets, either alcohol or sucrose, maintain their 
weight at levels equal to or slightly above rats allowed free 
access to lab chow and water. Mean daily ethanol consump- 
tion during this period was 8.0 g/kg/rat/day (SD: ÷ 0.8). 

The relative changes in body weights of the three groups 
together with the level of ethanol consumption are compa- 



C H R O N I C  A L C O H O L  C O N S U M P T I O N  A N D  R E T E N T I O N  65 

T A B L E  1 

MEAN A N D  R A N G E  OF W E I G H T  IN G R A M S  F O R  E A C H  G R O U P  

WEEK ALCOHOL SUCROSE LAB CHOW 

Mean Range Mean Range Mean Range 

0 • 

4 

8 

12 

16 

18t 

433 336 512 422 276 519 424 342 514 

453 346-566  442 297 522 434 355 514 

493 354-657 485 310 582 471 381 559 

519 361-706  503 306-612  478 375 574 

539 373-739  527 332-644  504 367 599 

573 393 772 558 357 668 501 378 594 

*Weights taken on day experimental diets were begun. 
tAll rats given pelleted laboratory food and water ad lib. 

T A B L E  2 

R E T E N T I O N  D A T A  

ALCOHOL SUCROSE LAB CHOW 

Rat SC* NAt SR$ % SAV.§ Rat SC NA SR % SAV. Rat SC NA SR % SAV. 

2 8 8 2 75 1 3 2 3 0 9 9 10 2 78 

24 9 9 1 89 3 10 9 2 80 27 9 l0 I 89 

29 12 10 1 92 7~ 13 2 - 20 11 10 1 91 

19 14 5 2 86 10 15 3 3 80 12 14 8 4 71 

30 18 7 1 94 25 19 7 8 58 28 14 3 2 86 

8~ 20 2 - 11 22 10 1 95 22 20 6 4 80 

32 23 7 3 87 21 22 7 1 95 26 26 10 2 92 

Mean 14.8 6.8 1.7 87 Mean 14.8 5.7 3.0 68 Mean 14.7 8.1 2.3 84 

SD 5.7 2.7 0.8 6.7 SD 6.9 3.3 2.6 35.9 SD 6.2 2.7 1.2 7.7 

*The number of sessions to criterion of 80% avoidances (12/15) on original acquisition. 
]-The number of avoidances during the 10 retention trials in which the CS alone was presented. 
:~The number of sessions for reacquisition to 80% criterion. 
§The per cent savings score calculated by subtracting SR from SC and dividing by SC. 
~Since the body weights of these rats were significantly above those of the other rats, their SR and % savings data are not included. 

rable to  prev ious  repor t s  in wh ich  rats were f o u n d  to be 
severely impa i red  on the  acqu is i t ion  of  d i f f e ren t  behav iora l  
t a sks  [13 ,14]  fo l lowing a per iod of  p ro longed  a lcohol  con-  
s u m p t i o n .  However ,  the  resul ts  o f  the  p re sen t  inves t iga t ion  
indica te  tha t  p ro longed  e t h a n o l  c o n s u m p t i o n  does  no t  
impai r  the  r e t e n t i o n  of  a p rev ious ly  learned  shoc k  avoid- 
ance response .  

Three  measu res  o f  r e t en t i on  were cons ide red :  1) the  
n u m b e r  o f  avo idances  dur ing  the  10 p r e s e n t a t i o n s  o f  CS 

a lone (NA),  2)  sess ions  to r eacqu i s i t ion  (SR),  and 3) the  per 
cent  savings. The  resul ts  for  each rat t o g e t h e r  wi th  the  
g roup  m e a n s  and  s t a nda rd  dev ia t ions  are p r e se n t ed  in Table 
2. These  resul ts  were sub jec ted  to n o n p a r a m e t r i c  analysis  of  
var iance (Kruskal-Wall is) .  The  an imals  in the  three  g roups  
were ini t ial ly m a t c h e d  on  the  p re t ra in ing  sess ions  to  criteri- 
on (SC), and these  scores  are s h o w n  in the  second  c o l u m n  
of  Table 2. Stat is t ical  analysis  revealed tha t  the  g roups  were 
no t  s igni f icant ly  d i f f e ren t  on this basel ine measu re  o f  acqui-  
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si t ion (H=0 .696 ,  p > 0 . 0 5 ) .  Three  m o n t h s  a f te r  e t h a n o l  had  
been  d i s con t i nued  f rom the  diet  ( to t a l  of  7 1/2 m o n t h s  
fo l lowing original  acquis i t ion) ,  r e t e n t i o n  tes t ing  was begun .  
The  n u m b e r  of  avo idances  dur ing  the  10 p r e s e n t a t i o n s  of  
CS a lone  was e x t r e m e l y  var iable  wi th in  each group.  Stat is t i -  
cal analysis  revealed t h a t  the  r e t e n t i o n  scores of  the  th ree  
g roups  were no t  s igni f icant ly  d i f fe ren t  (H=0 .289 ,  p > 0 . 0 5 ) .  

The sessions to reacqu is i t ion  were n o t  as variable  as the  
previous  measure ,  pe rhaps  as a resul t  of  the  p r io r  exper i -  
ence wi th  the  t ra in ing  appa ra tus  and p rocedures  [7 ] .  
Kruskal-Wallis  n o n p a r a m e t r i c  analysis  of  variance revealed 
n o  s i g n i f i c a n t  d i f fe rences  b e t w e e n  groups  (H=0 .861 ,  
p > 0 . 0 5 ) .  The  data  for  one  rat  in the  a lcohol  g roup  ( # 8 )  and 
one  rat  in the  sucrose group  ( # 7 )  were n o t  inc luded  in the  
ca lucla t ions  of  the  SR and  per  cen t  savings. Bo th  of  these  
animals  failed to  reach  the  80% cr i te r ion  level b y  the  t e n t h  
session (when  reacqu is i t ion  t ra in ing  was t e r m i na t ed ) .  The  
b o d y  weights  of  these rats were s igni f icant ly  above  the  
o t h e r  animals  in the  e x p e r i m e n t  and the i r  p o o r  reacquisi-  
t ion  was a t t r i b u t e d  to  a def ici t  in p e r f o r m a n c e  r a the r  t han  
r e t en t ion .  

The  foregoing  results  ind ica te  t h a t  p ro longed  a lcohol  
c o n s u m p t i o n  does n o t  lead to an i m p a i r m e n t  in the  re ten-  
t ion  o f  a previously  learned response.  This conc lus ion ,  
however ,  mus t  be qual i f ied  by  two  i m p o r t a n t  factors.  First ,  
the  80% cr i te r ion  used in p re t r a in ing  m ay  have resul ted  in 
over learning,  mak ing  this  response  less sensi t ive to  the  pos- 
sible d isrupt ive  effects  of  chron ic  e t hano l  c o n s u m p t i o n .  It  
is conce ivable  tha t  responses  learned  to  a less s t r ingen t  
cr i ter ion might  be more  sensi t ive to  the  po ten t i a l ly  dis- 
rup t ive  effects  of  e thanol .  Secondly ,  the  7 1/2 m o n t h  in terval  
b e t w e e n  t ra in ing  and tests  for  r e t e n t i o n  m u s t  be  cons idered  

an e x t e n d e d  t ime  per iod.  We suggest  t ha t  in this  s i tua t ion  
the  shock  avoidance  response  could be cons idered  a r e m o t e  
m e m o r y ,  which  is cons i s t en t  wi th  the  clinical descr ip t ions  
of Korsakof f ' s  pa t i en t s  since memor i e s  of  ch i ldhood  and 
adolescence  o f t en  remain  in tac t  [ 8 , 12 ] .  

A l t h o u g h  the  results  of  the  p resen t  e x p e r i m e n t  suggest 
t ha t  previously  s tored  i n f o r m a t i o n  is una f fec t ed  by  chron ic  
e t h a n o l  c o n s u m p t i o n ,  we believe tha t  the  r e t e n t i o n  of the  
shock  avo idance  response  should  be cons idered  a r e m o t e  
m e m o r y ;  cons i s ten t  wi th  the  clinical descr ip t ions  of  
Korsakof f ' s  pa t ients .  It appears  t ha t  the  ques t ion  of  
w h e t h e r  re t rograde  amnes ia  in an integral  c o m p o n e n t  of  the  
s y m p t o m a t o l o g y  f o u n d  in Korsakof f ' s  pa t i en t s  or w h e t h e r  
it is on ly  an a p p a r e n t  re t rograde  amnes ia  resul t ing  ins tead  
f rom a progressive de t e r i o r a t i on  in the  abil i ty to  acquire  
new i n f o r m a t i o n ,  remains  unc lea r  [8, 10, 12] .  Since it  has 
b e e n  s h o w n  tha t  3 m o n t h s ,  bu t  no t  6 weeks,  of  e thano l  
c o n s u m p t i o n  in mice,  results  in the  i m p a i r m e n t  of  the  
acqu i s i t ion  of  a shock  avoidance  response  [ 4 ] ,  e x p e r i m e n t s  
in which  p re t r a in ing  and  tests  for  r e t e n t i o n  are more  closely 
locked  to this  t ime  course may  provide  some c lar i f ica t ion 
of  this  ques t ion .  A l t h o u g h  we mus t  be caut ious ,  w h e n  
general iz ing f rom animal  e x p e r i m e n t a t i o n  to the h u m a n  
cond i t i on ,  it is clear t ha t  the  p rope r  con t ro l s  necessary in 
inves t iga t ions  of  this  sor t  can be a t t a ined  in animal  studies.  
The  recen t  f inding t ha t  p ro longed  a lcohol  c o n s u m p t i o n ,  
c o n c o m i t a n t  wi th  adequa t e  n u t r i t i o n ,  leads to  an impair-  
m e n t  in the  associat ive processes  of  learning in mice [3,4]  
or rats [13 ,14]  t oge the r  w i th  the  results  of  the  present  
e x p e r i m e n t ,  ind ica te  t ha t  this  mode l  may  be  useful  in deter-  
min ing  the  m e c h a n i s m s  involved in the  amnes ia  found  in 
Korsakof f ' s  psychosis .  

REFERENCES 

1. Congressional Report. Substantial Cost Savings from Establish- 
ment o f  A lcoholism Program for Federal Civilian Employees. 
Washington, D. C.: U. S. Government Printing Office, 1970. 

2. Freund, G. Alcohol withdrawal syndrome in mice. Archs. 
Neurol. 21: 315-320,  1969. 

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

4. Freund, G. and D. W. Walker. Impairment of avoidance learn- 
ing by prolonged ethanol consumption in mice. J. Pharmacol. 
Exp. Therap. 179: 284-292,  1971. 

5. Haug, J. O. Pneumoencephalographic evidence of brain damage 
in chronic alcoholics. Acta. psychiat, neurol. Scan& Suppl. 
203:135 143, 1968. 

6. Hunter, B. E., C. A. Boast, D. W. Walker and S. F. Zornetzer. 
Alcohol withdrawal syndrome in rats: Neural and behavioral 
correlates. Pharmac. Biochem. Behav., in press. 

7. Spear, N. E. Retrieval of memory in animals. Psychol. Rev. 80: 
163-194,  1973. 

8. Talland, G. Deranged Memory. New York, New York: 
Academic Press, 1965, 356pp. 

9. Tumarkin, B., J. D. Wilson and G. Snyder. Cerebral atrophy 
due to alcoholism in young adults. U.S. Armed ForcesMed. J. 
6: 64 -74 ,  1955. 

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

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

12. Victor, M. R. D. Adams and G. H. Collins. The Wernicke- 
Korsakoff  Syndrome. Philadelphia: F. A. Davis Co., 1971, p. 
174. 

13. Walker, D. W. and G. Freund. Impairment of shuttlebox avoid- 
ance learning following prolonged alcohol consumption in rats. 
Physiol. Behav. 7: 773-778,  1971. 

14. Walker, D. W. and G. Freund. Impairment of timing behavior 
following prolonged alcohol consumption in rats. Science 182: 
597-599,  1973. 

15. Walker, D. W. and S. F. Zornetzer. Alcohol withdrawal in 
mice: Electroencephalographic and Behavioral Correlates. Elec- 
troenceph. Clin. Neurophysiol., in press. 


