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I n t e n s i v e  s tud i e s  of t h e  m e t a b o l i s m  a n d  m e t a b o l i c  effects  of v a r i o u s  
c a r b o h y d r a t e s  a n d  p o l y o l s  w i t h  r e s p e c t  to t h e i r  use  in  p a r e n t e r a l  n u t r i t i o n  
h a v e  l ed  to  t he  o b s e r v a t i o n  of " s ide  effects" such as  i n c r e a s e s  of  s e r u m  
b i l i r u b i n  o r  u r i c  a c id  (1, 2). 

I n  s e e k i n g  t h e  cause  of t he  u r i c  ac id  i n c r e a s e  a t t e n t i o n  w a s  focussed  on 
l i v e r  a d e n i n e  n u c l e o t i d e s  as  a p o s s i b l e  source .  A g r o u p  of  F i n n i s h  a u t h o r s  
(3, 4) s h o w e d  a loss of l i v e r  A T P  a n d  t o t a l  a d e n i n e  n u c l e o t i d e s  as  w e l l  as  
of i n o r g a n i c  p h o s p h a t e  a f t e r  r a p i d  i n j e c t i o n  of s o m e  c a r b o h y d r a t e s ,  e s p e -  
c i a l ly  f ruc tose .  Woods  et  al.  (5) o b s e r v e d  the  s a m e  p h e n o m e n o n  d u r i n g  
p e r f u s i o n  of t h e  i s o l a t e d  l i v e r  w i t h  f ruc tose .  I t  w a s  c o n c l u d e d  t h a t  t he  d r o p  
of A T P  a n d  i n o r g a n i c  p h o s p h a t e  i n c r e a s e d  t h e  b r e a k d o w n  of  a d e n i n e  
n u c l e o t i d e s  to u r i c  acid,  s ince  A T P  i n h i b i t s  5 - n u c l e o t i d a s e  a n d  Pi i n h i b i t s  
A1VIP d e a m i n a s e  (5). IMP,  a d e g r a d a t i o n  p r o d u c t  of a d e n i n e  nuc l eo t ide s ,  
i nh ib i t s  t h e  f ission of f r u c t o s e  1 - p h o s p h a t e  b y  l i v e r  a l d o l a s e  (5). T h e  
changes  in  l i v e r  m e t a b o l i s m  d e s c r i b e d  in  th i s  se r i e s  of  p a p e r s  c a u s e d  
r e l u c t a n c e  to use  f r u c t o s e  in  i n f u s i o n  t h e r a p y  a n d  e v e n  in  t he  d i e t  (6) in  
sp i t e  of  t he  fac t  t h a t  f r u c t o s e  fo r  m a n y  y e a r s  has  b e e n  s u c c e s s f u l l y  u sed  
even  in  t h e  t r e a t m e n t  of l i v e r  d i seases  (7). 

Th i s  s i t u a t i o n  i n d u c e d  us  to t a k e  up  these  s t ud i e s  a g a i n  a n d  to r e p e a t  
t h e m  u n d e r  m o r e  p h y s i o l o g i c a l  cond i t ions .  I n j e c t i o n  of  a l a r g e  dose  of  
f ruc to se  is no t  a p h y s i o l o g i c a l  even t .  I t  can  b e  a n t i c i p a t e d  t h a t  t he  r a p i d  
p h o s p h o r y l a t i o n  f o l l o w i n g  f r u c t o s e  i n j e c t i o n  w o u l d  d i s t u r b  t h e  h o m e o s t a s i s  
of l i v e r  a d e n i n e  nuc l eo t ide s ,  b u t  th i s  m i g h t  soon b e  r e e s t a b l i s h e d  d u r i n g  
con t inuous  infus ion .  Th is  p r o v e d  to b e  t r u e  w h e n  w e  c o m p a r e d  t h e  b e -  
h a v i o u r  of l i v e r  a d e n i n e  n u c l e o t i d e s  a f t e r  r a p i d  i n j e c t i o n  of c a r b o h y d r a t e s  
w i t h  t h e  s i t u a t i o n  d u r i n g  c o n t i n u o u s  infus ion .  

Materials  and methods  

Male SIV-ra t s  weighing 170-240 g obtained f rom S. Ivanovas (7967 Kisslegg, 
West -Germany)  were  used. They were  fed on a s tandard  pel le t  diet  (Altromin) 
ad l ib i tum unt i l  18 hrs  before the beginning of the  exper iment .  

A small  ca theter  was inser ted in the  infer ior  vena cava exposed at l aparo-  
tomy under  ether  anaesthesia.  The abdomen was closed careful ly  and the ex-  
Periment  did not  begin unt i l  1 hour la te r  when the animal  had  completely re-  
covered from anaesthesia.  
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In  one set of experiments 1 mmole of carbohydrate in 2 ml was injected 
through the catheter in 20 seconds. Controls received 2 ml Tyrode's solution. 

In  another series of experiments carbohydrates were infused continuously by 
means of an infusion pump (UNITA I, Braun-Melsungen).  The rate of infusion 
of carbohydrate was 1,5 g �9 kg -1 �9 h -I in a volume of 1,2 ml/h. Controls received 
an equivalent  v~lume of Tyrode's solution. 

If carbohydrate mixtures were used, equal parts of the components were 
added so that  the total amount  was 1 mmole in injections and 1,5 g �9 kg -1 �9 h -1 
in infusions. 

5 rain after the injection or 30, 60, 120 and 180 rain after the start  of the 
infusion liver samples were removed by the freeze-stop method (8) and analyzed 
for ATP (9), ADP, AMP (10) and inorganic phosphate (11, Merckotest-kit). 

Reagents and enzymes for the determinat ion of adenine nucleotides were 
purchased from Boehringer-Mannheim. Xylitol was a gift from J. Pf r immer  and 
Co., Erlangen. All other substances and reagents were obtained from E. Merck, 
Darmstadt. 

Results are expressed as means with the standard deviation in brackets. The 
statistical significance of differences between means was examined by Student 's  
t-test at the 1% level. 

Results  

Table  1 s u m m a r i z e s  the  con ten t s  of a d e n i n e  nuc leo t ides  and  Pi i n  ra t  
l ivers  5 ra in  af ter  the  i n j ec t i on  of 1 m m o l e  of va r ious  c a r b o h y d r a t e s  com-  
pa red  w i th  controls  which rece ived Tyrode ' s  solut ion.  

The  resul t s  are in  a g r e e m e n t  w i t h  those of Raivio et  al. (4). The re  is 
a p r o n o u n c e d  and  h i g h l y  s igni f icant  fa l l  i n  to ta l  a d e n i n e  nucleot ides ,  ATP,  
and  Pj and  a s ign i f ican t  inc rease  in  A M P  af te r  f ructose.  These  effects are  
less p r o n o u n c e d  b u t  st i l l  s igni f icant  a f ter  sorb i to l  and  even  more  pro-  
n o u n c e d  af ter  a m i x t u r e  of glucose, f ruc tose  a nd  xyl i tol .  The  o ther  com- 
pounds  tes ted caused sma l l  effects only.  

If one considers  these  changes as a t r a n s i e n t  d i s t u r b a n c e  of homeostas is  
caused  by  rap id  phosphory la t ion ,  the  concen t r a t i ons  shou ld  leve l  off i n  the 
course  of con t inuous  infus ion .  E x p e r i m e n t s  of this  type  are s u m m a r i z e d  
in  t ab le  2. As can  be seen f rom the  data,  the  c o n c e n t r a t i o n  of a de n i ne  
nuc leo t ides  and  of Pi had  l eve l l ed  off a f t e r  30 m i n  and  did no t  differ 
s ign i f ican t ly  f rom the  controls  in  the  course  of 3 hrs. Us ing  this  t echn ique  
the re  is no difference b e t w e e n  f ruc tose  or the  m i x t u r e  of glucose, f ructose  
and  xy l i to l  and  the  o ther  compounds .  

Discussion 

The resul t s  of the  ,exper iments  w i t h  r ap id  i n j ec t i on  of c a r bohyd r a t e s  
conf i rm those of the  F i n n i s h  au tho r s  (4). D u r i n g  con t inuous  in fus ion ,  how-  
ever,  the  s t eady  s ta te  levels  of a d e n i n e  nuc leo t ides  a nd  Pi in  the l ive r  did 
no t  differ s ign i f ican t ly  f r o m  controls ,  regard less  of the  type  of carbo-  
h y d r a t e  used. Thus  i n j ec t i on  of a c o m p o u n d  which is r a p i d l y  phosphory  - 
l a ted  in  the  l ive r  causes changes in  me tabo l i t e  levels.  D u r i n g  pro longed  
in fus ion  these  changed levels  soon approach  the  o r ig ina l  s t eady  s ta te  
values .  Despi te  n o r m a l  s t a t i o n a r y  levels  the  t u r n o v e r  r a t e  of these  me t a -  
bol i tes  m a y  be changed;  this  c a n n o t  be  a n s w e r e d  b y  the  p r e se n t  i nves -  
t igat ion.  
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O u r  r e s u l t s  w i t h  c o n t i n u o u s  i n f u s i o n  d i f f e r  f r o m  t h o s e  o f  Woods  e t a l .  
(5) i n  l i v e r  p e r f u s i o n  e x p e r i m e n t s .  T h e  r e a s o n  f o r  t h i s  d i s c r e p a n c y  is p r o b -  
a b l y  t h e  e x t r e m e l y  h i g h  f r u c t o s e  c o n c e n t r a t i o n  u s e d  b y  t h e s e  a u t h o r s .  
T h e  p e r f u s i o n  m e d i u m  c o n t a i n e d  10 m M  (180 rag /100  ml )  f r u c t o s e .  F r o m  
o u r  v a l u e s  f o r  t o t a l  c l e a r a n c e  o f  f r u c t o s e  in  r a t s ,  w h i c h  is a r o u n d  30 m l  
�9 r a i n  "l �9 k g  "~ (12) w e  c a n  e a s i l y  c a l c u l a t e  t h a t  i n  o r d e r  to  r e a c h  such  a b l o o d  
l e v e l  in  v i v o  i t  w o u l d  be  n e c e s s a r y  to i n f u s e  3,24 g �9 k g  "~ �9 h -1. 

T h i s  is a h i g h l y  u n r e a l i s t i c  dose .  E v e n  o u r  d o s e  of  1,5 g �9 k g  -1 �9 h -1 e x -  
ceeds  t h e  r e c o m m e n d a b l e  d o s e  f o r  h u m a n s  w h i c h  is a r o u n d  0,5 g �9 k g  -1 �9 h "1. 
D u r i n g  t h e  i n f u s i o n  of  f r u c t o s e  in  dose s  of  1,0 g �9 k g  -1 �9 h -I m a n y  p e o p l e  
suf fe r  f r o m  p a i n  i n  t h e  u p p e r  a b d o m e n  (7, 13). 

T h u s ,  i f  t h e  r e c o m m e n d a t i o n  is f o l l o w e d  i n  p a r e n t e r a l  n u t r i t i o n  n o t  to  
s u p p l y  c a r b o h y d r a t e s  o t h e r  t h a n  g l u c o s e  in  doses  e x c e e d i n g  0,5 g �9 k g  -1 �9 h "~, 
changes  in  a d e n i n e  n u c l e o t i d e  l e v e l s  in  t h e  l i v e r  a n d  d i s t u r b a n c e  of  l i v e r  
m e t a b o l i s m  s h o u l d  n o t  o c c u r .  
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Summary  

In~ection of l a rge  doses of f ructose,  sorbitol ,  or  a m i x t u r e  of glucose,  f r uc -  
tose and xy l i to l  in ra t s  causes a drop of l i ve r  ATP,  to ta l  aden ine  nuc leo t ides  and 
Pi and a r ise  of  AMP, which  is in a g r e e m e n t  w i t h  da ta  f r o m  the  l i t e ra ture .  

These  changes a re  cons idered  as a t r ans ien t  d i s tu rbance  of homeos tas i s  by  
colnpounds which  a re  rap id ly  phospory la t ed  in the  l iver .  This  is conf i rmed by  
the fac t  tha t  du r ing  cont inuous  infus ion  of these  and o the r  compounds  at  doses 
of 1,5 g �9 k g  -I �9 h -~ the re  was  no such change. I t  is conc luded  t h a t  infus ions  of 
f ructose or  of the  o the r  ca rbohydra t e s  tes ted  w i t h  ra tes  no t  exceed ing  those  r e -  
commended  for  pa r en t e r a l  nu t r i t ion  (0,5 g �9 kg  -1 �9 h -t) a re  no t  l ike ly  to d i s turb  
l iver  m e t a b o l i s m  by changing leve l s  of aden ine  nucleot ides .  

Zusammen]assung 

In  U b e r e i n s t i m m u n g  m i t  A n g a b e n  in de r  L i t e r a t u r  f anden  w i r  nach In j ek t ion  
hoher  Dosen v o n  Fructose ,  Sorb i t  odor  e inem Gemisch  aus Glucose,  ~ ruc tose  
und Xyl i t  an  Ra t ion  e inen  Abfa l l  yon ATP,  G e s a m t - A d e n i n n u e l e o t i d e n  und an -  
o rganischem P h o s p h a t  in de r  Lebe r  und  e inen  Ans t ieg  an  AMP. 

Wir  ha l t en  diese Ver~nde rungen  ft ir  e ine  vo r f ibe rgehende  S tSrung  der  HomSo-  
stase durch  Verb indungen ,  die in de r  L e b e r  s eh r  rasch phosphory l i e r t  werden .  
Tatsachl ich f inder m a n  bei  kon t inu ie r l i che r  In fus ion  d ieser  K o h l e n h y d r a t e  in 
Dosen  y o n  1,5 g �9 kg -1 �9 Std. -1 ke ine  de ra r t i gen  Ver~inderungen.  Es ist  a n z u n e h -  
men,  dab F ruc tose  oder  die anderen  un te r such ten  K o h l e n h y d r a t e  ke ine  S tSrung  
des Lebers tof fwechse ls  dutch  Abs inken  des Spiegels  an  Aden innuc l eo t i den  v e r -  
ursachen kSnnen,  w e n n  die Dos ie rung  die ftir  die pa r en t e r a l e  :Ernfihrung e m p -  
fohlene  Grenze  yon  0,5 g �9 kg -1 �9 Std. -1 rdcht i iberschrei te t .  
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