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In  one experiment,  50 g of Fuller 's ear th  was shown to adsorb 7 g of protein 
without  any  significant loss of hyaluronic acid. This t rea tment  caused little loss in 
intrinsic viscosity. I t  was shown, too, tha t  an excess of Fuller 's ear th  removed some 
hyaluronic acid. The cetylpyridinium chloride precipitate from 850 ml of synovial 
fluid was t reated with successive 25-g portions of Fu!:er 's ear th  without  removal 
of the Fuller 's  ear th  from the previous additions. The first t r ea tment  removed 35o0 mg 
of protein from the  3850 mg originally present,  and 50 mg of hyaluronic acid was 
lost from the original 440 mg. The 4th t rea tment  decreased the amount  of protein 
from 2o mg to 13 mg while the loss of hyaluronic acid was 85 mg from the 300 mg 
remaining at this stage. 

In  subsequent prepara*ions, the t rea tment  was slightly modified. Two t rea tments  
with purified Fuller 's  ear th  were performed according to the preparat ion described 
in Table I. The Fuller 's  ear th  was removed by centrifugation before the second 
t r ea tmen t  was given. As the results in Table I indicate, this procedure was more 
effective for the removal of protein. 
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A carbazole method for the differential analysis of 
glucuronate, g|ucosiduronate and hlraluronate 

In x955, FXSHMAN AND GREEN 1 devised a method for the separate analysis of free 
and  conjugated glucuronic acid by the naphthoresorcinol color reaction which is 
applied, before and after oxidation of the reducing aldehyde group of free glucuronic 
acid by alkaline iodine. However, there is a need for an analytical  method for the 
same mixture  by  DISCHE'S carbazole reaction S since its reaction conditions are 
s trong enough to hydrolyze the mucopolysaccharides as well as simple O-glucosid- 
uronic acids. Accordingly, in the present communication, experimental  conditions 
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are desc r ibed  for ana lyz ing  a m i x t u r e  of free, c o n j u g a t e d  a n d  m u c o p o l y s a c c h a r i d e  
uronic  acid  based  on hypo iod i t e  ox ida t ion  I a n d  on the  DISCHE carbazo le  reac t ion .  
Finallx , the  ana lys is  of h v a l u r o n a t e  i tselI  b e c a m e  possible a f te r  it  was  d i scovered  
t h a t  the  m u c o p o l y s a c c h a r i d e  coprec ip i t a t e s  w i th  H g S  f rom aqueous  solut ion.  

P r e p a r a t i o n  of ca l ib ra t ion  curve.  A m i x t u r e  of x ml  of c a r b o n a t e  buffer  so lu t ion  1, 
I ml  of iodine so lu t ion  1, o . I  ml  of N a H S O  3 solut ion 1, a n d  o.2 mt  of xo N acet ic  ac id  
is s h a k e n  well. To this  so lu t ion  are  ~dded  3 ml of s t a n d a r d  g lucuron ic  acid  so lu t ion  
(range,  o -80  tLg g lucuron ic  acid) a n d  o.7 ml  of o.25 M HgC12 solut ion.  Af te r  i o  rnin 
s t a n d i n g  a t  room t e m p e r a t u r e ,  the  m i x t u r e s  are  cent r i fuged ,  and  a i . o -ml  a l iquo t  of 
the  s u p e r n a t a n t  is t r ans fe r r ed  to  a tes t  t u b e  a n d  cooled in ice. To this  is a d d e d  6 ml  
of cone. H 2 S O 4 - b o r a t e  m i x t u r e  3 p rev ious ly  cooled in an  ice ba th .  T h e  m i x t u r e s  are  
h e a t e d  in a bo i l ing-wate r  b a t h  for 2o min  a n d  o.2 ml o f  ca rbazo le  r e a g e n t  2 is a d d e d  
to  each.  The  tubes  are s h a k e n  well a n d  h e a t e d  a n o t h e r  IO rain in a boi l ing  w a t e r  
b a t h  a n d  cooled. Celor is m e a s u r e d  a t  54 ° m/L. 

Analys i s  of t o t a l  g lucuron ic  acid.  T o t a l  g lucuron ic  acid  (value A) is ana lyzed  
by  tile r egu la r  I)ISCHE carbazo le  r eac t ion  2 us ing  a H 2 S O 4 - b o r a t e  m i x t u r e  a. 

Analys i s  of a m i x t u r e  of free a n d  c o n j u g a t e d  g lucuron ic  acid. T h e  spec imen  
(3 ml),  I ml  each of c a r b o n a t e  buffer  so lu t ion  a n d  of I~ so lu t ion  are  p i p e t t e d  in to  
semimicro  tes t  t u b e s  a n d  a l lowed to  s t a n d  for 20 m i n  a t  r oom t e m p e r a t u r e .  To  th i s  
m i x t u r e  are  a d d e d  o. I  ml  of N a H S O a  so lu t ion  a n d  0.2 ml  of i o  N acet ic  acid.  N e x t ,  
the  tubes  are shaken  well to  re lease CO2. T h e  I -  is p r e c i p i t a t e d  b y  first t h e  add i t i on  
of 0.7 mi  of 0.25 3I HgCI a a n d  t h e n  b y  a l lowing  the  t u b e s  "to s t a n d  IO min .  W h e n  
po lysaccha r ides  are  p resen t ,  it is s o m e t i m e s  neces sa ry  to  acce le ra te  a n d  to  comple t e  
t h e  p rec ip i t a t i on  of HgI~,  b y  first h e a t i n g  ( ioo  °) for 3 min  a n d  t h e n  coo l ing ' .  This  r ed  
p rec ip i t a t e  is 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  i . o -ml  samp~,es of t h e  s u p e r n a t a n t  are  
p i p e t t e d  in to  g las s - s toppered  t es t  tubes .  N e x t ,  6 ml  of cone. H e S O a - b o r i c  ac id  m i x t u r e  a 
are a d d e d  to each,  a n d  the  t u b e s  h e a t e d  in a bo i l ing-wa te r  b a t h  for 20 rain. Af te r  
add i t i on  of 0.2 ml  of ca rbazo le  r eagen t ,  t h e  tubes  are  s h a k e n  well  a n d  h e a t e d  for 
io  rain a n d  a f te r  t h e y  are  cooled t h e  abso rbanc i e s  are  m e a s u r e d  a t  54 ° mr,.  The  
co r r e spond ing  g lucuron ic  a~id va lue  B r ep re sen t s  g lucos iduronic  acid  a n d  also muco-  
po lysaccha r ide  g lucuron ic  ac id  w h e n  i t  is p resen t .  

This  va lue  is s u b t r a c t e d  f rom t h e  t o t a l  g lucuron ic  acid f igure (A-B)  to  give the  
free r educ ing  g lucuron ic  acid  va lue .  

Analys i s  of h y a l u r o n a t e  g lucuron ic  acid.  A n o t h e r  a l iquo t  (3.o nil) of the  HgC12 
s u p e r n a t a n t  is p i p e t t e d  in to  semimic ro  tes t  tubes ,  t o g e t h e r  w i t h  o . I  ml  of I N HC1 

o, t h i o a c e t a m i d e  solu t ion .  H g  2+ is t h e n  c o n v e r t e d  to  insoluble  H g S  a n d  o. I  ml  of I.O :o 
b y  h e a t i n g  a t  60 ° for 30 min .  Af te r  be ing  cooled by  t a p  wa te r ,  t h e  m i x t u r e s  are 
cen t r i fuged ,  a n d  the  s u p e r n a t a n t s  a re  a n a l y z e d  b y  the  carbazole  m e t h o d .  The  differ- 
ence be tween  th is  va lue  C a n d  va lue  B is a t t r i b u t e d  to  po lysaccha r ide  g lucuron ic  acid. 

A d s o r p t i o n  of hya lu ron ic  acid  on mercur i c  sulfide*" T h e  fol lowing subs tances  

* If p r e c i p i t a t i o n  of t l g l ~  w a s  in su f f i c i en t ,  f r ee  I.~ w o u l d  be  l i b e r a t e d  a f t e r  a d d i t i o n  of H o S O , ,  
a n d  d u r i n g  h e a t i n g ,  g l u c u r o n i c  a c i d  w o u l d  be  o x i d i z e d  a n d  c o n s e q u e n t l y  t h e  v a l u e s  of g l u c u r o n i c  
a c i d  w o u l d  d i m i n i s h .  I n  m a n y  cas~s,  s m a l l  p a r t i c l e s  of  H g l  2 or  I:igS f loa t  on  t h e  s u r f a c e  of t h e  
s o l u t i o n  a n d  t h e s e  c a n n o t  be  r e m o v e d  e v e n  b y  c e n t r i f u g a t i o n .  A d d i t i o n  of I d r o p  of o . t  o[, A l e o n o x  
d e t e r g e n t  s o l u t i o n  a l o n g  t h e  i n n e r  st,:le of  t h e  t u b e  wa l t  will  p r e c i p i t a t e  t h e  p a r t i c l e s  w h i c h  c a n  
t h e n  be  e f f e c t i v e l y  s e d i m e n t e d  b~" c e n ' ; r i f u g a t i o n .  

Ioo  14g of p o l y s a c c h a r i d e  in o .o3  ~.ni of  d i s t i l l ed  w a t e r ,  t m l  of o . I  N a c e t i c  ac id ,  o.2 m l  of  
I °~' o H~,o4112, a n d  o.2 ml  of 0.5°:o t h i o a c e ~ a m i d e  s o l u t i o n  w e r e  m i x e d  t o g e t h e r ,  w a r m e d  a t  60 ° fo r  
for  3 ° ra in ,  c e n t r i f u g e d ,  a u d  t h e n  t h e  s u l ~ r n a t a n t  w a s  a n a l y z e d  b y  t h e  c a r b a z o l e  m e t h o d .  
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and their  percentage adsorption on HgS were a s  ff6U~v~; .ti~/tmonic acid, xoo; 
chondroit in sulfate C, 96.5 ; oxidized starch, 76 ; d i - : a n d ~ r ~ g e  o~hepaxin, 72 ; 
Type- I I I  capsular polysaccharide, 48.5; tetrasacch_a~e,tff~x~nfl~it/m~ suifate C, 30; 
chondroit in sulfate B, 26; and hepari t in  sulfate, o. 

T A B L E  I 

ANALYSES OF M I X T U R E S  OF FREE,  CONJUGATE:D, AND : P O T . ~ A ~ F I ~ - ~  ~LTdUCUFgONIC ACID 

Glu~uroni~ acid i~t prepared sample (t~g) £ { ' ~ :  (fgg;) 

Free Conjugated t Polynaccharide'" Free r ~ . d ~ :  Pols,saccha~ide 

x o , o  I o . o  9 : 7  ,~ S4 - -  
x o . o  7 0 . 0  ~ 9 . 8  :-3~2:~ - -  
X5,4 ~ 13 .35  14 .5  ~ t 2 . 3 5  
4 0 , 0  4 0 . 0  - -  4 2 . 6  ~ 4 4  
7 0 , 0  x o . o  - -  6 8 . 5  t~3a '  - -  
x o . o  xo.  i 8 .8  9 . 0  t i n s  8. r 
2 0 . O  2 0 . 2  I 7 . 6  I 7 : 6  Z2ItW t6 .  7 

* D i p h e n y l g l u c o s i d u r o n i c  a c i d .  
** P o t a s s i u m  h y a l u r o n a t e ,  ( p r o d u c t  f r o m  C h u g a i  PhaxmaceLr~icfla~(~t~,.  Krd~, T o k ¢ o  ( j a p a n ) .  

G l u c u r o n i c  a c i d ,  3 7 . 0 ? / o "  g l u c o s a m i n e ,  4 1 . 7 % ) .  

The performance of the method has been t e s t e d ~ : b ~ : ~ m L ~ t x t r e s  of known 
composition (Table I) and is considered satisfactor3,. 

I t  should also be noted tha t  the present eondfi/ficms ~ e_m~azole give alI 
the desired values in a relatively short  t ime. A a ~ i i x ~  aft from' a n d  conjugated 
glucuronic acid can be analyzed within I h, and a a T f i ~ z t m ~ e , f f f ~ : . ~ l e  conjugated,  
and  polysaccharide glucuronic acid within z h. 

Terminal  reducing glucuronic acid and endo-gtmmvm~c a~0] ofJ oligosaccharides 
will act as free and conjugated glucuronic acid, r espe~v~_: , i in  ~j~,~-m~l~,~tical method.  
Therefore, this  method  is expected to be useful :in ~he ~ c~ ol i~sacchar ides  
which have giucuronic acid as the terminal  reducing ~ amtt .~iouI~[ ~ e l d  infor- 
mat ion  about  sugar uni ts  of unknown oligosacchafides. 
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