
CHAPTER III
A PHYSIOLOGICALLY BASED MODEL FOR ETHANOL AND 

ACETALDEHYDE METABOLISM IN HUMAN BEINGS

3.1 Abstract

P h a r m a c o k in e t ic  m o d e ls  fo r  e th a n o l  m e ta b o l i s m  h a v e  c o n t r ib u te d  to  o u r  
u n d e r s ta n d in g  o f  e th a n o l  c le a r a n c e  in  h u m a n  b e in g s . H o w e v e r ,  th e s e  m o d e ls  fa il to  
a c c o u n t  f o r  e th a n o l ’s to x ic  m e ta b o l i te  a c e ta ld e h y d e .  A c e ta ld e h y d e  a c c u m u la t io n  
c a u s e s  s y m p to m s  s u c h  a s  c a r d ia c  a r r h y th m ia ,  n a u s e a ,  a n x ie ty  a n d  f a c ia l  f lu sh in g . 
N e v e r th e le s s ,  it  is  d i f f ic u l t  to  d e te rm in e  th e  le v e ls  o f  a c e ta ld e h y d e  in  th e  b lo o d  o r  
o th e r  t i s s u e s  d u e  to  a r te f a c tu a l  f o r m a t io n  a n d  o th e r  t e c h n ic a l  is s u e s .  T h e r e fo re ,  w e  
h a v e  c o n s t r u c te d  a  p r o m is in g  p h y s io lo g ic a l ly  b a s e d  p h a r m a c o k in e t ic  ( P B P K )  m o d e l, 
w h ic h  is  a n  e x c e l le n t  m a tc h  fo r  e x i s t in g  e th a n o l  a n d  a c e ta ld e h y d e  c o n c e n t r a t io n - t im e  
d a ta .  S p e c i f ic a l ly ,  th e  m o d e l  c o n s is t s  o f  f iv e  c o m p a r tm e n ts  th a t  e x c h a n g e  m a te r ia l:  
s to m a c h ,  g a s t r o in t e s t in a l  t r a c t ,  l iv e r ,  c e n t r a l  f lu id ,  a n d  m u s c le .  A l l  c o m p a r tm e n ts  a re  
m o d e le d  a s  s t i r r e d  r e a c to r s  e x c e p t  th e  l iv e r , w h ic h  is  m o d e le d  a s  a  tu b u la r  f lo w  
r e a c to r .  W e  d e r iv e d  a v e r a g e  e n z y m a t ic  r a te  la w s  f o r  a lc o h o l  ( A D H )  a n d  
a c e ta ld e h y d e  d e h y d r o g e n a s e s  ( A L D H ) , d e te r m in e d  k in e t ic  p a r a m e te r s  f ro m  th e  
l i te r a tu r e  a n d  f o u n d  b e s t - f i t  p a r a m e te r s  b y  m in im iz in g  th e  s q u a r e d  e r r o r  b e tw e e n  o u r  
p r o f i l e s  a n d  th e  e x p e r im e n ta l  d a ta . T h e  m o d e l ’s t r a n s i e n t  o u tp u t  c o r r e la te s  s tro n g ly  
w i th  th e  e x p e r im e n ta l ly  o b s e r v e d  r e s u l t s  f o r  n o rm a l  in d iv id u a ls  a n d  f o r  th o s e  w ith  
r e d u c e d  a c e ta ld e h y d e  d e h y d r o g e n a s e  a c t iv i ty  c a u s e d  b y  a  g e n e t ic  d e f ic i e n c y  o f  th e  
p r im a r y  a c e ta ld e h y d e  m e ta b o l i z in g  e n z y m e  ALDH2. F u r th e r m o r e ,  th e  m o d e l  sh o w s  
th a t  th e  r e v e r s e  r e a c t io n  o f  a c e ta ld e h y d e  b a c k  in to  e th a n o l  is  e s s e n t ia l  a n d  k e e p s  
a c e ta ld e h y d e  le v e ls  a p p r o x im a te ly  10 f o ld  lo w e r  th a n  i f  th e  r e a c t io n  w e r e  ir re v e rs ib le .

Keywords: Alcohol metabolism; Acetaldehyde dehydrogenase (ALDH); ALDH
deficiency; Physiologically based pharmacokinetic (PBPK) model; Alcohol
dehydrogenase (ADH); Michaelis-Menten (M-M) kinetics
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3.2 Introduction

P h a r m a c o k in e t ic  m o d e ls  fo r  in  v iv o  e th a n o l  e l im in a t io n  h a v e  e v o lv e d  
s ig n i f ic a n t ly  o v e r  th e  p a s t  7 0  y e a r s ,  f ro m  th e  in c e p t io n  o f  a  p s e u d o - z e r o  o r d e r  
e l im in a t io n  p r o c e s s  W id m a r k  (1 9 3 2 ) ,  to  th e  c u r r e n t  p h y s io lo g ic a l ly  b a s e d  m o d e ls  
s u c h  a s  th o s e  d e v e lo p e d  b y  (D e r r , 1 9 9 3 ; L e v i t t ,  2 0 0 2 ;  N o r b e r g ,  2 0 0 1 ) .  W h ile  th e  
m o d e ls  c o n t in u a l ly  im p ro v e  in  th e ir  a b i l i ty  to  p r e d ic t  t im e  t r a je c to r ie s  fo r  e th a n o l 
c o n c e n t r a t io n ,  th e y  fa il  to  a c c o u n t  fo r  th e  p r o d u c t io n  a n d  in te r a c t io n  o f  e th a n o l ’s 
m a jo r  m e ta b o l i te ,  a c e ta ld e h y d e .  A c e ta ld e h y d e  is  h ig h ly  to x ic  w i th  a n  L D 5 0  

c o n c e n t r a t io n  ~ 1 0  t im e s  lo w e r  th a n  e th a n o l  in  r a ts  ( B r ie n  &  L o o m is ,  1 9 8 3 ). 
A c e ta ld e h y d e  e x p o s u r e  le a d s  to  a  n u m b e r  o f  w e l l - k n o w n  s y m p to m s  s u c h  a s  c a rd ia c  
a r r h y th m ia s ,  n a u s e a ,  a n x ie ty ,  a n d  fa c ia l  f lu s h in g  ( C o n d o u r i s  &  H a v e l in ,  1 9 8 7 ; P e n g  
e t  a l . ,  1 9 9 9 ; Y a m a m o to  e t  a l . ,  2 0 0 0 ) .  T h is  p a p e r  p r e s e n ts  a  p h y s io lo g ic a l ly  b a s e d  
m o d e l  w i th  r e v e r s ib le  e n z y m e  k in e t ic s  th a t  a c c u r a te ly  p r e d ic ts  s im u l ta n e o u s ly  th e  
c o n c e n t r a t io n s  o f  b o th  e th a n o l  a n d  a c e ta ld e h y d e  in  th e  b lo o d  a s  a  f u n c t io n  o f  t im e .

3.3 Methods

3.3.1 Rate law derivation

T h e  r a te  la w  f o r  e th a n o l  m e ta b o l i s m  is  b a s e d  o n  th e  a lc o h o l  d e h y d ro g e n a s e  
( A D H )  r e a c t io n  p a th w a y  b e c a u s e  i t  is  th e  la r g e s t  c o n t r ib u to r  to  e th a n o l  o x id a t io n . 
T h e  f i r s t  a s s u m p t io n  is  th a t  th e  c o n c e n t r a t io n  o f  N A D + r e a c h e s  i t s  r a te  l im i t in g  s ta te  
s h o r t ly  a f te r  in g e s tio ,n  a n d  r e m a in s  c o n s ta n t .  E th a n o l  e l im in a t io n  is  a p p ro x im a te ly  
z e r o th  o r d e r ,  s u g g e s t in g  th a t  th e  r e a c t io n  is  l im i te d  b y  th e  a m o u n t  o f  e n z y m e  a n d /o r  
c o - s u b s t r a te .  T h e  e n z y m a t ic  r e a c t io n ,  a c c o u n t in g  f o r  th e  N A D + c o - s u b s t r a te  is:

Fa1 =  K[2 +  K 1 ( ร 1) +  K ,  ( ร 2 ) + ( ร 1) ( ร , )
w h e r e  ร ,  =  , a n d  ร .  «  c,11,1.,.

T h u s ,  s in c e  th e  e l im in a t io n  is  a p p r o x im a te ly  c o n s ta n t  w i th  r a te  v m ax, tw o  c a s e s  a re  
p o s s ib le :  th e  r a te  o c c u r s  a t  v m ax = v m w h e n  S i is  »  K 2 a n d  N A D + is  e i th e r  in  e x c e s s  
s u c h  th a t  ( K i 2+ K iS ] ) /S 2 a p p ro a c h e s  z e r o  o r  th e  r a te  o c c u r s  a t  Vmax =  f ( S 2) a n d  ร 2



reaches a limiting concentration dependent upon the rate that it is replenished to the
system. Here, the experimentally observed K m  and Vmax depend on the steady-state
concentration of NAD+.

w h e r e  K M V K; ^ > , a n d
K , + ( ร 2 ) " "  K , + ( $ 2 )

I t is  m o s t  l ik e ly  th a t  th e  c o n c e n t r a t io n  o f  N A D + is  l im i t in g  b u t  th e  e x a c t 
le v e ls  a r e  n o t  n e c e s s a r y  f o r  th is  s tu d y . I n s te a d ,  i t  is  w o r th  n o t in g  th a t  Vm ax a n d  Km 
d e p e n d  u p o n  th e  s te a d y - s ta te  c o n c e n t r a t io n s  o f  N A D +. T h e  s e c o n d  a s s u m p t io n  is  
th a t  th e  n e t  r a te  o f  f o r m a t io n  o f  th e  s u b s t r a te - e n z y m e  c o m p le x  is  z e ro . C o n s e q u e n t ly ,  
w e  c a n  a p p ly  th e  p s e u d o  s te a d y - s ta te  h y p o th e s i s  ( P S S H )  to  th e  e n z y m e - e th a n o l  a n d  
e n z y m e - a c e ta ld e h y d e  c o m p le x e s  ( F o g le r ,  1 9 9 9 ).

T h e  d e r iv a t io n  o f  th e  r a te  la w  f o r  a c e ta ld e h y d e  o x id a t io n  is  s im i la r  to  th e  
d e r iv a t io n  fo r  e th a n o l  o x id a t io n  w i th  o n e  m a jo r  e x c e p t io n :  a c e ta ld e h y d e  o x id a t io n  to  
a c e ta t e  is  n o t  r e v e r s ib le .  T h e  r a te  la w  is  b a s e d  o n  th e  a ld e h y d e  d e h y d ro g e n a s e  
(ALDH2) e n z y m a t ic  p a th w a y  b e c a u s e  it  is  th e  la r g e s t  c o n t r ib u to r  to  a c e ta ld e h y d e  
o x id a t io n .  In  n o rm a l  h u m a n  b e in g s ,  ALDH2 a c t iv i ty  a lo n e  a c c o u n t s  fo r  o v e r  9 9 %  o f  
a c e ta ld e h y d e  o x id a t io n  ( R iv e r o s - R o s a s  e t  a l . ,  1 9 9 7 ). ALDH2 u s e s  th e  s a m e  c o 
s u b s t r a te ,  N A D +, a s  A D H  a n d  th e r e f o r e  it  is  a s s u m e d  to  r e a c h  i ts  r a te  l im i t in g  s ta te  
r a p id ly  a n d  to  r e m a in  c o n s ta n t  a t  th a t  le v e l .  T h e  d e r iv a t io n  o f  th e  a c e ta ld e h y d e  
o x id a t io n  r a te - la w  is  a ls o  b a s e d  u p o n  a p p l i c a t io n  o f  th e  P S S H  to  th e  e n z y m e -  
s u b s t r a te  c o m p le x e s .  T h e  b a la n c e  e q u a t io n s  a n d  r a te  la w  d e r iv a t io n  a re  s h o w n  in  F ig .
3.1 A  ( F o g le r ,  1 9 9 9 ).

C a i  is  th e  e th a n o l  c o n c e n t r a t io n ,  a n d  C ac  is  th e  a c e ta ld e h y d e  c o n c e n t r a t io n .  
VmaxADH  is  th e  m a x im u m  e n z y m a t ic  o x id a t io n  r a te  o f  e th a n o l ,  V revA D H 'S  th e  m a x im u m  
ra te  o f  th e  r e v e r s e  r e a c t io n  o f  a c e ta ld e h y d e  to  e th a n o l ,  K m A D H  a n d  K rexA D H  a re  r e a c t io n  
c o n s ta n ts  fo r  th e  r a te  la w . T h e  r a te - l a w  f o r  a c e ta ld e h y d e  o x id a t io n  is  d e p e n d e n t  o n ly  
o n  th e  c o n c e n t r a t io n  o f  a c e ta ld e h y d e  a n d  f o l lo w s  c la s s ic a l  M ic h a e l i s - M e n te n  k in e t ic s .

< F ig . 3 .1 >
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3.3.2 Physiologically Based Model

W e  c o n s id e r  o u r  s y s te m  to  b e  lu m p e d  in to  f iv e  o r g a n  c o m p a r tm e n ts  th a t  
e x c h a n g e  m a te r ia l .  T h e  f iv e  c o m p a r tm e n ts  a re  th e  s to m a c h ,  g a s t ro in te s t in a l  tra c t, 
l iv e r ,  m u s c le  a n d  c e n t r a l  f lu id .  T h e  s to m a c h  c o m p a r tm e n t  in  th i s  m o d e l  c o n ta in s  z e ro  
t i s s u e  w a te r  v o lu m e  a n d  o n ly  th e  v o lu m e  o f  th e  l iq u id  c o n te n ts  ( a lc o h o l ic  b e v e ra g e ) , 
w h ic h  is  a b s o r b e d  in to  th e  g a s t ro in te s t in a l  (G I)  c o m p a r tm e n t .  T h e  G I  c o m p a r tm e n t 
a c c o u n ts  f o r  th e  t i s s u e  w a te r  v o lu m e  o f  th e  in te s t in e s  a n d  th e  s to m a c h  w h e re  e th a n o l 
is  f i r s t  a b s o rb e d .  W e  c h o s e  to  s e p a r a te  th e  G I  c o m p a r tm e n t  f ro m  th e  c e n tra l 
c o m p a r tm e n t  b a s e d  o n  th e  p h y s io lo g ic a l  c o n n e c t iv i ty .  T h is  s e p a r a t io n  a lso  
e s ta b l i s h e s  a  b a s e  c a s e  m o d e l  th a t  c a n  e a s i ly  b e  e x te n d e d  to  s tu d ie s  o n  th e  G I t r a c t ’s 
r o le  in  f i r s t - p a s s  m e ta b o l i s m . A  p e r f u s io n - l im i te d  m o d e l  w a s  s e le c te d  b e c a u s e  b o th  
e th a n o l  a n d  a c e ta ld e h y d e  a re  s m a ll  m o le c u le s  w i th  r a p id  d i f f u s io n  a n d  th e ir  
d i s t r ib u t io n  is  l im i te d  b y  th e  ra te  th e y  a re  t r a n s p o r te d  to  th e  t i s s u e s  a n d  n o t  th e  ra te  a t  
w h ic h  th e y  a r e  a b s o rb e d .

P h y s io lo g ic a l ly  b a s e d  m o d e ls  h a v e  a v a i la b le  to  th e m  th e  h u m a n  
a p p r o x im a t io n s  f o r  t i s s u e  w a te r  v o lu m e , p e r f u s io n  r a te s ,  a n d  t i s s u e  w a te r  d is tr ib u tio n  
( w e l l - m ix e d  v s . c o n c e n t r a t io n  g ra d ie n t ) .  S u c h  d a ta  a r e  g iv e n  in  T a b le  3 .1  fo r  a  
“ s ta n d a r d ”  6 9 .4  k g  m a le  w h o s e  to ta l  b o d y  w a te r  c o n te n t  ( T B W )  is  4 0 .8  l i te r s  
( R o w la n d  &  T o z e r ,  1 9 9 5 ).

<ๆ :a b le  3 .1 .>

T o  a c c u r a te ly  d e s c r ib e  e th a n o l  a n d  a c e ta ld e h y d e  m e ta b o l i s m  in  v iv o , w e  
d iv id e d  th e  to ta l  t i s s u e  w a te r  v o lu m e  ( T W V )  o f  a n  a v e r a g e  6 9 .4  k g  m a le  h u m a n  
b e in g  in to  th r e e  w e l l - m ix e d  c o m p a r tm e n ts  a n d  o n e  tu b u la r  f lo w  c o m p a r tm e n t.  
O r g a n  v o lu m e s  w e r e  lu m p e d  in to  c o m p a r tm e n ts  b a s e d  o n  th r e e  c r i te r ia :  1) p e r fu s io n  
r a te  o f  f lu id  th r o u g h  e a c h  o rg a n , 2 )  th e  p h y s ic a l  c o n n e c t iv i ty  b e tw e e n  o r g a n s ,  a n d  3 )  
e th a n o l  a n d  a c e ta ld e h y d e  m e ta b o l ic  a c t iv i ty .  T h e  p e r f u s io n  r a te  is  d e f in e d  a s  th e  
f lo w  r a te  to  a n d  f ro m  th e  o r g a n  p e r  u n i t  v o lu m e  o f  t i s s u e  a n d  th e  in v e r s e  o f  th e  
p e r f u s io n  r a te  is  th e  r e s id e n c e  t im e . E th a n o l  a n d  a c e ta ld e h y d e  m e ta b o l i s m  o c c u rs
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w i th in  th e  l iv e r ,  w h ic h  w a s  c o n s id e r e d  a s  a  tu b u la r  f lo w  r e a c to r  b a s e d  o n  e a r ly  
k in e t ic  r e s u l t s  o b ta in e d  b y  ( K e id in g  &  P r i is h o lm , 1 9 8 4 ). T h e  s to m a c h  a n d  in te s tin e  
w a te r  v o lu m e s  w e r e  g r o u p e d  in to  th e  g a s t r o in te s t in a l  (G I )  c o m p a r tm e n t  b e c a u s e  th e y  
a re  c o n n e c te d  d i r e c t ly  to  th e  l iv e r  v ia  th e  h e p a t ic  p o r ta l  v e in  a n d  b e c a u s e  th e y  a re  th e  
s i te  o f  e th a n o l  a b s o r p t io n  f ro m  a n  e x te rn a l  s o u rc e . F in a l ly ,  o r g a n s  w i th  a  p e r fu s io n  
r a te  >  0 .0 8  m l /m in /m lH 2 0  w e r e  p la c e d  w i th in  th e  c e n t r a l  c o m p a r tm e n t  w h i le  o rg a n s  
w i th  p e r f u s io n  r a te s  <  0 .0 8  w e re  p la c e d  w i th in  th e  m u s c le  c o m p a r tm e n t .

M a s s  b a la n c e  e q u a t io n s  w i th  th e  a p p ro p r ia te  r e a c t io n  r a te  la w s  w e re  
c o n s t r u c te d  b a s e d  o n  th e  f lo w  o f  b lo o d  b e tw e e n  c o m p a r tm e n ts  a n d  a re  s h o w n  in  F ig . 
3 . I B .  T h e  c o m p a r tm e n t  la b e le d  “ S to m a c h ”  c o n ta in s  th e  e th a n o l  th a t  is  e x te rn a l to  
th e  b o d y  a n d  r e p r e s e n ts  th e  v o lu m e  o f  th e  l iq u id  c o n te n ts  ( a lc o h o l ic  b e v e ra g e )  w h ic h  
a re  a b s o r b e d  in to  th e  G I  c o m p a r tm e n t .  F ig . 3 .2 A  s h o w s  th e  c o m p a r tm e n t / f lo w  
d ia g r a m  f o r  th e  m o d e l .  T h e  r a te  o f  s to m a c h  e m p ty in g  d e te r m in e d  u s in g  
r a d io p h a r m a c e u t ic a l s  b y  L e v i t t  &  L e v i t t  ( 1 9 9 4 ) ,  c a n  b e  a p p r o x im a te d  b y  a  1st o rd e r  
l in e a r  o r d in a r y  d i f f e r e n t ia l  e q u a t io n  w h e r e  th e  r a te  o f  r e m o v a l  is  p r o p o r t io n a l  to  th e  
v o lu m e  o f  s to m a c h  c o n te n ts  ( L e v i t t  &  L e v i t t ,  1 9 9 4 ). H o w e v e r ,  th e  s to m a c h 
e m p ty in g  r a te  c o n s ta n t  d e p e n d s  u p o n  th e  o s m o t ic  p r e s s u r e  o f  th e  s to m a c h  c o n te n ts  
a n d  e th a n o l  in c r e a s e s  th e  o s m o t ic  p r e s s u r e .  W i lk in s o n  e t  a l. ( 1 9 7 7 ) ,  r e su lts  o f  
s tu d ie s  s h o w n  th a t  th e  r a te  c o n s ta n t  is  a  n o n - l in e a r  f u n c t io n  o f  th e  in i t ia l  d o se  o f  
e th a n o l  in g e s te d .  T h e  e q u a t io n  p r e v io u s ly  p r o p o s e d  a n d  u s e d  f o r  th is  w o r k  is  ks = 
kSmJ{\+ a (D f)  w h e r e  ks is  th e  s to m a c h  e m p ty in g  r a te  c o n s ta n t ,  ksmax is  th e  m a x im u m  
s to m a c h - e m p ty in g  r a te  c o n s ta n t ,  a is  a n  e m p i r ic a l  p a r a m e te r ,  a n d  D is  th e  in i t ia l  d o s e  
o f  e th a n o l  in  th e  s to m a c h  ( m m o l)  ( W ilk in s o n  e t  a l . ,  1 9 7 7 ).

I t  is  v e r y  d i f f ic u l t  to  d e te r m in e  th e  c o n c e n t r a t io n  o f  f r e e  a c e ta ld e h y d e  in  th e  
b lo o d  b a s e d  o n  e i th e r  b r e a th  o r  b lo o d  a n a ly s is  m e th o d s .  A r te f a c tu a l  fo rm a t io n  o f  
a c e ta ld e h y d e  in h ib i t s  a c c u ra te  b lo o d  a n a ly s is  a n d  p r o d u c t io n  o f  a c e ta ld e h y d e  b y  
m ic r o - o r g a n i s m s  in  th e  th r o a t  in h ib i t s  a c e ta ld e h y d e  d e te r m in a t io n  f ro m  b r e a th  a s s a y s  
( J o n e s ,  1 9 9 5 ). M u c h  o f  th e  a c e ta ld e h y d e  p r e s e n t  in  th e  b lo o d  is  b o u n d  to  p la s m a  
p r o te in s  a n d  h e m o g lo b in ,  a n d  o n ly  th e  u n b o u n d  a c e ta ld e h y d e  c r o s s e s  th e  a lv e o la r 
c a p i l l a r y  m e m b r a n e s  o f  th e  lu n g s  a n d  g r e a t  c a r e  m u s t  b e  t a k e n  to  e n s u re  o n e  is  
a c tu a l ly  m e a s u r in g  f re e  a c e ta ld e h y d e .  B r e a th  te s ts  g iv e  a n  a p p r o x im a t io n  o f  fre e  
a c e ta ld e h y d e  in  th e  b lo o d ;  h o w e v e r  r a n d o m  e r ro r s  in  th e  a s s a y  u s e d  d e t r a c t  f ro m  th e
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a b i l i ty  to  a c c u r a te ly  c a lc u la te  b lo o d  a c e ta ld e h y d e  c o n c e n t r a t io n s  f ro m  b r e a th  le v e ls . 
N o t in g  th e s e  p r o b le m s ,  b r e a th  a c e ta ld e h y d e  d a ta  w e r e  u s e d  in  o u r  in i t ia l  a n a ly s is .  T o  
v e r i f y  a n d  te s t  th e  m o d e l  fu r th e r ,  w e  c o m p a r e d  o u r  th e o r e t ic a l  r e s u l t s  w i th  d a ta  
o b ta in e d  m o r e  r e c e n t ly  b y  b lo o d  a n a ly s is  in  A s ia n  m e n  w h e r e  r e c e n t  p r o to c o ls  w e re  
u s e d  to  r e d u c e  a r te  f a c tu a l  f o rm a t io n  o f  a c e ta ld e h y d e  ( P e n g  e t  a l . ,  1 9 9 9 ).

3.4 Results and discussion

3.4.1 Parameter values

T h e  c o m m e r c ia l  te c h n ic a l  c o m p u t in g  p a c k a g e  M a tla b ®  w a s  u s e d  f o r  m o d e l 
d e v e lo p m e n t  a n d  p a r a m e te r  e s t im a t io n .  T h e  d i f f e r e n t ia l  b a la n c e s  o n  e a c h  
c o m p a r tm e n t  a lo n g  w i th  th e  a p p r o p r ia te  e n z y m a t ic  r a te  la w s  w e r e  s o lv e d  
n u m e r ic a l ly  w i th  M a tla b ® ’ร s t i f f  o r d in a r y  d i f f e r e n t ia l  e q u a t io n  s o lv e r s  d u e  to  th e  
la rg e  d i f f e r e n c e  in  th e  e th a n o l  a n d  a c e ta ld e h y d e  c o n c e n t r a t io n s  (S h a m p in e  &  
R e ic h e l t ,  1 9 9 7 ). T w o  r e a l iz a t io n s  w e r e  c a r r ie d  o u t:  (1 )  th e  m o d e l  p a r a m e te r  v a lu e s  
f o r  th e  b a la n c e  e q u a t io n s  a n d  r a te  la w s  w e r e  t a k e n  d i r e c t ly  f ro m  th e  a v e ra g e  
l i te r a tu r e  v a lu e s ,  a n d  (2 )  th e  m o d e l  p a r a m e te r s  w e r e  f i t  to  th e  e x p e r im e n ta l  
c o n c e n t r a t io n - t im e  t r a je c to r ie s  a v a i la b le  in  th e  l i te r a tu r e .  A l l  p a r a m e te r  e s t im a t io n s  
w e re  c a r r ie d  o u t  b y  u t i l i z in g  M a tla b ® ’ร b u i l t - in  r o u t in e s  f ro m  its  o p t im iz a t io n  
to o lb o x . A  le a s t - s q u a r e  c r i te r io n  b e tw e e n  a v e r a g e  e x p e r im e n ta l  v a lu e s  a n d  m o d e l 
o u tp u t  w a s  u s e d . A s  o n e  c a n  o b s e rv e  in  F ig . -3 .2 B , 3 .2 C , a n d  3 .2 D , th e re  is  l i t t le

v a r ia t io n  b e tw e e n  th e s e  tw o  r e a l iz a t io n s .  T h e  m o d e l  p a r a m e te r s  a r e  s h o w n  in  T a b le
3 .2 . D u e  to  th e  Ls.ck o f  a  f i rm ly  e s ta b l i s h e d  v a lu e ,  th e  M ic h a e l i s - M e n te n  p a r a m e te r  
V m a x A c  w a s  t a k e n  to  b e  2 .7  m m o l / ( m in * k g  l iv e r )  w h ic h  is  w i th in  th e  r a n g e  o f  th e  
s u g g e s te d  v a lu e s  ( D e e tz  e t  a l . ,  1 9 8 4 ).

< T a b le  3 .2 .>

In  a d d i t io n  to  th e  p a r a m e te r s  in  T a b le  3 .2 , k s m a x  a n d  a w e r e  f i t  to  th e  m o d e l. 
V a lu e s  o f  0 .0 5  m i n '1 a n d  1 .2 2  m o f 2 w e r e  o b ta in e d  f o r  k s m a x  a n d  a r e s p e c tiv e ly .
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U s in g  th e s e  v a lu e s  fo r  ksmax a n d  a w e  o b ta in e d  th e  f o l lo w in g  o v e ra l l  s to m a c h  
e m p ty in g  r a te  c o n s ta n ts  c o m p a r e d  w i th  th o s e  f ro m  ( W ilk in s o n  e t  a h ,  1 9 7 7 ).

< T a b le  3 .3 .>

T h e  a b s o r p t io n  ra te  is  m u c h  le s s  d e p e n d e n t  o n  th e  c o n c e n t r a t io n  o f  e th a n o l 
in  th e  c u r r e n t  m o d e l .  In  fa c t, f o r  th e  0 .6  g  e th a n o l /k g  d o s e  th e  c u r r e n t  w o r k  re su lts  o f  
o u r  s tu d ie s  in d ic a te  th a t  9 2 %  o f  th e  e th a n o l  is  a b s o r b e d  w i th in  1 0 0  m in u te s  w h e re a s  
in  th e  o n e - c o m p a r tm e n t  m o d e l  o n ly  3 9 %  o f  th e  e th a n o l  is  a b s o rb e d .  E v e n  w ith  v e r y  
s lo w  a b s o r p t io n  r a te s ,  g r e a te r  th a n  8 0 %  a b s o r p t io n  is  e x p e c te d  to  o c c u r  w i th in  10 0  
m in u te s  ( L e v i t t  &  L e v i t t  1 9 9 4 ; L e v i t t  e t  a h ,  1 9 9 7 ).

3.4.2 Ethanol concentrations

F ig . 3 .2 B  s h o w s  a  c o m p a r i s o n  o f  th e  e th a n o l  c o n c e n t r a t io n - t im e  tr a je c to r ie s  
f o r  th e  c e n t r a l  c o m p a r tm e n t  w i th  th e  d a ta  t a k e n  f ro m  ( W ilk in s o n  e t  a h , 1 9 7 7 ). T h e  
f o u r  c u r v e s  c o r r e s p o n d  to  f o u r  d i f f e r e n t  d o s e s  o f  e th a n o l  o f  0 .1 5 ,  0 .3 , 0 .4 5 , a n d  0 .6  
g /k g  b o d y  w e ig h t  b e in g  a d m in is te r e d .  O n e  n o te s  th a t  in  a l l  c a s e s ,  th e r e  is  e x c e lle n t  
a g r e e m e n t  b e tw e e n  th e o r y  a n d  e x p e r im e n t  a n d  a ls o  th a t  th e  p a r a m e te r s  ta k e n  f ro m  
th e  l i te r a tu r e  g iv e  v i r tu a l ly  th e  s a m e  r e s u l t  a s  th o s e  f o u n d  b y  th e  le a s t  s q u a re s  fit.

< F ig . 3 .2 >

T h e  c o r r e la t io n  b e tw e e n  th e  m o d e l  p r e d ic t io n s  a n d  e x p e r im e n ta l  
o b s e r v a t io n s  is  e x c e l le n t  f o r  e th a n o l  w i th  a n  r 2 v a lu e  o f  0 .9 8 . O n e  r e a d i ly  o b s e rv e s  
th e  m o d e l  a c c u r a te ly  p r e d ic ts  th e  e th a n o l  c o n c e n t r a t io n - t im e  t r a je c to r y  u s in g  
p h y s io lo g ic a l ly  r e le v a n t  p a r a m e te r s .

3.4.3 Alcohol dehydrogenase reverse reaction

T h e  r e v e r s e  r e a c t io n  f o r  a c e ta ld e h y d e  to  e th a n o l  in  th e  b lo o d  is  f a v o r e d  5 -5 0  
t im e s  o v e r  a c e ta ld e h y d e  b a s e d  o n  in  v i t r o  c a lc u la t io n s ,  s u p p o r t in g  th e  n o t io n  o f  a
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s ig n i f ic a n t  r e v e r s e  r e a c t io n  e f f e c t  ( D e e tz  e t  a l . ,  1 9 8 4 ). In  o r d e r  to  d e te rm in e  
a c e ta ld e h y d e ’s in f lu e n c e  o n  th e  r e m o v a l  o f  e th a n o l ,  w e  c o n s id e r e d  th e  d a ta  o f  Jo n e s  
e t  a l. ( 1 9 8 8 ) ,  w h o  a d m in is te r e d  c a lc iu m  c a r b im id e  in  v o lu n te e r s  to  s lo w  th e  ra te  o f  
a c e ta ld e h y d e  m e ta b o l i s m  b e f o r e  g iv in g  th e m  a  d o s e  o f  e th a n o l  e q u iv a le n t  to  0 .2 5  g  
e th a n o l  ( 9 6 % ) /k g  b o d y  w e ig h t  ( J o n e s  e t  a l . ,  1 9 8 8 ). I n  o r d e r  to  c a lc u la te  th e  v a lu e  fo r  
th e  r e v e r s e  r e a c t io n  e n z y m a t ic  a c t iv i ty  p a r a m e te r ,  Vrev, i t  w a s  a s s u m e d  th a t  th e  
c o n c e n t r a t io n  o f  a c e ta ld e h y d e  in  th e  l iv e r  is  e q u a l  to  t i le  c o n c e n t r a t io n  o f  
a c e ta ld e h y d e  in  th e  c e n t r a l  c o m p a r tm e n t  a t  t im e  t. T h is  a p p r o x im a t io n  w a s  m a d e  
d u e  to  th e  la c k  o f  a v a i la b le  d a ta ,  a n d  it  in t r o d u c e s  a  m in o r  a m o u n t  o f  s y s te m a t ic  e r ro r  
to  o u r  le a s t - s q u a r e s  f i t  e s t im a te  f o r  Vrev F ig . 3 .2 C  s h o w s  a  c o m p a r i s o n  o f  th e  
s u p p r e s s e d  m e ta b o l i s m  a n d  n o rm a l  m e ta b o l i s m  a lo n g  w i th  th e  m o d e l  p r e d ic t io n  fo r  
e a c h  c a s e . T h e o r y  a n d  e x p e r im e n t  a r e  in  g o o d  a g r e e m e n t  a n d  th e  c o r r e la t io n  
b e tw e e n  th e  m o d e l - p r e d ic t e d  a n d  e x p e r im e n ta l ly - o b s e r v e d  r e s u l t s  f o r  th e  re g u la r  
e th a n o l  a n d  c a lc iu m  c a r b im id e  in h ib i te d  ALDH2 c a s e s  h a v e  r2 v a lu e s  o f  0 .9 9  a n d  
0 .8 9  r e s p e c t iv e ly .

3.4.4 Acetaldehyde concentration

A s  d i s c u s s e d  e a r l ie r ,  o n e  o f  th e  s a l i e n t  f e a tu r e s  o f  th e  c u r r e n t  m o d e l  is  th a t  it 
c a n  s im u l ta n e o u s ly  p r e d ic t  th e  c o n c e n t r a t io n - t im e  t r a je c to r ie s  f o r  e th a n o l  a n d  
a c e ta ld e h y d e  w h e n  th e y  a re  m e a s u r e d  s im u l ta n e o u s ly .  F ig . 3 .2 C  s h o w s  th e  e th a n o l 
c o m p a r i s o n  a n d  F ig . 3 .2 D  s h o w s  th e  a c e ta ld e h y d e  c o m p a r i s o n .  T h e r e  w a s  n o  
a d ju s tm e n t  o f  p a r a m e te r  v a lu e s  f o r  th e  d i f f e r e n t  c o n c e n t r a t io n  t r a je c to r ie s .  T h e  
r e s u l t s  fo r  b lo o d  a c e ta ld e h y d e  c o n c e n t r a t io n - t im e  t r a je c to r ie s  p r e d ic te d  b y  th e  m o d e l 
a r e  c o m p a r e d  w i th  e x p e r im e n ta l  r e s u l t s  o b ta in e d  b y  J o n e s  e t  a l. ( 1 9 8 8 ) ,  a f te r  0 .2 5  
g /k g  9 6 %  e th a n o l  d o s e . A g a in ,  th e  a g r e e m e n t  b e tw e e n  th e  e x p e r im e n t  m e a s u r e m e n ts  
a n d  th e  m o d e l  is  e x c e l le n t .  A  c o r r e la t io n  b e tw e e n  th e  m o d e l - p r e d ic te d  a n d  o b s e rv e d  
r e s u l t s  f o r  a c e ta ld e h y d e  is  g o o d  w i th  a n  r2 v a lu e  o f  0 .8 8 .

3.4.5 Acetaldehyde dehydrogenase deficiency
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A n o th e r  p r im a r y  f e a tu r e  o f  th e  c u r r e n t  m o d e l  is  i ts  a p p l i c a t io n  to  a ld e h y d e  
d e h y d r o g e n a s e  d e f ic i e n t  in d iv id u a ls  in  o r d e r  to  p r e d ic t  th e  a c e ta ld e h y d e  
c o n c e n t r a t io n - t im e  t r a je c to r y .  A c e ta ld e h y d e  d e h y d r o g e n a s e  a c t iv i ty  in  th e  l iv e r  w a s  
c a lc u la te d  u s in g  d a ta  f ro m  E n o m o to  e t  a l. ( 1 9 9 1 ) ,  b a s e d  o n  th e  p e r c e n t  c h a n g e  f ro m  
th e  n o rm a l  a c t iv i ty .  E n o m o to  e t  a l. ( 1 9 9 1 ) ,  s h o w e d  th a t  th e  to ta l  A L D H  s p e c if ic  
a c t iv i ty  f o r  a c e ta ld e h y d e  m e ta b o l i s m  ( VmaxAc) in  h e te r o z y g o u s  ALDH2*l/*2 
in d iv id u a ls  w a s  o n ly  7 0 %  o f  th e  to ta l  A L D H  s p e c i f ic  a c t iv i ty  fo r  a c e ta ld e h y d e  
m e ta b o l i s m  (VmaxAc) in  h o m o z y g o u s  ALDH2*1/*1 in d iv id u a ls  fo r  lo w  d o s e s  o f  
e th a n o l .  A d d i t io n a l ly ,  th e  to ta l  A L D H  s p e c i f ic  a c t iv i ty  f o r  a c e ta ld e h y d e  m e ta b o l i s m  
(VmaxAc) in  h o m o z y g o u s  ALDH2*2/*2 in d iv id u a ls  w a s  o n ly  5 5 %  o f  th e  to ta l  A L D H  
s p e c i f i c  a c t iv i ty  f o r  a c e ta ld e h y d e  m e ta b o l i s m  ( V m a xA c) in  h o m o z y g o u s  ALDH2*1/*1 
in d iv id u a ls .  W h e n  w e  a p p ly  th e s e  p e r c e n ta g e s  to  o u r  m o d e l  V m a x A c , w e  g e t  r a te s  o f  
1 .8 9  a n d  1 .4 9  m m o l* ( m in * k g  l i v e r ) '1 fo r  ALDH2*l/*2 a n d  ALDH2*2/*2 in d iv id u a ls  
r e s p e c t iv e ly .  T h e  r e s u l t s  f o r  h e te ro z y g o u s  ALDH2*l/*2 in d iv id u a ls  a r e  in  a g r e e m e n t  
w i th  th e  r e s u l t s  s h o w n  b y  ( W a n g  e t  a l- , 1 9 9 6 ). T h e  M ic h a e l i s - M e n te n  c o n s ta n t  Km 
w a s  h e ld  c o n s ta n t  a n d  o n ly  VmaxAc w a s  v a r ie d .

T h e s e  p a r a m e te r s  w e r e  u s e d  in  th e  m o d e l  a n d  c o m p a r e d  w i th  th e  d a ta  f ro m  
P e n g  e t  a l. ( 1 9 9 9 ) ,  o b ta in e d  b y  e th a n o l  a d m in is t r a t io n  to  ALDH2*1/*1, ALDH2*l/*2, 
a n d  ALDH2*2/*2 in d iv id u a ls  ( P e n g  e t  a l . ,  1 9 9 9 ; W a n g  e t  a l . ,  1 9 9 6 ) . A d d i t io n a l ly ,  
th e  s to m a c h - e m p ty in g  r a te  c o n s ta n t  w a s  r e d u c e d  to  5 0 %  o f  th e  n o r m a l  a b s o rp t io n  
r a te  b e c a u s e  th e  s u b je c ts  a te  b r e a k f a s t  a p p r o x im a te ly  2  h o u r s  b e f o r e  th e  s tu d y  
w h e r e a s  o th e r  s tu d ie s  W i lk in s o n  e t  a l. ( 1 9 7 7 ) ,  a n d  J o n e s  e t  a l. ( 1 9 8 8 ) ,  r e q u i r e d  a n  
o v e r n ig h t  f a s t .  T h is  is  c a lc u la te d  b a s e d  o n  th e  e th a n o l  c o n c e n t r a t io n  t im e  d a ta  ta k e n  
b y  L u c e y  e t  a l. ( 1 9 9 9 ) ,  a f te r  o r a l ly  in g e s t in g  0 .3 g /k ,g  o f  e th a n o l  in  in d iv id u a ls  a f te r  a n  
o v e r n ig h t  f a s t  a n d  e a t in g  a  s ta n d a r d  m e a l .  T h e  s to m a c h  e m p ty in g  r a te  c o n s ta n t  
d e c r e a s e s  b y  a p p r o x im a te ly  5 0 %  a f te r  o r a l ly  in g e s t in g  0 .3 g /k g  e th a n o l  a f te r  ta k in g  a  
s ta n d a r d  m e a l .  P lo ts  o f  e x p e r im e n ta l  d a ta  f ro m  L u c e y  e t  a l. ( 1 9 9 9 ) ,  fo r  f e d  a n d  fa s te d  
s ta te  a n d  m o d e l  p r e d ic te d  c u r v e s  a r e  s h o w n  in  F ig . 3 .4 D . F ig . 3 .3  a n d  F ig . 3 .4 A  s h o w  
th e  b lo o d  e th a n o l  a n d  b lo o d  a c e ta ld e h y d e  c o n c e n t r a t io n s  r e s p e c t iv e ly .

< F ig . 3 .3 >
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F ig . 3 .4  A  s h o w s  a c e ta ld e h y d e  c o n c e n t r a t io n - t im e  t r a je c to r ie s  fo r  
ALDH2*1/*1 ( b o t to m ) ,  ALDH2*l/*2 ( m id d le )  a n d  ALDH2*2/*2 ( to p )  in d iv id u a ls  
w i th  d a ta  f ro m  P e n g  e t  a l. (1 9 9 9 ) .  A s  a c e ta ld e h y d e  c o n c e n t r a t io n  in c r e a s e s ,  th e  p e a k  
c o n c e n t r a t io n  b e c o m e s  m o re  d i s t in c t  th a n  s e e n  in  lo w e r  a c e ta ld e h y d e  c o n c e n t ra t io n s  
w h e r e  p la te a u s  d e v e lo p . T h u s , a s  a c e ta ld e h y d e  c o n c e n t r a t io n  in c re a s e s ,  th e  
c h a r a c te r i s t ic  s h a p e  o f  th e  c o n c e n t r a t io n - t im e  t r a je c to r y  f o r  a c e ta ld e h y d e  m o re  
c lo s e ly  r e s e m b le s  th e  e th a n o l  c o n c e n t r a t io n - t im e  t r a je c to r y  a n d  th e  r e a c t io n  is  
l im i te d  b y  th e  r a te  o f  a c e ta ld e h y d e  r e m o v a l .  In  n o r m a l  ALDH2*1/*1 in d iv id u a ls ,  th e  
p l a te a u  s h a p e  is  a  r e s u l t  o f  th e  b a la n c e  b e tw e e n  th e  r a te  o f  a c e ta ld e h y d e  fo rm a t io n  
a n d  r e m o v a l  f ro m  e th a n o l .  F ig . 3 .4 B  a n d  F ig . 3 .4 C  s h o w  th e  c o n c e n t r a t io n - t im e  
t r a je c to r ie s  f o r  e th a n o l  a n d  a c e ta ld e h y d e ,  r e s p e c t iv e ly ,  w i th  a n d  w i th o u t  th e  re v e rse  
r e a c t io n  a c c o u n te d  f o r  in  th e  r a te  la w  f o r  e th a n o l .  N e g le c t in g  th e  r e v e r s e  r e a c t io n  
d e c r e a s e s  th e  p e a k  le v e l a n d  a r e a  u n d e r  th e  c u r v e  ( a  m e a s u r e  o f  e x p o s u r e )  o f  e th a n o l 
w h i le  g r e a t ly  in c re a s in g  th e  e x p o s u r e  to  a c e ta ld e h y d e .  F ig . 3 .4 D  s h o w s  th e  
c o n c e n t r a t io n - t im e  t r a je c to r ie s  f o r  e th a n o l  a f te r  o r a l ly  in g e s t in g  0 .3  g /k g  o f  e th a n o l 
w i th  a n  o v e r n ig h t  f a s t  a n d  e a t in g  a  s ta n d a r d  m e a l.

< F ig . 3 .4 >

3.5 Conclusions

T h is  w o r k  d e m o n s t r a te s ,  fo r  th e  f i r s t  t im e ,  s im u l ta n e o u s  e th a n o l  a n d  
a c e ta ld e h y d e  c o n c e n t r a t io n - t im e  p r o f i le s .  T h e  u t i l i ty  o f  th e  m o d e l  l ie s  in  i ts  a b i l i ty  
to  p r e d ic t  th e  c o r r e c t  a c e ta ld e h y d e  c o n c e n t r a t io n  p r o f i l e s  in  d i f f e r e n t  in d iv id u a ls  
u n d e r  d i f f e r e n t  e x p e r im e n ta l  c o n d i t io n s  w h e n  th e  in i t i a l  d o s e  a n d  m a s s  o f  th e  
in d iv id u a l  is  k n o w n . T h e  m o d e l  le a s t - s q u a r e s  p a r a m e te r s  c o in c id e  s t r o n g ly  w ith  
th o s e  d e te r m in e d  b y  in  v i t r o  e x p e r im e n ta t io n .  T h e  h ig h  r a te  o f  r e a c t io n  f ro m  
a c e ta ld e h y d e  to  e th a n o l  v ia  a lc o h o l  d e h y d r o g e n a s e  p la y s  a  s ig n i f ic a n t  r o le  in  th e  
k in e t ic s  o f  a c e ta ld e h y d e  a n d  o n ly  a  m in o r  r o le  in  th e  k in e t ic s  o f  e th a n o l .

3.6 Appendix
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3.6.1 Stomach compartment

E th a n o l  is  p r im a r i ly  a b s o r b e d  b y  th e  t i s s u e s  o f  th e  f i r s t  p a r t  o f  th e  sm a ll 
in te s t in e  ( d u o d e n u m )  a n d  to  a  le s s e r  e x te n t  th e  t i s s u e  l in in g  th e  s to m a c h  (g a s tr ic  
m u c o s a ) .  T h e  r a te  o f  e th a n o l  a b s o r p t io n  b y  th e  d u o d e n u m  is  b e tw e e n  7 .5  a n d  85 
t im e s  g r e a te r  th a n  th e  r a te  e th a n o l  e n te r s  th e  b lo o d  f ro m  th e  s to m a c h  ( W ilk in s o n  e t 
a l . ,  1 9 7 7 ). T h e r e f o r e ,  e th a n o l  e n te r in g  th e  d u o d e n u m  is  v i r tu a l ly  in s ta n ta n e o u s ly  
a b s o r b e d  in to  th e  G I  t i s s u e s  a n d  e th a n o l  a b s o r p t io n  b y  th e  d u o d e n u m  c a n  b e  
a p p r o x im a te d  b y  th e  r a te  e th a n o l  is  e m p t ie d  f ro m  th e  s to m a c h  in to  th e  d u o d e n u m . 
T h e  f i r s t  o r d e r  r e la t io n s h ip  f o r  th e  c h a n g e  in  v o lu m e  o f  f lu id  in  th e  s to m a c h ,  Vs, w ith  
r e s p e c t  to  t im e  is  g iv e n  b y :

f w £
K dt y - W s ) ( A l )

T h e  s to m a c h - e m p ty in g  r a te  c o n s ta n t ,  ks ( m i n '1) , is  d e p e n d e n t  u p o n  th e  
in i t i a l  d o s e  D  ( m m o l)  o f  e th a n o l  in  th e  s y s te m .

3.6.2 Gastrointestinal compartment

T h e  s to m a c h  c o n te n ts  a r e  e m p t ie d  in to  th e  g a s t r o in t e s t in a l  ( G I )  s y s te m , 
w h ic h  h a s  a  t i s s u e  w a te r  v o lu m e  o f  2 .4  1 (D e r r ,  1 9 9 3 ). T h e  b lo o d  f lo w  r a te  th ro u g h  
th e  G I  s y s t e m  is  e q u a l  to  th e  b lo o d  f lo w  ra te  e n te r in g  th e  l iv e r  v ia  th e  h e p a t ic  p o r ta l  
v e in .  T h is  f lo w  r a te  is  a p p r o x im a te ly  2 /3  o f  th e  to ta l  b lo o d  f lo w  r a te  to  th e  liv e r , 
w h ic h  is  1 3 5 0  m l /m in  ( L e v i t t  &  L e v i t t ,  1 9 9 4 ). A  m a s s  b a la n c e  o n  th e  G .I  
c o m p a r tm e n t  g iv e s  e q u a t io n s  (A 2 )  a n d  ( A 3 )  fo r  e th a n o l  a n d  a c e ta ld e h y d e , 
r e s p e c t iv e ly .

y  dCGA1
dt I  )(Cc,, -  c 0,,. )  +  ks (vs Xc m  )  (A 2 )

V dCcAc G dt 3 Vl {CCAc- C GAc) (A 3 )
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In  e q u a t io n s  (A 2 )  a n d  (A 3 ) , Vo is  th e  G I  s y s te m  t i s s u e  w a te r  v o lu m e , VL is  
th e  l iv e r  f lo w - r a te ,  Com a n d  CcAl a r e  th e  G I  a n d  c e n t r a l  c o m p a r tm e n t  e th a n o l 
c o n c e n t r a t io n s ,  r e s p e c t iv e ly ,  a n d  C g a c  a n d  CcAc a r e  th e  G I  a n d  c e n t r a l  c o m p a r tm e n t  
a c e ta ld e h y d e  c o n c e n t r a t io n s ,  r e s p e c tiv e ly .

3.6.3. Liver compartment

E th a n o l  in  th e  b lo o d  f lo w s  th r o u g h  th e  h e p a t ic  p o r t a l  v e in  to  th e  l iv e r  a f te r  
e x i t in g  th e  G I  c o m p a r tm e n t .  A d d i t io n a l ly ,  th e  l iv e r  r e c e iv e s  b lo o d  f ro m  th e  h e p a tic  
a r te ry ,  w h ic h  s u p p l ie s  th e  o th e r  1/3 o f  th e  to ta l  h e p a t ic  b lo o d  f lo w  ra te . A f te r  
e n te r in g  th e  l iv e r ,  e th a n o l  is  c o n v e r te d  in to  a c e ta ld e h y d e  b y  th e  e n z y m e  a lc o h o l 
d e h y d r o g e n a s e  a n d  a c e ta ld e h y d e  in to  a c e ta te  b y  a c e ta ld e h y d e  d e h y d ro g e n a s e .  D u e  
to  th e  c o m p le x i ty  o f  th e  fo rw a rd  a n d  r e v e r s e  r e a c t io n s  in  th is  s y s te m , a n  u n s te a d y -  
s ta te ,  p h y s io lo g ic a l ly  b a s e d  p e r f u s io n  l iv e r  m o d e l  is  u s e d . W h ile  a n  a n a ly t ic a l  
s o lu t io n  f o r  th e  c a s e  o f  i r re v e rs ib le  M ic h a e l i s - M e n te n  k in e t ic s  in  a  p e r f u s e d  l iv e r  is  
a v a i la b le  ( B a s s  e t  a l . ,  1 9 7 6 ), th e  lo g  m e a n  c o n c e n t r a t io n  a s s u m p t io n  s u g g e s te d  in  th a t  
w o r k  c a n n o t  b e  u s e d  fo r  m o re  c o m p le x  r a te  la w s  w i th  p r o d u c t  c o n c e n t r a t io n  
d e p e n d e n c e  s u c h  a s  th e  c a s e  p r e s e n te d  h e r e .  W h e n  th e  tu b u la r  m o d e l  ( i .e . s e r ie s  o f  
w e l l  m ix e d  c o m p a r tm e n ts )  a n d  w e l l  m ix e d  m o d e l  ( i .e . o n e  w e l l  m ix e d  c o m p a r tm e n t)  
w e r e  c o m p a r e d  th e  c o n c e n t r a t io n  t im e  p r o f i l e s  f o r  e th a n o l  a n d  a c e ta ld e h y d e  
c o r r e s p o n d e d  b e t te r  to  th e  e x p e r im e n ta l  d a ta ,  w h e n  u s in g  ณ b u la r  m o d e l .  F u r th e rm o r e , 
r e s u l t s  o f  e a r l i e r  s tu d ie s  s u g g e s te d  th a t  th e  r a te  o f  c le a r a n c e  a n d  Km v a lu e s  e x h ib i te d  
a  d e p e n d e n c e  o n  f lo w - r a te  w h e n  d a ta  w a s  f i t  to  a  w e l l  m ix e d  c o m p a r tm e n t  w h ile  th e  
c o n s ta n ts  d id  n o t  e x h ib i t  a  d e p e n d e n c e  o n  f lo w  r a te  w h e n  th e  p e r f u s io n  l im i te d  l iv e r  
m o d e l  w a s  u s e d  ( K e id in g  &  P r i is h o lm , 1 9 8 4 ). F o r  th e s e  r e a s o n s ,  w e  d e c id e d  to  u s e  
th e  p e r f u s io n  l im i te d  l iv e r  m o d e l  a n d  th e  g e n e ra l  m a s s  b a la n c e  e q u a t io n  fo r  th e  
tu b u la r  f lo w  c o m p a r tm e n t  w i th  r e a c t io n  is :

~w~ + VL ~ R ( c )  with boundary condition C(0,t) = ]rCc (<t) + ̂ -Cs (t) (A 4 )dt ' dVL 3 3
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c  is  th e  c o n c e n t r a t io n  o f  e th a n o l  o r  a c e ta ld e h y d e  w i th in  th e  l iv e r  w h ile  Cc 
a n d  Cs a r e  th e  c o n c e n t r a t io n s  w i th in  th e  c e n t r a l  a n d  s to m a c h  c o m p a r tm e n ts  
r e s p e c t iv e ly .  I f  a  b a c k w a r d  d i f f e r e n c e  a p p r o x im a t io n  to  th e  s p a t ia l  d e r iv a t iv e  is  u s e d , 
th is  p a r t i a l  d i f f e r e n t ia l  e q u a t io n  is  c o n v e r te d  in to  a  s e t  o f  N  o r d in a r y  d if f e re n tia l  
e q u a t io n s .  T h is  is  e q u iv a le n t  to  a  s e r ie s  o f  w e l l  m ix e d  r e a c to r s  w h e r e  th e  o u tp u t  o f  
o n e  r e a c to r  b e c o m e s  th e  in p u t  to  th e  n e x t  r e a c to r .

I f  l i v e r  v o lu m e  is  d i s c re t iz e d  in to  N  d i f f e r e n t ia l  v o lu m e s ,  e q u a t io n  A 4  
b e c o m e s  e q u a t io n s  A 5  th ro u g h  A 7  fo r  e th a n o l  a n d  A 8  th r o u g h  A 1 0  fo r  a c e ta ld e h y d e .

Compartment L\: AV 1 ~~~~ ~ VL  ̂ ^^G CA1 +~ CGAI ~C\AI

d cCompartment L2 : AVL ^ ะ ^ - = VL(CU1 - C  2A1) +rA1(C2A1,c  2Ac)AVL (A 6 )

Compartment LN  : AV 1 —^ -  = V L {Ç (N -\)A I -  Gna1)+ rA1 (CNA1,CNAc)AVl (A 7 )

Compartment L\ : 
dC

dt
2 ^L I 0 CAc า / GAc v̂  1 Ac y

AV, ะ ^ ร .  = V, \ i r  + ะ.ท -  C
(A 8 )

3 ^  3 

dC,

rAi (Ç\AI > GI Ac )a  Vl + rAc (ÇIAc )A V 1

Compartment ท-. AV 1 ป ีAร- =  VL(C 1 Ae - C 2Ac) - r AI(C2Al,C2A c)AVl +rAc(C2Ac)AV 1
( A 9 )

Compartment LN : A V 1 — ะ= v t  (C(A 1 — C M4c ) — rA1 (CNAI, C M4c ) A +  r4c (CA/(c )A  V 1
(A  10)

E th a n o l  a n d  a c e ta ld e h y d e  e x i t  th e  l iv e r  v ia  th e  h e p a t ic  v e in  in to  th e  c e n tra l  
c o m p a r tm e n t  w i th  c o n c e n t r a t io n s  Cfi/Ai a n d  C n a c  r e s p e c t iv e ly .

3.6.4 Central compartment
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T h e  c e n t r a l  c o m p a r tm e n t  t i s s u e  w a te r  v o lu m e  ( T W V )  is  th e  s u m  o f  th e  
T W V s  o f  i ts  c o m p o n e n ts :  b lo o d ,  b o n e , b ra in ,  k id n e y s ,  lu n g s ,  s k in ,  h e a r t  a n d  s p le e n . 
T h e  c e n t r a l  c o m p a r tm e n t  is  m o d e le d  a s  a  w e l l - m ix e d  v e n o u s  p o o l  w i th  n o  c h e m ic a l  
r e a c t io n .  T h e  m a s s  b a la n c e  e q u a t io n s  f o r  e th a n o l  a n d  a c e ta ld e h y d e ,  r e s p e c t iv e ly ,  fo r  
th e  c e n t r a l  c o m p a r tm e n t  a re  g iv e n  b y  e q u a t io n s  ( A l l )  a n d  (A  12 )

Vc is  th e  to ta l  w a te r  v o lu m e  fo r  th e  c e n t r a l  c o m p a r tm e n t ,  \>L is  th e  l iv e r  
b lo o d  f lo w  r a te ,  a n d  VM  is  th e  b lo o d  f lo w - r a te  to  th e  m u s c le  c o m p a r tm e n t .

3.6.5 Muscle and fat compartment

T h e  m u s c le  a n d  fa t  c o m p a r tm e n t  t i s s u e  w a te r  v o lu m e  ( T W V )  is  e q u a l  to  th e  
s u m  o f  T W V s  o f  th e  m u s c le  a n d  fa t  t i s s u e s .  T h e  a v e r a g e  p e r f u s io n  r a te  f o r  m u s c le  
a n d  f a t  is  0 .0 3 7  m l /m in /m lH 2 0 ,  w h ic h  is  s ig n i f ic a n t ly  s m a l le r  th a n  th e  o th e r  t i s s u e s  
a n d  th e r e f o r e  im p o r ta n t  to  th e  k in e t ic s  o f  e th a n o l  d i s t r ib u t io n  a n d  e l im in a t io n .  A  
m a s s  b a la n c e  o n  th e  m u s c le  a n d  f a t  c o m p a r tm e n t  f o r  e th a n o l  a n d  a c e ta ld e h y d e  g iv e s  
e q u a t io n s  ( A  1 3 ) a n d  (A  14 ), r e s p e c t iv e ly .

Vm is  th e  v o lu m e  o f  th e  m u s c le  a n d  f a t  c o m p a r tm e n t ,  a n d  V m  is  th e  b lo o d  
f lo w  r a te  to  th e  m u s c le  a n d  f a t  c o m p a r tm e n t .

Vc[ ~  ~ V L ( f c A l  -  Cl Al )  “  V M  { Ç c a i  ~  c m a i )  (a  11 )

'c  { ^ j f )  = - ' '1 (c a  , -  c u < ) -v„ (CCAc -  c m, ) (A 12)

v J ^ f i)  = vU{CcAl - C UAI)  (A13)

Vm i ^ d r )  = ^ ( P cAc- C mac)  (A  1 4 )



3 .7  A c k n o w l e d g m e n t s

W e  g r a te f u l ly  a c k n o w le d g e  D r . R ic h a r d  A . D e i t r ic h  ( D e p a r tm e n t  o f  
P h a r m a c o lo g y ,  U n iv e r s i ty  o f  C o lo r a d o ,  H e a l th  S c ie n c e  C e n te r )  f o r  h e lp fu l  
d i s c u s s io n s .
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ethanol
C H f H  3 O H  +  A D H  <-> C H f H  2 O H  • /ID //

N A D '/N A D H

C H f H f i H  » A D H  f-> C H f H O  •  A D H  + / / 20
N A D '/N A D H

C H f H O  • /ID // ^  C H f H O  + /ID // 

V m a x .n„ ( c . 1 ) - V r e v ,nH( c .  )
~ r* = / ^ r „ + ( c j + / ^ v ^ „ ( c j

-/■  ̂= rate o f dissapearanceof ethanol

acetaldehyde
C H f H O  + A  L D H  <-» C H f H O  •  A L D H

N A D '/N A D H

H f i  + C H f H O  •  A L D H  <-> C H f O O H  • A L D H
N A D '/N A D H

C H f H O O H  • A L D H  - ►  C H f O O H  + A L D H

^ m  A L D H  +  ( c * r )

- r A = rate o f dissapearanceof acetaldclndc

B. Stomach Compartment
kg = stomach-emptying rate constant 
vs = volume of fluid in the stomach

acetaldehydeethanol
Gastrointestinal Compartment

j(ccx/ _CGพ/)+ ̂ sdsXCstf) te =(3^ ) ^
Liver Compartment

= vl()(N-l)Ac ~CNAc')~r/u(f:K41’LK4c)̂ VL +
Central Compartment

*fc f i r } =~vricc«~c^ )-^ '(Pcai-Cm ) I ^ ) = ^ ( ^ - ^ ) - v ^ - c ^ )  

Muscle Compartment
^ ( ^ )  = ''mCCcxz-C ^ /) --if~ ) = v*r (Oar _ CA«c)

VL = liver flow rate Cjy = ethanol concentration in i-th compartment
Vj = tissue water volume in i-th compartment 0 ^=  acetaldehyde concentration in i-th compartment

F ig . 3 .1 . A . D e r iv a t io n  o f  r a te  la w s  f o r  e th a n o l  a n d  a c e ta ld e h y d e .  A d a p te d  f ro m  (1 )  F . 
L u n d q u is t  &  H . W o lth e r s ,  T h e  k in e t ic s  o f  a lc o h o l  e l im in a t io n  in  m a n , Acta 
Pharmacologica Et Toxicologica 14(3), p p . 2 6 5 - 2 8 9 ,  c o p y r ig h t  1 9 5 8 , w i th  
p e r m is s io n  o f  M u n k s g a a r d  I n te r n a t io n a l  P u b l is h e r s  a n d  (2 )  H . R iv e r o s -R o s a s ,  A . 
J u l ia n - S a n c h e z ,  &  E . P in a , E n z y m o lo g y  o f  e th a n o l  a n d  a c e ta ld e h y d e  m e ta b o l i s m  in  
m a m m a ls ,  Archives o f Medical Research 28(4), p p . 4 5 3 - 4 7 1 ,  c o p y r ig h t  1 9 9 7 , w i th  
p e r m is s io n  o f  E ls e v ie r .  B . M a s s  b a la n c e  e q u a t io n s  fo r  p h y s io lo g ic a l ly  b a s e d  m o d e l.
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A. B.

F ig . 3 .2 . A . C o m p a r tm e n t  a n d  p e r f u s io n  d ia g r a m  fo r  m o d e l .  P e r f u s io n  in te r a c t io n s  
b e tw e e n  c o m p a r tm e n ts  a r e  s h o w n  b y  b la c k  a r ro w s .  V g , V l , V c , a n d  V m  a re  t is s u e  
w a te r  v o lu m e s  f o r  th e  g a s t r o in te s t in a l  t r a c t ,  l iv e r ,  c e n t r a l ,  a n d  m u s c le  c o m p a r tm e n ts ,  
r e s p e c t iv e ly .  V s  is  th e  s to m a c h  c o n te n ts  v o lu m e . B . O b s e r v e d  d a ta  ( W ilk in s o n  e t  a l. , 
1 9 7 7 )  v e r s u s  m o d e l - p r e d ic t e d  b lo o d  e th a n o l  c u r v e s  a f te r  in g e s t io n  o f  f o u r  d i f f e re n t  
d o s e s  o f  e th a n o l  in  a d u l t  w h i te  m a le  s u b je c ts ,  c. O b s e rv e d  d a ta  ( J o n e s  e t  a l . ,  1 9 8 8 ) 
v e r s u s  m o d e l - p r e d ic t e d  b lo o d  e th a n o l  c u r v e s  a f te r  in g e s t io n  o f  a  0 .2 5 - g /k g  d o s e  o f  
9 6 %  e th a n o l  in  10  a d u l t  m a le  s u b je c ts .  D . O b s e r v e d  d a ta  ( J o n e s  e t . a l . ,  1 9 8 8 )  v e rs u s  
m o d e l - p r e d ic t e d  b lo o d  a c e ta ld e h y d e  c u r v e  a f te r  in g e s t io n  o f  a  0 .2 5 - g /k g  d o s e  o f  
e th a n o l  in  10 a d u l t  m a le  s u b je c ts .  E r r o r  b a r s  s h o w n  a re  o n e  s ta n d a r d  d e v ia t io n  o f  th e  
m e a n  o f  J o n e s  e t  a l. ( 1 9 8 8 )  d a ta . N o te :  A l l  d o s e s  in  p a n e ls  B - D  w e r e  a d ju s te d  f ro m  
th e  7 4 .5 - k g  s u b je c ts  to  th e  " s ta n d a rd "  6 9 .4 - k g  m a n  u s e d  in  th e  m o d e l .  O b s e rv e d  d a ta , 
p a n e l  B : a d a p te d  f ro m  P . K . W i lk in s o n ,  A . J . S e d m a n , E . S a k m a r , D . R . K a y , &  J . G . 
W a g n e r ,  P h a r m a c o k in e t ic s  o f  e th a n o l  a f te r  o ra l  a d m in is t r a t io n  in  th e  f a s t in g  S la te , 
Journal o f Pharmacokinetics and Biopharmaceutics 5(3), p p . 2 0 7 - 2 2 4 ,  fig . 6 ,
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c o p y r ig h t  1977, w ith  p e r m is s io n  o f  K lu w e r . O b s e r v e d  d a ta ,  p a n e ls  c a n d  D : a d a p te d  
f ro m  A . พ .  J o n e s ,  J . N e im a n , &  M . H i l lb o m , C o n c e n t r a t io n - t im e  p r o f i l e s  o f  e th a n o l 
a n d  a c e ta ld e h y d e  in  h u m a n  v o lu n te e r s  t r e a te d  w i th  th e  a lc o h o l - s e n s i t i z in g  d ru g , 
c a lc iu m  c a r b im id e ,  British Journal o f Clinical Pharmacology 25(2), p p . 2 1 3 - 2 2 1 ,  
f ig .2  &  f ig . 3 , c o p y r ig h t  1 9 8 8 , w i th  p e r m is s io n  o f  B la c k w e l l  P u b l is h in g .

c .  D .

F ig . 3 .3 . E th a n o l  c o n c e n t r a t io f i  r e s u l t s  fo r  m o d e l  (---------) v e r s u s  d a ta  ( A )  f ro m  P e n g
e t  a l. ( 1 9 9 9 )  a f te r  a n  e q u iv a le n t  0 .2 - g /k g  d o s e  o f  e th a n o l  in  n o r m a l  (A )  n o rm a l 
ALDH2*1/*1, (B )  h e t e r o z y g o u s  ALDH2*l/*2, a n d  ( C )  h o m o z y g o u s  ALDH2*2/*2 
in d iv id u a ls .  D . C o m p a r i s o n  o f  th e  m o d e l - p r e d ic te d  e th a n o l  c o n c e n t r a t io n  re su lts
f ro m  c a s e s  ALDH2*l/*l (---------------), ALDH2*l/*2 ( .................. ) , a n d  ALDH2*2/*2 (—
----------) to  i l lu s t r a te  th e  e f f e c t  o f  th e  r e v e r s e  r e a c t io n  o f  a c e ta ld e h y d e  to  e th a n o l .  D a ta
( A ) ,  p a n e ls  A-C: a d a p te d  f ro m  G. ร. P e n g , M . F. W a n g , c. Y . C h e n ,  ร. บ . L u u , H .
C . C h o u ,  T . K . L i, &  ร . J. Y in , I n v o lv e m e n t  o f  a c e ta ld e h y d e  f o r  fu l l  p ro te c tio n
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against a lcoholism  by hom ozygosity o f  the variant a lle le o f  m itochondrial aldehyde 

dehydrogenase gene in Asians, Pharmacogenetics 9(4), pp. 463^476, fig. 1, 

copyright 1999, w ith perm ission o f  L ipp incott W illiam s &  W ilk ins.

A. B.

Fig. 3.4. A . Acetaldehyde concentration data from  Peng et al. (1999) after an 

equivalent 0.2 g/kg dose o f  ethanol in  normal ALDH2*1/*1 data ( A ) ;  model

(------------ ), heterozygous ALDH2*l/*2 data (■); model (.............. ), and homozygous

ALDH2*2/*2 data (♦); and model (---------------). B . Ethanol concentration data from

Peng et al. (1999) after an equivalent 0.2-g/kg dose o f  ethanol/kg w ith homozygous 

ALDH2*2/*2 data (♦) shown. M ode l curves are shown for homozygous

ALDH2*2/*2 w ith reverse reaction (------ ) and w ithout reverse reaction (.............). c.
Acetaldehyde concentration data from Peng et al. (1999) after an equivalent 0.2-g/kg 

dose o f  ethanol in subjects homozygous ALDH2*2/*2 (♦). M ode l curves are shown

for homozygous ALDH2*2/*2 with reverse reaction (------- ) and w ithout reverse

reaction (...............-). Note the completely different behavior and peak value o f
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a c e ta ld e h y d e  f o r  th e  c a s e  w i th o u t  th e  r e v e r s e  r e a c t io n .  D . E th a n o l  c o n c e n t r a t io n  d a ta  
f ro m  L u c e y  e t  a l. ( 1 9 9 9 )  a f te r  a n  o v e r n ig h t  f a s t  ( À )  a n d  a f te r  a  s ta n d a r d  m e a l (■ ).
A ls o  s h o w n  a re  m o d e l - p r e d ic t e d  b lo o d  e th a n o l  c u r v e s  a f te r  a n  o v e r n ig h t  f a s t  (-------- )
a n d  a f te r  a  s ta n d a r d  m e a l  ( ................... ). D o s e s  w e r e  a d ju s te d  f ro m  th e  7 7 .2 - k g  s u b je c ts
to  th e  “ s ta n d a r d ”  6 9 .4  k g -m a n  u s e d  in  th e  m o d e l .  D a ta  f ro m  P e n g  e t  a l. (1 9 9 9 ) , 
p a n e ls  A - C :  a d a p te d  f ro m  G . ร . P e n g , M . F . W a n g , c. Y . C h e n ,  ร . บ . L u u , H . c. 
C h o u , T . K . L i ,  &  ร . J. Y in , I n v o lv e m e n t  o f  a c e ta ld e h y d e  f o r  fu l l  p r o te c t io n  a g a in s t  
a lc o h o l is m  b y  h o m o z y g o s i ty  o f  th e  v a r ia n t  a l le le  o f  m i to c h o n d r ia l  a ld e h y d e  
d e h y d r o g e n a s e  g e n e  in  A s ia n s ,  Pharmacogenetics 9(4), p p . 4 6 3 - 4 7 6 ,  f ig . 1, 
c o p y r ig h t  1 9 9 9 , w i th  p e r m is s io n  o f  L ip p in c o t t  W il l ia m s  &  W ilk in s .  D a ta  f ro m  L u c e y  
e t  a l. ( 1 9 9 9 ) :  a d a p te d  f ro m  M . R . L u c e y , E . M . H i l l ,  J . p .  Y o u n g ,  L . D e m o -  
D a n a n b e r g ,  &  T . p .  B e r e s fo rd ,  T h e  in f lu e n c e s  o f  a g e  a n d  g e n d e r  o n  b lo o d  e th a n o l 
c o n c e n t r a t io n s  in  h e a l th y  h u m a n s ,  Journal o f Studies on Alcohol 60(1), p p . 1 0 3 - 1 1 0 , 
f ig . l c ,  c o p y r ig h t  1 9 9 9 , w i th  p e r m is s io n  o f  C e n te r  o n  S tu d ie s  o f  A lc o h o l ,  R u tg e rs  
U n iv e r s i ty .

Table 3.1
T is s u e  w a te r  v o lu m e s ,  f lo w  ra te s ,  a n d  p e r f u s io n  r a te s  fo r  th e  “ s ta n d a r d ”  6 9 .4 - k g  m a n

C o m p a r tm e n t T is s u e
h 20
v o lu m e
(1)

B lo o d
f lo w
( m l/m in )

P e r f u s io n  R e s id e n c e  
r a te  t im e  
(m l/m in /m J  (m in )
h 20 )

S o u rc e

C e n tr a l  
บ =  1 1 .5 6 1

L u n g s 0 .3 7 5 ,0 0 0 13 .3 3 0 .0 7 A

K id n e y s 0 .21 1 ,1 0 0 5 .1 4 0 .1 9 A
B lo o d 2 .8 4 5 ,0 0 0 1 .76 0:57 A
B r a in 1 .03 7 0 0 0 .6 8 1 .4 7 A
H e a r t ,  s p le e n 1 .1 8 3 5 0 0 .2 9 3 .3 7 A
B o n e 2 .4 4 2 5 0 0 .1 0 1 0 .0 0 A
S k in 3 .4 9 3 0 0 0 .0 8 5 1 1 .6 3 A

M u s c le F a t 3 .7 6 2 0 0 0 .0 5 3 1 8 .8 0 A
K  =  2 5 .7 6 1 M u s c le 2 2 .0 7 5 0 0 .0 3 4 2 9 .3 3 A

G a s t r o in te s t in a l  S to m a c h /  
t r a c t  vc =  2 .4  1 in te s t in e

2 .4 0 9 0 0 0 .3 7 5 2 .6 7 a ,b

L iv e r  
V 1 = 1 .0 8  1

L iv e r 1 .08 1 ,3 5 0 1 .25 0 .8 0 a ,c
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T o ta l  b o d y  w a te r  c o n te n t  is  4 0 .8  1.

aA d a p te d  f ro m  M . R o w la n d ,  T . N . T o z e r ,  &  R . R o w la n d ,  Clinical Pharmacokinetics: 
Concepts and Applications, tb l .  6 , c o p y r ig h t  1 9 9 5 , w i th  p e r m is s io n  o f  L ip p in c o t t  
W i l l i a m s  &  W ilk in s .

bA d a p te d  f ro m  R . F . D e r r ,  S im u la t io n  s tu d ie s  o n  e th a n o l  m e ta b o l i s m  in  d if f e re n t  
h u m a n  p o p u la t io n s  w i th  a  p h y s io lo g ic a l  p h a r m a c o k in e t i c  m o d e l ,  Journal o f 
Pharmaceutical Sciences 82(7), p p . 6 7 7 - 6 8 2 ,  c o p y r ig h t  1 9 9 3 , w i th  p e r m is s io n  o f  
J o h n  W i le y  &  S o n s .

cA d a p te d  f ro m  o .  A . L a rs e n , K . W in k le r ,  &  N . T y g s t ru p ,  " E x tr a "  p l a s m a  in  th e  l iv e r  
c a lc u la t e d  f ro m  h e p a t ic  h e m a to c r i t  in  p a t ie n ts  w i th  p o r t a c a v a l  a n a s to m o s is ,  Clinical 
Science 25(3), p p . 3 5 7 - 3 6 0 ,  tb l .  4 , c o p y r ig h t  1 9 6 3 , w i th  p e r m is s io n  o f  P o r t la n d  P re s s  
L td .

Table 3.2
R a te - l a w  p a r a m e te r s  w i th  th e  b e s t  m o d e l  f i t  f ro m  le a s t - s q u a r e s  a n a ly s is  c o m p a re d  
w i th  e x p e r im e n ta l ly  o b s e rv e d  r a n g e s  a n d  v a lu e s  u s e d  f o r  th e  c o m p a r i s o n  p lo ts

P a r a m e te r M o d e l E x p e r im e n ta l G r a p h U n its S o u rc e
V  m axA l 2 .2 2 .0 , 2 .4 - 4 .7 t 2 .2 m m o l* ( m in * k g  l iv e r ) -1 a ,b
K m A l 0 .4 ~1 1 m M c
V rev 3 2 .6 1 1 -1 1 0 * 6 0 .5 m m o l* ( m in * k g  l iv e r ) -1 d
K re v 1 ~1 . 1 m M /m M d ,e
V  m axA c 2 .7 - 2 .7 m m o l* ( m in * k g  l iv e r ) -1 E s tim a te
K m A c 1.2 0 .2 - 3 1.6 p M c , f

^ E x p e r im e n ta l  v a lu e s  o f  2 .4  a n d  4 .7  m m o l* ( m in * k g  l iv e r ) -1 w e r e  o b s e r v e d  a t  p H  8 .5  
a n d  1 0 .5 , r e s p e c t iv e ly .  A c tu a l  a c t iv i ty  a t  p h y s io lo g ic  l iv e r  p H  o f  7 .5  is  e x p e c te d  to  b e  
lo w e r  b e c a u s e  p H  8 .5  a n d  10 .5  c o r r e s p o n d  to  th e  o p t im a l  p H  o f  tw o  d i f f e r e n t  fo rm s  
o f  a lc o h o l  d e h y d r o g e n a s e .
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^ C a lc u la te d  o n  b a s i s  o f  a  5 -  to  5 0 - f o ld  in c r e a s e  in  k c a t  v a lu e s  o f  f o r w a r d  re a c tio n

V  maxAI-

aA d a p te d  f ro m  R . F . D e r r , S im u la t io n  s tu d ie s  o n  e th a n o l  m e ta b o l i s m  in  d if fe re n t 
h u m a n  p o p u la t io n s  w i th  a  p h y s io lo g ic a l  p h a r m a c o k in e t ic  m o d e l ,  Journal of 
Pharmaceutical Sciences 82(7), p p . 6 7 7 - 6 8 2 ,  c o p y r ig h t  1 9 9 3 , w i th  p e r m is s io n  o f  
J o h n  W ile y  &  S o n s .

bA d a p te d  f ro m  H . A . พ .  W y n n e , p .  W o o d , B . H e r d ,  p .  W r ig h t ,  M . D . R a w lin s ,  &  0 .  
F . พ .  J a m e s ,  T h e  a s s o c ia t io n  o f  a g e  w i th  th e  a c t iv i ty  o f  a lc o h o l  d e h y d ro g e n a s e  in  
h u m a n  l iv e r ,  Age and Ageing 21(6), p p . 4 1 7 - 4 2 0 ,  tb l .  H e p a t ic  A D H  a c tiv ity , 
c o p y r ig h t  1 9 9 2 , w i th  p e r m is s io n  o f  O x f o r d  U n iv e r s i ty  P re s s .

cA d a p te d  f ro m  H . R iv e r o s - R o s a s ,  A . J u l ia n - S a n c h e z ,  &  E . P in a ,  E n z y m o lo g y  o f  
e th a n o l  a n d  a c e ta ld e h y d e  m e ta b o l i s m  in  m a m m a ls ,  Archives o f Medical Research 
28(4), p p . 4 5 3 - 4 7 1 ,  tb l .  4  &  6 , c o p y r ig h t  1 9 9 7 , w i th  p e r m is s io n  o f  E ls e v ie r .

dA d a p te d  f ro m  พ .  E . M . L a n d s , A  r e v ie w  o f  a lc o h o l  c le a r a n c e  in  h u m a n s ,  Alcohol 
15(2), p p . 1 4 7 - 1 6 0 ,  tb l .  1, c o p y r ig h t  1 9 9 8 , w i th  p e r m is s io n  o f  E ls e v ie r .

eA d a p te d  f ro m  J . ร . D e e tz , c. A . L u e h r ,  &  B . L . V a l le e ,  H u m a n  l iv e r  a lc o h o l 
d e h y d r o g e n a s e  i s o z y m e s :  r e d u c t io n  o f  a ld e h y d e s  a n d  k e to n e s ,  Biochemistry 23(26), 
p p . 6 8 2 2 - 6 8 2 8 ,  tb l .  II , c o p y r ig h t  1 9 8 4 , w i th  p e r m is s io n  o f  th e  A m e r ic a n  C h e m ic a l 
S o c ie ty .  .

fA d a p te d  f ro m  G . ร . P e n g , M . F . W a n g , c . Y . C h e n ,  ร . บ . L u u , H . c. C h o u , T . K . L i, 
&  ร . J. Y in , I n v o lv e m e n t  o f  a c e ta ld e h y d e  f o r  f u l l  p r o te c t io n  a g a in s t  a lc o h o l is m  b y  
h o m o z y g o s i ty  o f  th e  v a r ia n t  a l l e le  o f  m i to c h o n d r ia l  a ld e h y d e  d e h y d r o g e n a s e  g e n e  in  
A s ia n s ,  Pharmacogenetics 9(4), p p . 4 6 3 - 4 7 6 ,  c o p y r ig h t  1 9 9 9 , w i th  p e r m is s io n  o f  
L ip p in c o t t  W i l l i a m s  &  W ilk in s .
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Table 3.3
S to m a c h - e m p ty in g  r a te  c o n s ta n ts .

S tu d y /s o u r c e
E th a n o l
0 .1 5  g /k g 0 .3  g /k g 0 .4 5  g /k g 0 .6  g /k g

C u r r e n t  w o rk ,  k s 0 .0 4 7 0 .0 4 0 0 .0 3 2 0 .0 2 5
W ilk in s o n  e t 0 .0 5 5 0 .0 1 8 0 .0 0 9 0 .0 0 5
a l .a, k s

aA d a p te d  f ro m  P . K . W i lk in s o n ,  A . J . S e d m a n , E . S a k m a r ,  D . R . K a y , &  J . G . 
W a g n e r ,  P h a r m a c o k in e t ic s  o f  e th a n o l  a f te r  o ra l  a d m in is t r a t io n  in  th e  f a s t in g  s ta te , 
Journal o f Pharmacokinetics and Biopharmaceutics 5(3), p p . 2 0 7 - 2 2 4 ,  c o p y r ig h t  
1 9 7 7 , w i th  p e r m is s io n  o f  K lu w e r .
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