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The preparation of hya|uronic acid from bovine synovial fluid 
The  p repa ra t ion  ~,f hva lu ron ic  acid is difficult, and  mos t  m e t h o d s  are  a c c o m p a n i e d  
to  .,;ome ex t en t  by  a depol~maerization of t he  hya lu ron ic  acid du r ing  t he  pur i f icat ion 
process ~-3. The  e lect ro-deposi t ion m e t h o d  of ROSEMA,'," et  a l .  2 and  i~it~:~,~ et  a l .  a 

produces  hva lu ron ic  acid in a h ighly  pol~arterized s t a t e  w i th  a m i n i m u m  prote in  
con ten t .  However ,  cons iderable  t ime is requ i red  as well as special  equ ipmen t .  

T h e  abi l i ty  of q u a t e r n a r y  a m m o n i u m  bases h a v i n g  long a lkyl  chains  to form 
water - inso luble  sal ts  wi th  polyanions4,  5 was used in t he  present  work  to isolate 
hva lu ron ic  acid from bovine  svnovia l  fluid as t he  c e t y l p y r i d i n i u m  salt .  This  sal t  was  
dissocia ted in NaCI a n d  t he  c e t y l p y r i d i n i u m  chloride e x t r a c t e d  wi th  e thanol .  
Coprec ip i t a t ed  pro te in  was  r e m o v e d  by  adsorp t ion  on Ful le r ' s  ear th .  The  re su l t ing  
sod ium h y a l u r o n a t e  h a d  proper t ies  s imilar  to  those  ob t a ined  by, the  e lec t ro-deposi t ion  
me thod ,  less t ime was  requ i red  and  the  yields were be t te r .  

All p rocedures  were pe r fo rmed  in a cold room a t  4°;  c en t r i t uga t i ons  were made  
using a Serval  centr i fuge.  Solut ions,  except  the  5 % ce ty lpy r id in ium chloride,  were  
cooled to  4 ° before use. 

F rozen  pooled bovine  synovia l  fluid (875 ml) was  t h a w e d  by  immers ion  in t a p  
wa.ter, a n d  t he  solut ion was d i lu t ed  w i th  875 ml of water .  The  d i lu ted  solut ion was 
f i l tered t h r o u g h  packed  glass fibers when  a p rec ip i t a t e  was  present .  5 % aq. cetyl-  
p y r i d i n i u m  chloride was  a d d e d  to  the  d i lu ted  synovia l  fluid wi th  vigorous  s t i r r ing  
un t i l  add i t iona l  a m o u n t s  p roduced  no prec ip i ta te .  A foaming  of the  synovia l  fluid 
ind ica ted  an excess of c e t v l p y r i d i n i u m  chloride solut ion.  Approx .  6o-90 ml of ce tyl -  
p )T id in ium chloride solut ion was  requ i red  for the  875 ml of original  s~movial fluid. T h e  
p rec ip i t a t e  a d h e r e d  to  t he  s t i r r ing  rod and  was  eas i ly  s e p a r a t e d  from the  solution.  

The  p rec ip i t a t e  was  washed  several  t imes  w i th  w a t e r  and  t hen  was suspended  
in 650 ml  of I N NaCI in 40 % (v/v) e thanol .  Af ter  2 h s t i r r ing,  mos t  of the  p rec ip i t a t e  
w e n t  in to  solut ion or was  c o n v e r t e d  to  fine part icles.  The  e thano l  conce , , t r a t ion  was  
t h e n  inc reased  to  7 5  % by  add ing  13oo ml of 95 % e thanol .  T h e  p rec ip i t a t e  was  
collected,  washed  several  t imes  wi th  95 % e thanol ,  a n d  suspended  in 385 ml of w a t e r  
wi th  the  aid of a t issue homogenizer .  The  suspension was  d ia lyzed  aga ins t  a large 
vo lume  of w a t e r  overn igh t  and  a l iquo t s  were  a n a l y z e d  for p ro te in  and  uronic  acid. 
Fu l l e r ' s  e a r t h  (5o g of original  ma te r i a l  in 300 ml of p h o s p h a t e  buffer) was  added ,  
a n d  t h e  suspens ion  s t i r r ed  s t rong ly  for 2 h*. A smal l  sample  of th is  m i x t u r e  m a y  be 
cen t r i fuged ,  a n d  the  s u p e r n a t a n t  t e s t ed  q u a n t i t a t i v e l y  for prote in .  If  analys is  ~' 
showed  t h a t  depro te in iza t ion  was  not  sufficiently comple te ,  25 g of Fu l le r ' s  e a r t h  wa.n 
a d d e d  to  the  s u p e r n a t a n t ,  a n d  the  process  was  repea ted .  Usua l ly  two t r e a t m e n t s  were  
sufficient to  reduce  the  pro te in  to  insignif icant  a m o u n t s .  

T h e  suspens ion  was  cen t r i fuged  a t  8000 :< g for 6o min  to s epa ra t e  t he  Fu l le r ' s  
e a r t h ,  wh ich  was  not  washed.  The  clear  s u p e r n a t a n t  was  mixed  wi th  four vo lumes  
of 95 % e t h a n o l  in ocder to  p rec iF i ta te  the  hya lu ron ie  acid.  If no p rec ip i t a t e  formed 
a f t e r  add i t ion  of e thanol ,  t he  solut ion was  s a t u r a t e d  w i t h  sod ium chloride.  T h e  
p rec ip i t a t e  was  al lowed to  se t t le  ~ -~ " r,+ t ~ ~r-mg . . . .  collected by  cen t r i . uga t ion  a n d  dissolved 

" T h e  Fu l l e r ' s  e a r t h  (Matheson ,  Co l eman  a n d  Bell) was  s u s p e n d e d  in a la rge  q u a n t i t y  of wa te r ,  
a n d  t h e  fine pa r t i c l e s  in t h e  s u p e r n a t a n t  were  d e c a n t e d  off. Af te r  5 wash ings  w i th  wa te r ,  t h e  Fu l l e r ' s  
e a r t h  was  m i x e d  w i th  s o d i u m  p h o s p h a t e  so lu t ion  (o. i M a t  p H  7.3) a n d  c e n t r i f u g e d  d o w n  a t  low 
speed  (5oo rev . ]min)  for lo  min .  The  l igh t ly  p a c k e d  p rec ip i t a t e  were  s u s p e n d e d  in t h e  s a m e  phos-  
p h a t e  buffer.  
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in Ioo-15o ml of twice: di~tilt~ldwm-art.Diatysis was carried out against a large volume 
of doubly distilled wa~ter ,o~eraa~0cEof!  I2  h or longer, with frequent changes of 
the water. The viscosi~y,ciftth~,~..~eftlti0ns remained unchanged after storage at  4 ° 
for several months.  

The purified hyahrronicat~ild wv~s-obtained in yield of about  4o-5o % or about  
250-5oo mg/l depending, onttiivamumatlin~the original synovial fluid. It  was analyzed 
for protein by the iFoErN-ll~nw~vmattiod,*; with bovine serum albumin as standard.  
The hyaluron:,c ac id  c o r t ~ e r t t x ~ m ~ ~ e d  by  measurement of uronic acid bv the 
DlSCHE methodL V i s c o s ~ 3 a v a ~ ~ w i t h  a o.5 ml Cannon-Mann ing  viscometer 
(No. ioo) in o.2 M pho.~pha-teltuff/m att p H  7-3 and 3o.oo °. The results are given in 
Table I. The yield anfl~hrtrh~icx~m~i~3azaried somewhat with the amount  of protein 
and hyaluronic acid, a~sxwdlla~sttia.intrinsic viscosity of the hyaluronic acid in the 
original fluid. However,  ~ h ~ r  ~ t r ~  am .typical. 

TL~'BLE I 

A N A L Y S E S  D U R I N G  ! ~ - ~ £ A t ~ f ~  O~." I ~ I . e j J . U R O N I C  A C I D -  F R O M  SYI%TOVIAL F L U I D  

[~iltr~e, Protein Hyalurotsi¢ acid Intrinsic viscosity 
(mD (g) (rag) (dl/g) 

{)r ig ina l  s y n o v i a l  f lu id  , ~75: 14 600 
C e t y l p y r i d i n i u m  c h l o r i d e  i p r e e ~ p ~ ,  2i~5: 3.4 425 
F i r s t  F u l l e r ' s  e a r t h  t r e a t m e r r t  44to 0.085 364 
S e c o n d  F u l l e r ' s  e a r t h  t r ea t r r t eHt  4-50 0.0095 258 
P u r i f i e d  h y a l u r o n i c  a c i d  I 5 o  < 0 .o05 25 ° 

68 
5 t  

42 
45 

C o m m e n t s  P r e x v i o n s ~ ~ m n s - o f 2 h y a l u r o n i c  acid from body fluids with cetyl- 
pyridinium chloride h a v e [ ~ c r , ~ _  ae!__tout. LAURENT a isolated hyaluronic acid which 
contained x.5 % of :resiiimil i~r t t~m finam: bovine vitreous body, but  this method 
when applied to s~moxri61tttuitl~m.gmducts with much higher amounts  of protein. 
BLUMBERG 9 used box.fine ~muxxiaii ~ and obtained highly viscous material ,  bu t  
it contained 23-3 ° % O f ~ i n .  

In the present xvtrk4~, 7,~'~,~, oiftiie.carbazole-reacting substances of the synovial 
fluid was precipi tated ih3" tttet, ~ d i n i u m  chloride t rea tment .  This t rea tment  
resulted in some dccrea~  im i ~ t x  viscosity, and the reclaimed hyaluronic acid 
contained a consideraliteaammntt ofltlmtein. The pro te in-hya luronic  acid ratio was 
about 2o in the origin~yrnnxiidlfftfiit2.and was reduced to 7-8 in the hyaluronic acid 
recovered before trea-tmertt w~ia tVxfllba~:s~ earth. 

An aqueous e t h a n d ! i r _ ~ o f l N 4 x C 1  was used at  o-4 ° as solvent in the present 
work, despite thegrema~ssdixttitt~.yofiaetylpyridinium chloride at room temperature.  
Although a completeiy,6__hm~__ ~dixtien~could not be obtained, most of the cetylpyri- 
dinium chloride seemed~to!h~eeBeemremoved by  the aqueous ethanol as was shown 
by ultraviolet  analyses. Mill~fftfl~lixmlUmnic acid precipitated at  the high concen- 
trat ion of ethanol. 

Although the  etha~dd F f r ~ i t t t e v w h e n  dissolved in water  did not give a com- 
pletely clear solution, rh'~e.~attniinnBc~ame clear after t rea tment  with Fuller 's  earth.  
Fuller 's earth remove~t : m ~ _ 3 ' ~  ot~ detergent as well as most of the remaining 
protein. 
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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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