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WALLER. M. B.. W. J. McBRIDE, I.. LUMENG AND F.-K. I.I. Initial sensitivity and acute tolerance to ethanol in the 
I' and NP lim'~ ~frats. PHARMACOL BIOCHEM BEHAV 19(41 683-686, 1983.--We recently reported that selectively 
bred. alcohol-preferring (P) and alcohol-nonpreferring (NP) rats differ in sensitivity to a single sedative-hypnotic dose of 
ethanol, as measured by performance in the jump test. The present study examines the contributions of initial sensitivity 
and acute tolerance development to this difference. Initial sensitivity, assessed by brain alcohol content upon loss of the 
aerial righting reflex, was not significantly different bclween P and NP groups given 3 g ethanol/kg body weight intraperito- 
neally. Acute tolerance was indexed from blood alcohol concentrations (BAC) upon recovery of jumping performance 
t\)llowing two successive ethanol doses. Practiced P and NP rats were required to jump 35 cm to a descending platform 
following the IP injection of 2.0 g ethanol/kg. "/'he NP group took significantly longer (74 min) than the P (33 mini group 
whereupon BA('~ of NP rats (234 mge~ ) was significantly lower than that of P rats (250 mg~L A second injection ( 1.0 g/kg) 
was given immediately after the animals reached the 35 cm criterion. Again. NP rats took significantly longer ( 124 mini than 
P rats (52 rain) to jump 35 cm and BAC~ of NP animals was lower ~295 mgg,~) than that of P rats (343 rag%). The difference 
between BAC_, and BAC,, the measure of tolerance development, was significantly larger for P rats (90 mg%) than for NP 
rats (61 m~/o). No significant differences in blood ethanol elimination were observed between the groups. The data indicate 
no difference in initial sensitivity between P and NP animals but that P rats develop acute tolerance more rapidly and/or to a 
greater degree than do NP rats. ' /he results are consistent with a relationship in these selectively bred lines of rats between 
alcohol preference and the development of acute tolerance. 
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A N U M B E R  of  s tudies  in mice and  rats  have  s h o w n  con-  
vincingly  that  the re  are  gene t ic  d i f fe rences  in sens i t iv i ty  to 
the  in toxica t ing  effects  of  e thanol .  Sens i t iv i ty ,  b road ly  de- 
fined as the r e s p o n s i v e n e s s  of  an an imal  to a single,  adminis -  
tered dose  of  e thano l ,  has  been  as sessed  with a var ie ty  of  
behav io ra l  and physiological  measu re s ,  and the ex ten t  of  the 
o b s e r v e d  d i f fe rences  appea r s  to be not  only  species-speci f ic  
but also tes t -specif ic .  A m o n g  the m e t h o d s  emp loyed ,  it is 
impor t an t  to d is t inguish  those  that  specif ical ly measu re  im- 
pa i rmen t  of  func t ion  f rom those  that  m eas u r e  r e c o v e r y  of  
func t ion ,  because  of  the  p h e n o m e n o n  o f  acu te  to l e rance  
( to le rance  occur r ing  within the t ime course  of  a single ses- 
sion of  testing).  Tes ts  that  quant i fy  change  a lone ,  e.g. ,  bra in  
e thanol  con ten t  at loss of  r ight ing reflex or  ba lance ,  might 
best  bc opera t iona l ly  def ined as measu re s  of  " 'initial sen- 
s i t ivi ty '"  [141. On the o t h e r  hand ,  tes t s  tha t  quant i fy  t ime of  
r e c o v e r y  and b lood a lcohol  c o n c e n t r a t i o n  (BAC)  at t ime of  
r ecove ry ,  e.g. ,  in j u m p  p e r f o r m a n c e  or  " ' s leep t i m e "  (regain 
of  r ight ing reflex),  may e n c o m p a s s  e l emen t s  of  bo th  initial 
sens i t iv i ty  and acu te  to le rance .  Dif ferences  in sens i t iv i ty  to a 
single,  admin i s t e red  dose  o f  e thanol  may,  the re fo re ,  ar ise  
f rom a d i f fe rence  in initial sens i t iv i ty ,  acu te  to l e rance  devel-  
o p m e n t  or  bo th  ll51. 

We repor ted  that  the se lec t ively  bred,  a lcohol -pre fe r r ing  
(P) and  a l coho l -nonpre fe r r ing  (NP) lines of  rats  differ  in sen- 
si t ivi ty to single,  s eda t ive -hypno t i c  doses  of  e thanol ,  as 
measu red  by the j u m p  test  [7]. Pe r fo rmance  of  the P rats  
r e c o v e r e d  within a sho r t e r  per iod of  t ime than that  of  the  N P  
rats  and  BAC dur ing  the r ecove ry  phase  was h igher  in the P 
than in the  N P  rats. The re  was no d i f fe rence  in a lcohol  
metabol ic  rate be tween  the lines. To what  ex ten t  initial sen- 
si t ivi ty and acu te  to l e rance  d e v e l o p m e n t  con t r i bu t ed  to the  
d i f fe rence  could not bc a s se s sed  with the expe r imen t a l  de- 
sign emp loyed  in that  s tudy.  The  e x p e r i m e n t s  desc r ibed  here  
e x a m i n e  separa te ly  w h e t h e r  the P and  N P  rats  differ  in initial 
sens i t iv i ty  or  the rapidi ty  of  d e v e l o p m e n t  o f  acu te  to le rance  
th rough  m e a s u r e m e n t s  of  brain e thanol  con ten t  at t ime of  
loss o f  aerial  r ight ing reflex (ARRI and by c o m p a r i s o n s  of  
BACs  at t imes of  r ecove ry  of  j u m p i n g  pe r fo rmance  fol lowing 
two doses  of  e thano l  g iven  in success ion .  

MEIHOD 

Adult ,  male P and  N P  rats  weighing 25~N-350 g were  
housed  individual ly  in a t empera tu re -  and humidi ty-  
con t ro l l ed  e n v i r o n m e n t  with a 12 hr  day-night  cycle  (8:(X) 
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a.m.-8:(~) p.m.,  light and 8:00 p .m.-8:00 a.m. dark). A 
standard solid laboratory diet (Wayne Lab-Blox,  Allied 
Mills, Inc.,  Chicago,  ILl and water  were freely available 
throughout  the exper iment .  The ethanol preference scores 
were  determined for all animals at the end of  the exper iment .  
The  preference  testing procedure  has been previously de- 
scribed [6]. 

A jumping  apparatus similar to that descr ibed by Tullis et 
a l .  [17] was used to assess the acquisi t ion of  acute  tolerance.  
Briefly, the apparatus is designed such that a rat placed on a 
grid floor must j u m p  onto a descending platform to avoid or  
escape  shock.  The animals were given 10 days of  training on 
the apparatus.  The height jumped ,  measured from the top of  
the grid floor to the top of  the platform by a permanent ly  
mounted  meter  stick, was determined when the animal had 
at least three paws grasping the top of  the platform. By this 
cri terion,  all the rats jumped  at least 45 cm on every  trial at 
the end of  the training period. Training and testing on the 
apparatus  was performed be tween  8:00 a.m. and 3:00 p.m. 

After  the rats were trained, they were  required to j u m p  to 
a height of  35 cm following an intraperi toneal  (IP) injection of  
2.0 g ethanol/kg (I,). We have previously established that P 
rats would need at least 30 rain to j u m p  35 cm at which time 
blood and brain alcohol concent ra t ion  are similar after the IP 
injection of  ethanol  [7]. When this cri terion was attained 
('1"~), a blood sample for alcohol  content  ( B A C 0  was drawn 
from the retro-orbital  sinus [12]. An additional 1.0 g 
e thanol /kg was then administered intraperi toneal ly (1~). The 
animals  were  again tested in the apparatus until they could 
j u m p  35 cm. At this t ime (TO, another  blood sample (BAC~) 
was drawn and the exper iment  terminated.  Additional blood 
samples were taken from the NP rats 33 and 52 min after 
their  l~ and I~, respect ive ly ,  even  though they could not j ump  
35 cm. This was done to compare  the BAC in the NP group 
with that of  the P group which could j u m p  the cri terion 
height at these post inject ion times. 

Loss  of  the aerial righting reflex (ARR) was induced, in a 
separate  group of  P and NP animals,  by the [P injection of  3 g 
ethanol/kg.  One minute after the injection, each rat was 
placed on its back in a Plexiglas restrainer  and dropped onto 
a towel  suspended 37 cm below the restrainer.  Each animal 
was retested every  15 sec thereaf ter  and was judged to have 
lost the righting reflex when it could not right i tself on three 
consecu t ive  trials. At this t ime. the rat was immediate ly  de- 
capi tated with a guillotine and the head promptly immersed 
in liquid nitrogen. The t ime be tween  loss of  righting reflex 
and immersion of  the head in liquid nitrogen was kept to less 
than four sec. 

Ethanol el imination curves  were determined in different 
groups of  P and NP rats (n=5/group).  Thc double injection 
paradigm used in the tolerance test was fol lowed and le was 
given at 30 min. A BAC sample was drawn at 30 min, im- 
mediately before I~ was given. Fol lowing le, four blood 
samples were drawn at 20 min intervals,  following which 
four additional samples were  taken at 30 min intervals.  Thus 
a total of  nine BAC determinat ions  were made ove r  an 
elapsed time of  230 min. 

Blood samples were col lected in heparinizcd capillary 
tubes. After  centr ifugat ion,  the plasma fraction was sampled 
for ethanol  content  by direct injection into a Hewlet t -  
Packard 5730A gas chromatograph equipped with a flame 
ionization de tec tor  and a 3380A integrator.  The glass col- 
umns were packed with 5(Y'~, Porapak Q and 50% Porapak R 
(100/120 mesh) and the oven tempera ture  was 105 ° . 
n-Propanol was used as the internal standard.  Brain alcohol 

I A B L E  1 
BRAIN E T H A N O L  CONI 'EN]"  OF MALl/. P AND NP RATS A t  ' l IME OF 
I+OSS OF AERIAl .  R I G H T I N G  REFI .EX (3 g E T H A N O I . k g  BODY 

WI-IGHT, IP) 

Body Weight Time Ethanol Content 
N g min mgg 

P 8 301 :. 17 2.53 ' 0.10" 2.89- 0.17 

NP 8 284 z 12 2.13 + 0.05 3.00 ' 0.15 

Mean _~ SEM. 
*t, .~ 0.005. P vs. NIL 
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FIG. I. Typical patterns of jumping performance for a P and NP rat. 
Each animal received 2.0 g ethanol/kg l| ,) at T. and 1.0 g ethanol/kg 
(1.:1 when the jump test criterion (35 cml was met. BAC samples 
were drawn from the retro-orbital sinus when the jump criterion was 
achieved after I, and 1~,. 

content  was determined as previously described [7] except  
that in the present study, the head was frozen in  tot+) and the 
brain ext irpated when the tissue was frozen to a soap-like 
consis tency.  

The results arc expressed as mean values_+SEM. Either 
an independent  or a paired t-test was used to determine the 
statistical significance of  the differences be tween the means. 

RESULTS 

Both P and NP  rats lost the ARR within 3 rain of  the IP 
injection of  ethanol ,  3 g/kg body weight.  Although the NP 
rats responded more quickly than did the P rats, the brain 
alcohol  content  at the time of  loss of  ARR was not signifi- 
cantly different be tween the two groups (Table 1). Hence .  
the initial sensitivit ies of  the P and NP rats are not different. 
The  difference in the time of  loss of  ARR may indicate a 
small difference be tween  the two groups in the initial rate of  
ethanol absorpt ion and/or  distribution. 

Figure l compares  the jumping performance  of  a P and an 
NP rat following the injection of  two success ive  doses 
(It =2.0 and I~= 1.0 g/kg) of  ethanol.  The P rat recovered  to 
the cri terion level of35  cm following I~ in 30 rain and BAC at 
this t ime (BAC.)  was 247 mg percent.  !~ was given im- 
mediately thereaf ter  and recovery  from the second dose took 
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T A B L E  2 
EFFECTS OF IP INJECTIONS OF ETHANOL,  2,0 g;kg FOI.I .OWED BY 1.0 g:kg, ON THE T I M E I O  JUMP 

TO A HEIGHT OF 35 cm ANt) ON THE BAC OF P AND NP RATS 

Mean • SEM 

1, (2.0 g:kg) 1:~ 11.0 g.'kg) 

Grot, p (N) T, (rain) BAC, (mg':;) T, (min) BAC., (mgC~)  BAC.,-BAC, 

P(10) 33 .'- 0.5 250 + 5 52 = 5~ 343 _~ 6~ 90 _~ 7 

N P ( I I )  74 • 6* 234 _~ 5 + 124 ' 4"~ 295 • 6+,~ 61 + 5:!: 

*p- 0.(X)I and :i:p + 0.01 and ":.'p, 0.05,  P v,,. NP with independent t: ~p, 0.05 with paired/,  T_. ,,.s. 
q'~ and BAt',  vs. BAC,. 

52 min (Te). BAC:  at t ime of  r ecove ry  was 339 mg percen t .  In 
the N P  rat .  r e cove ry  to cr i ter ion from I~ took 82 min (T~I and 
BAC~ was 223 mg percen t .  I._, was given immedia te ly  thereaf-  
ter  and r ecove ry  to c r i te r ion  from the  second  dose  took 112 
min ('1:). BACe was 295 mg percen t .  

Tab le  2 s u m m a r i z e s  the  resul ts  of  10 P rats  and I I N P  rats  
s tudied in the m a n n e r  desc r ibed  above .  The  mean  T~ for the  
P rats  was sho r t e r  q~<0.001) than  that  for the  N P  rats  and  the 
mean  BAC,  for the  P rats  was h igher  q~<0./)5) than  that  for 
the  N P  rats.  At the  t ime that  the P group  had reached  cri te-  
rion af te r  I~ (T~=33 mint .  the N P  rats  were  still far be low.  
H o w e v e r .  the mean  BAC value for the N P g r o u p  at this t ime.  
266_+8 mgC~. was not  s ta t is t ical ly  different  from the BAC~ of  
the  P group.  250-':5 m g ~  (Fig. 21. 

Fol lowing the second  dose  o f  e thanol  (10. l 'z for the  P rats  
was again s ignif icant ly  s ho r t e r  than that  for the  NP rats  and 
the mean  BAC:  t\~r the P an imals  was again s ignif icant ly  
h igher  than  that  for the N P  rats (Table  2j. C o m p a r i s o n  of  the  
BACs  ob ta ined  52 min af ter  thei r  r e spec t ive  I~ again revea led  
s imilar  va lues  for the P and  N P  groups ,  345_+6 and 343_+9 
mb¢./~, r espec t ive ly  (Fig. 2). BACe-BAC, .  t aken  as the meas-  
ure of  d e v e l o p m e n t  of  to le rance ,  ind ica tes  that  bo th  the  P 
and N P  rats had deve loped  to le rance ,  but  that  the P an imals  
deve loped  to le rance  to a grea te r  degree  and /o r  did so more  
quickly than  did the  N P  rats.  

E thanol  e l imina t ion  cu rves  were  also d e t e r m i n e d  in the P 
and  N P  an imals  fol lowing the doublc  in jec t ion schedule ,  le 
was given at 30 s i n  af te r  I, in bo th  the P and  N P  animals  and 
BACs  were  m e a s u r e d  until  a total  of  230 s i n  had e lapsed  
(Fig. 2L No d i f fe rence  was d i sce rned  in blood e thanol  elimi- 
na t ion  be tween  the P and N P  lines. 

DISCUSSION 

Studies  in inbred s t ra ins  of  mice and select ively  bred  
lines of  rats  have  revea led  a re la t ionsh ip  be t w een  a lcohol  
p re fe rence  (or  vo lun ta ry  oral e thanol  c o n s u m p t i o n )  and sen- 
si t ivity to e thanol .  (As desc r ibed  in the In t roduc t ion .  sen- 
sit ivity to e thanol  is def ined as a r e sponse  to a lcohol  occur-  
ring within the t ime cour se  of  a single sess ion  of  tes t ing,  
which  e n c o m p a s s e s  bo th  initial sens i t iv i ty  and acu te  
to le rance . )  In inbred s t ra ins  o f  mice.  the  a lcohol -pre fe r r ing  
C57BI .  s t ra in  exhib i t s  a sho r t e r  sleep t ime fol lowing the  ad- 
min is t ra t ion  of  a hypno t i c  dose  of  e thanol  than do the  
a l coho l -nonpre fe r r i ng  DBA and BAI+B s t ra ins  [1 I]. In ra ts  
se lec t ively  bred  for a lcohol  p re fe rence ,  bo th  the AA 
(a lcohol -prefer r ing)  and  A N A  (a lcoho l -nonpre fe r r ing)  l ines 
ra ised in the Resea rch  l . abo ra to r i e s  of  the  Sta te  Alcohol  
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FIG. 2. Comparison of blood alcohol concentrations during an 
ethanol elimination study and during the jump test. In the blood 
ethanol elimination study, the P and NP rats received 2.0 g 
ethanol/kg at zero time and 1.0 g/kg at 30 rain. In the jump test, blood 
samples were drawn when the .jump criterion was achieved after I. 
and 1._,. This occurred at 33 rain and 85 rain in the P rat and at "/4 rain 
and 198 rain in the NP rat. Additional bloe, d samples were taken 
from the NP group at 33 rain and 126 rain (52 rain after I~) for 
comparison with the P group. 

Monopo ly  (Alko),  Hels inki .  F in land  [1] and the  P a n d  the N P  
lines deve loped  in our  l abora to ry  [4] exhibi t  d i f fe rences  in 
s leep- t ime,  the h y p o t h e r m i c  r e sponse  to e thano l  and dura-  
t ion of  pe r fo rmance  impa i rmen t  [5, 7, 10, 131. Both a lcohol-  
prefer r ing  lines are less sens i t ive  to the ac t ions  of  e thanol  
than  the i r  c o r r e s p o n d i n g  mmpre fe r r i ng  lines. 

T a b a k o f f  and  c o w o r k e r s  have  s h o w n  that  the  s leep- t ime 
d i f fe rences  in mice may  be caused  p r edominan t ly  by strain 
or  line d i f fe rences  in initial sens i t iv i ty  or  acu te  to le rance  
d e v e l o p m e n t .  In the C57BI+ and  DBA st ra ins ,  the fo rmer  
deve lops  acu te  to le rance  whereas  the la t ter  does  not [ 15]. By 
con t ras t ,  bo th  the se lec t ively  bred SS (shor t - s leep l  and  LS 
0ong-s l eep l  l ines of  mice do not deve lop  acu te  to l e rance  and 
the  d i f fe rence  in s leep t ime can be ent i re ly  a t t r ibu ted  to a 
d i f fe rence  in initial sens i t iv i ty  [16]. In this regard,  it is par- 
t icular ly s ignif icant  that  cor re la t iona l  s tudies  in HS 
( h e t e r o g e n o u s  s tock)  mice  have  revea led  a posi t ive  associa-  
t ion b e t w e e n  vo lun ta ry  e thanol  c o n s u m p t i o n  (preference)  
and  the acquis i t ion  of  acu te  to le rance .  It was suggested  that  
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as much  as 30 to 35 pe rcen t  of  the  va r i ance  in vo lun ta ry  
e thano l  c o n s u m p t i o n  may  be pred ic ted  by the  acquis i t ion  of  
to l e rance  or  vice versa .  In te res t ing ly ,  these  measu re s  did not  
a p p e a r  re la ted  to " in i t i a l  s e n s i t i v i t y "  [2]. H o w e v e r ,  in this 
s tudy,  the regain o f  ba l ance  fol lowing the first dose  of  
e thano l  was  e m p l o y e d  as the measu re  of  initial sensi t iv i ty .  
As a l ready  d i scussed ,  i n t e rp re t a t ion  based  on  this measu re  
a lone  can  be  c o n f o u n d e d  by the  o c c u r r e n c e  o f  rapidly devel-  
oping  acu te  to le rance .  N o n e t h e l e s s ,  the e s t ab l i shed  differ- 
ence  in e thanol  d r ink ing  p re fe rence  of  the  C57BL and  DBA 
s t ra ins  [9], the i r  initial sens i t iv i ty  as m e a s u r e d  by the loss of  
r ight ing reflex [15], and  the i r  abil i ty to deve lop  acute  
to l e rance  [ 15] are cons i s t en t  with  the  conc lus ions  of  the  HS 
s tudy.  

S ince  the P and  N P  rats  were  deve loped  f rom the bidirec-  
t ional  se lec t ion  for e thano l  d r ink ing  p re fe rence ,  it was  of  
in te res t  to d i sce rn  w h e t h e r  or  not  the  same or  s imilar  rela- 
t ionsh ips  as those  seen  in the HS, C57BL and  DBA mice 
per ta in  in these  rat  lines. As m e a s u r e d  by the  brain  e thano l  
c o n t e n t  at t ime of  loss of  ARR,  the P and  N P  rats  do not 
a p p e a r  to differ  in initial sens i t iv i ty  (Table  I). H o w e v e r ,  in 
the  j u m p  test ,  the i r  T~ and  BAC~ values  differed signifi- 
can t ly ,  sugges t ing  that  to l e rance  was deve lop ing  in the  P rats  
dur ing  this  t ime per iod or  that  bo th  the  P and N P  rats  were  
deve lop ing  to le rance ,  but  at di f ferent  ra tes  and /o r  to a differ- 
ent  degree  (Fig. 1, "Fable 2). The  resul t s  ob t a ined  with the  
s econd  dose  of  e thanol  indica te  tha t ,  indeed,  bo th  lines de- 
ve loped  to le rance ,  but  the  P line deve loped  to le rance  more  
rapidly and /o r  to a g rea t e r  degree  than  did the N P  lines (Ta- 
ble 2). The  blood e thano l  e l imina t ion  cu rves  of  P and N P  rats  
do not  differ  f rom each  o t h e r  e i ther  a f te r  a single 2 g/kg dose  
of  e thano l  [7] or  af ter  two success ive  doses ,  2 g/kg fol lowed 
30 min la ter  by I g/kg (Fig. 2). 

In the s tudies  with the  h e t e r o g e n e o u s  s tock  and inbred  
mice,  the a lcohol -pre fe r r ing  mice s h o w e d  little or  no capac-  
ity for acute  to le rance  d e v e l o p m e n t  12,15]. Thus ,  while the 
re la t ionsh ip  b e t w e e n  acu te  to le rance  d e v e l o p m e n t  and  vol- 

un ta ry  e thano l  c o n s u m p t i o n  here  d e m o n s t r a t e d  with the P 
and  N P  rats  is, in the main,  cons i s t en t  with tha t  seen in mice,  
they are not  identical .  This  is pe rhaps  not surpr is ing  in view 
of  the  probabi l i ty  that  each  of  these  and  o the r  a lcohol - re la ted  
t ra i ts  is polygenic  in na tu re  and they share  only  subse t s  of  
the  genes  [8]. Al te rna t ive ly ,  the a s soc ia t ions  may be fortuit-  
ous.  This  possibi l i ty  is of  conce rn  with bo th  inbred and 
se lec t ive ly  bred lines. The  t rueness  of  genet ic  cor re la t ions  
must  be tes ted  using genet ica l ly  segregat ing offspring de- 
r ived f rom phenotyp ica l ly  different  paren ta l  lines. 

C o m p a r i s o n s  of  this s tudy with our  ear l ier  repor t  [71 also 
revea led  that  bo th  P and N P  rats  r ecove red  more  rapidly in 
this  s tudy than in the p rev ious  one.  The  an imals  employed  in 
the  p rev ious  s tudy were  o lder  and heav ie r  (350-400 g) than 
those  used in the p resen t  s tudy.  The  da ta  suggest  that  
pe rhaps  o lder  an imals  are less able  to deve lop  acu te  
to l e rance  than  younger  ones .  This  re la t ionsh ip  is cur ren t ly  
u n d e r  s tudy.  Conce ivab ly ,  a c loser  c o r r e s p o n d e n c e  be tween  
the  da ta  f rom this  s tudy and  those  in the mice could have  
been  ob ta ined  if o lder  P and  N P  rats  had been  employed .  

Final ly,  it should  be noted  tha t ,  a l though  the  rapid acqui-  
s i t ion of  to l e rance  may be a fac tor  tha t  faci l i ta tes  sus ta ined  
high e thano l  in take ,  it may  have  little or  no mechan i s t i c  im- 
p o r t a n c e  with regard  to the  e thanol  dr inking b e h a v i o r  of  the 
animals .  With f ree-choice  dr inking,  the BACs  of  the P rats 
[4] and  the C57BL mice [3] n e v e r  app roach  those  experi-  
menta l ly  p roduced  in s tudies  of  acute  to le rance .  H o w e v e r ,  it 
is of  in teres t  that  low dose  (0.0625 to 0.5 g/kg) e thanol  has  
been  found to p roduce  s t imula t ion  in the P, but  not in the 
NP,  ra ts  as measu red  by s p o n t a n e o u s  mo to r  act ivi ty  [18]. 
The  re inforc ing  ac t ions  of  e thano l  in dr ink ing  behav io r  
should  pe rhaps  be sought  in this  and o the r  effects  of  low 
dose  e thanol .  
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