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T h e  m e t a b o l i s m  of  t h e  m e t a b o l i c a l l y  r e l a t e d  C2 a c i d s  g l y c o l l a t e ,  g l y o x -  
y l a t e  a n d  o x a l a t e  h a s  b e e n  s t u d i e d  t h o r o u g h l y  w i t h  r e g a r d  to  p r i m a r y  
h y p e r o x a l u r i a  a n d  o x a l o s i s  (1, 2). 

O x a l a t e  h a s  b e e n  i m p l i c a t e d  a s  t h e  c a u s e  of  t h e  r e p o r t e d  t o x i c i t y  of 
x y l i t o l  a d m i n i s t e r e d  p a r e n t e r a l l y  in  m a n  (3, 4), a l t h o u g h  t h e s e  r e p o r t s  h a v e  
n o t  b e e n  s u b s t a n t i a t e d  b y  o t h e r  w o r k  (5). T h e  f u n c t i o n a l  s i g n i f i c a n c e  of 
t h e s e  C2 a c i d s ,  p a r t i c u l a r l y  g l y c o l ] a t e ,  in  c a r b o h y d r a t e  m e t a b o l i s m  h a s  
b e e n  i n d i c a t e d  b y  t h e  f i n d i n g  of  g r e a t l y  i n c r e a s e d  r e n a l  e x c r e t i o n  of  
g l y c o U a t e  a f t e r  x y l i t o l  i n f u s i o n  in  m a n  (5). 

E x c e p t  fo r  t h e  C1 a n d  C2 c a r b o n  a t o m s  of a s c o r b i c  a c i d  t h e  o n l y  k n o w n  
p r e c u r s o r  of o x a l i c  a c i d  in  m a m m a l i a n  s y s t e m  is  g l y o x y l a t e .  

G l y o x y l a t e  is  f o r m e d  f r o m  g l y c i n e  b y  t r a n s a m i n a t i o n  o r  b y  o x i d a t i v e  
d e a m i n a t i o n ,  b y  t h e  o x i d a t i o n  of  g l y c o l l a t e  a n d  f r o m  L - h y d r o x y p r o l i n e  v i a  
2 - h y d r o x y - 4 - o x o - g l u t a r a t e .  

T h e  m a j o r  e n d o g e n o u s  s o u r c e  of  g l y c o l l a t e  is  g l y c o l a l d e h y d e ,  f o r m e d  
d i r e c t l y  f r o m  h y d r o x y p y r u v a t e  o r  f r o m  e t h a n o l a m i n e  v i a  t h e  g l y c i n e -  
s e r i n e  p a t h w a y  (6). I n t r a c e l l u l a r  m e c h a n i s m s  b y  w h i c h  g l y c o l ] a t e  a n d  
p o s s i b l y  g l y o x y l a t e  a n d  o x a l a t e  a r e  f o r m e d  f r o m  x y l i t o l  a r e  n o t  k n o w n ,  
a n d  t h e  p r e s e n t  s t u d y  w a s  u n d e r t a k e n  to  d e t e r m i n e  w h e t h e r  in  t h e  i n t a c t  
r a t  x y l i t o l  i n j e c t i o n  l e a d s  to  a n  i n t r a c e l l u l a r  i n c r e a s e  o f  t h e  C 2 ac id s .  T h e  
e f f ec t  o f  x y l i t o l  i n j e c t i o n  on  a m i n o  a c i d s  w a s  a l so  e x a m i n e d .  

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

Experimental procedure 

Fasted male rats (200 g) were injected intravenously with [V-14C] glucose or 
[U-14C-xylitol] (40 ~tci; 252 ~rnole), purified before use by ion exchange chromatogra-  
phy. Two hours  after injection the animals were kil led by decapitat ion,  liver, 
kidney,  heart,  and brain were removed as quickly as possible  and frozen in l iquid 
nitrogen. The organs were ground thoroughly in a precooled iron mortar,  
homogenized with 0.2M perchlor id  acid, and centrifuged. The supernatant  solution 
was neutral ized with 2M potass ium hydrox ide  to remove the excess  perchlorate.  

An al iquot  of the  neutral ised supernatant  was applied to t andem columns 
consist ing of a cat ion-exchange column (1 • 9 cm of lewati t  s 1080 in the  hydrogen  
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form, 100-200 mesh, from E. Merck, Darmstadt) (7) followed by an anion exchange 
column (1 x 10 cm of Lewatit M 5080 in the acetate form 100-200 mesh, from E. 
Merck, Darmstadt). 

The columns were eluted with 8 x 10 ml portions of water and then separated. 
The cation exchange column was eluted with 8 x 10 ml portions of 2M aqueous 
ammonium hydroxide and the anion exchange column five t imes with 8 x 10 ml 
portions each of aqueous formic acid in the increasing concentrations 0,2M, 0,5M, 
1M, 4M, and 4M to which 2M ammonium formiate was added. Monitoring of the 
radioactivity of the individual fractions showed that 100 % of the radioactivity 
applied to the column was recovered. Elution patterns in terms of dpm/rnl for each 
fraction were drawn and the distribution of activity in the various organs and 
fractions determined. Fractions showing the maximal  radioactivity were selected 
and analysed for glucose, glycogen, xylitol, organic acids, and amino acids as 
appropriate using the methods outlined below, 

Analytical methods 

Glucose was measured by a standard method using hexokinase, glycogen by the 
modified method of Good et al. (8) and xylitol by the modified method of Maurer 
and Christophus (9). Organic acids were determined in formic acid fractions using 
gas chromatography and mass spectrometry (10). Detailed examinations of the 
glycollate region of the chromatogram was made by cyclic scanning for seven ions 
simultaneously as described previously (5). Oxalic acid was also measured enzymat- 
ically in the neutralised supernatant  by the modified method of Mayer et al. (11). 
Thin-layer chromatography was used for identifying labelled amino acids. 

R e s u l t s  

Afte r  i n t r a v e n o u s  i n j e c t i o n  of e i t h e r  14C-xylitol or 14C-glucose, t he  
m a j o r i t y  of t he  r a d i o a c t i v i t y  was  l oca t ed  in  t he  l iver  a n d  b l o o d  ( tab le  1). 
The  r a d i o a c t i v i t y  af ter  c h r o m a t o g r a p h y  o n  the  t a n d e m  i o n  e x c h a n g e  
s y s t e m  was  p r i m a r i l y  d i s t r i b u t e d  i n  t h e  w a t e r  ( n e u t r a l  c o m p o n e n t s ) ,  
a m m o n i a  ( a m i n o  acids)  a n d  0.2M f o r m i c  ac id  (weak  o r g a n i c  ac ids)  frac- 
t i o n s  ( tab le  1, fig. 1). 

T h e s e  f r ac t i ons  w e r e  a n a l y s e d  in  g rea t e r  de ta i l  as d e s c r i b e d  above ,  t he  
0.2M fo rmic  ac id  f r a c t i ons  c o n t a i n  w e a k  ac ids  i n c l u d i n g  l ac ta te  a n d  glycol-  
late,  p y r u v a t e  n o r m a l l y  o c c u r s  i n  t he  1M f o r m i c  ac id  f rac t ion ,  a n d  di- a n d  
t r i c a r b o x y l i c  ac ids  a n d  p h o s p h a t e  es te rs  i n  t he  4M f o r m i c  ac id  + 2M 
a m m o n i u m  f o r m a t e  f rac t ions .  

O n l y  g l u c o s e  a n d  g l y c o g e n  b u t  n o  xy l i t o l  c o u l d  be  d e t e c t e d  i n  t he  
n e u t r a l  f r ac t i ons  e l u t e d  f r o m  the  t a n d e m  c o l u m n .  A p p l i c a t i o n  of xy l i t o l  
l ed  to a n  i n c r e a s e  i n  g l u c o s e  a n d  g l y c o g e n  c o n t e n t  i n  l ive r  w h e n  c o m p a r e d  
to a p p l i c a t i o n  of g lucose :  g l u c o s e  c o n t e n t s  w e r e  10.5 (g lucose  i n j ec t ed )  a n d  
14.6 (xyl i to l  i n j ec t ed )  ~tmol/g l iver ,  a n d  g l y c o g e n  c o n t e n t s  w e r e  130 (glu- 
cose  i n j ec t ed )  a n d  176.5 (xyl i to l  i n j ec t ed )  ~tmol/g l iver.  

T a b l e  2 l i s t s  t h e  l eve l  of o r g a n i c  ac ids  o b s e r v e d  i n  t he  0.2M fo rmic  ac id  
f r ac t i ons  f r o m  the  l i ve r  a n d  k i d n e y s  of b o t h  14C-glucose a n d  14C-xylitol 
i n j e c t e d  rats.  GlycoUic  ac id  was  o b s e r v e d  o n l y  in  t h e  t i s sue s  of t he  xy l i t o l  
i n j e c t e d  a n i m a l s .  No  oxa l ic  ac id  c o u l d  be  d e t e c t e d  e n z y m a t i c a l l y  in  t he  
t i s s u e s  of a n y  of t h e  i n j e c t e d  a n i m a l s .  G l y c e r i c  ac id  o c c u r r e d  a t  d e t e c t a b l e  
leve ls  o n l y  in  t he  l ive r  of the  x y l i t o l - i n j e c t e d  rats .  

T h i n - l a y e r  c h r o m a t o g r a p h y  a n d  a m i n o  ac id  a n a l y s i s  of t he  a m m o n i u m  
h y d r o x i d e  f r ac t i ons  r e v e a l e d  t h a t  a m o n g  the  a m i n o  ac ids  c l a i m e d  to be  
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Table 2. Organic acids  in the t issues of rats injected with 14C-xylitol or 14C-glucose. 

~g*) per  g wet t issue 
Acid Liver  Kidney  

Xylitol  Glucose Xylitol Glucose 

Lactic 1313 1448 1348 955 
Glycollic**) 99 Nil + ) 101 Nil 
3-Hydroxybutyr ic  98 134 Nil Nil 
Succinic 394 386 428 351 
Glyceric 6 Nil Nil Nil 
Tetronics***) 47 34 175 88 
Gluconic 57 80 Nil Nil 

(plus some glucuronic) 

*) Assuming the GC detector  response is uni ty  with respect  to that  of the n- 
te t racosane internal  standard.  Response factors of the derivatives of these 
acids relative to n-tetracosane range from 0.8 to 1.1. 

**) Est imated from the mass f ragmentograms of the specific ions for lactate and 
glycollate. 

***) Erythronic plus threonic acids, with erythronic predominat ing  in all cases. 
+) Not observed; the detect ion l imits for the acids shown here are about  2 ~g per  g 

wet tissue. 

p r e c u r s o r s  of  o x a l a t e  (12) o n l y  g l y c i n e  a n d  a s p a r t i c  a c i d  w e r e  f o u n d  to  b e  
s i g n i f i c a n t l y  l a b e l l e d  a f t e r  i n j e c t i o n  w i t h  e i t h e r  s u b s t r a t e .  T h e r e  w e r e  no  
s i g n i f i c a n t  d i f f e r e n c e s  in  t h e  a m o u n t  of  l a b e l l i n g  a f t e r  g l u c o s e  o r  x y l i t o l  
i n j e c t i o n .  

D i s c u s s i o n  

T h e  i n c o r p o r a t i o n  of  i n j e c t e d  g l u c o s e  o r  x y l i t o l  i n to  l ive r ,  h e a r t ,  k i d n e y ,  
b r a i n  a n d  b l o o d  is l o w  ( t ab l e  1), n o t  e x c e e d i n g  5 % in  to ta l .  T h i s  s u g g e s t s  
t h a t  2 h o u r s  a f t e r  a s i n g l e  d o s e  of  t h e  s u b s t r a t e s  t h e y  h a v e  b e e n  p r i m a r i l y  
c o n v e r t e d  i n to  CO2 o r  e x c r e t e d  in  t h e  u r ine .  A s m a l l  a m o u n t  m a y  a l so  b e  
i n c o r p o r a t e d  in to  s k e l e t a l  m u s c l e ,  a d i p o s e  t i s sue ,  o r  d i a p h r a g m .  T h e  e lu-  
t i o n  p a t t e r n s  f r o m  t h e  t a n d e m  i o n  e x c h a n g e  s y s t e m  w e r e  s i m i l a r  for  b o t h  
s u b s t r a t e s .  

I n  t h e  n e u t r a l  f r a c t i o n s  f r o m  l i v e r  a n d  k i d n e y  o n l y  g l u c o s e  a n d  g lyco -  
g e n  b u t  n o  x y l i t o l  c o u l d  b e  d e t e c t e d  i n d i c a t i n g  t h a t  t h e  i n j e c t e d  a m o u n t  of 
14C-xyli tol  h a s  b e e n  e i t h e r  c o n v e r t e d  to  g l u c o s e ,  d e g r a d e d  or  e x c r e t e d  in  
t h e  u r i n e .  

U t i l i z a t i o n  of  x y l i t o l  in  l i v e r  (13, 14) a n d  k i d n e y  (15) h a s  a l so  b e e n  
r e p o r t e d  b y  o t h e r  a u t h o r s .  T h e  i n c r e a s e  in  t h e  g l u c o s e  a n d  g l y c o g e n  
c o n t e n t  in  l i v e r s  a f t e r  x y l i t o l  i n j e c t i o n  s u g g e s t s  t h a t  m o s t  of  t h e  x y l i t o l  h a s  
b e e n  c o n v e r t e d  to  g l u c o s e .  

T h e  f r a c t i o n s  c o n t a i n i n g  a m i n o  a c i d s  a n d  w e a k  o r g a n i c  a c i d s  w e r e  of 
g r e a t e s t  i n t e r e s t  in  d e t e r m i n i n g  t h e  i n f l u e n c e  of  i n j e c t e d  x y l i t o l  on  k n o w n  
o x a l a t e  p r e c u r s o r s .  

A n u m b e r  of  a m i n o  ac ids ,  g l y c i n e ,  s e r ine ,  t r y p t o p h a n ,  h y d r o x y p r o l i n e  
p h e n y l A l a u i n e ,  t y r o s i n e ,  a s p a r t a t e ,  a n d  a s p a r a g i n e  h a v e  b e e n  i d e n t i f i e d  as  
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oxalate precursors  (12), glycine being the p redominan t  amino acid precur-  
sor (1, 2, 12). In  the present  exper iments  radioact ivi ty  was detec ted  in 
glycine, with no difference be tween  glucose- and xylitol-injected rats. I t  
wou ld  appear  therefore  that  xylitol  does not  p roduce  an altered metabol-  
ism of glycine. 

The mos t  significant f inding was  the occur rence  of glycollic acid in 
bo th  liver and k idney  after xylitol  injection (table 2). No glycollic acid was 
observed  after glucose injection. This f inding is in accord  wi th  previous  in- 
vivo studies in h u m a n s  infused with glucose and xylitol  (5). Pa thways  
leading f rom xylitol  to glycollate need  to be fur ther  investigated. 

The main  endogenous  source  of glycollate are glycol la ldehyde derived 
f rom e thanolamine  via the  glycine-serine pa thway  or f rom hyd roxypy ru -  
vate, and  glyoxylate.  P roduc t ion  f rom glyoxylate  via glycine appears  
unl ikely  in the  absence  of increased radioact ivi ty  in the glycine of the liver 
and kidney.  

The oxidat ion of g lycol la ldehyde to free glycoUate via the t ransketolase  
react ion by natural  oxidants  has been discussed in plants  (16). Whether  
this m e c h a n i s m  underl ies  the present  work  or whe the r  glycollate is 
fo rmed  from intermediates  of the glycolyt ic  pathway,  i.e. f rom 3-phospho-  
glycerate,  remains  to be clarified. 

This work  has shown  that  xylitol  injected into rats p roduces  an 
increase in liver and  k idney  glycollate wi thou t  an associated increase in 
oxalate. This is in accord  with the occur rence  of glycollic aciduria  wi thou t  
hyperoxa lur ia  in xyli tol- infused patients and adds suppor t  to the sugges- 
t ion that  the renal and extrarenal  oxalosis repor ted  in xyli tol- infused 
pat ients  (3, 4) is due  to factors other  than  the metabol i sm of xylitol  itself 
and unrela ted to th iamine  or pyr idoxine  nutr i t ional  status (5, 17). 

Summary 

Oxalic, glyoxylic, and glyeollic acid were determined in rat liver and kidney after 
injection with [U-14C]-xylitol or [U-*4C]-glucose. Neither glucose nor xylitol led to 
the formation of oxalic and glyoxylic acid, yet glycollic acid was found in both 
tissues after injection with xylitol. 

Possible pathways leading from xylitol to glycollic acid are discussed. 

Zusamm enfassung 

Oxal-, Glyoxyl- und Glykolls~ure wurden in Rattenleber und -niere nach Injek- 
tion von [U-14C]-Xylit oder [U-14C]-Glucose bestirnmt. Weder Glucose noeh Xylit 
ff~hrten zu einer Oxal- oder Glyoxyls~urebildung. Glyeolls~iure wurde jedoeh in 
beiden Geweben nach Injektion yon Xylit gefunden. 

M6gliche StoffwechseIwege vom Xylit zur Glykolls~iure werden diskutiert. 
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