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SAMSON, H. H. AND J. L. FALK. Ethanol and discriminative motor control." effects on normal and dependent 
animals. PHARMAC. BIOCHEM. BEHAV. 2(6) 791-801 ,  1974. - The effects of ethanol on discriminative motor 
control were examined in rats using a task in which food pellets were made available if a manipulandum was held 
within a specified forceband for a fixed period of time. Following performance stabilization, the effects of acute doses 
of ethanol (1, 2, 3, and 4 g/kg) were determined. Then the animals were placed on a schedule-induced polydipsia 
regimen to produce chronic ethanol overdrinking. During this chronic ethanol overdrinking, daily performance on the 
discriminative motor task was measured. Further, the effects of additional acute doses of ethanol upon the task were 
determined. After various periods of ethanol overdrinking, the effects of short-term ( 5 - 1 0  hr) ethanol withdrawal upon 
the motor task were evaluated. Following 10 months of chronic ethanol overdrinking, the effects of complete ethanol 
withdrawal upon the motor task were examined. Prior to chronic ethanol exposure, only doses that produced blood 
ethanol levels above 120 mg/100 ml blood (3 .5-4  g/kg) affected motor performance to any degree. Following chronic 
ethanol overdrinking, blood levels of over 230 mg/100 ml blood were needed to produce any performance decrements, 
indicating the development of marked tolerance. Complete ethanol withdrawal was found to disrupt performance for 
up to 72 hr, which is similar to the time course noted in the human alcoholic abstinence syndrome. 
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THE E F F E C T S  of  a lcohol  over indu lgence  on  m o t o r  
capaci t ies  inc lude  defici ts  in coo rd ina t ion ,  s lowed r eac t ion  
tilmes, and  loss of  equ i l ib r ium as well  as o t h e r  gross m o t o r  
s y m p t o m s  [ 1 2 ] .  While small  to  m e d i u m  doses  of  e t hano l  
l eng then  r eac t ion  t imes  and  impa i r  m o t o r  p e r f o r m a n c e  on  
m o t o r  skill tasks in nondr inke r s ,  large e t h a n o l  doses are 
requi red  for  s imilar  effects  in pe r sons  phys ica l ly  depen-  
den t  u p o n  e thano l  [ 1 , 1 1 ] .  I t  is imposs ib le ,  however ,  using 
h u m a n  subjects ,  to  assess t he  changes  in p e r f o r m a n c e  
resu l t ing  in t he  n o n d r i n k e r  a f te r  con t ro l led ,  excessive, 
ch ron ic  e t h a n o l  in take .  

Ope ran t  behav io r  m a i n t a i n e d  by  food r e i n f o r c e m e n t  in 
rats  [8] and dogs [14]  has b e e n  examined ,  and  e thano l  
p:roduced l i t t le  or no  effect  un t i l  large doses were 
admin i s t e red .  In o t h e r  inves t iga t ions  in ra ts  [ 5 , 9 ] ,  
m a i n t e n a n c e  of  pos i t i on  on  a mov ing  be l t  was used to  
evaluate  the  ef fec t  of  acute  and  of  sho r t - t e rm  chron ic  
e t h a n o l  doses. With acute  doses,  on ly  b lood  e t hano l  levels 
grea ter  t h a n  200  rag /100  ml  s igni f icant ly  a f fec ted  perfor-  

mance.  Af te r  14 days of  chron ic  e t hano l  admin i s t r a t i on ,  
the  dose-effect  curve moved  to the  right,  ind ica t ing  
to le rance .  Wi thdrawal  resul ted  in a r e tu rn  to the  acute  
dose-effec t  re la t ion.  O t h e r  m o t o r  tests  have been  used 
wi th  rats, b o t h  wi th  acute  and ch ron ic  e thano l  dosage 
rou t ines  [ 7 , 1 3 ] ,  b u t  for  the  mos t  part ,  all tasks have 
requi red  large doses which  p roduce  r a the r  severe m o t o r  
i m p a i r m e n t  in o rde r  to  de tec t  e t hano l  effects  (i.e., gross 
ataxia).  

Unt i l  r ecen t ly ,  t he re  were no  an imal  p repa ra t ions  t ha t  
would  vo lun ta r i ly  self-ingest large quan t i t i e s  of  e t hano l  to  
the  po in t  of  b e c o m i n g  physica l ly  d e p e n d e n t  while  main-  
t a in ing  a posi t ive  weight  ba lance  ( for  a review of  the  
p r o b l e m s  and  p repa ra t ions ,  see Mello [ 1 0 ] ) .  We [4] have 
deve loped  a p r epa ra t i on  t h a t  will vo lun ta r i ly  ingest  large 
daily a m o u n t s  of  e t h a n o l  (13.1 g/kg).  Af te r  th ree  m o n t h s  
of  this  daily e t hano l  dr inking,  these  an imals  show severe 
wi thdrawal  reac t ions  w h e n  wate r  is subs t i t u t ed  for  the  
e thanol .  
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Falk [2[  has descr ibed a d iscr iminat ive  m o t o r  task in 
which  food is made  available w h e n  the  an imal  ho lds  a 
lever wi th in  specified force l imits  for  a given per iod  of  
t ime.  This d iscr iminat ive  m o t o r  task was d i f fe ren t ia l ly  
sensit ive to  var ious drugs, p roduc ing  specific dose-response  
f u n c t i o n s  for  a m p h e t a m i n e ,  ch lo rp romaz ine ,  pen to -  
barbi ta l ,  etc. This m o t o r  task was used to  explore  t h e  
effects  of  b o t h  acute  and chron ic  e thano l  ingest ion.  

METHOD 

Anirnals 

Four  male, a lb ino  rats  ( H o l t z m a n  strain) ,  weighing 
3 8 5 - 4 0 5  g were used. Body weights  were reduced  to  80% 
of  the  f reefeeding weight  b y  l imi t ing food  in take .  They  
were ma in ta ined  at this  level for  the  first phase  of  the  
expe r imen t .  

Force Measuremen t  

The basic design of  the  force  appara tus  (see Fig. 1) was 
previously descr ibed [2 ,3 ] .  The  animal  c h a m b e r  was made  
of  Plexiglas wi th  stainless steel f ron t  and  rear  panels.  On 
the  f ron t  panel,  the  force m a n i p u l a n d u m  was covered (see 
Fig. I, uppe r  left  inser t )  such t ha t  the  an imal ' s  access was 
l imi ted so t ha t  on ly  a single paw could rest  u p o n  the  
m a n i p u l a n d u m .  On the  oppos i te  side of  the  f ron t  panel ,  a 
food cup and pel let  del ivery baff le  was m o u n t e d .  In the  
cen te r  of  the  f ron t  panel,  a lmost  at  the  top ,  was an audio  
genera tor  (Sonaler t ,  Mallory),  which  was used as an audio  
feedback  wi th  respect  to  pe r f o r m ance  on  the  force lever. 

The force m a n i p u l a n d u m  (see Fig. 1, upper  right 
insert)  was suspended  by  a p h o s p h o r - b r o n z e  leaf spring 
(0 .20 m m  thick) .  I ts m o v e m e n t  was regulated by  a s top 
on  top,  and  the  pressure t r ansduce r  drive rod c o n n e c t e d  
to the  force adap t o r  un i t  ( S t a t h a m ,  Model  UL4)  on  the  
b o t t o m .  The  t r ansduce r  was a S t a t h a m  I n s t rumen t s ,  
Model  UC3 st ra in  gauge cell m o u n t e d  to  the  Model  UL4  
load cell accessory.  The t r ansduce r  was coupled  to a 
S t a tham Model  S C l l 0 0  bridge amplif ier ,  such t ha t  the  
to ta l  t r ansducer  o u t p u t  (range 0 - 5 0 g )  was be tween  
0 .040  and  1.00 V DC. 

The o u t p u t  of  the  bridge ampl i f ier  was fed di rect ly  
into  an analog inpu t  of  a Lab-8 digital c o m p u t e r  (Digital  
E q u i p m e n t  Corp.) ,  wh ich  was p r o g r a m m e d  to sample the  
inpu t  once every 12 msec. The sample was analog-to- 
digital (A/D)  conver ted  and  processed before  the  next  
sample was taken.  The  digital sample was accura te  to  
0 .196 g (+0.10 g). 

The c o m p u t e r  was p r o g r a m m e d  to com pa r e  each A/D 
convers ion  to a set of  u p p e r  and lower  numer ica l  limits. 
It then  d e t e r m i n e d  when  the  response  force had remained  
for  a p r ede t e rmined  t ime  wi th in  those  l imits  and rein- 
forced this  response  b y  del iver ing a food  pellet  when  such 
cri teria had been  met.  The program al lowed for the  
e x p e r i m e n t e r  to set the  uppe r  and  lower  l imits of  the  
force band ,  to  set the  l eng th  of  t ime  the  response  mus t  
remain  in-band for  r e i n f o r c e m e n t  to  occur,  and  how 
m a n y  pellets  were to  be del ivered per  session. At  the  end 
of  a session the  c o m p u t e r  r e tu rned  the  fo l lowing data:  
to ta l  session t ime,  t ime  respond ing  on the  lever (a 
m i n i m u m  response  force of  at least 0.5 g was requi red  to 
be classed as response  occur rence) ,  response  t ime  in-band,  
response  t ime  above  band ,  and n u m b e r  of  band  en t rances  
( b o t h  f rom be low and above band) .  

Using these  data,  t he  fo l lowing m o t o r  pe r fo rmance  
measures  could be calcula ted:  (1)  Eff ic iency in-band:  
m i n i m u m  possible  in-band t ime  required to ob ta in  all 
p r o g r a m m e d  pellets  divided by  the  ac tual  t ime  spent  
in-band,  (2)  Tonic  accuracy:  t ime  spent  in-band divided 
by  to ta l  t ime  spent  responding,  (3) Work rate:  to ta l  t ime  
spent  r e spond ing  divided by  session t ime,  (4) Mean 
in-band t ime:  in -band  t ime  divided by  the  n u m b e r  of  
band  ent rances .  Also, the  to ta l  n u m b e r  of  band  en t rances  
was used a lone  as a measure  of  dyskinesia.  

The  in -band  ef f ic iency measure  had a fixed n u m e r a t o r ,  
as the  session always consis ted of  50 pel let  deliveries, 
making  the  m i n i m u m  possible  t ime in-band to earn all 
p r o g r a m m e d  pellets  equal  to  75 seconds ( 5 0 ) ~  1.5 sec)L 
Thus,  if t he  an imal  went  in to  band ,  held in-band for  the  
1.5 seconds  required w i t h o u t  leaving, and exi ted f rom 
band  exact ly  at the  t ime  of  pellet  delivery, this  ra t io  
measure  would a p p r o x i m a t e  1.00. There  were two  ways 
to  p roduce  decreases in this  measure.  First ,  if the  
response  wen t  in to  band ,  bu t  did no t  r emain  long e n o u g h  
to o b t a i n  a r e in fo rcemen t ,  the  d e n o m i n a t o r  was increased.  
Second,  if a f te r  a r e i n f o r c e m e n t  was delivered,  the  
response  c o n t i n u e d  for  a per iod before  d ropp ing  ou t  of  
band ,  b u t  no t  long enough  to o b t a i n  a second pellet ,  the  
pos t -magaz ine  ope ra t i on  in-band t ime  would also p roduce  
an increase in in -band  t ime  and  a resul t ing decrease  in 
eff iciency.  

The  measure  of  ton ic  accuracy  approached  1.00 as the  
to ta l  t ime  spent  r e spond ing  approached  the  t ime  spen t  
in-band.  At  first it would appear  tha t  as accuracy  
improved ,  so also should  efficiency.  However,  while in 
general  th is  appeared  to be the  case, it did not ,  in fact ,  
have to occur.  While mos t  of  the  an imal ' s  t ime  r e spond ing  
might  have been  in-band,  if he did no t  hold  in-band long 
enough  to meet  the  r equ i r emen t s  for  r e in fo rcemen t ,  his 
eff ic iency could be very low, while ma in ta in ing  an 
ex t r eme ly  high tonic  accuracy.  

Work rate  was an i n d e p e n d e n t  measure  of  the  a m o u n t  
of t ime  the  an imal  was r e spond ing  on  the  lever compared  
to the  t ime  in which  he was engaged in o the r  behaviors  
(i.e., eating,  grooming,  etc.). While work rate  could be  
e i ther  close to 1.00 ( the  animal  was responding  dur ing  
most  of  the  to ta l  t ime  in the  box )  or very close to zero 
(very l i t t le  r e spond ing  while spending  a long t ime  in the  
box  to comple te  the  50 pellet  session), the  o the r  
measures  could be close to one  or zero comple te ly  
i n d e p e n d e n t  of  the  work rate. 

The  measure  of  mean  in-band t ime  had several ways in 
which  it could be affected,  depend ing  on  the  m a n n e r  of  
the  occurr ing dyskinesia.  An  animal  could,  for  example ,  
have a h igh t r e m o r  rate and  en te r  and exit  the  band  m a n y  
t imes  while no t  bui ld ing  up  m u c h  in-band t ime.  He could  
also have the  same n u m b e r  of  en t rances  and exits  bu t  
spend a lot of  t ime  in-band.  Thus,  it is possible to  have 
a lmost  an ident ical  n u m b e r  of  b a n d  en t rances  for great ly 
d i f fe rent  mean  in-band scores. 

Besides processing the  force pe r fo rmance  onl ine  wi th  
the  compute r ,  the  analog o u t p u t  f rom the  force t rans-  
ducer  was recorded  on magnet ic  tape (Sony  model  
4~FC-366-4) a f te r  passing t h r o u g h  an FM conver te r  (A.R.  
Vet ters ,  0 - 1 0 0 0  Hz range). These t aped  records  were 
then  used to make  b o t h  pho tog raph i c  or po lygraph ic  
records  to  d e t e r m i n e  if specific t r e m o r  change was 
associated wi th  the  behaviora l  results. 
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FIG. 1. Force Apparatus. Insert in upper right shows the lever construction. Insert in upper left shows front of animal chamber with 
manipulandum shield and food cup. (A) Phosphor-bronze spring and housing. (B) Lever stop. (C) Manipulandum. (D) Force transducer 

converter head. (E) Force transducer. (F) Shield for lever. (G) Food cup. (H) Pellet dispenser. (I) Audio feedback speaker. 
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Experimental Procedure 

The experiment was done in four major phases. Each 
phase was completed for all animals before the next phase 
was begun. As far as possible, conditions for all animals 
remained equal. However, some individual manipulations 
for specific problems were made, and will be reported in 
the results. 

Phase One. (Initial training and baseline determina- 
tion.) This phase entailed force response training. The 
animals were reduced to 80% of their freefeeding body 
weights. They were housed in individual cages with water 
available 24 hr a day. Their weights were maintained at 
80% by the use of  food supplements given after they had 
completed their daily session on the force task. After 
shaping the animals to hold the manipulandum for at 
least 200 msec (for details see [2]),  the force limits (the 
band width) were made smaller than the total output of 
the force lever and the animals were thus trained to hold 
the bar with a force greater than 0.5 g and less than 
50.0 g for the required time. Each session consisted of  50 
reinforcements. Slowly the band width and hold time 
were changed to make the task more difficult. When the 
animals reached a difficult performance level, a 10 session 
baseline was obtained. Then the response criteria were 
made more difficult, and the baseline was redetermined. 
This procedure was repeated until it became evident that 
performance did not improve, but rather deteriorated. 
The band width and hold time were then set to the 
immediately preceding level at which stable behavior had 
been obtained, and 20 days of baseline performance were 

obtained. 
Phase Two. (Acute ethanol dose-effect determination.) 

Following the 20 day baseline procedure, the effect of 
acute doses of ethanol were determined. Body weight was 
maintained as in Phase One. Doses of either 1, 2, 3, or 4 
g/kg were administered before a session. Each animal 
received each dose 3 times. At least two nondrug days 
occurred between drug sessions. To ensure that blood 
ethanol concentrations would be at their maxima for the 
specific dose at the beginning of drug sessions, a pilot 
study was performed to determine blood alcohol elimina- 
tion curves for the respective doses. The enzymatic 
method, as previously described [4],  was used to deter- 
mine blood ethanol levels. These data showed that the 
1 g/kg dose produced a peak blood level after 1 hr. For 
the 2 g/kg dose, 2 hr were required for maximum blood 
levels to be attained. For 3 g/kg, 21A hr was the appro- 
priate time, while 3 hr was required for the 4 g/kg dose. 
Thus, the time from dose administration to session onset 
was varied according to .the above regimen. 

All doses were of 157o (v]v) ethanol, given into the 
stomach by intragastric tube. The tube was inserted while 
the animal was lightly anesthetized with ether. Both ether 
and physiological saline (volume equal to the 4 g/kg 
ethanol dose) control conditions were administered. 

Thus, data were gathered for 6 conditions to compare 
against baseline: (1) ether control (ether anesthesia only), 
(2) saline, and (3) to (6), doses of 1, 2, 3, or 4 g/kg 
ethanol. From these data, dose-effect curves for ethanol 
were determined. While these ethanol doses provide a 
caloric source which could conceivably attenuate perfor- 
mance on this food-reinforced task, previous results [21 
indicated no performance decrement resulting from 
prefeeding at these caloric levels. 

Phase Three. (Ethanol dose-effect determination under 
chronic ethanol maintenance.) After the determination of 
the dose-effect curves in Phase Two, the animals were 
placed into individual Plexiglas cages into which 45 mg 
food pellets (Noyes Co.) could be automatically delivered 
from a Gerbrands pellet dispenser. Fluid was available 
from a stainless steel, ballbearing drinking spout (Ancare 
#TD-300) which was attached to a 250 ml graduated 
cylinder. In this phase, the only available fluid was 5% 
(v/v) ethanol (1 ml of 5% ethanol provides 0.2816 Kcal). 
Pellets were delivered on a schedule which had previously 
been shown to induce high, chronic ethanol intake [4].  
In this schedule, pellets were automatically delivered 
every 2 min for 1 hr. Then, a 3 hr period, during which 
no food was delivered occurred, followed by another 1 hr 
food delivery period. This 3 hr o f f -1  hr on regimen was 
continuous, 24 hr per day. Thus, in each 24 hr period, 
there were 6 one-hour food delivery periods, spaced 3 hr 
apart, delivering 6 × 30 ---- 180 food pellets. While on this 
schedule, the daily force sessions described above were 
continued. These sessions occurred starting at 11 a.m., 
during the 10 a .m.-1 p.m. 3 hr off period. 

After one month on the above alcohol-drinking sched- 
ule, the effects of short-term withdrawal of alcohol on 
the force performance were determined. Water was 
substituted for the ethanol on the animals' cages. Both 
5 hr and 10 hr ethanol withdrawal periods were tested. 
These were termed the early, short-term withdrawal tests. 

Following these withdrawal tests, the ethanol schedule 
was maintained for at least 2 more months, with daily 
sessions on the force task reduced to every other day. 
Then, a repeat measure of the dose-effect curve for 
ethanol was performed. The doses were administered in 
addition to the ethanol intake occurring in connection 
with the food-schedule regimen. Blood samples were 
taken 15 rain prior to some force sessions to determine 
blood levels associated with a given performance. This was 
necessary because of the variable starting blood ethanol 
levels of the animals. Control blood samples also were 
taken before some nonethanol sessions to determine 
resting blood ethanol levels. 

Following the redetermination of the dose-effect 
curves, two more 5 and 10 hr withdrawal sessions were 
given. These were termed the late, short-term withdrawal 
tests. 

Phase Four. (Ethanol withdrawal.) This was the final 
phase of the experiment. It consisted of complete ethanol 
withdrawal. As before, withdrawal was accomplished by 
substituting water in place of alcohol in the food-delivery 
schedule situation. Food supplements were given, such 
that current body weights were maintained. Daily sessions 
on the force task were administered for the next 14 days, 
and then every other day for a total of 30 days post- 
withdrawal. 

RESULTS 

Phase One: Training and Baseline 

All 4 animals were able to hold the force lever in-band 
for the criterion time of 1.5 sec. Three animals (G24, G25 
and G26) could perform this criterion hold-time with a 
band width of 17 g (18 g -35  g), while the fourth (G23) 
required a larger band width of 18 -39  g (21 g width). 
The final, 20 day mean baseline values are shown in 

Fig. 2. 
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FIG. 2. Force performance measures as a function of acute ethanol dose (IG). (B) Baselines calculated from means of 20 days of performance 
prior to first ethanol dose. (E) Mean of 4 ether control doses. Values for 3.5 g/kg dose are based on the mean of two observations on one 

animal. 

Phase Two: Acute  Ethanol Effects 

Dose-effect  re la t ions  are p re sen ted  in Fig. 2. With  a 
load of  1 g/kg, a slight decrease  in in -band  ef f ic iency  was 
found .  In general ,  t he re  was also a decrease  in ton ic  
accuracy  and  work  ra te ,  as seen in the  overal l  data ,  bu t  
only  2 of  the  4 an imals  ac tua l ly  decreased.  Three  ou t  of  
four  an imals  decreased in m e a n  in -band  t ime.  The 
measure  of  dyskines ia  ( b a n d  en t r ances )  wen t  up  overall ,  
w i th  t h r ee  animals  showing  increases.  

A t  dose  levels o f  2 and  3 g/kg, in -band  ef f ic iency  was 
af fec ted  the  same as wi th  a 1 g/kg dose, a slight decrease.  
Tonic  accuracy  showed  a progressive decrease  as the  dose 
was increased,  as did work  rate.  Mean in -band  t ime  
showed  l i t t le  d i f fe rence  f rom a 1 g/kg dose,  w i th  a slight 
r e t u r n  towards  basel ine.  Perhaps  the  mos t  s t r iking and 
u n e x p e c t e d  effects  were seen on  dyskinesia ,  w i th  all 
an imals  r e tu rn ing  to  basel ine  or  even be low base l ine  at  
these  doses. 

At  a dose of  4 g/kg, on ly  2 of  the  4 an imals  
r e sponded .  The  an imals  which  failed to  r e spond  were la te r  
t e s ted  at  a dose of  3.5 g/kg. Only  1 of  the  2 would  
r e spond  at this  dose. His da ta  show effec ts  b e t w e e n  those  
at  3 g/kg and  4 g/kg. 

At  t he  4 g/kg dose,  force  p e r f o r m a n c e  was great ly  
a f fec ted .  In -band  eff ic iency,  ton ic  accuracy ,  and work  

rate  were great ly reduced .  In te res t ing ly ,  mean  in-band  
t ime  was basical ly the  same as baseline.  This  is a resul t  of  
b o t h  a decrease  in ef f ic iency and increased dyskinesia ,  
w i th  the  increased dyskines ia  as the  more  inf luent ia l  
effect .  

Figure 3 shows sample  force records  for  one  an imal  
( G 2 4 )  to  d e m o n s t r a t e  the  pa t t e rn s  of  fo rce- responding  at 
t he  dose levels o f  e thano l  admin is te red .  Since all an imals  
s h o w e d  i n d i v i d u a l ,  charac ter is t ic ,  n o r m a l  response  
pa t te rns ,  t he  observed  effects  on  response  p a t t e r n  were 
s o m e w h a t  d i f fe ren t  for  the  var ious  doses in each animal .  
Pr ior  to  the  start  of  basel ine  d e t e r m i n a t i o n  ( 1 1 / 2 / 7 1 ) ,  a 
great  a m o u n t  of  b a n d  search r e spond ing  occurs.  However ,  
at the  c o m p l e t i o n  of  basel ine  ( 1 2 / 2 7 / 7 1 )  and dur ing  the  
d e t e r m i n a t i o n  of  the  acute ,  e t h a n o l  dose-effect  curves 
( 1 / 3 / 7 2 ) ,  en t r ance  in to  b a n d  was fair ly direct .  The lever 
was held in-band  un t i l  pellet  del ivery and  was t h e n  
immed ia t e ly  released. 

With a dose  of  1 g/kg, the  response  p a t t e r n  is more  
like prebase l ine  behav io r  ( 1 1 / 2 / 7 1 )  t han  t ha t  observed 
2 4 h r  pr ior  to  the  dose ( 1 2 / 2 7 / 7 1 ) .  However ,  a dose of  
2 g/kg resul ted  in response  pa t t e rn s  similar to  basel ine  
pe r fo rmances .  

With  loads of  3 and  4 g/kg, the  response  pa t t e rn s  
ind ica te  great  d i f f icul ty  in ma in ta in ing  response  force 
in-band.  
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FIG. 3. Sample force performance records for Rat G24 prebaseline, baseline, and acute ethanol load (1- 4 g/kg, IG) conditions.  
(Arrows indicate pellet delivery. Lower line indicates zero force level; middle and upper lines mark off  limits of  the required force 

band.) 

T A B L E  1 

CHRONIC MONTHLY VALUES {MEANS) FOR BODY WEIGHT, 5% ETHANOL INTAKE AND g ETHANOL/kg BODY WEIGHT* 

Rat (;23 Rat G24 Rat G25 Rat G26 

month  wt intake (ml) g/kg wt intake (ml) g/kg wt intake (ml) g/kg wt intake (ml) g/kg 

1 308 94 12.07 323 96 11.73 309 59 7.63 324 104 12.70 

2 315 112 14.1t 336 l l 2  13.22 308 72 9.28 323 120 14.72 

3 333 111 12.26 358 102 11.27 311 75 9.53 339 128 14.93 

4 351 110 12.39 367 93 10.05 315 69 8.70 338 121 14.22 

5 370 104 11.16 404 67 6.62 334 72 8.53 384 117 12.15 

6 346 99 11.37 374 92 9.72 325 76 9.23 376 114 12.10 

7 364 106 t l . 57  383 94 9 .75  356 75 8.37 386 112 11.52 

8 380 106 11.04 397 95 9.50 359 78 8.58 395 115 11.61 

9 392 107 10.82 403 95 9.37 369 76 8.18 399 116 11.56 

1(I 397 112 11.16 394 122 12.25 

*One ml of 5% ethanol provides 0.2816 Kcal 

P h a s e  T h r e e :  C h r o n i c  E t h a n o l  A d m i n i s t r a t i o n  

E t h a n o l  i n t a k e .  In  T a b l e  1, t h e  average  m o n t h l y  
w e i g h t s ,  i n t a k e  o f  5% e t h a n o l  (ml ) ,  and  g / k g  o f  a b s o l u t e  
e t h a n o l  t a k e n  are s h o w n  fo r  t h e  9 - 1 0  m o n t h  p e r i o d  in  
w h i c h  t h e  a n i m a l s  c h r o n i c a l l y  i n g e s t e d  e t h a n o l ,  24  h r  pe r  
day .  T h r e e  o f  t h e  4 a n i m a l s  s h o w e d  i n t a k e s  d u r i n g  t h e  

f irst  3 m o n t h s  t h a t  were  e q u a l  to  t h o s e  r e p o r t e d  b y  Fa lk  
e t a l .  [ 4 ] .  O n e  a n i m a l  ( G 2 5 )  fa i led to  d r i n k  ove r  10 g / k g  
at  a n y  t i m e .  

All  a n i m a l s  ga ined  w e i g h t  ove r  t h e  i n t a k e  pe r i o d ,  a n d  
as w e i g h t  i n c r e a s e d ,  t h e  g / k g  d e c r e a s e d  s o m e w h a t ,  n o t  
b e c a u s e  o f  a d e c r e a s e  in m l  i n t a k e ,  b u t  r a t h e r  b e c a u s e  o f  
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CHRONIC ETHANOL INTAKE BASELINE RESPONDING 
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FIG. 4. Sample force performance records for Rat G24 at various 
dates during chronic ethanol ingestion. (Blood sample controls: 

blood sampled 15 min prior to session.) 

the  increased weight .  In take volumes remained stable af ter  
the  second mon th .  

During the  f if th m o n t h ,  because o f  the large weight  
increases,  a decrease in the  n u m b e r  of  p rogrammed  pellets 
was inst igated.  Food  pellets were omi t t ed  every second 
day for a 10 day period.  This succeeded in p roduc ing  a 
mild b o d y  weight  loss, as shown  in the  decreased mean 
weights of  the sixth mo n t h .  

Force performance. For  the  first 7 - 1 0  days of  chronic  
e thanol  intake,  only a slight d i s rupt ion  in force perfor-  
mance  occurred.  Pausing behavior  increased which led to 
modera te ly  decreased work rates. A slight increase in 
dyskinesia occurred,  but  this was wi thin  the normal  range. 
As has been  previously no ted  [4 ] ,  animals under  
schedule- induced e thanol  in take cond i t ions  are slightly 
ataxic during the  first week on this procedure .  But no 
great degree of  m o t o r  impa i rmen t  occurred.  

Over the  10 m o n t h  dr inking period,  the only  major  
effect  seen on the daily cont ro l  pe r fo rmance  was a 
decrease in work rate which was coupled  wi th  body  
weight  gain. All o the r  measures  of  force pe r fo rmance  
remained stable during the  entire 10 mo n t h ,  chronic-  
ingest ion period.  Figure 4 presents  the response  pa t te rns  
for  the  same animal as Fig. 3. The figure il lustrates some 
of  the  variability observed in response  pa t te rns  during the 
alcohol  ingestion.  However,  similar variability was no ted  
before  the  animal was placed in the  chronic  e thanol  
intake si tuat ion.  

The effects  o f  the  early wi thdrawal  tests pe r fo rmed  at 
the  end of  the  first m o n t h  of  chronic  ingestion are 
presented  in Table 2. Fol lowing 5 hr wi thou t  alcohol,  all 
measures were affected.  However,  the major  effects  were 
seen in a greatly decreased work rate and an increased 
dyskinesia score. The animals showed some preconvulsive 
behaviors  when  handled,  and were obviously hyperact ive,  
which led to  more  t ime explor ing the exper imenta l  
chamber  instead of  responding,  result ing in lower work 
rate. Blood samples showed that  5 hr o f  wi thdrawal  
reduced the  b lood  e thanol  levels to  be low 30 rag/100 ml. 

The 10 hr wi thdrawal  p roduced  less effect  on the force 
parameters  than  the  5 hr  withdrawal .  Blood alcohol levels 
were at normal ,  base level (<5 rag/100 ml). The only  
measure af fec ted  was the dyskinesia score, which 
remained above baseline. 

The r ede te rmina t ion  o f  the  dose-ef fec t  curve under  
chronic  e thanol  intake condi t ions  was compl ica ted  in that  

TABLE 2 

CHANGES IN MEAN (±S.E.) FORCE PERFORMANCE MEASURES AS A FUNCTION OF 
ETHANOL WITHDRAWAL 

chronic ethanol 
baseline ingestion baseline 5 hr withdrawal 10 hr withdrawal 

Inband Efficiency 0.49 + 0.02 0.47 ± 0.04 0.38 + 0.05 0.42 + 0.04 

Tonic Accuracy 0.79 ± 0.03 0.75 -+ 0.04 0.65 + 0.10 0.72 + 0.04 

Work Rate 0.65 + 0.02 0.51 ± 0.04 0.33 + 0.11 0.48 + 0.05 

Mean Inband Time 0.30 + 0.02 0.28 -+ 0.04 0.24 + 0.03 0.28 + 0.04 

Dyskinesia 800 -+ 98 762 ± 118 1347 ± 291 1112 + 276 
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any administered dose  was in addi t ion  to an ex is t ing  
variable b lood  level.  With a resting b lood  level o f  b e t w e e n  
70 and 150 m g / 1 0 0  ml, an IG dose  o f  4 g / k g  general ly  
brought  b lood  levels  over the 350  m g / 1 0 0  ml level,  wh ich  
placed the animal in a partial ly anes thet ized  state, making 
the force per formance  imposs ible .  Because  o f  the b lood  
level variabil ity,  each individual  animal's  mean scores are 
presented,  rather than the overall  means.  

Table 3 presents  mean b lood  e thanol  concentra t ions  
for various dose  levels  at wh ich  samples  were taken. The 
resting b lood  ethanol  level  whi le  in the chronic  e thanol  
intake condi t ion  was appro . . imate ly  the same as that 
fo l lowing  a dose  o f  4 g /kg in the prechronic  cond i t i on  
(cf. ,  150 and 160  rag /100  ml). However ,  in the chronic ,  
e thanol  intake condi t ion ,  no changes  from prechronic  
basel ine performance  measures occurred.  Thus,  to lerance  
to e thanol  was apparent  by  the end o f  the first month ,  as 
similar b lood  e thanol  levels before  chronic  ingest ion (i .e. ,  
a dose  o f  4 g /kg)  produced severe disrupt ion o f  force 
performance  as reported above.  

The individual  dose-e f fect  curves are presented in 
Fig. 5. N o n e  o f  the 4 animals responded on the force task 
after a dose  o f  4 g /kg  given in addit ion to the normal  
chronic,  dai ly e thanol  intake.  Therefore,  on ly  doses  o f  1, 
2 and 3 g /kg are presented.  In-band e f f i c i ency ,  in t w o  

T A B L E  3 

MEAN BLOOD ETHANOL LEVELS BEFORE AND DURING 
CHRONIC ETHANOL INTAKE AFTER VARIOUS ACUTE 
DOSES OF ETHANOL (ALL VALUES EXPRESSED AS mg/lO0 

ml BLOOD) 

doses (g/kg) 

Resting level 1 2 3 4 

Before chronic 
ethanol intake Less than 5.0 * * 100 160 

During chronic 
ethanol intake 150 * 230 280 350 

*No blood samples taken under these conditions. 

animals ( G 2 4  and G25) ,  showed  a decrease at all dose  
levels. For Animal  G26,  at all dose  levels there was a 
slight increase in e f f i c iency ,  whi le  for G23 ,  no change 
from basel ine occurred.  
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Ton ic  accuracy  decreased at the  2 and  3 g/kg dose  
levels in all an imals  excep t  G26,  w ho  showed  no change.  

Work rate  was e x t r e m e l y  var iable  across dose levels, as 
was t he  m e a n  in -band  t ime  measure .  

At  doses  of  1 and  2 g/kg, An imals  G23,  G 24  and G25 
had  increases  in dyskines ia  scores, w i th  a d rop  towards  
base l ine  for  Animals  G23 and  G24  at  the  3 g/kg dose  
level, while  G25 failed to r e spond  a f te r  th is  dose. Fo r  
An ima l  G26,  b o t h  2 and  3 g/kg doses  increased the  
d yskinesia score. 

The  effects  of  acu te  loads dur ing  ch ron ic  e t h a n o l  
inges t ion  on  response  p a t t e r n s  are s h o w n  in Fig. 6. The 
var iabi l i ty  of  response  p a t t e r n s  to  equal  e t hano l  loads was 
cons iderable .  Blood e t h a n o l  levels p r io r  to  the  sessions 
con f i rmed  t h a t  because  o f  dai ly var iabi l i ty  in exis t ing 
b lood  e t h a n o l  levels, t he  range  in p re force  session b lood  
e t h a n o l  levels fo l lowing acute  loads could be  as great  as 
100 m g / 1 0 0  ml ( f r o m  200 to 300  m g / 1 0 0  ml). This  
f ac to r  could accoun t  for  the  observed d i f fe rences  in force 
pe r fo rmance .  

The  late, sho r t - t e rm wi thd rawa l  ef fec ts  are p resen ted  in 
Table  4. The  ma jo r  ef fec t  was found  in the  dyskines ia  
scores. The  effects  o f  sho r t - t e rm  wi thd rawa l  on  response  
p a t t e r n s  are s h o w n  in Fig. 7. 

C H R O N I C  4. A C U T E  E T H A N O L  L O A D S  

GNLI K G ( A C U T E  L O A D )  

, . , . . , , .  x 
/ 11 

2 3J29172 

3 415172 
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FIG. 6. Sample force performance records for Rat G24 with acute 
ethanol doses in addition to self-ingested, chronic ethanol levels. 

Phase Four: Complete Withdrawal 

C o m p l e t e  wi thdrawal  of  e t hano l  a f fec ted  two  measures  
s ignif icant ly ,  in -band  ef f ic iency and dyskinesia .  In-Band 
e f i i c iency  (Fig. 8) showed  a decrease  in ef f ic iency dur ing  
the  first 48 hr, w i th  a grea te r  d e c r e m e n t  at  24 hr  t h a n  at 
48 hr. There  was a paral lel  increase in dyskines ia  (Fig. 9) 
last ing for  72 hr. I t  should  be n o t e d  t h a t  t he  dyskines ia  
scores for  24 h r  of  comple t e  wi thdrawal  were essent ia l ly  

S H O R T - T E R M  W I T H D R A W A L  

I HR 9126/ 72 

S H R  2118172 

IOHR 313172 / ~ i  

1SEC 

FIG. 7. Sample force performance records for Rat G24 following 1, 
5, or 10 br of ethanol withdrawal after at least 3 months of chronic 

overdrinking. 

T A B L E  4 

LATE SHORT-TERM WITHDRAWAL EFFECTS (MEAN VALUES 
S.E.) 

5 hr 10 hr 
chronic baseline withdrawal withdrawal 

Inband Efficiency 0.48 ± 0.05 0.41 + 0.05 0.44 + 0.04 

Tonic Accuracy 0.74 ± 0.02 0.62 + 0.08 0.74 + 0.05 

Work Rate 0.38 ± 0.02 0.32 ± 0.08 0.41 ± 0.04 

Mean Inband Time 0.32 ± 0.04 0.23 + 0.03 0.29 + 0.05 

Dyskenesia 592 ± 60 1289 + 226 1030 ± 306 

the  same as at 5 and  10 hr  of  sho r t - t e rm  wi thdrawal .  The 
response  p a t t e r n s  for  comple t e  wi thdrawal  are p resen ted  
in Fig. 10. Li t t le  ef fec t  on  r e spond ing  p a t t e r n  is ev ident  
a f te r  72 hours .  

DISCUSSION 

The  effects  of  acu te  doses of  e t hano l  suggest tha t  l i t t le  
i m p a i r m e n t  of  m o t o r  d i sc r imina t ion  occurs  in the  non-  
d e p e n d e n t  animals  wi th  doses of  3 g/kg and be low (b lood  
e thano l  levels of  100 m g / 1 0 0  ml or  less). There  is the  
poss ibi l i ty  t ha t  very small  doses (i.e., 1 g /kg and less) 
p roduce  a slight m o t o r  exc i tab i l i ty  t ha t  is ref lec ted  in an 
increased dyskinesia .  Doses o f  3.5 g/kg and  greater  show 
marked  r e d u c t i o n  of  the  an imal ' s  pe r fo rmance ,  wi th  a 
great ly  increased dyskines ia  and  co r re spond ing  decreased 
ton ic  accuracy  and  in-band  eff iciency.  This  dose level 
p roduces  b lood  e thano l  levels b e t w e e n  120 and  150 
rag /100  ml, suggest ing t ha t  in the  n o n d e p e n d e n t  animal ,  
b lood  e thano l  levels be low 100 rag /100  ml have a mild 
sedative ef fec t  wi th  l i t t le  to  no  ma jo r  d i s rup t ion  of  m o t o r  
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FIG. 10. Sample force performance records for Rat G24 during 
complete ethanol withdrawal. 

d iscr iminat ion .  The  effects  o f  e t hano l  could be c o m p a r e d  
to the  effects  of  p e n t o b a r b i t a l  [2} on mos t  measures.  
However,  t he  re la t ion  of  dose to the  dyskines ia  measure  
shows a s o m e w h a t  U-shaped func t i on  for  e thanol ,  whi le  
the  ba rb i tu r a t e  gives a more  l inear  dose-effect  curve. 
Thus,  the  basic drug response  to e t hano l  in the  non-  
d e p e n d e n t  an imal  could be descr ibed as basically s imilar  
to  tha t  of  the  ba rb i tu ra tes .  

Over the  10 m o n t h s  dur ing  which  the  animals  chroni -  
cally ove rd rank  e thano l  daily, there  was no  de tec t ab le  
change in m o t o r  d i sc r imina t ion  provided t ha t  the  an imals  
d r a n k  the  e thano l  daily. During mos t  o f  th is  t ime,  the  
b lood  e thano l  levels were be tween  150 and 200  m g / 1 0 0  
ml b lood ,  wh ich  is as high or higher  t h a n  the  b lood  levels 
which  in the  n o n d e p e n d e n t  s ta te  p roduced  marked  
i m p a i r m e n t  on  the  requi red  task. Thus,  a marked  
to le rance  to e t hano l  occur red  fol lowing a shor t  per iod of  
chronic  e thano l  overdr inking.  A slight i m p a i r m e n t  o f  
pe r fo rmance  was no t ed  dur ing  the  first few days of  the  
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chron ic  inges t ion  phase,  b u t  since th is  co r r e s ponded  to  a 
shi f t  in living quar te rs ,  feeding reg imen,  and dai ly 
hand l ing  procedures ,  no  d i rec t  re la t ion  can be  a t t r i b u t e d  
to e t hano l  d r ink ing  a n d / o r  to le rance .  

The  acute  e t h a n o l  doses dur ing  the  ch ron ic  inges t ion  
per iod  p roduced  various resul ts  wh ich  can be  a c c o u n t e d  
for  by  the  var iabi l i ty  of  the  basel ine  b lood  e t h a n o l  levels 
u p o n  which  the  add i t iona l  doses were admin i s te red .  
Overall,  marked  to le rance  to  e t hano l  was shown,  as l i t t le  
p e r f o r m a n c e  change  occur red  wi th  b lood  levels as high as 
280  mg e t h a n o l / 1 0 0  ml b lood ,  a b lood  level a lmos t  twice  
t ha t  wh ich  severely a f fec ted  p e r f o r m a n c e  be fo re  ch ron ic  
overdr inking.  

E t h a n o l  wi thdrawal  effects  were seen fo l lowing one  
m o n t h  of  chron ic  dr inking.  The  sho r t - t e rm  wi thd rawa l  
p roduced  an  increase in the  dyskines ia  measure ,  b u t  was 
no t  par t icu la r ly  severe as s h o w n  by  the  o t h e r  p e r f o r m a n c e  
measures .  Li t t le  d i f fe rence  in the  s h o r t - t e r m  wi thd rawa l  
effects  were seen a f te r  3 m o n t h s .  However ,  long- te rm 
wi thd rawa l  showed  marked  i m p a i r m e n t  in p e r f o r m a n c e  
for  72 hr  fo l lowing e t h a n o l  removal ,  wh ich  co r r e sponded  
to  the  general  w i thd rawa l  s y n d r o m e  p a t t e r n  of  the  h u m a n  
a tcohol ic  [ 1 5 ] .  Dur ing th is  per iod,  the  an imals  were 
hyperac t ive ,  wi th  marked  increases  in dyskines ia  scores. 
Ef f ic iency  and  accuracy  were also s igni f icant ly  reduced .  

Overall,  t h ree  ma jo r  po in t s  are clear. First ,  in non-  
d e p e n d e n t  animals ,  b lood  e t h a n o l  levels less t h a n  100 
rag /100  ml p roduced  no  ma jo r  ef fec ts  on  m o t o r  discrimi-  
na t ion .  Second,  marked  e t hano l  to le rance  occur red  
fi~llowing 3 m o n t h s  of  ch ron ic  e t hano l  overdr inking .  
Third ,  for  the  first 72 hr  o f  e t h a n o l  abs t inence ,  an imals  
t ha t  had  b e e n  chron ica l ly  overdr ink ing  e t hano l  for 10 
m o n t h s  showed  a severe d e c r e m e n t  in d i sc r imina t ive  
m o t o r  cont ro l .  

These  da ta  suggest t h a t  the  ef fec ts  of  low to  m e d i u m  
doses of  e t h a n o l  t ha t  resul t  in b lood  levels of  less t h a n  
100 m g / 1 0 0  ml have l i t t le  ef fec t  u p o n  m o t o r  discr imina-  
t i on  in n o n d e p e n d e n t  an imals  and  may,  in fact ,  act  as 
mild sedat ives and  improve  p e r f o r m a n c e  to a small  degree. 
The  impl i ca t ion  is no t  d i f f icul t  to  accept ,  as the  resul t ing  
decreased m o t o r  t r e m o r  f rom the  m i n o r  sedat ive  ef fec ts  
of  these doses should ,  in fact,  no t  be  d is rupt ive  to  
pe r fo rmance .  

In an imals  tha t  were physica l ly  d e p e n d e n t  on  e thano l  
[ 4 ] ,  t he  marked  to le rance  to b lood  e thano l  levels d e m o n -  
s t ra ted  by  lack of  i m p a i r m e n t  in m o t o r  d i sc r imina t ion ,  
fits well wi th  the  da ta  of  Tal land et al. [ 1 1 ] .  Very  high 
b lood  levels were needed  in h u m a n  alcohol ics  to  p roduce  
a no t i ceab le  i m p a i r m e n t  on  m o t o r  skill tasks,  which,  
while no t  t he  same as the  m o t o r  d i sc r imina t ion  task used 
in these  expe r imen t s ,  still involved some of  the  same 
c o m p o n e n t s  of  m o t o r  d i sc r imina t ion .  Such marked  toler-  
ance  in d e p e n d e n t  an imals  suggests t ha t  b lood  levels a lone  
are no t  sa t i s fac tory  ind ican t s  of  m o t o r  capabi l i t ies  
w i t h o u t  knowledge  of  the  past  h i s to ry  of  e t hano l  
exposure .  

The  effects  of  e t hano l  w i thd rawa l  in physica l ly  depen-  
den t  an imals  were qui te  p r o n o u n c e d  on  m o t o r  discr imina-  
t ion .  The  increased m o t o r  t r emor s  which  were associated 
wi th  the  abs t inence  s y n d r o m e  were, of  course,  a major  
reason  for  the  observed  d e c r e m e n t ;  bu t  besides these  
t remors ,  the  animals  in these  s tudies  seemed to  have 
m o t o r  c o o r d i n a t i o n  p rob l ems  (as ref lec ted  in the i r  
accuracy  and  ef f ic iency  scores).  The general  appea rance  of  
the  an imals  suggested t ha t  the  wi thdrawal  resul ted  in a 
behaviora l  d i s rup t ion  b e y o n d  tha t  of  s imple  m o t o r  
func t ion .  This  d i s rup t ion  could be impl ica ted  in some of 
the  p e r f o r m a n c e  d e c r e m e n t  seen dur ing  the  72 hr  follow- 
ing e t h a n o l  removal .  The  an imals  were hyper reac t ive  to  
inc iden ta l  tact i le  and aud i to ry  s t imul i  (i.e., handl ing ,  
l a b o r a t o r y  noises,  etc.).  In some ins tances  it appeared  t ha t  
the  m o t o r  d i sc r imina t ion  was no t  on ly  h a m p e r e d  by  the  
increased res t ing t r e m o r  bu t  also by  an inabi l i ty  to  
coord ina te  band-sea rch ing  m o t o r  func t ion .  

One pos tu la t ed  m e c h a n i s m  for  the  wi thdrawal  syn- 
d r o m e  is t ha t  e thano l  b locks  n o r m a l  synap t ic  t rans-  
mission,  resul t ing  in a func t iona l  s ta te  of  par t ia l  denerva-  
t ion .  When  e thano l  is r emoved  f rom the  sys tem,  
dene rva t ion  supersens i t iv i ty  results  [6 ] .  The general  
m o t o r  pe r fo rmance  d i s rup t ion  dur ing  wi thd rawa l  tha t  was 
f o u n d  in these  s tudies  suggested t h a t  f ine m o t o r  con t ro l  
was severely impai red  at several levels of  n e u r o m u s c u l a r  
cont ro l .  This i m p a i r m e n t  could poss ibly  be a t t r i b u t e d  to 
an increased hypersens i t iv i ty  resu l t ing  in loss of  coor- 
d ina t ed  m o t o r  func t ion .  
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