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Enzymatic and pharmacokinetic studies on the 
metabolism of branched chain a-keto  ac ids  in the  rat  
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P h y s i o l o g i s c h - c h e m i s c h e s  I n s t i t u t  d e r  U n i v e r s i t ~ t  M a i n z  

Summary  

M i c h a e l i s - c o n s t a n t s  a n d  e n z y m e  ac t iv i t i e s  for  d e h y d r o g e n a t i o n  a n d  t r a n s a m i n a -  
t i on  of t h e  t h r e e  b r a n c h e d  c h a i n  a -ke to  ac ids  in  l iver,  k idney ,  ske le t a l  musc l e ,  a n d  
b r a i n  of ra t s  a re  r epor t ed .  

Af te r  oral  l oad  on ly  11-22 % of t h e  k e t o  ac ids  p a s s  t h e  l ive r  u n c h a n g e d .  
B l o o d  leve l s  in  p h a r m a c o k i n e t i c  a n d  a b s o r p t i o n  s t ud i e s  a re  r e l a t ed  to t h e  

Michae l i s - cons t an t s .  A t  t h e  l ow  ke to -ac id  c o n c e n t r a t i o n s  a f t e r  o ra l  app l i ca t ion ,  
d e h y d r o g e n a t i o n  in  t h e  n o n - h e p a t i c  t i s s ue s  is s u p p o s e d  to  p r eva i l  o v e r  t r a n s a m i n a -  
t ion.  D a t a  on  feed  e f f i c i ency  of b r a n c h e d  c h a i n  a -ke to  ac ids  r e p o r t e d  in  t h e  l i tera-  
t u r e  s u p p o r t  t h i s  v iew.  T h e  c h a n c e  for  t r a n s a m i n a t i o n  is b e t t e r  a f te r  i n t r a v e n o u s  
a d m i n i s t r a t i o n .  

T h e  t r a n s f e r a b i l i t y  of o u r  d a t a  to  h u m a n s ,  a n d  v a r i o u s  fac to rs  i n f l u e n c i n g  t he  
e f f i c iency  of b r a n c h e d  c h a i n  a -ke to  ac ids  a re  d i s c u s s e d  in  c o n n e c t i o n  w i t h  da t a  
r e p o r t e d  in  t h e  l i t e ra tu re .  

Zusammenfassung 

M/chaelis-Konstanten und Aktivit~ten von Dehydrogenasen und Transaminasen 
der drei verzweigten a-Ketosfiuren Keto-Valin, Keto-Leucin und Keto-Iso]eucin in 
Leber, Niere, Skeletmuskel und Gehirn yon Ratten werden mitgeteilt. 
Nach oraler Zufuhr passieren nur 11-22 % der Ketosfiuren unver~ndert die Leber. 
Aus pharrnakokinetischen und Resorptions-Untersuchungen erhaltene Blutspie- 

gel an Ketos~iuren werden zu den Michaelis-Konstanten in Beziehung gesetzt. Bei 
den geringen Konzentrationen an Ketos~iuren nach oraler Zufuhr kann angenom- 
men werden, da~ die oxidativen Prozesse in den nichthepatischen Geweben fiber 
die Transarninierung fiberwiegen. Daten fiber die Wachsturnseffizienz yon ver- 
zweigtkettigen a-Ketos~iuren irn Vergleich zu den entspreehenden Aminos~iuren 
stirnmen mit dieser Vorstellung i~berein. 
Bei intravenfser Verabreichung mfi/3ten die Voraussetzungen fs Transaminie- 

rung besser sein als nach oraler Zufuhr. Auf der Basis yon Daten aus der Literatur 
werden die Ubertragbarkeit unserer Befunde auf den Menschen und die verschie- 
denen Faktoren, welche die Efflzienz der verzweigten a-Ketos~uren dutch Einwir- 
kung auf ihren Stoffwechsel beeinflussen k6nnen, diskutiert. 

Key words: branched chain a-keto acids; 4-methyl-2-oxopentanoate, 3-methyl-2- 
oxopentanoate; 3-methyl-2-oxobutyrate; dehydrogenation; transamination; phar- 
m a c o k i n e t i c s ;  a b s o r p t i o n  

I n t r o d u c t i o n  

R e t e n t i o n  o f  p r o d u c t s  o f  n i t r o g e n  m e t a b o l i s m  i s  r e s p o n s i b l e  f o r  t h e  
i n t o x i c a t i o n  i n  r e n a l  i n s u f f i c i e n c y .  T h e r e f o r e  d i e t e t i c  r e s t r i c t i o n  o f  p r o t e i n  
781 
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to a m i n i m u m  is e m p h a s i z e d  in  t he  t r e a t m e n t  of c h r o n i c  u r e m i a .  T h e  r i sk  
of d e v e l o p m e n t  of p r o t e i n  d e f i c i e n c y  d u r i n g  s u c h  a m a n a g e m e n t  c a n  b e  
d i m i n i s h e d  b y  s u b s t i t u t i o n  of e s s e n t i a l  a m i n o  ac ids  (2, 8, 23, 34, 48). 
F u r t h e r  i m p r o v e m e n t  was  s u g g e s t e d  b y  Walse r  (45) w i t h  t he  i n t r o d u c t i o n  
of a -ke to  a n a l o g u e s  of e s s e n t i a l  a m i n o  ac ids  s u c h  as t y ros ine ,  m e t h i o n i n e ,  
a n d  t he  b r a n c h e d  c h a i n  a m i n o  acids .  T h e  idea  b e h i n d  th i s  p r o p o s a l  is t h a t  
t h e s e  ke to  ac ids  c o u l d  b e  c o n v e r t e d  in  t he  o r g a n i s m  to t he  c o r r e s p o n d i n g  
a m i n o  ac ids  b y  t r a n s a m i n a t i o n  a n d  t h u s  act  l ike  " a m i n o  ac ids  w i t h o u t  
n i t r o g e n " .  S e v e r a l  i n v e s t i g a t o r s  r e p o r t e d  pos i t i ve  effects  w i t h  t he  u s e  of 
ke to  a n a l o g u e s  i n  t he  t r e a t m e n t  of c h r o n i c  r e n a l  fa i lu re  (7, 26, 44). Others ,  
h o w e v e r ,  c o u l d  n o t  o b s e r v e  a d v a n t a g e s  c o m p a r e d  w i t h  t he  c o r r e s p o n d i n g  
a m i n o  ac ids  (11, 25). 

S u c c e s s f u l  u s e  of ke to  a n a l o g u e s  ~ d e p e n d  on  w h e t h e r  t r a n s a m i n a o  
t i o n  or  o t h e r  m e t a b o l i c  p r o c e s s e s  wi l l  prevai l .  T h e  p r e s e n t  s t u d y  o n  the  ra t  
as a m o d e l  was  p e r f o r m e d  in  o rde r  to  f i nd  o u t  w h e t h e r  for  t he  ke to  
a n a l o g u e s  of t he  b r a n c h e d  c h a i n  a m i n o  ac ids  va l ine ,  l e u c i n e  a n d  
i s o l e u c i n e  it  c a n  b e  p r e d i c t e d  w h i c h  o n e  of t he  t w o  p o s s i b l e  m e t a b o l i c  
p a t h w a y s  wi l l  e x c e e d  at  a g i v e n  m o d e  of a p p l i c a t i o n :  t r a n s a m i n a t i o n  or  
o x i d a t i v e  d e g r a d a t i o n .  E n z y m a t i c  ac t iv i t i e s  a n d  M i c h a e l i s - c o n s t a n t s  of 
t r a n s a m i n a s e  a n d  d e h y d r o g e n a s e  s y s t e m s  in  l iver ,  k i d n e y ,  ske l e t a l  m u s c l e  
a n d  b r a i n  w e r e  m e a s u r e d  a n d  i n t e r p r e t e d  o n  t he  ba s i s  of r e su l t s  f r o m  
p h a r m a c o k i n e t i c  a n d  a b s o r p t i o n  s tud ies .  F r o m  da t a  o n  b l o o d  a n d  t i s sue  
c o n c e n t r a t i o n s  of t h e  b r a n c h e d  c h a i n  a -ke to  ac ids  a n d  the  Michae l i s -  
c o n s t a n t s  of t he  c o m p e t i n g  e n z y m e  s y s t e m s  it  c a n  be  d e d u c e d  w h e t h e r  
t r a n s a m i n a t i o n  or  o x i d a t i o n  wi l l  prevai l .  

M a t e r i a l s  and m e t h o d s  

Male Sprague-Dawley rats weighing 250_ 20 g were used, obtained from 
"Gesellschaft ffir Medizinische Versuchstierzuchten" (Dr. Ivanovas, D-7967 Kiss- 
legg). They were fed on a standard pellet diet (Altromin 1324) ad libitum. All 
experiments began between 8 and 9 a.m. 

Chemicals 

The branched chain a-keto acids 4-methyl-2-oxopentanoate, 3-methyl-2-oxopen- 
tanoate and 3-methyl-2-oxobutyrate as sodium salts were a gift of J. Pfr immer & 
Co., Erlangen. Nagarse for the preparation of brain mitochondria, and heparin were 
obtained from Serva, Heidelberg. Enzymes and coenzymes were purchased from 
Boehringer Mannheim GmbH; all other chemicals were products of E. Merck, 
Darmstadt. 

Preparation of  tissues 

Liver mitochondria were prepared in the mannitol  medium described by Chance 
and Hagihara (13). Liver was ground in a Potter-Elvehjem homogenizer with a 
teflon pestle in a proportion of 1 g wet weight to l0 ml medium. Nuclei and cell 
debris were sedimented by centrifugation at 6000 g.min.  The supernatant  was 
decanted and centrifuged at 75,000 g-min. The sediment (mitochondria) was twice 
resuspended and washed by centrifugation at 75,000 g-rain. Finally the pellet was 
taken up and re-homogenized in manni tol  medium. 

Muscle rnitochondria were prepared by the method of Ernster and Nordenbrand 
(22) with the modification that the muscles from the hind legs were ground with sea 
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s a n d  in  a m o r t a r  r a t h e r  t h a n  m i n c e d  w i t h  sc i s so r s  b e f o r e  een t r i fuga t ion .  F o r  
g r ind ing ,  w a s h i n g  a n d  s u s p e n s i o n  a m e d i u m  d e s c r i b e d  b y  C h a p p e l l  a n d  P e r r y  (14) 
was  used ,  c o n t a i n i n g  (final c o n c e n t r a t i o n s )  0.1 mol/1 KC1, 0.05 molf l  T R I S  b u f f e r  
p H  7.4, 0.005 mol/1 MgSO4, 0.001 tool/1 EDTA,  a n d  0.001 mol/1 ATP.  

B r a i n  m i t o c h o n d r i a  w e r e  i so l a t ed  a c c o r d i n g  to B a s f o r d  (5). 

Tissue extracts  for  m e a s u r e m e n t  o f  transaminases 

Liver ,  k idney ,  m u s c l e s  a n d  b r a i n  w e r e  h o m o g e n i z e d  in  t he  s a m e  way  as for  
p r e p a r a t i o n  of m i t o e h o n d r i a .  T h e  homogenates  w e r e  e x p o s e d  to son ic  v i b r a t i o n  a t  
0-2~ for  2 m i n  a t  10O Wat t  (Disintegrator L a b s o n i c ,  B r a u n  Mel sungen) .  L a r g e r  
pa r t i c l e s  w e r e  r e m o v e d  b y  c e n t r i f u g a t i o n  for  10 m i n  a t  600 g. T h e  s u p e r n a t a n t  was  
u s e d  for  t he  e x p e r i m e n t s .  

A s s a y  of e n z y m e  act iv i ty .  
B r a n c h e d  c h a i n  a -ke to  ac id  d e h y d r o g e n a s e  ac t iv i ty  was  a s s a y e d  i n  a t e s t  s y s t e m  

w h i c h  was  d e v e l o p e d  in  s t u d i e s  o n  t h e  i n f l u e n c e  of  pH,  f e r r i c y a n i d e  c o n c e n t r a t i o n ,  
n e e d  of co fac to r s  a n d  l inea r i ty  of t h e  r eac t ion .  As  a resu l t ,  t h e  fo l lowing  t e s t  
c o m p o s i t i o n  was  used :  
800 ~1 200 m m o l ] l  p o t a s s i u m  p h o s p h a t e  b u f f e r  p H  7.4 

50 td 16 mmol /1  K3Fe(CN) 6 
50 pd so lu t i on  of ke to  ac ids ,  c o n c e n t r a t i o n  r a n g i n g  f r o m  0.1 to  200 retool/1 

100 ~1 m i t o c h o n d r i a l  s u s p e n s i o n  w i t h  2-4 m g  pro te in .  
T h e  m i x t u r e  was  s h a k e n  for  5 rn in  a t  37 ~ in  a w a t e r  b a t h  a n d  t h e  r e a c t i o n  

s t o p p e d  b y  a d d i n g  1 m l  T C A  (10 g/100 ml). F o r  d e t e r m i n a t i o n  of t h e  f e r r i c y a n i d e  
c o n c e n t r a t i o n  be fo re  t h e  r eac t ion ,  T C A  w as  a d d e d  be fo re  t h e  m i t o c h o n d r i a .  
F u r t h e r m o r e ,  a b l a n k  w a s  u s e d  w i t h o u t  k e t o  acid.  

T h e  T C A - p r e c i p i t a t e  w as  r e m o v e d  b y  c e n t r i f u g a t i o n  a n d  in  t h e  c lear  s u p e r n a t a n t  
t h e  a m o u n t  of n o n - r e d u c e d  f e r r i c y a n i d e  w as  m e a s u r e d  in  a p h o t o m e t e r  a t  436 nm.  
F e r r i c y a n i d e  e x h i b i t s  a b r o a d  a b s o r p t i o n  m a x i m u m  a r o u n d  420 nm.  F r o m  t h e  
d i f f e r e n c e  of t h e  a b s o r p t i o n  b e f o r e  a n d  a f t e r  i n c u b a t i o n ,  a n d  a f t e r  s u b t r a c t i o n  of t h e  
b l a n k ,  t h e  a m o u n t  of r e d u c e d  f e r r i c y a n i d e  w as  c a l c u l a t e d  u s i n g  a f e r r i c y a n i d e  
s t a n d a r d  or  a s t a n d a r d  curve .  2 m o l e s  of f e r r i c y a n i d e  a re  r e d u c e d  p e r  tool  k e t o  ac id  
d e h y d r o g e n a t e d .  

T r a n s a m i n a s e  ac t iv i ty  w as  a s s a y e d  in  a t w o - s t e p  p r o c e d u r e .  F i r s t  t he  b r a n c h e d  
c h a i n  a -ke to  ac id  w a s  i n c u b a t e d  w i t h  g l u t a m a t e  a n d  t h e  e n z y m e  p r e p a r a t i o n .  Af te r  
d e p r o t e i n i z a t i o n  t h e  a m o u n t  of a - k e t o g l u t a r a t e  p r o d u c e d  w a s  m e a s u r e d  in  t h e  
s u p e r n a t a n t .  T h e  c o m p o s i t i o n  of t h e  r e a c t i o n  m i x t u r e  was :  
600 pd 250 retool/1 p o t a s s i u m  p h o s p h a t e  b u f f e r  p H  8.4 
100 ~1 200 m m o l / l  s o d i u m  g l u t a m a t e  

50 ~d k e t o  ac id  so lu t ion ,  c o n c e n t r a t i o n  r a n g i n g  f r o m  0.1 to 400 m m o l / l  
50 gl d i s t i l l ed  w a t e r  

200 ~1 e n z y m e  p r e p a r a t i o n .  
T h e  b l a n k  c o n t a i n e d  d i s t i l l ed  w a t e r  i n s t e a d  of k e t o  acids .  T h e  m i x t u r e  was  

s h a k e n  for  5 r a in  a t  37 ~ in  a w a t e r  b a t h  a n d  t h e  r e a c t i o n  was  s t o p p e d  b y  t h e  
a d d i t i o n  of  1 m l  I tool/1 p e r e h l o r i c  acid.  T h e  p r e e i p i t a t e  w a s  r e m o v e d  b y  cen t r i fuga -  
t i on  a n d  t h e  s u p e r n a t a n t  was  n e u t r a l i z e d  w i t h  0.8 m l  0.5 tool/1 K3PO 4. Af te r  coo l ing  
w i t h  ice t h e  p o t a s s i u m  p e r c h l o r a t e  p r e c i p i t a t e  w a s  r e m o v e d  b y  cen t r i fuga t ion .  I n  
t h e  s u p e r n a t a n t  a - k e t o g l u t a r a t e  f o r m e d  d u r i n g  t r a n s a m i n a t i o n  was  m e a s u r e d  en- 
zymat icakly  a c c o r d i n g  to B e r g m e y e r  a n d  B e r n t  (6). 

M i c h a e l i s - c o n s t a n t s  a n d  m a x i m a l  r e a c t i o n  ve loc i t i e s  of d e h y d r o g e n a s e s  a n d  
t r a n s a r n i n a s e s  w e r e  o b t a i n e d  f r o m  a d o u b l e  r e c i p r o c a l  p lo t  a c c o r d i n g  to  
L i n e w e a v e r  a n d  B u r k  (35). 

PharmacokJnet ic  exper imen t s  

I n t r a v e n o u s  i n j ec t i ons  a n d  i n f u s i o n s  we re  a p p l i e d  t h r o u g h  a sma l l  ca the te r ,  
i n s e r t e d  in  t h e  in fe r io r  v e n a  cava  e x p o s e d  a t  l a p a r o t o m y  in  e t h e r  a n a e s t h e s i a .  T h e  
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a n i m a l s  w e r e  h e l d  in  Bo l lman-cages .  B l o o d  s a m p l e s  w e r e  d r a w n  f r o m  t h e  t ip  of t h e  
tail ,  a n d  u r i n e  w a s  co l l ec t ed  u s i n g  a ca the te r .  T h e  b r a n c h e d  c h a i n  a -ke to  ac ids  in  
b lood ,  u r i n e  a n d  l iver  w e r e  m e a s u r e d  w i t h  t h e  m e t h o d  of Wal se r  e t  al. (46). E l i m i n a -  
t i o n  c o n s t a n t s  a n d  ha l f  l ife w e r e  c a l c u l a t e d  f r o m  a s e m i - l o g a r i t h m i c  p lo t  of t h e  
d e c r e a s e  of t h e  b l o o d  leve l  a f t e r  i n j e c t i o n  or  a f t e r  s top  of a c o n t i n u o u s  in fus ion .  T h e  
to ta l  c l e a r a n c e  was  d e t e r m i n e d  u n d e r  s t e ady - s t a t e  c o n d i t i o n s  as  t h e  q u o t i e n t  of r a t e  
of i n f u s i o n  to b l o o d  leve l  (20). F o r  t he  a s say  of ke to -ac id  c o n c e n t r a t i o n s  in  t h e  l iver,  
s a m p l e s  w e r e  r e m o v e d  b y  t h e  f reeze-s top  m e t h o d  a n d  h o m o g e n i z e d  in  p e r c h l o r i c  
acid.  T h e  b l o o d  c o n t e n t  of t h e  l ive r  w a s  d e t e r m i n e d  a c c o r d i n g  to Ho lze r  e t  al. (28), 
a n d  t h e  ke to -ac id  c o n t e n t  of t h e  b lood- f ree  l iver  was  c a l c u l a t e d  w i t h  t h e  f o r m u l a  of 
H o h o r s t  e t  al. (27): 

Ke to -ac id  c o n t e n t  of b lood- f r ee  l iver  
T i s s u e  c o n t e n t  - (we igh t  �9 ke to -ac id  content)bloo d 

1 - (Weight)bloo d 

R e s u l t s  

T a b l e s  1 -3  s h o w  t h e  k i n e t i c  d a t a  ( M i c h a e l i s - c o n s t a n t s ,  m a x i m a l  v e l -  
o c i t i e s ,  t i s s u e  c a p a c i t i e s )  f o r  d e h y d r o g e n a t i o n  a n d  t r a n s a m i n a t i o n  o f  t h e  
b r a n c h e d  c h a i n  a - k e t o  a c i d s  3 - m e t h y l - 2 - o x o b u t y r a t e  ( i n  t h e  f o l l o w i n g  
n a m e d  " k e t o v a l i n e "  f o r  s i m p l i f i c a t i o n ) ,  4 - m e t h y l - 2 - o x o p e n t a n o a t e  
( " k e t o l e u c i n e " )  a n d  3 - m e t h y l - 2 - o x o p e n t a n o a t e  ( " k e t o i s o l e u c i n e " )  i n  f i ve r ,  
s k e l e t a l  m u s c l e ,  k i d n e y  a n d  b r a i n  o f  r a t s .  T h e  d a t a  c o n f i r m  t h e  w e l l -  
k n o w n  f a c t  t h a t  t r a n s a m i n a t i o n  o f  b r a n c h e d  c h a i n  k e t o  a c i d s  o r  a m i n o  
a c i d s  p l a y s  n o  i m p o r t a n t  p a r t  i n  t h e  l i v e r  (33); t h e  m e t h o d  u s e d  i n  t h i s  
s t u d y  i s  n o t  s e n s i t i v e  e n o u g h  t o  o b t a i n  e x a c t  r e s u l t s .  T h e  M i c h a e l i s -  
c o n s t a n t s  f o r  t r a n s a m i n a t i o n  a r e  m o s t l y  h i g h e r  t h a n  t h o s e  f o r  d e h y d r o g e -  
n a t i o n .  T h e  m a x i m a l  t u r n o v e r  c a p a c i t y  of  t i s s u e s  i s  n o t  p r a c t i c a l l y  r e l e v -  
a n t ,  b e c a u s e  i t  i s  m e a s u r e d  o r  c a l c u l a t e d  a t  s u b s t r a t e  s a t u r a t i o n .  I t  c a n  b e  
u s e d ,  h o w e v e r ,  f o r  c o m p a r i s o n  o f  t h e  r e l a t i v e  s h a r e  o f  v a r i o u s  o r g a n s  i n  
t h e  t o t a l  t u r n o v e r .  

T a b l e  1. K ine t i c  p a r a m e t e r s  of d e h y d r o g e n a t i o n  a n d  t r a n s a m i n a t i o n  of 3-methyl-2-  
o x o b u t y r a t e  (ke to-val ine)  in  v a r i o u s  r a t  t i s sues .  Michae l i s  c o n s t a n t s  (k m) a n d  max i -  
m a l  r e a c t i o n  ve loc i t i e s  (Vmax) of d e h y d r o g e n a t i o n  h a v e  b e e n  m e a s u r e d  in  
m i t o c h o n d r i a l  s u s p e n s i o n s ,  of t r a n s a m i n a t i o n  in  t i s s u e  h o m o g e n a t e s .  Vm~x h a v e  
b e e n  c a l c u l a t e d  p e r  g w e t  w e i g h t  of t i s s ue s  a n d  for  t h e  to ta l  organ.  I t  was  a s s u m e d  
t h a t  m u s c l e  m a s s  c o n s t i t u t e s  40 % of b o d y  w e i g h t  (41). 

E n z y m e  L i v e r  Musc le  K i d n e y  B r a i n  

Del%ydrogenase 
K m (~mol/1) 38.3 112 52.6 179 
Vmax: ~mol  �9 g-1 . h-1 82.6 23.3 79.3 14.7 
ac t iv i ty  of to t a l  t i s s u e  (~tmol �9 h -1) 1225 2330 179 26.3 

Transaminase 
K m (~u~nol/D n o t  151 120 78.5 

d e t e c t a b l e  
Vm~: ~mol  - g-1 . h-1 30 51.3 71 
ac t iv i ty  of to ta l  t i s s u e  (~unol - h - b  3000 118 150 
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Table  2. Kine t i c  p a r a m e t e r s  of d e h y d r o g e n a t i o n  and  t r a n s a m i n a t i o n  of 4-methyl-2- 
o x o p e n t a n o a t e  (keto-leucine)  in  var ious  rat  t i ssues .  E x p e r i m e n t a l  cond i t i ons  as 
s h o w n  in t ab le  1. 

E n z y m e  L ive r  Musc le  K i d n e y  B r a i n  

Dehydrogenase 
K m (~mol/l) 

Vmax: ~mo1 �9 g-1 . lal  
ac t iv i ty  of total  t i s sue  (~mol �9 h -1) 

44.3 no t  44.6 81.4 
de t ec t ab l e  

23 1.7 18.6 8 
2 9 3  170 36.9 15,3 

Transaminase 
K m (~mol/1) no t  116 255 95 

de t ec t ab l e  
Vmax: ~tmol �9 g-1 . h-1 34.3 102 88 
act iv i ty  of tota l  t i s sue  (~mol - h -1) 343 215 183 

Table  3. Kine t i c  p a r a m e t e r s  of d e h y d r o g e n a t i o n  and  t r a n s a m i n a t i o n  of 3-methyl-2- 
o x o p e n t a n o a t e  (keto- isoleucine)  in  var ious  rat  t i ssues .  E x p e r i m e n t a l  cond i t i ons  as 
s h o w n  in  tab le  1. 

E n z y m e  Liver  Musc le  K i d n e y  Bra in  

Dehydrogenase 
K m (~mol/D 61 94 215 103 
Vmax: ~mol - g-1 . h-1 41 9.7 16.7 11.9 
act ivi ty  of total  t i s sue  (tnnol - h -I) 423 970 38.2 21.5 

Transaminase 
K m (~mol /1 )  not  385 153 39.5 

de t ec t ab l e  
Vmax: ~mol . g-1 . h-~ 17.5 63.7 29.6 
ac t iv i ty  of total  t i s sue  (~unol �9 h -b  1750 141 60 

Table  4. E l imina t ion  c o n s t a n t s  (k) and  biological  half  life (t/2) of b r a n c h e d  cha in  
a-keto  acids.  E l imina t ion  c o n s t a n t s  have  b e e n  ca lcu la ted  f rom t h e  d e c r e a s e  of t he  
b lood  level  af ter  i n t r a v e n o u s  loads  w i t h  1 m m o l  ke to  ac id  pe r  rat,  o r  a f te r  s top  of 
i n t r a v e n o u s  infus ion ,  t/2 = In 2/k 

k (min-b  t/2 (rain) 

Keto-va l ine  0.066 10.5 
Ke to - i so leuc ine  0,051 13.6 
Ke to - l euc ine  0.066 10.5 

F o r  e s t i m a t i o n  of  t h e  a c t u a l  t u r n o v e r ,  t h e  c o n c e n t r a t i o n s  o f  t h e  k e t o  
a c i d s  i n  b l o o d  o r  t i s s u e s  s h o u l d  b e  k n o w n .  F o r  t h i s  p u r p o s e  w e  p e r f o r m e d  
p h a r m a c o k i n e t i c  s t u d i e s .  T h e  e l i m i n a t i o n  c o n s t a n t s  a n d  d a t a  o f  h a l f  l i f e  i n  
t a b l e  4 s h o w  t h a t  t h e  b r a n c h e d  c h a i n  a - k e t o  a c i d s  a r e  f a s t  m e t a b o l i z e d ,  
a l t h o u g h  t h i s  g i v e s  n o  i n d i c a t i o n  o f  t h e  p a t h w a y s  o f  e l i m i n a t i o n .  
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Table 5. Blood level during steady state, total clearance (C1 t) and metabolic clear- 
ance (Clme 0 of branched-chain a-keto acids at two different rates of infusion. 

rate of infusion (~mol. min  -~- kg -* 
C1 t has been calculated as steady state blood level (~mol-m1-1) = ml'rnin-1 "kg-1 

Rate of infusion = Rate of infusion = 
37 pmol.min-~.kg -1 77 grnol-min-l-kg-1 

blood level Cl t Clme t blood level Cl t Clme t 
g~rnol/1 ~mol/1 

Keto-valine 184 201 195 658 117 114 
Keto-isoleucine 487 76 74 1453 53 47 
Keto-leucine 213 174 172 494 156 155 

Da ta  u n d e r  s t e ady - s t a t e  c o n d i t i o n s  d u r i n g  c o n t i n u o u s  i n t r a v e n o u s  in fu -  
s ions  are  s h o w n  in  t a b l e  5. T h e  e x c r e t i o n  of u n c h a n g e d  ke to  ac ids  in  t he  
u r i n e  is m i n i m a l  a n d  t he r e fo r e  t he  m e t a b o l i c  c l e a r a n c e  is c lose  to  t he  to ta l  
c l ea rance .  T h e  fac t  t h a t  t he  to ta l  c l e a r a n c e  a t  t he  h i g h e r  r a t e  of i n f u s i o n  is 
l ower  t h a n  a t  t he  l ow  ra te  p r o v e s  t ha t  a l r e a d y  at  37 gmoles  �9 m i n  -~. kg  -~ t he  
r a n g e  of l i n e a r  r e l a t i o n s h i p  b e t w e e n  ra te  of i n f u s i o n  a n d  b l o o d  l eve l  is 
e x c e e d e d  (1). Th i s  b e c o m e s  c o m p r e h e n s i b l e  if s t e ady - s t a t e  c o n c e n t r a t i o n s  
i n  t a b l e  5 a re  c o m p a r e d  w i t h  t he  1V/ichael is-constants  of t he  e n z y m e s  i n  
t ab le s  1-3: A t  a r a t e  of i n f u s i o n  of 37 ~ m o l e s - m i n - l . k g  -~ t he  ke to -ac id  
c o n c e n t r a t i o n s  i n  b l o o d  a re  a l r e a d y  in  the  r a n g e  or  a b o v e  t he  Michae l i s -  
c o n s t a n t s  of t he  d e h y d r o g e n a s e s  a n d  t r a n s a m i n a s e s .  

C o n s i d e r i n g  w h e t h e r  d e h y d r o g e n a t i o n  or  t r a n s a m i n a t i o n  p r e d o m i n a t e s  
i n  to ta l  t u r n o v e r ,  o n e  c a n  s ta r t  f r o m  the  p r i n c i p l e  t h a t  a t  l ow  s u b s t r a t  
c o n c e n t r a t i o n s  t he  e n z y m e  w i t h  t he  l o w e s t  M i c h a e l i s - c o n s t a n t  ge ts  the  
m a i n  share .  At  t h e  i n t r a v e n o u s  dose  ra tes  u s e d  in  th i s  s t udy ,  t h e  d i f f e r e n c e  
of t he  M i c h a e l i s - c o n s t a n t s  of d e h y d r o g e n a s e s  a n d  t r a n s a m i n a s e s  a re  n o t  
of g rea t  i m p o r t a n c e .  S i n c e  t he  a l m o s t  e x c l u s i v e  m o d e  of a p p l i c a t i o n  of 
b r a n c h e d  c h a i n  a -ke to  ac ids  t i l l  n o w  is t he  ora l  rou te ,  t he  q u e s t i o n  ar i ses  
w h a t  c o n c e n t r a t i o n s  of ke to  ac ids  c a n  b e  r e a c h e d  i n  b l o o d  af ter  oral  
a d m i n i s t r a t i o n .  To  a n s w e r  th i s  q u e s t i o n ,  t he  e x t e n t  of e n t e r a l  a b s o r p t i o n  
was  d e t e r m i n e d  b y  the  m e t h o d  of D o s t  (21). If  t h e  c o n c e n t r a t i o n  i n  b l o o d  is 
p lo t t ed  a g a i n s t  t ime ,  t he  a reas  u n d e r  t he se  t i m e - c o n c e n t r a t i o n  c u r v e s  are  
i n  d i r ec t  p r o p o r t i o n  to  t h e  a m o u n t s  of s u b s t a n c e  t h a t  r e a c h e d  the  b lood ,  
i r r e s p e c t i v e  of m o d e  a n d  d u r a t i o n  of app l i ca t ion .  I n  t he  case  of in t ra -  
v e n o u s  a p p l i c a t i o n  100 % of t h e  s u b s t a n c e  e n t e r  t he  c i r c u l a t i o n  a n d  the re -  
fore  t he  t i m e - c o n c e n t r a t i o n  c u r v e  af ter  a n  i n t r a v e n o u s  load  c a n  b e  u s e d  as 
r e f e r e n c e  for  c a l c u l a t i o n  of t h e  p e r c e n t a g e  of s u b s t a n c e  a b s o r b e d  v ia  o t he r  
rou tes .  

We c o m p a r e d  t he  a reas  u n d e r  t he  t i m e - c o n c e n t r a t i o n  cu rves  af ter  
i n t r a v e n o u s  i n j e c t i o n  of 1 m m o l  ke to  ac id  a n d  af ter  oral  a p p l i c a t i o n  of 
2 m m o l  ke to  ac id  b y  gas t r i c  t ube .  A n  e x a m p l e  is s h o w n  i n  f igure  1. Half  of 
the  a rea  u n d e r  t h e  c u r v e  af ter  oral  l oad  ( twice  t h e  i n t r a v e n o u s  dose!)  is 
22 % of t he  a rea  a f t e r  i n t r a v e n o u s  load.  A p p a r e n t l y  o n l y  22 % of t he  oral  
dose  r e a c h e d  t h e  b lood .  S i n c e  t he r e  is  no  e x c r e t i o n  i n  t h e  feces,  th i s  l o w  
p e r c e n t a g e  e v i d e n t l y  is d u e  to r e m o v a l  of 78 % d u r i n g  l iver  passage .  
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Time [min) after begin of application 

Fig. 1. Time-concentration curve of keto-isoleucine in blood after oral and intra- 
venous load. 
�9 �9 oral (2000 ~raoles), [] [] intravenous (1000 ~moles) 

T r a n s a m i n a t i o n  b e i n g  n e g l i g i b l e  in  l iver ,  th i s  p o r t i o n  m u s t  h a v e  b e e n  
o x i d i z e d .  

D a t a  f r o m  th i s  k i n d  of  e x p e r i m e n t s  a re  s u m m a r i z e d  in  t a b l e  6. T h e  
p o r t i o n  of b r a n c h e d  c h a i n  a - k e t o  ac id s  p a s s i n g  t h e  l i ve r  u n c h a n g e d  v a r i e s  
fo r  t h e  t h r e e  k e t o  ac id s  f r o m  11 to  22 %. T h e  d i f f e r e n t  s i t u a t i o n  a f t e r  ora l  
a n d  i n t r a v e n o u s  a p p l i c a t i o n  is a l so  r e f l e c t e d  in  t a b l e  7, w h e r e  a c o m p a r i -  
s o n  is m a d e  of  k e t o  a c i d  c o n c e n t r a t i o n s  in  b l o o d  a n d  l i v e r  a f t e r  b o t h  r o u t e s  
of  a d m i n i s t r a t i o n .  A f t e r  o ra l  l o a d  t h e  c o n c e n t r a t i o n s  in  t h e  l i v e r  a re  h i g h e r  
t h a n  in  t h e  b l o o d ;  d u r i n g  i n t r a v e n o u s  i n f u s i o n  t h e  c o n c e n t r a t i o n s  in  

Table 6. Percent  of orally administered a-keto acids reaching the circulation after 
passage through the liver following an oral load with 2000 ~mol by gastric tube. The 
figures have been obtained by comparison of the areas under  the blood concentra- 
tion curves after oral and intravenous loads. 

% of the dose having passed 
the liver unchanged 

Keto-valine 11 +_ 2.4 
Keto- i so leuc ine  22 _ 5 
Keto-leucine 12 _+ 2.4 
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Table 7. Concentration of keto-isoleucine in liver and blood during intravenous 
infusion and after oral load by gastric tube. Values during infusion are steady-state 
concentrations. The values after oral load are taken 7-10 rain after the application. 

a-keto acid concentration 
liver blood 
~mol/kg ~trnol/1 

Intravenous infusion 
(74 ~nnol �9 min -1 �9 kg -1 
Oral load (2000 ~rnoles) 

472 1600 
384 273 

Table 8. Peak concentrations of branched-chain a-keto acids in blood after oral load 
with 2000 ~rnoles in comparison with Michaelis-constants of dehydrogenases and 
transaminases in various tissues. 

Concentration in blood 
~Lmol/1 

peak 30 % 

Michaelis-constants (~mol/l) 
Dehydrogenase Transaminase 

M K B M K B 

Keto-valine 140 42 112 53 179 151 120 79 
Keto-isoleucine 460 138 94 215 103 385 153 40 
Keto-leucine 287 86 - 45 81 116 255 95 

M = muscle; K = kidney; B = brain 

b l o o d - f r e e  l i v e r  t i s s u e  a re  o n l y  30 % of t h e  c o n c e n t r a t i o n  in  b l o o d .  I t  c a n  b e  
a s s u m e d  w i t h  fa i r ly  g o o d  r e a s o n  t h a t  s i m i l a r  to  t h e  l i ve r  o t h e r  t i s s u e s  
r e a c h  a lso  a b o u t  30 % of k e t o - a c i d  c o n c e n t r a t i o n s  of  t h e  b lood .  If  o n e  
c o m p a r e s  t h o s e  p e a k  c o n c e n t r a t i o n s  in  t i s s u e s  a f t e r  o ra l  l o a d  ( w h i c h  a re  
s h o r t - t e r m e d ,  s ee  fig. 1) w i t h  t h e  M i c h a e l i s - c o n s t a n t s  for  d e h y d r o g e n a t i o n  
a n d  t r a n s a m i n a t i o n ,  p r e d i c t i o n s  a b o u t  t h e  p r e s u m a b l e  fa te  of  t h e  k e t o  
ac id s  c a n  be  m a d e .  S u c h  a c o m p a r i s o n  is s h o w n  in  t a b l e  8. W i t h  t h e  
e x c e p t i o n  of  b ra in ,  t h e  M i c h a e l i s - c o n s t a n t s  of  t r a n s a m i n a t i o n  a re  h i g h e r  
t h a n  t h o s e  of d e h y d r o g e n a t i o n .  T h e  c o n c e n t r a t i o n s  of k e t o  ac id s  a re  l o w e r  
o r  in  t h e  r a n g e  of  t h e  M i c h a e l i s - c o n s t a n t s .  T h e r e f o r e  it c a n  be  e x p e c t e d  
t h a t  a g r e a t e r  p o r t i o n  is o x i d i z e d  a n d  n o t  a v a i l a b l e  fo r  t h e  d e s i r e d  t r ans fo r -  
m a t i o n  to  a m i n o  ac ids .  

C o n s e q u e n t l y  t h e r e  a re  t w o  o b s t a c l e s  fo r  a s u c c e s s f u l  o ra l  u s e  of 
b r a n c h e d  c h a i n  a - k e t o  ac ids :  
1. T h e  h i g h  o x i d a t i v e  loss  d u r i n g  l i v e r  pas sage .  
2. T h e  c o n s i d e r a b l e  p o r t i o n  of  o x i d a t i v e  d e g r a d a t i o n  in  m u s c l e  a n d  

k i d n e y .  

D i s c u s s i o n  

I. D e h y d r o g e n a s e s  o f  branched  chain a-ke to  a c i d s  

T h e  d e h y d r o g e n a s e  c o m p l e x  fo r  b r a n c h e d  c h a i n  a - k e t o  ac id s  is l o c a l i z e d  
in  t h e  i n n e r  m i t o c h o n d r i a l  m e m b r a n e .  I t  is n o t  k n o w n  for  c e r t a i n  t i l l  n o w  
w h e t h e r  t h e r e  a r e  t h r e e  e n z y m e s ,  o n e  for  e a c h  k e t o  a c i d  (42), or  w h e t h e r  
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o n e  e n z y m e  reac t s  w i t h  all  t h r ee  s u b s t r a t e s  w i t h  d i f f e r e n t  a f f in i ty  (19, 38, 
40, 47). T h e  e x i s t e n c e  of t w o  e n z y m e s ,  on e  for  k e t o l e u c i n e  a n d  
k e t o i s o l e u c i n e ,  a n d  o n e  for  k e t o v a l i n e ,  is a lso  d i s c u s s e d  (9, 31). 

S u c h  a d i f f e r e n t i a t i o n  was  n o t  the  a i m  of th i s  i n v e s t i g a t i o n .  T h e  e n z y m e  
ac t i v i t y  was  m e a s u r e d  in  i n t a c t  m i t o c h o n d r i a ,  so as to i m i t a t e  as c lose  as 
p o s s i b l e  i n -v ivo  c o n d i t i o n s .  F e r r i c y a n i d e  has  b e e n  u s e d  as e l e c t r o n  accep-  
to r  to m e a s u r e  t he  d e h y d r o g e n a t i o n  s tep  of t he  c o m p l e x .  M e a s u r e m e n t  of 
t he  to ta l  c o m p l e x  w i t h  N A D  as h y d r o g e n  a c c e p t o r  p r o v e d  to  be  u n p r e c i s e  
i n  i n t a c t  m i t o c h o n d r i a  d u e  to m i t o c h o n d r i a l  s w e l l i n g  a n d  t u r b i d i t y  
c h a n g e s  u n d e r  the  i n f l u e n c e  of ke to  acids .  

A s u r v e y  Over M i c h a e l i s - c o n s t a n t s  r e p o r t e d  i n  t h e  l i t e r a t u r e  is g i v e n  i n  
t ab l e  9. I n  sp i t e  of t he  d i f f e r en t  m e t h o d s  used ,  m a n y  of t he  r e p o r t e d  v a l u e s  

Table 9. Literature on Michaelis-constants for dehydrogenation of branched-chain 
a-keto acids. 

Substrate Organ Method K~,(~t rnol /1)  Author 

Keto-valine rat liver Ferricyanide 38.3 this paper 
Ferricyanide 71 42 
14CO2 100 10 
14CO 2 200 24 
NAD 13 39 

ox liver NAD 15.6 38 
rat muscle Ferricyanide 112 this paper 

14CO2 180 43 
rat kidney Ferricyanide 52.6 this paper 
bovine kidney NAD 40 40 

Keto-isoleueine rat liver Ferricyanide 61 this paper 
Ferricyanide 60 42 
NAD 10.5 39 
2,6-DCIP 870 31 
14CO 2 100 10 

ox liver purified Ferricyanide 2500 18 
NAD 17.2 38 

rat muscle Ferricyanide 94 this paper 
14CO2 30 37 
1402 230 43 

rat kidney Ferricyanide 215 this paper 
bovine kidney NAD 37 40 

Keto-leucine rat liver Ferricyanide 44.3 this paper 
NAD 14.6 39 
14CO2 200 47 
'4CO2 60-110 24 
2,6-DCIP 2000 31 

ox liver NAD 8,7 38 
ox liver purified Ferricyanide 3500 18 
rat muscle 14CO2 17-27 36 

14CO2 25 37 
rat kidney Ferricyanide 44.6 this paper 
bovine kidney NAD 50 40 
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fall in the same order  of magni tude .  Large  deviat ions are found  mos t ly  in 
higher  purif ied prepara t ions  (18, 31). Those  h igh Michael is-constants  sug- 
gest  that  the enzyme  complex  has been  altered dur ing  the  purif icat ion 
procedure.  

A compar i son  of enzymat ic  activities repor ted  in the l i terature is 
impossible  no t  only because  of lack of detailed data that  wou ld  allow a 
recalculat ion of the activities per  g ram of wet  tissue, bu t  also because  the 
nutr i t ional  state of the animals and the compos i t ion  of the test sys tems are 
not  comparab le  or not  specified. B ranched  chain a-keto acid dehydrogen-  
ase is regula ted by  A T P  as well as by  ho rmona l  and  nutr i t ional  factors. 

2. Transaminases  

Studies  on t ransaminases  for b ranched  chain amino  acids (or keto acids) 
led to the d iscovery  of three i soenzymes  (29). The activi ty is dis t r ibuted 
a m o n g  mi tochondr ia  and  cytosol  (3, 4, 12, 30). In  order  to obtain the total 
activity, we used  hornogenates  t reated by sonic vibration. Compar i son  of 
our  results with data  f rom the  li terature is hard ly  possible since in a lmost  
all studies repor ted  the b ranched  chain amino  acids were  used  as donor  of 
the amino group  and a-ketoglutarate  as acceptor .  For  our  problem,  how- 
ever, the opposi te  direct ion is relevant,  with b ranched  chain-keto acids as 
amino acceptors.  Sh inn ick  and  Harper  (41) repor t  activities of the trans- 
aminat ion  f rom glutamate  to ketoleucine in various t issues (Michaelis- 
constants  have not  been measured).  These activities are slightly lower 
than ours: musc le  28,1, k idney  63,2, brain 46,7 ~rnol.g -1.h -1 (for compari-  
son see table 2). 

3. I m p o r t a n c e  os the  rou te  o f  adminis t ra t ion  

Accord ing  to table 6 only 11-22 % of orally adminis te red  a-keto acids 
cross the liver u n c h a n g e d  and  are available for the remainder  of the 
organism. In  fair accordance  with these f indings are studies on g rowth  
efficiency of b r anched  chain a-keto acids w h e n  subs t i tu ted  for b ranched  
chain amino acids. Hauschi ld t  (24) reports  a g rowth  efficiency of 17 % if in 
a rat diet the b ranched  chain amino acids are replaced by  their keto 
analogoues.  Chawla et al. (15) found  20 % to 27 % efficiency w h e n  sub- 
st i tut ing ketoleucine  for leucine and 30 % with ketoval ine for valine. The 
efficiency in the latter study, however ,  increased to 80 % if only  1A of the 
daily valine r equ i remen t  was provided  as ketovaline. Chow and Waiser 
(16) demons t ra te  a feed efficiency of 33 % and 50 % if leucine or valine is 
replaced by  the appropr ia te  keto ana logue  in an amino acid diet. General ly  
it shows up  that  the feed eff iciency of b ranched  chain a-keto acids is 
inversely related to total  n i t rogen intake and  a m o u n t  of keto acid given. 

The somewha t  bet ter  eff iciency in these feeding studies in compar i son  
to our  results m a y  be a t t r ibuted to the fact  that  the keto acids are not  given 
as a single load bu t  ra ther  d is t r ibuted with the diet. Therefore  it is likely 
that  the keto acid concent ra t ions  reached in the liver dur ing passage are 
lower and thus  the oxidat ion slower. The high efficiency in Walser 's  
exper iments  (16) m a y  be expla ined by  the fact that  he used diets com- 
posed of free amino  acids. Hausch i ld t  (24) has shown that  the activity of 
b r anched  chain a-keto acid dehydrogenase  of the liver is cons iderably  
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l o w e r  ('/5 to  1/6) u n d e r  a n  a m i n o  a c i d  d i e t  t h a n  u n d e r  p r o t e i n  d ie t ;  
m o r e o v e r ,  p r o t e i n  r e s t r i c t i o n  h a s  a s i m i l a r  r e d u c i n g  e f f ec t  o n  d e h y d r o g e n -  
a s e  ac t i v i t y .  T h a t  m e a n s ,  t h e  e f f i c i e n c y  of  k e t o  a c i d  s u p p l e m e n t a t i o n  c a n  
b e  v a r i e d  b y  c h a n g i n g  t h e  n u t r i t i o n a l  c o n d i t i o n s .  T h e r e  is  n o  b i o c h e m i c a l  
e x p l a n a t i o n ,  h o w e v e r ,  fo r  t h e  r e s u l t  of  W a l s e r  (17) t h a t  v a l i n e  c a n  b e  
c o m p l e t e l y  r e p l a c e d  b y  k e t o v a l i n e  in  a n i t r o g e n - r e s t r i c t e d  d ie t .  E v e n  a f t e r  
a 100 % l i v e r  p a s s a g e ,  t r a n s a m i n a t i o n  a n d  o x i d a t i o n  p r o c e s s e s  in  t h e  o t h e r  
o r g a n s  w o u l d  c o m p e t e .  

F r o m  o u r  r e s u l t s  i t  c a n  b e  d e d u c e d  t h a t  t h e  c h a n c e s  fo r  a p o s i t i v e  e f f ec t  
of  b r a n c h e d  c h a i n  a - k e t o  a c i d s  a r e  b e t t e r  o n  i n t r a v e n o u s  t h a n  o n  o r a l  
a d m i n i s t r a t i o n .  

4. Trans ferab i l i t y  o f  the  r e su l t s  to h u m a n s  

W h e t h e r  t h e  r e s u l t s  of  t h e  r a t  m o d e l  c a n  b e  t r a n s f e r r e d  to  t h e  s i t u a t i o n  
in  m a n  d e p e n d s  o n  t h e  d e g r e e  of  c o m p a r a b i l i t y  of  t h e  e n z y m a t i c  ou t f i t .  T o  
o u r  k n o w l e d g e  s y s t e m a t i c  s t u d i e s  to  t h i s  p o i n t  a r e  o n l y  r e p o r t e d  b y  
K h a t r a  et  al.  (32). A c c o r d i n g  to  t h e s e ,  t h e  a c t i v i t y  of  b r a n c h e d  c h a i n  a - k e t o  
a c i d  d e h y d r o g e n a s e  in  h u m a n  l i v e r  is  o n l y  a b o u t  '/17 of  r a t  l iver .  Of t h e  t o t e /  
d e h y d r o g e n a s e  a c t i v i t y  of t h e  o r g a n i s m  in  t h e  r a t  a r e  f o u n d  in  t h e  l i v e r  
76 % ( k e t o l e u c i n e ) ,  69.6 % (ke tova l i ne ) ,  a n d  67.14 % ( k e t o i s o l e u c i n e ) ;  in  t h e  
m u s c l e s  7 .91% ( k e t o l e u c i n e ) ,  14.19 % (ke tova l i ne ) ,  a n d  7 .91% 
( k e t o i s o l e u c i n e ) .  I n  m a n  t h e  l i v e r  c o n t a i n s  32.43 % ( k e t o l e u c i n e ) ,  31.4 % 
(ke tova l i ne ) ,  a n d  28 .54% ( k e t o i s o l e u c i n e ) ;  t h e  m u s c l e s  c o n t a i n  61 .5% 
( k e t o l e u c i n e ) ,  59.5 % ( k e t o v a l i n e )  a n d  61.2 % ( k e t o i s o l e u c i n e )  of  t h e  t o t a l  
a c t i v i t y .  T h e s e  d a t a  s h o w  t h a t  t h e  c o n d i t i o n s  for  p a s s i n g  t h e  l i v e r  a r e  m o r e  
f a v o u r a b l e  in  m a n .  M o r e o v e r ,  in  l i v e r  c i r r h o s i s  b r a n c h e d  c h a i n  a - k e t o  a c i d  
d e h y d r o g e n a s e  a c t i v i t y  is c o n s i d e r a b l y  d e c r e a s e d  (32), so  t h a t  a b e t t e r  
e f f i c i e n c y  of o r a l l y  a d m i n i s t e r e d  k e t o  a c i d s  c a n  b e  e x p e c t e d .  P o r t o s y s -  
t e m i c  s h u n t i n g  t o o  s h o u l d  i n c r e a s e  t h e  e f f i c i e n c y ,  s i n c e  t h e  d e h y d r o g e n a -  
t i o n  in  t h e  l i v e r  is  b y - p a s s e d .  T a k i n g  f u r t h e r  i n t o  a c c o u n t  t h a t  p r o t e i n  
d e f i c i e n c y  d e c r e a s e s  b r a n c h e d  c h a i n  a - k e t o  a c i d  d e h y d r o g e n a s e  in  l iver ,  
a n d  d i e t  c o m p o s i t i o n  h a s  i n f l u e n c e  o n  i t  (24), a l l  t h e s e  c o n s i d e r a t i o n s  s h o w  
t h a t  t h e r e  a r e  m a n y  c o n d i t i o n s  t h a t  c a n  c h a n g e  t h e  e f f i c i e n c y  of  o r a l l y  
g i v e n  k e t o  a c i d s  a n d  e x p l a i n  c o n f l i c t i n g  r e s u l t s  a s  q u o t e d  i n  t h e  i n t r o d u c -  
t ion .  
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