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MARFAING-JALLAT, P AND J LE MAGNEN Relattonshtp between mmal sensmwty to ethanol and the high alcohol 
mtal~e m dependent rats PHARMACOL BIOCHEM BEHAV 22(1) 19-23, 1985--The high spontaneous intake of 
ethanol, which can be induced m rats after a penod of forced admimstratmn, may be used to study the altered state created 
in the C N.S by the chromc exposure to ethanol The relationship between the mltlal acute sensitivity to ethanol and this 
induced Mgh oral retake has been examined m rats Inmal sensitivity was deternuned m two groups of rats either by a test of 
motor lmpatrment or by alcohol induced hypothermm After 15 days of datly IG administration of 10 g/kg, rats were 
submitted to the ethanol presentations which display the high voluntary retake. Two groups of controls were mlttally tested 
for their motor lmpatrment or hypothermia respectively under ethanol and then treated for 15 days with saline rejections. 
The results indicate a highly sigmficant negative correlation between lnitml sensitivity and the level of dependence mduced 
by a chronic treatment and manifested by a voluntary high retake. In control groups, the low retake of ethanol observed m 
the final test was not correlated to the lmtial sensitivity to ethanol as tested by hypothermm but weakly correlated to 
sensitivity measured by motor impmrment The results are discussed in terms of mechanisms which determine the volun- 
tary intake of ethanol m ethanol nmve and dependent rats 

Inmal sensmvlty Ethanol consumption Physical dependence Rat 

VARIOUS acute responses to ethanol of  naive rats and mice 
such as motor impairment, activity changes, hypothermia 
and sleep time have been used to measure initial sensitivity 
to ethanol. Individual and strain responses to these various 
tests are not identical and may be uncorrelated [1,19] For 
example, a correlation has been found in the responses of  
rats to a test of  motor impairment and hypothermia, but 
these responses are not correlated with activity changes [18]. 
However,  most of  these tests show large individual and 
strain differences of  responses which have been interpreted 
as differences of  initial sensitivity Relationships have been 
studied between this initial response and other acute or 
chronic responses to ethanol and its effects ethanol intake 
[7, l l, 16, 17], acquired tolerance [5, 14, 20] and physical 
dependence [3, 15, 22] Some of these correlations have been 
shown to be dependent on the particular response used to 
measure either mmal sensmwty or acute and chronic effects 
For instance, a chronic ethanol treatment in rats differently 
develops tolerance tested by sleep time or by hypothermla 
[191 

As far as physical dependence is concerned, a possible 
relationship between initial sensitivity and the state of  the 
C.N.S induced by a chronic exposure to ethanol has been 
investigated only by using scores of  signs of the withdrawal 
syndrome as an evaluation of  the severity and degree of  
physical dependence. Goldstein [3] using this sconng of  
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withdrawal signs has found that initially the least tolerant 
mice, deternuned by a longer sleeping time under ethanol, 
have the mtldest mgns of withdrawal after a chronic ethanol 
exposure 

A new procedure has been recently developed in our lab- 
oratory [9] and in others [6] by which rats chronically treated 
with high doses of ethanol previously, are reduced to take 
large quantities of  ethanol when the treatment is discontin- 
ued This voluntary "ethanol  induced" high intake is both 
considerably higher than the intake before treatment and 
higher than the water intake in alternate presentations or in a 
choice Reaching 10 g per kg and per day, i.e., the dose used 
m the previous forced intragastrlc administration, this intake 
may be considered as a manifestation of  a "behavioral  de- 
pendence" or self-maintained intoxication By parallel 
studies of IG and IV self-administrations [8,18] this "induced 
behavioral dependence" is demonstrated and assumed to re- 
sult from a conditioned taste preference. Inasmuch as the 
level of  this response might be related to the severity of  this 
ethanol induced brain impairment, it could be used as a 
measure of this impairment, 1.e , of physical dependence. 

Using this measure of  alcohol addiction in rats, we have 
undertaken a series of experiments to investigate the respec- 
tive roles and interactions between various parameters of 
inducing the state of  the C.N.S. which underlies the acquisi- 
tion of  dependence on ethanol. These parameters include 
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mmal sensitwlty to ethanol, routes and periodicity of  forced 
administrations,  doses and duration of  treatment.  In the first 
series, relationships between initial sensitwlty tested by both 
motor  impairment and hypothermta,  and the high oral intake 
of  ethanol induced by 15 days of  forced IG admmlstratlons 
have been examined. 

METHOD 

SubJects 

Thirty-five male adult Wlstar  rats weighing 265---6 g were 
used. They were individually housed In cyhndrical cages 
equipped for automatic and programmed adrmnistratlon of  
ethanol A 12 hour hght/12 hour dark cycle (6 a.m.-6 p m ) was 
maintained throughout the experiment.  Standard laboratory 
chow (Pletrement) and water  were available at all times ex- 
cept when otherwise indicated. 

Assessment o f  Intttal Senstttvtty 

Two measurements of  the initial sensitivity were used 
the ethanol reduced hypothermia and the drinking test 

Rectal temperatures were deterrmned according to the 
method described by Frankel  et al. [2]. A digital thermome- 
ter was used (INTERSIL).  The 2 mm diameter probe was 
inserted 4 cm into the rectum and was maintained during one 
minute. Baseline temperatures were measured at T=30 mm 
after an IP administration of  3 ml of  saline. The following 
day,  the animals were injected with 2.5 g/kg of  alcohol in 3 ml 
and temperatures were measured at T=  15, 30, 60, 90, 120 
minutes. The maximal hypothermia observed was taken as 
the measure of  the sensltavity of  the C.N.S.  Hypothermia  
testing was conducted at 9 a.m. during the light cycle. 

Drinking test was developed by Miceh and Le Magnen 
[10]. The time necessary for water-deprived rats,  after ad- 
ministration of  a challenge dose of  alcohol to stand 
up and to reach the water  bottle suspended inside the cage 
22 cm above the floor, is taken as the measure  of the 
sensltwlty to ethanol. One day before the test,  the rats were 
gwen an mtrapentoneal  injection of  4 ml of  lSOtOmC saline 
after 16 hours without water. Thirty minutes later, they were 
placed in the test apparatus.  All rats showed a latency of  
drmkmg of  less than 30 seconds. Then the rats were returned 
to their home cages where water was supphed until 6 
p.m. at which time a new 16 hour water  deprivation se- 
quence was started. The following day,  the testang procedure 
was carried out after an injection of  2 g/kg (4 ml) of  ethanol. 
The latency of  drinking was taken as the measure of  initial 
sensitivity to ethanol. 

Surgery 

All rats were implanted with a chromc intragastric cathe- 
ter under pentobarbital  anesthesia.  The catheter  was fixed 
through a gastric fistula and tied firmly. Then, the distal part  
of  the silastic catheter  was passed under the skin and fixed to 
the skull by screws and dental cement. After  surgery, the 
rats were placed in the Plexlglas cages eqmpped for chromc 
infusion. 

Procedure 

S~x days after recovery from surgery, they were randomly 
assigned to one of  four groups: Group I or hypothermla 
group (n=8),  Group II or hypothermia control group (n=6),  
Group III  or  dnnking test group (n= 13), Group IV or drink- 
mg test control group (n=8) 
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FIG 1 Twenty-four hr mean alcohol retake (m volumes and 
grammes of  pure ethanol per Kg) versus 24 hr mean water mtake m 
three successive couples of days m rats previously chromcally 
treated by ethanol and untreated controls, both mmally tested for 
their mltml senslt,vlty by hypothermm under ethanol 

The two experimental groups I and III were submitted to 
chronic ethanol treatment for 15 consecuUve days. The rats 
received 10 g/kg/day through 5 IG admmlstraUons per  day of 
2 g/kg dose (3.36 ml) each, prepared from 95% ethanol di- 
luted m physiological sahne The admmlstrauons started at 2 
a.m and the following admm~stratlons were at 6 30 a.m.,  
l0 30 a . m ,  3 p.m and 7:30 p m. A gap of  61/2 hours during the 
dark cycle allowed the rats to drink and to eat without the 
disturbance due to the acute effects of  ethanol. The two 
groups of  controls (II and IV) were submitted to the same 
treatment but received sahne admimstrations m place of  
ethanol 

Twelve hours after the end of the treatment,  all rats de- 
prived of  water for 24 hours were offered a 1(1% (v/v) ethyl 
alcohol solulaon for 1 day as the only source of  fluid. Then, 
for 6 days,  they were offered the alternate and successive 
presentatmn for 8 hour periods of  ethanol solution or water. 
The 6 day period made it possible to assess the acquired 
preference for ethanol by companng the 8 hour retake of 
alcohol and water according to the procedure previously de- 
scribed 

Stattsttcs 

A Pearson 's  correlation was performed between meas- 
urements of  initial sensitivity in relation to either preference 
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FIG 2 Correlatmn between the level of mltzal hypotherrma under 
ethanol and the alcohol consumptaon of dependent rats during the 
last 2-day period of the alternate presentation 

or the amount of  alcohol consumed and was tested for signif- 
icance by reference to tabled critical values for 2 taded tests. 

RESULTS 

The results of  the hypothermla groups (groups I and II) 
are shown in Fig 1. Ethanol treated rats took in average 
9.84-+0.44 g of  alcohol per  kg B.W. during the three 8 hour 
presentations of  alcohol for 48 hr. This represents 52.5% of 
their total flmd Intake. Control rats took m average 6.7-+0.41 g 
of  alcohol per  kg B W during the same penods  and 35.3% of  
their total fluid intake The difference between ethanol m- 
take of  treated and untreated rats is significant" t=5.10, 
p<0.01 ( m g  alc/kg), t =4.55, p<0.01 (in percentage) 

Four  out of  eight previously treated rats have a mean 
level of  alcohol consumption per 24 hours above the dose 
used in the preceding chronic treatment. 

In the ethanol treated group, a negative and significant 
correlation is found between the level of hypothermia 
(2°-+0.1) and the consumpUon of  alcohol during the 2 last 
pairs of  days of  the alternate presentation, when expressed 
m percentage of  alcohol consumed to total flu|d intake 
( r = - 0  746, p<0.05 and r = - 0  893, p<0.01 respecuvely) Ex- 
pressed m g of  alcohol per  kg, the same negative correlation 
is shown for the last pair of  days only ( r= -0 .737 ,  p<0.05)  
No significant correlation between the level of  hypothermia 
and alcohol retake is exhibited by control rats (Fig. 2) 

In the group initially submitted to the drinking test and 
chronically treated by ethanol, the average amount con- 
sumed was 11 72-+0.63 g/kg during the three 8 hour presen- 
tations of  alcohol for 48 hr. This represents 54.9% of their 
total fluid intake (Fig. 3). The average for the control rats 
was 5 25-+0 29 g of  alcohol per  kg B.W. or 34.75---1.65% 
of  their total fluid intake (Student t=9.29,  p < 0  01 and 
t=6.58,  p<0.01 respectively) A negatwe correlation be- 
tween the latency of  dnnkmg and the amount of  alcohol 
drunk per 24 hours dunng the last series of  the a l t e~a te  
presentatzon can be seen in ethanol treated rats ( r = - 0  616, 
p<0.05 in g alc/kg and r = - 0 . 6 2 9 ,  p<0.05  in percentage) 
(Fig. 4). The correlation with the mean alcohol intake during 
the three 2 day periods expressed in percent of  alcohol intake 
also ~s significant ( r = - 0  663, p < 0  05). Control rats show a 
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FIG. 3 Twenty-tour hr mean alcohol retake (in volumes and 
grammes of pure ethanol per kg versus 24 hr mean water mtake m 
three successive couples of days m previously chromcally treated by 
ethanol and untreated controls, both m~tially tested for their 
mmal sensztwlty by "dnnklng test " 

significant correlation between their low alcohol consump- 
tion during days 3 and 4 and their latency (199__8 rain) in the 
drinking test ( M = - O  765, p<O.O1) 

DISCUSSION 

The limited correlation between motor impmrment under 
ethanol measured by the drinking test and the initial volun- 
tary intake just  mentioned in ethanol naive rats is similar to 
correlations found between various tests of  sensitivity and 
Intake in rats and mice [7, 11, 16, 17]. When the observed 
ethanol retake m a choice does not exceed 1-2 g/kg per  day,  
this interindividual relationship between initial sensitivity 
and intake is obviously only correlational and not causal. We 
have demonstrated that a single IP injection of  at least 1.5 
g/kg is required to induce aversion to a saccharin solution 
through the acute toxic effect of  this dose acting as uncon- 
ditioned stimulus [12]. In another study it has been shown 
that the level of  aversion to this saccharine solution, induced 
by pairing oral intake with an IP injection of 1.5 g/k_g ethanol, 
is highly correlated with the individual response to both the 
dnnkmg and hypothermic tests [18]. Thus, only a short term 
oral intake of  this dose of ethanol can detertmne the level of  
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FIG 4 Correlation between the latency of dnnklng in the drinking 
test and the alcohol consumption of dependent rats dunng the last 
2-day period of the alternate presentation 

m t a k e  t h r o u g h  pos t - Inges t ive  ef fec ts  and  might  t he r e fo re  es- 
t a b h s h  a causa l  re la t ion  b e t w e e n  init ial  sens i t iv i ty  and  in- 
take .  E v i d e n c e  ex is t s  tha t  the  init ial  low level  o f  e t hano l  
v e r s u s  w a t e r  in t ake  resu l t s  f rom an  u n l e a r n e d  s e n s o r y  aver-  
s ion C o n s e q u e n t l y ,  i ts  co r r e l a t i on  wi th  init ial  sens i t iv i ty  is 
difficult  to exp la in  

T h e  co r r e l a t i on  b e t w e e n  init ial  sens i t iv i ty  and  vo lun t a ry  
r e t ake  is a b s e n t  in c o n t r o l  ra t s  t e s t e d  by  h y p o t h e r m l a  
A gene ra l  n e g a t i v e  c o r r e l a t | o n  is f o u n d  b e t w e e n  b o t h  hy-  
p o t h e r m i a  and  m o t o r  ~mpa i rmen t  u n d e r  e t h a n o l  and  the  
h igh  level  o f  i n t a k e  i n d u c e d  by  15 days  o f  f o r c e d  admin-  
i s t r a t i ons  The  less  s ens i t i ve  the  ra t ,  the  h ighe r  i ts in t ake  
Th i s  r e su l t  is in a g r e e m e n t  wi th  d a t a  f rom S m d e n  s howing  
t ha t  ra t s  b e c o m i n g  h igh  I V  self - inject ing ra ts  a f te r  a ch ron ic  
t r e a t m e n t  were  ini t ial ly the  less  sens i t ive  ra t s  [18] 

The  re la t ion  b e t w e e n  initial  sens i t iv i ty  and  the  acqu i r ed  
t o l e r ance  by  a ch ron ic  fo rced  admin i s t r a t i on  m u s t  be  cons id-  
e red  [14,19] It  has  b e e n  r epo r t ed  tha t  a g iven  ch ron ic  t rea t -  
m e n t  e n h a n c e s  more  the  to le rance  of  Initially less sens i t ive  
t han  tha t  o f  the  mos t  sens i t ive  ra t s  Thus ,  in the  p re sen t  
s tudy ,  the  leas t  initially sens i t ive  ra ts  would  be the  mos t  
t o l e r an t  at the  end  of  the  t r e a t m e n t  upon  the  w i thd rawa l  o f  
e thano l  

Is this  h igh to l e rance  a cause  of  the  s u b s e q u e n t  h igh oral  
in t ake  9 In ra ts ,  a c h r o m c  e thano l  t r e a t m e n t  doub le s  the  dose  
o f  in jec ted  e thano l  j u s t  r equ i r ed  to reduce  a condzt loned  t a s t e  
ave r s ion  [8,12]. In such  d e p e n d e n t  ra ts ,  b e c a u s e  this  sen-  
sitlVlty is r e d u c e d  by  the  acqu i r ed  to l e rance ,  a h igher  leve l  of  
c i rcula t ing  e thano l  IS r equ i red  a p p a r e n t l y  to l imit and  rep ress  
in take  t h r o u g h  the  cond i t i oned  t a s t e  a v e r s i o n  p roce s s  This  
a l lows the  d e p e n d e n t  ra t  to r e a c h  a new  ce ihng  o f  ora l  in take  
Th i s  cou ld  expla in  the  h igh co r r e l a t i on  found  m this  s tudy  
b e t w e e n  the  o b s e r v e d  high level  o f  in take  and  the  init ial  
sens i t iv i ty .  H o w e v e r  ~t ~s no t  exp l a ined  why  d e p e n d e n t  ra t s  
e n h a n c e  the i r  in take  of  e thano l  unt i l  th is  n e w  and  high level  
o f  Its ave r s lve  effects .  In  o t h e r  words  it is no t  exp la ined  w h y  
e thano l  is r eward ing  be low this  level  ins t ead  of  be ing  aver-  
s lve as it is in na ,ve  ra t s  

The  mare  cha rac t e r i s t i c  of  d e p e n d e n c e  on  e thano l  and  on  
o t h e r  addicUve drugs  is the  re l ief  by  the  acu te  ac t ion  o f  the  
s ame  d rug  o f  the  s ta te  o f  C .N  S c rea t ed  by  the  c h r o m c  
ac t ion  o f  the  drug  Th i s  p r o v i d e s  the  bas i s  for  a pos iUve 
r e i n f o r c e m e n t  or  r e w a r d  of  oral  in take  or  s e l f - admmis t r a t i on  
t h r o u g h  a cond i t i oned  t a s t e  p r e f e r e n c e  The  r e c o v e r y  f rom 
d lness  has  b e e n  d e m o n s t r a t e d  to be  an  u n c o n d i t i o n e d  
s t imulus  for  cond i t ioned  tas te  p re fe rence  [4, 13, 21] We as- 
sume  tha t  such  a cond i t i oned  tas te  p re fe rence ,  t h o u g h  not  
d i rect ly  d e m o n s t r a t e d ,  is r evo lved  m induc ing  high in take  in 
d e p e n d e n t  ra ts  

Only  a f u r t he r  inves t iga t ion  of  the  exac t  na tu re  o f  b ra in  
injur ies  c a u s e d  by  ch ron ic  in take  or  adminls t ra tzon  of  
e thano l  would  lead to a c l ea re r  u n d e r s t a n d i n g  of  ou r  f ind- 
lngs M e a n w h d e ,  s ince init ial  sens lUwty  is d e m o n s t r a t e d  to 
be  a va rmble  of  the  acqu i red  d e p e n d e n c e  or  a lcohol  addic-  
t ion,  it is i m p o r t a n t  to p u r s u e  s tud ies  on  o t h e r  p a r a m e t e r s  of  
this  acqms l t lon  m a m m a l s  init ial ly se lected for  the i r  identical  
sens i t iv i ty  to e thano l  
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