
Journal of Labelled Compounds and Radiopharmaceuticals-Vol. XXII, No. 9 961 

TRITIUM LABELLED HYALURONIC ACID DERIVATIVE 

P. Q $ l a n d o ,  G. Oe S a n c t l s ,  C. G i o r d a n o ,  G. V a l l e ,  *R. La B u a  
a n d  R. G h l d o n l .  

C e n t r o  R a d l o l s o t o p l  a n d  * i s t l t u t o  d i  M e d l c i n a  d e l  L a v o r o  - 
U n l v e r s i  t a t  C a t t o i  i c a  d e l  S.Cuore - Roma. 

.* 
D l p a r t l m e n t o  d l  C h i m i c a  e B l o c h l r n l c a  Med ica ,  U n i v e r s l t a l  d e g l i  

S t u d i  d l  M i l a n o ,  M i l a n o ,  I t a l y .  

SUMMARY 

H i  g h  m o l  e c u  I a r  w e i g h t  h y a  l u r o n l c  a c  I d  d e r i v a t i v e  was 

p r e p a r e d  I n  a r a d l o a c t l v e  fo rm,  l a b e l l e d  w i t h  t r i t i u m .  

The m u c o p o l y s a c c h a r l d e  was o x f d l z e d  under  m i l d  c o n d i t i o n s  by 

s o d i u m  p e r l o d a t e .  A f t e r  p u r l f l c a t l o n  t h e  o x i d a t i o n  p r o d u c t  was 

r e d u c e d  w i t h  [3H]NaBH4. The  t r i t i u m  l a b e l  l e d  h y a l u r o n i c  a c i d  

d e r i v a t i v e  was o b t a l n e d  w i t h  a h i g h  s p e c i f i c  r a d i o a c t i v i t y  (0.15 

m C l / m g )  a n d  was f o u n d  t o  h a v e  s i m i l a r  p h y s i c a l  a n d  c h e m l c a l  

c h a r a c t e r i s t i c s  ( h i g h  m o l e c u l a r  w e i g h t ,  I n f r a r e d  s p e c t r u m  a n d  

e l e c t r o p h o r s t l c a l  b e h a v l o u r )  t o  t h e  p a r e n t  compound.  The 

r a d i o c h e m i c a l  p u r i t y  o f  l a b e l l e d  h y a l u r o n i c  a c i d  d e r i v a t i v e  was 

f o u n d  t o  be g r e a t e r  t h a n  95%. 

INTRODUCTION 

H y a l u r o n l c  a c l d  Is a n  u n b r a n c h e d  p o l y s a c c h a r l d e  c o n r l r t l n g  

o f  r e g u l a r l y  a1 t e r n a t l n g  b e t a - D - g l u c u r o n l c  a c i d  and t - a c e t a m i d o -  

2 -deoxy -be ta -D-g lucose  ( N - r c e t y l g l u c o s a m i n e )  r e s i d u e s .  

S e v e r a l  me thods  have been p u b l i s h e d  f o r  i a b e l l l n g  h y a l u r o n i c  

a c i d ,  b u t  a s t l I I  u n s o l v e d  p r o b l e m  Is t h e  p r e p a r a t i o n  o f  h i g h  

m o l e c u l a r  w e i g h t  and h i g h  s p e c i f i c  a c t l v l t y  h y a i u r o n l c  ac id .  

0362-4803/85/090961-09SO1 .OO 
@ 1985 by John Wiley & Sons, Ltd. 

Received February 13, 1985 
Revised May 2, 1985 



962 P. Orlando et al. 

n o t  s e e m  

a p p  I i c a b  i 

c u l  t u r e s .  

T h e  I 

T r i t i u m  l a b e l l i n g  b y  t h e  W i l z b a c h  t e c h n i q u e  (1) g a v e  r i s e  t o  

h y a l u r o n i c  a c i d  w i t h  a h i g h  s p e c i f i c  a c t i v i t y  (0.1 m C l / m g ) ,  b u t  

m u c h  o f  t h e  t r i t i u m  w a s  a s s o c i a t e d  w i t h  h y d r o x y l  g r o u p s  l e a d i n g  

t o  u n d e s i d e r a b l e  r a d i o l y s i s  w i t h  c o n s e q u e n t  d e p o l y m e r i z a t i o n  o f  

t h e  m o l e c u l e  (2,3). T h e  P r e p a r a t i o n  o f  N - [ 3 H ] a c e t y l - h y a l u r o n i c  

a c i d  ( 4 )  s e e m s  t o  b e  a q u i t e  c o m p l e x  m e t h o d  a n d  v e r y  l i t t l e  

i n f o r m a t i o n  i s  a v a i l a b l e  o n  t h e  s t a b i l i t y  o f  l a b e l l e d  h y a l u r o n l c  

a c i d .  01 l g o s a c c h a r i d e s  f r o m  h y a l u r o n i c  a c i d  h a v e  b e e n  r e c e n t l y  

l a b e l  l e d  b y  p r e p a r i n g  1 2 5 1 - d e r i v a t i v e s  ( 5 ) .  

B l o s y n t h e t i c  m e t h o d s ,  i n  w h i c h  h y a l u r o n i c  a c i d  i s  

b i o s y n t h e s l z e d  f r o m  a t a d l o a c t i v e  p r e c u r s o r  ( g l u c o s e  o r  N- 

a c e t y l g l u c o s a m i n e )  a d d e d  t o  c e l l  o r  t i s s u e  c u l t u r e s ,  w h i l e  

p r o v i d i n g  a h i g h  m o l e c u l a r  w e i g h t  p r o d u c t ,  d o e s  n o t  g e n e r a l l y  

a p p e a r  t o  b e  s u i t a b l e  i n  t e r m s  o f  e i t h e r  s i g n i f i c a n t  

r a d i o c h e m i c a l  y i e l d  o r  o f  s p e c i f i c  r a d i o a c t i v i t y  ( 6 , 7 , 8 , 9 ) .  A 

m e t h o d  p r o v i d i n g  h i g h  m o l e c u l a r  w e i g h t  [ 3 H ] h y a l u r o n i c  a c i d  w i t h  a 

h i g h  s p e c i f i c  r a d i o a c t i t i t y  (10)  h a s  b e e n  d e s c r i b e d ,  b u t  i t  d o e s  

t o  s a t i s f y  t h e  r e q u i s i t e s  o f  l o w  c o s t  a n d  e a s y  

i t y ,  d u e  t o  t h e  r e q u i r e m e n t  o f  a p p r o p r i a t e  c e l l  

i r p o s e  o f  t h i s  w o r k  i s  t o  s e t  u p  a n e w  p r o c e d u r e  f o r  

r a d i o a c t i v e  l a b e l l i n g  o f  h y a l u r o n i c  a c i d  d e r i v a t i v e  f u l f i l l i n g  

t h e  f o l l o w i n g  r e q u i r e m e n t s :  a) e a s y  a p p l  i c a b i  I i t y  a n d  l o w  c o s t ;  

b) n o  s i g n i f i c a n t  m o d i f i c a t i o n s  t o  t h e  m o l e c u l a r  w e i g h t ;  c )  h i g h  

s p e c i f i c  r a d i o a c t i v i t y ;  d )  g o o d  y i e l d .  

T h e  a p p r o a c h  u s e d  c o n s i s t s  o f  a c o n t r o l l e d  p e r i o d a t e  

o x i d a t i o n  o f  h y a l u r o n i c  a c i d ,  f o l l o w e d  b y  r e d u c t i o n  w i t h  [3H] -  

NaBH4-  
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P e r i o d a t e  h a s  g e n e r a l l y  b e e n  u s e d  t o  o x i d i z e  v i c i n a l  

963 

h y d r o x y l  g roups  i n  c a r b o h y d r a t e s  t o  a l d e h y d e s  ( 1 1 , 1 2 ) ,  w h i c h  may 

be r e d u c e d  by  NaBH4. As h y a l u r o n i c  a c i d  i s  a m o l e c u l e  c o n s i s t i n g  

o f  r e g u l a r l y  a l t e r n a t i n g  g l u c u r o n l c  a c i d  and N - a c e t y l g l u c o s a m i n e ,  

t h e  o n l y  c a r b o h y d r a t e s  s u i t a b l e  t o  be o x i d i z e d  by p e r i o d a t e  a r e  

t h e  g l u c u r o n l c  a c i d  m o i e t i e s .  

T h i s  s t u d y  d e s c r i b e s  t h e  b e s t  c o n d i t i o n s  f o r  a m i l d  

o x i d a t i o n  o f  h y a l u r o n i c  a c i d  by p e r i o d a t e ,  f o l l o w e d  by r e d u c t i o n  

o f  t h e  p r o d u c t  w i t h  t r i t i a t e d  NaBH4. 

EXPERIMENTAL 

H y a l u r o n i c  a c i d  ( s o d i u m  s a l t )  used f o r  t h i s  s t u d y  was k i n d l y  

s u p p l i e d  by  F i d i i  R e s e a r c h  L a b o r a t o r i e s  ( I t a l y ) .  Sod ium [3H]- 

b o r o h y d r i d e  ( 5  C i / m m o l )  was p u r c h a s e d  f r o m  Amersham (Eng land) .  

P e r i o d a t e  o x i d a t i o n  

T h e  o p t i m a l  c o n d i t i o n s  ( t i m e  a n d  t e m p e r a t u r e  o f  t h e  

r e a c t i o n ;  s t o i c h i o m e t r y  o f  t h e  r e a g e n t s )  f o r  t h e  o x i d a t i o n  o f  

h y a l u r o n i c  a c i d  i n  s e v e r a l  g i u c u r o n i c  a c i d  m o i e t i e s  w e r e  

d e t e r m i n e d  i n  p r e l i m i n a r y  e x p e r i m e n t s .  The c o u r s e  o f  t h e  r e a c t i o n  

was  a s s e s s e d  b y  f o l l o w i n g  t h e  d i s a p p e a r a n c e  o f  p e r l o d a t e  i n  

f u n c t i o n  of  t i m e  by  r e c o r d i n g  t h e  d e c r e a s e  o f  o p t i c a l  d e n s i t y  a t  

223 nm. 

T h e  f i n a l  p r o c e d u r e  was as f o l l o w s :  1 m l  o f  a 1 M s o d i u m  

p e r i o d a t e  s o l u t i o n  was added under  v i g o r o u s  s t i r r i n g  t o  a 100 

m l  a q u e o u s  s o l u t i o n  o f  h i g h  m o l e c u l a r  w e i g h t  (MW=500 ,000)  

h y a l u r o n l c  a c i d  ( s o d i u m  s a l t ,  74 mg/lOO m i ) ,  p r e v i o u s l y  h e a t e d  a t  

8 0 °  C. A f t e r  90 s c c  t h e  r e a c t i o n  was s t o p p e d  b y  c o o l i n g  t o  4OC 
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and a d d i n g  an excess  o f  g l y c e r o l  (1  m l ) .  

O x i d i z e d  h y a i u r o n i c  a c i d  was  p u r i f i e d  f r o m  l o w  m o l e c u l a r  

w e i g h t  r e a c t i o n  p r o d u c t s  b y  u l t r a f i l t r a t i o n  a t  a p r e s s u r e  o f  2 

K g / c m z  u s i n g  a n  A m i c o n  u l t r a f l i t r a t i o n  c e l l  m o d e f  12, e q u i p p e d  

w i t h  an  A m i c o n  D l a f i o  XM 300 membrane .  M o l e c u l e s  w i t h  a 

m o l e c u l a r  w e i g h t  smal l e r  t h a n  300,000 d a l t o n s  w e r e  n o t  r e t a i n e d .  

U n f i l t e r e d  h i g h  m o l e c u l a r  w e i g h t  o x i d i z e d  h y a i u r o n i c  a c i d  was 

r e c o v e r e d  by s e v e r a l  w a s h i n g s  w i t h  p h o s p h a t e  b u f f e r  10 mM, pHr7.4 

o f  t h e  upper  s e c t i o n  o f  t h e  f i l t r a t i o n  c e l i ,  d i a l y z e d  o v e r n i g h t  

a g a i n s t  t h e  same b u f f e r  a n d  t h e n  a g a i n s t  d i s t i l l e d  w a t e r  and  

f i n a l l y  l i o p h y l i z e d  ( f i n a l  r e c o v e r y :  63 mg). 

T r i t i u m  l a b e l l i n g  of 2 h y a l u r o n i c  d e r i v a t i v e  -- 
100  mCi  o f  [ 3H ]NaBH4 (0.5 mg)  w e r e  a d d e d  t o  50 mg o f  

o x i d i z e d  h y a l u r o n i c  a c i d  s o l u b i l i z e d  i n  5 0  m l  o f  p h o s p h a t e  b u f f e r  

10 mM, pH=7.4. The v i a l  c o n t a i n i n g  t h e  r a d i o a c t i v e  m a t e r i a l  was 

w a s h e d  w i t h  0.5 m l  o f  t h e  same b u f f e r  a n d  t h e  w a s h i n g  a d d e d  t o  

t h e  m i x t u r e .  The  s o l u t i o n  was  c o n t i n u o u s l y  s t i r r e d  a t  r o o m  

t e m p e r a t u r e  f o r  20  m i n  and t h e n  50 mg o f  u n l a b e l l e d  NaBH4 w e r e  

a d d e d  i n  o r d e r  t o  a c h i e v e  c o m p l e t e  r e d u q t i o n .  T h e  m i x t u r e  was  

m a i n t a i n e d  a t  room t e m p e r a t u r e  f o r  an a d d i t i o n a l  20 min.  A t  t h e  

e n d  o f  t h e  r e a c t i o n ,  t h e  s o l u t i o n  c o n t a l n l n g  t h e  l a b e l l e d  

h y a l u r o n i c  a c i d  d e r i v a t i v e  was d i a l y z e d  o v e r n i g h t  u n d e r  a 

c o n s t a n t  f l o w  o f  d i s t i l l e d  w a t e r ,  i n  o r d e r  t o  e l i m i n a t e  a n y  

excess  o f  t r i t i u m ,  and f i n a l l y  d r i e d  s e v e r a l  t i m e s  under  vacuum, 

t o  e l i m i n a t e  t r i t i a t e d  wa te r .  The r e c o v e r e d  p r o d u c t  (47.2 mg) was 

s o i u b i l i z e d  i n  1 0  m l  o f  10  mM p h o s p h a t e  b u f f e r ,  pH=7.4, 

s t e r i l i z e d  by Amicon  M i l i e x  f i l t r a t i o n  and s t o r e d  a t  0-4OC. 
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A n a l y t i c a l  me thods  

The h o m o g e n e i t y  o f  t h e  a b e l l e d  h y a l u r o n i c  a c i d  d e r i v a t i v e  

was  d e t e r m i n e d  b y  p a p e r  e l e c t r o p h o r e s i s ,  u n d e r  t h e  c o n d i t i o n  

s p e c i f i e d  b e l o w .  T h e  r a d i o c h e m i c a l  p u r i t y  o f  t h e  l a b e l l e d  

h y a l u r o n i c  a c i d  d e r l v a t i v e  w a s  d e t e r m i n e d  b y  a u t o m a t i c  

r a d i o s c a n n i n g  o f  t h e  r l e c t r o p h o r e t i c a l  s t r i p s  u s i n g  a B e r t h o l d  

TLC L i n e a r  A n a l i z e r  mod 282, e q u i p p e d  w i t h  an A p p l e  i i  E u r o p l u s  

d a t a  system. The s p e c l f i c  r a d l o a c t l v l t y  o f  r a d i o c h e m i c a l l y  p u r e  

h y a l u r o n i c  a c i d  d e r i v a t i v e  w a s  d e t e r m i n e d  b y  a s s a y i n g  

r a d i o a c t i v i t y  i n  a l i q u l d  s c i n t i l l a t i o n  c o u i t e r  ( P a c k a r d  4 6 0 D )  

and b y  e v a l u a t i n g  the h y a l u r o n i c  a c i d  d e r i v a t i v e  c o n t e n t  b y  means 

o f  t h e  c o l o r i m e t r i c  m e t h o d  o f  B r l t t e r  and M u i r  (13). 

Paper e l e c t r o p h o r e s i s  was p e r f o r m e d  on E l v i  a p p a r a t u s ,  w i t h  

um 

4 5  

o n  

G e l m a n  S e p r a p h o r e  I l l  c e l l u l o s e  a c e t a t e  8 x 3  cm s t r i p e s ,  s o d  

b a r b i t a l  b u f f e r  0.025 M I  pHz8.8, a t  300 V (1.5 m A / s t r l p )  f o r  

m i n .  A l c i a n  B l u e  1 g / l  i n  H C i  0.01 M was t h e  s t a i n i n g  s o l u t  

and HCI 0.01 M t h e  d e s t a l n i n g  s o l u t i o n .  

I n f r a r e d  s p e c t r a  o f  t h e  h y a l u r o n i c  a c i d  d e r i v a t i v e  w e r e  

c a r r i e d  o u t  by  a P e r k i n - E l m e r  i n f r a r e d  s p e c t r o p h o t o m e t e r  mod 398 

u s i n g  t h e  m e t h o d  o f  s o l i d  s u s p e n s i o n  i n  KBr. D a t a  w e r e  p r o c e s s e d  

by  a P e r k i n - E l m e r  d a t a  s t a t i o n  mod. 3600. 

RESULTS 

T h e  c o u r s e  o f  t h e  o x i d a t i v e  r e a c t i o n  o f  h y a l u r o n i c  a c i d  b y  

p e r i o d a t e ,  at a f l n r l  c o n c e n t r a t l o n  o f  10 mM was m o n i t o r e d ,  as 

d e s c r i b e d  i n  t h e  e x p e r i m e n t a l  s e c t l o n ,  b y  r e c o r d i n g  t h e  d e c r e a s e  

o f  o p t i c a l  d e n s i t y  a t  2 2 3  nm, a t  d i f f e r e n t  t e m p e r a t u r e s  a n d  

t i m e s ,  a s  s h o w n  i n  tab .  1. 
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TAB 1 - T i m e  c o u r s e  o f  o x i d a t i o n  r e a c t i o n  a t  d i f f e r e n t  t e m p e r a -  
t u r e s .  V a l u e s  a r e  e x p r e s s e d  as  r e l a t i v e  o p t i c a l  d e n s i t y  x 100 

I I I I I I I I I I 
I I 60n I 9 0 n  I 2 '  I 3' I 4 '  I 5 '  I 1 0 '  I 1 5 '  I 

I I I I I 1 I I I 
I I 1 I I I I I I I 
I 4 o c  I 100 I 100 I 100 I 100 I 100 I 100 I 100 I 100 I 

1 --------- 

I I I I I I I I 1 
I I I I I I I I I I 
I ------- ~- 
I 25OC I 100 I 100 I 100 I 100 I 100 I 100 I 100 I 100 I 

I I I I I I I I I I --------- 

T h e  o p t i m a l  t e m p e r a t u r e  a1 l o w i n g  s i g n i f i c a n t  c o n s u m p t i o n  o f  

p e r i o d a t e  w a s  f o u n d  t o  b e  80°C.  U n d e r  t h e s e  e x p e r i m e n t a l  

c o n d i t i o n s ,  a n  n o v e r - o x i d a t i o n ~  o f  h y a l u r o n i c  a c i d  w i t h  

c o n s e q u e n t  f o r m a t i o n  o f  l o w  ( s m a l l e r  t h a n  300,000 MW) m o l e c u l a r  

w e l g h t  f r a g m e n t s  was  o b s e r v e d  (12) .  Tab. 2 p r e s e n t s  t h e  r e c o v e r y  

o f  h i g h  m o l e c u l a r  w e i g h t  h y a l u r o n i c  a c i d  d e r i v a t i v e  (MW h i g h e r  

t h a n  300,000) a f t e r  p e r i o d a t e  o x i d a t i o n  a t  8 0 ° C  f o r  i n c r e a s i n g  

t i m e .  

TAB 2 - P e r c e n t a g e  o f  h i g h  m o l e c u l a r  w e i g h t  h y a l u r o n i c  a c i d  
d e r i v a t i v e  r e c o v e r e d  a f t e r  o x i d a t i o n  a t  80°C f o r  I n c r e a s i n g  t i m e .  

I 1 I I I I I I I I 
I 0 '  I 1 '  I 90" I 120'' I 3' I 4 '  I 5' I 1 0 1 1  1 5 '  I 
I 

I 
I 100% 
I 

On 

I I I I I I I I 
I I I I I I I I 

90% I 85% I 80% I 65% I 45% I 25% I 8% I 5% I 
I I I I I I I I 

-------- 

-------- 

t h e  b a s i s  o f  t h e s e  p r e l i m i n a r y  

t h e  o p t i m a l  c o n d i t i o n s  f o r  h y a l u r o n  

c o n s e q u e n t  p r e s e r v a t i o n  o f  i n t e g r i t y  o f  

e x p e r  i m e n t s  we e v a l u a t e d  

c a c i d  o x i d a t i o n , ,  w i t h  

t h e  o r i g i n a l  m o l e c u l e  t o  
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b e  as f o l l o w s :  t e m p e r a t u r e :  80°C;  t i m e  o f  t h e  r e a c t i o n :  90 sec. 

The p r e s e n c e  o f  a l d h e y d i c  g roups  due t o  o x i d a t i v e  t r e a t m e n t  

w a s  s h o w n  b y  i n f r a r e d  s p e c t r o s c o p y .  i n  f a c t ,  a m p l i f i e d  

d i f f e r e n t i a l  s p e c t r a  b e t w e e n  n a t i v e  and o x i d i z e d  h y a l u r o n i c  a c i d  

showed i n  t h e  l a t t e r  one, a c h a r a c t e r i s t i c  peak a t  1735 cm”. 

By  t h e  d e s c r i b e d  l a b e l l i n g  p r o c e d u r e ,  7 mCl o f  a t r i t i a t e d  

h y a l u r o n i c  a c i d  d e r i v a t i v e ,  w i t h  a s p e c i f i c  a c t i v i t y  o f  0.15 

m C i / m g  w e r e  o b t a i n e d .  T h e  r a d i o l a b e l l e d  h y a l u r o n i c  a c i d  

d e r i v a t i v e  d i s p l a y e d  an c l e c t r o p h o r e t i c a l  b e h a v l o u r  i d e n t  i c a l  t o  

t h a t  o f  t h e  o r i g i n a l  compound. More  t h a n  96% o f  t h e  r a d i o a c t i v i t y  

p r e s e n t  i n  t h e  f r a c t i o n  w a s  f o u n d ,  a s  a s s e s s e d  b y  

r a d i o c h r o m a t o s c a n n i n g ,  t o  b e  b o u n d  t o  t h e  e l e c t r o p h o r e t i c  s p o t  

c o r r e s p o n d i n g  t o  h y a l u r o n i c  a c i d ,  i n d i c a t i n g  a r a d l o c h e m i c a l  

p u r l t y  o f  more  t h a n  96%. 

The i n f r a r e d  s p e c t r a  o f  n a t i v e  and l a b e l l e d  h y a l u r o n l c  a c i d  

w e r e  f o u n d  t o  b e  p r a t i c a l l y  i d e n t i c a l ,  r e v e a l i n g  t h a t  n o  

s i g n i f i c a n t  s t r u c t u r a l  changes had o c c u r r e d  i n  t h e  c o u r s e  o f  t h e  

r a d i o l a b e l  I i n g  p r o c e d u r e .  

I n  o r d e r  t o  e v a l u a t e  t h e  amount o f  r a d i o a c t i v i t y  i n t r o d u c e d  

i n  t h e  m o l e c u l e  by  t h e  r e d u c t l o n  o f  t e r m i n a l  a l d e h y d i c  g roup,  a 

samp le  o f  n a t i v e  h y a l u r o n i c  a c i d  was p r o c e s s e d  I n  t h e  same way, 

as  r e p o r t e d  i n  l a b e l l i n g  p r o c e d u r e ,  b u t  o m i t t i n g  t h e  p e r i o d a t e  

o x i d a t i o n .  A v e r y  l o w  amount o f  r a d i o a c t i v i t y  (0.001 mCi /mg)  was 

f o u n d  t o  be bound t o  t h e  p o l y s a c c h a r i d e  m o l e c u l e .  

DiSCUSSlON 

T h i s  p a p e r  d e s c r i b e s  a new a n d  e a s y  m e t h o d  o f  o b t a i n i n g  a 

l a b e l l e d  h y a l u r o n i c  a c i d  d e r i v a t i v e  w i t h  a h i g h  s p e c l f l c  
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r a d i o a c t i v i t y .  

H i g h l y  t r i t i a t e d  h y a l u r o n i c  a c i d  d e r i v a t i v e  (0.15 mCi /mg)  i n  

a g o o d  y i e l d ,  w i t h  m i n i m a l  s t r u c t u r a l  m o d i f i c a t i o n  f r o m  t h e  

p a r e n t  c o m p o u n d  c a n  b e  p r e p a r e d  w i t h  no  n e e d  o f  s o p h i s t i c a t e d  

a p p a r a t u s  a n d  a s p e c i f i c a l l y  e q u i p p e d  l a b o r a t o r y ,  as i s  

n e c e s s a r y  I n  t h e  case o f  b i o s y n t h e t i c  methods ,  w h i c h  r e q u i r e  t h e  

a v a i l a b i l i t y  o f  c e l l  c u l t u r e s .  

I n  c o n c l u s i o n ,  t h l s  method,  due t o  i t s  good e f f i c i e n c y ,  easy  

a p p l i c a b i l i t y  a n d  l o w  c o s t  seams t o  s a t i s f y  t h e  r e q u i r e m e n t s  

n e c e s s a r y  t o  o b t a i n  a h i g h l y  t r i t i a t e d  h y a l u r o n i c  a c i d  

d e r i v a t i v e  t o  b e  e m p l o y e d  i n  b i o l o g i c a l  a n d  p h a r m a c o l o g i c a i  

s t u d  I es  . 

REFERENCES 

1.-Wi lzbach, K.E. - J. h e r .  Chem. SOC.  2: 1013 (1957) .  

2.-Piny, j .  - N a t u r w i s s e n c h a f t e n  46: 515 (1959).  

3 . - H i g h s m i t h ,  5. a n d  C h i p m a n ,  D.M. - A n a l .  B i o c h e m .  61: 557  
( 1 9 7 4 ) .  

4 . -Hook,  M.; R i c s e n f e l d ,  J. a n d  L i n d a h l ,  U. - A n a l y t i c a  

B i o c h e m i s t r y  119: 236 (1982).  

A n a l y t i c a l  B i o c h e m l s t r y  139: 168 ( 1 9 8 4 ) .  

5.-Raja, R.H.;LeBoeuf, R.D.; S t o n e ,  G.W. a n d  W e i g e l ,  P.H. - 

6 . -Kresse,  H. a n d  B u d d e c k e ,  E. - H ~ p p e - S e y l e r ~ s  2. P h y s i o i .  

Chem. 351: 151  ( 1 9 7 0 ) .  

7 . -Bax te r ,  E.; F r a s e r ,  J.R.E. a n d  H a r r i s ,  G.S. - Ann. Rheum. 

D i s .  32: 35 ( 1 9 7 3 ) .  

8 . - W i n t e r b o u r n e ,  D.J.; B a r n a b y ,  R.J.; K e n t ,  P.W. a n d  M i a n ,  N. - 
B i o c h e m .  j . 1 8 2 :  707 ( 1 9 7 9 ) .  

9 . - G a l l a g h e r ,  J.T. a n d  K e n t ,  P.W. - B i o c h e m .  J .  148: 187  ( 1 9 7 5 ) .  

l O . - U n d e r h l l l ,  C.B. a n d  T o o l e  B.P. - J. C e l l .  B i o l .  s: 4 7 5  
( 1 9 7 9 )  



[3HfHyaluronic Acid Derivative 

11.-Veh, R.W.; C o r f i e l d ,  A.P.; S a n d e r ,  M. a n d  S c h a u e r ,  R. - 
Biochem. Biophys.  A c t a  486: 145 ( 1 9 7 7 ) .  

12.-Sandy, J.D. - Biochem. J .  177: 569 ( 1 9 7 9 ) .  

1 3 . - B r i t t e r , T .  and M u i r ,  H.M. - A n a l .  B i o c h e m .  4 : 3 3 0  ( 1 9 6 2 ) .  

ACKNOWLEDGMENTS 

T h i s  i n v e s t i g a t i o n  was s u p p o r t e d  b y  a r e s e a r c h  g r a n t  f r o m  t h e  
C o n s i g l i o  N a z i o n a l e  d e l l e  R i c e r c h e  - P r o g e t t o  F l n a l i z z a t o  C h i m i c a  
F i n e  e S e c o n d a r i a  - C o n t r a t t o  No 82.00663.95 

969 




