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COLLINS, A. C., T. N. YEAGER, M. E. LEBSACK AND S. S. PANTER. Variations in alcohol metabolism: influence o f  
age and sex. PHARMAC. BIOCHEM. BEHAV. 3(6) 973-978 ,  1975. - Male and female C57BL/Ibg mice were divided into 
two age groups: 5 0 - 6 0  and 95-110  days of age. Alcohol-induced sleep time was measured subsequent to the 
intraperitoneal injection of a 3.5 g × k g  ~ dose. The old male group had a sleep time approximately 4 times that of the 
young male group and approximately twice that of the old female group. Blood alcohol concentrations at time of 
awakening were nearly identical in all groups, indicating the difference in sleep time is not due to an altered CNS 
sensitivity. Measurement of in vivo alcohol disappearance rate indicates the old male group is different from the other 
groups because of a slower rate of alcohol metabolism. Although changes in hepatic alcohol dehydrogenase (ADH) and 
aldehyde dehydrogenase (ALDH) activities were seen, the changes do not explain the observed decrease in alcohol 
metabolism observed in the old male group. These data provide further evidence that hepatic ADH and ALDH activities are 
not rate limiting in alcohol metabolism. 
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A n u m b e r  o f  variables seem to be d i rec t ly  involved in 
con t ro l l ing  du ra t i on  and  in t ens i ty  of  the  effects  of  a lcohol .  
Centra l  ne rvous  sys tem (CNS) sensi t ivi ty  to  the  depressan t  
effects  of  this  agent ,  rate of  e l imina t ion ,  and  rate o f  
abso rp t ion  should  be of  p r imary  i m p o r t a n c e  in con t ro l l ing  
the  du ra t i on  of  a response  such as loss of  the  r ight ing reflex,  
i.e., a lcohol - induced  sleep t ime  [13 ] .  It is very l ikely t ha t  
the  first two  o f  these pa rame te r s  are in f luenced  by the  
geno type  o f  the  test  organism.  For  example ,  McClearn and  
Kak ihana  [ 14] have ob t a ined  by  selective b reed ing  f rom a 
h e t e r o g e n e o u s  s tock  o f  mice two  lines of  mice which  differ  
subs tan t ia l ly  in du ra t ion  of  a lcoho l - induced  sleep t ime.  
Recent ly ,  i t  has been  r epo r t ed  t ha t  these  two  selected lines 
differ  in a lcohol  sleep t ime  because of  a d i f ference in CNS 
sensi t ivi ty  to a lcohol  [ 9 ] .  While no  a t t e m p t s  have been  
made  to selectively breed  two lines of  mice which  di f fer  in 
rate of  a lcohol  me tabo l i sm,  i t  seems l ikely t ha t  this  would  
be possible.  Var ious  inbred  s t rains  of  mice d e m o n s t r a t e  vast 
d i f ferences  in a l coho l - induced  sleep t ime  fol lowing the  
in ;ec t ion  o f  an h y p n o t i c  dose of  e t hano l  [ 11 ]. Rogers et aL 
[ 16] and  Sheppard  et al. [17]  have d e t e r m i n e d  t ha t  these  
same inb red  s t rains  differ  in hepa t i c  a lcohol  dehydrogenase  
(ADH)  in such a way t ha t  an exce l l en t  inverse cor re la t ion  
exists be tween  a lcoho l - induced  sleep t ime  and  ADH act ivi ty  
as measured  in vitro.  More recent ly ,  o thers  have r epo r t ed  
d i f ferences  in a lcohol  me tabo l i sm in three  inbred  s t rains  o f  
mice. [ 3 ]. 

Strain d i f ferences  in a lcohol  m e t a b o l i s m  are n o t  res t r ic t -  
ed to mice. Er iksson [4]  has r epo r t ed  d i f ferences  in the  in 

vivo e l imina t ion  rate of  e t hano l  in two  lines of  rats  which  
had  been  selectively bred for  high and  low a lcohol  
preference  [ 5 ] .  Within  b o t h  of  these  selected lines, Eriks- 
son n o t e d  t h a t  the  females had  a greater  e t hano l  el imina-  
t ion  rate  than  did the  males. Liver ADH act ivi ty  was no t  
assessed in these exper iments .  However ,  s t rain and  sex 
di f ferences  appa ren t ly  do exist  in these parameters ,  since a 
sex di f ference in hepa t ic  ADH act ivi ty  in Sprague-Dawley 
bu t  n o t  Wistar rats has been  observed [ 2 ] .  

Such observa t ions  seemed of  p robab le  signif icance when,  
in examin ing  the  effects  of  various pharmacolog ica l  agents  
on e thano l - induced  sleep t ime  in our  l abora to ry ,  i t  was 
observed t ha t  sex di f ferences  in sleep t ime  might  exist .  
These ini t ia l  expe r imen t s  had  uti l ized sexual ly ma tu re  mice 
of  b o t h  sexes, ranging in age f rom 55 to 95 days, f rom the  
C 5 7 B L / I b g  strain,  The sex di f ference seemed to be grea ter  
as a func t ion  of  age. Thus,  expe r imen t s  were designed to  
es t imate  the  magn i tude  of  this  obse rva t ion  and  to  deter-  
mine  possible unde r ly ing  mechanisms .  

METHOD 

Animals 

The animals  were divided in to  2 age groups:  5 0 - 6 0  days 
o f  age and  9 5 - 1 1 0  days of  age. A lcoho l - induced  sleep t ime  
was assessed fol lowing the  i n t r ape r i t onea l  in jec t ion  of  3.5 g 
x Kg -~ e thanol .  The a lcohol  so lu t ion  was p repared  in 
i so tonic  saline and  c o n t a i n e d  0.35 g x ml- '  o f  e thanol .  At  
this c o n c e n t r a t i o n ,  the  appropr ia t e  dose is achieved if  each 
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mouse  is in jec ted  wi th  0.01 ml x g l  body  weight.  The  
animals  were in jec ted  in t r ape r i tonea l ly  and  res t ra ined  for  
app rox ima te ly  30 sec af te r  which  they  were placed on the i r  
backs  in a t rough.  Sleep t ime  was judged t e r m i n a t e d  when  
the  animals  could r ight  themselves  successful ly 2 t imes  in 
30 sec. 

Procedure 

Since di f ferences  in sleep t ime  might  arise as a conse- 
quence  of  a l te ra t ions  in CNS sensi t ivi ty to  the  depressant  
effects  o f  e t hano l  or  as a consequence  of  differ ing rates  of  
me tabo l i sm of  e thano l ,  expe r i m en t s  were pe r fo rmed  to tes t  
these possibilities. A conven ien t  way to es t imate  CNS 
sensi t ivi ty to e thano l  in indiv idual  animals  is to  measure  
a lcohol  c o n c e n t r a t i o n  in the  b lood  at the  t ime of  regaining 
the  r ight ing reflex. The mice were in jec ted  with the  
s tandard  3.5 g x K g '  e t hano l  dose; immed ia t e ly  af te r  the  
r ight ing ref lex was regained,  a cent ra l  venous  b lood sample 
was ob ta ined  f rom each animal  by p u n c t u r i n g  the  re t ro-  
orb i ta l  sinus wi th  a 40 micro l i te r  capil lary pipet .  The b lood  
sample was added to 0.96 ml of  a hepar in ized  i sopropyl  
a lcohol  so lu t ion .  The final i sopropyl  a lcohol  c o n c e n t r a t i o n  
was 40 mg percen t  and served as an in te rna l  s tandard .  A 5 
micro l i te r  a l iquout  of  this so lu t ion  was in jec ted  o n t o  a 
Porapak Q co lumn  in a Beckman  GC-45 gas ch r oma tog raph ,  
equ ipped  wi th  a f lame ion iza t ion  de tec tor .  The co lumn  and  
de t ec to r  t empe r a t u r e s  were 175°C and  225~C, respectively.  
The gas mix tu re  consis ted of air, 300 ml x min-~:  
hydrogen ,  45 ml x min -~ ; and  he l ium,  80 ml x min -J . Each 
sample  was run  in dupl icate .  Blood a lcohol  c o n c e n t r a t i o n  
was calculated by  es t imat ing  by t r iangula t ion  the  areas of  
the  e t h a n o l  and  i sopropyl  a lcohol  peaks and  compar ing  the  
rat io  ob t a ined  for  each sample wi th  a s tandard  curve. 

The rate of  e t hano l  e l imina t ion  was d e t e r m i n e d  for  
animals  f rom each of  the  4 groups us ing a similar t echn ique .  
Each animal  was in jec ted  wi th  the  s tandard  e thano l  dose 
and  40  microl i te r  b lood  samples  were ob t a ined  at 1 , 2  and  
4 h r  af ter  in ject ion.  Blood a lcohol  c o n c e n t r a t i o n s  were 
d e t e r m i n e d  as descr ibed previously  and the  e l imina t ion  rate 
calculated for  each animal.  

Hepat ic  a lcohol  dehydrogenase ,  ADH, and a ldehyde  
dehydrogenase ,  ALDH,  have long been cons idered  the  most  
i m p o r t a n t  enzymes  in e t h a n o l  me tabo l i sm.  Certa inly ,  on  a 
kinet ic  basis, this appears  to be the  case. These  considera-  
t ions  led us to  measure hepa t ic  ADH and ALDH activit ies 
in vitro. Animals  f rom each of  the  4 groups which  had no t  
been  exposed  to e t hano l  were sacrif iced by a b low on the  
head,  the  livers quickly  excised and  placed in 9 volumes  of  
cold 0.25 M sucrose. The tissue was h o m o g e n i z e d  and  the  
48 ,000  × g supe r na t an t  f rac t ion ob t a ined  by cent r i fug ing  
for  1 h r  in a Sorvall RC2B refr igera ted centr i fuge.  ADH 
activity was de t e rmined  in this  s u p e r n a t a n t  f rac t ion  by 
m o n i t o r i n g  s p e c t r o p h o t o m e t r i c a l l y  the rate of NADH 
f o r m a t i o n  wi th  e t h a n o l  and  NAD as cosubs t ra tes  using a 
modi f i ca t ion  of  the  m e t h o d  of  Bonn ichsen  and Brink [ 1 ]. 
The modi f i ca t ion  consis ted of  the  add i t ion  of  0.2 M 
semicarbaz ide  to the  incuba t ions .  Semicarbazide  serves to  
t rap the  ace ta ldehyde  which  is fo rmed  when  e t h a n o l  is 
oxidized;  if this step is omi t t ed ,  b o t h  ADH and ALDH,  
which  conver t  ace ta ldehyde  to acetic acid using NAD as a 
cosubs t ra te ,  will be measured.  

Tota l  hepa t ic  ALDH act ivi ty was d e t e r m i n e d  ut i l iz ing a 
r ad iochemica l  assay which  has recen t ly  been  developed in 
our  l abora to ry .  The  assay subs t ra te ,  14 C benza ldehyde ,  was 

ob ta ined  f rom New England Nuclear  as a benzene  so lu t ion .  
The benzene  was r emoved  by evapora t ion  u n d e r  a s t ream of  
n i t rogen  at 0°C. The radiolabel led benza ldehyde  was 
resolubi l ized in 0.5 ml of  a 1:1 ace tone-wa te r  so lu t ion  and 
run  across a 3.5 × 0.8 cm Dowex AG-I co lumn,  pH 7.0. 
The co lumn was washed wi th  2.5 ml of  water  and  e f f luen ts  
combined .  The benza ldehyde  was di lu ted wi th  untabe l led  
benza ldehyde  to a specific act ivi ty of  0 .10 microcur ies  x 
mic romole  -l . 

Enzyme activi ty was de t e rmined  by  incuba t ing  50 
microl i ters  of  a 10 percen t  h o m o g e n a t e  in a mix tu re  of  
0.65 ml 10 mM p y r o p h o s p h a t e  buffer ,  pH 9.6, 0.1 ml 10 
mM NAD, 0.1 ml 10 mM pyrazole  and 0.1 ml 2.5 mM 
benza ldehyde  (0.25 microcuries) .  This mix tu re  was incu- 
ba t ed  for  5 rain at 37.5°C in a shaking i ncuba to r  bath .  The 
reac t ion  was t e r m i n a t e d  by the  addi t ion  of  0.1 ml of  a 20 
percen t  t r i ch loroace t ic  acid (TCA) solut ion.  Each homoge-  
nate  was assayed in dupl icate  along wi th  a b lank  which  
consis ted of  the  comple te  reac t ion  mix tu re  wi th  the  TCA 
added  pr ior  to  the  enzyme.  The so lu t ion  was t hen  made 
alkaline (pH 12) by  the  add i t ion  of a 20 percen t  NaOH 
so lu t ion  and ex t r ac t ed  twice wi th  6 ml of  water  sa tu ra ted  
1,2 d ich lo roe thane .  This ex t r ac t ion  removes  un reac t ed  
benza ldehyde  and any o the r  neu t ra l  me tabo l i t e s  leaving the  
reac t ion  p roduc t ,  benzoic  acid, in the  aqueous  layer. The 
radioact iv i ty  of  a 0.1 ml a l iquot  of  the  aqueous  layer was 
d e t e r m i n e d  by placing it in 10 ml of  a Tr i ton  X-100 to luene  
based scint i l la t ion cockta i l  and  coun t ing  in a Beckman  
LS-133 l iquid sc in t i l la t ion  counter .  Correc t ions  for  count -  
ing eff ic iency were made.  Recovery  of  benzo ic  acid was 
near ly  100 percent  unde r  these condi t ions .  Prote in  concen-  
t ra t ions  were de t e rmined  using the b iure t  me thod .  

The activit ies of  b o t h  ADH and ALDIt  were calcula ted 
in t e rms  of  act ivi ty per  mg of p ro te in ,  per  g liver, per  liver 
and  per  g of  body  weight.  Data were ana lyzed  by analyses 
of  variance and the  means  compared  using Duncan ' s  
mul t ip le  range test. 

RESULTS 

The  results of  those  expe r imen t s  in which  the  po ten t i a l  
in f luence  of  age and  sex on a lcohol - induced  sleep t ime  in 
C 5 7 B L / I b g  mice was assessed are presen ted  in Table  1. No 
signif icant  sex d i f fe rent ia l  is evident  in the  groups tes ted  at 
50 60 days of age; however ,  there  is a marked  sex 
dif ference in the older  group.  The  older  males slept  near ly  
twice as long as the  females of  the same age and  
app rox ima te ly  4 t imes as long as the  5 0 - 6 0 - d a y - o l d  males. 
A l t h o u g h  mean  sleep t ime in females also increased wi th  
age, there  was so m u c h  variance in this  measure  t ha t  a 45 
percen t  increase was nons igni f icant .  The increase in 
e thano l - induced  sleep t ime observed in C57BL mice is 
the re fo re  d e p e n d e n t  upon  the  sex of  the  animal.  It is 
observed in greatest  magni tude  in male mice. 

An increase in sleep t ime  might  arise f rom differ ing CNS 
sensit ivit ies to the  depressant  ac t ions  of  alcohol .  The results 
of  the e x p e r i m e n t  in which  b lood  e thano l  c o n c e n t r a t i o n  
was measured  at t ime  of regaining the  r ight ing reflex are 
p resen ted  in Table  2. 

None  of  the  groups  differ  s ignif icant ly  f rom the  o thers  
wi th  respect  to b lood  a lcohol  c o n c e n t r a t i o n  at t ime  of  
awakening.  Therefore ,  there  p robab ly  are no t  any  remark-  
able sex- or  age-dependen t  d i f ferences  in CNS sensi t ivi ty to  
a lcohol  in C57BL/ Ibg  mice: In addi t ion ,  these data  imply  
tha t  the  old males differed f rom the  o the r  groups wi th  
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TABLE 1 

EFFECTS OF AGE AND SEX ON ALCOHOL-INDUCED SLEEP TIME IN C57BL/Ibg MICE 
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Age (days) Sex Sleep Time* Comparison p 

50-60 (YF) Female 48.4 ± 5.8 (16) OM-YM <0.01 

50-60 (YM) Male 33.5 ± 2.8 (16) OM-OF <0.01 

95-110 (OF) Female 70.4 ± 10.4 (16) YF-YM ns 

95-110 (OM) Male 137.9 ± 16.1 (15) YF-OF ns 

*Sleep times were determined following the intraperitoneal injection of a 3.5 g × kg -~ ethanol dose. Time is measured in min. 
Data are expressed as mean ± standard error; number of observations is given in parentheses. 

TABLE 2 

BLOOD ALCOHOL CONCENTRATIONS AT TIME OF AWAKENING IN Cg7BL/Ibg MICE 

Age (days) Sex Blood Alcohol (mg%)* Comparison p 

50-60 (YF) Female 377 ± 22 (10) OM-YM ns 

50-60 (YM) Male 411 ± 20 (10) OM-OF ns 

95-110 (OF) Female 443 + 17 (10) YF-YM ns 

95-110 (OM) Male 414 + 18 (10) YF-OF ns 

*Blood alcohol concentration was determined using a gas chromatographic technique at the time each animal regained the 
righting reflex following the intraperitoneal injection of a 3.5 g × kg -~ ethanol dose. Alcohol concentration is expressed as 
mean ± standard error in mg%; number of observations is given in parentheses. 

regard to rate of  e thanol  e l iminat ion.  Only if  rate of  
absorp t ion  or rate of  e l iminat ion  were al tered could the old 
males, who slept  more  than twice as long as any o the r  
group,  awaken with the same blood alcohol  concen t ra t ion .  

The a priori l ikel ihood of  absorp t ion  rate being al tered 
fol lowing an in t raper i tonea l  in ject ion seemed to  us to be 
minimal.  Therefore ,  we investigated the possibil i ty of  a 
significant difference in alcohol  e l iminat ion rate. Rate o f  
e l iminat ion was de te rmined  and the  data were subjected to 
analysis o f  variance and Duncan ' s  test  for compar i son  o f  
means (see Table 3). The old male group is significantly 
d i f fe rent  f rom the o the r  groups in the in vivo rate of  
e thanol  e l iminat ion.  

If  the rates o f  e thanol  e l iminat ion are expressed as mg% 
etlhanol metabol ized  per  100 g body  weight  per  hour ,  or as 
mg% per g liver weight  per hour,  an accen tua t ion  of  the 
difference would  be seen. This arises because mean b o d y  
and liver weights o f  old males were greater than those of  
the o the r  groups.  

Differing volumes o f  d is t r ibut ion (V D) would  also result  
in d i f fe ren t  b lood  alcohol  concent ra t ions .  Using our  metab-  

olism data we es t imated  the  e thanol  V D for old males to be 
approx imate ly  10 percent  higher than that  o f  the o the r  
groups. A greater VD, if  metabol ism rates were identical ,  
would result in a lower  b lood  alcohol concent ra t ion .  Blood 
alcohol  levels o f  the old males were higher than those o f  the 
o the r  groups. Had V D's been identical ,  the difference in in 
vivo e l iminat ion be tween  old males and the o ther  groups 
would  have been even greater. 

Thus, we conclude that  the observed difference in 
e l iminat ion rate was due to a di f ference in metabol i sm and 
no t  to dif ferences  in body  or liver weight or  in volume o f  
dis t r ibut ion.  Our data are in general agreement  with those 
ob ta ined  by Eriksson [4 ] ,  excep t  tha t  the differential  in 
rate be tween  the sexes in our  older  age group is substantial-  
ly larger. 

The inf luence of  age and sex on hepat ic  ADH activity is 
p resen ted  in Table 4. Significant dif ferences  be tween  the 
sexes and be tween  age groups are seen in nearly all 
parameters .  Specifically,  the concen t ra t ion  of  hepat ic  ADH 
(nanomoles  × rain -a x mg -x prote in  and micromoles  x 
rain -1 × g-1 liver) increases wi th  age in bo th  sexes. Females 
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T A B L E  3 

RATE OF ALCOHOL DISAPPEARANCE FROM THE BLOOD OF C57BL/Ibg MICE 

Age (days) Sex Rate* Comparison p 

5 0 - 6 0  (YF) Female 72.0 ± 6.4 (6) O M - Y M  <0.01 

5 0 - 6 0  (YM) Male 82.3 e 4.7 (6) OM OF <0.01 

9 5 - 1 1 0  (OF) Female 82.9 ± 7.4 (9) YI: YM ns 

9 5 - 1 1 0  (OM) Male 47.6 + 6.2 (9) YF OF ns 

*Blood alcohol concentrat ion was determined using a gas chromatographic technique at l, 2 and 4 hr atler intraperitoneal 
injection of  a 3.5 g X kg-' ethanol dose. The rate of  alcohol disappearance is linear and was calculated by determining the slope 
of the line in rag% X h - ' .  Data are expressed as mean ± standard error; number  of  observations is given in parentheses.  

T A B L E  4 

LIVER ALCOHOL DEHYDROGENASE (ADH) ACTIVITIES IN C57BL/Ibg MICE 

n moles u moles ~z moles ~ moles 

Age (days) Sex n mg protein g liver liver g body weight 

5 0 - 6 0  (YF) Female 8 19.3 + 1.1 2.58 ± 0.06 2.78 ± 0.13 0.140 ± 0.005 

5 0 - 6 0  (YM) Male 8 11.3 ± 0.3 2.00 ± 0.07 1.85 _+ 0.06 0.092 + 0.003 

9 5 - 1 1 0  (OF) Female 8 24.5 ± 1.3 3.08 ± 0.12 3.16 ± 0.11 0.136 _+ 0.004 

9 5 - 1 1 0  (OM) Male 8 18.9 ± 0.9 2.35 ± 0.07 3,16 ± 0.12 0.110 + 0,005 

Statistical Comparisons (p values) 

Y M - Y F  <0.01 <0.01 <0.01 <0.01 

O M - O F  <0.01 <0.01 ns ns 

Y M - O M  <0.01 <0.01 <0.01 ns 

Y F - O F  <0.01 <0.01 <0,05 ns 

Liver ADH activity was determined in the high speed supernatant  fraction of 10 percent homogenates .  Data are expressed as mean ± 
standard error per min. 

a l w a y s  have  a g r e a t e r  c o n c e n t r a t i o n  t h a n  do  t h e  age- 
m a t c h e d  ma le s .  H o w e v e r ,  t h e  o ld  m a l e s  have  s i g n i f i c a n t l y  
h e a v i e r  l ivers t h a n  do  t h e  o ld  f e m a l e s ,  so  t h e r e  is n o  s ex  
d i f f e r e n c e  in t o t a l  h e p a t i c  A D H  a c t i v i t y  in t h e  o lde r  age 
g r o u p .  T h u s ,  t h e  o b s e r v e d  d e c r e a s e  in ra te  o f  a l c o h o l  
m e t a b o l i s m  w i t h  age in t h e  m a l e  g r o u p  c a n n o t  be  eas i ly  
e x p l a i n e d  b y  a d i f f e r i n g  h e p a t i c  A D H  ac t iv i t y .  

Tab l e  5 p r e s e n t s  t h e  r e s u l t s  o f  t h o s e  e x p e r i m e n t s  in 

w h i c h  h e p a t i c  A L D H  ac t iv i t i e s  were  d e t e r m i n e d .  T h e r e  are  
o n l y  m o d e s t  d i f f e r e n c e s  b e t w e e n  t h e  v a r i o u s  g r o u p s  w i t h  
r ega rd  to  t h e  ac t iv i t i e s  o f  t h e s e  e n z y m e s  e x c e p t  t h e  o ld  
ma le  g r o u p  w h i c h  h a s  s l igh t ly  e l e v a t e d  ac t iv i ty .  T h e  
d e c r e a s e  in ra te  o f  a l c o h o l  d i s p o s i t i o n  in vivo in t h e  o ld  
ma le  g r o u p  c a n n o t  be eas i ly  e x p l a i n e d ,  t h e r e f o r e ,  in t e r m s  
o f  d i f f e r e n c e s  in t h e  ac t iv i t i e s  o f  t h o s e  e n z y m e s  w h i c h  are  
d i r ec t ly  i n v o l v e d  in a l c o h o l  m e t a b o l i s m .  
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T A B L E  5 

LIVER ALDEHYDE DEHYDROGENASE (ALDH) ACTIVITIES IN C57BL/Ibg MICE 

977 

n moles v moles v moles ~ moles 

Age (days) Sex n mg protein g liver liver g body weight 

50 -60  (YF) Female 8 19.90 -+ 0.71 4.63 -+ 0.26 4.26 _+ 0.17 0.23 _+ 0.01 

5 0 - 6 0  (YM) Male 8 20.33 -+ 1.55 4.49 -+ 0.19 5.30 + 0.41 0.23 _+ 0.01 

95 -110  (OF) Female 8 20.46 _+ 1.06 4.91 -+ 0.25 4.36 + 0.29 0.21 _+ 0.01 

95-110  (OM) Male 8 24.53 -+ 0.91 5.75 -+ 0.29 7.23 ÷ 0.44 0.25 + 0.02 

Statistical Comparisons (p values) 

YM-YF ns ns <0.05 ns 

OM-OF <0.01 <0.05 <0.01 ns 

YM-OM <0.01 <0.01 <0.01 ns 

YF-OF ns ns ns ns 

Liver ALDH activities were determined in 10 percent homogenates. 

DISCUSSION 

The data  r epor t ed  in this  paper  are no t  the  first 
i nd ica t ion  tha t  sex d i f ferences  in a lcohol  re la ted behaviors  
exist .  Er iksson and  P ikkara inen  [6] have observed h igher  
vo lun ta ry  a lcohol  c o n s u m p t i o n  coupled  wi th  a grea ter  
hepa t ic  ADH act ivi ty  in C57BL female mice. Subsequen t ly ,  
these inves t igators  [7] d e t e r m i n e d  using F 2 hybr ids  derived 
f rom C57BL (a lcohol  prefer r ing)  and  CBA (a lcohol  avoid- 
ing) mice t ha t  a poo r  cor re la t ion  be t w een  a lcohol  prefer-  
ence and  hepa t ic  A D H  act iv i ty  exists  in indiv idual  animals.  
However,  the  mean  c o n s u m p t i o n  and  A D H  act iv i ty  was 
greater  in female than  in male F 2 hybr ids .  Er iksson and  
P ikkara inen  did n o t  measure  in vivo e t hano l  me tabo l i sm in 
the i r  studies.  A part ia l  exp l ana t i on  for  the  sex d i f ference  in 
a lcohol  preference  in C57BL mice may come  f rom the  
observa t ion  tha t  male C57BL mice e l iminate  s igni f icant ly  
h igher  a m o u n t s  of  ace t a ldehyde  t h r o u g h  the  lungs t han  do 
fi,~males fo l lowing e t hano l  a d m i n i s t r a t i o n  [ 15] .  Cas t ra t ion  
of  the  male mice e l imina ted  the  sex d i f fe rence  in aceta lde-  
hyde  exha la t ion .  Wiberg e t  al. [19]  have r epo r t ed  develop-  
men ta l  changes in in vivo a lcohol  m e t a b o l i s m  and  hepa t ic  
ADH act ivi ty  in male Wistar rats  which  resemble  those  we 
repor t  here  for  male C57BL mice. These invest igators  did 
no t  examine  female rats  for  possible deve lopmen ta l  
changes.  Our  data provide  evidence which  indica tes  t ha t  
male and  female mice may be expec t ed  to differ  in a lcohol  
re la ted  behaviors  because the  in vivo rate of  a lcohol  
dJisposition decreases  s ignif icant ly  wi th  age in males bu t  n o t  
in females.  

We have observed  an increase in hepa t i c  A D H act ivi ty  in 

Data are expressed as mean _+ standard error per min. 

male C57BL mice wi th  age while  in vivo a lcohol  me tabo l -  
ism decreased.  This observa t ion  supplies compel l ing  evi- 
dence to suggest t ha t  ADH act iv i ty  is n o t  the  rate l imi t ing 
s tep in a lcohol  disposi t ion.  Such a conc lus ion  is cons i s ten t  
wi th  the  a rgumen t  t h a t  some o the r  pa r ame te r  such as 
ox ida t ion  o f  NADH to NAD [ 10,18] is k inet ica l ly  impor-  
t a n t  in e t hano l  and  ace t a ldehyde  ox ida t ion .  Er iksson [4]  
de tec ted  d i f ferences  in hepa t ic  oxygen c o n s u m p t i o n  be- 
tween  male and  female rats which,  if  ADH act ivi ty  is s imilar  
or is no t  rate l imit ing,  could  explain  the  modes t  sex 
d i f ferences  in a lcohol  me tabo l i sm he observed.  Since 
NADH ox ida t i on  should  be coupled  to oxygen  consump-  
t ion ,  it seems possible tha t  males have a s lower  ra te  of  
e t hano l  me tabo l i sm than  do  females,  because NADH is no t  
as rapidly ox id ized  in males. 

L indros  et  al. [12]  have suggested tha t  at  h igh concen-  
t ra t ions ,  ace t a ldehyde  can reduce  e thano l  me tabo l i sm.  This 
is reasonable  in t ha t  ADH is a readi ly  reversible enzyme.  
Since an e levated ace ta ldehyde  exha la t ion  in male C57BL 
mice has been observed [ 15] ,  i t  seems plausible to suspect  
the  decreased a lcohol  e l imina t ion  rate in ou r  old male 
group may  be re la ted  to an a l t e ra t ion  in ace t a ldehyde  
me tabo l i sm.  The observed increase in hepa t ic  ALDH 
act ivi ty  argues against  this  hypothes is .  In add i t ion ,  we have 
tes ted  this hypo thes i s  by cas t ra t ing  5 0 - 6 0  day old male 
C57BL mice and  t hen  de t e rmined  rate of  a lcohol  me tabo l -  
ism and  length  of  e thano l - induced  sleep t ime at 9 5 - 1 1 0  
days of  age. We de tec ted  no  di f ference be tween  the 
cas t ra ted  and n o n c a s t r a t e d  animals.  The cause of  this 
a n o m a l o u s  behav io r  is u n d e r  invest igat ion.  In addi t ion ,  we 
have observed t ha t  BALB mice d e m o n s t r a t e  a subs tan t ia l  
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sex difference in in vivo alcohol e l iminat ion at 60 days o f  
age. Thus, the rate of deve lopment  of  the sex difference 
appears to be cont ro l led  by genotype .  

The exper iments  described in this paper demons t ra te  
that  age and sex have an inf luence on the durat ion of 
a lcohol- induced sleep t ime in C57BL/Ibg mice. An increase 
in sleep t ime appeared to be corre la ted with a decrease in 
rate of  e thanol  metabol ism.  Fur the rmore ,  data are present-  
ed which clearly suppor t  the hypothes i s  that  hepat ic  ADH 
activity is no t  the rate l imiting s tep in e thanol  oxidat ion.  
These data may also have implicat ions with regard to 

susceptibil i ty to the deve lopment  of  dependence  on alco- 
hol. Goldstein and Pal [8] have indicated that  high, 
cons tan t  levels o f  alcohol are necessary for the deve lopment  
of  alcohol dependence .  If this hypo thes i s  is true, it seems 
likely that  those animals which metabol ize  alcohol more 
slowly should be more susceptible to the deve lopment  of 
dependence  on alcohol. Such data lead to the interest ing 
speculat ion that  perhaps  alcohol ism in humans  is more 
f requent ly  encoun te red  in males because of  a slower rate of  
metabol ism.  
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