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SAMSON, H. H., D. C. MORGAN, C. M. PRICE, M. TANG AND J. L. FALK. Ethanol elimination rates in normal and ethanol 
dependent animals. PHARMAC. BIOCHEM. BEHAV. 5(3) 335-341,  1976. - Ethanol elimination rates were determined 
in rats using an intravenous route of ethanol administration after several experimental manipulations. Twenty-four hr food 
deprivation resulted in a 30% reduction to 35 mg/100ml blood/hr in elimination rate from a non-deprived rate of 50 
mg/100 ml blood/hr. After 2 months of ethanol drinking (5% v/v), 24 hr starvation resulted in only a 10% reduction in 
elimination rate (45 mg/100 ml blood/hr), and did not increase the non-food-deprived rate (49.2 mg/100 ml blood/hr) over 
that obtained in the above animals' drinking water rather than 5% ethanol. Animals which chronically overdrank ethanol or 
water for 3 months on a schedule-induced polydipsia procedure, known to result in ethanol physical dependence, showed a 
decreased rate of ethanol elimination (37.9 mg/100 ml blood/hr for ethanol drinkers; 35.0 mg/100 ml blood/hr for water 
drinkers) in the non-food-deprived condition. By providing 750 mg of liver powder daily as a food supplement in the 
ethanol overdrinking regimen, the ethanol elimination rate remained at a rate comparable to the normal animal (48.4 
mg/100 ml blood/hr). 
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THE effec t  of  chron ic  e t hano l  admin i s t r a t i on  on  the  rate 
of e l imina t ion  of e t hano l  has  been  a long-s tanding p rob l em 
(for a general  review see [9 ] ) .  Increases  [10,  17, 29 ( ra t ) ;  
23 ( m o n k e y ) ;  18 ( m a n ) ] ,  decreases [28 ( r a t ) l ,  and no  
change [14  ( ra t ) ;  20 (dog);  15 ( m a n ) ]  in e l imina t ion  have 
been  repor ted .  Cer ta in  nu t r i t i ona l  factors ,  k n o w n  to  affect  
e l imina t ion  ra te ,  could  be opera t ing  in these  studies to  yield 
the  varying results.  F o o d  depr iva t ion  decreases e thano l  
e l imina t ion  rates  [6, 21, 26, 30 ( ra t ) ;  13,26 (dog);  22 
( m a n ) ] ,  as does m a i n t e n a n c e  on a low p ro t e in  diet  [12,31 
(ra t ) ;  3 ( m a n ) ] .  

The  p resen t  s tudies evaluate  the  effects  of e thano l  
d e p e n d e n c e  on  e thano l  e l imina t ion  rate.  Recent ly ,  we 
developed a p rocedu re  for  induc ing  ch ron ic  e thano l  over- 
dr inking  leading to  physical  d e p e n d e n c e  in the  rat  [7 ,8 ] .  
This p rocedu re  ma in ta ins  a high,  daily b lood  level of  
e thanol .  Pilot  work  using in t ragas t r ic  adm i n i s t r a t i on  of  
e thano l  resul ted  in e l imina t ion  rates  t oo  variable  for  ~eliable 
de t e rmina t ion .  In t r ape r i t onea l  in jec t ion  of  20% e thano l  was 
ruled ou t  since the  possible  t issue damage  could change 
me tabo l i c  func t ion .  Therefore ,  the  i n t r avenous  rou te  was 
chosen  since it e l iminates  b o t h  gas t ro in tes t ina l  c learance 
var iabi l i ty  and  t issue reac t ions  which  compl ica te  use of  the  
i n t r ape r i t onea l  route .  

- E X P E R I M E N T  1 

Since food  depr iva t ion  has  been  s h o w n  to  al ter  elim- 
ina t ion  rates,  the  first e x p e r i m e n t  de t e rmined  the  e thano l  
e l imina t ion  rates in con t ro l  animals  t h a t  had  no  pr io r  
e thano l  exposure ,  u n d e r  b o t h  food-depr ived  and non-  
depr ived cond i t ions .  

METHOD 

Animals 

Nine adul t ,  male  a lb ino rats  ( H o l t z m a n  s t ra in)  were 
individual ly  housed  in s tandard  stainless-steel r o d e n t  cages. 
Food  and water  were available at all t imes  pr ior  to  the  s tar t  
of the  expe r imen t .  Animals  were m a i n t a i n e d  on  a 12 hr  on  
12 h r  of f  l i g h t - d a r k  cycle. The room t e m p e r a t u r e  was 
regulated at 24 .4°C -+ 3.2°C. 

Procedure 

E t h a n o l  e l imina t ion  rate was d e t e r m i n e d  unde r  2 ex- 
pe r imen ta l  cond i t ions :  (1) ad lib food  and water  and (2) 24 
hr  food depr iva t ion  (wate r  available).  D e t e r m i n a t i o n s  were 
made  in 7 animals  in the  ad lib cond i t ion .  One week later ,  
e l imina t ion  rates  in 5 of  these  an imals  and in 2 add i t iona l  
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animals  were d e t e r m i n e d  in the  24 h r  food depr iva t ion  
cond i ton .  The  2 add i t iona l  an imals  were i nco r po ra t ed  to  o 

examine  any  serial e f fec t  pr ior  e t h a n o l  a d m i n i s t r a t i o n  
might  have on e l imina t ion  rate. 

To d e t e r m i n e  rate  of e t hano l  e l imina t ion  an an imal  was z 
anes the t i zed  wi th  e ther  and the  t ip of the  tail a m p u t a t e d  by  
guil lot ine.  A 100 ul b lood  sample  was ob t a ined  and the  tail .~ 
l igated wi th  n y l o n  suture.  The  jugular  vein was exposed and ~, 
v e n i p u n c t u r e  was accompl i shed  wi th  a 30 gauge needle  t ha t  ~, 
had  been  r emoved  f rom the  needle  hub  and inser ted  in to  
p o l y e t h y l e n e  tub ing  (PE 10). E t h a n o l  infus ion  was at a rate v 
of 0.33 ml /min .  All animals  received a dose of 1.5 g 
e t h a n o l / k g  body  weight  of  20% (v/v)  e thano l  which ,  at the  
given rate  of infus ion ,  requi red  a to ta l  in fus ion  t ime  of  
1 0 - 1 5  rain. Anes thes ia  was m a i n t a i n e d  dur ing  the infus ion,  a 
Fol lowing infus ion,  the  needle  was removed ,  l ight  pressure 
was appl ied on the  vein to p reven t  bleeding,  and the  ,- 
incis ion sutured.  The  an imal  was r e tu rned  to its cage and  
b lood  samples  (100  ul)  were col lec ted  f rom the  tail by  
removing  the  l igature  at  1, 2, 3 and  4 hr  a f te r  the  s tar t  of  
infusion.  

Blood e thano l  levels were d e t e r m i n e d  by  the  e n z y m a t i c  
m e t h o d  [ 4 ] .  The  data  were averaged and the  best  fit  
s t raight  line was d e t e r m i n e d  by  the  m e t h o d  of least m e a n  
squares.  The slope of  this  best - f i t  l ine was used for  the  m e a n  
rate of e thano l  e l imina t ion  in mg e t h a n o l / 1 0 0  ml b l o o d / h r .  

U p o n  c o m p l e t i o n  of  the  expe r i m en t ,  t he  animals  were 
sacrificed and  the  wet  liver weights  ob ta ined .  The ra t io  of  
grams l ive r /100  g b o d y  weight  was ca lcula ted  in o rder  to  
d e t e r m i n e  any changes  in liver size due to food depr iva t ion .  

RESULTS 

The an imals  t ha t  were not  food depr ived showed an  
e thano l  c learance rate of  50.0 mg e t h a n o l / 1 0 0  ml  b l o o d / h r  
(see Fig. 1A). Using the  l inear  equa t ion ,  the  pro jec ted  To 
b lood  level was equal  to  227 mg e t h a n o l / 1 0 0  ml b lood.  The  
an imals  had  a m e a n  b o d y  weight  of  481 g. 

Figure IB shows e thano l  e l imina t ion  for  the  24 hr  food  
deprived cond i t ion .  For  these an imals  the  m e a n  e l imina t ion  
rate  was 35.2 mg e t h a n o l / 1 0 0  ml b l o o d / h r  wi th  a T o level 
of  219.5 mg e t h a n o l / 1 0 0  ml  blood.  At  the  t ime  of  infus ion ,  
the  m e a n  b o d y  weight  was 479  g, which  was a 6.7% weight  
loss over the  24 hr  food  depr iva t ion  period.  The  2 24 hr  
food deprived an imals  had  the  same e l imina t ion  rate (35.8 
m g / 1 0 0  m l / h r )  as the  r epea t ed -exposu re  animals  had af te r  
thei r  24 hr  food depr iva t ion  t r e a t m e n t  (37.4  m g / 1 0 0  
ml /hr) .  Thus,  the  repea ted  e thano l  exposure  received by  the  
5 animals  who  were tes ted  unde r  b o t h  ad lib and  food  
depr iva t ion  cond i t i ons  could  no t  a c c o u n t  for  the  observed 
di f ferences  in e l imina t ion  rate. Therefore ,  these  data  were 
c o m b i n e d ,  mak ing  a to ta l  of 7 an imals  in each cond i t ion .  

An  analysis  of  var iance be t w een  the  2 cond i t i ons  was 
significant  (F (1 ,44 )  = 49 .4 ;  p < 0 . 0 1 )  wi th  the  in t e rac t ion  
be tween  the  groups  also s ignif icant  (F (7 ,44 )  = 2.81;  
p < 0 . 0 5 ) .  Thus,  the  ra te  of e l imina t ion  was s ignif icant ly  
decreased by food depr iva t ion .  The  To b lood  levels were 
near ly  the  same and could no t  a c c o u n t  for  the  observed 
d i f fe rence  in e l imina t ion  rate. 

The non  depr ived group  had a m e a n  liver weight  of  3.61 
± 0.09 g /100  g b o d y  weight,  while the  food  deprived group 
value was 3.06 ± 0.04. An analysis  of  var iance  be tween  the  
group liver weights  was s ignif icant  (F (1 ,8 )  = 39 .44 ;  
p < 0 . 0 1 ) ,  which  could under l ie  the  slowed rate of  e t h a n o l  
e l imina t ion  fo l lowing food  depr ivat ion•  
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FIG. 1. Blood-ethanol elimination curves for non-food-deprived (A) 
and food deprived animals (B) followingl.5 g]kg intravenous dose of 

20% (v/v) ethanol• (Data are means + SE) 

E X P E R I M E N T  2 

E x p e r i m e n t  1 showed  t h a t  the  lower  e thano l  e l imina t ion  
rate of  24 hr  food depr ived rats  was accompan ied  by a 
reduced  liver weight.  Since ch ron ic  e thano l  c o n s u m p t i o n  had 
been  repor ted  to a l ter  e thano l  e l imina t ion  rate [ 1 0 ] ,  the  
above e x p e r i m e n t  was repea ted  wi th  rats  which  were 
ma in t a ined  on 5% e thano l  as the i r  sole dr ink ing  fluid ra ther  
than  water• 

METHOD 

Animals 

Nine t een  adul t ,  male,  a lb ino  rats ( H o l t z m a n  s t ra in)  were 
ma in t a ined  and housed  unde r  cond i t i ons  ident ical  to  
E x p e r i m e n t  1. 

Procedure 

The animals  were divided in to  3 groups.  G r o u p  1 
consis ted of  5 an imals  ma in t a ined  on ad lib food  wi th  5% 
(v/v) e t hano l  as the  on ly  available d r ink ing  fluid for  2 
months •  Daily b o d y  weights  and  e t h a n o l  in takes  were 
recorded.  Fo l lowing  this  2 m o n t h  per iod,  the  animals  were 
placed on  water  for  24 hr,  bu t  were no t  food deprived• 
Af te r  the  24 hr  on  water,  the  rate of  e t hano l  e l imina t ion  
fol lowing a 1.5 g e t h a n o l / k g  b o d y  weight  dose of  20% 
e thano l  ( IV) was d e t e r m i n e d  using the  same p rocedure  
fol lowed in E x p e r i m e n t  1. This group was the re fo re  the  
same as the  non  depr ived group  of  E x p e r i m e n t  1, excep t  
tha t  for 2 m o n t h s  they  had  had  5% e thano l  ins tead of  wate r  
as the i r  on ly  available d r ink ing  fluid. 

The  remain ing  14 an imals  fo rmed  the  o the r  2 groups.  
Before  p l a c e m e n t  on  a par t i cu la r  feeding dr ink ing  regimen,  
all an imals  were food depr ived  for  24 hr,  given the  s tandard  
1.5 g/kg dose of e t hano l  ( IV)  and b lood  e thano l  e l imina t ion  
rate d e t e r m i n e d  as in the  first exper iment •  They  then  were 
placed i n to  Groups  2 and 3; G r o u p  2 was m a i n t a i n e d  on ad 
lib food  and wate r  (n = 5), while G r o u p  3 was ma in t a ined  
on ad lib food and 5% e thano l  as the  on ly  available fluid (n 
= 9). Fo l lowing  2 m o n t h s  u n d e r  these  cond i t ions ,  e thano l  
e l imina t ion  rates were r ede t e rmined .  The  animals  main-  
ta ined on  water  (Group  2) were s imply  food deprived for  
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24 hr, while the group maintained on 5% ethanol (Group 3) 
had both food and ethanol removed and water available 
during the 24 hr deprivation period. 

Upon completion of the experiment all animals were 
sdcrificed, and wet liver weights were measured. 

RESULTS 

Group 1 (maintained on ad lib food and 5% ethanol) had 
a mean starting body weight of 357.8 g. The mean 
daily ethanol intake was 41.6 ml for the first month and 
59.8 ml the second month. Weight gain over the 2 months 
was not significantly different from the ad lib food and 
water condition in Experiment 1. The mean ethanol intake 
in g/kg/day was 4.58 during the first month and 5.14 for 
the second. Ethanol eliminiation was 49.2 mg/100 ml/hr. 
The best fit linear equation (y = -49 .2  × +225) made the 
projected T O blood levels equal to 225 mg/100 ml blood. 
These values were not significantly different from those 
found for the non-food-deprived, water-maintained con- 
dition of Experiment 1 when tested with a one-way analysis 
of variance. Thus, the 2 month period of drinking 5% 
ethanol with ad lib food had no effect on the ethanol 
elimination rate of non-food-deprived animals. The mean g 
liver/100 g body weight for these animals was 3.63 _+ 0.12, 
which was not significantly different from the non deprived 
conditions in Experiment 1. 

Mean body weight, daily fluid intake and ethanol 
consumption for the remaining groups are presented in Table 
1. Over the course of the experiment, no significant 
differences could be found between these groups on these 
variables. They both gained weight at the same rate and had 
equal fluid intakes, independent of the fluid available. Prior 
to the final ethanol elimination determination, but fol- 
lowing the 24 hr food deprivation period, the ethanol 
exposure group was observed for withdrawal symptoms. 
The observation methods were as previously described (7). 
No signs of ethanol withdrawal were observed. 

TABLE 1 

MONTHLY WEIGHTS AND INTAKES FOR ANIMALS MAINTAINED 
WITH ONLY 5% (v/v) ETHANOL OR WATER AVAILABLE. FOOD 

WAS AVAILABLE AD LIB. (VALUES ARE 30 DAY MEANS _+ S.E.) 

Water (Group 2) 5% ethanol (Group 3) 

Body weight 
1st month 
2nd month 

Fluid intakeS 
1st month 
2nd month 

Ethanol intake~t 
1st month 
2nd month 

365 ___ 7 357 +_ 8 
438 ± 5 435 ± 11 

41.4 _ 1.7 36.5 ___ 1.4 
38.0 ~- 2.9 42.5 _+ 2.9 

4 .1~0 . I  
3 .9~0.2  

* Body weight in g. 
t Fluid intake in ml/day. 
:~ Ethanol intake in g absolute ethanol/kg body weight/day. 

Prior to the 2 month ethanol drinking period, the rate of 
ethanol elimination for the ethanol-exposure group (Group 
3) was 41.5 mg ethanol/100 ml blood/hr, while the 
water-exposure group (Group 2) rate was 43.1 mg 
ethanol/100 ml blood/hr (Fig. 2). Mean body weights are 
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FIG. 2. Blood ethanol elimination curves before and after either 
daily water or ethanol drinking for 2 months. Curves are for doses 

of 1.5 g/kg (IV) of 20% (v/v) ethanol. (Data are means + SE) 

T A B L E 2  

EFFECT OF 24 HR FOOD DEPRIVATION ON BODY WEIGHT BE- 
FORE (PRE-TREATMENT)  AND AFTER (POST-TREATMENT)  2 
MONTHS OF ACCESS TO EITHER WATER OR 5% ETHANOL AS 

THE SOLE DRINKING FLUID. (DATA ARE MEAN VALUES.) 

Water 5% ethanol 

Pie-treatment 
Pre 319 304 
24 hr dep. 281 264 
% loss 13% 12% 

Post-treatment 
Pre 465 475 
24 hr dep. 432 438 
% loss 7% 8% 

presented in Table 2. The rate of ethanol elimination was 
greater than that found for the 24 hr food deprived 
condition in Experiment 1, but lower than the non-food- 
deprived condition. 

Following the 2 months of either drinking 5% ethanol or 
water, the rates of ethanol elimination were 43.2 mg 
ethanol/100 ml blood/hr for the ethanol-exposure group 
(Group 3) and 34.6 mg ethanol/100 ml blood/hr for the 
water-exposure group (Group 2, Fig. 2). The only sig- 
nificant difference found was between the post-water- 
exposure and post-ethanol-exposure group (t (12 )=  2.63, 
p<0.05). At this time, the body weights for the ethanol and 
water groups were not different (Table 2), nor were they 
significantly different from the groups in Experiment 1. 
The water-exposure group had the same rate of ethanol 
elimination as the similarly treated animals in Experiment 1 
(food deprived condition) while the ethanol-exposure group 
remained at the same rate of elimination as in the 
pre-exposure condition (Fig. 2, right side). 

The water-exposure group (Group 2) had a liver weight 
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of 2.75 g / 1 0 0  g b o d y  weight ,  while the  e thano l - exposu re  
group ( G r o u p  3) had  a value of  3.10.  These  levels were 
s ignif icant ly  d i f fe ren t  f rom each o the r  (t  (12)  = 2 .68;  
p < 0 . 0 1 )  and  were b o t h  s ignif icant ly  d i f fe ren t  f rom the  
normal ,  n o n  depr ived  c o n d i t i o n  of  E x p e r i m e n t  1 ( e t h a n o l  
vs Exp. 1: t ( 1 2 ) =  4 .40 ;  p < 0 . 0 0 5 ;  wate r  vs Exp.  1: t (8 )  = 
7.64;  p < 0 . 0 0 5 ) .  

There  was no d i f fe rence  b e t w e e n  the  liver weights  of  the  
food depr ived c o n d i t i o n  an imals  of  E x p e r i m e n t  1 and the  
e thano l  exposure  animals,  bu t  the  ef fec t  of  food  de- 
pr iva t ion  in the  wate r  an imals  was s ignif icant ly  grea ter  t h a n  
tha t  f o u n d  for the  food  depr ived  an imals  of  E x p e r i m e n t  1 
(t (8) = 3 . 6 9 ; p < 0 . 0 0 5 ) .  

E X P E R I M E N T  3 

The  results  of  the previous  e x p e r i m e n t  ind ica ted  t ha t  the  
e thano l  e l imina t ion  rate  cou ld  be a l tered by dr ink ing  
e thanol .  No e n h a n c e d  rate was found ,  bu t  ch ron ic  dr ink ing  
of 5% e thano l  for a 2 m o n t h  per iod reduced  the  24 h r  food  
depr iva t ion  ef fec t  on  e l imina t ion  rate. But  since the  an imals  
in the e t h a n o l - e x p o s u r e  c o n d i t i o n  were no t  physical ly  
d e p e n d e n t  u p o n  e thanol ,  the  p resen t  e x p e r i m e n t  examined  
the  ef fec t  of  long- term,  chron ic  e t hano l  dr inking,  k n o w n  to 
p roduce  phys ica l  d e p e n d e n c e  on  e t hano l  (8). 

METHOD 

Animal s  

Twelve adul t ,  male  ra ts  ( H o l t z m a n  s t ra in)  were used in 
this  s tudy.  Eight  an imals  were placed in to  an e thano l  
over-dr inking group,  while the  remain ing  4 were t rea ted  in 
the  same m a n n e r  bu t  d rank  wate r  ins tead  of e thanol .  The  
an imals  in the  e thano l  g roup  had a m e a n  s tar t ing b o d y  
weight of  315 g + 5 g, while the  4 an imals  t ha t  later  served as 
the  wate r  con t ro l  weighed 411 g + 14 g at the  start  of  the  
expe r imen t .  All an imals  were gradual ly  reduced  to 80% of  
thei r  f ree-feeding b o d y  weights  by l imi t ing daily food  
in take  over  the  init ial  2 week per iod  of the  expe r imen t .  
During this  per iod,  the  an imals  were housed  unde r  the  
cond i t i ons  used for the  previous  expe r imen t s ,  w i th  wate r  
available at  all t imes. 

delivery sessions, the  an imals  were weighed,  the fluid 
in takes  recorded  and reservoirs refilled. Fo r  the  e thano l  
group,  any food s u p p l e m e n t s  necessary to  m a i n t a i n  b o d y  
weights  at the  80% level were given at this  t ime. For  the  
water  group,  an addi t ional ,  daily food ra t ion  was ad- 
minis te red  at  this  t ime  to equa te  to ta l  daily caloric in take  
wi th  the  e thano l  group.  

On the  9 0 t h  day,  e thano l  was replaced by wate r  for the  
e thano l  group,  wi th  the  food delivery schedule  con t inued .  
On the 91st  day,  e l imina t ion  rates were d e t e r m i n e d  for 
b o t h  groups  as in E x p e r i m e n t  1. Wet liver weights  were 
ob ta ined  for  the  e thano l  group.  

RESULTS 

Over the  3 m o n t h s  of  chronic  e t hano l  polydipsia ,  the  
mean  daily e t hano l  in take  was 11.7 g ~ 0 .8 /kg /day .  During 
this  t ime  the  an imals  had a m e a n  weight  gain of 79 g, 
resul t ing in a final mean  b o d y  weight  of  331 g • 12. Dur ing 
the last 24 hr, in which  water  was subs t i t u t ed  for e thanol ,  
the an imals  lost  some weight  (1.2%), bu t  as they  drank  less 
fluid, p r o b a b l y  l i t t le  actual  weight  loss occur red  and this, 
the re fore ,  could  not  a c c o u n t  for any  d i f fe rence  in e thano l  
e l imina t ion .  The  m e a n  rate of e thano l  e l imina t ion  was 37.8 
mg e t h a n o l / 1 0 0  ml b l o o d / h r  (Fig. 3) wi th  an es t imated  To 
b lood -e thano l  level of 203.5 m g / 1 0 0  ml. The  m e a n  wet  
liver weight  was 2.97 ~ 0.07 g /100  g b o d y  weight.  

Over the  3 m o n t h s  of  water  dr inking,  the  con t ro l  
animals  gained an average of  85 g wi th  a resul t ing final 
mean  body  weight  of  390  g ~ 10 g. Dur ing the  3 m o n t h s ,  
the  an imals  d rank  daily an average of  78 ml of  water  (f irst  
30 day m e a n  = 81 + 8; second 30 day m e a n  = 77 ~ 6 ; l a s t  
30 day mean  = 77 + 5). The i r  m e a n  rate of  e t hano l  
e l imina t ion  was 35.0  mg e t h a n o l / 1 0 0  ml b lood /h r .  The  
es t imated  T O b lood  level was 206 m g / 1 0 0  ml blood.  These  
values were not  s ignif icant ly  d i f fe ren t  f rom the  e thano l  
group. 

~200- 
o o 

Procedure  
m 

Fol lowing  weight  r educ t ion ,  e thano l  or water  over- 
dr inking was es tabl i shed  by  the  use of  schedu le - induced  
polydipsia  ( for  a comple t e  p rocedura l  desc r ip t ion  see ref. ~a 100- 
8). Briefly,  each an imal  was housed  in a Plexiglas c h a m b e r  Z 
equ ipped  wi th  an a u t o m a t i c  food  pel let  d ispenser  and a 250 8 
ml g radua ted  cy l inder  t ha t  served as a fluid reservoir.  The  
cyl inder  was a t t a ched  to  a bal l -bear ing dr ink ing  tube  Z 
(TD-300,  Ancare  Corp. ,  New York,  N. Y.) which  p reven ted  < 3: 
fluid leakage. The  pel let  d ispenser  was p r o g r a m m e d  wi th  
e l ec t romechan ica l  swi tch ing  c i rcui t ry  such tha t  for  1 hr  a a 
45 mg food  pel let  (P. J. Noyes  Co., Lancaster ,  N. H.; 4.3 O 
kcal/g)  was au toma t i ca l ly  delivered every 2 rain. T h e n  for  3 
hr  no  pel le ts  were delivered,  fo l lowed by a n o t h e r  h o u r  of  w 
pellet  delivery,  etc. Thus,  every 24 hr,  6 pellet  del ivery 
sessions occur red  (180  pe l le t s /day) ,  wi th  a 3 h r  interval  
be tween  sessions. The  on ly  available fluid was 5% (v/v)  
e t hano l  for  the  e t hano l  group,  or wate r  for  the  wate r  
con t ro l  group.  

The  an imals  were m a i n t a i n e d  in this  c o n d i t i o n  for  the  
next  90 days. Each  day,  b e t w e e n  the  m i d m o r n i n g  pellet  

y " ' .  

\ 

% 

TIME (HR) 

FIG. 3. Blood ethanol elimination curve for animals having ingested 
ethanol at levels known to produce physical dependence for three 
months. Curve is for a dose of 1.5 g/kg of 20% ethanol (IV). (Data 

are means ~ SE) 
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EXPERIMENT 4 

Experiment 3 failed to show an enhanced rate of ethanol 
elimination following a procedure known from previous 
work [8] to produce physical dependence upon ethanol. 
Since the water overdrinking animals had the same ethanol 
elimination rates as did the ethanol overdrinking animals, 
and since these rates were well below those found in 
normal, non-food-deprived animals, it seemed possible that 
the observed results were due to a protein insufficiency 
resulting from the feeding regimen used in the experimental 
overdrinking procedure. Low protein diets are known to 
decrease the rate of ethanol elimination [12,30]. Thus, 
Experiment 4 was conducted to determine the effect of an 
added daily protein supplement upon ethanol elimination 
rates after chronic ethanol polydipsia. 

METHOD 

A n i m a l s  

Two adult, male rats (Holtzman strain) with a mean 
starting body weight of 320 g were slowly reduced to 80% 
of this value in the same manner as in Experiment 3. All 
housing and environmental conditions were the same as in 
Experiment 3. 

P r o c e d u r e  

Following reduction to the 80% body weight level, 
animals were placed into chambers similar to those use in 
Experiment 3, except that each chamber had an additional 
food delivery chamber into which a small stainless steel 
food cup could be placed containing any additional food 
supplement that might be given. Animals were maintained 
on the same food delivery schedule as in Experiment 3 and 
ethanol (5%) was the only fluid available in the chamber. 

Following the daily, midmorning fluid intake and body 
weight recording, a 750 mg liver powder (Nutritional 
Biochemical Corp., Cleveland, Ohio: lot #8924, approx- 
imately 70% protein) food supplement was given to each 
animal in the stainless steel food cup. One to 2 drops of 
water were mixed with the liver powder to assure that the 
animals would ingest all of the supplement. This sup- 
plement was administered daily for the duration of the 
experiment. 

After 90 days of ethanol overdrinking, water was 
substituted for the ethanol for a 24 hr period while the 
animals were maintained on the feeding schedule, as in 
Experiment 3. Then, ethanol elimination rates were de- 
termined as in the preceding experiments. 

RESULTS 

Over the 3 month period, the animals had a mean daily 
intake of 10.9 g ethanol/kg body weight/day and showed 
an increased weight gain of 85 grams, resulting in a final 
mean body weight of 405 g. The mean ethanol elimination 
rate was 48.4 mg ethanol/ml blood/hr with a T O of 226 
mg/100 ml. This was not significantly different from the 
normal non-food-deprived animals of Experiment 1 (mean 
rate of 50.0 mg ethanol/100 ml blood/hr), but was 
significantly different from the ethanol (t (8) = 2.16, 
p<0.05) or water (t(4) = 2.90, p<0.05) drinking groups of 
Experiment 3 (ethanol group = 37.8 mg ethanol/100 ml 
blood/hr; water group = 35.0 mg ethanol/100 ml blood/hr). 
Thus, the additional liver supplement appeared to have 

maintained the rate of ethanol elimination at that of the 
nontreated, non-food-deprived animal. 

DISCUSSION 

Table 3 presents a summary of the 4 experiments. The 
first experiment indicated that the normal rate of ethanol 
elimination in the rat often may be underestimated. 
Short-term (24 hr food deprivation produced a 30% 
reduction in elimination rate which agrees with previous 
studies [21, 26, 31]. Thus, studies using food deprivation 
in order to reduce the variability of ethanol absorption 
from the gastrointestinal tract may result in an under- 
estimation of the rate actually operating in the nondeprived 
animal. 

Experiments 1 and 2 were done at different times and 
2B was essentially a replication of lB. Since the results 
were quite comparable (Table 3), other comparisons be- 
tween these 2 experiments are allowable. Chronic ethanol 
exposure which did not produce physical dependence, did 
not alter ethanol elimination rate in the non-food-deprived 
animal (cf. Experiments 1A and 2A). However, this 
exposure to ethanol did result in a smaller decrement in 
elimination rate occurring after food deprivation (cf. 
Experiments 1A and 1B vs Experiments 2A and 2C). This 
indicated that the 2 month exposure to ethanol attenuated 
the deprivation induced depression of the ethanol elim- 
ination rate. In 2 studies [17,29] claiming increased 
ethanol elimination following chronic ethanol consumption 
animals were food deprived before elimination rates were 
determined. Mezey [17] reported a rate of 33 mg eth- 
anol/100 ml blood/hr for control animals, while Videla e t  
al. [29] reported 33.7 mg ethanol/100 ml blood/hr. These 
data are closely comparable to those of Experiments 1B 
and 2B. Mezey [17] found a rate of 46.5 mg/100 ml 
blood/hr for ethanol-fed rats while Videla et  al. [29] 
reported 51.3 mg/100 ml blood/hr. In the present study, 
the 24 hr deprived ethanol-fed group (Experiment 2C) had 
a comparable rate of 43.2 mg/100 ml blood/hr, while the 
non-food-deprived control animals (Experiment 1A)had a 
rate of 50 mg/100 ml blood/hr. Thus, the increases 
reported [17,29] apparently are not actually increases over 
normal elimination rates. When the non-food-deprived 
animals (Experiments 1A and 2A) are compared with the 
Mezey [17] and Videla et  al. [29] ethanol drinking groups, 
no increases over the normal nondeprived rate are apparent. 

Biochemical changes in the liver following ethanol 
consumption [2,19] could underlie the effects observed in 
these studies. Following chronic ethanol treatment, 
Morland [19] found little effect of 24 hr food deprivation 
upon several liver measures compared to effects found in 
control animals maintained on water. This could be the 
basis of the protective effect afforded by 2 months of 
drinking 5% ethanol (Experiment 2B vs 2C) on the 
attenuation of elimination rate induced by food de- 
privation. 

Age-weight factors in elimination rates which have been 
previously reported [ 11 ] could account for the differences 
found between Experiment 1 and the pre-exposure rates of 
Experiment 2. Younger animals are reported to have a 
higher rate of ethanol elimination, and the animals of 
Experiment 2, at the time of the pre-exposure elimination 
rate determination, were somewhat younger. 

In Experiment 3, chronic ethanol polydipsia also failed 
to increase ethanol elimination rate in the non-food- 
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T A B L E  3 

EFFECT OF DIET AND ETHANOL EXPOSURE ON ETHANOL ELIMINATION RATE 

X body X EtOH intake EtOH elimination rate 
Experiment Experimental condition N weight (g) (g/kg/day) (mg/100 ml blood/hr) 

1 A. Ad lib food and water 7 481 - -  50.0 
B 24 hr food deprivation 7 479 - -  35.2 

2 A. Ad lib food with 24 hr 
water after 2 mo. 5% 
EtOH exposure 5 454 4.9 49.2 

B. 24 hr food deprivation 5 465 - -  34.6 
C. 24 hr food deprivation 

with water after 2 too. 
5% EtOH exposure 9 475 4.0 43.2 

3 A. Scheduled food with 
24 hr water after 
EtOH polydipsia (3 too.) 8 331 11.7 37.8 

B. Scheduled food with 
water polydipsia (3 mo.) 4 390 - -  35.0 

4 Scheduled food with 
24 hr water after EtOH 
polydipsia and daily 
liver supplement 2 405 10.9 48.4 

depr ived c o n d i t i o n ;  r a t h e r  it p roduced  a 24% d e c r e m e n t  
f rom normal ,  non - food-dep r ived  animals .  However ,  the  
water  polydips ia  con t r o l  also showed  a decreased rate of  
e t hano l  e l imina t ion ,  suggest ing t ha t  the  e t hano l  i tself  was 
not  the  d e t e r m i n i n g  fac to r  in e l imina t ion  rate  dec remen t .  

One ques t ion  raised by  these  results  conce rns  the  
nu t r i t i ona l  s tate  of  the  chron ica l ly  polydips ic  animals .  
Because of  a possible  added  d e m a n d  for  p ro t e in s  u n d e r  
these feeding regimens,  the  s tandard ,  nu t r i t i ona l ly  adequa te  
diet  ( 1 2 - 1 4 %  p ro t e in )  m a y  no t  con ta in  enough  p ro t e in  to  
mee t  possible  increased m e t a b o l i c  needs.  Ma i n t enance  on  
p ro t e in  p o o r  diets  resul ts  in decreased e t h a n o l  e l imina t ion  
rates  [ 12,31 ].  The  resul ts  of E x p e r i m e n t  4 would  suppor t  
the  c o n t e n t i o n  t h a t  a major  fac tor  in the  reduced  e thano l  
e l imina t ion  rates  found  in the  feeding reg imen induc ing  
polydips ia  was due  to a lack of adequa t e  p r o t e i n  in the  diet .  
However ,  the  crucial  c o m p o n e n t  of the  added  liver sup- 
p l emen t  in the  m a i n t e n a n c e  of  n o r m a l  e t h a n o l  e l imina t ion  
rates in polydips ic  an imals  r emains  to  be e lucidated.  

The  e thano l - food  caloric  in take  ra t io  resul t ing f rom the  
ch ron ic  e t hano l  polydips ia  regimen a p p r o x i m a t e s  t ha t  of  

the h u m a n  a lcohol ic  [ 8 , 16 ] .  Increases  [ 1 8 ] ,  or no  change 
[15] in e thano l  m e t a b o l i s m  in m a n  fol lowing e thano l  
overdr ink ing  have been  repor ted .  Decreased rate  seems 
specifically re la ted  to  the  nu t r i t i ona l  s ta te  of  the  individual  
[3 ,22 ] .  In this  respect ,  the  effects  of  24 hr  of  food 
depr iva t ion  [22]  are very  similar to those  found  in 
E x p e r i m e n t  1. Thus,  the  h u m a n  a lcohol ic  may  actual ly  
have a decreased rate of  e thano l  e l imina t ion  when  com- 
pared to the  non- food-depr ived  no rma l  adul t .  

In general ,  smaller  liver weight  to  b o d y  weight  ra t ios  
were found  wi th  a decreased rate of  e t hano l  me tabo l i sm 
(Pearson cor re la t ion  coeff ic ient  = 0 .94;  F isher  t (5 )  = 5.70, 
p < 0 . 0 1 ) .  However ,  food  res t r i c t ion  is k n o w n  to  no t  on ly  
affect  liver size bu t  also levels of  s tored me tabo l i t e s  [ l ,  5, 
27, 32 ] .  Thus,  m o d e r a t e  e t hano l  in take  t ha t  does  not  result  
in physical  d e p e n d e n c e  may  al ter  the  storage c o m p o s i t i o n  
charac ter is t ics  of  the  liver and provide  a mechan i sm 
whereby  food  depr iva t ion  does no t  deple te  essential  met -  
abolic  s tores needed  for  e t hano l  e l imina t ion .  However,  it 
appears  t ha t  this  change  did no t  occur  in the  chron ic  
e t hano l  polydips ia  feeding regimen employed .  
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