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INTRODUCTION 

A m o n g  t he  ac id  m u c o p o l y s a e e h a r i d e s ,  t hose  e s t e r i f i ed  
w i t h  s u l p h u r i c  acid,  t he  s u l p h o - m u c o p o l y s a c c h a r i d e s ,  
c o n s t i t u t e  a n  i m p o r t a n t  g r o u p  w i t h  a wide  d i s t r i b u t i o n  
in t h e  body .  Thus ,  c h o n d r o i t i n  s u l p h u r i c  ac id  is one  of 
t h e  m a i n  c o n s t i t u e n t s  of t he  h y a l i n e  ca r t i l age .  I t  is a lso 
p r e s e n t  in t h e  ao r t i c  wall,  in  t e n d o n s ,  sclera ,  a n d  t he  
d e r m a l  c o n n e c t i v e  t i ssue.  M u c o i t i n  s u l p h u r i c  acid is 
c l a imed  to  occur  in  t h e  ga s t r i c  m u c o s a  2. H y a l u r o n o -  
s u l p h a t e  3 is also c l a i m e d  to  be p r e s e n t  in  t h e  cornea .  
H e p a r i n  4 has  been  f o u n d  to  be a speci f ic  m u c o p o l y -  
s a c c h a r i d e  p r o d u c e d  b y  t h e  m a s t  cells. 

D u r i n g  t h e  p a s t  few years ,  a d d i t i o n a l  k n o w l e d g e  of 
the  m e t a b o l i s m  of t h e  s u l p h o - m u c o p o l y s a c c h a r i d e s  ha s  
been  ga ined ,  b y  m e a n s  of s t ud i e s  of t h e  sulphate exchange 
in these  c o m p o u n d s  w i t h  t he  i so tope  t e c h n i q u e .  S 3s- 
l abe l led  s u l p h a t e  ha s  been  used as t h e  t r a c e r  s u b s t a n c e  
(DzIEWIATKOWSKI et al. ~, LAYTON et al. e, BOSTR6M et al. ~ 
a n d  o thers ) .  

I n  t h e  p r e s e n t  paper ,  a s h o r t  s u r v e y  is g iven  of t h e  
r e c e n t  d e v e l o p m e n t s  in  t h i s  f ie ld w i t h  p a r t i c u l a r  re- 
ference  to  t he  work  p e r f o r m e d  in S c a n d i n a v i a .  

IN V1VO STUDIES 

Excret ion of S 3~ 

I f  a t r a c e r  dose of S 35 as sodium sulphate is g iven  to  
a n  e x p e r i m e n t a l  a n i m a l ,  m o s t  of t h e  r a d i o a c t i v e  s u l p h u r  
is r a p i d l y  e x c r e t e d  s. A c c o r d i n g  to  DZIEWlATKOWSKIL 
95 pe r  c en t  of t h e  S 35 g iven  to  r a t s  is e x c r e t e d  in t h e  
u r ine  a n d  faeces d u r i n g  t h e  f i r s t  5 days .  The  c o n c e n t r a -  
t i o n  of i n o r g a n i c  s u l p h a t e  in  t h e  t i s sues  dec reases  r ap id ly .  
O n l y  a s m a l l  p r o p o r t i o n  of t h e  S s5 e x c r e t e d  occurs  as 
e t h e r e a l  s u l p h a t e s  9. 

Sulphate f ixat ion 
N u m e r o u s  i n v e s t i g a t i o n s  h a v e  b e e n  m a d e  to  d e t e r m i n e  

t he  e x a c t  l oca l i za t ion  of t h a ( p a r t  of t h e  SZS-labelled 
s u l p h a t e  r e t a i n e d  in t h e  t i s sues  of t h e  e x p e r i m e n t a l  
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an ima l s .  T h u s ,  SINGHER a n d  MARINELLI in  1945 * re- 
p o r t e d  a h i g h e r  s u l p h a t e  f i x a t i o n  in  t h e  bone  m a r r o w  
t h a n  in t h e  r e s t  of t h e  bone .  DZIEWIATKO~,VSKI et al. 
showed  in 1949 ~ a h i g h  s u l p h a t e  i n c o r p o r a t i o n  a n d  a 
s low e l i m i n a t i o n  in ca r t i l age ,  b o n e  a n d  b o n e  m a r r o w ;  
t h i s  was  in  s h a r p  c o n t r a s t  to  t h e  low s u l p h a t e  u p t a k e  
a n d  r a p i d  e l i m i n a t i o n  in t h e  b lood,  l i ve r  a n d  b r a i n .  

T h e  a u t o r a d i o g r a p h i c  m e t h o d  h a s  p r o v e d  to  be  em-  
i n e n t l y  s u i t a b l e  for a s c e r t a i n i n g  t h e  e x a c t  loca l i za t ion  
of s eve ra l  r a d i o a c t i v e  t racers ,  e v e n  in r e l a t i v e l y  s m a l l  
s t r u c t u r e s .  B y  m e a n s  of t h i s  t e c h n i q u e ,  t h e  s u l p h a t e  
f ixed in a r t i c u l a r  a n d  e p i p h y s e a l  c a r t i l a g e  of suck l ing  
r a t s  was  m a d e  v is ib le  b y  DZIEWlATKOWBKI a a n d  in t h e  
ca r t i l age  of t h e  nasa l  s e p t u m  of a d u l t  r a t s  b y  CAMPBELL 
a n d  PERSSON*. T o g e t h e r  w i t h  ODEBLAD, t h e  p r e s e n t  
a u t h o r s  h a v e  used  t h e  a u t o r a d i o g r a p h i c  m e t h o d  for  a 
s y s t e m a t i c  s t u d y  of t h e  s u l p h a t e  f i x a t i o n  in a large  
n u m b e r  of n o r m a l  t i s sues  a n d  o r g a n s  in  r a t s  a n d  r a b b i t s  
g i v e n  i n j e c t i o n s  of  S~S-labelled s u l p h a t e .  A b r i e f  a c c o u n t  
of t h e  r e su l t s  of these  i n v e s t i g a t i o n s ,  w h i c h  h a v e  a l r e a d y  
b e e n  p u b l i s h e d  in va r ious  j ou rna l s ,  will  n o w  be  given.  

Fig. 1.-Autoradiograph of ileum from an adult rabbit 24 h after an 
intravenous injection of S3S-labelled sodium sulphate, x 25. 

I n  t h e  respiratory tract, t h e  h i g h e s t  s u l p h a t e  f i x a t i o n  
t o o k  p lace  in t h e  t r a c h e a l  a n d  b r o n c h i a l  c a r t i l a g e  a n d  in 
t h e  ca r t i l age  p l a t e s  of t h e  l u n g  s . T h e  t r a c h e a l  e p i t h e l i u m  
a n d  t h e  r e s p i r a t o r y  e p i t h e l i u m  of t h e  l u n g  s h o w e d  a low 
or  m o d e r a t e  u p t a k e ,  w h e rea s  t h e  S 3s c o n t e n t  of t h e  
l y m p h a t i c  follicles was  e x t r e m e l y  low. 

All s ec t ions  of t h e  gastrointestinal tract i n v e s t i g a t e d  5 
(d is ta l  p a r t  of  t h e  o e s o p h a g u s ,  f u n d u s  v e n t r i c u l i ,  duo-  
d e n u m ,  d i s t a l  p a r t  of t h e  i l e u m  a n d  d e s c e n d i n g  colon) 
s h o w e d  t h e  h i g h e s t  degree  of s u l p h a t e  f i x a t i o n  in  t h e  
ep i the l i a l  l a y e r  (Fig. 1). I n  o t h e r  l aye r s  of t h e  oeso- 
phagus ,  s t o m a c h  a n d  i n t e s t i n e s  a n d  in  t h e  liver a n d  
pancreas a diffuse,  low or  m o d e r a t e  S 3s u p t a k e  was no ted .  

I n  t h e  cardiovascular system s, t h e  h i g h e s t  S 35 incor-  
p o r a t i o n  o c c u r r e d  in  t h e  a o r t a  a n d  in  t h e  h e a r t  va lves .  
T h e  heart muscle a n d  the spleen, on  t h e  o t h e r  h a n d ,  
s h o w e d  o n l y  a m o d e r a t e ,  d i f fuse  u p t a k e .  

I n  t h e  nervous system, a loca l ly  d i f f e r e n t i a t e d  b u t  
f a i r ly  low S 3~ i n c o r p o r a t i o n  was  d e m o n s t r a t e d %  I n  
genera l ,  a c o n s i d e r a b l y  h i g h e r  u p t a k e  was  f o u n d  in  t h e  
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grey t h a n  in t he  wh i t e  m a t t e r  in all ne rvous  t i ssues  in- 
ves t iga ted .  In  the  cerebrum, a pa r t i cu l a r l y  h igh  u p t a k e  
was n o t e d  in a cor t ica l  l ayer  cons i s t i ng  of p o l y m o r p h o u s  
and  fus i form cells. In  the  cerebellar cortex, the  molecu la r  
layer  a n d  the  PURKINJE cells showed  a m o d e r a t e  up take .  
In  t he  g ranu la r  l ayer  of the  cerebellum, on the  con t r a ry ,  
a cons ide rab le  S 35 u p t a k e  was  no ted .  Final ly ,  in the  
choroid plexus,  t he re  was  a ve ry  high S 35 incorpora t ion .  

s o m e w h a t  more  S a5 was obse rved ,  i n t e r r u p t e d  by  the  
p ic tu res  of ha i r  follicles and  smal l  vessels,  w h i c h  s h o w ed  
a stil l  h igher  c o n c e n t r a t i o n  of S 3~. A r e m a r k a b l y  h igh  
s u l p h a t e  f ixa t ion  occur red  in t he  mast cells ~ (Fig. 2) of 
the  subcut i s ,  c o n t r a s t i n g  to  t he  e x t r e m e l y  low s u l p h a t e  
f ixa t ion  in o t h e r  pa r t s  of th is  layer.  

Accord ing  to  t he  f ind ings  of LAYTON a n d  co -worke r s  2, 
m a t e r n a l  s u l p h a t e  is u t i l ized  by  m a m m a l i a n  e m b r y o s .  
In  o rde r  to  s t u d y  the  S 35 d i s t r i b u t i o n  in e m b r y o n a l  
t issues,  r a b b i t  foetuses ,  a b o u t  29 m m  in l eng th ,  of  which  
the  m o t h e r  was sacr i f ied  16 h a f te r  h av i n g  r ece ived  an 
in jec t ion  of SaS-labelled s o d i u m su lpha te ,  were s u b j e c t e d  
to a u t o r a d i o g r a p h i c  e x a m i n a t i o n  3. W e l l - d i f f e r e n t i a t e d  
a u t o r a d i o g r a p h s  were  o b t a i n e d ,  i nd i ca t ing  t h a t  t he  
S an i n c o r p o r a t i o n  var ied  m a r k e d l y  in d i f f e ren t  t i ssues  
(Fig. 3). Thus  a ve ry  h igh  u p t a k e  was n o t e d  in all 
cartilage structures. In  the  aorta a cons ide rab le  f ixa t ion  
of t h e  i so tope  was  n o t e d ;  a n d  o t h e r  t issues ,  e .g.  foetal  
lungs, intestines, tongue, dental papil la of a p r e s u m p t i v e  
too th ,  cardiac valves, also s h o w ed  a fair ly  h igh  S 35 in- 
co rpora t ion .  On the  o t h e r  hand ,  no or ve ry  l i t t le  S n~ 
was f ixed in t he  l iver  a n d  in the  bra in .  

Fig. 2.-Stripping fihn autoradiograph showing SaS-incorporation in 
the mast cells of the subcutis of young rats 5 days after the injection 

of SaS-labelled sodimn sulphate. × ~00. 

In  the  a u t o r a d i o g r a p h s  of the  eye 1, a high S 3s c o n t e n t  
appea red ,  c o r r e s p o n d i n g  to  t he  co rnea  and  sclera,  while 
the  v i t r eous  b o d y  c o n t a i n e d  no S zs. 

The shin 2, f inal ly,  showed  a low u p t a k e  of S 3s in the  
corni f ied  layer.  In  t he  cor ium,  a s m o o t h  d i s t r i bu t i on  of 
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])ZIEWIATKOWSKI and  co-workers  4 a s s u med  t h a t  t h e  
high S z~ inco rpo ra t ion ,  d e m o n s t r a t e d  by  t h e m  in 1949, 
in the  car t i lage  of suck l ing  ra ts  a f t e r  the  i n t r a p e r i t o n e a l  
a d m i n i s t r a t i o n  of S35-1abelled s o d i u m s u l p h a t e  m a i n l y  
i nd i ca t ed  an i n c o r p o r a t i o n  of t he  r a d i o a c t i v e  s u l p h u r  
in t he  s u l p h a t e  g roup  of cond ro i t i n  su lphur ic  acid.  In  a 
la te r  i nves t iga t ion ,  DZlEWlATKOWSK~ 5 m a d e  an a t t e m p t  
to isola te  th is  l abe l led  c h o n d r o i t i n  s u l p h a t e  f rom the  
car t i lage,  a f te r  a d d i n g  large a m o u n t s  of non- l abe l l ed  
c h o n d r o i t i n  su lphur i c  acid  as a carr ier .  The  afore-  
m e n t i o n e d  c o n c e p t i o n  has  been  ver i f ied  in our  l a b o r a t o r y  
by  the  i so la t ion  of p ro te in - f r ee  label led c h o n d r o i t i n  sul- 
phur ic  acid f rom the  cos ta l  car t i lage  and  skin  of adu l t  
r a t s  g iven in jec t ions  of  SSMabel led  su lpha te .  

I so la t ion  f rom the  s a m e  an ima l s  of o t h e r  su lphur -  
c o n t a i n i n g  c o m p o u n d s ,  such  as cys t ine ,  t a u r i n e  and  
me th ion ine ,  showed,  however ,  only  a low or n o n -ap -  

Table 1 
A comparative study of the SaS-incorporation in chondroitin sul- 
phurie acid prepared from cartilage and in taurine, cystine and 
,nethionine prepared from the liver of adult rats after a single injec- 

tion of S35-1abelled sodium sulphate. 

Substance 

Chondroitin sulphuric acid 
isolated from the costal car- 
tilage 
Taurine isolated from the 
liver 
Methionine isolated from the 
liver 
Cystine isolated from the 
liver 

Radioactivity in eounts/min/ 
cm 2 at differ, times after inj. 

2h  [ 8h  

1392 

32 

2136 

68 

24 h 48 h 

2953 2933 

53 35 

3 

4 

Fig. 3.-Autoradiograph of a three week old rabbit foetus, whose 
mother was killed 16 h after having received an intravenous injection 

of S35-1abelled sodium sulphate. 
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prec iab le  u p t a k e  1 (Tab le  I) .  O n  t h e  o t h e r  h a n d ,  l abe l l ed  
s u l p h a t e  c a n  be f o u n d  in  e t h e r e a l  s u l p h a t e s ,  as d e m o n -  
s t r a t e d  b y  LAIOLOW a n d  YOUNG 2. 

The  g r e a t e s t  i n c o r p o r a t i o n  of S 35 t a k e s  p lace  in  those  
t i s sues  a n d  o r g a n s  in w h i c h  s u l p h o - m u c o p o l y s a c c h a r i d e s  
are  p r e s e n t .  T h u s ,  on  t h e  a u t o r a d i 0 g r a p h ,  c h o n d r o i t i n  
s u l p h u r i c  ac id  c a n  be  seen  in,  for  e x a m p l e ,  v a r i o u s  k i n d s  
of  ca r t i l age ,  in  t h e  a o r t i c  wai l  a n d  in  t h e  c h o n d r o i d  
s u b s t a n c e  of t h e  h e a r t  va lves .  O n  t h e  o t h e r  h a n d ,  t h e  
m a r k e d  d e n s i t y  of t h e  m a s t  cells  v i s ib le  on  t h e  a u t o -  
r a d i o g r a p h  m u s t  be  c o n s i d e r e d  to  c o r r e s p o n d  to  t h e  S 8~ 
i n c o r p o r a t e d  in  h e p a r i n  or  in  i t s  p recurso r s .  T h e  h i g h  
u p t a k e  of  S ~ in  t h e  c o r n e a  a n d  sc le ra  a f fo rds  e v i d e n c e  
of  a n  i n c o r p o r a t i o n  in  t h e  s u l p h o - m u c o p o l y s a c c h a r i d e s  
t h a t  a re  k n o w n  t o  o c c u r  i n  t h e s e  m e m b r a n e s .  I n  t h e  
v i t r e o u s  b o d y ,  on  t h e  c o n t r a r y ,  w h i c h  c o n t a i n s  t h e  n o n -  
es te r i f i ed  h y a l u r o n i c  acid,  no  u p t a k e  of S 8~ can  be  n o t e d .  
T h e  u p t a k e  of S ss in  t h e  g a s t r o - i n t e s t i n a l  t r a c t  n m s t  be 
a sc r ibed  m a i n l y  to  a n  i n c o r p o r a t i o n  in  a poss ib le  m u c o -  
i t i n  s u l p h u r i c  acid.  Since,  h o w e v e r ,  t h e  i n t e s t i n a l  t r a c t  
is k n o w n  to  be  t h e  m a i n  e x t r a h e p a t i c  source  of p h e n o t  
c o n j u g a t i o n  :l, t h e  p o s s i b i l i t y  t h a t  some  of t h e  S s5 p r e s e n t  
in t h e  i n t e s t i n a l  m u c o s a  occurs  as  e t h e r e a l  s u l p h a t e s  
c a n n o t  be  ru led  ou t .  

The renewal of the sulphate group o/chondroitin sulphuric 
acid 

I n  o rde r  t o  s t u d y  t h e  r a t e  of  t h e  s u l p h a t e  e x c h a n g e  in 
t he  s u l p h o - m u c o p o l y s a c c h a r i d e s ,  t h e  fo l lowing  exper i -  
m e n t  was  p e r f o r m e d 4 :  

A d u l t  w h i t e  r a t s  were  g i v e n  i n t r a p e r i t o n e a l  i n j e c t i o n s  
of SSS-labelled s o d i u m  s u l p h a t e .  9 g roups  of a n i m a l s ,  
e a c h  c o m p r i s i n g  20 ra t s ,  were  used.  T h e  g r o u p s  of 
a n i m a l s  were  sac r i f i ed  a t  d i f f e r e n t  t i m e s  a f t e r  t h e  i n j ec -  
t ion ,  t h e  f i r s t  g r o u p  a f t e r  2 h a n d  t h e  l a s t  a f t e r  16 days .  
T h e  b lood  of  al l  t h e  a n i m a l s  in  a g r o u p  was  pooled ,  as  
were  t h e  r ibs  w i t h  t h e  i n t e r c o s t a l  musc les  a n d  t h e  l ivers .  
C h o n d r o i t i n  s u l p h u r i c  ac id  was  p r e p a r e d  f r o m  t h e  cos t a l  
c a r t i l age  b y  a p p l y i n g  on  a sma l l  scale t h e  m e t h o d  of 
JORPES 5, aS m o d i f i e d  b y  STRANDBERG 6. T h e  d i f f e r en t  
p r e p a r a t i o n s  of c h o n d r o i t i n  s u t p h u r i c  ac id  o b t a i n e d  were  
h y d r o l y z e d  in  h y d r o c h l o r i c  ac id  a n d  t h e  s u l p h a t e  pre -  
c i p i t a t e d  as B a S O  4 /o r  m e a s u r e m e n t s  of t he  radio= 
a c t i v i t y .  T h e  i n o r g a n i c  s u l p h a t e  of t h e  i n t e r c o s t a l  
musc les  was  e x t r a c t e d  a n d  p r e c i p i t a t e d  as BaSO4 a n d  
t he  t o t a l  s u l p h u r  of t h e  b lood  was t r a n s f o r m e d  i n t o  
s u l p h a t e  b y  ox id i z ing  w i t h  s o d i u m  pe rox ide  before  t he  
p r e c i p i t a t i o n  as B a S O  4. 
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Fig. 4.~SZS-incorporation in the cartilage of adult rats. Curve I t o t a l  
sulphur in blood. Curve II free sulphates in the costal muscles, 
Curve III the chondroitin sulphuric acid. The errors in measurements 

are marked on curve III. 

1 H. BOSTROM mid S. AQVIST, Acta Chem. Stand. 6, 1557 (1052). 
2 j .  C. LAIDLAW and L. YouN6, Biochem. J. 42, Proe. 1 (1948). 
a R.T. WILLIAMS, Detoxication Mechanisms (John Wiley, New 

York, 1947), p. 70. 
4 H. BOSTR6M, J. Biol. Chem. 196, 477 (195~). 
5 E. JORPES, Biochem. Z. ~04, 37)4 (19~9). 
6 L. STRANDBERG, Acta Physiol. Stand. 21, '22~ (1950). 

T h e  d i f f e r e n t  s a m p l e s  of  B a S O ,  o r i g i n a t i n g  f rom the  
s u l p h a t e  s u l p h u r  of  c h o n d r o i t i n  s u l p h u r i c  ac id  of ca r t i -  
lage, t h e  i n o r g a n i c  s u l p h a t e  of i n t e r c o s t a l  musc l e s  a n d  
t he  t o t a l  s u l p h u r  of t h e  b lood  were  p l a t e d  a n d  t h e  rad io-  
a c t i v i t y  m e a s u r e d  b y  m e a n s  of a GEIGER-MOLLER 
c o u n t e r .  T h e  r e su l t s  of t h i s  e x p e r i m e n t  are  s h o w n  in 
F i g u r e  4. C o n t r a r y  to  t h e  r a p i d  dec rease  in  t h e  rad io-  
a c t i v i t y  of  t h e  t o t a l  s u l p h u r  f r a c t i o n  a n d  t h e  i n o r g a n i c  
s u l p h u r  f r a c t i o n  (Curves  I a n d  I I ,  r e spec t ive ly ) ,  t he  
r a d i o a c t i v i t y  of t h e  e s t e r  s u l p h a t e  g r o u p  of c h o n d r o i t i n  
s u l p h u r i c  ac id  (Curve  I I I )  s h o w e d  a n  inc rease  to  a 
m a x i m u m  v a l u e  a t  24 h a t t e r  t h e  i n j ec t i on ,  fo l lowed b y  
a dec rease  d u r i n g  t h e  whole  t i m e  of o b s e r v a t i o n .  F r o m  
t h e  d e s c e n d i n g  p a r t  of t h i s  c u r v e  t h e  b io log ica l  bai t - l i fe-  
t i m e  of t h e  s u l p h a t e  g r o u p  of c h o n d r o i t i n  s u l p h u r i c  acid 
in t h e  c a r t i l a g e  of a d u l t  r a t s  cou ld  be  e s t i m a t e d  to  be 
a b o u t  16 days .  In  a s im i l a r  w a y  t h e  a p p r o x i m a t e  bio-  
logical  ha l f - l i f e - t ime  of t he  e s t e r  s u l p h a t e  of c h o n d r o i t i n  
s u l p h u r i e  ac id  p r e p a r e d  f r o m  t h e  sk in  of t h e  s a m e  r a t s  
was  e s t i m a t e d  to  be  8 -9  d a y s  (Fig. 5, Curve  I) .  
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Fig. 5.-Uptake and elimination of S 8s from the skin of adult rats 
after a single injection of SaS-labelled sodium sulphate. Curve I. The 
radioactivity of the sulphate group of the isolated chondroitin sul- 
phurie acid. Curve II. The radioactivity in the corium as estimated 

by quantitative autoradiography. 

I n  a n o t h e r  e x p e r i m e n t  I, fou r  r a t s  f rom t h e  s a m e  l i t t e r  
were g i v e n  i n j e c t i o n s  of  S35-18belled s o d i u m  s u l p h a t e .  
A t  d i f f e r en t  i n t e r v a l s  of  t i m e  a p i e c e  of sk in  was excised  
f r o m  t h e  dorsa l  a r e a  of e a c h  r a t .  All  t h e  s p e c i m e n s  were 
s u b j e c t e d  t o  a u t o r a d i o g r a p h y ,  u s ing  X - r a y  fi lm, a n d  the  
r e l a t i ve  a m o u n t s  of S 3~ f ixed  in  t h e  c o r i u m  l a y e r  of t he  
sk in  were  e s t i m a t e d  b y  m e a n s  of q u a n t i t a t i v e  a u t o r a d i o -  
g r a p h y  a c c o r d i n g  t o  ODEBLAD ~. W h e n  t h e  c u r v e  ob-  
t a i n e d  in  t h i s  w a y  (Fig. 5, C u r v e  I I )  was  c o m p a r e d  w i t h  
t he  c u r v e  for  t h e  r a d i o a c t i v i t y  in  t h e  e s t e r  s u l p h a t e  
g r o u p  of c h o n d r o i t i n s u l p h u r i c  ac id  i so l a t ed  f rom the  
sk in ,  b o t h  c u r v e s  were  f o u n d  to  fo l low e a c h  o t h e r  qu i t e  
c lose ly  (Fig. 5). 

Factors influencing the sulphate exchange in  vivo 
T h e  u p t a k e  of S 8~ seems  to  be  h i g h e r  in  foe tuses  and  

y o u n g  g r o w i n g  a n i m a l s  t h a n  in  a d u l t  ones.  H e r e  i t  is a 
q u e s t i o n  n o t  o n l y  of t h e  o r d i n a r y  s u l p h a t e  e x c h a n g e  in 
t h e  s u l p h o - m u c o p o l y s a c c h a r i d e s ,  b u t  a lso of a n  accu-  
m u l a t i o n  of  n e w l y  s y n t h e s i z e d  m a t e r i a l .  I n  a c c o r d a n c e  
h e r e w i t h ,  t h e  S 85 f i x a t i o n  in  c h o n d r o s a r c o m a t o u s  t i ssues  
h a s  been  f o u n d  to  be  h i g h e r  t h a n  in t h e  c a r t i l a g e  (GOTT- 
SCHALK a n d  ALLEN3). 

1 H.BOSTROM, E.ODE•LAD, and U. FRIBERG, Acta Pathol. Micro- 
blot. Scand. 33, Fasc. 4 (1953). 

E. ODE~LAD, Acta RadioL Suppl. 93 (195"2). 
3 R.  GOTTSCHALK a n d  H .  ALLEN, Proc ,  Soc. E x p t l .  Biol .  Med. 80,  

334 (195~). 
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Accord ing  to  D Z I E W I A T K O W S K I  1 the  t r e a t m e n t  of ra ts  
wi th  t h y r o x i n  increases  the  su lpha te  f ixa t ion  in the  
t issues .  On the  o the r  hand ,  i t  has  been shown t h a t  the  
a d m i n i s t r a t i o n  of cor t isone to  an imals  reduces  the  speed 
ot t he  su lpha te  f ixa t ion  in the  tissues, p robab ly  re-  
f lec t ing  an ac tua l  decrease in t he  ra te  of renewal  of t he  
su lpha te  groups in t he  su lpho-mucopo lysaccha r ides  ~. 
Such  a s low su lpha te  exchange  has  r ecen t ly  been found 
by REDDI and  NORSTROM s to  occur  in scorbut ic  an imals .  
Cer ta in  sa l icy la tes  also exe r t  a s imi la r  r e t a rd ing  effect  4. 

~N WTRO EXPERIMENTS 

Methods 
LAYTON el al., using a t issue cu l tu re  t echn ique ,  m a d e  

a series of in vilro s tudies  of the  su lpha te  f ixa t ion  in a 
n u m b e r  of t issues 5. T h e y  found a h igh ly  d i f f e ren t i a t ed  
f ixa t ion  in e m b r y o n i c  ch ick  t issues and  a g rea te r  re- 
t en t ion  of su lpha te  in g ranu la t ion  t issue and in ju red  
muscle  t issue f rom hea l ing  wounds  t h a n  in cor responding  
no rma l  t issues.  

Since we found t h a t  slices of car t i lage  t ake  up free 
su lpha tes  f rom the  su r round ing  m e d i u m  as well, a tech-  
n ique  for s t u d y i n g  the  su lpha te  exchange  in vitro was 
e labora ted  in our  l a b o r a t o r y  6. The  t echn ique  was as 
follows : 

F resh  cos ta l  ca r t i l age  f rom newly  kil led calves was 
c u t  in t h i n  slices. 5 g por t ions  of the  slices were  t h e n  
i n c u b a t e d  in a K r e b s - R i n g e r - b i c a r b o n a t e  so lu t ion  con- 
t a i n i n g  S~S-labelled s o d i u m  su lpha te  a t  a t e m p e r a t u r e  
of 37°C in t he  presence  of a gas m i x t u r e  con t a in ing  
oxygen  and  ca rbon  dioxide.  A f t e r  a few hours  t he  reac-  
t ion  was  s topped  by  boi l ing t h e  samples .  Chondro i t in  
su lphur ic  acid  of  a h igh  degree of  p u r i t y  was t h e n  iso- 
l a t ed  f rom t h e  car t i l age  accord ing  to  a s impl i f ied  smal l -  
scale me thod .  The  c o n t a m i n a t i n g  inorganic  suIphates  
were  r emoved  by  pass ing  the  samples  t h r o u g h  an an ion  
exchange  co lumn.  Af t e r  sp l i t t ing  off  t he  es ter  su lpha te  
by  acid  hydro lys i s  and p rec ip i t a t i ng  as BaSO~, the  radio-  
a c t i v i t y  of the  sample  was measu red  in a GEIGEI~- 
MOLLER counter .  The  f igures  for the  u p t a k e  of radio-  
ac t ive  su lpha te  ob ta ined  in para l le l  e x p e r i m e n t s  agreed 
fa i r ly  well  w i th  a s t a n d a r d  dev ia t ion  a m o u n t i n g  to  3-4 
per  cen t  in a double  de t e rmina t ion .  No cor respond ing  
S 35 i n co rpo ra t i on  t o o k  place in 24 h when  sod ium sul- 
pha te  label led  w i t h  S a5 was added  to pure  chondro i t i n  
su lphur ic  acid  alone.  

The S 35 incorporation in the slices 
The  S ss i nco rpo ra t i on  in chondro i t i n  su lphur ic  acid 

increased  w i t h  the  t i m e  of incuba t ion .  Dur ing  the  f i rs t  
two  hours  of incuba t ion ,  t he  S a~ inco rpo ra t i on  seemed  
to  be  more  rap id  t h a n  subsequen t ly .  In  t he  i n t e r v a l  
2 h - 2 4  h, t he r e  seemed  to  be  a l inear  r e l a t ionsh ip  be-  
tween  t h e  i n c o r p o r a t i o n  of S ~ and  the  t i m e  of in-  
cuba t i on  (Fig. 6). 

The  ab i l i t y  of  t he  car t i l age  to  i nco rpo ra t e  su lpha te  
ions r e m a i n e d  fa i r ly  c o n s t a n t  du r ing  the  f i rs t  10 h a f t e r  
t he  s laughter ,  if the  ma te r i a l  was  k e p t  in an  i ce -box  a t  
a t e m p e r a t u r e  of  + 4°C. Af t e r  t h a t  t ime  a s low reduc-  
t ion  in a c t i v i t y  was not iced .  On the  o the r  hand ,  if fresh 
ca r t i l age  was frozen and then  t h a w e d  before incuba t ion ,  

1 D. D. DZIEWlATKOWSKI, J.  Biol. Chem. lS9, 717 (1951). 
o L. L. LAYTON, Proc. Soc. Exp t l .  Biol. Med. 7t;, 596 (1951). - 

H. BOS/ROM and  E.  ODEBLAD, A r k i v  Kemi  6, 39 (1953). 
3 K. REPro and A. NORSTROM, (Unpubl i shed  observat ion) .  
4 H. BOSTRDM and B. MANssole, Unpubl i shed  observat ion.  

L. L. L A v r o x  el al., Cancer  3, 725 (1950). 
~t H.  BOSTR~M and B. MANssoN, Ark iv  Kemi  6, ~3 (1953). 

no S *~ u p t a k e  occur red  in t he  slices; this  agrees wi th  the  
f indings of LAYTON and co-workers .  H o m o g e n i z a t i o n  in 
a smal l  b lender  also des t royed  the  ac t iv i ty ,  as did 
hea t ing  of the  slices to  47QC. 
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Fig. 6.-The S35-uptake in the sulphate group of ehondroitin sulphurie 
acid of the cartilage in vitro as a function of the time of incubation. 

A cons iderab ly  h igher  up t ake  was no ted  in slices of 
m e d i u m  th ickness  (0.25-0.50 mm)  t h a n  in th in  and t h i c k  
slices. The re  was an increase  in the  S ~5 inco rpo ra t i on  
wi th  an  increase  in t e m p e r a t u r e  unt i l  hea t  i n a c t i v a t i o n  
occur red .  A cons ide rab ly  s lower  u p t a k e  t o o k  place when  
the  bo t t les  were ae r a t ed  b y  a n i t rogen -ca rbon  d ioxide  
m i x t u r e  ins tead  of t he  o r d i n a r y  oxygen -ca rbon  d ioxide  
mix tu re .  

Inhibition o/the S s~ incorporation 

I n  o rder  to  ob t a in  more  in fo rma t ion  on the  process 
l ead ing  to inco rpora t ion  of su lpha te  in t he  car t i lage,  t he  
e f fec t  of  severa l  more  or  tess "g roup - spec i f i c "  e n z y m e  
inh ib i to r s  was sy s t ema t i ca l l y  s tud ied  in in vitro ex-  
pe r iments .  Most  of the  reagents  e m p l o y e d  were dissolved 
d i rec t ly  in K r e b s - R i n g e r - b i c a r b o n a t e  so lu t ion ;  the  acid 
reagen ts  were b rough t  to  p H  7.4 before  use. A few 
water - inso lub le  reagen ts  were  d isso lved  in e thanol ,  which  
in smal l  a m o u n t s  had  no s igni f icant  effect  on the  process 
to be s tudied.  The  inh ib i to rs  were added  to  the  slices 
suspended  in K r e b s - R i n g e r - b i c a r b o n a t e  so lu t ion  ha l f  an 
hour  before  add i t ion  of the  isotope.  

The  resul ts  of the  expe r imen t s  p re sen ted  in Table  I I  
showed t h a t  a m o d e r a t e  degree of inh ib i t ion  was b rough t  
a b o u t  by  m a n y  of t he  subs tances ,  e.g. h y d r o x y l a m i n e ,  
semicarbaz ide ,  p o t a s s i u m  cyanide ,  sod ium azide, th io -  
urea,  and  formal in .  A m o n g  the  inh ib i to rs  tes ted,  l iow- 
ever ,  t h e  SH inh ib i to r s  such  as arsenicals ,  mercur ia ls ,  
iodosobenzoa te ,  mono iodoace t i c  acid, copper  ions and 
seleni te  were  found  to  be t he  mos t  ef fect ive .  The  in-  
h ib i t ions  caused by  mercur ia l s  and  iodobenzoa te  could  
to  some e x t e n t  be p r e v e n t e d  by  g lu ta th ione .  

E/[ect o/corlisone and salicylates 

Cor t i sone  was a m o n g  the  o the r  subs tances  tes ted.  Ac- 
cord ing  to LAYTON'S f indings x, this  subs tance  reduces  
the  f ixa t ion  of S ~ in var ious  tissues, an  obse rva t i on  
which we h a v e  conf i rmed  in our  expe r imen t s  2. Cor t i sone  
in the  fo rm of cor t i sone  a lcohol  was d issolved d i rec t ly  
in t i le K r e b s - R i n g e r - b i c a r b o n a t e  solut ion.  I t  p roved  to  
have  a s t rong ly  inh ib i t ing  effect  on the  su lpha te  ex-  

1 L. L. LAYTON, Proc. Soc. Exptl. Biol. Med. 76, 596 (1951). 
2 H. BOSTR/)M and B. MANSSON, Arkiv Kemi 6, 23 (1953}. 
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change  in c h o n d r o i t i n  su lphur i c  acid of t he  car t i lage  
i n  vitro. ~Tith a c o n c e n t r a t i o n  of 2.8 × 10 -4 M per  l i ter  
(10 mg  per  cent)  t h e  i nh ib i t i on  a m o u n t e d  to  35 per  cen t  

% inhibition 
50. 

40- 
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20 

10 

o ~ o'.I 0:2 d3 

mM/L 
Fig. 7.-Effect of cortisone alcohol on the SaS-incorporation in chon- 

droitin sulphuric acid in slices of cartilage #t vitro. 

(Fig. 7). Of t he  s u b s t a n c e s  h i t h e r t o  t e s t ed ,  only  t h e  SH 
r e a g e n t s  p r o v e d  to  be  more  power fu l  inh ib i to r s .  A v e r y  
s imi la r  e f fec t  i n  vitro was  o b t a i n e d  w i t h  sa l icyla tes .  

S t i m u l a t i o n  o / t h e  S ~ incorporat ion  

I t  was  r e c e n t l y  found  in our  l a b o r a t o r y  t h a t  t he  
process  s t u d i e d  cou ld  no t  only  be i n h i b i t e d  b y  d i f f e ren t  
a g e n t s  b u t  could  also be s t i m u l a t e d  in d i f f e r en t  ways .  

Thus ,  t h e  p resence  of glucose (0.1%) in t he  suspens ion  
m e d i u m  gave  an  S 35 i n c o r p o r a t i o n  in t he  s a m p l e s  of 
c h o n d r o i t i n  su lphur i c  acid  of ca r t i l age  wh ich  was  15-20 
pe r  c e n t  h igher  t h a n  t h a t  in s amp le s  i n c u b a t e d  acco rd ing  
t o  t h e  s t a n d a r d  m e t h o d ,  w i t h o u t  t h e  a d d i t i o n  of glucose 
to  t h e  Krebs- lRinger -so lu t ion .  

a c t i v i t y  exceed ing  t h a t  of the  con t ro l  s a mp l e s  b y  more  
t h a n  100 per  c e n t  was  no ted .  I n  f u r t h e r  e x p e r i m e n t s  i t  
was  s h o w n  t h a t  t h e  ac t ive  pr inc ip le  is p r e s e n t  in  t he  
l iver  e x t r a c t .  I t  is t h e r m o s t a b l e  and  can  be d ia lyzed  
t h r o u g h  a ce l lophane  bag.  

Table I I  
Effect of some enzyme inhibitors on the S a~ uptake by slices of 

cartilage in vitro. 

Inhibitor Concentration Per cent 
of inhibitor M/t inhibition 

Metal enzyme inhibitors* 
Potassium cyanide 
Sodium azide 
Thiourea 
8-hydroxyquinoline 

Carbonyl group reagents* 
Hydroxylamine 
Semicarbazide 
Sodiumbisulphite 
Phenylhydrazine 
Potassium cyanide 
Dimedon 

Sulphuric group reagents* 
Iodosobenzoate 
Iodoacetate 
Phenylmercuric nitrate . . . 
p-Chloromercuric benzoate . . 
Lewisite 
Diphenylchtoroarsine 
Sodium ~rsenite 
Sodium selenite.  
Copper chloride 
Chloroacetophenone 

8 . 0  x 10 -a  
8.0 X 10 -3 
8-0 X 10 -3 
8.0 X 10 -~ 

8,0 
8.0 
8.0 
8.0 
8.0 
8-0 

x 10 -3 
x 10 -3 
x 10 -4 
x 10 -4 
X 10 -s  
x 10 - s  

4 X 10 -4 
6 X 10 -5 
2 X 10 -5 
4 X 1 0  - 5  
8 x 1 0  - 6  

8 X 10 -~ 
8"0 x 10 4 
8-0 x 10 -~ 
8-0 × 10 -4 
5-0 x 10 -5 

53 
72 
12 
75 

95 
42 
39 
67 
53 

0 

50 
50 
50 
50 
50 
50 
88 
46 
79 
66 
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Fig. 8.-Stimulating effect on the S~5-incorporation in slices of car- 
tilage i~* vitro by a crude preparation of the "liver factor". 

A s t i m u l a t i o n  of qu i t e  a n o t h e r  o rde r  of m a g n i t u d e  
was,  however ,  o b t a i n e d  w h e n  smal l  a m o u n t s  of a l iver  
h o m o g e n a t e  were  a d d e d  to  t he  slices I. I n  th i s  case, rad io-  

* Type of inhibitor. 

The  resu l t  of a t yp i ca l  e x p e r i m e n t  showing  the  increase  
in  t h e  s u l p h a t e  e x c h a n g e  c a u s e d  b y  d i f f e ren t  a m o u n t s  
of  t he  " l ive r  f a c t o r "  is r eco rded  in  F igure  8. 

Z u s a m  men /as sung  

Es  wird  fiber Ver suche  zur  B e s t i m m u n g  des  e n z y m a t i -  
s c h e n  U m s a t z e s  der  S u l f a t g r u p p e  yon  Mu c o p o l y s a c c h a -  
r iden  m i t  Hilfe  yon  S3~-Sulfat be r i ch t e t .  L e t z t e r e s  i s t  in 
h o h e n  K o n z e n t r a t i o n e n  ira Knorpe l ,  in  d e n  Sch le im-  
h&uten,  in de r  I n t i m a  aor t ae  u n d  in den  G e w e b s m a s t -  
zel len n a c h w e i s b a r ,  ] )as  A u s m a s s  dieser  Su l f a t f i x i e rung  
k a n n  e n t w e d e r  auf  G r u n d  yon  O r g a n e n  i so l ie r te r  Chon-  
d ro i t inschwefe l s~ure  oder  n a c h  d e r l n t e n s i t & t  de r  Schw~r-  
zung  des  a u t o r a d i o g r a p h i s c h e n  Bi ldes  b e s t i m m t  werden .  

S35-Sulfat  w i rd  yon  d i i n n e n  K n o r p e l s c h n i t t e n  auch  
aus  e iner  LSsung  a u f g e n o m m e n ,  w o m i t  das  S t u d i u m  des  
U m s a t z e s  de r  S u l f a t g r u p p e n  i n  vitro m6gl ich  ist .  D u r c h  
E in f r i e r en ,  H o m o g e n i s i e r e n  oder  E r h i t z e n  des  K n o r p e l s  
auf  47°C wi rd  seine diesbezf igl iche f e r m e n t a t i v e  Akt iv i -  
t&t zerst~Srt. De r  U m s a t z  der  S u l f a t g r u p p e n  wi rd  beson-  
ders  s t a r k  d u r c h  S H - I n h i b i t o r e n  und  auch  d u r c h  Cort i-  
son g e h e m m t .  Zusa tz  yon  L e b e r e x t r a k t  b e w i r k t  eine 
h o c h g r a d i g e  S t i m u l i e r u n g  der  S u l f a t v e r e s t e r u n g  durch  
e inen  d i a lys i e rba ren  u n d  t h e r m o s t a b i l e n  Ak t iva to r .  

1 H. BOSTR61~I and B.MANssoN, Acta Chem. Scand. 1953 (in print). 


