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MUCHA, R. F., J. P. J. PINEL AND P. H. VAN OOT. Simple method for producing an alcohol withdrawal syndrome 
in rats. PHARMAC. BIOCHEM. BEHAV. 3(5) 765-769,  1975. - Rats received intragastric intubations of ethanol at 8 
hr intervals for 1, 7, 15 or 30 days. The dosage for each animal was one which produced observable signs of 
intoxication 1 hr after the intubation. All of the rats in the experimental groups developed a tolerance to ethanol as 
indicated by the increasing dose required to induce intoxication, but the degree of tolerance was related to the 
duration of the ethanol administration. During the withdrawal period the incidence of hyperreactivity, convulsive 
symptoms, and the susceptibility to audiogenic seizures was determined for all 4 groups. Although every experimental 
animal displayed withdrawal symptoms, the incidence of these symptoms was found to be an increasing, negatively 
accelerated function of the duration of ethanol exposure. For situations where voluntary consumption of alcohol is not 
necessary this method is a simple, controlled, reliable, way of inducing ethanol tolerance and physical dependence in 
rats. 

Ethanol Withdrawal syndrome Intragastric intubation Tolerance 

A simple,  rel iable p rocedu re  for  p roduc ing  an a lcohol  
w i thd rawa l  s y n d r o m e  in rats  wou ld  great ly  faci l i ta te  the  
s t u d y  o f  this  p h e n o m e n o n  bu t  per iods  of  e t h a n o l  exposu re  
as long as several m o n t h s  are usual ly  requ i red  to  p roduce  an 
a lcohol  w i thd rawa l  r eac t ion  [ 2 , 3 ] .  In those  s tudies  where  
e t h a n o l  d e p e n d e n c e  has  been  i nduced  in r oden t s  in sho r t e r  
per iods  of  t ime,  the  p rocedures  have typ ica l ly  been  
compl i ca t ed  b y  the  need  for  special ized e q u i p m e n t ,  the  use 
o f  drugs to inh ib i t  a lcohol  m e t abo l i s m ,  or by  the  inadver-  
t e n t  d e v e l o p m e n t  o f  e x t r e m e  weight  loss [1, 4, 7 ] .  The  
purpose  of  the  present  paper  is to  r epo r t  a s imple t e c h n i q u e  
for  rap id ly  i nduc ing  a lcohol  to l e rance  and phys ica l  depen-  
dence  in ra ts  which  c i r cumven t s  these  difficult ies.  In this  
r epor t  physical  d e p e n d e n c e  and  to le rance  were measu red  
fo l lowing d i f fe ren t  du ra t ions  of  e t h a n o l  exposure .  

METHOD 

Animals and Surgery 

Twenty-s ix  naive,  male b l ack - hooded  rats  pu rchased  
f rom the  Canad ian  Breeding  Labora to r i e s  (La Prairie, 
Quebec)  were used. Each rat  was i m p l a n t e d  u n d e r  com-  
b ined  s o d i u m  p e n t o b a r b i t a l  (30  mg/kg)  and  chloral  h y d r a t e  
(125  mg/kg)  anes thes ia  wi th  2, un ipola r ,  ep idura l  r ecord ing  
e lec t rodes  c o n s t r u c t e d  o f  stainless steel  jewel ler ' s  screws. 
One e lec t rode  was cen te red  above  each cerebral  h e m i s p h e r e  

and  a s imilar  re ference  e lec t rode  was p laced rostal  to  the  
su ture  nasof ronta l i s .  Fo l lowing  i m p l a n t a t i o n ,  each rat  was 
rou t i ne ly  in jec ted  wi th  0.2 cc of  Metrazol  and  0.2 cc of  
penici l l in.  Fo l lowing  at least 3 weeks of  pos topera t ive  
recovery ,  the  an imals  were r a n d o m l y  divided in to  4 groups  
wh ich  were i n t u b a t e d  w i th  a lcohol  at  8 hr  intervals  for  0 (n 
= 5), 7 (n = 5), 15 (n = 8), or  30 (n = 8) days. The  
beg inn ing  of  a lcohol  admin i s t r a t i on  was s taggered for the  
d i f fe ren t  groups  so t ha t  all the  an imals  u n d e r w e n t  with-  
drawal  on  the  same day.  

Procedure 

All e x p e r i m e n t a l  animals  were first i n t u b a t e d  wi th  a low, 
s t andard  dose of  1,000 mg/kg  of  e t h a n o l  in a 20 pe rcen t  
vo lumet r i ca l ly  p repa red  so lu t ion  and  s u b s e q u e n t  levels o f  
e t h a n o l  admin i s t e r ed  to  each indiv idual  an imal  were deter-  
m ined  by  its i n tox i ca t i ng  effects.  Since the  ini t ia l  dose was 
never  suff ic ient  to p roduce  s y m p t o m s  of  i n tox ica t ion ,  
s u b s e q u e n t  doses admin i s t e red  to each  an imal  were in- 
creased for  each i n t u b a t i o n  by  200 mg/kg  un t i l  a dose was 
r eached  which  p roduced  s y m p t o m s  of  i n tox ica t ion .  A 
par t i cu la r  dose was e m p l o y e d  un t i l  i t  failed to  have an 
i n t o x i c a t i n g  effect ,  w h e r e u p o n  it  was increased again by  
200  mg/kg.  Fo r  each an imal  the  presence  or absence  of  
i n t o x i c a t i o n  was assessed by a tes t  admin i s t e r ed  1 h r  
fo l lowing i n t u b a t i o n .  An  an imal  was co.nsidered i n tox i ca t ed  
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when it exhibi ted an impairment  of  2 of  the fol lowing 3 
behaviors: general homecage activity, ambula tory  behavior,  
and climbing ability. Specifically, signs of  in toxica t ion  were 
the following: (1) comatose  homecage behavior,  (2) an 
irregular gait on a flat wooden surface and (3) failure to 
climb from the center  of  a vertical  25 x 60 cm wire mesh 
(1.5 cm squares) by falling off  or by freezing for the 30 sec 
test period. For  the first few days in toxicat ion was assessed 
after each intubat ion,  but  fol lowing the third day,  intoxica- 
t ion was assessed only once a day. 

All animals were individually housed with cont inuous  
access to food and water. Their  weights were moni to red  
daily and the amount  of  alcohol administered was com- 
puted from these values. If a rat 's weight fell below 90 
percent  of  its weight measured before the beginning of 
alcohol  exposure,  the ethanol  was administered as a 20 
percent (v/v) solution in Metrecal (Mead Johnson  Compa- 
ny). This dietary supplement  was administered with each 
in tubat ion  until  the animal 's  weight rose above the 90 
percent  criterion level. 

The assessment of withdrawal  effects commenced  9 hr  
af ter  the last ethanol  intubat ion.  Each animal was observed 
individually every 2 hr over a 14 hr period and the presence 
or absence of  hyperreact ivi ty  and convulsive symptoms  was 
recorded. An animal was judged hyperreact ive if  it display- 
ed marked resistance to handling upon removal  from its 
homecage.  During the alcohol  exposure period there was 
seldom a negative reaction to handling, whereas during 
withdrawal,  emot ional  behavior was commonly  observed. 
Such behavior included crouching and shaking in response 
to the approaching hand of  the exper imenter  and squealing, 
biting and twisting during actual handling. Convulsive 
activity was assessed by observing each rat for 10 min in a 
clear 15 x 20 x 40 cm Plexigias box and recording the 
presence or  absence of  the fol lowing symptoms:  head- 
shakes, rhythmic  facial twitches,  generalized tremors,  wet- 
dog shakes, forel imb clonus or body tonus. Moreover,  on 
the second and seventh observation sessions electrographic 
activity was recorded from each hemisphere by measuring 
potent ial  changes between each of  the epidural electrodes 
and the reference electrode.  Animals were placed in a 
grounded Faraday cage and cortical  activity was moni tored  
through shielded leads. The brain activity was amplif ied and 
displayed by a Model 78B Grass polygraph with a 1/2 low 
freq. ampli tude filter fall-time constant  setting of  30 msec. 

The scoring of  convulsive symptoms  and hyperreact ivi ty  
was discontinued after the eight observation session, 23 hr 
af ter  the last inbubation.  Then over the next  12 hr, 6 
bihourly tests of  audiogenic seizure susceptibil i ty were 
administered. On each test an 86 -+ 2 dB bell was sounded 
for 80 sec or unti l  it elicited a running fit. A running 
response was scored as a seizure only if it outlasted the bell. 

R E S U L T S  

Physical dependence and tolerance were produced fol- 
lowing as little as 1 week of  e thanol  exposure,  but  the 
severity of  both  increased in a negatively accelerated 
manner with increases in the durat ion of  e thanol  exposure.  
Changes in the dosage necessary to produce in toxicat ion,  as 
defined by our  rating procedures,  were used as a measure of  
tolerance. It was seen that during the alcohol  exposure 
period every exper imenta l  animal developed some degree of  
tolerance,  i.e., required an increase in the dosage to produce 
intoxicat ion.  Using the difference between the first and the 

last in toxicat ing dose tile animals in both the 15 and 30 day 
groups displayed a significantly greater development  of  
tolerance than the 7 day animals (U = 0, N1/N2 = 5/8;  
p<0 .001  in both  cases) but  they did not  differ significantly 
from each o ther  (U = 21, N1/N2 = 8 / 8 ; p > 0 . 0 5 ) .  The mean 
changes for the 7, 15, and 30 day groups were 360 -+ 67.0, 
1650 -+ 91.9 and 1488-+ 113.1 mg/kg of alcohol respective- 
ly and the mean doses on the final in tubat ion were 2840 -+ 
742, 3450 -+ 140 and 3475 -+ 112 mg/kg respectively (+- 
SE). 

The incidence of  the withdrawal  symptoms  increased 
over the first 3 tests, 9, 11, and 13 hr after the last 
inject ion,  but  thereaf ter  the manifestat ion of  both  the 
hyperreact ivi ty  and convulsive symptoms  remained asymp- 
tot ic  up to and including the eighth and final test at 23 hr. 
Each animal was assigned a score be tween 0 and 8 for both 
hyperreact ivi ty and convulsive symptoms  which was the 
number  of  observation sessions in which any behavioral 
symptoms  of these condit ions were observed. The means of  
these scores for each group are presented in Fig. 1. In terms 
of  these overall scores all 3 exper imenta l  groups were 
significantly different  from controls  for both  measures (all 
Mann-Whitney comparisons were significant at p < 0 . 0 0 4  or 
better) .  Among  the exper imenta l  groups, the incidence of  
convulsive activity was found to be higher in the 30 day as 
opposed to the 7 day group (U = 2.5, NI /N2  = 5/8; 
p<0 .004) ,  but  the differences between the 7 and 15 day 
groups, and be tween  the 15 and 30 day groups were not  
significant (p>0.05) .  Hyperreact ivi ty  fol lowed a similar 
pattern with only the difference be tween the 7 and 30 day 
groups being significant (U = 4, N1/N2 = 5/8; p<0 .009) .  

With respect to o ther  measures of  withdrawal,  electro- 
graphic recording indicated the presence of  obvious cortical 
epi lept i form spiking in 2 animals, one in each of the 15 and 
30 day groups. For  both animals this epi lept ic  activity was 
in the form of 2 to 6 sec bursts of  spike activity that ranged 
in ampli tude from 200 to 500 uV and in f requency from 8 
to 10 per sec. In addit ion,  susceptibil i ty to audiogenic 
seizures was also found to be related to the durat ion of  
alcohol  exposure prior to withdrawal  (Fig. 1). The number  
of  animals showing susceptibil i ty to audiogenic seizures in 
the 7 day group was not  significantly different from the 
control  value of  zero, (Fisher Exact Probabili ty,  p>0 .05 )  
whereas the 15 and 30 day groups had a significant number  
of  animals displaying audiogenic seizures (Fisher Exact  
Probabili ty,  p<0 .016 )  but no significant difference was 
found between the incidence of audiogenic seizures in these 
two  groups (Fisher Exact Probability, p>0 .05) .  

The physical dependence and tolerance produced with 
the present technique was demonst ra ted  wi thout  the drastic 
weight losses typical  of  many other  procedures.  Presented 
in Table 1 are the mean body weights of  the rats prior to 
surgery, prior to the first in tubat ion and at withdrawal.  
Statistical tests indicated no significant change in the 
weights of  the 15 and 30 day animals between the first and 
last day of  alcohol exposure (sign tests, p>0 .05) .  The 
animals in the 7 day group, however,  showed a slight but  
consistent decrease (sign test, p>0.05) .  A similar decrease 
in weight over the first week of  alcohol  exposure was also 
observed among animals in both the 15 day and 30 day 
groups (sign tests, p<0 .05) ,  with this significant decrease 
disappearing by the second week. Also presented in Table 1 
is the number  of  animals in each group that received the 
Metrecal supplements.  In each case the Metrecal was 
sufficient to restore the animal 's  weight so that at with- 
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FIG. 1. The incidence of withdrawal symptoms as a function of the duration of alcohol exposure. Each 
point represents the mean ,+ SE number of tests during which a given symptom was observed for animals in 
that group. Eight tests of hyperreactivity and convulsive symptoms were administered while audiogenic 

seizure susceptibility was assessed a total of 6 times. 

drawal  all animals  were well w i th in  the  10 percen t  weight  
loss cr i ter ion.  

DISCUSSION 

The  m e t h o d  descr ibed in this  r epor t  was f o u n d  to be an 
effect ive  t e c h n i q u e  for p r o d u c i n g  e t hano l  to le rance  and  
physical  d e p e n d e n c e  in ra ts  wi th  a re la t ively  shor t  per iod  of  
e t hano l  exposure .  Regardless  of  the  par t i cu la r  p rocedure ,  
mos t  repor t s  descr ibing t echn iques  for p roduc ing  the  
wi thdrawal  s y n d r o m e  have typ ica l ly  descr ibed the  effects  
of  on ly  a single a lcohol  exposu re  per iod.  The  p rob lem wi th  
such repor t s  is t h a t  t hey  do n o t  ind ica te  w h e t h e r  the  same 
s y n d r o m e  could  have been  p roduced  wi th  sho r t e r  per iods  
o f  exposure .  However ,  we s tud ied  4 per iods o f  e t hano l  
exposure  and  the  negat ively  acce lera ted  shape  of  all 3 o f  
the  curves in Fig. 1 implies  t ha t  c o n t i n u i n g  the  exposure  

b e y o n d  30 days would  no t  have led to an apprec iable  
increase in the  f r eqeuncy  of  the  observed  s y m p t o m s  o f  
wi thdrawal .  Similarly,  to le rance  developed fol lowing on ly  
one  week of  a lcohol  i n t u b a t i o n  and  app roached  a maxi-  
m u m  af te r  two  weeks of  exposure .  

A n u m b e r  of  o t h e r  expe r imen t a l  p rocedures  have been  
used to  p roduce  e thano l  d e p e n d e n c e  in rats  [ 12] .  There  are 
two  m e t h o d s  for  p roduc ing  the  a lcohol  wi thdrawal  syn- 
d rome  which  have the  advantage  of  a l lowing the  rats  to  
c o n s u m e  the  a lcohol  themselves.  The  first p rocedure  has 
been  to l imit  fluid a n d / o r  food in take  to  an e thano l  
so lu t ion  [ 1 ,4] .  Branchey ,  e t  al. [ 1 ], for  example ,  p roduced  
a wi thdrawal  s y n d r o m e  by ma in ta in ing  rats  at 66 percent  of  
the i r  n o r m a l  b o d y  weight  and  res t r ic t ing  the i r  diet  to  a 
Met reca l -e thanol  so lu t ion  for  3 weeks. The second proce-  
dure  of  this  type  involves the  use of  a schedule- induced  
polydips ia  p rocedure  to induce  a wi thdrawal  react ion.  Falk 

T A B L E  1 

MEAN BODY WEIGHTS AND NUMBER OF ANIMALS IN EACH GROUP RECEIVING METRECAL SUPPLEMENTS 

Days of Mean Weight Prior Mean Weight at Mean Weight at Number of Animals 
Alcohol to Surgery First Intubation Withdrawal Administered 

Exposure (,+ SE) (-+ SE) (-+ SE) Metrecal 

0 (n = 5) 249 + 12.5 - 410 -+ 15.5 - 

7 (n = 5) 248 -+ 10.7 386 -+ 26.2 370 -+ 25.6 0 

15 (n = 8) 258 -+ 6.3 397 -+ 16.3 376-+ 13.9 1 

30 (n = 8) 253 -+ 6.9 352 -+ 9.6 352-+ 9.1 4 
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e t  al. [3] maintained rats at their normal body weight and 
presented them with dry food pellets every 2 min during six 
1 hr daily sessions. Following establishment of polydipsia 
with water, ethanol was added to the water in gradual 
increments until 6 percent solutions were reached. After 3 
months on this regimen the alcohol was withdrawn and 
withdrawal symptoms ensued. Although both of these 
methods do seem to produce withdrawal symptoms similar 
to those reported here, they have two major shortcomings; 
both methods produce extreme weight loss in the animals 
and neither allows the experimenter to control the rate and 
pattern of ethanol consumption. 

There are, however, techniques of producing the absti- 
nence syndrome in rodents that do permit the strict 
experimental control of ethanol administration. Goldstein 
and Pal [8],  for example, injected mice with pyrazole to 
inhibit alcohol metabolism and then exposed them to 
alcohol vapor. A withdrawal syndrome developed after only 
3 days of exposure. This procedure, however, is compli- 
cated not only by the effects of weight loss ( 1 0 - 1 4  
percent) but also by the toxic effects of pyrazole on liver 
function [12]. A number of variations of this technique 
have been employed which eliminate one or both of these 
problems, but generally speaking, when these problems are 
solved they are replaced by new ones. This is best 
illustrated by two recent experiments. First, Roach et al. 
[ 18[ produced mild to severe withdrawal symptoms after 7 
days without using pyrazole, but in this case the rats 
experienced an even more severe weight loss than that 
observed by Goldstein and Pal (average of 20.2 percent). 
Second, French and Morris [4] reported an inhalation 
technique employing low ethanol vapor concentrations 
which does not require pyrazole or produce weight loss, but 
unfortunately, no symptom of withdrawal more severe than 
an increase in reactivity to footshock was observed. 

A number of investigators have reported procedures 
similar to our own but there are 3 independent aspects of  
the present technique which differ enough from the other 
intubation procedures to warrant emphasis. Any combina- 
tion of these may have contributed to the reliability of the 
present results. First, if ethanol is to be present in the blood 
for a significant proportion of the exposure period, it is 
clear that alcohol must be administered in intoxicating 
doses more than once a day as employed by other 
investigators with the apparent exception of Majchrowicz 
[111 and Hunt [9]. Gibbins et al. [6],  for example, 
administered daily increasing doses of alcohol to rats for 30 
days. Following withdrawal there was a reduction in the 
startle threshold to electric shock but no spontaneous 
symptoms were observed other than hyperreactivity to 
handling. Majchrowicz [11] and Hunt [9],  however, 
employed 3 - 5  daily doses of ethanol and produced severe 
withdrawal symptoms in their rats after as little as 5 - 6  
days of exposure. 

In the present experiment, 3 intoxicating doses of 

ethanol administered daily via the intragastric route proved 
to be a most practical regimen of ethanol ~dministration. 
Intragastric administration was employed since it has been 
shown that ethanol administered by the intragastric route 
remains in the blood longer than ethanol administered 
intraperitoneally [14].  Since no obvious withdrawal signs 
were observed between intubations, it is probably safe to 
conclude that blood alcohol levels did not fall to zero 
during the intubation phase. We hesitate, however, to 
extend this conclusion to longer exposure periods, since 
there are indications that continued exposure to high doses 
of ethanol increases the rates of blood ethanol decline 
[151. 

The second notable aspect of the present procedure was 
that severe weight loss, a confounding factor in many other 
procedures, was avoided. The importance of controlling this 
factor is apparent from the retarding influence that weight 
loss has on alcohol metabolism [5,14]. These decreases in 
the rate of metabolism may facilitate the production of 
dependence by allowing a more consistently high level of 
blood ethanol, but they also complicate the demonstration 
of a withdrawal syndrome because of the slower removal of 
blood ethanol after the last administration. In the present 
study this source of variance was specifically avoided by an 
ad lib food supply and the administration of dietary 
supplements when necessary. 

A final important aspect of our technique was that every 
dose administered was intoxicating and individually deter- 
mined for each rat. Other intubation procedures have 
generally administered prescribed doses of ethanol to all the 
rats. As a result, in the present situation every experimental 
animal developed tolerance and physical dependence. It is 
apparent from the literature, however, that similar results 
may be produced using the same series of doses for each 
a n i m a l  provided that the fixed doses are high 
(11000-15000  mg/kg/day) [9,11 ]. This would suggest that 
our use of a method employing individually determined 
doses was unnecessarily complicated. However, we contin- 
ued to employ it after noting in pilot experiments that a 
prescribed dose regimen resulted in serious health and 
weight losses in some animals that were difficult to offset. 
With the present method this was less of a problem since 
each animal received the minimum dose sufficient to 
produce intoxication. 

Recently, studies on neurotransmitter involvement (cf. 
[16,17] and on the characteristics of subcorticat and 
cortical electrical activity (cf. [10]) during ethanol with- 
drawal have been carried out. In studies such as these where 
self-administration of ethanol is not necessary, the proce- 
dure described in this report represents a highly controlled 
method of rapidly producing ethanol tolerance and physical 
dependence in rats. The simplicity and effectiveness of this 
technique should make it a valuable addition to those 
techniques already available for producing an alcohol 
withdrawal syndrome in experimental animals. 
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