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KOSOBUD, A , A S BODOR AND J C CRABBE Voluntary consumptton oJ ethanol m WSP, WSC and WSR 
selecttvelv bred mouse lme~ PHARMACOL BIOCHEM BEHAV 29(3) 601-607, 1988 - -The genetic correlatmn between 
voluntary consumption of ethanol solutmns and severity of withdrawal selzures after chromc ethanol exposure was 
assessed using the selectively bred Withdrawal Seizure Prone (WSP) and Resistant (WSR) mouse hnes WSP mice have at 
least ten-fold more severe withdrawal than WSR mice after equal chronic ethanol exposure, and withdrawal in a non- 
selected control hne (WSC) is mtermedmte to withdrawal m the WSP and WSR hnes [4] In the first experiment, mice from 
the WSP, WSC and WSR hnes were offered a chmce between 2 2, 4 6 and 10 0% ethanol solutions and water m three 
consecutive eight-day sessions WSR mice consumed more ethanol than WSP mice, and WSC m~ce were mtermedmte In a 
second experiment, WSP and WSR mice were offered ethanol solutions in concentratmns that were adjusted up or down 
every two days depending upon the amount of ethanol consumed WSP and WSR mice displayed very different patterns of 
dnnkmg, with WSP mice drinking more ethanol in early stages of the experiment, and WSR mice drmkmg more ethanol 
later Results of these experiments suggest that some genes influencing seventy of wxthdrawal from ethanol also influence 
voluntary ethanol drinking 

Pharmacogenetlcs Ethanol withdrawal 
WSP and WSR selected hnes 

Ethanol preference Selective breeding 

M O S T  people  c o n s u m e  a lcohol  wi th  no  ser ious  conse -  
q u e n c e s ,  bu t  for  a subse t  o f  the  popula t ion ,  e thano l  (E tOH)  
use  is excess ive  and  & s r u p t l v e  T he  var ia t ion  in the  r e s p o n s e  
o f  ind iv idua ls  to E t O H  is a resu l t  o f  b o t h  e n v i r o n m e n t a l  and  
genetxc fac to rs  (for r ev i ew see  [5]). T he  ex i s t ence  of  a slgmf- 
~cant genet ic  con t r i bu t ion  to h u m a n  suscept~blhty to alco- 
h o h s m  impl ies  tha t  t he re  are phys io logic  t rai ts  w h i c h  &st ln-  
gu lsh  Individuals  p r e d i s p o s e d  to deve lop ing  a l c o h o h s m  A 
ma jo r  effor t  has  b e e n  & r e c t e d  at  ldentLfylng these  biologic 
fac tors ,  b e t t e r  to u n d e r s t a n d  the  biological  bas is  of  alco- 
h o h s m ,  and  to f ind m a r k e r s  tha t  could  ident i fy  the  po t en tml  
a l c o h o h c  pr io r  to his or  he r  d e v e l o p m e n t  of  the  d i so rde r  

Admin i s t r a t i on  o f  E t O H  to an imals  and  h u m a n s  resu l t s  in 
a wide range  o f  phys io logica l  and  behav io ra l  changes  By 
app ly ing  gene t ic  tools ,  the  ac t ions  of  E t O H  w h i c h  h a v e  simi- 
lar  gene t ic  ba se s  can  be  ident i f ied Speo f i ca l l y ,  ce r ta in  re- 
sponse s  to E t O H  can  be s h o w n  to be  genet ica l ly  cor re la ted ,  
or ,  m o t h e r  words ,  to c o v a r y  cons i s t en t ly  w h e n  the  geno type  

of  the an imals  is m a m p u l a t e d  Such  a genet ic  co r re l a t ion  can  
be  in t e rp re t ed  as the  resul t  of  p rox imi ty  and  coseg rega t lon  of  
the  genes  under ly ing  each  trai t ,  p le lo t roplc  (mult iple)  ac t ions  
of  a single gene ,  or  mul t iple  effects  of  E t O H  on a single 
physio logica l  sys t em 

We have  deve loped  hnes  of  mice  genet ica l ly  se lec ted  fo~ 
severe  and  mild w i thd rawa l  se izures  fol lowing th r ee  days  of  
inha la t ion  of  e thano l  v a p o r  m c o n c e n t r a t m n s  s u f f i o e n t  to 
induce  c o n s t a n t  high levels  of  ln tox tca t lon  The  W i t h d r a w a l  
Se izure  P rone  (WSP)  hnes  display at  leas t  10-fold more  se- 
vere  hand l ing- reduced  convu l s i ons  t han  the  W i t h d r a w a l  Sei- 
zure  Res i s t an t  (WSR) l ines fo l lowing e q m v a l e n t  E t O H  
t r e a t m e n t ,  whale the  n o n s e l e c t e d  Wi thd rawa l  Se izure  Con-  
t rol  (WSC)  h n e s  are in t e rmed ia t e  [4] T h e s e  an imals  cons t i -  
tu te  an  exce l l en t  popu la t ion  for  the  ident i f ica t ion  of  genet ic  
co r re l a t ions  b e t w e e n  w i t h d r a w a l  and  o the r  effects  of  E t O H  
and  for  the  s tudy of  the  phys io log ica l  m e c h a m s m s  under ly-  
ing E t O H  wl thd rawa l  In  the  e x p e r i m e n t s  r epo r t ed  here ,  we 

1Requests for repnnts should be addressed to Ann Kosobud, Veterans Admlmstratlon Medical Center, Research Serwce (151P), 3710 S W 
U S Veterans Hospital Road, Portland. OR 97201 
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sought to determme whether the genes which Influence 
EtOH withdrawal also mfluence voluntary EtOH consump- 
tion In the course of the selection these animals have been 
made dependent usmg forced lntoxlcatmn, while no direct 
selection pressure has been exerted on voluntary consump- 
tion of EtOH Therefore, any difference in voluntary con- 
sumptlon between WSP and WSR lines should be due to the 
genes responsible for the difference in withdrawal, or to 
closely hnked genes 

Rodgers [23] measured voluntary consumption of ethanol 
m a number of inbred strains of mice Some of these mbred 
strains (though not necessarily of the same subhne) have also 
been tested for susceptlblhty to withdrawal following forced 
EtOH mhalatlon [6] Three inbred strains showed high levels 
of EtOH consumption and low withdrawal (C57BL, C58 and 
C57BR), while 3 showed low consumption and severe with- 
drawal (DBA, C3H and A) This suggests a negative genetic 
correlation between susceptibility to withdrawal and volun- 
tary consumptmn Animals genetically resistant to EtOH 
withdrawal are more wilhng to consume ethanol, while 
animals susceptible to severe withdrawal are less wflhng to 
consume EtOH However, one straJn (BALB) displayed 
mild withdrawal but drank little EtOH 

Allen et al [1] assessed the phenotyplc correlation be- 
tween withdrawal from chronic EtOH and voluntary con- 
sumptlon of EtOH HS/Ibg mice, the outbred stock from 
which our selected lines were derived, were given a choice 
between a 7% EtOH/water solution and water before and 
after induction of physical dependence on EtOH Physical 
dependence was reduced using an EtOH-adulterated hquld 
diet as the sole food source Preference for the 7% EtOH 
solution before and after induction of dependence did not 
correlate w~th either consumption of hquld diet or seventy of 
withdrawal Therefore, these mvestlgators concluded that 
there was no evidence of a correlation between severity of 
withdrawal and voluntary consumption of ethanol How- 
ever, the use of phenotyplc correlations within outbred mace 
confounds genetic and environmental influences A 
genotyplc correlation might be hidden by an enwronmental  
correlation of opposite sign (for discussion see [5]) For 
example, in the Allen experiment, consumption of the liquid 
diet correlated posmvely with severity of withdrawal. Thus, 
the ammals' drinking behavior was largely responsible for 
the severity of w~thdrawal, and the genetic susceptibility to 
withdrawal was not measured m these animals A better 
assessment m~ght have been made with a forced intoxication 
procedure, so that all animals received the same dose of 
EtOH 

In the experiments reported below, we studied the EtOH 
drlnkmg behavior of WSR, WSP and WSC m~ce, never ex- 
posed to EtOH, in a two bottle preference test In the first 
experiment, three concentrations of EtOH were offered for 
eight days each In the second experiment, EtOH concen- 
tration was vaned every two days depending upon the 
animal's behawor. If an animal drank large amounts of 
EtOH, the concentration of EtOH was increased, ff an 
ammal drank small amounts of EtOH, the concentration was 
decreased 

GENERAL METHOD 

SELECTED LINES 

WSC, WSR and WSP mice used m these experiments 
were bred at the Veterans Admmlstratlon Medical Center 
(Portland, OR) The genetic selection procedure used m de- 

velopmg these mice has been described [4] Two reproduc- 
tively ~solated sets of WSP, WSR and WSC mace are main- 
tamed, referred to hereafter as WSPI, WSR1, WSC1, WSP2, 
WSR2, and WSC2 Mice used in the experiments reported 
below were from htters bred specifically for these experi- 
ments They had not, therefore, experienced chromc EtOH 
intoxication and withdrawal 

EXPERIMENT 1 

METHOD 

SubJects 

Sixty female mace from the 17th selected generation of the 
WSP1, WSP2, WSRI,  WSR2, WSC1 and WSC2 lines were 
used Ten mice from each line were included in each group 
Seven days prior to the experiments reported here, these 
mice had been used m a pilot experiment in which they 
experienced 1 day of fluid depravation, followed by 1 day of 
consumption of a 10% EtOH solution (data not reported) 
The mice were 41-61 days old at the beglnnmg of the test, 
and weighed 21 2___0 2 grams (mean_+SE) The mice were 
housed individually in polycarbonate cages (28×17×11 5 
cm) contalnmg wood chips as beddmg Food and water were 
available ad hb. 

Procedure 

Each mouse was provided with 2 inverted 25 ml 
graduated cyhnders fitted with rubber corks and stainless 
steel drinking spouts, one contalnmg tap water and one con- 
talnmg a solution of EtOH and tap water Each day, volume 
of fluid remalnmg was recorded, and the position of the 
bottles was reversed Because some animals show strong 
position preferences, all data were averaged over two day 
blocks To correct for loss of fluid due to leaks or spills, 
bottles of tap water and EtOH solution were placed on 
empty cages and volumes recorded. The average fired loss 
from these bottles was subtracted from the experimental 
data Fresh EtOH solution was provided every two days, 
and fresh water was provided as needed. EtOH was meas- 
ured in three 8-day sessions In Session 1, the concentration 
of EtOH solution offered was 2 2% (all concentrations v/v), 
in Session 2, the concentration was 4 6%, and in Session 3, 
10.0% Followmg Session 3, the bottle contalnmg EtOH 
solution was removed, and water consumption was meas- 
ured for two 2-day blocks, constitutmg Session 4 

We calculated for each animal (a) the average dally total 
fired retake for each session, (b) the average dally EtOH 
preference score (ml of EtOH consumed/ml total fluid con- 
sumed) for Sessions 1-3, and (c) the average dally consump- 
tion of EtOH expressed as g EtOH/kg body weight for Ses- 
sions 1-3 

RESULTS 

Figure 1 shows preference ratios at 2 2, 4 6 and 10.0% 
EtOH concentration The data were analyzed for each con- 
centratlon independently usmg a two-way ANOVA (Line × 
Replicate), and slgmficant mam effects were further assessed 
using a Newman-Keuls test [27]. WSR mice had significantly 
higher preference ratios at 2 2% and 10% (p<0.002, p < 0  02 
respectively) than both WSC and WSP mice (p<0 05) When 
the lines were offered 4 6% EtOH solutions, a trend towards 
higher preference ratios in the WSR mace was seen (p<0 07) 
At 10 0%, a slgmficant L i e  × Rephcat~on mteractlon was 
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FIG 1 Average dady preference ratio (ml EtOH solutmn/ml total 
fluid) during three consecutive sessmns of an EtOH solution/water 
choice test Concentratmns of ethanol were 2 2, 4 6 and I0 0% 
WSR mice of both replications showed h]gher preference ratios at 
2 2 and l0 0% EtOH solutmns (p<0 05) For analysm, see text 

observed (/9<0 03), occumng  because the hne effect (WSR 
> WSC = WSP) was present only in Replicate 2 

EtOH consumption (g/kg) is illustrated in Fig 2 The 
analysis (two-way ANOVAs done independently for each 
block) revealed a pattern very similar to that seen for prefer- 
ence ratios. WSR mice consumed significantly greater 
amounts of  EtOH than WSC and WSP mice at 2 2 and I0 0% 
(p<0.03), and tended to consume more at 4 6% (p<0 08) 
Again, the Line x Replication interaction was significant at 
10% because the WSR2 drank much more, and the WSP2 
less, while all other groups drank comparable amounts 

Total fluid consumption was also analyzed (Table l) using 
a 3-way ANOVA (Line x Replication x Session) Average 
amount of  fluid consumed dmly is presented for each EtOH 
concentration, and for the four day water-only session which 
succeeded the EtOH choice session Fluid intake was re- 
duced dunng the 4 6% and 10% EtOH choice sessions, 
F(3,162)=33 7, p<0.0001, relative to the 2.2% session and 
the water-only session (p ' s<0  01, Newman-Keuls) A signif- 
icant difference was seen In the amount of fluid the different 
lines drank, F(2,54)=7.26, p<0.002, specifically, WSR mice 
of  both rephcatlons drank less fluid than WSP and WSC lines 
(p<0 01, Newman-Keuls) As age of  mice, and bodyweight, 
could influence fluid consumption and ethanol consumption, 
these factors were assessed for correlation with average 
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FIG 2 Mean_+SE for ethanol consumption (g/kg) dunng three con- 
secutlve sessions of an ethanol solution/water choice test Data 
points w~th no error indicate that error was w]ttun symbol bound- 
aries WSR mace of both rephcatmns consumed greater amounts of 
ethanol than WSP and WSC m]ce at 2 2 and 10 0% EtOH solutmns 
60<0 03) For analys~s, see text 

amount of  fluid consumed, and average amount of  EtOH 
consumed Specifically, correlation coefficients between 
bodyweight and age at the beginning of  each session, and 
average fluid intake and average EtOH intake dunng the 
session were calculated for all mice Total fluid and EtOH 
intake did not correlate significantly with age, bodywelght, 
or each other (r~<0 2) 

EXPERIMENT 2 

METHOD 

Subjects 

The subjects were 32 naive female mice from the 19th 
selected generation of the WSP1, WSP2, WSR1, and WSR2 
lines. Eight mice from each line were included in each group 
Since we were primarily interested m the difference between 
WSP and WSR mice, WSC mice were not tested. The mice 
were 80-93 days old, and weighed 224_+04 grams 
(mean_+SE) at the beginning of the experiment. The mice 
were housed individually in polycarbonate cages containing 
wood chips as bedding Food and water were available ad 
hb 

Procedure 

Each mouse was provided with 2 inverted 25 ml 
graduated cylinders fitted with rubber corks and stainless 
steel dnnklng spouts Initially, both bottles were filled with 
tap water, and water consumption measured daily for four 
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T A B L E  1 

T O T A L  F L U I D  ( W A T E R  A N D  E t O H + W A T E R  S O L U T I O N S )  
C O N S U M E D  D A I L Y  ( M E A N  _+ SE)  

Ethanol Concentration 

Line N 22% 46% 10 0% Water Only 

WSCI 10 7 2 _ + 0 3  6 5 _ + 0 1  6 2 _ + 0 4  6 7 _ + 0 4  
WSC2 10 6 9 - + 0 3  5 9 _ + 0 2  6 2 - + 0 2  7 4 - + 0 4  

WSR1 10 6 4 _ + 0 3  5 5 _ + 0 3  5 5 _ + 0 3  5 9 _ + 0 3  
WSR2 10 6 3 _ + 0 1  5 6 _ + 0 2  5 5 _ + 0 2  6 0 _ + 0 2  

WSP1 10 7 9 _ + 0 4  6 9 _ + 0 4  6 5 _ + 0 3  7 7 _ + 0 3  
WSP2 l0 6 9 _ + 0 4  5 5 _ + 0 3  5 8 _ + 0 3  6 3 _ + 0 4  

Fluid consumptmn was greatest during Sessmn 1 of the 
ethanol/water choice tests (p<0 01) Fired consumption dunng the 
water only session also exceeded that during the 4 6 and 10% choice 
tests WSR mice consistently drank less fluid than WSP and WSC 
mice (p<0 01) For a descnptmn of the analysis, see text 

T A B L E  2 

M A X I M U M  E t O H  C O N C E N T R A T I O N  A C C E P T E D  

Line N Mean _+ SE 

WSR1 8 6 0 _+ 1 6 
WSR2 8 7 4 _+ 0 9 

WSP1 8 5 7 _+ 0 6 
WSP2 8 5 2 _+ 0 8 

2-day b locks  Beg inn ing  on  the  n in th  day,  the  an imals  were  
of fered  a cho ice  b e t w e e n  tap  wa te r  and  a so lu t ion  of  E t O H  
and  tap w a t e r  A g iven  E t O H  c o n c e n t r a t i o n  was  p r e s e n t e d  
for  one  2-day b lock  P r o c e d u r e s  for  admin i s t e r ing  fluids and  
r eco rd ing  da ta  were  the  same  as for  E x p e n m e n t  1 Prefer -  
ence  ra t ios  were  ca lcu la ted  as the  sum of  E t O H  solu t ion  
c o n s u m e d  in 2 days  d iv ided  by  the  to ta l  fluid c o n s u m p t i o n  
for  those  days  I f  this  ra t io  was  0 2 or  g rea te r ,  the  E t O H  
c o n c e n t r a t i o n  was  inc reased  for  the  nex t  2-day b lock  I f  the 
ra t io  was  less t h a n  0 2, the  E t O H  c o n c e n t r a t i o n  was de-  
c r e a s e d  All an imals  were  offered 1% E t O H  so lu t ions  Ini- 
tially, and  c o n c e n t r a t i o n s  were  inc reased  or  d e c r e a s e d  on  an  
acce le ra t ing  scale (1, 2 1, 3 3, 4 6, 6 0, 7 5, 9 1, 10 8, 12 6 
and  14 5%) Mice  wi th  p re f e r ence  rat ios  o f  less t han  0 2 
w h e n  offered  1% E t O H  r e m a i n e d  at  1% Thi s  p r o c e d u r e  was 
c o n t i n u e d  for  ten  2-day b locks  At  this  t ime,  all an ima l s  bu t  
one  had  re fused  at leas t  one  c o n c e n t r a t i o n  of  E t O H  Fol low-  
ing the  E t O H  test ,  w a t e r  c o n s u m p t i o n  was  m e a s u r e d  for  two  
more  2-day b locks  

R E S U L T S  

E x a m i n a t i o n  of  the  pa t t e r n  of  d n n k i n g  b e h a v i o r  for  e ach  
m o u s e  r evea l ed  tha t  mos t  mice  a c c e p t e d  inc reas ing  concen -  
t ra t ions  of  E t O H  for  a few b locks ,  and  then  re fused  a h igher  
c o n c e n t r a t i o n  Once  they re fused  a g iven  c o n c e n t r a t i o n  of  
E t O H ,  they  subsequen t l y  r e fused  all lower  c o n c e n t r a t i o n s  as 
well ,  e v e n  1%. This  p a t t e r n  o f  c o n s u m p t i o n  was  p r e s e n t  in 15 
ou t  of  16 W S P  mice,  bu t  only  10 of  16 W S R  mice  Only  one  
m o u s e  (a WSR1)  had  not  re fused  at  leas t  one  c o n c e n t r a t i o n  
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FIG 3 Average dady ethanol consumptmn (g/kg) during twenty 
days (blocks 5-14) of free choice between water and EtOH solutmns 
m a Canety of concentrations Data points w~th no error indicate that 
error was within symbol boundaries For analys~s, see text 

of  E t O H  by Block 14 Table  2 shows  the  h ighes t  concen t r a -  
t ion  a c c e p t e d  by each  line (mean_+SE) A 2-way A N O V A  
(Line  × Repl icate)  r evea l ed  no  s ignif icant  d i f fe rences  

Figure 3 i l lus t ra tes  E t O H  c o n s u m p t i o n  (g/kg) d u n n g  
b locks  5-14 (dur ing b locks  1-4, 15 and  16 the  an imals  were  
of fered  wa te r  only)  To simplify the analys is ,  da t a  were  
ana lyzed  i ndependen t ly  for  e ach  repl ica te  us ing  a 2-way 
A N O V A  (Line  by  Block)  wi th  one  fac to r  r epea t ed  W S R 2  
mice t e n d e d  to c o n s u m e  more  e thano l  than  WSP2  mice  
t h r o u g h o u t  the  expe r imen t ,  F (1 ,14)=3  82, p < 0  07 WSP1 
and  WSR1 mice d i sp layed  ve ry  di f ferent  pa t t e rns  of  con-  
sumptxon WSP1 mice  d rank  more  e thano l  In the  ear ly  s tages  
of  the  expe r imen t ,  bu t  by  the  end,  7 of  the  8 mice were  
refus ing all e thano l  WSR1 mice,  howeve r ,  c o n t i n u e d  to 
dr ink  m o d e r a t e  a m o u n t s  of  e thano l  t h r o u g h o u t  the  exper i -  
m e n t  C o n s i s t e n t  wi th  this  pa t t e rn  of  behav io r ,  t he  2-way 
A N O V A  revea led  an  in te rac t ion  o f  L ine  and  Block ,  wh ich  
was  fu r the r  ana lyzed  us ing  a tes t  of  s imple  effects  [14] 
WSP1 mice  d rank  s ignif icant ly  more  e thano l  t h a n  WSR1 
mice  dur ing  b locks  6, 7 and  8, F (1 ,14 )>7  38, p < 0  025, and  
t e n d e d  to d r ink  more  dur ing  b locks  5 and  9, F (1 ,14 )>4  02, 
p < 0  10 WSR1 mice  t e n d e d  to d r ink  more  E t O H  than  W S P I  
mice  dur ing  b lock  12, F (1 ,14)=3  11, p < 0  10 

Figure  4 shows  total  fluid c o n s u m p t i o n  Similar  to the  
resu l t  s een  in E x p e r i m e n t  1, W S R  mice  cons i s t en t ly  d r a n k  
less fluid t han  W S P  mice,  F(1 ,28)=31 63, p < 0  0001, th ree -  
way A N O V A  wi th  one  fac to r  r epea ted ,  L ine  × Repl ica te  × 
Block  

G E N E R A L  D I S C U S S I O N  

T h e s e  e x p e n m e n t s  d e m o n s t r a t e  a small  bu t  c o n s i s t e n t  
d i f fe rence  in E t O H  c o n s u m p t i o n  in mice  se lec t ive ly  b r ed  for  
d i f fe rences  in E t O H  wi thd rawa l  W S R  mice ,  genet ica l ly  re- 
s i s tant  to w i thd rawa l  se izures  a f te r  e thano l  t r e a t m e n t ,  vo lun-  
t a n l y  c o n s u m e  more  e thano l  t h a n  W S P  mice ,  genet ica l ly  
p rone  to wi thd rawa l  Th i s  suggests  tha t  the re  is a nega t ive  
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FIG 4 Average dmly fired consumption (ml) Subjects were offered 
a choice between water and an EtOH solution on 2-day blocks 5-14 
Water consumptmn alone was momtored on 2-day blocks 1-4, 15 
and 16 WSR m~ce drank less fluid than WSP m~ce consistently 
throughout the experiment, and th~s effect appears to have been 
enhanced by presentation of ethanol solution Data points with no 
error indicate that error was within symbol boundaries For 
analys~s, see text 

genetic correlation between ethanol withdrawal susceptlbd- 
lty and voluntary ethanol consumption This could be the 
result of  single, plelotroplc gene, which modulates a particu- 
lar physiological system in such a way that both EtOH drink- 
ing and withdrawal are affected, or which has multiple, rode- 
pendent actions Alternatwely, two or more closely linked, 
cosegregatmg alleles might be involved In this case, the 
correlation between EtOH drinking and withdrawal would 
be the result of the independent actions of different genes 

In Experiment 1, the WSC2 mice drank similar amounts 
of ethanol as the WSP2 mice, while WSR2 mice drank more, 
suggesting that the primary genetic effect in Replicate 2 was 
an increase in EtOH consumption m the WSR2 line, while 
the EtOH consumption in WSP mice was not affected by 
selection Mice in Replicate l, however, displayed a some- 
what different pattern of  drinking In Experiment 1, WSR1 
mice drank amounts of ethanol similar to WSC 1 mice, while 
WSP1 mice drank less The second experiment revealed a 
more complicated pattern of consumption, with WSP1 mice 
drinking more E tOH than WSR1 mice m the first part of the 
experiment, but drinking less EtOH m the later stages Thus, 
in Replicate l, the difference between EtOH consumption m 
the WSR1 and WSP1 lines appears to be primarily m a re- 
duction in EtOH consumption m the WSP line, that appears 
only after many days of exposure, and/or after exposure to 
high ethanol concentrations In fact, the behavior of  the 
WSP1 line is consistent with the development of a taste 
aversion to EtOH in these mice. 

Because the WSP vs. WSR lines from the two replicates 
display different patterns of  ethanol consumption, it Is 
possible that different genes are responsible for the drinking 
differences within each replicate Withdrawal is presumably 
affected by multiple genes, and the selected genes relevant to 
withdrawal In the two lines may also differ between rep- 
hcates. Although the genetic data from these experiments 
raise the possibility that different genes control drinking in 
the two replicates, to the extent that the direction of  the line 
differences are consistent, a common physiological endpomt 
is suggested 

What physiological processes might be common to both 
EtOH drinking and EtOH withdrawal 9 Although the data 
presented in this paper allow only the most general consid- 
eration of this question, some speculations can be made The 
factors thought to be primarily responsible for variations in 
EtOH consumption can be divided into three categories 
nutritive or caloric factors, differences In neurosensitivlty to 
ethanol and acetaldehyde, and metabolic factors. Within 
each of  these categories there ~s the potential for genetic 
variation 

The value of EtOH as a source of calories can have a 
significant impact on its consumption AA rats, genetically 
selected for high EtOH consumption, have as a correlated 
response to selection an increased caloric need relative to 
ANA (low EtOH consuming) rats [9] Food depnved rats 
consume more EtOH than free-feeding ones [20] and will 
choose a calorie-dense ethanol solution over a more palata- 
ble saccharin solution [21] Similarly, increasing the fat 
and/or sugar content of the diet decreased EtOH consump- 
tion In C57BL mice [8] When the selectively bred P (Prefer- 
ring) and NP (Non-Prefemng) rats were reduced to 8ff~ 
free-feeding weight, NP rats increased their daily consump- 
tion of EtOH to levels nearly identical to P rats [26] Finally, 
ANA rats increased their ethanol consumption to match that 
of  AA rats when the ethanol was given m the form of wine or 
an ethanol/fruit punch solution [28] Although no obvious 
differences exist between WSP and WSR mice in body 
weight, they may differ m their need of EtOH as an energy 
source WSP and WSR mice have been offered ethanol in a 
palatable solution (EtOH mixed with fruit punch), unlike the 
rat lines, the difference in ethanol consumption was main- 
tained (unpublished observations) 

EtOH consumption may also be affected by differences m 
neurosensltIVlty to the pharmacologic actions of  EtOH P 
rats were shown to be less sensitive to the ataxlc effects of 
EtOH than NP rats [18]. AA rats were less sensitive than 
ANA rats to the ataxic effect of  EtOH as assessed with a 
tilting plane [19,21], and recovered from loss of righting re- 
flex more rapidly than ANA rats following an acute injection 
of ethanol [24]. WSP and WSR mice, however,  showed no 
difference m sensitivity to ethanol using acute hypothermlc 
response or loss of nghtmg reflex as Indices [2] WSP mice 
show more severe withdrawal after a single IP mjechon of 
EtOH than WSR mice [16] If the acute withdrawal syn- 
drome constitutes an averslve event for animals, WSP and 
WSC mice may develop a stronger aversion to EtOH than 
WSR mice Although the levels of consumption recorded m 
the present drinking studies were unhkely to result m blood 
ethanol concentrations as high as those which preceded 
acute withdrawal, studies of the pattern of EtOH drinking in 
rats and mice revealed blood EtOH levels following discrete 
bouts ranging from 75 to greater than 200 mg/dl [10,11] 

A third mechanism by which ethanol consumption might 
be altered genetically is m metabolism of EtOH and its 
breakdown product, acetaldehyde, which is known to cause 
a number of dysphonc reactions m man, including nausea, 
flushing and tachycardia [25]. ANA rats show a high rate of 
EtOH metabolism relative to acetaldehyde, and may there- 
fore accumulate higher acetaldehyde levels than AA rats 
The dysphorlc actions of acetaldehyde may be partly re- 
sponsible for the decreased EtOH drinking in ANA rats [15] 
EtOH elimination rates were similar in early generations of 
WSP and WSR mice [16] By generation S10, WSP mice 
accumulated slightly higher blood EtOH levels dunng 
chronic EtOH intoxication, but blood and brain concentra- 
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txons fol lowing acute  administrat ion o f  E t O H  were  similar m 
W S R  and W S P  mice when  measured  m generaUon 21 
(Kosobud  et  a l ,  manuscr ipt  in preparat ion) Ace ta ldehyde  
me tabohsm has not  been  measured  in W S P  and W S R  mice,  
so the relat ive rates o f  metabol i sm of  E t O H  and acetal-  
dehyde  are not  known 

Recent ly ,  a single genetic locus has been identified 
which appears  to be a major  de terminant  of  e thanol  intake 
in the mouse  (Goldman et al [13]) This  locus maps to 
ch romosome  l ,  and its expressed  product  is a protein,  
LTW-4,  found m brain, l iver  and kidney This protein has 
two genetic  variant  forms which  differ in i soe lec tnc  point 
Go ldman  and Crabbe [ 13] typed 15 B × D recombinant  inbred 
mouse  strains and the two  parenta l  stratus (C57BL/6J  and 
DBA/2J)  for this locus and compared  their  genotype  with 
previous ly-de termined  levels  o f  e thanol  accep tance  [3] F ive  
o f  7 low e thanol  accep t ing  strains ( including DBA/2J)  had 
the acidic  form of  LTW-4,  while  9 o f  l0 high e thanol  ac- 
cep t ing  strains ( including C57BL/6J)  had the basic form 
Subsequent ly ,  19 distantly related inbred strains were  tested 
for e thanol  consumpt ion  and typed for express ion of  LTW-4  
Nine  of  13 low accept ing inbred strains had the acidic form of  
LTW-4,  while 4 of  6 high accept ing strains had the basic form 
(Goldman et al [13]) No  correlat ion be tween  the ex- 
press ion of  the LTW-gene  and withdrawal  severi ty  was seen 
in ei ther  the RI or  inbred strains, but a significant negat ive 
corre la t ion be tween  e thanol  intake and sever i ty  of  with- 
drawal  was found in the inbred strains (unpublished obser-  
vations).  Thus,  it appears  that decreased  wi thdrawal  s even ty  
IS genet ical ly corre la ted with increased e thanol  intake, and 
ethanol  intake is genetical ly corre la ted with locus A12, but 
no direct  correlat ion be tween  wi thdrawal  sever i ty  and allehc 
state at locus A12 exists  WSP,  WSC and W S R  mice have 
also been typed for this locus W S R  mice showed a greater  
express ion  o f  the basic form of  LTW-4,  consis tent  with their  
increased ethanol  consumpt ton,  while W S C  and W S P  mice 
showed relat ively more o f  the acidic form [12] We tenta- 
t ively conclude  that genetic  select ion for withdrawal  sever i ty  

has direct ly resulted in changes in e thanol  intake in the 
selected hnes,  and this has indirectly led to a shift in the 
distr ibution o f  locus A12 in the lines 

W S R  mice from both replicat ions consis tent ly drank less 
total  fired than W S P  and WSC mice.  This phenomenon  ap- 
peared to reflect  a condit ion independent  of  e thanol  experi-  
ence ,  but may have been  intensified by the presence  of  
e thanol  solution as a fluid choice  (see Fig 4) Because  this 
difference is robust,  and present  in both rephcates ,  it appears  
to represent  a true genetic correlat ion.  H o w e v e r ,  the possi- 
ble relat ionship be tween  fluid consumpt ion  and withdrawal  
is not  obvious  This correlat ton may  be the result  of  prox- 
Imate genes ,  rather  than represent ing a c o m m o n  physiolog- 
ical basis A A  rats drink more fluid than A N A  rats [17], but 
they also eat more,  and are heavier  When these factors are 
considered,  fluid consumpt ion  in the two rat lines appears  to 
be equiva len t  

In summary,  W S R  mtce,  se lect ively  bred for decreased  
sever i ty  o f  withdrawal  fol lowing chronic  E t O H  intoxicat ion,  
were  found to consume more ethanol  solution in a two-bot t le  
choice  test than WSP mice (genetically selected for in- 
c reased  sever i ty  of  withdrawal)  or  W S C  mice (a nonse lec ted  
control  line) Thus,  it appears  that some o f  the genes re- 
sponsible for the withdrawal  seizure resis tance of  the W S R  
hne also increase their  e thanol  consumpt ion  A variety o f  
mechan isms  could underlie this relationship.  Fo r  Instance, 
this difference could reflect  differences in the relat ive re- 
warding or  avers lve proper t ies  of  e thanol  in these lines Al- 
ternat ively,  this difference may be the result  o f  dl f fenng nu- 
trit ional needs,  metabolic  capaci ty,  or  fluid balance in these 
lines 
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