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Alcohol-Preferring Rats in Colonies 
Show Withdrawal, Inactivity, 

and Lowered Dominance 
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ELLISON, G., A. LEVY AND N. LORANT. Alcohol-pr~fbrring rats in colonies show withdrawal, inactivity, and lowered 
dominance. PHARMACOL B1OCHEM BEHAV 18: Suppl. 1,565-570, 1983.--Rats with free access to water and 10~A 
alcohol were raised in enriched, social colonies for prolonged periods of time. Then those animals which had developed 
extreme alcohol or water preferences were identified for further study. These selected animals were marked and returned 
to the colony. Both high and low alcohol consumers showed increased alcohol consumption just prior to feeding, but only 
the high consumers had a peak of alcohol consumption during the early morning hours. Compared to low consumers, high 
alcohol consumers ate less food, ran less in the activity wheel, spent more time in the burrows, and ranked low on several 
dominance measures. When access to alcohol was removed in the colony, these high alcohol consumers became more 
active but remained low in dominance. When tested in photocell cages, they showed a pattern of hyperactivity suggesting 
withdrawal effects. This sub-population of animals from rat colonies who voluntarily prefer alcohol to water represent a 
novel and social animal model of chronic alcohol consumption. 
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M O S T  studies  of  a lcohol  c o n s u m p t i o n  in lower  an imals  have  
r epo r t ed  tha t  w h e n  adequa t e  sources  o f  food and  wa te r  are 
ava i lab le  an imals  will not  vo luntar i ly  c o n s u m e  apprec iab le  
quan t i t i e s  of  a lcohol .  C o n s e q u e n t l y ,  it has  been  widely con-  
c luded  tha t  only highly l imited animal  mode ls  of  h u m a n  
a lcoho l i sm are poss ib le  [3, 9, 1 1]. Yet  mos t  r e sea rch  on  alco- 
hol se l f -select ion in an imals  can  be cr i t ic ized as be ing  fun- 
damen ta l ly  d i f ferent  in severa l  p rocedura l  detai ls  f rom the 
h u m a n  condi t ion .  W h e r e a s  animal  s tudies  of  a lcohol  in take  
typical ly  involve  the s tudy for a few m o n t h s  of  sub jec t s  
housed  in res t r i c ted  e n v i r o n m e n t s  ( typical ly in small  cages  
and  usually in isolat ion) ,  h u m a n  a lcoho l i sm deve lops  gradu-  
ally o v e r  a long per iod  of  t ime and  within a highly social 
con tex t .  

These  d i f fe rences  may  be cri t ical .  Social e n v i r o n m e n t s  
have  been  s h o w n  to a c c e n t u a t e  the p leasan t  effects  of  alco- 
hol in h u m a n s  [2], and  social g roups  faci l i ta te  the  c o n s u m p -  
t ion o f  a lcohol  in h u m a n s  [4,13]. F u r t h e r m o r e ,  a lcohol ics  
h a v e  been  found  to inc rease  the i r  a lcohol  in take  dur ing  
per iods  of  socia l iza t ion  as opposed  to per iods  of  isolat ion [1]. 

A n o t h e r  d i f ference  is tha t ,  in an imals ,  the  ave rage  a lcohol  
c o n s u m p t i o n  of  an  expe r imen ta l  group is typical ly  r epor t ed ,  
whe rea s  excess ive  alcohol  c o n s u m p t i o n  in h u m a n s  invo lves  
a re la t ively  small  p ropor t ion  of  the  popu la t ion ,  of ten esti- 
ma ted  at b e t w e e n  6 to 10% of  the  popu la t ion  in m o d e r n  
socie t ies  [8,12]. We  recent ly  r epor t ed  tha t  ra ts  ra ised in 
en r i ched  and  semi-na tura l i s t i c  rat  co lony  e n v i r o n m e n t s  wi th  
free access  to b o t h  wa te r  and  10% alcohol  deve lop  a n u m b e r  
of  novel  r h y t h m s  of  a lcohol  c o n s u m p t i o n  wh ich  do not  o c c u r  
in caged isolates  [5], and  tha t  in each  co lony  a few an imals  
deve lop  an  e x t r e m e  p re fe rence  for  a lcohol  o v e r  water ;  these  

e x t r e m e  alcohol  c o n s u m e r s  are less p r eva l en t  in caged iso- 
la tes  [6]. We  now repor t  tha t  these  high a lcohol  c o n s u m e r s  
exh ib i t  a l te ra t ions  in social d o m i n a n c e  m e a s u r e s  and  in o the r  
behav io r s  c o m p a r e d  to low c o n s u m e r s  f rom the same col- 
ony.  These  an imals  may cons t i tu te  a new animal  model  of  
a lcohol i sm.  

METHOD 

Subjects and Cohmy Environment 

In o rde r  to ob ta in  a suff icient  n u m b e r  of  high alcohol  
c o n s u m e r s  to c o n d u c t  these  s tudies ,  two i n d e p e n d e n t  col- 
onies ,  each  of  30 male  hooded  rats  init ially weighing 180-200 
g, were  s imul t aneous ly  ra ised in two spac ious  co lony  en- 
v i r o n m e n t s  [7]. E a c h  co lony  enc losure  was cen te red  a b o u t  a 
behav io ra l  a r ena  (a large, room-s ized  area  wi th  a s traw- 
cove red  f loor  wh ich  con t a ined  n u m e r o u s  r amps  and  ropes  
for  c l imbing,  ledges,  act ivi ty whee l s ,  and a wate r ing  en- 
closure) .  Connec t ed  to this behaviora l  a rena  was the bur rows  
area.  This  sect ion of  the co lony was kept  cons t an t ly  dark,  
and  con t a ined  n u m e r o u s  s t raw-l ined  enc losures ,  each  of  
which  was c o n n e c t e d  to the  behav io ra l  a r ena  t h rough  a sepa- 
rate tube.  Also c o n n e c t e d  to the behav io ra l  a rena  was a 
separa te  feeding area.  Access  to the feeding area was con-  
t rol led via a large valve which  was c losed  excep t  dur ing  the 
hou r  of  feeding.  

T h r o u g h o u t  the  e x p e r i m e n t  the an imals  were  fed for  one  
hou r  daily in the  middle  o f  the dark  cycle  wi th  enough  
g round  Pur ina  C h o w  mixed wi th  w a t e r  and  Pur ina  pel le ts  so 
tha t  there  was a lways  food left at the  end  o f  the  hour.  In the  
co lony ,  the an imals  a lways  had c o n t i n u o u s  access  to a 
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0.6×0.8 m enclosure which contained 6 drinking spouts. 
Three of the spouts (on one side of  the enclosure) delivered 
water and the other 3 (on the opposite side) delivered 10%. 
alcohol (v/v) flavored with 0.05% anise to make it distinctive; 
the sides of  the two solutions were switched every three 
days. Infra-red detecting photocells mounted in front of the 
drinking spouts were used to determine when rats were at 
the drinking spouts. The output of these photocells was 
either recorded or used to trigger a videotape recorder con- 
nected to a low-level closed circuit TV camera mounted in 
the roof of the drinking enclosure. 

Procedures 

After 7 months of  being raised in the colony environment 
with free access to water and 10% alcohol, all animals were 
captured, placed in individual cages with free access to food, 
water, and 10% alcohol, and after a week of  habituation to 
the cages, daily intake was measured for 2 weeks. The 10 
rats with the highest and the 10 with the lowest alcohol con- 
sumption were then culled for further experimentation. The 
two groups were differentially marked with a fur dye [7]. 
These 20 animals were then replaced into one of the colony 
environments for 2 months in order to establish new domi- 
nance hierarchies (since 40 rats had now been discarded and 
animals from two previous colonies were now being intro- 
duced). The behavioral observations were then begun. 

Initially the interior of the enclosure containing the 3 
alcohol and the 3 water spouts was videotaped whenever 
photocells in front of  the spouts indicated an animal was 
drinking either water or alcohol. This continued until five 
complete days of recordings had been obtained. The animals 
were habituated to the presence of human observers sitting 
quietly in the room containing the colony. During the 6 sub- 
sequent weeks a variety of social and other behaviors were 
recorded for 6 hrs daily by trained observers, who were un- 
aware of the groups' identities, using protocols and defini- 
tions of behaviors which have been presented elsewhere [7]. 
The animals were fed from 1500 to 1600 hours and were 
observed each day from 1200 to 1500 hours and from 1600 to 
1800 hours. During these times the spontaneous occurrance 
of social behaviors such as "stand and box,"  "wrestling 
matches,"  "violent  fighter," "social  groomer"  and "chas-  
er" was noted by recording the markings of the animals 
involved. In addition, animals running in the activity wheels 
for longer than 15 seconds were recorded. Each half hour a 
census was taken of all animals visible in the enclosure; by 
subtraction the number of animals in the burrows was ob- 
tained. Access to alcohol was then removed from the colony 
for two weeks while behavioral observations continued, and 
the alcohol access was then returned for three weeks. 

At the end of  the experiment the animals were captured 
and placed in individual cages for a further determination of 
fluid preference. Then the animals were tested for five min- 
utes in an open field test. This was a circular enclosure 130 
cm across with the floor divided into 22 cm squares. The 
animal was placed into the field's center and covered with a 
small box. After 15 sec this box was raised and the number of 
squares crossed, the number of rearings, and amount of time 
spent in the center of the field was recorded on tape by two 
trained observers. 

Two days after open field testing was completed, the 
animals were placed individually in cages within a sound- 
proofed room. Each cage was equipped with two photocells 
to measure cage crossings, two drinkometers so that con- 
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F1G. 1. Average amount of time spent at the alcohol spout (top) and 
at the water spout (bottom) by the High alcohol consumers (solid 
black dots) and by the Low alcohol consumers (open circles and 
dotted line) throughout the 24 hour day. The onset of the dark cycle 
is shown at 0900 hours, and the hour of feeding from 1500 to 1600 
hours. Both groups increase their alcohol consumption just prior to 
feeding and their water consumption after feeding, but the High 
alcohol consumers drink appreciable amounts of alcohol just before 
onset of the dark cycle. 

sumption of  both a 10% alcohol and water solution could be 
monitored, and a special feeding cup with a grounded metal 
plate so that eating could be monitored through a contact 
recorder. Cage crossings, licks on either spout, and contacts 
with the food plate were fed through pulse-formers into a 
minicomputer, accumulated every two minutes, and stored 
on discs. During the first two days the rats had constant 
access to powdered Purina chow, water, and 10% alcohol. 
Then access to alcohol was removed for a 24 hour period. 
These data were analyzed by determining the frequency and 
duration of meals and drinking bouts throughout the day. A 
meal was defined as including any consecutive 2 min interval 
with at least 7 contact counts separated by at least 6 min of 
no contacts with the feeder. The same criteria were used to 
define bouts of alcohol and bouts of  water consumption. 

R E S U L T S  

Results o f  Initial Tests o f  Fhdd Intake 

When all 60 animals were initially tested for fluid prefer- 
ence, there was a small negative correlation between body 
weight and percent of total fluid intake consumed as alcohol 
(in one colony r = - . 4 0 ,  p<0.02 and in the other r - - . l l ,  
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T A B L E  1 

BEHAVIOR OF HIGH AND LOW ALCOHOL-CONSUMING RATS 

Alcohol Present Alcohol Absent 

High Low High Low 

Activity wheel 10.3 _+ 1.4 13.1 _+ 1.6" 22.0 _+ 4.9* 13.9 _+ 2.8* 
Census: burrows 4.5 _+ 0.24 4.0 _+ 0.16" 4.3 _+ 0.14 4.1 _+_ 0.17 
Social groomer 17.9 _+ 1.4 13.7 _+ 1.6" 25.0 _+ 2.3t 16.5 - 2.1" 
Stand and box 45.5 + 4.4 45.9 _+ 4.5 41.6 _+ 4.9 37.9 _+ 2.4 
Chaser 5.8 _+ 0.9 14.0 _+ 1.8t 9.5 ÷ 1.8" 13.1 + 2.1 
Wrestle Ic~ wins) 44.9 + 3.3 52.4 + 3.6* 45.0 + 4.6 56.8 + 4.2 

Average number of times various behaviors were observed during the 6 hours of daily obser- 
vation ÷s.e.m. Paired comparison t-tests were made between daily sums for High and Low 
consumers with alcohol present and alcohol absent. Independent observation t-tests were made 
between the means of High consumers with alcohol present and absent. *p<0.05; tp<0.01. 

p<0 .8) .  During this initial test o f  fluid intake the 10 animals 
with the greatest  alcohol preference  (i.e., the high consumers  
selected for further  studies) drank an average  of  29.1 _+ 1.2 ml 
o f  alcohol and 7.4_+ 1.0 ml of  water  daily whereas  the 10 
" low ' "  consumers  averaged 2.0_+0.3 ml o f  alcohol and 
41.3_+2.3 ml of  water  consumed  daily. Food  intake was also 
measured  in these 20 animals,  and there were also differ- 
ences  in food consumpt ion ,  with the 10 highest alcohol con- 
sumers eating 18.7_+.9 g of  ground lab chow daily vs 
26.8_+1.1 g for the 10 lowest  consumers  (/9<0.001, t-test). At 
this t ime, the " h i g h "  consumers  weighed 492_ + 16 g and the 
" low ' "  consumers  weighed 528_+ 19 g (t-test not significant). 

Videotape Analysis of  Drinking in the Colony 

Analysis  o f  the v ideotapes  made  of  the alcohol and water  
spouts in the colony indicated that those animals previously  
identified as having an ex t reme alcohol preference  in cages 
similarly drank less from the water  spout  in the colony than 
did low consumers  (136_+25 vs. 186_+29 sec/hr;  p<0 .01)  but 
more from the alcohol spout  (137_+i4 vs. 76_+11 sec/hr;  
p<0.001) .  Figure 1 shows the averaged amount  of  time spent 
at the two spouts throughout  the day in these two groups.  As 
reported previously  [5], water  consumpt ion  by the colony 
reached its max imum in the hours just  after feeding; this was 
true for both groups.  Both groups also showed peak alcohol  
consumpt ion  jus t  prior to the hour  of  feeding, but the largest 
difference be tween  the two groups in alcohol consumpt ion  
was in the three hours jus t  before  the onset  of  the dark cycle.  
During this "ea r ly  morn ing"  period high alcohol consumers  
were  observed  at the alcohol  spout an average of  245 sec/hr 
whereas  for the low consumers  this figure was 89 sec/hr 
(p<0.001, t-test).  

It was also observed  that while several  animals were fre- 
quent ly  present  in the drinking enclosure ,  particularly during 
peak consumpt ion  hours,  animals were  almost  never  denied 
access  to spouts.  There  were  minor  confrontat ions,  but these 
predominant ly  consis ted o f  an animal being displaced to the 
neighboring spout.  It was also observed  that the same animal 
could be obse rved  repeatedly  visiting ei ther  the water  sp- 
outs,  or  the alcohol spouts,  during the same hour. 

Behavioral Observathms in the Colony 

Table 1 presents  the results of  the behavioral  observa-  

tions in the colony.  During the period when alcohol was 
available in the colony,  the high consumers  differed from low 
consumers  on several  measures .  One was reflected in meas-  
ures o f  activity.  The high alcohol consumers  spent  more time 
in the burrows and ran less in the act ivi ty wheels  than did the 
low consumers .  

There  were  also differences in social behaviors .  Al though 
the high alcohol  consumers  were  similar to the low consum- 
ers in the extent  to which they engaged in several  high fre- 
quency  social behaviors ,  such as " s t and  and b o x , "  and 
engaged in social grooming more than did the low consum- 
ers,  on several  measures  of  dominance  they ranked low. One 
such measure  was the ou tcome  of  wrest l ing matches ,  where  
at the end of  each match the markings o f  the animal on top 
and on bot tom was recorded.  The low alcohol consumers  
consis tent ly won more matches  than the high consumers .  
The high consumers  were  also rarely observed  chasing other  
rats, and initiated fewer  incidences  of  aggressive behaviors  
such as " b r o a d s i d i n g "  and "v io l en t  f ight ing."  

When access  to alcohol was r emoved  for two weeks ,  the 
high consumers  showed several  al terat ions in behavior  
whereas  the " l o w "  consumers  did not, implying that at least 
some of  the behavioral  differences be tween  the two groups 
was due to the alcohol  being consumed  by high consumers .  
During this a lcohol-free period,  the " h i g h "  consumers  be- 
came more act ive,  doubling their amount  o f  time running in 
the act ivi ty wheel .  The increased activity o f  the high con- 
sumers was greatest  at the fourth hour of  the first day of  
alcohol withdrawal ,  but remained elevated throughout  the 
next  14 days. Thus,  it was not simply a brief  withdrawal  
phenomenon.  While the high consumers  also showed further  
increases in social grooming and in chasing other  animals 
during the period when alcohol was not available,  these 
animals did not increase in dominance  during this period, as 
measured  by behaviors  such as percent  wins in wrestl ing 
matches ,  broadsiding,  or  violent  fighting. 

Open Field 

There  were  differences be tween  the two groups in open 
field. During the first minute in open field, the high alcohol  
consumers  were more act ive  (entered more squares)  than the 
low consumers  (40.9+2.9 vs. 33.0+ i.5, p<0 .01 ,  t-test) but 
there were  no differences in act ivi ty  during the next  4 min. 
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T A B L E 2  

FOOD, WATER, AND E T H A N O L  INTAKE OF HIGH AND LOW A L C O H O L - C O N S U M I N G  RATS 

Meals Water ETOH 

Bout duration High 11.0_+ 1.1t 2.9_+ 0.25t 3.4 _+ 0.21 
(min) Low 15.8 + 1.3 3.8 + 0.21 3.0 + 0.34 

Number of contacts High 296 + 56t 85 + 16 123 + 15t 
per bout Low 562 _+ 102 128 _+ 25 79 _+ 12 

Interbout interval High 130 + 9 259 + 76* 122 _+ 19t 
(rain) Low 146 _+ 21 119 _+ 19 450 +_ 84 

Total number of High 10.2 _+ 0.6 8.3 +_ 2* 13.1 + 2* 
bouts Low 9.8 + 1 14.4 + 2 3.1 _+ 0.7 

Average duration of bouts of food, water, and ethanol intake in High and Low alcohol consum- 
ers, the number of tongue contacts during each bout, the interval in minutes between successive 
bouts, and the total number of bouts in 24 hours. High alcohol consumers take short, brief meals, 
but large, frequent bouts of alcohol consumption. *p<0.05; tp<0.01, t-tests. 
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FIG. 2. Activity in photocell cages in the High alcohol consumers 
(expressed as a percent of activity of the Low consumers) during the 
13 hours following withdrawal of alcohol. Hyperactivity in the High 
consumers peaks at 3 to 9 hours after restriction of access to alcohol. 
*p<0.05, t-tests. 

T h e r e  were  no  d i f fe rences  b e t w e e n  the  two g roups  in the  
n u m b e r  of  rear ing  r e s p o n s e s  or  in t ime  spen t  in the  cen te r  of  
the  field. 

Meal Patterns and Activity Tests 

Severa l  of  the  p rev ious  o b s e r v a t i o n s  were  rep l ica ted  
w h e n  the  an imals  were  p laced in individual  pho toce l l  cages  
and  ac t iv i ty ,  meal  pa t t e rns ,  and  wa te r  and  a lcohol  c o n s u m p -  
t ion was measured .  E v e n  wi th  food cons tant ly  presen t ,  the  high 
c o n s u m e r s  again c o n s u m e d  more  alcohol  than controls ;  this 

was  again especial ly t rue a round  the onse t  of  the  dark cycle.  An 
ana lys i s  of  cage c ross ings  indica ted  tha t  the  high a lcohol  
c o n s u m e r s  were  total ly inac t ive  for br iefer  per iods  of  t ime 
than  the  low a lcohol  c o n s u m e r s .  This  was  m e a s u r e d  by  cal- 
cula t ing how m a n y  per iods  of  total  inact iv i ty  (no more  than  3 
c ros ses  in any 2 min per iod)  las t ing at least  60 min occu r red  
in the  two groups .  The  high c o n s u m e r s  had  an  ave rage  of  4.1 
such  per iods  in 24 hours ,  while  the  low c o n s u m e r s  ave raged  
5.5 (p<0 .05 ,  t - test) .  

T h e r e  was a cycl ical  pa t t e rn  of  ac t iv i ty  in the an imals  of  
bo th  groups .  Long  per iods  of  inact iv i ty  were  fo l lowed by a 
per iod  of  inc reased  ac t iv i ty  cu lmina t ing  in a long meal ,  fol- 
lowed  by fluid c o n s u m p t i o n  and  then  finally inact iv i ty  again.  
In the  low alcohol  c o n s u m e r s ,  meals  were  fol lowed chiefly 
by  w a t e r  c o n s u m p t i o n  w h e r e a s  apprec iab le  a m o u n t s  of  alco- 
hol were  c o n s u m e d  bo th  t h r o u g h o u t  the  20 rain pr ior  to 
meals  as well as fol lowing meals  in the high a lcohol  consum-  
ers.  

Tab le  2 shows  the  resu l t s  of  the analys is  of  per iods of  
food,  water ,  and  a lcohol  c o n s u m p t i o n  in the  two groups .  
C o m p a r e d  to the low a lcohol  c o n s u m e r s ,  the high c o n s u m e r s  
took  br ie f  meals  and  had  b r i e f  and  in f requen t  bou t s  of  wa te r  
c o n s u m p t i o n ,  bu t  they d r a n k  f requen t ly  and  for  long per iods  
of  t ime f rom the a lcohol  spout .  

W h e n  access  to a lcohol  was wi thhe ld  in the  photocel l -  
c ross ing  cages,  the re  were  small  initial d i f fe rences  in act iv-  
ity, bu t  dur ing  the per iod  f rom 3 to 9 hours  af ter  be ing  placed 
in the  cages  the high c o n s u m e r s  b e c a m e  apprec iab ly  more  
ac t ive  than  the low c o n s u m e r s  (Fig. 2). Fol lowing this,  the i r  
ac t iv i ty  r e tu rned  to levels  c o m p a r a b l e  to those  of  the  low 
c o n s u m e r s .  

Final Fluid Preference Determinations 

W h e n  the  resul t s  of  the initial de t e rmina t i on  of  fluid pref- 
e r e n c e  in the  20 an imals  were  c o m p a r e d  with the  resul ts  of  a 
s e c o n d  de t e rmina t ion  made  jus t  pr ior  to sacrif ice,  4 m o n t h s  
later ,  it was  found tha t  the  low c o n s u m e r s  still c o n s u m e d  
ve ry  little a lcohol  (4.3+_0.5 ml/day)  bu t  cons ide rab le  
a m o u n t s  of  wa te r  (30.3+_3.3 ml/day).  Thus ,  all of  these  
an imals  still s h o w e d  cons ide rab le  wa te r  p re fe rences .  Alco- 
hol in take  was still cons ide rab ly  g rea te r  in the  high consum-  
ers (19.5+_2.2 ml daily) than  in the low c o n s u m e r s  (p<0 .01 ,  
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t-test), but in these animals alcohol intake had decreased and 
water intake increased (to 23.3+_5.8 ml daily) over previous 
levels. This was because, while 7 of the 10 high consumers 
still showed appreciable alcohol preference over water, one 
of these animals had become hyperdipsic for water (consum- 
ing 66 mi daily, a value double that of any other animal in the 
experiment), and two other high consumers were now con- 
suming slightly more water than alcohol. 

At sacrifice, one high alcohol consumer who still had a 
marked alcohol preference was found to have a large brain 
tumor which encroached on the hippocampus and cortex 
bilaterally. This animal had also been observed to have sei- 
zures while in the colony. Another high consumer was nota- 
ble for the presence of numerous large scars about the face 
region; this animal was also a stable high consumer. 

DISCUSSION 

The animals in the present experiment lived in conditions 
distinctively different from that of animals in most experi- 
ments involving alcohol research. They were raised over a 
prolonged period in an enriched and social colony environ- 
ment, where they could set up stable dominance hierarchies 
and develop complex behavioral patterns. Rats raised in 
such environments develop large individual differences in 
body and brain weight, in the display of idiosyncratic habits 
such as hoarding, mounting, and fighting [5,7] and if offered 
free access to both water and alcohol, large individual differ- 
ences in fluid preferences. This latter phenomenon does not 
develop in caged isolates fed and watered in the same man- 
ner for similar periods of time [6]. 

Those colony animals in the present study which devel- 
oped extreme preferences for alcohol or for water for the 
most part had highly stable consumption habits over long 
periods of time, and there were other behaviors which corre- 
lated with these differences in fluid preferences. Compared 
to the rats which drank mostly water, the high alcohol con- 
sumers were relatively inactive in the colony environment. 
This was reflected both by an increased amount of time spent 
in their burrows and in decreased running in activity wheels. 
The high alcohol consumers also ranked relatively low on a 
number of measures of dominance. It is noteworthy that the 
behavioral syndrome seen in these animals, decreased activ- 
ity and decreased dominance ranking, is also observed fol- 
lowing norepinephrine depletions in rat colonies [7] and has 
similarities to chronic depression. Serotonin depletions 
produce an opposite syndrome. 

When access to alcohol in the colony was removed, the 
rats previously identified as high alcohol consumers became 
more active, and remained so over the next two weeks, but 
did not rise in dominance standing. Such differences in 
dominance standing develop very gradually over time, and 
so it is not surprising that when alcohol was withdrawn from 
the colony these animals did not rapidly increase in social 
standing. But the fact that activity levels were persistently 
elevated in these animals following withdrawal of access to 
alcohol implies that these animals were consuming sufficient 
alcohol to alter their behavior in a chronic fashion. An im- 
portant question for further experimentation is whether 
these high consumers developed their alcohol consumption 

patterns and then became subordinate, or whether they 
learned to consume alcohol because of their low dominance 
ranking. It is possible that longer periods of alcohol with- 
drawal might lead to alterations in dominance hierarchies. 

The high alcohol consumers also showed transient in- 
creases in activity when access to alcohol was withdrawn, 
suggesting withdrawal effects. In the colony environment, 
their peak levels of activity appeared within a few hours on 
the first day of alcohol withdrawal. It might be argued that 
this rapid increase in activity upon withdrawal of alcohol was 
merely due to the restriction of calories, since the colony 
animals were fed only once daily. Yet the same phenomenon 
appeared in activity cages, where the animals had constant 
access to food. In these activity cages, the peak hyperactiv- 
ity in the high alcohol consumers showed a temporal pattern 
exactly mirroring that which has been reported for with- 
drawal effects in rats maintained on high alcohol diets, and 
this similar timecourse implies an alcohol withdrawal effect 
in the spontaneous alcohol consumers of this experiment. 

The presence of withdrawal patterns has been proposed 
as a necessity in the development of animal models of alco- 
holism [3,11]. Several other effects noted in the high alcohol 
consumers in our rat colonies model human alcoholism pat- 
terns. These animals consumed alcohol immediately upon 
awakening. Their activity patterns implied sleep disturb- 
ances compared to the low alcohol consumers. The high 
alcohol consumers also had briefer meals and ate less food 
than did the water consumers, and an analysis of the behav- 
ioral patterns of the high alcohol consumers from our rat 
colony indicates a reason why this was so. Following meals 
of dry lab chow, both the high and the low alcohol consum- 
ers drank considerable water, but prior to meals, the two 
groups were different in fluid consumption. The high alcohol 
consumers consumed considerable alcohol in the hours just 
prior to feeding in the colony, when there were fixed hours of 
feeding. They also consumed alcohol prior to each meal 
while in individual cages, where they had with continuous 
access to food, and this increased fluid intake just prior to 
meals did not occur in the low alcohol consumers. The con- 
sumption of a caloric-rich substance such as ethanol just 
prior to meals would be expected to lead to a smaller meal 
size and to a substitution of calories derived from alcohol for 
those from food. 

In other experiments we have found that these high con- 
sumers of alcohol also show alterations in brain morphology 
compared to low consumers [9]. These results suggest a 
unique animal model of spontaneous and excessive alcohol 
consumption. A notable strength of this model is the variety 
of the similarities between the high alcohol consumer in a rat 
colony and the human with extreme alcohol consumption 
habits, including early morning drinking, alterations in social 
behaviors and chronic inactivity, and evidence of withdrawal 
effects. In further experiments it will be important to deter- 
mine why this small population of extreme alcohol consum- 
ers develops in complex, social environments. 
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