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Abst rac t .  The c i r cad ian  peak in  a1 coho1 dehydrogenase ( A D H )  
a c t i v i t y  f e l l  near  the  time of maximal blood ethanol c learance  
r a t e s  both in groups of r a t s  i n j ec t ed  with a s i n g l e  ethanol dose 
( acu te  group) and i n  r a t s  cont inuously exposed t o  ethanol f o r  22 
weeks (chronic  group) .  However, a t  a l l  t imepoints  i nves t iga t ed  
ADti a c t i v i t y  l e v e l s  were lower and f luc tua ted  l e s s  in  the  chronic  
group than i n  e i t h e r  t h e  acu te  o r  cont ro l  (e thanol  naive)  groups. 
In c o n t r a s t ,  a c t i v i t y  l e v e l s  of t he  microsomal ethanol ox id iz ing  
system (MEOS) revealed a prominent rhythm t h a t  was 180" out  of 
phase with t h e  ADH rhythm in  t h e  chronic  group, while  MEOS a c t i v -  
i t y  showed very low l e v e l s  in  the  acu te  and control  groups and d id  
not. vary over t h e  c i r cad ian  span. 

Circadian v a r i a t i o n  in  ethanol 
metabol ic  r a t e  has been e s t ab l  ished 
f o r  the  r a t  (1-4)  and f o r  man ( 5 , 6 ) .  
However, poss ib l e  mechanisms underlying 
t h i s  chronovar ia t ion  in  pharmacokinetic 
response have not been inves t iga t ed  t o  
da t e .  The present  r epor t  p resents  the  
r e s u l t s  of a prel  iminary mechanis t ic  
s tudy in  which t h e  a c t i v i t y  changes of 
hepa t ic  alcohol dehydrogenase ( A D H )  and 
the microsomal ethanol ox id iz ing  system 
(MEOS) were assessed  over t h e  24-hr 
span in  groups of r a t s  s ing ly  o r  chron- 
i c a l l y  exposed t o  e thanol .  

l l a t e r i a l s  and Methods. Three groups of 
male r a t s  (Charles  River Breeding Labs, 
s tock COBS(SD)BR, n=24) 62-70g i n i t i a l -  
l y ,  were housed in  environmental cham- 
bers  maiptained on a 1 2  hr: 12 hr l i g h t -  
dark schedule  ( l i g h t  0800 - 2000 hr).  
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Food ( r a t  chow) and dr inking f l u i d  were 
cont inuously a v a i l a b l e  f o r  a l l  animals .  
For 1 group (chronic  r a t s )  the dr inking 
f l i r id  was 15% ethanol ( v / v )  sweetened 
with 0.05% aspartame'. For the  o the r  2 
groups ( acu te  and control  r a t s ) ,  dr ink-  
ing f l u i d  cons is ted  of 0.05% aspartame 
in  t a p  water .  
recorded dai 1 y . 
was divided i n t o  4 subgroups (n=6)  t o  
determine hepat ic  enzyme l e v e l s  a t  4 
equal ly  spaced c i r cad ian  t imepoints  
(1 hr a f t e r  t h e  onse t  of l i g h t  and dark 
phases and the  2 midpoints between 
them). Each r a t  i n  t he  acu te  subgroups 
was in j ec t ed  with 1 .5  g/kg ethanol 
( i . p . )  3; hr before  s a c r i f i c e .  
ethanol concent ra t ions  were determined 
by gas  chromatographic a n a l y s i s  of 7 
t a i l  vein blood samples taken a t  20 min 
i n t e r v a l s  beginning 60 m i n  a f t e r  dos- 
ing .  Blood ethanol l e v e l s  o f  t h e  
chronic  group were measured a t  t he  time 
of s a c r i f i c e .  The control  group 
remained ethanol naive.  

A t  0900, 1500, 2100 and 0300 hr, 1 
subgroup from each of t he  3 groups was 
decapi ta ted .  Livers were quick ly  re- 
moved, r i n sed ,  b lo t t ed  dry ,  c h i l l e d  and 
weighed. 

Fluid consumption was 

Af t e r  22 weeks each of t he  3 groups 

Blood 
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was homogenized i n  9 m l  of 0.15M K C 1  
and c e n t r i f u g e d  a t  9000 x g f o r  30 m in  
a t  4°C. ADH l e v e l s  were determined on 
t h i s  superna tan t  f r a c t i o n  acco rd ing  t o  
t h e  method o f  Anderson e t  a1 . ( 7 ) .  The 
remainder  o f  t h e  superna tan t  f l u i d  was 
c e n t r i f u g e d  a t  100,000 x g f o r  60 min.  
The r e s u l  t a n t  m i  crosomal p e l  1 e t  was 
washed, resuspended i n  K C 1  and t h e  
a c t i v i t y  l e v e l  o f  MEOS determined by 
u s i n g  t h e  method o f  L i e b e r  and DeCar l i  
( 8 ) .  P r o t e i n  l e v e l s  were determined b y  
t h e  method o f  Lowry e t  a1 . ( 9 ) .  A1 1 
assays were per formed i n  d u p l i c a t e .  

Resul t s .  ADH a c t i v i t y  1 eve l  s ,  expressed 
as nmol s u b s t r a t e  ox id ized/min/mg 
p r o t e i n  o f  t h e  9000 x g f r a c t i o n ,  a r e  
shown i n  F i g .  1. I n  a l l  3 groups, 
peak 1 eve l  s were no ted  a t  0300, 
w i t h  min imal  l e v e l s  a t  1500 h r .  A l -  
though enzyme a c t i v i t y  l e v e l s  i n  t h e  
a c u t e  and c o n t r o l  groups d i d  n o t  d i f f e r  
a p p r e c i a b l y  f rom each o t h e r ,  t h e y  were 
c o n s i d e r a b l y  decreased (22-55%) i n  t h e  
c h r o n i c  group. Mean 24-hr  va lues  (+SE) 
f o r  t h e  acute,  c h r o n i c  and c o n t r o l  
groups were 8.46 f 0.80, 4.8 i 0.32 
and 7.85 * 1.01, r e s p e c t i v e l y .  S i m i l a r  
curves were found when ADH l e v e l  s were 
c a l c u l a t e d  p e r  m inu te /g  l i v e r  o r  p e r  Kg 
body we igh t .  I n  a l l  cases a s i g n i f i -  
c a n t  c i r c a d i a n  v a r i a t i o n  was seen i n  
ADH l e v e l s  f o r  a c u t e  (p<0.05) and con- 
t r o l  (p<O.Ol) groups. A l though  t h i s  
was n o t  t h e  case f o r  t h e  c h r o n i c  group, 
a S t u d e n t ' s  t - t e s t  showed a d i f f e r e n c e  
( ~ ~ 0 . 0 5 )  between t h e  1500 and 0300 h r  
d e t e r m i n a t i o n s  i n  these  r a t s .  

MEOS a c t i v i t y  l e v e l s ,  assessed as 
nmol aceta ldehyde formed/min/mg p ro -  
t e i n ,  a r e  shown i n  F i g .  2. The l o w  
l e v e l s  seen i n  b o t h  t h e  a c u t e  and con- 
t r o l  groups showed no s i g n i f i c a n t  
change ove r  t h e  24-hr span. 
t r a s t ,  MEOS a c t i v i t y  l e v e l s  i n  t h e  
c h r o n i c  group were approx ima te l y  5 - f o l  d 
g r e a t e r  a t  1500 t h a n  a t  0300 h r .  It 
i s  apparent  t h a t  t h e  c i r c a d i a n  rhythms 
o f  t h e  2 enzyme systems were 180' o u t  
of phase w i t h  each o t h e r .  

B lood e thano l  c lea rance  r a t e s  o f  
t h e  a c u t e  group ranged from 5.56 i 0.76 
mg/ml/min f o r  t h e  subgroup i n j e c t e d  
w i t h  e thano l  l a t e  i n  t h e  l i g h t  phase t o  
9.32 t 0.11 mg/ml/min f o r  t h e  subgroup 
i n j e c t e d  l a t e  i n  t h e  da rk  phase. 
B lood  e thano l  c o n c e n t r a t i o n s  i n  t h e  
c h r o n i c  group (as measured a t  t h e  t i m e  

I n  con- 

o f  s a c r i f i c e )  ranged f rom 1.8 mg/ml 
e a r l y  i n  t h e  l i g h t  phase t o  0.2 mg/ml 
e a r l y  i n  t h e  dark phase of  t h e  LD 
schedul  e. 

The volume o f  d a i l y  f l u i d  consump- 
t i o n  of  t h e  c o n t r o l - a c u t e  r a t s  was 
approx ima te l y  t w i c e  t h a t  o f  t h e  c h r o n i c  
( e t h a n o l )  r a t s .  A t  t h e  end o f  t h e  
s t u d y  t h e  mean body we igh t  o f  t h e  form- 
e r  group was 21% g r e a t e r  t han  t h a t  o f  
t h e  l a t t e r  (mean k S.E.  
518 i 79, r e s p e c t i v e l y ) .  

D iscuss ion .  I n  t h e  e thano l  n a i v e  (con-  
t r o l )  and s i n g l y  dosed ( a c u t e )  groups, 
ADH peak a c t i v i t y  l e v e l s  f e l l  near  t h e  
c i r c a d i a n  phase o f  maximal b l o o d  ethan-  
o l  c lea rance  r a t e s  ( 1 - 3 ) .  The c h r o n i -  
c a l l y  dosed r a t s  showed suppressed ADH 
l e v e l s ,  which v a r i e d  l i t t l e  o v e r  t h e  
24-hr  span. MEOS a c t i v i t y  l e v e l s ,  how- 
eve r ,  d i d  v a r y  i n  a c i r c a d i a n  f a s h i o n .  
T h i s  cannot  be a t t r i b u t e d  t o  a l t e r a -  
t i o n s  i n  t h e  normal 24-hr  p a t t e r n  o f  
e a t i n g  and d r i n k i n g  episodes,  s i n c e  t h e  
g r e a t e s t  f ood  and f l u i d  i n t a k e  oc- 
c u r r e d  d u r i n g  t h e  da rk  hours f o r  a l l  
groups. B lood  e thano l  l e v e l s  i n  t h e  
c h r o n i c  group a t  t h e  t i m e  o f  s a c r i f i c e  
p r o v i d e d  a d d i t i o n a l  ev idence t h a t  a 
normal c i r c a d i a n  d r i n k i n g  p a t t e r n  was 
m a i n t a i n e d  i n  t h i s  group.  C l e a r l y ,  t h e  
1 ong-term continu,Jl;s exposure t o  e tha -  
no l  had a l t e r e d  n o t  o n l y  t h e  m e t a b o l i c  
processes by which h e p a t i c  deg rada t ion  
o f  e thano l  occu r red ,  b u t  a l s o  t h e  c i r -  
cad ian  t i m i n g  o f  t h e  r e a c t i o n s .  

Sol iman e t  a1 . (10)  r e p o r t e d  a 
n o c t u r n a l  peak i n  h e p a t i c  ADH b u t  a 
d i u r n a l  peak i n  b r a i n  ADH i n  groups o f  
(presumably)  e thano l  - n a i v e  r a t s .  
though N o r t h  e t  a l .  (11)  d e t e c t e d  c i r -  
cad ian  v a r i a t i o n  i n  mouse l i v e r  ADH 
(as  w e l l  as i n  12 o t h e r  h e p a t i c  en- 
zymes), De im l ing  and Schne l l  (12 )  found 
t h a t  t h e  ADH a c t i v i t y  l e v e l s  were 
i n v a r i a n t  ove r  t h e  24-hr  span i n  t h e i r  
mice, as was t h e  r a t e  o f  d isappearance 
of e thano l  f rom t h e  b lood .  Others (13 )  
have a l s o  r e p o r t e d  a l a c k  o f  chronovar-  
i a t i o n  i n  b l o o d  e thano l  decay r a t e s  i n  
mice. These f i n d i n g s  suggest t h a t  t h e  
l a b o r a t o r y  r a t  i s  a b e t t e r  model t h a n  
t h e  mouse f o r  i n v e s t i g a t i o n s  o f  t h e  
mechanisms subserv ing  t h e  chronopharma- 
c o k i n e t i c s  o f  e thano l  and t h e  changes 
e f fec ted  by l ong - te rm exposure.  

A r e c e n t  r e v i e w  o f  t h e  l i t e r a t u r e  
(14)  no ted  a d i s p a r i t y  i n  t h e  e f f e c t s  
o f  c h r o n i c  e thano l  i n g e s t i o n  on ADH 

652 f 2.39, 
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F ig .  1. C i r c a d i a n  v a r i a t i o n  i n  h e p a t i c  ADH a c t i v i t y  l e v e l s  assessed 
i n d i r e c t l y  by  m o n i t o r i n g  t h e  r a t e  o f  NADH fo rma t ion .  
o r d i n a t e  i n d i c a t e s  nmol s u b s t r a t e  (9000 x g h e p a t i c  super- 
n a t a n t  f r a c t i o n )  o x i d i z e d  p e r  m inu te  p e r  mg p r o t e i n  o f  t h a t  
f r a c t i o n ,  
t h e  b a r  a long  t h e  absc i ssa .  V e r t i c a l  ba rs  i n d i c a t e  1 SE. 
n=6 r a t s  p e r  group p e r  t i m e p o i n t .  

The 

Clock hours o f  l i g h t  and darkness as i n d i c a t e d  by 

a c t i v i t y  l e v e l s .  
p o r t e d  as increased,  decreased o r  
unchanged i n  v a r i o u s  s t u d i e s .  One 
p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  con fus ion  
m igh t  be r e l a t e d  t o  t h e  t i m e  o f  day o f  
sample c o l l e c t i o n .  As shown i n  F i g .  1, 
had ADH l e v e l  s been measured o n l y  i n  
t h e  morning ( i n  accordance w i t h  t h e  
usual 1 a b o r a t o r y  work schedule) , 1 i ttl e 
o r  no s i g n i f i c a n t  d i f f e r e n c e  would have 
been seen between t h e  c h r o n i c  and con- 
t r o l  groups. Whi le  a s i n g l e  l i v e r  
sample ob ta ined  near  t h e  m i d d l e  o f  t h e  
dark p e r i o d  would have r e v e a l e d  con- 
s i d e r a b l y  decreased ADH l e v e l s  i n  t h e  
c h r o n i c  group as compared t o  t h e  con- 

The l e v e l s  were r e -  t r o l  and acute groups ( F i g .  l ) ,  i t  
would n o t  have shown t h e  n o t a b l e  i n -  
crease i n  MEOS l e v e l s  e f f e c t e d  by 
c h r o n i c  ethanol  i n g e s t i o n  ( F i g .  2 ) .  
Only  a m id -a f te rnoon  sample would have 
shown t h i s  r e l a t i o n s h i p .  I n  any case, 
no s ing1 e enzyme determi  n a t i o n ,  r e -  
ga rd less  o f  t h e  t i m e  o f  day o f  samp- 
l i n g ,  c o u l d  have revea led  t h e  chrono- 
v a r i a t i o n  i n  a c t i v i t y  l e v e l s .  C l e a r l y ,  
f a i l u r e  t o  cons ide r  c i r c a d i a n  v a r i a -  
t i o n  i n  b i o l o g i c a l  v a r i a b l e s  may l e a d  
t o  g ross  e r r o r s  i n  i n t e r p r e t a t i o n  o f  
exper imenta l  da ta  and may have p layed  
a r o l e  i n  con fus ion  o f  r e s u l t s  as 
r e p o r t e d  i n  t h e  1 i t e r a t u r e .  
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Fig.  2.  Circadian v a r i a t i o n  i n  h e p a t i c  MEOS a c t i v i t y  l e v e l s  es t imated  
by de termina t ing  nmol acetaldehyde formed per  min per  mg 
p r o t e i n  on t h e  100,000 x g superna tan t  f r a c t i o n .  
a s  i n  Fig. 1. 
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