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DOSSEVI, L , P MARFAING-JALLAT, L A CAMPFIELD AND J LE MAGNEN Blood removal and renal ehmma- 
t:on of a constant dose of ethanol as a functton of volumes and concentrattons of soluttons admmt~tered to rats PHAR- 
MACOL BIOCHEM BEHAV 18(3) 333-339, 1983 --Blood ethanol and unnary excretion were determined m rats following 
mtragastrlc administration of a constant dose of 3 g per kg of ethanol diluted m five different volumes of aqueous solutions 
from 30 to 1 87 ml (2 5 to 40% concentratmns) In a first experiment, it was shown that admlmstratmn of the 30 ml of the 
most dduted solutmn was followed by a slower and longer lasting rise and by a subsequent more rapid dechne of blood 
ethanol concentration than observed following admmtstratmn of smaller volumes of more concentrated solutions In 
experiment 2, measurement of unnary flow after the IG admlmstratmn of the five soluUons and of eqmvalent volumes of 
isotonic saline showed that a maxtmal three hour dmresls was reduced by the high volume of the diluted solution By 
measuring unne ethanol content in a third experiment, It was found that the proportmn of the dose of ethanol excreted m 
urine was seven fold h~gher following the administration of the 30 ml (2 5%) solution compared to 1 87 ml (40%) solution It 
is concluded that the drinking of a dose of ethanol m a htgh volume of a dilute solutton is hkely less toxic than the dnnkmg 
of the same dose m a small volume of concentrated solutmn 

Ethanol Ethanol retake Rats Blood ethanol concentratmns Renal clearance of ethanol 

B L O O D  e thano l  r e m o v a l  resu l t s  f rom the  s imu l t aneous  ac- 
t ion  of  four  d i f ferent  p a t h w a y s  of  e h m l n a t l o n  f rom the  body  
In addi t ion  to e thyl  ox ida t ion ,  c u t a n e o u s ,  p u l m o n a r y  and  
renal  exc re t ions  con t r i bu t e  s o m e w h a t  to  the  ra te  o f  total  
e h m l n a t l o n  Acco rd ing  to va r ious  Inves t iga to rs  e t hano l  oxi- 
da t ion ,  maanly in l iver,  r e p r e s e n t s  80 to 90% of  e l imina t ion  
[7,10] H o w e v e r ,  th is  p ropo r t i on  Is appa ren t ly  d e p e n d e n t  on  
the  con t r i bu t i on  of  the  o t h e r  ou tpu t  p a t h w a y s  C u t a n e o u s  
a lcohol  e l imina t ion  t h r ough  swea t ing  appea r s  to be  small  It 
is l ikely d e p e n d e n t  on  swea t ing  ra te  and ,  thus ,  on  env i ron-  
men ta l  t e m p e r a t u r e  and  phys ica l  exe rc i se  P u l m o n a r y  exha-  
la t ion  of  e thano l  is, as is well  k n o w n ,  p ropor t i ona l  to the  
b lood  e thano l  level  C o n s e q u e n t l y ,  the  par t ic ipa t ion  o f  pul- 
m o n a r y  o u t p u t  in to ta l  e l imina t ion  d e p e n d s  on  all va r iab les  
wh ich  in f luence  b lood  e thano l  level  Acco rd ing  to Haggard ,  
G r e e n b e r g  and  o the r s  [6, 8, 11, 12] the  f rac t ion  o f  to ta l  elimi- 
na t ion  due  to p u l m o n a r y  exha la t ion  would range  f rom 1 to 
3% wi th  small  doses  to 6 to 8% wi th  larger  doses  

The  diure t ic  p rope r ty  of  e thyl  a lcohol  is well  k n o w n  and  
has  b e e n  ex t ens ive ly  s tudied  [5, 13, 21, 23, 24] By Inhibi t ing 
pi tu i tary  an t ld lure t lc  h o r m o n e  re lease ,  e thano l  induces  w a t e r  
d lures ls  and  t h e r e b y  a po l yunc - po l yd l p s i c  s y n d r o m e  [1, 5, 

16] In addi t ion  to this  dmres l s  p romot ing  act ion,  e thanol  is 
pass ive ly  f i l tered by  the  k idney  Like  p u l m o n a r y  ehmlna -  
t lon,  pa r t i c ipa t ion  o f  renal  exc re t ion  m tota l  e l imina t ion  f rom 
the  b o d y  has  b e e n  c la imed to be  d e p e n d e n t  on  the  dose  
Acco rd ing  to var ious  inves t iga tors  [4,22], it would  va ry  be-  
t w e e n  2 and  10% The  ra te  and  a m o u n t  o f  renal  e l imina t ion  
may  be  also af fec ted  by  a n o t h e r  fac tor ,  up to now neglec ted ,  
r e p r e s e n t e d  by  the  vo lume  and  c o n c e n t r a t i o n  of  the  dose  of  
e thyl  a lcohol  so lu t ions  d r u n k  or admin i s t e r ed  In the  p r e sen t  
s tudy,  the  Inf luence of  va r ious  vo lumes  and  c o n c e n t r a t i o n s  
of  in t ragas t r ica l ly  a d m i m s t e r e d  so lu t ions  con ta in ing  the  
same  dose  o f  3 g/kg body  wt  of  e thano l  on  total  renal  excre-  
t ion  has  b e e n  inves t iga ted  In ra ts  

METHOD 

In o rde r  to pe r fo rm gast r ic  admin i s t r a t i ons  of  e thano l  
so lu t ion  wi thou t  s t ress ing  the  an imals  by  oral  tubing,  ra ts  
were  imp lan ted  wi th  a chron ic  gas t r ic  c a t h e t e r  accord ing  to 
the  t e c h n i q u e  o f  K o h n  [14] as modif ied  by  Marfamg-Ja l la t  
U n d e r  N e m b u t a l  anes thes i a ,  a 0 765 m m  ID silastlc tube  
t e rmina t ed  by  a more  rigid po lye thy l ene  tube  was implan ted  
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t h rough  the  s t o m a c h  wall  and  fixed as desc r ibed  in detai l  
e l s ewhe re  [19] The  tube  was led u n d e r  the  skin and  con-  
nec t ed  at the  top  of  the  head  to a meta l  tube  f ixed on  the  skull 
by  denta l  c e m e n t  Af ter  r ecove ry  f rom surgery,  ra ts  were  
p laced  in Plexlglas cyl indrical  cages  special ly equ ipped  for  
rats  b e a n n g  chron ic  ca the t e r s  The  meta l  head  piece was 
c o n n e c t e d  to a po lye thy lene  tube  and  via  a swivel- joint  to a 
mo to r  d r iven  p u m p  

Blood e thano l  level  was  d e t e r m i n e d  using the 
A D H / N  A D t echn ique  (Boehr inger )  on  b lood samples  of  
0 l ml t aken  f rom the  tall vein The  same t echn ique  was used 
to de t e rmine  u n n e  e thano l  concen t r a t i on  f rom 0 1 ml sam- 
ples Ur ina ry  flow was m e a s u r e d  in s t andard  metabo l ic  
cages  Male  Wls ta r  ra ts  weighing approx ima te ly  250 g were  
used  E x c e p t  for  acute  expe r imen t s ,  they  were  housed  unde r  
s t andard  l abora to ry  condi t ions  with c o n s t a n t  access  to lab- 
o ra to ry  c h o w  and  wa te r  

Erperlment I Blood Ethanol Level 

Five  adult  rats  were food dep r ived  the  night  pr ior  to the 
e x p e r i m e n t  W a t e r  was  r e m o v e d  one  hou r  before  the  tes t  At  
9 a m ,  ra ts  rece ived  th rough  the  chron ic  gastr ic  c a the t e r  a 
dose  of  3 g/kg of  e thanol ,  con t a ined  in vo lumes  of  e i the r  30 
ml, 15 ml, 7 5 ml,  3 75 ml or 1 87 ml of  water ,  1 e In solut ions  
at concen t r a t i ons  (w/v) of  2 5, 5, 10, 20 and  40% respec-  
t ively These  vo lumes  of  e thanol  so lu t ions  were  r andomly  
admin i s t e r ed  in success ive  tes ts  th ree  days  apar t  By chang-  
lng the  p r o g r a m m e d  flow rate  the five solut ions  were  ad- 
min i s te red  o v e r  a c o n s t a n t  in terva l  of  10 m m  Blood samples  
were  d rawn  10, 20 .40 ,  70, 130, 190, 310 and  370 mln af ter  the  
beg inn ing  of  the in t ragas t r lc  admin i s t r a t ions  

l~perttnent 2 Urmarv FIo)~ 

Ten  adult  rats  were  p laced  in metabo l ic  cages  Af te r  a 
per iod  of  adap ta t ion ,  they were  food depr ived  overn igh t  
The  same vo lumes  of  3 g/kg e thano l  solut ions  emp loyed  in 
the  above  e x p e r i m e n t  and  five ident ical  vo lumes  of  Isotonic 
NaCI solut ion,  were  in t ragas tnca l ly  admin i s t e red  accord ing  
to a lat in square  design W a t e r  had been  r e m o v e d  one  hour  
pr ior  to the  infus ions  Ur ine  vo lumes  were  d e t e r m i n e d  one  
and  th ree  hou r s  af ter  the  infusion of  e thanol  or  saline solu- 
t ions  

Erperlment 3 Urine-Ethanol Content 

In this  expe r imen t ,  t r e a t m e n t s  were  l imited to th ree  solu- 
t ions  namely  30 ml (2 5%), 7 5 ml (10%) and  1 87 ml (40%) 
admin i s t e r ed  accord ing  to a la t in  square  des ign in nine ra ts  
0 1 ml samples  o f  ur ine  were  t aken  30, 60, 120, 180 and  300 
mln af ter  e thanol  admin i s t r a t ions  

RESULTS 

Erpertrnent 1 

Changes  in b lood  e thanol  levels  de t e rmined  f rom 10 to 
370 mln af ter  the  l n t r a g a s t n c  admin i s t r a t ions  of  the  f ive so- 
lut ions are i l lus t ra ted in Fig 1 

A c o m p u t e r  analys is  d e t e r m i n e d  that  the  e x p e r i m e n t  da ta  
bes t  fit (using a least  squares  cr i ter ion)  by  the  fol lowing 
formula  

Ct=Co (1--ekl t) (ek2t) 

where  C t = b l o o d  e thano l  c o n c e n t r a t i o n  at  t ime (t), 
Co=b lood  e thano l  c o n c e n t r a t i o n  at  the  end  of  abso rp t ion  as- 

T A B L E  1 

PARAMETERS VALUES AND ESTIMATES FROM COMPUTFR F1TS 
OF BLOOD ETHANOL DATA 

Ethanol 
concentration C,. kl k2 Cma x Tma \ T., 
(%) tmg) (mln -l) (rain -1) (mg/ml) (ram) (ram) 

25  920  000885 000513 326 113 3658 
5 387 00325 000357 271 71 1 410 1 

10 3 51 00357 000300 261 716 478 
20 424  00276 000314 294 825 4659 
40 4 22 0 0267 0 00307 2 91 85 486 8 

C., kt and k2 are defined m the text 
Cma, Is the maximum predicted blood ethanol concentration 
Tmd x and T.. are the times of maximum and zero blood ethanol 

concentrations, respectwely Data are means 

sumlng no ehmlna t lon ,  k~--absorpt lon rate cons t an t  
k2=e l lmlna t lon  rate  cons t an t  

The  m e a n  values  of  C,,, k~, k,, and the es t imated  
m a x i m u m  concen t r a t i ons ,  and  the  t ime of  the  peak  and zero  
concen t r a t i ons  are given in Table  1 

Expe r imen ta l  poin ts  and  da ta  ex t r apo la t ed  f rom the  com- 
pu ted  cu rves  show tha t  

(1) Blood e thano l  concen t r a t i on  inc reases  at  a s lower  
rate ,  and  the  t ime to peak  c o n c e n t r a t i o n  was longer  af ter  
admin i s t r a t ion  of  the mos t  di luted solut ion,  30 ml (2 5c~), 
t han  af ter  the  admin i s t r a t ion  of  the  four  o the r  concen t r a -  
t ions  The  dura t ion  of  this  r ising phase  of  b lood  e thanol  level 
las ted  113 mln for the  mos t  di luted solut ion vs 71 to 85 mln 
with the four  o the r  solut ions  The  es t imated  peak  of  b lood 
e thano l  c o n c e n t r a t i o n s  r anged  f rom 2 61 to 3 26 mg/ml  
(Table  1) 

(2) Expe r imen ta l  da ta  indicate  a fas te r  fall of  b lood 
e thanol  c o n c e n t r a t i o n  with the 30 ml (2 5%) solut ion than  
with the o the r  solut ions  The  dura t ion  of  the fall in b lood 
e thanol  f rom the peak until  an ex t rapo la ted  0 level was 365 8 
rain wlth the  di lute  solut ion vs 410 l, 478, 465 9, and 486 8 
mln respec t ive ly  with more  c o n c e n t r a t e d  solut ions  

(3) Despi te  the  s lower  rate and  longer  dura t ion  of  the  
increas ing  phase  the  t ime e lapsed  f rom lntragastr lc  adminis-  
t ra t ion  to total  e l iminat ion  was s ignif icant ly sho r t e r  af ter  the  
del ivery  of  the 30 ml (2 5%) solut ion than  af ter  the  three  mos t  
c o n c e n t r a t e d  solut ions  H o w e v e r ,  the total  dura t ion  was ap- 
p rox imate ly  ident ical  wi th  the two mos t  di luted solut ions  

In s u m m a r y ,  i n t r agas tnc  admin i s t r a t ion  of  a dose  of  3 
g/kg of  e thano l  leads to a longer  inc rease  in b lood e thanol  
level  at  a s lower  ra te  and  to a more  rapid s u b s e q u e n t  decl ine  
when  admin i s t e red  in a vo lume of  30 ml at  the c o n c e n t r a t i o n  
of  2 5% c o m p a r e d  to admin i s t r a t ion  of  the  same  dose  in 
lower  vo lumes  and  more  c o n c e n t r a t e d  aqueous  solut ions  In 
cont ras t ,  a p p e a r a n c e  and  d i s appea rance  ra tes  of  b lood  
e thanol  are not  s ignif icant ly di f ferent  af ter  the  IG adminis-  
t ra t ion  of  the cons t an t  dose  in vo lumes  f rom 15 to 1 87 ml 
and c o n c e n t r a t i o n s  f rom 5 to 4(~c 

E~pertment 2 

Urina ry  flow o b s e r v e d  af ter  the ln t ragas t r lc  adminis t ra -  
t ion o f  1 87 to 30 ml of  saline so lu t ion  d e m o n s t r a t e s  the  
classical  wa te r  dlures ls  (Fig 2) The  vo lume  of  ur ine  ex- 
c re ted  dur ing  the  first  hou r  and  the  two s u b s e q u e n t  hours  
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FIG 1 Computer generated curves of blood ethanol as a funcnon of concentration and time (N=5) 

markedly Increases when the volume of  the Infusate was 
greater than 7 5 ml This level is thus apparently the 
threshold of  onset of  hypervolemla-mduced water dturesls 
The difference In urine volumes after identical volumes of  
ethanol or saline indicates the specific diuretic effect of  
ethanol (Fig 2) 

The observed and so determined dluresls due to ethanol 
content of  the solution Increased with increasing volumes up 
to a volume of  7 5 ml (10%) during the first hour At larger 
volumes,  the portion of  the dIuresis due to ethanol declines 

Differences in unne volume dunng the first hour follow- 
mg the administration of  ethanol or saline were statistically 
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FIG 2 Mean urine volume as a function of ethanol concentration in 
0 9% saline and volume of solution administered Results are ex- 
pressed as mean±SEM (N= 10) 

FIG 3 Specific dmretlc effect of 3 g/kg BW ethanol in 0 ~w~ saline 
administered mtragastncally Results are expressed as mean±SEM 
of the differences in the urine volumes between ethanol and sahne 
shown in Fig 2 

significant  for  all five vo lumes ,  t (18 )=4  85 (I 87 ml), 5 34 
(3 75 ml), 6 48 (7 5 ml), 4 56 ( 15 ml), 2 39 (30 mi), p < 0  05 In 
con t r a s t  dur ing  the  three  hours  fol lowing the IG adminis t ra -  
t ion,  the  d i f ference  be tween  u n n e  vo lume af te r  e thanol  or  
saline Increased  f rom the  smal les t  to the highest  vo lumes  
This  d i f ference ,  at a m in imum of 2 9 ml af te r  admin i s t r a t ion  
of  1 87 ml (4(t%) solut ion,  r eached  a maximal  level of  8 5 ml 
af ter  admin i s t r a t ion  of  the 30 ml of  the  2 5% solut ion (Fig 3) 
Here  again this  d i f ference be tween  dlures ls  af ter  e thanol  or 
saline was s tat is t ical ly s ignif icant  at  all five concen t r a t i ons ,  
t (18 )=8  5 (2 5%), 10 4 (5%), 10 7 (10%), 8 25 (20%), 7 03 
(40%), p < 0  01 

As a resul t  of  the  addi t ive  effects  of  vo lemlc  and e thanol -  
induced  dluresls ,  the total  t h r e e - h o u r  u n n e  excre t ion  in- 
c reased  f rom 3 3 ml af ter  the small  vo lume  of  c o n c e n t r a t e d  
e thanol  solut ion to 19 7 ml af ter  the  mos t  di luted solut ion 
This  d i f ference  was stat is t ical ly slgnnficant, t ( 1 8 ) = 1 8 3 ,  
p < 0  001 

L~petmtent 3 

Table  2 shows  that  the e thanol  con ten t  of  ur ine was ap- 
p rox imate ly  cons t an t  f rom 30 to 300 mln af te r  admin i s t ra t ion  
of  30 ml (2 5%) and 7 5 ml (10%,) of  e thanol  solut ion How- 
ever ,  the e thanol  c o n c e n t r a t i o n  in ur ine was signif icantly 
lower  30 and  60 rain af ter  admin i s t r a t ion  of  the  mos t  concen-  
t ra ted  e thanol  solut ion c o m p a r e d  to e i the r  less concen t r a t ed  
solut ion This  d i f ference  was stat lsUcally significant  at 30 
min af ter  admin i s t ra t ion ,  t (16)=8  49 (2 5% vs 40%), 5 37 
(10% vs 40%) and  at 60 mln,  t (16)=4  02 (2 5% vs 4(Y~), 3 54 
(10% vs 40%), p < 0  01 E thano l  con ten t  was not different  
with  the  th ree  solut ions  af ter  120 mm 

Data  f rom e x p e r i m e n t  1 al low us to e s t ab l i sh  the urine to 
b lood e thanol  rat io  f rom 30 to 300 min af ter  e thanol  adminls -  
t ra t ion  (Table  3) These  rat ios dec rea sed  ove r  t ime af ter  the  
30 ml (2 5%) admin i s t ra t ion  f rom 1 5 dur ing the  first hou r  to 
1 1 dur ing  the  fifth hour  The  inverse  evolu t ion  was obse rved  
af ter  the  1 87 ml (40%) a d m l m s t r a t i o n  In this  case  the  rat io 
of  ur ine to b lood e thanol  c o n c e n t r a t i o n  increased  ove r t ime  
f rom 0 8 dur ing the first hou r  to 1 5 dur ing the  fifth hou r  
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T A B L E  2 

MEAN URINARY ETHANOL CONCENTRATION AFTER THE ADMINISTRATION OF 3 g/kg 
BODY WT ETHANOL IN 09% SALINE 

Ethanol Time (mm) 
concentration 
(%) 30 60 120 180 300 

25 2 9 _ + 0 1  3 2 _ + 0 1  3 1 _ + 0 1  2 8 _ + 0 1  2 0 _ + 0 1  
10 2 9 _ + 0 2  3 3 _ + 0 2  3 3 _ + 0 1  3 1 _ + 0 1  2 4 _ + 0 1  
40 17_+01  2 3 _ + 0 2  3 1 _ + 0 1  3 1 _ + 0 1  2 6 _ + 0 1  

Results are mean -+ SEM (N=9) 
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FIG 4 Unnary ethanol excretmn as a function of ethanol concen- 
tration and Ume after the mtragastrlc admlmstratlon of 3 g/kg BW 
ethanol In 0 9% saline (N=9) 

E~pertment~ 2 and 3 Combined 

From the results  o f  expe r imen t s  2 and 3, the amount  of  
e thanol  e l iminated through renal excre t ion  and the d i f ference  
of  this excre t ion  as a funct ion of  vo lumes  and concen t ra t ions  
of  the adminis tered solution were  de termined Figure 4 shows 
that  during the first hour  the amounts  of  e thanol  exc re ted  
were  20 7, 14 and 4 4 mg after  adminis t ra t ion o f  30 ml (2 5%), 
7 5 ml (10%) and 1 87 mi (40%) solutions respec t ive ly  Dur- 
ing the two subsequen t  hours  these  amounts  were  37 9, 7 3 
and 3 4 mg respec t ive ly  D u n n g  the three  hours  the total 
amount s  exc re t ed  were  58 6, 21 3 and 7 8 mg Since the uri- 
nary flow f rom the third to the fifth hour  was  not  obse rved ,  it 
was  not possible  to calculate the amount  of  e thanol  exc re ted  
at this t ime during which,  as was seen in expe r imen t  3, 
e thanol  con ten t  o f  urine is still relatively high Thus,  the total 
amounts  compu ted  are likely to underes t imate  total e thanol  
ex t rac t ion  d u n n g  the five hours  following lntragastr ic admln- 
ls t ra tmn of  ethanol  solut ions H o w e v e r ,  it appears  that  dur- 
ing the first three  hours  the amount  of  e thanol  through urine 
was seven  fold grea ter  after adminis t ra t ion of  the 3 g/kg dose  
as a 30 ml (2 5%) solution than it was as a 1 87 ml (40%) 
solution Consider ing only the first three  hours ,  the propor-  
t ions of  the net  dose  of  e thanol  adminis te red  which was  ex- 
c re ted  by the k idneys  were  7 9%, 3 7% and 1 2% for  the 
more  diluted to the more  concen t r a t ed  solutions,  respec-  
t ively (Fig 5) 

75 

2 5  

C o n c e n t r a t i o n  2 5 % 

//: ,, 10 % 

• " 40 % 

0 ~ 1  

7 '  
e 

1 ~ 3  

TIME [HOURS]  

0 ~ 3  

FIG 5 Percentage of administered ethanol excreted m the unne as a 
function of volume and concentration of 3 g/kg BW ethanol in 09% 
saline (N=9) 

T A B L E  3 

RATIO OF URINARY AND BLOOD ETHANOL CONCENTRATIONS 
AFTER ADMINISTRATION OF 3 g/kg BODY WT ETHANOL IN 

0 9% SALINE 

Ethanol 
concentration 
(%) 

Time (mm) 

30 60 180 300 

25 15 12 10 11 
10 14 13 14 17 
40 08 08 12 15 

Data are means (N=9) 

DISCUSSION 

In expe r imen t  1 it was shown  that  af ter  an mtragastr ic  
adminis t ra t ion o f  3 g/kg e thanol  in rats,  the rate of  increase  
of  blood e thanol  level was s lower ,  longer  and reached  a max- 
lmal level when  this dose  was adminis tered  as 30 ml (2 5%) 
solution co mp ared  to smaller  vo lumes  of  more  concen t ra t ed  
solut ions 



338 D O S S E V I  L T  A L  

Con t r ad i c to ry  resul ts  have  been  pub l i shed  a b o u t  the  role 
of  e thano l  c o n c e n t r a t i o n  in the  increas ing  phase  of  b lood 
a lcohol  level ,  genera l ly  t aken  as an indica t ion  of  the  ra te  of  
in tes t inal  absorp t ion  Accord ing  to severa l  repor t s  [3, 8, 9, 
18, 20] e thanol  would be more  rapidly a b s o r b e d  when  ad- 
min i s te red  in solut ions  f rom 15 to 30% than  in solut ions  
lower  than  10% and  h igher  than  30% 

Haggard  et al [9], in a g r e e m e n t  with  our  p resen t  resul ts ,  
showed  tha t  comple te  abso rp t ion  of  a dose  of  e thano l  was 
shor t e r  for  c o n c e n t r a t e d  than  for  d i lu ted solut ions  How-  
ever ,  in man,  Brmrd  [2] c la imed,  con t r a ry  to our  resul ts  in 
rats,  tha t  the  peak  in b lood-e thano l  level  is lower  af ter  the 
ingest ion of  e thanol  m a ddu ted  solut ion 

Three  fac tors  or  m e c h a n i s m s  may  con t r ibu te  to the  
s lower  ra te  and  longer  Increase  of  b lood e thanol  level with a 
high vo lume  of  di luted e thanol  solut ion o b s e r v e d  in the pres-  
en t  s tudy first,  a s lower  ra te  of  in tes t inal  abso rp t ion ,  sec- 
ond  a more  rapid e l iminat ion  c o n c o m i t a n t  with the  absorp-  
t ion and  third ,  the  larger  space  of  diffusion due to the  hyper -  
vo lemla  induced  by  the  30 ml of  aqueous  solut ion 

In the  a b s e n c e  of  a d e t e r m i n a t i o n  of  the  f irst  fac tor ,  the  
ra te  o f  in tes t ina l  a b s o r p t i o n ,  ~t is diff icult  to eva lua t e  
the  r e spec t ive  con tnbu t~on  of  these  th ree  different  fac tors  
c o m b i n e d  The  more  rapid ehmlna t lon  of  the  mos t  ddu ted  
solut ion is appa ren t  dur ing  the  r emova l  phase  of  b lood  alco- 
hol level  The  h y p e r v o t e m l a  af te r  a 30 ml IG admin i s t r a t ion  
(more  than  10% body-weight )  is cons iderab le ,  and  leads 
necessar i ly  to a more  di lu ted e thanol  in the  ex t ended  space  
o f  e thanol  diffusion 

Our  resul ts  on ur inary  flow conf i rm classical  da ta  on the 
e thanol  and  hype rvo lemlc - lnduced  wa te r  dluresls  The i r  
c o m b i n e d  effect  is s h o w n  to be inverse ly  p ropor t iona l  to 
concen t r a t i on  and  thus  p ropor t iona l  to the volume of  ad- 
min is te red  so lu t ion  H o w e v e r ,  this is t rue for  the t h r ee -hour  
ur ine excre t ion  only L imi ted  to the  first  hour ,  this  addi t ive  
effect  is maximal  with the 15 and 7 5 ml solut ions  and  lower  
af te r  the  mos t  di luted 30 ml solut ion This  fact  ,s cons i s t en t  
wi th  the  o b s e r v e d  slow rate  of  inc rease  of  b lood a lcohol  level 
dur ing the  first hou r  af ter  the admin i s t r a t ion  of  the  more  
di luted solut ion It is cons i s t en t  also with repor ted  da ta  on 
the s t imu la t i on  of  e thanol  dlures ls  as a func t ion  of  b lood 
e thano l  level The  e thano l  m h l b m o n  of  pi tui tary A D H  re- 
lease and,  there fore ,  the  s t imula t ion  of  e thanol  dlures~s vary 
as a func t ion  not  of  the abso lu te  level  but  of  the  slope of  
increas ing  b lood-e thano l  level [5] S ince  the slope is s t eeper  
dur ing  the  first 40 mln af ter  a d m l n l s t e n n g  15 and  7 5 ml than  
af ter  admin i s t ra t ion  of  the 30 ml of  2 5% solut ion this leads,  
as ,t was effect ively obse rved ,  to d smal ler  ur ine excre t ion  
dur ing the  first hour  (Fig 2) The  maximal  e thanol  dlures is  
o b s e r v e d  dur ing the th ree  hours  a f te r  the mos t  di luted solu- 
t ion likely resul t s  f rom the longer  rise of  b lood e thanol  level 
This  di luted solut ion p rov ides  a less in tense  but  3W/c more  
las t ing s t imulus  of  e thanol  dluresls  Th~s in te rpre ta t ion  ,s 
conf i rmed  by the fact  tha t  b e y o n d  one hour  e thanol  
e n h a n c e m e n t  of  dluresis  b e c a m e  pract ical ly  nil wi th  the 15 
ml (5%) and 7 5 ml (10%) solut ions  and,  on the con t ra ry ,  
pers i s ted  and  even  was Increasing af ter  the 30 ml (2 5%) 
solut ion 

The  main  f inding of  the th ree  expe r i m en t s  combined  Is 
tha t  the  p ropor t ion  of  a dose  of  3 g/kg of  e thanol  adminis -  
te red  to ra ts  ehmlna t ed  by the k idneys  is seven  fold h ,gher  
when  this  dose  is con ta ined  in 30 ml than  in 1 87 ml of  solu- 
t ion and  In c o n c e n t r a t i o n s  of  2 5 and  40% respec t ive ly  This  
p ropor t ion  of  the  total  e h m l n a t l o n  reaches  and  p resumab ly  
exceeds  8% w h e n  the two cond i t ions  of  a max ,mal  e thanol  

dlures ls  were  ach ieved  These  cond i t ions  are a high vo lume 
o f  aqueous  e thanol  solut ion a b o v e  the  th resho ld  of  onse t  of  
wa te r  dluresls ,  and  a weak  concen t r a t i on  of  e thanol  In the  
solut ion 

Wha t  are the  c o n s e q u e n c e s  of  these  different  ehmlna t , on  
ra tes  of  e thano l  as a func t ion  of  vo lume and  c o n c e n t r a t i o n  on  
the  acute  and  ch ron ic  toxici ty of  e thanol  on  the cent ra l  nerv-  
ous  sys tem~ It is possible  to a s sume  that  the ingest ion of  
e thanol  in a vo lume of  solut ion above  the  th resho ld  of  wa te r  
dlures ls  and  at a low concen t r a t i on  of  e thano l  may reduce  ~ts 
neuro tox lc l ty  In these  two condi t ions ,  we have  o b s e r v e d  
tha t  the initial ra te  of  increase  of  b lood e thanol  level was 
r educed  It has  been  s h o w n  that  this  rate ,  more  than the 
abso lu te  value  of  b lood e thanol  level,  is the dominan t  varia-  
ble,  not  only for  the  inhibi t ion of  pi tui tary re lease  of  A D H ,  
but  also for the general  toxici ty  of  e thanol  on the CNS [5] 
Thus  the lethal  effect  of  e thanol  on  resp i ra to ry  cen te r s  may 
be re la ted to the slope of  increase  more  than  to the  abso lu te  
value  of  b lood e thanol  level The  dose  used in this s tudy (3 
g/kg) rapidly inJected in t r avenous ly ,  1 e a square  wave  m- 
crease  of  b lood e thanol  level ,  would be lethal  In addi t ion to 
this effect  of  the ra te  of  increase  oi b lood e thanol ,  the acu te  
toxic effect  of  e thanol  and possibly  the  chronic  reduct ion of  
to le rance  and d e p e n d e n c e  are likely related to the dura t ion  
of  e l iminat ion of  e thanol  The  obse rva t ion  of  a 20% shor te r  
t ime for  e h m m a t i o n  suppor t s  the suggest ion of  a lower  tox- 
Icity of  di lute  e thanol  solut ions  

Th,s  conc lus ion  is cons i s t en t  with  data  repor ted  by Kul- 
kosky  [15] on vo lun ta ry  c o n s u m p t i o n  of  e thanol  in rats It Is 
well known  tha t  rats offered a di luted aqueous  solut ion of  
e thanol  spon t aneous ly  limit the i r  dally Intake to an a m o u n t  
of  the  o rde r  of  4 to 5 g/kg It has  been  d e m o n s t r a t e d  by 
Les t e r  et al [17] tha t  the hmlt lng  fac to r  was the acute  toxic- 
ity of  e thanol  act ing as an uncond i t ioned  s t imulus  m a con-  
d l t loned tas te  ave r s ion  In the  Ku lkosky  expe r imen t ,  rats  
were  offered a mix ture  of  a 30c~ glucose and  0 125% 
s a c c h a n n e  solut ion As shown  p rewous ly  by Va lens t em et 
a /  [25], ra ts  dr ink up to 150 ml per  day of  such  a highly 
pala table  solut ion When  2 5% of  e thanol  was added  to this  
solut ion,  rats  r educed  the i r  daily intake but  it was never the -  
less ma in ta ined  at the  h~gh level of  100 ml T h e r e b y  rats  
ingested more  than  9 g/kg e thanol  per  day This  high retake 
of  e thanol  unde r  these  condi t ions  may be in te rp re ted  as an 
effect  of  the high vo lume and low c o n c e n t r a t i o n  of  the solu- 
t ion c o n s u m e d  wh,ch  p robab ly  e leva ted  the th reshold  of  a 
cond i t ioned  oral avers ion  th rough  a pos t - inges t ive  r educed  
toxici ty  

It is not  ent i re ly  specula t ive  to ex tend  these  resul ts  to 
h u m a n  alcohol  dr inking The  equ iva len t  condi t ions  to those  
util ized with rats m this s tudy  would be  the  compar i son  of  
the acute  effects  in h u m a n s  of  the  c o n s u m p t i o n  of  500 ml of  
wine at 10% concen t r a t i on  of  e thanol  to those  of  the  con-  
sumpt lon  of  125 ml of  40% c o n c e n t r a t e d  spirits By ex- 
t rapola t ing  da ta  ob ta ined  in rats ,  it is possible  to a s sume  that  
500 ml of  wine p roduce  a volume and  e thanol  induced  
dmres ls  h igher  than the  same dose  d runk  as spirits Thus  
wine would be less toxic,  due to a c o m b i n e d  effect  of  a 
maximal  a m o u n t  of  e thanol  ehmlna t lon  by the  k idneys  and 
the a s socmted  fea tures  of  e thanol  b lood removal  
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