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CANNON, D. S., T. B. BAKER, R. F. BERMAN AND C. A. ATKINSON. A rapid technique for producing ethanol 
dependence in the rat. PHARMAC. BIOCHEM. BEHAV. 2(6) 831 834, 1 9 7 4 . -  Ethanol dependence in the rat is 
demonstrated following 2 4 days of intragastric intubation with 8 - 1 2  g/kg/day. Withdrawal symptoms include 
tremulousness, hyperactivity, and seizures. Nutritional deficiency is shown to be an insufficient explanation of the 
withdrawal symptoms produced. 

Ethanol Rat Dependence Seizures 

IN the  1950 ' s  the  a lcohol  wi thdrawal  s y n d r o m e  was first 
d e m o n s t r a t e d  to be the  resul t  of  the  cessa t ion of  excessive 
a lcohol  c o n s u m p t i o n  r a the r  t h a n  n u t r i t i o n a l  def ic iency or 
i n t e r c u r r e n t  illness [ 13 ,19] .  Since tha t  t ime  inves t iga tors  
have sought  t e chn iques  for  p roduc ing  d e p e n d e n c e  in labora-  
to ry  animals  to  pe rmi t  wel l -cont ro l led  inves t iga t ions  of  
a lcohol  d e p e n d e n c e  and  the  a lcohol  wi thdrawal  synd rome .  

With the  e x c e p t i o n  of  a schedu le - induced  po lyd ips ia  
t e c h n i q u e  [8 ] ,  n o  an imal  s tudies  in which  a lcohol  con-  
s u m p t i o n  is vo lun t a ry  have d e m o n s t r a t e d  dependence .  
t towever ,  d e p e n d e n c e  has been  d e m o n s t r a t e d  t h r o u g h  
forced  inges t ion  in the  rhesus m o n k e y  [5 ,6 ] ,  dog [ 7 ] ,  
mouse  [9, 10, 11, 12, 18] and  rat  [1, 3, 16] .  Mello [17]  
l~Las recen t ly  provided  a t h o r o u g h  review of  m e t h o d s  used to 
induce  a lcohol  add ic t ion  in animals.  

The  ra t  is a c o m m o n l y  used l a b o r a t o r y  an imal  in o t h e r  
areas of  research,  and  its use in the  inves t iga t ion  of a lcohol  
d e p e n d e n c e  permi t s  direct  use of  the  t echn iques  and  results  
of  a large b o d y  o f  research.  Repo r t ed  wi thdrawal  s y m p t o m s  
in the  rat  inc lude  t r emulousness ,  spast ic i ty ,  ton ic -c lon ic  
seizures,  fatal  convuls ions ,  hyperac t iv i ty ,  and  an exagger- 
a ted  s tar t le  response  [ 1 7 ] .  One s tudy  wi th  ra ts  as subjects  
r epo r t ed  a lcohol  w i thd rawa l  s y m p t o m s  a f te r  more  t han  
f o u r  m o n t h s  of a lcohol  c o n s u m p t i o n  m a i n t a i n e d  by 
schedu led - induced  polydips ia  [ 8 ] .  In tha t  s tudy ,  evidence 

of  wi thdrawal  inc luded  fatal  convuls ions .  A n o t h e r  s tudy  
using rats [1] e m p l o y e d  a mod i f i ca t i on  of  F reund ' s  [9] 
e thanol -Met reca l  diet  for three  weeks. Two of  fou r t een  
expe r imen t a l  animals  in tha t  s tudy  had unel ic i ted  seizures 
dur ing  wi thdrawal .  Cicero et al. [3 ] ,  res t r ic ted  the  fluid 
in take  of  rats  to an e thano l -wa te r  so lu t ion  for  four  m o n t h s  
fo l lowing weaning.  The  only wi thdrawal  s y m p t o m  repor t ed  
was hyperac t iv i ty ,  bu t  this  s tudy  did d e m o n s t r a t e  behav-  
ioral to lerance .  

Majchrowicz  [ 16] has r epo r t ed  the  use of  an i n t u b a t i o n  
t echn ique ,  similar to  one  e m p l o y e d  wi th  the  m o n k e y  [5 ,6 ] ,  
to  p roduce  a lcohol  d e p e n d e n c e  in the  rat.  He repor ted  tha t  
rats  were admin i s t e r ed  e thano l  at doses ranging f rom 
12 15 g /kg /day  over 1 12 days. He conc luded  tha t  
e levated b lood  e thano l  c o n c e n t r a t i o n s  for 3 5 days were 
requi red  for  a major  wi thdrawal  syndrome .  The present  
paper  repor t s  the  use of  an i n t u b a t i o n  t e c h n i q u e  t ha t  
p roduces  phys ica l  d e p e n d e n c e  to a lcohol  in 2 - 3  days af te r  
the  a d m i n i s t r a t i o n  of  a mean  of  9.7 to  8.2 g /kg /day  of  
a lcohol .  

METHOD 

Anirnals 

T w e n t y - f o u r  naive male  Long-Evans rats wi th  an ini t ial  

~Portions of this paper were presented at the 54th annual convention of the Western Psychological Association, San Francisco, 
California, April, 1974. 

2The authors are grateful to David Osborne for determining the blood alcohol levels reported in this paper. 
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mean  weight  of  340 g were indiv idual ly  housed  in wire 
mesh cages. Nei ther  food  nor  water  was available dur ing  the  
s tudy.  All animals  were weighed every eight  hours.  

Procedure 

Pre-withdrawal phase. Rats were assigned at r a n d o m  to 4 
groups of  6 each. Group  t received an init ial  6 g/kg dosage 
of  45% (V/v) e thano l -wa te r  solut ion.  Subsequen t  dosages of  
a 22.5% (V/v) e thano l -wa te r  so lu t ion  varied f rom 0 - 3  g/kg, 
depend ing  on behaviora l  i n t o x i c a t i o n  cri teria.  A m b u l a t o r y  
animals  received 3 g/kg. N o n - a m b u l a t o r y ,  consc ious  animals  
received 1.5 g/kg. No dose was given unconsc ious  animals.  
Doses were scheduled  at 8 hr  intervals  for  2 days (i.e., 6 
doses, inc luding  the  ini t ial  6 g / k g  dose). Because of 
d e h y d r a t i o n  of  t h r o a t  and  m o u t h  mucosa  of  expe r imen t a l  
animals,  i n t u b a t i o n  tubes  were coa ted  wi th  a surgical lubri-  
cant .  Group  2 received the  same p rocedure  bu t  for 3 days 
for a to ta l  of  n ine  doses. Group  3 was i n t u b a t e d  once  every 
8 hr  wi th  a 315.5 g/1 sucrose so lu t ion  isocaloric  to  the  
22.5% e thano l -wa te r  solut ion.  Group  3 rats were given this  
so lu t ion  for 2 days (6 doses). Group  4 was given the  sugar 
so lu t ion  for  3 days (9 doses).  

Blood samples  were drawn f rom 2 animals  in Group  1 
and  2 animals  in G r o u p  2 dur ing  the  p re -wi thdrawal  phase  
of  the  s tudy.  Samples were drawn f rom the  4 animals  1, 4 
and 7 hours  fo l lowing the  first and f o u r t h  scheduled  doses, 
and f rom the  two  G r o u p  2 animals  1, 4, and  7 hours  follow- 
ing the  seventh  scheduled  dose. Blood samples  were drawn 
f rom the  tail vein in 5 0 / l l  hepar in ized  capil lary tubes .  BAC 
was d e t e r m i n e d  by  gas c h r o m a t o g r a p h y  [4 ] .  

Withdrawal phase. An a t t e m p t  to elicit seizures was 
made in all an imals  wi th  aud i to ry  s t imul i  (key jangl ing and  
the  s t r ik ing of  a t in  pan wi th  a spoon)  and  m a n i p u l a t i o n  
(picking rats up by  the i r  tails or tu rn ing  t h e m  over  
repea tedly) .  These  seizure tests  were c o n d u c t e d  at 2 hr  
intervals  beg inn ing  8 hr  and end ing  24 hr  af ter  the  last 
scheduled  i n tuba t ion .  

RESULTS 

One animal  in Group  1 and a n o t h e r  in Group  2 died 
dur ing the  pre -wi thdrawal  phase of  the  s tudy,  apparen t ly  of  
e thano l  overdose.  

The mean  daily dosage for  the  r emain ing  10 rats  in 
Groups  1 and  2 c o m b i n e d  was 12 g /kg /day  on  the  first 
i n t u b a t i o n  day and  7.5 g /kg /day  the  second  day. The five 
Group  2 animals  received a mean  of  5.1 g/kg on  the  th i rd  
day. Thus  the  animals  in Group  1 received a mean  of  9.7 
g /kg /day  across 2 days while those  in Group  2 received a 
mean  of  8.2 g /kg /day  across th ree  days. The m e a n  indi-  
vidual dosage across groups  was 2.93 g/kg. 

The BAC of  each of  the  4 rats  sampled dur ing  the  pre- 
wi thdrawal  i n t u b a t i o n  phase  is shown  in Fig. 1. Mean BAC 
rose f rom 150 m g / 1 0 0  ml on  the  first day to 718 m g / 1 0 0  
ml the  second.  The  mean  BAC for the  two Group  2 rats  was 
779 m g / 1 0 0  ml on  the  th i rd  day even t h o u g h  ne i the r  
an imal  had received the  dose scheduled  pr ior  to  this  series 
of  samples.  

All Group  1 and 2 rats ev idenced  the  wi thd rawa l  
s y m p t o m s  of  t r emulousness  and he igh t ened  exc i tab i l i ty  
dur ing  the  wi thdrawal  phase  of  the  s tudy,  while none  of  the  
G r o u p  3 and  4 rats showed  these  s y m p t o m s .  The median  
leng th  of  t ime f rom the  last dose un t i l  these  s y m p t o m s  
developed was 14 hr. Three  Group  1 and four  G r o u p  2 
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animals had seizures during the withdrawal period, while 
none of  the twelve control animals did. Seizures for 3 of 
the 7 animals in Groups 1 and 2 were of the tonic-clonic 
c, onvulsive type, while the 4 remaining animals exhibited 
opisthotonos seizure activity including tetanic back arch, 
tail lift and head elevation with fasciculation of facial and 
forelimb muscles. The difference in seizure incidence 
between experimental and control groups was significant 
(Fisher Exact Test, p<0.01).  The difference between 
Groups 1 and 2 was not significant. The median length of 
time from the last dose until an experimental animal had its 
first seizure was 16 hr. No tremulousness was observed 
36 hr following the last dose. 

There was not a significant difference in the initial mean 
weights of the four groups. Mean weight loss per group 
(luring the pre-withdrawal phase was analyzed by means of 
a 2 × 2 analysis of variance for unequal cell frequencies and 
is presented graphically in Fig. 2. Due to a significant inter- 
action between treatment, i.e., ethanol or sucrose, and 
length of  treatment, i.e., 2 vs. 3 days, F(1,18) = 5.7, 
p<0.05, tests of simple main effects were made. These tests 
indicate no difference between treatments in weight loss 
after 2 days, and no difference between 2 and 3 days for 
animals given sucrose. Group 2, given ethanol for 3 days, 
lost more weight during the pre-withdrawal phase than 
either the group given ethanol for two days, F(1,18) = 25.9, 
p<0.01,  or the group given sucrose three days, F (1 ,18)=  
7.26, p<0.05.  Mean weight loss during the withdrawal 
phase (i.e., the period from 8 to 32 hr following the last 
e, thanol or sucrose dose) was similarly analyzed and is 
shown in Fig. 3. Again, a significant interaction, F(1,18) = 
7.7, p<0.05,  necessitated analysis of simple main effects. 
Group 1, which received ethanol for two days, lost more 
weight during withdrawal than Group 2, which had been 
administered ethanol for three days, F(1,18) = 19.9, 
p<0.01. Thus, Group 2 lost more weight than Group 1 
during its longer pre-withdrawal phase, but Group 1 lost 
more than Group 2 during the withdrawal phase. There was 
no difference in the weight loss of the sucrose groups dur- 
ing withdrawal. During withdrawal the two-day ethanol 
group lost more weight than the two-day sucrose group, 
F(1,18) = 42.6, p<0.01,  and the three-day ethanol group 
lost more weight than the three-day sucrose group, F(1,18) 
--: 6.7, p<0.05. An analysis of total weight loss from the 
first dose to 32 hours following the last dose indicates the 
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FIG. 3. Mean weight loss per group during the withdrawal phase of 
the study. 

ethanol animals lost more weight than sucrose animals, 
F(1,18) = 25.4, p<0.01, and animals with a three-day 
pre-withdrawal period lost more weight than those with 
only a two-day pre-withdrawal period, F(1,18) = 9.4, 
p<0.01. There was no interaction between treatment and 
the length of the pre-withdrawal phase on total weight loss. 
Mean total weight loss, expressed as a percentage of initial 
weight, was 23% for the two-day ethanol group, 27% for 
the three-day ethanol group, 19% for the two-day sucrose 
group, and 21% for the three-day sucrose group. 

Several pilot studies using a four hour ethanol intubation 
schedule were conducted prior to the main study, and the 
results are summarized in Table 1. The four hour and eight 
hour schedules were similarly effective in producing alcohol 
dependency. 

DISCUSSION 

Intragastric intubation of ethanol in total daily amounts 
of 8-12 g/kg produces ethanol dependence in the rat in 

TABLE 1 

RESULTS OF PILOT STUDIES IN WHICH ANIMALS WERE GIVEN ETHANOL ONCE EVERY 
FOUR HOURS UNLESS UNCONSCIOUS 

Hours on Maximum Dose Mean Dose Mean Dose Day Seizure 
EtOH Regimen (g/kg) (g/kg) (g/kg/day) Incidence 

44 3 1.71 10.25 2/2 

68 3 2.00 12.00 2/2 

96 3 2.18 13.08 5/6 

60 2 1.56 9.4 6/10 
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2 4 days. The withdrawal  s y m p t o m s  of  t remulousness  and 
hyperexci tabi l i ty  were observed in all rats fol lowing termi- 
nat ion of  e thanol  in tubat ion .  Seizures were elicited in a 
total  of  22 of  the 30 exper imenta l  animals in the studies 
repor ted  in this paper. 

Nutr i t ional  deficiencies have been associated with the 
severity of  withdrawal  s y m p t o m s  in previous studies 
{9,181. While the studies repor ted  in this paper do no t  
indicate whe the r  such deficiencies are necessary for the 
deve lopment  of  wi thdrawal  symptoms ,  they  suggest nutri-  
t ional deficiencies are not  sufficient .  Control  animals 
maintained on an isocaloric sucrose diet were equally 
deprived of  vitamins and o ther  essential nutr ients .  No 
c o n t r o l  animals, however,  evidenced any withdrawal  
symptoms .  The greater weight loss by e thanol  animals 
during the withdrawal  phase may, in part,  be due to their  
hyperact ivi ty  during that  period.  

The data do not  demons t ra t e  the superior i ty  of  main- 
taining rats on alcohol for three ra ther  than two days prior 
to withdrawal.  

Figure 1 indicates that  the BAC's of  two  exper imenta l  
animals (S-2 and S-7) were higher seven hours fol lowing the 
initial 6 g/kg dosage of  45% e thanol  than they  were at one 
and four  hours fol lowing the dose. This finding is consis tent  
with studies reviewed by Kalant [14] which indicate that  
e thanol  in concen t ra t ions  of  30 40% or more  can produce  
pylorospasm,  thereby  retarding absorpt ion .  Figure 1 also 
indicates no decrease in BAC of  S-7 f rom the 49th  to the 
55th hour  of  in toxica t ion  even though  the dose scheduled 
for the 49th  hour  was not  given. A possible explanat ion  for 

the failure of  the  BAC to decrease during this six hour  
per iod is suggested by the repor t  of  Carr6 and Tr6moli~res 
{2] that  ascitic fluid may contain  a higher e thanol  concen-  
t ra t ion  than the blood,  but that  the two concen t ra t ions  are 
equalized as e thanol  is metabol ized.  The BAC's of  S-7 and 
S-8 f rom the 49th  to the 55th hour  of  in toxica t ion  (i.e., 
9 - 1 5  hours  fol lowing their  previous dose)  remained high 
even though  the dose scheduled for Hour 48 was not  given. 
This demons t ra tes  tha t  when doses are not  given due to the 
behavioral criteria used in this s tudy,  BAC's remain high 
over a 1 6 hour  interval. Failure to use behavioral criteria to 
individualize dosages was fatal in several cases. 

The amo u n t  of  e thanol  adminis tered per day decreased 
across days. Group 2 animals received a mean of  12 
g/kg/day the first day of  the pre-withdrawal  period and a 
mean of  5.1 g/kg/day the third day. Part o f  this decrease 
was undoub ted ly  due to the fact that  the rate at which 
e thanol  is metabol ized is reduced by 50% in fasted animals 
[151. 

This t echnique  is much quicker  than others  repor ted  
thus far for producing  e thanol  dependence  in the rat. Mello 
[17] points  out that  a forced adminis t ra t ion  technique  
such as this is of  little value to investigators in teres ted in 
s tudying the de te rminan t s  of  voluntary acquisi t ion of  
e thanol  dependence .  However,  to those interested in 
dependence  per se and its sequalae, the technique  described 
in this paper  should be very useful because of  the minimal 
amoun t  of  equ ipmen t  and t ime required to produce  
dependence .  
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